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Abstract—Enhancement of the properties of zinc oxide (ZnO)
based Schottky diodes has been explored using a doimation of
plasma-enhanced atomic layer deposition (PE-ALD) ZO thin
films and silver oxide Schottky contacts depositedy reactive
radio frequency sputtering. The electrical propertes of the ZnO
thin films were systematically tuned by varying thedeposition
temperature and oxygen plasma time during PE-ALD tooptimize
the performance of the diode. Low temperature (86C) coupled
with relatively long oxygen plasma time (> 30 s) PRALD is the
key to produce ZnO films with net doping concentraibn lower
than 10" cm®. Under the optimal deposition conditions
identified, the diode shows an ideality factor of B3, an effective
barrier height of 0.80 eV, and an On/Off ratio of 311x16.

Index Terms—Zinc oxide (ZnO), plasma-enhanced atomic
layer deposition (PE-ALD), Schottky diodes.

|I. INTRODUCTION

between ZnO and Schottky contacts to achieve good
rectification properties [9], [10], [14], [15]. Zn@vith low
carrier concentration (< 1bcm® and high mobility is a
prerequisite for obtaining a high quality Schotttgntact, as
this allows for low reverse and high drive currg@].

Atomic layer deposition (ALD) is a promising deposi
technique for ZnO films using an organometallic czin
precursor, such as diethylzinc (DEZn) with an ialj
reagent. Thermal-ALD, using water vapour as a nefge
widely used for ZnO deposition, however, it is idiffit to
obtain films with low carrier concentration and highobility
[17]. Recently, plasma-enhanced atomic layer dépos{PE-
ALD) has proven to be an effective method to depbigh
quality ZnO films with low carrier concentration dn
relatively high mobility [17]-[19]. However, theiis limited
literature on the realization of Schottky contamtsZnO thin
films prepared from PE-ALD [20], and further refment is

INC oxide (ZnO) has drawn significant interest fronfeasible to optimize the deposition conditions.this work,
within the semiconductor industry due to its widéhe electrical properties of the ZnO thin films wer

bandgap, low cost, high electron mobility, trangpay and
low temperature processing capability [1]. ZnO nalty
exhibitsn-type conductivity [1] where the electrical propest
can be controlled by suitable impurity doping [B[
annealing [6], and changing deposition temperatfike
Schottky contacts on ZnO are useful in a wide ranfe
applications, including gas sensors, metal semigctod field-
effect transistors, and ultraviolet photodetec{8is[11]. The
deposition of high quality Schottky contacts on Zs@l
remains a challenge, as the performance dependactors
such as the presence of interface defect staths atetal/ZnO
interface, and ZnO electrical properties [12], [18ixidized
metal Schottky contacts such as silver oxide,(Bdghave been
reported as a method for reducing interface defgates
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systematically tuned by varying the deposition terapure
and plasma time to optimize the performance ofREeALD
ZnO based diodes.

Il. EXPERIMENTS

The schematic diagram of the device is shown inirtket
of Fig. 1(a). A 70 nm thick Ti layer was depositag the
ohmic contact on the SY5i substrate by radio frequency (rf)
sputtering at 73 W, with pure Ar at a chamber pressf
3.5x10° mbar. The samples were then loaded into an Oxford
Instruments Plasma OPAL reactor to deposit PE-ALBDZ
thin films. In the PE-ALD process, DEZn and an Ar/O
plasma were used as the Zn precursor and oxidizdagent.
DEZn was used at room temperature with an Ar cagés
flow rate of 100 sccm. The Ar and, @as flow rates for the O
plasma were 10 and 60 sccm respectively with growfer of
300 W. DEZn and @plasma were introduced sequentially
into the reaction chamber, each followed by an Argp to
ensure the self-limiting reaction on the surfaceuoed. The
influence of different deposition temperatures (800, and
120 °C) and Q plasma times (5, 30, 50, and 70 s) were
investigated to optimize the diode performance. Titm
thickness for all the ZnO films was 40 nm.

