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surface prolong the hole lifetime, leading to the extremely 
high photoconductive gain. Despite the excellent device per-
formance, the photoresponse is completely suppressed in an 
oxygen-free environment and UV-light absorption also restricts 
the spectral range of photodetection. In addition, for most 
NW-based photodetectors reported so far, the photocurrent is 
mainly from the junction area, such as the NW–metal junc-
tion [ 16,25–29 ] , the p–n junction [ 30–32 ]  and the heterojunction.  [ 33–36 ]  
Due to the small effective junction region and weak optical 
absorption, it is diffi cult to improve the device performance fur-
ther, not to mention a complicated process for synthesis and 
device fabrication. Therefore, the minority-carrier transport 
mechanism and the junction-type device structure may become 
the bottleneck in pursuing the development of high-sensitivity 
broad-spectrum NW-based detectors in the future. 

 In this work, we design core/shell-like n-type InAs NWs 
grown by chemical vapor deposition (CVD), in which a self-
assembled “photogating layer” (PGL) is formed near the 
NW surface by controlling the NW growth. The key function 
of the PGL, under light illumination, is of trapping electrons 
generated from the core. In return, the electrons maintaining 
trapped in the PGL form a built-in electric fi eld to modulate 
the core conductance, i.e. a photogating effect. [ 37,38 ]  In our 
design, the majority carriers, i.e., electrons, contribute to the 
photocurrent; thus, the whole channel of the NW, as the effec-
tive photo sensitive region, responds to the light signal. A high 
photoconductive gain of ca. −10 5  and a fast response time of 
12 ms are obtained at room temperature. In addition, compared 
with other NW-based detectors in which the response is largely 
restricted by gas molecules, our device shows excellent perfor-
mance in both air and under vacuum. Utilizing the mechanism 
of majority-carrier-dominated photodetection enables high- 
sensitive broad-spectrum detection in NW-based transistors. 

  Figure    1  a shows an illustration of the global back-gated 
core/shell-like InAs NW transistor confi guration. The working 
principle can be understood through the schematic shown in 
Figure  1 b,c. Before light illumination, the free electrons in the 
NW core fl ow under the action of the electric fi eld to form the 
dark current,  I  ds  > 0 (see Figure  1 b). Upon light exposure, the 
photogenerated electrons from the core are excited into the 
PGL (see Figure  1 b) in which there are many randomly dis-
tributed trapping centers, leaving unpaired holes to recombine 
with the free electrons, which contributes to the dark current 
in the core immediately (see Figure  1 c). Meanwhile, the main-
taining trapped electrons in the PGL generate a built-in electric 
fi eld to deplete free electrons in the core further through capaci-
tive coupling (see Figure  1 c). The synergistic effect of these two 

  As important building blocks, semiconductor nanowires (NWs) 
have been paid extraordinary attention for their potential appli-
cations in nanoelectronics and nanophotonics in the recent 
decade. [ 1–22 ]  As a result, many kinds of NWs have been grown 
and fabricated into devices to understand their photoconduc-
tive characteristics. Due to the large surface-to-volume ratio, the 
presence of surface states is expected to play an important role 
in photosensitivity, [ 21,23 ]  and shorter effective conductive chan-
nels may bring on a faster transport speed. [ 23 ]  InAs NWs, with a 
narrow bandgap of ca. 0.354 eV  [ 24 ]  and high carrier mobility at 
room temperature, [ 12 ]  is an attractive material for applications 
in broad-spectrum detection, ranging from visible to infrared 
regions. However, there is a common problem for nearly all 
NW-based photodetectors: the short minority carrier lifetime. 
Quite a number of minority carriers are recombined before 
being collected by the contact to contribute the photocurrents. 
Soci et al. [ 21 ]  reported that visible-blind UV photodetectors 
made of ZnO NWs have an internal photoconductive gain on 
the order of 10 8 . Oxygen-related hole-trap states at the NW 
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factors results in a huge decrease in the photocurrent,  I  ds  ≈ 0. 
In fact, the core/shell-like NWs have an identical composition 
to InAs, but the shell, i.e., the PGL, contains many randomly 
distributed lattice defects as trapping centers to capture photo-
excited electrons. 

