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What does environmental testing mean ?
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Biology science
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+ Plant Growth chamber

+ Tissue Culture chamber

+ Seed Germinator
+ Incubator >>> CO2 Incubator
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Material science
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+ Stabilty testing chamber

+ Salt Spray testing chamber
+ Thermal Shock testing chamber

+ Other chamber
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Environmental Test £spec

Test to analyze and evaluate effects of environmental factors such as temperature,
humidity, p , and light on vari P like electronic
compenents in order to ensure product quality.

What is
| Environmental Test

<Postwar>
Environmental test was JIS Demand for environmental test has
standardized in Japan for increased due to increased use of
stabilizing and improving quality of | electronic parts, shortened
consumer products. development period, and pursuit for
lower cost and higher quality.

<During the WW |1 > <Present>
Environmental test was
standardized in the United States
for stabilizing and improving
quality of military supplies.

\;{ipj“ if;?}.f:::,’,‘:fmjg ¢ To Global Standard
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Temperature & humidity chamber
“Platinous K series"” (1997)

1961:

Japan's first environmental
test chamber was developed.
1971:

Made the first presentation at
The 17th IES Show (U. S. A.).
1972

First-guaranteed 2-year 5000
hours in the industry. ‘

Low temperature & humidity
ber "Lucifer” (1961)

Sithiporn Associates Co, Lid. |

Environmental conditions
Natural environment Tnduced environment
(primary environment) (secondary environment)
« Saltwater, sall spray * High temperature * Vibration + High temperature
* Rust, corrosion (dhrv, high humidity ) + Shock * Temperature shock
+ Flooding * Low temperature * Collision + Electromagnetic
* Low pressure (high + Freezing * Acceleration waves, radiation
altitude) * Ramn * Loud noise * Power fluctuation,
* Temperature shock « Hall « Explosion blast noise, momentary
« Exposure to sunlight * Snow * High pressure, pres- power failure
* Strong winds, + Sand and dust sure drop + Chemnicals, o1l
waves, earthquakes
Factors of environmental conditions in Combined Environmental Testing
Environmental testing
I L
Mechanical Combined Climatic
environmental environmental environmental
testing testing testing
Environmental factors Environmental factors Environmental factors
handled: handled: handled:
shock, vibration, collision, a combination of both kinds of aas, salt, rain, wind, pressure,
acceleration, loud noise, strong factors humidity, temperature,
blasts of wind solar radiation




A398191A 39918 NATRUA 1Y Mechanical Environmental

fhedhamIasdians Vibration testing

Impact tester

DROP TESTER
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Field failure : Electrochemical migration
on Printed-Circuit Board

Gold plated terminal (Copper substrate)

Terminal of PCB

Field failure : Electrochemical migration
(Semiconductor package)

Rain water went into electronics equipments, and migration was occurred
at lead.

4}7

Rain & Spray Test Chambers

¢ieehn3a4 Rain Tester chamber

ESPEC has looked at the JIS specification D 0203 as a reference point, and
we have also considered individual auto maker’s tests. The specification
from SAE is modeled after the JIS and doesn’t differ greatly. Details about
the nozzle types and the rotating nature of the spray arms and product table

are also included in the specifications. Drip and car wash tests are also
specified.

Heavy splash/shower

s S1 Spray room temperature water with 40 nozzles at 14.2 psi (1
kgf/cm2) for 30 minutes. The flow rate of the water shall be 6.5
gallons/min. (24.5 L/m).

e S2 Spray room temperature water with 40 nozzles at 42.7 psi (3
kgf/cm2) for 60 minutes. The flow rate of the water shall be 10.3
gallons/min. (39.2 L/m).

Sithiporn Associates Co.,Lid.
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Settling Dust Test Chambers

ﬁmﬁaumammﬂmmwNu

ESPEC dust chambers provide a ready-made solution to common 9
settling dust test for © and
clectronics cabinets. Our improved W-shaped bml.om provides bet-
wer collection and dispersion of ~Arizona fine dust™ and talcum
powders.