After ZnO deposition, the films were etched witPolacetic
acid to expose the bottom Ti contact and define dbeice
active area. After etching, AQ (60 nm)/Ag (10 nm) top
contacts were defined by sputtering via a shadowkm@he
Ag,O was deposited by reactive rf sputtering in Ari@th a



flow rate of 1 sccm/1 sccm using the Ag target499%) and
rf power of 50 W. Subsequently, an additional Agpmiag

layer was deposited on 49 by rf sputtering. The diameter of

the Schottky contact is 100 pum.
The current-voltage I{V) and capacitance-voltageC-{)

characteristics were measured using a semiconduc
impedant

parameter analyzer (Agilent B1500) and an
analyzer (Agilent E4980A) at 10 kHz, respectiveljhe
voltage range was kept within +1 V in order to avoi

damaging the Schottky diodes, as they have breakdo

voltage around %3 V. X-ray photoelectron spectrpgoXPS)
was used to determine the compositions of selefiél films
and correlate this with the device performance. $hdace
roughness of selected ZnO films and metal contaets then
measured by atomic force microscope (AFM).

Il. RESULTSAND DISCUSSIONS

The current transport through a Schottky diode ban
described by a thermionic emission model:

| = |S{ex{M:| —1} (1)
nkT
|, = AA'T? exp{— qqﬂ.;.vj @
KT

wherels is the saturation currerd,is the electron charggs is
the series resistance,is the ideality factorA is the Schottky
contact area of the diodéy is the effective Richardson
constant with a theoretical value of 32 t#? [21], k is the
Boltzmann constan, is the absolute temperature, afg, is
the effective barrier height. By fitting the forvdarl-V
characteristics with (1) and (2),andg¢g,y can be extracted. It
should be noted that ideal behavior predicts aaliyefactor
very close to unity but a number of factors can seau
significant deviations as described below.

The net doping densitfge, can be determined frod’/C?
vsV plots using

the temperature is reduced.

1074
104
10°4
104
1074
10%4
10°4
10-10_I
10-111
10-12.I

(@)

Current (A)

Ag
Ag.O
‘ ZnO

Ti
Substrate

00 05 1.0
Voltage (V)

10*
10
10°,
1074
104
1074
1074
10-11.1
1072,
10™ T T

Current (A)

00 05 1.0

Voltage (V)

Fig. 1.1-V characteristics of Schottky diodes with differdt-ALD ZnO
deposition conditions: (a) the;@lasma time 5 s and deposition temperatures
of 80, 100 and 126C, (b) the ZnO deposition temperature at°80and Q
plasma times of 30, 50, and 70 s. The inset oklf@ws a schematic of the
fabricated Schottky diode.

TABLE |. CHARACTERISTICSOF SCHOTTKY DIODES FROM
ELECTRICAL MEASUREMENTS

2 Diode ZnO deposition n dBiv On/Off Naep
A 2 KT
— | V, ——-V (3)  number condition (eV) +1V (cm®)
Cc EOESNdep q 7
) N : ) _ _ 1 120°C, O;plasma5s 159 0.76 8.67%10 5.23x10
Where V,,; is the built-in potential of the junctiory is the 100°C. Osol . 147 080 222810 2.19x18"
TR . . . X
permittivity of free space and is the dielectric constant of the - O:plasma s s ' ’ ' '
semiconductor (8.5 for ZnO), which was confirmed ®y 3 80°C, O;plasma5s 142  0.82  7.47410 1.84x10’
measurements and is in agreement with values in the 80°C, plasma 30s 146 0.82  1.55%10 5.89x10°
literature [22]. 80°C, O;plasma50s  1.33 0.80 3.11X10 6.84x10°
We first tested the influence of ZnO deposition penature 2P ' ' ' '
on diode performance. For ZnO deposition, the plasma 6 80°C, O:plasma 70s 147  0.83  4.09%10 3.89x10°

time was fixed at 5 s and deposition temperatufed0p 100
and 120°C were used. TheV characteristics of the Schottky
diode with different ZnO deposition temperatures shown
in Fig. 1(a). It can be seen that by decreasingdiosition
temperature, both the reverse and forward currentedses,
which suggests a reduction of carrier concentrafib@).
Schottky diode device parameters for different Zteposition
conditions are summarized in Table 1. There is l@arc
reduction ofNge, When the deposition temperature is reduce
Also it can be seen thag,y increases and decreases when

To further optimize the ZnO thin films for Schottkjodes,
the influence of @plasma time on the diode performance was
investigated. The ZnO deposition temperature wasdfiat
80°C and Q plasma times of 30, 50, and 70 s were used. The
I-V characteristics of the Schottky diodes with difer G
plasma times are shown in Fig. 1(b). Excellentifgnt
haracteristics are obtained with On/Off ratiosatlbve 10 at
| bias voltage of 1 V and larg,y varying from 0.80 to



