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AGENDA

=  Why reliability matters?
= Whatis it?
= (Challenges of the journey
= Standards
= MIL specs, IEC, IEEE, ASQ, IPC, JEDEC, etc....
= List of tests
= AEC-Q200 as an example
= Alook at each test in list
= Comments on implementation
= Examples
= Summary
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THE JOURNEY BEGINS
At the beginning the path it is not always clear

=  Merriam-Webster definitions

= Reliability:
» The quality or state of being reliable
= The extent to which an experiment, test, or measuring procedure yields
the same result on repeated trials

= Reliable:
= Suitable or fit to be relied on
= Giving the same result on successive trials

= Relied:
» To be dependent
» To have confidence based on experience

Slama Stock Images https://www.merriam-webster.com/dictionary/reliability
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THE JOURNEY BEGINS
Slightly more clear...Officially...according to the American Society of Quality (ASQ)

= Reliability is defined as the probability that a product, system, or service will perform
its intended function adequately for a specified period of time or will operate ina
defined environment without failure.

= Mostimportant components to establish reliability:
» Probability: the likelihood of mission success
» Intended function: for example, to light, cut, rotate, or heat
= Satisfactory: perform according to a specification, with acceptable compliance
= Specific period of time: minutes, days, months, or number of cycles
» Specified conditions: for example, temperature, speed, or pressure

= Stated another way, reliability can be seen as:
» Probability of success
= Durability
= Dependability
= Quality over time
= Availability to perform a function

Slama Stock Images https://asq.org/quality-resources/reliability
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THE JOURNEY BEGINS

The path is clear, but the result may be unknown.

= The customer defines the requirements
= Many standards available from
= MIL specs, IEC, IEEE, AEC, IPC, JEDEC, etc....
= Company specific/developed tests
= They provide
= Test and methods based on usage parameters
= Sampling sizes
= Lists of suitable tests
= Test sequences
= Acceptance criteria

Slama Stock Images
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SCOPE OF THE CHALLENGES

J

Reliability covers many aspects of a component or product
Manufactures put a lot thought into it
Most often the user takes it for granted, at least until a failure

There is a test for everything and an associated standards
Which ones you use depend on what your customer requires

MTBF — mean time between failures

MTTF — mean time to failure (mean time before failure)
Failure rate — 1/MTBF

FIT — Failures in Time — failures in 10°

Service life
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SCOPE OF THE CHALLENGES

7]

Reliability covers many aspects of a component or product
Most often the user takes it for granted, at least until a failure
Same with your car, your phone, your ...

There is a test for everything and an associated standards
Which ones you use depend on what your customer requires

MTBF — mean time between failures

MTTF — mean time to failure (mean time before failure)
Failure rate — 1/MTBF

FIT — Failures in Time — failures in 10°

Service life
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GENERAL CHALLENGES FOR MAGNETICS

= |n general, there are few wear out mechanism because a transformers/inductors are a static devices
= However, insulation degradation can occur which can lead to failure
= (aused by external events
= overvoltage (surge or spike)
= overhearing from over current (a short circuit)
= From environments like high humidity, high temperatures, thermal cycles or combinations of them
= Failure due to mechanical vibration — rubbing/abrasion or work hardening

= QOperating temperatures
= Qutdoor lighting is expected to work from -40°C (°F) to 50°C(120°F)
= Automotive under hood components must work from -40°C to 125°C (257°F)
= Aerospace lows of -60°C (-76°F) to highs of 175°C(347°F)
= Down hole oil to highs of 200-250°C (392-482°F)
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SPECIFIC CHALLENGES FOR MAGNETICS

= Thermal cycling
= ages solder joints.
= Thermal shock
= different rates of thermal expansion of the materials used
= High temperatures
= Humidity

= Partial discharge (corona) caused by separation of insulation
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KEY PRINCIPLE IN A WORD

Details
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KEY PRINCIPLE IN A WORD

