METHOD FOR PERFORMING A SHELF LIFETIME ACCELERATION TEST
FIELD OF THE INVENTION [0001] The present invention relates to a method
for performing shelf lifetime acceleration testing of integrated circuit (IC)

wafers. In particular, but not exclusively, embodiments of the invention relate
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reference to the condition of bondpads of the IC. BACKGROUND OF THE
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active and passive electronic_devices formed on a single semiconductor
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contamination exceeds a critical vaiue, orme etween a bondwire
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cases, It the amount of contamination Is excessive, it may be difficult to form

a bond between a bongwiregihaNag P [fe0ANBRIdPads are typically

formed from a metallic material such as aluminum. Contamination of the
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aluminum-fluoride-oxide (Al FyO,) due to reaction between fluorine,
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amount of Al FyO, can increase until the formation of reliable bonds to a
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shelf lifetime of a wafer provided with bondpads in order to reduce a failure
‘raievafpackagedpategratadedircuits Bbyfperforming a “shelf lifetime test'. The
shelf lifetime of a wafer is the length of time for which the wafer may be
[0003] The problem exists that the surface of a bondpad can become contaminated. If the
amount of contamination exceeds a critical value, bonds formed between a bondwire and a
bondpad may be unreliable and susceptible to breakage. In some cases, if the amount of
contamination is excessive, it may be difficult to form a bond between a bondwire and a
bondpad.
[0004] Bondpads are typically formed from a metallic material such as aluminum.
Contamination of the surface of an aluminum bondpad by fluorine (F) can result in the formation
of aluminum-fluoride-oxide (Al F,0,) due to reaction between fluorine, aluminum, oxygen and
moisture over time. During storage of the wafer, the amount of Al,F,O, can increase until the
formation of reliable bonds to a bondpad is no longer possible.
[0005] It is known to attempt to determine a shelf lifetime of a wafer provided with

bondpads in order to reduce a failure rate of packaged integrated circuits by performing a ‘shelf

lifetime test’. The shelf lifetime of a wafer is the length of time for which the wafer may be



1 stored under suitable, predetermined storage conditions before its condition
is no longer acceptable for subsequent IC fabrication. [0006] Knowledge of

the shelf lifetime is important because it enables IC manufacturers to reduce
the number of IC devices of inferior quality. It also enables wafer suppliers to
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lifetime of a wafer. [0007] The traditional “shelf lifetime test' involves the steps
APl s WSRO Y aaf%ﬂoﬁatch of wafers in a wafer box that has a

small amount of delonlsed water in a lower portion of the box. The wafer
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contamination level below a critical contamination level f ond formation,
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suitable for storage for a predetermined time, for example one year from the

ofake: offialicatianvaiiths kendpadsasdiscussed above. [0010] If the
bondpads of the test wafer are found to have a contamination level equal to
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be taken to reject the batch of wafers from which the test wafer was taken.
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before subsequent bond formation. [0011] Empirical results suggest that, in
therdige td Eibmglaten @ tioy dgedpatiohofaingeetraiigdetemination on the bondpads of the test

wafer is determined; this determination may be made by reference to one or more bondpads of
the test wafer.

[0009] If the bondpads of the test wafer are found to have a contamination level below a
critical contamination level for bond formation, the batch of wafers from which the test wafer
was taken may be considered suitable for storage for a predetermined time, for example one year
from the date of fabrication of the bondpads as discussed above.

[0010] If the bondpads of the test wafer are found to have a contamination level equal to or
above the critical contamination level for bond formation, measures may be taken to reject the
batch of wafers from which the test wafer was taken. Such wafers might then be discarded, or
subjected to a cleaning process before subsequent bond formation.

[0011] Empirical results suggest that, in order to simulate a storage period of 1 year under

normal storage conditions by means of the test described above, a period of testing of from about



normal storage conditions by means of the test described above, a period of
testing of from about 2 23 to about 198 days is required. This period is
calculated assuming that the wafer is stored at a temperature of 22C in an
environment having a relative humidity of 75%. [0012] The test period of 23
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requirement to perform a shelf lifetime test on a test wafer of a batch of
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in the delivery of the batch. [0013] Furthermore, the results of the traditional .
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method for determining a shelf lifetime of an IC wafer such that the test
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still further aim of embodiments of the invention is to provide an improved test

method for determining asshei R tintg: aftam NoywRTEIOR@apable of providing a
determination of shelf lifetime in a shorter period of time than that of the
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there is provided a method of determining a storage lifetime of a wafer in a
obthrageve mwroionedniodiichstorage environment corresponding to an
environment having a first value of temperature and a first value of relative
[(}ﬂlﬁiidityhg’am{l aim of embodiments of the invention to provide an improved test method and
apparatus for determining a shelf lifetime of an IC wafer.
[0016] Another aim of embodiments of the invention is to provide a test method for
determining a shelf lifetime of an IC wafer such that the test method has a reduced number of
artefacts associated therewith.
[0017] A still further aim of embodiments of the invention is to provide an improved test
method for determining a shelf lifetime of an IC wafer capable of providing a determination of
shelf lifetime in a shorter period of time than that of the traditional test method.
[0018] According to a first aspect of the invention there is provided a method of determining
a storage lifetime of a wafer in a storage environment, said storage environment corresponding to
an environment having a first value of temperature and a first value of relative humidity, said
wafer having a pre-test value of a first contamination parameter, comprising the steps of:

subjecting the wafer to a test environment for a test period, said test environment comprising an

environment having a second value of temperature and a second value of relative humidity;
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wafer having a pre-test value of a first contamination parameter, comprising
the steps of: subjecting the wafer to a test environment for a test period, said
test environment comprising an environment having a second value of
temperature and a second value of relative humidity; 3 subsequently,
sHhsgseefily uReeiaeraideraisy sgbrd e aipo3passtssaNtie PhisEeord
contamination parameter, wherein said second value of relative humidity is
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than 30C. [0019] According to a second aspect of the invention there is
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contamination parameter, wherein said second value of relative humidity is
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than 30C; and determining whether or not said post-test value of said
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contamination parameter, whereby said second contamination parameter
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value of said second contamination parameter corresponds to an amount of
cooataminatipaoiachondped sadisetivel ohladdindpadethaniibtynsgitalelafar 30% and
bonding to a bondwire, and said second value of relative humidity and said
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[0020] According to a third aspect of the invention there is provided a method
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first contamination ' o
contamination parameter, whereby said second contamination parameter corresponds to a second

contamination parameter of a bondpad, said critical value of said second contamination
parameter corresponds to an amount of contamination of a bondpad indicative of a bondpad that
is unsuitable for bonding to a bondwire, and said second value of relative humidity and said
second value of temperature are selected to provide dewing-free conditions.

