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High Reliability Systems are Prevalent in
Several Market Segments

HEY o . U

Switching Power Supply
Solar Power Modules

ak.

Thermoelectric Modules

Street Lighting
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! What Do they All Have in Common?
h-'—_’d |
* High Temperature Environments

* Possible Vibration and Shock Environments
 Temperature and Power Cycling Environments

e Very High Current Flows and Thermal Transfer
Requirements

* A variety of materials forming the product

— Substrate tiles bonded to copper baseplate
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! Stringent Environmental Conditions
= -

* Being used at varying temperatures or
temperature extremes

* Having a temperature range of -55°C to 125°C

* Being used in an application having a medium to
high shock, pressure, vibration, or moisture
environment

* Being stored for later usage (over 10 years)
* Having an application life span of 10 to 25 years

DEesignGon
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¢ Example Life Expectancies
| S ——
* |GBT — Rail application — 30 years (Each module
100FIT)

 Power Module — Automotive Application — 20
years
— 10W/cm?
— DBC Substrate bonded to heatsink
— Vibration, shock, humidity, salt spray
— Cost

e Solar Power Inverters-25 years
e Street Lighting — 15-20 years
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- Failure Mechanisms
b-"\‘-—

 Thermo-mechanical fatigue induced failures
— CTE mismatch
— Temperature swings
* Bond Wire Fatigue
— Shear Stresses between bond pad and wire
— Repeated flexure of the wire
— Lift off (fast temperature cycling effect)
— Heel Cracking

* Die Attach Fatigue
* Solder Fatigue

— Voids
* Device Burn Out

 Automotive- degradation of power
— Solder Fatigue
— Bond wire failure (lift off due to fast temperature cycling)

e Structural Integrity — ceramic substrate to heat sink in thermal cycling
* |GBTs —solder joint fatigue, wirebond liftoff, substrate fracture, conductor delamination

DEesignGon



[ How Can We Resolve these Issues During the

s _J‘Dfigl Phase of a Product?

e Utilize an Automated Desigh Analysis Approach
Because:
— Mil-HBK-217 actuarial in nature
— Physics based algorithms are too time consuming

— Need to shorten NPI cycles and reduce costs
— Increased computing power

— Better way to communicate

DEesignGon



' PoF: the Complexity Roadblock
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. Common Failure Modes
b-.‘\‘—

e Wire Bonds

Wire bonding has been the most common interconnect for IC packages for over 50
years. The most common materials are gold, aluminum, and more recently copper. The
most common bond pad material is aluminum.

Curﬁ.ref
Curve 1 Ball f .
bond _Lcu:rp height
Wedge Ball-wedge
bond Iaﬂset (H)

< :

Span (D)
Wire bonds tend to fail if exposed to elevated temperatures (intermetallic

formation), exposure to elevated temperature and humidity (corrosion) and
exposure to temperature cycling (low cycle fatigue).
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Common Failure Modes: PCBs

Printed Wiring Boards have several failure modes
that are detrimental to reliable operation.
Failures in PCBs can be driven by:

Size (larger boards tend to experience higher
temperatures)

Thickness (thicker boards experience more
thermal stress)

Material (lower Tg tends to be more susceptible)
Design (higher density, higher aspect ratios)
Number of reflow exposures

DEesignGon



¢ Common Failure Modes: PCBs
e

Plated Through Hole Failure Mechanisms: voids
(left), etch pits (center) and barrel cracking from
fatigue (right)

PTH voids can cause large stress concentrations,
Conductive anodic filament (CAF), also referred to resulting in crack initiation.

as metallic electromigration, is an electrochemical

process which involves the transport (usually ionic)
of a metal across a nonmetallic medium under the

Etch pits are due to either insufficient tin resist
deposition or improper outer-layer etching process

influence of an applied electric field. CAF can cause and rework.

current leakage, intermittent electrical shorts and Overstress cracking can occur in the PTH due to a
dielectric breakdown between conductors in Coefficient of Thermal Expansion (CTE) mismatch
printed wiring boards. which places the PTH in compression.
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! Common Failure Modes: Solder Fatigue

Thermo-Mechanical Fatigue of solder joints is one of the primary wear-out
mechanisms in electronic products. This is especially true in products used
outside of commercial/ consumer environments where a longer lifetime is
required and more severe operating conditions exist. The analysis assesses the
fatigue of the solder joints as a function of the stresses applied during its
lifetime and provides insight into whether joints are susceptible to failure.

