ali~Phaser

ai-Phase co.,ltd.
info@ai-phase.co.jp

Overview of commercial appaltus

Outstanding Features
Ai-Phase family is an overall measuring system for thermal properties of al materials from insulators to metals. Ai-
phase mobile product line are high-performance machines full of originality, designed under 9 concepts as follows:

1. Wide temperature wave frequency from 0.001Hz to 2 kHz
2. High Speed Response Sensor and Heater IN-house devel opment
3. Thinand/or Small sample wm, mg order
4. Short measuring time several minutes order
5. Compact size and light weight easy hand caring and transportation
( delivery service shipping and repair)
6. Easy mantenance units are easlly changed for new one
7. Without experience full automatic, user friendly software
8. Saving energy design USB bus power - drive
9. 1S0 standardized method 1S022007-3 and -6
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1: Let'sstart

Please connect

Main Amplifier,
Sample Holder,
Power supply by USB
and PC

then
Switch on
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Precautions for handling of Type 1

eater « Inprinciple, Typel machine has specifications suitable

for measurement at room temperature.

* Power is supplied when connected viaUSB, so no
power connection is required.

e The orange protective ring prevents the sensor from being

Arm damaged dueto thearm falling. Removeit.

stopper
e Lift thearm by hand and slowly move it to the other side.

Slowly when lowering, too.

Thickness
meter

sensor

The black dot in the center is the sensor.
0.5x0.2mm

ai-phase mobile M3 typel



Set up of device

« M3typel isdriven by a USB bus power.

* However, if you do not use temperature controller, it will work
only with USB bus power.

 Thearm stopper may be used at the shipment to avoid trouble
during transportation.

e (Note) If theredlampislit, it meansthat the arm has
stopped at a certain distance.

e Turntheda asclockwise and lower the arm until the LED
lamp goes out.

e Theliquid crystal display on the main unit is as shown on the
|eft.

ainmPhasen
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L aunching the software

* (2 Connect the main unit to a PC with a USB cable.
o (3) Switch on the power of the device.

* (4) Openthe EXEfileinthemain folder. The measurement
screen(auto mode) appears.

(5 The LCD screen of the main unit changesto “tc_get”.

ArrE—— At (6) Hold for 10 minutes or more for warming up.
£ Conde Wou  Opton
Under Over Hobd [ ]
Coler [Bk =] _Cese |
Auto scan l.'(mmluu |
Start

Thedriver isonthe DVD. Pleaseinstal if necessary.
Reset of this device with the power button.

P |
| e USB port recognition differs depending on the PC model and Windows type.
N e T e T ey T o 8 ;b_ll " Details are on the next page.
1000 o €[ 1000 Jygx 2 0000 Jwjmn

Cemmesnt [ ‘ T
Ver 64 180120
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File Config View  Option
BaseLline: Default
12
(P
9 OG-~ =
-0 \")—{._‘:—‘ R
) o S-9-a.a . a A
6 TR Ioe-o-9
3
0
4.0Hz 31.4H:z 84.6Hz 163.8Hz 269.0Hz 400.0Hz
0
\'-A -~
i
90 3
180 = o>
270
360
+0Hz 314Hz 84.6Hz 163.8Hz 269.0Hz 400.0Hz

Freq.[400.00 | Amp.[ 2206 | 12g[18632 | near[07 v

PO

:s/ﬂgi Cp‘,.o

1/(8K)

Comment ji)asellno

Under Over Hold Z?

Color |Red _:] Clear ]

Auto scan  Manual scan |

Start I

Heat. ‘ 07, - h’
From 4.000 %"‘
To |400.000 |y,

step |20.000 |, B

el Div.
lnteg. | 200 |5

Baseline Update

)| (O

o | 0.00e+00

» | 0.000

v (101607 |
Ver 6.2 170616

Defined from4 to 400Hz

Baseline check before start
(manual mode)

e Check the temperature setting. Press the “manual mode” .
e Put aweight on thetip of the arm.

*  Measure under conditions of described in thisfigure.
Pressthe “start” button.

*  Theupper plotsisthe amplitude(arbitrary unit, log scale)
and the lower is the phase(deg.) described as a function of
frequency.

* At thistime, make sure that it matches the baseline (solid
line). If even one point does not match, cleanup the
surface of the electrodes and try again.

o If they till do not match, refer to chapter 5 and 4.

