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We at TABAI ESPEC are continually pursuing perfection. In our ongoing struggle to
realize this ideal, we have established our Corporate Mind, which we proudly use as the
basis for all our efforts. This Corporate Mind defines for us our present and future goals,
directions and actions. At TABAI ESPEC, where “Environment” is our business, we offer
aid for new technological developments and a more certain and improved living
environment. With “Progress to Perfection” as our corporate policy, we aim to become the
company, firstly “with public recognition by having our original line of business, and our
own original product sphere by virtue of our original technology”, and secondly “with
intellectual raison d’étre of such that as specialists can, assist our clients and industry in
setting up various issues and in finding answers to them”. This total concept we call
ESPEC. From our internationally minded product development, to our thorough
after-service, all our activities originate in this concept of ESPEC. ESPEC is the
foundation upon which we manufacture products with superb performance, functional
design and excellent cost-performance — our ESPEC.

ESPEC — our philosophy, our goal.
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Understanding the Technology

What is Environmental Testing? Part 2

Yoshinori Kin*

ne method of improving the quality of all industrial products is to confirm their
quality through environmental testing. To achieve this confirmation, “test
planning”, “test execution”, and “analyzing test results” must be carried out

together as one unit.

We are presenting this explanatory series summarizing “environmental testing” for
those people who may have heard of environmental testing but aren’t aware of what it

means.

In this article, the second in the series, we shall discuss “humidity testing”.

Contents

1. Introduction
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2. Influence of High Humidity Environment
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2-1-1 Failure due to corrosion of plastic sealed semiconductor devices
2-1-2 Failures due to migration on printed circuit boards

3. High Humidity Testing Methods
3-1 High Humidity Testing Methods for Semiconductor Devices

3-1-1 Temperature-Humidity Bias Test (THB)
3-1-2 Pressure Cooker Test (PCT) and Unsaturated Pressure Cooker Test

3-1-3 Acceleration in tests for humidity resistance of semiconductor devices
3-1-4 A comparison of the merits and demerits of high humidity tests

3-2 lon Migration Test Method for Printed Circuit Boards
3-3 Humidity Testing Precautions
4. Test Equipment for Humidity Testing

Environmental testing reportedly got its start during
World War Il, when the United States military was ex-
periencing an unusually high failure rate for some of its
military equipment. The story goes that 60% of elec-
tronic equipment for aircraft use sent from the US to SE
Asia was unusable on arrival. In addition, 50% of the
spare electronic equipment stored in warehouses al-
ready failed when they were stored. Most of the failures
could be considered caused directly by humidity or by
humidity combined with some other factor.

Humidity is one of the main environmental factors
that cause equipment to fail. At this point, we would like
to discuss such issues as the effects of a high humidity
environment on the widely used semiconductor devices
and printed circuit boards, which it is no exaggeration to
say are used in almost every type of equipment. We also
intend to look at the testing methods for the influence of
such a high humidity environment.

*QOverseas Business Department
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2. Influence of High Humidity Environment

2-1 Examples of general failures caused by
high humidity

Table 1 shows the principal failures caused by hu-

midity.
Table 1 Principal failures caused by humidity
Failure
Saraml Intermediate _ Enwronmentaldcondltlons Susceptible parts and materials
classification | classification|  Failure mode e
or cause
Dispersion Swelling Humidity Parts sealed, covered, or constructed us
Degradation of polar resins with low crystallization (e.g.,
insulation polyamides and polyvinyl alcohol and
Deliquescence phenolic resins), and parts generating low
heat
Moisture | Hydrolysis Chemical change Temperature + humidity Polycarbonate, polyester,
absorption polyoxymethylene,
polybutadiene terephthalate
Fine cracks | Moisture Humidity Resin covered or sealed parts
(Hairline penetration { heat shock, }e+ humidit
cracks, Degradation of temperature cyc y
Breathing) | insulation Temperature/humidity cycle
Deliquescence
Battery Color change Electrial potential from Connector contacting electric potential of
corrosion Increased humidity + contact with 0.2 V or more requires caution
2 resistance foreign metal
5 e
= Electrolysis Open circuit Humidity + DC electric field E.g., resistors, resin sealed ICs
% corrosion
Corrosion| Crevice Humidity Cracks (e.g., terminals)
corrosion
Stress Damage Ammonia (copper alloy) | Alloys (e.g., brass, nickel silver, stainless)
corrosion Chloride (stainless)
cracks
Hydrogen Plating acid bath Steel
embrittlement
lon migration | Short circuit Humidity + DC electric field Bi, Cd, Cu, Pb, Sn, Zn, Ag
Migration Insulation defect Humidity + DC electric field Metals that migrate when coexisting with
+ halogen ions halogen : Au, In, Pd, Pt
Insulation defect | Temperature (25 - 35°C) + | Plastic materials (e.g., polyurethane,
Mildew Quality variation | humidity (min. 90%) polyvinyl chloride, epoxy, acrylic, silicon
Decomposition polyamide, phthalic acid resin)
Corrosion

ing

Kiyoshige Echikawa: From the “Reliability Test of Electronic Components” (1985) Union of Japanese Scientists and Engineers

Failures due to humidity can be classified into a num-
ber of categories as in table 1, but here we would like to
focus on corrosion and migration in a little more detail.

2-1-1 Failure due to corrosion of plastic packaged
semiconductor devices

Integrated circuit chips form a large number of com-
ponents on silicon substrate, and these components are
connected by wiring to form circuits. Aluminum and
aluminum alloys are often used in this wiring because

they are economical and easy to process.

From the time plastic packaged integrated circuits

resin materials, improving mold technology, and im-
proving passivation film, but semiconductor devices
have continued to be miniaturized, and so corrosion of
packaged aluminum wiring is still a major problem to-

day. The process of generating corrosion in aluminum

first began to be produced, corrosion caused by mois-
ture penetrating the package and causing open circuits
the aluminum wiring had to be confronted as a major
problem. Efforts were made to improve quality using

2

wiring can be understood as follows.

ESPEC TECHNOLOGY REPORT NO.2



frame interface.

Moisture penetration routes

e Moisture permeates through the package.
e Moisture penetrates through the resin and lepd

|

¢ No bias voltage applied
The bonding pad corrodes significantly. (The
bonding pad has no water resistant film
[= passivation film].)

e Bias voltage applied

(Anode side reaction)

[] Under normal environmental conditions, the surface
of aluminum is passivated with an oxide film, and
aluminum is stable.

[1 When bias is applied to aluminum wiring protected by
passive state gibbsite [appearing asO3t3H20, or
Al(OH)3], the aluminum dissolves according to the
following reactions, due to the anode surface absorb-
ing moisture and Clions had been expanding inside
the resin package.

[ First, surface hydroxides react to Gbns, forming
soluble salts.
AI(OH)3 + CIT > AI(OH)2ClI+ OH . .. ... (1)

[1 The substrate aluminum exposed because of this reac-
tion then reacts with the Cions.
Al+4CIT > AICl4 +3€............... (2)

[1 Once again, the absorbed moisture, caused by humid-
ity penetrating inside the resin package, produces the
following reaction.

AICl4~ + 3H20 — AI(OH)3 + 3H" + 4Cl. .. (3)

[ Finally, this becomes AlI(OH) The Al(OH) formed
here, unlike the protective oxide film, does not form a
seal. In addition, this product has a ratio of cubic ex-
pansion high enough to cause cracking in the protec-
tive oxide film, thus promoting corrosion.

[1 The CT ions formed in formula (3) are again con-
sumed by reactions in formulas (1) and (2).
Through this chain reaction, a small quantity of ClI
ions can produce a large amount of corrosion.

[1 However, in a competing reaction, anodic oxidation
occurs, and corrosion is suppressed as the oxidized
layer thickens.

Corrosion of Aluminum Wiring

Moisture reaches the chip
surface.