[0020] According to a third aspect of the invention there is provided a method of
determining a storage lifetime of a second wafer having a first value of a first contamination
parameter, comprising the steps of: subjecting a first wafer to a first test environment for a first
time period, said first test environment comprising an environment having a first value of
temperature and a first value of relative humidity, said first wafer having a pre-test value of said
first contamination parameter corresponding to said first value of said first contamination

parameter of said second wafer; subsequently inspecting said first wafer thereby to determine a
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parameter, comprising the steps of: subjecting a first wafer to a first test
environment for a first time period, said first test environment comprising an
environment having a first value of temperature and a first value of relative
humidity, said first wafer having a pre-test value of said first contamination
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parameter of said second wafer; subsequently inspecting said first wafer
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parameter, whereby said first value of relative humidity is greater than 30%
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having a second value of temperature and a second value of relative

oMt 0984 ) Embpdiments Rl 40% Ryafgn have the advantage that the

time period required in order to perform a shelf lifetime acceleration test may

[(R Hignificapsy kRducsdnd iseisiah IeastiR RerhAve dadhR (aat thaba walakdsn

heated above a normal storage temperature during the course of the test,
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wafer is not heated during the course of a test. [0022] The inventors'

pilvésiigations haveareutalc thdhal sboe dnadiionabigst mmihadoetogicsg @ie course
fundamentally flawed. This is because, under certain test conditions, the
opigsesicehafatercldrapletsrae af afertduraigdienasttcan bffgcthe tests, a wafer is
formation of fluorine-induced corrosion defects on the surface of one or more
npidrdpddiurjQO28|ceyrisadiatesits of the invention have the advantage of
avoiding introduction of artefacts. This is because dewing-free conditions are
[Wﬂ]tain@hpdﬂl‘fﬂﬂg)fh’ei@@ﬁﬁgét@fl&fté@ revealed that some traditional test methodologies

are fundamentally flawed. This is because, under certain test conditions, the presence of water
droplets on a wafer during the test can affect the formation of fluorine-induced corrosion defects
on the surface of one or more bondpads.
[0023] Embodiments of the invention have the advantage of avoiding introduction of
artefacts. This is because dewing-free conditions are maintained during the course of a test
according to embodiments of the invention. By maintaining dewing-free conditions, the
formation of water droplets on the surface of the wafer is avoided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Embodiments of the present invention will now be described hereinafter, by way of
example only with reference to the accompanying drawings, in which:
[0025] FIG. 1 shows a table of values of a required testing time in a shelf lifetime

acceleration test (SLAT) according to an embodiment of the invention as a function of wafer
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according to embodiments of the invention. By maintaining dewing-free
conditions, the formation of water droplets on the surface of the wafer is
avoided. BRIEF DESCRIPTION OF THE DRAWINGS [0024] Embodiments
of the present invention will now be described hereinafter, by way of
tesRamBIE Rty Hlath pdreradite teetse helberepidinysg traiirg's, antRssPeoby] |
FIG. 1 shows a table of values of a required testing time in a shelf lifetime
YRRt SorateA P dteBiding to an embodiment of the invention as a

function of wafer 5 temperature and relative humidity, the test bein

[ gur oSt LSRRGS ‘ifé&sr“&ﬁd‘e‘?“’rﬁ%rrﬁ‘i&?@t‘&gatﬁél first

con itionts. OZGLFItG. 2 shows a flow diagram of a process of testing a
CWAEPRELSIANSGTE At embodiment of the invention. [0027] FIG. 3 shows

w diagram of a prgcess of testing a wafer.accordin a second
it o A B TAI S DE SR GATRRE o second
emggmgg)l}lt{lg E]HEQS following embodiments are intended to illustrate the

invention more fully without limiting its scope, since numerous modifications

and variations willherappars e Rasakibedrinthr @EniBeRP]1 The present

inventors have sought to develop a new electrochemical model for the
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new shelf lifetime acceleration test (SLAT) proposed herein. [0030] It has
whBetk URHEeRstROsh & IR RresaBtJnyeRLarR et DR A0 Al Wadep LR @) those

enhance fluorine-induced corrosion and galvanic corrosion of aluminum
slhoedipads @6 semiconductor wafers during wafer storage.
[0029] The present inventors have sought to develop a new electrochemical model for the
determination of shelf lifetime of a wafer. The methodology is embodied in a new shelf lifetime
acceleration test (SLAT) proposed herein.
[0030] It has been understood by the present inventors that oxygen (O;) and water (H,0)
enhance fluorine-induced corrosion and galvanic corrosion of aluminum bondpads on
semiconductor wafers during wafer storage.
[0031] Fluorine induced corrosion is believed to proceed according to the following reaction

schemes:

Anode: [AlFg]" +3e = Al+6F  E’°=-2.07V
Cathode: 0, +2H,0 +4e = 40H  E’=+0.401V

where E’ is the redox potential of the indicated chemical reaction.
[0032] Subsequently, the reaction products react according to the scheme:
30, + 6H,0 + 4e” — 120H
- 6H,O
+ 4Al — 4AI(OH);3 > 2A1,0;

+ AlF, — AL,O/F,
6



[0031] Fluorine induced corrosion is believed to proceed according to the
following reaction schemes: Anode: [AIF6]3- +3e-;,- Al + 6F E = -2.07V
Cathode: 02 + 2H20 + 4e-;,' 40H- E = +0.401 V where E is the redox potential
of the indicated chemical reaction. [0032] Subsequently, the reaction
[MBHuctsedrg Becordsgtdhthel sehevainggpoxighoride Al Oabp forrszm +
4A1 -* 4A1(OH)310 2A1203 + AL1F -* Al OyF, 6 [0033]%)uring the course of
algaigjmho i R S Ao RO VAT BIHIL o N hs1 i U8 oo of
of a wafer having fluorine contamination. The Alog/é:z is in the form of small
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appear as white particles or ‘white dots' on the bondpads, depending upo
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results in an increase in the rate of reaction of aluminum and fluorine to form
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rate of reaction. [0035] Acceleration of thé rate of reaction may be mod

oPﬁiﬂQiHﬁﬁq 'le?!!ll hﬁf}gﬁféqglﬁﬁ? 9&%!0;159 empaﬁfnﬁé/rageﬁt% e?a%Jf%IAQl\ﬁg :réﬁlt:_in an

(AF, H) x (AF, T) (1) where AF is an acceleration factor of the overall reaction

ifRkesess gessringdabaye; (AF, H) is the acceleration factor of the reaction
due to humidity; and (AF, T) is the acceleration factor due to

[0035] Acceleration of the rate of reaction may be modelled using the Hallberg-Peck model.
The model may be stated as follows:

AF = (AF, H) x (AF, T) (1)

where AF is an acceleration factor of the overall reaction process described above; (AF, H) is the
acceleration factor of the reaction due to humidity; and (AF, T) is the acceleration factor due to
temperature.