*  Thisprocedure also serves as awarm-up, be sureto
execute it when starting up.

* You can stop in the intermediate of measurement.
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Initial Parameters of automatic
measurement for this device

S Open the option column and choice * StratUp”

Po?ni:: e . Thisistheinitial set of parameters of auto measurement.
l IntegTime 500 FreqStep 100 . .
Sartbres [0 Lo ; Phasel.agl, 2 are important for automatic measurements.
R | Lagl=170-200, Lag2=210-240

AmpMin 100.00
¥ TWG Keop ON !

e | Fine adjustment becomes necessary when heat diffusesin the
T ThermoSCR ) - : -
Phaselag2 | 230.00 | plane direction, such as the oriented or heat conductive sample.
i Logging FileNamae Lop txt

If the start frequency is changed depending on the sample, the
Sivs / Cose Canies} measurement time may be shortened.
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Device check (auto mode)

(1) Zero reset have to perform without sample.
(2) Place aweight on the tip of the arm to close contact.
100g for normal, 50g or not use for soft material.
Be sure to remove the weight when raising the arm.

(3) Push down the left pedal and the arm will rise slowly.
Insert the sample and release your finger.  Or lift the arm by
hand and slowly move it to the other side.

(4)Set the sample in the center black part.

(5) Put the weight on again.

(6) Wait for about 10 seconds until it stabilizes.
(7) Pressthe auto mode and press the start button.

(8) You will be notified by sound when the measurement is
complete.

The standard sample of this deviceis attached
Pl (Kapton500H) film of 0.125 mm.
Diffusivity isca.1.18x107 (room temperature) ,

ai-phase mobile M3 typel



Test data for zirconia 500 plate

P 5.68 e

Lomment :?;'E

| Freq.| 8800 | Amp.| 2258.7

Hral,_ 1.2

1/(zX)

Under Over Hold =
Color |Red «| Qear |

Auto scan Manual scan '

Start ‘ ‘

$80Hz 189.04 2259
13.00H2 22832 1053

Integ, 5.0 N

Heat Max &_.o v

:-Trrrnu‘ 500.0 B

pen

a 117006 | 21
2 3.034 W/ (.K)
T 2.13e-01

Ver 6.2 1706106

First, measure the attached zirconia plate in auto mode.
The thickness is exactly 500 microns. The slight
deviation is due to the deformation of the PET
protectivefilm, etc.  Also, sinceit isadifferential
transformer system, it may change over time due to
changes in the environmental temperature. It fluctuates
between 495-505 as a 1% error.

The thickness can also be entered manually. You can
lock it, for example by using a micrometer value.

Make sure that the plot is linear on the screen during
zirconia measurement and that the calculated thermal
diffusivity isaround 1.15 to 1.24x10-6m2S-1. The
solid black lineis the baseline value of the blank,
which isthe phase lag (device constant) derived from
the sensor, heater, interface resistance, protective
film, etc.

After turning on the power, it will automatically
become the default baseline.

The frequency, actual frequency, and amplitude of Lagl and Lag2 are shown respectively.
The sensor sensitivity depends on the temperature, but the amplitude is proper around 1000.
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2. Screen of software

- x

Fow Conig View  Option
T —l Gober B <] Qear |
= \<\\> At wam Iu—.dml ‘
* o =4 Stars l ]
A [oooly wass 1537 | Reuyfto ]
~ [1340H2229.18 713 ¥ AutoDetect
0 \ |
e | IntegTime Freqstep
tuteg, 100 il ]
Startfreq | 2.00 StartVolt. = 2.20 Sticvometrs Machine Constara
r—— ot [ 220 | ks | [ Mo
£ 10Hz 408 9 0ls 160Hs  I50HE  — —— LimitVolt. = 4.0 ::::" ::;;; D : -
~S— — — 'l"'ﬁsoo-“ Thick. 2 000000 e — |
ros [FRONT] A [(H5560T] Log [T mest [Ty — e Amspiin "] 100,00 Phethitidon) | 05|
a  L18¢-06 21 ¥ Keep HeatSource \rsue Tenelaglng) | 0D i
Phaselagl | 180.00 gty | ooime |
ey — ¥ Show Thermostat ] 035641
Phaselag2 | 22000 | s |
log **2 Jn?)(vl'x_
Logging FileName  [logtxt Mg4ii] 10080650
- z log **0 SA N0
verbos 1
Save / Close I Cancel 2 [
| Thermosar ot | 160 gin | oo
P se00 | 1| 200 | Umn | 43000 |
o8 Yorshen

