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Synthesis and Characterization of Two-dimensional silicon
phosphide semiconductor thin films

Kwan-Ho Fung (7%44 &%)

Department of Applied Physics, Tunghai University, Taichung, Taiwan
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Unsupervised machine learning on classification of quantum phases
Hsuan-Yu Wu!, Kwai-Kong Ng!
!Department of Applied physics, Tunghai University, Taichung, Taiwan

Abstract

(Recently, an algorithm [1] has been developed to apply video compression methods to the imaginary time direction of data )
generated by quantum Monte Carlo (QMC) simulations, followed by quantum phase classification tasks performed by a
convolutional neural network (CNN). This method was originally used for supervised learning. The present study further
extends the method to unsupervised learning, attempting to distinguish different quantum phases of unknown ground state
phases of quantum systems and identify corresponding quantum phase transition parameters. This method can also be

\applied to some thermal phase transitions to determine the critical temperatures for different phases. )

Method ( h
(a) (b)

( Consider training data with a window boundary. \
If the data belongs to the same phase, it cannot be

distinguished, otherwise, it can be distinguished. ; ;
unsupervised learning Fig 6. The variations in the results of (a) imaginary time layer N;, and (b)

-

lattice size L in the results of Figure 4 (b).
| l l_l — sliding window >\
phase I Ac phase 11 (@ (b)

Figl. Illustration of the operation process[2]

* The method of extracting data involves applying
video compression to the imaginary time direction
of data generated by quantum Monte Carlo (QMC) T . T
simulations and then using a convolutional neural Fig 7. (a) The density of hard-core bosons graph along multiple phase

. . transition paths[3], (b) where our model predicts the results. Here, L=18
netw{gﬂf (CNN) to perform classification. with an interval of 0.1,

* Thermal transition

The position of the Fig 8. The thermal transition of solid at

critical pointas L~~~ L=18, with intervals of 0.02.
approaches infinity

connected layer
Fig2. The number of kernels is 32, the number of hidden layer neurons is
512, the loss function is binary cross-entropy, the optimizer used is Adam,

and L2 regularization with a parameter of 0.08 is added. L T Tempete T y
*  We use an extended hard-core boson Hamiltonian on a
triangular lattice, as shown below. Conclusion
\ / /+  Without the need to pre-inform relevant state )
information, our method has been proven to be able to
Results roughly capture the location of the critical point of

f \ quantum transition.

* Quantum transition + By introducing imaginary time, our model can better

Fig3. Distribution of solid, supersolid, capture the characteristics of the critical point.

and superfluid states at T=0.01 in .

» By changing the window size, we can better determine
Quantum transition.[1]

the approximate range of the critical point based on the

width of the peak.
v * In the future, it may be attempted to use extrapolation
(a) (b) methods to search for the critical point as L approaches
The position of the ~_ The position of the \ ll'lﬁl'llty. )
«——— critical point as L critical point as L
approaches infinity approaches infinity Re ferences
Fig4. Quantum transitions from (a) supersolid to solid and ‘(b) supersolid to [1] Physical Review B 99, 121104(R) (2019)

superfluid at L=18, with intervals of 0.05 and 0.004, respectively. [2] D.-R. Tan and F.-J. Jiang, arXiv:1707.00663v1

[3] PRL 95, 127205 (2005)
[4] Physical Review B 102, 224434 (2020)

Fig 5. The variations in the results of
window sizes in the results of Figure
4 (b).




Simulating variational wave

functions on quantum circuit

C.W. Lin(#ku% 22)!, C.Y. Huang(3x ##y)!, C.T. Chan(& 1% %)!
!Department of Applied Physics, Tunghai University, Taichung, Taiwan
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Enhancement of multiferroic properties for BiFeQO; films

with Tb substitution

P.H. Chen(BA8 %), TK. Lin(# F£ #%)%, C.R. Wang( £ § 1=)!, H.W. Chang(3k &.8%)>"
! Department of Applied Physics, Tunghai University, Taichung, Taiwan
2 Institute of Manufacturing Technology and Department of Mechanical
Engineering, National Taipei University of Technology, Taipei, Taiwan
3 Department of Physics, National Chung Cheng University, ChiaYi, Taiwan