(Cathode side reaction)

[1 The concentration of hydrogen ions near the dlec-
trodes increases due to the absorption of moisture by
the resin package, along with the reduction of oxygen
caused by applying bias [formula (4)] as well as |the
generation of hydrogen [formula (5)].

O2 + 2H0 + 46 — 4(OH)”
H20+e — (OH) + (1/2)H. . ...........

[ In the presence of flaws such as pinholes, voids,
cracks in the oxide film protecting the aluminum,
OH™ ions formed here are diffused to the aluminum
substrate, and the following reaction forms aluminum
hydroxide just as at the anode.

Al + 3(OH)” —> AI(OH)3+3e...........

[1 The OH ions formed in the reaction in formula (p)
are consumed in the reaction forming the aluminfate
ions, as follows:

OH™ + Al + H2O — AIO2 + (3/2)H (7)
At the cathode, reaction forming Okbns continues
This reaction is limited by current density.

[ The following reactions, utilizing cations such as'Na
and K inside the resin package, cause an increage in
the concentration of OHons,

Na"+e > Na ..o Q)
Na + O = Na" + OH + (1/2)H (9)
promoting the reaction in formula (6), and so incrgas-
ing corrosion.

[] Since aluminum is an amphoteric metal, acidic as ell
as alkaline electrolytic solutions form at the cathqde,
causing corrosion.

2A1 + 6H" — 2AIR* + 3H,
2A1%" + 6H20 — 2AI(OH)3 + 6H" (11)
The hydrogen ions formed in the reaction in formula
(9) are again consumed in the reaction in formula|(8),
promoting corrosion through a chain reaction.

From the “Semiconductor Device Reliability Handbook” (1988) of Matsushita Electronics Corporation

The corrosion reaction of Aluminum changes de-
pending on whether bias voltage is applied. The follow-
ing factors are thought to accelerate Aluminum
corrosion.

[l Poor adhesion between resin and lead frame

interface (Due to the difference in each rate of
expansion)

ESPEC TECHNOLOGY REPORT NO.2

[] Sealing materials are adulterated with impurities,
or tainted by ions of impurities during assembly.
(Due to the presence of impurities)

[1 A high concentration of phosphorus used in the
passivation film

[1 Defects in the passivation film



2-1-2 Failures due to migration on printed circuit
boards

Migration refers to the movement of matter.
Recently the problem of a high humidity environ-
ment causing ion migration (also called Electrochemi-
cal Migration) on printed circuit boards has become

more serious due to the following reasons.

e The miniaturization of electric products concurrent
with higher level functions has promoted finer wiring
and increased layers of printed circuit boards.

e As electric products have become miniaturized, such
products as computers and telephones have become
mobile, bringing a corresponding increase in the se-
verity of environmental stress.

Mechanism generating ion migration

When printed circuit boards absorb moisture in the
area between the metal of the wiring, and then bias volt-
age is applied, metal from the anode is ionized and
moves toward the cathode. The reduced metal from the
cathode then extends toward the anode as dendrites.

If the reduced metal reaches the anode, short circuits
and insulation defects occur between the wires.

:Ll'a 2 "._'--ﬁ‘

The acceleration factors for generating this type of
ion migration can be understood as follows.

[1 Moisture absorption or dew condensation on the
printed circuit board material in the space between
the metal patterns

[] Temperature change of the printed circuit board
[] Strong and weak bias voltage applied
[] Distance between the metal patterns

[l lonized foreign matter such as halogen and alkali
adhering to the surface of the printed circuit board

e CFC (chlorofluorocarbon) regulations have changed
the methods of cleaning such equipment as printed
circuit boards, increasing the possibility of ion mi-
gration caused by flux that has been left due to poor
treatment.

e There has been an increase in the number of printed
circuit boards with current constantly applied, such
as in the pre-heating function of televisions, causing
ion migration to form more quickly.

In the field of electronic devices, migration is gener-
ally classified into the three major categories of ion mi-
gration, electromigration, and stress migration. In this
article we shall discuss the serious problem of ion mi-
gration as it relates to humidity.

©
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3. High Humidity Testing Methods

Now, to give one example of high humidity testing
methods, we shall discuss testing methods for semicon-
ductor devices.

3-1 High Humidity Testing Methods for
Semiconductor Devices

A large number of high humidity tests have been per-
formed to evaluate aluminum corrosion in the early

stages.

Those testing methods are shown in Table 2.

These testing methods can be broadly classified into
two types: methods that leave the semiconductor de-
vices in a high humidity environment, and methods that
apply bias voltage to the semiconductor devices while
they are in high humidity.

We must be very careful to clearly understand one
point, that the failure mode differs for each testing

method.

3-1-1 Temperature-Humidity Bias Test (THB)

As one method of high humidity testing, this test has
changed from 40°C at 90%RH 60°C at 90%RH->
85°C at 85%RH, improving reliability as test conditions
have become more severe.

This 85°C 85%RH test is the most common test to-
day, and is standardized in such standards as IEC 749,
Semiconductor Device Mechanical and Climatic Test
Methods, and JIS C 7021, Type Designation System for
Discrete Semiconductor Devices.

3-1-2 Pressure Cooker Test (PCT) and Unsaturated
Pressure Cooker Test (USPCT)

Progress is again being made in improving reliability
of semiconductor devices, and many semiconductor de-
vices now endure the long period THB test without fail-
ure, so test time for determining acceptable quality for
products has also increased. Because of this, a number
of tests are now being performed to reduce test time.
These mainly fall into the broad classifications of PCT
and USPCT, and now the pressure cooker test is widely
recognized as an accelerated test for humidity resistance
and has been standardized by the IEC (International
Electrotechnical Commission). (Summarized in “Re-
port 2” in this issue.)

Next, we shall discuss the difference between PCT
and USPCT.

Note: USPCT is now called HAST (Highly Accelerated
Stress Test). However, to maintain the PCT and
USPCT distinction we shall continue to use
USPCT in this article.

Table 2 Typical semiconductor device accelerated humidity resistance test

g . Typical temperature and
No. Test item Details humidity condition
Temperature-humidity Exposing devices to an atmosphere of | 60°C 90%RH
1 storage test fixed temperature and relative humidity| 85°C 85%RH
(less than 100%RH)
2 Temperature-humidity Same as above + bias applied Same as above
bias test (THB)
3 Boiling test Dipping devices in boiling water In 100°C deionized water
4 Pressure cooker test Exposing to saturated water vapor abdal°C 100%RH
1 atmospheric pressure
5 Unsaturated pressure Exposing to unsaturated water vapor | 121°C 85%RH
cooker test above 1 atmospheric pressure
6 Unsaturated pressure Same as above + bias applied Same as above
cooker bias test
Pressure cooker test Making pressure cooker test as 121°C 100 %RH 8H + 85°C 85%RH
7 + pre-treatment for temperature-humidity
Temperature-humidity bias test
bias test
Temperature cycle test | Making temperature cycle test as 125°C to —-55°C 5 times + 121°C
8 + pre-treatment for pressure cooker test | 100%RH
Pressure cooker test
Series test Series test or compound test consisting of
9 each type of the above humidity o
resistance test combined with mechanical
test or heat resistance test

ESPEC TECHNOLOGY REPORT NO.2
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(1) Pressure Cooker Test (PCT)

Test chamber consists of a pressure vessel containing
a water heater to create a 100%RH (saturated) atmos-
phere. Because the atmosphere is at 100%RH, dew con-
densation readily forms on the surface of the test
specimens and on the inside walls of the test chamber.
Also, in the chamber there is a risk of dew condensation
(water droplets, min. 100C°!) dripping from the ceiling
onto the specimens. Because of that, preventive meas-
ures are usually taken such as erecting drip protection
hoods, but it is difficult to assure complete protection.

Likewise, during the normal ramp-up of temperature
and humidity, the temperature of the specimens rises
more slowly than the temperature of the surrounding
steam, so dew condensation on the surface of the speci-
mens can’'t be avoided. In any case, failures that differ
from failures occurring in the field can be caused by the
penetration of a large quantity of dew condensation.