  In this work, InAs NWs were grown using a conventional 
CVD method. [ 39,40 ]  By controlling the source temperature and 
the pressure in the growth chamber, we enabled the growth of 
core/shell-like NWs with perfect single crystal cores and highly 
defected shells.  Figure    2  a shows transmission electron micros-
copy (TEM) images of a typical NW. As can 
be observed in the low-magnifi cation TEM 
image (refer to the inset in Figure  2 a), the 
NW contains an uneven surface. The high-
resolution TEM image shows that the NW 
has a well-crystallized core with a defected 
shell near the surface, referred to as the PGL. 
Figure  2 b gives a scanning electron micros-
copy (SEM) image of a typical InAs NW tran-
sistor. The InAs NW as the channel material 
has a length of ca. 3.5 µm and a diameter of 
ca. 40 nm. The source/drain (S/D) electrodes 
(15 nm Cr and 60 nm Au) were prepared 
by electron-beam lithography, metalliza-
tion, and the lift-off process. Figure  2 c pre-
sents the  I  ds – V  ds  (ds refers to drain–source) 
characteristics of an as-fabricated InAs NW 
transistor measured both in the dark and 
under illumination from a green laser (532 
nm, 8 mW mm −2 ) in air. The  I  ds – V  ds  curve 
measured in the dark shows conventional 
long-channel transistor characteristics, i.e., 
a linear regime at low  V  ds  and a saturation 
regime at high  V  ds . [ 41 ]  The fact that the  I  Dark  
(corresponding to the original current before 
the device was illuminated) increases with 
increasing  V  gs  (back-gate voltage) proves that 
the NW has an n-type characteristic. Upon 
light exposure,  I  Light  decreases dramatically to 
a very low level, in which a net photocurrent, 
defi ned as  I  PC  = ⎢ I  Light ⎢ − ⎢ I  Dark , as high as 
−4.5 µA is obtained at  V  gs  = 40 V and  V  ds  = 1 V 

(see Figure  2 d). For a typical photodetector with a positive 
photoresponse, the photoconductive gain ( G ), defi ned as the 
number of charges collected by the electrodes due to the excita-
tion by one photon, can be expressed as [ 20 ]   G  = ( I  PC / P )( hν / e ), 
where  hν  is the energy of an incident photon,  e  is the electron 
charge, and  P  is the light power absorbed by the NW channel. 
However, for the anomalous photoresponse based on the 
majority-carrier transport in this work, the negative photocon-
ductive gain is defi ned as the number of carriers that “cannot 
be collected” by electrodes per incident photon. In order to 
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 Figure 1.    Schemetic for InAs NW phototransistor working principle. a) A schematic illustration of the InAs NW transistor. b) The process of pho-
togenerated electron-hole pairs. Under light illumination, electrons ( e -) are excited into the PGL and keep trapped. Holes ( h +) are left in the NW core. 
c) The process of majority carrier dominated photodetection. Holes recombine with free electrons in the core. Electrons trapped in the PGL induce a 
photogating effect on the core.

 Figure 2.    Core/shell-like InAs NW phototransistor. a) Bright-fi eld TEM images of the InAs NW. 
The high-resolution TEM image (scale bar, 5 nm) is taken from marked region in the inset 
(scale bar, 20 nm). b) SEM image of the as-fabricated InAs NW transistor. Scale bar, 2 µm. 
c)  I  ds – V  ds  curves of the InAs NW transistor in the dark and under illumination from a green 
laser in air, recorded for different gate voltages. The wavelength is 532 nm and light intensity 
is 8 mW mm −2 . d) The net photocurrent, defi ned as | I  Light | − | I  Dark |, vs  V  ds .
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compare better with other NW detectors, which have a conven-
tional positive photoresponse, we chose to adopt this similar 
defi nition. The only difference is that the gain is negative in this 
case. Under the assumption that light incident on the channel 
is absorbed completely, an ultrahigh negative gain of ca. −10 5  is 
obtained at  V  gs  = 40 V and  V  ds  = 1 V. As expected in our designed 
experiments, this extraordinary phenomenon originates from 
the majority-carrier-dominated photodetection mechanism as 
mentioned above. Figure S1 in the Supporting Information 
shows the  I  ds – V  ds  characteristics measured under illumination 
by a blue laser (445 nm, 8 mW mm −2 ). The huge decrease of the 
photocurrent is comparable with that in Figure  2 c. 

