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FLASH LAMP ANNEALING OF ION IMPLANTED BORON PROFILES

ABSTRACT

The diffusion behaviour of ion implanted boron profiles
(5xlOE15 B/cm2, 50 keV) in silicon at 800 oC and 900 oC has been
compared for samples with and without foregoing flash - lamp
annealing of the radiation damage. The observed differences are
discussed with respect to mechanisms of diffusion inhibition in
the high concentration region.

AUSHEILEN VON IONENIMPLANTIERTEN BORPROFILEN MIT BLITZLAMPE

KURZFASSUNG

Das Diffusionsverhalten von ionenimplantierten Borprofilen
(5xlOE15 B/cm2, 50 keV) in Silizium bei 800 und 900 Grad Celsius
wurde für Proben mit und ohne vorhergehende Ausheilung der
Strahlenschäden durch eine Blitzlampe verglichen. Die beobachte-
ten Unterschiede werden bezüglich des Vorgangs der Diffusionsbe-
hinderung im Bereich hoher Konzentrationen diskutiert.



Introduction

The dimensions of microelectronic devices gradually are approa-
ching the submicron region. Therefore/ diffusional broadening of
implanted dopant profiles in the post - implantation tempering
stage is becoming a point of considerable interest. In this con-
nection, the influence of structural defects, produced during
ion implantation ( radiation damage), appears to play an impor-
tant role at least during the initial stages of diffusional
broadening. Hofker /l/,/2/,/3/ assumes for the case of implan-
ted boron that radiation damage is leading to an initially
increased diffusion of boron. This conclusion is based on the
observation that diffusional broadening already is initiated at
temperatures of 700 oC and that the broadening is slowing down
with increasing tempering time.

The influence of radiation damage on the diffusion behaviour may
e.g. be studied using pulse - annealing techniques, such as
flashlamp -, laser- or electron beam annealing. Such procedures
are removing primary structural defects to a large degree so
that almost all implanted atoms are occupying regular lattice
positions. The profiles remain essentially unbroadened during
this step. Comparing the influence of tempering in pulse -
annealed and non pulse -annealed samples, conclusions concerning
the influence of implantation damage on annealing behaviour may
be drawn. In this paper the changes of implanted boron profiles
in dependence on the parameters of the flashing and tempering
processes are investigated.

Experimental

11B was implanted at room temperature into (100) n-Si ( 5 - 1 0
ohm.cm) with an energy of 50 keV at an angle of 7 degrees to the
surface normal. For the investigation of diffusional broadening
an implant dose of 5 x 10E15 B/cm2 was chosen. At this dose con-
siderable radiation damage occures without amorphisation of the
implanted layer. To demonstrate solubility effects during flash-
lamp annealing, a higher dose of 2 x 10E16 B/ cm2 was chosen.

Part of the implanted samples were annealed by irradiation with
incoherent light from a flash lamp using a flash pulse of 10
msec with an energy density at the sample of 120 J/cm2. Towards
the end of the energy pulse the wafer, due to heat conduction,
obtains a temperature of approximately 1350 oC across the full
thickness of 300 micrometers. Since the wafer is mounted ther-
mally insulating, cooling predominantly occurs via heat radia-
tion in a time of the order of 1 sec. The tempering treatment
was done at 800 oC resp. 900 oC for 30, 60 and 90 min in a
nitrogen atmosphere.
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Depth distributions of boron were obtained by SIMS measurements
using 02 + as primary ions. Measurements were performed on two
different SIMS instruments. The high dose implants were analyzed
on the IMMA (Applied Research Laboratories, USA) of the Zentra-
linstitut für Werkstoffkunde of the German Academy of Sciences
in Dresden. Primary beam parameters were : 20 keV 02 + , 12 micro-
meter beam diameter, 40 namp beam current. The scanned area was
200 x 200 micrometers at 100 lines/frame and 30 frames/sec, the
electronic aperture was set at 20% (lin.). All other samples
were analyzed on the quadrupole scanning ion microprobe at the
Austrian Research Center Seibersdorf /4/. Primary beam parame-
ters on this instrument were: 10 keV 02+, 35 nA, 15 micron beam
diameter; the scanned area was 350 x 495 micrometers at 1024
lines/frame and 20 sec/frame; the electronic aperture was set
at 25% (lin.).