You can also use a sound to indicate during the measurement. ai-phase sound signals
the progress and completion of the plot. This is the work of Kunihiro Kawano, a

composer who is also a founding member of our company.
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File Config View  Option

BaseLline: Default

90

Start

180

360

meeg | |5

Heat.Max [4;0 ] v

0.0Hz 0.2Hz 0.6Hz 1.4Hz 2.6Hz 4.0Hz

Upper Measurement status
Middle Density* Specific heat* from keyboard
Lower You canwrite comments at any time
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™ Lodl
.>Zem|’—|"ull %
rroe ] weme ] e el e 2
L+ 5 ms
| P 1.0 leren  €p[1.0 /(&K a o wies
Comment v b [:I

Ver 6.2 170616

Software screen  Auto mode

Under Over Hold I SES>

Color lBZack - | Clear

Auto scan IManuaI scan |

M easurement status

Color selection of plots
Choice of automatic or manual
Push for start

Datatable

Integral time for measurement
Limit of applied voltage
Zeroreset thickness*  lock(check)
Measured diffusivity
Calculated conductivity a « Cp
Relaxation time from the gradient

= measured value

o= (thickness)?/ t
* you can write arbitrary value



PortNo
[V AutoDetect

IntegTime | 5.00

AmpMin 100.00
PhaseLag1 | 190.00
Phaselag2 | 230.00

Retry ;10

FreqStep 1.00 1

E
¥
(=]

StartVolt. |

LimitVolt. | 4.0

¥V TWG keep ON

I~ ThermoSCR.

ilog.txt

Cancel

Auto measurement parameters
USB port

IntegTime  normally 5sec  50sec used low frequency.
Start Freq. Free. Depends on the baseline type.

AmpMin The voltage automatically increased up to this limit.
PhaseLagl Giveslow frequency phase. Ex 190 (170-200)
PhaseLag2 Giveshigh frequency phase. Ex 230 (210-240)
Retry normally 10

FreqStep  automatically increased if necessary

StartVolt  normally, 1V, automatically increase if necessary
LimitVolt  limit voltage in automatically increase

TWG Check to keep the micro heater on al the time.

Logging FileName the file name of the auto log.
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Thickness gauge

Baseline
fitting parameters

Configration

Micrometer
Thick. offset 918550.0
Thick. gain 0.00178
Thick. lin. -0.02000
Thick. lin2. 0.00000
Blank
lag "S 0.00100
lag **4 0.04512
lag _r s 0.80942
lag **2 -7.33385
lag **1 43.62521
lag **0 13.19699
Thermostat offset 2.0
P | 4000 ] 1 10000 ]
ROM Version
6.30

Machine Constant
Fitlinl 0.00
Fitlin2 00
Fitlin3 0.0000
Fit Type B

Fit.Order(1-5)
PhaseShift(deg)
Time lag (ns)

Heat w OUT .ofs.

Heat_w IN . ofs.

gain .

5

— Basealine function

00

Usually 0,

rr

0.0

0

1135 }

Limit | 40000 |

‘ Save & Close |

ai-phase mobile M3 typel
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60 for thick samples

Not used in M3 typel
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Color |Red _vJ Clear '

Auto scan Manual scan l

Start I
Heat. 0.7 '
From | 4.000 |Hz
To [400.000 (g,
~
Step |20.000 |; pZ
Integ. | 20.0
BaselLine Update
->Zero| 0 ) ock
, pm
a | 0.00e+00 2-1
ms
2 | 0.000 W/(m.K)
T | 1.01e-07

Parametersin Manual Measurement

Manual measurements are essential for baseline
measurements. In addition, the number of integrationsis larger
and the accuracy isimproved compared to automatic
measurement.

 Theinitial settings of this device are as shown on the left. Two

frequencies specified by Auto are entered, and it can be freely
determined based on 1. 2V, 20 divisions and 20 seconds of
“Integ.” time.
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Kapton S00H |

125 u

- v

m

= ,

75 um

Kapton SOOH‘

L4

L 4

]

'v

Preparation of reference materials

* Thereisno authorize standard material for thermal diffusivity.
We use zirconia 500 microns (manufactured by Mitsutoyo),

which has a stabl e thickness as standard.