  To understand how the strength of the photogate changed 
with  V  gs  modulation, the photoresponse properties of InAs 
NW transistors under different back-gate voltages at  V  ds  = 
1 V in air were investigated. The photoconductance modula-
tion is realized by switching the incident light on and off alter-
nately with an interval of 5 s. As shown in  Figure    3  a, the light 
modulation results in a “low” current state under illuminated 
conditions, ( I  on ), and a “high” current state under dark condi-
tions, ( I  off ). The anomalous switching between these two states 
exhibits highly stable and reproducible characteristics. It is of 
interest to note that, in Figure  3 a,  I  Dark  ≈ 3.7 µA is found at 
 V  gs  = 40 V before illumination, but after the fi rst 5 s of light 
exposure,  I  off-step1  decreases to 2.5 µA, and after the second 
5 s light exposure,  I  off-step2  decreases to 2.25 µA. After that, 
 I  off  remains relatively stable ( I  off / I  on  ≈ 23) 
under the light on/off cycles with a small 
fl uctuation. Figure S2a in the Supporting 
Information shows the response following 
the light on/off cycles with  V  gs  = 0 V, in 
which  I  off  ≈ I  Dark  and  I  off / I  on  ≈ 133 can be 
obtained. When  V  gs  = −40 V, an opposite 
change appeared (refer to Figure S2b in 
the Supporting Information) when com-
pared with the case shown in Figure  3 a. 
The negative gate voltage leads to a reduced 
free electron density in the channel and in 
turn results in  I  Dark  ≈ 0.3 µA. After the fi rst 
5 s of light exposure,  I  off-step1  increases to 
1.8 µA, and after the second 5 s of light expo-
sure,  I  off-step2  increases to 2.3 µA. After that, 
 I  off  remains at a stable high level following 
the light on/off cycles, in comparison with 
 I  Dark , and  I  off / I  on  is found to be as high as 
115. These phenomena will be explained 
later in detail. 

  In order to elucidate the effect of surface 
states on the anomalous photoresponse, 
the device responses, under vacuum and 
with a 10 nm HfO 2  passivation layer, have 
been studied, as shown in Figure S3 in the 
Supporting Information. The results illus-
trate that the device works well in both air 
and under vacuum. Also, importantly, the 
device performances are quite stable with/
without the passivation layer. Recently, our 
group reported single-crystalline InAs NW 
photodetectors grown by molecular beam 

epitaxy, which had a positive photoresponse, in which the gas 
molecules and the passivation layer had a great impact on the 
photocurrent. [ 22 ]  The chemical molecules adsorbed on the sur-
face of the InAs NW not only change the band alignment to 
weaken the strength of built-in electric fi eld of the NW–metal 
junction through electrostatic interactions, but also transfer 
photocarriers through the rich surface defect states to reduce 
the photocurrent. In that work, the HfO 2  passivation layer pro-
tected the NW from the ambient environment as well as sur-
face defect states, to improve the device performance. However, 
the vacuum testing condition and passivation layer cannot 
affect the anomalous photoresponse in this work. Therefore, 
the effect of surface states is negligible in comparison with that 
of the photogating layer. 