Depth profiles from both instruments were converted to a depth /
concentration coordinate system. The depth scale was calibrated
by fitting the intensity maxima of the boron profiles to the
projected range of boron, using tabulated values /5/. The con-
centration scale was obtained in each profile separately by com-
paring the known implanted dose to the area under the profile.
It was assumed that no boron was lost through the surface during
the flashing and annealing steps. Each of the profiles shown is
an average of 2 or 3 independent measurements on the same sample.

Results

Fig. 1 shows profiles of an "as implanted" and of a flash -
annealed sample. Obviously, flashing causes a statistically si-
gnificant but small profile broadening. The broadening is
strongest in the low concentration range and is of the order of
10 - 15 nm. Measurements of the sheet resistance and Hall volta-
ge showed almost complete electrical activation of the implanted
boron in the flashed sample. The sheet resistivity was 24 ohm.cm2
compared to 31 ohm.cm2 after a 30 min thermal anneal at 1100 oC
/6/. The carrier mobility was determined to be 45 cm2/Vs and the
ratio of the number of carriers to the number of doping atoms in
the flashed samples was larger than 100%. This high activation
is similar to that reported for the case of a pulsed laser
anneal /6/. Our results therefore indicate that in the flashlamp
- annealed samples all the boron atoms are at substitutional
lattice sites. Figs. 2 and 3 show the profile changes for the
flashed and the non -flashed sample during a 900 oC anneal for
different lengths of time. A comparison of the figures shows
that there is no essential difference in the dependence of the
total width of the profile on the tempering time. Significant
differences however occur in the concentration range above 7 - 8
xlOE-19 B/cm3. Here, a hump in the profiles can be observed
which is characteristic for diffusionally broadened high - con-
centration boron profiles. Above this concentration limit, which
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is characteristic f jr the particular annealing temperature,
diffusion obviously is strongly inhibited, whereas in the low
concentration part a strong time - dependent broadening can be
observed /l/,/2/,/3/,/7/. The non - broadened part of the pro-
file is electrically inactive /l/ , /2/,/3/. The diffusional
inhibition in this region has been ascribed to segregation of
boron into complexes such as SiB4 or SiB6 /l/,/2/, /3/,/8/ or to
trapping of boron at lattice faults /9/,/lO/. This characteri-
stic concentration therefore may be defined as an "electrical"
solubility limit which however does not correspond to the chemi-
cal solubility of boron in silicon at the same temperature (4.5
x 10E20 /cm3 at 900 oC).

In the flash - annealed samples diffusional inhibition above this
electrical solubility limit obviously is not so well expressed.
The changes in the high concentration region are much stronger
than in the as - implanted sample, particularly at longer tempe-
ring times; after the 90 min anneal the concentration hump is no
longer present. The complete electrical activation of boron
shows that flashing alone does not produce electrically inactive
boron - silicon complexes. They only are formed during the sub-
sequent 900 oC annealing step. The existence of implantation
damage obviously leads to the formation of more stable (i.e.
probably larger) complexes than after preceding flashlamp annea-
ling. These larger complexes probably are dissolving only slowly
when the boron concentration in their vicinity decreases. It may
be assumed that annealing of the implantation damage inhibits
the diffusion which is necessary for the formation of larger
complexes.

