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_ fAbstract 3. Noise measurement setup

5. Fabrication of devices for LFN measurements

7. LFN measurement results

Figure 1. Setup for the Cross- Low-noise precision The new method was applied to probe deep levels in Si nanowires —
Role of defects, whether present in bulk or at the interface, becomes - oy (SINWs) grown by the vapor-liquid-solid (VLS) mechanism using Au NFET(Ni)
. o , , , , spectrum noise spectroscopy --- PRS00 , _ NFET(Au)
increasingly important in nanoscale devices. Electrically-active defects N and Ni catalyst. Metal catalysts employed in the VLS growth are known , — OFET(Ni)
in semiconductors often act as unintended generation-recombination | > to be the sources of unintentional deep level impurities. D10 [ N —— pFET(Au)| |
centers, affecting the electrical and optical properties. Conventional . . Figure 2. Bird’s-eye view SEM images of (a) Au- and (b) Ni-catalyzed Si P
methods to study deep levels, such as deep level transient - [ve | aditusetil nanowires. Insets show t|s of the nanowires. @10 |
Spectroscopy and photo-induced current transient Spectroscopy often L__?________E HP® 35670 A | | | =
becomes impractical for nanoscale devices. : \Dram _ : 0O Qv,0) g 9
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In this poster we show the implementation of a powerful technique N > Channel? ~ 'Noise measurement of four
based on cross spectrum to study low-frequency noise(LFN) in § = ) s (i 1AL 1 18 ‘ e e Ty
nanoscale devices. The accurate measurements of the noise signal in S O e = ; |- e B S ] 1 10Frequency(hz)100 1000
low-current nanoscale devices such as field effect transistors (FETS) —=  Cyogenic Vacuum Probe Station ; ___VS i Au catalyzed S|NWs were grown at 900 °C for 10 min. Average 10— SRR BT R —
are extremely challenging because the device noise, which is L e diameter of these NWs is about 130 nm. Ni-catalyzed SiNWs were 05k Sraph @) e e ,
proportional to the dc current, becomes comparable with the A grown at 1000 °C for 5 min. Diameters of these NWs varied between | —gggt 14 | —— 270k

