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Characterization

Product morphology was investigated with a field emission scanning electron microscope 

(FESEM, HITACHI S-4800). Crystallinity and phase of the synthesized artifacts were 

characterized by X-ray diffraction (XRD, D8 Advanced Bruker) and high resolution transmission 

electron microscope (HRTEM, JEM 2100). Further phase purity and surface composition of the 

samples were inspected by X-ray photoelectron spectroscopy (XPS) using a SPECS HSA-3500 

hemispherical analyzer with monochromatic Mg Kα x-ray source. Raman spectroscopic 

characterization was performed with WITec alpha 300RA Raman Confocal Microscope with 532 

nm diode laser. The Brunauer–Emmett–Teller (BET) surface area of the heterostructures was 

measured with Quantachrome NovaWin2 Instrument. 
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Fig S1: Elemental mapping of ZnO (a-c) nanospike, (d-f) nanocactus, and (g-i) nanotree.
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Table S1† Comparison with the reported field emitters

Nanostructures Turn-on field
 (V m-1)

Threshold filed
(V m-1)

Field enhancement 
factor ()

References

ZnO Nanowires 15.5 and 9.5 
(0.1µA/cm2)

— 1188 and 1334 1

ZnO Nanowires grown 
on C cloth

0.7 
(1 mA/cm2)

— 4.11×104 2

ZnO Nanowires 6.0 
(0.1µA/cm2)

— 847 3

ZnO radial nanowire 
array

1.3
 (0.1 µA/cm2)

4.4 
(1mA/cm2)

3010 4

ZnO nanosheet on ITO 3.6 
(0.1µA/cm2)

— 4700 5

ZnO Nanotubes 7(0.1µA/cm2) — 910 6
ZnO Nanoneedles 0.85 

(0.1µA/cm2)
— 8328 7

ZnO Nanorod 4.6 9.5 2923 8
Hierarchical nanosheet 3.5 7.3 4026 8

ZnO Nanobelts or 
nanoribbons

1.3 — 1.4×104 9

ZnO Nanoneedles 4.2 — 2350 10
ZnO Nanoneedles 2.5 — — 11

ZnO Nanorods 4.1 
(0.1µA/cm2)

— — 12

3D urchin-like ZnO 
nanostructure

3. 7 4. 8 1239 13

ZnO Nanowire 9.5 — 1334 14

ZnO Nanonails ZnO 
nanopencils

7.9 
7.2

— — 15

ZnO Nanoscrews 3.6 — — 16
pin-cushion cactus like
ZnO nano-pencil film

1.38 
(0.1  µA/cm2)

2.84
 (49 μA/cm2)

— 17

ZnO NWs/graphene 2.4 — 5661 18
ZnO nanospike

ZnO Nanocactus
ZnO Nanotree

3.01
1.44
2.03

—
4.10
5.09

4473
14619
8771

This work
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We define the turn-on and threshold field at a field producing emission current density of 10 

µA/cm2 and 1mA/cm2 respectively. If other values are used, this is mentioned separately.

Table S2† Comparison with the reported UV detectors

Nanostructures Dark current (Id) 
(A)

Photocurrent (Iph)
(A)

Gain Reference

ZnO hollow sphere 
Nanofilm

50×10-9 2.6×10-6 53 19

ZnO NR — 2.4×10-6 103 20
ZnO nanowire  by 

chemical route
~15×10-12 0.28×10-9 19.66 21

ZnO nanowires 
Sputtered  ZnO film

5. 98×10−10

1. 01×10 − 10
4.67×10−6

1.11×10−4
7.8×103

1.1×106
22

ST ZnO NW 0.04×10-9 60×10-9 1500 23
ZnO NW array  70×10-6 100×10-6 — 24

ZnS /ZnO nanobelt 3.03×10-6 17.76×10-6 6.86 25
Hierarchical nanosheet 5.12×10-11 1×10-5 1.95×105 8

Cu- ZnO NW 10×10-12 100×10-9 7000 26
ZnO nanowires, ZnO-
PVA nano-composite

5.2×10-10

1.35×10-9
9.7×10-6

6.52×10-5
1.8×104

4.8×104
27

ZnO NW 20×10-9 140×10-9 — 28
ZnO nanowire  by 

Vapor phase
8.2×10-8 2.8×10-6 35.146 29

ZnO thin film by sol–gel 8.29×10-9 5.01×10-6 606 30
ZnO Nanowire coated 

with ZnS
6.0×10-8 2.02×10-4 3367 31

ZnO Nanowire
ZnO Nanorod

1.29×10−8

5.34×10−10
1.42×10−5

9.56×10−8
1.1×103

1.8×102
32

ZnO nanospike 
ZnO Nanocactus 
ZnO Nanotree

9.91×10-9

4.57×10-9

1.63×10-10

3.26×10-7

1.12×10-6

3.61×10-6

3.38×101

2.46×102

2.21×104
This work
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