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Reliability: TransitioningRtsFree

o How to validate reliability? Ager GEIASTR0005-1.

o

o

o

o

Test and analysis
Knowledge of environmental and operating conditions
Reliability data (test or #3ervice)

Extrapolation of reliability data to applicable conditions
(acceleration factor)

o TranslationUnderstand howb-free material fails and

C
C

t

etermine if / when these mechanisms will initiate in yoL
esign I n the customer 0s
neproduct
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Reliability: Overview

o What are the environments of concern?
o Changes in temperature (thermal cycling)
o Vibration (high cycle fatigue)
o Mechanical shock (low cycle fatigue)
o Hot temperatures (long term aging)
o Cold temperatures (tipesting ductileto-brittle transition)
o Corrosion (elevated humidity / corrosive gases)
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Long Term ReliabilityRifFree Solders

o Study of certairlPb-free solderdtinsilvercopper
[SAC] and timickelcopper [SNC]) suggestsy
should provide similar or better reliability th@nPb
o Requires no manufacturing defects
o Does not include environments with drop/mechanical shoc

o SNC may be an appropriate middle ground betweer
SnPhand SAC
o Not as brittle as SAC
o More creep resistant th&anPb

o Widely accepted in wave solder and HA®bcesses
DfR Solutions
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Thermal Cycling

o Recent study found that thejorityof electronic
fallures are thermonechanicallyelated*

o By thermally induced stresses and strains

o Rootcausedo excessive differences in coefficient
thermal expansion

Solder Bump Fatigue

"Wunderle B. and B. Michel
in Reliability Research in Micro and

Nano Regiond6, Microel e
Reliability, V46, Issue B1, 2006.

A. MacDi ar mi d, 0Ther mal Cycl i

Jan., 2011.
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Thermal CyclingnPlys. SAC

A Where doesSnPloutperformPb-free?

A Leadless, ceramic components

¢ Leadless ceramic chip carriers (crystals, oscillators, resistq
networks, etc.)

8000
¢ SMT resistors n 0 Sn/Pb
: S 6000
¢ Ceramic BGAS > W Sn/4.0Ag/0.5Cu
@ 4000
A Severe temperature = o -
cycles =
0 =
G -40 t0 125°C — PBEGA fleXBGA LCCC
C -55 to 125°C , Package Type
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Cumulative % Failed

Thermal Cyclin@nPlys. SAC (Cont.)

-55to 125 C Cycle 0to 100 C Cycle
99.00 . 99.00 :
Weibull ” Weibull
90.00 Sn-3.4Ag-0.7Cu 90.00 Sn-3.4Ag-0.7Cu
e il ry
kS F=11 / S=4
F=25/5=5 = = =
50.00 ?-4.(}Ag-ﬂ.5ﬂu LI.E 50.00 E‘inqd.DAg—ﬂ.ECu
(=]
BN F=0/S=6
F=10/ S=20 @ Sn-Pb
10.00 P T 10,00
S F=14 / S=1
5.00 ﬁ E=30/ 5=0 g 5.00
1) O
1.00 1.00 / XJII

100000 Cycles to Failure ~ 10000.00 2000.00 Cycles to Failure  20000.00

o Pbfree alloy exhibits a higher acceleration factor

o Failures under accelerated life testing (ALT) equivalent 1
longer field life
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Thermal Cyclin@nPESAC Transition

— ®m 63S37Po A
| e 9555n40Ag05CU |

10 100 1000 10000

Number of cycles to failure, N,

l. Kim, ECTC 2007
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Thermal Cycling: Stress Relaxation

o High silver SAC alloys demonstraigher creep resistance
o Results in greater durability under accelerated testing (fast ramps, short dwells)

Exception: Very high temperatured25°C), high stress loadings (leadless, ceramic
When willhigh silver SAC alloys bess reliablehenSnPlan the field?

o

(]

\ SnPb S~ _ _
/ Temperature
/
Time DfR Solutions o
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Thermal Cycling:

Effect of Dwell Time

10
Based on creep laws developed by Schubert
and damage model developed by Syed
8 _
@
hy—
O 6 -
% 2512 Resistor on FR4
N 25 to 80C (modeling, Blattau, 2005)
~~
2 4 e
2
0p) 2 - Ceramic BGA on FR4
0 to 100C (experimental data, Bartello, 2001)
O I I I I
0 100 200 300 400 500
Dwell Time (min)
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Thermal Cycling: When is a Failure Not a Failure?

