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Certificate of UMC Equipment Internship

FHEEE B 2023 AN T LN AEE
B 28H0E ARtk 0 LB -

This is to certify that Mr. Po Cheng Huang is awarded this
citation in recognition of his great performance for final
presentation of UMC equipment internship of the year 2023.

Frak

BETTFRHGHRAS
UNITED MICROELECTRONICS CORP,

L R8 L
President
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_ Light Triggered =
INVENTHELP Keys and Locks

National Kaohsiung Marine University

Department of Micro Eleciric Engineering

Chyi-Da Yang , Feng-Cheng Lin , Yun-Sow Shieh , Shou-yan Li
E-mail : cdyang@mail.nkmu.edu tw

» Novel Light Triggered Key and Locks System includes :
RGB LED key, Photonics Lock housing , Pholonics Lack Chamber
» Over 15 Million kinds of Light-Code — =
(8 bite with RGB) N
> Received and Transformed to
Electrical Signal by Photodiode
# Self-Selected Light-Code Setting into
Memory of LED and Photoelectric Lock

» Convenience for Users
* One LED key for various
kind of Photoelectric Locks
# Convenience for Supervisors .
* One Photoelectric Lock for various
kind of LED Keys with Individual Code

» Conventional Lock Structure
» Touchable Mechanical Lock Housing,
* Radio Frequency (RF) Signal to be Scanned

V/‘ff/‘f/‘ffl/fll JIJ/?/‘JJ/‘IJ‘/J‘} WSLLLLLLL LS LSS ILLLLSSS Tb

itver WMol

In Recognition Of Innovative Excellence
In The Category Of

(/;%"// @ af'(unl/ / (/)('nmea/

Presented [n

YANG, CHI TA; SU, YAN HU/National Kaosiung Marine University

Write
S For The Display Of
![ Light triggered keys and locks
1 o’} Read
=} I—-’@ Decode
LE /- - — = <Comparisor
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RGB LED Ke I Photonics Lock Housin
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INVENTIONSHOW

DIPLOMA
SILVER MEDAL

AUTOMATIC MEASURING EQUIPMENT WITH MULTIPLE
VARIABLES FOR OPTOELECTRONIC DEVICES

CHITA YANG, II RUI WANG, MING YUAN XIAG, JIN DE LUO,
HANG YOU WEI PEI YING LIU

NATIOMNAL KAOHSIUNG LUNIVERSITY OF SCIENCE AND
TECHNOLOGY
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Shipl Ship2

Send Morse code or other codes

The message is converted into Morse code tiromghi LED pual bap CCD capture signal and decode

or other codes through the human-machine interface

Show the shipl message on the
human-machine interface

EEEYE

@ e gLy

Hp

Show the ship2 message on the
hman-machine interface

The message is converted into Morse code
or other codes through the human-machine interface

D
S.0.8

CCD capture signal and decode Send Marse code or other codes
through LED signal lamp
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4 ~ i of INVENTIONS and NEW TECHNOLOGIES
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DIPLOMA

awarded

Yang Chi Ta, HSU CHE .« LI Ting Yi
National Kaohsiung University of Science and Technology
(Taiwan)

for

A SHIP COMMUNICATIONS LIGHT SYSTEM UND%.

HUMAN-MACHINE INTERFACE CONTROL WITH THE
CAPABILITIES OF INTELLIGENT IDENTIFICATION, HIGH
RECOGNITION RATE, AND LOW POWER CONSUMPTION
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2003 Confer oelectronics Technology & Applications
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%% 2023 International Forum in Plasma and Thin Film Technologies for Sustainable @

=ik Development Goals (PTSDG 2023) P —

NCUST
.

