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50-nm Gate Schottky Source/Drain p-MOSFETSs
With a SiGe Channel

Keiji Ikeda, Member, IEEE Yoshimi Yamashita, Akira Endoh, Tetsu Fukano, Kohki Hikosaka, and
Takashi MimuraFellow, IEEE

Abstract—We propose new SiGe channel p-MOSFETs with
germano-silicide Schottky source/drains (S/Ds). The Schottky
barrier-height (SBH) for SiGe is expected to be low enough to
improve the injection of carriers into the SiGe channel and, as a
result, current drivability is also expected to improve.

In this letter, we demonstrate the proposed Schottky S/D
p-MOSFETs down to a 50-nm gate-length. The drain current
and transconductance are—339 pA/pum and 285 uS/pm at
Vas = Vps = —1.5V, respectively. By increasing the Ge
content in the SiGe channel from 30% to 35%, the drive current
and transconductance can be improved up to 23% and 18%,
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respectively. This is partly due to the lower barrier-height for
strained Si.¢5Gey.35 channel than those for strained §.7Gep .3
channel device and partly due to the lower effective mass of the
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Index Terms—Germano-silicide, heterostructure, MOSFET,
Schottky source/drain, SiGe, silicide, silicon—germanium-on-insu-
lator (SGOI).

. INTRODUCTION

CHOTTKY SOURCE/DRAIN MOSFETs (SSD-MOS-
FETS) are an attractive choice for scaling down into the

sub-100-nm gate regime, because it can be with implantless %Q;d 1. (a) Schematic view of the proposed SiGe channel SSD-MOSFET.
low-temperature process. Furthermore, the SSD-MOSFETS @)eTEM micrograph of a fabricated 50-nm device. The S/D junction-depth
one of the most promising ballistic-MOSFETs because high-egip-about 25 nm and the epitaxial SiGe and Si layers in the S/D region were
ergy carrier injection into the channel from the metal-sour@MPletely silicided.
is possible [1]-[10]. However, this type of MOSFET cannot
achieve the high-drive current because the current is limited ByGe-channel p-MOSFETs require carefully considered
relatively high-potential barrier (Schottky barrier) at the sourcehannel design and doping profiles to prevent the parallel
To improve the current drivability of SSD-MOSFETS, we proconductions at the SiJSi parasitic channel.
pose a new SiGe-channel p-MOSFET that consists of a silicideOn the other hand, in the SiGe channel SSD-MOSFETSs,
and a germano-silicide Schottky junction S/D. The Schottkfpe hole-injection into the Si channel might be effectively
barrier-height (SBH) at the PtGeSi/SiGe channel interface cauppressed by a higher Schottky barrier at the PtSi/Si interface
be controlled by the Ge content in the SiGe channel becadban that at the PtGeSi/SiGe interface and most of the holes
SBH is lowered and almost completely determined by tHeeing injected into the SiGe channel. Then, parallel conductions
SiGe band gap [11]. Thus, the current drivability improvemest the SiQ/Si parasitic channel would be strongly suppressed
could be expected by this barrier lowering at the PtGeSi/Siby selective carrier injection, which had been confirmed by
interface. two-dimensional (2-D) drift-diffusion device simulations [15].

Strained SiGe channel p-MOSFETs have also receivedlus, the current drivability could be also improved expected
great deal of attention, due to their high-drive current, whidpy the lower effective mass of the holes in the SiGe channel.
is increased by the strain- or band-structure-induced mobilityIn this letter, we demonstrate first ever SiGe channel SSD-
improvements [12]-[14] to minimize the asymmetric operatioMOSFETs with gate lengths down to 50 nm, accomplishing
of MOSFETs in CMOS applications. However, conventiondligh current drivability.
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9 Fig. 1(a) is a schematic view of the structure of the proposed
Jevice. A strained 10-nm thick SiGe channel (p-tyge3 x
10'2 cm~2) and a relaxed 10-nm thick Si cap (p-type:3 x
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10'2 cm=3) were grown by UHV-CVD on an n-type( 1.6 x 350 ‘ Lw=0.0771 (um)
1016 cm~3) and 5Qcm substrate. Wafers with two different Ge - ) .
contents£ = 0.30and0.35) in the SiGe channel were prepared _ app| Vos T O1VIo-T8Vin-02V step
for comparison purposes. g —«SivssGen.ss

After conventional LOCOS-isolation processes, a 2-nm § -250¢ o Sio 7oGeo;) A
thick nitrided gate oxide was grown by rapid thermal oxidation = -200 ' '
and nitridation of the Si-capping layer. Then, a 150-nm thick, 5
in-situi-doped n-type polysilicon gate was grown by LPCVD. 3 -150
We used electron-beam lithography to form the gate pattern. £

; . S -100

After forming the gate, a 10-nm sidewall-spacer was formed. a
Prior to S/D-metal evaporation, cleaning was done with a -50
diluted-HF solution. 10-nm Pt evaporated by electron-beam

evaporator and then silicided at 40C in an N, ambient. 00
Nonreacted Pt was removed in a diluted aqua-regia solution.
Fig. 1(b) is a TEM micrograph of the 50-nm gate device
that we fabricated. The source and drain junction-depth weTg: 2. Drain current curves of 70-nm gate-length devices with different Ge
L. . . . ntent. The solid and broken curves are fo§ 3iGe) 35 and Sy ,Ge) 3
abO_Ut 25 nm and the Ep_'t_a)_('al SiGe and Si layers in the S annels, respectively. A 23% improvement in the current drive can be observed
region were completely silicided. The process temperature was,s = Vos = —1.5 V in the Sp.esGe 35 channel SSD-MOSFET

suppressed under 80C and strain of epitaxial SiGe channeFompared with the $i:Ge, ; channel device. An 18% improvement in
was maintained saturation transconductance can also be obsenkEdat Vgs = —1.5 V.