Life Requirement

D Temperature

Field Condition

SnPb Pb-Free

Time to Falilure

DIR Solutionso
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Thermal Cycling: StudysaAgCBAC30%older

o Data gathering

o Time to failure data foPb-free solder under a variety of
standard test conditions

o Two parameteiVeibull model (characteristic life, shape
parameter)

o Focused on:
o BGA (area array deviced CSP, PBGA, CBGA)
o ThirShrink Small Outline Package (TSSOP)
o Leadless chip resistors, 2512 and 1206

DIR Solutionso
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Resistod Cycles to Failure
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TSSO®Cycles to Failure
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BGA Results

Normalized Characteristic Life

10

H

0.1

: /

y = 301550x > "*

100

AT ~ 2.65 0.136 1 1
2L ) el 218 _
Az ) Ao, T T

ax. o max, ¢

Change in Temperature (°C)

1000

Life as a function of
delta T from tests in
which two or more
thermal profiles were
used, includes CSP,
PBGA and CBGA
data

AN ACCELERATION MODEL FOR Sn-Ag-Cu SOLDER JOINT

RELIABILITY UNDER VARIOUS THERMAL CYCLE CONDITIONS
N. Pan, G. A. Henshall, F. Billaut, S. Dai, M. J. Strum, R. Lewis, E. Benedetto, J. Rayner
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Thermal Cycling: Effect of Dwell Time

1.2

1.0 1

0.4

Normalized Time to Failure

0.2

0.0

o 40% to 60% drop in the number of cycles to failure as dwell is increased

Normalized time to failure as a function of dwell

time at maximum temperature for SAC solder

w. HiCTE CBGA

= ——Pan. CSP
\ BN

Bartelo. CBGA ~Blattau. 2512

100

past 8 hours

o Asthe CTE mismatch decreases and the part becomes more compliant,
effect of dwell decreases

200

300 400 500 600

Dwell Time (minutes)
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LongTerm Dwell

Probability Plot for Start
Lognormal

o Flipchip BGA ”““”Cmﬂ?'“”mm

o (-25C) to 100C > / ;;Jiimo Sy
o Both SAC and SnPb |, | pbﬂé;{,’;;ﬁbﬁo

experienced shorter is A S v o

time to failure when bl LA

exposed to longerm PRL AR .AREEE

dwells 1 o

o Rate of degradation was faster for SAC
o SAC still far superior to SnPb

Intel Technology Journal, Materials Technology for Environmentally Green Micro-electronic Packaging, Volume 12, Issue 01, 2-21-2008

Vasu Vasudevan et al., "Slow Cycle Fatigue Creep Performance of Pb-free (LF) Solders," ECTC, 2008.
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Effect of Aging

9000

Weibull
125-AgeATC1
-
W2 RRX - SAM MED
F=20/5=0
125-AgeATC2
e —
W2 RRX - SRM MED
F=11/5=0
125-ATC1
=
W2 RRX - 3RM MED
F=31/5=0
125-ATC2
-
W2 RRX - SAM MED
F=32/5=0
CEB[FM]ES0.00%
2-Sided-B [T1]

o Cisco Systems age
SAC305 ceramic
BGAS

o 1000 hrs/ 100 °C

50.00

Unrediability, Fit)

o Aging had minimal >
effect on time to
fallure

100.00 1000.00 10000.00
Time, (t)

Bl-2.6268, M1-T97 6418, p=0 9453 ) : : -
P2-B.6040, n2-1318.7314, p=0 956z Parametric Acceleration Transforms for Leficee Solder Joint Reliability

f1=£.3166, nI=061 9827, p=i) SLEE under Thermal Cyclingconditions, M. Ahmad et. al., 2009 ECTC

P=5.2518, nd=11057602, p=0.3638
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Time to 1% Failure (Cycles)
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Time to 1% Failure (Cycles)
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SnPb vs. SAC: Area Array Devices

2.5
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Characteristic Life (Cycles)

Ratio of SACEnPreliability for area array devices as a function
of characteristic lifetime of the SAC component
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SnPlys.SAC305Findings

o 2512 Resistors and TSOPs with Allogé2iframeshave
limited lifetimes
o 500 cycles 0f40 to 125°C
o 1500 cycles of 0 to 100°C

o Long dwells up to 8 hours would be expected to reduce
lifetime between 40 and 60%

o Once long dwell and differences in shape parameters ai
taken into account, there is likely to be minimal statistice
difference betweelsAC305and SnPhn most operating
environments

DIR Solutions
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PoFExampleSnAgCuife Model

o Modified Engelmaier
o Semiempirical analytical approach
o Energy based fatigue

o Determine the strain range {
I—D
Dg =C—DaDT
hS
o C Is a correction factor that is a function of dwell time an

temperaturely is diagonal distance, is CTHEDT Is
temperature cycle, h is solder joint height

