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About INEMI

Mission: Forecast and Accelerate improvements in the Electronics
Manufacturing Industry for a Sustainable Future.

/ 5 Key Deliverables: \ / 3 Major Focus Areas: \

Technology Roadmaps A Miniaturization
Collaborative Deployment A Environment

Projects A Medical Electronics
Research Priorities Documents
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A Proactive Forums
Q Position Papers / K /
International Electronics Manufacturing Initiative (iNEMI) is an industry-led
consortium of around 107 global manufacturers, suppliers, industry
associations, government agencies and universities. A Non Profit Fully

Funded by Member Dues; All Funding is Returned to the Members in High
Value Programs and Services; In Operation Since 1994.

Visit us at www.inemi.org
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International Membership

Across The Total Supply Chain
The International Membership Incorporated Location; Number of Memberg
INEMI Member Business Type AI:Inoer:ir;a Rézliin Europe Totals
OEM 14 3 2 19
ODM/EMS (inc. pkg. & test services) 5 6 1 11
Suppliers (materials, software, services) 9 18 12 39
Equipment 8 0 2 10
Universities & Research Institutes 8 3 2 13
Organizations 11 1 2 14
Totals 55 31 21 107

V Total Global Supply Chain Integration
V 70% Growth in past 3 years
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PART I:

IMPACT OF GREEN MOLDING COMPOUNDS
ON SOLDER JOINT RELIABILITY

GEERT WILLEMS
BARTVANDEVELDE, STEVENTHIJS
IMEC 6 CENTER FOR ELECTRONICS DESIGN & MANUFACTURING

_JEDM Cimec

Electronics Design & Manufacturing
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1. Towards o0Greenbo, | ow C

2. The impact of green molding compounds
1. Solder joint fatigue
2. What lifetime is required?
3. What does literature tell us?
4. Failure experience

3. FE study of TSOP, QFN and BGA with GMC
4. Recent experimental results
5.
6.

mpact on Assembly
Conclusions
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” 1. MOLDING COMPOUNDS

Plastic molding compounds are used to encapsulate the
|C/leadframeor IC/substrate assembly in
plastic IC packaging:

Leaded packages: SOIC, QFP, TSOP....
Leadless packages: QFN, MLF, LPP,...
Area array packages: PBGA

- RAXCTE

EPM2210F324C:
N BAEIMO713A "
.MALAYSIA
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/ |. MOLDING COMPOUND

Molding compound requirements:

Compatibility with silicon die & first level mterconnect
(wire bond, flip chip, die attach) s

Thermal, mechanical, moisture robustness ”E
Leadframed substrate matching (warpage)— s -
Electrical properties
Thermal conductivity
Flame retardant
Manufacturability
Cost

/B i\
FEEFFERRNEE
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” 1. GREEN MOLDING COMPOUND

Driven by: Greenpeacedashboard
O Need for reduced moisture > o sm“""ﬁimﬁ:ﬁ';"""‘\

e o 00/’
sensitivity (leadree) Fal -

o R / DELL=——
SN . ’, W« ,.3\‘3“
O0Going Greend tr g e
Halogenfree plastics o’ GREENER ELECTRONICS

"f- greenpeace.org/electronics

O Die stress: new |&@ielectrics -
O Cost

A Electronic component manufacturers introduced highly,SiO

filled (M®%)d ¢ Goemepnoundso

February 10, 2010

. . : B4 1 N8
Customer Notification Example P
{

Mold Compound Change :
Dear Valued Customer:
This notification 1s for the purpose of informing wou of that our Assembly supplier 1s converting all mold Ve o "“ g
compounds to green material sets.
Purpose
Due to their worldwide GREEN policy. transfer all devices which use non-green molding compounds to
green molding compounds.

imecC © imec2013 10
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” 1. GREEN MOLDING COMPOUNDS

90%
80%

The changever took

60%

place between 2002010 | 3

(from a leading semiconductor supplier %

20%
v T
0% = T T T T T T T

High penetration level of highly filed GMC

All plastic components: SOIC, TSOP, QFN, BGA,...
Customer notification is MISLEADING!

2nd level interconnect reliability has not been considered!?