[0036] Using the Hallberg-Peck relationship:

BIRCIts
Ap - URH, k)\r, T 2

where E, is an activation energy for fluorine-induced corrosion of an aluminum bondpad surface,

n is an exponential constant, k is Boltzmann’s constant, T, is the temperature of the wafer during
normal storage, RH, is the relative humidity of the normal storage environment, T} is the
temperature of the wafer in the testing environment and RH; is the relative humidity of the
testing environment.

[0037] Investigations of defect structures formed during the course of the inventors’

investigations revealed that the presence of water droplets on a wafer during testing resulted in



temperature. [0036] Using the Hallberg-Peck relationship: AF=~RHt)nX~ kE
a) ~T TT) (2) where E. is an activation energy for fluorine-induced corrosion
of an aluminum bondpad surface, n is an exponential constant, k is
Boltzmann's constant, T. is the temperature of the wafer during normal
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the temperature of the wafer in the testing environment and RHr is the
iR R GF it resting environment. [0037] Investigations of defect
structures formed during the course of the inventors' investigations revealed
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@mgédﬁggeggﬁgggogg performed under conditions that av0|d the formation of
water droplets, i.e. under “dewing-free' conditions. [0039] The inventors have
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conditions: RHr < 85%; and Tr < 75C. Other values of relative humidity and
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parameters to be used in the wafer fabrication environment have been

dgiatmined as felewsdathenPafeMsdmdful.

[0040] The remaining parameters to be used in the wafer fabrication environment have been
determined as follows:

E,=0.7eV

n=3

k=8.617x 10" eV

T, =22°C

RH, =28%

Other values of T, and RH, are also useful.

[0041] Inserting these values into equation (2), and requiring a simulated shelf lifetime of 1
year under test conditions whereby RH=55% and T,=75°C, we obtain an overall acceleration
factor AF=502. Thus, in order to obtain a simulated shelf lifetime of 1 year, a SLAT test under
these conditions for a period of 17.5 hours is required. Clearly, this is a considerably shorter
period than that required for the traditional test.

[0042] Figure 1 is a table of values of SLAT testing times required to simulate a storage
period of 1 year as a function of RH; (%) and T, (°C). It can be seen from the table that if a

SLAT test is performed at a value of RH; of 85%, and a temperature of 75°C, the test would take
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k=8.617x10-s eV T"=22C RH" = 28% Other values of T. and RH" are also
useful. [0041] Inserting these values into equation (2), and requiring a
simulated shelf lifetime of 1 year under test conditions whereby RHr=55%
and Tr=75C, we obtain an overall acceleration factor AF=502. Thus, in order
oy dhtdipss sith crate tisHalr B drhdest ey Bprfaropdat fest imefdf Hifdsw %, and a
conditions for a period of 17.5 hours is required. Clearly, this is a
ERIERIE Ny Sho e et dials ﬁl?a‘t“rg\a%i Yfor the traditional test. [0042]
Figure 1 is a table of values of SLAT testing times required to simulate a
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rom the table that ijf a SLAT test is performed at a value of RHr of 85%, and
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ays. Thus, embodiments of the present invention enable a considerable
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embodiments of the invention have the advantage of reducing a level of
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advantage of increasing a reliability of the test. [0044] It will be appreciated

uibal sFoHlRtNgra, Stiiager Reraddor othar thamhdyarids ialar stk also useful.
Furthermore, values of RHt and Ttother than those listed in the table are also

[ooesful. [BE#2)] hifw<a Sbavisgrilawfdisgiamcobastgryente plrsiapsnterdheSLAT
performance of a SLAT test according to a first embodiment of the invention.
teS addotésis ta adird krghi@l therdfirst the invention. SLAT tests according to the first
embodiment have been performed using a temperature and humidity controlled test chamber
(Taichy HRM-80FA). The tests were performed over the temperature range from room
temperature to 100°C, and at values of relative humidity from 30 — 95%.
[0046] The SLAT test sequence according to the first embodiment begins with the selection
of a wafer to be tested from a batch of wafers. The wafer is then inspected to determine an
amount of contaminant present on one or more bondpads of the wafer.
[0047] According to the first embodiment, the wafer is subjected to Auger electron
spectroscopy examination (AES) in order to determine a level of fluorine (F) contamination. In
some embodiments the wafer is also subjected to SEM inspection to identify whether or not so-
called white-dot defects are present. If white-dot defects are present, the number density of
white-dot defects may be determined by inspection of an SEM image.
[0048] In some embodiments of the invention a thickness of any aluminum oxide or

aluminum fluoride oxide is determined. In embodiments of the invention the thickness is

determined using transmission electron microscopy (TEM).
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embodiment have been performed using a temperature and humidity

controlled test chamber (Taichy HRM-80FA). The tests were performed over

the temperature range from room temperature to 100C, and at values of

relative humidity from 30 - 95%. [0046] The SLAT test sequence according to
[Pirst dirfovdiehEénbbisgiesinitrnme serscichiwig Deader pddagsdiaifomedest

batch of wafers. The wafer is then inspected to determine an amount of
chagpbsim iﬁﬁ?ﬂrﬁ‘%‘é’ﬁf’% Rr W@tﬁﬂm@ﬁ‘gﬁ% qeBhtdeniameda F@%)“Al?]the range from
According to the first embodiment, the wafer is subjected to Auger electron
6s&£ﬁo@iW@?é&iﬁ%WAE§ﬁ P Or PR GRYLHATR & STESt RISOFIREnERg

contaminatign. In s me.(ﬁm odimegts the wafer is alsg subjected to SEM

(SRESELSAS AR WSl b RETSSBHIRSH WRRSSSt defects are present.