DEesignGon



* Industry
Terminology
— Parts List
— Stack-up
— Pick and Place
— ODB++
— GERBER

! Automated Design Analysis
b-ﬁd T TN I
e Easy to Utilize

* Easy to Locate
commands

There are several high
levels steps involved in
performing an automated
design analysis. They are:
 Define Reliability
Goals
 Define Environments
 Add Circuit Cards
 Import Files
* Generate Inputs
 Perform Analysis

* Interpret Results
DesicnGon



¢ Reliability Goals
Ceemcom s m

A Sherlack L= | B

Project Circuit Card File  Analysis Results Tools Seltings Help

» [E5 Antilock Braking System rLife O Ty ﬁ1
» ﬁ Heart Pump

v (5 HVYAC Controller

Modify any of the following properties and press the Save bulton to update the

[ 2

E . ) current life cycle for this project. Press the Load Life Cycle bulton to load a
[ Nelwqu Switch o different life cycle from the file system or the Save Life Cycle bulton save the
» [E5 satellite Communication current life cycle in a named file. Life cycle files can be used in other projects
»> [ﬁ Solar Inverter andior shared with other Sherlock users.
A [E Thrust Reverser Identification

¥ @ Life Cycle -

v [F] Phase 1 Name: |Life Cycle

#° 1-Mechanical Shock

# 2 -Flight Thermal Cycle

# 3-Diurnal Profile

4 -In flight Random Vibration

Description:

» @ Project Results Reliability Goals

¥ 7= Annunciator @
> @ Files Reliability Metric: Prob. of Failure [%)
3 @ Inputs Service Life (years): [on || Reliability (3}
> @ Analysis Prob. of Failure (%)
» @ Results MTEF (years)

» B CONTROLLER MTEF (hours)
FITs (1E8 hrs)

FITs {(1E9 hrs)
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- Ambient Environment
Ceemecom s m

B Sherlock

) Shock Pulse Profile

Project  CircuitGard _File Analysis Resulig-, =<~ “odiogs - |58

= Composite Shock Pulse
> [ﬁ Antilock Braking System

Modify any of the following properties and press the Save bulton to update 80
> ﬁ Heart Pump 1 the current Thermal Event. -
» (B HVAC Controller  igentiication 3w
» (B Keyfob 2

Name: | 2 - Flight Thermal Cycle

» (E5 Netwaork Switch
> [ﬁ Satellite Communication
> ﬁ Solar Inverter

Description:

0 12 3 45 6 7 8 9 10112131415 16 17 18 19 20 21

Time (ms)
¥ E’ Thrust Reverser ~ Thermal Event Settings
X @ Life Cycle #ofCycles: 730 PERYEAR  v|
A E Phase 1

Load Profile ... Edit Profile ... Save Profile ...
# 1 -Mechanical Shock

Thermal Profile

& 2 Flight Thermal Cycl E——
N

A 3-Diurnal Profile
4 -In flight Random Vibration
[ @ Project Results

Random Vibe Profile

Operation_Random_Radial6

Temperature (C)

00100
g @ Flles % 00075
B @ InDU1S 100 125 150 175 200 225 250 % 0.0050
» @ Analysis Time min) =l
» @ Results <
» B} CONTROLLER O = %0 1000 1500 2000 200 3000

Load Profile .. Edit Profile .. Save Profile .. Frequency (Hz)
=

Load Profile ... Edit Profile .. Save Profile ...