(2) Unsaturated Pressure Cooker Test (USPCT)

The Unsaturated Pressure Cooker was created to
compensate for the shortcomings of the Pressure
Cooker. The air temperature (dry bulb temperature) and
water temperature are individually controlled inside the
test chamber. By making it possible to control humidity
at less than 100%RH, both dew condensation on the sur-
face of the specimens as well as dripping onto the speci-
mens are prevented.

Recently, humidity is also controlled after the test to
prevent specimens from drying out, and the most suit-
able test chamber is a chamber that avoids sudden
changes in the test environment.

Thermal insulation

—> —>
< \
Specimen

-
:Specimen shelf:
1

Heater
©

Motor

— Air exhaust
port

Fan

Humidifying water

.,; ’ 3 Humidifying heater
T ©

J

Thermal insulation

Fig.2 TABAI ESPEC’s Unsaturated Pressure Cooker

Table 3 A comparion of the Pressure Cooker and the Unsaturated Pressure Cooker

Pressure Cooker

Unsaturated Pressure Cooker

e Test chamber simple and economical

e Strong effects of dew condensation

e Poor correlation to failure modes in the field
e Poor test reproducibility

o Difficult to apply bias

Test chamber complicated and expensive

Good correlation to failure modes in the field
Good test reproducibility
Easy to apply bias

Kiyoshi Takahisa/Shigeharu Yamamoto/Yoshihumi Shibata/Terunori Saeki/Hideo lwama:
From the “Reliability Test of Device and Components” (1992) Union of Japanese Scientists and Engineers
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3-1-3 Acceleration in tests for humidity resistance of
semiconductor devices
A number of actual semiconductor device accelera-
tion models have been announced based on results of
various types of humidity resistance tests. However, at

Relative humidity 85%RH

present no common acceleration model exists for all Bipolar IC
types of semiconductor devices. 1041—

Fig.3 introduces an example of publicly announced CMOS LS|
data.

i

o
)
I

1.0eV

Mean time to failure ¢y

0.8eV

[
o
o
I

Junction temperature (°C)
140011 85
10—t
2.5 265 3.0
10004
K

Fig.3 Dependence of MTTF on temperature
(Bipolar IC, MOS LSI)

From the “Semiconductor Device Reliability Hand-
book” (1988) of Matsushita Electronics Corporation

3-1-4 A comparison of the merits and demerits of high

humidity tests
The following points are vital not only for humidity e “Accelerability” (How many times greater is the test
testing, but also when performing all kinds of environ- result failure rate than the field failure rate)
mental testing. e “Reproducibility” (Whether anyone at any time can
e “Correlation” (Whether the failure, failure mode, and obtain the same results)
failure mechanism are the same as those actually oc- A comparison of the merits and demerits of each high hu-
curring in the field) midity test according to the above points is shown below.

Table 4 Comparison of humidity resistance testing methods

M (F%?Iﬁ%a:ri]%ré)e Accelerability | Reproducibility
1. Temperature-humidity storage test A X O
2. Boiling test X A A
3. Pressure cooker test (PCT) X O A
4. Temperature-humidity bias test O O O
5. Unsaturated pressure cooker bias test O @) O

Note:© very good (O good A a little insufficient X inferior
From the “Semiconductor Device Reliability Handbook” (1988) of Matsushita Electronics Corporation
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3-2 lon Migration Test Method for Printed
Circuit Boards

As high humidity test methods for printed circuit
boards, tests are performed at 40°C, 90%RH + bias and
at 85°C, 85%RH + bias.

However,

e Short circuit failures between the metal patterns last-
ing for a long period are rare, but failures involving
unstable flow of leak current are common.

e When current flows along the metal extended as den-
drites, sometimes during the test the metal separates
like a fuse and recovery occurs from insulation de-
fects.

Because of that, it is desirable to continuously measure

leak current during the test to observe the growth of ion

migration.

Recently, to increase test acceleration beyond the
formula of high temperature + high humidity + bias, the
spotlight is being focused on dew cycle testing, such as
5°C, 60%RH<> 25°C 90%RH. Companies, especially
automobile manufacturers, are setting company stand-
ards for this type of test.

(For information on dew cycle testing, refer to Report
1 and Report 2 in Technology Report No.1.)

For your reference, we are providing below a list of
measure to prevent ion migration in table 5, and a list of
metals causing ion migration in table 6.

Table 5 lon migration prevention measures

lon Migration Prevention Measures

wWnN P

~N o o~

o]

11.

12.
13.

14,

15.

. Control the quantity of water vapor.
. Prevent dew condensation.
. Avoid environments with sudden changes

. Examine materials for protective films.

. Prevent contamination by foreign matter.
. Wash products properly.

. Study the moisture absorption characteristics

. Have no electrostatic focusing at the anode.
. Increase the distance between the terminals.
. Use lower voltage and lower energy consumpp-

temperature.

of flux before using.

tion.
Increase the density of printed circuit boar
material.

Eliminate areas of exposed metal.

Improve bonding between different material
on the printed circuit board.

Air condition installation sites. (Lower humid-
ity.)

Improve resin materials.

Table 6 Metals causing ion migration

Metals causing b Metals causing b g q
distilled water distilled water + elecric | Metals only causing with other
+ electric field*! field*1 +halogen*? COMmeNIES

Bismuth Gold Aluminum
Cadmium Indium Antimony
Copper Paladium Chrome
Lead Platinum Iron
Silver Nickel

Tin Rhodium

Zinc Tantalum
Titanium
Vanadium

Note:
*2 A 0.001 to 0.1 mole solution of NaCl or KCI.

*1 At distance of 1 mm, bias has been changed from 1 to 45 V DC.

A.Der Marderosian: From the “International Microelectronics Symposium”, pp. 134 - 141, 1978

ESPEC TECHNOLOGY REPORT NO.2
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Coffee Break

Since ancient times people have devised a varietyable to show large changes and was used to confitm

of methods for measuring humidity.
Leonardo da Vinci, who was active in the 15th and

16th centuries, utilized the phenomenon that objectsr

become heavier when they absorb moisture to devis
the balance hygrometer in Figure. The plate on one'
side holds an object that readily absorbs and gives off
moisture, while the other side holds an object that
doesn’'t absorb moisture. When humidity rises, the ob-
ject that absorbs moisture becomes heavier, and the
balance tilts. The degree of tilt measures the amount
of humidity. Considered from the precision of the bal-
ances of that day, it would seem impossible to meas-
ure humidity with a high degree of accuracy, but it was

3-3 Humidity Testing Precautions

Table 7 lists precautions required when performing
humidity testing.

the seasons and forecast weather.

us :Dyr-n‘[h u‘fom

1) rn:( Itu\l-(p '

4 18

Fig. The balance hygrometer devised by Leonardo da Vinci

Table 7 Humidity testing precautions

(1) Considerations for measuring equipment and test

chamber

[1 A dirty wet bulb wick (e.g., gauze) can cause
humidity measurements to be off by 5to 10 %, so
it is vital to inspect for wick smudging and
degradation.

] Water with a high amount of impurities, such as
tap water, must never be used for humidifying
water.

(2) Precautions concerning the composition of speci-
mens
1 When performing THB testing, the surface
temperature rises for specimens that generate a
lot of heat, and relative humidity decreases in the
immediate vicinity, making corrosion less likely
to occur. For such cases, test conditions must be
arranged in the following manner.
e\/oltage consumption max. 100 mwW
............. ontinuous electrical current

e \/oltage consumption min. 100 mw
............ onédour ON, 3 hours OFF

[1 Humidity conditions inside the test chamber
must be confirmed with specimens inside.