i \( . . A
( BiFeO; : Fundamentals Motivation and purposes
Ferroelectricty Antiferromagnetism
* We expect that substitution of Tb3* ion with high magnetic moment could reduce the leakage
and improve multiferroic properties.
* BiTb,FeO; (BTFO, x = 0, 0.05, 0.10, and 0.15) thin films were prepared by pulsed laser
deposition (PLD).
G-type Antiferromagnetism: ¢ In this work, a systematic investigation of the structural evolution, surface morphology,
M =0.01 pg/f.u. microstructure, leakage mechanisms, and ferroelectric and magnetic properties of BTFO
T ~1103 K Ty ~643 K films is reported.
. J
Spontaneous polarization
~6.1 pC/em? at 77 K 4 N\
Teague et al. Solid State Commun. 8, 1073 (1963). M. Bibes, et al. Nat. Mater. 6, 296 (2007). Expel‘ lment
Tb: e - * Pulsed Laser Deposition (PLD)
Ion radius : Bi™>Tb « Bi, ,Tb,FeO; (x=0.00,0.05,0.10 and 0.15)
High magnetic moment (9.75u) * Background pressure : 5x10° Torr
» Formation temperature : 350~500 °C
* Working Pressure : 30 mTorr (O,)
XRD TF2000 EM
Structures Ferroelectric e
properties .
AN

\

Results and Discussion
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Fig.1. XRD analysis of Bi, ,Tb FeO; (x = 0, 0.05, 0.1, 0.15) films Fig.2. SEM images of Bi, ,Tb,FeO; films, x = (a) 0.00, (b) Fig.3. AFM images of Biy [ Tb.FeQ; films, x = (a) 0.00, (b) 0.05, (¢)
0.05,(c)0.10,and (d) 0.15 0.10,and (d) 0.15
} . ; } . - |
| I ‘ . 15 -10 5 0 5 10 15
T ncncssaven | desenan _ _ ) H (kOe)
Fig.5. J-E Curve of Bi,  Tb,FeO; (x = 0.00 - 0.15) films Fig.6. M-H curves of Bi, , Tb FeO; (x = 0.00 - 0.15) films

Fig.4. P-E Curve and of Bi; ,Tb,FeO; (x = 0.00 - 0.15) films
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I
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Ly, 72, >,
A = Thgta (deg.) _ Fig.8. SEM images of Bi o5 Tby sFeO; films: Ts = (a) 350 °C, Fig.9. P-E curves of Big 45TbysFe0; films: Ts = (a) 400 °C, (b)
Fig.7. XRD patterns of Bi; ¢sTb, osFeO; films at various Ts. (b) 400 °C, (c) 450 °C, (d) 500 °C. 450 °C, (c) 500 °C
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Conclusions

. B 95Tby osFeO5 thin film exhibits optimum electrical properties (2P, = 197 pC/cm?) at 400°C, superior to other international groups. Improved ferroelectric properties with increased
remanent polarization, possibly due to suppressed leakage current resulting from the suppressed oxygen vacancy and the flattened interface, were observed for BTFO films with x = 0.05.

. Magnetic properties are enhanced due to Tb substitution, which might be related to higher magnetic moment of Tb?" ion and suppressed spiral magnetic configuration.

. This works suggests that Tb-substituted BFO thin films on a Pt electrode buffered glass substrate at low deposition temperature may be a useful multiferroic material for applications.




S AT 5 4 B 35 M
BlsEgt
B AIE M
RRMEE L, RIGERE, 64 -
e

HTERZREHELEHESL  F—FFRARFE - WHEAHK » AF 5 F M4 X NeuroRetriever(NR) /% H 7% =T

P R B KA R 46 %1% (Raw image) B B) AR RN RS HE—WL T - KM REHIG— HbRF AR
ARSI AR EELZE S ATYES NRA DB 2@ ¢/ b3 - M i R R ey et -

