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I. The experimental configurations.
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Figure S1: (a) Photograph of devices on a substrate with a dimension of 6.5 ( 6.5 mm2 (on the right part of the photography). The left part of the graph displays a copper coin of one New-Taiwan dollar for comparison. The marked rectangle is magnified by microscope and shown in b. (b) Low-magnification SEM image of three InP NW devices with micrometer-scale connection lines, alignment marker, and current leads. (c) High-magnification FESEM image displaying one device of a single InP nanowire embedded under two Ti/Au current leads, where the separation distance between edges of the two current leads is kept at a constant of ~1 μm. (d) Scheme of side view of the InP NW FET device. Here the Si wafer with a resistivity of ~0.002 cm was used as a substrate as well as a back gate electrode for gating effect measurements.

II. Transfer characteristics for NW1 and NW7.
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Figure S2: Transfer characteristics for InP NW devices with RT Resistance of 1070 (NW1) and 22 (NW7) MΩ, respectively.
III. The intrinsic electrical properties of InP NWs.

In our previous report, both four- and two-probe electrical measurements are used to explore electron transport of semiconductor nanowires in a wide temperature range from 300 to 10 K.[S1] It was found that the intrinsic electron transport of InP NWs can be well-described by the theory of thermal activated transport according to the form 
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 at high temperatures (100-300 K). However, the electron transport changes to agree with the 3D-Mott’s VRH theory of the form 
[image: image4.wmf]1/4

33,00

()exp((/))

DVRHDVRH

RTRTT

--

=

 at low temperatures. Both of the two transport mechanisms shall be considered simultaneously for explanation of the temperature dependent resistance of intrinsic InP NWs. We thus propose that the intrinsic resistance of InP NWs, 
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, is composed of two resistances, the thermal activated (RNW) and the 3D-Mott’s VRH (R3D-VRH) resistances connected in parallel. The total nanowire resistance, 
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, is described by the mathematical formula of 
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. For example, NW7 shows intrinsic electrical properties of the InP NWs, as described in the main text. In this supplementary information, the device resistance in a wide temperature range is displayed in Figure S3 with the best fit (in red) of 
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. It is emphasized again that the InP NW of this device was ~1 μm in length, ~20 nm in diameter, and ~0.69 Ω-cm in resistivity. To identify the contribution in different temperature regime, the fitting results of RNW(T) and R3D-VRH(T) resistances are drawn in blue and green, respectively. The thermal activated transport contributes mainly at a temperature above 50 K while the 3D-Mott’s VRH dominates the device total resistance at lower temperatures. The parameter T0 in formula R3D-VRH(T) was estimated to be about 3.75 × 102 K. From the fitting result, the activation energy, Ea, was estimated to be about 42 meV. Since InP NWs have the same diameter and are intentionally picked up from the same sample base for device fabrications, they shall possess the same order of magnitude of defect concentration as well as NW resistances. Consequently, the Ea parameter was kept as a constant when fitting by the complete, integrated formula of 
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in the main text.
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Figure S3: Resistance as a function of inverse temperature for NW7 (22 MΩ at RT) with the best fit of 
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 in red. RNW(T) and R3D-VRH(T) are fitting results of the thermal activated and the 3D-Mott’s VRH resistances, respectively. The total nanowire resistance, 
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, consists of two resistances, RNW(T) and R3D-VRH(T), connected in parallel.
IV. The universal nanocontact model and validity of the fitting formula.

To check the universal properties of the NC and the validity of the fit formula of 
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, we performed the same fabrication and data analysis on ZnO NWs. We fabricated ZnO NW devices by the same fabrication procedure, referring to Section I in Supplementary Information. The descriptions of material syntheses, physical properties, characterizations, and fabrications in detail are given elsewhere.[S2] Temperature dependent resistances of three typical ZnO NW devices are displayed in Figure S4. The symbols and solid curves are experimental data and the best fits by using the integrated formula of 
[image: image14.wmf]111

()(()())

NWScVRH

RTRTRT

---

++

. ZnO-3, revealing intrinsic properties of the NW, possesses the lowest RT resistance of 0.02 MΩ. Its transport behavior highly coincides with the theoretical model of the semiconductor transport – the thermal activation form 
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, and the activation energy Ea of 110 meV is very close to that obtained from the bulk ZnO. The fitting parameters estimated from the three ZnO NW devices are summarized in Table S1 The T0 values are in the same range as those obtained from InP NW devices. The saturated magnitude of the effective Schottky barrier height 
[image: image16.wmf]BE

q

F

, which describes another NC property, is also very close to that listed in Table 1 in the main text. These results confirm that the NC on either InP or ZnO NWs exhibits the same physical properties. In addition, the flawless fit in Figure S4 supports again that the integrated formula can be widely applied to the explanations of electrical properties of NC in nanoelectronic devices.
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Zn0-1 130 3 7.76 x10° 425 110
Zn0-2 0.3 2 9.59 x10° 150 110

Zn0-3 0.02 N/A N/A N/A 110





Table S1: RT resistances and fitting parameters of ZnO NW (ZnO-1 – ZnO-3) devices.
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Figure S4: Resistances as a function of inverse temperature of three ZnO NW devices. The RT resistances are 150, 0.3, and 0.02 M for ZnO-1, ZnO-2, and ZnO-3. The symbols and solid curves represent experimental data and the best fits, respectively.

