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QMI529HT ki

* QMIS529HT is a highly silver filled conductive adhesive designhed to
provide excellent electrical and thermal conductivity. The material’s
hydrophobic and high temperature stability characteristics produce
void-free bond lines with excellent adhesive strength, enabling
adhesion to a wide variety of metals and ceramic surfaces, including
copper, silver-plated copper and pre-plated leadframes. Henkel’s
patented bismaleimide (BMI) formulation also has particularly robust
adhesion to NiPdAu leadframes.



QMI529HT gl
SRE OMIS29HT FS849.T1 Z2600AT 3491
Filler Type A Ay Al Al Ay
Color Silver Silver ailver ailer ailver
Viscosity at 25C 5 4000 165(0 12 501 5,500 14,000
Tl h.3 43 h.2 b i
Work life at 25C 24 24 24 24 24
Storage life at 40C 1 1 1 1 1
Cure condition A min@ 175C | Snapor Oven | 15 min @170 |15 min @ 20001 15 min @ 175C
Volume resistivity, 0.000048 0.00004 0.00002 0.00005 0.00005
Thermal conductivity / i 0 0
Wt loss on cure 4.2 25 29 41, 21
Tq hy penetration .2 i 205 o4 153
CTE
helow Ty 41 h3 44 Gl i
above Ty 100 156 154 121 179
Modulus @ 25C 7.9 Gpa 3.3 (Gpa 7.0 Gpa 36 [




Oven Cure Study
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®* The adhesion was compared for QMI529HT cured using different box oven

temperatures.

®* Data was obtained at both RT shear interval: -

QMI529HT RTDSS at Different Oven Cure Temperature on AgCu LDF - 150-mil'sq Die

“1 P-value = 0.003
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30 min 150C 30 min 190C

Two-Sample T-Test and CI: 30 min 150C, 30 min 190¢
Tig-zauple T f£or 30 uin 150C vz 30 min 190C

N Mean StDev SE Mean
a0 win 150C 12 29,68 4.43 3
30 win 190C 11 3562 4,14 1.2

Difference = wu (30 min L30C) - mu {30 min 190C)
Estimate for difference: -5.93
85% (I for differemce: (-9.66, -2.21)

T-Test of difference = 0 (va not =): T-Value = -3.32| P-Value = 0,003 DF = 20



QMIS529HT
Snap/ Spot Cure Study

QMI529HT RTDSS at Different Snap/ Spot Cure Temperature on AgCu LDF - 150-mil'sq Die
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One-way ANOVA: 10 Secs at 1,60 Secs at 1, 30 Secs 150C, 10 Secs 190C, ...
Gource DF G5 il F P
Factor 4 1252.42 313,10 62.06 0.000
Ereor 53 267.38 5.04
Total &7 1519.80
5=2.246 [B-3q=082.41% DR-Sqladj) = 61.08%
Level I Mean StDev
10 Seca at 150C 10 10,760 2.152
&0 Secs at L150C 12 21167 Z.504
30 Seca 150C + 30 Secg 1 12 22.050 2,908
10 Seca 190C 12 11.658 1.926
60 Secs at 190C 12 17.767 1.448
Individual 95% CIs For Mean Bazed on
Pooled StDew
Level  mmmeees et T L i +--
10 3ecs at 150C fessiiae]
10 Secs 190 ol
- e e fom o +--
12.0 18.0 20,0 24,0

Snap cure statistically

Pooled &thev = 2,248

higher adhesion

than Spot curel



Open Time Study for QMI529HT.



Background P

® 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.

* QMI529HT is a volume product used in packages requiring excellent
electrical and thermal performance. It is necessary to quantify the
performance of this product in respect of open time.



Experimental Design

Die size 5x5 mm
LF : AgCu

Die attach Setup using
ESEC2008xP Die bonder

Open time DOE
0, 15, 30, 45 and 60 Mins
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Measurement Criteria
(Ys) :-

Voiding (X-Ray)
Adhesion strength

Die attach

Verify fillet coverage
(Visual inspection)

v

P

DA Cure
Oven (air)

X-Ray
(Voiding-uncured)

!

Verify
fillet coverage

v

Cross Section
(BLT)

v

Hot Die shear test
@220'C

‘

X-Ray
(Voiding-cured)




Experimental

Broes

* 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 :

Open time :

2X2,5Xx5 &8 x8-mm

ESEC 2008xP.

Writing with Pneumatic pump.

Varied (509, 200g & 2509)

Varied 200, 500, & 1500 mS.

75%

In-house AgCu

Phoenix (parameters : 140 kV & 30uA)
QMI529HT

0, 15, 30, 45, and 60 mins.



Results. 5

X-ray Inspection - 2 x 2-mm Die Size gy Bred L

®* The bond lines were inspected using x-ray: -




Results. o
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X-ray Inspection — 5 x 5-mm Die Size A=
®* The bond lines were inspected using x-ray: -
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Results.
X-ray Inspection — 8 x 8-mm Die Size _yp B 112

The bond lines were inspected using x-ray: -
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Results.

e d

Fillet Inspection — 2 X 2-mm Die Size. -+z=

Reduced filleting!




Results.
Fillet Inspection — 5 x 5-mm Die Size.

\\\ 11/ 777 ]

=23) MinS

NN /777

-
oy
o
=
-
”~
”

Z

7
/)
r




Results. @enied

Fillet Inspection — 8 x 8-mm Die Size. -z
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Adhesion Data

®* The HDSS (270°C) was recorded on AgCu LDF for each die size. The data
can be viewed in statistical and graphical format.

° Basic Statistics

Yariahle

OMIN TIME 2x2
15MIN TIME =2xZ2
J0OMIN TIME 2x2
45MTIN TIME =2x=2
E0MIN TIME 2x2
SQDMIN TIME =2x=2

OMIN TIME 5X5
15MIN TIME 5X5
SOMIN TIME 5X5
ASMIN TIME 5X5
GOMIN TIMESXS
SOMIN TIME 5X5

OMIN TIME & X S

15MIN TIME 5 X
JO0MIN TIME & X
45MIN TIME 5 X
GOMIN TIME &X5
SOMIN TIME 5 X

o o

]

Total
Count

00 00 Q0 20 00 G o0 00 Q) 20 00 00

00 o) 0 20 20 20

Mean
l.3926
l.7956

1.764
l.7656
1.7540

1.5833

4,075
4,252
4,360
S.410

5.
ks

=29,
Z5.

27

=7.710
el

65
49

g9
14
]
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21589
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. 417
2327
1735
=239

BT
. 115
. 143
. 9585
S3.05
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S.10
S B
3.83
. 054
3.56
. 517

Yariance
o.0479
O0.0265

o.174
0.0542
0.0301

0. o020

0. 451
o b
1.3z0
d. 942

=i
oL

26 .
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4. 215
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=9
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0. 667

- A
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Minimum Maximum
l1.12380
l1.5750

l.239
l.4980
l1.5550

l.395

Z.815
Z.539
J.212
Z.T5a

2.
i

z21.
AR

23
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23

a8
oz
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05
26

a7

28.106

1.3
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a0.
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Adhesion Data
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The below graphs and ANOVA comparison details the adhesion strength at the

different time intervals for the 2 x 2-mm die size: -

Open Time HDSS (270C) Data for QMI529HT on AgCu LDF - 2 x 2-mm Die Size
2.61

241

2.21

2.0 |

1.8+

1.6 T T

HDSS (270C)/ Kg

1.4+

One-way ANOYA: OMIN TIME 2X, 15MIN TIME 2, 30MIN TIME 2, 45MIN TIME 2, ..