Types of stress possible on specimens after the pressure cooker test (PCT)

(3) Precautions during and after testing
[1 Temperature and humidity distribution inside the
test chamber must be uniform throughout.|In
other words, differences due to position must be
minimal.
For example, in a humidity test at min. 90%RH
with temperature below normal, if the
temperature drops 1°C, humidity becomes
100%RH and forms dew condensation. Because
of this, even when the distribution dispersipn
inside the chamber is a maximum of 1°C, this ¢an
have a major impact on test results.
[1 A means must be devised to prevent droplets
moisture forming on the ceiling of the test
chamber from dripping onto the specimens.
Removing the specimens abruptly after the testis
finished creates stress on the specimens, causing
unexpected results, so the specimens |are
removed after they have returned to normal
temperature. The pressure cooker test (PCT|) in
particular has the following types of dangers.

Pressure shock

the specimens.

If the air is ventilated immediately after the heater is turned off, the shock from
the pressure abruptly dropping to atmospheric pressure may causes cracks in

Temperature shock

The moisture content in the specimens boils due to the pressure drop, and the
force of the expansion could cause the specimen material to break.

Kiyoshi Takahisa/Shigeharu Yamamoto/Yoshihumi Shibata/Terunori Saeki/Hideo lwama:
From the “Reliability Test of Device and Components” (1992) Union of Japanese ScigmntiEisgneers

ESPEC TECHNOLOGY REPORT NO.2



4. Test Equipment for Humidity Testing

¢ Platinous S Series

o A wide range of temperature and humidity control.

e Overheat-free refrigeration capability.

e An electronic auto-expansion valve providing energy-saving refrigeration
system.

e Space-saving vertical heat exhausting system which enables a chamber to
be set flush with the wall.

o Easy water supply through cartridge tank (15 /1(fi)SGVen under opera-
tion.

e P-instrumentation, a programmed operation mode, for 16 patterns, 512
steps in total; T-instrumentation, a fixed value operation mode, for direct
setting of relative humidity in %RH.

e Corresponding to environmental test chamber network system, E-BUS.

Specifications for representative products

Model Power supply Temperature & humidity range VI\'; i'?_?g ||an emnrf‘]'c()i':f)'
500x 600x 400
PL-1S (19.7x 23.6x 15.7)
oL2s 500x 750x 600
—40 to +100°C (=40 to +212°F) (19.7x 29.5x 23.6)
20 to 98%RH 600 x 850 x 800
PL-3S
200V AC+ 10% 3@ 3W 50/60Hz (236 33.5x 31.5)
oLas 1000x 1000x 800
220V AC £ 10% 3¢ 3W 60Hz (39.4x 39.4x 31.5)
600 x 850x 600
PSL-2S 380V AC+ 10% 3g 4W 50Hz —70 to +100°C (_94 to +212°F) (236>< 33.5x 236)
20 to 98%RH 1000x 1000x 800
PSL-4S (39.4x 39.4x 31.5)
600 x 850x 800
PDL-3S 40 to +100°C (~40 to +212°F) (23.6x 33.5x 31.5)
5 to 98%RH 1000x 1000x 800
PDL-4S (39.4x 39.4x 31.5)

10 ESPEC TECHNOLOGY REPORT NO.2



o Unsaturated Pressure Cooker (HAST SYSTEM)

Specifications for representative products

The models come in two types.The Standard type permits programmed
operation for both unsaturated control and saturated control. The Multi-type
is equipped with our innovative wet and dry bulb temperature control sys-
tem. This model directly controls temperature and humidity by using the
chamber data obtained through a wet and dry bulb thermometer. In this way,
the temperature and humidity can be precisely controlled throughout the en-
tire test period. This means that even in the periods before and after the test,
the environment can be precisely controlled. A high-precision control of
temperature and humidity is attained, and the repeatability of the test is
greatly enhanced.

coversppy | TReEe uridy & | i dmensns
TPC-212(M) (12210 t0 +289.2°F) (iL6x 13.0)
75 to 100%RH
TPC-222(M) 200V AC 18 50/60Hz o gégzgéc;ir)ﬁe (156- 171
roway A mgense i,
75 to 100%RH
TPC-422(M) (g:g 0 gso'g%gf@ (fs?gi i?g)

ESPEC TECHNOLOGY REPORT NO.2
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able in English:

*“ADVANCED HAST APPARATUS”
*“HAST UNDER AIR AND STEAM”

interested in any of those, please contact us.

*“PROBLEMS IN PRESSURE COOKER TEST”

*“PROBLEMS IN PRESSURE COOKER TEST (Il)”

¢ “HAST PRESSURE COOKER TESTING OF ICs”

¢ “UNSATURATED TYPE PCT EQUIPMENT & TESTING ENVIRONMENT”

For more detailed information related to this article, we have the following pamphlets [avail-

In addition to the above, we have many pamphlets which are available in Japanese. Iflyou are

[Reference Bibliography]

1) Kiyoshige Echikawa:
“Reliability Test of Electronic Components” Union of Japanese
Scientists and Engineers (1985)

2) Matsushita Electronics Corporation:
“Semiconductor Device Reliability Handbook” (1988)

3) Kiyoshi Takahisa/Shigeharu Yamamoto/Yoshihumi
Shibata/Terunori Saeki/Hideo lwama:
“Reliability Test of Device Components” Union of Japanese
Scientists and Engineers (1992)

4) A.Der Marderosian:
“International Microelectronics Symposium”, pp.134-141 (1978)

Corrections to issue No.1 and apology

In “What is environmental testing?”, an article of un-
derstanding the technology, the following two points
were mistaken on page 11.

3 -Ea, L1 _ L
(1) K_A~exp(ﬁ)_|_—2 - K—L—2
(2) Fig.5
On the vertical “Life time” scale, the numberiGas
inadvertently left out.

In addition to correcting this oversight, we would
like to apologize for the inconvenience.

12

107

108

Life time (Hours)
=
S

104

103fE 25 30 35

1 1 1 1 1
T T T —
150 T 1b0 5'0 25
Temperature (°C)

Fig.5 Relationship between temperature and life

From the “Semiconductor Device Reliability Hand-
book” (1988) of Matsushita Electronics Corporation
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Report 1

A Consideration of Methods for Evaluating Reliability
of Electronic Parts

— Concerning Methods of Continuously Evaluating lon Migration —

Hirokazu Tanaka?'Yuuichi Aoki*/Shigeharu Yamamot&Kunikazu Ishii*

M reliability. This

electronic parts and finding

any kinds of testing methods are being explored for use in evaluating
report examines methods of evaluating
the causes of performance degradation and

reliability of

malfunction for which intermittent testing isn’t effective. Evaluation is made by
continuously measuring insulation resistance of printed circuit boards (PCB) while
applying environmental stress, thus monitoring characteristic values throughout the

time these values are fluctuating.

1. Introduction

In evaluating reliability of electronic parts, many
kinds of environmental tests are being performed de-
pending on the measurement parameters and the per-
ceived failure mode. In general, the test methods rely on
intermittent measurements to make their evaluations. In
other words, the initial measurements are compared
with the post-test measurements. However, with this
method it is extremely difficult to confirm failure
caused by fluctuating characteristic values or to confirm
equipment failure caused by a momentary drop in insu-
lation resistance during continuous operation. Such
problems typically occur in ion migration (IM).

2. Test Method

For this report we evaluated characteristics by con-
tinuously measuring the fluctuation of characteristic
values, and we tried to capture the causes of perform-
ance degradation and malfunction by continuously
measuring while applying environmental stress to PCB
specimens. This report will discuss continuously meas-
uring insulation resistance under conditions of high
temperature and high humidity and the effectiveness of
continuously evaluating characteristics.

2-1 Specimen and Test Conditions

Fig.1 shows the shape of the specimen used in this
evaluation testing. The circuit pattern is made by copper
plating four counter electrode patterns on a glass epoxy
substrate board (Japanese Industrial Standard C 6484:
GE4).

