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Abstract

This study constructs a Stochastic Gradient Descent Logistic Regression (SGD-LR) used for data classification. A software
program based on the SGD-LR has been developed by the authors in Visual C# and .NET Framework 4.6.2. The program
capability has been demonstrated by case studies in this work.

Keywords: Data classification, Logistic Regression, Civil Engineering, Visual C#, NET Framework.
Tém tit
Nghién ciru nay xay dung mé hinh phan loai dir liéu dia trén mo hinh hdi quy logistic va thudt toan stochastic gradient

descent. M6 hinh c¢6 tén 1a SGD-LR dugc phat trién bang ngon ngit C# trén nén tang NET Framework 4.6.2. Kha ning
phéan tich dir liéu cua md hinh dugc minh chirng qua cac dir li¢u thir nghiém trong bai bao.

Tir khéa: Phan loai dit liéu, Hoi quy logistic, Xay dung, Ngon ngit C#, Nén ting NET

1. Introduction 4
S . - Class 1 ® _—
Data classification is a widely encountered 1 L ° -
task in civil engineering [1,2]. This task typically @ " - |
involves the establishment of the mathematical e 721
relationship between a set of influencing factors ". |
and a modeled variable. The influencing factors 0! |
are used as input information for the established ! J - |
mathematical model; the output of interest is the " Class 2
class label corresponding to the provided input >
information (see Fig. 1). Xk

Fig. 1 The data classification process
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The classification model can significantly help
the efficiency of the decision making processes in
the civil engineering field. Thus, data classification
models are widely employed in civil engineering
such as liquefaction prediction [3], groutability
estimation [4-6], slope stability analysis [7],
pavement distress recognition [8], etc. Among the
classification models, the Logistic Regression (LR)
1swidely employed due to its fast model construction
phase and good prediction performance [8,9].
Thus, this study aims at developing a software
program based on the LR model and the Stochastic
Gradient Descent (SGD) training algorithm. The
SGD algorithm is used due to its effectiveness
demonstrated in previous studies [8].

The software program, named as SGD-LR, has
been developed in Visual C# NET framework
4.6.2. A Graphical User Interface (GUI) has been
constructed by the authors to ease the program
implementation. The rest of the paper is organized
as follows: the second section briefly mentions
the formulation of the SGD-LR; two application
cases of the software program are demonstrated
in the third section; concluding remarks of this
paper are stated in the final section.

2. Stochastic Gradient Descent Logistic
Regression

The LR model can help to build a classification
model that separates samples belonging to two
possible categories namely the negative and
postive classes. This machine learning model is
straightforward to implement and its structure is
also easy to interpret [10]. Successful applications
of LR have been reported in various studies [11,12].

For the purpose of data modeling, the output of
a LR model (y) is often denoted as 1 for positive
cases and 0 for negative cases [8]. An input feature
is given in the form of x; = x;,X,,,...,X;, where D
is the number of the features used for classification.
0=20,,0,,0,,...,0, represents the model parameters.
The quantity #4,(x,)is employed to express the
probability of the positive class output of raveling.

h,(x;,) is calculated as follows [13]:
1 1
1+exp(-7,) Tt exp(—0"x,)

(1)

where 77, =6, +0x, +O,x, +...+0,x, =0"x,.

() = Ry (3,5 %550, X)) =

g(n,)= is known as the logistic

1+ eXP(—Ui)
function; its derivative is given as follows [14]:
g'(n)=gm)x(1-g(1,) 2
The probabilities of the positive (y = 1) and
negative (y=0) classes are given as follows:
P(y, =1[x,,0) = hy(x,) (3)
P(y,=0[x,0)=1-h,(x,) 4)
Hence, the output probability can be given as
follows [14]:

P(y, =0]x,0) = (1 (x))" (1= hy(x )™ (5)
Thus, the likelihood of the parameters can be
expressed as follows [14]:

M
LO) = T (hy(x))" (1= (x,))"™ (6)
i=1
where M represents the number of data samples.

In order to determine the set of model
parameters 8, one has to maximize the following
log likelihood function:

1(0) = log(L(0)) = 3"y, log(h (x) + (1= 31 ~log(h,(x)) (7)

The SGD algorithm (see Fig. 2) is employed in
this study to identify the set of model parameters
6. Using the SGD, the parameter 8 is updated
according to the following rule:

0, =0, +a(y, —hy(x, ))xi,k ®)

Procedure SGD
Randomly create 6
Setting MaxEpoch // the maximum number of epochs
Setting « // the learning rate parameter
For ep = 1 to MaxEpoch
Shuftle the training data set
For i=1to M// M =number of data samples

Fork=0toD
6, =6, +a G
o(6,)
End For
End For
End For
Return 6

Fig. 2 The SGD algorithm for training the LR model
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3. The SGD-LR
Applications

Software  Program

To automatically implement the LR model
employing the SGD algorithm, a software
program has been developed in .NET framework
4.6.2. The Graphical user interface (GUI) of the
software program is shown in Fig. 3. The current
program supports a single run of model training
and testing phase. The training input file and
its corresponding label file (Trainlnput.csv and
TrainLabel.csv) are stored in .csv file. Similarly,
the testing input file and its corresponding
label file should be named as TestInput.csv and
TestLabel.csv. The user needs to provide the
number of training epoch and the learning rate
shown in the panel of Model Training Parameters.

