(TMA)

Thermomechanical Analysis

For registered user

© 2005, TA Instruments — Waters LLC
2011~ Translation to Korean, TA Korea

Instrume

N

nts

Part 1. Z 010/l Ciol

N

TA

Instruments

TMA : Jl&

TMAZ & = /A=A

TMAS SHIs &2 5H0l A
A2} 2%, 8lo| g4z
NSl (M) 20| £

S| S SHECH

TGA; JI% @R © 2016 TA Instruments Korea — Waters LLC

hitp://www.tainstruments.co.kr 3

@N

_ T,

TGA; JI% R © 2016 TA Instruments Korea — Waters LLC

o A4S F$4 (Compatibility) ; 2
e.g., base? PE, IS 92 5, LM/ ST AHR
U =T (seal) Lt Lg/EQ TH

20l 20 AlEols S22
YN

=

o IE29| A8t &8 (Suitability of materials) ; HZ

BHZEOILI 2O 20 M AIBOtE B2
e.g. H01T 201, HSK WA, 2 U2TY, U@ XOIE, HRA,
©5 g

2 A curing?l £& 2 HIES
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SF=R4

min

L]
AL
>
rg b

e EXNE Y BN 2L
o Jt 2 M| (Plasticizer)

o S &I (Filler)

e [tE 7 % (multilayer)

Bl

¢ )t =5 (Heating Rate) e ZZ H| Z(Crystalline Content)
o Dt/ 2t (Heating & o 2E & (Copolymers)

Cooling) ¢ Side Chains(branch)

e Aging [ stress relaxation ] « D2} =4 (Backbone)

Jig’l(eg _J'\_)\ Jig’l)

¢ 701 Z (curing)

=2 X 23 & (mobility) ol &
0L A& Cp/Tg, CTEO &
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" R =XN[, &a
> ezl o A 2P|
> st « ezl )
/ b (Quartz .g!ass,
JJ Fused silica)
SampeT
thermocouple
a=0.55 M/m-K
______________ e 21X X0l
EASH(LVDT)

P8 2H;
+0.001~ 1N

(2NTHXI 2ks) \

Cf. Aluminum; 24.9 #m/m-K
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X2 AlZ; not MCA70

LU
=8=

ol .
= (Probe)
A=
Lead
e Screw
(Stage)
= 971 0| ey
SR AHHLVDT) 2
2 ax
25 oF
EH

Hetsl 2s
Z X (stepper)

Al sleeve

Plug in dewar drain hole
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Signal, Probes
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TMA: S3 A4S
> ZOI(HEE); JA0 et 3l

*2A0|Q B2 ; AN2H 2%
- dL/dt = 2 2l Z(Creep; flow)

- dL/dT = & # & & (Coefficient of Thermal Expansion;
CTE)

2% 8)
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TMA Modes of Operation

Standard Mode Tests

¢ Standard Mode
* Calibration Mode

* Advanced Modes (only available on Q400 EM)

— Advanced

— Creep

— Stress Relaxation "™
— Modulated TMA -

Test

— Dynamic TMA Pobe/Sanpe

Probe Type.

Summary.

Size

] roceire| [ e
8

Expansion E
79595 o

Sonal Ve

Summay ‘ ] Procedre | (B tetes | Method Tre a0 i
SegnentTime 0.00mn

Frocedure RemaningRun Time omn
Mode -l & Temperature 0.01°C
Heater Temperature P
Test FET [ Secpont Temp 00
o Length 0.00um
e Length 0.000pm
Pobe/Sanpe —{Tenperiee Lo S0
A - —— s Sonw

S 555 1§t Eauibrte 2 2000 C
2 I Isothemal for £:00 min
3 5% Ramp force 000 N/minto 1.0000 N

‘Sample Ifomation

Sample Neme ~ [Foam &
Commerts ]
Deta Fle Name [\ TTaniab03+7ta\Data\ TNAVWEte\TA kaly\Foam 6 G»

™ Network Drve |
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TMA: 38 24!/(Modes of Operation)

o 2= =3 2Al(Compression Mode)
> B Z(Expansion)
» & & (Penetration)
» =3 (Flexure)
. mahn
e Q& =X 2Al(Tension Mode)
» 2 E&/4 S (Films and Fibers)

of. SeEO0I( )

* Compression

— Expansion
P . Summary | £ roceaure | [ Notes |
— Penetration Pocedre
. Mode = —
— Dilatometery T [ —
— Flexure Prte/Sanve
PobeTpe  [Bgpamson =]
— Parallel Plate Rheometry = s =
. [
* Tension b
. . ‘Sample Informtion E!z;ﬁg‘emmm
— Films and Fibers ot |Fin/ et
Commens [
Dea Fie Nome [\ THAb0EH7¥a\Dta\THAVIEE\TA I\ Stard
T~ Network Drive y— _i‘

TGN
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TMA:J|2 8& 20t

& & (Probe)lt EFi(Stage)2 7|12 2

LatT AL at AT

e W (Expansion) 44 B

o Z £(Penetration)

o LUE/HR - vise /Y E(Stress/Strain) 23
HEE

° 1wz

Y i s 1

=4 WS © 2016 TAKorea — Waters LLC

Maximum
sample
Width
10mm

Standard Macro Hemispherical
Expansion Expansion
Jta del Mols HFEM2435 HEHS S0 Penetrationt 22 =
Hz/5= =5 probe O =cez =z ol st dod HUMSHAS M
AEIts [l I D = probe 20 A28

TGN
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MA : W& (Expansion) &3&

TMA : E 2l(Probe) D £&i(Stage) 2 J|2 22(2)
- =E:
» & H# & S (Coefficient of Thermal Expansion; CTE)
» 72l ™80l & % (Glass Transition Temperature)
.
— «  HZF(Flat tipped standard) & & 0| Jt& LBt
- hE W& (Macroexpansion) E& 2 EHAO| 5 A
Flexure GStAHLI 2R SEHE, 2L, H20AH S22
I Dilatometer oHF SO &t
Tension
.Ezm2E=x <ABUIM; SR EE
(3-point bending) 2CXE Its
@EA WS © 2016 TAKorea — Waters LLC 19 (T\ 224 WS © 2016 TAKorea — Waters LLC 20 (T\

TMA : £ (Penetration) &2 MA : 28/ &% Probe (N&)
° =&:
o =X > film/fiber CTE
s . BB HEE ;A3 UTMAIS Jis
> oSN, 88F e Rbazoe
o3 o > Tg, & ]S (residual stress) Thormacouplo
> DEWEES S EIt
-
HE1a 22 CIOFO| A EH ALOF . . . FILM CLAMP
o B & DO &) A2 (hemispherical tip) RELIE NoTCH
>HRENE ST A8 A2
R s
FILM SAMPLE
Tip :Jé—lg‘ E Cg il?glF?HT EDGE
[ o
- " AT BOTTOM
Film Fiber
Tension
21 (4\\ 15741 2 ©2016 TAKorea - Waters LLC 2 (/\\

TMA : 23 Probe / Stage (M) Probe Lock®| 9 Xl

A

comp051te) 20l

# 2A01LI0IE (aminate) o =&t TH=(
Gst WES HE(S8, H)S =

¢

< S ZO0A 2™ =
Cf.