lIl. RESULTS AND DISCUSSION _LW=0.05/0.3 um)

-350 —————
Fig. 2 compares the drain current curves of 70-nm gate-length 300 Ves =0.6V10-1.5Vin-0.3V step |

devices with different Ge content (= 0.30 and0.35). A 23%

improvement in the current drive can be observed/gt =

Vas = —1.5 V in the Sp65Ge& 35 channel SSD-MOSFET,

250 —=— Sio.70Geo.30

Drain current |4 (nA/um)

compared to the device with the,SiGey ;5 channel. An 18% -200 - i
improvement in the saturation transconductance can also be ob- 1501
served al’lpg = Vgg = —1.5 V.
This is partly due to the lower barrier-height for the strained -100
Sip65G& 35 channel than that for the strained,$Ge 3
channel device and partly due to the lower effective mass of -50r J
holes in the Sjs;Gey 35 with a greater biaxial compressive 0
strain. The biaxial compressive strain in the SiGe channel 0 0.5 - -1.5

lifts the degeneracy of the light-hole (LH) and heavy-hole Drain voltage Vps (V)

(HH) bands at thé" points, Ieading to an even lower ir]'planq:ig. 3. Drain current curves for a 50-nm gate-length device with a Sk, 3

effective mass for the topmost HH band [14]. channel. The high-drive current:(—339uA/zm) and high transconductance
Fig. 3 shows the drain current curves of a 50-nm gate-lendth 28515/ um) were achieved atps = Vas = —1.5 V.

device with a Sj7Ge s channel. High-drive current

(~ —339uA/pm) and high transconductance @85 ;S/um)

were achieved atps = Vgg = —1.5 V. The drive current 10° T IUW\=0‘05\/0‘3V(”"7)5

is about 60% compared with scaled pn-junction p-MOSFETs 10* i ]

[16]. To improve the drive current, the Si cap layer must be _ 5 Vos =-1V 3

thinned to increase the gate capacitance. g 10.5 § ]
The sublinear behavior at drain voltages of less theh2 V % 10 F

that has recently been reported for SSD-MOSFETSs [8] caused = 107 |

by the forward-biased Schottky barrier at the drain end of the 0%t

channel were vanished and almost linear behavior was achieved. S g

This behavior was probably caused by the relatively low barrier- ; 10_10?

height at the drain end “forward-biased” PtSiGe/SiGe Schottky g 10 E

junction. 10"k ]
Fig. 4 has the subthreshold curves for SiGe channel SSD- 10-12E L T

MOSFETSs. The linear threshold voltage was 0.28 V for 50-nm 2 1 0 -1 2

gate device and threshold voltage shift/th was about 0.3 V. Gate voltage Vs (V)

The large off-state leakage observed’gt = —1 Visdueto o .
Fig. 4. Subthreshold curves of a 50-nm gate-length device witlh aG, 3

thermionic a”?' tunn(_almg gm|SS|ons over the 16"\(_(0'2 V) channel. Off-state leakage under bias conditions is caused by the thermionic and
source potential barrier which occurs along the entire edge of theneling emissions that occurred along the entire edge of the source.
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source. This phenomenon has recently been reported for SSO5] W. Saitoh, A. Itoh, S. Yamagami, and M. Asada, “Analysis of

MOSFETSs with bulk-Si substrates [10]. However, these leakage
currents, especially the thermionic emission along the entire
edge of the source, can potentially be suppressed by using ul-

short-channel  Schottky source/drain  metal-oxide-semiconductor
field-effect transistor on silicon-on-insulator substrate and demonstra-
tion of sub-50-nm n-type devices with metal gatégh. J. Appl. Phys.

vol. 38, pp. 6226-6231, 1999.

trathin silicon—germanium-on-insulator (SGOI) substrates [17][6] W Saitoh, S. Yamagami, A. ltoh, and M. Asada, “35-nm metal gate
and complete silicidation down to the buried oxide layer in the
S/D region.

IV. CONCLUSIONS

p-type metal-oxide-semiconductor field-effect transistor with PtSi
Schottky source/drain on separation by implanted oxygen substrate,”
Jpn. J. Appl. Physvol. 38, pp. L629-1L631, 1999.

[7] A. ltoh, M. Saitoh, and M. Asada, “A 25-nm long channel metal-gate

p-type Schottky source/drain metal-oxide-semiconductor field effect
transistor on separation-by-implanted-oxygen substrag J. Appl.
Phys, vol. 39, pp. 4757-4758, 2000.

We demonstrated first ever SiGe channel SSD-MOSFETS[8] C. Wang, J. P. Snyder, and J. R. Tucker, “Sub-40 nm PtSi Schottky
with gate-lengths down to 50 nm. The drain current and
transconductance were339 A /pum and 285:S/um, respec-
tively, at Vps = Vgs = —1.5 V for a 50-nm long channel
device. The large leakage current could be reduced and t

subthreshold characteristics improved by using a thin-body

SGOI structure and complete silicidation of the S/D region.
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