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An excimer laser cleaning system operating at 248 nm was developed to remove micrometer-sized
metallic particles from the backside of silicon wafers. Deliberate iron contamination has been
performed using iron-oxide particles having a diameter of 0.5–2mm. The surface photovoltage
~SPV! method was used to characterize the cleaning efficiency through the change in diffusion
length and iron concentration in the silicon bulk. Following a rapid thermal annealing at 1050 °C for
4 min, the SPV measures diffusion lengths down to 40mm for the iron-contaminated wafer,
corresponding to an iron concentration up to 1.5531013 cm23. The minimum diffusion length
increases to 130mm after two steam laser cleanings done at a laser fluence below the silicon
threshold damage of 200 mJ/cm2. The iron concentration measured in the bulk of the
iron-contaminated wafers is reduced by more than 91%, to a concentration of 1.431012 cm23.
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I. INTRODUCTION

Particles can be introduced on either side of the wa
surface in many ways during fabrication. Wafer handli
was identified as an important source of particles on
backside of wafers.1,2 These backside particles can result
high metallic concentration in the bulk of silicon.1,2 Such
contamination can affect the reliability and performance
devices by reducing the lifetime of minority carriers,3 in-
creasing the leakage current atp–n junctions,4 and lowering
the gate-oxide dielectric strength.5 At present, the iron con-
centration tolerated in the bulk of silicon is between 1010 and
1012 cm23, depending on the technology level.5

Backside metallic particles need to be removed before
important thermal steps of the front end in order to avoid
diffusion of metallic contamination into the bulk. Since co
ventional wet cleaning methods cannot be used at cer
process steps, we have developed an excimer laser clea
system operating at 248 nm to remove backside metallic
ticles. In this article, we present results which show that
removal of iron-oxide micrometer-sized particles can be p
formed using the steam excimer laser cleaning techniq
resulting in a significant decrease of iron incorporated i
the silicon bulk.

II. EXCIMER LASER CLEANING SYSTEM

The in situ cleaning method consists of using a 22
pulsed KrF excimer laser~248 nm! directed toward the wafe
surface, which can be covered by a micrometer-thick liq
film. Two laser cleaning techniques were investigated in t
study. In the dry laser cleaning technique no intermed
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medium is used. The strong absorption of silicon at the
cimer wavelength causes the surface to expand resultin
the removal of particles by momentum transfer.6,7 In the
steam laser cleaning technique a liquid energy transfer
dium is condensed on the surface, which is generally wa
or a mixture of water and alcohol. The laser irradiation
still absorbed by the silicon surface since the water-ba
liquid film is transparent in the UV region. The heat gene
ated at the liquid/silicon interface will provoke the explosi
evaporation of this liquid film, which results in forces hig
enough to expel the particles from the surface.6,7

The experimental setup of the excimer laser cleaning s
tem is shown in Fig. 1. The fluence of the excimer laser c
be varied in the range of 0.05–1 J/cm2 with an estimated
error of 10%. The pulsed vapor generator used in the ste
cleaning technique consists of a heated~40 °C! nozzle and a
container half filled with high-purity deionized water. A n
trogen gas flow is used to carry the water vapor onto
silicon surface, where it will condense. A flow meter a
valve system is used to control the thickness of the wa
film, which is kept around 2mm in this experiment. After a
vapor burst, three laser pulses were triggered at 1 s intervals
to assure that all the water had been evaporated. The
beam is scanned over an area of 50350 mm2 whose center
corresponds to that of the wafer, using a computer-contro
X-Y stage. The silicon wafer is mounted on the underside
this stage in order to avoid particle redeposition after la
cleaning. The dry and the steam laser cleaning were b
performed in clean room air.