8t

Knife-Edged
Loading Nose

AN

& = (oscillation)
| « 2t 3l (relaxation)...

« Xl

* 3-point bendmg test ;
ES

J_
0!
0
K
o

X
BT [r—
A= 20| =
5.08 mm (0.2 in.)
7N\
1224 W5 ©2016 TAKorea - Waters LLC 23 (-r 1224 W5 ©2016 TAKorea - Waters LLC




Part 3. &Rl S&1I

Baseline, Calibration

TMA : Alg EH|, &8 =2

*H0{2/(Bulk) - & SHE202

*
Lz
an

*

AlZ ZHI(Sample Preparation)
HE A
ol OF &

=

=
S

rrrir

08 0F

o8 2

- EI]'I. EJ-X|£ZO§
/&R - Z2tM loading
- tears/cracks S0| A== LI5S
&F 4 (orientation; HI S 4)
F2 I3 20 2ekofl et CTEROl T £ US

OE

7S © 2016 TAKorea - Waters LLC

PEGA

- B(BE"); x0 1.0N
- - WHEHE-Z28(0.001~0.05N;0~5¢)
= El x| Lo Sl 5 5g
- ENEE-=28(0.05~05N;5~508)
TA LE/H8 =28 (0.2~ 0.4N;20~40g)
Instruments
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Q2| - l=Al PCBS %841 CTE TMA : A2 ZH|, 48 =2 (2)
- - SN
+ i -CTE; smm Ol & HE (X 2 2mm™ S =F)
[ - g X‘|O\ 2mm 0| 5}
[ s H
. —rrt
. F-w—l + IOt £ & (ramp rate)
fj.f L _ = DSCEC =2IAl (25°C/min.)
i ) o ™ - YU IHTSO0IE2 ANEE S B It Its
« A JI &M (Purge Gas)
' = 300°COI3l; Hedt ST S0l HN HE E3
= 300°C 0|4 ; N2E AtE (He = furnacetil £ &0l
: - o)
o = Flow Rate = 50 mL/min.
0 40 80 120 160 200
= © 2016 TAKorea — Waters LLC 27 (/T\-‘ =4 WS © 2016 TAKorea — Waters LLC 28 (/T\-‘
TMA : Al SHOA DSHE 3 TMA : £3 )| E4 (Baseline) &£ 23
Jletg 2 22t =3 I =4 (Baseline) e ion
Heat Rate: 5°C/mir|
QUI %}E’ o1 “m Purge Gas: N, or Air
=& JIEH 45 ;0.5 um drift(500 °C O &) 90 T
’ EREO ML
ANZ FHEONE LS M= E 10 toooomrmmmmoseeees -
SHINELNHS L ZEE0 SMH BIgOFHOEE &
ST o0 = 48
E]
’S—‘.E— &2 2 A FMN o.5 um(2 &2l 58H) S .
UE/&7 & ;& SM 0.3 mm, = i LHHl 4.5 mm
(Standard mode J| &)

I |
0 200 400 600 800 1000
Temperature (°C)

o 2 Ay

PRGN
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TMA £3 J|E=H (Baseline)

TMA : AIZ CTEOI DIXl=E S JIEH 8452 &

1.0 1.0
ST JIEH 4501 £ 1um Ht& B2, CTE of
_ 20um/m°Ce! AIZ0 A 0 ~500C EZF S &t B2
T 05 05 E
= E
& 3 1mm x 20#M  500°C = 10um displacement
c c 0,
£ 00 oo 8 m°C
o o
] 2 % 5
2 | N 2 =5 J|=d _ 0~500°C .
g 0.5 05 E egm | AIF FHmm 210 Haigm) Error (%)
a a +1.0 0.1 1 +100
10 : : : : 40 +1.0 1.0 10 +10
0 100 200 300 400 500 +1.0 10 100 +1
Temperature (<C)
@EA WS © 2016 TAKorea — Waters LLC 31 (f‘ =4 WS © 2016 TAKorea — Waters LLC 32 (f‘
TMA Precision; ASTM E 831 ‘Minimum CTE’
° Q4002 LZ&cl= TMAL 2Bt S S A8 =2
ASTME 8312 TMA =& F2U& gt 7%
- 210] 8mm sample furnace e B O s
. ———
-AT>100TC > <
. . > probe > <
- interlab comparison > > 17q
> ;Zf::;gouple > 4
_ L. Purge gas. 4 4 4
* a>20 ppm/K; +2.6%, = CH deviation 3.7% out : .
« & 5~20 ppm/K : £5.1%, % [} deviation 7.8% '::'Sam.w P ||
* o 1~5ppm/K; +12%, % T deviation 61%. e
(1) ‘baseline drift test’ (2) ‘baseline drift test’
cf. How can we enhance the reproducibility? (no sample) (see the probe end)
=4 WS © 2016 TAKorea — Waters LLC 33 (f‘ =4 WS © 2016 TAKorea — Waters LLC 34 (f‘
TMA : ZH| £ 3 (Calibration) = Al TMA : E3l/(Probe) 23
~ - LVDT2 & BE;0d IX && EFS2 20|
© E&(Probe) = e oadl e 2
. &l X e - s AL =
%(FOI’CG)-\-O — o . EE ERE HIE HOICH A SGHOF &
—
. ez ex

« 4 Ab==(Cell Constant)

PRGN
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+ "Calibrate — Probe” 0il /= 2 Jt screen promptS
A3

PRGN
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Probe Calibration 24

1. Probe &1 &4

= sunma] =] Procadure | [ Notes |

2. Calibrate — Probe

3. Calibrate

Pracedure

Made [ondad -l 8
Tet I —
[[Prote Tope [Fim /Fiber =]
Size [E9%E o

4. LI Exit

robe Calloraton - Q400-0786 - TMA Q00@Mig-tma

B

St [Frss Calbrate o st

> sdd

S

Probetye: [Fim / Fber =
-Calbrate Probe——————————————————
1) Clearweighttray and sampe sage.