 The response speed is a key parameter that determines the 
capability of a photodetector to follow a fast-varying optical 
signal. [ 20 ]  Figure  3 b shows a single normalized modula-
tion cycle measured with a light intensity of 8 mW mm −2  at 
 V  gs  = 0 V and  V  ds  = 1 V. An oscilloscope was used to monitor 
the time dependence of the current. [ 20,23 ]  The response time 
(falling time  t  f ), defi ned as the time necessary for the cur-
rent to decrease from 90%  I  peak  to 10%  I  peak , was found 
to be 12 ms in this case, and the recovery time (rising 
time  t  r ), defi ned analogously, was found to be 3.92 s. Further-
more, by respectively fi tting the rising and falling edges with 
the equations  I  = I  0 [1 –  A exp(– t / τ  rec1 ) –  B exp(– t / τ  rec2 )] and 
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 Figure 3.    Photoresponse measurement of InAs NW phototransistor. a) Photoresponse proper-
ties of the InAs NW transistor under green laser illumination (532 nm, 8 mW mm −2 ) at  V  ds  = 
1 V in air, acquired for gate voltage of 40 V. The photoconductance modulation is induced by 
manipulating a shutter for the light on/off at an interval of 5 s. b) A single normalized modula-
tion cycle measured with light intensity 8 mW mm −2  (open circles) at  V  gs  = 0 V and  V  ds  = 1 V. 
The blue and green lines fi t to the rising (recovery  τ  rec1  and  τ  rec2 ) and falling (response  τ  resp ) 
edges, respectively. c–e) Schematic of the energy-band diagrams of the InAs NW to illustrate 
the photoresponse mechanism. CB and VB are the conduction and valence band, respectively. 
Δ V  ge  represents the negative photogate. The blue and red spheres represent electrons and 
holes, respectively.
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 τ  rec1  (140 ms) and  τ  rec2  (3.12 s), which correspond to the fast 
and slow recovery processes, respectively, and can obtain one 
time constant  τ  resp  (6 ms) for the fast response process.  τ  rec1  
and  τ  rec2  in the recovery process indicate the release process of 
the trapped photoexcited electrons from the PGL and the decay 
of photogating effect after the light was blocked, and  τ  resp  indi-
cates the fast recombination process and the enhancement of 
photogating effect with light excitation. Figure S4 in the Sup-
porting Information gives the response with different time 
intervals for the photoconductance modulation. It is obvious 
that the currents of the device (another sample in our work) 
can reach saturation point after 5 s when the light was blocked. 

 Based on the experimental observation outlined above, 
Figure  3 c–e and Figure S5 in the Supporting Information sche-
matically illustrate the photoresponse mechanism of NWs with 
PGLs. i) Upon light exposure with a photon energy larger than 
the NW bandgap, photogenerated electrons are excited into the 
PGL (see Figure  3 c). Due to the positive  V  gs  of 40 V enhancing 
the electron density in the NW, corresponding to the situation 
shown in Figure  3 a, all the photoexcited holes immediately 
recombine with most of the free electrons in the core that con-
tribute to the conductivity in dark conditions. Simultaneously, 
the maintaining trapped electrons in the PGL produce a strong 
local negative photogate (Δ V  ge ), leading to a further depletion 
of free electrons in the core through capacitive coupling (see 
Figure  3 d). The recombination and depletion processes result 
in the rapid decrease of photocurrent, corresponding to the 
fast response process shown in Figure  3 b (green line). In fact, 
Figure  3 d illustrates an equilibrium physical process. With 
light illumination, the trapped electrons can also be released to 
the core, and then recombine and are depleted again.  I  on  is the 
result of the recombination–depletion–release cycle. When the 
light was blocked, the trapped electrons were released immedi-
ately from the PGL with decreasing Δ V  ge  (see Figure  3 e), i.e., the 
recovery process shown in Figure  3 b (blue line), to contribute 
 I  off . For the electrons trapped for a much longer time, they 
can still act as a small local negative photogate Δ V  ge  on the 
n-type NW (see Figure  3 e), a weak depletion in the core channel 
remains, and  I  off  weakens. Therefore, after the fi rst 5 s light 
exposure, the existence of Δ V  ge  results in a smaller  I  off-step1  
(2.5 µA) when compared with  I  Dark  (3.7 µA). However, 5 s of 
illumination is not suffi cient to achieve equilibrium in this case. 
The current  I  off-step2  (2.25 µA) continues to decrease following 
the footprint of  I  off-step1  until the current reaches a stable state. 
ii) As  V  gs  decreases from 40 V to 0 V (refer to the situation in 
Figure S2a in the Supporting Information), the number of 
electrons in the channel is reduced (see Figure S5a in the Sup-
porting Information). After all the free electrons in the core are 
recombined and depleted ( I  on  ≈ 0), the remaining holes are also 
trapped by the PGL (see Figure S5b in the Supporting Informa-
tion). With the light turned off, most of the trapped electrons 
in the PGL are released. At the same time, the holes that are 
trapped for a long time, also acting as a local positive photo-
gate (Δ V  gh ), can almost offset the effect of Δ V  ge  (see Figure S5c 
in the Supporting Information). Hence,  I  off  is approximately 
equal to  I  Dark . iii) For the situation shown in Figure S2b in 
the Supporting Information,  V  gs  = −40 V further lowered the 
free electrons density in the channel (see Figure S5d in the 

