
Enhanced dopant activation and elimination of end-of-range defects in BF 2 + -
implanted silicon-on-insulator by high-density current
H. H. Lin, S. L. Cheng, L. J. Chen, Chih Chen, and K. N. Tu 

 
Citation: Applied Physics Letters 79, 3971 (2001); doi: 10.1063/1.1423773 
View online: http://dx.doi.org/10.1063/1.1423773 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/79/24?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Photovoltaic effect on differential capacitance profiles of low-energy- BF 2 + -implanted silicon wafers 
Appl. Phys. Lett. 82, 3955 (2003); 10.1063/1.1581987 
 
X-ray photoemission spectroscopy study of silicidation of Ti on BF 2 + -implanted polysilicon 
J. Vac. Sci. Technol. B 19, 2252 (2001); 10.1116/1.1421565 
 
Trapping of gold by nanocavities induced by H + or He ++ implantation in float zone and Czochralski grown
silicon wafers 
J. Appl. Phys. 90, 2806 (2001); 10.1063/1.1394917 
 
Formation of P In defect in annealed liquid-encapsulated Czochralski InP 
Appl. Phys. Lett. 72, 2126 (1998); 10.1063/1.121297 
 
Observation of multiple Er 3+ sites in Er-implanted GaN by site-selective photoluminescence excitation
spectroscopy 
Appl. Phys. Lett. 71, 231 (1997); 10.1063/1.119507 

 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

140.113.38.11 On: Thu, 01 May 2014 07:01:31

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=H.+H.+Lin&option1=author
http://scitation.aip.org/search?value1=S.+L.+Cheng&option1=author
http://scitation.aip.org/search?value1=L.+J.+Chen&option1=author
http://scitation.aip.org/search?value1=Chih+Chen&option1=author
http://scitation.aip.org/search?value1=K.+N.+Tu&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1423773
http://scitation.aip.org/content/aip/journal/apl/79/24?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/82/22/10.1063/1.1581987?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvstb/19/6/10.1116/1.1421565?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/90/6/10.1063/1.1394917?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/90/6/10.1063/1.1394917?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/72/17/10.1063/1.121297?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/71/2/10.1063/1.119507?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/71/2/10.1063/1.119507?ver=pdfcov


APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 24 10 DECEMBER 2001

 This a
Enhanced dopant activation and elimination of end-of-range defects
in BF 2

¿-implanted silicon-on-insulator by high-density current
H. H. Lin, S. L. Cheng, and L. J. Chena)

Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan,
Republic of China

Chih Chen
Department of Materials Science and Engineering, National Chiao Tung University, Hsinchu, Taiwan,
Republic of China

K. N. Tu
Department of Materials Science and Engineering, University of California-Los Angeles, Los Angeles,
California 90095-1595

~Received 24 July 2001; accepted for publication 9 October 2001!

Enhanced dopant activation and elimination of end-of-range~EOR! defects in BF2
1-implanted

silicon-on-insulator ~SOI! have been achieved by high-density current stressing. With the
high-density current stressing, the implantation amorphous silicon underwent recrystallization,
enhanced dopant activation and elimination of the~EOR! defects. The current stressing method
allows the complete removal of EOR defects that has not been possible with conventional thermal
annealing in the processing of high-performance SOI devices. ©2001 American Institute of
Physics. @DOI: @10.1063/1.1423773#
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Silicon-on-insulator~SOI! has been shown to be an a
tractive technology for low power, low voltage, and hig
speed semiconductor devices.1,2 The advantages of the de
vices made on SOI over that on bulk Si are the absenc
latchup, reduced parasitic capacitance, process simpli
tion, radiation hardness, and high-temperature operati3

Commercial products based on SOI devices have been
ized lately by IBM, making SOI a very important technolog
in semiconductor industry.