Source DF 55 k] F P
Factor 5 L1.0462 10,2092 2,97 0,022
Frror 42 2.9550 0,0704

Total 47 4.00L1

3= 0,265 B-iy= 26,13 R-Sgfady) = I7.35%

Individual 95% CIs For Mean Based on
Fooled 5tDev

Level N Mean Sthey - | | |
OMINTIE 232 & 1.3926 0,289 [---—---- Fomemee |

LENIN TINE 2X2 & 1795 0,1827 [t (RSt |

JOMIN TINE 2X2 & L1.7640 10,4171 [------- e |

4NN TINE 2X2 & L7656 0,2327 [gasaa. Fooee- |

GONIN TINE 2¥2 & L.7540 0,1735 [------ oo |

SOMIN TINE 2¥2 & 1.8329 0,2992 [==mmmn Famomeen |

Pooled 5tDev = (2652

No statistically negative efrect of
|

adhes

on strength v open time
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Adhesion Data g il T

The below graphs and ANOVA comparison details the adhesion strength at the

different time intervals for the 5 x 5-mm die size: -

One-way ANOVA: OMIN TIME 5X, 15MIN TIME 5, S0MIN TIME 5, 45MIN TIME 5, ...
Open Time HDSS (270C) Data for QMI529HT on AgCu LDF -5 x 5-mm Die Size
Soutce DF 35 M3 F P
10+ Factor 5 20.19 4.04 0.88 0.502
Error 42 192,42 4,58
9- Total 47 212.61
%
81 9=2.140 R-3q=9.50% R-3qlad]) = 0.00%
o0 71 *
; 6- Individual 95% Iz For Mean Based on
2 Pooled 3thev
== % Level N Mean 3tDey --------- S e oo i pali el +
& , - OMIN TIME 5%5 8 4.078 0.671 (------------ R ]
1SHIN TINE 5%5 & 4.282 L7IB  {------------ L ]
« O MMIN TINE 555 & 4960 1149 (---------m- B )
a2 | ‘ 45MIN TINE 555 & 5.410 1,985 [=mmmmmmmmes L |
* GOMIN TINESYS & 5.653 3.048 [-mmmmmmmee B )
5] SOMIN TINE 55 & 5.492 3.088 [-mmmmmmemme Pommooeeeee j
' ' ' ' ' — | e oo +
$° 1.6 4.8 6.0 1.2
o™
Pooled 3tDey =

yegative efect of
adhesion strength v open time




Adhesion Data

The below graphs and ANOVA comparison details the adhesion strength at the

:
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different time intervals for the 5 x 5-mm die size: -

HDSS/ Kg

Open Time HDSS (270C) Data for QMI529HT on AgCu LDF -8 x 8-mm Die Size

36

34 1

32

30

28+

26

24+

g Wy%i&

<

One-way ANOVA: OMIN TIME 8 , 15MIN TIME 8, 30MIN TIME &, 45MIN TIME 8, ...

source DF 35 NS F P

Factor 5 1108 22,2 L.96 O0.10%
Error 42 475.8 1l.3
Total 47 586.7
9= 3,360 B-3g = 10,89  R-Sgiad)) = 8.24%
Individual 95% CIs For Mean Based on
Fooled StDev
Level N Hean 3tDev - } -———t-- } -+
MMINTIME &6 % & & 29.886 5.100 [====mmmn- Fommmmmas |
LIMINTIME 6 X 8 & 25,140 3.124 [-==------ Fommmmeme 1
JOMINTIME & X & & 27.550 3.828 [maniae e |
JEMIN TIME 8 X 8 & 27.710 2.054 e L |
GOMIN TINE 88 & 27,388 3.559 [mmmmmmm—- Fomomemae ]
AMINTINE & X 8 & 29,281 0.817 [mmm=m=—- Fommemmeae |
f } f =F
25,0 27.5 30,0 et

Pooled StDew = 3,366

No statistically negative eftect of
adhesion strength v open time



Conclusions gt T

No increase in bond line voiding as a function of adhesive open time.

When the open time exceeds one hour it does appear that there can be some

difference in the filleting behaviour of the product.

The adhesion of QMI529HT remains unaffected after extended open times.

Recommendation

* QMI529HT is not sensitive in respect of open time periods up to 1
hour. Beyond 1 hour it may be possible to observe differences in
die filleting, although adhesion remains unaffected. QMI529HT
can therefore be considered robust in respect of open time.



Stage Time Evaluation for QMI5S29HT



Background gt T

® Stage time is the time that an assembled die attach joint is left at ambient
temperature prior to the cure.

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
stage time is a critical die attach adhesive property.

QMI529HT is a volume product used in packages requiring excellent
electrical and thermal performance. It is necessary to quantify the
performance of this product in respect of stage time.



Experimental Design

Material :-
QMI529HT

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

Varied of RT Staging Time

:

[ Lot &P

Measurement Criteria (Ys) :-
X-Ray (Voiding)

HDSS

Fillet Inspection (Bleed).

Void Check(*)

Good unit

Fail > Stop



Experimental

Broes

* 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:

®* Stage Time :

2X2,5Xx5 &8 x8-mm

ESEC 2008xP.

Writing with Pneumatic pump.

Varied (509, 200g & 2509)

Varied 200, 500, & 1500 mS.

75%

In-house AgCu

Phoenix (parameters : 140 kV & 30uA)
QMI529HT

0, 2, 4, 6, and 8 Hours.
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X-ray Inspection — 2 x 2-mm Die Size A=

®* The bond lines were inspected using x-ray: -




Results. o
X-ray Inspection — 5 x 5-mm Die Size A Bt
®* The bond lines were inspected using x-ray: -




Results.
X-ray Inspection — 8 x 8-mm Die Size

®* The bond lines were inspected using x-ray: -
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Results. ST -
Fillet Inspection — 2 x 2-mm Die Size. -~z




Results. )
Fillet Inspection — 5 x 5-mm Die Size _ /ngﬁ.{u-.im?, ﬁ:_l-;a--mf




Results. G -
Fillet Inspection — 8 x 8-mm Die Size -z~




Adhesion Data
®* The HDSS (270°C) was recorded on AgCu LDF for each die size. The data

can be viewed in statistical and graphical format.

° Basic Statistics

Yariable

[ I A o T 0O DO

(R U S N R

ax
R
A
2N E
X

S5
X5
S5
Sxh
Sx5

o G
EptE
g g
oG
o G

Total
Count

o C0 G0 00 20 o CO Q0 20 OO

(R e R

Mean

1.39=26

zZ.09259
1.987

1.74356

1.255

4,073
dJ. 776
3.990
4,395
6. 00

29.8589
L3R E RE
Z3.4%
25. 51
ZG. 67

5tDhewr

0.21589

O.365
O.308

0.2734

O.375

LBT1
. 9894
. 830

e ¥
S .40

R OoOoO

S.10
.85
S3.83
4. 04
25 e bt

YVariance

o.0473
0.133
o.025

a.0%74s

O.141

451
. 29335
. B33

267
1.57

= wooo

Z6.01
a4, 20
14.65
1a.335
9.70

Minimum
l. 1280

l1.653
l.622

1.41350

1.135

2 .815
Z.5920
J.124
d.zzd

3. 66

21.27
15.a60
17.73
2a0.14
22.94

—r
£

oA

Maxd muom
1.7470

2. Bz
2. 561

Z.2330

2. 454

S. 224
S5.958
5. 0235
o Ll g 1
14.15

3d.94
ad. 16
a0.41
31.03
oG b

T

o



Adhesion Data

Bt

The below graphs and ANOVA comparison details the adhesion strength at the

different time intervals for the 2 x 2-mm die size: -

Stage Time HDSS (270C) Data for QMI529HT on AgCu LDF - 2 x 2-mm Die Size
2.8

2.6

2.4+ *
2.2

2.0+ IIIIII
1.8 1

HDSS/ Kg

1.6 1

1.4+

1.2
S

1.0 1

0 HR 2X2 2HR 2X2 4 HR 2X2 6 HR 2X2 8 HR 2X2

One-way ANOVA: 0 HR 2X2, 2 HR 2X2, 4 HR 2X2, 6 HR 2X2, B HR 2)2

Source DF 33 ik F P
Factor 4 2.4003 0.6226 .34 0.001
Error 35 3.4383 0.0982

Total 39 5,9287

8= 03134 R-Sg= 42.01%  R-3yladi) = 35.36%

Individual 95% CIz For Mean Based on
Pooled Sthev

Level N Mean ithev }

OHR 22 8 1.3926 0.2189  [------ L j

JHR 22 8 2.0993 0.3A49 [ P ATT, ]
4R 22 8 1.9866 0.3073 fronbiess ;A |
fFHR2M2 8 1,743 0.2734 [-=---- { (P |

