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Model 3900 MicroMag™  Vibrating Sample Magnetometer VSM (1

0.5puemu )

2 4
XY Z
Z
"quick-disconnect"
3900
10K 800
Windows®OS

MicroMag VSM PC Window OS

LCD



1.2

1.2

Model

3900 MicroMag™

(1 1uemu)

"I Axis

!:.:'I

Pickup Coils (four)

Pole caps

-

frant view




1.3

1.3

remanence

50pemu 10emu( )
0.005% 60%
Standard Reference Materialt&2853 2%
1uemu 1
10
5x10™
1%( )
2%( )
10g

300. 100 Qe 300 e
( )

0.005% 60%

2%+10e
5mCe rms(100
0.01%

Visual Basic 6.0
Windows®OS

cgs (Sh

Magnetization Curve
Magnetization vs. time
Minor loops

Saturation
magnetization

Isothermal remanent
magnetization

S*

DC demagnetization
remanence

1kOe 3 kOe

10 kOe 30 kO

+0.02%/

Coercivity
Initial permeability
Squareness ratio

Dia-/paramagnetic
susceptibility

Switching field
distribution

Coercivity

First order reversal
curve(FORC)

of



1.3

PC Windows
LCD
( )
10K 473K( )
125K 473K( )
1 #1K
100 K
10K 30
10K 2 (cold cryostat)
emm( )
T1mm( — 20mm)
vs. Au 0.07atomic % Fe
10mm
2y emu
5



1.3

100 800
+0.75
0.1

50Kg(110Ib.)
61cm(24in.)
61cm(24in.)
152cm(60in.)
5.0Q

100mH(

15A

2 (0.5gal.)/
1.3cm  7.6cm

5.1cm(2in.)

— 20mm)

25.4cm(1in.)

12KCe @ 12mm(2in.)
10KGe @ 20mm(0.75in.)



1.3

261Kg(575Ib.)

94cm(37in.)

61cm(24in.)

178cm(70in.)

2.50

1.2H( )

45A

8 (2.0gal.)/

1.3cm  8.9cm(0.5in. 3.5in.)
10.2cm(4in.)

5.1cm(2in.)

22KCe @ 12mm(2in.)
18K0 @ 20mm(0.75in.)

14cmx
14Kg(301Ib.)

200/208/381/416Vac(3 )
50/60Hz, 3KVA

+100Vdc +156A

48cm



1.3

14cmx 48cm
56cmx  51cmx 41cm
19Kg(44l1b.)

88Kg(194lb.)

200/208/381/416Vac(3 )
50/60Hz, 10KVA

+125Vdc +45A



2.1

Model3900 MicroMag™ VSM

PMC

211

Model3900

Earth or salety ground

MNeufral conducior ———

Lina or acthve conductor (llve ar hat)

2 AC Input Power Plug

AC



2.3

2.1.2

110V 220VAC

3900 AC
90-260VAC RMS

48-62 Hz

130VA Max

MicroMag™

2.2

2.3

MicroMag™

AC

2.9



2.4

1 8
2 1/16” 6
3 1/2
4 7/16
5 U4
6 #1
7
a 3/32 f 7/32"
b 7/64” g 5/16” (4
c 9/64 h 5mm(VSM
d 5/32" i 3mm(
e 3/16" 2
8
a 5/16” (2 )
b 7/16” (4 )
9 3/4 (IsoFrame )
2.5
251
a d 750
6.5A 50/60Hz 120VAC 3.25A 220 VAC 50/60Hz
a) Model 3900 MicroMag™
b)
c)
d)
252 2
200/208/220/240Vac  50/60Hz 3kVA
253 4

200/208/381/416Vac  50/60Hz 6kVA

10



2.7

2.6
1 1
MicroMag™
2 Model2900
76Ccmx 8lcmx  183cm
26.1 2 MicroMag ™
2 50Kg 110 Ibs.
262 4 MicroMag™
4 272Kg  600Ibs.
4
2.7
10 15
2 10 15 2 / (
0.8kg/ cm? )
9.5mm 7.6
4 10 15 8 / ( 0.8kg/
cm? )
12.7mm 7.6

11



2.9

DC OFF
DC OFF
2
2.8
MicroMag™ ( ) 15 (59 ) 35
(95 MicroMag™
2.9
29.1 2
1 MicroMag™
2 6
3
4
5 4
4 5
4
6
7
8
9 4
10

1M1 2

12



2.9

2.9.2

12

13
14
15

16
17

12mm 0.5in

1 39.4”
inlet( ) outlet( )

” Flow Switch ”

30cm(1 ft)

4 PMC Magnet Power Supply (rear view)

13



2.9

3 3nim 6
4

DC Cut to Magnet L EE:}:NP::E; transformer
Magnet Terminal

5 Magnet Power Supply Interior

5 MAGNET DC OUT
(4 )

a 6
b 6
c 6

6 MAGNET DC OUT 7 DC IN (wire connections)

(white and black wire connections)
6 DC OUT
DC IN ( 4 )
a. WHT Hbridge
( )
b. BLK/GRN

( )

14



2.9

7
8
9
a. RS232 COM1
b. ( ) EXTERNAL FANS
c. ( ) THER/FLOW SWITCH
d. BNC MAGNET CONTROL BNC MicroMag
MAGNET POWER SUPPLY BNC
e. 6
MAGNET CONTROL
2.9.3 Model 3900 MicroMag™
1 MicroMag™
2
3 8 9
4 AC
MicroMag
AC
OFF
A s
] - EEt ] L ErEmpe s ;
S - o Lo o [ ]
8 MicroMag™ Controller (front view)
BNC

15




2.9

29.4

2.9.5

2.9.6

HPAEMEmmmumﬁMr
e yy—
E :
‘. e i Hﬁﬁ by ”.-
| Y i i .y
W
G Haalar T I Powar
e logek Cannecior (optional) Supply Connacior

9 MicroMag™ Controller rear view

1 1.5m
AC

4 AC

IsoFrame

|soFrame (VSM) AGM-VSM

@
)

©)
(4)
©®)
(6)
()
(8)

( )

(top, center, bottom)

8mm6
5mm6

1
1/2" 1
7/16" 1
3/4" 1

16



2.9

—_—

(¢}

10

9 1 10 27
IsoFrame
IsoFrame
“BOTTOM”
6
(10 )
6
“CENTER”
“ CENTER”
“ CENTER”
113 TOPH
“ TOP”
“ TOP”
‘* BOTTOM” “ CENTER”
“ TOP”

(M

2

17

VSM




2.9

11 3

6
12

(12 )

13 * TOP” 3 6
14 “CENTER’ 3 6
15 “BOTTOM” 3 6
16 TOP”

“CENTER” 3 6

“BOTTOM” 12

17 16

‘BOTTOM” “CENTER”

18 IsoFrame ( 13 )
19 "TOP"
VSM
AGM-VSM AGM
20 " TOP”
21 IsoFrame
22 IsoFrame 13 IsoFrame

18



2.9

23 VSM IsoFrame
5mm 6
24 VSM IsoFrame
(14 )
2
25 2
5mm 6
26 4
27 VSM 14 VSM
28 VSM IsoFrame
2.9.7 VSM
IsoFrame VSM
1 5mm IsoFrame VSM
2 VSM (14 )
4
4 VSM
5 VSM IsoFrame

19



2.9

Z-Axis Adj. Lock Z-Axes Adpasiment

Rotalion Scabs MeAxis fdjustment

{behind Riotalion Scale)

Dirives O/ OHf Swibich Crive O Indlicator

i ]
Coillet ——g]
i
P

15 VSM Driver Assembly Plate ( )

2.9.8 4
1
2 16
3
3.2mm(1/8"

20



2.9

E Axth Adprdiiaid

| e T i Al Lp

e Cousiar Weighi

16

VSM Drive Assembly Plate ( )
1.6mm(1/16")

3.2mm(1/8")

21



2.9

2.9.9

©

11
12

9/64” 6

1/4”

thumbwheel)

(lock nut)

VSM

(centering thumbwheel)

22

(lock nut)

(centering



3.1

AC
3.1.1
Micromag™
1 ( AC OFF
MicroMag™
ON
ON
2 AC ON
3 MicroMag™
Windows Start Menu
Programs 17 System Startup
Continue
MicroMag™
2 19 Main

