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Abstract

ThelrSi, contactdhavebeenusedin Accumulated_ow SchottkyBarrierMOSFETon SOI. An IrSi, layeris formedasaresultof reaction
betweemmetalandsemiconductoduring annealing The procesof silicidationin the Ir/Si/SiO,/Si structurehasbeenstudiedby meansof
cross-sectionatansmissiorelectronmicroscopy(XTEM). Theinfluenceof annealingemperature§300,600,900°C) onssilicide formation
wasanalysedThe formationof a thin IrSi, layerwasobservedat atemperatur@aslow as300°C. In the Ir/Si/SiO,/Si structureannealedat
600°C, thelr atomsareshownto penetratacrosshe Silayer,causingdisturbancef ther/Si interface After annealingat 900°C largelrSi,
islandswereformedin Si. Theexpansiorof thelrSi, grainsin the SilayerwasobservedTEM resultswerecorrelatedvith XPSandelectrical
measurements.

Keywords: Transmission electramicroscopy; Photoelectra@pectroscopy; SemiconductoByrfaces and interfacebhin films

1. Introduction uum) have been found by Engstrom et[@]. and by Chung
and Hwang8].

In a good accumulated low Schottky barrier-SOI-MOSFET  One of important issues is the influence of the Schot-
device, the source/drain (S/D) contacts should have a verytky barrier contact microstructure on its electrical proper-
high barrier to the substrate to reduce leakage currentties. The differences in Schottky barrier heights depend on
whereas a very low barrier height to the inverted channel to phase composition and microstructures of the Ir—Si system
have an unimpeded drain currdif. In order to alleviate [5,9-11]. TEM investigation is very important for technol-
these two conflicting constraints on the barrier height, a ogy optimization and understanding the electrical perfor-
thin silicon-on-insulator (SOI) substrate can be judiciously mance of Schottky contact.
used to eliminate the first requiremdai. In this context, The aim of this paper is the investigation of the influence
IrSi-based metallic S/D junctions appear as a very competi- of the annealing temperature on silicidation process in the
tive candidate because this silicide demonstrates the lowestr/Si/SiO, contact structure to p-type Si by means of trans-
known Schottky barrier to holg8] potentially even more  mission electron microscopy (TEM). Results of TEM ob-
attractive than PtSi-based contacts for the integration of servations have been correlated to XPS and electrical mea-
PMOS transistor§2,4]. surements.

The Ir-Si phases are formed when Ir is deposited on Si
and silicided by subsequent annealigjy Petersson et al.

[6] reported that at annealing temperatures: 4002600 2. Experimental

500-950°C and 1000C IrSi, IrSi; 75 and IrSg phases were

formed, respectively. The another Compositions of the Ir-Si The Ir |a_yer was deposited by means of e-gun evapo-

phase, such as3sis and I5Sis (formed in ultrahigh vac-  ration on the SOI structure. The thicknesses of the Ir, Si
and SiQ layers were 15, 100 and 400 nm, respectively.
In order to form Schottky contacts the samples were an-
nealed by rapid-thermal-annealing (RTA) process at follow-
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ing temperatures: 300, 600, 900 for 120 s under N+ H> perature practically the whole Ir layer reacts with silicon,
(3%). therefore a thick IrSilayer is formed. In certain areas the

The process of silicidation in the Ir/Si/SiCBi contact thickness of the IrSilayer increases up to a half of the Si
structure has been investigated by means of cross-sectionalayer thickness. In this case a grained structure of the silicide
transmission electron microscopy (XTEM). The TEM spec- layer becomes visible. Due to the fact that silicide penetra-
imens were prepared by the method describefl#) and tion depth into silicon is considerable in certain regions, the
studied in a JEM-200CX transmission electron microscope IrSi,/Si interface is very uneven.
operating at 200 kV. XPS analysis was carried out on Physi- At 900°C the silicidation process is more intense than
cal Electronics 5600 spectrometer fitted in a UHV chamber at lower temperatures (Fig. 4a and b). The tendency of
(base pressure & 10~1%Torr). We use a monochromatized the IrSi; layer to expand into the Si layer, visible even at
Al X-ray source (hv= 1487 eV) and the detection angle is 600°C, enables IrSi grains to consume the whole thick-
45° with respect to the sample surface normal. For depth ness of the Si layer and touch the Si@terface, which
profile analysis, we use an Arion gun with an ion energy  prevents further growth. The growth is also limited by the
of 1keV and a beam raster of 5mm 5mm. Concentra-  small quantity of deposited Ir. In certain areas there is not
tion profiles are obtained using standard sensitivity factors enough Ir at the surface, therefore, islands are created (IrSi
provided by the manufacturer. grains separated by silicon) after all Ir atoms reacted with
silicon.