V. Hopping parameters as a function of temperature.
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Figure S5: Hopping energy and hopping distance as a function of temperature for the case with T0=3.18
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VI. Electrical properties of Ti thin films deposited under different pressures.

To verify that titanium oxide could form in the nanocontact due to poor vacuum conditions during thermal evaporation, rendering non-metallic behaviors, the nanogap of ~50 nm in width and ~50 nm in length was patterned by electron beam lithography on a silicon wafer capped with ~400 nm thick SiO​2 layer. The experimental details are given elsewhere.[S3] Ti (~50 nm in thickness) thin films were then thermally deposited under a different base pressure on top of such patterned wafers. To reduce further oxidation on the surface of as-deposited Ti thin films, the samples were spin-coated with ~400 nm thick PMMA 950 A8 layer. Subsequently, these thin-film devices were loaded in a high vacuum (~10-6 Torr) for electrical measurements. Resistivity as a function of inverse temperature for two Ti thin films deposited under different base pressures of 10-5 (black square) and 10-6 (red circle) Torr are presented in Figure S6. With a decrease of temperature, the resistivity increases by 2~3 orders of magnitude for the thin film deposited under a poor vacuum condition, demonstrating a non-metallic or semiconducting temperature behavior, whereas that of the thin film deposited under a base pressure of ~10-6 Torr decreases monotonically. The RT resistivity of metallic Ti thin film is close to the properties of single-crystalline Ti reported previously.[S4] Such a dramatic variation in resistivity manifests that titanium oxide could form in a poor vacuum condition which results in the possibility of granular Ti metal clusters embedded in the related insulating TiOx matrix, further dominating electrical transport properties in nanoelectronics.
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Figure S6: Resistivity as a function of inverse temperature of Ti thin films deposited under different base pressures (black square: ~10-5 Torr; red circle: ~10-6 Torr). The solid lines are guides for the eye.
VII. Responsivity and quantum efficiency of NW devices.

An extensive description of the responsivity and an introduction of quantum efficiency of InP NW devices are given here. The responsivity, R, is one of the important parameters in optoelectronic devices that decide the device performance with regard to the generated photocurrent (
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) per incident optical power (
[image: image23.wmf]opt

P

) at a given wavelength,[S5] 

R 
[image: image24.wmf]opt

I

P

D

=

,                            

(1)

where 
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is defined as the light intensity multiplied by the effective illumination area. The unit of the responsivity is usually expressed as amperes per unit watt. In the main text, we use InP NW devices to examine the NC disorder effect on the photosensitivity. The excitation light was about 0.5 W/cm2. The effective illumination area is determined by the NW length (10-4 cm) multiplied by the NW diameter (2 × 10-6 cm) thus 
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 is estimated to be about 10-10 W. The photocurrent variation, 
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, at applied voltage of 1 V are 10 and 0.2 nA for the NW- and NC- dominated devices which have RT resistances of 22 and 4600 MΩ, respectively. Hence the responsivity are 100 A/W and 2 A/W for the NW- and NC-dominated devices. It is worth noting that the responsivity of this NW-resistance dominated device is significantly larger, up to several times, than those reported previously.[S6-S8] In other words, these InP NWs, synthesized by self-seeded, solution-liquid-solid method, not only possess very low native point defects and low carrier concentration, but also reveal potentially promising optoelectronic responses. In addition, the quantum efficiency, η, is defined as the number of carrier generated per incident photo of the formula
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where q and hν are the charge and the incident photo energy. In this study, the green light laser having a wavelength of 532 nm was used and the incident power, Popt, was 10-10 W, yielding a flux of 2.68 × 108 photons per second on the NW. The numbers of excitation carriers per second are 7 × 1010 and 1010 with quantum efficiencies of ~240 and ~37 for the NW- and NC-dominated devices. Map of the quantum efficiency as a function of applied voltage and the RT device resistance is shown in Figure S7 for a reference. 
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Figure S7: Map of quantum efficiency as a function of applied voltage and the RT device resistance.
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