45mm

Overlap, 5mm

Pattern interval,
0.25mm

Pattern
width, Imm 1

L Copper-plated

35mm

pattern

(a) Electrode shape

L cathode =) L Anode (+)
(b) Shape of substrate and pattern

Fig.1 Shape of specimen substrate used as base

*1 Environmental Test Technology Center
*2 Measuring Control System Dept.
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Table 1 shows the test conditions. The test confirmed
the fluctuation (degradation) of insulation resistance

due to different surface treatments of the PCB.

Tests were prepared using the following 3 types of

surface treatments for specimens.

(1 Clean only

[0 Coating with non-cleaning flux after cleaning

[0 Solder treatment after cleaning and coating with non-

cleaning flux
Table 1 Test conditions
;ﬁ?ﬁﬁﬁfg{& ’A\‘/%ﬁléegde Substrate surface treatment
+60°C O Clean-only
90%RH 25V DC | O Coating with non-cleaning flux after cleaning
500 hours 0O Solder treatment after cleaning and coating with non-cleaning flu

Details of surface treatments

e Clean: The substrate surface was washed with alco-
hol (IPA) using ultrasonic cleaning, then dried.

e Coating with non-cleaning flux: Resin type non-
cleaning flux was coated evenly on the surface, then
dried for 30 minutes at +100°C.

e Solder treatment: Solder dip was done for 5 seconds

at +260°C in a solder bath.

X

2-2 Evaluation system and Measurement

Conditions

2-2-1 Evaluation system

Fig.2 shows an external view of the IM evaluation

system equipment, a system block diagram, and gives
specifications.

W External view

W Specifications

Leak current detection:

W System block diagram

System rack

— System controller section—

Uninterruptible

Intrumentation section

GP-1B E-BUS
GP-IB adapter (PMS-CG) |=

___Environmental test
chamber options

f Temperature and

power supply > humidity chamber,
System control, temperature and humidity Highi ag(r:elerated
monitor, alarm control ter%pgrature and
GP-IB humidity stress
System Measurement Leak current test chamber,
Controller controller detection and others
Parallel I/O
Ultra high resistance | |
measuring device ||
(10° t0 10°Q) Triaxial cable
Scanner for L 11 Specimen
i {l
Printer GP-IB Power unit for micro current
stress application
(3V 10100V, DC)
(Stress OFF setting possible)|

e Example of how leak current detection works

to detect sudden changes in leak current due to IM progressing and con<{<Q)

tacting counter electrode. (From leak current detection to electric field G2

stress OFF, response time: msec/point)

Leak current detection range:
Stress applied current:
DC current measurement range:
Resistance measurement range:
Continuous testing time:
Measurement interval:
Measurement time:

Measurement applied voltage:

Number of measurement points:

1- 10QuA (1pA step)
3 - 100V DC (1V step)

3 pA - 10QA .
10°Q - 3 x 103 (when 100 V applied) 10° —

Max. 9,999 hours
Variable (Min. 6 min.)

80 sec./25 points + charging time

(user specified)

3-100V DC (1V step, stress applied 10°

« : Cyclical measurement

10117

x : Leak current detection

0° —
voltage and individual settings possible) Lol

25 points (Max. 300 points)

Leak currnt
detection level
setting

10 20 30 40 50 60 70 80 Hours (h)

14

Fig.2 IM evaluation system (Model: AMI-025-P, made by Tabai Espec)
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The system used for this test consists of steadily ap-
plying voltage to the specimen, changing over the scan-
ner at fixed intervals, and measuring the insulation
resistance value of each specimen. Double shielding
wire with guard attached was used for wiring connec-
tions to each specimen, and external noise and test
chamber noise were suppressed to the smallest amount
possible.

2-2-2 Measurement conditions

Table 2 shows the measurement conditions. To meas-
ure the resistance value of the specimen in a stable state,
measurement charging time was set at 30 seconds. Also,
to avoid having high voltage destroy migration that had
already occurred, measurement voltage was the same
value as applied voltage.

Main capabilities

system:

1. To measure minute leak current, the system must
be able to suppress external noise and system in-
ternal leak current, and be able to measure high re-
sistance.

2. In response to such occurrences as IM, the system
must be able to confirm fluctuations in insulatipn
resistance and in intermittent short circuiting.

3. The system must be able to instantly detect the oc-
currence of leak current below the uniform resis-
tance value.

4. When leak current is detected, the system must be
able to stop voltage application to that specimen
and preserve occurrence conditions.

required of the evaluation

Table 2 Measurement conditions

Measurement voltage (charging time)

25V DC (30 sec.)

Insulation resistance measurement interval

Every 6 min.

Leak current detection

e | eak current detection is continuously monitored separately from the
insulation resistance measurement system.
e Detection is set to max. £0

3. Test Results

Fig.3 shows test results.

[1 Clean-only specimens: At the initial test step the insula-
tion resistance value dropped while repeatedly recover-
ing and dropping. At 230 hours it fell below®@and
short circuited.

[1 Specimens coated with non-cleaning flux: From the in-
itial step the insulation resistance stabilized at about
10%Q.

[] Solder-treated specimens: Short circuiting occurred at
max. 16Q at 360 hours.

When removing the above specimens during the test
and measuring at normal temperature, we were unable
to observe leak current ipn] or []. The observation
could not be made because continuous monitoring was
not being made, and the characteristics had returned to
their original values. This prevented our properly meas-
uring the time that failure occurred.

Resistance ()

1.0E15 [~

1.0E14 —

1.0E13 |—

1.0E12 [—

1.0E11

1.0E10

1.0E09

1.0E08

1.0E07 |—

/

(2) Coated with non-cleaning flux

(D Clean-only

(3)Solder-treated

1.0E06 ‘ ‘
0

50 100 150 200

250

300 350 400 450 500

Time (h)

Fig.3 Fluctuations in specimen insulation resistance
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Photo.1 shows the observed results.

[1 Clean-only specimens: Complete short circuiting has
not occurred in these, but small foreign particles have
become attached. — Photo.1 (a)

[0 Specimens coated with non-cleaning flux: We were un-
able to confirm IM.

[] Solder-treated specimens: The substrate copper has
leaked out, and short circuiting has been caused by IM.
— Photo.1 (b)

(a) Clean-only specimen

(b) Solder-treated specimen

Photo. 1 Microscopic image of specimen (3D

4. Discussion

The results show that complete migration could be
observed only in the solder-treated specimens. Also, the
clean-only specimens repeatedly made a step-like drop
in insulation resistance then recovered.

To confirm what caused these results, two specimens
were analyzed in a scanning electron microscope (SEM)
and an energy-dispersive x-ray micro analyzer.

— Photo.2, Fig.4

Carbon (C) and copper (Cu) were detected from the
clean-only specimen by elemental analysis. Accord-
ingly, we can assume that moisture absorption by for-
eign particles adhering to the surface of the substrate
causes ions (e.g., copper ions) to move along the sub-
strate surface, subsequently causing short circuiting and
other phenomena. — Fig.4 (a)

Observation of SEM images confirmed the occur-
rence of migration from the flux crack area in the solder-
treated specimens. Also, the composition was tin (Sn),
lead (Pb), and copper (Cu). — Photo.2 (b)

16

VCatho'de =)

i
E' L L :.‘

(b) Solder-treated specimen

g, - N R
.i EEERL o

Photo. 2 SEM specimen images (28D
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X-ray X-ray
strength | strength | Sn
(count) | C Point A (count) Point B
Pt

I L

L] O Pb L

Ll Cu Pt |CO Cu bt

| \
0.000 5.120 10.230 0.000 5.120 10.230
. Energy (keV) . Energy (keV)
(a) Clean-only specimen (b) Solder-treated specimen

Fig.4 Elemental analysis results from X-ray spectrum measurement (Platinum (Pt) detection is from S&

From this we can assume that cracks occurred in the
region of the boundary between solder and flux, and that
the solder and the substrate copper melted and migrated.