The measurements of the 900 oC annealed samples lead to the
conclusion that here a radiation damage stimulated diffusion
manifests itself only above the "electrical" solubility limit in
the phase of segregation of boron into B/Si complexes or into
boron precipitates. In ref. /l/ the clearest indications for a
radiation - damage enhanced diffusion were found at relatively
low implanted fluences ( ca. 1 x 10 E14 /cm2) and at low annea-
ling temperatures. These however are conditions where only small
profile broadenings can be expected. In figs. 4 and 5 our re-
sults for a 800 oC temper of a sample, also implanted to 5 x
10E15 /cm2, are shown. At 800 oC the solubility limit for boron
is approximately lxlOE19/cm3 l~lI - The previous statement, that
a flashlamp anneal previous to tempering reduces diffusional
inhibition in the portion above the solubility limit, again is
confirmed in our measurements of the 800 oC - annealed sample.
Considering statistical and systematic uncertainties of the mea-
surements, only a weak diffusional broadening above lxl0E19/cm3
is found in fig. 4, whereas in fig. 5 such a broadening is
clearly visible.
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The profile of the flashed sample, shown in fig.l , as well as
the electrical parameters of the same sample demonstrate that the
heat pulse alone does not give rise to boron precipitates.
According to ref. /7/, the temperature dependent electrical
solubility limit lies above the maximum concentration ( ca.
4xl0E20 ) of the implanted profile at a temperature of 1350 oC
(maximum sample temperature achieved during flashing at 120 J/
cm2). The time, during which the sample passes through lower
temperatures in the cooling phase, obviously is too short for
formation of precipitates or clusters. Also, at flashing pulses
leading to maximum temperatures of 900 oC and 1000 oC respecti-
vely, no profile changes are observable with SIMS; therefore, a
confirmation for precipitate or cluster formation at these lower
temperatures is not possible from present measurements. One the-
refore can assume that only at temperatures above 1100 oC the
mobility of the boron atoms is high enough for the formation of
boron complexes within the short time of the heat pulse. This is
also confirmed by the profiles of a sample implanted with
2xl0E16/cm2 boron (fig. 6). There, the solubility limit is
clearly visible in the profiles at flash energies of 103 J/cm2
and 120 J/cm2 ( corresponding to maximum sample temperatures of
1150 oC and 1350 oC respectively ) . The temperature dependence
of the solubility limit is in agreement with the curves shown in
ref. l~l 11 which have been obtained during extended oven tempe-
ring. Temperatures above 1100 oC obviously are sufficient to
activate processes responsible for diffusion inhibition, even
though these temperatures are maintained only during a time in-
terval shorter than 1 second.Up to flash energies of 94 J/cm2
(maximum temperature about 1050 oC) the profile remains unchan-
ged .

Discussion

The results presented above are giving some insight into the
processes governing the formation and behaviour of boron preci-
pitates (complexes) above the electrical solubility limit. These
complexes obviously are responsible for diffusion inhibition and
electrical inactivity of the implanted boron. It is necessary
that a certain concentration is exceeded in order to guarantee a
sufficiently high probability of seed formation for such comple-
xes. This seed formation (at least at temperatures above 1100 oC)
is so fast, that heat pulses of a duration of the order of 1
sec are sufficient. The limiting concentration for seed forma-
tion is a unique function of the maximum sample temperature
obtained during the heat pulse. It is neither appreciably
influenced by the temperature duration nor the real structure of
the sample (radiation damage or annealed). The growth of the
seeds, once they are formed, requires diffusion processes going
on for an extended time. This diffusion obviously is enhanced by
the presence of implantation damage ( boron at interstitial si-
tes or vacancies ). Therefore, relatively large and stable com-
plexes can be formed during annealing of a freshly implanted
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sample. These complexes also dissolve only slowly when the con-
centration in their vicinity decreases as a consequence of the
broadening of the lower concentration, normally diffusing, part
of the profile. Tempering at 800 oC - 900 oC after preceding
flash annealing of the implantation damage obviously is leading
to the formation of less stable, smaller complexes since at the-
se lower temperatures seed growth by diffusion is inhibited.
Whether a short - time pulse heating to maximum temperatures of
800 - 1000 oC is sufficient to form diffusion - inhibiting com-
plexes, cannot be decided unambiguously from the SIMS - measure-
ments presented above, since here, in the range below the solu-
bility limit, no profile broadening can be observed. Probably,
seeds are formed but their growth is extremely slow.

