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ABSTRACT

Neutron activatian analysis was used as a nondestructive technique to
positively distinguish between cusil (28% Cu, 72% Ag) and siiver braze
material bonding electrical leads to the substrate of an L3I, The 5LL
californium-252 source was used to activate LSI samples and a small volume
Ge{Li) spectrometer was used to observe the characteristic radiations.
Based on these results, it is concluded that an exposure nf the braze mste-
rial for twenty-four hours to a tharmal neutron flux of 10’ neutrons/cmé/sec
will produce sufficient activatign tae positively identify the cusii braze
parts. Thermal neutron fluxes of this order, and large exposure areas, are
available at nuclear reactor facilities. Using a large volume Ge{Li) gammna-
ray speéctrometer to observe the characteristic radiations from copper-64,
the counting interval per part would be approximately 100 sec. The neutren
sensitive LSI chips can be shielded with cadnium foil to reduce the ther-
mal neutron fluence to an insignificant level.
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NONDESTRUCTIVE IDENTIFICATIQN OF CUSIL BRAZE
MATERIAL BY NEUTRON ACTIVATION ANALYSIS

Introduction

A nondestructive technique was developed to positively identify the
braze material bonding electrical leads to the substrate of an LSI (Large
Scale Intec:ation) circuit. LSI's that were bonded with cusil braze mate-
rial are not acceptable because the braze does not meet temperature and
humidity reguirements, while parts with pure silver brazes are acceptable.

An LSI part and a schematic cross-sectional view of the braze joint are

shown in Figure 1. Xovar leads {53% iron, 29% nickel, 17% cobalt, 0.3%
maganese, and 0.2% silicon by weight) are bonded to a tungsten pad on the

LS1 substrate with either cusil (28% copper and 72% silver) or silver (100%)
braze material. The braze joint is electroplated with nickel and then with
gold. Visual inspection does not always positively distinguish between

cusil and silver braze parts because of the electroplated surface layers
covering the braze materials. Because the LSI chips cannot be salvaged

once they are bonded to the substrate, a nondestructive technique was re-
quired that would positively distindquish between the acceptable and unaccept-
able parts. We have used thermal neutron activation analysis to differentiate
between cusil and silver braze parts by detecting the presence of copper in

the cusil braze material.

Basic Concepts

Neutron activgtion analysis is a sensitive nondastructive method of
measuring elemental constituents, either qualitatively or quantitatively,
by measuring the characteristic radiations emitted by radioactive nuclides
resulting frem selected nuclear transformations. Gamma-ray spectroscopy
provides a measure of the energies and intensities of gamma emissions from
the radioactjve products or daughter isotopes. The gamma emissions resuit
in a unigque signature 2llowing identification of the stable cunstituents, cor
parent isotopes, in the sample material. Since the number of emitted gamma
rays is proportional to the number of atoms in the sample, an accurate
measure of the fractjoma’ composition of the material is possible.
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An element lerds itself to routine neutron activation analysis when one
of its isotopes undergoes a capture gamma, {n, y), reaction with thermal
neutrans to form a radiocactive daughter isotope. There are approximately
seventy-four elements that are routinely addressed in this manner. Addi-
tional elements may be addressed by fast neutron activation analysis where
the daughter isotopes are formed through (n, a), (n, p}, and (n, 2n) reac-
tians where neutron energies are above a given threshold energy.

The sensitivity of the method depends on a number of variables includ-
ing nuclear reaction cross section, neutron flux, irradiation time, radio-
active half-1ife, and fractional gamma-ray yield. The resolution and
efficiency of the ganma-ray spectrometer are also important factors. The
advent of the Targe volume lithium-drifted germanium, Ge(Li}, detector with
a resolution of a few keV and efficiency of greater than 10% at 1 MeV has
dramatically increased the applications of this technique in the past few
years. Gamma rays interact with this detector primarily through photoelectric
interactions (total energy absorpticn), resulting in discrete photopeak, and
Compton interactions {partial absorption), resulting in a continuous spectral
distribution (e.g., the Compton distribution). The photopeaks in the
activation spectra provide unique signatures for identifying and quantifying
the elemental composition of a material. Interference free signatures of
the element of interest are gbtained by appropriate choices of neutron irra-
diation time and time interval between end of irradiation and gamma-ray
measuréements, considering the half-lives and characteristic radiations of

the radioactive products.