100 nm and 600 nm

instrumental noise of the measurement setup. To overcome this issue,
we implemented a LFN measurement method based on dual-channel
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cross-spectrum analysis technique. As a test bed we studied LFN in T . = > PECYD deposited 1000nm SiO |
silicon nanowire (SiINW) field-effect transistors (FETs), correlated % Theoretical value(~4E-16) | P il 10°} 10}
technique enabled sensitive noise measurement resulting in three G . . —— 5-Metal contact area opened A |
orders of magnitude difference in power spectral density (PSD) as = 3-Randomly dispersed Silicon Nanowires  ysing photolithography 10 7;/];[_\ x0.1 8|
compared with conventional single-channel uncorrelated noise < 4.PECVD deposited 50 nm SiO, dielectric layer ok |
measurements. :§ . Thermal noise current = sq-rt(4*KB*T*Af/R) 6.Ti(70nm)/Al(70nm)/Ti(40nm)/Au(40nm) metal scheme deposited 10FrequenCy (hz)100 1000 10 Frequencwﬁz) 1000
- | | = R=100 Gohm resistor using E-beam deposition followed by 550°C anneal for 30 sec. Graph (a) shows the temperature dependent noise measurement
Results indicated presence of electrically aclt|ve deep-levela at 0.44 E’ Fiqure 3. FET Fabrication PET4 done on a single FET device. Evolution of Lorentzian behavior from
ev an? O|'42|SV tfl? r n-(;iope . N\.NS gtLOWQ US'?g ,?u and .2“ iata(;yst — process flow low to high temperature is clearly obvious. Graph (b) show the peaks,
Begge:\}\’:nya Oozrz :Vp;nol\‘l)\(?stgrrsvSv,n uesinge,zaea/r? dsl:,l\;ecr:taligtl Igthgr O [mastatents¥inlimtoosapuntanethadivarestandesnisniininitaiendatoastaitodel extracted from the data of graph (a). It clearly depicts how the peak
' . . ' 480 490 500 | | hifts in fr ncy with changing temperature.
parameters like capture-cross section and deep level defect Frequency (hz) Figure 4. SEM image of a STITS g TEQUenty With Ghanding femperatre.
concentration were also estimated. [T ' Cross-spectrum || fabricated SINW FET = nFEET-NI -
n 10 . - A nFET-Au
D —— Single channel .
2. Theory 0 ® PFET-NI
= 10° . _ ; . ; : v pFET-AuU
Low frequency noise or “spontaneous fluctuations” in current % 107 | 20 F 1 N-SiNW/(Ni) —6 -
through semiconductors exists due to the stochastic nature of O L 2 N-SINW(Au) =
: c — =S ' =
the conduction process. 'S 10° | Power spectral density(PSD) of a - _10} 2 P g!NW(N')
= o single device(FET) by two different techniques = } -
Measuring noise power spectral density (PSD) of the dc current O 107 R 1 = 0} | 3 | |
flowing through a semiconductor, one can estimate energy level, time- © 4 10 5 |
. . L <10 " F g O _ _ : _ :
constants, and density of the generation-recombination (G-R) centers S 10 | : 40 25 50 55
present in the sample. Typically for device exhibiting G-R noise, the Z10M L . . Room temperature |-V . 1/kgT (eV™)) |
PSD can be described by Lorentzian-behavior, i.e. S, =A/(1+(f/f,)?), —ts T Sol of four different FETs. _ In(T27) vs. 1/kT plot for four FET devices(equations 1 and 2).
where A is the low-frequency amplitude and f, is the characteristics ] Y - Table shows all the computed values from this plot.
f.requenCY- G-R process is praminent at moderate temperatures with __4 : ATDZDIieId Bi%s (V) 2_ : 4 _ Device Deep-level | Capture Capture Cross|Trap  concen-
time-constant 1 (1=1/2mf,) which can be related to the trap energy- In time-domain, the cross-correlation of two signals is defined as: 14 5 | ] (eV) Cross section | section value | tration (cm3)
level and capture cross-section by the relationships: value of | of hole (cm2)
Rv v, () = TLim [vi(®) v (t+ T)dt —=meeme- (3) _ RO (9177
|n('|'2-|-) = AE/kBT)-In[(4szonlgh3)(61T3me1’2mh3’2)“2] ______ (1) - a0l ] n-FET (Ni) 0.42 6.1x10%° 6.1x10%° 1.0x10712
In(T?1) = (AE/kgT)-In[(4kg%0 /gh®)(6Tr°m 32m, 1/2)12] * ov.. (2) In frequency-domain the equivalent cross-power spectrum of the two- | T Y N o Coi0
signals is expressed as: o
Where AE is the trap-energy, g, and g, are the electron and hole G — < S o (F)  omeeee 4 = P FET (Ni) 022 5 751019 5 Ox 1019 1 0x1016
capture cross-sections, respectively, g is the degeneracy factor, T is v1v2(f) v1(f)Sv2(f) 4) 13.5F 2 e nFET (Ni), E = 0.09 eV
the temperature and m, and m,, are the electron and hole masses, Where v4(t) = c,(t) + s(t) and v,(t) = c,(t) + s(t). s(t) is the correlated | v NPET (AW, E,=0.06 8V P FET (Au) 0.38 9.5x1017 1.4x10%6 2.0x10%
respectively. From the slope of the plot of In(T41) vs. 1/kgT we can component, mostly the device-under-test (DUT) noise and c,(t) and v 4 PFET (NI, E,=0.06eV :
» . o | , _ = pFET (Au), E_= 0.04 eV 8. Conclusion
extract the energy position of the trap-level, and the intercept will give C,(t) being the uncorrelated noise from channel 1 and 2 respectively 18.0 b ——— . - .
us the capture cross sections. It should be noted that often due to amplifier circuits and analyzer front-end circuits. By taking only 1/kgT (ev' ) This study demonstrated the fact that properly optimized noise
degeneracy values are not accurately known and hence may affect the real part of Gv,v,(f) we minimize the uncorrelated noise power and Arrhenius plot confirmed semiconducting behavior of the devices. measur.emer.lt setap can be very power technique to study carrier
the capture cross-sections and ftrap density calculations. therefore improve the standard deviation of the fluctuations around Activation energy was computed using eq: In(R) = In(R,) + E,/2kgT fluctuations in lsemlconductor materials and to understand the quality of
the DUT power density value at the output of the instrument. (where R, is the intercept, E, is the activation energy, kg is the nanoscale devices. _ _
Boltzmann's constant, and T is absolute temperature).No information 9. Contact information
related to deep levels could be inferred from this data. Deepak Sharma, email: dsharmab@gmu.edu
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