82 Stochastic Gradient Descent Logistic Regression Classifier O X

SGD Logistic Regression Classification Model DUY TAN

UNIVERSITY

Load Data Mode! Training Model Prediction

Train Label ~  CAR (%) [ ] CAR (%)

Testinpt | Testlabel | TuePosive [ | True Postive

True Negative True Negative
Model Training Parameters [se Postive False Postive
Epoch 100 False Negative False Negative
Leaming Rat
& Train Model Pmer Model Prediction

Version 1.0 hoangnhatduc@dtu edu.vn

Fig. 3 The SGD-LR software program

Notably, the input features of the data set
should be normalized by the Z-score equation
given as follows:

x,, =X =My )

Sx

where X and X, denote an original and a
normalized input feature, respectively. m and s,
denote the mean and the standard deviation of the
original input feature, respectively.

A common practice is to randomly divide the
collected dataset into two sets of training (90%)
and testing data (10%). The training set is used
to construct the SGD-LR model; the testing set
is used for evaluating the model generalization
capability. To evaluate a LR model performance,
the Classification Accuracy Rate (CAR) is often
employed:

TP +TN
TP+TN + FP+ FN (10)

where TP, TN, FP, and FN denote the true
positive, true negative, false positive, and false

CAR = x100%

negative values, respectively.

To demonstrate the operation of the newly
developed software program, two case studies
related to groutability estimation are employed.
Data in first case study is collected from the
previous work of [6]. In the latter case study,
data presented in the previous work of [4,15]
is employed. In both case studies, a set of input
features is employed to predict the state of
groutability (either groutable which is the positive
class or ungroutable which is the negative class).
The prediction results of the two case studies are
reported in Fig. 4, 5, and 6. Good CAR values
are observed for both case studies (84.00% and
86.96%).

@' Stochastic Gradient Descent Logistic Regression Classifier = m] X

SGD Logistic Regression Classification Model | 22/ [E.L @I\

Load Data Model Training Model Prediction
Train Input ~ Train Label CAR (%) 3395 CAR (%) 8400
Testhput ~ Test Label True Postive | 13600 jluthoskve 1500
True Negative 55 00 True Negative & 00
Model Training Parameters  Fajse Postive |10 00 False Postive 300
Epoch 300 Faise Negative 100 False Negative |1.00 ‘
ing Rate 05
e s e | 2,
Version 1.0 hoangnhatduc@dtu edu.vn
(a)
85 Stochastic Gradient Descent Logistic Regression Classifier = [m] X
- ; ificati %] DLy
SGD Logistic Regression Classification Model
Load Data Model Training Model Prediction
Trainkpu | TrainLabel CAR (%) (8404 CAR (%)
Test Input Teat Label True Postive 24.00 True Postive 7600 |
True Negative 5500 True Negative 1400
Model Training Parameters  ryee postive 700 False Postive | 1.00
Epoch 300 | False Negative 300 Faise Negative 200
Leaming Rate
(| E— [Mose Prdton
Version 1.0 hoangnhatduc@ctu.edu.vn

Fig. 4 Prediction results:
(a) Case study 1 and (b) Case study 2
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Fig. 5 The model training progress:
(a) Case study 1 and (b) Case study 2
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Fig. 6 The model parameters:
(a) Case study 1 and (b) Case study 2

4. Conclusion

Data classification is an important task in
civil engineering. This study develops a software
program based on the LR algorithm and the

SGD training algorithm. The applicability of
the software program has been illustrated by
two case studies using collected data sets of the
groutability estimation. Good predictive results
show that the SGD-LR software program can be
a useful tool to assist decision makers in civil
engineering.

Supplementary materials

The software program can be downloaded via:
https://github.com/NhatDucHoang/SGD LR
Software
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Abstract

In this paper, we investigate the secure communication of a non-orthogonal multiple access (NOMA) system based on
users’ quality of service (QoS) requirements, in which Nakagami-m fading channel and user selection are analyzed. The
network consists of one source, two legitimate user (LU) clusters with different priority, in the presence of one passive
eavesdropper. Given this context, a user selection solution is considered, where a user with the best channel quality in
each cluster is selected for transmission. To analyze the secrecy performance, we derive tight and asymptotic closed-form
expressions of secrecy outage probability. Monte-Carlo simulations are also provided to confirm our theoretical results.
The results show that the secrecy performance can be improved by increasing the number of users in two clusters and our
communication protocol outperforms conventional one in terms of secrecy performance.

Keywords: NOMA, physical layer security, secrecy capacity, secrecy outage probability.

Tém tit

Trong bai bao ndy, chung t6i xem xét van dé truyén thong bao mat ctia hé thong da truy cap phi truc giao (NOMA) dua
trén nhitng doi hoi chit lugng dich vu (QoS) cua ngudi dung, trong d6 kénh truyén pha-dinh Nakagami-m va sy Iya chon
ngudi dung duge phan tich. Mang khao sat bao gdm mat tram ngudn, hai nhom nguoi ding hop phap c6 do vu tién khac
nhau, trong su hién dién ciia mot may nghe 1én thy dong. Trong hé théng nay, giai phap lua chon ngudi dung dugc xem
xét, trong d6 mot nguoi ding voi chit lugng kénh truyén tot nhat trong mdi nhom dwoc lwa chon cho qua trinh truyén
thong. D& phan tich hiéu ning bao mat, chung toi tinh toan cac cong thirc gan dung va tiém can cho thong sé xac suat dimng
bao mat. M6 phong Monte-Carlo dugc chung toi sir dung dé xac nhan tinh chinh x4c cta két qua phan tich. Cac két qua
dat dwoc chi ra rang hiéu ning bao mat c6 thé dugc cai thién bang cach ting s lwong ngudi dung trong hai nhom va giao
thirc truyén thong duge dé xuit mang lai hidu niang bao mat ot hon so véi giao thirc trude day.

Tw khoa: NOMA, bao mat 16p vat 1y, dung lugng bao mat, xac sut dung bao mat.