YONG-LIN XIE, YU-HENG XIA, ZHI-XTANG CHEN, CHI-DA YANG, YU-HUNG CHEN"

Department of Microelectronics Engineering, National Kaohsiung University of Science and Technology (NKUST), Taiwan C E R T I F l C A T E O F A C H l E V E M E N T

Motivation in Research

1. Copper oxide (Cu0) is a direct-gap p-type semiconductor, and its band gap ranges within 1.2 e¢V-2.0 eV. CuO in thin-film form is an attractive material extensively

R i L e e o e R SR e S R 2023 International Forum in Plasma and Thin Film
Technologies for Sustainable Development Goals

monoclinic structure, large minority carrier diffusion length of about 1 to 2 pm, high absorption coefficient, abundantly present in nature, environmentally friendly and does
not have nay toxicity and low-cost producibility.
1

2. Many methods, for example magnetron sputtering, clect ition, thermal evaporation, sol-gel , solution growth, electron beam evaporation, chemical pulsed laser

vapor ition, and D Atitersfaey Al e s chsp o . (o (ko waate (O fitin e\ st (eulstent 2l ot s (He apiess: b et iod s Srh i S G 2 0 2 3
frequency (rf) sputtering is one of the best methods in terms of its reproducibility, flexibility, scalability, and good controllability on the physical properties and chemical (PT D )

ter-deposited thin films,

composition of

3. However, the practical mass commercial application of lling its electro-optical properties. The 3
e L T oY ST e e e e o cn)sotin s oy mize Student Poster Competltlon Award
conditions and selection of reactive gas source play a vital role on its properties.

4. In this work, the effect of the conditions of deposition of the Cu0) thin films by the reactive rf-magnetron sputtering method is studied, in particular, the effect of substrate
temperature, sputtering power and a very small amount of oxygen was introduced. The structural and optoelectrical properties of the films are investigated. Excellent Work

5. Through the extracted parameters, let our team could observe the relationship between d iti diti and physical properties of rf-sputtered Cu0 films and find out

the key factors for how to accurately manufacture optimized CuO-based devices in the future.

Prize-winning paper
Winner: YONG-LIN XIE

Overview Results

Tablel. Thin film deposition parameters  ——

Deposition type  Radio frequency magnetron sputtering
Target CuO(3"dia, 3mmT, Purity 99.9%) . . . .. —
Topic: Rel hip b deposition conditions
" opic: Relationship between deposition conditio
RF power 50W ~ 75W + 100 W . o A e - — " »
Gas source Argon and/or Oxygen
" , I i ———— and physical properties of rf-sputterea
Gas flow rate 50 scem S TL0  FVHN(Dy) Gemnsmem) 7|
Working pressure 20mTorr = e g
Substra D 3« Of 200 s
or o 4 > copper oxide film
Rotation speed 12 RPM ”"‘:“' "‘:’;"‘" i,
[REMARK ] All samples without post anncaling Simplifid Animation of Sputering Prodess s ans
Discussion
1. Fig. 1 shows the dependence of the deposition rate (dep. rate) on the T, and sputtering g
Dower.. The! dop: xata tends folinoreasé with (he increase th Tyl and] sputlering power, ; »
implying that the dep, rate isunlimited by surface reaction. i. e
2. Fig, 2-Fig. 5 identify the phase present in the deposited CuO films, XRD analysis was carried : H /. \ & E '
out on the samples deposited at various T, and sputtering power. A single strong diffraction " MING CHI UNIVERSITY OF TECHNOLOGY
peak at 35.49° , corresponding to the (002) peak of the CuO' phs tructured.
Under the conditions of higher power and deposition temperature resy sheerved oo S e?

that a higher intensity crystallization peak can be obtained.

3. In particular, it should be noted that without ion bombardment damages at the outer side of
the sample position was found when the power was continuously increased to 100W. The
erystallite size of the produced CuO films was caleulated using Scherrer formula. The
crystallite size iner and power, respectively. What
causes the crystallite s unclear under higher T, and power conditions.

4. Fig. 6 and Fig. 7 shows the transmittance curves of the Cu0 thin films deposition onto glass

sed from 21nm to 27nm with increas

ze 1o decrease is st

substrates. It is seen that modulating the plasma power samples is better than controlling the
T, al transmittance. In the wavelength visible region
(400nm~800nm), when the plasma power is 50W, a higher average light transmittance > 62%
can be extracted. At the plasma power is 75W, the average light transmittance >89% can be
achieved in the near-infrared region (800nm~1000nm). It is worth mentioning that the
composition of these films is dense, and the rainbow scattering phenomenon does not appear