) Press Calbate 1o begin calbraton

=4 WS © 2016 TAKorea — Waters LLC

ANE SHO 201 U= 280
S22 95X
OacO= Lo

-A(zero)t E= S AIE

- =& S 50 gram (10~100g It S)

- screen prompts [t 2t It OK

4l

ot

B3 A2 1.0 £0.250{0f

]
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S& FII Edl0l(Weight Tray)

Force Calibration &1}

sy | ] prcodes | [ s i 'g
e [ —— e e
o eenre Bt
= [ — ] O Zamiom
Weight Tray oo ey S
FobeTe  [Eparson Ef Sompie e Fow Seann
- Force
| Calibration
Q001122+
e Wet 1 Calbrin e e 2Cabrin
oo Cabion 0010 [0000 Foros Cabaton 0000 1o [f0050 5
- W Sopo- [1507 WO Ofse= [00080 | | M Sopes [foR1 W Ofeet- [O00BE
s mem ALL
o104 = &
Bt me G i | [ e \ GREEN
Pross save to store calibration and exit |[Co] o | e
T T
=4 WS © 2016 TAKorea — Waters LLC 39 (T\ =4 WS © 2016 TAKorea — Waters LLC (T\
. . .
TMA; temperature calibration setting Temperature 23 28
Call/ Temperature Table - Q400-0786 - TWA QA00@Mig-ma  SREE
* Expansion stage Calibrate — Cell/Temperature Table ; e -
A Reset
* Penetration probe pre L —_—_—_
Procedure ; Calibration Mode o Toomsn T G Tororon ©

e QEH JHM =2

- =9

-metal2 =ciA 02| BEoHA

HOF &

-DSC pan2 ArE3alH0F &
- metal Tm AOl= 100°C 0| &

mol == A

TC(hermacouple)

- film/fiber probe ; metal wire

metal sample
g InZn.)

=4 WS © 2016 TAKorea — Waters LLC

TEGN

Probe Type ; Penetration

Zero length Al3Y

Probe up

DSC Hermetic Lid I 0il Indium loading
Measure ; Sample FH =&

Furnace closeE =i &8

Preload force 0.2N & =

=4 = Tablelll gt &2 = Apply

Port 1

Pz

g
g
s [
| reme @
g

|| poms

==
T =L =1 =

Cell  Temperature Table - Q4O0-0786 - TMA QUOO@Mig tma S

el Catran
oGz [T0067

| Tergerss Calbin Tagle
oeonved Temperatrs ©

rort: [T %
Foz:  [500 =
Fort3:  [500 =
Fors [0 =
EEN e B - —
Fost Terperae Tl

e o

=4 WS © 2016 TAKorea — Waters LLC




TMA : 25 83 Chart

Cell/Temperature Table

5 QSeries - [Q40-1122 - TMA QA00@Mfg-tma]
5 Control Bperimental Tools View Window _Help

0 IBE & XFEe
156.6°C -
INDIUM
— -200 - X
£
H —T
Q i)
D 400 - Cell/ Temperature Table - Q400-1122 - TMA Q00@Mig-tma
E \§ca\ Caloration
5 - CetCorstrt [100
S -600 | E o o
® Temperates Cabroton Tl
< Observed Torpertre C  Coroct Tenpertrs
E -800 & I a— |
=] SanpleNane [ Shoone Fabrc Fore 2 3
. |00 S O
-1000 T T T T T T . PO e ‘Z: ‘:z
100 150 200 250 300 350 400 450 500 Chewocdve [ | e
Temperature (<C) . — =
@EA WS © 2016 TAKorea — Waters LLC 43 (T\ &FA WS © 2016 TAKorea — Waters LLC (T\

TMA ; S8 X4 2 H 3

£3 Xd z =3t

° TMAE &0l 255 £8€ [ ol el2siDSC
HioH 1060 Ol &) & 0IXICH Ot 0l =2 Jtsst
AL A EEI RS

* 0l &2 =& 2d&= T (penetration) £=
Ol & (tension) &S WA S= 22 dHOk
(50~100g = 0.5~ Q

e M0l &0t DsScz &
=8)CTEJ Cp tﬁg} 3
TMAJL Al 255 & & ol =Eat)|
M=201271< Gtet.

t.Q
M

o
U

=4 WS © 2016 TAKorea — Waters LLC

|2 ALOI0l Indium S8 E& 252 &€

Tm HZ(e.g. indium)

S E DSCH(EE)TMAZ =3

3ol =Ch.

1. Z0E EA456t0, 25 EES Tmonset2 53

2. Tm EZF0| 20l= 8 HS0l e, SFE A=<
22 TCO 2% 2 AH0I2] HXHE 20t £ UL

2Nl

e.g. Indium2 ==&0| A& %2 156.6°CIt &HOF &

PRGN

PERGA

=4 WS © 2016 TAKorea — Waters LLC

DSC/TMAZS| H| R

;internal Tm &= =3 &

DSC; PC(Polycarbonate) 2t Indium, 5 C/min

Results 0 0.5
156.60 C
- Tg(C) Tg (C) Temp (<C)
Cemeliiem Onset Midpoint | Correction -2 S
DSC, 5°C/min 143.3 145.7 - ‘;;’ ‘;;'
TMA, 5°C/min, 0.2N 1435 147.3 6.1 2 ] 2
TMA, 5°C/min, 0.5N 141.2 145.8 4.2 3 3
T T
TMA, 10°C/min, 0.5N 140.1 145.6 9.4
-6 1
Note: Expansion probe(TMA). TC= &2 2 ‘ ‘ ‘ ‘
P P ( ) =a20A =3 100 120 140 160 180 200
Temperature (C)
=4 WS © 2016 TAKorea — Waters LLC 47 (4\\ =4 WS © 2016 TAKorea — Waters LLC 48 (4\\