PR 22 8

1.8351 0,370 [=mmmmm S |

Pooled StDev = 0,3134

No effect on adhesion strength as
a function of staging timel



Adhesion Data GonicaD

AT
* The below graphs and ANOVA comparison details the adhesion strength at the

different time intervals for the 5 x 5-mm die size: -

One-way ANOVA: 0 HR 5X5, 2 HR 5X5, 4 HR 5X5, 6 HR 5X5, 8 HR 5X%5
Stage Time HDSS (270C) Data for QMI529HT on AgCu LDF - 5 x 5-mm Die Size
dource DF a0 M3 F P
681 Factor 4 25.60 6.40 1.8l 0.149
Error 35 123.67 3.53
i < Total 39 149,27
5= 1,880 R-Sg = 17.15% B-Sgladi) = 7.68%
5.2 *®
o
B 44l Individual 35% CIz For Mean Based on
é ' - Pooled StDev
Level N leans SEDEV socokessssoons At frrntsraan tronmes
361 OHR SX5 8 4078 0.671  (-------- Fommmmee- j
2HREXS 8 3776 0,994 [-----mm- sl ]
4HREXS 8 3090 0,830 (------m- L j
247 * 6HR 5X5 8 4.395 1.992 [~mmmmmmm L ]
8HR 5X5 8 5.997 3.402 O L ]
ik e e e Fommm
0 HR 5X5 2 HR 5X5 4 HR 5X5 6 HR 5X5 8 HR 5X5 30 a9 b T

Pooled StDev = 1,880

No effect on adhesion strength as
a function of staging timel



Adhesion Data
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The below graphs and ANOVA comparison details the adhesion strength at the

different time intervals for the 8 x 8-mm die size: -

Stage Time HDSS (270C) Data for QMI529HT on AgCu LDF - 8 x 8-mm Die Size

361
|
‘ %
321
= 28 ‘
%
w
a
jax|
24- ‘
20- ‘ ‘ ‘
0 HR 8X8 2 HR 8X8 4HR 8X8 6 HR 8X8 8 HR 8X8

One-way ANOVA: 0 HR 8X8, 2 HR 8X8, 4 HR 8X8, 6 HR 8X8, 8 HR 8X8
Source DF I T P

Factor 4 156,89 39,2 L1.94 0,125

Frror 35 706.4 20.2

Total 35 663.3

$= 4,483 BSye 1807 Begladi) = 8.53%

Individual 95% CIs For Mean Based on Pooled StDev

Level N HMean Stlevy  —4--------- SR CELEEE fmmmmmmee LSRN
0 HR BX8 & 29.886 5.100 [ AR ]
IR BXE & 25,830 5.848 [RECEEEEE Fomemeee |
4R BXE & 23.894 .83l [-------- L |
6 HF BXE & 25,510 4.041 [-=mmmmmm fobioana |
§HR BXE & 26.667 3.114 [~=mmmm- S |

R Sy s pe formeraas

1.0 4.5 28.0 1

Pooled Sthev = 4,493

No effect on adhesion strength as
a function of staging timel



Conclusions P

No increase in bond line voiding as a function of adhesive stage time.

There is an observed increase in bleed with increased stage time albeit that
the observed increase is relatively minor.

The adhesion of QMI529HT remains unaffected after extended stage times.

Recommendation

* QMI529HT is not sensitive in respect of stage time periods up to 8
hours.
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Adhesion Study For QMI529HT on
Different Leadframes Surface and At
Different Test Intervals.



Background kit 7

* Adhesion needs to verified for QMI529HTon all 3 standard substrate surfaces at various

different conditioning steps and at three different die sizes.

Leadframes: Cu, AgCu, PPF.

Die Attach

¥
DA Cure
RTDSS after DA T
PC | (ovenssnap ure

-

wire Bond Simulation
1 RAINE 240 C

Die Sizes: 2x2,5x5, 8 x 8 (mm)

¥
Fost Mold Bake

F=l 0 r: simulation HDSS@m2T0'C
“1 Hrs at 175'C)

H Heat Expasure M oisture Exposure §
E 3 hins @t 270 16Hrs FParr baomb :
= HD 5SS @2T0°C HDSS@2 70°C §
= Thermal Moisture §
: Stability Stability :
M5 i

Tremememeees F=iy ad.fd" o B - h-marking Fb‘éffﬁﬁ"""-"

e a1z




Adhesion on Cu

i
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2 x 2-mm Die Size _p Bt

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

with the test matrix: -

2 x 2-mm Adhesion on Cu LDF - Different Test Intervals.

a- Adh. fo LDF!

;
) AhOLR  AhOLOF pdh 1o LOR
N s N AN\= N N\%I 0?99
" e po° o #2© E o 2 © E o +2©
Y ‘\:@6 Y\Q‘”v




Adhesion on Cu 5

g L .

2 X 2-mm Die Size g e

®* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu
leadframe at the PMB, PM5 & PPB test intervals: -

One-way ANOVA: HDSSEET0 252 Cu PIMB, HDSS@ET) 202 Cu PME, HDSSAEZT0 2X2 Cu PRE

2 x 2-mm HDSS (270C) on Cu LDF - Different Test Intervals. S DE % B 7P
Factar 2 031685 015823 7775 0,000
0.7 Brnor 17 0.03483 0.00205

Total 13 0.35333

3= L04EE Pfgs G014 B-Spiedi) = 80,00
0.61

0.51 Lewvel E Jear  EtDey
HISSHET0 23 Cu MG € 0.DB3T 0,033

HOESIRT0 262 Co FES £ 0.5%IE 0.035E3
HOESIRT0 22 Co FF3 € 0LZAMOC 003338
0.4
Individual 253 Cla ]‘:ur]:[ean Eazed o

Tooled 3ilen

0.31 Lewel ; :
' HIESIRT0 22 o HE [, B
HIS3AT0 202 Cu HES j--%--- i

HES0T0 B2 Cu IR (-t

HDSS/ Kg

0.2 ‘ ;
U U U 0.3 .41 L.50 0.50
HDSS@2702X2 CuPMB ~ HDSS@2702X2CuPM5  HDSS@270 2X2 Cu PPB

Poolzd StDer = 0,045

Adhesion to the Cu LDF used In this test
was poor!




Adhesion on Cu
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5 x 5-mm Die Size _p Bt

®* The adhesion was measured for 5 x 5-mm die size on Cu LDF in accordance
with the test matrix: -

5 x 5-mmm Adhesion on Cu LDF - Different Test Intervals.

18
16 »®

47 Adh. to LDF!

12+

10

DSS/ Kg

Adh. to LDF! Adh. to LDF!




Adhesion on Cu
5 x 5-mm Die Size
The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu

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

HDSS/ Kg

2.251

2.00 1

1.75 1

1.50 -

1.25 1

1.00 -

0.75 1

0.50 1

5 x 5-mm HDSS (270C) on Cu LDF - Different Test Intervals.

HDSS@270 5X5 Cu PMB HDSS@270 5X5 Cu PM5 HDSS@270 5X5 Cu PPB

Adhesion to the Cu LDF used In this test

was poor!

One-yray ANCYE HDSSEETO 55 Cu PRI, HOSSE2TO 5X5 Cu FM5, HDSSRIT0 535 Cu PPE

dnuzee 07 k]
Factgr 1 43026
Errar 21 0.63%%
Total 27 49362

L] ¥ 1
4,113 7130 0,000
0.0302

§= 00797 B-Sp= 8006 B-Sqiadii = 850

lemel

i I
HISSR2T0 545 O 7E3
FI55E270 555 O 276

lemel

HI5SR270 555 Cu B4R
i T
i e A

¥ Hean SDer
i Loeeds 0.2113
i 09065 00820
i 06784 0,197

Indiridual 933 (I3 Fu}: Hean Baged an

Jooled 37er

ferenesg
fortee

0.7 L.03

Tooled dtler = 0,177
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Adhesion on Cu
8 x 8-mm Die Size

=
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The adhesion was measured for 8 x 8-mm die size on Cu LDF in accordance with the test

matrix: -
8 x 8-mm Adhesion on Cu LDF - Different Test Intervals.
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Adhesion on Cu
8 x 8-mm Die Size

®* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu leadframe at

the PMB, PM5 & PPB test intervals: -

8 x 8-mm HDSS (270C) on Cu LDF - Different Test Intervals.