23



3.1

MicroMag Model 3900 ¥ibrating Sample Magnetometer

17 System Startup

4 Magnet POWER ON 10 12
STANDBY

VOLTS = 0.0 AMPS = 0.0
READY

FAULT Coolant
Magnet temperature Over current

18 Magnet Power Supply(front view)
( 18)

POWER AC ON/ OFF
STOP STANBY
ON NORMAL LED

24



3.1

STANDBY READY LED
MAGNET VOLTAGE BNC /
MAGNET CURRENT BNC /

19 Main window

5 STANDBY DC ON

a. STANDBY ON Main Applied field
Apply static field (Ce)

b. Magnet power i, Apply static field [De].
supply
OFF ON ON
Applied figld [command] 0.000E+00 D&
t agret power supply (et
c. Main
Applied field
Magnet power supply Not
Ready
6 Main Apply static field (Ce)
MicroMag

25



3.1

(¢}

Applied field
Main Applied
field . Field control zettings
Apply static field (Ce)
Applied field [command] 1. O00E + 00 jeaE
M agnet power supply On
5000 ENTER
X Togale
Toggle _
Applied field [non-overzhoot]
5.00kCe Cormol ‘ Complement
Applied field OmpIEmEn [non-overshoot]
+5.000kCe
Apply static field (Ce)
Toggle (non-overshoot) Complement (non-overshoot)
"Field control settings"
87 4.16
Toggle Toggle (non-overshoot)
Toggle (non-overshoot) Toggle
Complement Complement (non-overshoot)
Complement (non-overshoot) Complement
Toggle( Toggle (non-overshoot))

26



3.2

3.2
3.21

20

Kel-F

Macor

(Dow Corning Compound #112)
91

Kel-F
Macor

27



3.2

Feyved Locator

F o
D__ — Sample

Tip. Sample, Vertical

~t— Lipper Adapter, 55

~=— Carpon Fiber Tubing
(far Room and Low Temperature)

_—— Sampe
Tip. Sample, Horzontal

rai— FLised Silica Tubing
(for High Temperature Furnacea}

Tip
—Sample
:{.T_v-—..‘;riew Biug

Sample Halder, General Purpose

[~ Lower Adapter:
Kel-F for Room and Low Temperature
Macor far High Temparalure Furpnaca

20 Sample-Rod Assembly and Sample Holders

( 15 ) VSM

N

28



3.2

Standard

Reference Material®2853(Magnetic Moment Standard—Yttrium Iron Garnet Sphere)

21 X Y4

Z-Aws Adj. Lock

1/4

Rolaton Scaks

Dirivp OO Swiich

Z-Aumis Acpestenant

X-Axis Adpestment
[Bhing Rolabion Soeaks)

magd Dt O Inddicabor
E q: F Folatan Motar

e Calbet J o
i S
] P
g =— Sampe Fod s
N == Ammembly { 1
=" Pl Piece
i Locking Scrwws
(I
i ] BI: |8 & H
{Bell Crank Bell Grank |
= =

21 X,Y,Z Transration Stage(front view)

1/2

29



3.2

1.Y

3.2.2 Sensitivity

Sensitivity

1
2
3

»

3.2.3

ON
Main

100memu
ENTER

Measurements

XY
Z
ON / OFF
(ON)
LED (OFF)
( LED )
Sensitivity

100emu

Direct moment vs. field

Hysteresis loop

Applied field maximum

Direct moment vs. Field

Hysteresis loop

22 YIG Sphere

5.00kOe Applied field increment 400

Initial moment
Execte

X Hysteresisi loop

"saddling"

position-optimization

4.3( )

30



3.2

3.2.4

VSM National Institute of Standards & Technology (NIST) Standard Reference
Material*(SRM) 2853 Magnetic Moment Standard  Yttrium Iron Garnet Sphere (YIG)

YIG emu
YIG Sphere 5KCe
1 Main Menu Measurements
Direct moment vs. field Hysteresis loop
Include initial moment  Demagnetize before measuring
Include hysteresis loop Excute

22

= [Emu)
12082004 09.49
Hz 1369 mDe
i 20,13 pemu
ki3 B0.43 memu

GyUeEnes: rsbo  0.0003
g5 n.onog

Field incremernt
My lime 10000 ma
Ciriertation o0 deg

22 YIG Sphere

31



3.2

2 Menu Tools Calibrate
Calibrate probe factor
Enter the known saturation mament in e,
Cancel |
3 emu OK
X Main
Calibration factor (mV/emu)
MicroMag™
1
MicroMag
YIG
4 MicroMag™

32



41

MicroMag™

23 System
Startup( )
Continue

MicroMag ON

Hcrp sg Hodel 3900 Y stirg Sample Hagneiomele

23

33



4.2

4.2

42.1
Continue Main 24

24 2

Model3900

24

Execute

34



4.2

4.2.2

2
Enter
ALT + Tab
x|
MicroMag
4.2.3 Sensitivity
Sensitivity
ENTER
VSM (Sensitivity)
3
1 Main Applied field(

2 Applied Static field (Ce)
maxmum field

3 Toggle Toggle(non-overshoot)

4 Main Sensitivity (

[Enter]

35

Enter

F
S Ensithiby

Aosaraging wme 00 ms

wibraton amplilude |(redstena) 0.5
Crigmiaton abou 2-axs 0 deg
Temparsture 0ok
applied field 0000 Oe
Calibraton factor 418 i amu

Toggle WVER dihee

Direct (hysteresis loop)measurement



4.2

5. / Applied Static field
1 [ENTER]
Applied field ON Applied field
Sensitivity
4.2.4 - 100 ms 1,000 sec.
1
fs Sensiivit W
Aweraging time 100 ms
SIN Yibration amplitude (relative) 05
Qrientation about Z-axis 0 |deg
Temperature 0.0 K
10memu Applied fisld 0.000 Oe
Calibiration factor 8418 mviemu
300ms 100ms Toggle Wak drive

Averaging time

ENTER

4.2.5 Vibration Amplitude (relative)

VSM ( 1.0)
1 05 0.2 0.1
426 Z
Z-
1 Orientation about Z Axis Adjust orientation
N/A
2 Z i, Adjust onientation
(degree)
/ Set onentation to = 0.0 deg
/ Increment orientation by j 0.0 deg
Return anientation to zero
Tare orientation
Set orientation to Dizable arientation
1,800 ---5
Increment orientation by Z
0.1 +1,800 ---5

Return orientation to zero (0)

36




4.2

Tare orientation
(0)
Disable orientation
Orientation about Z Axis

3
N/A
VSM
Settings
1 Main Settings
2 Settings Temperature

control

3 Temperature control settings
Temperature control device

(Cryostat

4 Temperature controlb settings
(Kelvin
Celsius) Unit of

measure - temperature

5.

6 Settings Main

37

V5M head rotation

Enable %5k head rotation?

; ﬂ'='|

Yes

VSM

PMC Instruction Manual

. Temperature control settings B3
Advanced
Temperature control device LHe Cryoztat j
Temperature limited to K.
LHe Cryoztat ]
Temperature difference carect LMZ Cryostat
Mew correction curve Ar Fumace
- He Furnace
Show comection curve
oven)
b agnetarmeter tppe WSk
Hardware version 4
Software verzion 0516420028
Drata files saved az version 0015.000
Unitz of measure--magnetizm ogs
Unitz of measure-temperature F.elvit
Limit field to £10.00 | k0e




4.2

1 Main Temperature
SEnsimahy T =i
B rsinG ime 100 ms
2 Wibralion amplitude (relstee) 05
Cvignimtion sbout 2-mes 1 deg
Tempsraiurs ETTIR +
OK(-273.1 ) 473.1K(200 ) Apphed field 0000 | 0a
273-1K(0-0 ) Calibrabon tacion 18 miviemu
1 ,123.2K(850 ) Toggle WEM diree
3
[Enter]
4.2.8
1 Main Applied field
Applied static field (Ge)
2 —
ENTER
Field control zettings
: Complement Complem ent Applied field [command] (1. 000E + 00
(non-overshoot) Magnet power supply On
Toggle Toadle
Toggle _ 99
Toggle (nonovershoot) [han-overzhaat]
ON/OFF
“non-overshoot” Complement [ngﬁ_rgﬂ':r;”ﬁgét]
Toggle (non-overshoot) Complement (non-overshoot)
"Field control settings"
87 4.16
3 X
4.2.9
[1E-6, 1] wi. Set calibration factor
volt/emu emu