The photopeak crunting rate, Ry (counts/sec), is given by:

~-at, -at,
Rp = N,dve (1 -¢e YF
whaere
Ha = number of atoms of isotope a in the sample
s = neutran flux (neutrnns!cmzfsec)
a = neutron cross section (cm2/atnm)
A = decay constant of radioactive daughter isotope
t; = time elapsed from end of neutron irradiation
to mid-point of counting inteyval
t, = irradiation time

n
!

constant relating disintegration rate to count
rate {includes geometry factors, detector effi-
ciency, and fractional yield of gamma rays)



The median sensitivity of the elements routinely addressed by neutron
activation analysis is approximately 10-9 g on an interf?Eence free basis,

ard _the range of sensitivities is from approximately 10-'¢ g {(Dy, Ia) to
10-6 g (P, S, Fe). By increasing neutran {rradtation times from a rgutine

30 to 60 min, and increasing counting times to hours instead of minutes,
half-lives permitting, these routine sensitivities can be enhanced signi-

ficantly.

Technique 2and Results

The amount of copper in the cusil braze joint of the LSI was estimated
to be of the order of 100 micrograms which makes the samples amenable to
neutron activation analysis (see section on "Basic Concepts“). The nuclear
reaction of interest is the {n, y) reaction with copper-63 (69% abundart)
tg form the radigactive isotape copper-64 (12.8 hour half-life), The decay
scheme for this isotope 1is given in Figure 2. Copper~64 decays 62% of the
time to stable nickel-64 by either electron capture {43%) or positron
emission (39%). Each positron emission results in annihilation radiation
of energy 0.5 MeV, while 2 1.34 MeVY gamna emission follows electron cap-
ture to the first excited state of nickel-64 {0.5%). Copper-64 also decays
by negatron emission to the ground state of stable zinc-64 (38%) without
emission of a characteristic gamma ray. The ather stable copper isotope,
copper-65, also absorbs thermz] neutrons to form radigactive Copper-6b (see
Figure 2}. However, the short half-life of this isotope, 5.1 min, mekes it
less desirable for use in this application of ncutror. activation analysis.
A summary of the radioactive isotopes that are Tormed by rmeutron irradiation
of the materials near the braze joint is given in Table ] together with
thermal neutron activation cross sections, half-iives, and characteristic

radiations.

1S]1 samples were irradiated with neutrons from the SLL californium-252
source {Figure 3). The samples were masked with cadmium fail so that the
braze material was exposed to the neutron flux while the sensitive LSI chip
and a majority of the electrical lead material was shielded {see Figure 1.b).
A cadmium foil 0.1 em (0.0 in) thick reduces the thermal neutron flux by a
factor of 10%. The braze material was exposed to a thermul neutron Tluence
of 2 x 10" neutrons/zme. Total irradiztion time with the caiifaornium-252

source was 71 hours.

Garmma-ray spectra from the activated samples were recorded with a
small volume (0.4 cm3} Ge{Li) spectrometer. Measured gamma-ray spectra from
cusil and silver braze samples taken three hours after irradiation are
shown in Figure 4, The counting interval to ahtain these results was 4000
sec. The 0.51 MeV annihilation radiation from copper-64 is clearly evident
in the spectrum from the cusil sample and absent from that of the silvey
sample. In addition to copper-64, othar isotapes activated in the samples
were tungsten-187 and gold-158 as indicated in Fiqure 4. If a targe volume
(40 em3} Ge(Li) detector had been available ta us, we would have yecorded
additional higher energy peaks due to the increased detection efficiency.
These higher ﬁnergy peaks were recgrded, although they were not resolved,
with 2 100 cm” sodium lodide, Nal, spectrometar as shogwn in Figure 5. In
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the Nal record the presenca of the 1.34 MeV gamma-ray peak is indicated,
although it is not resolved from iron-59, nickel-65, and silver-110 gamma-
ray peaks near 1.3 MeV. Similarly, the 0.5]1 MeV copper-64 radiaticn is not
resolved from the intense 0,41 MeV gold-198 gamma ray, However, with a
large voiume Ge(Li) detector the presence 1.34 MeV copper-64 gamma ray in
addition to the 0.51 MeV radiation should be observed, giving additional
confimation aof the copper cantent of a cusil sample.

The californium-252 source has a fast neutron component that cannot be
attenuated to protect the radiation sensitive LSI chip without significant
reduction in thermal neutron intensity. 1t is suggested that an essentiaily
pure thermal neutyon source be used for activation of the braze joint with
adequate shielding provided to protect the LSI chip. The LLL Poel Type
Reactor, for instance, has a thermal neutr09 column that_provides a large
exposure area to a thermmal flux of about 10 neutrons/cmé/sec. An irra-
diation time of 24 hours at this facility and a counting interval of approxi-
mately YOD sec with a large volume GeflLi) spectrometzy should be sufficient
to positively identify cusil braze parts.