The chzmlx.'r has a unique c]:lms.lnll lid for casier front loading

d with € Wop 2 designs. Optional reach-in
glove ports allow rotating the 1est sample without opening the
door.

LR ]

Features
= Suinless sieel interior and exicrior
* W-shaped bottom for imps d dust coll & d 3
* Easy-access clamshell door with viewing window and op- : | ‘/
tional glove ports A

= Mesh product shelf
* Two inch cable pont
# Timers for agitation and senling periods

Applicable Test Standards
® SAE J575 Section 3.3
= DIN 40050, Pan @, IP Codes 5K and 6K
= [EC EN 60529 (IEC 529), IP Codes 5 and 6 {with optional
under-pressure mode)

I R —

Salt Spray Testing
chamber

21
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WALK-IN TYPE

TEMPERATURE (& HUMIDITY) CHAMBER E SERIES
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Salt

High Humidity

Brake Fluid

Rapid Change Temp.
Oxides of Nitrogen
High Vibration

26

Engine Compartment

/ Passenger Compartment

Gasoline
Qil  On Engine & On-Transmission Wheel-Mounted Components
Component Location Operating Temperature
(Basaplate)
Passenger Compartment -40 *C to 85°C
Engine Compartment -40 °C to 125°C
On-Engine and On-Transmission -40 °Cto 140 °C
Wheel-Mounted Components -40 *C to 250 °C

NEMI Technology Roadmaps 2002




Current Air Flow Dynamics

129°C lgnition 149° G Alternator
uriace Surface

Engine Block 129" C

Exhaust System 587°C

.

Transmission Qil 148°C

Road Surface 66° C

Temperature condition requirement for®

Sithiporn Associates Co,,Lid.

Thermal Shock Chamber

TSD-100

o 4 a o w
goravamanlasulasgamgiinuudundu

Saves on Installation
(Less footprint: 2,16m’ |

+ Oy 1,100mm (43 inches) wide
= Dty 1,885mm (74 inchas} haight
* Flush fop

{No protruding iraveling port pipe —
1he por: ls cn e sics instaed |

29

Failure Example of Printed-Circuit Boards

Components Side

Solder Side

20
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Altitude Chambers

7 ature g ar altitudes up to 100,000 reet.

Anaaou a1z HszAuA NG

ESPEC can provide custom-built chambers for simultaneous testing of
temperature and low-pressure altitude conditions. Two common applications
are:
= Testing of avionics or other aerospace equipment to simulate actual
conditions it might experience.
« Simulation of high-altitude conditions like might be found in
mountainous regions.

« Temperature range from -70 to 170°C

» Altitude range from ground to 100,000 feet

= Optional humidity control when altitude system is off

« Chamber interior size specified by customer

« Automatic altitude control, integrated with temperature controller
—NMNo manual setting of altitude level!

Vacuum pump sized for climb/dive rate required by application

Viewing window and cable ports available

Sithiporn Associates Co.,Lfd.
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Great Expectations for the Combined
Environmental Reliability Test (CERT)

For high assembly level or finished products

Hiromichi Fukumoto®

A large number of failures in the field are caused by conditions resulting from how
the surrounding environment interacts with the internal characteristics of a product,

creating the immense challenge of discovering h'?h interaction as qmd\h and cheaply as
possible. One means of doing 50 is the Combi ‘ s Tesi (hereafier,
CERT). based on combining gccele gm“{ fac m“ W :’rwJ using Hm test, both the
environmental conditions for product use and product characteristics are considered in
advance, and used to hypothesize the types of failure likely to occur. After first
contemplating conditions unlikely to produce failure, a CERT profile is drawn up according
to a reproducible mechanism for the test failure modes. In this report, I would like fo
present a brief explanation and introduction that can also serve as a guideline for
inaugurating CERT. We shall take a close look at the correlation between failure modes
and environmental stress factors and I shall diseuss accelerated vesults, including new
Jailure modes occurring under conditions of both combined and independent stress failure
modes being used. We shall also consider application of stress failure modes to reliability
testing under combined conditions that are as close as possible (o the actual environment.