= -

HDSS@270 8X8 Cu PMB HDSS@270 8X8 Cu PM5 HDSS@270 8X8 Cu PPB

:

[ Lot &P

—

One-way ANOVS: HD3SE2T0 EX3 Cu PIB, HDSS@2T0 08 Cu PAS, HOSS@ETO0 &8 Cu PPE
Swree JF B0 XS f ?

Factor 2 30,35 10.62 1431 .00

oo 1 MR L3

Total 20 653

Sa LT BSps 60005 ReSyizidn = .90

I‘:Ij‘.'iidunl &85 [Tz For New: Based cx

Pooled Sedse
Lizwel N e Stler : i
A0 545 0w KE 8 530 1308 R
TR0 AR Cu BZE 7 LRl DD [eeemeeteenns]
TEMD G QO BEE 7 DB D08 feeeemeetenanns

iRt ki 4 5i

Frcled Sthey = L3

Adhesion to the Cu LDF used In this test

was poor!



Basic Statistics on Cu LDF g b

® The following Basics Statistics were obtained for QMI529HT on Cu LDF: -

2 X 2-mm i
Variahle Count Mean 5tDev Variance Minimum Maximm
(FOOM TEMP 2X2 Cu FPost Cu g ] 0.793 0.637 4. 530 6.630|
HD&E5[EZ270 2X2 Cu PMEB B 0.e033 0.0633 d.0040 0.5390 a. 7350
HDE33E270 2¥2 Cu PM5 g8 0.3%941 0.0362 0.0013 0.3430 0. 4440
HDE3H270 2¥2 Cu PPE & 0.z2900 0.0335 0.0011 0.z2440 0.3300
5 X 5-mm
[ROOM TEMFP 5¥5 Cu Post Cu 7 .23 3.30 10,86 .59 16.06 |
HDE3H270 5X5 Cu PME g l.cede 0.2113 0.0447 1.3330 2.04580
HD&ES[E270 5X5 Cu PM5 8 0.90e5 0.0821 a.00e7 0.8310 1.0Z00
HDE3H270 5X5 Cu PPE 8 0.6734 0.1973 0.0391 0.3300 0.2090
8 X 8-mm
|RDDH TEMP 8x& Cu Post Cu ] 44, 49 11.80 B e 24,53 56,65 |
HDS3H270 8¥8 Cu PME g G 1.903 J.639 1.553 L.94]1
HDE3H270 8X8 Cu PMS 7 0.6513 0.2563 0.0660 0.1%90 0.3970
HDS5[E270 8X8 Cu PPE T0.5414 0.1792 0.0321 0.z2al0 a.a0a0



Adhesion on PPF @enked

2 x 2-mm Die Size Bt

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

2 x 2-mm Adhesion on PPF LDF - Different Test Intervals.
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Adhesion on PPF

i
[ tote e

2 x 2-mm Die Size _p Bt

®* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu leadframe

at the PMB, PM5 & PPB test intervals: -

One-wzy ANOVA: HDESEZTO 22 PRF P, HOSSEET0 202 PPF PMB, HDSSEET) 252 FPF PPE

2 x 2-mm HDSS (270C) on Cu LDF - Different Test Intervals. G B B M ¥ @
Fartiz 2 5040 2970 1308 0,000
2.251 fror 2 LA 0.0

Tatal 33 LEAS

2.00 : i :
fo DL BBpe LB Pegia) = 2l
1.75 1
Vi 1501 len] NoTem s
> % TSRAT EIOMTHE 8 LGTES 04052
@B 105 SR B2 BT B 6 LI63 0.39%
A TSR I AT PR & 0.3 0.281F
1.00 Indivodual 9% [T3 For Mess Besed m
% ncled Stlev
levzl

0.751 TEHT I M T pealiy
TERT 2 1T G Al
0.50 - e ol 1

0. L7 L.50 L

HDSS@270 2X2 PPFPMB  HDSS@270 2X2 PPFPM5  HDSS@270 2X2 PPF PPB

Fooled Zhew = 00,2661

No reduction in adhesion to PPF aiter PM5 conditioning.
Adhesion PPB is significantly reduced




Adhesion on PPF @onkad

[ tote e

5 x 5-mm Die Size _p Bt

®* The adhesion was measured for 5 x 5-mm die size on PPF LDF in accordance with

the test matrix: -

5 x 5-mxm Adhesion on PPF LDF - Different Test Intervals.
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Adhesion on PPF

i
[ tote e

5 x 5-mm Die Size _p Bt

* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu leadframe at

the PMB, PM5 & PPB test intervals: -

One-tvay ANOYA: HO3S70 35 PRF PRIE, HOSEELTA 56 PRF PMS, HDGS{Z0 815 PPF PPE
5 X 5-mm HDSS (270C) on PPF LDF - Different Test Intervals. . TERE N
T3 N
o Facar § BR35 &L Gh0 C.000
B 21 30T LS
8 ‘ el &l
Pl 36 Retroe 5305 ReSqain e 0,00
6_
3
% > Indll-’idua'. 055 (T2 Foz Tean Zased o
g 4] ool S
[eel ¥ oHes Stfev : ¢
3 DSSHT0 I P U B O5T% LS
24 kR R O L
I:I DSSHN0 S5 IR DO B LLLE DL4GY [menten!
17 } I +
04 o A Al Al
HDSS@270 5X5 PPF PMB HDSS@270 5X5 PPE PMS5 HDSS@270 5X5 PPF PPB T
poled 30w = [ B3

Gradual reduction in adhesion with
increased conditioning severity!



Adhesion on PPF
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8 x 8-mm Die Size p Bt

®* The adhesion was measured for 8 x 8-mm die size on PPF LDF in accordance with

the test matrix: -

8 x 8-mmm Adhesion on PPF LDF - Different Test Intervals.
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Adhesion on PPF
8 x 8-mm Die Size

® The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu leadframe at

the PMB. PM5 & PPB test intervals: -

8 x 8-mm HDSS (270C) on PPF LDF - Different Test Intervals.

301

254

15- -
104

HDSS@270 8X8 PPF PMB  HDSS@270 8X8 PPF PM5 HDSS@270 8X8 PPF PPB

.
Froed Lite =
e

One-wiy ANCYA: HOGSEET) EIE FRF PME, HDSSEET0 EX8 PPF PG, HDSSEET0 368 PP PPE

doaree 07 A | 7 F
Tactar 2 WA B4R M LW
Eroor 2L 0828 9.6

Tokzl 23 2993

eI Belig e THAR Relgiedy) = TR0

el K Hemy §tley
HDsefarns dns 10F B & 2R304 B.Ad
HDSSRATD 05 0F TMS 4 lE.68Y AL
e e ) SO L

Indiwiduzl 953 €Tz Tor Memn Based o Joolsd Sthey
:!'-"!l . ———— -I ----- e — fmnmm——
HDSERET 848 22F B TN 0
HISRaT 5 12F TS |msimcdy
5 R e R IO

) Ll B0 2D

Jpaled ilew = 3,103

Gradual reduction in adhesion with
increased conditioning severity!



Basic Statistics on PPF LDF

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

oo

2 X 2-mm Total
Variable Count Mean 5tDev Variance Minimum Maximum
(ROOM TEMP 2¥2 PPF Post C g 5.833 1.270 1 6153 6.419 10,392 |
HDES[Z70 ZX2 PPF PME 8 1.379 0.40% 0,164 0,950 1.9:4
HDAS[EZ70 ZXZ2 PPF PM5 5 1.80c0 0.398 0,158 0,888 Al I
HDS5[270 2X2 PPF PPE 8 0.6831 0.281% 0.0794  0.4680  1.3400
5 X 5-mm
|ROOM TEMP 5¥5 PPF Post C 8 3258 7.07 49,85 15.62 a0, 41 |
HDA3@270 5x5 PPF PME g L5.754 1.929 3.723 Fo b2l 9,290
HDES[Z70 5X5 PPF PM5 8 2.951 0.799 0.638 2,143 4,665
HDES[EZ70 5x5 PPF PPE 5 1.114 0.489 0,220 0,707 2,018
8 X 8-mm
[FOOM TEMF &X& PPF Post C T 3.87 14,99 A3, 28 55,04 |
HDAS[@270 X8 PPF PME 5 25.324 2.%563 B.567  23.16%  30.095
HDA3[@270 &8X8 PPF PMS 8 16.837 2.817 T.935° L3118 200352
HDAS[EZ70 8X8 PPF PPE 5 11.89 3.80 14,43 7.42 17,48



Adhesion on AgCu

-

2 x 2-mm Die Size P

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

the test matrix: -

2 x 2-mmm Adhesion on AgCu LDF - Different Test Intervals.
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Adhesion on AgCu

2 X 2-mm Die Size
°* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu

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

2 x 2-mm HDSS (270C) on AgCu LDF - Different Test Intervals.