Handles Very Complex Environments
DesicnGon



Input Design Files

Edit File Properties R — - o]
Select the appropriate file type to indicate how the data in the file should be |
"a ShE I'IDCk ;r::s‘::::::;t::reennir‘l‘t:':‘?: specific information about the file format, Elﬂu
5 L g 5 d File Type: |
Project Circuit Card  File  Analysis Comment: | Parts Lt ©5v)
Farts List (Eagle)
» [E5 Antilock Braking System Parts L 005-+)
L3 ﬁ Heart Pum o SEHEDae B ] ok & Racs (DELIMITED)
# of Head Pick & Place (Eagle) |
> ﬁ HWAC Controller L — (FIXED) =
Reference Il .., & piace (0B XHL) _
»> ﬁ Keyfob X Coordinatq pick & Place (ODB++) EJ
- inatd Sik Screen (Gerber) *
> Metwark Switch eI |
i . e - ! i
> [ﬁ Satellite Communication PSR i sas
» ﬁ Saolar Inverter Board Sidd Solder Mask (OD8 XML}
| Solder Mask (0DB++)
Descriphos _____~  °
v & Thrust Reverser o

v @ Life Cycle
¥ % Phase 1 _
# ° 1-Mechanical Shock =]
%4 2 -Flight Thermal Cycle 1
# 3 - Diurnal Profile
4 -Inflight Random VYibration
» @ Project Results > e
¥ =] Annunciator
» & Files
[ @ Inputs
[ @Analysis
- @ Results
» B8} CONTROLLER

DEesignGon:



Input: Parts List

IR . V.

