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ABSTRACT

Hafnium oxide (HfO,) films were grown by atomic layer deposition on chemically cleaned p-type Ge and S
substrates with different thicknesses. For the electrical measurements, we fabricated the metal-oxi de-semiconductor
(MOS) devices with Platinum (Pt) electrode. The capacitance-voltage and current-voltage characteristics were
measured on the sandwich structure of Pt/HfO,/substrate. From the C-V measurement and we confirmed that the
accumulation capacitance is reduced more significantly in the S device than Ge device, might be thickness of
interfacial layer (IL) at the HfO./semiconductor. The Ge device exhibited thin interfacial layersthan S device and it
isthermally unstable. The measured dielectric constant value is relative high for Ge-devices when compare with S-
devices. Besides, Ge device exhibited similar leakage current as S devices. Therefore, Ge might be a reliable
substrate material for high frequency MOS devices.
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INTRODUCTION

The most electronic systems are built on the imtiegk circuits (IC), which is an ensemble of botkivac(e.g.,
transistor) and passive (e.g., resistors, capacit@nd inductor) devices formed on and within glshtrystal
semiconductor substrate and interconnected by allmation pattern [1]. The minimum device dimensp also
called the minimum feature length. According to theernational Technology Roadmap for Semicondydtos
minimum feature length will shrink from 130nm (OuLB) in the year of 2002 to 35 nm (0.03um) arounti42f2].
The smaller device size enables higher device temsi an integrated circuit, resulting improvemedgvice
performance and drastic reduction in processing [8]s As the gate length shrinks below 130nm, théde
equivalent thickness of the gate dielectric mustdtzhiced around 2nm to maintain permanence. Howévenly
SiO, (with dielectric constant of 3.9) is used, the kg through the gate becomes very high and wotkerdevice
performance because of direct tunnelling [4]. Tbaling of equivalent oxide thickness (EOT) représdéhe most
important issue in the development of complementaeyal-oxide-semiconductor devices. Compared t0,,SiO
transition metal-oxides with high dielectric comdtghigh-k) have the enormous advantage of EOTirsgatlith a
lower leakage currents [5-6]. For this reason warimono high-k materials, such as hafnium oxideOghf(~25),
tantalum oxide (T#s), (25), zirconium oxide (Zrg), (24), titanium oxide (Tig), (60-100) and silicon nitride
(SisNg), (~7) [7-10].

Among the various high-k materials, hafnium oxitd,) is a promising candidate for the next generatibgate
dielectric due to its high dielectric constant (2ide band gap, good thermal stability, and reddy high free
energy of reaction with Si substrate [11-12]. Rélgeiise based electronic devices regained condidietention.
Ge can provide solutions for major problems thateShnology facing for advanced CMOS devices; ighisainly
due to higher mobility-of both electrons and holesGe substrate [13]. The benefits of employinghkiggate
dielectrics on Ge include a thin interfacial layit) between the high-k material and the Ge, aredghssibility of
hiding the imperfect properties of native oxideciapacitance scaling [14-15]. This implies that ¢hare many
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chances for us tchallenge the integration of a Ge channel and-k gate dielectric with a negligibleffect on low-
permittivity IL. Previously, Chui et al [16] demsinated the device performance of functional Geai-oxide-
semiconductor fielaffect transistors (MOSFE) with highk gate dielectrics. They also showed the posshift
enhancing the high frequency performance of didibglic devices by taking advantage of the higheries
mobilises in Ge. Chen et al [17] obtained reasgnéblv EOT values for Hft,/Ge stacks with good electric.
properties. Kita et al [18] obtained a direct ifaee without an interfacial layer at the interfacdetween the hic-
k gate dielectric and Ge substrate. This is guiferént from the interface of a Si/hi-k gate stackThe band gap is
an important parameter of a semiconductor matdsetause it affects the supply voltage and theabi#y of a
device. The germanium band gap (Eg 4 0.66 eVyisficantly smaller than the silicon band gap (Eg A& BXR,
but still large enough to avoid instabilities through thermiomimissions and ba-to-band tunneling [19].
Moreover, the lower band gap makes it possibleperate devices at lower voltages [20]. This redubespowel
consumption, making it interesting especiabr the growing market of mobile devices. Anothevatdage is the
germanium requires lower temperatures for dopatitamn which might allow for an easier integratiovith a
high-k dielectric material like Hf{20]. In this study, electrical and sttural properties of Ge and Si meoxide-
semiconductor (MOS) devices with Pt electrode of, were investigated. Pt has a relatively high vacuwonk
function @mvad Of 5.56eV [21].