Sithiporn Associates Co.Ltd.
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Temperature, humidity, vibration, and exposure to sunlight:
CERT profile and environmental effects (exposure to sunlight test)

Evaluating the characteristics and endurance of equipment suffering surface heating under
exposure to sunlight in addition to temperature, humidity, and vibration

<Accelerated evaluation
of development>

Accelerated evaluation

<,
Q—I Environmental effects of exposure to sunlight |—D of quality>

Effects of extreme heat stress on part surface | <;—#—{>Effects of radiant heating on interior and periphery

Evaluating changes in the characteristics due to
radiant heating from surfaces exposed to sunlight

Strength is evaluated in regard to distortion and
breaking due to heat stress from surface exposure to

sunlight.

(1) Distortion, breaking, softening, and degradation
of elasticity in such items as glass, resin, adhe-
sives, case housings, and surface-mounted parts

(2) Sticking, looseness, or overheating of rotating or
sliding parts

(1) Electrical characteristics, malfunctioning, soften-
ing, and degradation of elasticity of sealants, ad-
hesives, substrate board, peripheral parts, and
anti-moisture coating

(2) Overheating and changes in characteristics of
parts generating heat and emitting light

Y
| Accelerated failure modes caused by temperature, humidity, and vibration ‘ l
htip://www.sithiphorn.com
Example of exposure to sunlight and example of equipment subject to testing
<Example of conditions on cellular phones> <Example of automobile conditions>
Left outdoors
Q 7 .5,?1;:;‘3& ls(sea, mountains,
_ &d—b four seasons),
orinside a sun-
IS room or aulo- Instrument panel
ﬂ % Exposlur: o/ mobile Resinb
\ sunlght ¢ - esin bumper
Gl r —1> Condtons caus- | (Urethane burmper)
\ ’/ THempe(ature ing other stress b\;
Vi umidity
T s st . e ZHDH
P dew conden-
sation)
Surface
e, U—=
—>Sunlight energy | - <Compact mobile equipment that can be used outdoors>
(Max. 1000 Wim®) + Commurications + Instrumentation * Miitary mobile
Surface equipment equipment equipment
Vibration (Low temperalure) oAV equipment el equiprent + Cameras, personal
computers, and others

Sithiporn Associates Co.Ltd.
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2-1 CERT effectiveness

The intensity of Environmental Stress Testing (here-
after, EST) and Environmental Stress Screening (hereaf-
ter, ESS) depends on such factors as the range of stress,
the ratio of change, and the number of factors and cycles.
Even in independent stress testing, increasing the com-
plexity can accelerate the test 3 to 5 times. In CERT
testing, 2 or more environmental factors are combined
with the aim of accelerating each factor 3 to 5 times,
producing an overall acceleration of tens or hundreds of

times. Combining stress factors not only accelerates the
failure mode for each stress factor, it also raises the pos-
sibility of introducing completely new failure modes.

Sithiporn Associates Co.,Ltd.

htto://wwwi.sithiphorn.com .

Because of this, we have great expectations that CERT
will be able to achieve important results by predicting
failure modes and testing according to failure mecha- |
nisms.

1 independent 2 combined 3 combined
factor factors factors

Stress factor A

Stress factor B

Stress factor C

change, and time
X, Y, Z: failure modes corresponding to stress factors A, B, C

I Fig. 1 Types of combined stress results M

htip://www.sithiphorn.com

(2) CERT program ¢example

{ A, B, C: possible acceleration factors such as range, ratio of J

1 cycle
+B57C
B0 min.
(13
25°C
40 rmin.
a95% RH
(3)
Random
&) L I s5ic zooR=z L
1.5Gr.m.s
current —— I L |
Measuraement [ | I_I_

Fig. 2 Temperature-humidity-vibration CERT

Sithiporn Associates Co.,Ltd.
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* Conditions selected according to

whether clear or cloudy \

* Wind speed inside chamber 1 cycle RN |
—_—

max. 1.0 m/sec.

