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Fig. 1. (color online) RBS spectra of the NiSiGe layers
without and with Al interlayer formed at 700 °C.
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transmission electron microscopy:
XTEM)
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Fig. 2. (color online) XTEM images of NiSiGe layers
formed at 700 °C for (a) without Al, (b) 3 nm Al
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Fig. 3. (color online) SIMS profiles of NiSiGe layers
formed at 700 °C for (a) without Al, (b) 3 nm Al
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Fig. 4. (color online) Schematic illustrations of the Ni/Sip.7Gep.3 reactions for (a) without Al, (b) 3 nm Al

5 (m?U%Z@,)NiSiQJGeO.:}/SiO.7Ge0.3 LTI 543 1% B HE R Bt NiSig.7Geg.3 5 Sig.7Geg.3 LT AT B
Fig. 5. (color online) High resolution XTEM taken at the NiSig.s8Geg.2/Sip.8Geo.2 interface and the FFT-
generated SAED pattern recorded from the NiSig 7Geg.3 layer and the Sip.7Geg.3 substrate.
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i 0 Si sz 3 B KT Gee S5 OB PR S B
T ALJE B K /INFI ST R 7 R /NFEAR —FF, L Silg
AN BEAR, ALEIRE S 2958 660 °C, 7EFHIELZE 700 °C
AR, Al FHAREE 1L, A 7] BETE NiSip 7 Geo 3
TR 7. Rk, ALFIAFAE, BRE T Ni Al SiJ&
TR, 15 Ni 5 Si R TR Ge JR 11 ) b
WL IR B —NPERRAS, W B TR A~ 5 1)
HMEJZ.
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E N

I STMS PR R, RIS 5 (1 ALK+
1E iR K, FEARF S B S E 2 R, e —
JZE AW, T B AE AN AE S N ALE TR D
Richter 1 Hiebl %) #3187 Al Jil -7 7 NiSiy o A 3
I0 NiSio 46 5 25, AT A8 75 NiSio A1 Si A i 58
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b AT AR T 75 BAT 7E NiSip W FIAFE
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NiSig 7Geg 3 FHS i Sig 7 Geo.s 4% o £ IE 47 7
&, IR F] 7 A FEA K. 2005 4, Jin &5 1 g%

ML B NN Z, 52T NiSiGe Y (100) B A
PEAEK AT AT AR B AF AR 208 T NiSiGe [
A% HH, T SEIL T NiSiGe H vy FE B A K

5 %

ARSI FE T 700 °C iR K, ARG
JZAEAE 4 F Ni il Sig 7 Geg 3 10K N HLEE.  J8
T 5 Ni/Sig.7Geg.3 B B b, B 50 & B0 T Al
5T I AF1E, NiSigrGeo s FIFGRE S 2] T K
$e i, ALJE T K8 7 # 3)) 2| NiSio 7 Geg 5 1) £ [,
EF‘@TT Ni *ﬂ Sio_7Geo,3 E‘]Ji&i, Uﬁ%? NiSiojGe().g
A A% B KD, B & A3 3 T ¥ 51 NiSio.7 Geo s
HMIE)ZE. BRI NiSig 7 Geg.3 1 Sig.7Geg 3 1T RIS
f 73 P R SR RS T DA 9K AR R )
U8 /I FE fl b R R A T E PR FT REME.
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Abstract

The formation of Nickel based germanosilicides (NiSiGe) has attracted growing interest in the state-of-the-art metal
oxide semiconductor field effect transistor (MOSFET) technology, because silicon-germanium alloy (Sii—.Gez) is used as
embedded source/drain stressor or channel material to enhance the hole mobility in the channel region. However, a major
problem of NiSiGe film is that it has a poor thermal stability after annealing at high temperature (> 550 °C), which leads
to its agglomeration. In this work, we study the reaction between Ni and Sip.7Geg.3 in the presence of an Al interlayer.
Pure Ni (10 nm) film and Ni (10 nm)/Al (3 nm) bi-layers are deposited respectively on Sig.7Geg.3 substrates by electron
beam evaporation. Solid-phase reactions between Ni or Ni/Al and Sip.7Geg.3 during rapid thermal processing in No
ambient for 30 s are studied at 700 °C. The un-reacted metal is subsequently etched in H2SO4 solution. The NiSig.7Geo.3
films are characterized by Rutherford backscattering spectrometry (RBS), crosssection transmission electron microscopy
(XTEM), energy dispersive X-ray spectrometer (EDX), and secondary ion mass spectroscopy (SIMS) techniques. For
the Ni/Sip.7Geo.s sample, the segregation of Ge at grain boundaries of nickel germanosilicides during the interfacial
reactions of Ni with Sig.7Geo.s films and the subsequent formation of Ge-rich Sii_.,Ge, (w > 0.3) are confirmed by the
RBS and XTEM measurements. However, in the case of Al incorporation, a very uniform and smooth NiSig.7Geg.3 film
is obtained with atomic NiSig.7Geo.3/Si0.7Geo.3 interface. The orthorhombic NiSig.7Geg.s is finally epitaxial grown on
cubic Sig.7Geg.3 substrate tilted at a small angle as demonstrated by the High resolution XTEM. Furthermore, based on
the EDX and SIMS measurements, it is found that most of the Al atoms from the original interlayer diffuse towards the
NiSip.7Geg.3 surface, and finally form an oxide mixture layer. It is proposed that the addition of Al reduce Ni diffusion,
balance the Ni/Sig.7Geg.3 reaction and mediate the NiSip.7Geo.3 lattice constant. In addition, the main mechanism of
epitaxial growth of NiSip.7Geo.3 film is analyzed in detail. In summary, Al mediation is experimentally proved to induce
the epitaxial growth of uniform and smooth NiSig.7Geg 3 layer on relaxed Sip.7Geo.s substrate, providing a potential

method of achieving source/drain contact material for SiGe complementary metal oxide semiconductor devices.
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