A RA LI EILER > IRAERH 2 E BT E LB B B > BB BB E R E# L EANREHE

R R AL R O Y

S x e

NeuroRetriever

c HMANRFEEL > RORERPHFTEHILHEHER > THRAED
Ha Y R J RABAP 42 15 (Raw image) F > 918 H #2338 —ib @
B EHRRIEIELL -

RRF %

Source Field code & Codelet

o A48 T Sm i R B (soma) Y B AE A 2 e BE(BE R 4k B 1) AT 4
YR AR B R ShaE 42 0 LALEEdE C ABWEBIL LA
69 B8 T AR AR 40 4% 5T R 0 18 4k 445 4% A Source Field code ( #j#% #SF
code) o

e % 35 =1ASF code A — zCodelet °

Wi ATHE:
+ [EH e PECodelet > I A 42 B —Ap & U4 F Codeletrr # JE 2] 4y
MEEXHEBGREFE  HE B ATES -

B b
a
a
Fig.4 3 4857 & B  (B)IR A 4% 7 48 # 47 Source field code# 4% » 4% =fESF code % — #Codelet - (b) ki
H Bk Codelet » 3 4§ Codelet ¥ )4 B2 M8 F#AE R EFE -
Fig.1 (A) 5% 3 360 R 46 RIB AW B B8 @NRFE kA5 e 8% B —ibae it - BRI REH

Chi-Tin Shih et al , “NeuroRetriever:Automatic Neuron Segmentation for Connectome Assembly * ,

Front. Syst. Neurosci., Vol 15, page 5, (2021) ©

o ANREHUA > MEE—WHEAHLARALYF BT BEY

s -

O
O

Fig2 W@ AHG L HABFEREBALTOPERLEREHH) -

* FALBAHEAMEE  MAHFWRBIWEAB G IR ERE
BHEEOPEALGEE(BE) > EHEAWE S RA L ARGHE
B AYIEIE GRS PR & A BB s LA R SRR o AT KA HI B
sb By B — b S UG I L A — B R A AR e 2] -

ZH7% @481 (CNN)

s —HREMBRELE > ARKTARFHERREIRENEEE
X G YR LA @A (2]

Fig.3 CNNip 45 4934 -
B, (187 55k A5 45y RG4S 55 1% L 69T RE) | page 22, (2020)

I.

Fig5 £ B AEr2s2 B3 HA4E > 2328 "0, PRIGB ARBEBZ B HE  Biih "1, EBAK
IHEEZ R HAL AR A (2, -

CNN3| 4

o FIFACNNR PP RBAVELE P oyl g > B4 FHREH
FAZ AT BT EE S IR BT BE D AR B R 0 SR CNNEZ B H)
BTEE > J4RiF: > BRERANRZ L TE -

ARMEXR

© AECNNAEHFRET B S IFBTBE0F » A B ek R > FF]AL
B B 18 R4 48 70 ke B AR BT ZE 69 B AR -

ARTH

o FAALED A HHERPE T LB B B 0 HFEHE
WEBREZGERE  FHENREEERACR B R ELN
BB~ REFEF ey Bl B — TR ETT 0 A
R EE T L GRE o

5% 3k

Chi-Tin Shih et al , “NeuroRetriever:Automatic Neuron Segmentation
for Connectome Assembly “ , Front. Syst. Neurosci., Vol 15, (2021).

2. BRRY, (/7579 HHRIETIE TR LI B E)

(2020) -



Structure and energy storage properties of ZrQO, thin films
with Pt underlayers on the glass substrates

W.T. Lin(hE3E)!, C.R. Wang(EE&1Z)!, H.W. Chang(iR &)

!Department of Applied Physics, Tunghai University, Taichung, Taiwan
’Department of Physics, National Chung Cheng University, Chia-Yi, Taiwan

: ( . ™
(" Introduction ) Experiment
* The antiferroelectric Zr-substituted HfO, (HZO) films show attractive energy .
storage properties. »>RF magnetron sputtering
* The much higher power density and longer life make electrostatic capacitors Work power : 80-130 W
more appropriate for energy storage applications. Work pressure : 3-70 mT
¢ HfO, and ZrO, exhibit high breakdown field, eco-friendly, and good :
performance at low thickness. _ Pt(20nm Pt(_lSnm)
* Most efforts on ZrO, and HfO, prepared by ALD are made, but rare > Post- annealed treatme:l ¢ ( )
literatures on sputtering are available. . Temperature :300-700 °C Glass Ta(5nm)
Methods Processing I Time :10 min
Glass
expensive, complicated
ALD processes,
spend more time . Deposit .
Deposit Pt ZEOZ Post- Deposit
bottom il annealed Pt top
Sputter inexpensive, simple, fast, electrode L ?i on electrode
P commonly used in industry
an et al., 374, 100 (2021); Chu, Science 374, 33 (2021)[1]; Zhang et al., Rare Met. 41, 730 (2022)[2] \_