Detalls

Definition: extended treatment of or attention to particular items

https://www.merriam-webster.com/dictionary/detail
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WHERE RELIABILITY IS DESIRED

\Weather radar

12 kV, 250 kHz

Fully Encapsulated in an Aluminum
Can

Tape Wound Amorphous Core

Corona-resistant

Photo with permission
https://www.aircraftnerds.com/2018/08/aircraft-weather-radars.html
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HIGH VOLTAGE RADAR PULSE TRANSFORMER

= Symptom:
= Corona after thermal cycling

= (ause:
= Separation of epoxy from can
= Epoxy cracking

= Solutions:
= (Cleanliness, careful preparation o

= |mproved matching of epoxy
= Addition of filler - fiberglass frit o /

= Attention to all details

Photo used with permission: https://www.ecraftsmen.com/portfolio
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ACCELERATED TESTING

= HALT — Highly Accelerated Life Test from IPC 9592...
= During design process with focus on mechanical parts "5.2.3.1 Scope and Purpose
= Shock/vibration/thermal cycles The purpose of HALT is to assure there is
= Tested beyond specified conditions to figure out vulnerable some margin to specified stress levels and
points in reasonable time as a means to find weaknesses in designs
= No precise criteria for endurance for corrective action prior to design release.
It is specifically not the purpose of HALT to
= HASS — Highly Accelerated Stress Screening predict reliability (failure rate) or service life.
= During manufacturing process It is strongly recommended that HALT be
= Shock/vibration/thermal cycles during operation performed as early in the design cycle as
» Tests close to specified limits possible. HALT gives the best results when
= (oal to unveil early state failures problems that are found, can be corrected
well before the rest of the qualification
= ESS - Environmental Stress Screening testing.”

= Exampleis burn-in

JOURNEY TO RELIABLE MAGNETICS
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STANDARDS AND SPECIFICATIONS

A chip from the iceberg

16 |

MIL-PRF-27 — Performance specification: Transformers and inductors

MIL-PRF-21038 - Transformers, pulse, low power — general specification-general
MIL-PRF-39010E - Coil, radio frequency, fixed, molded, established reliability and nonestablished
reliability, general

MIL-STD-202H - Test methods: Electronic and electrical component parts
MIL-STD-810 — Environmental engineering consideration and laboratory tests
MIL-HDBK-217F — Reliability prediction of electronic equipment

AEC-Q200 — Stress test qualification for passive components

J-STD-002 — Solderability test for component leads, lugs, terminals and wires

JESD22 — Solid state device packaging standards (series)
User Specifications
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COMMERCIAL, HOME, INDUSTRIAL, AUTOMOTIVE

Do you see the difference?

Accelerated Stress Test

JESD47 / Commercial, Home

High-Temperature Operating Life Test

(HTOL)
Temperature Cycling (TC)

Highly Accelerated Stress Testing (HAST)
Temperature and Humidity Bias (THB)
High Temperature Storage Life (HTSL)

Human Body Model (HBM)
Charged Device Model (CDM)

and Industrial / 5-10 years
1000h/2000h, Tj=150°C

500c¢/1000c -65°C-150°C
96h/192h 85%RH / 130°C
1000h/2000h 85%RH / 85°C
1000h/2000h Ta=150°C
2k\//2.5k\

500V/750V

JESD47 — Stress Test Driven Qualification of Integrated circuits
AEC 100 - Failure mechanism Based Stress Test Qualification for Integrated Circuits
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years

1000h/2000h, Tj=150°C

500c¢/1000c -65°C-150°C
96h/192h 85%RH / 130°C
1000h/2000h 85%RH / 85°C
1000h/2000h Ta=150°C
2k\V//2.5k\

500V/750V




AEC-Q200 — WHAT IS IT?

Stress Test Qualification for Passive Components

= Defines the minimum stress test driven qualification requirements and references test conditions for qualification of

passive electrical devices.
= Stress-Test “Qualification” is defined as successful completion of test requirements outlined in this document.