It should be noted that X-rav fluorescence asnalysis was also attempted
as a means of identifying copper in the cusil braze. Direct radiation from
a 20 millicurie americium-241 source, and fluorescence radiation from
selentun {11.2 ke¥)} were both used independently to excite the 8.9 keV
Fluorescence radiation of copper. Fluorescence spectra from tne samples
were recorded with a lithium drifted silicon, Si(Li), X-ray spectruneter.
The copper fluorescence was too weak to be observed above the background and
scattered radiation, although gold, tungsten, silver, nickel, and iran
fluorescence peaks were abservad. The fact that the copper flucrescence was
not abserved is agttributed to the small quantity of copper in the total part
and attanuation of the copper fiuorescence radiation in the nickel and gold
plating that covers the braze material.

Conclusions

Neutron activation analysis was found to be a feasible nondestructive
inspection technique to positively identify cusil as the braze material
bonding kovar leads to an LSI substrate. A small volume Ge(Li) detector
usetd here recorded the characteristic D.51 MeV annihilation gamma radiation
from copper-61 after an LSI part with cusil braze was exposed to & fluence
of 2 x 10" thermal neutrons/cmé. This characteristic radiation wu. absent
from the spcectrum of a pure silver braze LTI part that was exposed to the
same neuiror “luence, Fan-these resuits, it is estimated that a 24-hour
expasure to a flux of 10’ neutrons/cmé/sec, available at reactor facilities,
would activate the part:; to a desirable level. A counting period of approxi-
mately 100 sec per parc »**h a large volume Ge{lLi) spectrometer would then
result in a pasitive identification of cusil braze parts. The sensitive LSI
chips can be shielded from the thermal neutron filux with cadmium foil to
reduce the neutron fluence top an insignificant low leyel. An attempt to
identify the parts by an alternate method, X-ray fluorescence analysis, was
unsuccessful because of the small quantity of copper in the total part, in
addition to attenuation of the copper fluorescence radiation in the nickel
and gold plating that covers the braze material.
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Table 1 - Major radiation isotopes formed by

neutron activatian of LSI part.

e

Parent Isotope Daughter SEE?;?EH Haif: Major Gamma
i“_S? Ahundanueil IsotQPe (Barns) Lifez Rays lMEU),_____

Co-59 (100) Co-60 m 19 10.5 m 1.33

Co-59 (100) Co-60 18 | 5,26 y 1.17, 1.33

Ni-64 (1.2) Hi-65 1.7 ] 2.6 h 0.37, 1.12, 1.48
| Cu-63 (69) Cu-64 4.7 { 12.8 h 0.51, 1.35

Cu-65 {31) Cu-66 0.05 5.1 m 1.04

Ag-109 (48) Ag-110 4 | 2534 0.66, 0.76, 1.48

W-184 (31} W-185 1.8 75 ¢ 0.13

W-186 (28) W-187 36 24 h 0.69, 1.34

M-197 (100) | hu-198 99 | 2.7d 0.41, 0.68

il

} Thermal neutrens (1 barn = 107 -24 cm /atum)

minutes, hours, days, years

ot bgem om o remm - k= e
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Figure 1 - (a) Photograph =f LS[ part with electrical leads
attached. Liocations of braze joints are indicated.
(b) X-radiograph at 28 k¥ of LSI part shawing
cadmium mask and unshielded thermal neutron acti-
vation region {Note: electrical leads are not
seen in positive print of radiograph because of
inherent low sensitivity of positive print).
(c) 1Nlustrated cross-sectional view of braze joint
indicating materials, thicknesses, and size.
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1.34 MeV

64
Ni>? {stabla)
REACTION: Cu53(n. v)fCuE'4 ~128h Inéd (stable)

(12.8 h)

% U
0(0-5%) {99 8" (38%)

I \ (Stable)
E.C.{43%)

¥ gt {19%) 7 nB4
(Stable) 30

r\.iii4
28

REACTION: Cu®P(n, v)cub® —2:1M 7096 (ctoble)

1.867 ke’

Stable)

Figure 2 - Decay schemes of thermal neutron
activated copper isotopes.
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Figure 3 - Califﬂrniﬁm-ﬂﬁé

Source Shield
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measured with a Ge(Li) spectroveter
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Figure 5 - Gamma-ray spectra from activated simples
measured with a Hal spectrometer

1 hour after activatior
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