0.83 eV. Table | shows that low temperature {8) with 50, and 70 s) to correlate composition with device
relatively long Q plasma time (> 30 s) PE-ALD is the key toperformance. XPS analysis of the O 1s peak forcssdeZnO
produce ZnO films with net doping concentration éswhan films is shown in Fig. 4. The O 1s spectrum shows a
10" cm®. The Q plasma time also plays an important role irclear shoulder on the higher binding energy sidmasated
optimizing n. When the plasma time is increased from 30 thom the main peak by 1.6 eV. Such a peak typically
50 s,n is seen to reduce. However, as the plasma time derresponds to the presence of O-H bonds [24]-[3Bhilar
further increased from 50 to 70 m$,increases, as shown inresults have been obtained for both thermal-ALOD Ziims
Table I. It is important to achieve a largg,y and a high [7] and PE-ALD ZnO films [27]. Previous work [7]18] has
On/Off ratio for a Schottky diode; in addition, should be shown that the carrier concentration of ALD Zn@On§, is
close to unity. Hence, the optimal diode is obtdifier the inversely related to the O-H concentration, and egslain the
ZnO film processed at 8T with 50 s Qplasma time, which formation of trap sites due to interstitial O-H [7]

hasn = 1.33,¢g,v = 0.80 eV, and an On/off ratio of 3.11X10

Despite the improvement, is still larger than unity, this may 35 @ -

Fe ]due to interface defect states and contact ingeneity 2] :lzgg

23]. —120°C
A wide range of the effective barrier heights hdeen i~ 251

observed for an A@ on ZnO [13], [22]. Some of the reported «EE 20

values are higher than our work. This wide ranggaufation L

is likely due to the different oxidation state dketAg which S 154

causes effective work function differences, thefedént =

crystal orientation at the ZnO surface, and theéousr ZnO % 10-

growth methods [13], [14], [22]. Pure metal Ag walso 5.
tested for the top electrode. As expected, AQ/ZmnO/T

structures _resulted in a lower Schottky barrier ttmd:erml ({0_8 06 04 -02 00 02 04 06 08
level pinning caused by surface states [10], [1Bhis Voltage (V)

confirms the necessity for the use of an oxidatesistant -

material like AgO as the Schottky contact, which prevents (b) 30s
interfacial reactions in the contact region [13]Jofdover, the 30- jg:

reactive rf sputtering of A@ may help to passivate intrinsic
vacancies near the Schottky interface [15].

The A%C? vs V plots for the Schottky diode with different
ZnO deposition conditions are shown in Fig. 2. Agative
biases, théd¥C? remains almost constant, suggesting that the
ZnO film is fully depleted for each of the dioded/e also

25+

20 1

AYC? (x 10" em*/F
-—
o

10-
extracted ¢gy and n from five devices under each ZnO
deposition conditions and the results are showrFign 3. 51
These five devices showed quite similar performandth 0 : . et . .
small standard deviations forand¢g;y, demonstrating good 0.8 -06 -04 -02 00 02 04 06 08
device reproducibility and film uniformity. Somewees were Voltage (V)

also fabri‘?at'ed on quning 7059 g]ags SUbStrat.my Tall  Fig. 2. cv characteristics of Schottky diodes with differ@E-ALD ZnO
showed similar electrical characteristics to thevicks on deposition conditions: (a) the;@lasma time 5 s and deposition temperatures
SiO,/Si substrates. Hence the results are relevanbssilple of 80, 100 and 126C, (b) the ZnO deposition temperature at’80and Q
L plasma times of 30, 50, and 70 s.
applications on glass substrates.
In general, longer © plasma time allows complete

oxidation of Zn which produces a more stoichiontefiim; 0.84-

the reduction of oxygen vacancies and interstéiakesults in i # .
reduction of the carrier concentration of the Znfnf[17], é 0.801 ]

[19]. It is evident from Table | that increasingeth, plasma . 133 :g
time causes a reducing trend fd§,. However, contrary to 0.761 4 s 120°C

this general trend, the diode processed at®@With 50 s Q

plasma time shows a slight increase N, This slight 161 ¢

increase ofNyy is confirmed from thd-V characteristics in 157 ¢ L

Fig. 1(b), which shows a corresponding increasebath S 144 -+so°c

reverse and forward current for the diode procesgegD°C 1.3 & e 100°C

with a 50 s Qplasma time. 1.2 . . ' . . L4 120%C
XPS was used to determine the compositions of th® Z 0 10 20 30 40 50 60 70 80

films processed at 8%C with different Q plasma times (30, Oxygen plasma time (s)



Fig. 3. Barrier heights and ideality factors of 8itky diodes with different
PE-ALD ZnO deposition conditions. Five devices wasted for each ZnO
deposition condition and error bars stand for stashdeviation.

