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Reduced 1/f noise in p-Sip3Gey; metamorphic metal—oxide—semiconductor
field-effect transistor

M. Myronov,a) O. A. Mironov, S. Durov, T. E. Whall, and E. H. C. Parker
Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom

T. Hackbarth, G. Hock, H.-J. Herzog, and U. Konig
DaimlerChrysler Research Center, Wilhelm-Runge Str. 11, D-89081 Ulm, Germany

(Received 15 August 2003; accepted 24 November 2003

We have demonstrated reduced [bw-frequency noise in sujpm metamorphic high Ge content

p- Siy.sG&y 7 metal—oxide—semiconductor field-effect transistdMOSFETS at 293 K. Three times
lower normalized power spectral densitfMPSD SlD/IE) of drain current fluctuations over the
1-100 Hz range a&¥ps=—50 mV andVg—V,= — 1.5V was measured for a 0.54n effective

gate lengttp- Siy ;G&, ; MOSFET compared with p-Si MOSFET. Performed quantitative analysis
clearly demonstrates the importance of carrier number fluctuations and correlated mobility
fluctuations(CMFs) components of X/noise forp-Si surface channel MOSFETSs, and the absence
of CMFs for p-Si;Gey; buried channel MOSFETs. This explains the reduced NPSD for
p-Sip :Gey ; MOSFETS in strong inversion. @004 American Institute of Physics.

[DOI: 10.1063/1.1643532

Low-frequency(LF) noise is becoming a major concern fapricated by BE implantation at an energy 40 keV, dose of
for continuously scaled down Si  metal—oxide— 4% 10'® cm 2, and activated at 650 °C for 30 s. Finally, Al
semiconductor field-effect transistdMOSFET) devices, gate and Ti/Pt/Au contacts metallization were evaporated.
since the 1’ noise increases as the reciprocal of the devicerpe p-Sj MOSFET devices were fabricated on SS-MBE
area. Excessive LF noise and fluctuations could lead to Serb‘rown 100 nm Si epilayers om-type (1x10'7 cm™3)
ous limitations on the functionality of analog and digital cir- Si(001) wafers using a self-aligned gate process with 9 nm of

Cl_Jits. Replacing bulk Si MOSI_:ET§ with a buried cr_\anneldry thermally grown SiQ at 800 °C for 120 min and had a
SiGe hetero-MOSFET could significantly reducd hbise 300 nmp-type (5% 10*° cm™3) polycrystalline silicon gate.
and increase drive current. We have demonstrated a reduced The LF noise was measured using an HP 35670A dy-

. . 2 .
normalized power spectral densitPSD) S, /Ip of drain ) e gignal analyzer and custom-made preamplifier con-

current fluctuations in a metamorphic high Ge contenigining OPA637(Texas Instrumenjsand LT1028 (Linear

P-Sip.sG&.7 MOSFET c_ompared toa bqu-_S| one. Previ- ‘Technology operational amplifiers in the first stage. All

ous[y, reduced LF, noise was replorte(.jll_r; pseuqomorph'%easurements were done on MOSFETs with an effective

p-SiGe MOSFE.TS n Comparéson wiipr 1. Opposite re- gate length of 0.5%m and gate width 5¢:m in an electri-

sults were published as wef cally shielded room at 293 K.

The multilayer SiGe heterostructure was grown by solid- The LF noise measurements were performed/ge=

io%%e cpnqgl“?Cgil(z(i)r(-)?)esvrgfeerpIliazfnss-igﬂtgE)f 2”2 ;nm-t)r/eplzx(eld —50 mV, from subthreshold to the strong inversion region

' ' (Vg—Vqy from 0.5 to—3 V) of MOSFET operation. A typi-

Snljlr;]);/)%gt,i Olrl]neirzlyoir,adzd, \gggal ilrfStrg}:G\g)Ij? Sabflnz?gGe cal NPSDS, / 12 of drain current fluctuations versus fre-

x 107 cm~23) doped layer acting as a “punch-through stop- quency in the range of 1104z is presented in Fig. 1. The
per” to avoid short channel eﬁecta 5nm 356GQ)4 spacer SpeCtra are dominated by a ﬂleerf I:bmponent, at LF and
layer, a 9 nm compressive-straineg $e, ; channel, and a thermal noise in the high-frequency range. Over three times
4 nm tensile-strained Si cap layer. TheSi, :G&,; MOSFET  lower 1f noise forp-Si, ;G& 7 MOSFET is clearly visible
devices were fabricated using a reduced thermal budget précom Fig. 1. We have not observed a generation—
cess at 650 °C to minimize Ge outdiffusion from the strainedecombination(GR) noise component at any gate overdrive
Si 5G& 7 channel and to avoid Sb penetration into the chan- voltage. This is usually manifested as bumps in the spectra.
nel. The 200 nm of SiQwas deposited by plasma enhancedGR noise could appear in the spectra due to Sb diffusion into
chemical vapor depositio(PECVD) as a field oxide. In the the S} Ge,; channel from the Sh-doped “punch-through”
active transistor area, the field oxide was removed by westopper or the existence of deep levels in the heterostructure.
chemical etching. After a cleaning step, the gate oxide wa3hus, we can confirm the absence of these defects and con-
fabricated by depositina 7 nmremote PECVD(RPECVD  taminations after the full MOSFET fabrication process.

SiO; layer at 330 °C, followed by an anneal in® ambient The NPSDS,_/I{ in the 1f region is described in terms

at 650°C for 1 min. The source and drain contacts Wer carrier number fluctuationsCNFS, correlated mobility
fluctuations(CMFs), and source—drain series resistance fluc-
dE|ectronic mail: m.myronov@warwick.ac.uk tuations(SDRF3:®
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FIG. 1. NPSD of drain current fluctuations as a function of frequency forg|g, 2. NPSD of drain current fluctuations as a function of overdrive gate
p-Sip 4G&.7 and p-Si MOSFETs. voltage forp-Si, G, 7 and p-Si MOSFETs aff =1 Hz.