[@gﬁjite'%&g%ﬂ%%t?o%ﬁee é%é&”%m%%%%‘%ﬂ?ﬁé é%%“@%ﬁgﬁ White dot defects,may

etermine Inspection of an Image. n some embodiments

e i}&%tiﬂé’%???*taaéﬁgi&'?&%ﬁ%gi&}%nﬁlﬁi%%&‘?@%% )éiﬁgrigﬁ '&‘%rltémi'%@%e

ide is determined. In em ents of the invention the thickness Is

eASIREMIARD HHO S YaRSMIRSIRMAIREHRNIIG 0SERRY MYy IQQARIGING values,

wafer to be tested is then mounted in a quartz holder and placed inside the

féedle Champaraferidingotoheresent embodiment the quartz holder is of a
size in the range from 6" to 12" (0.15240m - 0.30480m). The test chamber

[e3Yironnrent issetdaopiedetarunaduterdpeaiidre.apdrialaliviel ewnidityor
a predetermined time period. [0050] According to the present embodiment

hithg degichakibekianitenmenigseebtbod otemger aturdl ok Apprandea fielaliviger or
humidity of 55% for a period of 17.5 hours. In some embodiments of the
showentéontitines tanyder atedecesiadsiteel ddive: hanshdity ratersgt porattes valads, tior
the same or a different period of time. [0051] FIG. 1 is a table of test times as
va femetiompdraesttar pdratierbuanditestapelativeied in order to simulate similar or

different test periods, according to a user’s requirement.

[0052] The values of temperature and relative humidity shown in FIG. 1 are determined
according to a requirement to maintain dewing-free conditions within the test chamber. That is,
the formation of water droplets on the wafer within the chamber is avoided when a test
environment is used according to the values presented in FIG. 1. It will be appreciated that
dewing free conditions may also be obtained using other combinations of values of temperature
and relative humidity.

[0053] Once the test period has ended, the wafer is removed from the test chamber. In some
embodiments of the invention the test environment is returned to ambient conditions in a
controlled manner before removal of the wafer, in order to avoid the formation of water droplets
on the wafer. In other words, dewing free conditions are maintained after the test has been
terminated. According to the first embodiment of the invention, dewing free conditions are

maintained until post-test inspection of the wafer is complete.
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humidity in order to simulate a storage period of one year. It will be

appreciated that longer or shorter test times may be used to simulate a

longer or shorter storage period. Similarly, the values of temperature and

relative humidity may be varied in order to simulate similar or different test
[MSAbds, Brlkorinademoaah sb e rsgfgirEpie the [e052) Toienpalus BRfehpuriagied to

and relative humidity shown in FIG. 1 are determined accordingto a
P?éﬁﬁﬁtéﬁﬁé?ﬁtt%“mﬁﬁ‘ff&ﬂﬁ%éwmﬁPﬁ@é‘%ﬁﬁﬁ’ﬁfé‘}ﬂhﬁ‘%ﬁi‘ﬁﬁ?ﬁet%%flﬁﬂ‘?éﬂ?é‘éﬁp?ﬁa’fmed

is, the formation of water droplets on the wafer within the chamber is avoided

UM A el be dEBi el syl b dHEWlues presented in FIG. 1.
ijl b iated that dewing f dit Iso_be obtained usi
O co S ot 0 ST aire V1S S HTH) ToOEaPt

ange e, ae5Rstied Ele 3 e”%ﬁgcépﬂ’é’ﬁ“}ﬁé Sramaved.rom (e test chamber e
n some empodiments O¥Vt?]e Invention the test’'environment Is re urnea (0]

ogﬁﬁlgﬁhﬁg?%i%iﬁgs?éﬂcﬁn R éﬂ?&v@%ﬁﬂﬂ@&%ﬁ aligh t g"&[ﬁ&afgl]g?/el of

er to avol ormation of water ets on the wafer. In other wor

WHRWIRG de& CHAUODEA G PRRIPRINEA AL e fesidias ReghictEERuRRIR-

According to the first embodiment of the invention, dewing free conditions are

dg@}ﬂﬁ@éggg@ﬁ%pﬁst-test inspection of the wafer is complete. 10 [0054]
Following removal of the wafer from the test environment, the wafer is

[oDssiECtet i nRosiestiRERaGtA iNeresdingIteththpissRN L MRQMINBENLthRe
post-test inspection is performed using SEM to determine a number density

peiwhie-dohdefeaisafoopd b il finkpaat eehaival boadpagdntisates that the
number density of white-dot defects on the bondpad is below a critical level,

ethadnanrapabh v teembaiiodes atbo dpadicapabl&tohsuifioteotnrahatbe of fluorine
bonding to a bondwire to be used in IC fabrication. The critical level of

ismimte-dongléfetts below which a bondpad is capable of sufficiently reliable
bonding is

[0057] It will be appreciated that in some embodiments of the invention, a determination of

the amount of white-dot defects is made by alternative inspection means, such as by using a

scanned probe microscope or a transmission electron microscope. Other apparatus and methods

are also useful. Similarly, in some embodiments of the invention, a determination of an amount

of fluorine present on the wafer surface is made using a tool other than AES.

[0058] In a second embodiment of the invention, a SLAT test is used to determine a

maximum storage lifetime of a wafer.

[0059] FIG 3. shows a flow diagram of a sequence of steps for the performance of a SLAT

test according to the second embodiment.