Introduction compared with traditional orthogonal multiple

Non-orthogonal multiple access (NOMA), access (OMA) methods such as time division
a promising multiple access solution can bring multiple access (TDMA) and frequency division
the better spectral efficiency and user fairness multiple access (FDMA), has received a great

Email: dung.td.1227@gmail.com
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attention in recent years [1-5]. Different from
OMA, this technique explores the power
domain to serve multiple users at the same time/
frequency/code [2, 6]. NOMA can be performed
by superposing all users’ messages at source
before transmission [7, 8] or dividing all users
into multiple small groups and carrying out
NOMA in each group [9]. User grouping can
bring better performance and reduce co-channel
interference as well as the complexity of signal
processing [9].

Besides, information security is a crucial
challenge in wireless communications due to the
broadcast nature of wireless medium [10]. In this
context, physical layer security (PLS) has been
emerging as a promising method to improve the
security of wireless systems [11, 12]. To do this,
PLS is carried out by exploiting the dynamic
This is
different from the conventional information
cryptographic
techniques which were designed to guarantee

characteristics of wireless channels.

security methods, such as
the security in the upper layers (e.g., the network
layer) based on the ideal assumption of error-free
physical link [13].

Recently, there have been a lot of works
studying PLS in NOMA networks [14-18].
Specifically, in [14], a secure single-input single-
output (SISO) NOMA network was considered.
Based on the users’ quality of service (QoS)
requirements, the authors derived the closed-
form expression of an optimal power allocation
policy to provide the maximum secrecy sum
rate of the NOMA system. In [15], PLS in large-
scale NOMA systems was investigated under
the scenario that users are randomly deployed.
To evaluate the secrecy performance, exact
and asymptotic expressions of secrecy outage
probability (SOP) were derived. In [16], Y.
Liu et al. proposed a communication protocol
to improve the security of large-scale NOMA
networks, in which multiple antennas, artificial

noise and protected zone were considered.
However, the works [14-16] only considered the
scenario that NOMA is carried out based on the
ordered channel conditions and Rayleigh fading
channel.

Considering the works [17, 18], the authors
analyzed the secrecy performance of QoS-
based NOMA systems by deriving exact and
approximate expressions of SOP. In this context,
NOMA is performed based on the users’ QoS
requirements instead of their channel conditions.
However, these works [17, 18] only examined the
NOMA networks with two users. Furthermore,
user selection solutions for secure NOMA
transmission have not been considered yet.

Motivated by the above discussions, in this
paper, we investigate the PLS of a multi-user
(more than two users) QoS-based NOMA system,
where user selection solution and Nakagami-m
fading are considered. Nakagami-m is depicted
as a general channel model since it includes the
well-known Rayleigh and Rician distributions.
In this setting, a source intends to transmit
information to two legitimate user (LU) clusters
with different priority in the presence of a passive
eavesdropper. Specifically, users in the first
cluster require higher QoS than those in second
one. Here, user pairing is utilized for NOMA
transmission, as discussed in [9]. Moreover, a user
selection method where one user in each cluster
that has the best channel condition is chosen for
transmission, is considered to strengthen the
system security. Thus, the main contributions of
our paper are as follows:

L] Asecurecommunication protocol for multi-
user QoS-based NOMA networks is proposed, in
which user selection and Nakagami-m fading are
considered.

] Analytical and asymptotic expressions
for SOP of LUs and overall system, and secrecy
diversity order are derived.

[] Effects of various system parameters,
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such as the average transmit signal-to-noise ratio
(SNR), the number of users in two clusters, and
fading parameters, on the secrecy performance
of the system are investigated.

[] A secrecy performance comparison of
our proposed communication protocol and
conventional one is performed to indicate the
benefits of our solution.

The rest of this paper is organized as follows.
The system model is presented in Section 2.

Secrecy performance analysis of the considered
system is provided in Section 3. The numerical
results are shown in Section 4. Finally, Section 5
is to identify the conclusion of our paper.

N (0,N,)
complex Gaussian distribution with zero mean

Notation: indicates a scalar
and variance N, . || represents the absolute value.
E[-] denotes the expectation operator. T'() is the

gamma function.

2. System model

! Hl p \
- @ | User cluster with
1 . ! high priority

—> Legitimate channel

=2 Illegitimate channel

\ :
\ L !
\ n
\ ’
N 7/

~
~_ L -
Iy oo

User cluster with
low priority

Fig. 1. Model of PLS in a QoS-based NOMA system

In this paper, secrecy communication in
multi-user NOMA system is considered, as
depicted in Fig. 1. The network consists of one
source, denoted by S, one cluster of M users with
high priority, denoted by H ={H,,...,H,,}, one
cluster of N users with low priority, denoted by
L={L,...,.L,}, and one passive eavesdropper,
denoted by E. All of these devices are equipped
with a single antenna and operate in half-duplex
mode.

Let h (Xe{H ,L .E},1<m<M 1<n<N)
is the channel coefficient of S — X link. It is
assumed that %, follows independent identically

distributed (i.i.d) Nakagami-m fading with
parameter my, . In addition, the distance and path
loss exponent of S — X channel are denoted by
dg, and 6y, , respectively.

Prior to transmission, a user H, e H (1 <m
<M)and auser L €L (1<n<N) are selected
for pairing to perform QoS-based NOMA
transmission (the detail of user selection will be
presented in 2.1). Specifically, source S treats
user H, with a higher priority than user L, [19].
Meanwhile, eavesdropper E tries to passively
extract information transmitted from source S.
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2.1. User Selection Scheme

In this subsection, we present user selection
solution proposed for NOMA transmission in
detail. Specifically, a user HeH and a user
L e L that have the best channel conditions (BH-
BL) are chosen for transmission, i.e.,

H = arg max {‘hSH ‘ },

l<m<H

(1)

L=ar max{‘hSL‘ },

1<n<L

2)

where, hg, and kg are channel coefficients of

S— H, and S — L, links, respectively.