TMA £3; 5 C/min, Expansion Probe, 0.2N

TMA £3; 5 C/min, Expansion Probe, 0.5N

—————S—
< Polycarbonate /,,—/. 156.59°C
= 0 156.65C = = Glass Transition ;
K3 L 10 K3 <100 - wizze | L20 <
g g ) i &
o o \
< INDIUM MELT 5 H H
£ .50 < S INDIUM S
L:, EXPANSION DUE TO LOWER STRESS ) (é g ~200 7 1eTOT () MELT r-40 o
k) 147.27T (H) S 2 \ 2
@ 7} 2 | c
% 5 [ | @
g -100 , L0 B £-300 1 w -60 E
a w a e o
151250 1)
-400 T T T -80
-150 ‘ ‘ ‘ -20 100 120 140 160 180
100 120 140 160 180 Temperature (<)
Temperature (T )
@EA WS © 2016 TAKorea — Waters LLC 49 (/T\-‘ =4 WS © 2016 TAKorea — Waters LLC 50 (/T\-‘
TMA £3%; 10 C/min, Expansion Probe, 0.5N TMA: & At#=(Cell Constant) &
Qp0 e
| A2l; cellconstant=—"""~
— X594
07 Fo
§ 140,08 C 156.59 C 5 | A AMN~2H
e | r-20 g - 3 & & (accuracy)S JHAE 2 UAX|OH
S -100 1 s I & & (reproducibility) £ M & 6} l= &ttt
5 r-40 & -2% LHS MECI EHQE [ A
c c
o | ° -
2 \ r-60 2 | 8t 1.0+ 0.050/0{0F &
@ -200 . | @
£ 151.07C \ £
a 8o O | A Y
- Calibration Mode setting
-300 ‘ ‘ ‘ - _100 -ALEE(RSE)S SHO| LR 2= I It
100 120 140 160 180 - "Calibrate - Analysis" )| SS AIE0t0 & &5 &t
Temperature ()
=4 WS © 2016 TAKorea — Waters LLC 51 (/T\-‘ =4 WS © 2016 TAKorea — Waters LLC 52 (/T\-‘
& Al (Cell Constant) & 2 TMA: & At#=(Cell Constant) EF - Al EE AZE
* Calibration mode &1 &4
* Al Cylinder =215 1) Measure ; & 8mm L= 0 T o ot 1007
* Force 0.1N a(ref)=24.9um /m°C 200.0°C
* Method; £ 301
# | Running Segment Description ‘g,
1 Flow rate 150 mL/min c
2 | lsothermal for 5,00 min 8 20 A
3 " Fowrate 50mLimin o
4 | lsothermal for 1.00min c
5§ Ramp 5.00 ‘C/minto 220.00 T ,g
S 10 |
E
* Calibrate - analysis Ol Xl S& &t file 2213 e
. SN B ~ o 0 T T T T
CTE 24 #<l= 100 ~ 200 °C 0 50 100 150 200 250
* Analysis - Accept Temperature ()
=4 WS © 2016 TAKorea — Waters LLC 53 (/T\-‘ =4 WS © 2016 TAKorea — Waters LLC 54 (/T\-‘




Thermal Expansion — Calibration Constant TMA: Z&/8457 Offset &t 23

* Standard Materials - HEA:
— TAI Aluminum Standard (not certified, provided in - Zero the probe .
the TMA kit) - Measure combined thickness of stage and probe

X - Enter value into Parameters/Cell Constant field
— TAIl Traceable Aluminum Standard

— NIST Traceable Copper Standard . Y B: C“‘“’r?;‘t’;f‘x‘“’e
- Zero the probe
Thermal expansion - Slide calibration fixture around stage and probe /)
NIST-731L1 B il I 5 &
Sorosilcate glass on - Press "Measure Length" on keypad I-J
Gertied values for thermal expansion as a function of temperature (80-680 K) - Calculate new offset and enter as above e
NIST-731L2 Borosilicate glass 10 cm o
sdmmxt02nm - Offsetues = Offsetas + 5.00 - measured length
Certified values for thermal expansion as a function of temperature (80-680 K)
NIST-731L3 Borosilicate glass 15cm Instrument Preferences
O4 mm x 152 mm MFC Purge | LCD Signals TMA | P
Certfied values for thermal expansion as a function of temperature (80-680 K) | |
NIST-738 Stainless steel 51x64 mm Auto Measure Offset = Tool-Instruments preferences.
Certifid values for thermal expansion as a function of temperature (293-780 K) Standby £ a EE3H 2EHE 2 signal®l

Sample length7} smmJt LIREZ 2t &

7~V 7~V
=4 WS © 2016 TAKorea — Waters LLC (T =4 WS © 2016 TAKorea — Waters LLC 56 (T

L E/4 5 Probe & Tip TMA: 3 Oile{e 29I

| dBE A ==(CTE)

« SH o.3mm OlotY O « M 0.3~0.4 mm O\ &
Offset 0.75 mm Gl &t EA%!E

1 ASIHHR g2 32 ;5 >smmIt Jt& &8 210t

Upper grip
MFC Purge | LCD Signals TMA | _ _
et [ © AlE TCOt Ml AAXI0 AKX E2 F2; TC 20| ZH U(stage) 2t
sundy o < HotXIet Alg 2t & Xl= 200 &
Polsson's L — . =5 oloDd OF &I
MTMA Calbraton from TCOtSIS0l [ U= O 5
Covler Tope flane =

Sample length

® X0| 2% (Transition Temperatures)
\:I Cancel Help

-TCE M /X0l =A=IHCTE £F A 23)

~075mm
" 0
probe

_ o] I X 24 : or2 H A Ol .
(@) film/fiber &4 (B) film/fiber; Al 2 200] ‘Al g2 25 0 T(Th=erma1 hISto‘y)o'gg = <= b= = ol ;
heat-cool-reheat’ A E 22 X 0| S MHot= -0 £33
=4 WS © 2016 TAKorea — Waters LLC 57 (T\ =4 WS © 2016 TAKorea — Waters LLC 58 (T\

TMA: £3[li(Stage)2t & X (Thermocouple) TMA: 2 & #4(Thermocouple) ¥ X|

i

-~
)

7~V 7~V
=4 WS © 2016 TAKorea — Waters LLC 59 (T =4 WS © 2016 TAKorea — Waters LLC 60 (T




2EHI; 2 MOl

Al Al heat — cool chart

-- Program T.
Sample T.

Heser T
temocouple

Sample length L
(or dimensional change AL)

T, Tg, ) T,

(2) real heat/cool curve

(1) ‘ideal” heat/cool curve

S2/d2H00 A2telo] s28h = . &2/ T hysteresisIt LEEH
hysteresisJt 21& « Heat/cool endpoint T control
A1 X ramp rate ‘zero’0fl A2t Dt 2
« Isothermal/ramp It (initial)
t equilibration
&FA WS © 2016 TAKorea — Waters LLC 61 (4-\\ W2 © 2016 TAKorea — Waters LLC 62 (4-\\

Part 4. & Xl S3III

Results and Application

TMA: 8 24Al(mode)

« J|2 =% (standard mode) ; temp/force ramp
*« EM mode &

-HEH/HEE

- Dynamic TMA & Modulated TMA

- Creep & recovery, Stress relaxation

L J2SF 2. )2 53

- temp. ramp - force ramp
Bas

2
2
@ g
& g =
= &

-~ ki
B
17]

- I /\ o Time(or temp) o Force(Time)
Instruments
=4 WS © 2016 TAKorea — Waters LLC 64 (4-\\