D Enter calibration factar

| Saolve for calibration fachar

38



4.3

4.2.10 VSM
Toggle VSM Diriver

4.3
431

VSM

4.3.2 Optimize

1

Optimize

(

Applied field
3kOe

Main
Optimize

ON/OFF
ON/OFF
Main
)
+5.00K0Oe
5kQe
Jools

39

15)

Applied Field

Optimize



25 Optimize

Main Applied field
Magnetic Moment

433 X,Y,Z

Tare
. +0.1% +100%
. +100% $0.1%
Audible indication
X Optimize
XY,z
NG
ny
nn

Null

Main

40



4.3

4.3.4
1 X
UP/DOWN
2 Y
3 4
4
5 Optimize window X Main
4.4
441
Tools Alternating field demagnetize
Demagnetize 26
im. Alternating field demagnetize
St
Commence demagnetizing at 300 kDe
Exit demagretizing at 0.00 Qe
Figld decrement [ aof fizld] 300 %
Limnit zlew rate to <= 300 kDeds
Lirnit zlew time to »= 100 |
Pauze at each applied field 100 mz
26 Demagnetize
Initial Magnetization Isothermal Remanence Measurement

41

Main



4.4

4.4.2

4.4.3

Demagnetize

Commence demagnetization at

400

Exit demagnetizing at

Field decrement (% of field)

Limit slew rate to(max)<= 2

30kOe/s

Limit slew time to (min)>=

Pause at each applied field

3000%
0.000% (0)

3.0%

100ms

sensitivity

42



45 Alternating Field

4.5 Alternating Field
45.1

Tools Alternating Field Alternating Field
( 27) Alternating Field 2
2
+5KCe)
Help
i, Alternating field
Short Help
Firzt applied fizld +5.00  kOe
Second applied field .00 | kQe
Murnber of cycles 40
Lirnit =lew rate to [masimum] 100 kOeds
Lirnit =lew tirne bo [minimum) 100 | s
FPauze at each applied fisld 1.00 =
Druration [approximate)] 27 | min

4.5.2 Alternating Field
Fist applied field

27 Alternating Field

Second applied field

Second applied field

Second applied field

Number of cycles

2

First Scond applied field

Slew rate limit

First Scond applied field

(Gels, Tis

1T/s)

) slew time limit
slew rate limit ( )

43

First applied field
First applied field

10kOe/s (



4.6 Direct masurements

Slew time limit
First Scond applied field
(Gels, Tis )

slew time limit
100ms

Pause at each applied field

100ms

Duration Alternating field

4.6 Direct Measurements
4.6.1

Main
28

Measurements

Measurements  Toolz  Settings

Diirect moment . figld

Remanence curves
Measurements wz. arientation
M eazurements . temperature

v v v v BJ

Meazurements ws. time

slew rate limit

Moment (direct) vs. field

First-order reverzal curves
Hyzteresiz loop

kirar loops

kultiple hysteresiz loops
kultiple segments ws. field

28 Direct moment vs. Field

4.6.2 Direct moment vs. field

Direct moment
Multiple segments
Direct Measurement

B i -]
Ei [enpies e Jeok Sl
SHED : l-ﬂllﬂ-- -2l =T
[} IT1 s
(¥ 9 @37 mem e
8 17 &2 men
F e | .-il
-t |
EIE-S -
k] L] e
AT rETITETY e
File WTEGDIGL

29 Direct moment vs

44
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4.6 Direct Measurements

4.6.3
Hc —
Mr ---
Ms --- )
Initial slope --- Initial slope (emu / Oe)
Squareness ratio ---
S* --- Ho/Hc 30
Slope Corr --- Slope correction (emu/Qe).

Field increment ---

Avg. time ---
Sample mass --- (1 E-12, 100 g).
Sample volume --- (1 E-12, 10cmd).
[}
e He - H2 He - Ho
Mr/2 Mr
hAr
e
- H
L = I:I = L - E 1

30 Slope Definition
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4.6 Direct Measurements

4.6.4 First-order reversal curves

imi. Firzt order reverzal curves x|

Sweep mode  Detalz Help

Saturating field

Hb [rrin]

Hb [rnax]

He: [rmin)

He [mawx]

Ayeraging time

Field increment

MHurnber of FORCs
Smoothing [masinum]
Pauze at saturating field
Fauze at calibration field
FPauze at reversal field
Slewy rate lirmit
Measurement time [approximate]

+5.00 kQe
-A00  Oe
+500 | Oe
0.00 Oe
+1.20 kQe
1000 ms
220 Qe
111
5 | points
10|z
10|z
10|z
10,0 kQess
33min 3 s

Execute |

30 First-order reversal curves

First Order Reversal Loop

Saturating field:

Hb(min), Hb(max): Hb  "bias" field

first order reversal curve

first-order reversal

Hb(min), Hb(max) Hb
Hb(min) = -Hb(max).

Hc(min), Hc(max): Hc  "coercive" field

first-order reversal

Hc(min), Hc(max) Hc
Hc(min) =0 Hc(max) >0

Averaging time:

S/N

Field increment:
first-order reversal curve
first-order reversal curves
of curves
Number of curves

Number of FORCs:

first-order reversal
Field increment

46

Field increment
Number
Field increment

Number of curves
Number of curves



4.6 Direct Measurements

Smoothing (maximum):
MicrtoMag

Smoothing

Pause at saturating field:
Calibration field

Pause at calibration field:
Reversal field
(Calibration field

Pause at reversal field:

first order reversal curve
Reversal field

Slew rate limit:
Saturating field
field

Calibration field

irst-order reversal curves

"smoothing"
Smoothing (maximum)

Calibration field

Reversal field
reversal curve

Calibration field Reversal

Measurement time (approximate):

Details
iw, Detailz
Calibration field +1.96595 | kOe
Reversal field of first curve +645.00 | Qe
Meqgative-moszt field excurzion | -1.8244  kOe
Length of first curve 1 | paint
b axirnum length of curve 120 | poinks
32 Details
Sweep Mode
Help
Sweep mode Autamatic
Fause after figld increment 300 ms

33 Sweep Mode
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4.6 Direct Measurements

Sweep mode:

e Automatic:

field

Automatic Continuous Discrete ( )
increment Pause after field increment (
) Automatic Continuous Discrete
e Continuous:
Continuous DAC
averaging time
Continuous
Pause after field increment
Continuous
a) b) (
) VSM

e Discrete:
Discrete
Averaging time
increment)

increment

Pause after field increment:

Discrete
field increment

Pause after field increment

48

(Pause after field

Pause after field

Pause after
Continuous
Pause after field increment
300ms



4.6 Direct Measurements

4.6.5 Hysteresis Loop
4.6.5.1 Hysteresis Loop

im. Hystereziz loop
Averaging mode  Sweep mode

Applied figld maximum 00 kOe
Applied figld increment 400  De
Ayeraging time 1000 | mg
Fausge at marimurn field 1.0 =
Ayerages 1
keazurement time [approsimate] 16 =

| Demagnetize hefore measuring

p Include "-“tlal ITIEIITIEI'IT o
i Execute

[ Include hysteresis loop

34 Hysteresis Loop
Hysteresis Loop

Applied field maximum:

Applied field increment:

Averaging time:

Pause at maximum field:

Averages:

Measurement time (approximate):

Demagnetize before measuring:
Demagnetize before measuring

Demagnetize before measuring

Demagnetize
45 4.5 Demagnetize
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4.6 Direct Measurements

Include initial moment:

Include hysteresis loop:

Averaging modes:

i, Averaging mode
Help

& FIR [finite impulze responze}

IR [infinite impulse responze]

35 Averaging modes
FIR (finite impulse response):

FIR

IIR (infinite impulse response):

S/N IR
averaging time S/N 2
FIR
IR
Sweep Mode
Help
Sweep mode Automatic
Fausze after figld increment 300 ms

36 Sweep Mode
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4.6 Direct Measurements

Sweep mode:

e Automatic:

Automatic Continuous Discrete ( )
field

increment Pause after field increment (

) Automatic Continuous Discrete

e Continuous:
Continuous DAC
averaging time
Continuous
Pause after field increment
Continuous
a) b)

( ) VSM

e Discrete:
Discrete
Averaging time.
increment)

increment

a)
VSM

Pause after field increment:

Pause after field increment

Continuous
Pause after field increment
increment 300ms

51

(Pause after field

Pause after field

Discrete

b) ( )

Discrete

Pause after field



4.6 Direct Measurements

4.6.5.2 Hysteresis Loop - Initial Magnetization Measurement

Direct Measurement
applied field increments

1.