DIR Solutionso
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PoF ExampdeSAC Model (cont.)

o Determine the shear force applied to the solder joint

a L L he h, &2-nd
% + + + +g% . 88
C 1A BA ASGS Ach C C(Bba++

(@,- a,)DTA =F

o F is shear force, L is length, E is elastic modulus, A is the area,
thickness, G is shear modulus, and a is edge length of bond pa

o Subscripts: 1 is component, 2 is board, s is solder joint, c is bor
pad, and b is board

o Takes into consideration foundation stiffness and both s
and axial loads

DIR Solutions
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PoF ExampdeSAC Model (cont.)

o Determine the strain energy dissipated by the solc
joint -

A

o Calculate cyclew-failure (N,;), using energy based
fatigue models for SAC developed by Syédmkor

DW =0.5Dg

N, =(0.0019DW)*

DIR Solutions
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Validationd Chip Resistors

10000 -~

1000 /

Cycles to Failure (Predicted)

100 =
100 1000 10000

Cycles to Failure (Experimental)
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Validatiomd QFN

QFN Sherlock Validation Profile

100000

10000 -

Experimental

1000 -

100

100 1000 10000 100000

DIR Solutions
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Validationd BGA

100,000

BGA Validation Graph

10,000 -

1,000 -

Cycles to Failure (Experimental Results)

100

100 1,000 10,000 100,000

Cycles to Failure (Predicted by Software) .
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PoF ExampieSAC Reliability (cont.)

o How to ensure 10 year life in a realistic
worstcase field environment for
Industrial controls?
o American Southwest (Phoenix)
o Dominated by diurnal cycling

Month Cycles/Year | Ramp | Dwell | Max. Temp (°C) | Min. Temp. (°C)
Jan.+Feb.+Dec. 90 6 hrs | 6hrs 20 5
March+November 60 6 hrs | 6 hrs 25 10
April+October 60 6 hrs | 6hrs 30 15
May+September 60 6 hrs | 6 hrs 35 20
June+July+August 90 6 hrs | 6 hrs 40 25

+10C at max temperature due to solar loading

DfR Solutions
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PoF ExampdeSAC Reliability (cont.)

o Total damage in desert environment

over 10 years 0.02604
o Total damage in one cycle ef0C to
85C test environment 0.00012
o Total cycles a40C to 85C to
replicate 10 yrs in desert 222 cycles

At 1 cycle/hour, approximately 1 day of test equals 1 year in the field

DIR Solutions
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Divergence in Solder Selection

o ‘SnAg SnAgCu S><J
o Does not finalize the question

of reliability of Pb-free solder SAC405
o Why? Cost! 1

SAC305

Ball Alloys Currently in Production
70.0;
60.0;
200 SAC105

Percentage of 40.0-;
Suppliers  30.0;
20.0¢” SNC
10.0¢”

0.0
SAC SAC Sn- SAC SAC SAC 1

405 305 3.5Ag 125 105 101+ SACX
Survey of BGA/CSP manufacturers SNCX
Performed by HP (2007/8) !
DfR Solutions
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The Current State of Liewsk

o Wave soldering
o  SN100C (Nihon Superior) became the dominant alloy

o Other solder suppliers rapidly coming out with alternate al®y€(+Cp
SAC105+Ni, etg

o Reflow soldering

o SAC305 still dominant, bOIDM/EMSeceiving direction

to find lower cosalloys
100% 1

80% 1

o With dominance of mobile, penage 0%

. . Applications oMemory
increasing number of CSP / fereachSolderso aNonanchold
BGA components with low silver ““[BBEE11
PP OPE S
SAC e:‘?gc;?‘c’cﬁ%@%‘?c’%vg’ ’
DfR Solutions
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Second GeneratlmFree Solders (SN100C)

o DfR performed accelerated life testing onribdified
SnCYSN100C)

o Three package styles
o Leadless: 2512 Resistor
o Leaded: 44 1/0 TSOP
o Ball: 98 I/O CSP

o Three test environments
o Temperature cycling

o Vibration
o Mechanical shock

DIR Solutionso
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Results: Thermal CycliRgsistor

ReliaSoft's Wizibull++ 5.0 - wevewy Weibull.com

Resistor Failure Probability

99.00

90.00

30.00

Fercentage Failed

10.00

Weibiull

25-100C Short Dwell -LIk-
——

W2 ERX - SEM MED
F=38/5=1

25-125C Long Dwell

—d

W2 RRY - SEM MED
F=39/5=1

26-126C Short Dwell

-

W2 RRX - SRM MED
F=40/ 5=0

4010 1250

-

W2 RRX - SRM MED
F=40/ 5=0

DfRSolutions

Resistor samples
exposed to gil' of
75/C (blue), 100AC
(red and green) and
165AC (violet).