Sunlight

Tempe-
Exposure {o sunlight __ . Bo"Co5%RH

rature :'
(specimen surface ’ SRQS%H_‘ {50

Humidity

temperature) 40°C95%RH X

s

25°C

Dew condensation not caused

CERT profile for exposure to sunlight

(-40°C)
c ONL
% Log sweep 11056
g (5010 min.) (50 500Hz)
S OFF L
T oonl
3
S OFF —
Time | ’ | 10cycles
") 2 10 13 17 19 23 24(H)

Fig. 6 Example of test conditions and effects (concrete examples of
temperature, humidity, vibration, and exposure to sunlight)

htto://wwwi.sithiphorn.com

Fig. 4 gives the TABAI ESPEC ““Combined Environ-
ment Reliability Test Equipment: CERT Series™ as a
reference example of equipment.

Specifications

= Temperature: Air temperature, —70 to +1507C, 5"C/min.
Wall surface temperature, —60 to +180°C (radiant
heating and cooling walls)

= Humidity: 20% RH to 98% RH

- Altitude: Artmospheric pressure to O.14kPa (1 mm Hg)

= Vibration: 5 Hz to 2000 Hz, random or sine

= Options: Dry air, moisture inj.. ECA (External Cooling Air)

= Test arca inside dimensions/capacity:
CERT-22 W1500 = H1000 = D1500 mm/2.25 m>
CERT-33 W1500 = H1500 = D1500 mm/3.375 m>

Fig. 4 TABAI ESPEC’s Combined Environment
Reliability Test Equipment: CERT Series

A108191A30348NATEY Combine Environmental Testing

TEMPERATURE (HUMIDITY) & VIBRATION
COMBINED ENVIRONMENTAL TEST CHAMBER

R ey
- ‘|
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The environment that products encounter

At this point we will quote MIL-STD-810E, which introduces act

al examples ofenv

conditions encountered by products manufactured at the factory.

e SHIPPING/TRANSPORTATION —————»+«——STORAGE/LOGISTIC SUPPLY

" Lﬁ—a—s%l Ly i O g
I_H—Wﬁ}:-ﬁ_ =
S VS vl | S |

Handing &
o & Road g & Rail ing & Air ing & Ship | Logistics Storage. Snettereal o u
Transportation | Transportation | Transport Transport Transport (Tent. Shed. Igico) e
OWorst Route)
Road Shock Rail Shock in-Fiight Vibration | Wave-Induced | Road Shock None None
(Large Bumps/ | (Humping) (Engine/Tu Vibration (Large Bumps/
Environmental | _Petholes) Rail Vibration Induced) (Sinusaidal) Holes)
Road Vibragion # | Landing Shock [ wave Sine Shock | Road Vibration
(Random) Handiing Shock | Mine/Blast (Random)
oenaraton. o Shock (Gropon Shoc Handling Shock
f by (Dropping/ Overtuming) | Handling Shock | (Droppings
Svertuming) (Dropping/ Overtuming)
Overturming) | Thermal Shoek
(Air Drop)
High Temperature | High Temperature | Reduced Pressure | High FHigh T Figh T High T
(Dry/Humic) (Dry/Humid) | Termal Shock | (DryrHumid) (DryiHumic) (Dry/Humich) (Dry/Humid)
Low T Low T (Air Drop Only) | Lew T Lowe Te Low T Low
Stress Rain/Hail Rain/Hail Rain Rain/Hail Froezing Freezing
Generation | Sana/Dust Sand/Dust Tomporary Sand/Dust salt Fog Rain/Hail
Mechanisms Immersion Sait Fog
(Natural) salt Fog Solar Radiation |Chemical Anack
Reduced Pressure
rowth
Chemical Attack

Fig. The environment that products encounter (continucd)
TECHNOLOGY REPORT NO.1 y

ESPE

htip://www.sithiohorn.com

MISSION/SORTIE USE |

RS ]
1 ——, |
" —4 [

S !