The thermal diffusivity is about 1.18X10°%m? st around
room temperature.

Examples(room temperature)
Glass ~45~x10" m? st
Polyimide Kapton 1.0-1.2x10’'m? st

For thickness calibration

Steel thickness gauge 0.1mm, 1mm etc.
Pl film of 7.5, 25, 50, 75,125 micron meter.

ai-phase mobile M3 typel

Werecommend that you decide on your own standard sample
and judge by comparing with these standards.
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3: Thickness Gauge

First, press the zero point.

Second, insert the standard sample
and press the auto button.

Check the thickness.

If there isadifference of 1% or
more, adjust according to the
following procedure.
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Arm stopper for keeping constant distance

» Thearm stopper acts as a spacer that provides a gap between
the micro heater and the sensor.

e Thisisapplied to the measurement of liquid, powder and
molten samples.

e Turning the dia clockwise lowers the stopper (reduces the
gap) and raises it counterclockwise (larger gap).

. It is about 0.5 mm with one rotation of the dial.

Red LED lightsup Gap
during operation

When the arm and stopper come into contact, the lamp lights
up and the gap is fixed. The height is measured with the
thickness gauge of the main body

e Attheend of measurement, raisethearm, turn on the
lamp, and then turn off the power. You can prevent
damage dueto collision during transportation.
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4. Sampling and M easurement

il

Sensor size
0.5x0.2mm

ai-phase mobile M3 typel
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Precautions for data acquisition

30 minutes after turning on the power. Temperature field
instability due to initial heat generation

Confirmation of baseline Measurement and replacement under
the conditions of use.

Adjust the film thickness gauge firmly, because there is a drift.

Carefully pinch dust, surface scratches, sample warp

10 seconds after sandwiching the sample and probe to avoid a
creep phenomenon.

Thermal diffusivity measurement uses the thickness measured
|ast

Measured 3 times without changing the placement conditions
at all. Confirmation of stability

Measurements least 10 times in one sample, and the prospect
of 30 times for precise measurement.

Exclude data that deviates significantly from the average and
do not add it to the average calculation.



Sampl e setting

Cleaning the sample surface
And apply avery thin layer of grease on both sides.

L ower the arm without sample and take the zero point.

Place the sample so that it contacts the sensor (black dot)
Put the weight on the tip of the arm.

Set to auto mode and press the start button.

ai-phase mobile M3 typel
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5. BaseLine

The baseline affects the phase by sensor, heater, wiring materials, protective films,
Interfaces, etc.

The baseline is shown as an approximate curve (solid line) by a polynomial
function. In practice, thereisavalid domain.

0

a0

180

270

360
1.0Hz 16.0Hz 49.0Hz 100.0Hz 169.0Hz 256.0Hz

The actual measurement data is calculated by subtracting the baseline.

Baseline is very important. Do not hesitate to retake the baseline at any time.



Baselize: Defas

Intey. 20

gF

Basaline determination

You can change the baseline at any time asit will change
depending on the weight.

The solid line is the baseline (default) stored in the ROM in
the device, and is automatically called at startup.

Be sure to perform baseline measurements manually and at a
low voltage without putting a sample.

For general purpose, take awider frequency band, and for
strict measurement, take the same frequency as the actual
measurement every time.

At least 8 measurement points are required.

The measurement conditions depend on the sample. The
following are three typical conditions.

Basaline determines the success or fallure of the
measurement
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Base line check

7, Mo~ Manitoe = S = [

et e Oser O]

At this time, make sure that it matches the baseline (solid line).