Supporting Information). Therefore, only a small fraction of 
photogenerated holes is needed to participate in the recombina-
tion process and the rest are trapped by the PGL (see Figure S5e 
in the Supporting Information). After the light was blocked, the 
photogenerated electrons that accumulated in the PGL during 
the fi rst 5 s of light exposure are released to the core, resulting 
in an increasing  I  off-step1 . Simultaneously, since Δ V  gh  induced by 
the accumulated holes in the PGL is much greater than Δ V  ge  
(see Figure S5f in the Supporting Information), the strong posi-
tive Δ V  gh  signifi cantly enhances the electron density in the core. 
Similarly, 5 s of illumination is not suffi cient for equilibrium 
to be reached, so that the physical process will go on until  I  off  
is stable. Hence,  I  off-step2  (2.3 µA) continues to increase fol-
lowing the footprint of  I  off-step1  (1.8 µA) until the current reaches 
a stable state. It is of interest to note that it is diffi cult for the 
photogenerated electrons and holes that are trapped for a long 
time to be released or recombined, as shown in Figure  3 e and 
Figure S5c,f in the Supporting Information. During the experi-
ment, we found that at least 1 h is needed for the NW to recover 
to its original state in the dark. For this reason, the photogating 
effect will last for a very long period of time, so that these InAs 
NW transistors can not only be used in sensitive photodetec-
tors, but also in light-induced current amplifi ers under nega-
tive back-gate voltage modulation. Figure S6 in the Supporting 
Information gives the photoresponse of other three InAs NW 
transistors under a gate voltage of −40 V. It can be seen from 
Figure S6a in the Supporting Information that the enhance-
ment of  I  off  can be maintained for a long time. In addition, 
the increments of the currents (Δ I ) among these devices are 
different, wherein the difference originates from the different 
trapping capacities of PGLs between NWs. The more holes in 
the PGL are trapped, the higher the positive photogate (Δ V  gh ) 
that is formed in the PGL, which induces an increase of the cur-
rent. In fact, Δ V  gh  can also offset a fraction of the negative Δ V  ge  
during the light-exposure process (see Figure S5b,e in the Sup-
porting Information). In our experiment, the negative photo-
gate is dominant due to the accumulation of more photoexcited 
electrons in the PGL than holes, and the effect of depletion in 
the channel is still strong. This is the reason why  I  on  can main-
tain a stable low current with time under different gate voltages. 