2. Main Measurements Direct Moment vs. field

3. Hysteresis loop

4. Hysteresis loop Applied field maximum Applied field
increment

5 Include initial moment Demagnetize

before measuring

6. Execute

m [emu]

11335 11:35
L

0,000 emis
2389 memu

Iritial Siops #5735 pemisn
Equareress raio 00000
& LT0Y

FIEld inc remert 160 Oe
A time 0000 me

37 Ni
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4_6 Direct Measurements

4.6.5.3 Hysteresis Loop — Hysteresis Loop Measurement

Direct Measurement

4
1 2
3 4
field increments
1. Main Measurements Direct Moment vs.
field
2. Hysteresis loop
3. Hysteresis loop Applied Field maximum

Applied field increment
4. Hysteresis loop

5. Execute

38

m |emu|
111995 1147
w

38
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4_6 Direct Measurements

4.7.5.4 Initial Magnetization + Hysteresis Loop Measurement

Hysteresis loop Include Initial magnetization
Hysteresis loop 1 Initial Magnetization
Hysteresis Loop Measurement

. Initial Magrtetization

1.
2. Main
Measurements
Direct Moment vs. field
3. Hysteresis loop

4. Hysteresis loop
Applied field maximum(
) Applied field
increment( )

5. Include Initial magnetization Include hysteresis loop
Execute

39

M ()
TSN DT 1B
H

w
W

inni sope
Sudreness fa0

Fipdd BiLrame
g Ame

AEL

39 Initial magnetization  hysteresis loop
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4_6 Direct Measurements

4.6.6 Minor Loops Measurement

42
1000
im. Minor loops
Sweep mode

Imitial field of first loop A0.0 Qe

Final field af final loop 1.00 kQe

Murnber of minor loops 10

Field increment [magnitude] .00 Qe

Aeveraging time 1000 mz

FPauze at maximurm field 200 ms

M eazurement time [approximate] 28 min 24 =

Execute |
40 Minor Loops
Minor Loops
Initial field of first loop:
(0)
Final field of final loop:
Number of minor loops:
1000
Field increment
field increment
Averaging time
100ms 1ks
Pause at maximum field
Pause time
Enber fhe bme st the Anal held of =ach
Lo -
Limts 0 [0, 10 ks} Carscel |
500ms
O 10 ks.

Measurement time (approximate):
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4_6 Direct Measurements

Sweep modes:

i, Sweep mode
Help

Sweep mode Autamatic

Pauze after figld increment 300 | ms

41 Sweep mode

e Automatic:

Automatic Continuous Discrete ( )
field
increment Pause after field increment (
) Automatic Continuous Discrete
e Continuous:
Continuous DAC
averaging time
Continuous
Pause after field increment
Continuous
a) b) (
) VSM
e Discrete:
Discrete
Averaging time. (Pause after field
increment)
Pause after field
increment
Continuous
a) b) (
) VSM
Pause after field increment:
Discrete Pause after
field increment Continuous
Pause after field increment
Pause after field increment 300ms
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4.6 Direct Measurements

Minor Loops Measurements

1
2 Main Measurements
3 Minor Loops

4 Minor Loops

n | B

111121350 1200

HL 6438 D=
BTIT memi
12138 mertay

=3.166 pmmuie

Gipmrendss raby 0000132

il 1 590

Feid nrremet 240 D=
7). bmE

57

Direct Moment vs. field

Excute




4.6 Direct Measurements

4.6.7 Multiple Hysteresis Loops Measurement

200
=
¥ mepmnp paiae
1 | ] 1
Heasuiemenl Compiizing Lo Lo ¥ oo
A ekl e 1000 ks D00 ke AT
Ay k] oy sl 600 Oe 4500 Qe [ie
EreragEng bee 1[G 100 G 10 0 e
Pl i rroyarren fed 1,000 1000 1000w
L et Beafod i vl 2l Liing " Tk Mo e
Il lsded 1.000 k& Hi& N
Firal lmdd 00 Om M [ E-Y
Fisid decramenl 200 % M KA
Sdmasy rada e | e | 1000 kD miy TR KA
Tlaay hves Wit franaryn | 100y [TE [TE"Y
Pause o sppled bekd 1 [0 e it Mt
By tevel edd priagrebade) of MsasE e JeOUEnCE.
Lt [17] 03 k-Che) o o chiarmgecd iy i S ingr mmeras
Manimimnd daslon & 4 bl o Eracutn |
43 Multiple hysteresis loops
Multiple Hysteresis Loops
Measurement comprising
(Initial Loop Initial + Hysteresis loop)
Applied field maximum
Applied field increment field increment
Averaging time ( 100ms 1ks)

Pause at maximum field

500ms ( 100ms 3ks)
Demagnetize before measuring Yes
Initial field
Final field

Field decrement
0.05 50

Slew rate time (maximum) 2

Slew time limit(minimum)

100ms

Pause at applied field
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4.6 Direct Measurements

Sweep modes:

Help

Sweep mode Automatic

Pauze after figld increment

44 Sweep Mode

Sweep mode:

e Automatic:

Automatic Continuous Discrete ( )
field
increment Pause after field increment (
) Automatic Continuous Discrete

e Continuous:

Continuous DAC
averaging time
Continuous
Pause after field increment
Continuous
a) b)
( ) VSM

e Discrete:

Discrete
Averaging time.
increment)
increment
a)
) VSM

Pause after field increment:

Pause after field increment

Continuous
Pause after field increment
increment 300ms

59

(Pause after field

Pause after field

Continuous

b) (

Discrete

Pause after field



4.6 Direct Measurements

Multiple Hysteresis Loops

1 Main Measurements Direct Moment vs. field
2 Multiple hysteresis loops
3 Multiple hysteresis loops 1
4 edit
[ ]
L)
[ ]
5 Execute
4.6.8 Multiple Segments vs. Field Measurement
Measurement
Direct moment vs. field

Multiple segments 45

m Mudhiple segments vi held

Fibs  Copsap rrgis
Preisses afer
I'IEM Fihd s il Tiere: Tahos: D> Firsall Fisiel
000 D 4000 Oa [URITE LT + 5 (00 k= 100 &
<+ 000 ko= 4000 D [T g 500 kO 100 %
5000 ke 4000 e 000 5 s w5 (00 ki 1.0 5
]
[(ssseprers ]
Dialsin 1egmant
Clam ol | Mpasremend dustionr ©. 1 min s Eabzitn I

45 Tabularized Listing of Multiple Segment Measurement Parameters
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4.6 Direct Measurements

Multiple Segments vs. Field Parameters

6
Initial Field: Ge ) (x10.0
kOe) Settings 1
2
final field
Field increment (Ge)
0.0000Ce
initial  final field
final field field increment
Averaging Time field increment ms
100msec 1ksec
Take data?: yes/no
Final field

Pause at Final Field
0.0ms 1ks

Sweep modes:

Help
Sweep mode Autamatic
Pauze after figld increment 300 ms

46 Sweep Mode

Sweep mode:

e Automatic:

Automatic Continuous Discrete ( )
field
increment Pause after field increment (
) Automatic Continuous Discrete

e Continuous:
Continuous Averaging time
DAC

averaging time

61



4.6 Direct Measurements

Continuous

Pause after field increment

e Discrete:
Discrete

Averaging time.

increment)

increment

a)
)