2.2. Communication Process
With NOMA, source S broadcasts the mixed

message

xz\/PsaﬁxﬁJr\/Psaixi, 3)
to H and L. In which, P, is the transmit
power, a, and a; (a,+a;=1) denote the
power allocation coefficients, as well as x, and

x; represent the messages for users H and L,
respectively. Since user H has a higher priority
than user L, this implies a, >a; >0. Thus, the
received signal at user V' (V e{H,L}) has the
following form

Yy Z(\/a,gpsx,; + aL*Psxi)hSV W, (4)

where, w, ~ON (0,N,) denotes the additive white
Gaussian noise (AWGN) at user V.

At user H, it decodes its own signal, i.e.,
x,, by treating the signal x, as noise due to
a, >a;. From (4), the instantaneous signal-to-
interference-and-noise ratio (SINR) at user H to

detect X, 1s written as

2
i a.7s|hg;
Yy = ‘SZ" : (5)
aﬂs‘hsg‘ +1
P . .
where y,=—2 1is the average transmit SNR

0

according to LUs.

Atuser L, it first decodes the signal x, , then
subtracts this component from the received signal

to detect its own signal x; by using successive
interference cancellation (SIC)". This is clear
since a, >a; >0. Thus, the instantaneous SNR
at L to detect its signal x; can be expressed as

2
Ysi zain‘hsi‘ : (6)
At eavesdropper E, the signal received from
source S is written as

Vi = (\/agPsx;} + \/aL.PSxi )hSE +wp, (7)
~ON (0,N,) denotes the additive white

Gaussian noise (AWGN) at eavesdropper E. It
is assumed that eavesdropper also uses SIC to

where w,

detect received multi-user data stream. Thus,
after decoding the message x,, eavesdropper
E removes it from the recelved signal before
detecting the message x;. Accordingly, the
instantaneous SINR and SNR at eavesdropper £

to detect x, and x; are, respectively, given by
2
o 9l |hSE|

H — , 8
VsE aL*7E|hSE|2+1 (8)

’ (9)

stands for the average transmit

X
Vse =47k |hSE

P,
where, y, :N_S

E
SNR according to eavesdropper E.

For Nakagami-m fading, the cumulative
distribution function (CDF) of ‘hsﬁ‘z has the
following form [20]

Mgy X

F  (x)= I—Z SH_x g o

| s sA

(10)
By using binomial expansion [[21], Eq. 1.111],

ie. (a+x) =Zn;(ZJx"a”k ,

k=0

and multinomial

theorem, F‘h ¢ (x) 1s rewritten as
‘ ‘ 1+ZZ‘I’ e 15’7 , (11)
st i=1 Uy,

™ In this paper, it is assumed that perfect SIC is

obtained at user L, as well used in [16, 17]. In fact,
this assumption can bring the positive results of

secrecy performance for user L but may be difficult
to obtain in practical scenario.
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my =1

where U, = Z Uy > Py = Z Jug s
j=0 =0

M , i mg V()
¥,= |- 7
Aot T
2
_ E[‘hsﬁ‘ j|

SH T 0y
dSH

Similarly, the CDF of ‘hsi ‘2 is given by

my -1

71mL~x

F (x)=1+i2‘l’ix%e A

g [ . )
i=1 Up=i

(12)

m;—1 m;—1

L
where U, = Z”i,j , 0 = ZJ”L,- ,
j=0 Jj=0

N , i mA( ol O\
W= (=) J
; (ZJ( ) {ui,o""’ui,miIJ[H(j!lsji] }

SL 0y
dsi

For eavesdropper, the probability density
function (PDF)and CDF of || are, respectively,
expressed as

mg mp—1  _MeX
L S—— 13
Toar O =Ty ™ )
mg—1 k . ,’;ﬁ
_1_ E SE
B (=1 2 poeve ™ (14)
E||hg|
where, A, —M.
dg

From (11), (12), and (14), the CDF of y, y.k,
vt ,and y¢. canbe derived through the following
Lemmas 1, 2, 3, and 4.

Lemma 1. Under Nakagami-m fading, the
CDF of y . is given by

1, xX>a
F. (x)= M on M8 ,
Y'SZ() 1+qu’ﬁ[&j e S x<a (15)
i=l U=i Vs
a
where a=—, g = al

Proof: Using (5), F, (x) is expressed as

2
ayVs ‘hsﬁ‘

(x) =Pr

vl <X
s

2
aiys‘hsﬁ‘ +1

(16)

1, X2«

B Pr[‘hsﬁ‘z <‘j—;‘}, x<a

1, Xz«

- F =53 R x<a
ral 7

The final expression of F, (x) can be
Tsit .
achieved as in (15) by substituting (11) into (16)
and the proof is completed.

Lemma 2. Under Nakagami-m fading, the
CDF of y .k (x) has the following form

N o; B imﬁx
F A(x)=1+ZZ‘I’£(a); ] e s (17)
Vs

*L
7si i=l U=i

Proof: By means of (6), the CDF of F ,, (x) is
7si
written as “

Fy;4j (x) =Pr(a£7/5‘hsi‘2 <x)
> x
:m@%\<%%J

—F | —|
‘hSL‘ aiys

To this end, substitute (12) into (18) to obtain
F., (x) asin (17).