TMA: 23 & = 3 (standard mode)

TMA: 283 S2X 2 Atd]

[ polAL(_1d
[ ’ TLAT\ Ldr
1
LatT .
AL at AT Unit ; /m/m-K

| %2l & 0l(Glass Transition; Tg)

| Delamination/Decomposition

- 910} 901 H (delamination) ; 2 WA 20| £etAl 201 0l &l CHe 229 9o}
[N HAX = S &
2 0lf (decomposition) ; 3kt A (Z)2oH 0l 2ok 2 0ILE 21, 25 S0l B3kt

20iLie 4

7~
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A.M./ Ibrahim, etal. in Materials Ck ization by Ther hanical Analysi:
ASTM STP, 1136, A.R. Riga and C. M. Neag, Eds., ASTM, Phila., (1991), pp 161-167

Leadless Ceramic
Chip Carrier (LCCC)
CTE 5.9~7.4 ppm/ °C

PCB Substrate
(fabric/resin composite)
CTE 12~16 ppm/ C

Stressed
Solder
Joints

w7
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TMA: & %% &(CTE) TMA: CTE (a)2| F2
« I HWFS(Coefficient of Thermal Expansion; CTE)
. 2C 835} (AT) Off st 2 0] tqg}(AL)E NANO2 =X L [ Alpha X1to X2 ] [ Alpha fit X1to X2 ]
. 25 ax =] JlgJI2 39 T 24 fitting(least
S8 & (composite structures)0l M S361 S& ZO0HUIA (Slope definition; //
=98t e 272 EHR)
= Oled JHA $™EH o 2 HAtE 2= A Z ; point CTE= az b 1 AL [AlphaatX]
W A/Ees0 & e B L, AT @H(E=Dl2) Yol
Differential or point
- JFS(SAL 2 HAS ) 0lF0l et e 0L G E AL T ¢ deﬁnition)p
ANZOA R Eetd =US L, _1dL
- smmECENS ABNAE S FSE9 WEHE0 UAS Lo dT
T
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TMA: SHE — AELH N At TMA: 2Hd - A8 XA

+ (preload) Force ; 0.01 ~ 0.05N
-HE/ER ANZE ‘L2t @ =0 noiseE £
-EY 2% UM A108 AlE; 0N 0] &

+  ASTM(American standard of testing method) E831

J

- Y= US A 2&

-ARO 20| HOH M FBAO| LU NS - 52 EL;EES5C/min
-2 B Y 2 HED Ao Mg -3Cmin S O =2 HOI X E

-CTE; Mlet™, 02Xt 35....
A & X0l

- ANE SN; 2AE

\

c BEEANE EE; EEEHX ~2% . HZEA DEXR
=]

100°C &<, CTE > 5um/m°C -PET 22 Z& 4 polymer2 3 Z&3IotH
NGOt SEHHAM SHS0| I 2a

w
o
o
2
8

7~V 7~V
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TMA: Smm Al E=0| B & TMA: o.25mm Xl S0l Al 89| W&}

.o L em o oz
* Slope definition of CTE (72t &= CTE) PL:)lg[ ieofﬂéltmn S8 E =0 ﬁ D=
-2 A HINE SHEAS HEH S
40 %
Calib. Const: 1.0167
o(ref) = 24.9um /m°C 200.0C 80 R
£ 30- E70 1
§ “d 60 r Fiber Probe 1
g E 50 Pr 10°C/ 1
B rog: 'min
g 20 Saof Sz 10mm 1
- 4 | N
2 Q % 227.0C
.g 10 %20 r @ =20.4 umimC 7
[=} . i
E 10 Calibration Constant
EE) 77.0C (K=1.22) ]
0 T T T T @ =204 pm/mC :
10 ‘ : \ ‘ ‘ ‘ . \
0 50 100 150 200 250 0 50 100 150 200 250 300 350 400 450
Temperature (C) TEMPERATURE (T)

7~V 7~V
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TMA: Zcl0

|01E & &(Polyimide Film)

TMA: PCB 0IHIOIE AR Z-5 E

«YscaleO| O &0 242t noisedt ULt MHE2Z

SHIb o2 « Tg ; secondary transition - Tg 8 S0 M SHES0| TS

- 2 & (sensitivity) ; 15nm (0.015 m)

4.9 60
_ T 50
3 2
i" 5.0 7 113.16°C I3 401
o @=71.3um/m<CT H
g 230
5 | 3]
° -5.1 § 20 4 o = 160um/m°C
o ]
7] c
S “E’ 10 128.92°C
,E 5.2 a

o
o= 40.7um/m°C
53 -10 T T T T T T T T T T T
- . . . T T T
) 0 20 40 60 80 100 120 140 160 180 200 22
20 40 60 80 100 120 140 160 Temperature ()
Temperature ()
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TMA: &l

WHOoIlA E0I18iS i3s3

TMA: CTE2 Sheet MC(SMC) 2 d3l&

* AlZ ; Jt3 history0il (1 E 0|20 28 &F

- &5 S (residual

stress), bl & (extension), 2 24 =& (volatiles).

PCB Laminate

DIMENSION CHANGE (um)

“#=2nd Run

I5 um

,tg=118C

S— 81pmm<C /<istRun

TEMPERATURE ()
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* Networking by cure ; D= Xt crosslinking0| SHEES X5

- cure temperature 8 S0 A SHEHS0| H3t

85

80 -

75

70

CLTE (ppm/C)

65

60 -

55 . L . . L . L .
93 94 95 96 97 98 99 100

Percent Cure

R. D. Adams in ials CI ization by T ical Analysis.

ASTM STP, 1136, Riga and Neag Eds., ASTM, Phila. (1991) pp 150-160

OGN
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TGN

TMA: Tg® ¢35

TMA: Polyvinylbutyral LIS JtA R 2 &

Neoprene Synthetic Rubber

« Expansion loading® 2=
T NA5I 20018 20
E - —< Ts-44°C Tg40T
io | PENETRATION
= | LOADING: 5¢ ~ H
w W S
% § Ts30T
o | * 0151 %; £ probe2 & %’
2 904m fmT !V SOIDtA 2205 201 24
|
EXPANSION 2004 /mc \ prog.: 5 /min
LOADING: NONE _, |
Tg-43T \
T T T T T
-120 -80 -40 0 40 80
TEMPERATURE (T)
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G

Pollinger and Messing, Materials Science Research, 19
(Advanced Materials Characterization 2), (1985), pp 359-370

* Db M (plasticizer) ; & At 7 & 4 (molecular mobility) S It
-> #Ote ZOH0ll et Tg, & 4 (stiffness) 24 A

