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Spectrometer for Analyzing Residual Stresses and Impuritiesln Uf,-Sts
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A 5.7&mO X-ray micro-beam is attained by development of an approximate-
ly parabolic inner-wall X-ray guide tube made of glass, and a Li diffused
Si X-ray detector with a large area of 2OOrr't" developed for detection of
weak X-rays. An energ:y dispersive spectrometer incorporating: these com_ponents oan simultaneously neasure diffraction X-rays for observing: local
reactions and residual stresses and fluoresoent X-rays for analyzing least
amount impurity elements at microreg:ions during: TIJSI processes ( S gOOC ).

1. INTRODUCTION

Many severe problems have arisen with
the shrinking and increasing complexity of
elements on an I/Sf, with the cominS: of an

LISI g:eneration with a sub-micron layout rule
as a 1 or 4-meg:a bit dynanic memory.

Strongl residual stress in a gate elec-
trode degrades MOS charactenist ics . t)' 2)

Openingl of an AI interconnect is frequently
caused by stresses as a 'stress-migration"
of an AI element.s) A heavy metal impurity
( contaninat ion) increases leakag:e current at
a shal low pn junot ion, thus reduc ing IrSI
production yield. These many problems

awaiting solutions for fabrication of highly
reliable ULSfs have stimulated interest in
development of instruments for analys ing:

stress, inpurity and react ion at, a mioro-
reg:i on dur ing: LjIJS I f abr i cat i on

X-ray analysis technology is found to
have superior accuracyr ssnsitivity and non-

destructive properties to other technology.
However, it is difficrrlt to forcus an
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X-ray beam measuring: probe to an extremely
small diameter in the micrometer level.

In this study, we succeed in forming a

5,7 lL m diameter focused X-ray beam and de-
veloping an innovative mioro-X-ray analysis
system which can simultaneously measure loc-
al stresses , impurities and reactions on

IJLTSIS.

2, SPECIAII FEATI,'RE OF SPECTROMETER SYSTEM

The very small diameter X-ray beam in
the order of a few microns O is applied to
a micro-re8:ion of a IJI:SI. Then, diffraction
X-rays for measuring residual stresses and

reaot ions and fluorescent X-rays for anaLyz-
ing: the least amount impurities are emitted
from the micro-reg:ion. Their energies and

intensities are deteoted by a solid-state
detector (SSD). A diag:ram of the spectrome-

ter is shown in Fig. 1. It has the following:
features and performance characteristics.

2. L MECI{ANISM OF FOCUSING X-RAY BEAM AND

MONITORING OF X-MY APPI/IED POSITION

ON A SAMPLE
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An X-ray Buide tube (XGT) made of E:lass

is used for focusing X-rays emitted from a

conmercially available X-ray generator, in
the order of a few microns. The inside wall
of the XGT has an approximate parabol ic
shape. The X-rays entering: the XGT are

totally reflected many times at the surface
of the inside wall and final ly focused

(Fig:. 21. The diameter of the outg:oing: X-ray
beam is 6,7 P m at 6omm from the XGT outlet.
The divergent angle of the beam is
8.5x1O-6rad.

constant tcrp. box

A Li diffused Si SSD which covers a

very large area of 2OO mmz is developed. A

sig:nat treatment system consisting of a

highly stabil ized amplifier circuit and

8:aussian fitting: software are developed. In
Fig:. 1, a I inear arnpl if ier and analog-d igital
converter for signals from an SSD are in-
stal led in a constant temperature box to
eliminate their characteristic drifts. This
detection system has 20 times more sensiti-
vity in weak s ienal detect ion and 10 t imes

more accuracy in X- ray energ:y reso lut ion
(O. 8eV) than conventional SSD ( lOeV).

Table I Characteristics of X-ray Beam
Focused by XGT

Bean Diaretcr
5.7pn0

X
(10-r -10-')

I ntens i ty
x

10-1000

D i vcrgcnt
Ann le

XX
0. 8-2. 0

(x10-'rad)
XRatio to X-ray bear forucd by pin holc collimtor
XX0orparablc to a divcrgcnt angls of an X-ray bear

irradiated fror a syncrotron radiation sourcc

2. 3 @NIOMETER AI{D SAIVTPI-/E HEATING

A high accuracy g:oniometer is de-

ve I oped. It has )1t lt z axes wi th L lt m

positioning: accuracy on 5 inch wafers, and

e (goniometer rotat ion), 2e ( detector
rotation) and tilt axes for measuring: X-ray
diffraction. A sample stag:e can be rotated
in its plain for analyzin8: vector components

of stresses.

While samples are heated ( S gOOt ) in
various atmospheres of inert gas and air or
vacuum ( 1x1O-6Pa), diffract ion X-rays and

fluorescent X-rays can be observed by the

spectrometer. Thus, local re-
actions, stresses (strains) and impurities in
high temperature IJSI processes can be an-

alyzed in situ.
3. APPLICATIONS

In this sect ion, a tung:sten inter-
connect , whose application to LJLTSIs is be-

ing: watched with keen interest, is applied

f-------------- Itll-l
I ldetectionl !

llcircuitli
l-l
tl

diffract'ion
X-ray

sarp I c

pos i t ion ing accuracy: t lrr m

sarp lc hcat ing : 5000'c

Fis. 1 Block DiaS:ram of Fosused X-ray
Beam SPectrometer

appror i;atc parabol ic surfacc

Fi8l. 2 Cross Sect ion of X-ray Guide Tube
made of Glass showing Pr inc iPle of
Focusing X-rays

This ang:le is very smal I and comparable to

that of an X-ray radiated from a syncrotron

radiation source (SR) as shown in table 1.