Croptoymont & O

e o Uues cors Lanrsed Chmpberyrraat 5
ot | [rrriricy Lo A
Porsornoel Shios.

Sithiporn Associates Co.,Ltd.

27

Sithiporn Associates Co.,Lid.




fede nasgriumynaaey IEC

68-2-9 (1975) Guidance for solar radiation testing
68-2-10 (1988) Part 2: Test — Test J and guidance: Mould growth
68-2-11 (1981) Test Ka: Salt mist
Test L: Sand and dust
68-2-13 (1983) Test M: Low air pressure
68-2-14 (1984) Test N: Change of temperature
68-2-28 (1990) Part 2: Tests Guidance for damp heat tests
68-2-30 (1980) Test Db and guidance: damp heat, cyclic 12-hour cycle)

Determines the s
storage under cond

ability of components. ipment and other articles for use and/or
ns of high humidity when combined with cyclic temperature changes.

68-2-33 (1971) Guidance on change of temperature tests

68-2-38 (1974) Test Z/AD: Composite temperature/humidity cyclic test

68-2-39 (1976) Test Z/AMD: Combined sequential co i ure. and damp heat test
68-2-40 (1976) Test Z/AM: Combined cold/low air pr

o 1 (1976) Test Z/BM: Combined dry heat/low ai sts

3 2 (1982) Test Ke: Sulphur dioxide test for conte connections

68-2-43 (1976) Test Kd: Hydrogen sulphide test for contacts and connections

68-3-1 (1974) Part3: Background information  Section One —— Cold and dry heat tests
68-3-1A (1978) First supplement

68-3-2 (1976) Section Two — Combined temperature/low air pressure tests

MIL-STD-202 establishes testing standards for
“electronic and electrical component parts”. MIL-STD-
750 sets testing standards for “semiconductor devices”.
MIL-STD-810 presents testing standards for “environ-
mental test methods and engineering guidelines™ (“pro-
cedure”), and MIL-STD-883 gives testing standards for
“microelectronics”. Today these standards do not
merely apply to procurement of military equipment, but
are widely used both in the US and throughout the world
as basic standards for dealing with equipment. At this
point, we would like to present the organization of the
IEC and MII tectino ctandarde that are <o widelv em-

48

feennasgumaaei MIL-Standard

27

Sithiporn Associates Co.,Ltd.




feennasgunaaey MIL-Standard

50

During world

war II
United States Military Report

High failure of some military equipment

When sent electronic equipment for aircraft
from USA to

S/E Asia.
>60 % was unusable on arrival.

>After delivery 50% of spare electronic

equipment stored in warehouse already
tailed after they were stored.

Altitude  Thermal shock
2% 2%

4%
Sand&Dust
6% _\

Humidity
18%

Temperature
40%

Vibration
28%

Fig.2 Relationship betwee i ctor and failure
ircraft Co.Ltd , USA) 5




Effect of temperature&humudity.

Products such as eletronics products or other
products.

Failure cause from Physical distortion & Chemical
reaction.

Ex. Heat & Cold

Difference in amount of thermal expansion between
material used

to construct the product. >>Cracks occurred.>>Then
product failure

Moisture penetrate through these cracks.

If product case did not crack.>>> Moisture penetrate ;I"
through surface of material

Then chemical reaction occurred,>>> Product -
failure**

33
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Sithiporn Associates Co.,Lid.