- T

4 |

HDSS@270 2X2 AgCu PMB HDSS@2702X2 AgCu PM5 HDSS@270 2X2 AgCu PPB

[ Litow T

Bt

One-s;ay ANOVA: HDSS@ET0 242 AyC, HDSSE2T0 242 AgC, HOSSEZT0 202 AgC

Souzoe DF 55 [ak3 3 T
Fector 20 TUEDL 3,500 E.73 0,010
Error 21 15,199 0,529

Tetzl 23 20,400

5= 007928 F-Sy= 35305 R-Sqladd| = 29,14

Lewel 0 Mean 3tDev
hISE@E?[ DEMCIPE &6 15600 12425
HDASAZT0 267 Agia PES & 2,558 0,5684
HLASAZT0 262 Agla PFR & 12154 L1370

Tndividual 05% EIJ For Nean Based on
Pooled 5tler

Lewel ok
HDSE02T0 202 Agla M ==t ST i
HLSE0270 22 Agla EES [mimimen Amasoss 1
MHEET0 22 ACa PR |--mmm- L |

_+_-

0.7 L.4n Z.L0 Z.40

Poalad EeLaw = 07323

Only a marginal reduction in adhesion with
increased conditioning severity!



Adhesion on AgCu

5 x 5-mm Die Size g B e

The adhesion was measured for 5 x 5-mm die size on PPF LDF in accordance with

the test matrix: -

5 x 5-mm Adhesion on AgCu LDF - Different Test Intervals.
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Adhesion on AgCu

i
[ tote e

5 x 5-mm Die Size _p Bt

°* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu
leadframe at the PMB, PM5 & PPB test intervals: -

One-way ANOVA: HDSS@E2T0 5X5 AgC, HDSSE2TO 555 AgC, HDSSE2T) 5X5 AyC
5 x 5-mm HDSS (270C) on AgCu LDF - Different Test Intervals.
Soueee DF 45 ik} ¥ p
12 Facker @ 255,47 116,74 109.97 0,000
Errpr 21 24.00  1.14
Totil 21 275,44
10 . .
$= LL0G9  R-Sg = 91.20%  BeSgled)) = 90.45%
8_
& Level ¥ oFem Stlew
o 6 FOS5A2T0 525 Aglu FHE 8 9,983 0827
N FOS5RET0 555 AgCn FHS 6 3.089 Li47
@ EDS5RZT0 555 Aglu PEE 8 2,371 L.0Al
47 Indaridnel 5% CIs For Mean Based on
Ponled Fthev
Lapel e el e el L
24 FOESERT0 5E5 Aglu FHE [=aTax 1
FDS3RETO0 5E5 Aalu BMS (LB !
EDE30270 555 hglu PPE (--%---)
B L LT o e L T
0+ : : : 2.3 5. 7.5 10,0
HDSS@270 5X5 AgCu PMB  HDSS@270 5X5 AgCu PM5 HDSS@270 5X5 AgCu PPB
Fooled EtDer = 1,068

Gradual reduction in adhesion with
increased conditioning severity!



Adhesion on AgCu @onkad

8 x 8-mm Die Size _p Bt

®* The adhesion was measured for 8 x 8-mm die size on AgCu LDF in accordance
with the test matrix: -

8 x 8-mm Adhesion on AgCu LDF - Different Test Intervals.
60 -
50 -
o K \
el eSNE: n
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4
2 | el
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Adhesion on AgCu

8 x 8-mm Die Size

Bt

®* The below box plot and ANOVA analysis compares HDSS (270°C) adhesion on Cu

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

8 x 8-mm HDSS (270C) on AgCu LDF - Different Test Intervals.

HDSS@270 8X8 AgCu PMB  HDSS@270 8X8 AgCu PM 5

HDSS@270 8X8 AgCu PPB

One-way ANOVA: HDSS@270 BXE AgC, HDSS@2T0 8X8 AgC, HDSSE2T0 848 AgC

Sowece O 35 ¥ R[] B
Factar 2 15457 T72.8 650 0,000
Error 21 240,94 1l.4

Total 23 L786.1

5=3.384 R-3g- 86.34  I-Sqlady) = 85.25%

Lewel ¥ Hean StDer
HDSSAZT0 445 Motu PME B 26.549 1,943
HDE5270 395 Aglu PMS 8 ZL.T1E 4,230
HDE5A270 345 Aglu PPE B 9,408 3,53

Individnal 95% CI2 For Mean Besed on Pooled StDesy

Level e
ADE3A2T0 3% Lgtu BB (ot |
HDSSA270 3%8 Agtu PHS bk}
HDSSAZT0 448 Agtu PR |--*-—)

1.0 14.0 21,0 2.0

Poolad Selew = 3,204

Gradual reduction in adhesion with
increased conditioning severity!



Basic Statistics on AgCu LDF

* The following Basics Statistics were obtained for QMI529HT on AgCu LDF: -

-
Broes

2 X 2-mm S

Variable Count Mean 5thevr Variance Minimum Maximm
EOOM TEMP 2X:2 AgCu Post a q, 344 1.391 1.935 7.196 11.136
HDESHET0 2X2 AgCu PME a 1. 860 Lo242 1.544 0.000 3.012
HDESEZT0 2X2 AgCu PMS a 2. 557 0. 5645 0.323 1.505 3.696
HDESHZT0 2X2 AgCu PPE g l.2154 0.1370 0.0188 a.9770 1.41a0
5 X 5-mm

[ROOM TEMP 5¥5 AgCu Fost a 32 .97 4, L 20.54 2555 39, 15|
HDESEZT70 5X5 AgCu PME a Q. 953 0.827 0.654 9,138 11.265
HDESMZT0 5X5 AgCu PME a g. 099 1.247 1. 555 E.G81l4 . 636
HDESHZT0 5X5 AgCu PPE a 2371 1.091 1.191 1.144% 4,122
8 X 8-mm

(ROOM TEMP 8X& igCu Post g 53,499 l.624 2.637 51:233 55,535
HDESMZT0 88 AgCu PME g Z28. 549 1.943 G 26.013 31.04a
HDESHZT0 8X¥E Agfu PME a 21.71 4,25 18.06 15.349 28,80
HDSSM270 88 AgCu PPE a a9, 4z 3.54 12,50 3.95 14,31



Die Shear Failure Mode B -

®* The following die shear failures were observed at the 2 x 2-mm die size after cure and post

mold bake: -

Post Cure on €I
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Die Shear Failure Mode 5
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* The following die shear failures were observed at the 2 x 2-mm die size after PM5 and

PPB bake: -

PS5 on C__Zu

= S
R

I ol

PRPBon Clu :

r
L]

AR R Cohesiel



Die Shear Failure Mode 5
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* The following die shear failures were observed at the 5 x 5-mm die size after cure and

post mold bake: -

Bl o LDE




Die Shear Failure Mode 5
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* 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 ;;)
A e

® The following die shear failures were observed at the 8 x 8-mm die size after PM5

and PPB bake: -

PM5 on Cu : !‘PI\/IS;@H PRE
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Adhesion Comparison on Cu LDF

Foud L

* The Adhesion data obtained was converted into g/mm?and compared

against other products from with the Henkel portfolio: -

Mean Adhesion Strength Data in g/m* For 8491, FSE49 TI 34 lLI'-J]ISRH and QMIS29HT on Cu LDF