With the specimens coated with non-cleaning flux,
we can assume that the effectiveness of the moisture re-
sistance of the flux prevented moisture absorption under
high temperature and high humidity, thus preventing
migration. When evaluating the reliability of specimens
in this manner, we can conclude that the dew condensa-
tion cycle test is very effective in that it can repeatedly
apply high temperature cyclical stress and dew conden-
sation stress simultaneously.

As described above, temporary recovery occurs from
the drop in insulation resistance, so intermittently meas-
uring under long-period conditions of high temperature
and high humidity cannot accurately catch degradation
or the time that insulation is lowered (time till failure).
However, continuously measuring insulation resistance
makes it possible to improve testing precision by accu-
rately catching degradation and the time that insulation
is lowered.

5. Conclusion

Continuously measuring while applying environ-
mental stress was confirmed to be an effective method
for evaluating reliability to find the causes of degrada-
tion and failure due to fluctuating characteristic values.

By continuously measuring insulation resistance, we
were able to confirm temporary drops in insulation re-
sistance and subsequent recovery that could not be
measured with intermittent measurement. We were also
able to continuously confirm the movement toward
short circuiting.

We can assume that these phenomena also occur in
the field. Because of this, we can assume that in such
cases as IM, the current method of life prediction by in-
termittent measuring during long-period high-tempera-
ture, high-humidity conditions cannot provide effective
test evaluation. Therefore, to accurately predict product
life in this type of case, we can postulate that it is neces-
sary to continuously measure insulation resistance and
accurately catch the time taken to reach the level in
which failure is determined.
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Report 2

Explanation of International Standard IEC 68-2-66
Environmental testing — Part 2: Test methods — Test Cx: Damp heat, steady state
(unsaturated pressurized vapour)

Toshio Yamamoto*

his standard was established and published in June, 1994. Deliberations on the

contents were inaugurated by working group 4 of subcommittee 50B, and about
5 years have passed since concrete activities were begun.

The Japanese Industrial Standard, JIS, conforms to the ISO and the IEC. This
standard is soon to be adopted by JIS, and it is expected to be put to practical application
in business contracts as one method of environmental testing in such areas as electrical

and electronics parts and products.

1. Introduction

As a formal member of WG4, Tabai Espec was
deeply involved in creating the original draft together
with members from other countries. Tabai Espec’s con-
tribution was based on its results of developing testing
equipment using test conditions and developing and im-
proving test software. Most of the essential points and

the details were proposed by the Japanese participants.

The IEC 68-2-66 test conditions have been formally
published by IEC and have been internationally recog-
nized. The Highly Accelerated temperature and humid-
ity Stress Test (HAST) chamber of Tabai Espec has also
gained international standing.

Table 1 Composition of standards

Main article Attached document

A. Steam Pressure Table

B. Physical Meaning of
the Test

C. Definition of Humidity

D. Test Equipment and
Handling

. Appropriate Range

. Summary of Test

. Test Equipment

AW |IN|PE

. Test Severity

. Initial Measurement

. Test

. Intermediate measurement

. Recovery

O |00 | N O | O

. Final Measurement

10. Information to be given in the relevant specificatio
sheets

]

T Attached document (Annex) A, the Steam Pressure Table, forms a
portion of the main article.

2. Summary of Test Method

2-1 Appropriate Range

e The subjects of testing are small electrical and elec-
tronics devices, mainly non-hermetically sealed de-
vices, particularly those sealed in plastic.

e Durability against degradation from temperature and
humidity is evaluated using acceleration methods.

e External effects such as corrosion and distortion of
test specimens are not considered in this test.

As noted above, the reasons for limiting the type of
specimens that are subject to evaluation are as follows.
Materials such as plastics can be more economically
sealed than metals and ceramics, which require more
complicated sealing techniques. However, plastics are
extremely porous in the micro range, meaning they are
permeable and so extremely poor at sealing out mois-
ture. Despite this, most electric and electronic parts are
currently sealed in plastic, and plastics are used in seal-
ing extremely vital functional parts such as IC.

We would like to make very clear that the subject of
evaluation is the sealed internal section of the specimen,
and that distortion of the external section is not consid-
ered.

* Environmental Test Technology Center
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2-2 Summary of Test

Normally the test is performed by applying bias.
Conditions for extremely accelerated tests are se-
lected after first confirming that the conditions corre-
late to the failure mode.

e Great care is taken with the highest rated temperature
of parts and the critical temperature of sealing mate-
rial (e.g., the plastic to glass transition temperature).

Thorough consideration must be made in advance to
plan acceleration in a harsh environment of high tem-
perature and high humidity, as well as high pressure.

2-3 Test Equipment

2-3-1 Test chamber

e The chamber must create the prescribed test environ-
ment, and must be able to maintain the environment
during the test process.

e Condensation must not drip onto specimens.

e Material used in constructing the chamber must not
contaminate the humidifying water or cause speci-
mens to corrode.

e The temperature and humidity distribution under test
conditions inside the chamber at the optional loca-
tions for specimens must remain withii2°C and
+5%RH. The specimens must be arranged so that
they don't noticeably impede currents of steam.
Steam must not condense on the surface of the speci-
mens.

2-3-2 Humidifying water

¢ Distilled water or deionized water must be used.
e At 23°C the water must not go below 0.5m.

e The PH at 23°C must remain within 6.0 — 7.2.

The current Tabai Espec HAST chamber fulfills all
of the above conditions.

ESPEC TECHNOLOGY REPORT No.2

2-4 Test Severity

Severity is one condition of the test, and a condition
that draws considerable interest from users. This value
drew a number of suggestions from participants of vari-
ous countries during the discussions, resulting in the
strong insistence of the Japanese participants being
adopted. In particular, “exposure time (duration)” is the
same as the value in IEC Pub.749 amendment 1 (1991-
11) (standards for semiconductor devices). In other
words, the character of this standards draft indicates a
strong consciousness of the fact that the semiconductors
are sealed in plastic.

m Severity

The exposure time in the Table 2 has values that dou-
ble for each temperature. The phenomena that are the
subject of this test are essentially results of chemical re-
actions, and are interpreted using Arrhenius’ laws of re-
actions and theory of rate of chemical reactions.

Table 2 Severity

Conditions Severity
Temperature Ejrlgtcl;llte Exposure time (hf?
°c® o | I i
%RH

A 110 85 96 192 408
B 120 85 48 96 192
C 130 85 24 48 96
(M £2°C (in working space)
@ £5%RH
@0, +2h

m Other Items

e This test method is a steady state test, and is not cycli-
cal.

e Tests requiring restarting are not recommended, but
when a test requires a time longer than that given in
column Il of Table 2, the test must be restarted
within 96 hours after the ramp-down period of the
previous test.

e Exposure time in Table 2 doesn’t include such time
as ramp-up, ramp-down, or preparation.

2-5 Initial Measurements

e Each specimen must be visually examined before the
test and inspected to insure that it conforms to pre-
scribed characteristics such as dimensions and func-
tions.
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2-6 Test

First, a specimen with a room temperature environ-
ment must be installed in a test chamber with the
same temperature.

The installed specimen must not be directly exposed
to radiation from the chamber walls or the heater.
When using an appropriate mounting structure for in-
stallation, both the thermal capacity of the structure
and the heat conducted to the specimen by the struc-
ture must be small. The structure must not discharge
contaminants causing corrosion or degradation of the
specimen.

Bias voltage must be applied based on the relevant in-
dividual specifications of the specimen.

Fig.1 shows the test cycle, the processes from the be-
ginning to the end of the test.

® This diagram is not included in IEC 68-2-66 publication.

Settings Temperature
I O O ,
S 3
$0 Humidity ©
Temperature, S Pressure RS
Humidity,
Pressure
Atmospheric ':'
pressure : :
“Max. 1.5h Exposure time based on rating 1—4h’:‘ Recovery process it Tir;e

2-24h

Applied bias

Conditions during ramp-up

® Tests in which the exposure time exceeds 48 hours can|be
permitted a ramp-up time of 3 hours maximum.