[0060] As in the case of the first embodiment, the sequence of steps comprising the test

begins with the selection of a wafer to be tested from a batch of wafers. The wafer is inspected

to determine an amount of contaminants present on the wafer.
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determined empirically. [0056] In some embodiments of the invention, a
determination of an amount of fluorine present on the wafer surface is
performed following removal of the wafer from the test environment. In some
embodiments of the invention the determination of an amount of fluorine is

[MPete usHgAES: s 7RN IPBEsIprabihie Y aftal s Edutre b BoarREptE B
the invention, a determination of the amount of white-dot defects is made by

SRAEEISTRAETHEPEAtIOh (MEANS, FUER' QLW NEIRG &Y Seadritsdipr Shecricrosespe
or a transmission electron microscope. Other apparatus and methods are

Otheh ebade LifsiaminiRebing e din s SR YR AEA "8 termination

f At of fluorir, t h f f [ i tool
D L e S M AP R
.d's %ed ﬁo ltljetermipe a f“ﬁ‘X"[{’H”a §t8r§ e lifetime otf gow f.(gr.dL())t%'S?J fIG 3. ¢
“Sho swaeﬁo?/{/o igargcr)ﬁc%gea gedﬁér?ceeo?gﬁeaﬁes or the pev?/?gr?ﬁancg 6f A BLAT ™

e ﬁEﬁ%%?ﬁgm9%%@%1?&88%@5?@8@%@ 8&4919@811]@? iﬂﬁ@&if%ﬁ‘%? A ﬁ%@g@hge.

embodiment, the sequence of steps comprising the test begins with t

[(ﬁﬂ?ﬁtionAqfﬂﬁM{@{?Bf% B‘?&eéﬁﬁﬂyfﬁﬂmnﬂlﬁﬁ‘%&fo‘é’ﬁfﬁ{ﬁmﬁﬁﬁd&ﬁf&e’d%de present on

inspected to determine an amount of contaminants present on the wafer. 11

QB L ACEoRdingserthe serona-araaasmenbihawafatds SUBIRGER IR AITRE

electron spectroscopy examination (AES) in order to determine a level of

ifleatinedE iaeianinatiemiRthalispethedsobdetssminingaleys) OffMerioeer
contamination are also useful. [0062] It will be appreciated that the wafer may

niziso e sdhieeiathadkM inspretisnit®ldenifiiwhether or not so-called
white-dot defects are present. If white-dot defects are present, the number
[(ménisity afwhitdedot letefacis iy dedanmigedtbyidnipect anafedrinsE M test
clllr:n?l?e?: The test chamber environment is set to a predetermined temperature and relative
humidity for a predetermined time period.
[0065] According to the second embodiment the test chamber environment is set to a
temperature of 75°C and a relative humidity of 55% for a predetermined initial test period. Once
the predetermined period has expired, the wafer is removed from the test chamber. It will be
appreciated that other values of temperature and relative humidity are useful.
[0066] The table of test times as a function of test temperature and test relative humidity
shown in FIG. 1 may be used to determine the initial test period. It will be appreciated that
longer or shorter initial test periods may be used. Similarly, the values of temperature and
relative humidity for the initial test period may be changed, according to a user’s requirement.
[0067] The values of temperature and relative humidity shown in FIG. 2 are determined

according to a requirement to maintain dewing-free conditions within the test chamber. That is,

the formation of water droplets on the wafer within the chamber is avoided when a test

12



[0063] A thickness of a layer of any aluminum oxide or aluminum fluoride
oxide present on one or more bondpads of the wafer surface may also be
determined. In embodiments of the invention the thickness is determined
using transmission electron microscopy (TEM). Other methods of
CREtERMFTG YrReIseudine [yles ae e setpsraluTo aBh Tt e hafaidiey hectertecin
is then placed in a quartz holder and inserted into the test chamber. The test
ber environment is set to a predetermined temperature and relative
humidity for aﬁredetermined time period. [0065] According to the second

(0o cinfeNE bR $RREERATH it RGTEoRRSRURIS toaptattisetdaplabretmidity

ancge Eehagir\glerr%gmgjllilt a.gf 55%2 f?rr a Eledteggsrmined initial test period. Once
a4 R R A B B R A8 S ST HHE Wafer is removed from the test

[@&‘3 bt .1 'eb%ilt_lag%g?é?ﬁﬁg %gﬁ% c()lte?F'{h\éf‘a\!y%?esr %f}eenﬁneeeé%}gﬁlet@%‘& ERIYEer.

.y n
|d|ty are use e e of test times as a function o

S@QQ%L%%F{%%%Eﬁfé ﬁﬁlaﬂv&W&Vge;Wm%@nwé%gﬁeaﬁ;@aa%i&aec% Qitions

e Initial test perioaq. € appreciate onger or shorter

bIAHALRRNRESIQRS AR, BE MG RUD IR NG YAIUES A SRIMRSIFHER A water

relative humidity for the initial test period may be changed, according to a

dHPRIES SRANReRRE Nt [RRG T JEhe yalugs mictesmBRiaiiR: ANGSIRLVERLINGIY has

shown in FIG. 2 are determined according to a requirement to maintain
bélewngifeeiconditions within the test chamber. That is, the formation of

water droplets on the wafer within the chamber is avoided when a test 12
[BT9ironnreNbisinsREhacaatingvwarthesalirs et tamparnadtraanohreladiviebjected to

humidity presented in FIG. 2. [0068] It will be appreciated that other
peambinatpensonf tampeliatxetanccetdtbrebhdimidityhapesussiihspcordariigerformed
maintain dewing free conditions. [0069] Once the initial test period has
ugnglé8Mhe desdeniiz kemobeddrosiythévwbst cloadub@ts km a selected one or more
bondpads of the wafer. If the number density of white-dot defects on the one or more bondpads
is below a critical level, the wafer is deemed to be a wafer having bondpads capable of
sufficiently reliable bonding to a bondwire. The critical level of white-dot defects below which a
bond pad is capable of sufficiently reliable bonding is determined empirically.
[0071] According to some embodiments of the invention dewing free conditions are
maintained until post-test inspection of the wafer is complete.
[0072] In some embodiments of the invention, a determination of an amount of fluorine
present on the bondpads is performed following removal of the wafer from the test environment.
In some embodiments of the invention the determination of an amount of fluorine is made using
AES.
[0073] It will be appreciated that in some embodiments of the invention, a determination of

the amount of white-dot defects on one or more bondpads is made by alternative inspection

means, such as using a scanned probe microscope, a transmission electron microscope, or any