Ion implantation in silicon, and specifically in SOI, ha
been investigated extensively in recent years due to its ap
cations in tailoring material properties and device structu
In particular, ultrashallowp-n junctions have been achieve
by preamorphization and through oxide implantati
processes.4–6 However, ion implantation leads, after anne
ing, to the formation of a high density of structural defec
beneath the original amorphous/crystalline (a/c) interface
where the space charge region of the junction extends
causes leakage currents. These defects are called en
range~EOR! defects and it is very difficult to prevent them
from forming once an amorphous layer is generated du
implantation. Furthermore, even after high temperature
nealing, it is impossible to annihilate them completely. T
defects strongly affect impurity diffusion giving rise t
‘‘anomalous’’ diffusion when they locate within or close t
the dopant distribution region.7

Conventionally, postimplantation annealing at 900
for 30 min or rapid thermal annealing at 1050 °C for 30 s h
been employed to activate the dopants. Dopant activatio
heavily doped SOI by high-density currents have previou
been demonstrated.8 It remains to be seen that whether t
troublesome EOR defects can be removed by high-den

a!Electronic mail: ljchen@mse.nthu.edu.tw
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currents in heavily doped Si since it is known that conve
tional thermal processes are incapable of removing all E
defects. In this letter, electrical current stressing is shown
achieve not only the activation of the electrically inacti
dopants but also the removal of all EOR defects. Mec
nisms of resistance reduction of Si strips during high-curr
stressing are discussed.

The wafers used in the present study are 100 m
phosphorus-doped~001! SOI supplied by IBIS Corp. Figures
1~a! and 1~b! show the schematic diagrams of planview a
cross-sectional view, respectively, of the test Si strip. T
dimensions of the Si strips are 100mm long, 200 nm thick,
and 10mm wide. To fabricate the test structures, a first lev
mask was used to define the test regions, or the implanta
channels. Then the rest of thin film silicon-on-insulat
~TFSOI! was etched away by a solution of HNO3 and HF at
room temperature. Next a 20-nm-thick screen oxide w
grown, followed by 40 keV, 531015BF2

1/cm2 implantation
into the n-type SOI wafers. After implantation, the scree
oxide was stripped away by a buffered oxide etchant. So
of the wafers were annealed at 900 °C for 30 min. Low te
perature oxide~LTO! was deposited at 450 °C for 2 h. Part
the implantation amorphous Si was regrown into crystall

FIG. 1. Schematic diagrams of~a! plan-view and~b! cross-sectional view of
the test structure.
1 © 2001 American Institute of Physics
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Si in unannealed sample during the LTO deposition proc
On the other hand, for 900 °C annealed samples, all
amorphous layer was converted into crystalline Si. A sec
mask was then applied to open the contact holes and
nm-thick nickel film was deposited by electron-beam eva
ration to contact the TFSOI strips. A third mask was used
pattern the Ni contact pads. The advantage of this structu
that the conducting Si strips or channels are isolated by
oxide vertically and horizontally so that the applied curren
confined in the channels completely.

Samples were stressed under high-density current
Keithley Model 2400 tester was used as the current sou
and meter. TheI –V measurement of the SOI strips was ca
ried out simultaneously. Resistance changes of the SOI s
were measured as a function of applied current, which w
ramped from 0 to about 30 or 50 mA at a rate of 0.2 mA/s
or 0.2 mA/s. The samples were stressed with two cycle
show the influence of high current on the resistance de
ment. The maximum stressing current in the first cycle w
limited by the Joule heating or contact failure problems.

The I –R curves of both as-prepared and annea
samples stressed with two cycles are shown in Fig. 2.
resistance change on Si strip was irreversible when app
current was higher than the critical current, defined as
current that the resistance drops suddenly and correspon
to point a in Fig. 2. The total resistance for the as-implan
samples was decreased from 4.8 k to 1 kV, about 80% re-
duction, after the current exceeded 32 mA. The resista
was not reduced further apparently as a result of une
Joule heating which led to nonuniform structural change
the doped channel as will be described later.

The recrystallization ofa-Si and release of dopant
trapped by defects were found to be the main factors con
uting to the resistance reduction of stressed SOI strips.
ure 3 shows cross-sectional transmission electron mi
scope~XTEM! image of a SOI strip, alongA–A8 direction
in Fig. 1~a!, stressed by ramping up the current density

FIG. 2. I –R curves of BF2
1 doped as-implanted and 900 °C annealed S

channels with two cycles.