= Read the fine print. Many flavors.

Temperature Passive Component Type Typical Application
range Maximum capability unless otherwise specified and

Min Max qualified
0 -50°C  +150°C  Flat chip ceramic resistors, X8R ceramic capacitors All automotive
A E C 1 -40°C  +125°C (Capacitor networks, Resistors, Inductors, Most underhood
0200 Transformers, Thermistors, Resonators, Crystals and
\Varsitors, all other ceramic and tantalum capacitors
150 °C 2 -40°C  +105°C  Aluminum Electrolytic capacitors Passenger compartment hot
GRADE 0 Spots
3 -40°C  +85°C  Film capacitors, Ferrites, R/R/C Networks and Most Passenger compartment
Trimmer capacitors
4 -0°C +70°C Non-automotive
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AEC-Q200 — TABLE 5 - MAGENTICS

19

TABLE 5 - TABLE OF METHODS REFERENCED
MAGNETICS (INDUCTORS/TRANSFORMERS)

Stress NO. | Reference Additional Requirements
Pre- and Post- 1 User Spec. | Test is performed except as specified in the
Stress Electrical applicable stress reference and the additional
Test requirements in Table 5.
High Temperature 3 MIL-STD- 1000 hrs. at rated operating temperature (e.g. 125°C
Exposure 202 Method | part can be stored for 1000 hrs. @ 125°C. Same
(Storage) 108 applies for 105°C and 85°C. Unpowered.
Measurement at 2414 hours after test conclusion.
Temperature 4 JESD22 1000 cycles (-40°C to +125°C). Note: If 85°C part or
Cycling Method 105°C part the 1000 cycles will be at that
JA-104 temperature. Measurement at 24+4 hours after test
conclusion. 30min maximum dwell time at each
temperature extreme. 1 min. maximum transition
time.
Biased Humidity 7 MIL-STD- | 1000 hours 85°C/85%RH. Unpowered.
202 %%fh‘)d Measurement at 24+4 hours after test conclusion.
Operational Life 8 MIL-PRF-27 | 1000 hrs. @ 105°C. If 85°C or 125°C part will be
tested at that temperature.
Measurement at 24+4 hours after test conclusion.
External Visual 9 MIL-STD- | Inspect device construction, marking and
883 Method | workmanship. Electrical Test not required.
2009
Physical 10 JESD22 Verify physical dimensions to the applicable device
Dimension Method detail specification. Note: User(s) and Suppliers spec.
JB-100 Electrical Test not required.
Terminal Strength | 11 MIL-STD- | Test leaded device lead integrity only. Conditions: A
(Leaded) 202 Method | (910 g), C (1.13 kg), E (1.45 kg-mm)
21
Resistance to 12 MIL-STD- | Note: Add Aqueous wash chemical. OKEM Clean or
Solvents 202 Method | equivalent. Do not use banned solvents.
215
Mechanical Shock | 13 MIL-STD- | Figure 1 of Method 213. Condition C
202
Method 213
Vibration 14 MIL-STD- | 5g's for 20 minutes, 12 cycles each of 3 orientations.
202 Method | Note: Use 8"X5" PCB, .031" thick, 7 secure points on
204 one long side and 2 secure points at corners of

opposite sides. Parts mounted within 2" from any
secure point. Test from 10-2000 Hz.
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TABLE 5 - TABLE OF METHODS REFERENCED
MAGNETICS (INDUCTORS/TRANSFORMERS)

Stress NO. | Reference Additional Requirements
Resistance to 15 MIL-STD- | Condition B No pre-heat of samples. Note: Single
Soldering Heat 202 Wave Solder - Procedure 2 for SMD and Procedure 1

Method 210 | for Leaded with solder within 1.5mm of device body.

ESD 17 | AEC-Q200-
002 or
ISO/DIS
10605
Solderability 18 | J-STD-002 | For both Leaded & SMD. Electrical Test not required.