Continuous

b) (
VSM

(Pause after field

Pause after field

Pause after field increment:

increment

Pause after field increment

Multiple Segments vs. Field
1.
e Adding a Segment

Add segment
initial field(

e Deleting a Segment

e Clearing All Segments
Clear All

Continuous
b) (
VSM
Discrete Pause after field
Continuous
Pause after field increment
300ms
Yes

field increment
final field

Delete segment Yes

final field
final field 1
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4.5 Direct Measurements

2
field increment final field +
w Mulipls zugmeniz v Fishl
3
4 Execute
direct measurement
5 File Save script

(Retrieve script)

47 multiple segments

™ |

11 558 1250
Ho 47 H Oe
ir DEIT mamuy
Wiy 11.25 mami
El:|.|:|':ru.-u|it| DE728

0 43d4s

47 multiple segments
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4.7 Remanence Curve Measulements

4.7 Remanence Curve Measurements

4.7.1
Main Measurements ( 48)
Remanence curves single remanence curve multiple
remanence curve Remanence
4
Tools

teazurementz  Tools  Settings
Diirect moment vz field »
Remanence curves Single remanence curve
i easurements v arentation ® Multiple remanence cunves
Meazurements v. temperature #

Meazurements vz, time 3

48 Remanence
4.7.2 Single Remanence Curve

2
(0.50"  0.75")
Field cantral settings Field contral settings
Sweep mode Logarithmic Sweep mode Linear
Iniial field 56.0 Oe &pplied field masimum 200 | Oe
Final field 7.40 kOe Applied field increment 480 Oe
Mumber of pointz 11
— Saturating field [DCD] 1.00 | kOe

Saturating field [DCD 1.00 kDe Pause at saturation 00 &
Fause at zaturation 200 = fveraging time 1000 5
Averaging t|m§ . 1.000 | FPauze at applied fisld 1.00 =
FPause at applied field 1.00 = Pause at zerm field 100 s
EE::‘?;:E’Z f'ﬁ:g el ]h'jg Eue P Slew rate to applied field 10.0 ke

PP : . keazurement time [approximate) B min 35 %
b eazurement time [approximate] Imin19z

| Demeareizs boivrm messuig ¥ Demagnetize before measuring

I lsothermal remanent magretization [ lzothermal remanent magnetization

¥ DC demagnetization remanence

[ Repeat saturation [in DCD] ™ Repeat saturation (in DCD) : :
: . Execute
[ Include direct magnetization vl | [ Include direct magnetization ;

¥ DC demagnetization remanence

49 Remanence curves (Linear Logarithmic)
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4.7 Remanence Curve Measulements

Remanence Curve
Sweep mode Linear Logarithmic

Applied field maximum(Linear) (
) 10KOe

Applied field increment(Linear) (Ce)

Initial field
Final field

Number of points  Sweep mode Logarithmic

Saturation field (DCD) DC Demagnetization Remanebnce
dc Demagnetization(DCD)

Pause at saturation 0
10
Averaging time

Pause at applied field
Pause at zero field

Slew rate to applied field OCels

Measurement time (approximate):

Field Control Settings

Defaults Yes Field control settings
. Help
Defaultz Help

Initial [rate-limited] traverse
Slew time limit 100.0 | mz
Slew rate limit 1000 kQels
Second order slew rate limit H.O00E+09 | Oetds

Final [exponential] traverse
Fraction of total traverse 0.0500
Characteriztic tirme constant 400.0 | m=

Lag anticipation
Azpmptotic lag A5.0 mz
Altack time constant 450 mz

50 Field control settings
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4.7 Remanence Curve Measulements

Initial(rate - limited) traverse 3

Slew time limit

slew time limit slew rate limit (
) 100ms
Slew rate limit
(Cels, Tis) slew rate limit
slew time limit 10 kOe/s(1 Tls)

100 ms 10 kOels
100 100 ms 1KCe 100 ms 22KOe 2.2s

Second order slew rate limit: 5x 10° O?/s
slew time limit  slew rate limit
second order slew rate limit

10° Ce?ls 100 Oe 10 kQe/s 10 kOe
100 Oefs
Final (exponential) traverse
Fraction of total traverse 0.05 Initial(rate - limited)
traverse 95 ( +10 KGe +500 Qe )
5 (+500 Ce 0 Ce)

Characteristic time constant
400ms

Lag anticipation 0
(direct moment vs. field)

"attack time constan”t”

1
Asymptotic lag: 55ms
(2" 4" (0.50" 0.75").
Attack time constant: 45ms
(2" 4" (0.50" 0.75").
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4.7 Remanence Curve Measulements

Execution Selections( )
Demagnetize fefore measuring . Alternating field demagnetize E
. Commence demagnetizing at B.00  kQe
Alternatlng Exit demagnetizing at 000 | Oe
field demagnetize Field decrement [% of field) 1.00 %
Lirnit slews rate to <= 10.0 | kDedss
Lirnit glews time to »= 100 mz
Fause at each applied fisld 100 mz
Isothermal remanent
magnetization(IRM)
applied field increment 51 Alternating field demagnetize

pause at applied field

pause at zero field

T Y (511
B [rapen Fes Lak ddessosd
+IEd T T — — —
LB g B
i]
OW1 1553 1506
Fiskd Ficra@ma ai i Lig
W T21 8 e
L ZH93 Emu
H |
B4 !
204 a +24]
MAgrHEED Tacorilifeg Lspk
File O07H
52 Isothermal Remanence
52 IRM direct magnetization
remanence
IRM
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4.7 Remanence Curve Measulements

DC demagnetization remanence(DCD) applied field
maximum
remanence
direct magnetization direct
magnetization
53 DCD direct magnetization  remanence
e [emginn Vew Took Agersed
+|E-3 T
m =T
1]
S 3 1510
=Wkl TILrEmsEng Il £ ik
AR = U K
HE £l 3
iy E31 4 pEmu
it D e
T 07 s
01505
=l | ] 02355
{1i0e
1E2 | L
-JE43 0 agE43
Magnetic eromng tpe
Fi= DOrR

53 DCD Remanence

Repeat saturation (in DCD) DCD remanent
single saturation repeat saturation Repeat saturation
Repeat saturation

Include direct magnetization: remanence

IRM DCD Isothermal Remanent DC demagnetization remanence
IRM DCD IRM

Demagnetize before measuring

Execute IRM DCD
54 IRM + DCD
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4.7 Measurements vs. Orientation

w llsaaneim i

C T

53 IRM + DCD

4.7.3 Mutiple Remanence Curves

Mutiple remanence Curves remanence

10 I k0w
100 e
1000 x
Wadtpan

55 Mutiple Remanence Curves
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4 8 Measurements vs. Orientation

Mutiple Remanence Curve

1 Main Measurements Remanence moment vs. field
2 Mutiple Remanence Curves
3 Mutiple Remanence Curves ( 54)
remanence
IRM 54
4 edit
[ ]
[ ]
[ ]
5 Execute
4.8 Measurements vs. Orientation
48.1

Measurements| Moment vs. Orientation

Main

4.8.2 Moment vs. Orientation

im. Moment vz. orientation

Applied field 0000 Oe
Imitial arigntation 0.0 |deg
Orientation increment [magnitude) 10.0  deg
Pausze after orientation increment 1.0 =

Averaging time 1.000 | =

Final orientation 3600 deg
b eazurement time [approximate] 1 min 22 =

Execute |

56 Moment vs. Orientation
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4 8 Measurements vs. Orientation

Moment vs. Orientation
Applied field: Apply static field (Oe)

Initial orientation:
Orientation increment:
1000

Pause after orientation increment: Allows setting the pause time in seconds following an
angular increment.