'\ samples to obtain higher optic

Fieo [rr——

Eﬁm%

on the spectrum.
5. Fig. 7 and Fig. 8 found that deposited Cu0 thin films have a direct band gap. These gap
values discrepancies are probably due to the different crystalline qualities and existence of
multi-phase of deposition CuQ films resulting from the variations in growth conditions.
6. Different oxygen partial pressures have a marked influence on the electrical properties of
CuO films shown in Fig 9~11.

introduced, and the

he experiment found that a very small amount of oxygen was
, from >10M to 7.43 (Q-em). This
confirms that the CuO film is very sensitive to the gas atmosphere used in the process and
meantime let us found that transmission can increase the gain by 20%.

sistivity changed dram

References
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RF Magnetron Sputtered CuO-Cu20 Complex Thin Films and Its \ /
Y i Applications to Resistive Random-Access Memory —=

Hicroclectronice Eqineening

T ns to Kes E—

YUNG-LIN HSIEN, YU-HENG XIA, ZHI-XIANG CHEN,
YE MIN-YAN , YU-HUNG CHEN

Department of microelectronics Engineering
ﬁ% National Kaohsiung University of Science and Technology(NKUST), Kaohsiung, Taiwan

Science and Technology

Abstract

Resistive random-access memory (RRAM) is a form of non-volatile storage that operates by changing the resistance of a specially formulated solid
dielectric material. In a memristor, the dielectric breakdown is temporary and reversible because of the materials used. RRAM specifically works by
using the method of creating physical defects in a layer of oxide material. In one form of memristor, a deliberately applied voltage causes the medium to
acquire microscopic conductive paths called filaments. The filaments appear because of various phenomena such as metal migration or physical defects.
This type of memory is usually d of a Vinsul. ‘metal (MIM) structure, which has the advantages of simple structure, fast operation
speed, low power consumption, and small cell size. Copper oxide is an oxide semiconductor owing to its natural abundance, nontoxicity, and high
integration capal with CMOS process. The facile fabrication of copper oxide memristors is an advantage over other types of metal oxide
memristors, however, where known to form a mixture of cupric oxide (CuO) and cuprous oxide (Cu;0) generally at higher temperatures. This study
reports on influence of RF power on the properties of sputtered CuO-Cu;0 complex films on a FTO glass substrate at room temperature. The resistive
switching behaviors of Ag/CuO-Cu;0/FTO device was investigated.
£ £ : £ Experiment procedure

Phase & Microstructure Analysls Device structurei

Deposition time: 38min

Bl YT it el 3K

National Kaohsiung University of

\ Department of
r—uT-lX

NAC 2023 o= oo

Investigation of ZnO /ultrathin Al /ZnO multilayer
transparent electrode using RF magnetron sputtering

and Yu-Hung Chen*

Wan-Chun Lin, Yu-Jie Hsu, Ren-Wei Jheng, Guan-Lin Su, Chi-Da Yang,
Department of Microelectronics Engineering, National Kaohsiung University of Science and Technolog;
*Corresponding Author E-mail: yhchen@nkust.edu.tw

Taiwan

Motivation in Research

1. ZnO is an N-type wide bandgap semiconductor material, belonging to the direct semiconductor of ZnO structure, which can be applied in many different components, such as surface acoustic
wave device, gas sensor, solar cell, light emitting diode and so on, because of its advantages of low cost, multiple preparation methods and good optical propertics compared with other

materials. RF magnetron sputtering ZnO layer prepared because of its high deposition rate, excellent adhesion, low temperature deposition, and applicability to a wide range of materials.

2. Multi-layer ZnO/metal/ZnO film sandwich structure has been proved to have good transparent electrode performance and better durability than single-layer doped ZnO film or metal film, and
it has been recognized as a good candidate for transparent conductive film used in solar cells. Aluminum (Al) is inexpensive compared to copper, silver, and gold, which are expensive metals,
and has good optical and electrical performance when used in ZnO films.

3. In the study, the effects of RF magnetron sputtering on ZnO films and thermal vapor deposition on the deposition conditions of Al metal films were investigated, focusing on the change in
substrate temperature and the difference thickness in the Al metal layer.

surface, as Fig2.