ICH GUIDELINES STABILITY TESTING OF NEW DRUG SUBSTANCES

AND DRUG PRODUCTS
Storage Condition N
Type By Temperature Humidity Mt
Long Term 25C+2Cor 60%RH+5%RH 12.months
30C +2C 65%RH+5%RH
General Case Intermediate 30C +2¢C 65%RH+5%RH 6 months
Accelerated 40T £2¢C 75%RH+5%RH 6 months
4 ) Long Term 5T +3C — 12 months
Intended for Storage in a Refrigerator ™4 cceierateg 25C 220 60%RHL5%RH 6 months
Intended for Storage in a Freezer Long Term -20C +5C — 12 months
Long Term 25C +2Cor 40%RH+5%RH 12 months
Aqueous-Based Products in 30C£2C 35%RH+5%RH
Semi-Permeable iners Intermediate 30C +2C 65%RH+5%RH 6 months
Accelerated 40°C L2°C Not more than 25%RH 6 months
Photo stability Testing | Light exposure providing an overall illumination of not less than 1,200,000 Lux hours
and an integrated near-UVA energy of not less than 200 watt hours/m2

ICH- international Conference on Harmonisaion of Technical Requirements for Registation of Pharmaceuicals for Human Use,

The purpose of stability testing is to provide evidence on how the quality of a drug substance or drug product varies with time under the
influence of a variety of environmental factors such as temperature, humidity, and light ,and to establish a re-test period for the drug
substance or a shelf life for the drug product and recommended storage conditions.
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The role of temperature in reaction rate

In 1889 , the Swedish Physicist “S.T. Arrhenius_discovered the

Linear relationship between the rate constant (K) and temperature (T)

(]
T = Absolute temperature = 273+ t °C
In general , the higher temperature the faster reaction .
If temperature rises 10 °C the rate constant becomes 2 to 3 times
greater, so expressions as the 10 °C rule are used.

Fig. The relationship between the rate 61
constant and temperature



Temperature-related accelerated testing

When discussing the life of manufactured goods gen-
erally, the expression “0°C rule” can be used. This ex-
pression can be used as in the “10°C rule” to mean that
a 10°C rise n the ambient temperature cuts life in half,
a 20°C rise in ambient temperature cuts life in one quar-
ter, etc. This rule indicates how strongly temperature in-
fluences life (failure).
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Activation state and activation energy

lure analyvsis

cclronic parls. atlention re-

‘hen dealing with the problems of [
[ clectrical and i

peatedly focuses on activation eneray. This is because
the depradation of part functions is deeply related to
the manner in which the chemical reaction proceeds.

13 Activation state
x
= Activation anargy of - Activation energy of
f forward reaction reverse reaction
a) - (Eb)

o Raactants —
i 171 kd |
i AS B Froducts

K2 As )
- — 2H|
= 13 kd C(D
& ()

Direction of reaction

For Hz + Lz = 2HI
Ea =171 kd

Eb = 184 kJ
Q=13 kd

(Rafarance: Tha anargy requirad
to separate 2 molecules of H and
2 molecules of | is approximately
587 kJ, but since the reaction

proceads at 171 kJd, it is obvious
that the reaction is not betweaeen
the atoms.)

Activation energy

Sithiporn Associates Co.,Lfd.

66

Life time (Hours)

Temperature ('C)

Relationship between temperature and life

Sithiporn Associates Co.,Lid.



Accelerate testing of temperature
and humidity

Why accelerate testing ?

To shorten testing time.

To endure the product for reliability by testing more severe than
the standard testing condition.

Sithiporn Associates Co,,Lid.

Sithiporn Associates Co.,Lid.

The relationship between accelerated
testing and predicting product life.

1 o

From the standpoint of environmental conditions, we
shall set the following theme. ““What levels of acceleration
are possible if instead of using a TH (Temperature and
Humidity) test with test conditions of 85°C and 85 percent
RH, we substitute a HAST (Highly Accelerated
Temperature and Humidity Stress Test) with test conditions
of 120 to 140°C and 85 percent RH? Also, using those
results, to what level of reliability can we predict product
life in the field?”

70



If we say that R = 8.615 x 107> (eV/K), the above
formula becomes the following.

E/R =E/8.615x 10°=E x 105/8.615 = 1.16 x10*x E

e T N '
Ac pr{l.lﬁx 10 ><JE:><l273 T Tes 2731 T[IAST”

Table Acceleration factors for TH tests in HAST
E (eV) 0.6 | 0.8 | L0 1.2 | 15

110°C | 3.56 | 543 | 829 12.7 | 23.9

HAST 120°€ | 5868 101 (178 | 319 158

oC

150°C | 877 | 181 | 373 76.6 |228

140°C | 13.3 | 31.