|£| Part Properties - U94 &J

% Sherlock - e

Project CircuitCard File Analysis Results Tools Settings  Help

» [ Antilock Braking System [E R ] & Main Board Parts List ] The following properties are currently deﬁngdforthe selected part as derived from the listed source. Press
v (& Heart Pump the ... button to see all source values for a given property.
- The following table contains all parts currently defined for this CCA. The items are color coded 5o that you know the
v @ Life Cycle ; @ confirmed /&, Un-Confirmed [2] Guess @) Unknown
v 8] Phase 1 Sources:  User PartsDB BOM
J Harmonic Vibe 0 Problem Exists A Un-Confirmed e Confirmed A Part Properties -U94
# ° Mechanical Shock Filters
3 Random Vibe D | Pkg | Thermal | Loc | Ball | Pad | Die | Flzg | Lezd -
# Thermal Cycle RefDes Part Number Part Type i —
v © Project Results U Ball Pattern: 4, FULL comp-lop.odb - Il
@ Score Card (| I
Ball Count: /i, 256 comp-op.odb -
@ Life Prediction Parts Listing (l EE L—J l
@ Report i Ball Units: A&, mm comp-lop.odb s
v @ Main Board RefDes ry \ Part Number | Part Type A —_— i
» @ Files T h o A [ Ball Pitch: /I, 1.0 comp-top.odb = L
¥ @ Inputs Ay uroo b 07509735 A | Ball Diameter: [2] 0.7 I : -
8 Pai Ay uro /b, 0750973 5 I . — Ul
Ball Height: 0.6 .
B stackup A uToz /A, 075-07005 [l ght: [7] ( =)
B Layers Ay ur03 A 07507005 - Ball Chan Width: A, 0.0 comp-top.odb . I
LA Pick & Place A urod /b, 07507005 I i
& Drill Holes A uros /b, 07507005 | I
v @ Analysis A uror b, 07506765 I
£ CAF Failure i dyor 3, Package Chooser == 3, Package Chooser == fl
Ay Failure Rate A urog /b, 07506765
Ay PTH Fatigue A uT10 /i, 075-0676-5 Selectthe desired package: Selectthe desired package: (
A Shock ! Vibration & uT20 & 075-0686-5 Package Type Pin Count Size (mm) Package Name Package Type Pin Gount Size (mm) Package Name Il
y uT21 5 0686-5 . ‘QFN-4 (MO-220VEEB) . ALL Al A ALL C-BEND-3528-12
"L s FE“QUE & & % 10x10 'QFN-6 (MO-252UAAD) 5 JEPO5 1 18x14 C-BEND-3528-15 .
v @ Results Atz A 07507365 5 14310 QFN-6 (MO-252WAAD) 26x43 C-BEND-3528-21 [l
€D Score Card A urzs A, 07500995 8 14x18 QFN-6 (MO-287TUAAF) 2644
€ Life Prediction Ay ur2e A 07511545 10 14x20 QFN-6 (MO-287UFAD) 29x16 U
12 15%1.0 QFN-6 (MO-287X1A4F) [l
> &5 HvAC Gontroller i Ao 14 15x15 QFN-6 (MO-287X1FAD) 36x43
» (B Keyfob N A, 07507005 18 15x20 QFN-6 (MO-287X2AAF) 57x32 W
> ﬁ Metwork Switch & U730 A 075-0667-5 18 16x12 ‘QFN-6 (MO-287X2FAD) 59x68 {
» (5 Satellite Communication A A\, 075-0667-5 ig 12‘;? g;:: E:':g';;:xi’; ;z‘;g |
uT32 x =0 (W= — L
» [E3 solar Inverter A Ay 07511545 24 18x26 QFN-B (MO-220VEEC-2) =]
» (B Thrust Reverser A u733 /i, 07506675 28 20x10 QFN-& (MO-220VEEC-3) 0633
& U734 & 075-1386-5 32 k|l20x20 b || QFN-8 (MO-220VGEB) b BEMM. QFFP/LQFP/TQFP ¥
& uTss A 07508535 6 MIETIET] ¥ QFN-& (M0-248UFEC-1) ¥ Mse] =
& Y2 & 076-0050-5 Package Name: D 2P Package Name: C-BEND-3528-21
& v3 A 076-0050-5 Package Type: _2|, Package Type: CBEND
A va i, 07600505 Package Material: on Package Material: TANTALUN
Package Leads: - Package Leads: 2-C_Lead - Copper
Dimension (mm): Dimension (mm): 32x28x 18
Add Pal Y

Uoe package Propates

T

e Color coding of data origin
* Minimizes data entry through intelligent parsing and embedded package and

materials database DesicnCon’
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- Inputs: Stack-Up
S —

Stackup Properties

The following board properties are based on the currently defined board outline and the individual layer properties shown below:

Board Size: 370x 178 mm [14.6 x7.0in] CTExy: 17.519 ppmiC
Board Thickness: 1.6 mm [62.0 mil] CTEz: 58.646 ppmiC
Board Density: 2.8515 glce Exy: 35743 MPa

Copper Layers: 10 Ez: 4379 MPa

Stackup Layers

Double click any row to edit the properties for that layer or select one or more rows and press the Edit Selected button below to edit properties for a batch of layers. Press the Generate Stackup Layers button
to replace all layers using a given PCB thickness and default layer properties.