- o Im 2 Ip \2 SDRF can appear at high gate voltages, when the channel
SID/I p=(1+aueiClo/gm) E Svfb+ V_DS SRso' resistance reduces to the value of source—drain series access
(1)  resistance.

. . . . Figure 2 shows the NPSD of drain current fluctuations at
where o is the Coulomb scattering coefficientiey is the f=1Hz as a function of gate overdrive voltage. In the sub-

effective mobility, S\/fb:SQit/(Wch) is the flat-band volt- threshold region, the f/noise depends only on the number
age spectral density witlsg, being the interface charge of traps near the SiQ'Si interface for the surface channel
spectral density per unit are@.is the gate oxide capacitance p-Si MOSFET and near both the Si{Bi and Si/SjGe&) 7
Cox, in the case of the Si MOSFET 0€,C../(Cox interfaces for the buried channetSi, :Gey; MOSFET, and
+ Cqp in the case of the MOSFET with a SiGe buried chan-is described by CNF. In this region, the NPSD of {hSi
nel separated from Silby the Si cap layer with capacitance MOSFET is three times lower than in tipe Siy {Ge, ;7 (Fig.
Ccap- The maximum of effective mobility inp-Si and  2). This is explained by a better quality of thermally grown
p-SipsG&; MOSFETs are 110 chV !'s™' and 490 SiO, at 800°C in thep-Si MOSFET compared to the
cn?V s respectively. The flat-band voltage spectral den-RPECVD deposited SiQat 330 °C in thep-Siy {Gey 7 de-
sity is defined by*° vice. In the strong inversion region, ®g—Vy,=—1.5V,
2 TN 2 TAN the NPSD of thep-Siy ;Gey,; MOSFET is more than three
_ dKe!Nst _d'Ks t (2)  times lower than irp Si. At high gate overdrive voltages, the
o WLCG Y WLC, 7 NPSD of thep-Si, §G& ; MOSFET slightly increases. This
indicates the stronger contribution of SDRF because of
source—drain series access resistance becomes comparable to
the channel region resistance at high gate overdrive voltages.
Figure 3 shows how measured and calculated power
spectral densityPSD vary with device conductance for the
p-Si MOSFET. This curve fit very well with CNF, CMF, and
SDRF using Eq(1). The Coulomb scattering coefficient
=8x% 10" Vs/C extracted from the fitting of experimental
data for ap-Si MOSFET is close to the predicted value of
10° V s/C for holes
RZ, R3p Figure 4 shows the variation of PSD with device con-
SRep ™ AH_SDFN .~ f (3)  ductance for the-Siy G&, 7 MOSFET. It is completely ex-
sD plained with CNF and SDRF, which reduces Et). for the
where ay; sp is the Hooge parameter for fLhoise in the  NPSD to

series resistancélgp is the total number of free carriers, and (

where f is the frequency,y is the characteristic exponent
close to unitykgT is the thermal energW, is a density of
traps near the Si/SiQand/or Si/Sj sGg, 7 interface,\ is the
tunnel attenuation distance to the Si cap and/or,SEhdN;

is the volumetric trap density in the Si cap and/or Si@he
values of extracted fitting parametéMg; in p-Si and
p-Sip G&7; MOSFETs are %X10°eV cm 2 and 4
x10° eV tcm 2, respectively. The spectral density of
SDRF is defined by°

Rsp is the source—drain series access resistance. The ex- g /|%:
tracted values OSRSD for p-Si and p-Siy :G&, ; MOSFETs P

are 7.0<10 % ohnm?Hz ! and 1.2 10 7 ohn?Hz !, re-  This behavior is caused by the difference in the distance
spectively. from traps near the Si/SiQnterface to carriers in the surface
CMF can be important from the onset of strong inver- Si channel, and the §iGe, ; buried channel separated by a 4

sion mode ¥s=Vy) of MOSFET operation. Typically, nm Si cap layer from the SO This was confirmed by the
Downloaded 06 Jul 2009 to 137.205.202.8. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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FIG. 3. PSD dependence on device conductancepfi MOSFET atf
=1 Hz. Open diamonds correspond to measured PSD.
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FIG. 5. Valence-band energy diagrams and holes concentration profiles for
p-Si andp-Siy ;G&, 7 MOSFETs at applied/g—Vy=—-15V.

self-consistent solution of Schrodinger—Poisson equation@ared to a bulkp-Si MOSFET designed for deep sulm
for both devicesFig. 5). In the strong inversion region of teéchnology was reported. This advantage was realized in de-

MOSFET operation, these traps act as powerful fluctuatin

scattering centers for holes in the channel.

Eyices with L¢4=0.55um, which is pertinent to current Si

echnology. In the linear region of MOSFET operation, the

In conclusion, a significant reduction in LF noise in a reduction in 1f noise of NPSD is greater than a factor of 3.

high Ge content metamorphig-Siy ;G&,; MOSFET com-
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FIG. 4. PSD dependence on device conductance{8i, :Ge, ; MOSFET
at f=1 Hz. Open diamonds correspond to measured PSD.

PSD in thep-Si MOSFET was well described with the help
of CNF, CMF, and SDRF components off Tioise. Analysis

of the p-SipGe; MOSFET PSD showed the absence of
CMF component due to the existence of the Si cap layer in
the p-Sip sG&, ; MOSFET, which further separates the holes
in the buried §jGe&) 7 channel from traps near the Si/SiO
interface.
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