N

748 177 647

Note: The values of £, the activation energy, are values obtained from
typical failure modes of semiconductor devices, but please regard
these numerical values as strictly hypothetical.

72

Next, from the results of HAST (130°C and 85 percent
RH), let’s try to predict the corresponding product life
for a product submitted to the test, and let’s say that the
product will be used in Japan in a typical Japanese
summer environment of 35°C and 85 percent RH. Let’s
take the lower limit for the value of £ as 0.8 and the
upper limit as 1.0.

Predicted life when £ = 0.8




Predicted life when E=1.0

| ! 1
Lg=10=exp{l.16 X 10 x l'UXl‘273+35 T l30”

Therefore, 1f we perform a 48-hour test using the
above test conditions, and we say that failure did not
occur, the product life in the field would be:

For £=10.8: 48 x 1200 = 57,600 hours = 6.5 equivalent
years

For £ =1.0: 48 x 7500 = 360,000 hours = 41.0

equivalent years i




Question

Preliminary testing of a certain product found that the

MTTF (mean time to failure) was 310 hours at 150°C,

1000 hours at 125°C, and 4000 hours at 100°C. Let’s

hypothesize that the failure mechanism for this product

does not change at temperatures between 75 and 150°C,

and answer the following questions.

(1) Find the activation energy, then find the MTTF at
ik

(2) Indicate whether a test should be run to find how many
hours MTTF will be at 125°C to prove that MTTF 1s

5000 hours at 75°C.




¢) Since we have found the activation energy, let’s
see what Sort of ratio exists between L1oo (7= 100°C)
and L7s (T = 75°C).

Lys _ 0.68 L
Lo 86I5x105(273+75 273 + 100

In
=1.523

SoL75/Lioo = exp 1.523=4.59 (the acceleration level
between L75 and L100)

Since the MTTF is 4000 hours when 7= 100°C, we
can find the MTTF when 7= 75°C by calculating
4000(hr) x 4.59 = 18.360(hr).

(2)
Using the MTTF for 7" = 75°C found above in part
(1), find the acceleration factor between L7s and L25.

Ac = L75/L125 = 18,360hr/1,000hr = 18.36

Therefore, to_prove that MTTE is 5000 hours at
temperature conditions of 73°C, the gonditions at
125°C would be 5000(hr)/18.36 = 272 .33(hr). In other
words, a test of approximately 272 hours would be
required.
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® Evaluation of ion migration

Example of the Highly accelerated stress test system with the lon migration evaluation system



Specimen signal terminals

Test board rack type A

Test board rack for SIR test coupon
tvpe IPC-B-24,

Parallel WO

Sithiporn Associates Co.,Lid.

anode (+) Cathode (—)

4
Electrochemical migration between electrodes
(Electro photographic image taken with EPMA produced by JEQL)

Sithiporn Associates Co.,Lid.



@ Example of results obtained fro
the lon Migration Evaluation Syatarn (AND)

Insulation resistance variation characteristics of flux under
high-temperature and high-humidity conditions
Test conditions

Temperature and humidity condition : 40°C, 90%orh
Stress voltage : 50 Vv DC
Measurement voltage : 50 VvV DC
Measurement intervals : 0.5h
1.00E+13
Sampla A

100E+12 | B B 10 hi

—— Sample C value nﬂsr insulation decline No cha
100E+11 |

e - A — ~

1mE+I0 F

Resistance value (0)

1TE+08 |-
1.00E 108 |
Insulation resistance
value decline drastically
1.00E+07 |- to below 1MO
1.00E + 08

100 112 132 152 ¥R 182 212 232 252 272 292 912 332 952 IT2
Test duration (hr)

In the example above, the Leak Touch occurs at 291.2 hours and at 311.8 hours
after the measurement starts.