Lemma 3. Under Nakagami-m fading, the
PDF of ygi (x) is presented as

(18)

0, x2a
_mgg,
S (x): mel mba. gt le A7 . (19)
Vst F HSx - |:mng —k:|, x<a
=0 KLk (aﬁ —aL.x) AV e

Proof: Using (8) and (14), we derive the CDF
of vsi (x) as follows:
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()

i
VsE

2
a.yp|hg| +1

1, x>«
- &
F@x[nj’ x<a (20)
1, x>«
— me-1 k ko mgpg, )
1_ mEk (&j e 1&575, x<a
im0 KA \ Ve
Zhe PDF of yf (x) is defined as
&, (+)
N — SE 21
stf;’ (x) dx ( )

By calculating the derivative of F., (x) with
respect to x, fy 5 (x) is obtained as in (19).

Lemma 4. Under Nakagami-m fading, the
PDF of yg(x) is given by

mgx

mg _
fy;i_ (X) — mEF - me—le a;7phsg .
r(mE)(aL‘?/E/lSE)

(22)

Proof: The proof of this Lemma is similar to
Lemma 3, in which yg. in (9) is used instead of
ysi i (8).

Secrecy Performance Analysis

In this section, we provide the secrecy
performance analysis of the considered system
in terms of SOP.

The capacity of legitimate user V (V e {H,L}
) and that of eavesdropper E to detect x, are,
respectively, given by

C, =log, (1+73,), (23)
and
Cy, =log, (1 + Vs ) (24)

From (23) and (24), the secrecy capacity of
user V' is defined as [20]

Cy =max{0,C, —C,, }

1+
= max O,logz( +7§'/) ,
I+

(25)

and the SOP at user V' is given by [16]
B, =Pr[Cy, <R, ]
% (26)
(1, ()F,
0

VsE Vsv

[2% (1+x)~1]ax.

3.1. Secrecy Outage Probability Analysis

By means of (26), the SOP at users H and L
can be derived as follows.

3.1.1. At user H

The SOP of user H is calculated through the
following theorem.

Theorem 1. Under Nakagami-m fading
channel, the secrecy outage probability at user
H with QoS-based NOMA transmission can be
approximated as

P x4+ @’AWI{M},

iU k,l

27

R

iUkl i=1 U=i k=0 =0
k=1 95 mag g mpg,
&x gvx,l:l e Agrs  Asere | Mp&x —k
2 ﬂ, ’
(a . —a Ax) stV E

H L
20-1 mPmga. ¥ .\[1-6}
c?l:cos—( )z ’@ﬁzﬂEHka —
2T k12T Ay ey

a+1

p=25
T is a complexity-accuaracy tradeoff parameter.
Proof: See Appendix A.
3.1.2. At user L

The SOP of user L is provided in theorem 2
as below.

Ry R
-1, vxﬁ=2 Tx+271 -1,

Theorem 2. Under Nakagami-m fading
channel, the secrecy outage probability at user L
with QoS-based NOMA transmission is given by

imL(ZRl 71)
vpk Qg7
si9i7s
e sl

¢megﬁr(mf +k)(7eAse )k }“&ﬂwizw (ZRL _1)

[
P ~1+ Z (
t Sk C(mg)al ™y (imLA}/ElSE 2% +mp gy )

g4k

(28)
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Proof: See Appendix B.

In the considered system, the overall secrecy
outage probability is defined as the probability
that secrecy outage event occurs either at user
H or at user L. Mathematically, it is written

S1-(1-7,)(1- ).
3.2. Asymptotic Secrecy Outage Probability
Analysis

as

P

overall

(29)

To obtain the asymptotic expressions of SOP,

we first use the series representation of ¢* in [21]
0 k

=, (30)
k=0 -

to derive the asymptotic CDF of ‘hsﬂ ‘2 and ‘h
as follows:

e =

SL‘

m. M
m.x/ A )"
Z“”NﬁJ%@%l— BNEY
P =i r, )Fe o, Ji
0

_Me&p

o,

m
~ 22 k'il

k m[;IM
where W4 = Tma;m;
H

M k b
1027 (m, ) (Agere ) (754 )
The secrecy diversity order at user H is
defined as

log P;™™
D, =—lim —=-f (36)
7= logyg
Using P in (35), we obtain D, =0.
3.2.2. At user L

Similarly, the asymptotic SOP of user L can

be derived by using fy ., in(22) and F/@ in (34)
as follows: . "
P = [y ()F" v,y Jas

! ) (37)

N Sy m"w"r(mF + k) (75 Ay )k

k m;N-k mpN
mga; Vshg

WT%NYT&ZXWO

Tedss 4 Z Z\Pameawm |:(5I + 1)ﬂ:|

k=0 1=0

g, &
I8 W (x) =

and N

(mL‘x / ;]“Si )mi

Fasym( )~ mA'
it

I

(32)

From (31) and (32), the asymptotic CDF of
v, and y; can be given by

1, xX>a
il (33)
Fyggy (x) =] (my8. [ 7sh:)  x<a
mg!
and
I: /( ﬂ ):|mLN
m.x/\a -
a:ym (x) ~ L L7SNSL ’ (34)
YL (mi !)
respectively.
3.2.1. At user H
With the aim of f in (19), F in (33) and

after some algebraic mampulatlons s1mllar to the
proof of Theorem 1, the asymptotic SOP of this
user can be given by

35)

2

k=1 mﬁM

Mmp8x
7;“SE E m gx
2 V{IL”*}
(a s —a ix) seVE
From this result, the secrecy diversity order of
user L is given by
log P*™

D, =-lim —~—=m_N.
Eooe logyg t

(38)

Based on (29), (35), and (37), the overall SOP
is asymptotically expressed as

P === B PE),(39)
and overall secrecy diversity order is
1 asym
Dovemll hm M = 0' (40)
ne logy,
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From the above asymptotic results, some

useful comments are provided as indicated in the
following remark.

