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General Product Information

" Background

" QMI529HT, high conductive Die attach Ag filled paste
product, has well known excellent performance, such as:

High conductivity

Low modulus

Low moisture absorption

High reliability

However, its high viscosity with poor dispensing behavior,

limits its application for higher dispensing and UPH
requirements.

" QMIS29HT-LV
" Was developed based on QMI529HT platform to improve the

dispensability without any loss of reliability performance.

Excellent electrical and thermal performance for use in high
power packaging applications using small die.



Key Material Properties

QMIS529HT-LV
1. Chemistry Hybrid
2. Tg by TMA (Celsius) 36
3. Modulus (Mpa) after post mold bake
@25°C 4910
@150°C 1010
@250°C 738
4. Weight loss on cure, TGA (%) 3.9813
5. Volume resistivity (ohm-cm) 0.00005
6. DSC
Onset Temp (Celsius) 138
Peak Temp (Celsius) 145
7. Viscosity (5rpm@25°C) 16,000
8. Thixotropic Index 4.0
9. Worklife @ RT (Hrs) 24
10. CTE (ppm/°C)
Alpha 1 62
Alpha 2 162




Formula Design

Design:

QMI529HT

QMIS29HT-LV

BMI resin #1

v

v

BMI resin #2

Diluent #1

Resin #1

Adhesion promoter

Conductivity promoter

SN SNS

Free radical initiator #1

SN SEN XS

Free radical initiator #2

Silver #1

AN

Silver #2

Silver #3
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® Cure Study

" Die Shear Adhesion Study
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Experimental

Die Attach Measurement Criteria (YS) :-
Warpage after DA cure
HDSS at 270'C

Material :-
QMI529HT-LV

DA Cure (Oven per DOE)

l |

HDSS at 260'C Warpage measurement
Sample size 5 units Sample size 5 units




Experimental

" The following conditions were used to assemble the test parts: -

Die: EBare =1 Baclside.

Die Size: Axd-mm & D xS-mm
Leadframe: AaCu

Target BLT: 1-Ivil.

Die Attach Force: ZxZ-mm=30g, & 5 x 5-mm 250z
Die Attach Time: 2xd-mim=20m=, &5 x5-mm=23200m=
Needle Diameter: 0.4-m

" The cure schedule was varied per the DoE.



DoE

" The following DoE was produced to study the effect of different
cure times and temperatures upon the warpage and adhesion
strength of QMI529HT-LV: -

—tdOrder

RFunCrder

ZenterPt

Blocks

Zure Temp

Zure Time




Results

" The following basics statistics were obtained for QMI529HT-LV after
the different DoE cure schedules: -

HDSS:

Yariable

150715 HD3IS 5=5
19060 HDES 5=x5
l120/15 HD3IS 5x5
170s37.5 HDaa 5x5
15060 HDSS 5x5

150715 HDIS =2xZ
190/60 HDESS 2x2
120715 HDIS =2xZ
1707375 HDASS Zx=2
150760 HDIS 2xZ

Warpage:

Yariable

150715
120560
190515

170,37,

130560

QMISZ9HT-LV
QMISZ9HT-LV
QMISZ9HT-LV
2 QMISZ9HT-LV
QMISZ9HT-LV

Mean

0o oo

245
-8919
-.5a°7
=149
-Fle

0. 5954
l.851%9
1.143531
l.1z=92
0O.95al

Mean

14.
19.
17.
17.
1a.

13=
244
4a0
alz
o0&

YVariance
. 377
. 034
- a0l
. Sag
.- BA5

oo kMo

o

- 0230
o.154
o.oaz0a7

0O.0835
Oo. 0135

Minimum HMaximum
o.241
16.254
10.5638
Q.939
Q.3593

=] =] ] -] -]

-373
-.997
-.355
A=
561

0.3601
l. 083
0o.5350
o. 747
o.7550

Minimumm Maximm
13.
19,
lo.
lo.
lo.

B50
2173
2l3
257
134

0.56545

2. 259
l.3050
l1.a07
l1.14

14.
20.
13.
13.
17.

685
Bl3
230
Sad
S50
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Results

" The results for HDSS 2 x 2-mm die size, can be further viewed using the Boxplot
and ANOVA analysis: -

One-way ANOYA: 15015 HDSS , 150160 HDSS , 13015 HDSS, 170597 5 HDS, ..
HDSS (270C) for QMI529HT-LV after Different Cure Conditions on AgCu LDF- 2 x 2-mm Si Die
254 Source IF 59 ik F )
Factor 4 6.318% L3796 26,33 [.000
| Error 3% 2.0954 (.0599
Total 39 8,413
2.0
§=0.,2847 RB-Sq=7h00%  B-Bglady) = 7218
) /
f 154 Individual 35% CIs For Mean Based on
7 Ponled StDey
a :;] Level T Mean Stdev ; ; : ;
[ 05— L5015 D85 2x2 B 0.5964 (1516 [---%---) I
1.0 L100/60 HDSS 2x2 B L.BL90 (,3027 [--- -]
% 100/15 M85 2x2 B L1431 0,143 [----*---]
| ! L0/ 5 a3 22 5 L1230 (.2801 [-=-tmmmn)
_é_ 150/60 HDBS 2¢2 B 0.9561 0,130 [---1---)
0.5 | f f 1 f
0.80 L.20 L.60 2.00
150/15 I—I|D$2x2 190/60 I-IID$2x2 190/15 I—I|D$2x2 170/37.5 ;-|D$2x2 150/60 I-I|D§2X2 Fooled StDey = 0,247
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Results

HDSS (270C) for QM529HT-LV after Different Cure Conditions on AgCu LDF- 5 x5-nmSi Die

HDSS/ Kg

R

T T T T T
150/15HDSS5x5  190/60 HDSS5x5  190/15 HDSS5x5  170/37.5 HDSS5x5  150/60 HDSS5x5

" The results for HDSS 5 x 5-mm die size, can be further viewed using the Boxplot
and ANOVA analysis: -

One-way ANOVA: 15015 HDSS , 130/60 HDSS , 18015 HDSS , 170375 HDS, ..

joukee DF03 M T P
Factor 4 34.04 .51 4.80 0.003
Frrar 35 6199 L7

Total 39 96.04

S Ll Bedgs 3045 BSgladi) = 28,07

Individual 95% CIs For Nean Based on
Pooled Sthev

Leve] I Hem 3tley | | | |
150715 HD33 e B 8.243 D.6l4 (------- LT I

190760 HD33 x5 & 10,819 2,418 f-=mmm- LT
190715 HD33 & & 8,807 L1E3 f-=mmm- LT I

/IS HSs & 3 9,148 (.77 [-=mmmn L I

150760 HD33 x5 & 8716 0,504 f-=mmm- LT I

i.4 I LT A

Paoled Sthew = 1,331
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Results

analysis: -

Warpage/ microns

Warpage Deta for QVIS29HT-LV After Different Cure Conditiors

.

Henkey

" The results for warpage can be further viewed using the Boxplot and ANOVA

One-way ANOVA: 150/15 QMI52, 190/60 QMI52, 190/15 QMI52, 170/37.5 QMI,

Source DF 55 ik F P
Factor 4 135,140 33,785 114,49 0,000
Error 35 10,328 0,295

Total 39 145,468

a=0.3432 BR-37= 92,905 BR-3qiad) = 92.09%

Lewvel N Mean Sthev
150415 OMISZSHT-LV & 14,182 0,397
190760 QMISZSHT-LV & 19,944 (.429
190415 OMISZSHT-LV & 17.460 0,841
170437, 5 (MIS2SHT-LV & 17.512 (0.471
150460 QMISZSHT-LV & 16,906 0,451

Individual 95% CIz For Mean Based on Pooled 5tDev
level I ' ' '
150715 QMISZOHT-LY [-*-1
190460 QMISZ9HT-LY {-%-)
190415 QMISZ9HT-LY {-%-)
1T0/37, 5 QMISZ9HT-LY (-7
150760 QMISZ9HT-LY (7]

14.0 16.0 180 0.0

Pooled 3thev = 0,543
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Analysis of DoE — HDSS, 2 x 2-mm

" The DoE DSS results, 2 x 2-mm die size, were analysed for
statistical significance: -

Pareto Chart of the Standardized Effects
(response is HDSS 260 2X2 QMI529HT-LV, Alpha = 0.05)

12.71

Cure Temp-

Term

Cure Time-

T T T T
0 2 4 6 8
Standardized Effect

T
10

The trends in the data suggest
Increased temperature and time
do offer increased adhesion
however this was not statistically
proven at the 95% CI.

Mean

Main Effects Plot for HDSS 260 2X2 QMI529HT-LV
Data Means

Cure Temp Cure Time Point Type

1.5

1.4

1.3

1.2

—@— Corner
—— Center

1.1

1.0

0.9

0.8

0.7+

150 170 190 15.0 37.5 60.0
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Analysis of DoE — HDSS, 5 x 5-mm

" The DoE DSS results, 2 x 2-mm die size, were analysed for
statistical significance: -

Pareto Chart of the Standardized Effects
(response is HDSS 260 5x5 QMI529HT-LV, Alpha = 0.05)

12.71

L

Cure Temp -

Term

Cure Time -

T T T
0 2 4 6
Standardized

The trends in the data suggest
increased temperature and time
do offer increased adhesion
however this was not statistically
proven at the 95% CI.