Bareline: CA\Uzers\ppl689u\ Desktop\M3_softw

ol owr [ o] o (Upper) If the blank measurement does not match the solid

L«
e M Auto scan  Manual scan I . . . . .
0 R S '" line, it means that the surface is dusty or dirty. Please clean it.
: Sa[ 07 | Thereis also achange over time.
408z 1604z 36.0H: 6404z 10608z 19408z From | 4.000 B
; P, To |144.000 |y
%0 w C . . . . .
190 = s« twill be possible to display only the phasein View.
- BaseLine Upiae | (Under) Thereisasdlight discrepancy in high frequency range. You
“0Hz 16.0Hz 35.0Hz 64.0Hz 10008z 1908z .
szero |1, [~ Lock eed ew ase| )
Freq[144.00 | Amp.[ 4413 | 1ag[152.43 | Hea[07 v "':.' n to rEtake the n b Ine

Baseline: Default

R  Werecommend that you change it as shown in the figure on
o0 | “@“&».9_‘& the eft.
b d
%M@
180 g e If indoubt, when the value of the standard sampleis not
i | stable, re-baseline without hesitation.
270
360
4,0Hz 16.0Hz 36.0Hz 64.0Hz 100.0Hz 144.0Hz
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s Config v Oction

Under Uver Mald | &

Codar [Rlark = Lo |

Autowcan  Maswul scen |

= =

St
v [ 06
vam |2 the

To |i00

sy [200 |G B

tntey. |20

BuocLine Updale |

Defined range

0 R d

QD . -

180 N

270 \

W0
LOH:z le.(Hz 49,0Hz 10008z /16508  2560Hz

0

D& - b
s ’N"}'"‘Gﬂ . -
180 : H‘Q‘:\,‘&_ A |
270 \"\,
360 )

1.0Hz 33.6Hz 11244z  237.2kz £08.0Hz 025.0Hz

Baseline determination

The solid line is the baseline (default) stored in the ROM in
the device, and is automatically called at startup.

The acquired baseline can be named and saved.

Be sure to perform baseline measurements manually and at a
low voltage without a sample.

For general purpose, take awider frequency band.
“a’ will not be astraight line high freg. “b” is an expanded

domain. Measurements should always be made within the
defined baseline range.

For accurate measurement, take the same frequency range as
the actual measurement. It is acquired under the same
conditions except for the voltage.

At least 8 measurement points are required.

Basaline determines the success or failure
of the measurement. Please take carel
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High frequency (thermally thin samplex)

If you want to get a high frequency baseline, increase the start
frequency. This makes the approximation linear.

Under Over Hold 55 |

Autoscan  Manualscan | . .
| »  Setthe heat voltage dlightly higher than the standard.
5-4_,.“.”":% | Start
R T o & “ __m |+ Theapproximate straight line extends to the high frequency
e . e—itw side.  The specified rangeis from 64 to 900Hz
M e memetbie || e Without a protective film, it can measure up to 1200Hz.
‘,‘_m 03 [ Lok

e

Freq. 90000 | Awp.| 742 | 1ag28471 | nea07 v T :
| ' s e Y X

 Don't forget to save it with given name.
o Of course, you can save it asthe default.

* Thermally thin means a sample that is actually thin or has alarge thermal diffusivity at
the same time. It refers to the state in which heat isimmediately transferred to the rear
surface.
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SCOOTTTTEEESS————— alid
i
Vndey  Ovey M
— Cadew ) J
- Maswal we
Steg
— o2 ¥
| F— . n
Te e
Al
sooy :_'
Yodig.
[ s
ol 2000 | amet 71300 | teel IM17 | sene] 0 Y ! 5
L t""
P 1000 Gl 1000 ey A WAnA)
Commmean X

Machine Constant
Fitlinl 0.00 |
Fitlin2 0.0 |
Fitlin3 0.0000 |
FitType 1 I

FitOrder(1-5) S |

«  Onthe config screen, enter 30-60 ° in “ shift”

Low frequency (thermally thick sample)

* If you get the baseline at low frequencies under normal

conditions, the plot will skip as shown.

o If thereissuch ajump, it becomes impossible to calculate.

o  Shift the entire plot downwards to secure a straight line.

to lower the
first plot asdon't over scale.

PhaseShift(deg) | 60.0 '(
Time lag (ns) 0.0

Heat_w OUT .ofs, | 0 |

Heat_w IN . ofs. : l
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[ e | L ow frequency basaline conditions

Undow Ouer

el .

St

-.-._-.J 0.0
e  0.000+00
p o P c, 0 1ta %) 3 | 0000

Yoo | 3500 | Amp 112076 | g B89 e A |y

-------------------

T 28902
.

il 1S5%

Ol

Sore v mem Mavsal voan

I Lk

=-9
-

WX}

w ] A POAN

The voltage is lower than standard. 0.3V

The frequency is about 0.2- 4.2Hz, but the range is
arbitrary.