Magnification 50X. Conditions:

Leaded: Method A @ 235°C, category 3.

SMD: a) Method B, 4 hrs @ 155°C dry heat @ 235°C
b) Method B @ 215°C category 3.
¢) Method D category 3 @ 260°C.

Electrical 19 | User Spec. | Parametrically test per lot and sample size

Characterization requirements, summary to show Min, Max, Mean and
Standard deviation at room as well as Min and Max
operating temperatures.

Flammability 20 UL-94 V-0 or V-1 Acceptable

Board Flex 21 | AEC-Q200- |60 sec minimum holding time.

005

Terminal Strength | 22 | AEC-Q200-

(SMD) 006

NOTE: Pre-stress electrical tests also serve as electrical characterization.
Interval measurements for 1000 hour tests required at 250 and 500 hrs.

Acceptance Criteria:
Per supplier specification, unless otherwise specified in the user component specification.



AEC-Q200 — TABLE 5A - PROCESS CHANGE REQUALIFICATION

Test # From Table 5 3 /4|6 |7 |8)9]|10|11]12|13 |14|15|16|17 |18 |19 |20 |21 |22
MATERIAL

Bobbin material o | e o | o | @ [J [ ] [ ]

Core material [ e e [ ] [ ] B|e®

Insulation material e | e e e |0 [ e | ® | g B| e

Lead material o | e . o | e . o | e

Mold material e | e o |0 o |0 e | o [ B|e®

Solder material ® ® ® | L ® L

Wire/foil material o | o o |e ™ B e @

PROCESS

Insulation strip ® [ L[] [ ]

Lead prep/plating ® ® [ o | e | @ ° e | e

Terminal Attach e |0 ® ® e | @ [ [

Marking [ [

Molding L o | o |0 @ LR [ B| e

Soldering [ [ [ [ ® . (K

Winding - Insulation o | @ L[] L[] a B

Winding - Wire . L B

DESIGN

Bobbin [ L I [ ] o | e B

Core [ o e e | e [ B

Insulation system o o |0 @ [ ] [ ] a B| e

Lead (B RE o | @ o | e o e

Mold L o | e LK [ B

Wire/foil [ o | o [ B LK

Mfg. Site Transfer o (o | @ L] ® [ N B L]

Material Suppliers L e | e o [ B

Process Control LI

Change
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Pre- and post-stress User Spec. Test is performed as specified
electrical test
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SUBTLE DIFFERNCES CAN AFFECT PERFORMANCE

Ferrite powder

= Symptom:
= Batch to batch variation in electrical faast
performance R

= (ause:
= (Likely) powder contamination from
processing other mixtures

= Solutions:
= Ask for tighter process control
= Analyze powder prior to using
= Post process by adding the desired
element — trade secret

www.911metallurgist.com/blog/category/grinding/ball-mills

JOURNEY TO RELIABLE MAGNETICS
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

High temperature MIL-STD-202 125°C, 1000 h
exposure Method 108
8 High Temperature 77 MIL-STD-202 85°C, 1000 h, rated current from #1
Operational life Method 108 datasheet
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OPERATIONAL LIFE EXAMPLE
85°C, 1000 h, rated current

= Symptom:
= High resistance after test
= R, prior to test: 508,7 )
= R, aftertest: 662.5Q

= (Cause:
= (Cold weld from laser

= Solutions:
» Process adjustment
= \/isual inspection
= Add IR reflow before test to thermal cycle X-ray: Wurth Elektronik
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OPERATIONAL LIFE EXAMPLE
MIL-PRF-21038 Pulse transformers

= 12 weeks ek
= 5 cycles per/week

%0

= 25 tO 850(: e rc.-a-- ] demanrmenalsy  (Asirmemibis S DRG0 2
= (QOperational entire time