 To investigate the sensitivity of the phototransistor, we per-
formed photoresponse measurements under different light 
intensities, and results are shown in  Figure    4  a, from which 
 I  off / I  on  ≈ 133, 125, and 30 can be obtained under light intensi-
ties of 8, 4, and 0.8 mW mm −2 , respectively, at  V  gs  = 0 V and 
 V  ds  = 1 V;  I  off  and  I  on  decreases and increases with the decay of 
light power, accordingly. This is because, at the low intensity of 
incident light, fewer electron–hole pairs are generated, so that 
more electrons remain in the core during the recombination 
and depletion process to contribute to  I  on . Simultaneously, no 
additional holes trapped in the PGL leads to a weakened Δ V  gh , 
and hence the negative Δ V  ge  is dominant and reduces  I  off . As 
shown in Figure  4 b, the relation between  I  off  and light inten-
sity obeys the power law [ 13,15,20,42 ]  I  =  cP k  , where  P  is the light 
intensity,  c  is a proportionality constant, and  k  is an empirical 
value. By fi tting the measured data with the equation, we obtain 
 c  = 1 and  k  = 0.35. This relation further demonstrates that the 
current of  I  off  is indeed from the contribution of accumulated 
photoexcited electrons in the PGL. The non-integer power 
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law ( k  < 1) suggests a complex carrier-transfer process, as dis-
cussed in Figure S5a–c in the Supporting Information. The 
photoresponse measured under the other three light intensi-
ties is presented in Figure S7 in the Supporting Information. In 
this study, we examined 46 InAs NW transistors with channel 
lengths between 2.0 and 3.5 µm, and statistics results of the 
 I  off / I  on  ratio are shown in Figure  4 c. As can be seen, all of these 
46 devices exhibit an ultrahigh negative photoresponse. Four 
typical samples from these 46 devices are shown in Figure S8 
in the Supporting Information. 

  After the above discussion, it can be found that the photocur-
rents no longer rely on the junction region. In order to testify 
this point, we intentionally found a long InAs NW fabricated 
into a multielectrode transistor to study the position depend-
ence of the photoelectric characteristics. As shown in  Figure    5  a, 
the NW is contacted with 3 metallic electrodes, each of them 
2 µm wide, and separated into two parts. Three channels, i.e., 
CH1, CH2, and CH3, are formed along the NW with channel 
lengths of 3, 1.5, and 6.5 µm, respectively. Figure  5 b gives 
 I  ds – V  ds  characteristics of the as-fabricated InAs NW transistor 

in the dark and under illumination by a green laser (532 nm, 
8 mW mm −2 ) in air. The relation of the photocurrents between 
these three channels is  I  Light-CH1  > I  Light-CH2  ≈ I  Light-CH3 . The pho-
tocurrent of CH3 totally depends on that of CH2. It is easy to 
understand that the resistance of CH3 depends on the portion 
that has the greatest resistance along the NW under light exci-
tation, i.e., CH2 in this case. Therefore, a high performance of 
a photodetector can be easily obtained as long as one small part 
of the NW is sensitive. 

  The performance of the InAs NW transistor under near-
infrared light illumination at room temperature has been 
studied. Figure  5 c gives the  I  ds – V  ds  properties acquired under 
light illumination at a wavelength of 1.2 µm (another sample in 
our work). It can be seen that the photocurrents decrease sig-
nifi cantly due to the mechanism discussed above. A photocon-
ductive gain of −1.1 is obtained at  V  ds  = 2 V and repeated meas-
urements prove that the device has a good stability. In addition, 
it is obvious that the device performs with a higher negative 
response to visible light than that to near-infrared light, in 
comparison with the data in Figure  5 b. This may be because 
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 Figure 4.    Power dependence of photoresponse. a) Photoresponse properties of the InAs NW transistor under green laser illumination (532 nm) 
at  V  gs  = 0 V and  V  ds  = 1 V in air, acquired for different light intensities: 0.8, 4 and 8 mW mm −2 . The photoconductance modulation is induced by manipu-
lating a shutter for the light on/off at an interval of 5 s. b)  I  off  versus light intensity, from the data shown in Figure  4 a and Figure S7 in the Supporting 
Information. c) Histogram of  I  off / I  on  ratio of all 46 fabricated InAs NW transistors, acquired under illumination from a green laser (532 nm, 8 mW mm −2 ) 
at  V  gs  = 0 V and  V  ds  = 1 V in air.