Layer | Type | Material | Thickness | Density | CTExy | CTEZ | Exy | Ez
1 POWER COPPER (33.7%) 1007 4 1977 21180 ] - 451838
2 Laminate  Generic FR-4 Edit Selected Layers - — ! ) 3,450
2 POWER COPPER (92.2%) 105,099
4 Laminate  GenericFR-4 Enter any fields to be updated in all selected layers. If a field is left blank, then the current field value will i 2450
5 POWER COPPER (50%) remain unchanged for each layer. 62,350
6 Laminate GenericFR-4 Laminate Layer Properties 3450
i POWER COPPER (92.2%) ; 105,099
8 Laminate  Generic FR-4 Laminate Material: ¥ || Generic FR-4 v] 4 3,450
9 POWER COPPER (91.1%) I ammial T ke 103,984
10 Laminate  Generic FR-4 Grace 3,450
11 POWER COPPER (19.9%) Hitachi 7 31,859
12  Laminate Generic FR-4 ITEQ 4 3450
13 POWER COPPER (92.2%) Isola 105,099
14 Laminate  Generic FR-4 Kingboard 4 3,450
15 POWER COPPER (23.2%) LG Chemical 35202
16  Laminate  Generic FR-4 bl 5.3 mil 1.9000 17.000 3450
17 POWER COPPER (92.2%) 1.0 0z 8.3462 18.021 18.021 105,099 105,099
18 Laminate Generic FR-4 5.3 mil 1.9000 17.000 70.000 24 804 3,450
19 POWER COPPER (20.9%) 1.0 0z 3.2839 21.87M 21.871 32872 32872

* Automatically generates stackup and copper percent (%)
* Embedded database with almost 400 laminate materials with 48
different properties

DEesignGon



Analyses

b I . V.

* Eight different analyses can be performed. They are:

— CAF — Conductive Anodic Filament Formation
— Plated Through Hole Fatigue

— Solder Joint Fatigue

— Finite Element Simulations

— ICT Impact

— DFMEA

— Vibration Fatigue - Natural Frequencies

— Mechanical Shock

DEesignGon
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: Results: Automated Mesh Generation

I . V. .

s

Shock / Vibration Analysis Pmpe?ﬁs - M

A

o
Y
P

Specify the desired properties for shock / vibration
analysis. The Settings >> FEA Settings main menu
option can also be used to specify FEA analysis
properties across all projects and CCAs.

T
g
S

-
N
i iy N
A

NI,

Mesh Properties

Max Mesh Size: 2.0 [mm ¥

Min Part Size: 5.0 mm |V

hlb

Min Hole Diam: 2.0 mm v

..
i I Tud n
G g R
P Cum AT v b AP Sl

oy |
. =/
A Min Mesh Angle: |15 v Il
B
L
= H
A & 4 ¥ Natural Frequency Scan
acrabit 3 3 ) ) |
At ey ey
e S R e O : ) — = | |
i ; i ; Eura ; :
St LT i i Min Frequency: | 20 |Hz |~ I
Ay | i 5 , E3 TN
(AR 2 Max Frequency: | 2000| HZ (v |
o
REsat, bR ; e 2 I
l’éigf’ﬂ" : ok : e e iy Number of Results Displayed f
Sl - i AR N F ;
i —
P Natural Freq Results: |3 =
',',5;‘5 - I
o Mech Shock Results: |1 |> Il
fo o —_—
Harmonic Vibe Results: |0 5.2 |
e —— 8|
Random Vibe Results: |1 | ¥ I
e b 2 - ! ) ; Ak
PR AT ] et tx T BN %»‘%-’_. ; |

l Save & Run J l Save J l Reset J l Cancel J

—— = ==

* Identifies optimum mesh density based on board size
e Expert user no longer required; model time reduced by 90%

DEesignGon



3D Output
| owsg

The analysis can also establish 3D models by
creating a mesh structure and the model from
the data input to the analysis.

DEesignGon
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In-Circuit Test Evaluation

[E5 Solder Fatigue Top [a
ﬁ‘ Solder Fatigue Bot

(B PTH Fatigue

[E5 CAF Failure

(5 DFMEA Top

(E§ DFMEA Bot

[E5 FEA Scores

T,

s
i

NF 168.01 Hz

NF 341.83 Hz

NF 460.12 Hz.

NF 670.25 Hz.