80

= Potential problems 5 ®

= Utility power failure Q

= Chamber failure ¥ o

= Logging failure
- 1 L. W L 9

Time ( 1 min intervals)
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Temperature cycling 77 JESD22 -40°C(30min.)-125°C(30 min.)
Method JA-104 Transfer time max. 1 min., 1000
cycles

= Thermal cycling;
» The transition between temperature extremes is slow

= Thermal shock:
» The transition between temperature extremes is fast, less than 5 minutes per MIL-STD-202

= Reality is in the transition time of the object(s) under test — its mass and volume and the capacity of the
chamber
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THERMAL CYCLING
-40 to 125°C, dwell 30 min., transfer 1 min. max., 1000 c

= Symptom:
= Core cracking

= (ause:
= Glue expansion

= Solutions:
= Move gluing location
= (Change the amount of glue
= Stiffen base

kli ‘43763521015
1838
/ \

Photos: Wurth Elektronik
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TYPICAL THERMAL CYCLING RECORD

100

A A0 0000an07«r

60

40

20

0

Temperature (C)

-20

-40

Jd U U u uduuuu\y

-60

-80
1 31 61 91 121 151 181 211 241 271 301 331 361 391 421

Time (minutes)
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THERMAL CYCLING ENCAPSULATED PARTS
Potting

= Symptom:
= \/oids
= Core cracking

= (ause:
= Epoxy expansion
= CTE mismatch

= Solutions:

= Polyester web instead of tape
Minimal tape
Glass micro balloons added to epoxy
Heat epoxy to increase flow rate

Photo: G. Slama

29 | JOURNEY TO RELIABLE MAGNETICS

PUBLIC | G. SLAMA | 2022.03.19



AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

6*  Moisture resistance MIL-STD-202 t=24 hrs/cycle. Note step 7a &
Method 106 7b not required, unpowered

7 Biased humidity 77 MIL-STD-202 85°C, 85% RH, 1000 h #1
Method 103

Moisture resistance:
= Accelerated test against deteriorative effects of high humidity and high temperatures (typical of the tropics) —
temperature is cycled — may be powered

Biased Humidity:
= Accelerated environmental test against influence by absorption and diffusion of moisture in insulating

materials — steady state — may be powered

* Not required for magnetics
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HUMIDITY EXAMPLE

31

*'C

MIL-STD-202G
w/CHANGE 2
" 80-1002
INLTIAL. CON- 30-100% RH RH 90-100% RH 80-100% RH
65 DITIONING IN
60 A DRY OVEN
24 HOURS
55
ST [T/
T 17
a5 HUMIDITY / \ / L
UNCONTROLLED
a0
35 , \ / \ END OF FINAL CYCLE
30 MEASUREMENTS AS
v SPECIFIED IN 3.6
25
+10%¢
20 105
e
10 £ : L vigrate 15[ |
MINUTES AS
5 SPECIFIED IN
5 le—— VOLTAGE APPLIED AS SPECIFIED IN 3.5 ——f 3.4.2
i 0 O A T
STEPS 7a § 76(IF APPLICABLE]
-10 SHALL BE PERFORMED A MINIMUM OF
5 OF THE 10 CYCLES. HUMIDITY IS = kel ster 7
UNCONTROLLED DURING
STEPS 7a & 7b ONLY STEP 7a
PRIOR 10 FIRST CYCLE| STEP 1| STEP 2 | STEP 3| STEP 4| STEP 5 |STEP 6 STEP 7
UNLESS OTHERWISE L MRS TTILA TR e |
le—— SPECIF [E0 ———ejo——————— ONE CYCLE 24 HOURS. REPEAT AS SPECIFIED IN 3.3 — =

TIHME (HOURS) ——= 0 1 2 3 4 5 6 7 B8 9 101112 1314151617 18 19 20 21 22 23 24

JOURNEY TO RELIABLE MAGNETICS
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300

200

Time (ticks every 3 hrs)




AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

External visual MIL-STD-883
Method 2009
10  Physical dimension 30 JESD22 N/A #3

Method JB-100

|8,3 max.

j
é

I 17.85 typ J 0.7 +0.1
16,0 typ
—1 ]
—]|e® | =
| m— —
= [ wews || [=
e —
—_ —
Keyence.com = I —
M- | —
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Terminal strength MIL-STD-202 Conditions: A (2.27 kg), C (227 g),
(leaded) Method 211 E (1.45 kg-mm)
22 Terminal strength 30 AEC-Q200-006 Push force 17.7 N, for 60(+1) s #1
(SMD)

URL:https://www.instron.com/en-us/products Photo: G. Slama
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Resistance to MIL-STD-202 Also aqueous wash chemical -
Solvents Method 215 OKEM clean or equivalent
Immersion 3+0.5 min. @ 25+5°C,
brush 10 strokes (wet bristle), 2-
3 0z, 3 cycles in water, air dry

Chemical List MIL-STD-202 Method215

ethylbenzene
Isopropyl alcohol
kerosene

mineral spirits
monoethanolamine

propylene glycol monomethylether

terpene

https://www.fishersci.com/shop/products/kimble-chase-kimax-heavy-duty-griffin-beaker-starter-packs
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Mechanical shock MIL-STD-202G 3 shocks in each dimension
Method 213 (x, y, z), amplitude 100 g,
duration 6 ms
14 Vibration 30 MIL-STD-202G 10 g's for 20 min, 12 cycles each #1
Method 204 of 3 orientations, test from 15-
20,000 Hz

Shock:
= A motion in which there is a sharp, nearly sudden change in velocity, a sudden acceleration

Vibration:

= A motion which oscillates about an equilibrium point — typically sinusoidal - expressed in frequency and
amplitude
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MECHANICAL SHOCK

Acceleration

150

Demand ‘ n

Control

Acceleration (G)

1905 -10 0 10 20 30
Time (ms)
Control Peak: 100.9 gn Full Level Elapsed Pulses: 3
Demand Peak:  100.0 gn Remaining Pulses: 0
Mechanical Shock

Positive Shock Results Shown
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance

size criteria

15 Resistance to 30 MIL-STD-202G 250°C, tp:30-35 s, 3 reflows #1
soldering heat Method 210

H1: Classification Reflow Profile for SMT components: H2: Classification Reflow Profiles
Profile Feature Pb-Free Assembly
Preheat
Te F - Temperature Min (Tgqin) 150°C
— = - Temperature Max (T, ) 200°C
Max. Ramp Up Rate = 3°C/s ; Sk
Max. Ramp Down Rate = 6°C/s - Time (tg) from (Tgmjp 10 Tgmay) 60-120 seconds
T 7 Ramp-up rate (T to Tp) 3°C/ second max.
H t Liquidous temperature (T ) 217°C
Time {t ) maintained above Ty 60-150 seconds
© v Peak package body temperature (Tp) See Table H3
S
=] Time within 5°C of actual peak temperature {tp) 20-30 seconds
&
s I Ramp-down rate (Tp to T} ) 6°C/ second max.
Q
=3 1 Time 25°C to peak temperature 8 minutes max.
g ¢ refer to IPG/JEDEC J-STD-020D
-
H3: Package Classification Reflow Temperature
25 Package Thickness Volume mm? Volume mm? Volume mm?
Time 25°C to Peak <350 350 - 2000 >2000
|47 ime 25°C to Pea >
PB-Free Assembly <16mm 260°C 260°C 260°C
Time = PB-Free Assembly 1.6-2.5mm 260°C 250°C 245°C
PB-Free Assembly =25mm 250°C 245°C 245°C

refer to IPC/JEDEC J-STD-020D
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Solderability J-STD-002 Leaded: Method A @ 235°C,
category 3
15 SMD: a) Method B, 4 hrs. @
155°C dry heat @ 235°C
15 Method B @ 215°C category 3
15 Method D category 3 @ 260°C
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SOLDERABILITY
Steam aging 8 h @ 93°C, Tc=240-245°C, tp = 20-30s

= Symptom:
= QOver molded core cracking

ik Z20:X20

= (ause:
= Copper winding expands — occupies a high proportion
of the volume
= Core material too thin over winding

= Solutions:
= |ncrease thickness of core
= Reduce height of winding

Photo: Wurth Elektronik
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

16* Thermal Shock MIL-STD-202 Method 300 c (-40°C to 125°C), max
107 transfer time: 20s, dwell: 15min

co mponent

.

