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The failure analysis is very important to improve the yield and reliability of
LSI circuits. For a past few years, many investigators have studied about Al metal-

lization failure mechanism with scanning electron microscopy (SEM)I)’z)

and elec-
tron probe micro-analysis (EPMA)3). This paper describes about the application of
the micro-probe Auger electron spectroscopy (AES) to the analysis of metallization
failure at Al-Si contacts which is one of the serious failure modes in LSI.

Usually, Al metallization is subjected to a heat treatment at between 4ooec
and 500°C to obtain good ohmic contaets after Al interconnection definition.
However, during the heat treatment, silicon dissolves into aluminum and migrates
in the Al metallization away from the contacts while pits grow into the silicon to
a depth sufficient to short out underlying junctions. The amount of Si which dis-
solves into the aluminum depends on the temperature and time of the heat treatment,
the conduction type of the silicon, the crystallographic orientation of the sub-
strate, and the metallization thickness.

Recently, AES has been proved to be useful for in-line process control for

LST fabricationu}

. However, it is still difficult to analyze small areas on L3I
chips by using a conventional AES equipment due to a large beam diameter and non-
imaging mechanism. The newly developed micro-probe Auger analyzer5) is most suita-
ble for the analysis of Al-Si contacts in LSI since it has an excellent spacial
resolution of less than 1 um and analyzing areas can be imaged. The principle of
the micro-probe AES is illustrated schematically in Fig. 1. Electrons accelerated

at 10 kV are focused to be a beam diameter of less

than 1 uym with magnetic type condenser and obJective

lenses. The electron spot is scanned and a seconda-

ry image or an absorbed current image is observed on

the cathode ray tube (CRT). The electron spot can

be stopped at an osition on the image and Auger LS.
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analysis of this point can be performed with a cyl- c.u.
C
indrical mirror analyzer (CMA). , This apparatus has ?i;?
Proc.

following AES operation modes; 1) point analysis, 2)
{7 evrec
in-line analysis and 3) Auger electron imaging. ® loi

Combination with an ion gun makes it possible to ob- Ti&. 1 Schematic diagram
of micro-probe Auger

tain in-depth profiling. This equipment is evacu- spectrometer.

ated to 10-9 Torr range with ion pumps.
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In this experiment, the samples were prepared by using conventional n-channel
Si-gate technology. The substrates used were 20 Q-cm, (100) oriented, boron doﬁed
p-type Si wafers and phosphorus diffusion was performed to form the diffused lay-
ers such as source and drain regions of MOS transistors. Al was evaporated 1 um
in thickness., After Al interconnection definition, Al metallization was heat
treated under the various conditions of heat treatment temperature and time. The
photograph in Fig. 2 was taken in SEM mode with the micro-probe AES equipment
after Ar ion milling for 90 min and shows the feature around the contact holes.
The sample was heat treated at 450°C for 90 min in N2 ambient. The cross section-
al view at the contact hole is illustrated in Fig.3. The analyzed positions were
about 5 um apart from each other and indicated by arrows in the figure. Figure 4
shows the Auger spectra taken in point analysis mode with the miero-probe AES
equipment at the positions mentioned above. It is clear that the Si/Al Auger peak
height ratio decreases with the distance from the contact hole. This fact shows
the migration of Si in the Al metallization during the heat treatment.

More data taken under the various conditions and on the in-depth profiles
will be given at the conference.
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Fig. 2 Scanning image of transistor in LSI.
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Fig. 3 Cross section at a contact hole,
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