Remark 1. The secrecy diversity order of
the selected user with low priority (L) is m; N

This means that the secrecy performance of

user L can be improved by increasing the fading

to evaluate the secrecy performance. It is
assumed that the distances from source S to
cluster H (users in cluster H have the same
coordinates) and from source S to cluster L (user
in cluster L have the same coordinate) are set
to unity [22, 23]. Furthermore, we assume that

0,=0,=04=6,=2, R, =R, =R = (bps/Hz),
parameter of S — L link (m; ) and the number of and 7=100.

users with low priority (N). Meanwhile, the zero
secrecy diversity order is obtained for user H
and overall system. This reveals that the secrecy
performance of user H and overall system are
unchanged as yy— . More details will be
discussed in Section 4.

4. Numerical result

In this section,

we provide numerical
results of secrecy outage probability (SOP)

Fig. 2 depicts SOP of user L,ie., P, versus
75, in which different values of N are considered.
From this figure, we can see that the improvement
in the secrecy performance of user L (P,
decreases) can be observed as y, and N increase.
Furthermore, the results of secrecy diversity order
of user L in (38) and this figure indicate when m 5
and N increase, the secrecy performance of user

with low priority can be significantly improved in
case of y; > .

10%
— Analysis
== Asymptotic
2 O Simulation: N = 1| |
10 + Simulation: N = 3|
A simulation: N = 5
-4
10
g\'
10°
108}
1070 : ‘ ‘
0 10 20 30

7 (dB)

40 50

Fig. 2. P, v.s. y, with different values of N, where y, =5 (dB), a, =0.7, a; =03, M =2,

- |[—Analysis
= = Asymptotic

O Simulation: M =1
+ Simulation: M =3
A Simulation: M = 5

30
76 (dB)

10 20

40 50

Fig. 3. Pﬁ v.s. y¢ with different values of M, where y, =5 (dB), a, = 0.7, a; = 03, N=2,

m, =m; =m; =m,

:2.
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Fig. 3 shows SOP of user H,ie., P.,asa
function of y, for different values of M. This
figure indicates that the secrecy performance
of user H is saturated (i.e., P. is unchanged)
when y, — o . This phenomenon validates our
calculation of the zero secrecy diversity order
of user H, as depicted in Subsection 3.2.1.
Moreover, in low y, regime, we can observe
from Fig. 3 that the increase in y, and M brings
the better secrecy performance for user A (i.e.,
P, decreases). From Figs. 2 and 3, we conclude
that user L has the better secrecy performance

compared with user H since perfect SIC is
obtained at user L.

Next, we consider the effects of M and N on
the overall secrecy performance, i.e., P, , as
shown in Fig. 4. Specifically, one can see that
the increase in M and N leads to the reduction of
P....» Where M has larger effecton P, , than V.
In the other words, the number of users with high
priority (cluster /) have the higher impact on
overall secrecy performance than that with low
priority (cluster L). Furthermore, similar to the
result in Fig. 3, the overall secrecy performance

achieves the saturation status when y; - .

To examine the impact of fading parameters
{m.; m.; m.} on overall secrecy performance,
Fig. 5 is provided. One can observe that the
overall secrecy performance can be improved by
increasing values of fading parameters of § — A
and S — L legitimate links, i.e., {m,; m.}, and
decreasing that of § — E illegitimate link, i.e.,
m,. . It can be explained that the better legitimate
channel conditions and the worse illegitimate
channel condition are obtained as {m,; m;}
scales up and m, scales down. Specifically,
when m, =1 (Ve{b?, L, E}), S—V channel
is in the worst case, i.e., Rayleigh fading.
Meanwhile, when m, >1, S—V channel
becomes Nakagami with parameters m, or
approximate Rician with parameters K,, in
which m, =(K, +1)"/ (2K, +1).

10°4-#

10k

overall

-2 L
10 =—Analysis

== Asymptotic
O Simulation: {M; N} = {1; 1}|
+ Simulation: {M; N} = {1; 3}
A simulation: {M; N} = {3; 1}

107

0 10 20

50
7 (dB)

Fig. 4. .. Vs ¥s with different values of M
and N, where y, =5 (dB), a, =0.7, a; =03,
m,=m; =my;=m,=2.

— Analysis

O Sim.: {my;m;;mp
+ Sim.
¢ Sim
¥ Sim

s Amgimiimg
2 Ampimyimg
2 Ampimyimg

}
}
}
}

overall

10-4 1 L L I
0 10 20 30 40
7 (dB)

50

Fig.5. P .. V.s. 7g with different values of
{m; m;; m}, where y, =5 (dB), a, =0.7,
a,=03, M=N=2.

In Fig. 6, we carry out the comparison between
our proposed user selection solution, i.e., best
high-priority user - best low-priority user (BH-
BL), and other methods, i.e., BH - worst low-
priority user (BH-WL), worst high-priority
user - BL (WH-BL), and random high-priority
user - random low-priority user (RH-RL). It
is obvious to see from this figure that the best
secrecy performance is obtained by using BH-
BL. In contrast, the worst secrecy performance
is observed in case of utilizing WH-BL. This
reveals that the effect of user # on the overall
secrecy performance is larger than that of user L .

To clarify the benefits of our proposed
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with
conventional one in [16], Fig. 7 is provided.
From this figure, one can observe that our

communication  protocol  compared

protocol outperforms the method in [16] in
terms of the overall secrecy performance.
This is because in our protocol, eavesdropper
is assumed to be affected by the interference
originated from superposed signals in multi-
user data decodability process. Meanwhile, the
protocol in [16] is performed under the ideal
assumption that eavesdroppers are not impacted
by this interference, and this leads to the decrease
in secrecy performance.