RV Disp RMS B/
RV E RMS
RV Exx RMS
RV Eyy RMS
Sh Ems
ShE6Gms
5h BExBms
Sh Eyy 6ms
ICT Disp . ; Fe ey o7
ICTE - ot e
ICT Exx AT

&

T W

Zoree
:
ety

=
43

(o]

000000 00000O000C

AN

"L

 Uses embedded FEA engine to compute board deflection and
strain cause by ICT fixture

DEesignGon



DFMEA

Havigation Subcircuit Properties

b-"\‘_

= Open - Pin 17 (N127243) E :
‘= Open - Pin 18 (N127703)
‘= Open - Pin 19 (N127703) Description:
_i= Open - Pin 20 (GMD)

"= Short - Pins 1 (PLCC20-1) & 2
‘= Short- Pins 1 (PLCC20-1) & 24
"= Short- Pins 5 (N124525) &6 (1 Part Designator: U2
‘= Short - Pins 7 (N124972) & 8 (1
‘= Short- Pins 9 (N125421) & 10
"= Short- Pins 11 (N125875) & 1
‘= Short - Pins 15 (N126785) & 1
‘= Short- Pins 17 (N127243) & 1
"= Short - Pins 19 (N127703) & 24

Subcircuit Name: LUMNASSIGMED

Part Properties

Description: [C ADY PWM MOTOR CTRL LCCC-20

Failure Mode Properties

Failure Mode: Logic Failure

v 4k Uz

Potential Cause: Device failure
_i= Open-Pin 1 {PLCC20-2) Potential Effect:
L= 0pen-Pin 2 (N131610) SEV: 2
_i= Open - Pin 3 (N131610) )
L= Open-Pin 4 (M131614) ocC £
_i=Open-Pin 5 (N131614) ' DET: 2
_i= Open - Pin 6 (N131618) RPM: 22

"= Open - Pin 7 (N131618)
‘= Open - Pin 8 (N131622)

e Uses ODB++ data including net list to create board level DFMEA
* Includes customizable spreadsheets for export

DEesignGon



Results: Five

I . V.