Higher temperatures Lower temperatures

component

dilation .
compression

compression

solder joint S>> < solder joint

www.weiss-technik.com/en

* Not required for magnetics
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THERMAL CYCLING RESULTS EXAMPLE
IPC-SM-785 Guidelines for Accelerated Reliability Testing of Surface Mount Solder Attachments

. S\/mptom- Thermal Cycling
' _ Percent Failures vs. Total Cycles
= Opens after thermal cycling
= -65to+125°C, 15 min hold, transfer < 20 s
= Event detection is a high resistance (>300 Q) for
minimum 1 millisecond

100

= (ause:
=  Shear force due to CTE mismatch
= Solutions:

= Simple change doubled reliability
= Glue (underfill)

Percent Failures

=e=Qriginal
~o—|mproved

—s—|mproved & Underfill

100 1000 10000

Number of Cycles

JOURNEY TO RELIABLE MAGNETICS
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THERMAL CYCLING EXAMPLE

= All failures occurred in the first half of the low
temperature portion of the cycle

Typical Thermal Cycle with Unit 11 Events

100

solder fracture
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

AEC-Q200-002 or Test environment: 22+5°C,
ISO/DIS 10605 Humidity: 30-60%
* Surge (impulse) IEC 60060-1 1.2/50 ps voltage
IEC 61180-1 8/20 ps current
250/2500 ps switching
19 Electrical 30 User Spec. Measure electrical property @ #1
characterization 20°C, 125°C, -40°C

* Not required for magnetics or part of AEC-Q200
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Flammability UL-94 V-0 or V-1 are acceptable
- V_O o
= Burning stops within 10 s on a vertical part allowing for drops ] ] 54" Speciman
of plastic that are not inflames [ 4
e i
= Burning stops within 30 s on a vertical part allowing for drops l : 3/4” Inner
of plastic that are not inflames 3/8" gap ( ) cone flame
/(YX’J Cotton
]
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AEC-Q200 LIST

Table 5 Magnetics (inductors/transformers)

Test item Sample Reference Test conditions Acceptance
size criteria

Board flex AEC-Q200-005 Bending 2 mm (min.), 60(+5) s

https://www.youtube.com/watch?v=7sBAAt7QFwO0
https://www.instron.com/en-us/industry-solutions/electronics/microelectronics/bend-testing-of-printed-circuit-boards
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https://www.youtube.com/watch?v=7sBAAt7QFw0

TYPICAL OTHER TESTS...

Test item Sample Reference Test conditions Acceptance
size criteria

Low temperature JESD22-A119 -55+3°C, 1000 h
storage life
Fungus MIL-STD-810 #1
Method 506
29 Salt spray 30 MIL-STD-202
Method

Pass Criteria
#1 No physical damage and electrical properties meet datasheet both pre and post measurement

#2 Inspect construction, marking and workmanship

#3 Electrical test not required. Dimensions meets datasheet
#4 Marking must remain legible

#5 Electrical test not required, at least 95% wetted area

46 | JOURNEY TO RELIABLE MAGNETICS

PUBLIC | G. SLAMA | 2022.03.19



SUMMARY

= Magnetics are intrinsically reliable
= |nsulation breakdown from aging can be a problem
= Mechanical stress from thermal cycling can be a problem

= Attention to the small details
= Don'tassume
= Test to failure
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