7 NO PLASTICIZER

5%

i
BIES I
=0,

<’

DISPLACEMENT

L
-20 0 20 40 60
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TEMPERATURE (C)

PG
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TMA: Ol3 8 2R €2 ¢35}

TMA: Z¢2| AEl8l(Penetration probe)

Schoff & Kamarchik in Materials Characterization by Thermomechanical Analysis
ASTM STP, 1136, Riga and Neag Eds., ASTM, Phila., (1991), pp138-149

* Cure ; crosslink SJt2 & & I networkS 01 5
- cured fraction0| SIS L0 2l 6t 21| /2 & (stiffness) P13 284

\( a1t
Indentation i
Well-Cured 3um

[
z
=
Undercured Indentation
3 Toum .. Cure & &}
I T A g vl
il f A
o =
7] 7.?um N
o |
w
m
[}
x
o

-20 0 20 40 60 80 100

51744 w5 ©2016 TAKorea - watersLLic__TEMPERATURE [ T] PRGN

O8]
)
2
8
o
o
o
=3
@
=1
£
=]
=1
o
2
T
&
%
o
un
e
|0
w
il
4>
N~
32
fo

Why? 0| 3 & additive.

50 20
5
£
/] H
99.40°C / 2
0 /s %',
£ / g

2
Pt / 5
o ]
f‘: 50 | V2 I 10 g
H / 111.28°C ‘i
] Z
! £
£ 100 / s 7
/ i
7 o

e
—_— -
150 = T T T T 0
80 20 100 110 120 130

Temperature (°C)

PRGN
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TMA: Wire 38 — & X% E0iQ HEF

TMA: Ct&E & & - penetration probe

*&Z 0 tAME #2610 24 57 S 4 (molecular mobility) St
-> Tg, & H(stiffness) 2 A
€
2
[}
2
g
8]
c
°
2
[}
£
s}
I I I
0 50 100 150 200

Temperature (°C)

*Os U8 2, M=ol Wet € IoHe ¢1st& 0| LIEHE
-> penetration pointJt 2t I S 0l et o] B =&
20
102.54°C
o PE

£20
=

©-40 —

2

560

s

380 7 9322um  257.71C
£100 —|

/
120 - PET -108.0 um
-140 T T T T T T T
-50 0 50 100 150 200 250 300 350

Temperature (°C)

PRGN
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PEGA
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TMA: 23 HEH, HIE, BEE A4

TMA: DTUL £&(ASTM D648)

[ 3-point bending probe ]

3
E=S= L3
r 4bDd
6Dd
r= Iz
_3PL
2bd’*

S = Stress, MPa (psi)

r = Strain, mm/mm (in./in.)

E,= B4 S(Modulus of Elasticity), MPa(psi)
P = Load, N (Ibf)

L = Span, mm (in.)

b = Width, mm (in.)

d = Depth, mm (in.)

D = Deflection of Mid-Span, mm (in.)

Cf.

PRGN

=4 WS © 2016 TAKorea — Waters LLC

FUS e M E 25 (Deflection Temperature Under Load; DTUL)

ol
Of
o

_ngd2
3 L
2
D:rL
6d

P

= TMAGIEN)

= AIZ2| Jb2CI 0l A TMA probe 2 XI 13t (mm)

= 32 (MPa) = 0.455 MPa (66 PSI) or 1.82 MPa (264 PSDZ & o &
A28l % (mm)

= A2 %M (mm)

= A& 20l (5.02mm; stageOl A Aol & 2101)

= ANZ0 F= HEE (0.2%= ASTM D648 dimensionsl Hai H AS)

S AT wng
I

PERGA

=4 WS © 2016 TAKorea — Waters LLC
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TMA: PVC DTUL - 455 kPa

TMA: DTUL £3 X2 Hlw

BB IIES S8

s | 2(e.g. 5/m, 0.01%) Olc| &&dl =2 &
2 JIENX Bioh

Xl
2% It DTULY

10

2

ge (um)
o

v
N
L

'
[}
L

Dimension Chan
IN
.

.
[

T T T
30 40 50 60 70
Temperature (C)

[N
=]
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Riga and Collins, Materials Characterization by Thermomechanical Analysis, ASTM
STP, 1156, ASTM, Phila., (1991)

N
o
o

()
2 A oo a
B O DN ®O
o OO ooo
T R R B

ASTM DTUL (at 264 psi)
2203
o o oo
1 1 1 1

@ ©
o o
I

T T T T T
80 100 120 140 160 180 200
TMA DTUL (at 264 psi) (C)

PG

PEGA
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TMA: Z8/89 —

TMA: PET A5 &l Z2H X A(Fiber Tension)

o &5 A4l ‘drawing zone’S E 0 Al stressJt SIt6h= 0] ZIO{0F ‘e 41
« Probe and Stage BEO F2°E ACHD 4=
- &G0l 2Ol ALESte S E « Ol2H graphOll Al stressDt SOtok= @501 AIROICHOIES 2 £ US
_ —otm
-NE2 S FUH0 ZHO e
Texturing Fiber Sample : 10.5mm
Sample Temperature Tension Load : 2g
oc C
+ Isostress measurement (CTE) - o) o
-2 28 ol=0l 28, CTESE Y 10
3
[}
. S & (Isostrain) & g
= = = = . E 5
- Us 20IE RAICHH & W&t 5F; relaxation o
. HYSA-BE S(Stress-strain) & o
-Y9EN E4;ANELR =AE UTM
= ! ! ! ! !
Young’s modulus, It &S, &S & (yleld point)... 0 40 80 120 160 200 240 280
Temperature (T!)
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IEAEE - S E(sostrain) & &

TMA: 8 R2 HE(AF)E B4

2030 4 Force 80l = 4% « cold drawn ; fiber 14l (extension)© 2 C15ll 0|0l 2H 3 AHHO2
3“*9_} peak =0/ &2 #H

2025 4 06
P As Received
E
= 20204
g
2
&
§ 2015 { z
]
£z g
= 20104 £

2005

0 10 20 30 40 50
o T T T T T
Tienia¢onén) 20 40 60 80 100 120 140 160 180 200
Temperature (°C)
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« Asreceived ; 170 C 2| peakIt & HH O 2 [ ol F -> 2 Z H 3l peak
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TMA: ZC|0t0IE(PA) 87 - I &S /I RE R