Dwell time has a
minimal effect on
time to failure.

Time to 1% failure
of 2000 cycles
matches

g/20/2007 13:38

100.00 1000.00
Cytles

10000.00

R1=3 9305, n1=6274 2123, p=0
B2=6 6782, 2=1341.5199, p=0.9255
R3=5 6464, 1)3=896 5030, p=0.9666
Rd=6. 1127, 14=628.4302, p=0.9031

expectation of
SnPb and SAC305

3110 Roancke Place, Suite 101, College Park, MD 20740 | 301-474-0607

| www.dfrsolutions.com
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Results: Thermal CycigsOP, all solders

TSOP Failure Probability

Weibull
SAC -40to 1280 -Ukd-
——

W2 RRY - SRM MED

/
/]

F=d/5=16
SM100C -40to 125C

il

W2 RRX - SRM MWED
F=10/5=8

SnPh -40 to 125C -UM-
-

W2 RRX - SRM MED
F=12/5=12

1
i
ﬁé’

il

Il

JArmald
DfRESolutions
G/20/2007 1146

1000.00
Time, (t)

10000.00

Feliazoft's Weibwll++ 6.0 - wasy Wisibull.cam
25.00
90.00
50.00
g
=
=
o
Iz
=
=
10.00
5.00
- (]
1.00
100.00
R1=7.2512, n1=1192.3357, p=0
B2=T. 7655, n2=1071.1210, p=0.8831
B3=13.8369, n3=1109.5694, p=0

TSOP samples
exposed to ol of
165AC soldered with
SAC (blue), SN100C
(green) and SnPb
(red).

Characteristic life
(eta, d) and shape
factor (beta, b) are
nearly identical.

Tails may indicate

infant mortalities
(defect driven).

DIR Solutions
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Results: Thermal CycdrigSP, all solders

ReliaSoft's Weibull++ 6.0 - weaewe Wieibull.com

CSP Failure Probability CSP Samples
9900 -
/ . exposed to gl of
90.00 = 2R SRMMED 165AC soldered with
TR At SAC (blue), SN100C
W? RRx -_SRM MED
S0t 780 (green) and SnPb
ARG e (red).
g Characteristic life
E (eta, d) is nearly
oo identical for SAC and
- SnPb, with SN100C
) marginally higher.
JArnold
DfRSolutions
100 G6/20/2007 11:45
100.00 1000.00 10000.00
Time, (t)
B1=5.3162, n1=645.4429, p=0.9652
p2=3.7584, 12=B67.5126, p=0
B3=8.9728, n3=645.8448, p=0.9501

DIR Solutionso
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Expected Field Failure Time (1%)

Extrapolation for a CSP (compliant component)

14000
12000 \
e
© _
£ r\— 2.18
9 10000
=
8000
o ) —Sn100C
S, n=175 \
o 6000 SnPb
& n=155 \ —SAC
L>>\ 4000 \
7 AN
o \
0
0 20 40 60 80 100 120 140 160 180
Temperature Change in Application
DfR Solutions
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Estimation for 1% Field Failure Rate

14000

12000

10000

8000

6000

Cycles to 1% Failure

2000

Extrapolation for a Resistor (stiff component)

—Sn100C: n=2.15

—SnPb: n=1.73
\ —SAC: n=1.90
150 200

Temperature Change in Application
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AUTOMATED DESIGN ANALYSIS

a Sherlock

Project CircuitCard File Analysis Results Tools Seitings Help

» (&5 Antilock Braking System
» (& Heart Pump
» (& HVAC Controller
» [ Keyfob
» (& Network Switch
» (& Satellite Communication
» (& Solar Inverter
v (& Thrust Reverser
¥ e Life Cycle

v 5] Phase 1
# " 1-Mechanical Shock .
& 2 -Flight Thermal Cycle

& 3-Diurnal Profile
4 - In flight Random Vibration
» @ Project Results

e AUTOMATED DESIGN ANALYSIS
>Q|nputs

» @ Analysis
» @ Results
» B CONTROLLER
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sherlagk