It is useful to postulate the existence of two different proces-
ses, characterized by different diffusion constants, in order to
understand the influence of tempering on the diffusionally inhi-
bited , high concentration profile range. The slow diffusional
broadening of this part of the profile raises its flank, the
fast broadening of the profile range below the solubility limit
requires mass transport from the high concentration region. The
relative speed of these processes depends on the value of the
solubility limit, and thereby on the temperature and on the dif-
ference in diffusion coefficients above and below the solubili-
ty limit. It is therefore understandable that in the 800 oC tem-
pered, flash -annealed sample a broadening of the upper profile
range occurs, whereas at 900 oC in both , the flashed and
unflashed samples, the hump - width decreases with increasing
temperature. Also the fact, that in fig. 5 the broadening of
the high - concentration part of the profile again is reduced
with tempering time increasing from 60 to 90 minutes can be
explained by the opposing effect of both competing processes on
the profile width in the high concentration range.

The fact, that the broadening of the lower concentration , nor-
mally diffusing, profile section requires material transport
from the slowly diffusing high concentration range, also has to
be considered in the interpretation of the diffusional broade-
ning at 900 oC in the profile sections below the electrical so-
lubility limit. Without flash lamp annealing, promoted diffusion
is to be expected due to radiation damage on one side, on the
other side diffusion inhibition in the high concentration range
is increased.
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Figure Captions

Fig. 1 Implanted boron profiles (5xlOEl5/cm2, 50 keV); (a) as
implanted, (b) flash - lamp annealed (120 J/cm2).

Fig. 2 Diffusion behaviour of the "as implanted" boron profiles
(5xlOE15/cm2) for isothermal annealing at 900 oC; (a)
not annealed, (b) 900 oC, 30 min; (c) 900 oC, 60 min;
(d) 900 oC, 90 min.

Fig. 3 Diffusion behaviour of flash - lamp annealed boron pro-
files (5xl0E15/cm2) for isothermal annealing at 900 oC;
(a) flash lamp annealed (120 j/cm2) only; (b) 900 oC,
30 min; (c) 900 oC, 60 min; (d) 900 oC, 90 min.

Fig. 4 Diffusion behaviour of as implanted boron profiles
(5xl0E15/cm2) for isothermal annealing at 800 oC; (a)
not annealed; (b) 800 oC, 30 min; (c) 800 oC, 60 min.

Fig. 5 Diffusion behaviour of flash - lamp annealed boron pro-
files (5xl0E15/cm2) for isothermal annealing at 800 oC;
(a) flash lamp annealed only; (b) 800 oC, 30 min; (c)
800 oC, 60 min; (d) 800 oC, 90 min.

Fig. 6 Influence of flash lamp annealing at different energy
densities on an implanted boron profile of 2xl0E16/cm2,
(50 keV); (a) as implanted and 94 J/cm2 (Tmax=1050 oC);
(b) 103 J/ cm2 (Tmax=1150 oC); (c) 120 J/cm2 (Tmax =
1350 oC).

- 7 -



10 -

100 200 300 400 500
x [nm] —

Fig.1



(b) \ ( c ) \ (d)

10'°-

Fig.2

400 500
x [n m ] —•-



10 -

100 200 300 400 500

x[nm]
Fig. 3



Boron Concentration [cm---3]

l.E 21

l.E 20 -

l.E 19 -4

l.E 18 -d

l.E 17
10 0 20 0 300 400 450

Depth C nm ]

Fig.4



Boron Concentration (cm«•-3

l.E 21

l.E 20 -i

l.E 19 -

l.E 18 -

l.E 17
100

I ' T

200 300 400 450

Sputtsrdepth [nm]

Fig.5



1021

1019

10,18

Bor
_ 2-1016cm2,50keV

• 0-94 J/cm2

+ 103 J/cm2

o 120 J/cm2

0

(i

200 400

Fig.6
X [nm]



OEFZS-Berichta
Verleger, Herausgeber und Hersteller:
österreichisches Forschungszentrum Seioersdorf Ges.m.b.H.
Redaktion: Univ. Prof. Dr. Peter KOSS,
alle Lenaugassa 10, 1082 Wien, Tal. (0222) 42 75 11, Telex 7-5<iOO.

Für diesen Bericht behalten wir uns alle Rechte vor.