. . Results and discussion
Structure and Electric behaviors of ZrO, films (60nm) on Pt underlayers post annealed at various temperatures:

“«— as-deposited |~ 300°C
s 20 5 20
: E
= 3
£ 26, — 1.8 nC/em? E 2P, - 0.37 uClem?
= . Ea P 9B pcrem?| Prnax=4-13 pCrem?
b= 500°C E 7 fesn—z00uen® | e oskvem Eem 0.14 kViem
= Efficiency = 80.96 % | Epay= 4.8 KViem 5.27 % Eppay= 1.2 kViem . ° =
z 200°C I I s A as-deposited, Ry~ 0.950m 300°C, R~ 1.06nm
5 Electric Fi Electric Field (kV/cm)
2
S e g 500°C
2
deposited | E
E 4.2 pCrem? = 0.51 pClem?
= B4 pCrem? ~12. e’
[ fficiency = 75.21 % | Fmax= 6 KViem Efficiency = 77.83 %|Emax= 4.8 kV/em - O -
2-Theta(deg.) o ! E_:mkt . L ek s . 400°C, Ry,=1.93nm 500°C, Ryype=1.99nm
lectric Fiel em Electric Field (kV/cm) .
Fig. 1. GIXRD patterns of ZrO, films post-annealed Fig. 3. AFM images of ZrO, films post-annealed 300-500 °C. Wig. 4. TEM results of ZrO, films post-
Fig. 2. P-E curves of ZrO, films post-annealed 300-500 °C. annealed 400 °C.
300-500 °C
— e mm mm mm mm o mm mm Em mm mm e e e e e o o e e e e e e mm mm E
Structure of ZrO, films with various and directly on glass substrates post annealed at various temperatures:
Phase composition of ZrO, films
80W 10mtorr 130W 10mtorr

80W 70mtorr

! BT
0 \ 2 $ P =
2w ¥ 2 3 ’ e
8 o - & soc S
i e |8 z B 8OW 10mT  57%  43%
Z sooc |3 2 b g
e sooc | S £ 400C £
E 400 400°C ’_‘= = 1 -
- : s00c N e 80W 70mT 3.4% 96.6%
o i oedopi L —
22 24 26 28 30 32 34 36 3 40 42 44 46 48 50 52 54 2224 26 28 30 32 34 36 30 40 42 44 46 48 50 52 54 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 N
2-Theta(deg.) 2 Thetadeg.) 2-Theta(deg.) 2-Theta(deg.) 130W3mT  71.4%  28.6%
Fig. 5. GIXRD patterns of ZrO, films papered Fig. 6. GIXRD patterns of ZrO, films papered Fig. 7. GIXRD patterns of ZrO, films papered Fig. 8. GIXRD patterns of ZrO, films papered
: 0, )
by sputter at 80 W and 10 mT and post- by sputter at 80 W and 70 mT post-annealed at by sputter at 130W and 3 mT and post- by sputter at 130W and 10 mT post-annealed at 130W 10mT ~ 75.6% 2345%
annealed at 300-700 °C. 300-700 °C. annealed at 300-700 °C. 300-700 °C.

XRD patterns of ZrO, films(50nm) on Pt ~ Pt/Ta underlayer ~ glass substrates:
on glass on Pt