EXPERMENTAL DETAIL

The p-type Ge (100) andtgpe Si (100) wafers with doping concentratior5x10" cnm® were used in this study.
After removing the native oxiddfO, film thickness of 6.0, 8.0, and 10.0nm were growmntlee wafers using tt
atomic layer deposition procesgth HfCl, and HO sources at a wafer temperature of 300°C. The iqudy
thicknesses of the Hf(ilms were determined using Ellipsometry measuresigror a gate electrode, 50nm th
Pt films were sputtetteposited at room temperature. After gate paing with dimensions of 300 um x300 |
using lift-off lithography. Capacitan-Voltage (C-V) and conductance-voltage \{characteristics were measut
at 1IMHz by HP4284A Precision LCR meter. TI-V characterizations were performed using HP 415@rpate
analyzer. All values of EOT and flatland voltag¥) were determined by fitting the measure-V curves with
guantum mechanical simulation cun

RESULT AND DISCUSSION

Fig. 1 shows the (* characteristics of tt Ge and Si MOS device with differefrequencie with 10.0 nm thick
HfO, asdeposited gate dielectric films. TheV measurements at 1 and 10 KHZ demonstrate nefgiffiequency
dispersion, implying an insignificant effect of i&rresistance on-V characteristics. It is clear from theg 1. (a)]
the frequency dispersion in the accumulation regsoodue to the substrate series resistance Rshwhimainly
effect to the high frequency €-curves, kinks seen in the inversion regions ghtitequency implying the existen
of fast surfae states near the valance bau,. the difference between the 10 and 100 KF-V curves in the same
region indicates the presence of slow interfaceestas well [22]. In besides it is clear from figh) shows there i
negligible frequency dispersion Appling different frequencie From the C¥ measurement and we confirmed t
the accumulation capacitance is reduced more gignily in the Si device than Ge dev this could be attributed
to the relatively large increase in the thickneisthe inerfacial oxide between Hfand the Si substrat
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Fig. 1 Capacitance -voltage characteristics of (a) G- (b) Si-MOS devices at different frequencie
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Fig. 2 Shows the G~ characteristics of the Ge and Si MOS deviapplied at 1LMHZ frequenci with 6.0, 8.0 and
10.0 nm thick HfQ asdeposited gate dielectric films. In the [fig 2( C-V curves are not clear at accumulati
depletion and inversion regions, it could resultiadHfO, interfacial quality, such as;Delated Ge dangling bond
at the substrate/gate dielectric ifiéee. in besides it is clear [from fig 2(b)-V curves are clear at accumulatit
depletion and inversions regions, from th-V measurements we confirmed that the accumulatigacitance i
reduced more significantly in the Si device thand@eice. Tks could be attributed to the relatively large i in
the thickness of interfacial oxide between |, and Si substrate.

Fig.3 diows EOT values vs physical thickness of (Tox) , layer of Ge and Si MOS devices. We extracted
dielectric constant (kvalues for both Ge [fi3(a)] and Si [fig 8b)] devices from the slope of the EOT vsTox pl
The obtained dielectric constant of Ge and Si devif are 19.5 and 8.2 respectively. There isdiweadifference
in the k values of Ge device showed \ high k value relatively when comparing with Si dms. The possibl
explanation for this significant difference k valmight be due to the very thin interfacial layeat{we oxide layer
in between Hf@and substrate stacks, it is also conformed fthe below Fig.3 That the interfacial layer thickne
(EOT,) in Ge device is 0.67nm, whereas the same in 8cdés 1.7nm. Hence the effect of |-k interfacial on the
dielectric properties of devices is minimized in @evices; it is also confirmed byany reports [23]. That the
interfacial layer thickness is almost negligiblehagr-k/Ge stacks, it is an significant property of the GOS
device to avoid unnecessary influence of-k interfacial layer on the electrical propertiedM®S devices

Fig. 4 shows the CurreMeltage (-V) characteristics of the Ge and8DS device at 1MHZ frequenci and 6.0,
8.0 and 10.0 nm thick HfOasdeposited gate dielectric films. It is clear frofig [4(a)] the dispersion suggests tl
more bulk oxide traps are present in the filmshwiite reduction in frequency kinks start appeaiinthpe inversior
regions indicate the presence of slow interfaceestaear the valance band [22]. The leakage cuin Ge devices
[fig. 4(a)] are relatively large when compare with Si dewi [fig. 4(b)]. The reason for this observation could
Ge-devices showing large leakage current densitiegit be due to the poly crystalline in the I, films.
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Fig.3 EOT vs oxide physical thickness (ox) of (a) Ge- (b) SiMOS devices at 1 MH:
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Fig.4 Current - voltage characteristics of (a) Ge- (b) Si- MOS deces

CONCLUSION

We fabricate the Ge and Si MOS devices using iekstof Pt/Hf(, gate stacks and determined their electrical
structural properties. The Si device showed mora decreased accumulation capacitance due to ghdicant
increase in lowk interfacial oxide thickness compared to Ge devigtethe high frequenciese Ge MOS device
showed the high dielectric constant than Si MOSiagevit could be due to the low interface qualitydahigh
interface traps in the Si MOS device. Finé Ge has been provided solutions for major road HHoitlat S
technology is facingdr advanced CMOS devices due to its higher mohilityoth hole and electrc
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