III. EXPERIMENTAL METHODS
The dry and the steam excimer laser cleaning techniq

were characterized for the removal of iron-oxide partic
1976/16 „3…/1976/4/$15.00 ©1998 American Vacuum Society
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FIG. 1. Experimental setup of the excimer laser cleaning system.
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from the front and the backside of the silicon wafer. T
Fe2O3 ~0.5–2mm! particles were uniformly deposited on e
ther surface in a circular pattern around the wafer cen
using a particle generator consisting of a nebulizer, a dry
tube, a chamber, and an output nozzle. To evaluate the cl
ing efficiency on the front surface, a particle counting syst
~Particle Measuring Systems Inc., SAS 3600! was used to
classify particles according to their polystyrene latex sph
spherical equivalents, from 0.1 to 10mm. Inside the cleaned
square area, the surface inspected was a circle of 30 m
diameter. However, this inspection system cannot be use
the rough backside.

The surface photovoltage~SPV! technique is used to
monitor the cleaning efficiency on the backside of the wa
and to provide a comparison with the cleaning efficiency
the frontside. The following method was used. First, the
sidual surface contamination after cleaning was diffused
the bulk using a rapid thermal annealer~RTA! prior to any
SPV measurements. A drive-in step of 4 min at 1050 °C w
used to diffuse fast-diffusing metal impurities, such as ir
through the wafer~500 mm for a 100 mm wafer!. Minority-
carrier diffusion length and lifetime can then be measu
from the spectral dependence of the SPV.8,9 Quantitative me-
tallic contamination information can be obtained in the bu
of silicon since metal impurities strongly affect the minorit
carrier diffusion length. Since iron forms Fe–B complex
with boron inp-type doped silicon, these complexes can
dissociated thermally, or by illumination at room tempe
ture. A measurement of the diffusion lengths before and a
dissociation yields the iron concentration since intersti
iron (Fei) is ten times more effective at capturing an electr
JVST A - Vacuum, Surfaces, and Films
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than Fe–B complexes.10,11The iron concentration can be ob
tained from Fe (cm23)51.131016 (1/Laft

2 21/Lbef
2 ) where

Lbef and Laft refer to diffusion lengths before and after pa
dissociation.10,11 In this experiment, the iron concentratio
was measured at nine points on the wafer using the op
Fe–B pairs dissociation station of our SPV system.

FIG. 2. Number of Fe2O3 particles of a determined diameter necessary
introduce a given metal concentration into a 100 mm wafer~thickness of
500 mm!.
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IV. RESULTS AND DISCUSSION

Particle maps were obtained on the contaminated fro
side before and after cleaning. The excimer laser clean
was done at different laser fluences in order to determin
high cleaning efficiency window. Only particles with a diam
eter equal to and above 0.3mm will be considered in this
study since smaller particles do not contribute significan
to the introduction of metallic contamination into the bul

FIG. 3. Number of Fe2O3 particles on the front surface, as a function of the
diameter, before and after two consecutive steam laser cleanings at a fl
of 200 mJ/cm2.
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Indeed, as shown in Fig. 2, the density of 0.1 and 0.2mm
Fe2O3 particles necessary to introduce a given metal conc
tration into a 100 mm wafer~the wafer thickness is 500mm!
is very high compared to 0.3mm and larger particles. The
particle densities shown in Fig. 2 are underestimated si
we assumed a complete diffusion of iron from the Fe2O3

particles into the bulk during the RTA step.
Using a fluence of 350 mJ/cm2, just below the silicon

threshold damage, the dry laser cleaning technique
found to be inefficient for the removal of iron-oxide pa
ticles. The particle density~>0.3mm! is reduced from 373 to
310 cm22 after cleaning. Only particles with a diameter
0.5 mm and above are removed with some efficiency. T
dry laser cleaning technique was discarded at this point
no SPV measurements were performed.

The steam laser cleaning technique was found to be
cient for the removal of iron-oxide particles using laser fl
ence between 150 and 200 mJ/cm2. Surface damage occur
for laser fluences higher than 200 mJ/cm2. The number of
Fe2O3 particles before and after two consecutive steam la
cleanings at a laser fluence of 200 mJ/cm2 are given in Fig.
3. The removal of Fe2O3 particles is efficient since the den
sity of particles with a diameter of 0.3mm and above is
reduced from 176 to 15 cm22. Note that 0.1 and 0.2mm