 Figure 5.    Position dependence of photoresponse and near-infrared measurement. a) SEM image of the InAs NW transistor. The NW is contacted with 
3 metallic electrodes, each of them 2 µm wide, and separated into two parts. Three channels along the NW are formed, i.e., CH1, CH2, and CH3 with 
channel lengths of 3, 1.5, and 6.5 µm, respectively. The scale bar is 2 µm. b)  I  ds – V  ds  curves of the multielectrode InAs NW transistor in the dark (closed 
symbols) and under illumination from a green laser (532 nm, 8 mW mm −2 ) (open symbols) at  V  gs  of 0 V in air, recorded for different conductive chan-
nels CH1, CH2, and CH3. c)  I  ds – V  ds  curves of the InAs NW transistor under near-infrared light excitation at  V  gs  = 0 V in air.
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more effi ciently, leading to a stronger negative photogate to 
modulate the channel conductance. 

 In summary, we have demonstrated InAs NW phototransis-
tors based on the majority-carrier-dominated photodetection 
mechanism. A high photoconductive gain of approximately 
−10 5  and a fast response time of 12 ms are obtained at room 
temperature. Further analysis shows that the high device per-
formance originates from the trapping mechanism of the 
self-assembled, near-surface PGL, which leads to a strong 
photogating effect on the NW channel by capturing photocar-
riers. Moreover, the photodetection, which is free from envi-
ronmental impact, makes the device more widely applicable. 
Majority carriers contributing the photocurrents, this new phe-
nomenon and related properties will pave a way to enable novel 
high-sensitivity broad-spectrum room-temperature detection.  

  Experimental Section 
  Nanowire Growth : InAs NWs used in this study were prepared by a 

solid-source CVD method. In brief, InAs powders (1.2 g; 99.9999% purity) 
were heated in the upstream source zone of a two-zone tube furnace 
and the evaporated precursors were transported by a carrier gas of H 2  
(99.999% purity; 200 sccm) to the downstream substrate zone. For this 
two-step growth scheme, a 0.5 nm thick Ni catalyst fi lm pre-deposited 
on SiO 2 /Si substrates was employed and annealed at 800 °C for 10 min. 
The pressure was maintained at ca. 3.0 Torr for the entire process. After 
that, the substrate temperature was fi rst lowered to the nucleation 
temperature of 560 °C in the downstream zone. When the source 
temperature reached the designated value of 690 °C in the upstream 
zone, the nucleation of NWs began. After 2 min, the downstream 
temperature was further lowered to the second step-growth temperature 
of 470 °C and maintained for 20 min. Finally, the substrates were cooled 
to room temperature naturally. 

 There are two most likely factors in our case for the reason for the 
formation of the defected shell. One is that the source temperature 
(upstream zone) is relatively high 690 °C, providing more than enough 
source vapors to create catalytic supersaturation for the NW growth, and 
the excess source vapor will react non-uniformly on the NW surface to 
induce the defects. The other is that the process pressure, ca. 3.0 Torr, is 
too high, inducing a shorter mean-free path of the precursor vapor, and 
thus forming the defects. 

  Phototransistor Fabrication and Characterization : The InAs NWs were 
transferred mechanically to pre-cleaned p + -Si/SiO 2  (300 nm) substrates. 
Then, electron-beam lithography (JEOL 6510 with an NPGS System) was 
used to defi ne the S/D patterns. Before metallization, the NWs were 
dipped into a 2%HF solution for ca. 10 s to remove the native oxide to 
ensure the formation of Ohmic contact between the metal electrode 
(15 nm Cr/60 nm Au) and the NW. The optoelectronic properties of 
the fabricated devices were characterized using a Lake Shore TTPX 
Probe Station together with an Agilent 4155C semiconductor parameter 
analyzer.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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