4 TheiGIXRD semiisiacy TIMATGINRDIREA Composition Analysis
consistent with previous " RF power 20
Thickness= 580. 58nm research findings, with
the main peak of copper 50w 3552 0n100W
FT0 oxide  observed 75w 3551° Lattice oxygen
around 20 = 35 -
(002)/(-111), as Figl 1005 22478
Resistance ratio, Multilevel capacity i

=

Bindi

1. The Cu2p3 spectrum results are consistent with a copper oxide film,

as evidenced by the presence of satellite peaks associated with Cu(IT)

ions, as Figd

‘The Cu2p3/2 spectrum results reveal the presence of Cu,0 within the

copper oxide film, as well as surface contaminants, as Fig5

3. The OIS spectrum depicts the peak results at 100W, revealing that the
lattice oxygen proportion at 100W is the highest, reaching 72.1%, as

Figd
Core peak RF power C
100 72.10
£ H S manrm Lati 75 6911
| i i T > 68 £ e £ £y )
& i [ 50 6443
- w - Conduction mechanism

Vol ) Swithing €yce w

Stope 104
1. We found two type of multilevel phenomenon as Fig? and Fig8, w
2. Device has been operated a total of 10 times, as Figl

3. Asthe bias voltage increases, it enlarges the gap between the filament and the bottom electrode (or causes < z

the filament to become thinner), leading to an increase in the High-Resistance State (HRS). K g o
4. Under negative bias, the filaments ruptured due to the electric field's influence, causing individual & E

filaments to break apart, retuming to a high-resistance state. @ R

concluslon
« The erystal phase was confimied fo be a copper oxi Name characteristic ¥ i
g S syl e e i e vt wes it =0
100W, and the film contained Cu,0 componeris, : o o | : 7

* The Ag CuO- Cu,O/FTO structure exhibits Mulilevel capacity Onjoftratio >60 Voltage () w G I
« The endurance is i east 10 cycles, with an On/oi atio exceeding | order. Wultievel capacity Yes

In the low positive voltage region (Figl1), the slopes of HRS and LRS are both Appm\mmuew 1, indicating that Ohmic
Reference conduction is occurring at low voltages( IecV).

i, T .S Nt Gl Matmond Ons s, "Rt v n FIOCu0- a2 A he vllage increaes he curvessope rissto 2 conssent with Chikl'ssquare law (1V) or SCLC (Sp
ety devices . Micto & Nano e, 15 (12), 53.85. (20

13 L, T s, M) st evicing et AUCCOUP RRAM i

Doves S e 555, Bk, i, 2113 01

181 Tuo S, XueBing Yin, Rui Yang . Xin Guo. devices withrovenble
s i compag, Py Chesey Crmin m‘m 18,9535 9345.2016)

@ *Advisor : Asst. Prof. Yu-Hung Chen, Dept.

WY AN i/

1] Amir Sharifta, Hoi

Charge
Limited Current). This behavior is observed in the higher voltage range (0.5-1V), where the current increases significantly
due to the creation of filaments.

In the negative voltage region (Fig12), a similar conduction mechanism was observed, just as in the positive region, until the
filament is connected or ruptured.
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o time-delay

.
Figt | (o Rotation speed :12 RPM 4. By analyzing the data, the physical properties of Zn0/AUZn0 can be observed, and the key to accurately prepare the best transparent conductive films can be found.
igl (icPs s o024 + P10 ‘Working pressure: 20mTorr | Thermal i
HCPDS £ 50037 wCa0. Substrate RT i
L e Experimental Produce Results
Table1.
‘ ‘ Deposition type Radio frequency magnetron sputtering
N Target 2Zn0(3"dia, 3mmT, Purity 99.9%)
ot Substrate Glass. ~
pasition H
Phase Au)‘yﬂl i Deposition time 30min £*
D) xXPS) Bisctiicsl Pipertics RF power sow Tonez
g Gas source ‘Argon ‘Deposition type Thermal Evaporator
I The SEM analysis reveals the presence of Ve — e
significantly larger grains on the surface, with fewer o " Gas flow rate 50 scem o
i e, e Microstructure  Optical Vo St 0

pyramid-shaped grains compared to the ot e kR [ i el

condition(no show). Moreover, a few pores are uO target(3"dia,3mmT,Purity99.9%] : Multilevel = brafor

abserved on the surface, which may be attributed to EELEARY | (Uvip Uity il SN Rotationspeed 10RPM Fig2 Fig3 RT(Rq 0.537 mm)