Customer Impact

No customer impact 1s anticipated with this change; there 1s no change to form. fit. or function.

i.mec © imec2013 11
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2. GREEN MOLD COMPOUNDS
THE IMPACT

High SiQ filling creates molding compound with very

low thermal expansion: CTE=B0 ppm.
For reference: CTE AD; = 6.7ppm (ex. CBGA)

In the past it matched the PCB CTE of-18ppm

This creates a nearlgnfold increase in thermal
mismatch between component and PCB. R

Depending on component and PCB detalls:
A major increase of thermanechanical strain @,
of solder joints and component leads (TSOP).™

A major threat to solder joint
and interconnect reliability

© imec2013 12
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/ 2. IMPACT OF LOW CTE MOLDING COMPOUNDS

1. Better CTE match with
siliconA lower stress in

/ Mold: CTE 15ppm/°C A 7 ppm/°C \ Si dieJ
| -
2. Higher CTE mismatch
L'—'—'—'—'—'—'—'—'—'J with BT laminate
A more warpageof the
1 package with
temperature changels
Printed Circuit Board . Higher CTE mismatch
17 ppm/°C with PCB

A higher loading of the
2nd [evel solder
connectiond

imeC © imec2013 13
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/ 2.1. SOLDER JOINT FATIGUE T=20°C

I_S;CTE =26 ppmﬁj

Thermally induced stress-strain PCB: CTE = 15 ppm/°C
L T=125°C
Package . |- S -_I
CTEc g PCB
SI | |/ T=-55°C
‘ ' CTEb [ s |
PCB

Joint strain g~ DL/S ~L(CTEe CTEbDT/2S

Thermo-mechanical strain increases with:

O increasing thermal mismatch
(ceramic, bare silicoGREEN MOLD COMPOUND acer ami c)

O increasing component sizkafge BGAs , large dies)
O decreasing standff (small ball sizes, leadless packages!)
O increasing thermal cyclingutdoor, high power dissipation )

i.mec © imec2013 14



© // 2.1 SOLDER JOINT FATIGUE

Example: 10x10 mm CSP soldered on FR4 PCB after
500 temperature cycles (

PCB: : 17 ppm/°C

e

Micro-crack initation Crack propagation Fracture

i.mec © imec2013 15
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” 2.1 SOLDER JOINT FATIGUE

GMC VS. CERAMIC

CTE GMC-1oppmcomparable to cerami@u,o.,=6.7ppmCTE

But elasticity of GMC (Enodulus) is an order of magnitude
smaller than that of ceramiBs ten times more flexible

Conseqguences

Package flexibility becomes a dominating factor in the solder
joint reliability.

The simple Engelmaier approach to solder joint reliability of
IPGD-279, cannot be applied to plastic packages.

exceed the solder ¥
of the solder. 1s

i.mec © imec2013 16



2.2.WHAT IS REQUIRED?
SOME FIGURES FOR REFERENCE (IPC -9701)

Table 3-1 Product Categories and Worst-Case Use Environments for Surface Mounted Electronics (For Reference Only)

Temperature, °C / °FM Worst-Case Use Environment
Product Category Tmin( Tmax? AT ty¥ Typical years Approx. Accept.
(Typical Application) Storage Operation “CI°F *CI°F "CI°F hrs Cycles/year of Service Failure Risk, %
Consumer -40/85 0/55 0/32 60/140 35/R3 12 365 1-3 1
Computers and Peripherals -40/85 0/55 0/32 60/140 20/36 2 1460 h 01
Telecomm -40/85 -40/85 -40/-40 8s/1856 35/R3 12 365 7-20 0.01
Commercial Aircraft -40/85 -40/85 -55I-6T 95203 20/36 12 365 20 0.001
Industrial and Automotive - -BRM150 -40/85 -ERI-67 95203 20/36 12 185 10-15 01
Passenger Compartment &40/72 12 100
&60/108 12 60
&80/144 12 20
Military -40/85 -40/85 -ERI-67 95/203 4072 12 100 10-20 01
(ground and shipboard) &60/M108 12 265
Space -40/85 -40/85 354
to 100/180
leo -B5I-6T 95/203 1 8760 5-30 0.001
geo 12 365
Military Aircraft -EhI125 -40/85
a -h5I-6T 125267 40/72 2 100 10-20 0.01
b 60/108 2 100
) [ 80/144 2 65
Maintenance 220136 1 120
Automative -55M150 -40/125 -Bh/-67 125257 60/108 1 1000 10-15 01
{under hood) &100/180 1 300
&140/252 2 40

& = in addition

1. All categories may be exposed to a process temperature range of 18°C to 260°C [64.4°F to 500°F].

2. Tmin and Tmax are the operational (test) minimum and maximum temperatures, respectively, and do not determine the maximum AT.

