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In this article we investigate the subthreshold behavior of PtSi source/drain Schottky barrier metal—
oxide—semiconductor field-effect transistors. We demonstrate very large on/off ratios on bulk silicon
devices and show that slight process variations can result in anomalous leakage paths that degrade
the subthreshold swing and complicate investigations of device scaling2002 American

Institute of Physics.[DOI: 10.1063/1.1425074

Silicon Schottky barrier metal—oxide—semiconductorthe RTO time resulted in a large difference in the subthresh-
field-effect transistor6SSBMOSFET$ have been proposed as old leakage current. After sidewall spacer growth, 300 A of
an alternative to traditional MOSFETSs for sub-100 nm inte-Pt was sputtered on and PtSi was formed by a 30 min fur-
gration because of their superior scaling properties and easgce anneal in Nat 300 °C. A subsequent selective etch in
of fabrication!~* While earlier devices have exhibited low aqua regia removed any remaining Pt. Except for the differ-
drive currents;® recent experimental research has shown thaence in RTO processing, the devices were fabricated simul-
the off state leakage current in PtSi/Si SBMOSFETs can béaneously on different 8 in. wafers. Device operation is de-
substantial~** Other researchers have successfully usegicted in Fig. 1b).

SiGe as the source/drditf or silicon-on-insulato(SOl),** Figure 2 illustrates the transfer characteristics for tran-
however this entails either unconventional or more expensivsistors with width/lengtlk20,m/1.7 um and the different
processing. A previous investigation concentrated on PtSi deRTO times. The two devices behave quite similarly at room
vice operation at low temperaturdsind the present work temperature fofVy|>|V,|, however for smaller gate voltage
focuses on subthreshold behavior at room temperature. Imalues the device with the shorter RTO time exhibits sub-
particular, we present PtSi SBMOSFETs on bulk Si wafersstantial leakage current. The low leakage device behaves in
with on/off ratios that are improved by four orders of mag- the ideal manner depicted in Fig(bl. The current is negli-
nitude. Although these devices are susceptible to anomalowgble at all electrodeéincluding the gateuntil the barrier at
leakage currents that can substantially deteriorate the sulthe drain is sufficiently lowered so that transport over the
threshold characteristics, we demonstrate that they can hiecreased effective hole barrier is possible. In Fig) all
eliminated by slight process variations. This low leakage ighe currents of the low leakage device are shown and it is
also valuable for silicidation of conventional MOSFETSs, in clear that the dominant current path is between the source
which ultrashallow silicided junctions can lead to large leak-and drain.

age current$? In the high leakage devidé-ig. 3(b)], the source, drain,

The source/drainfS/D) of a SBMOSFET consists only and substrate currents are large and constant with the gate
of metal silicide contactfFig. 1(a)] which penetrate under- voltage until Vy~—0.8V, when they begin to increase.
neath the gate. The devices were fabricatea-type silicon Large leakage current flows from the drain to the substrate,
wafers (N=5x10%cm %) at National Semiconductor despite the fact that the substrate is further from the drain
(Santa Clara, CAand were isolated using a simple field than the source, depicted in Fig. 4. The leakage current thus
oxide growth and etch techniqéie’ The gate oxide in this originatesoutsidethe active device area. More evidence for
work was 34 A and the sidewall spacer, formed by rapidthis result is shown in Fig. 5, where the source current versus
thermal oxidation(RTO), had a nominal thickness of either gate voltage is plotted for two different device sizes. While
100(6 s RTO or 135 A(15 s RTQ. The small difference in there is some deterioration in the subthreshold swing of the

low leakage devices, the leakage current in the high leakage
dpresent address: Department of Chemistry and Chemical Biology, HarvargevIces is nearly identical. The leakage current thus does not
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FIG. 1. (a) Schematic of the SBMOSFE(nhot drawn to scale (b) Band FIG. 3. Room temperatutiéy|, | 5, | sy, Vs Vg for the(a) low leakage andb)
diagram of device operation using a simple one-dimensional m@det high leakage devices.
Vy=0, the effective barrier isb,q4= ¢, +V, where ¢;,=0.22eV is the
intrinsic p barrier height and/; is the contact potential. In a low leakage
device at sufficiently smalV/4 carriers cannot surmount the barriei)
With appliedV, the hole barrier is lowered and holes are ejected via ther-
mionic emission into the channel. A/y|~0.93 V, ® ¢~ ¢,=0.22 eV, as

shown in (ii) the hole barrier can be lowered no furthéii) When |V,
>0.93 holes can both surmount and tunnel through the source batrrier.

) ) . ) FIG. 4. Schematic of suspected current leakage paths in the thinner sidewall
graphs XTEM images of the channel in which different RTO oxide device. The substrate contact consists of a PtSi Schottky barrier sur-

times have similar source/drain contact profiles under theounded by field oxide, that allows the substrate to remain at the same
gate’ To further investigate the source of this leakage, arPotential as the source.
ohmic contact was formed to the bottom of the substrate so
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' ' ' ' ! FIG. 5. Subthreshold curves of different size devicegat —0.05 V. The
0.0 0.5 -1.0 -1.5 2.0

Gate Voltage (V) low leakage device characteristics scale with the Wi_dth, but the anomalous

leakage plateaus do not. While the low leakage devices reveal some degra-
FIG. 2. Room temperature transfer characteristics of tHé®4 oxide and dation in the subthreshold slope due to a decrease in device size, the effect
the 15s(100 A oxide RTO devices (width/length 20 um/1.7 wm). is masked in the high leakage devices.
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190744 L I L L scaled from~2 to ~50 nm. Here we are clearly able to
] L discern the increase in subsurface punchthrough as the chan-

1074 nel length is decreased. The degradation is a result of merg-
i 1 P : - ing depletion widths in the bulk silicon. In particular, the
2 L Channel length = - depletion width due to the PtSi/Si substratdN=5
E — 1.67 pm - X 10°cmd) interface is~0.4 um whereas the depletion
< 10 - =07 pm - width at the PtSi/Si surfacefat Vy=0V and ng=1
R - -==03 pm I X 10"%cm™2?) is 10 nm.
= 10 4.7 7/ e 0.05 pm B Record on/off ratios were demonstrated for PtSi SB-
@] ] i MOSFETSs on bulk silicon. The large off currents typically

| seen in these devices may be due to sharp edges that arise in
T T T T T the contacts and must be eliminated before considering de-

0.0 -0.5 -1.0 -1.5 20 vice scaling. Previous research on very small channel length

Gate Voltage (V) SBMOSFETs has suggested the use of punchthrough stop-

FIG. 6. Transfer characteristics for different size low leakage devices aPers in order to suppress the short channel effects discussed
Vg=—0.05V. both here and elsewhetéowever, one must be careful that
the method does not exacerbate the high fields found at the
sharp edges of the contacts and thus worsen the off-state
deakage currents.
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