— 1000 . . — Underlayers
B = N B
2 PE P2
El e 1 )
1000 4 3 . | =1 -
= = c B
z i \ 700°C & ! | e 5 7000c =
= | 4 = <
<
= | s00°c & b i ) 600C 2 =
@ : | z 500 ' g 600°C g
g = WMMMSOOQC £ . I ‘ e 2 sore 2
g og — 400°C
= ) X 400°C ! s = | A a00c
T 300°C MM‘“’AM« | o
I 1 I , I
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 2_Theta(deg_)
2-Theta(deg.) 2-Theta(deg.) 2-Theta(deg.)
Fig. 9. GIXRD patterns of ZrO, films directly on glass post-annealed Fig. 10. GIXRD patterns of ZrO, films on Pt underlayer post- Fig. 11. GIXRD patterns of ZrO, films directly on Pt/Ta Fig. 12. Normal XRD patterns of underlayers
at 300-700 °C annealed at 300-700 °C underlayer post-annealed at 300-700 °C.
. , . . o onclusions A
Kz:oz thin films with m, o, and t phases show a typical paraclectric behavior with high pganzanon. v&gere paraelectric al Film hod ESD  Efficiency Ret.
behavior leads to high efficiency, and large polarization contributes to high ESD. material thickness(nm) methods Gemd) (W) el
. . 5 . _ N .
*Most importantly, the highest of ESD up to ~59.5 J/em® and Efficiency up to ~75.21% attained for ZrO, films post HZO 71 ALD 55 57 131

annealed at 400°C in this study, is larger than those reported by D. Das et al (ESD ~55 J/cm?, Efficiency ~ 57%), Park et al.
(ESD ~46 J/cm?, Efficiency ~ 51%), Wang et al. (ESD ~75.4 J/cm?, Efficiency ~ 88%), Haiyan et.al. (ESD ~87.6 J/cm?,

Eﬁ'lciency ~ 68.6%) [D. Das et al, IEEE ELECTRON DEVICE LETTERS, 42, (2021) 331.][3 ], [Park ct.al Adv.Energy Mater.2014,4, 14006][4], [Wang ct al. Appl. Phys. Lett. 120, 023904 (2022)][5], Zr0, 470 sputter 75.4 88 I5]
[Haiyan ctal. Adv. Sci.2023, 2300](6]

HZO 9.2 ALD 46 51 [4]

*The results of this work show that the ESD performance of ZrO, thin films can be optimized by changing the sputtering HZO/ALO/HZ 16 ALD 87.6 68.6 161

parameters and post-annealing conditions. o

*Compared with only Pt underlayer, using Ta as the bottom film will make the Pt underlayer with better crystallinity and Zro, 60 sputter  59.5 75.21 this work
flatter surface, and it might be beneficial for the crystallinity and energy storage properties of ZrO,, which is ongoing work.
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Self-supervised learning on g-state clock model

Shu-Min Lin , Kwai-Kong Ng
Department of Applied Physics, Tunghai University, Taichung, Taiwan
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Detecting the phase transition of g-state clock

model through universal model
Yu-En Wu?, Ching-Yu Huang?, and Kwai-Kong Ng?,
1Department of Applied Physics, Tunghai University, Taichung 40704, Taiwan
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Stitching Expansion Microscope image

Chang-Wei Leou, Chi-Tin Shih
Department of Applied physics, Tunghai University, Taichung, Taiwan

Abstract

In this study, I aim to develop an algorithm for reconstructing Drosophila brain expansion microscope images
composed of hundreds to thousands of 3D images. By leveraging the overlapping regions between the images, I utilize
a FAST-based approach to extract the structural information. Subsequently, a similarity table will be constructed by
calculating the similarity using a given function. Finally, the best alignment positions will be determined based on the

similarity table.

Introduction

Due to optical microscopes resolution limit (about
300 nm), which is insufficient for resolving synaptic
connections in the Drosophila brain (about 10 nm).
Expansion microscopy is employed to uniformly
expand the Drosophila brain by approximately 10-
fold to achieve higher resolution imaging.

However, as the entire expanded brain cannot be
captured in a single shot, multiple images are taken
(figure B). Specifically, intentional overlapping
regions are captured to facilitate the subsequent
stitching and reconstruction of the complete
Drosophila brain image.

1
M3 (x3,v3,23) |7 7] Ny =7
P LI sC R
\ (I a;
\' g
\D a A7
._’\—\.‘_/o—c La3 .—.—//T
b. bs Da
Mg(x6, 6, 26) by %6 N
i 2=7

¥ Lbs

S
—

(F)

(A) is a complete Drosophila brain. (B) represents the
expansion microscope image of the red rectangular region in
(A). The yellow lines in the image indicate the overlapping
areas between the adjacent blocks.. (C) is one of the images
from (B). (D) & (E) are (C) divided along the x-axis. (F)
represents the extracted skeleton information after applying
the FAST algorithm to (D) and (E). Laz & Lbg are the length
of linesegment a5 , bg. M3 & Mg are the middle point of a;,
b6.