Averaing time /Orientaion increment
Final orientation

M easur ement time (approximate):

Retrace finel-initial initial-finel

4.8.3 Dipole Moment vs. orientaion

Retrace finel-initial Execute
Measurements vs. Orientation
57 Dipole Moment vs. orientaion
T T {51 =1
B Qoo e Lak ddwsisd
e ; - =g ﬁ]. : 18 meine
Rl
1316
1 00 O
u g
— = -
il N
DO O ms
1]
Cneniation |de=g
-ME-3 L L
a e -]
BUgrEiE b oring media, ool v onsristion
File: “w2avilo 1

57 Dipole Moment vs. orientation measurement
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4 8 Measurements vs. Orientation

4.8.4 Hysteresis Loops vs Orientation

remanence
remanence
Sequences Sequences VS.
orientation ( 58) remanence
remanence
465 (49 ) 4.7.2 (64 )
Hysteresiz loop  Remanence curve
Iritial orientation 0.0 deg
Orientation increment 20 deg
Pausze after orientation increment 20z
Final arientation 100 | deq
teazurement time [approximate) 28 min 25 3
W Include hysteresiz loop
W Include remanence curve
:After completing [or aborting] measurerment
I~ .~ ST A
zequence, apply initial orientation
Apply initial
orietkation | Eazoule |
58 Sequences vs. orientation
Execute
hysteresis loop remanence
Tools
59 3
0 45 90
e - -
e Lesmws p= Do sdauE
e 1 N1 s |
i i . <
] f A
— —
e ii e
T NpFE LS A LR L=
PRy WINEDTE)

59 Sequence (Hysteresis) vs Orientation
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4.9 Measurements vs._Temperature

: Add record
5

4.9 Measurements vs.Temperature

49.1
Masauremenlz Took Setings
VSM Diimssct maomezrd vs. held k

Aemanence oures F

Measmements v onertalion ¥

Measuianants v. lempeishes ¥ Sempls momenl vi. lemperalie

Megnpananits v bims K Mullipls fegrrenis vi. lsmpaiahas

Secpencat v lemperaliae
Settings
Temperature control settings
( Cryostat Oven)

Main Measurements Measurements vs.Temperature Dipole
Moment(simple multiple segments)  Sequences (hysteresis loop

remanence curve) vs.Temperature

4.92 Moment vs. Temperature

Dipole (simple) Moment Measurement vs. Temperature Main

Measurements Measurement vs. Temperature

Dipole Moment vs. Temperature Applied field
im. Moment vs. temperature

Applied field 0000 Oe
Imitial temperature 731 K
Temperature increment [magnitude) a0k
Pausze after temperature increment a0z
Aeveraging time 1.000 =
Final temperature 4731 K

b eazurement time [approsimate] 1 min 21 =

r IIpon completion of initial-final segment,
rmeasure final-initial

v After completing [or aborting] measurerment,
W T
apply initial temperature

Execute

60 Moment vs. Temperature
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4.9 Measurements vs.Temperature

Simple Moment vs.Temperature
Applied field Apply static field Oe

Initial temperature

Temperature increment(magnitude)
1000

Pause after temperature increment

Averaging time /

Final Temperature
Measurement time (approximate):

Upon completion of initial-final segment, measure final-initial: initial final

After completing (or aborting) measurement, apply initial temperature:

4.9.3 Multiple Segments vs. Temperature

Multiple segments vs. temperature (temperature
increment averaging time ) direct moment vs. temperature

Multiple Segments vs. Temperature Main Measurements
Measurements vs. temperature Multiple segments vs.

temperature
( 61 ).

w Multiple segments vs. temperatme E
Fi=

Temparshre Paiise after
i Sy mure | it | Averagng Time Tk Dt ™ Fird Tempersbars

1 2001 K S0k 1005 e ANL0E 050
2 A00E 02K 1003 Y 00 050 s

| i e = e

| Bopky hallenpiesias
| Muagrement duations ¢ Fmin 02 mﬁ Enecute |

61 Multiple segments vs. Temperature
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4.9 Measurements vs.Temperature

Multiple Segments vs. Field
6

Initial Temperature:
final

Temperature Increment:

Averaging Time: (ms) 100 ms
1 ks
Take Data?:
yes no

Final Temperature:

Pause after Increment:
(finaltemperature) 0.0ms
1ks

File

Multiple Segments vs. Temperature
1

* Adding a Segment:

Add segment Yes
initial temperature final
temperature final temperature
final temperature temperature increment 0.0
final temperature
final temperature temperature
increment
+ Deleting a Segment: Delete
segment Yes
Segment 1
* Clearing All Segments:  Clear all Segment 1

final temperature  temperature increment
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4.9 Measurements vs.Temperature

Filz
Tedpersiue Pause anier
nilml leTperstuns ; : Avprngreg Tima Tk Ciomiw? Firesl Temparsturs ; :

i 31K S0 E ETLT T'as ECIT] [

s I DE DK A0 ia 4000 K 0504

3

| Add pegment |
7 Fila complsting o shoing] meanasmenl,
Disichs pegrien I apph el lenpeating:
sl Msgpasment durstion o« Hlmn 152 mﬂ Ertcite I
4 Execute
direct
measurement
4.9.4 Sequences vs. Temperature
m. Sequences vs. temperature
Hyzteresis loop  Remanence curve

Iitial temperature B732 K
Temperature increment 200 K
Pauze after temperature increment 100 =
Final temperature B73.2 | K
M eazurement time [approximate] 13mn1bs

¥ Include hysteresis loop
[ Include remanence curve

r After completing [or aborting) measurement

gequence, apply initial temperature
Execute |

62 Sequences vs. temperature

Hysteresis Loop Measurement Remanence Curve Measurement vs. Temperature Main
Measurements Measurement vs. Temperature
Seqguences vs. temperature

hysteresis loop remanence

curve hysteresis loop remanence curve

initial temperature
Hysteresis loop Remanence curve
hysteresis loops

) 4.7.2 (64 )

Sequences vs. temperature

remanence curves 4.6.5 (49
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4.10 Measurements vs. Time

Sequences vs. Temperature
Initial temperature

Temperature increment
1000

Pause after temperature increment ( )

Final Temperature ( )

Measurement time (approximate):

i [2muj
TR S 1485
He

anm o
M G554 pema
Iy 1463 meTu
Squarenazs ryio 0 DO3E

= 1

Finid ncramem 400 o8
Ry A LTI
TemparyLe RE I

63 Hysteresis Loops vs. Temperature

4.10 Measurements vs. Time
4.10.1

Simple moment
vs. time Multiple moment vs. time
records

Main

Measurements
Measurements vs. time
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4.10 Measurements vs. Time

4.10.2 Simple Moment vs. Time

in. Moment vz lime

Conditioning figld
Conditioning field applied for
keazuring figld

Time per paint

Timebase

Dia-/paramagnetic cormection
Slews rate limit [ras]

Slews time lirmit i)

64 Moment vs. time

Hc

TS 1914
= Peid 300 Kow
abe
0000 erea
-A7% O

65 Time Dependence
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4.10 Measurements vs. Time

Moment vs. Time

Conditioning field:
2 3

Conditioning field applied for:
Measuring field:

Time per point: 1

Timebase:

Dia-/paramagnetic correction:
(slope correction)

correction
time

Slew rate limit (max):

Slew time limit (min):

4.10.3 Multiple Moment vs. Time Records

w Mydliphs mrmmeil wi e s e———y)

conditionig field

()

Momeut vs. time

slope correction
slope
Moment vs.
Dia-/paramagnetic
slope correction
slope correction

300ms

1

Cordiiorng held 000 J=
Corelilioreng ekl apphed foi 100 5
Pl g i) Pridd] 000 Qe
T jpemi el 1.00 &
Turastamge 1.00 ks
Dia‘psi amagnslic colscdion oo
Sl padi b || 10 0 &0 &f5
S b e v (i) 11000 e

E quiibaate fime (2] &t conditoning hsid

agaireman durslion £ Sllmen 4 1

o]

66 Multiple segments vs. time

Multiple Moment vs. Time
1 Main
2

Measurements

3 Multiple segments vs. time

Mewasurement vs. time

Multiple moment vs. time records

( 66) 1
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4_.11 Noise Measurement

66

5 Execute

4.11 Noise Measurement
4.11.1

noise-measurement

4.11.2 Magnetization Noise Measurement (moment)

1 YIG sphere

4 emu sensitivity 10pyemu 20pemu averaging time 1

5 Main Tools Measure noise (moment) noise
measurement

Abort
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4_.11 Noise Measurement