Die Size (im) Conditioning 8491 (g/mm?) §4-1LMISRS r
(g/mm’)
232 | Post Mold Bake (270°C) 417 3907 3417 152.0
PMS5 (270°C) 316 3535 3042 93
PPR (270°C) 2245 345.2 2772 7
5x5 | DostMold Bake (270°C) 439 26.6 2084 6
PM5 (270°C) | 124.2 50,8 1422 3
PPB (270°C) 1315 770 1314 7]
818 | PostMold Bake (270°C) 3640 264 1796 5
DM (270°C) 221.2 12.8 1026 10
DER (270°C) 1745 185 30,5 3

T ef-"-#’r



Adhesion Comparison on PPF LDF

Ar fitas 4,_:;5.-?-;-;'&-.9”

®* The Adhesion data obtained was converted into g/mm?and compared

against other products from with the Henkel portfolio: -

Mean Adhesion Strength Data in g/mm* For 8491, FSSdQ TI 84 ILMISRS and QMI329HT on PP LDF
Die Size {mm) Conditioning 8491 (gmn®) | ESS49-TI(gfmm®) | 84-1LMISRS r
(g/mn’)
282 | Post Mold Bake (270°C) 4362 406 2517 7
PM3 (270°C) 42277 454 5 202.2 4313
PEE (270°C) 1721 411.2 2115 170.9
585 | Post Mold Bake (270°C) 3073 3504 1161 2302
PM3 (270°C) 3430 2311 1144 118.0
PEE (270°C) 3038 214.2 716 44 6
328 | Post Mold Bake (270°C) 2166 0843 58 3957
PM3 (270°C) 2379 2514 597 2638
PEE (270°C) 3075 5337 441 165.8




Adhesion Comparison on AgCu LDF

> o Arewd
Zre

®* The Adhesion data obtained was converted into g/mm2and compared

against other products from with the Henkel portfolio: -

Mean Adhesion Strength Data in g/mm* For 8491, FS849- TI 34 ILM[SRB and QMIS29HT on AgCu LDF
Die Size (mm) Conditioning 8491 (g/mm®) | FS849-TI (g 84-1LMISRS i
(ghun)
2% Post Mold Bake (270°C) 345 6615 3687 465.0
PMS (270°C) 3032 2877 214.2 639 2
PEE (270°C) 212 b 4332 220.2 3038
5%) Post Mold Bake (270°C) 4138 2683 191.0 2993
PMS (270°C) 412 104.9 124.8 3239
FEE (Z70°C) 2857 1127 847 948
Bxd Post Mold Bake (270°C) 3833 116.1 935 450.7
PMS (270°C) 3082 48.3 60.8 339 2
FEE (270°C) 3037 207 53.5 1471




Conclusions

Errans

* QMI529HT does not perform well and should not be recommended for copper
surfaces.

* QMIS529HT sticks well to PPF leadframes however as the test conditions
become more stringent the failure mode becomes more adhesive than
cohesive.

* QMIS529HT sticks well to AgCu leadframe surfaces and retains a cohesive
failure mode irrespective of die size and test condition.

Recommendation

- QMI529HT can be considered for leadframe packages using PPF (NiPdAu)
and AgCu.



Conductive Dot Dispense
Comparison.



Background g e

®* QMI529HT and QMI519 are widely used conductor die attach adhesives. It
IS necessary to characterise the dispense performance of these two
adhesives in a dot dispense test.

®* The above materials will be compared against Ablebond 8290 &
84-1LMISR4 which are considered the industry standard in terms of

dispensability.

* Additionally the performance will be compared against Ablebond 8491
which is another adhesive used in the same packages as QMI529HT and
QMI5109.



Experimental

* Dot Dispense

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

Gorrad

} j".:.--_f-p-m'u.-c---h-dl"'r

=

Frone { totee
e

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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* Ablebond 84-1LMISR4 ( Control 1)
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Dot Dispense Result
Ablebond 8290 (Control)
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2 Proportions Test - SR4 versus 8290

Bt

* A two proportions test was performed on the two control materials: -
®* SR4 - 12 Defects out of 504 Trials.

® 8290 - 0 Defects out of 504 Trials.
Test and Cl for Two Proportions

SGample x N 3Sample p
1 12 504 0.0235810
2 0o 504 0.000000

Difference = p (1) - p 12)
Eztimate for difference: 0.0235095

95% CI for difference: (0.0104995, 0.0371194)
Test for difference = 0 (w3 not = 0): £ = 3.5 P-Value = 0,000

Fisher'=s exact test: P-Walue = 0.000

When the two control materials are compared against each other we can see that in this trial
Ablebond 84-1LMISRA4 has statistically worse dispense performance versus Ablebond 8290
(95% CI).

NB. 2-Proportions: computes a confidence interval and performs a hypothesis test of the
difference between two population proportions

./



Dot Dispense Result

°* Ablebond 8491
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Two Proportions Test For 8491 versus

SR4 & 8290.
SR4 v 8491

Test and Cl for Two Proportions

Gample x N Sample p
1 12 504 0.023310
2 245 504 0.453095

Difference = p (1] - p (2]
Eztimate for difference: -0.464286
95% CI for difference: (-0.509910, -0.418662)

Test for difference = 0 (ws not = 0): Z = -19.95% (F-Value = 0,000

° sigﬁr",sngg teszt: P-Walue = 0.000

Test and C| for Two Proportions

Sample x N Sample p

1 0 504 0.000000

2 246 504 0,488095

Difference = p (1) - p (2] I
Eztimate for difference: -0.483095

95% CI for difference: [-0.531735, -0.444456)

N

Both control materials
have statistically superior
dispense performance

/ versus 8491 in this test.

Test for difference = 0 (w2 not = 0): Z = -21.92<P-Value = 0,000

Fisher's exact test: F-Value = 0.000



Dot Dispense Result

* QMI529HT
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Two Proportions Test For QMI529HT versus
{ 1w <o

SR4 & 8290. AE

* SR4 v QMI529HT

Test and Cl for Two Proportions

Sample x I Sample p
1 12 504 0.023810
2 287 504 0,565444

Difference = p (1] - p (2]
Estimate for difference: -0.545635
95% CI for difference: (-0.590866, -0.500403)

Tezst for difference = 0 (w3 not = 0): £ = -23.64 CF-Value = 0.000

* 8290 QMIS2YHT = - 0.000 \
|

Both control materials

Sauple ¥ N Sample p dispense performance
L e 2ie Hl00000 versus QMI529HT in this
2 287 H04 0.569444
test.
Difference = p (11 - p (2]
Estimate for difference: -0.569444
Q5% CI for difference: -0.612673, -0.52621l6)

Test for difference = 0 (w3 not = 01 2 = -25.82CP-Value = 0.000

Fisher's exact test: P-Values = 0.000

"
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Two Proportions Test For QMI519 versus
SR4 & 8290.

* SR4 v QMI519
Test and Cl for Two Proportions

bt
12
229

Sample
1
2

N Sanple p
E0d 0.023810
E0d  0.454365

Difference = p (1] - p (2]
Eztimate for difference:
95% CI for difference:

Tezt for difference

8290 v QMI519

Fisher's(%xact test: P-Walue

Test and Cl for Two Proportions

-0. 430556
(-0.476017%, -0.3350594)

[v= not 0j: =2 -18.56 <F-Value = 0.000

1]

0.000

s
1]
229

Sanple
1
Z

H 3Hample p
E04  0.000000
S04 0.454365

Difference = p (1) - p (2]

"

1f¥_}f”“‘

Both control materials
have statistically superior

Esztimate for difference:
095% CI for difference:
Test for difference

|:_

[+

1]

Fisher's exact test: P-Value

-0, 454565
0.497555, -0.4105595)
3 not o0): 2 -20.49

dispense performance
versus QMI529HT in this
test.