® Relative humidity must not exceed 85%RH.

® Air remaining in the chamber will be discharged from th¢
chamber by steam during ramp-up.

Conditions during ramp-down

® Relative humidity must not exceed 85%RH.

® As a rule, specimens must cool down naturally.

e \When pressure is reduced using forced opening equlp-
ment, pressure must not be lowered suddenly.

® Pressure must never go below atmospheric pressure.

Fig.1 Test Processes

2-7 Intermediate Measurements

Electrical and physical inspections may be per-
formed during the exposure period if products have
relevant individually rated specifications. However,
such actions must not disturb the test environment.
The specimen must not be removed from the chamber
when measuring.

2-8 Recovery

After a specimen has been removed from the cham-
ber, it enters the recovery process in which various
measurements and functional tests are performed.
These actions must be performed at atmospheric
pressure at a minimum of 2 hours and a maximum of
twenty-four hours after the test.

2-9 Final Measurements

Details of final measuring are the same as initial
measuring.

20

2-10 Information to be given in the relevant

specification sheets
When product characteristics must be tested, details

for the following items must be concretely specified.

a. Differences from Table 2 specifications (compulsory

item)

b. Details of initial measurements (compulsory item)
¢. Mounting structures

d.
e
f.

Bias voltage (when necessary)

. Intermediate measurements

Final measurements (compulsory item)

m Annex A
Steam Table from 100°C to 170°C

m Annex B
Physical Meaning of the Test

The acceleration is due to the difference in the water
vapor pressure between the inside of the specimen
and the test environment.

A historical background is given explaining such fac-
tors as how this test was developed as an accelerated
test method for testing corrosion of aluminum cir-
cuits on integrated circuits sealed in plastic and other
semiconductor devices.
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m Annex D
Test Equipment and Handling
e The test equipment is limited to two types, the single

m Annex C
Items Related to a Definition of Humidity
e No method of directly measuring humidity has yet

been established for the temperature and humidity
range used.

Humidity must be defined according to theoretical
evaluation of a practical method of measurement. In
other words, it is permissible to use any measuring
method that is possible if it is within a theoretically
acceptable deviation.

Remaining air is discharged during the ramp-up proc-
ess, but because of dissolved gas in the humidifying
water and any gas discharged from the specimens, the
interior of the chamber can’t be termed a perfect va-
por environment. However, it is difficult to believe
that such a minute quantity of gas has much influence
on the results of the test, so the interior of the cham-
ber hypothetically fulfills the condition of having
only steam.

There are three methods by which humidity may be
measured: the temperature method (measuring the
temperature inside the working space and the tem-
perature of the humidifying water, or the temperature
immediately above the humidifying water), the
wet/dry bulb method, and the dew point method.
Any of these methods of measuring can provide es-
sential control and be used for monitoring, but the
dew point method is difficult to use with current tech-
nology.

vessel (Tabai type) and dual vessel types. The con-
struction of those two types is shown in Fig.2.

e The steam current must be kept within 0.5 m/sec

maximum, the range of a natural convection current.

e Materials causing corrosion or degradation must not

be used inside the chamber. The applied bias voltage
will “work effectively” for this test, meaning it will
accelerate corrosion. That bias voltage and time of
application must be adjusted, however, because an
opposing surface may be adversely affected, e.g., by
preventing moisture absorption through self-heating.
For example, the specimen surface temperature must
not rise more than 2°C above ambient temperature, so
when self-heating is severe, the time of application
ratio may be set to ON:OFF = 1:3.

e Lubrication should be done periodically using a soft

brush with laboratory detergent in distilled water or
de-ionized water.

e Asarule, the test should be completed with the speci-

men left untouched after delivery of the specimen has
been received.

e Diagram showing an outline of representative test

equipment construction is included.

Single vessel (Tabai type)

PG
PV % s
DO ] \
wll -
S1 i — HM
|_ ——o
=l
ws :E%%D
Mo
| <
WA vy e— A
L l HW l S2
PV Pressure vessel WA Humidifying water
DO Door PG Pressure gage
WS Working space SV Safety valve
PV1 Test chamber (pressure AV Air release valve
vessel for working space) S1 Temperature sensor for
PV2 Steam generator steam
(pressure vessel for S2 Temperature sensor for
humidifying water humidifying water
reservoir) F  Fan

HM Heater for moisture
HW Heater for humidifying

Dual vessel
PG
PV1 ? S
D&'H\
|
s1—+——F—
ws
D<t-
I:I Y AV
ol
PV2 s2

water

Fig.2 Test equipment construction

Concrete explanations, which had not been described

in any traditional IEC Publication Standard, are con-
tained in the above attached documents, and most of the
Japanese suggestions have been included.
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Topics

Agribusiness

1. Introduction

News of changes in the earth’s environment and the
increase in global population have brought agriculture
to the forefront in vital social issues, both from the as-
pect of protecting the environment as well as in regard
to the food problem.

2. Our Agribusiness

As we face the 21st century, here at Tabai Espec we
have taken the crucial social issues of “Food” and “Pro-
tecting the Environment” as our themes. We are ad-
dressing these issues by striving to create a new
“agribusiness” based on the environment creation tech-
nology that we have fostered.

At Tabai Espec, the development of our agribusiness
can be broadly classified into two themes, or business
units. First, we offer “plant factories”, which supersede
conventional agriculture with our systems for producing
crops such as vegetables under a high degree of environ-
mental control. Also, we offer “plant related test re-
search equipment”, our research equipment for the test
research that forms a basis for this agricultural produc-
tion.

[Concepts]
We offer environments for

Complete control plant factory

“Food” and “Protecting the

Supplementary lighting plant factory

Plant factories

Global Environment”

Sunlight-utilizing plant factory

Agribusiness

Seedling plant factory

Mushroom factories, bean sprout factories,
other sprout factories...

Phyto-tron (standard, large)

Plant test research

Growth Chamber (artificial lighting)

equipments

Growth Cabinet

Green House

Various control systems and sensors

Fig. 1 Development of our Agribusiness

2-1 Plant Factories

The “plant factories” system is extremely broad in
scope, but in general can be described as “an institute
for the industrial production of plants”. The main fea-
tures of the plant factories are as follows.

1. Agricultural crop production can be scheduled

year round.

2. Plants can be efficiently produced even in small

spaces.

3. Safe crops can be produced without using agricul-

tural chemicals.

4. Crops can be standardized and high quality items

can be produced.

5. Work can be automated and made less labor-inten-

sive.

22

The most significant way in which the plant factories
differ from conventional agriculture is that “crop pro-
duction can be scheduled year round”. Agricultural pro-
ductivity is relatively low compared to other kinds of
production as in industry, and in addition, stable pro-
duction has been difficult to obtain due to the influence
of the seasons and the weather. In response to these fac-
tors, our plant factories make it possible to artificially
control the cultivation environment.

These plant factories can also be classified into a
number of different types, but the “complete control
plant factory” is most often regarded as a representative
“plant factory”. In a narrow sense, this type has many
factory-like representative features, including com-
pletely blocking sunlight from the interior of the fac-
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tory, using artificial light, and cultivating plants under
complete control of weather environment conditions
such as temperature and humidity. Next comes the “sup-
plementary lighting plant factory”, which actively intro-
duces sunlight and supplements with artificial lighting
as necessary while also controlling weather environ-
ment conditions. There is also another type of “sun-
light-utilizing plant factory” that does not use
supplementary lighting. In addition, we have equipment
qgualifying as plant factories in a broader sense, such as
the “seedling plant factory”, which produces seedlings
using biotechnology and cellular formed seedlings, and
we have plant factories for mushrooms, for bean
sprouts, and for other sprouts.

2-2 Plant Test Research Equipment

In this field, we provide a great variety of systems
and equipment to support plant-related test research in
universities as well as in a wide variety of test research
laboratories. This equipment and these systems are used
for a wide range of applications, such as developing new
hybrids for agricultural production, research on disease
resistance and environmental features, research on agri-
cultural chemicals, and research on medical drugs.