FIG. 3. XTEM image of an as-BF2
1-implanted SOI strip stressed by rampin

current to 16 mA.
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83105 A/cm2 ~16 mA! corresponding to the point a in Fig
2. The growth rate of thea-Si was found to increase from
the edge to the center of the channel along theA–A8 direc-
tion. The nonuniforma-Si recrystallization indicated the ex
istence of a temperature gradient between the center
edge of the channel. The SOI channel was gradually he
up with the increasing current. Since the SOI strip is bur
in the SiO2, the poor heat dissipation led to higher tempe
ture at the center of channel. At higher temperature, regro
of a-Si and activation of dopants would improve the condu
tivity of the Si channel. Therefore, more dopants were a
vated and redistributed near the central region of the chan
As a result, the current density in the channel is also
pected to be the highest at the center of the channel. N
uniform heating during current stressing was also infer
from the observation of uneven recrystallization in dop
bulk Si channels as described in a previous report. Mos
the EOR defects remained due to the inadequate Joule h
ing since the thermal insulation property of the silicon
relatively poor.9

As stressing current was raised beyond 83105 A/cm2

~16 mA!, the resistance of the channel dropped further. T
lower resistance implied that more boron atoms are a
vated. Figure 4 shows the XTEM image of the central reg
of the SOI strip with current ramped up to 1.63106 A/cm2

~32 mA! corresponding to point b in Fig. 2. EOR defec
were no longer evident and were known to be induced fr
the precipitation of excess Si interstitials atoms and bo
atoms which are trapped at the defect periphery.10 Since the
presence of interstitial dopant atoms in the Si lattice will le
to more extensive scattering of electrons during the curr
stressing, Joule heating will become more severe. The l
heating would be high enough to cause the excess inters
atoms to dissolve and rearrange local atomic positions.8 As
the EOR defects were dissolved, the dopants were incr

I

FIG. 4. XTEM image of central region of an as-BF2
1-implanted SOI strip

stressed by ramping current to 32 mA.

FIG. 5. XTEM image of a BF2
1-implanted SOI strip annealed at 900 °C fo

30 min.
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ingly released and activated. As a result, the elimination
EOR defects led to the further reduction in the resistance
Si strip.

For the samples annealed at 900 °C for 30 min, as sh
in Fig. 2, the resistance of the Si strip decreased further f
480 to 450 V after stressing with a current of 2
3106 A/cm2. Nonuniform heating was also found in this s
of samples. Figure 5 shows the XTEM image of a S
sample annealed at 900 °C for 30 min and without any c
rent stressing. The EOR defects at the center of the dope
channel were markedly reduced in the stressed samples
those in samples without stressing as shown in Fig. 6.
resistance drop was due to the partial EOR defects elim
tion and further dopant activation. The local Joule heat
may enhance the elimination of EOR defects to release
dopants as well as the dissolution of B/Si-interstital cluste
A previous study showed that current stressing possesse
additional mechanism, other than the thermal effect, to
duce the resistance. It was speculated that an electrical f
as in electromigration might contribute to the dopant acti
tion of the SOI strip.8

FIG. 6. XTEM image of an annealed at 900 °C for 30 min BF2
1-implanted

SOI strip stressed by ramping current to 42 mA.
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In summary, recrystallization, enhanced dopant acti
tion and elimination of EOR defects have been achieved
high-density current stressing in BF2

1-implanted silicon in
SOI strip. Evidence for the uneven distribution of curre
flow in the doped SOI strip was obtained from direct obs
vation of more advanced recrystallization and reduction
EOR defects at the central region of the strip by cro
sectional transmission electron microscopy. It was infer
that current flows preferentially at the central region of t
doped SOI strip and accentuate the current stressing eff
The current stressing method allows the complete remova
EOR defects that has not been possible with conventio
thermal annealing in the processing of high performance S
devices.
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