Mean

Main Effects Plot for HDSS 260 5x5 QMI529HT-LV

Data Means

Cure Temp

Cure Time

10.00 A

9.75 1

9.50 1

9.251

Point Type
—@— Corner
—— Center

9.00 A

8.75

8.50

150 170

190

15.0 37.5
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Analysis of DoE — Warpage 8 x 8-m

" The DoE warpage results, 8 x 8-mm die size, were analysed for
statistical significance: -

Pareto Chart of the Standardized Effects
(response is Warpage 8x8-mm Die QMI529HT-LV, Alpha = 0.05)
12.71
Cure Temp -
£
o
Cure Time —
T T T T T T
0 5 10 15 20 25 30
Standardized Effect

Both temperature and time are statistically significant factors
influencing warpage of QMI529HT-LV at ‘large’ die sizes.

16



Conclusions

= As expected the trend in adhesion strength is for
Increased adhesion with increased cure time and
cure temperature. However this effect is not drastic
and the could not be statistically proven for either die

size at 95% ClI.

" When evaluating the warpage with a large die size
both cure time and cure temperature are statistically

proven to affect warpage.
" Increased temperature and time = increased warpage.

17
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QMI529HT-LV Die Shear Adhesion
Study

Paul Gleeson/ Jose Venegas
Die Attach Paste TSE

25 March 2010

18



Test Matrix

® Adhesion needs to be verified on all 3 standard substrate surfaces at various

different conditioning steps and at three different die sizes.

Leadframes: Cu, AgCu, PPF. Die Afach
Die Sizes: 2Xx 2,5x 5, 8 x 8 (mm) W
A Zure
PE [DVET‘IJ"ST‘IED) RETDSS after DA Cure
k4

wire Bond Sirnulaton
1 hirE 240"

Fost MMold B alk<e

PMEB simulation HDSS@2 T0"C
< Hrs at 175'C)

- Heat Exposure FMMoOisture Exposure g
E S Mins at 27F0'C 1TEHrs Parr bamb E
. HD SS@270°C HDSS@2T0'C é
= Thermal Moisture :
= Stability Stability -
... PM5 PPB &
-------- o] For bench-marking I"I-T'éffw’.-""""“
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Adhesion on Cu, 2 x 2-mm Die Size

® The adhesion was measured for 2 x 2-mm die size on Cu LDF in accordance with the

test matrix; -

Kg

DSS for QMI529HT-LV on Cu LDF after Different Processing Conditions - 2 X 2-mm

cane ek

Dl o LDF?

-

* - Ml}n o LD

T
2x2PCCuURT

T
2x2PCCu270C

T T T
2X2PMCu270C 2x2PM5Cu270C 2x2PPBCu270C

20



HDSS (270°C) on Cu, 2 x 2-mm Die Size

leadframe at the PMB, PM5 & PPB test intervals: -

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on Cu

HDSS/ Kg

HDSS for QMI529HT-LV on Cu LDF after Different Processing Conditions - 2 x 2-mm

2.5

2.0+

1.5+

1.0

0.5

x

2x2PC Cu 270C

2Xx2PM Cu 270C

2 x2PM5 Cu 270C

2x2 PPB Cu 270C

One-way ANOVA:2x2PC Cu,2x2PM Cu,2 x 2 PM5 Cu, 2 x 2 PPB Cu

Source [DF 55 il F P
Factor 3 2311 0790 2,77 0,060
Error 26 7.793 0.278

Total 3l 10,103

3=0.07 R-3q=22.67%  R-Bglad)) = 14613

Individual 95% CIs For Nean Based on
Pooled 3tDev

Lewvel N Mean 5tDev . .
dx M 20 8§ L5613 0,5669 [==mmmmmn- (LEEEEES |
2x 2 M Cu2iC 8 13589 0.6478 s Fommmmanan |

2x 2 M5 CulhC 5 1.4409 10,5695 [==mmmmmm- Fommmmaeen |
2x 2PBLul?0C & 0.8558 0.2188 (-------- [EEEEES |

0.80 1.20 L.80 .00

Pooled StDev = 0,5275
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HDSS (270°C) on Cu, 5 x 5-mm Die Size

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on Cu
leadframe at the 5 x 5-mm die size at all test intervals: -

HDSS for QMI1529HT-LV on Cu LDF after Different Processing Conditions - 5 x 5-mm

HDSS/ Kg

Pl o LD

Ael. o L0

Pl 1o (L

s o LF

5x5PC Cu 270C

5x5PM Cu 270C

5x5PM5 Cu 270C

5x5PPB Cu 270C

One-way ANOVA: 5 x5PC Cu, 5 x5PM Cu, 5% 5 PM5 Cu, 5 % 5 PPB Cu

Jource DF b ik F P
Factor 3 66,389 22,130 33,93 (.000
Error 28 18,262 0,652

Total 31 B4.651

9= 0,807 BR-Jy=78.43% R-iqladi) = 76.12%
Individual 95% CIs For Mean Based on

Pooled Sthev
Level N Mean StDev f

S S CuINC 8 3336 0,325 [-=-F---]

S it 8 3.44l8 0,993 {-=-%---1

Sx M Cu 2l & 4,984 1.0750 f-=-*---]
S0 B PRE Cu 2700 8 09399 0.6009 (---F---)

L5 30 4.3 .0

Pooled &tDev = 0,807
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HDSS (270°C) on Cu, 8 x 8-mm Die Size

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on Cu
leadframe at the 8 x 8-mm die size at all test intervals: -

HDSS for QMI1529HT-LV on Cu LDF after Different Processing Conditions - 8 x 8-mm

Aeli. o LBF e, [0 LDF

HDSS/ Kg

el o LI?

Dl o [LDF?

8x8PC Cu 270C 8x8PM Cu 270C

8 x8 PM5 Cu 270C

8x8 PPB Cu 270C

One-way ANOVA:B xBPCCu,Bx8PMCu,8x8PM5CuU,8 xBPPBCu

Zource DF 53] ik F P
Factor 3 127.20 42.40 23,47 0.000
Error 25 50.59 1.81

Total 31 17079

§= 1,344 B-8g = 71.55% R-3qiadj] = 68.50%

Lewel N Mean 3&tDev
B %8P Cu270C 8 4.632 1.985
5% 8 PMMCu20C & 5.872 L.698
% & PMMS Cu 270C & 1.0589 0,284
% & PPE Cu 270C & 1.723 0.568

Level oo o o o
§x 8 PC Cu 270C
§x § MM Cu 2700
8 x 8 MM5 Cu 270C
G x & PPE [u 270C

Pooled StDew = 1.344
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Basic Statistics on Cu LDF

" The following Basics Statistics were obtained for QMI529HT-LV on Cu

LDF: -
2 X 2-mm Die Size
Total

Yariable Count Mean S5thewr fari ance Minimuom Maood mauom
| = =2 PC Cu ET = 4.9200 l1.637%7 = .8001 = 357 G. 76|
a = oo PO Cua 2700 o l1.561 . 5o/ .52l . 3277 =] N
=2 = 2 PM Cu Z270C = l1.359 0. 548 O.4az0 Oo. =20 2. 315
= = 2 FPHMS5 Cu =Z70C S l1.4341 o.570 0O.3=24 o. 715 =. 175
Z = Z2 PPE Cu Z70C =] O.3553 0. 2133 O. 04979 Oo.5z270 l1.2z290
5x 5-mm Die Size

S X 45 PC Cu Z70C o d.3507 0,325 0.106 4. 091 4, 050
S x5 PM Cu Z270C o .44 0,993 0.987 1.3689 d, 02
S X 5 PMS Cu 270C o 4,988 1.075 1.156 4. 1448 b.3ld
S x5 PPBE Cu 270C o 0.960 0.601 0.361 0. 506 1.913
8 x 8-mm Die Size

g xa PC Cu 270C 8 4,632  1.985 3.94] 2. 00d 8. 088
8 x 8 PM Cu Z70C 5 5.872 l.698 2.002 . a95h 8. 707
8 x a PHS Cu Z70C 0 1.059 0.z284 0.0a81 0.614 1. 449
8 x 8 PPE Cu 270C o 1.723  0.563 0.323 0,913 2. dab
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Adhesion on AgCu, 2 x 2-mm Die Size

" The adhesion was measured for 2 x 2-mm die size on AgCu LDF in accordance

with the test matrix; -

DSS for QMI529HT-LV on AgCu LDF after Different Processing Conditions - 2 x 2-mm
16

Cohesivel

14
12

10

Kg
o
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HDSS (270°C) on AgCu, 2 x 2-mm Die Size

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on AgCu

leadframe at the PMB, PM5 & PPB test intervals: -

HDSS for QMI529HT-LV on AgCu LDF after Different Processing Conditions - 2 X 2-mm

HDSS/Kg

4.5

4.0+

3.5+

3.0

2.5+

2.0

1.5

1.0

/

%
/3

T
2 x 2 PCAgCu270C

T T T
2x2PMAgCu270C 2x2PM5AgCu270C 2x2PPBAgCu270C

One-way ANOVA: 2 x 2 PC AgC, 2 x 2 PM AgC, 2 X 2 PM5 Ag, 2 X 2 PPB Ag

3ource DF 33 Jukd] F P
Factor 3 5.342 3.114 7.27 0.001
Error 2§ 11.5994 0,428

Total 31 Z1.335

%= 0.6545 R-3g = 43.78% R-3q(adj) = 37.76%

Mean  5thew
2.5299  0.8179
3.2524  0.749%4
3.2424  0.5648
1.3537 0.4048

Level

2w 2 PC AgCu Z70C
2% Z PN AgCu 270C
2w 2 PMS AgCu 270C
Z ® Z PFB AgCu 270C

o oo oo =

Individual 95% CIs For Mean Eased on
Pooled StDew

Lewel ==ee- e L L L e L L L e L L L e
2% 2 PC Aglu 270C —— [ ]
2 x & PH AgCu Z70C [-=mmmm= [ S ]
2 ® 2 PMS AgCu 270C e oo ]
2 ® & PPB AgCu 270C  [------- LEEEEEEE j
o S e +-—--
1.a80 2.40 3.00 3.60