TN A VAR

Different Outputs

Sherlock =1
Project CircuitCard File Analysis Results Tools _Satings Help
A Sherlock s
v (& Antilock Braking System . M
Projedt CircuitCard il Analysis  Resuts _Tools _ Sefings _Help o I isivrton coupond Solder Faigue = |
v (& Antilock Braking Systern [E T » @ ProjectResuts [ReDes  |Package |PanType | sice [Soider | MaxaT(C) | CydlestoFail 4| TTF rs) | Score
> @ Lrecyce v B dfrvibration-coupond | (U1 Lcccas  ic ToP 63SNITPB 575 5050 1284 00
» @ Project Results v @Files u12 Lccc44  IC ToP 63SN27PB 575 5,050 1284 00
v B dfr-ibration-coupond Solder Fatigue & comp-botadb ug BGABTE  IC ToP 63SNITPB 575 13,082 3578 51
v @ Fies . comp-op.adb Ut soas7s 10 Top sasnaPe | 575 13,052 3578 51
L& comp-botods Module Score: 0.0 8 anitoan u13 TSOP-32(.. IC ToP 63SN37PB 575 14,083 38.58 61
comptop.odo Analysis Type: Deterministic I rainbow 1. ute TSOP-32(.. | IC ToP 63SN37PB 575 14,083 3858 61
8 arin.oan 7 or more: [162/(060%) I rainbow 2.jog uts TSOP-32(.. IC ToP 63SN3TPB 575 14,083 38.58 61
T rainoow 1jeg 3107 R B silk-bot odb u1s TSOP-32(.. IC ToP 63SN37PB 575 14,083 3858 61
T rainbow 2jpg o7 (SR B siktop.odb us QFN-80 (M... IC ToP 63SNITPB 575 32,308 8.5 100
B sitk-otoan less than 3: [2{1.0%) B sm-botodb 3 QFN-80 (M. IC ToP 63SNITPB 575 32,308 8252 100
B silk-top.od Timestamp: 110328 2127551 [ gy — = 2512 RESISTOR  TOP. 63SN37PB 575 34,105 93.44. 10,0
B8 sm-botodb 2512 RESISTOR  TOP 63SNITPB 575 34,105 93.44 100
B sm-top.odo Project CircutCard File Analysis Results Tools Seftings Help 2512 RESISTOR  TOP 63SNITPB 575 34,105 93.44 100
v @ inputs Analysis Statistics Board Prop{ || v (& Antilock Brakin 2512 RESISTOR  TOP 63SN37TPB 575 34,105 9344 100
A 9 System J y
- — I a-vorton coupond Sader Ftigue | 2512 RESISTOR  TOP 63SNI7PB 575 34,105 9344 100
8 stackup Parts Analyzed: 200 PCBTHC] |, @ project Resuts  The following chart shows the combined Life Prediction curve for the 12 unique (Litetime, Beta) resuls generated. 2512 RESISTOR  TOP 63SNITPB 575 34105 9244 100
2 S 3 > 2512 RESISTOR  TOP 63SNITPB 575 34,105 03.44 100
Missing Mount Type: 0 PCB v B dfr-bration-coupond. = - - .
LA Pick & Place s Antilock Braking System dfr-vibration-coupon4 - Solder Joint Fatigue =5 TR T e =e 2410 g o0
a Wrong Mount Type: 1 pd FlIgE)
1 Dril Holes A SR 2512 RESISTOR  TOP 63SNITPB 575 34,105 03.44 100
v @ Analysis Missing Part Type: 0 y 100 - Service Life = 10.0y1s. 2512 RESISTOR  TOP 63SN37PB 57.5 34,105 93.44 10.0
@ caF Faiure Wrong Part Type: 0 o e 2512 RESISTOR  TOP 63SN37TPB 575 34,105 93.44 100
@ Failure Rate Maioon il 2512 RESISTOR  TOP 63SNITPB 575 34,105 93.44 100
@ PTH Fatigue Messng Packane: 0 W nbon w0 2512 RESISTOR  TOP 63SNITPB 575 34105 93.44 100
@ snock vioration Wrong Paclage: 0 B sl buhdfg - 2512 RESISTOR  TOP 63SNI7TPB 575 34105 9344 100
@ solder Fatigue Analysis Errors: 0 B silk-top.odd 2512 RESISTOR  TOP. 63SN37TPB 575 34,108 93.44. 100
» @ Results & o ‘: i . 2512 RESISTOR  TOP BISN37PB 515 34,108 93.44 100
» (5 Heart Pump Reliability Goals = A ‘ 5 ﬂan 75 2512 RESISTOR  TOP 63SN37PB. 57.5 34,105 93.44 100
> (@ HVAC Controller N SroR.o o 2512 RESISTOR  TOP 63SNITPB  57.5 34,105 93.44 100
» (& Keyfob Service Life: 10yrs QFEB (L. IC Top 63sNITPB 575 36,500 =100 100
» (& Network Switch e T e QFIB8 (M. IC ToP 63SN3TPB 575 36,500 >100 100
» (& satelite Communication 2 1206 RESISTOR  TOP. 63SN37PB 575 >36,500 =100 100
» (& Solar Inverter m 2 1206 RESISTOR  TOP 63SNITPB 575 36,500 >100 100
> (6 Thrust Reverser & ;‘“;: F“ate i 1206 RESISTOR  TOP 63SNITPB 575 238,500 >100 100
rill Holes =
v @ anaysis B mary B3 [ Life Prediction /~ | Time To Fail 4 | Table
@ CAF Failure g *
| summary ) [ Life Prediction /7 | Time To Fail il | Table ) @ Failure Rate 2 pont
g @
@ PTH Fatigue
s
@ shock / Vibration Solder Fatigue Top
@ Ssolder Fatigue 30
B Sherlock » @ Results o
Project CircutCard Flle Analysis Results Tools Seftings Help + (& HeattPumo
= » [ HVAC Controlier B
v (& Antlock Braking System = P
L [ auibraton-coupons sotcerFatigue x | » & Keyfon s
+ @ Project Results " The following chartshows the istibutn of Time To Failure Years) values for i || > (B Network Switch . ] _
i i 2 » (& satellite Communication
v B diribration-coupond Antilock Braking System dfr-vibration-coupon4 4| | (& Solar Inverter N Y
v @Fies Distributi
istribution E:
12 comp-bot odb - » [ ThrustReverser b
5 compion o Sy R A T N T R A :
o 100 ifetime (Years) !
T rainbow 1.jng 80 ["summan @ | Life Pregiction ./~ [ Time To Fail ull | Table &1 -
T rainbow 2 jpg - [ 3
B silk-bot odd Components -
B silk-top. oo 180 (& silkscreens [
B sm-botodd - o silktop.odo N
B sm-op.odo 0 sitkcbotods =
v @ Inputs e (& Drill Holes
= 130 (] arill.odb -
20 ]
2 -
5 10 [ sm-botodb :
[ Drill Holes 2 (8 Thermal Maps -
v @ Analysis 8 (& OtnerLayers [ = §
@ chF Failure - - ¥ OUTLINE E
@ Failure Rate & O cutouts .. W
@ PTH Fatigue O FEAMesh et
o L .
@ shock/ Vibration @ MountPoints [y
@ solder Fatigue &0
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- Unreliability Curves
e