TMA: HOIE B8l +5

stress mazE R [ = . Copen = O s
(break point) . 2B, {8 X0l strain-stress curve « paint film®| 4=E; paintJ} substrate EH A ‘“HAHX =010 S Q&
(draving sicld zone -gaﬂ%lg_s Bl wsHel SALES o
= UAS -
2 mN TENSILE FORCE
strain 3 0.0
4 ]
Monofilament, ~1004n 205
o
3 £
=3 a
£ £-1.0
% Q
S 2 - Yield Region 2
5 815+
g © -99.83°C
g 1 2.0
s 1 -
g 2. T T T T T T
a Elastic Region -100 -80 -60 -40 -20 0 20 40
0 Temperature ()
T T T T T T T
0 005 010 015 020 025 030 035 040
=4 S ©2016 TAKorea — Waters LLC Force (N} 91 (/T\-‘ =4 S ©2016 TAKorea — Waters LLC 92 (/T\-‘
= .
TMA: Etd E(Modulus) H A(EM mode) Dynamic TMA — PET Tg
HE JURES)
(stress) (break point) « 21H; & N strain-stress curve 3000
e oo « Bt4 = (hookean zone) il Al
ga (drawing yield zonc) modulus £ Jts
2= - Bt S0 A stress/strain® 26004
J/27! = (Young’s) modulus N
] § 2000 4
N J1271; modulus (strain) = h
£ 1500+
< AZ2 HEAHA)S EFGL IS =
= = = 5 g 4
cHESE-HEE S5 2] Aot ‘Ramp Force’ methodE AE 2:1000
&
« &l(force; N)E “2 0l B3t (Dimension Change; %)“0ll CH ot 500
——
S Al
0
«2M0 =912 HAH HD= N/9
DO IISIIE AL 2T N/% 100 M TR T
Temperature ('C)
= * 2
EH4EZ JASHE Al: B (MPa) =Slope * A (mm?)
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Cyclic TMA Test Protocol for Evaluation ; 8 & Al 2
= 2 f8H(Electronic & Dielectric Materials)

Cyclic TMA Test Protocol for Evaluation of Electronic &
Dielectric Materials

* Zone 1: IPC TM650—2.4.24.5[Tg 2 S#& ;

Xl
Y& A H(High Density Interconnection; HDI) 2t
Ol Ml BEOI O A (microvias)0ll A = THE E].

* Zone 2: &(Pb)0l = =8 WEQ X ZEH
° Zone 3: IPC2.4.24.1 52/ T260 Al& 2B - &

=cl0l 228t AlZH (TMAMethod)2 2, 100C/min
Ol& 22 JtZalloF &

=4 WS © 2016 TAKorea — Waters LLC (/-‘

ZHl on-offlil et 20t =2

ol

2chtle &4 simulation

300

Zone 1 Zone 2 Zone 3

20 -

10°C/min Ramps Isothermal @ 260°C

Temperature (°C)
g

Thermal Cycling

50 100 150 200
Time (min)

=4 WS © 2016 TAKorea — Waters LLC (/-‘
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Cyclic TMA Test Protocol for Evaluation of Electronic & Cyclic TMA Test Protocol for Evaluation of Electronic &
Dielectric Materials Dielectric Materials
—
AT = 153.85°C — 152.75°C Alpha=284 Oumi(m °C) Temperature / \
=1.10°C 400000 / \
10000 l’ T / h"‘—-\——w\ 260
£ H )/ Del ti \
g Somo{ | elamyation \‘ g
4 . g \ [ 8
§ 5000 \ = = E
é é 200000 5
z £
E 3
a 258
o 100000
] . 10 E) E) )
4 60 80 100 120 140 160 180 200 Time (min)
Temperature (°C)
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Universal Analysis

Tips

‘TA

Instruments

Universal Analysis(UA) program

°* Menu&dy
— File
— Edit
— Graph
— Tools
— View

* Toolbar

=4 WS © 2016 TAKorea — Waters LLC

=J| 3t

Menu ; File. Open £ & 30

°* Menu&dy
— Menu bar; file, edit, rescale, graph, analyze, tools,
view, macros, window, helpl =2 &%
— Toolbar; ® 220 A X220l iconS &IHAH Jts

& Universal Andysis 2000
Fie View Macos Window Hep menu >

- ~— 4. 1 toolbar

= o B

TA. Imstruomenis
Universal Analysts 2000

=4 WS © 2016 TAKorea — Waters LLC (T
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= =  ——— ==
oNen suRnL ERmvvasuN<simTE
500
400
g
5 30
5
s
2 200
§
£
5
100
0 .
50 0 EY 00 200 250
Tomperaturo (*C) Universal V4 54|




Menu ; File. Open ‘same as’

Menu ; File

Nome: CAHTAWOGHTMAWCalb_THAYCTEA-160808 Somn 001 ek
Dste: 0BAg20T6 1523 Unts.
Medse bpe.

TMACalbraton |

Sarole: [CTERT600055m0

T ot Rescie Gaph_Anchas Took Vew Maeros

Overlay D&M AI K22 0)

=% =, dimension S file I E YPpHSSLTE [

s T om e Oumtsgnds e
- ontsafle ¥ asona Ry RS s e
P oW Poisgeony S
Metod: | | Pt > Colcomnt o0
I it Previen Export signal &1 &4 e Appicsions Laboraory
— | | [[oense AT
P Resoe = et constart: [15000 P
Export plot ZF & &8 Ols
el e ‘emf, bmp, pdf... ~Optons
e [ == == = | ( P pd Ouputformat | Characlrset 7 No paramsterblock
 Binarydatasie c oempes ™ No dea breaks rfags
© Ascisatie © Windows (WS) I~ Noinvaid dta points
<! fileOll Al ‘graphE E&dl =2’ =2 - © Giicadt Totldaa poins: 163
= A Export file type & &
O files 2 = ASLICH wportfle o | cme | b
A~
WS © 2016 TAKorea — Waters LLC (& 1254 W5 ©2016 TAKorea - Waters LLC 104 (T
. .
. .
Menu ; Edit Menu ; Edit
e o e e o -
SeNeuisavuL EuveAAve-omEE
Elrese Goh_ Ao 1
oo owc [— Plot 220t copy
et A1 Lo
| Fintamsien 20K e T - a
Arrotae. a9 Hof &@J|
Add Scale Bar. g 5
. S
, &
RPN 5 o
M g ‘
Aol Log Commer. . e T of -
EL0 S2 AN > AS [
. SegmentB [12 20j =1 A2 22 98 J
- Al a0 " e
1: Equilibrate at -50.00 °C « Fovms
2: Isothermal for 5.00 min 15
3: Mark end of cycle o ° s 100 Tomporaro evpe: 88 3| cor R
4: Ramp 5.00 °C/min to 150.00 °C s CT— T
5: Mark end of cycle 0 s
6: Repeat segment 1 for 1 times = e | [T ~! ey [ -
P 8 «Mark end of cycleZ 7 & & segmentZ - —
= B A QS e
graph 42 E}E){ E—v—_u‘.:. —_—
(graph->option->multicolor)
o s | odat | o o
Y Y
1724 W5 ©2016 TAKorea - Waters LLC 105 (T 1724 W5 ©2016 TAKorea - Waters LLC 106 (T

Menu ; Graph

Menu ; Graph

Data® spreadsheet 22O = 2015

Spreadshet View =)

Signale.. —————

<<

ni.