A summary of the area ratios of the two componehthe
O 1sis given in Table Il, and shows that the Orébdraction

Variation in the surface roughness of the ZnO filemsd
metal contacts will influence the device performandFM
images of PE-ALD zZnO films processed at 80 with
different oxygen plasma times (30, 50, and 70 s8)séwown in
Fig. 5(a), 5(b), and 5(c) respectively. The scanzaD

is correlated withNg,. However, from the characteristicssurface area was 1x1 AmNo significant changes in the

shown in Fig. 1(b), the diode processed at®@With a 50 s @
plasma time gives
seemingly in contradiction of the requirement oflcaver
carrier density.
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Fig. 4. XPS O 1s spectral results of PE-ALD Zn@nfil processed at 8C
with O, plasma times of (a) 30 s, (b) 50 s, and (c) 70 s.

TABLE Il. RELATIVE PERCENTAGEOF Zn-OAND O-H QURVE AREAS
CALCULATED FROM XPS RESULTSFOR ZnO THIN FILMS PROCESSEDAT
80°C WITH DIFFERENTOXYGEN PLASMA TIMES (30, 50, AND 70 s)

Oxygen plasma time Zn-0 O-H O-H/Zn-O
30s 0.69 0.30 0.43
50s 0.74 0.25 0.34
70s 0.68 0.31 0.46

roughness of the PE-ALD ZnO films with increasinggma

the most favorable charactesisticime were observed. The root mean square (rmsyhroess of

the surface is around 1 nm and variation does moeesl
10..05 nm for all three samples. The AFM imagethefmetal
contacts are shown in Fig. 5(d) and 5(e). The rorfase
roughness of Ti and A® were 0.55 nm and 0.74 nm
respectively, which demonstrates low rms surfacegyhoess
of the metal contacts. It is still not clear why tharametera
and ¢g;v were affected by ©Oplasma time. One possible
explanation is that different fOplasma times result in
differences in crystal orientation at the ZnO sceffil7],
which in turn causes inhomogeneity of barrier heigand
defect densities, resulting in a concomitant vaatof the
ideality factor.

IV. CONCLUSIONS

We have identified the conditions to realize goadliy
Schottky diodes based on PE-ALD ZnO thin films. Wave
demonstrated that low temperature {8) with relatively long
O, plasma time (> 30 s) PE-ALD is the key to producgZ
films with net doping concentration lower thart 16m?®. ZnO
films processed at 86C with a Q plasma time of 50 s
exhibited the best device characteristics, feafuen ideality
factor of 1.33, an effective barrier height of 083, and an
On/Off ratio of 3.11x18

200.0 nm

0.0 10.0 pm

00 10.0 pm

Fig. 5. AFM images of (a) PE-ALD ZnO film process&80°C with O, plasma time at 30 s, (b) PE-ALD ZnO film procesae®0°C with O, plasma time at
50 s, (c) PE-ALD ZnO film processed at 8Dwith O, plasma time at 70 s, (d) Ti, and (e)«8g



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

[19]

REFERENCES

U. Ozgiir, Y. I. Alivov, C. Liu, A. Teke, M. AReshchikov, S. Dgan,
V. Avrutin, S.-J. Cho, and H. Morko¢A comprehensive review of
ZnO materials and devices]: Appl. Phys,, vol. 98, no. 4, p. 041301,
Aug. 2005. DOI10.1063/1.1992666

J. S. Wrench, I. F. Brunell, P. R. Chalker,0l. Jin, A. Shaw, |. Z.
Mitrovic, and S. Hall "Compositional tuning of atomic layer deposited
MgZnO for thin film transistors,Appl. Phys. Lett., vol. 105, no. 20, p.
202109, Nov, 2014. DOL0.1063/1.4902389