AUTOMATED DESIGN ANALYSIS

SnPbAssembly

Vi yr: ervic L.0yrs
Failure Goal = 30.0% 5 +Failure Goal = 30.0%
3 8l
75 75
70 70
85 85
o @
5 a0 ER
g 55 g 85
5]
Z & — Combined z = — Combined
E s — = s == PTH Fatigue
= ~— Solder Fatigue E ~=Solder Fatigue
A0 o 40
35 £
a0 /
25
20
15
10
5
0
o 1 2 3 4 s & 7 8 @ 10 1 13 14 15
eeeeeeee (Years) Lifetime (Years)

Demonstrated to avionics customer that transitinftee

would have a detrimental impact to product performance
Driven by severe use environment

o

DfR Solutions
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Reliability of LoWilver SAC Solder (SAC105, etc.)

o High degree of uncertainty regarding lesilver
SAC alloys
o Limited data at this time (only temperature cycling)
o EXisting test results can be in conflict (better, same, worse

o Work by Auburn University suggests conditions befc
testing may play a critical role
o Very sensitive creep behavior

DIR Solutionso
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360 CBGA SAC30S SACIOS fast ceel/slew ool
SAC 105 / SAC305 . 0/100 ¢ 10 min dwell
ek v I - FE305
a5 L, W ”h —$C305
50 /- i
o -
Ceramic BGA o
20
o 25x25mm, 360 I/O
Eta Beta r"? n/s
: 1802 12.46 0.386 15/0
PC B ‘1928 12.35 0.958 15/1
1778 13.33 0,992 1570 TR2010
. 1833 14.85 0.971 15/1 M01D1S
o 8 layer, 93mil, 370HR, OSP
Datum (Units)
SAC105 and SAC305
CBGA 360 SAC305 SACL105 fast coolfslow cool
. 07100 € €0 min dwell
o 0to 100C, 10 min. dwell S - - ress
I s
r o
r jalal
e 40 .
Minimal difference :
,
¢ J: ! 1 ! L L1
between SAC105 and - o
|I 1511 10.95 ©.974 15/0
% 1475 12 .08 ©0.988 15/0 FR2010
SAC305 // 1.495 1.'._.59.0..932. '_.5.-".0 MO1D1S
1'_0 .lfJDJCI . hlsdalulal
Datum {Units)
EFFECT OF COOLING RATE, SILVER COMPOSITION, DWELL TIME AND SOLDER JOINT SIZE ON THE )
RELIABILITY OF-SINVEROPPER SOLDERNTS, Dissertation, Abtew, SUNYBinghamton DIR SO]llthIl g
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SAC105 / SAC305 (cont.)

99 .
Hard open
90

@ SAC105

50 ;_‘
X y
: i
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Thermal Cyclingreliability Prediction

o Can we predict time to failure fétb-free solder?
o High silver SAC (SAC387, SAC305, etc.) and SN100C: Yes
o Low silver SAC (SAC105, SAC0307, etc.) and others: No

o All physicsof-failure PoF based models for solder
Interconnects are seemplrlcal
o The basic concept is stalid, but requires calibration

o Calibration shoulbe performed oveordersof magnitudes
o Allows for the derivation afonstants

o Thepurpose ofPoHs to limit, but not eliminate, the influence o
material and geometric parameters

o Testing must be+merformed for each package family (ball array devices,
gullwing, leadless, etc.)

DIR Solutions
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Mechanical Fatigue: Overview

o Mechanical fatigue failures occur due to low cycle/high
amplitude events (shock) and high cycle/low amplitude
events (vibration)

o Limited number of studies completed to assess the
performance oPb-free under higfcycle fatigue

o Initial understandings of failure behavior based on limited numb
of publications and results of internal testing

o Two approaches
o Bend cycling
o Vibration testing

DIR Solutionso
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Mechanical Cycling (Background)

o

o

o

Lifetime under mechanical cycling is

divided into two parts
o Low cycle fatigue (LCF)
o High cycle fatigue (HCF)

LCF is driven by plastic strain

(CoffirManson)
_ C
e, = & (2Nf )
-05<c<-0.7;14<-Yc<?2

HCF is driven by elastic strain

(Basquin)
)

-0.05<b<-0.12:8<-1p< 20

Fatigue of Structures and Materials, ]

f . X
{ . J. Schijve, Springer, 2001 |
L
! LN '
o' T
{ A"'g »
- 0y |
.-'l.f,’/ y 4 |
102 &~
.t T

po® b—latlaiel o i 0 E i Ll ctonl o)
.3
10 1o 10° o, 10 1
(cycles)
&
3
=)
2% )
£ 4 Flastic
g Strain, e,
rain, ine =
E _81 5 o Total Strain. g, =g_+ g,
e — 1
£ E
& Elas_tlc |
Strain, g, |
I
I