Pooled 3tDew = 0.6545
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HDSS (270°C) on AgCu, 5 x 5-mm Die Size

HDSS for QMI529HT-LV on AgCu LDF after Different Processing Conditions - 5 x 5-mm

Cohesivel  Cohesivel

HDSS/ Kg

Cohesivel

o

nesivel

x

T T
5x5PCAgCu270C 5x5PM AgCu 270C

T T
5x5PM5 AgCu270C 5x5PPBAgCu270C

One-way ANOVA: 5 x 5 PC AgC, 5 x 5 PM AgC, 5 x 5 PM5 Ag, 5 x 5 PPB Ag

Source [F a8 ik

Factor 3 260,02 96.67 66.92 0,000

Errar 28 36,26 L.30
Total 3l 296,28

§= 113 R-Sy=80.76% R-Sgladi) = 86.45%

Level N Hean
5% 5PC Aglu 270C 8 8,503
x5 M Aglu 270C & 6.4%
5x 5 PNS Aglu 270C 8 12,742
5% 5 PEE Aglu 270C 8 4,685

Pooled 3thev = 1,138

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on AgCu
leadframe at the 5 x 5-mm die size at all test intervals: -

Individual 95% CIs For Nean Based on




HDSS (270°C) on AgCu, 8 x 8-mm Die Size

HDSS for QMI529HT-LV on AgCu LDF after Differe

T T T T
8 x 8 PC AgCu 270C 8 x 8 PM AgCu270C 8 x 8 PM5 AgCu270C 8 x 8 PPB AgCu 270C

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on AgCu
leadframe at the 8 x 8-mm die size at all test intervals: -

One-way ANOVA: % 8 PC AqC, 8 x 8 PM AgC, 8 x 8 PM5 Ag, 8 x 8 PPB Ag

Source [DF 85 ik

Factor 3 43187 163,96 20,02 0.000

Error 28 229034 8.19
Total 31 722l

§= 2060 R-Sg= 68,205 R-ulady) = 64.79%

Level U Hean
8% @I Aglu 270C 9 17,568
Bx @M Aglu 270C 8 17,473
9% @ PUS Aglu 270C 9 15,319

Individual 95% CIz For Mean Based on

B @ MB Aglu 2700 & .97 L,

Pooled StDev = 2,862




Basic Statistics on AgCu LDF

Total

The following Basics Statistics were obtained for QMI529HT-LV on AgCu

LDF: -
2 X 2-mm Die Size

YVariabhle Count Mean EtDhev Variance Minimum HMaximum
IE X = FPL aglua BT = 11 .41 Se 31 [ Y LN lE.ED]
= ® = PC AgCu Z7570C ] =. 530 o.518 O.6509 1.0v8 4. an
2 x 2 PM ALgCu Z270C o . =252 O. 749 0. 5582 1.757 g, 255
2 x 2 PMS bgCu =2700C o S. 242 0. 5585 o.319 =.545 g, 2588
2 x 2 PPE AgCu =2700C o l.39a0 O.4a05 0O.154 1l1.310 2 .401
5 x 5-mm Die Size

5 x5 PC AgCu Z270C &  8.503 0,554 0,352 7.7 9,328
S x 0 PN AgCu Z270C 8 8.496 0,534 0,285 7.665 9,225
x5 PHS Aglu Z270C g 12,742 1.77% J.160 10.436 15,105
5 x 5 PPE Aglu Z70C & 4.682 1.175 1. 380 A Y b.2ab
8 x 8-mm Die Size

6 x 8 PC AgCu Z70C g 17.568 1.Z01 1.443  15.335 19,332
6 x 8 PN AgCu Z70C g 17.473 1.097% 1.203 14.93%9 18,665
6 x 8 PMb AgCu Z70C g 15,32 4,70 22,11 g.13 20,22
6 x 8 PPB AgClu Z70C g T.97  Z.83 g.01 3,248 11.73
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Adhesion on PPF, 2 x 2-mm Die Size

® The adhesion was measured for 2 x 2-mm die size on PPF LDF in accordance with the

test matrix: -

DSS for QMI529HT-LV on PPF LDF after Different Processing Conditions - 2 x 2-mm
141 @@[h]%@I]W@Q
12 ~
o] LN
8 .

Q o
2 0 Cohesivel

olhesivel -
Cohesivel n
4- | ' Colesivel
éT P N
0 | I I I I I
2x2PCPPFRT 2x2PCPPF270C 2x2PM PPF270C 2x2PM5PPF 270C 2 x 2 PM5 PPB 270C
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HDSS (270°C) on PPF, 2 x 2-mm Die Size

leadframe at the PMB, PM5 & PPB test intervals: -

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on PPF

HDSS for QMI529HT-LV on PPF LDF after Different Processing Conditions - 2 x 2-mm

45-

4.0-

3.5

3.0

HDSS/ Kg

2.57

2.0+

1.5+

1.0

2x2PCPPF 270C 2X2PMPPF270C  2x2PM5PPF270C 2x2PM5PPB 270C

One-way ANOVA: 2 x 2 PC PPF,2 x 2 PM PPF, 2 x 2 PM5 PP, 2 x 2 PM5 PP

source DF 53
Factor 3 9,916
Error 25 16,642
Total 31 26,558

3=0.7009 B-ig =

Level

2y 2 ICPRF 2700
2y 2 MPRF 270
2% 2 TMS PR 2700
2% 2 MMS PEE 2700

iR P
3300 556 0,004
0.5%4

.34 R-Ju(ady) = 30.62%

N Mean 3tDev
§ 3.0219 0,706l
§ 31384 11663
§ 3.0033 0.5778
8

L7745 0.42% (----—-- L —— |

Pooled Sthev = 0.7704

Individual 95% CIz For Mean Baged on
Pooled 3tDev

140

.10

2,80

3.0
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HDSS (270°C) on PPF, 5 x 5-mm Die Size

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on PPF
leadframe at the 5 x 5-mm die size at all test intervals: -

HDSS for QMI529HT-LV on PPF LDF after Different Processing Conditions - 5 x 5-mm

Cohesivel

12.5-

Cobehe]  olestve

7.5

5.0 1

5 x5 PC PPF 270C 5x5PM PPF 270C 5x5PM5PPF 270C 5x5PM5PPB 270C

One-way ANOVA: § x 5 PC PPF, 5 x5 PM PPF, 5 x 5 PM5 PP, 5 x 5 PM5 PP

Source DF oM F P
Factor 3 158,35 52,78 25,59 (0,000
Error 28 5076 2.06

Total 31 216,11

3= L4 B-iy=73.27% R-3gladi) = 70.41%

Individual 95% CIz For Mean Bazed on
Pooled $tDev
Level N Mean S5tDev --- | | |
Sx SRCPPFIIC G 9,125 0,980 [--=F-mmm
S SMOPPFC & 9,658 L.0al [==mmfiemn
S X 5 DMSPRFITOC & 1l.223 2,282 ]
Sy 5IMGPIB2%0C 8 5182 0,987 [---7--)

Pooled 3thev = 1,436
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HDSS (270°C) on PPF, 8 x 8-mm Die Size

" The below boxplot and ANOVA analysis compares HDSS (270°C) adhesion on

PPF leadframe at the 8 x 8-mm die size at all test intervals: -

Henkey

HDSS for QMI529HT-LV on PPF LDF after Different Processing Conditions - 8 x 8-mm

| Gohesivel Golheshvel
Cohesivel

20+

18+

16

14+

HDSS/ Kg

12 1

8 x8 PC PPF 270C 8x8PM PPF270C  8x8PMS5PPF270C  8x8PPFPPB270C

Onhe-way ANOVA: B x 8 PC PPF,B x 8 PM PPF, B x B PM5 PP, 8 x 8 PPF PP

SJource DF 35 k] F P
Factor 3 242,35 80,78 lZ.16 0.000
Error 28 185.96 ©6.64

Total 31 428.30

3= 2,577 B-8q = 36.58%

Level

G x 8 PC PPF 270C
3 x 8 PMPPF 270C
G x 8 PMS PPF 270C
G x 8 PPF PRE 270C

Level

8 x 8 PC PPF 270C
G x 8 PMPPF 270C
G x 8 PMS PPF 270C
8 x 8 PPF PPE 270C

]
g
]
]
g

Individual 95% CIs For Mean Based on Pooled Sthev

Nean
18,213
16,651
16,277
10,917

Sthew
1,459
1.999
3.957
2.187

R-Sg(adi) = 51.93%
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Basic Statistics on PPF LDF

" The following Basics Statistics were obtained for QMI529HT-LV on PPF LDF: -

2 X 2-mm Die Size
Total

Yariahle Count Mean 5tDev Variance Minimum Maxd mauom
= xx = PC PPF BT Cai l1l.45%5 1 .805 it s O, B3 14, 10|
2 = Z2 PC PPF =Z70C 3 3.022 0.705 0.493 l1.5935 4. 010
2 x 2 PM PPF =Z270C 3 3.133 1.166 l1.3560 1.°701 4. 405
Z2 = 2 PM5S PFF =270C 3 3.003 0O.575 0.353354 1. 7327 J. 694
=z x = PM5S PFE =70C 3 1.77%5 0.4350 0.135 1.173 2. a0
5 x 5-mm Die Size