M. Yilmaz, “Investigation of characteristics @O:Ga nanocrystalline
thin films with varying dopant contentiVater. Sci. Semicond. process.,
vol. 40, pp. 99-106, Dec. 2015. DQB.1016/j.mssp.2015.06.031

M. Yilmaz, and M. L. Grilli, “The modificatiorof the characteristics of
nanocrystalline ZnO thin films by variation of Taming content,”

Philos. Mag., vol. 96, no. 20, pp. 2125-2142, Jun, 2016. DOI:

10.1080/14786435.2016.1195023

A. Shaw, J. S. Wrench, J. D. Jin, T. J. Whiifle Z. Mitrovic, M. Raja,
V. R. Dhanak, P. R. Chalker, and S. Hall, “Atonagér deposition of
Nb-doped ZnO for thin film transistors&ppl. Phys. Lett., vol. 109, no.
22, p. 222103, Nov, 2016. DQIO.1063/1.4968194

J. D. Jin, Y. Luo, P. Bao, C. Brox-Nilsen, Rotfer, and A. M. Song,
"Tuning the electrical properties of ZnO thin-fitnansistors by thermal
annealing in different gasesThin Solid Films, vol. 552, p. 192-195,
Feb. 2014. DOI10.1016/j.tsf.2013.12.004

S. Kwon, S. Bang, S. Lee, S. Jeon, W. Jeonikh, S. C. Gong, H.
Chang, H.-h. Park, and H. JepfCharacteristics of the ZnO thin film
transistor by atomic layer deposition at variousngeratures,"
Semicond. Sci. Technol., vol. 24, no. 3, p. 035015, Mar. 2009. DOI:
10.1088/0268-1242/24/3/035015

C. Weichsel, O. Pagni, and A. W. R. Leitch, é&fical and hydrogen
sensing characteristics of Pd/ZnO Schottky diodesvg on GaAs,"
Semicond. Sci. Technol., vol. 20, no. 8, pp. 840-843, Jul. 2005. DOI:
10.1088/0268-1242/20/8/036

H. Frenzel, A. Lajn, M. Brandt, H. von Wenckste G. Biehne, H.
Hochmuth M. Lorenz and M. Grundmann'ZnO metal-semiconductor
field-effect transistors with Ag-Schottky gateé\fipl. Phys. Lett., vol.
92, no. 19, p. 192108, May 2008. DQ0.1063/1.2926684

H. Frenzel, M. Lorenz, A. Lajn, H. von Weno#st, G. Biehne, H.
Hochmuth, and M. Grundmann, "ZnO-based metal-semdigcctor
field-effect transistors on glass substratégpl. Phys. Lett., vol. 95,
no. 15, p. 153503, Oct. 2009. DQN.1063/1.3242414

G. Tabares, A. Hierro, M. Lopez-Ponce, E. Mai®. Vinter, and J.-M.
Chauveau, "Light polarization sensitive photodetectvith m- and r-
plane homoepitaxial ZnO/ZnMgO quantum wellggpl. Phys. Lett.,
vol. 106, no. 6, p. 061114, Feb. 2015. DO):1063/1.4908183

K. Ip, G. T. Thaler, H. Yang, S. Y. Han, Y.,LD. P. Norton S. J.
Pearton, S. Jang and F. RélContacts to ZnO,J. Cryst. Growth, vol.
287, no. 1, pp. 149-156, Jan. 2006. DO1016/j.jcrysgro.2005.10.059

L. J. Brillson and Y. Lu, "ZnO Schottky banmgeand Ohmic contacts,"
J. Appl. Phys., vol. 109, no. 12, p. 121301, Jun. 2011. DOI:
10.1063/1.3581173

M. W. Allen, S. M. Durbin, and J. B. MetsorSilver oxide Schottky
contacts on n-type ZnOAppl. Phys. Lett., vol. 91, no. 5, p. 053512,
Aug. 2007. DOI10.1063/1.2768028

M. W. Allen and S. M. Durbin, "Influence of ggen vacancies on
Schottky contacts to ZnOAppl. Phys. Lett., vol. 92, no. 12, p. 122110,
Mar. 2008. DOI10.1063/1.2894568