In this field, our company provides a wide range of
products that control the environment in such areas as
temperature and humidity and are used for all kinds of
test research. Our line of products includes such equip-
ment as the Phyto-tron, the Growth Chamber, the
Growth Cabinet, and the Green House, as well as all
types of sensors and control systems.

3. Environmental Control Technology in Agriculture

An environment for cultivating plants can be greatly
influenced by such factors as temperature, humidity,
wind, the concentration of carbon dioxide, and the un-
derground part of the environment (e.g., the composi-
tion of the soil or the axil). Not only does the most
appropriate environment vary according to the compli-
cated reciprocal relationship among these factors, but it
also varies according to other factors such as the type
and variety of plants being cultivated. Plant production
includes aspects that are more difficult than producing
industrial products.

However, producing agricultural crops goes beyond
these factors. We cannot ignore the extremely high
value of know-how stored up from long years of observ-
ing results. The technological development required to
quantify and qualify these factors is a technological
problem facing both plant factories and the field of plant
test research, but recently computerization has been in-
troduced into the field of agriculture and is bringing
rapid development. The various research sites are vigor-
ously promoting expert systems for cultivation and
greenhouse environment control, and progress is being
made in putting this knowledge to practical use.

Table 1 Principal environmental control technology in agribusiness

Technology to filter sunlight, selectively Technology to control wind speed. Wind
. admitting light effective for photosynthesis wind promotes proper evaporation and keeps
Sunlight | hile blocking undesirable rays and radia . leaves cooler. In general, plants prefer ar
o heat. (wind speed) | environment with a mild breeze (max. 0.5
=
= Technology related to artificial lighting to m’s). -
=2 obtain the quantity and quality of light thal Technology to control the environment of
=1 Atrtificial can be substituted for sunlight. One the underground section (root environment
lighting particularly important problem in a closed| gl (axil) section). This part strongly influences plant
space is how to handle heat generated by cultivation, and is very effective when the
lamps. temperature | soil (axil) is heated if the above-ground
temperature is low, or cooled if the above-
Technology to control the temperature to ground temperature is high.
create an environment suitable for growin
Temperature | plants. Energy-saving technology to cont Technology to control such factors as pH
temperature, as being economical is very . ) and nutrient conditions most suitable for
important in production. Soil (axil) Eﬂant QF_OWt)h. SUdCVILa(S:]\l (nlrt]roge;l), K
— it potassium), an phosphorus).
Technology to control humidity to create composition Composition of the soil and of the axil has
Humidity environment suitable for plant evaporatiof| vital influence on plant cultivation.
functions. Also strongly affects - —
photosynthesis. Technology directly for plant cultivation.
Technol i trol th trati Computers are being used to develop
Carbon Cgrcbonnodoigiid%.c%r; rrgisin%g[ﬁgcen ration 91 cuttivation technology to find a means for acquiring
dioxide concentration of carbon dioxide, it is technology this know-how and then to find a means to
concentration| POSsible to raise the capacity for put it to practical use.
photosynthesis.
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4. Our Main Agribusiness Products (Systems)

4-1 Plant Factories

(1) Container Plant Factory

With the transportable plant factory units, it is possi-
ble to immediately cultivate plants anywhere that water
and electricity connections are available. Since the site
can’'t be selected, the units can be used for various appli-
cations, such as on a marine vessel, at the north or south
pole, or in the back yard of a restaurant. Development
concepts and economic feasibility are being evaluated.
— Photo. 1

| Jiire ey
Equipment for mixing axil
(inside container)

Photo. 1 Equipment for experiments with container cultivation

(2) Complete Control (Artificial Lighting) Plant
Factory and Supplementary Lighting Plant
Factory
Facilities for producing greens such as lettuce and

spinach as well as other types of vegetables such as to-

matoes. Plants are cultivated in a controlled environ-
ment, and speed of growth and production efficiency are
extremely high.

In complete control plant factory there is little influ-
ence from the natural environment. While this makes it
possible to schedule production year round, it also has
the defect of fairly high operating expenses, especially
for electric utilities.

In the supplementary lighting plant factory, there is
some influence from the natural environment, bringing
down the initial cost as well as the operating expenses,
so they can be made on a larger scale.

In addition, we are building systems for improving
productivity by promoting the development of such
equipment as a conveyance spacing device that auto-
matically controls the intervals between the plants, for
complete control (artificial lighting) plant factory and
supplementary lighting plant factory.
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4-2 Plant-Related Test Research Equipment

(1) Phyto-tron (Standard, Large)

Test research equipment for plants has been estab-
lished outdoors, and controls such factors as tempera-
ture, humidity, and carbon dioxide concentration. An
infrared ray screening filter, independently developed
by our company, is used on the surface of the glass, pro-
viding a savings in energy. This filter is a superb mate-
rial that selectively admits light effective for plant
photosynthesis and reflects heat rays from the infra-red
zone that cause air conditioning load. We also provide
optional equipment such as a soil temperature bath and
equipment to control the length of daylight.

We offer two types of Phyto-tron, the factory-assem-
bled chamber (standard) and the large model, assembled
on site. — Photo. 2

(2) Growth Chamber

The Growth Chamber is a panel-assembled chamber
that uses artificial lighting and controls factors such as
temperature, humidity, and carbon dioxide. The equip-
ment can artificially recreate all aspects of the plant cul-
tivation environment. In particular, although heat from
the lamps has an adverse effect on plant growth when
obtaining high illumination intensity, the infrared ray
screening filter, used to avoid this heat generation, ef-
fectively keeps leaves cooler.

(3) Green House

The Green House is for plant test research and main-
tains a high degree of control of the interior environ-
ment. The glass uses an infrared ray screening filter that
saves energy, and the environment is computer control-
led. — Photo. 3
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Photo. 3 Interior of a Green House

25



ESPECL

TECHNOLOGY REPORT s

Pub. Date: November 1, 1996 (biannual)

Publisher: TABAI ESPEC CORP.
3-5-6 Tenjinbashi, Kita-ku, Osaka 530, Japan

B Please direct inquiries regarding this publication to...

Office of the editor, “ESPEC Technology Report”,
TABAI ESPEC CORP.
Phone: (81) 6-358-4785 Fax: (81) 6-358-4786

Copying or reproducing articles from this magazine in any form is prohibited.

TABAI ESPEC CORP.

Head Office (JAPAN)

3-5-6, Tenjinbashi, Kita-ku, Osaka 530, Japan
Phone: (81) 6-358-4741 Fax: (81) 6-358-5500
Telex: 05233629 TBI J

Kuala Lumpur Representative Office (MALAYSIA)
Temp Girl Business Center 4th. Floor

Secondary Tower Block Wisma MCIS, Jalan Barat
46700 Petaling Jaya, Selangor, Malaysia

Phone: (60) 3-7544277 Fax: (60) 3-7544290

ESPEC CORP. (Uu.s.A)
425 Gordon Industrial Court, S.W.
Grand Rapids, Ml 49509, U.S.A.
Phone: (1) 616-878-0270 Fax: (1) 616-878-0280

SHANGHAI ESPEC

ENVIRONMENTAL EQUIPMENT CORP. (CHINA)
Ha-mi Road 166 Shanghai, China
Phone«Fax: (86) 21-62748060

GUANGZHOU ESPEC
ENVIRONMENTAL EQUIPMENT CO., LTD.
(CHINA)
1 Zhu Si Gang, Dong Guan Zhuang Road,
Guangzhou, China
Phone ¢Fax: (86) 20-772-5042

TABAI ESPEC SERVICE CORP.
(JAPAN)

23-12, Taimahigashimachi, Neyagawa-shi,

Osaka 572, Japan

Phone: (81) 720-34-1191 Fax: (81) 720-34-7755

ETRE002 ESPEC TECHNOLOGY REPORT No. 2