According to Petersson et #] and Ohdomari et a[10]
one can expect that at 30Q the IrSi phase is formed while
at temperatures 600 and 90D the IrSi 75 phase can be

3.1. TEM analysis expected.

3. Results and discussion

A TEM cross-section of an as-deposited Ir/Si/Si€dn- 3.2. Electrical characterisation
tact to the p-type Si substrate is showrfig. 1. The thick- _ o
nesses of Ir and Si layers are 15 and 100 nm, respectively, Electrical measurements of Ir-based silicide contacts have
Small grains are observed in the Ir layer. The Ir/Si interface P€en carried out to determine the annealing conditions that
is smooth. provide the lowest Schottky barrier to holes and, therefore

During annealing at 300C for 120 s between Ir and Si
layers a 3nm thick IrSilayer was formed (Fig. 2). Forma-
tion of this layer caused decreasing of the thickness of the Ir
layer, since a part of the Ir layer was consumed during silici-
dation process. The thickness of the Ir layer is about 12 nm.
Similar studies of a thin IrSilayer formed below 500C
were reported5,11]. The Ir/IrSi. and IrSi/Si interfaces are
smooth.

In Fig. 3a and bTEM cross-sections of the Ir/Si/SK5i
structure annealed at 60Q for 120 s is shown. At this tem-

SiO, 50 nm

Fig. 1. Cross-sectional TEM view of an as-deposited Ir/SifSeDntact Fig. 2. TEM cross-section of the Ir/Si/Si{Si structure annealed at 300
to the p-type Si. for 120s.
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Fig. 3. (a, b) Cross-sectional TEM views of the Ir/Si/Si8i structure annealed at 600 for 120s.

the lowest specific contact resistance that characterizes the8.3. XPS analysis

carrier transport through the silicide/silicon interface. The

maximum current drive capability as defined4ij has been In order to investigate the interfacial layer, an XPS depth
extracted from current—voltage characteristics measured inprofile was recorded on the sample annealed at@0Big. 6

the 170-300K temperature range. This information is re- gives the Siand Ir concentration depth profiles depending on
ported inFig. 5for different annealing conditions. Surpris- the chemical environment of each element. The Ir4f profile
ingly, the silicide compound formed at ambient tempera- can be decomposed into two Irdf(Ig$iand Ir4f(Ir) contri-
ture exhibits a significant current drive. The best electri- butions. The corresponding deconvolution basis of spectra
cal performance is obtained at the annealing temperature ofshows that the Ir4f spin-orbit doublet exhibits a chemical
300°C. For thermal treatments realized at higher tempera- shift of 0.3 eV from 60.7 to 61 eV relevant to the elemental
tures (600-90TC), a severe decrease of the current perfor- Ir and IrSi; emission lines, respectively. This result is also
mance is observed in conjunction with the increase of size consolidated by the concomitant chemical shift of the Si2p
of silicide grains and in direct relation with the degradation emission line. Using a basis of two Si2p spectra centered
of the Ir-Si interface in terms of smoothness and homogene-around 99.2 eV for Si2p(Si) and 99.65eV for Si2p(WSi

ity. the original Si2p profile can also be deconvolved into two

(b)

Fig. 4. (a, b) TEM cross-sections of the Ir/Si/SiSi structure annealed at 900 for 120s.
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Fig. 5. Electrical characterisation of IrSi-based silicide contacts obtained at different temperatures (not annealed and RTA annealing at 300, 500, 600,
700, 800 and 900C). The best current drive is obtained at an annealing temperature 6C30the current performance is directly connected to the
smoothness and homogeneity of the IrSi/Si interface confirmed by TEM analysis.

100 4 : ' a partial reaction between Ir and Si, resulting in the for-
o f 8i2p(Si) —u T mation of a very thin IrSi layer. At the temperature of
f rargn "\ 600°C the entire Ir layer is consumed in silicidation reaction.
80 i Annealing at 900C causes the formation of IrSislands
< 70 7 in Si.
5 \ f It is demonstrated that the best electrical performance is
g 60 \ Id obtained at an annealing temperature of 30(or which
g 50 r f TEM analysis reveals a continuous and regular layer of IrSi
8 404— g : h". clearly identified by XPS experiments.
o i2p(IrSiy) X ?...
< i
é 30 X" .'h
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