5 x 5 PC PPF Z270C 5 9.125 0.980 0,360 7.98% 100317
w3 PM PPF 270C g 9.65% 1.051 1.064 T.773 0 11,218
hox o PMI PPF 270C 8 Ll.223 &.:z92 5.253 g.43% 14,640
5 x 5 PMI PPE 270C 8 5.ld2 0.987 0,375 3. 867 b. 324
8 x 8-mm Die Size

g x @ PC PPF Z270C 8 l8.213 1.4538 2.128 1. 621 al. 332
8 x @ PM PPF Z270C 8 le.651 1.999 4.994 13. G46 15. 346
8 x & PMI PPF Z70C g 16. Z8 d3. 96 15.66 10.04 al.31
& x & PPF PPE 270C g 10,917 2.187 4,782 7.813 14,
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2 X 2-mm Die Size Adhesion Summary

surfaces and at all test intervals: -

" The below boxplot displays the adhesion for the 2 x 2-mm die size on all leadframe

HDSS for QMI529HT-LV after Different Conditioning on Different LDF Surfaces -2 x 2-mm

5 4

7 31
1)
(7]
a
T 2 -
X
1_
%
0_
C C C C C
\’«'ﬂg \x'ﬂg u'ﬂgc\?'ﬂocu'ﬂg \x'ﬂ(}c\’«'ﬂocu'ﬂgcu'ﬂg %'ﬂgc\)'ﬂgcu'ﬂg
2007 0O PO 9PN oW Yo PO g oY oD T (e PR oW G0 T o PO o 0P
AR AR NSV A L PUANT A D R AMVASIVUA ARG R
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5 x 5-mm Die Size Adhesion Summary

" The below boxplot displays the adhesion for the 5 x 5-mm die size on all leadframe

surfaces and at all test intervals: -

HDSS for QMI529HT-LV after Different Conditioning on Different LDF Surfaces -5 x 5-mm
16

141

12

10 -

HDSS/ Kg
(00]

00 100 1L 1 00

L A€ A€ 0 1C AL 0
) g e e T L T e T o T o TV 7
OF “ oV T o OV C o OO Z g OV 7. 0P OV “e OO & op® C (O f g oo
CP A pO o0 AP LR AR X O (5 o PO o0
5*6?6*690 5 ¥° 6*6‘2269"\ AN *5?:]\*69 AP
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8 X 8-mm Die Size Adhesion Summary

" The below boxplot displays the adhesion for the 8 x 8-mm die size on all leadframe

surfaces and at all test intervals: -

HDSS for QMI529HT-LV after Different Conditioning on Different LDF Surfaces - 8 x 8-mm
20
15 ®
4
7 10 -
a
I
5_
0_ T T T T T T T T T T T T
100 100 A _ 1 00 A _ A A 00 00 0 00
oo Tt koo et e 2 O B e € L oo o ov® Tt g on
%"‘% %*%?C %*% ° %?N\ %"‘% %“{\,\%?‘]\6 *%? o® ??% *%?
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Die Shear Failure Mode

" The following die shear failures were observed at the 2 x 2-mm die size after cure and
post mold bake: -

A A
A

TR LWBE o T TSR
" PostiCureron Cu s
AR o W : Vi

'l PostCurelontgCy

oA

S

Adh-to LDF

~ PMBonCu

~ Adh.tolDF Lohgsive

‘T'_ -
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Die Shear Failure Mode

" The following die shear failures were observed at the 2 x 2-mm die size after PM5 and
PPB bake: -
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Die Shear Failure Mode

The following die shear failures were observed at the 5 x 5-mm die size after cure and

post mold bake: -

Post%Cﬁ‘f”é"éWCy | PostiCure onfAgCu

PIVIE en AgCu
Adh: (o lDF Golesivel
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Die Shear Failure Mode

" The following die shear failures were observed at the 5 x 5-mm die size after PM5 and
PPB bake: -
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Die Shear Failure Mode

" The following die shear failures were observed at the 8 x 8-mm die size after cure and
post mold bake: -
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Die Shear Failure Mode

" The following die shear failures were observed at the 8 x 8-mm die size after PM5
and PPB bake: -

PM50nCu_

Cohesive!

PPB onAgCu

Cohesive!
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Adhesion Comparison

" The HDSS adhesion was compared for QMI529HT-LV versus other
products targeting high power applications.

" The following data details the adhesion strength on Cu LDF: -

Mean Adhesion Strength Data in g/mm® For QMIS29HT-LV, FS849-TL, 84-1LMISRS and QMIS29HT on Cu LDF
Die Size (mm) Conditioning FS849-TT (g/mm?) | S84-1LMISRS ' OMIS29HT-LY
(g/mm’) (g/mnd)
222 | PostMold Bake (270°C) 3907 3417 1520 3397
PM5 (270°C) 353.5 124.2 98 360.2
PPB (270°C) 345.2 277.2 7 2137
525 | PostMold Bake (270°C) 26.6 2084 66 1377
PM5 (270°C) 598 1422 36 1259
PPB (270°C) 370 1314 27 184
328 | PostMold Bake (270°C) 264 179.6 52 917
PM5 (270°C) 12.8 1026 10 16.5
PPB (270°C) 18.5 305 : 269
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Adhesion Comparison

" The HDSS adhesion was compared for QMI529HT-LV versus other
products targeting high power applications.

" The following data details the adhesion strength on AgCu LDF: -

Mean Adhesion Strength Data in g/t For QMIS29HT-LV, FS849-T1 84-1LMISRS and QMIS29HT on AgCu LDF

Die Size (tam) Conditioning FS849-TI (g/mm®) | 84-1LMISRS ' QMIS29HT-LV
(g/mm?) (gmn)
222 | Post Mold Bake (270°C) 661.5 368.7 465.0 713
PMS5 (270°C) 5877 214.2 639.2 3105
PPB (270°C) 4332 220.2 303.8 490
525 | Post Mold Bake (270°C) 268.3 1910 3993 739.8
PMS5 (270°C) 1049 1248 3239 5097
PPB (270°C) 127 347 94 3 1974
328 | Post Mold Bake (270°C) 116.1 935 4507 2730
PMS5 (270°C) 433 60.8 339.2 2394
PPB (270°C) 207 35.5 147.1 1245
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Adhesion Comparison

" The HDSS adhesion was compared for QMI529HT-LV versus other
products targeting high power applications.

" The following data details the adhesion strength on PPF LDF: -

Mean Adhesion Strength Data in g/mm?* For QMIS29HT-LV, FS849-TL, 84-1LMISRS and QMIS29HT on PPF LDF

Die Size (mm) Conditioning FS849-TI (gfmm) | 84-1LMISRS ' OMIS29HT-LY
(g/mm?) (g/mm?)
232 | Post Mold Bake (270°C) 406 2517 3447 7845
PS5 (270°C) 454.5 282.2 4515 7507
PPB (270°C) 411.2 2115 170.9 4437
555 | Post Mold Bake (270°C) 3504 116.1 230.2 386.2
D3 (270°C) 231.1 1144 118.0 4439
PPB (270°C) 2142 716 446 2073
3x8 | Post Mold Bake (270°C) 2843 548 7957 260.2
PS5 (270°C) 2314 597 263.8 2544
PPB (270°C) 5337 440 189.9 1706
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Summary/ Conclusions

" QMI529HT-LV has excellent adhesion to AgCu and PPF leadframes surfaces.

" The QMI529HT-LV exhibits very high adhesion performance on AgCu and PPF
surfaces when the die size is small e.g. 2 x 2-mm.

" QMI529HT-LV does not exhibit high adhesion strength on the Cu LDF surface
used in this trial.

" HDSS failure mode on Cu LDF is typically adhesive to the leadframe Cu surface at
all test intervals.

" HDSS failure mode on both AgCu and PPF leadframe is typically Cohesive. The
degree of cohesive failure does vary depending on pre-conditioning however
some level of Cohesive failure is retained.

Recommendation:

QMI529HT-LV is an excellent choice for high power packages utilising AgCu or
PPF leadframe surfaces and small die sizes.
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QMI529HT- LV Open Time
Evaluation.

Paul Gleeson/ Jose Venegas
Die Attach Paste TSE

17 March 2010
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Background

" Open time is the time that a die attach adhesive is left after
dispense before die placement.

" Some adhesives lose low molecular weight components from
the bulk when exposed to the atmosphere at ambient
conditions. This loss of low molecular weight material can
result in reduced wet out at die attach, impact final BLT, reduce
fillet formation and cause die attach voiding. Therefore open
time is a critical die attach adhesive property.

" The following adhesive needs to be evaluated for open time: -
" QMI529HT-LV
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Experimental Test Flow

Die attach Setup using
ESEC2008xP Die bonder

Open time DOE
0, 15, 30, 45 and 60 Mins

I

Measurement Criteria:
Fillet coverage

Voiding (X-Ray)
Adhesion strength

Die attach

Verify fillet coverage
(Visual inspection)

oy

h 4

DA Cure
Oven (air)

X-Ray
(Voiding-uncured)

!

v

Take picture for
fillet coverage

Cross Section
(BLT)

v

Hot Die shear test
@270'C

v

X-Ray
(Voiding-cured)
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Experimental Set Up

" The following set up and equipment was used for the test build and

subsequent analysis.