P-Walue = 0.000

0.0o00



Two Proportions Test For 8491 versus

QMI519 & QMI529HT. gl

° 8491 v QMI519

Test and CI for Two Proportions

..-'—'—_"--
P

Sample X N Sample p QM|519 and 8491

1 246 504 0,453095

z 229 504 0.454365 statistically

Difference = p (11 - p [2]

Estimate for difference: 0.0337302

95% CI for difference: (-0.0275654, 0.0953258)
Test for difference = 0 (ws not = 0): Z = 1.07

° 8491 v QMIS29HT

Fisher's act test: P-Value = 0.313

F-Value = 0.283

ClI).

Test and Cl for Two Proportions

Sample X N Sample p I
1 246 LS04 0.453095
a 287 5S04 0.56%9444

equivalent in
terms of dispense
performance (95%

8491 statistically

better in terms of

Difference = p (11 - p [2] . .
Estimate for difference: -0.0813492 dlspensmg
95% CI for difference: (-0.142775, -0.0199234)

Teat for difference = 0 (vs not = 0): Z = -2.60 Compared with

QMI529HT.

Fisher's exact test: P-Walue = 0.012

5



8491 v QMI529HT & QMI519

°* QMI529HT v QMI519

Test and Cl for Two Proportions

Sample x N Sample p
1 229 504 0.454365 I
2 287 5S04 0,569444

Difference = p (1] - p (2]
Esztimate for difference: -0.1150792
O5% CI for difference: [-0.176385, -0.0537741)

Test for difference = 0 (ws not = 0): 2 = -3.68 @-Value = 0.000

Fisher's exact test: P-Value = 0.000

QMI519 statistically better than QMI529HT in terms of its
dispense performance.

Ty

Frod e =
=

5



Conclusions kit 7

* All test adhesives have statistically inferior dispense performance
when compared versus the industry standard dispensing paste, 8290
and 84-1LMISRA4.

°* QMI519 and 8491 have statistically equivalent dispense performance.

* QMI529HT has statistically inferior dispense performance compared to
both QMI519 and 8491.
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Resin Bleed Comparison for QMI529HT
and QMI519 versus other Selected
Conductive Adhesives.
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* QMI529HT and QMI519 are widely used conductor die attach adhesives. It is
necessary to characterise the resin bleed performance.

°* The above materials will be compared against Ablebond 8290 & 84-1LMISR4
which are two commonly recognised, industry standard die attach adhesives.



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, Hrs).

The adhesive dots were cured using the recommended cure profile and the

adhesive dot size re-measured.

The mean %age bleed was calculated and the batches compared.



Results

Cu Leadframe

YTariable
2290 Cu T
2290 Cu 7T

e

QMISZ9HT
AMITS=9HT

=2 Hr=

C1a
Ciu

OMIS512 Cu T
IMIS512 Cu T

PC

HH

AgCu Leadframe

YVariable

SZ290 aglCu T
S=Z90 aAglCu T

OQMIS=Z9HT Aglu
QMISZ9HT AglCu

QMIS1lS AgCu T
AMIS1S &glCu T

Total
Count

S N R B

Total
Count

Mean
a. 490
a. 490

.
o.

451
451

3Z2=2

E T

Mean
O.376
O.376

a47.587
=1 =TT

B P Eo
4=.10

StDewr
ao.&50
a.&a50

0. 495
0. 495

A
Z.Z2z29

StDewr
0520
o. 520

W el
& .20

Z. 213
14.78

Tariance

O.4=3=
O.4a=3

0. 2458
0. =48

4. 953
d. 953

YVariance
a. 270
a. 270

o |

S5z .45
S5 .40

S5.823

21l5.34

Dy

obtained for the 4 test products on the different surfaces: -

o.ooo
o.oao

e |

- oono
aano

- ST
-aST

e R ]

Minimuom
o.oao
o.oao

40. 50
1 B R =

e = L
=21. 47

* The Following basics statistics for resin bleed (% increase) were

M i ananm FMaoc 3 manm

i e = 1
1.390

e
=210

o e
PpeC PG ] ]

o ke

| = ]
i Frs L B

57.94
&67. 27

19.7a0
B65. 56

./



Results
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* The Following basics statistics for resin bleed (% increase) were

obtained for the 4 test products on the different surfaces: -

PPF Leadframe

YVariable

SZ90 FPF T == Hrs=s

SZ90 PFF T =

AMT5=29HT FPPF
QMIS5=Z9HT FPF

IMTSIE PRRFOT
GMTS51ls PPF T

HH

Tot al
Count

Mean

=
=

40,
49

Z23.
S,

B
- S

A Sk

53
13

2=
o7

St ewr
T S |
T 33

EFE
10.95

YVariance

55.
53.

] =Tc
1=0.

1.
=

35
59

20
58

54
S

Mimnd mueam

cETEIE
S,

=8
1.

-0oo
0o

S
= =]

Ta
P

Masi eI

AT
=22,

67,
67 .

£ i B
=

55
56

L
=27

=]
=5

_— .
P

J



Results
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The results can be further viewed using a Box plot and ANOVA analysis on Cu

°
Leadframe: -
Resin Bleed Performance on Cu LDF for Selected Die Attach Adhesives
8_
7_
6_
~ 5
S
< 41
(-9)
=
M 31
2 -
N o
O_
T T T T T T T T
& O &> & O & O
;fz\ S ;‘:Z” Al /,»Q” W /’1:2' A
&/ Q &/ 0& &/ o& &/ é
S @Q b\(? u() <& &C) \q(}
& ¢ 8 Y
& & e
(0

ANOVA Analysis on Cu LDF

dource DF 95 ik F P
Factor 7 196,39 28.06 7.66 0,000
Frror 48 175,90  3.66

Total 55 372,29

§=1914 B-5q=52.75% B-Ggladj) = 45.86%
Individual 95% CIs For Nean Based on
Pooled 3tDev
Level N Mean 3they ----- e SR — YR N -
8290 Cu T =2 Hrs 70,430 0,650 [------ Fommmmem I
G290 Cu T = BC 70,490 0,650 f------ Fommmeee I
GR4 Cu T =2 Hrs 7 4,808 3003 [-==--- Fommmee |
SR4CuT=PC 7 4,809 3,003 [-=m--- et |
QMISZ9HT Cu T =2 Hra 7 0.451 0.498 (------ L I
QMIS2OHT Cu T = PC 7 0,451 0.49§ ([-=---- L |
OMISLS Cu T =2Hrs 7 3.322 2,229 [===mmmn Beszcas |
QMIS1S Cu T = PC T 3.322 2,229 [-===--- LEEEE |

Pooled StDev = 1,914

Minimal to zero resin bleed on Cu
leaditame for all test adhesives!



Results
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The results can be further viewed using a Box plot and ANOVA analysis on AgCu

Leadframe: -

Bleed/ %

Resin Bleed Performance on AgCu LDF for Selected Die Attach Adhesives

70 1

60 -

g b

ANOVA Analysis on AgCu LDF

daurce DF b i3] F P
Factor 7 25586.4 3655.2 BL.92 0.000
Error 43 21417 446

Tnfal 55 2772801

5= 6,680 B-3q=92.20% BR-3qlady) = 81.10%
Individual 955 CIg For Mean Bagsed on
Fooled StDew
Level mmfmmmmemeas Fommmmme- fommmmmeen Fommmmam
8290 Aglu T =2 Hrs [-%--)
8200 Aglu T = IC [=%==)
SR4 hgCu T =2 Hrs =t
SRd Aglu T = IC [==%=]
OMIS19 Aglu T = ZHrs [--%-
OMIS19 Aglu T = PC =f--)
mfemmmmeeas fommmmmnes fommmneas fommeees
0 20 40 1]

Pooled StDev = 8,680

OMI529T exhibit greater bleed on AgCu
|
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AT
® The results can be further viewed using a Box plot and ANOVA analysis on PPF

Leadframe: -

ANOVA Analysis on PPF LDF
Resin Bleed Performance on PPF LDF for Selected Die Attach Adhesives
Jource DF 33 ns F P
707 Factor 7 18005.3 2572.3 40.90 0,000
60 Error 48  3015.8 62,9
Total 55 21024.7
50
%=7.930 BR-37 = 85.64% R-Sgladi) = §3.55%
X 40
-]
2 301 %
4] SELE [
x x — Individual 35% CIs For Mean Based on
207 Pooled Sthev
i = Level pommmmmn e pommmmme e ommmmmm - pommmmmn e
10 - F 5290 PRF T =2 Hs oL
o 8290 PEF T = IC e B,
- - : - : - - - R4 PPF T =2 Hrg [
al & < & S & & & R4 PPF T = IC -
&,/’1/ &7 &//’1/ &7 &//q/ &7 &// &7
< & < & < & < & QMISZ9HT PPF T =2 Hrs R
& o & Q_D‘Q R <% < ot r T e
o Q0 & & S N & QMISZ9HT PPF T = IC { i
LY > ) ) & é& C§\
@" & o QMI519 PPF T = ZHrs i =ifieay
& QMIS19 PP T = BC il
Fommmmen s femmmnm o fommmnemom fommmmee -
1] 15 30 45

Paoled StDew = 7,930

unibit greater bleed on PPF
control test adhesnes!

