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Without buffer layers, a lightly boron-doped epitaxial layer of good crystalline quality has been
directly grown on a heavily boron-doped silicon layer by eliminating misfit dislocations in the
heavily boron-doped layer. X-ray diffraction analysis revealed that the epitaxial silicon has good
crystallinity, similar to that grown on lightly doped silicon substrate. The leakage currentrof/an

diode fabricated in the epitaxial silicon has been measured to be 0.6 AAkEH V. © 1994
American Institute of Physics.

The structure of lightly boron-dopeg) epitaxial silicon  epitaxial layer is misfit dislocation-free and has good crys-
on heavily boron-dopetp ™) silicon is popular for ultralarge tallinity and good electronic properties.
scale integratedULSI) fabrication because of the low junc- The experiments are as follows. 4-ip-type, and100-
tion leakage current and less affection of alpha particle du@rientation Czochralski silicon wafers with the resistivity of
to the short minority carrier diffusion length in the*  2—10 Qcm and defect density of 1-2/¢mare prepared.
silicon1~3 Recently, bonding wafers were fabricated usingChemical-vapor deposite@VD) oxide of 1 um thickness is
the structure in which the" (above x10cn?) layer d_epo;ited and patterned. After RCA cleani_ng, _boron diffu-
serves as an etch-stop in ethylenediamine-pyrocatechofion IS subsequently performed as shown in Fig).IThe
water mixture during substrate etching and epitagidhyer diffused regions are classm_ed |r_1to twol, i.e., one surrounded
as silicon-on-insulator fil.In these applications, electronic by_the_CVD oxide patterriinterior reg|_or) an(_j the other

. o " which is open to the wafer edgexterior region. Boron

properties of the epitaxial layer are very critical because the
electronic devices are fabricated in the layer. However, misfit
dislocations which can degrade electronic propertespe-

cially, increase junction leakage curreare frequently gen- Surrounding o+ layer
erated in the epitaxiap layer due to in-plane lattice mis- Pl °§de 5
match between thp layer andp™ layer®® Thus, elimination 1 s e = 7
of misfit dislocations in the epitaxial layer is very important 7 ) Pt
for the successful fabrication of electronic devices in the i L@ ‘ |
layer. | Interior Protection; o-epi Er:;eigg' D
It is known that the in-plane lattice mismatch between : reglo?: L e AN D :
the epitaxial layer ang* layer originates from the misfit ﬂ (100) p-substrate }
dislocations in the™ silicon layer which release tetragonal s > s s
distortion of thep™ silicon by insertion of extra-half planés. (0) 2
Thus, if the misfit dislocation in @* layer can be sup- B<dy<ay=8=8; ] 4331 - ¥
pressed, an epitaxi@ layer on thep™ layer can be directly | [ ] 2 p-epi. 7 H
grown without misfit dislocation. Already, we have sug- SR O o v S 3159"
gested a method to suppress the misfit dislocation pi" a P, sub. p;sub.
layer by surrounding with undoped region which protects the A l<a_S B - © o

propagation of misfit dislocation from the wafer edge to the ©

p* region inside the undoped regidn.
In this letter, we report that a high quality epitaxial

layer can be directly grown without buffer layers orpa FIG. 1. Process sequence for the experiments. Vertical wafer stru¢gires
layer formed by the method suggested in Ref. 7 and thefter boron diffusion andb) after epitaxial growing.(c) Vertical lattice
structures showing lattice match or mismatch in the circled redianB, C,
and D of (a) and(b). L and T are misfit dislocations in the" layers and
dAlso with Hyundai electronics industry Co. epitaxial layers, respectively.
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FIG. 2. Measured boron-doping profile in the epitaxial wafer.

. . . . o . FIG. 4. (400 double-crystal x-ray rocking curves for the interior region,
diffusion is carried out at 1100 °C f& h using BBg. The  exterior region, and protection region.

diffusion condition can produce misfit dislocations in {he

layer of the exterior region, but cannot in that of the interior

region because misfit dislocations propagating into the inte- Figure 3 shows a photomicrograph of the surface of the
rior region from the wafer edge are protected by the undope@pitaxial layer defect etched in Secco etchant for 30 s. There
region(protection regiohunder the surrounding CVD oxide. are many etch pits in the exterior region, especially near the
Thus, as illustrated in Fig.(&), in-plane lattice siz€a,) of boundary with the protection region, while there is no etch
thep™ layer of the interior region remains as tffat) of the  pit in the protection region and the interior region. The etch
substrate, while tha,) of p* layer of the exterior region is  pits show terminations of the misfit dislocations in the epi-
reduced by insertion of extra half-planes accompanying theaxial layer as depicted in the inset of Fig. 3. Thus, it can be
misfit dislocations. After boron diffusion, the wafer is oxi- \nown that the epitaxial layer of the interior region is grown