Tom's Demo ODB++ Tutorial - Life Prediction

100 { Service Life = 25.0 yrs

a5 {Prob. of Failure Goal=5 %

= Comhbined

= Failure Rate

~——PTH Fatigue

— Random “Vihe Fatigue
Solder Fatigue

Prabability of Failure (%)
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Lifetime (Years)
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Natural Frequencies

Natural Frequencies Identified (1st-upper left), (2"-upper
right), (3" -lower left) and 4t — lower right)

DEesignGon:



Vibration Strain Levels

. ) ) ) . . Solder Fatigue Bottom / PTH Fatigue / Random Vibration RMS YY Strain / Failure Rate ...
Solder Fatigue Bottom /| PTH Fatigue /| Random Vibration RMS XX Strain / Failure Rate...

In addition, the analysis can provide data regarding the strains applied to the
circuit board as a function of the vibration stress levels. The left illustrates this
data in the XX direction and YY in the right image.
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What If?

b-.‘\‘—

Probahility of Failure

Comparison of Sn/Pb (left) and SAC305 (right) with respect to solder fatigue

Service Life = 10.0 yrs
Failure Goal = 30.0%

—PTH Fatigue

Lifetime (Years)

= Combined

~Solder Fatigue

Probability of Failure
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Service Life = 10.0 yrs
Failure Goal = 30.0%

— Combined
— PTH Fatigue
~— Solder Fatigue

1 2 3 4 5 & 7 a a 10 11 12 13 14 15 16 17 18 19 20
Lifitime (Years)
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Product Test Plans
e

* Product test plans, also known as design verification, product qualification, and
accelerated life testing (though, these are not the same thing), are critical to the
successful launch of a new product or new technology into the marketplace.

* These test plans require sufficient stresses to bring out real design deficiencies
or defects, but not excessive levels that induce non-representative product
failure.

* Tests must be rapid enough to meet tight schedules, but not so accelerated as
to produce excessive stresses.

* Every test must provide value and must demonstrate correlation to the eventual
use environment (which includes screening, storage, transportation/shipping,
installation, and operation).

-

Ambient of 40C for on/off cycles
(assume 5 cycles/day of 40 — BOC)

-------

1.5% failura
at 5.7 years
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DfR Solutions 0
reliability designed, reliability delivered

Thank You!

Greg Caswell

Sr. Member of the Technical Staff
DfR Solutions

301-474-0607 (office)
443-834-9284 (cell)
gcaswell@dfrsolutions.com
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