67 Moment (standard deviation)

4.11.3 Field Noise Measurement (field)

1 300

° Main .-hmmleI%ﬂmﬂ
Applied field
Apply Static field(Ce)

e 30 ENTER

e Toggle Toggle (non-overshoot)

e Apply Static field

2 Tools Measure noise (field) 100ms
10mCe

81



4.13 Retrieve Data from Disk

Be

EI-IEEDDEI
FE

i
k3 —

68 Field Noise (standard deviation)

4.12 Review Current Data

Main View

4.13 Retrieve Data from Disk
4.13.1

Main
File Open File
Retrieve data file
69

69 Retrieve data file
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4.13 Retrieve Data from Disk

4.13.2 Open File functions
Look in

File list
File name

File name

File list
Files of type  *.*
Open
4.13.3
69
VSM
File Description
VSMO00001 Calibration sample, Ni foil
VSM00002 Empty sample holder
VSMO00003 Nickel foil; initial magnetization
VSM00004 Magnetic recording media
VSM00005 Magnetic recording tape
VSMO00006 Magnetic recording media, (19 minor loops)
VSMO00007 Magnetic recording media, segment scan
VSMO00008 Magnetic recording media, IRM
VSMO00009 Magnetic recording media, DCD
VSMO00010 Magnetic recording media, IRM and DCD
VSMO00011 Magnetic recording media, dipole vs. orientation

VSM00012.001
VSMO00012.002
VSM00012.003
VSMO00013
VSM00014
VSM00015
VSMO00016
VSM00017.001
VSM00017.002
VSMO00017.003
VSM00017.004
VSMO00017.005
VSM00017.006

Magnetic recording tape, Hysteresis vs. orientation @ 0°
Magnetic recording tape, Hysteresis vs. orientation @ 45°
Magnetic recording tape, Hysteresis vs. orientation @ 90°
Magnetic recording tape, time dependence

Amorphas Ni-Fe alloy, Allied 2826B

Iron foil; temperature scan 100 to 750 to 100

Gadolinium sample

Iron foil; hysteresis loops at 500, 550, 600, .... 750

Iron foil; hysteresis loops at 500, 550, 600, .... 750

Iron foil; hysteresis loops at 500, 550, 600, .... 750

Iron foil; hysteresis loops at 500, 550, 600, .... 750

Iron foil; hysteresis loops at 500, 550, 600, .... 750

Iron foil; hysteresis loops at 500, 550, 600, .... 750
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4_.14 Settings

4.14 Settings Window

4141

Main Settings
Settings 70

Utilities Machine Parameters (

B AL

5 nlmlsls
s55s 5= EEEEEEE

il
L
L0

L3

70 Settings
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4_.14 Settings

4.14.2 Settings Parameters

Setting
Magnetometer type Hardware version Software version Data files saved as
version
Units of Measure-magnetism: cgs - ; -emu
Sl -A/m -Am? hybrid SI
-Tesla -Am? [ ENTER ]
Units of measure- temperature: K
Limit field to: VSM (2" 4" )

Model Mode Air Gap Max. Field
M3900-02(2") 1/2" (12mm) 14kOe
M3900-02C(2") 3/4" (20mm) 10kOe
M3900-02F(2") 3/4" (20mm) 10kOe
M3900-04(4") 1/2" (12mm) 22k0Oe
M3900-04C(4") 3/4" (20mm) 18k0Oe
M3900-02F(4") 3/4" (20mm) 18kOe

1
3/4 20mm
( 71)
2500
L =
#— 3" Elsoimeagnes
— & — §° Eleotrasnagnet
1t -
N
:; "\-\.k n
- N
g 1000 - =
- s
'm.__h_
-\--\-\-“‘-\-\.__ r
q“_"-w-_
1 = - L= # Ra 1
Cap [=m]
71
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4_.14 Settings

Enable X5 Gradient: N/A. MicroMag AGM

Magnet Power Supply: AGM AML
COM1 COM2 COM3 COM4
PMC PMC COM

ADC Offsets:
Update ADC offsets: ADC
Set ADC offsets to zero: ADC 0 (zero)

4.15 Computer Settings

Settings Computer Computer ( 66)
i, Computer zettings
05 platform 2
Board nurmber of digital interface card I}
Controller responds? Yes
Speed of communications Mormal

72 Computer settings

OS platform:
OS platform =1 ....... Windows 95/98/ME
OS platform =2 ....... Windows NT/2000/XP/Vista.

Board number of digital interface card: 0O ) Instacal
(www.measurementcomputing.com) )
PCI-DIO24 ClODIO24 0
Controller responds?: MicroMag
Speed of communications: 1994 MicroMag
Normal Slow
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4.16 Field Control Settings

4.16 Field Control Settings

4.16.1
Settings Field control Field controll settings
( 73) remanence measurements
2
1 (0.50" 0.75")
Defaults
Yes

Field controll settings

Help
Defaultz Help
Initial [rate-limited] traverse
Slew tirne limit 100.0 | mz
Slew rate limit 10.00  kDeds
Second arder zlev rate limit RO00E+09  Oetfs
Final [exponential] traverse
Fraction of tokal traverse 0.0500
Characteriztic time constant 400.0 | mz
Lag anticipation
Azpmptotic |ag BEO  mz
Aftack, time constant 45.0 | mz

73 Field controll settings

4.16.2 Field controll settings Parameters

Initial (rate-limited) traverse

Slew time limit

slew time limit slew rate limit ( )
100ms
Slew rate limit
( Oels, Tls)
slew rate limit ( ) slew time limit

10 kQe/s(1T/s)

100 ms 10 kOels 100
100 ms 1KQe 100 ms 22KGOe 2.2s
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4_17 Stepper Motor Settings

Second order slew rate limit:

108 Oe?/s
100 Oels

Final (exponential) traverse

Fraction of total traverse
traverse

5 (+500 Ce

Characteristic time constant

characteristic time constant

Lag anticipation 0

5x 10° Oe?/s
slew time limit  slew rate limit
second order slew rate limit

100 Oe

10 kOels 10 ke
0.05 Initial rate - limited
95 ( +10 KCe +500 Ce )
0 Q)
400ms

(direct moment vs. field)

Asymptotic lag:

Attack time constant:

4.17 Stepper Motor Settings

"attack time constant”

1
55ms
2" 4" (0.50"  0.75").
45ms
@ 4 (0.50"  0.75").
m. Stepper motor
Initial step rate 00 fe
Acceleration 2000 A
D eceleration 3,000 /=
Final step rate 1.000 /=

74 Stepper motor
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4.18 Temperature Control settings

4.18 Temperature Control Settings
4.18.1

Settings Temperature control Temperature Control
settings ( 75)

. [ emperature control settings E1

Advanced

Temperature control device He Fumace
Temperature limited to B98.2 | K

Temperature difference corection: Mo
Mew corection curve
Shiow carrechion cure

Thermocouple calibration;
-Calibrate at 373.2 K.
-Calibrate at 1073.2 k.
--Drefault calibration

75 Temperature control settings

4.18.2 Temperature Control
Temperature Control

Temperature control device:
None LHe Cryostat LN2 Cryostat Ar Furnace

He Furnace
Temperature limited to: 0K (-273.1°C) 473.1K
(200° C) 273.1K(0.0 ) 1,123K(850 )
Temperature difference correction: Furnace

No Yes Yes

New correction curve
1

2
3
4
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4.18 Temperature Control settings

Show correction curve:

im. T emperature difference comrection
Index | Thermocouple Sample Difference
] 2932 K 298.2 K 0o kK
1 4232 K 4198 K A3k
2 4732 K 468.2 K A0 K
3 23z K A16.3 K 6.8 K
4 G732 K BE4.3 K A K
L 232 K B121 K 11 K
b B732 K BRA.7 K 135 K
7 7232 K 071 K 6.0 K
g ird2 K 44 K 188 K
4 8232 K aild K 217 K
10 avaz K 2483 K 249 K
11 9232 K 2950 K 282 K
12 9732 K 9415 K SE1 P
13 10232 K 9878 K B3 K
14 10732 K 1.0339 K 382 K
15 11232 kK 1.079.9 K 433 K
16 11732 kK 11287 K 475 K
Mi 432 K B31.2 K 120 K
Fe 10832 K 1.043.2 K -40.0 K
76
Thermocouple calibration: ( )
( (273.12K+ ()
4.2K
77K( )
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4.18 Temperature Control settings