2N,
Transition Life

Reversals To Failure, 2Nt
(log scale)
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Mechanical Cycling: Testing

o Most test results plot life as a function of bear
level strain
o Equivalent to solder strain only in the elastic regin

o Bend cycling is %2 to ¥4 less severe than
vibration
o Not fully reversed

DIR Solutionso
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Fatigue: Bend Cycling (KAIST)

o Testsample
o 1.27mm pitch 256 1/O BGA (27 x 27 mm)
o 90-mil (2 mm) printed circuit board

| Length : 175 mm

o lestsetup
o Span of 100 mm
o Frequency N/A
o Loads 251to 60 N

256PBGA

DIR Solutions
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Fatigue: Bend Cycling (KAIST)

100
SnPb
I SACA05~_ Nsnpp = 2-9
_ N Nope = 4.2
P
©
]
o
-
©
2
= \\
< 1
< 5, =CN ", Seems to display transition
N ; : Number of cycles to a failure or high-cycle behavior
C, n': Material constants. (good fit to MIL-STD-810)
10 T T
1.E4+03 1.E+04 1.E4+05 1.E+06

Time to Failure (Cycles)

l. Kim, ECTC 2007
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Fatigue: Bend Cycling (Motorola)

o Testsample

o 0.8mm pitch 179 I/O BGA (14 x 14 mm)
o 22-mil (0.56 mm) printed circuit board

_ B SnPb @® SAC
lg 1400 Motorola }—
o lestsetup 8 o [mm
o Spanof44d mm E 1000 | —mme
= e meo @
o Frequency of 1HzE 800 (X5 ® ® Lo
: N | ‘. P
o Displacements 3 !
02t005mm 2
= 200
@ o
1,000 10,000 100,000 1,000,000
0 RESUIt§nP@SAC Fatigue Life (cycles)
DfR Solutions
O
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Fatigue: Ber@yclingDfR Solutions)

Strain (m g SnAgCu SnPb
o Testsample 800 | 2,929,200 | 1,870,00
o 2512 chip resistors 1200 69,399 | 26,395
(6.25mm x 3mm) 2400 170’753028 19,485

o 62-mil (1.5 mm) PCE ..

- SnPb
2.50E-03 ~ b ——SnAgCu
SnP
o lestsetup c aeem| SAC305
o Span of 100 mm s
& 1.50E-03
o Frequency 4 Hz @
“ E 1.00E-03 -+
o Board level strain
800 to 2400 me
0.00E+00 T T T
1,000 10,000 100,000 1,000,000 10,000,000

Cycles to Failure

DIR Solutions
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Fatigue Predictions Using Cbhfénson

0.007

0.006 -

0.005 -

0.004 -

0.003 -

Plastic strain range

0.002 -

0.001 -

m SnPb

+ SnAgCu
— Prediction SnAgCu
— Prediction SnPb

1 25} c
Nf(SO%):—
2 ,«‘_\.;/p

SAC305 _
Material gr C
SnPb 0.325 —0.442
SnAgCu 0.325 —0.57

L 2

1000

10000 100000 1000000 10000000

Cycle to Failure
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Vibration (JGPP)

Random Vibration

o

9.8 to 28 Grms (0.07 to 0.5 G2/Hz)

Natural Frequency (72 Hz)
Results

o

o

Some MAS companies are using thes
results to incorrectly conclude SnPb i<
better than SAC in vibration

Wi

t h

BGAO s,
outperformed leadree

Less conclusive for leadless/ leaded
parts

SnPb

PSD (G*/Hz)

/ \

/ \\
/ \\\
/I/ A\
Il I‘II \\\\ \\\
17y AR WA
A AR
i A\
i \\:
/, \

Frequency (Hz)

Predicted Time to Failure

00000

Woodrow, IPC/APEX 2006

All BGA-225 at Constant 3 Grms (0.0062 G2sz) Input (years)
BGA Test Vehicle 5, Test Vehicle 7, Test Vehicle 8, Test Vehicle 77, Test Vehicle 79,
SnPb Solder SnPb Solder SnPb Solder SAC Solder SAC Solder
U4 14.3 19.2 40 0.6 0.8
Ue 297 7010 330 13.3 1.6
U18 4145 23800 35850+ 102 228

oF BB PSR B

PR BWF Ry

LTI

- S e A A e E e e | TR LT

WP Bl N
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Fatigue ExponehCoffin Manson

9000

8000

\ + SnPb/SnPb

7000 +—

= SACB/SAC
4 SAC/SAC

6000

——Expon. (SACB/SAC)
——Expon. (SAC/SAC)
——Expon. (SnPb/SnPb)

5000

4000

3000

Peak Microstrain at 72 Hz (x-direction)