*The above test results were obtained from the lon Migration Evaluation System.
and processed under an excel tormat (spreadsheet soltware).

fansama Ea lnnnfesiiodinnzy Thermal Analysis
-Differential Scanning Calorimeter (DSC)
IangimBnamisnuanafou (Enthalpy) qamgi Glass transition gamgii/
na  uledfudnsiRandn qanginmasiman §an/ ssdunisinaldieTuinaga (Rate /
Degree of Cure)nfenium: (Heat capacity)
o munsaldsunsigamgilddamgamgiivesd 725 C

¢ -90 84 550 C sielinusimduszuurinnuduiina
¢ 18034 550 C rialdausundvszuvlulanaumad
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Measuring PCB temperature

Thermal imaging measurements were performed using
a thermal video system (TVS-500, from NEC Avio Infrared
Technologies Co., Ltd.) that was set up on a tripod looking
down on the PCB.
Thermal images were recorded at one-minute

intervals from above.
Visible image of measurement PCB
Table 1 Measurement conditions

T Substrate: Glass epoxy substrate
Size: 120 x 140 x 1.6 mm
32-bit RISC processor
Measurement IC Power consumption (max.): 0.5W
Package: QFP208 pin
Detection element: two-dimensional
Measurement conditions - 1 uncooled microbolometer
(thermal image) Thermal image resolution: 320 x 240 pixels
Measurement cycle: 1-min. intervals
Measurement conditions - 2 Detechohclement:; I::;:;z;s:;l)z:yrﬁjk—;l)
(temp. Wistary) Measurement cycle: 1-sec. intervals
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I Fig.1 Thermal image and temperature frequency of mounted PCB

(unventilated, ambient temp. 22°C)
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Fig.2 Thermal image analysis with natural and forced cooling
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Equipment current ON Equipment current ON
Equipment current OFF (natural air cooling) (forced air cooling)
Heat genarated by the device is
Ambient air [ry, . [Fansmitted through the substrate Device heat is dissipated 4=
FISINE to the surounding aree. i through convection flow.  em
Tip secton Heat-porenstg =5 -
VCE
10 "
PCB 4
Temperature differential Is generated |- There is little difference between
betwean the device and the n ;
sm::r:’:e. ;w I"':::I! el the pf'.Bl surface and ambient air
difference between the PCB surface temperature
and ambient air temperature

Fig.3 Concept diagram of temperature change from current and cooling‘
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Application examples

+ A certain product is transported to the airport by truck. and after being restacked. the temperature is monitored
during shipping by airplane from Osaka to Hokkaido. (From Osaka to Sapporo, Hokkaido. takes about 2 hours,
covering 667 miles [1200 kilometers].)

The graph shows when the temperature rose during shipping by truck. when restacking, and during warehouse
storage prior to sales.

For example, if we find a problem due to temperature rise during shipping by truck, we can take countermeasures
such as reducing the time the doors are open or installing a curtain.

[im_ = e )

.

Faclory  Surface lrans- Reslacking and shipping Arrival (stored
shipping  portalion by truck by air (Osaka to Hokkaido) in warehouse)
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Fig. 1 An example of using the Thermorecorder
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Photo 2 Dew condensation on the glass showcase



| Retail sales area
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Entrance o Entrance
double door’ \% to baking
o‘&' Aarea
_} £ (sliding door)
mnans %
- -
2 -
i -
\' Feswa®
Air conditioner ash
in ceiling gistler
Paved sShhwdas Baking
street Product area
shelves
Shelves
| Product shelves

Adjoining shop

Fig.5 Shop layout (' Rings indicate temp, /humidity measurement points.)
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(b) After countermeasures taken

(Dew condensation moisture evaporated by forced ventilation and blocking outside airflow.)
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Fig.9 Changes in temperature and humidity
following dew condensation countermeasures
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Photo 3 Showcase after dew condensation countermeasures taken
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Preventive maintenance for Chamber / Oven
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