The time constant should be 50 seconds or more.

Normally, div isused, but “deq” is also effective at low
frequencies.

In this case, 4Hz is divided by 0.2Hz, so 20 points are
obtained.

Don‘t forget to put “deg” back when returning to normal
measurement.

For the measurement, add 60 ° to each of the two phases
of the setup.

Don't forget to restore the original value.
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,micro heater

.»Il i "_'\-?‘ﬁ | sample

= q‘ =1

\ 8

\sensor

A8 (rad): phase delay
n f [Hz): frequency of temperature wave
= I{ alm’s?]: thermal diffusivity
d[m] : thickness of the specimen

/\ t

Af

How to determine the frequency

Theoretically, stable measurement is possible at high
frequencies above a certain level. However, at high
frequencies, the signal becomes weaker and the signal-to-noise
ratio decreases significantly.

The appropriate frequency is kd around 3. If the thermal
diffusivity and thickness of the sample are known, the
frequency can be estimated using their relationship.

| =nf
kd: A | 3 d

We have—independent of the surrounding conditions—the
following relation: kd is above 3-4.

Here A6 isthe phase shift, a isthe thermal diffusivity, f isthe
frequency, and d is the sample thickness. Thus, plotting the
phase shift versus the square root of the frequency, and using
separately measured values for the sample thickness, allows
calculation of the thermal diffusivity.
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6: Mantenance

TWA isasimple method, but it is essentially a precision measurement. The best
maintenance is indispensable.

Let's check the condition before measurement !
Dirt isagreat enemy of this measurement !!

The sensor is abrittle ceramic, so pleasetreat it carefully !!!



Datacheck by standard materia

: Fﬁ?&‘m%ﬁg&“@ e L e I Be sure to check when starting the measurement.

; " . ;Dmm — « It can be seen that even if the voltage is different, the

0 el s | amplitude is reflected but the phaseis not affected.

50 S __‘ ==l » It has been confirmed that the attached standard sample at the

>~ T eee. | e [EOSTS time of shipment is

e e o s G mee MM, = e 120+0.05x10°m?st at room temperature using 0.5 mm
ey (9600 59928 ] 19997 | {0 v o o of zirconiaplate. It depends on the purpose and device.

P56 lged €, 0456 |yen A I[MT::(-»-M
s furo vzoee0t .| *  Themain reasons for the disagreement are

* (1) Noise----measure again

o  (2) Effect of dirt and dust----cleaning

e  (3) Poor contact----sample problem, position change
* (4) Baseline change---- reacquisition

o (5) Protective film trouble-----Exchange

e (6) Machine trouble----consult with ai-Phase Co.

The recommended standard substances; glass plate, pure
metal, polyimide film, and your special materials.
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Daily care

Make sure there are no residual particles or dust.

To clean the electrodes, first, it is recommended to wipe the
surface with your soft fingertips.

You can aso wipe it with a soft cloth. For heavy residues, itis
also effective to add water or ethanol etc. PET filmisused as
the protective film.

Tissue paper is not allowed, because cellulose is a hard
material.

Before the test start,

Checked the surface by stereomicroscope or loupe.

Check the thickness gauge.

Check the baseline.

And check the equipment for measuring standard substances.



Failure diagnosis and check

 The most common failure is electrode damage. Depending on
the degree of failure, the amplifier becomes smaller and it
becomes unstable. The phase plots are aso not linear.

CREIm ] of 70000 .3 ¢ 0000, 4,

vvvvvv

e « Theplot will not be stable as shown in the figures.
e ] R [ «  Replace with anew one.
Olm e «  Other factors include heater disconnection, thickness gauge
failure and board failure. Power supply failure can be dealt
o I P | with by adjusting a DC12V 2A converter.

0.0Hz 02H: 0.6z 4Kz 24Kz 40Hz

req| 0.080 | Amp.| 62 | Lag[22522 | Mear 40 |V

* The sensor can be removed by turning the cap. It is convenient
for cleaning and attaching a protecting film.

 Thereisadistinction between top and bottom.
Please be careful when returning.

e Thedectrica resistance of heater ca. 100 ohm
e Thedectrica resistance of sensor ca. 2-3 kohm
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