" Die size:

" DA Machine :

= Dispense method :

" Die Attach Force:

" Die Attach Bond Time:
" Fillet height :

" Leadframe :

" Void X-Ray :

" Mat'l:

" Opentime:

2X2,5x5&8x8-mm

ESEC 2008xP.

Writing with Pneumatic pump.

Varied per die size - 50g, 200g & 250g.
Varied per die size - 200, 500, & 1500 ms.
75%

In-house AgCu

Phoenix (parameters : 140 kV & 30uA)
QMI529HT-LV

0, 15, 30, 45, 60, 90 mins.
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Hot Die Shear Strength (270°C)
Comparison versus Open Time

" The following basic statistics were obtained for HDSS (270°C): -

Variable

2
2 X
2 X
2 X
2 X
2 X
5 x
5 x
5 x
5 x
5 x
5 x
8 X
8 X
8 X
8 X
8 X
8 X

X

2

2
2
2
2
2
5
5
5
5
5
5
8
8
8
8
8
8

t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t
t

Total

Count

00 00 00 0O CO CO CO CO CO 00 00 OO 00 0O 0O CO CoO O

Mean

1.477
1.196
1.6988
1.733
2.156
1.809
9.106
7.951
8.167
6.388
6.384
6.186
13.185
14.723
15.146
16.946
15.840
15.644

StDev
0.310
0.632
0.2173
0.290
0.626
0.441
0.920
0.872
0.964
1.119
1.409
0.874
1.391
1.875
1.204
1.483
1.223
1.234

Variance Min.

0.096
0.399
0.0472
0.084
0.392
0.194
0.846
0.761
0.929
1.253
1.985
0.764
1.935
3.516
1.449
2.201
1.496
1.522

0.985
0.214
1.4740
1.453
1.447
1.371
7.236
6.961
6.864
4.847
4.828
4.833
11.419
12.494
13.021
14.314
13.964
13.726

Median
1.584
1.211
1.6395
1.619
2.144
1.753
9.405
7.786
8.035
6.271
5.928
6.190
12.967
14.361
15.378
17.203
15.900
16.043

Max.
1.841
2.151
2.0400
2.310
3.466
2.552
10.098
9.785
9.650
8.050
9.250
7.832
15.071
17.620
16.695
19.449
17.545
17.013
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Hot Die Shear Strength (270°C)

Comparison versus Open Time

" The below boxplot and ANOVA further display results for HDSS at the 2 x 2-mm

die size (270°C): -

HDSS (270C)/ Kg

A L. dource DF 35 ik F P
QMI529HT-LV Open Air Time - 2 x 2-mm Die Size, AgCu LDF Factor 5 4168 0,83 4.13 0.004

354 Error 42 8.487 0.202
: ®

Total 47 12.654
e 5=0.4495 B-5q = 32.93% B-Sqladj) =

= 0, q= 32,93 igladj) = 24.95%
2.5
Individual 95% CIs For lMean Based on

2.0 Pooled Sthev

Lievel N Heah StDEV --td=--e-eeee R : redlr Fe==n
154 dxit=0 6§ 1.477% 0.3087 [=amses R ]
' dadtell § 1194 0,6315 (===-- Fammmn )

dxit=30 6 l.6988 0.2173 [=mm== fanana I
1.0 d¥2te=d45 8 1,7326 0,2903 [mmmmn= Fommna )

ax2teB0 8 2,1585 0,6258 (mmmmn Fanmnan |
0.5 2y 2680 8 1.8005 0,4409 [===== Fammmna J

L Ll CLT T TR PR SR
0.0- . . . . . . 1,00 1,50 2,00 2,50
2x2t=0 2x2t=15 2x2t=30 2x2t=45 2x2t=60 2x2t=90 Dooled $tDev = 0. 4495

RDSS statistically equivalent, Irrespeciive off

epPEN time Interval
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Hot Die Shear Strength (270°C)

Comparison versus Open Time

" The below boxplot and ANOVA further display results for HDSS at the 5 x 5-mm

die size (270°C): -

QMI529HT-LV Open Air Time - 5 x 5-mm Die Size, AgCu LDF

Source DF g4 ik} F P
Factor § 58.62 1L.72 10.78 0,000
Error 42 45,77 1.09

s « Total 47 1043
ol N ‘ §= 1084 RSy= 56065 R-Sfadj) = 50.94
\ : = Individual 95% CIs For Mean Based on
Z 8 \Q’;/ = ‘ Pooled StDev
g Level N Mean Gthey ----- e - Rl i ki psin
Q | Sx5t=0 § 9.106 0.920 [-mmmetanaas]
T 7
SxStels 8 7950 0.872 (mmmetennns)
= Sx5t=30 8 8,167 0.94 e )|
64 = . ® §%5teds § 6,368 1019  (mmemefamees)
= Sxite=60 8 6,384 1,409  (memeePomaes)
Sxite00 68 6,186 0,874 (emese- Famnms)
5 ‘ ‘ ..... ¥ P T —— ¥ TR w—
60 72 84 9
5x5t=0  5x5t=15 5x5t=30 5x5t=45 5x5t=60 5x5t=90 g e i
o (u] o (u] o
DS dletia aifier 49 minuies open dme is stadstically
u] u] u]
lower {han previous me st inwervals 54




Hot Die Shear Strength (270°C)
Comparison versus Open Time

" The below boxplot and ANOVA further display results for HDSS at the 8 x 8-mm
die size (270°C): -

HDSS/ Kg

20

19+

18+

174

161

154

144

134

121

114

L. . Soutce DF I i r P
QMI529HT-LV Open Air Time - 8 x 8-mm Die Size, AgCu LDF factor § 63,46 12.69 6.28 0.000
Error 42 84,83 2,02
Total 47 148,29
§u .42l BR-3q v 42.79%  R-Sqladj) = 35.98%
| & |
™ Individual 95% Clz For Mean Based on
| \m & Pooled Sthev
. ) E— Level U Mean S$they --------- frommnnan pmmmmnmnas pmmmmmnans +
— BxB8ts0 B 13.185 1,391 (==w-=-  —
P
| | | §x8t=15 8 14723 1875 [CR. —
/ = BxBt=30 8 1514 1.204 it el
> ‘ fxBr=45 8 16,946 1.483 {eemm=a Fomeme ]
& | 8x8t=60 8 15840 1.223 [eessiniini
fx8t=90 8 lhedd 1,234 [===m- L ]
| -- ' : -+
13.5 15.0 16.5 18.0
8x8t=0 8x8t=15 8x8t=30 8x8t=45 8x8t=60 8x8t=90 Pooled StDev = L.421

Vo statistically signifcant recuction in RIDSS
as a ([unetion o open tne! 55



Assessment of Voiding versus Opeffienke)
Time

" Voiding was checked at various open time intervals: -

‘\
_ B &
Figure 1. T =0 mins, 2 x 2-m @@ﬁ%ug 2. T= 30 mins, 2 x 2-mm Die
FD . @
oS

Figure 3. T =60 muns, 2 x 2-mm Die. Figure 4. T= 90 mins, 2 x 2-mm Die.
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Assessment of Voiding versus Opeffienke)
Time

" Voiding was checked at various open time intervals: -

Figure 7. T =60 mins, 5 % 5-mm Die Figure 8. T =90 mins, 5 x 5-mm Die
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Assessment of Voiding versus Opeffienke)
Time

" Voiding was checked at various open time intervals: -

AASSSNSSSRN A RN NI RSN F T I T 7 &

N7
ol Mmmu\\\\;&ﬁ

N\ ¢ ¢
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"
i
o
2
-
@

Figure 11. T = 0 rnins, 8 % 8-mm Die

o
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Fillet Coverage versus Open Time

" Fillet coverage was compared at the various different open time
intervals, 2 x 2-mm die size: -

e' - -v‘:e‘
@ o e B

Figure 15. T=0 muns, 2 é ure 16.T =30 mins, 2 x 2-mm Die.
6@5@

Figure 17. T=60 mins, 2 x 2-mm Die. Figure 18. T = 50 mins, 2 x 2-mm Die. 59



Fillet Coverage versus Open Time

" Fillet coverage was compared at the various different open time
intervals, 5 x 5-mm die size: -

LIRS

Figure 19. T=10 mins, 5;{@“@3 ®@ﬁ\\]§sgurelﬂ T=30mins, 5 x 5-mm Die.

RSy
@X 0 “]@@@
a

Figure 21. T=460 mins, 5 = 5-mm Die. Figure 22. T =50 muns, 5 = 5-mm Die. 60



Fillet Coverage versus Open Time

" Fillet coverage was compared at the various different open time
intervals, 8 x 8-mm die size: -

X
ALE
vy e
: @ & , .
Figure 23. T =0 mins, [1ie. @@ﬁhgﬂre 24. T = 30 mins, B x 8-mm Die.
& ®©

Figure 25. T =60 mins, 3 2 8-mm Die.  Figure 26, T= 90 mins, 8 = 3-mm Die. 61



Conclusions

" HDSS

" Is largely independent of open time. The 5 x 5-mm die shear condition did
show a reduction in adhesion after 45 minute test interval however this
trend was not observed with either 2 x 2-mm or 8 x 8-mm die sizes and
should be treated with caution.

" HDSS failure mode for all test parts at all die sizes was predominantly

cohesive.

" Voiding
" No voids were detected as a function of adhesive open time at any of the
test intervals for any die size.

62



Conclusions

" Fillet formation

" Fillet formation appears to be marginally less at 90 minute open time
interval, however differences are subtle rather then dramatic.