10%9-0s80

-©-BH-BL (Sim.)
—=BH-WL (Sim.)
-©-WH-BL (Sim.)
~=RH-RL (Sim.)

overall

o
102}
=
10 :
0 10 20 30 40 50
7g (dB)
Fig. 6. Overall secrecy performance comparison
between user selection solutions.
10% : :
=6~ Solution in our paper
-A-Solution in [16]
101k
T
2
o
o
1072}
10-3 L L | I
0 10 20 30 40 50
76 (dB)

Fig. 7. Overall secrecy performance comparison
between communication protocols.

5. Conclusion

In this paper, we have studied a secure
communication protocol in a QoS-based NOMA
system, where Nakagami-m fading and user
selection solution are investigated. Specifically,
we have considered a circumstance that the
source broadcast the mixed messages to two
LUs clusters with different priority, i.e., high-
priority LU cluster A and low-priority LU cluster
L, in the presence of a passive eavesdropper. To
strengthen the secrecy performance, we have
considered a user selection solution for two-user
NOMA transmission, in which one user in cluster
H and one user in cluster L, which have the best
channel conditions, are chosen. To characterize
the secrecy performance, we have derived the
analytical and asymptotic expressions of the
secrecy outage probability and carried out the
secrecy diversity order analysis for LUs and
overall system. Our analytical results verified
by Monte-Carlo simulation have indicated that
the better secrecy performance can be obtained
in case of increasing the number of users of two
LU clusters and our proposed protocol achieves
higher secrecy performance compared with the
conventional scheme.

Appendix A
Proof of Theorem 1
From (26), the SOP of user H is expressed as
— [ Ry Ry _
Pfff—!fy’s‘;? (x)F;J[I (2 x+2 l)dx, (41)
where Fygg ("x, ﬁ) is given by

1 x=2p

F N\ [ 7"”’12&'(,,', , (42)
Tsh (VX’H) l+i2‘{’ﬁ[gv"” ] e Toils , x<pf
e

i=1 U=i S
a+1
2

where = —1,va:2R”x+2R’7—1.
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By substituting (42) into (41), P, can be rewritten as

™4
Pﬁ =J.fy;§ (x)Fyxﬂ ( )dx+Ify;g ﬂ[ (vxﬁ)dx
0 SH SH
P (43)
:1+i wl mba Iﬁ gy gf”} yiS;H hrf; [mng —k}dx,
i=l U=i k=0 k'(j/E SE o 04 x) Vehse
W (%)

where (*) is obtained under the condition that
B<a, VR,>20. It is challenging to obtain
the exact expression for the integral in (43).
Therefore, an approximation is proposed by
employing the following Gaussian-Chebyshev
quadrature [24]

[w

H(x)dxzj—ﬂZW,; {ﬂT

Finally, the final expression of P, is obtained

(5

)}F @

as in (27) by applying (44) to (43). The proof is
completed.

Appendix B

Proof of Theorem 2
Based on (26), the SOP of user L is expressed as

J‘f? (2 x+2" —1) d

=1+

v, 2" (2% —1)‘”7" e s

imL»(2R1: —I)

(44)

im; 21: m
L +—E

X

dx.

)

iU,k ( j

The final expression for P, is achieved as in
(28) by using upper incomplete Gamma function
[21, Eq. 8.350.2] to calculate the integral in (45).

F(mE)( LyEﬂ’SE)
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Abstract

Biochar derived from biomass can be used as a valuable material for soil improvement, water treatment, renewable energy
production and carbon sequester. It is potential adsorbent which is widely used to eliminate heavy metals due to its large
specific surface area, pore structure, low cost, simple preparation, easy modification and availability of raw materials.
The aim of this paper is to demonstrate general methods for producing biochar, recent development and findings on
application of biochar synthesized from biowaste for removal of heavy metals in wastewater. Adsorption ability and
removal mechanisms of biochar for heavy metals are also tabulated for ease of reference, followed by future prospect of
biochar application for wastewater treatment in Vietnam.

Keywords: Biochar, heavy metals, wastewater treatment, adsorption, biomass

Tém tit

Than sinh hoc (TSH) duogc ché tao tr qua trinh cacbon hoa sinh khdi 1a vat li¢u c6 gid tri cao trong viéc cai tao nguén dét,
xtr Iy nude cling nhu san xuét ning lugng tai tao va cd lap cacbon. TSH dugc sir dung rong rii trong loai bo kim loai niing
trong nudc thai do s¢ hitu nhitng tinh chét dic biét nhu ¢6 ciu trac xép, dién tich bé mat riéng 16n, dé bién tinh, gia thanh
thip, dé tong hop va ngudn nguyén lidu c6 sin trong ty nhién. Muc dich ctia bai bao nay 14 tom lugc nhitng phwong phap
phé bién dung dé san xuit TSH va nhirng nghién ctru gan day vé loai bo kim loai nang bang TSH duoc tong hop tir phé
thai nong nghiép. Dung lwong hap phu va co ché hap phu cua TSH ddi vé6i kim loai ning duoc thao luan chi tiét. Ngoai
ra, tiém nang ung dung loai vat li¢u nay cho xur Iy nudc thai ¢ Viét Nam ciing duoc dé cap.

