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Energy band profile of ultra-shallow junction in silicon
studied by hard x-ray photoelectron spectroscopy
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Hard x-ray photoelectron spectroscopy (HX-PES) was used to analyze the energy band profile of
ultra-shallow junction (USJ) in silicon for advanced LSI. Large probing depth of HX-PES gives spectra
including signals from whole USJ region, and allows to estimate not only magnitude but depth of the band
bending caused by USJ. We measured USJs of p'-Si/n-Si and n'-Si/p-Si, and found asymmetric Sils
photoelectron peaks consisted of those from different depths and potentials. This suggests that HX-PES can
provide both magnitude and depth of band bending in Si, though it has small bandgap then small band bending.
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Fig. 1. Schematic of USJ samples.
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Fig. 2. Sils photoelectron spectra of USJ p*-Si and n'-Si
samples. Sils peaks of surface oxide are outlying and very
weak. The difference of peak energies originates in not
chemical shift of Si, but their Fermi level shift.

FEREEZBLE : Fig2ll R B OSils A~ Y b v
RY, FILENDE—7 [Telemental 72 SilZ
K9 HHL 0T, XEHOSiHKREBERILEIZH KT D
73 E6Icm X —llicEns, o%
Db O — 27 ISiHMR & F DR OMmE
BABICHKT2HDOTHY, mRLF—(LE
DEWVIESIORE EIREELE KMT D7 I v
V7F&ié%®fi&< SilsHiE <Al
EictT A7 o VI WO T N EEZ D
méJMPm%mmfi1m7%w®ﬁﬁiz
NX—TRE (=ETF0a) O 7 o VL)
%ﬁ&@ék@\%¥)7 YoTT7z LI
AEINEET 28K TlE, fEAIREBE D 720
BEDWEFE—T DO 7 b 7 )L I HENT
OEF), Thbbxy UV TREOELEMD Z
EIRTE D, o, mXVX—(LEZE(LEE
HHERE L TCIREFEICL DTy — T v
V7 REEZBNDLN, A RIOBECIEXHERER
f%mozww“lfﬁké&t AI2H
Silst'— 7 (\LEIZT—ETHY . %@%@i&w
O W L7, Fig2 Tp'-Sikn'-Siod &' — 7 [#]
fE121.06 eVESIDANY RE Y v 71,12 eVITIT
WZEMND, 7z I NI ENENME R
b, ARER NI H 0 . A IR
WIIIHVE W IEMEAL L TV D EHEE S NS,
Fig.31Zp'-Siak £t & n-SiFERK D Sils B — 7 IR
@%@%TTO%V)T#mﬁ<ﬁﬁ%VWT
DRUT 2 T NERLIT & Dn-SiFR Tl
AR TIH D DKL, p&fi#ﬁﬁfm
TR N T — L EBNTWND Z & Ryh
%o ZAVUTHX-PESORMMMIRENHERIRI LV b
K& (SiFT20 nmbh k)| n-SidtE TDIE
Gl EMéMétm&%i%hé SF
V. FigdlZm-d L5 1p-Sisk o v N3 Fi
fHEChmElc_yr7 427 LTEY HX-PES

p+Si

n-Si sub.

Intensity

3 2 1 0 -1 -2 -3
Relative Energy [eV]
Fig. 3. Sils photoelectron spectra of USJ p'-Si sample and

n-Si substrate. The spectra are calibrated with peak energy
as 0.0 eV and normalized with peak height.
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Fig. 4. Possible band diagram of USJ p'-Si sample. Note
that the depth scale is incorrect at this time.
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