- { Signat [Dmension Chang i) S Type [Nomat

Data i .
Beien . Signat. [De Dmension Crange GmiC) ] Type [oemameteme -

Xhis 1 Tine o)

Ve b e Tenperaue o)
3 Heat Flow (w/g)
Oveley ,

ime (min)

~
e

Flo Legen

YO Temparata () . —
PlotHeader. Sigral. | Dimension Change (um) Type [Nomal <
Force
o

e View.

Optons. € Time (min) ™ Show Temperature (C)

Plot FullRange @ Temparatura (©) ™ Show Time (min)
‘Auto SealeNew DataX
Auto SealeNew Daa ¥

© Signat [Dmenson Crangs Gm) T tyee [Nomal 5

sk nss
roamsdoas o swo | ovms | oo | s

‘Auto Refiesh Data

Hide Resuts

WS © 2016 TAKorea — Waters LLC

o T s pr——
Z |2

| Soreatshee Vi i cTuinag e— LA T
Sirals. o o || o
Units + Opendt &2 file ZAl .
" . - A2 08 &8Il 23
Data Limits. » A Pl secton  Legend
Refiesh ,
Rhws. v S
s ,

Auto Confiure. o sme Dt cancel e

PlotHeader. Marus Sep.
Plot Legen. . > -

Il View. s v v cw ocwm Dimersan Crans |
Optos. ’
L . e Umbpe  Smbol G YORs  rtam StoutegeraTen
v FlotFullRange gelta S Frvam v 5
© v Auto Sede New DataX. | [wALzi [ Ao Epaor
T v AutoScdeNow Data¥ SE— T El
o T =

Ignore Breaks i Data

lgnoreIvaidData

T TF
O —
AutoReheshDats e Color,axes, grid S option & I T
iR e it i
=— TS T i
Y T T F
e

sme | _osen | ool o

®

=S
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Menu ; Graph - overlay

Menu ; Graph - overlay

uminum Expansion TMA File: CATA\Da

e G prsn 1ove v s wosa

SALEU CEETRVVAAGC <L LA
luminum Expansion

TMA File: C:ATA\D:

15 , .
. . =
10 6 - -
= | e
5 5 CE | -
e - '
Olex Q= 32
Popup menu= £20] AHE Jts
0+ od —— o | s |_oma | _com | e
20 40 60 80 20 40 60 80
Temperature (°C) Temperature (°C)
= =
@EA WS © 2016 TAKorea — Waters LLC (T =4 WS © 2016 TAKorea — Waters LLC (T
Menu ; Graph - overlay Menu ; Graph
U
TMA File: C:\WORK\data\St o —— =0
=)
Gaves [ows] Pttaasion] Logend] G| Ao |
B | CTEN K
3L — _20000°C
=l = | H " Alpha=142pmi(m-*C)
: (- 0 p
- 1 Tg of TMA e
= SEAM 9 2t A Q2 ——
OSSN NS 4 US T mactpoint _Hame
;;a } }r . b1 272G}
—— e o
o | T )
Ao | syt | nocar | nsoone | _acmes_|_osmcmes | _osens | |[F 7T 77T —
I e e Alphe=37 Spid{in <G}
b 1
B a - hlcd hk-d 200 P 00
Tenperature (*C} Universal V4
20 40 60 80
Temperature (°C)
= =
=4 WS © 2016 TAKorea — Waters LLC (T =4 WS © 2016 TAKorea — Waters LLC (T

Menu ; View

Parameter block

Bl Veos vindow P

- Report text
e [ o excel o T
e S
VroTtos - . Stop: [1000000 @
e I
Analysis Log ¥ Speadhest Increment. [10.0000 T
A \ P —
. \) E———

ok | rein | cwca | s

Report Edior \
Spreatshest k

et N
\ S~ zesosamEEL

AN

30
[}

S Parameter block 3 methode! = 4 212

FileOll A Al=8t 24 ZFZ reportth &

File: C: ilm\sampl Run Date:
Program: Universal Va.5A Run Number: 1 Semin.001

InstCalDate Probe: 2013-10-29 Time:
InstCalDate Force: 2013-0

42:47 Film / Fiber
1450

TA Instruments Thermal Analysis - TMA Standard

gLosep AutoKeell 10068
VERSION 20
T o TempCal 1 pis 15913 156.60
sy InstCalDate AmpICal: 1970-01-01 Time: 00:00:00
RunSeril 380 AmplCal 0.00000.00000.0000
Instrument TMA Q400 V22.5 Build 31 1070-01-01 T
Standard PhaseCal 0.0000 0.00000.0000
InstSerial 0400-0786 Controls Gas 1 Event Off Sampling 0.1 sec/pt
Operator InitForce0.0500 N
ile i ! Wat
CoolingUnit MCA
Frocame Neigs
AutoAnalysis Off

Sample BS-1220

MacroFile
Sia 61
noa Sig1 Time (min)
Comment F300401 Siga Temperature (°C)
Xcomment Probe: Film / Fiber Sig3 Dimension Change (jm)
Sig4 Force (N)

Xcomment Gas1: Nitrogen 50.0 ml/min
Text No Calibration Table Sigs Sample Purge Flow (mL/min)
Keell0.9975 Date 2013-00-00

InsiCalDate Cell:2013-10-18 Time: 18:10:51 Time s

‘TempRange 99.34 t0 20071 °C OrgMethod 1: Equilibrate at-10.00°C
OrgMethod 2: Isothermal for 5.00 min
OrgMethod 3: Mark end of cy
OrgMethod 4: Ramp10.00°C;
OrgMethod 5: Mark end of cycle 0
OrgMethod 6: Repeat segment 1 for o times

InstCalFile Cell: \\Demo_lab)\ta\Data\TMA\Calib_TMA\CTE-Al-121205-

5:00
ForceCal Offset: -0.0019 0.0113 Slope: 1.00491.0318 Inflect: 0.4905

=S
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Toolbar

Tie ot Rosle Gapn Ardbas Toos View Mscos W
Y Gl ETEYVAAY
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Sarﬂf\ ) inWslon Curve value at X TMAF!
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