Qizledd_at 8?10 "CS:VE)r 3%”“” in steamdamb;ant alnd_ all ?l_)r(]ideSWithout misfit dislocation inherently and propagation of the
Including the oxide are removed In solution. M misfit dislocations from the exterior region to the interior

epitaxial silicon of 8um thickness is grown on the wafer as region is prohibited by the protection region.

shown in Fig. 1b) with growth rate of 0.5um/min using . - .
SiHCI, at 1130 °C. Before epitaxial growing, HCl etching of 10 €xamine the crystallinity of the wafer, x-ray diffrac-

0.3 um was performed for the surface cleaning at 1120 °clion analysis was performed. Figure 4 sho80) rocking

for 2 min in the epireactor. After epitaxial growing,Nurg- ~ CUrves for the interior region, exterior region, and protection
ing is performed and the wafers are pulled out of the reactofegion obtained by a double-crystal x-ray diffractometer, us-
One can infer that there is no misfit dislocation in the epi-ing Cu Ka; radiation. The main peak@t A§=0) for each
taxial layer of the interior region because of the absence ofurve are due to the substrates and the epitaxial layers. The
in-plane lattice mismatch between the epitaxial layer and thenain peak for the interior region is sharp and is similar to
p" layer (a;=a,), while there exist misfit dislocations in that for the protection region which has good crystalline
that of the exterior regior(a,#a,). Figure 2 shows the quality due to the direct growing of the epitaxial layer on the

boron-doping profile of the wafer measured by spreadingpstrate, while the peak for the exterior region is widely
resistance profile analysis.

etch-pit 106
p—
< 108 } ——— interior region y
- d
E, I — exterior region 2
>
3 10-10 - =
o
=] o N
bt p
§ 102f ]
§ 00 ]
10714 £ : '
0 5 10 15

Reverse bias (V)
FIG. 3. Photomicrograph of the surface of the epitaxial layers etched in
Secco etchant for 30 s. Many etch pitrk dotg are shown in the exterior
region. The relation between misfit dislocation in the epitaxial layer and the
etch pit is illustrated in the inset which is the vertical structure of the exte-FIG. 5. Measured leakage currentsrof/p gated diodes with an area of
rior region. 4x10* cn? fabricated in the interior region and exterior region.
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spread due to poor crystalline quality of the epitaxial layerlinity compared with the conventional epitaxial silicon. It can
Also, the satellite peak which is due to tpé layer is ap- be expected that the method for formation of misfit
parent and sharp for the interior region, while the peak isdislocation-free epitaxial silicon on thg" silicon layer can
broad for the exterior region. Thus, we can find that thebe successfully used for the ULSI and bonding wafer fabri-
crystallinities of the epitaxial layer and thg" layer in the cations.
interior region are good, while those in the exterior region  We would like to thank J.-M. Lee and S.-H. Park in
are degraded by misfit dislocations in the layers. Samsung Electronics Co. for the great help on the boron
We fabricatedn™/p gated diodes with area of4l0™*  diffusion and epitaxial growing.
cn? in the wafer and measurddV characteristics. Figure 5
shows typicall-V characteristics of the diodes for reverse
bias with weak accumulation under the gate electrode. AsJ. W Slotboom, M. J. J. Theunissen, and A. J. R. de Kock, IEEE Electron
expected, the diode in the interior region shows Iower'Ieak-zBf‘gfi;#:;‘fﬂé‘;@?igﬁgi |EDM Tech. Dig. 2880,
age current(0.6 nA/cnf at 5 V) than that in the exterior s Rozgonyi and R. R. Kola, ifDefect Control in Semiconductors
region (2.2 nAlcnf at 5 V). edited by K. SumindElsevier Science, North-Holland, 199. 579.
In conclusion, directly grown lightly doped epitaxial sili- :K- Mitani and U. M. Gosele, J. Electron. Mat@1, 669 (1992.
con on a misfit dislocation-frep™ silicon layer also shows GE' JB'gﬁg}si';Iiciocrfepmﬁ;gti%gez(iéﬁ?&'
misfit dislocation-free characteristics. The epitaxial silicon 7y ;| ee. Y.J.'Je'onf)EfH. Han, and C. K. Kim, Appl. Phys. L@4.2955
also shows good electrical property as well as good crystal- (1994.
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