—_

Method

. In order to prove the concept, we divide an expansion

microscope image (figure C) into two parts along the
x-axis, with an overlapping region (figure D & E). We
then apply the FAST™ algorithm to both images to
extract structural information (figure F).

. After obtaining the structural information, calculate

the midpoint and vector for each linesegment (figure
F). Then, utilize the similarity function S to calculate
the similarity between each line segment.

l
S=(D—)+|c059|

1 Aa, &Lb

_1 Nt '}
(l)_z(ZN1+, NZ)
=1 j=1

D=y =)+ —y)+(z —2)?

. Generate a table where first row represents the left

segment and first column represents the right segment.
Then, identify the highest S in each row and calculate
the sum of these values, resulting in an energy that
represents the degree of proximity between the two
segments at that particular position.

by b, w | bn,
aq 511 512 SNZ]-
az | Sz | S22 v | Sny2
an, |Sny1 [Snyz | - |SNyN,

. Move two segments closer to each other (figure F)

and repeat steps 2 to 3.

. By repeat above steps, could obtain the best position

for each segment (figure F).

Future work

Find a way which can have higher efficiency to get
the highest similarity values in each row of the table
and complete stiching.

Reference

. Chi-Tin Shih et al, Front. Syst. Neurosci, Vol 15
. FEI CHEN et al, Science, Vol 347, pp.543-548
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To realize quantum random walk on quantum computer simulator
BoChen-Chen, JingYu-Huang
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Magnetic properties and microsucture
of Co/MnN/Ta thin films with MnN, insertlayer
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Results and discussion

Introduction Fig.1

& Fornractical avehaneahiae (FRI cvetoam the main reaniremante

Intensity(a.u.)
Intensity(a.u.)

requirements.

® Large EB field (Hg) with high interfacial coupling energy (J;,,) of
0,24-0,41 mJ/m? could be attained for MnN-based EB system,
such as MnN/CoFeB and MnN/CoFe. 30

® N diffusion out of MnN laver during annealing process could
damage EB and exhibit poor thermal stability.

40 50 -
20(degree) 20(degree)

LXRD patterns of (a) Ta/Co/MnN/Ta , (b) Ta/Co/MnN/MnN,(x<1)/Ta films annealed at various T,,, in range of 300-550°C.

Fig.2 Ta/Co/MnN/Ta Ta/Co/MnN/MnN,(x<1)/Ta
® DMagnetic properties, structure, surface morphology, and
microstructure are studied.
Crystal Experiment Ta(5 nm)
structures by Co(S nm) .
XRD MnN(50 nm) =
The thickness Argon Ta(50 nm) =
and surface u Glass
morphology INitrogenI Ta(5 nm)
of the sample Co(5 nm)
by AFM MnN(50 nm)
Magnetic HV-sputtering system |
properties by || The films are annealing at various -5000 0 5000 -5000 0 5000 -5000 0 5000 -5000 0 5000
AGM temperatures, then cooled to RT at H=2.0 kOe. H(Oe)

M-H curves of (a)-(b) Ta/Co/MnN/Ta films annealed at various T,,, (c¢)-(d) Ta/Co/MnN/TaN/Ta

films annealed at various T,,, and (e)-(f) Ta/Co/MnN/MnN,(x<1)/Ta films annealed at various T,,,.

Fig.3 @

(b)
TEM images of

(a) Ta/Co/MnN/Ta
with annealing
temperature 375°C ;
(b) Nitrogen
concentration depth
analysis of
Ta/Co/MnN/Ta with
annealing
temperature 375°C ;
{c)

] w0 B0

pul ] 0
Temperature(°C)
Dependence of (a) Exchange bias (Hg) and (b) H, on T, for Ta/Co/MnN/Ta and

Ta/Co/MnN/MnN,(x<1)/Ta films.

