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Enhanced dopant activation and elimination of end-of-raf§®R) defects in BE-implanted
silicon-on-insulator (SOIl) 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 (B®R) 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 device0@L American Institute of
Physics. [DOI: [10.1063/1.1423773

Silicon-on-insulator(SOI) has been shown to be an at- currents in heavily doped Si since it is known that conven-
tractive technology for low power, low voltage, and high- tional thermal processes are incapable of removing all EOR
speed semiconductor devicesThe advantages of the de- defects. In this letter, electrical current stressing is shown to
vices made on SOI over that on bulk Si are the absence @ichieve not only the activation of the electrically inactive
latchup, reduced parasitic capacitance, process simplificalopants but also the removal of all EOR defects. Mecha-
tion, radiation hardness, and high-temperature operétion_nisms of resistance reduction of Si strips during high-current
Commercial products based on SOI devices have been redtressing are discussed.
ized lately by IBM, making SOI a very important technology ~ The wafers used in the present study are 100 mm
in semiconductor industry. phosphorus-dope®01) SOI supplied by IBIS Corp. Figures

lon implantation in silicon, and specifically in SOI, has 1(28) and Xb) show the schematic diagrams of planview and
been investigated extensively in recent years due to its applfross-sectional view, respectively, of the test Si strip. The
cations in tailoring material properties and device structuresdimensions of the Si strips are 1@0n long, 200 nm thick,

In particular, ultrashallowp-n junctions have been achieved and 10um wide. To faprlcate the test structures, gflrst Ievgl
by preamorphization and through oxide impIantationmaSk was used to define the tesF regions, or the mplantatlon
processe&-® However, ion implantation leads, after anneal- channels. Then the rest of thin f|.Im silicon-on-insulator
ing, to the formation of a high density of structural defects(!SO) was etched away by a solution of H¥@nd HF at
beneath the original amorphous/crystallin®/q) interface room temperature. Next a 20'”?'”]?'( screen oxm_le was
where the space charge region of the junction extends argf OWn: followed by 40 keV, & 107°BF, /cn?” implantation

causes leakage currents. These defects are called end-fﬂ)}% thv?/ n—tyf)r? S?jl v\\//vaferts). Aﬁs rffm:p:jani(ailgon’ttuenicrger%
range(EOR) defects and it is very difficult to prevent them oxide was stripped away by a butiered oxide etchant. some

. . . of the wafers were annealed at 900 °C for 30 min. Low tem-
from fo”‘?'”g once an amorphous Iayer'ls generated durln%erature oxidéLTO) was deposited at 450 °C for 2 h. Part of
implantation. Furthermore, even after high temperature Ahe implantation amorphous Si was regrown into crystalline

nealing, it is impossible to annihilate them completely. The
defects strongly affect impurity diffusion giving rise to

“anomalous” diffusion when they locate within or close to @ |m o A =

the dopant distribution regioh. A
Conventionally, postimplantation annealing at 900°C

for 30 min or rapid thermal annealing at 1050 °C for 30 s has LTO LTO LTO

been employed to activate the dopants. Dopant activation of p*-SOI

heavily doped SOI by high-density currents have previously Si0,

been demonstratédlt remains to be seen that whether the ]

troublesome EOR defects can be removed by high-density ®) Sisubstrate

FIG. 1. Schematic diagrams ¢d) plan-view andb) cross-sectional view of
3E|ectronic mail: lichen@mse.nthu.edu.tw the test structure.
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FIG. 2. I -R curves of BE doped as-implanted and 900 °C annealed SOI E — o T8 200 nm
channels with two cycles. s substrate

FIG. 4. XTEM image of central region of an as-Bfimplanted SOI strip
Si in unannealed sample during the LTO deposition processtressed by ramping current to 32 mA.
On the other hand, for 900°C annealed samples, all the
amorphous layer was converted into crystalline Si. A secon@x 1% A/cm? (16 mA) corresponding to the point a in Fig.
mask was then applied to open the contact holes and 15¢: The growth rate of the-Si was found to increase from
nm-thick nickel film was deposited by electron-beam evapotne edge to the center of the channel alongAhed’ direc-
ration to contact the TFSOI strips. A third mask was used {gjon, The nonuniforma-Si recrystallization indicated the ex-
pattern the Ni contact pads. The advantage of this structure jgtence of a temperature gradient between the center and
that the conducting Si strips or channels are isolated by thggge of the channel. The SOI channel was gradually heated
oxide vertically and horizontally so that the applied currentisy with the increasing current. Since the SOI strip is buried
confined in the channels completely. in the SiQ, the poor heat dissipation led to higher tempera-