@)
=
1
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Results
* QMI529HT
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Results

° QMI519
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Conclusions/ Comments

Frone { totee
e

® There is no significant bleed on Cu leadframe for any of the test
materials.

* QMI519 & QMI529HT both exhibit statistically higher resin bleed on
AgCu and PPF surfaces than the control materials used in this

evaluation.

Resin bleed as a phenomena is very much surface dependant.
Different products typically perform differently depending on the
surface used, as such this work gives a comparative view of the
possible performance but it should not be considered definitive. Resin
bleed should always before verified on the target substrate before
ruling in or out any adhesive candidate.



Freezing Point & Storage Handling
of QMI529HT.
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* Introduction - how the freezing point effects on FTV

® Freezing point data of Ablebond 3230 and
recommended storage temperature

* Appendix A : Other factors effecting on FTV
* Appendix B : Handling recommendations
* Appendix C : Freezing point curves



Introduction
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®* The FTV potential of an adhesive is significantly affected by its freezing point,
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
shrinkagel/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)



Factors Effecting FTVs gt F

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

A) Adhesive Freezing Point wmmp  Main objective

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

B) Piston Effects for this study

- Proximity to adhesive
- Design Geometry
C) Syringe Size
D) Handling (Covered later)



What Is A Freezing Point? g e

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 Ablestik’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



How Is The Freezing Point Measured? @

Ae,w-‘ﬁm

4 — ! - 4 —— e S N +
1.831 - I ; Peak =§-25.9T4 °C

Expansion of the adhesive during heat-up | Avea =0/000 mm x min

© P
] (]

Probe Position (mm) —— ——
©
[
[+

1.927 + =

Point at which the probe |
begins to penetrate the |
. = — — adhesive’s surface j

1.89246 —— — t —— } t t
-99.1 =80 -80 -70 -60 -50 -40 -30 =20 -17.2
Temperature ("C)

1.926 +— =

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.



Freezing Point Characterization »,

B
12 -
10 4
N Risk of FTVs
§ Low Risk
T o7 Wlecium Risk
- High Risk
g
=

-40 -20
Measured FP (°C)

45 materials tested:
-Different Chemistries
-Different Fillers



Freezing Point By Chemistry

e

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

3 materials
a0l — Preliminary data indicates that each adhesive’s
freezing point is governed by organic resin systems

10 4 used in its formulation
— 27 materials 4 materials
= -20
=
= -3U .
@ 3 materials
o
R
oI}
=

_SD -

- 2 materials
) [
_E||:| -
_?D -
Ahletherm CE Epoxy Hybrid MRCE SwyCar
Chemisty Type
Risk of FTVs
Low Risk 1Vledium Risk High Risk




reezing Point Data

Proke Position (mm))

1.96345 q

1.9630

19625 4

1.9620

1.9615

19610

1.9605

1.9600

19395

1.9390

19585

1.9380
19378

RUN#1

=

A Lt

-99.96

-85

-85
Temperature (°C)

Probe Postion (mm)

1

1

1.95448
Peak =-74.732 °C 19540 4
RUN#H2 Peak = 74511 °C
| 19535 4
1.9530
E |
E 1.9525
= i 5
#yea = 0.000 mim x min = Area = 0.000 mm x min
2 1.8520
o
2
2
o 18515 4
1.8510
1.89505 4
1.9500
T T ] 18495
-50 -7a -69.9 -89 -85 -0 -85 -80 -7a =70 -65 -B2.5]
Tempersture (°C)
848
Peak = -65.383 °C
945
Area =0.000 mm % min
944
842
840
935
936
835 4 T T T T !
-100.2 -an -50 70 50 -54.5
Tempersture (°C)

=



Freezing Point Comparison G-
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* The freezing point for QMI529HT was compared versus other standard

conductive die attach adhesives: -

Freezing Point Comparison For OQMI529HT versus Selected Leadframe Die Attach Conductive Adhesives
Material Chemistry Type Batch # Run No. Freezing Point {°C) Mean Freezing
Point {°C)

F5249-TI Hybrid 5227987 1 -71.28 -71.945
Pl -72.61

B4-1LMISRE Epoxy 5285520 1 46,80 -46.48
N 2 46.16

800 H‘y’bl’l'da 2163850 1 -bE.40 -70.20
Pl -72.20

QMIS29HT BMI # 1 -74.51 -6E.54
Z -74.73
3 -65.38

* QMI529HT 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)



Other Factors Effecting FTV Occurrences -
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® 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



Other Factors Effecting FTV ~

[ Litow T

Occurrences p Bt

® 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



Handling, Recommendations

Source: FTV Presentation by Derek Wyatt

(Tech Serv Dept-Version 1.5)



Handling Recommendations o e

* 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 designhed
to withstand these extremely cold temperatures

* Protective gloves should be used during the handling of the
syringe box and frozen syringes



Handling Recommendations g e

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.



Handling Recommendations
(Continued)

* 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



Thaw Time For A 33cm X 33cm Syringe Box

-20.0
0

B Lot T d
Average Freezer Temp ’
\ Thaw Time For A 33cm X 33cm Syringe Box
05 1 15 \1 25 3 35 4 4.5 5 55 6 / 75 JS

-25.0

-30.0
-35.0

\

-40.0
_45.0 LNV TATET
-50.0

-55.0

-60.0

-65.0
-70.0

-75.0

-80.0

-85.0

-90.0
-95.0

~N | O

-100.0

Elapsed Time (Hrs)

+ Box Core Temp

= Average Freezer Temp (°C)




Handling Recommendations .
(Continued)

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



Needle Size Evaluation



ID size

Orange

Color Gage (in) (mm) (in) (mm)
Olive 14 0.061 1.54 0.072 1.83
Amber 15 0.054 1.36 0.065 1.65
Grey 16 0.047 1.19 tapered | tapered
Green 18 0.033 0.84 0.05 1.27
Pink 20 0.024 0.60 0.036 0.91
0.02 0.032 0.82

Red 25 : 0.51
Clear 27 0.016 0.41
Lavender 30 0.012 0.31
Yellow 32 0.009 0.23

*The dispense test is focusing on G22 (Ablestik recommended size)

*G25 is most common used for the small die size application (<2mm).




Air inlet

Syringe

h

Air pressure forces the adhesive through the dispense needle.
Limitation : Speed affects consistency due to limited pressure supply
: Viscosity dependent.




Reference Needle Clogging e«
Image
G25 Needle size

Resin rich dot
(Silver particle is clogged inside the
needle)

| :' Normal Silver paste (no clogging)

Potential cause (Needle clogging) :

2) Needle size is not suitable (the ID is too small) for DA paste
3) Use material over recommended work life

4) Needle contamination



Gorrad
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Result i

* The following results were obtained for needle blocking trials with
QMI529HT and selected other adhesives: -

Needle Clogging Experiment for Selected Conductive Adhesives
Product | 27 Guage 23 Guage BATCH
529HT | Moclog | Moclog | Moclog Mo clog | P G3bb2605
8290 | Moclog | Moclog | Noclog Mo clog 0290032
FSB49-TI| Moclog | MNoclog | Moclog Mo clog 1262008
QMIS1 | MNoclog | Moclog | Moclog Mo clog #

* All test materials dispense without problems, even at very narrow needle
diameters.

NB. QMI529HT took twice as long to dispense than 8290 and FS849-TI due
the difference in products viscosity.
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