nce
ser
FIG. 4. ~a! Diffusion length map of a wafer contaminated on the frontside only;~b! diffusion length map of a wafer contaminated on the frontside and la
cleaned at a fluence of 200 mJ/cm2; ~c! diffusion length map of a wafer contaminated on the backside and laser cleaned at a fluence of 200 mJ/cm2; and~d!
diffusion length map of wafer that was laser cleaned only at a fluence of 200 mJ/cm2 ~reference wafer!.
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Fe2O3 particles are removed with some efficiency.
Diffusion length maps were measured on three differ

iron-oxide-contaminated wafers. The first wafer was co
taminated on the frontside and no laser cleaning was d
The second and third wafers were, respectively, conta
nated on the front- and on the backside. The contamina
surface of these two wafers were laser cleaned twice
fluence of 200 mJ/cm2. A fourth wafer~or reference wafer!
was also laser cleaned, but no Fe2O3 particles were deposite
on its surface prior to cleaning. The iron concentration w
also measured at the center of all these wafers.

The diffusion length maps are shown in Fig. 4 for t
removal of Fe2O3 particles. The frontside contaminated b
not the laser cleaned wafer is shown in Fig. 4~a!. The area of
low diffusion length~dark region! corresponds to the Fe2O3

particle contaminated area. The minimum diffusion leng
measured on this wafer is of 40mm. The iron concentration
measured at the wafer center is given in Table I and
1.5531013 cm23. The Fe2O3 particles introduce a significan
iron concentration in the bulk after a drive-in step since
average initial diffusion length before contamination
around 300mm corresponding to an iron concentration b
low 1011 cm23.

The comparison between the contaminated but
cleaned wafer@Fig. 4~a!# with the frontside contaminated an
laser cleaned wafer@Fig. 4~b!# shows an increase from 40 t
141 mm in the minimum diffusion length. We can also s
from Table I that the iron concentration measured at the c
ter of these two wafers is reduced by 93% after laser cle
ing, resulting in a final iron concentration of 1131011 cm23.
The Fe2O3 particles are simply ejected from the polish
surface during laser cleaning, resulting in a higher diffus
length and lower iron concentration.

A similar result was obtained for the laser cleaning of t
Fe2O3 from the wafer backside. The diffusion length map
the backside contaminated and laser cleaned wafer is sh
in Fig. 4~c!. The minimum diffusion length near the wafe
center~contaminated region! is of 126mm. The rough back-
side does not seem to influence the laser cleaning efficie
since the minimum diffusion length obtained after the la
cleaning of the contaminated frontside wafer is of the sa
order of magnitude~141mm!. The low diffusion region close
to the wafer center in Fig. 4~c! can be attributed to the intro
duction of metallic contamination during wafer manipul
tion. This region cannot be caused by the Fe2O3 particles
since none of them were deposited in this area.

The diffusion length map of the reference wafer is sho

TABLE I. Iron concentration (1011 cm23) measured at the center of the wa
fers shown in Fig. 4.

Fe2O3 contaminated Laser cleaned
Iron concentration

(1011 cm23)

Frontside No 155
Frontside Yes 11
Backside Yes 14

No Yes 8
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in Fig. 4~d!. Even though this wafer was not contaminate
the minimum diffusion length after laser cleaning is 131mm
and the iron concentration at the wafer center~Table I! is 8
31011 cm23. These numbers are of the same order of m
nitude as the one we obtained after the laser cleaning of
frontside and the backside contaminated wafers. We c
clude that the cleaning efficiency is only limited by the cu
rent laser cleaning system setup. The deionized water u
during the steam excimer laser cleaning left some meta
contamination on the wafer surface. In order to achieve i
concentration as low as 1010 cm23 after laser cleaning,
higher-purity deionized water and wafers characterized b
level of iron concentration below 1010 cm23 should be used.

V. CONCLUSION

The removal of micrometer-sized particles from the wa
backside can be achieved using the steam excimer l
cleaning technique. In the deliberately contaminated wa
with iron-oxide particles, an increase of about a 100mm in
the diffusion length was obtained after the laser cleani
The final iron concentration was decreased significantly fr
131013 to 131012 cm23.
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