13



some embodiments of the invention the test environment is returned to
ambient conditions before removal of the wafer, in a controlled manner, in
order to avoid the formation of water droplets on the wafer. In other words,
dewing free conditions are maintained after the test has been terminated.
ol PO VA SRR reGRE oM SFePIPERs MeOTdRe BrFTOPImBAtaHE RYEpErgEan
subjected to post-test inspection. According to the second embodiment the
apguRteEHIERe BT Petb AoRtPadsingrade triedd e AR aufbRr density
of white-dot defects on a selected one or more. bondpads of the wafer. If the
[T Hber Geieny BrROAiReREEY é‘f&é‘ﬂéﬁ%ﬂ‘%ﬂé%lﬁi’?ﬁ%‘i’% Hohifadd J&Bdtdiv a

crtlcal evel, the afer |s gg@ to be a wafer havin g ]Olld ads ca ablebof
oa

Peleh iy PRRBERSHR g U A BRI T SR SUT Shie

dlseimbeion el 3, bang g 4 51%9‘%9&8%%69 1y ieligble %gﬂdmg s

Pe
cfe ermine plrlca Y. ‘Accor Ing 10 SO men

[dE Pt'oﬁﬁﬁmge%r%%ecf%eddtﬂ%% Wafépﬁh%ﬁgl‘ﬁ] hd &' %%%Bﬁ%s%'ﬁﬁ?‘é%ﬁ&% Riable

e wafer is complete. [0072] In some embo s of Invention

bR IRIRIRIANRL BRI OFIHOURE, REESENHAMIBERONARALS JS-RArTp MR

following removal of the wafer from the test environment. In some

ARBIRAFIMeMs REhR invemiandbendetarnipation of 25 rmeunt Al JHeieeSod of
made using AES. [0073] It will be appreciated that in some embodiments of

titheitnventien a8detgrenination BPdhaemennt Ohwwhide ydat sdefe chshernvanest the
more bondpads is made by alternative inspection means, such as using a

irsganBepErebenMitrdsopRsrperaisissioneletigafonicroscope, or any 13
other suitable means. Similarly, in some embodiments of the invention, a

[WFtEr mirHioprafanofamonial efdlispeaeipresent wnftha hpaapadhéa hatlether
using a tool other than AES. [0074] In some embodiments of the invention

p@@MﬁW@dna@pwhn@fmmedefeﬁ@vigg expiry of the initial test period. If the wafer is

again determined to be a wafer having bondpads capable of sufficiently reliable bonding to a
bond wire, the wafer may be returned to the test chamber for a further period of time. The
effective storage period of the wafer under the test conditions used is determined based on the
cumulative time period spent under a given set of test conditions.

[0077] If the wafer is determined not to be a wafer capable of sufficiently reliable bonding to
a bondwire, then the storage period for which a wafer with bondpads is deemed to be capable of
sufficiently reliable bonding to a bondwire is that corresponding to the length of the longest test
period for which the wafer was deemed to be capable of sufficiently reliable bonding to a
bondwire. If no such storage period was determined, due to an amount of contamination
exceeding a critical level following the initial test period, then the storage period for which the
wafer may be stored whilst remaining capable of sufficiently reliable bonding to a bondwire is

determined to be less than the period corresponding to the initial test period of the wafer.
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performed at a magnification of 50k. Alternatively or in addition SEM
inspection may be performed at a magnification of 100k. Other values of
magnification are also useful. [0075] If the wafer is deemed to be a wafer
having bondpads capable of sufficiently reliable bonding to a bondwire, the
(028 is FetuitHesrppriatedthandhipee fEpRofiReS pethednyeritne thakisrafisigtect
to the present invention, the initial test period is 17.5 hours and the further
abhsgragisrisis of@ BGR dafertdinipe Mafdrt SFtPERingnhsher e HLPARGIR bt 2
55%. Other values_of the initial test period and of the further period of time

WA S1SBRIBkROL FHOTET hE I HBIE RS GR b AHER RES e SR HHBANRSHE Of

repeated when the further riod has expired, as per the process followi
Db e o ai ekt b
having b ns ads capable of sufficiently.reliable gondin 0 a, bond wire, the
Ry B e e s o e Faln A A A et

el %d?t%?%?%& 10d of the Walen wapley %@H%?EH‘RUQH%%%ZQ%S%%, median or

déetermined based on the cumufative time period spent under a given set of

nf&& E\%&ggﬂ BSOSV d5HEISIRINE L PR O RE: JuVHRFARRRISAE may

sufficiently reliable bonding to a bondwire, then the storage period for which
baw@fer with bondpads is deemed to be capable of sufficiently reliable
bonding to a bondwire is that corresponding to the length of the longest test

[qeopd fok Wik Wpprvaied rassdarBRd@Rentaratantsubiciasi iadEimit
bonding to a bondwire. If no such storage period was determined, due to an

(@M ahihh epeontaionalioN SEXoE elitha witicaliaveal iolhowifg theciadtidliest. CL is
period, then the storage period for which the wafer may be stored whilst
aieenind g papablepftsliffiaientlyinababladpamding toganbeitigwdkenso be +36 (where ¢
determined to be less than the period corresponding to the initial test period
isahtheawdatdrdchdafdmay.8H 11, willtixeosp tenidtéditiratippscme lewds bdiménds e the
invention the kind of defect and the characteristic of a given defect that is
fusgdn@iteterminesswhether or not a bondpad of a

[0080] According to some embodiments, the limit of fluorine contamination on bondpads of
a wafer before a wafer becomes unsuitable for storage for a required time period is determined.
[0081] Knowledge of this limit of contamination is useful. This is because, if it is
determined that the fluorine contamination level of a wafer before a SLAT test exceeds a certain
critical level of fluorine contamination, it may be predicted that the wafer will most likely fail the
SLAT test. In other words, the number of white-dot defects on bondpads of that wafer following
a SLAT test will exceed a critical density of white-dot defects to allow reliable bonding, making
it impossible to form a sufficiently reliable bond to that bondpad without remedial action such as
cleaning of the bondpad to remove the white-dot defects.