3
o
o
o

1000

0

Characteristic Life (minutes)

R®=0.9507
* R*=0.9995
R?|= 0.9801
10 60 110 160 210 260 310 360 410

A Fit to data providesc =1.5

o Assume the solder
strain is directly
proportional to the
board level strain

o Coffind Manson

¢ Exponent value is too low; representative ofdyale fatigue
A Highcycle fatigue exponent is typically 4 to 6 or higher

¢

MIL-STB810, Steinberg

. C
Nfeg _ €6 2
e — : test l:]
Ntest @eﬁeld |
DfR Solutions
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Fatigue: Intel Vibration Study

1
[ SnAgCu - Vibration
s A SnPb - Vibration
=
£ 06 -
; 0.4 - R? = 0.8272
Eoal
S
0 : : : ! . ' '
1.0E+00 1.0601 1.05+02 1.0E+03 1.05404 1.0E+05 1.0E+06 1.0E407 1.0E408
Normalized # Cycles To Failure
A Sinusoidal Vibration
¢ 0.75g to 4.0qg input
A Note change in Rfree behavior at

high loads, compared to SnPb
¢ Similar behavior observed at DfR

Normalized Board Strain

Nomalized Board Strain

440 _
O Vibration |
A Cyclic Bend |
o ¢
@ 0 Cyelic Shock
004
10E+0D 1 0Ev 10E+Q2 1 06003 1 DEvO4 1 005 1 0E+08 10E4QT
Normalized # Cycles To Fallure
Figure 8: Mechanical fatigue curve of SnPb solder system.
490
© Vibration ‘
& Cyclic Bend |
0 Cyelic Shock |
D4g A\ »0 —
&% ‘Sl’gﬂ- e
> il
S.F. Wong, ECTC 2007
00
EXG0  10Es01 10E02 1OEM@ 1EWMd 10BN 10BN 10607 10EWS

Nomalized # Cycles To Failure

Figure 9: Mechanical fatigue curves of SnAgCu solder system..
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Fatigue: Intel Vibration Study (Cont.)

1
_ SAC405
'©
& SnPb
©
G
® 01
E A\
=
=
o
pd

0.01

1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Normalized Time to Failure (Cycles)

Results do not display powerv behavior DIR SolutionSO

3110 Roancke Place, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com



Experimental Proceduddsest Matrix

o 15 mmx 15 mm, 208 I/O BGA

o 0.8 mm pitch
o 12.7 x12.7 mm die, CSP

o Three preconditioning states

o No preconditioning
o Thermal Cycling froR20C to 85C 120 cycles
o Isothermal 150C for 100 hours

o Seven loading conditions
o Four harmonic vibration levels
o Three shock levels

o Two alloys
o Sn3.0Ag0.5Cu/63Sn37Pb

DIR Solutions
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Vibration ResultsAnalysis

Cycles to Failure

1.00E+08
; +3SAC, NPC  m SnPb, NPC
H
i i A SAC 150C = 3nPh, 150C
1 00E+07 § § & 5AC, Cycled # SnPh, Cycled
- ) s
H .
: i
| |
¢
1.00E+06 - . % ! :
; : ; 3
. § ;
2 ; ¢ :
& ] l
1.00E+05 ° ) ] i ; :
Large variation in time to failure .
due to multiple stress states
present at each load level
1.00E+04 . . . . . . . . .
65 70 75 80 85 90 95 100 105 110 115

Displacement (mils)

DIR Solutions
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Vibration ResultsAnalysis

o FEA to determine the stress levels
o 06 Stress levels Identified for each vibe level

u1 Ue 11

uz u7 U1z

u3 us u13

U4 ug 14 u1a

U5 u10 U135 uzo

DIR Solutions
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Vibration ResultsAnalysis (cont.)

SnPb Fatigue
SnPb Vibe Results: Stress/Location Corrected RelatlonShlp
1 00E+08 No s =11680N
Precondition
L 2
. Thermal S =6820N 8!
- 4 ' Cycling
1.00E+07 - o
Isothermal s =79.00N %7
o
2 A
ks E A SnPb NPC
© 1.00E+06 - ¢SnPbTC
8 SnPb ISO
] y = 2E+14x %"
° 3 6.3281
rs y X"
1.00E+05 - o 4
y = 3E+14x 03
1.00E+04 T T T T
10 15 20 25 30 35
Stress (MPa)
Dt
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Vibration ResultsAnalysis (cont.)