®" Further Observations

" QMI529HT-LV did display resin bleed out on the Henkel in-house leadframe
used in this test (Resin bleed is surface dependant). Bleed was not a
function of open time.

" Comments

" QMI529HT-LV is arobust product in terms of adhesive open time, up to a
period of 90 minutes.
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QMI529HT-LV Stage Time
Evaluation.

Paul Gleeson/ Jose Venegas
Die Attach Paste TSE

18 March 2010
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Background

= Stage time is the time that a die attach adhesive joint is left
before entering the curing oven after the attach process.

" Some adhesives lose low molecular weight components from
the bulk when exposed to the atmosphere at ambient
conditions. This loss of low molecular weight material can
Impact final BLT and cause die attach voiding. Therefore stage
time is a critical die attach adhesive property.

" The following adhesive needs to be evaluated for adhesive
stage time: -

" QMIS29HT-LV
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Experimental Test Flow

Material :
QMI529HT-LV

Die Attach (ESEC2008)
With different BLT (dry)
Thin and thick BL
(by Z-height measurement)

Varied of RT Staging Time

Void Check (*)

Fail

Measurement Criteria :
X-Ray (Voiding)

HDSS

Fillet Inspection (Bleed)
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Experimental Set Up

" The following set up and equipment was used for the test build and subsequent

analysis.

" Die size:

" DA Machine :

= Dispense method :

" Die Attach Force:

" Die Attach Bond Time:
" Fillet height :

" Leadframe :

" Void X-Ray :

= Mat'l:

" Opentime:

2X2,5x5&8x8-mm

ESEC 2008xP.

Writing with Pneumatic pump.

Varied per die size - 50g, 200g & 250g.
Varied per die size - 200, 500, & 1500 ms.
75%

In-house AgCu

Phoenix (parameters : 140 kV & 30uA)
QMI529HT-LV

0, 2,4, 6, 8 Hours.
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Hot Die Shear Strength (270°C)
Comparison versus Stage Time

" The following basic statistics were obtained for HDSS (270°C): -

Variable Mean StDev  Variance Minimum Median Maximum
X 2 1.477 0.310 0.096 0.985 1.584 1.841
1.808 0.284 0.081 1.465 1.811 2.316
1.631 0.288 0.083 1.111 1.652 1.996
2.184 0.567 0.321 1.595 1.947 2.966
1.983 0.827 0.684 1.070 1.821 3.662
9.106 0.920 0.846 7.236 9.405 10.098
8.277 0.978 0.956 6.870 8.271 9.445
7.960 1.991 3.966 3.188 8.573 9.498
7.374 2.281 5.204 2.004 7.960 9.134
7.894 0.458 0.210 7.239 7.993 8.399
13.185 1.391 1.935 11.419 12.967 15.071
15.75 3.03 9.19 12.77 14.89 20.28
18.10 2.88 8.29 12.97 19.66 20.31
15.84 3.23 10.42 12.00 14.34 20.30
14.510 2.715 7.370 12.042 13.743 19.756

o

-
T
T
T
T
T
T
T
T
T
T
T
T
T
T
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2
2 X
2 X
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8 X
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2
2
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S
S
S
5
8
8
8
8
8
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Hot Die Shear Strength (270°C)
Comparison versus Stage Time

" The below boxplot and ANOVA further display results for HDSS at the 2 x 2-mm

die size (270°C): -

HDSS/ Kg

4.0+

3.5

3.0

2.5

2.0+

1.5+

1.0+

QMI529HT-LV Stage Time - 2 x 2-mm Die Size, AgCu LDF

Source DF
Factor 4 2,497 (.624 2.47 0.063
Freor 35 0.8%6 0,253
Total 39 11,353

B

Jif

5=0.5030  R-3g = 1.9%%

F

P

R-Syladi) = 13.08%

Individual 95% CIz For Mean Based on

Pooled 3tDev

CeiTe0E 8 L A8
dedT=2H 8 1.6081 0.2843 [-=------ L J— |
JvidT=4H 8 1.6308 0.2882 [--m-mm-- [ |
JvdT=6H § 21836 0.5667 [--m----- [T |
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Hot Die Shear Strength (270°C)
Comparison versus Stage Time

" The below boxplot and ANOVA further display results for HDSS at the 5 x 5-

mm die size (270°C): -

HDSS/ Kg

QMI529HT-LV Stage Time - 5 x 5-mm Die Size, AgCu LDF

<
V' |
-

\

- QD_

2+ xR

5x5T=0Hr 5x5T=2Hr 5x5T=4Hr 5x5T=6Hr 5x5T=8Hr

Source IF

ki

Factor 4 13,05
Frror 35 78.28
Total 39 9.3

i=1.49) B-dg =

Lewel

ixaT=
ixaT=
ixaT=
ixaT=
3x5T=

0 He
2H
4 Hr
6 Hr
& Hr

[ R = R = = N ==

ik

F

3

e 146 0,236

.14

14295 R-Syladi) = 4.49%

Hean
9,106
8.2m
7,960
1.1
7,894

Pooled StDev = 1,495

0,320
0,978
1,991
2,281
0,458

Individual 95% CIg For Mean Based on

Pooled StDev
StDew - f----

RIgh cegree of staisiical eguivalence!
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Hot Die Shear Strength (270°C)
Comparison versus Stage Time

" The below boxplot and ANOVA further display results for HDSS at the 8 x 8-mm

die size (270°C): -

HDSS/ Kg
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17 1

16

154

144

134

124

11+

QMI529HT-LV Stage Time - 8 x 8-mm Die Size, AgCu LDF

Level
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gxdT

BxdrT

8x8T=0Hr 8x8T=2Hr 8X8T=4Hr 8X8T=6Hr 8x8T=8Hr
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Factor 4 106,33 26,58
Frror 35 260,48 7.4
Total 39 366.81
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Assessment of Voiding versus Stag@enie)
Time

" Voiding was checked at various stage time intervals using 2 x 2-mm Si
Die: -

Figure 1. Stage Time, T =0 Hrs. Figure 2. Stage Time, T = 2 Hrs. Figure 3. Stage Time, T =4 Hrs.

Figure 4. Stage Time, T =& Hrs. Figure 5. Stage Time, T =8 Hrs.

Ne velcing as a
funciion of stage
tIme ter the
2 3% 2-imm elie slzes
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Assessment of Voiding versus Stag

Time

" Voiding was checked at various stage time intervals using 5 x 5-mm
die: -

r‘l‘""""" e
. #

Figure 7. Stage Time, T = 2 Hr=. Figure 8. Ztage Time, T =4 Hrs.

Ne veleling as a

funeciion off stage
ime tor the

A 5 X S-mm ale size.

Figure 9. Stage Time, T =& Hrs. Figure 10. Stage Time, T =8 Hrs.
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Assessment of Voiding versus Stag

Time

" Voiding was checked at various stage time intervals using 8 x 8-mm

die: -

m\\\iff/m
LI

Figure 11. Stage Time, T =0 Hrs.

ZZTTTTTTTTT LA ANAN

Nz
W77

Figure 14. Stage Time, T =2 Hrs.

222727 T TTINNANAN

N N
B NS
N S
= Zz
2 7

Figure 13. Stage Time, T =4 Hrs

Figure 12. Stage Time, T =2 Hrs.

Ne veleling as &
function of stage
iime for the
X =i elie size:

NN

Figure 15. Stage Time, T =4 Hrs.



Fillet Inspection (Bleed) versus Sta

Time

" Fillets were inspected for increased adhesive flow and resin bleed at
the various different stage time intervals, 2 x 2-mm die size: -

Figure 16. Fillet coverage, T =0 Hys. Figure 17. Fillet Cowerage, T = 2 Hrs. Figure 18. Fillet Cowerage, T = 4 His.

Seme resin bleed can be seen
on ihe suriace of
ihe Aglu leactirames
The bleed is net stage me
clependant, but substrate cepencamntl

Figure 19. Fillet Cowverage, T = 6 Hrs. Figure 20. Fillet Cowerage, T = & Hrs.
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Fillet Inspection (Bleed) versus Stag
Time
" Fillets were inspected for increased adhesive flow and resin bleed at
the various different stage time intervals, 5 x 5-mm die size: -

Figure 21. Fillet coverage, T = 0 Hrs. Figure 22, Fillet Coverage, T = 2 Hrs. Figure 23, Fillet Cowverage, T = 4 Hrs.
The bleed is net stage me

dependant, but substraie cepencant

Figure 24. Fillet coverage, T = 6 Hrs. Figure 25, Fillet Cowverage, T = E Hrs.

ome resin bleed can e seen
omn the suraee off
ihe Aglu leactirames
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Fillet Inspection (Bleed) versus Stag

Time

" Fillets were inspected for increased adhesive flow and resin bleed at
the various different stage time intervals, 8 x 8-mm die size: -

Figure 27. Fillet Coverage, T = 2 His. Figure 28. Fillet Coverage, T = 4 Hrs.

on the suraee of
ihe Aglu leactirames
The bleed is net stage me

Figure 29, Fillet Cowverage, T = 2 Hrs. Figure 30. Fillet Cowverage, T = 4 Hys. 77



Conclusion

" HDSS is not adversely affected as a function of stage time at all die
Size test intervals.

" Voiding beneath the die is not observed as a function of adhesive
stage time. In this trial the QMI529HT-LV showed no tendency to void
beneath the attached die at any of the die size test intervals.

" Resin bleed is observed for QMI529HT-LV when using the Henkel
internal AgCu test leadframe surface. The level of resin bleed does not
relate to stage time test interval.