[0082] Determination of the limiting value of fluorine contamination corresponding to a

wafer that is suitable for storage for a required time period may be made as follows.
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wafer is capable of sufficiently reliable bonding to a bondwire may be other

than a measure of the number density of white-dot defects. For example, a

defect other than a white-dot defect may be used. Similarly, a characteristic

of a defect other than a number density of a given defect may be used. For
(W33 pleAadize Biveivds degaelitfeseriieasl aal Alvoragedpraniaaiunte mbinasd to a

or mode average), a shape, a thickness of a layer, a volume, or any other
Skitalsie 29ardiatetodte HisherpRodiseayt oot aRtiPBaMiShHELtab S Eaither

embodiments of the invention allow a control limit (CL) and a specification
ViSRSt Pefane Eohamitatonet 3004k ld BerBsSHlamiy et fetoge the SLAT

measure of process cqf?abgltx aﬂg varlatlons ther and is gntlalgatl.lx te?ken

t%ggsférf\% Sf 15 R B8 St hdary GeVALSRT B on thE CtREF RARY gliable

bIRPREARELIOW G ROURAS AL e F%%%tlgr?c?!g)({)%faanl 0 stﬁué%%%%é’&?ﬁ%g &P nis
some embodiments, the limit of fluorine contamination on bondpads of a

w‘ﬁﬁ%f_‘?{e%%%% §Iy)$aff%sp§v398g1§§n%]&pitable for storage for a required time

period is determined. [0081] Knowiedge of this limit of contamination is

[ooRaill- THiRIShaRauSS: dELmAateRIasH ek ihndypringcpyaminguan level

of a wafer before a SLAT test exceeds a certain critical level of fluorine

[RRRMinAlayd Ry RERTa Fed dhakithewalarMul et dikRivn iR Rial

SLAT test. In other words, the number of white-dot defects on bondpads of

céhainmaias talevwhag fRic3ab Inie Hewib excperiaeal tisal gendity efibitendohnd/or

defects to allow reliable bonding, making it impossible to form a sufficiently
spedidiblei konelito Mridapdgast withaoilitesnadial ashiamsuehoatsrelipaniogat the

bondpad to remove the white-dot defects. [0082] Determination of the limiting
usaluenafetitrorime gcostealfiifiation dar regpondinditoatovafes thdtdasaauitabl et o

storage for a required time period may be made as follows. 15 [0083] A
flgenes of wafers having different levels of fluorine contamination are

subjected to a
[0086] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.
[0087] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.
[0088] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.
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SLAT test according to the first embodiment of the invention under identical
conditions. A wafer passing the SLAT test with the highest amount of fluorine
contamination before the SLAT test was performed is then identified. The
critical amount of fluorine contamination for reliable bond formation is then
Wieidprairigreddscorrespond to the amount of fluorine contamination of this
wafer before the SLAT test was performed. [0084] Other methods of
determining the storage lifetime of aWdM3re also useful. [0085] It will be
appreciated that in alternative embadiments of the invention, initial .
TcontamiPahes StHSITHARRBMERRAY HE'ESEA Y& ISFAUiHE A6 FREpIHEAY S21d
ggpualimit andor, specification Iimil, A knowledas otan ameunt otinigal .,
COiraminant other thaRRtSrne 18 ULERNTS G SteMmTAinG 2 sheP et 6
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101
escription and claims of this speci on, eWOI’SS ‘comprise anc?

p;mm';@qgewﬁg%&% )e words, for example "comprising” and

"comprises”, means "including but not limited to", and is not intended to (and

does N & WeeIRPIINAUSHIERi -G &S LRUIBARGN S dIRDEISi R RIERS-

[0087] Throughout the description and claims of this specification, the

cSHSIRAL BRCAMRAREES hive PIIal JHAl0R 4R CRpELAREIISE HRAWHRS Jirelative
particular, where the indefinite article is used, the specification is to be

humndefstead as contemplating plurality as well as singularity, unless the
context requires otherwise. [0088] Features, integers, characteristics,
compaspdanghaimicakmneiiss©dgeanps desarioad alncoihjusciioncwitindnation
particular aspect, embodiment or example of the invention are to be

pamoerstovkteiesipplicad lelie anybther mspday;, iembadinhenBofe@imptesecond
described herein unless incompatible therewith. 16

value of wafer temperature is greater than 30°C.

2. A method as claimed in claim 1 further comprising the step of determining whether or
not said post-test value of said second contamination parameter exceeds a critical value of said

second contamination parameter.

3. A method as claimed in claim 2 whereby the first and second contamination parameters

correspond to first and second contamination parameters of a bondpad.

4. A method as claimed in claim 3 wherein said critical value of said second contamination
parameter corresponds to an amount of contamination of a bondpad indicative of a bondpad that

is unsuitable for bonding to a bondwire.

5. A method as claimed in claim 1 wherein said second value of relative humidity and said

second value of temperature are selected to provide dewing-free conditions.
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What is claimed is: CLAIMS 1. A method of determining a storage lifetime of

a wafer in a storage environment, said storage environment corresponding

to an environment having a first value of temperature and a first value of

relative humidity, said wafer having a pre-test value of a first contamination
6paranietisthedensétied dbairsinyheemetidigons wareolg dab s Bvidsmimanthe

for a test period, said test environment comprising an environment having a
ragge e &7 telnpBeatdre%and a second value of relative humidity; and

inspecting said wafer thereby to determine a post-test value of a second

contamination parameter, wherein said second value of relative humidity is
;greatar (i 3026 and said seeqnd, value of waleh lemperaliie IS arealer . o e

than T A ethod 48 Claimed T claim L farther comprising the sfepyo?
ra%ggeﬂr@&ngr%gu\{vg@%h%ra% u@gb;{)@id post-test value of said segonc_:l contamination

parameter exceeds a critical value of said second contamination parameter.

3. A method as claimed in claim 2 whereby the first and second

contamination parameters correspond to first and second contamination

gparameieis Rf & PAnRed. hifl MeRRGas glaimgd @Ql&éaémén\’}é?%@léﬁi%e range

critical value of said second contamination parameter corresponds to an

remauntafcontaminabion of a bondpad indicative of a bondpad that is
unsuitable for bonding to a bondwire. 5. A method as claimed in claim 1

wherein said second value of relative humidity and said second value of
temperature are selected to provide dewing-free conditions. 17 6. A method
9as claimethinl akachai hadhie ceiims aleegoReldaduenofvadlatbfechipetidity is in diverange

from about 70°C to about 80°C.

10. A method as claimed in claim 1 wherein said post-test value of said second

contamination parameter corresponds to a value above which said wafer must be rejected.

11. A method as claimed in claim 1 wherein said pre-test value of the first contamination

parameter corresponds to an amount of a first contaminant.
12. A method as claimed in claim 11 wherein the first contaminant comprises fluorine.

13. A method as claimed in claim 1 wherein said post-test value of said second

contamination parameter corresponds to an amount of a second contaminant.