Fig.4 Ta/Co/MnN/Ta Ta/Co/MnN/MnN,(x<1)/Ta b @ e o Ta/Co/MnN/MnN, (x
<1)/Ta
(@ @ with annealing
temperature 375°C ;
{d) Nitrogen

concentration depth
analysis of

Ta/Co/MnN/MnN,(x
R=0.171m R=0.64 nm DM
with annealing
— - temperature 375°C
®) @ J -
AFM images of ()
(a) the as-deposited
Ta/Co/MnN/Ta film,
(b)Ta/Co/MnN/Ta film annealed
R=0.26 nm R=0.79 nm at 375 °C, and (c) Ta/Co/MnN/Ta

film annealed at 500 °C ;

(d) the as-deposited

«© {f) Ta/Co/MnN/MnN,(x<1)/Ta film
5 (e) Ta/Co/MnN/MnN(x<1)/Ta
film annealed at 375 °C, and ()
Ta/Co/MnN/MnN (x<1)/Ta film
annealed at 500 °C (g) the root-
mean-square roughness (R,) of
the studied films annealed at
R=11.72 nm R=1.28 nm T.nn(annealing temperature).

Conclusions
¢ Thermal stability of exchange biased Co/MnN films are improve by introducing 5-nm-thick MnN, film.

* The insertion of the MnN, layer can delay the diffusion of N from MnN, leading to the maintenance of high Hg even at higher temperature of 525 °C.

* MnyN phase formed by the MnN, gradient layer during proper annealing can also keep the interface flat (AFM) and the MnN phase annealed at higher
temperature (XRD and TEM).

¢ This study show that the MnN_ nitrogen gradient layer inserted between Ta and MnN layers can delay the decomposition of MnN about 100 °C, and improve the

thermal stability of the Co/MnN exchange bias system.




Classification of phases using
autoencoder
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Improvement of Photovoltaic Conversion Efficiency of
Dye-sensitized Solar Cells with Scattering Layer
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Abstract

Nowadays, fossil fuels are decreasing, so green energy has become an important issue. In the field of green energy, dye-sensitive solar cells have the advantages of low
cost and simple production compared to other solar cells. In this experiment, grid structure of TiO: is made by using photolithography and sputtered film, and more dyes
were adsorbed by increasing the surface area of the photoelectrode, thereby improving the photoelectric conversion efficiency.

f DSSC Method \ / Scattering layer Method \

FTO TiO, Dye Electrolyte Pt DSSC working step:

1 (1) Dyes excite electrons when
o c
exposed to sunlight

= (2)Electron inject into TiO,
~E conduction band

—_— T 3 (3) Electrons through the external
. circuit to the counter electrode

(4) Retum to the ground state via Reference from: Review on the effect of compact layers and light
redox electrons scattering layers on the enhancement of dye-sensitized solar cells

-

Procession
Nano TiO. t
ano 21, paste TiO, paste
S S — | | — ] !
S 16
pacer (16m) Spacer (50pm)
Wash FTO Sputtering TiO, layer Photolithography/sputtering/lift off Nano TiO, paste/annealing TiO, paste/annealing
. l
w10 TiCly
\ Surlyn sealing Soak in N719 Wash/annealing At 70°C soak in 70mM TiCl, for 0.5hr
/ Result
SRS PR R =l | - w w E oW
Figl. SEM of grid structure with Fig2. SEM of plane with non-TiCl, Fig3. SEM of plane with TiCl, treatment  Fig4. Transmittance spectrum of TiO, layer
non-TiCl, treatment treatment
TiO, layer Voc (mV) | Ig. (mA) |J (mA/em?)| FF | PCE (%) |
Dense layer 675 037 9.28 0.73 4.61
Grid structure 675 0.72 18.02 0.7 8.573
Grid structure o - . I
and TiCl, treatmnet | 692 031 1032 | 07204 | 4923 . o S
Plane with scattering w w @ ® & w8
layer 600 039 975 | 0.7384 | 4321 e
Fig5. J-V curves of DSSCs in different Fig6. XRD patterns of DSSC with

Table 1. Photovoltaic conversion efficiency(PCE) performance of DSSCs based structure of TiO, TiCl4 treatment and annealing 500°C

on structure of TiO, layer

Conclusions
Using grid structure can increase the surface area. It makes TiO, paste absorb more dye. The Scattering layer can capture the light in the TiO, layer that will make more
Jsc , than using the TiCl, treatment can optimize the TiO, paste. Therefore, the TiO, particles can gather together. It reduce the electron recombination and enhance the
V. Finally, the photovoltaic conversion efficiency of DSSC will improve.