~Samples were stressed under high-density currents. fyre at the center of channel. At higher temperature, regrowth
Keithley Model 2400 tester was used as the current sourcgs 5-sj and activation of dopants would improve the conduc-

and meter. Thé—V measurement of the SOI strips was car-tjyity of the Si channel. Therefore, more dopants were acti-
ried out simultaneously. Resistance changes of the SOI striRgyted and redistributed near the central region of the channel.
were measured as a function of applied current, which wagg 3 result, the current density in the channel is also ex-
ramped from O to about 30 or 50 mA at a rate of 0.2 mA/stefhected to be the highest at the center of the channel. Non-
or 0.2 mA/s. The samples were stressed with two cycles tniform heating during current stressing was also inferred
show the influence of high current on the resistance decréom the observation of uneven recrystallization in doped
ment. The maximum stressing current in the first cycle wagyy|k Sj channels as described in a previous report. Most of
limited by the Joule heating or contact failure problems.  the EOR defects remained due to the inadequate Joule heat-

The 1-R curves of both as-prepared and annealednq since the thermal insulation property of the silicon is
samples stressed with two cycles are shown in Fig. 2. Theg|atively poor®

resistance change on Si strip was irreversible when applied  ag stressing current was raised beyong B0 Alcm?
current was higher than the critical current, defined as thg16 ma), the resistance of the channel dropped further. The
current that the resistance drops suddenly and correspondifgyer resistance implied that more boron atoms are acti-
to point a in Fig. 2. The total resistance for the as-implanteq,te(. Figure 4 shows the XTEM image of the central region
samples was decreased from 4.8 k to(l, labout 80% re- f the SOI strip with current ramped up to kX@0° A/cm?
duction, after the current exceeded 32 mA. The resistancgy ma) corresponding to point b in Fig. 2. EOR defects
was not reduced further apparently as a result of unevefere no longer evident and were known to be induced from
Joule heating which led to nonuniform structural change inpe precipitation of excess Si interstitials atoms and boron
the doped channel as will be described later. atoms which are trapped at the defect peripf®&ince the
The recrystallization ofa-Si and release of dopants presence of interstitial dopant atoms in the Si lattice will lead
trapped by defects were found to be the main factors contriby more extensive scattering of electrons during the current
uting to the resistance reduction of stressed SOI strips. Figstressing, Joule heating will become more severe. The local
ure 3 shows cross-sectional transmission electron micrtheating would be high enough to cause the excess interstitial
scope(XTEM) image of a SOI strip, along—A" direction  5ioms to dissolve and rearrange local atomic positiohs.
in Fig. 1(a), stressed by ramping up the current density tothe EOR defects were dissolved, the dopants were increas-

center edge

o-Si_

Si substrate Si substrate

FIG. 3. XTEM image of an as-BFimnlanted SQ! strip stressed hy ramping  FIG. 5 XTEM image of a BE-implanted SOI strin annealed at 900 °C for
current to 16 mA. 30 min.
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In summary, recrystallization, enhanced dopant activa-
a tion and elimination of EOR defects have been achieved by

- M high-density current stressing in Bfmplanted silicon in
. EOR defects

SOl strip. Evidence for the uneven distribution of current

’ flow in the doped SOI strip was obtained from direct obser-

.Si('f e ; ; vation of more advanced recrystallization and reduction of

5 EOR defects at the central region of the strip by cross-

sectional transmission electron microscopy. It was inferred

SiltuDstrate that current flows preferentially at the central region of the

doped SOI strip and accentuate the current stressing effects.

FIG. 6. XTEM image of an annealed at 900 °C for 30 min;Bifplanted  The current stressing method allows the complete removal of

SO! strip stressed by ramping current to 42 mA. EOR defects that has not been possible with conventional
thermal annealing in the processing of high performance SOI

ingly released and activated. As a result, the elimination ofevices.

EOR defects led to the further reduction in the resistance of ] ]
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