14. A method as claimed in claim 13 wherein said second contaminant comprises fluorine.
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range from about 30% to about 85%. 7. A method as claimed in claim 1
wherein said second value of relative humidity is in the range from about
50% to about 60%. 8. A method as claimed in claim 1 wherein said second
value of temperature is in the range from about 40C to about 90C. 9. A
1 nethdomeshorbrheldimeglad anvherdipraaitrisewspii variaypiehsperitsr e mnum.
the range from about 70C to about 80C. 10. A method as claimed in claim 1
wherein said post-test value of said second contamination parameter
corresponds to a value above which sajd wafer must be rejected. 11. A .
Itheth O O S TACEENH A W e P L8R S asTRRY GaREndT e pipgrises an oxide
contalmination parameter corresponds to an amount of a first contaminant.
M5 A method as claimed in claim 11 wherein the first contaminant comprises
fluorine. 13. A method as claimed in claim 1 wherein said post-test value of
said second contamination parameter corresponds to an amount of a second
1gontaminantatd £ memedias demestin A PRREINSHLSSEAM A1Lo,F,
contaminant comprises fluorine. 18 15. A method as claimed in claim 13
wherein said second contaminant comprises aluminum. 16. A method as
claimed in claim 13 wherein said second contaminant comprises an oxide
18naterighdifonMmethnd as GlaimefimGlaimpaindarelsaid second
contaminant comprises Al OyF,. 18. A method as claimed in claim 1 further
compisiegdbiel giepjedtsuieaurRntly b ectineh entvafarfiet@etesdt period, said test
environment for a further test period, said test environment comprising an
e@nromnmethiaising @ thivdrvaheatofaengpetatdrelandfacipelatate @ndfa telativéue of
humidity; and
relative humidity; and

subsequently inspecting said wafer thereby to determine a further post-test value of said
contamination parameter, wherein said third value of relative humidity is greater than 30% and

said third value of temperature is greater than 30°C.

19. A method as claimed in claim 18 comprising the step of subsequently determining
whether or not said further post-test value of said contamination parameter exceeds a critical

value of said contamination parameter.

20. A method of fabricating an IC comprising:

providing a batch of wafers which have been partially processed;

testing a test wafer of the batch of wafers to determine if the batch of wafers comprises a
desired shelf life, wherein testing comprises

determining an acceleration factor based on first and second test parameters and first and

second storage parameters,
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subsequently inspecting said wafer thereby to determine a further post-test
value of said contamination parameter, wherein said third value of relative

humidity is greater than 30% and said third value of temperature is greater

than 30C. 19. A method as claimed in claim 18 comprising the step of
subsé&aiqelatipHreterrimmgow HiRetelr Hismdardofurteh pustsRosdyipbestesird shelf
contamination parameter exceeds a critical value of said contamination
hf?af‘&ﬁweter. 20. A method of fabricating an IC comprising: providing a batch of
wafers which have been partially processed; testing a test wafer of the batch

of walfeii o et e AL HARHTBP WP RSP SHY A LS ORI &R dhigtfieTs for a

whereig test ng ccimg)riges determinipg an acceleration factor based on first
test 110 eﬂlClialt f’«lt east t test tlmg;fan
and second test parameters and’first and second storage parameters, 19
calclu{g an a test time from tﬁ)% gé:stlzelggg i]?[l'l ac or.wl}'ce correspo ds o the
e

{ .
e €I COTNPrises red shelf Tife, Storin afery for a period
desire sehefft \ﬁfl ) anaq{)elstlng the test wa rlln a tels environment Wlﬁ'l the pert

ol IFh A0 SGEANLIEHANRAMEIRLS IRLAFELREIOSHEAAL 18 AlRSHIDG ARSL.

time; and if the test wafer comprises the desired shelf life, storing the batch of
wafers for a period of time equal to or less than the desired shelf life before
continuing to process the wafers. 21. A method of determining a storage

2lifetime pé@cesanre:waerhavingaR first velue. Q& ir fl.EQHARMDAURR value of a

parameter comprising: subjecting a first wafer to a first test environment for a
fifvstdimemperiospsaiddisstéasii@hyironment comprising an environment
having a first value of temperature and a first value of relative humidity, said
first veabgechiayingrat prefeiest afittia«t aalddinstsofotantinatior patadeder first test
environment comprising an environment having a first value of temperature and a first value of
relative humidity, said first wafer having a pre-test value of said first contamination parameter
corresponding to said first value of said first contamination parameter of said second wafer;
inspecting said first wafer thereby to determine a post-test value of a second
contamination parameter, whereby said first value of relative humidity is greater than 30% and
said first value of wafer temperature is greater than 30°C;
calculating a value of a second time period over which said second wafer would develop
a value of said second contamination parameter corresponding to said post-test value of said
second contamination parameter of said first wafer, when said second wafer is subjected to a

second environment, said second environment comprising an environment having a second value

of temperature and a second value of relative humidity.

22. A method as claimed in claim 21 wherein the second environment corresponds to an

expected storage environment of the wafer.
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corresponding to said first value of said first contamination parameter of said
second wafer; inspecting said first wafer thereby to determine a post-test
value of a second contamination parameter, whereby said first value of
relative humidity is greater than 30% and said first value of wafer
2gempérateihodsy rbaresd el BOC2 vde it asande  aivg cepmariie herdod and
over which said second wafer would develop a value of said second
sad iesArmhAHER PArHEt AN RE% RS onding to said post-test value of said
second contamination parameter of said first wafer, when said second wafer
is subjected to a second environment, said second environment comprising
o5 enyironment % ™ c‘t?CO” ¥ lélreeanf o Al And aeﬁecr%”a%y el
Iatlverﬁumldaty 00 as'claimed ih Cidin wher e secon
glnvr nment corres onéjge SEd Slorage ee(nw dotncgnent of the wafer.

) A‘method as claimed |n c erein said second value of
temperature is 22C and said second value of relative humidity is 55%. 24. A
method as claimed in claim 21 wherein said first value of temperature and

25aid fitsh Malue Qi sRIRtIVE humiditgALsSEISSSI0 Arovide dawingeRRod is

conditions. 25. A method as claimed in claim 21 wherein said value of said

cSegard iresasriesdis BaleatperegRLdIg to the Hallberg-Peck equation:
RH~x ~ E. 11 AFRHt) ka) ~T T 26. A method as claimed in claim 25 whereby

E.=0.7eV,n=3and k=8.617 x 10-5eV. 21
(RH"j_nx(Eaj (i_ij
AF - \RH, k)\T, T

26. A method as claimed in claim 25 whereby E, =0.7eV,n =3 and k = 8.617 x 107° eV.
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