M. Pra, G. Csaba, C. Erlen, and P. Lugli, "Siamtion of ZnO diodes for
application in non-volatile crossbar memorie3,'Comput. Electron.,
vol. 7, no. 3, pp. 146-150, Sep. 2008. DO).1007/s10825-007-0167-1
M. A. Thomas and J. B. Cui, "Highly TunableeEfrical Properties in
Undoped ZnO Grown by Plasma Enhanced Thermal-Atobaiger
Deposition,"ACS Appl. Mater. Interfaces, vol. 4, no. 6, pp. 3122-3128,
May 2012. DOI:10.1021/am300458q

N. Huby, S. Ferrari, E. Guziewicz, M. Godlewsknd V. Osinniy,
"Electrical behavior of zinc oxide layers grown lw temperature
atomic layer deposition Appl. Phys. Lett., vol. 92, no. 2, p. 023502,
Jan. 2008. DOI10.1063/1.2830940

D. Kim, H. Kang, J.-M. Kim, and H. Kim, "Thergperties of plasma-
enhanced atomic layer deposition (ALD) ZnO thinm8l and

comparison with thermal ALD,'Appl. Surf. Sci., vol. 257, no. 8,
pp. 3776-3779, Feb. 2011. DQD.1016/j.apsusc.2010.11.138

M. Shen, A. Afshar, M. Gupta, G. Shoute, K.d@&en, Y. Y. Tsuj and

D. Barlage, "Electrical Characteristics of TiW/ZnO Schottkgntact
with ALD and PLD,"Mater. Res. Soc. Proc., vol. 1635, p. 127, 2014.
DOI: 10.1557/0pl.2014.49

S. M. SzePhysics of Semiconductor Devices. New York: Wiley, 1981.

M. W. Allen, M. M. Alkaisi, and S. M. DurbirMetal Schottky diodes
on Zn-polar and O-polar bulk ZnOAppl. Phys. Lett., vol. 89, no. 10,
p. 103520, Sep. 2006. DAIO.1063/1.2346137

M. W. Allen, X. Weng, J. M. Redwing, K. Sarpadri, S. E. Mohney,
H. v. Wenckstern, M. Grundmann and S. M. Durbinerfiperature-
Dependent Properties of Nearly Ideal ZnO SchottkgdBs," |EEE
Trans. Electron Devices, vol. 56, no. 9, pp. 2160-2164, Sept. 2009.
DOI: 10.1109/TED.2009.2026393

M. Kunat, S. Gil Girol, T. Becker, U. Burghawend C. W6ll, "Stability
of the polar surfaces of ZnO: A reinvestigation ngsiHe-atom
scattering,"Phys. Rev. B, vol. 66, no. 8, p. 081402, Aug. 2002. DOI:
10.1103/PhysRevB.66.081402

A. Onsten, D. Stoltz, P. Palmgren, S. Yu, Motilid, and U. O.
Karlsson, "Water Adsorption on ZnO(0001): Transitfoom Triangular
Surface Structures to a Disordered Hydroxyl Terteidaphase,"J.
Phys. Chem. C, vol. 114, no. 25, pp. 11157-11161, Jun. 2010. DOI:
10.1021/jp1004677

M. W. Allen, D. Y. Zemlyanov, G. |. N. Waterhse, J. B. Metson, T.
D. Veal, C. F. McConvilleS. M. Durbin, "Polarity effects in the x-ray
photoemission of ZnO and other wurtzite semiconahs¢t Appl. Phys.
Lett., vol. 98, no. 10, p. 101906, Mar. 2011. DO0.1063/1.3562308
J.-D. Kwon, J.-W. Lee, K.-S. Nam, D.-H. Kim, ¥Yeong, S.-H. Kwan
and J.-S. Park"The impact on in-situ-hydrogen-plasma treatnfent
zinc oxide plasma enhanced atomic layer deposltion,
Curr. Appl. Phys, vol. 12, pp. S134-S138, Sep. 2012. DOI:
10.1016/j.cap.2012.02.044

[20]

[21]
[22]

(23]

[24]

(25]

[26]

[27]

Jidong Jin received the Ph.D. degree in electrical and
electronic engineering from the University of Maaster,
Manchester, U.K., in 2013.

He is currently a Research Associate with the Skclbo
Engineering and Computing Sciences, Durham Unitersi
Durham, U.K. His current research interests ineludetal-
oxide-based electronic devices, ultra-fast nanadsvfor THz
applications and energy harvesting.