3. AT represents the maximum temperature swing, but does not include power dissipation effects; for power dissipation calculate AT, power dissipation can make pure temperature cycling accelerated teating
gignificantly inaccurate. It should be noted that the temperature range, AT, is not the difference betwsen Tmin and Tmax ; AT is typically significantly less.

4. The dwell time, {5, is the time available for the creep of the solder joints during each temperature half-cycle.

imeC © imec2013 17
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// 2.2. WHAT IS REQUIRED?

SOME FIGURES FOR REFERENCE (IPC -9701)
Computer and peripherals: a&8T=20K, 4

cpd, b5y

O N63%0-100°C) A 1250cycles/5y
Telecom: &&T =3 5 K, -2Qy,0.016, 7
O N63%0-100°C) A >2000 cycles/7y...6000 cycles/20y

Notes:

AAcc. Factor: SnPb
Norris-Landzberg eq.
Aneibull slope=6
ANo power cycling
ATmax= max. operation

Industrial/automotive:
2T=20K(50%)/ 40K( 27 %)/ 6

0-K5(, 0. B/%0)

O N63%0-100°C) A >3000 cycles/10y...4500 cycles/15y

Commercial aircraft: 28T =20K, 1lcpd
O N63%{0-100°C) A 3500 cycles/20y

, 20y,

Military: T =40K( 27 %) / 6 0 KR0Y, Q2% , 365

O N63%0-100°C) A 5500 cycles/10y...11000 cycles/20y

10 year lifetime requires

N63%(0-100°C) >3000 cycles (N63%¢40-125C)>1500 cycles)

i.mec © imec2013
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/ 2.3. LITERATURE: QFN SIMULATION

@AII simulations confirm reduction in lifetime with factor 1 to 4.
CHigher CTE and lower E is recommended: opposite to GMC

Fatigue Life vs. MC CTE

3800
3 s
oy 3300

T.Y.Tee et al. % / QFNB8x8:

2003 o 2800 - -40/150C +——

= / PCB: 1.6mm
@ 2300 e ——
3 /
3 1800 /

:

10 15 20 29 30 35
MC CTE (ppm/C)

imeC © imec2013
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/ 2.3. LITERATURE: QFN SIMULATION

X.Zhang et al., 2002

TABLE V QFN (BLP)
EFFECTS OF MATERIAL PROPERTIES ON SOLDER JOINT RELIABILITY | -55/125C

\ Control Run | Run 2 Run 3
CTE of Molding Compound (ppm/°C)| 8 13 8 13

(EMC 1) | (EMC 2) | (EMC 1} | (EMC 2)
CTE of Leadframe {ppm/°C) 0.4 0.4 16.7 22

(Alloy-42)| (Alloy-42)| (Copper) | (Soft Alloy.
Eguivalent Creep Strain Range (ﬂ.al..ﬂ 0.0167 0.0106 38
Fatigue Life based on Ag., \& 1623 4259 W
AW (MPa) 0.397 (LA TR0 (.0428
Fatigue Life based on AW 529 1028 1997 3536

The EMC 2 which has a high CTE content (13 ppm/°C) EFFECTS OF SOLDER

offers at least 1.9 fold improvement in fatigue life over

Fig. 2. Schematic diagram of the cross section of a 28-pin BLP package

TABLE VI
PAD SIZE AND THE THICKNESS OF THE PCB ON
SOLDER JOINT RELIABILITY

the EMC 1 which has a lower CTE content (8 ppny°C). B Land Size | Thicknessof | Temperature |  Ag,, //.;\ AW N
{mm % mm) PCB (mm) Profile / (AE¢p) \M]JB] {AW)
1.2x06 0.4 | Condition I f'}'.ﬁ’fﬁfffu 926 “opsao | 774
1.2x06 0.4 Condition 2 | 0.02367p5 | 774 | 00795 | 1041
1.2x06 1.2 Condition 1 | 0.0280f9 | 504 | 0do7s | 528
1.2x 0.6 1.2 Condition 2 | 0033041 | 360 | 0fsi1 710
1.2 x 045 0.4 Condition | | 0.024 707 | (311 651
1.2 045 0.4 Condition 2 | 0.0235 786 / 1765 | 1056

imec © imec2013
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/ 2.3. LITERATURE: BGA SIMULATION

T.Y.Tee et al.
2006

BGA:
-40/125C

Lifetime Warpage

imeC © imec2013