an overlarge power causing damage to the film Rotation speed 9RPM

Metallic interlayer(Al) Top ZnO layer

Bottom ZnO layer

Fig4 50 'C (Rq 0.842nm) Fig5 100 C(Rq 0.654nm) ~ Fig.6 150'C(Rq 0.6311 Fig.7 200'C(Rq 0.558nm)
Barel Glass 2 a ig5 100 C(Rq “m.,,.m.. (Rq 0.631nm) - Fig.7 200 C(Rq 0.558nm)
Figl.ZnO/ metal/ ZnO structural representation e =
oc]|
1. Fig 2 For the FWHM, The FWHM of the film increases from room temperature to 150 ‘C , which means that the - .
erystallinity is poorer, but at 200 ‘C the FWHM decreases, which can be attributed to the substrate being too hot,
resulting in an annealing at low temperatures in the gun, which leads to an improvement in the crystallinity. For grain e
size subsirate temperature is larger at room temperatur, (he hiher 1 ! ain size, but e,
once the critical temperature is reached (substrate temperature of 150 °C ), the crystallinity will be improved, the Fig8

grain size will become larger, and the surface will become tighter and smoother.

Fig. 3~Fig. 8 The RMS roughness increases to 0.842 nm at 50'C deposition temperature and decreases with further
increase in substrate temperature, which indicates that the roughness is more stable and fine at high substrate
temperature. The metal layer increases from Snm to 20nm, it can be seen that the nature of the metal layer affects the
er, because the Snm and 10nm film thickne of the metal-aluminum layer are too small
to cover the structure of the first layer, resulting in incomplete deposition, and the metal-aluminum layer of 20nm is.
thick enough, o that the oxide layer at the bottom determines the shape of the top layer.

Fig. 9 Studying ZnO substrate temperature RT, 50 °C, 150 °C, it can be seen in the (400nm-700nm) wavelengih is
50 °C the best transmission reaches §4.19% The transmittance of the ZnO/AVZnO structure decreases with the
increase of the thickness of Al layer film (Snm>10nm>20nm), but in the ZnO/Al/ZnO structure, the transmittance of
the metal layer film decreases with the increase of the thickness of Al layer film. However, in the ZnO/Al/ZnO,
structure, the transmittance of the metal layer Snm is higher than that of ZnO structure in the visible region.

Fig. 10 The energy gap (sputtering power S0W) depends on the thickness of the metal to see the Eg. According to
our previous experiments, the encrgy gap of Zn0 is above 3.6¢V on average, which is basically insulating, and it is
improved by the interlayer of metallic Al The increase in the metal thickness compared to the oxide layer only shows
a clear difference in the energy gap. The metal doping leads to an inerease in free electrons, but it also leads to a
narrowing of the optical spectrum so that only light in a specific frequency range can pass through.

Fig. 11 Four-point probe calculation of resistivity p (sputtering power S0W). The thickness of different metal layers
1o see the change of resistivity according to our previous experimental data learned that the resistivity of ZnO is very

tic

shape of the next oxide

Fig.10 B W
—
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522

r density, even though the metallic Al layer is only
20nm thick at its thickest. The resistivity is more stable at 10nm and 20nm, while the resistivity at Snm is more s ( (
variable because the metal layer is t0o thin to be accurately captured by the film thickness meter we use, and can only
be roughly estimated.

Conclusion

In this study, we have conducted an investigation focusing on ZnO films and the ZnO/AI/ZnO structure. Our
l'mdmgs al that the ZnO/Al/ZnO structure exhibits significantly lower resistivity and a narrower energy gap
zeferences in comparison to the ZnO films. Moreover, the ZnO/AUZnO structure demonstrates superior transmittance,
especially within the vxslhle rcgmn Nnmbly x! a substrate I:lnperalure of 50 °C lht ZnO/AI(S nm)y’7nO ilruclure

1] Xuhu Yua, Jin Maa, ec al, Journal of Crystal Growth., vol. 274, pp. 474-479, 2005. boasts an i
2] Anuradha Purohita, ec a1,0ptical Materials., vol. 49, pp. 51-58, 2015. re:{\lls und Q )
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