Jacqueline S. Wrenchreceived the Ph.D. degree in inorganic
chemistry from the University of Liverpool, Liverph U.K.,
in 2011. Since then she has completed two postddcto
positions at the Tyndall National Institute in Cohleland and
the Centre of Materials & Structures at the Uniitgref
Liverpool, U.K.

Her research interests focus on the development and
function of thin film materials grown by ALD for ettronic
applications.

James T. Gibbonis currently pursuing the Ph.D. degree in
physics from the University of Liverpool, LiverpodJ.K.

David Hesp received the Ph.D. degree in physics from the
University of Liverpool, Liverpool, U.K., in 2016.



Andrew Shaw is currently pursuing the Ph.D. degree in
electrical and electronic engineering from the @nsity of
Liverpool, Liverpool, U.K.

His current research interests include transpaaiectronics
and characterization of metal-oxide semiconductors

lvona Z. Mitrovic received the Ph.D. degree in electronipgy| R. Chalker received the Ph.D. degree from Cardiff

engineering from the University of Liverpool, Liymol, ypjversity, Cardiff, U.K., in 1986. Subsequently herked
U.K., in 2007, the MSc degree in materials sciefloen the \\iihin the Materials Development Division of the it
University of Belgrade in 2002, and the BEng degmhee Kingdom Atomic Energy Authority.

microelectronics from the University of Nis (Serbia
Yugoslavia) in 1997. She is currently a Senior Lest
(Associate Professor) at the Department of Eleddtric
Engineering and Electronics, University of Liverpoo
Liverpool, U.K. i
Her research focus has been on materials chamatieri St€ve Hall was Head of the Department of Electrical
and novel device design and operation (HBT, MOSHEJ; Engineering and Electr(_)nics at the Univ_ersity ofdrpool
FET, MIIM) for applications in RF communicationgjvanced from 2001 to 2009 and is currently the DirectorResearch.
CMOS, bio-sensors and energy harvesting. In regesits she He has interests spanning materials charactenzatievice
has established a substantial track record in tha af thin Physics & innovative device design and gate lewreuds. He
high-k dielectrics and played a pivotal leadershipe in has about 300 conference and journal papers ire thesas
collaborative efforts to achieve ultimately scatgte stack in including novel measurements and contributions he t
the European PULLNANO and NANOSIL projects. She hasnderstanding of MOS related interfaces and masegiaality.
authored over 80 scientific papers in refereedrjalgr and He successfully designed and built novel MOS armublai
conference proceedings, and has delivered overtywalks at devices in silicon for about 20 years. More reggriis work
premier international conferences in Europe andX8A. encompasses high permittivity dielectrics, condgtbxides,
rectennas for energy scavenging and biologicallypimed
Naser Sedghireceived the Ph.D. degree in solid states frorgevice/circuit concepts.
the University of Liverpool, Liverpool, U.K., in 2. Prof. Hall has served on the Steering and Programme
He is currently a Research Associate with the Diepeit  Committees of ESSDERC/ESSCIRC and INFOS and ingblve

of Electrical Engineering and Electronics, Universiof  ith the organization of both. He is an associatitdE of
Liverpool, Liverpool, U.K. His research focus haseh on |EEE Electron Device Letters.

material and device characterization (thin filmsighkhk
dielectrics on Si and Ge, MIIM diodes for energyvesting,
and resistive switching memory).

He is currently a Professor of Materials Sciencéhwhe
School of Engineering, University of Liverpool, lexpool,
U.K.

Laurie J. Phillips received the Ph.D. degree in solid
molecular electronics from the University of Wal&angor,
U.K., in 2011.

He is currently a Research Associate with the Depamt
of Physics and Stephenson Institute of Renewablerdyn
University of Liverpool, Liverpool, U.K. His currémesearch
interests include new and suitainable materials for
photovoltaics and defects in semiconductors.

Jianli Zou received the Ph.D. degree in nanotechnology and
chemistry from the University of Western Australi@erth,
Australia in 2012.

She is currently a Research Associate at the Stephe
Institute of Renewable Energy, University of Liveqp,
Liverpool, U.K. Her research interests focus on @#ssembly
of nanomaterials and their applications in enengyage and
bionic platform.

Vinod R. Dhanak received the Ph.D. degree from Imperial
College, London, U.K.

He is currently a Reader with the Department of drtsy
and Stephenson Institute of Renewable Energy, Wsityeof
Liverpool, Liverpool, U.K.