" Fillet flow versus stage time does not appear to be a issue with this
product.
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QMIS29HT-LV Tailing Evaluation
By Dot Dispense.

Paul Gleeson/ Javier Gutierrez
Die Attach Paste TSE

30 March 2010
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Background

" QMI529HT-LV has been formulated to offer lower viscosity
dispensing and improved electrical and thermal performance
compared with standard QMI529HT.

" QMI529HT and Ablebond 84-1LMISR4 are widely used
conductive die attach adhesives. QMI529HT is a similar
formulation to the QMI529HT-LV, whilst Ablebond 84-1LMISR4
IS considered the industry standard material in terms of needle
dispense performance.

" It is necessary to characterise the dot dispense (tailing
performance) of QMI529HT-LV performance versus the two
control adhesives.
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Experimental

Dot Dispense

" A standard dot dispense trial was performed to try and assess if there is
any deterioration in the product dispense performance.

= After selecting the appropriate shot size the dispense test method is
performed by dispensing adjacent dots in three consecutive rows using
defined dispense conditions, before moving to next set of three dots
using another condition: -

Dispense Needle:

Dispense Pressure:
Dispense Time:

Dispense Height:

Dispense ‘Move Up’ Height:

0.4-mm diameter (EFD Blue 16").
30 psi.

125 m/sec.

0.25-mm.

Varied — 350, 300, 250, 200, 150,
100 & 50 (mil).

" Three test frames were produced per adhesive and dispense defects
counted.

" The final comparative analysis was done using a ‘Two Proportions Test’
of the adhesive in question versus the control.
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Equipment

" Dispenser:
" Substrate:
" Needle Size:
= Air Pressure:

= Cure profile:

" Selected Shot Size:

Camelot - Time /Pressure.

Cu

Blue 22 gauge

20 psi

30 min. ramp to 175°C; Hold for 30 min.
175
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Dispensability — Dot Dispense of 84-LMISk
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Dispensability — Dot Dispense of QMI529
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Results

" The following number of defects were counted for each test adhesive: -

Dot Dispense Results QMISZIHT-LY, QMIS329HT & Ablebond 84-1LMISR4

Product

Number of Tailed Dots

Number of Missed Dots

Total Defects

CRIS2EHT-LY

174

174

CIRAIS2EHT

137

137

54-1LMI5H4

A8

Number of total dot dispensed per test = 504

80

* QMIS529HT typically had fewer ‘defects’ than both QMI529HT-LV and 84-1LMISR4, however

the quantity of adhesive dispensed was typically much lower. Therefore comparison of

QMI529HT-LV versus QMI529HT should not be considered for this study.
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Statistical 2-Proportions Test —
SR4 versus QOMI529HT-LV

" A two proportions test was performed on the two test materials: -

Test and Cl for Two Proportions

sample x N Sanple p
1 174 504 0,345238
2 280 504 0,555556

Difference = p (11 - p (&)
Esztimate for difference: -0.210317
a95% CI for difference: [-0.270355, -0.150277)

Test for difference = 0 (w3 not = 0): £ = -6.37 P-Value = 0.000

Fisher's exact test: P-Value = 0.000

O8It e statdstieally belfiar (aling peniomitanes by cot cispense
testinaRhanplehentisdzi ISR
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Conclusions

" QMI529HT-LV out performed Ablebond 84-1LMISR4 in terms of tailing
performance by dot dispense in this trial.

= Subtle differences in the volume of adhesive dispensed may have
skewed the result in favour of QMI529HT-LV however the adhesive can
be considered to dispense well and shows little tendency to tail under
‘normal’ dispense conditions.
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QMI529HT-LV Bleed Study on
AgCu Leadframe.

Paul Gleeson/ Jose Venegas
Die Attach Paste TSE

30 March 2010
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Background

" The product QMI529HT-LV is an improved version of QMI529HT
and has been developed to give improved: -

" Dispense Performance.
®" Electrical Performance.

" Thermal Performance.

" The bleed of QMI529HT-LV needs to be characterised and

compared against other Henkel adhesives on AgCu target
leadframe surface.

The other test adhesives for comparison are: -
" 84-1LMISRA4.

= QMI529HT.
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Experimental

" Resin Bleed:

" The thawed adhesive was dot dispensed onto the test
leadframes surface(s), Cu, AgCu, NiPdAu.

" The diameter of the dots was measured. Subsequently the
adhesive dot size, including any bleed, was re-measured
after defined time intervals at ambient conditions (T =0, 2,

4 hrs and post cure).

" The adhesive dots were cured using the recommended cure
profile and the adhesive dot size re-measured.

" The mean % average bleed was calculated and the batches
compared.
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Results

" The following resin bleed basic statistics data was obtained for
QMI529HT-LV and the comparative control adhesives: -

Total
Yariable Count Mean 5tDev Variance Minimum Maximum
QMISZ9HT Eleed % T = 2 Hrs ] 1.551 1.3%96 1.950 0.1a0 4,390
QMISZ29HT Eleed % T = 4 Hrs o 15. 568 a9, 45 39, 36 4, 28 27.979
QMISZ9HT EBEleed = T = PC ] 22.28 11.95 142, 82 5.77 35.71
QMISZ9HT-LV EBleed % T= £ Hr=s g8 29.01l2 1l.3E6 1.758 2. 0z20 40,940
QMISZ29HT-LV Eleed % T= 4 Hrs & 36,59 3.19 10,185 31.87 42,95
QMISZ9HT-LV Eleed % T= PC g S8.130 Z.341 L.482 25.010 41,650
g4-1LMI5SE4 Eleed % T= £ Hrsz g 11.442 1.31% 1.729 a. 540 13.210

4 Hrs 8 19.23% 1.877 d.524 16,920 ZZ.140
= PC 22,814 1.a871 2.792 19,950 24,600

Ij o
84-1LMI5SE4 Bleed %
84-1LMI5SE4 Bleed 3

Bouh contrel marerials exnivit less blece thamn QNMIS29RT=LY
om {{he Agou [LDF used

T
T
T

o0

=+
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Results

" The results obtained at the T= 2 Hrs ambient temperature can also be viewed

graphically using the below box plot: -

Bleed/ %

Resin Bleed Out for Test Adhesives after 2 Hours Ambient Temperature
35

25

20

15+

) —

T T T
QMI529HT Bleed % T =2 Hr QMI529HT-LV Bleed% T =2 Hr 84-1LMISR4 Bleed % T =2 Hr
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Results

" The results obtained at the T= 4 Hrs ambient temperature can also be viewed

graphically using the below box plot: -

Resin Bleed Out for Test Adhesives after 4 Hours Ambient Temperature
»®
40 -
30
S
3
8 20-
o
10
O_ T T T
QMI529HT Bleed % T =4 Hr QMI529HT-LV Bleed% T =4 Hr 84-1LMISR4 Bleed % T =4 Hr
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Results

" The results obtained at the T= post cure can also be viewed graphically using the

below box plot: -

Bleed/ %

Resin Bleed Out for Test Adhesives after Box Oven Cure

45

40

35 -

30

25

20

15

10

o

=

T T T
QMI529HT Bleed % T =PC QMI529HT-LV Bleed % T =PC 84-1LMISR4 Bleed % T =PC
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Results

" The below pictures show the typical resin bleed observed for
QMIS529HT: -

= QMIS29HiT
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Results

" The below pictures show the typical resin bleed observed for QMI529HT-

QST

S |
, Sl St
e Rl oy Ah FSEAG .
i o .
P
»
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Results

" The below pictures show the typical resin bleed observed for Ablebond
84-1LMISR4: -
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Conclusions

" QMI529HT-LV has statistically higher resin bleed out on the internal AgCu
leadframe used in this trial.

" Ablebond 84-1LMISR4 and QMI529HT have statistically equivalent bleed
performance on internal AgCu leadframe.

" Resin bleed is as much a function of test surface as it is the tendency of the
product. Products will display different RBO behaviour depending on the
following factors:-

" Surface energy of the substrate.
® Roughness of substrate.

® Cleanliness of substrate.

" Resin bleed should also be checked using the target substrate to fully
guantify the expected performance of any given substrate for any given
product. 99
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Electrical and Thermal Conductivity
Test Results for QMI529HT-LV
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Electrical Testing

" Volume Resistivity

Aerial View
Praobes —
A
L A N
lass slide
Side View AdhesiT film
| d
Resistance measured through the Adhesive
VR/Q.mm Average
QMI529HT-LV 0.000163
0.000067 0.000298 0.000139
SR4 0.000067
0.000055 0.000081 0.000065
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Electrical Testing
" Bond Joint Resistance (BJR)

Resistance measured
through the package

Solid Cu die
+— plated in Ag

Die Attach Adhesive

Voltmeter (V) - e
Ag plated
Leadframe
Probes
Resistance = V/I

BJR/Q Average
QMIS29HT-LV 0.00083 0.00084 0.00084 0.00084 0.00084 0.00084 0.00084
SR4 0.00081 0.00082 0.00081 0.00081 0.00079 0.00079 0.00081

102



Thermal Conductivity (Bulk) — Laserenke)
Flash

IR detector

Laser adds known quantity of heat
Diffusivity calculated from heating rate

Sample heat capacity calculated from temperature rise: -

-:- TC = (dlfoSlVlty) X (heat CapaCity) X (denSIty)

Thermal Conductivity/W.mk Average
QMIS29HT-LV 8.960 10.264 9.346 9.028 9.400
Laser pu Ise SR4 1.439 1.607 1.540 1.679 1.566

NB. Bulk Thermal properties do not take into account the key driver to ‘in-
package’ thermal performance e.g. Interfacial Resistance
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Transient Thermal Package Test
Measurement — (Including Interfacial
Effects).