4.18.3

Temperature Control

. Furnace [Helium] Ed

Lawwer azyrmphatic temperature 2731 |k
Time canstant of approach BRO &
|Ipper azyrptatic termperature 1.300.0 K
Time canstant of approach /0 sz
Thermocouple offzet 1 776304 s
Thermocouple gain 1 Ay2.00
Thermocouple offzet 2 776304 s
Thermocouple gain 2 Ay2.00

Temperature contral loop:

Loop breakpaint 1 3732 K
Loop compenzation 1 128
Loop breakpaoint 2 10732 K
Loop compenzation 2 128
Prezet | break point 1 732 K
Preset curent 1 128
Prezet | breakpoint 2 10732 K
Preset curent 2 128
77 Temperature control

Lower asymptotic temperature:

..Time constant of approach:

Upper asymptotic temperature:

..Time constant of approach:

Thermocouple offset
Thermocouple gain

Temperature contral loop
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4_.20 Save Configuration

4.19 Retrieve Configuration

Tools
MicroMag

FactoryDefault.cfg "Factory default”

FactoryDefault.cfg Current.cfg
Factory default
Backup.cfg FactoryDefault.cfg
Current.cfg Current.cfg

4.20 Save Configuration

Tools current configuration
) configuration
configuration current configuration

92
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4.21 Utilities Window

4.21 Utilities Window

4221

Utilities Window 78
Main
Main ALT + U

78 Utilities

4.21.2 Utilities Window
Utilities
Frequency 0 1023.75Hz

Selective Amplifier Mode 4 Flat, Low-pass, Bandpass
Allpass

AC Gain 1 50k

DC Gain 2 10 100(
Phase: 1

Time Constant 30us 30ms
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4.21 Utilities Window

Vibration (relative) VSM (1.0 )
1,0.5,0.2,0.1

Gaussmeter Range
100 30kCe

Magnet Span DAC
0 255 ((Span setting/255 X 100 = Percentage

Magnet Sweep DAC
Measurements Maximum Field

4095 =
2048 =
1=

Magnet Loop Control !

Temperature Control Mode control/calibrate  Automatic
function

Temperature Command DAC !
Current Preset DAC !
Temperature Loop Control DAC !
Update ADC offsets ADC
Set ADC offsets to zero ADC

Main X
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5.1
1
File Description Edit View Tools Advanced

5.2 File
Fil= File

Open file

Save file

4 record Open file Delta-M

E’?”E oy Retrieve data file

Mnt Epeclia

Save file
A Z
0 9
& () - _ {1}
: Sample1245.RAW
Add record
59 72 Sequence (Hysteresis) vs.
Orientation Vsm00012.001 Vsm00012.002
Vsm00012.003
Print LaserJet 100%
Windows Printers
and Faxes (Start Menu|Settings|Printer and Faxes
Windows Control Panel and change the default printer and print
references )
MicroMag™
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5.4 View menu

Print special
( ) Frame
Curves
Annotations Page feed
Annotations File
Page Feed
Page Feed
( Print special )
5.3 Description
Description Sample description ( 79

. Sample description E1

Enter zample dezcrption [80 characters masimum].

Cancel |

INi foil; hyzsteresiz loop, with zaturating field of +-10 kQe. Slope Ej

79 Sample description
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5.4 View

5.4 View
| Wiew

v Bnnotations
v Lines
Bubbles
Color
H-ais
- ariz
Relocate # Onigin #
Felocate ' Origin #
Rezcale =
Rezcale v
Offzet/E xpand
T abular data
Drefault iew

View

Annotations

Lines

Bubbles

Color

X-axis X /
Y-axis Y /

Relocate X Origin X

Relocate Y Origin Y

Rescale X X

RescaleY Y

Offset/Expand

1 Offset/Expand

2
3
4
5 View
Tabular data:
data
Default View XY

97

OK

OK

Default View

Tabular



5.5 Tools

5.5 Tools
| Tools

Azummetry [hornizontal]
Azurrmetry [vertical]
Diasparamagnetic adjustment
Fournier components

Pole zaturation corection not in effect
B ackaround subtraction
Calibrate

Delka-td

Dernagnetizing factor

Iritial zlope [threzhaold field]
MHarmalization niot in effect
Sample masz

Sample volume

Switching field digtribution
Corections

Cancel processing

Optionz

-

Pole saturation correction:

Tools

Asymmetry (horizontal)
OK

Asymmetry (vertical)
OK

Dia/paramagnetic adjustment: remanence curve
Include direct magnetization

automatic
emu Oe

manual (emu

o))
Fourier components: VSM
measurement vs. orientation 11
( 10)
)
Bozorth  Ferromagnetics 12

“Magnetic Properties of Crystals”  Jakubovics
Magnetism and Magnetic Material 3.2.3 “Anisotropy

Energy.”
18kCe 18T
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5.5 Tools

1 3 ( )
2 +22K0Ce
3 Determine new correction

direct moment vs. field, remanence,
moment vs. time, moment vs. orientation, moment vs. temperature
simple hysteresis loop measurement

Background subtraction

( )

Averaging
time, maximum field, field increment Initial, loop
initial + loop
Calibrate (Ms)
YIG
Calibrate OK
VSM
MicroMag
Delta-M H H = zero vs. H
Demagnetizing factor
sheared
unsheared
NJ D. Van Nostrand and Co. Inc.,
Ferro-magnetism R. M. Bozoth
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5.5 Tools

m (=

Tl 156 1029
HE
W
k]

80 Diamagnetic Slope
Initial Slope (threshold field): initial
(initial )
Pole Saturation: 4 18k

Normalization not in effect/Normalization in effect:

Normalize by mass:
Normalize by volume:

Normalize by moment: 90%

Sample Mass: 10"?g 1009
Normalize by mass
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5.5 Tools

Sample Volume: 10"cm®  10cm?®
Normalize by volum e

Switching Field Distribution: Switching Field Distribution(SFD)
SFD

Corrections: Offset (field) Offset (moment) Moment vs. field Pole saturation
corrections

Offzet [held) 000 Oe
Carrection enabled? Ma
Dreterming new comection

Offset [moment) 0.00 | e
Corection enabled? Mo
Dreterming nesw comection

Moment vz field 0.00  emufle
Corection enabled? Mo
Dreterming nesw comection

Pole szaturation
Thirezhold field 15.0 | kDe
Corection enabled? Mo
Dretermine nev comrection

81 Corrections

Cancel Processing: raw

Options:
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VSM AGM AGM VSM

MicroMag™

Al 3900 VSM MicroMag™ /

MicroMag™
CD
2.
. MicroMag
Windows Add/Remove Programs
4 Setup.exe
5 "An access violation occurred while copying the file C: WINDOWS
SYSTEM MSVCRT.DLL" "lgnore”
"Do yu want to ignore the error ?” "Yes”
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Al 2900 VSM MicroMag™

/
6 Setup.exe C:¥Program Files¥MicroMag AGM-VSM
e MicroMag.exe " AGM”
" VSM’
MicroMag VSM MicroMag AGM

C:¥Program Files¥MicroMag AGM-VSM¥MicroMag.exe" AGM

e MicroMag4.dll
MicroMag.exe

e Current.cfg
Current.cfg

e FactoryDefault.cfg Back.cfg Current.cfg

e MicroMag.chm: HTML Help

7 Setup.exe Windows Start Menu  Programs
MicroMag VSM  MicroMag AGM

8 Configuration

Configuration

Configuration

Configuration

9 (
) 24-bit 1/0 MicroMag
www.measurementcomputing.com “‘instacal”
I/0 (PCI-DIO24 CIO-DIO24) "Board 0."

10 Thermocouple calibration )

( )

Settings | Temperature control

software@princetonmeasurements.com
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A2
A.2
MicroMag™
Step 1 ID
E-mail PMC
1.
2.
3. E-mail
4.
5.
6. AGM/VSM
/
Step 2 PMC
ID ID
ID
Step 3 URL ID

www.princetonmeasurements.com/sftwrupdt/operating_software

Zip ( MicroMag_2008 05 _15.zip)
Zip
Zip
* MicroMag AGM-VSM.msi
* Readme.txt

* Setup.exe
* Setup.ini

readme.txt
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