A laser beam is used to monitor the

position at which the X-ray beam is applied

to a sample. It is introduced onto the sam-

ple using: a mirror and a convex lens which

is a coaxial with the XGT.

2. 2 DETECTOR OF

FT.,UORESCENT

VERY WEAI( DIFFMCTION AND

X-RAYS

ron i tor
TV

sarglc heating,

cvacuat ion
systen

inlct
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to perf ormance evelrrat ion of this developed
spectrometer.

3. I STRESS MEASITREil{ENT

The X-ray irradiated from an XGT has

the continuous energ:y characteristic. The

lattice constant of a material for measuringl
a residual stress is determined.using Brag_

d s law.

2dsin e =A

=hc/E

( 1)

(2)

d:spacing of lattioe plain
.l , p: incident X-ray wave teng:th and energ:y
O :Bragd s angile, h:Plank' s oonstant
c:lig:ht velocity

Two analytical methods for X-ray di_
ffraction can be appl ied in this systen
One is an energ:y dispersive (E:variable,
O :constant) X-ray diffraotion and the other
is a wave dispersive X-ray diffraction
( O :variable, I :constant). The former is
superior for analysis at a micro-region.
Because the energ:y d ispers ive nethod
measures without nechanical driving, the X_

ray applying positions on samples can be

f ixed exactly while measuring:. The energ:y

dispersive X-ray analysis is appl ied to a

tung:sten g:ate electrode and interconnect in
a I Mb D-Ml{ is produced by way of a trial
experiment. The diffraction and fluorescent
X-rays are simultaneously detected as shown

FiS.3. The horizontal energy axis is ac-
curately calibrated using: the f luorescent X-
rays of Si and W, and the characterist ic X-
rays from a Mo target X-ray souroe. The

Bragei s ang:le e is al so determined exact ly
using (4OO) Oif f raot ion X-ray energ:y of a

sing:le Si crystal in which the spacing. of
the lattice plain is known. As a result, it
is made clear that a tungsten interconnect,
af ter the accomp I i shrnent of 1lST f atrr i cat i on,

has a higtr internal tensile stress of
284.6kg/mmz and the detection limit of a

stress in Si crystal is O, lkgrtmmz.

s 10 t5 20rnsrgy (kcv)

X-ray sourcc: l4o

50kV.250nA
Figl.. g Energy Spectrum of Diffract.ion X_rays

and Fluorescent X-rays of w interconnect
on Si-substrate

9.2 IMPI'RITY ANALYSIS

Total reflect ion X-ray fluorescence
(Tru(RF)E) can be real ized in this spectrome-
ter by nakingl the most of the superior
characterist ics of the very low diverg:ent X_

raV micro-beam irradiated from an XGT. This
has been noted as an analyt ioal method of
least amount elements. A thin tung:sten film
of Sonm on a Sios(2onml/Si-substrate is ap_
pl ied to determine the detect ion I imit of
least amount elements on this systen lVhen

the incident angle of an X-ray beam to a

sample is 1o (nearly total reflection con-
dit ion), the detectable minimum thickness of
tung:sten is O.27nm from a W-La peak to
background rat io, as shown in Fig. 4.

l0
I
6

4

2

W-Lcr

ll
ri
ll
ll

ri
tl
ll
lr

Si-l(c

I 
w-Lp

W.Lz
llo-K c

0 5 l0 15 20
sncrgy (kcV)

Fig. 4 Detect ion of It Fluorescent X-rays at
Nearly Total Reflection Condition of
Incident X-ray Beam

PI O Thi s is close to a tung:sten atomic
monolayer and equals about 4.?pg weight of
tungsten. On the other hand, the detect ion
linit at a high incident ang:le (46' ) is
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a low anglle ( 1' ^, TRXRF). This high sen-

sitivity in TR)(RF results from an increase

in signal peak intensity in contrast to a

decrease in background X-rays with a lower-
ing: of the incident angle of the X-ray beam

4, SIJMMARY

An innovat ive focused X-ray beam

spectrometer is developed for analyzinel loc-
al res idual stresses react ions and least
amount impurit ies at micro-regions in IILSIs.

It results from the successes in the follow-
ingi developments. ( 1) an X-ray Suide tube

for focusing: and strengthening: an X-ray be-

arn, (21 a Li dif fused Si SSD with a very
larS:e sol id an8:le for detect ion of weak X-

rays, ( 3) highly stabil ized anpl if iers for
improvement of X-ray energy resolution. The

X-ray beam irradiated to a sample is
5. 7 tt maD and has a low diver8:ent ang:le, com-

parable to that f rom an SR The minimum

analyzing area is reduced to l/lO- I/IOOO

and the irradiation X-ray beam intensity is
streng:thened to IOO times that of a com-

mercially available X-ray diffractometer
with a pin-hole collimator.

The performance comparison of stress
analysis instruments for LSIs is shown in
table 2, Although micro-rannan spectroscopy

can observe stress in the sub-micron reg:ion,

it does not have general-purpose utilization
oapability because it can not observe re-
sidual stress in a metal I ic layer. The

spectrometer in this work can measure local
stress in a Si crystal and a netal layer of
a electorde or multi-leveI interconooct, and

furthermore can simultaneously analyze an

impurity element. Final ly, it should be

added that there are very few reports on X-

ray diffraction measurenents for thin films
at micro-regiions as shown in Fig. I even when

SR is appl ied to an X-ray 8:enerator.

Table 2 Performance Comparison of Stress
Analysis Instrument for LSIs

X
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B
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X- ray
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ttnttut
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detcct ion
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of strass
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appl icabl
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