SAC305 Vibe Results: Stress/Location Corrected

1.00E+08

y = 6E+11x %1%

1.00E+0Q7 -

1.00E+06 ~

Cycles to Failure

1.00E+05 +

SAC305 Fatigue

Relationship
No

—_ ~n | -.058

Precondition |$ = 223N
Thermal )
Cychng S :78.1O\|-'09
Isothermal .

S =7100N %

A SAC305 NPC
¢ SAC305TC
SAC305 ISO

1.00E+04 \ \ T T
10 15 20 25 30

Stress (MPa)

35

L3 LF L
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Vibe Resul&2X Safety Fact®enPb

High Cycle Fatigue S-N Curve for SnPb, 3 Preconditions
35
A SnPb NPC
¢ SnPbTC
SnPb ISO
30 - 2X Safety Factor |
\
25
<
o
=3
o 20
)
2X Safety Factor
Solder Alloy No Safety Determined at
Factor 5
108 cycles
Precondition Fatigue Exponents
None 8.628 651  m—
Temperature 1234 8.497 Stelnberg uses 6.4
Cycling |
Isothermal |
Aging 10.31 7.42 +05 1.00E+06 1.00E+07 1.00E+08 1.00E+09
. Cycles to Failure
SnPb fatigue 8.333 I 634 < Cpmmm—
exponent |
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Vibe Resul&2X Safety Factor SAC305

High Cycle Fatigue S-N Curve for SAC305, 3 Preconditions
35
A SAC305NPC
¢ SAC305TC
Ao SAC305 ISO
30 \\ 2X Safety Factor -
\:
g a
>3 B
% \
\\
2X Safety Factor
Solder Alloy No Sg;i?{)r Determinedat .~ _ 4 4 o 24 Al [~
3
108 cycles A * o @
® 3
Precondition Fatigue Exponents
None 17.24 10.5
Temperature 1111 7.83 ‘
Cyclin | '
yemns kos 1.00E+06 1.00E+07 1.00E+08 1.00E+09
Isothermal 12.195 836 I Cycles to Failure
Aging i
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Vibe ComparisdanPlys. SAC305)

—— 5nPb 2X Safety Factor
—— SAC305 2X Safety Factor
25 - \ —— Steinberg Prediction

]
o
1

Peak Deflection (mils)
&

10 ~
Solder Alloy SnPb SAC305
Precondition Fatigue Relationship
64 78
as 0 N S ' ' '
Cycles to Failure N - O Nf - 0 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10
f (;116 : (; 1; Cycles to Failure
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Mechanical Fatigubkterpretation d?bFree Data

o SAC I s 0O68SnPb ffer o t han

o For a given force / load, it will respond with a lower displacemer
/ strain (elastic and plastic)

o Lowcycle fatigue (plasticity driven)

o Under displacemeialriven mechanical cyclirfgnPbwill tend to
outperform SAC (e.g., chip scale packages [CSP])

o Under loaddriven mechanical cycling, SAC will tend te out
performSnPhe.q., leads of thin scale outline packages [TSOP])

o Highcycle fatigue (elasticity driven)
o SAC will tend to oyterformSnPior all package types

DIR Solutions
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Predicting Reliabilityibration

o Critical displacement

(Steinberg) 0.00028

(0]

B is length of PCB parallel Z —
to component c

C IS a component packaging Ch r'\/ L

constant
o 0.75t02.25
h is PCB thickness A At critical displacement,

ris a relative position factor ~COmponent can survive a
o 1.0 when component at minimum 20 million cycles under

center of PCB random vibration
L is component length

DIR Solutions
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sherlggk

Simplifies Calcula

AUTOMATED DESIGN ANALYSIS

o 61Is analogous to
0.00022B, but
represents strain

o CIS acomponent
packaging constant

o LIs component
length

DfR Solutions

reliability designed, reliability delivered 0




Vibration(Prediction)

. . o D
o Lifecalculation ae Q
o N,is 10 million cycles (harmonic)N FEA — Nc . 8
o N.is 20 milliorcycles (random) (; FEA —

o Assumptions

0]

Chassisatural frequency differs from the CCA natural frequency by at
least factor of two (octave)

o Prevents coupling
Vibration occurs at room temperature

o Depending upon the configuration and loading, vibration at lower or higher
temperatures can increase/decrease lifetime

Does not consider the influence gflane displacement (i.e., tall
components)

DIR Solutions
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Reliability

Validationd Random Vibration

100.0% N l-‘ '-———______-“-_
" \\ .
-
10.0% -
0, -
1.0% # Sherlock Predictions
—Test Weibull Distribution
0.1% - o
0.0% | | |
1.00E+04 1.00E+05 1.00E+06 1.00E+07

Time Seconds
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