A
Thermal Package 4 Heater
Tl
die i
Die Attach ¢
¢ \ — —
Thermal greasei
Cu heatsink _| |j
-Cold Plate Cold Platej

>

All power applied
goes through column
«Starting point in
equilibrium
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In Package Thermal Resistance
Comparison

| Variability Chart for Resistance

3.0
=
2.5
| e, 1.' =
% 1) S
B1.5-
10— i Bty P
: . Solder
|
0.5 = s
— (nm ]
= - e = =
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B : 3 S =
= T S o
Material
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Electrical and Thermal Performance @enke)
Summary

" QMI529HT-LV has excellent bulk electrical and Thermal properties.

" QMI529HT-LV offers Excellent in-package thermal performance and is
considered to be at the leading edge in thermal performance for
commercially available organic adhesives.
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Freezing Point & Storage Handling
of QMI529HT-LV.
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Outline

" Introduction — how the freezing point Affects FTV
formation.

" Freezing point data of Ablebond QMI529HT-LV and
recommended storage temperature

= Appendix A : Other factors effecting on FTV
" Appendix B : Handling recommendations
" Appendix C : Freezing point curves
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" The FTV potential of an adhesive is significantly affected by its freezing point,

Introduction

storage temperature and shipping temperature. Testing has shown that an
adhesive must be frozen in order for delamination to occur (between the
frozen adhesive and syringe wall) and cause FTVs

" A frozen adhesive is incapable of absorbing stresses resulting from
differential shrinkage/expansion of the adhesive, syringe and piston. As the
syringe temperature is reduced farther below its freezing point, more and more
stress is created to the point where delamination occurs during thaw (thermal
shock) which will ultimately lead to FTVs

" Since the freezing point of each adhesive is unique, specific
storage/handling/shipping recommendations may need to be made for high
freezing point adhesives.

Source: FTV Presentation by Derek Wyatt (Tech Serv Dept-Version 1.5)
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Factors Effecting FTVs

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

A) Adhesive Freezing Point  memp Main objective
B)PlstonEffects .................................. for this study
- Proximity to adhesive
- Design Geometry

C) Syringe Size
D) Handling (Covered later)
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What Is A Freezing Point?

By Definition, the freezing point of a liquid is:

“The temperature at which the liquid and solid phases of a
substance of specified composition are in equilibrium at
atmospheric pressure”.

Since most of Henkel's adhesives are complex mixtures and that it
IS highly unlikely that they would have a true freezing point (by
definition), the freezing point will be considered to be the
temperature at which the adhesive takes on similar characteristics
of a solid and has a tack-free surface.

Source: The American Heritage® Dictionary of the English Language, Fourth Edition
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How Is The Freezing Point Measured?

1.831 + —T

Expansion of the adhesive during heat-up

Peak =-25.974 °C

Area = 0.000 mm x min

2
[=]

1.928 + =

Probe Position {mm) —— ——
=
[is]
IR 4

1.927 +

1.826 | —

Point at which the probe\ |
begins to penetrate the | |

vons | | . ‘adhesive’s surface e
1 .9241?9;1— -5;0 -éo -fa : .

-60 =50 -40 -30 -20 -17.2
Temperature ("C)

Using TMA (fitted with an expansion probe), the probe position is monitored
while increasing the sample temperature. The point at which the probe begins
to penetrate the sample is considered the freezing point of the adhesive.

Note: TMA used instead of DSC due to complexity of an adhesive and its
affects on the measured endotherms.

112



Freezing Point Characterization

12

10 +

oo
1

Frequency
i

-4 -20
Measured FP (°C)

Risk of FTVs

-Different Chemistries
-Different Fillers

Low Risk

High Risk
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Freezing Point By Chemistry

S Preliminary data indicates that each adhesive’s
freezing point is governed by organic resin systems
~10 J used in its formulation
E -20 -
B
= -30 4
o 1}
5
R
o]
=
_SD -
=
]
_?I:I | I I 1 1 I I
Ahletherm CE Epoxy Hybrid MRCE SwyCar
Chemisty Type
Risk of FTVs
Low Risk High Risk

Note: Based on testing:
*Abletherm, MRCE, CE and some epoxy systems pose the highest risk of FTVs
*BMI & Sycar systems pose the lowest risk of FTVs
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Freezing Point Comparison

" The freezing point for QMI529HT-LV was compared versus other standard

conductive die attach adhesives: -

Freezing Point Comparison For QMI529HT-LV versus Selected Leadframe Die Attach Conductive Adhesives
Material Chemistry Type Batch # Run No. Freezing Point (°C) | Mean Freezing Point (°C)
FS849-Tl Hybrid 5227987 1 -71.28 -71.945

2 -72.61
8200TI Hybrid 020906 1 -76.90 -75.30
2 -73.70
8600 Hybrid 5163850 1 -68.40 -70.30
2 -72.20
QMIS29HT-LV BMI 1 -74.02 -74.01
2 -75.73
3 -72.28

= QMI529HT-LV has low risk potential for the formation of FTV in Henkel’s
standard shipping method (dry ice) and storage recommendation (—40°C

freezer).
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Other Factors Effecting on FTV

Source: FTV Presentation by
Derek Wyatt

(Tech Serv Dept-Version 1.5)
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Other Factors Effecting FTV Occurrences

" Freezing point of the adhesive
" Adhesive freezing points range from +5°C to -70°C

Lower freezing point adhesives generally perform worse than higher
freezing point adhesives

Lower storage temperatures will increase the risk of FTVs.

Storage temperature

" Delta between ambient and actual syringe temperature when pulled for thaw

Larger deltas between storage temperature and freezing point of the
adhesive will increase the likelihood of FTVs.

Freezer Variability

" A freezer is just like an oven. Its temperature will vary based on loading and
usage.

® Some freezers have been observed to have a 30°C variation from top to bottom
which would results in sporadic FTV performance.

Piston gap

® A piston gap can work is some cases but its effectiveness will be governed by

Actual storage temperature of the adhesive (not set temperature)
Ambient temperatures (delta T)

Adhesive type

Syringe handling while frozen
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Other Factors Effecting FTV
Occurrences

" Piston design

" Loose fitting pistons (no flanges) can decrease FTV
performance.

= Syringe ID/length

® Longer dimensions will increase stress as differential shrinkage
takes place between the adhesive and syringe

= CTE differences between syringe and piston.

= Shrinkage rate of uncured adhesive
" May differ between chemistries.

" Adhesion of adhesive to syringe wall.
" Adhesive volume relative to syringe length.

" Syringe handling by the customer
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Appendix B
Handling Recommendations

Source: FTV Presentation by Derek Wyatt (Tech Serv Dept-Version 1.5)
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Handling Recommendations

= All frozen shipments are shipped using dry ice

" The dry ice temperature used to ship frozen adhesives is
approximately —80°C.

" Handling of this material requires protective gloves
designed to withstand these extremely cold temperatures

" Protective gloves should be used during the handling of the
syringe box and frozen syringes
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Handling Recommendations

It is not recommended that individual syringes go through
an incoming inspection

The practice of removing the syringes from the syringe box
and handling to visually inspect them has been linked to an
Increase in freeze thaw voiding frequency

If incoming inspection or quantity verification is deemed
necessary, it is recommended that the syringe box be
Immediately placed into a —40°C freezer and allowed to
equilibrate for at least 6 hours.

Inspections can then be done in a manner that keeps the
syringes as close to the recommended storage temperature
(-40°C) as possible

Avoid prolonged handling of the syringes since it will
Increase the risk of FTVs.
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Handling Recommendations

" Open shipping box as close to the storage freezer as
possible. Only open one shipping box at a time and
transfer contents to the storage freezer before moving on to
the next shipping box

" While wearing thermal gloves, transfer the white syringe
boxes a quickly a possible to the storage freezer and allow
the contents to warm to the storage temperature for at least
6 hours

" Temperatures in an unopened syringe box can rise
enough to cause freeze thaw voiding in as little as 5
minutes if left out in ambient temperatures
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Handling Technique

" When ready to use the adhesive, transfer the needed syringes
from the syringe box to a designated thaw area using thermal
gloves. While frozen, only handle the syringe by the flanges
located at the top end of the syringe. This will minimize thermal
shock and reduce the likelihood of FTVs from forming

" Caution, syringes are extremely brittle at temperatures around —
40°C and below. Dropping the syringe could fracture the syringe
wall or syringe tip

" During thaw, the syringes should be stored in the vertical position (if
possible, use a test tube holder). Thaw times vary depending on
syringe size.

® 10 cc syringe thaw time: ~30 minutes
= 30 cc syringe thaw time: ~60 minutes

= Before use, wipe off any residual condensation
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Thaw Time For A 33cm X 33cm Syringe
Box

Temperature (°C)

Average Freezer Temp

\

Thaw Time For A 33cm X 33cm Syringe Box

-20.0

-25.0

-30.0
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-40.0
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-50.0

-55.0
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+ Box Core Temp

= Average Freezer Temp (°C)

C)

124



Thank you

" These application guidelines are intended to provide
the basic understanding for QMI529HT-LV process
window and key material characteristics

" Refer to the technical data sheet (TDS) for specific
product information, which may be available on
www.henkel.com or by contact Technical Service
Department

" Please contact Henkel Technical Service Department
for recommendations concerning a specific
application for recommendation
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