Tir khéa: Than sinh hoc, kim loai nang, xir Iy nudc thai, hap phu, sinh khoi

1. Introduction

assembling, textile processing, chemical

Water pollution caused by heavy metals is
one of the major environmental issues all over
the world. Common heavy metals like zinc (Zn),
nickel (Ni), copper (Cu), lead (Pb), chromium
(Cr), cadmium (Cd), arsenic (As) are originated
from various industrial sources such as battery

Email: levanthuan3@duytan.edu.vn

manufacturing, mining, electroplating, etc. [1].
They are considered a major risk associated with
several health diseases such as multiple sclerosis,
Parkinson’s disease, Alzhemimer’s disease,
muscular dystrophy, and even cancer [2]. There
are various methods to remove heavy metals from
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wastewater including chemical precipitation,
coagulation, filtration, ion exchange, membrane
separation, flotation, and chemical neutralization
[3]. These typical
disadvantages of high energy consuming, high
operating and maintenance cost, and incomplete

technologies encounter

treatment [1]. Adsorption is known as one of
alternative treatment procedures with many
benefits, for example, this is simple, convenient,
cost—effective and eco-friendly method [4].
Numerous types of adsorbents like zeolite,
commercial activated carbon and metal organic
frameworks have been explored for heavy metal
treatment. However, the application of these
materials 1s faced with several disadvantages
of secondary pollution, complex production
procedures and high cost. Therefore, it is
necessary to find accordant materials with wide
application for wastewater treatment system.

Biomass has shown as considerable potential
adsorbent material for heavy metal removal
from aqueous solution [5]. Using biomass for
water treatment has some of the advantages
such as good adsorption capacity, low cost, free
availability and easy regeneration. A wide variety
of biomass has been prepared from different
materials utilizing agricultural wastes as well
as industrial, municipal wastes and natural
sources [6]. However, the high moisture content
of biomass makes it difficult to store, transport
and handle. Moreover, the removal efficiency
of raw biomass materials is pretty low [7]. Such
problems do not exist in biochar, which is a
carbon - rich material fabricated from low-priced
biomass residues. In the recent years, biochar has
been used extensively in water contamination
control due to its high levels of chemical and
mechanical stability, qualified porosity, large
specific surface area and abundance of different
surface functional groups [8]. Due to such
outstanding characteristics, biochar expresses
high capacity for heavy metal removal from
aqueous solution. Using of biochar as low-cost

adsorbent not only reduces the cost of waste
disposal but also contributes environmental
protection [8]. Furthermore, biochar can be
reused several times after regeneration to enable
to reduce treatment cost [9]. In this article, the
preparation methods and application of biochar
in removing heavy metals were discussed. At the
same time, mechanism of heavy metal removal
using biochar and prospect of biochar application
in Vietnam was also reviewed.

2. Production of biochar

Biochar production from various types of
biomass allows to give the products carrying
different physical and chemical properties.
Temperature, content of fixed carbon, ash, and
volatile components can be considered important
factors which affect the final product properties.
There are four main ways to prepare biochar
from biomass including pyrolysis, torrefaction,
gasification and hydrothermal carbonization
[11]. With pyrolysis, biomass is heated from
300 to over 650°C in the absence of oxygen.
Three products generated from this procedure
are carbon — rich solid, a condensed liquid
phase and non — condensable gas (H,, CO, CO,,
CH,). Based on pyrolysis temperature, time and
heating rate, pyrolysis can be divided into slow
pyrolysis, rapid pyrolysis and “flash” pyrolysis
[8]. With lower temperature and slower heating
rate, the content of solid product is up to 35%.

Gasification is a process of combustion of
biomass at high temperature 600 — 1200°C. This
process produces about 10% biochar and mixture
of gases such as CO, H,, CO,. Torrefaction is
thermal method which can produce biomass in
lower temperature (200 — 300°C) with a period of
time from 30 minutes to 2 hours. It is also known
as mild pyrolysis. Products of this way are not truly
biochar, and have properties between biomass and
biochar. In other way, hydrothermal carbonization
also known as wet pyrolysis, occurs at temperature
from 180°C to 250°C in biomass — water mixture
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under elevated pressure for 1 to 12 hours. Products
of this process include solid particles — hydrochar,
biooil mixed with water and small fraction of gas
(mainly CO,) [11]. Its limitation is high preparation
cost for high speed pressure and high temperature
of expensive reactor [8]. Therefore, it is difficult to
popularize in industrial scale.

3. Recent studies on adsorption of heavy
metals onto materials based on biochar
Heavy metal removal in aqueous solution has
received much attention from many researchers
due to their serious effects on human beings,
other living organisms and environment. Most

of heavy metals are non-biodegradable and
bioaccumulative in living organisms, extending
their impact on the environment even at low
concentration. Among them, Ni, Cu, Cd, Pb
are considered to be the riskiest contaminants
and necessary to treat properly before entering
environment [12].

The recent studies on adsorption of Ni(II),
Cu(Il), Pb(Il), Cd(IT) into materials based on
biochar are listed in Table 1. It is evident that
biochar, low-cost materials, has demonstrated
outstanding heavy metal removal capacity from
aqueous solution in recent researches.

Table 1. Adsorption of heavy metals on biochar derived from biomass

Biochar based adsorbent Contaminant Q. (mg/g) Reference
Pb (1) 21.00 [13]
Discarded Cu (II) 18.80
mushroom-stick biochar Cd (II) 11.20
Ni (IT) 9.80
Ferromanganese binary oxide— Cu (II) 64.90 [14]
biochar composites Cd (1) 101.00
Na,S-modified biochar Ni(II) 15.40 [15]
o Pb(II) 961.54 [16]
Ii)};lcir(:;zftipatlte-blochar nano- Cu(Il) 854.70
p Zn(1I) 980.39
Hierarchical birnessite-type
MnO /biochar composites CuIh 154.00 [17]
Urea Functionalization of :
Ultrasound-Treated Biochar Ni(I) 90.90 [12]
Moptmorlllonlte-blochar com- Cu(ll) 7553 [19]
posite
Rice straw biochar Cu(II) 17.70 [20]
KMnO, and KOH-modified :
peanut shell biochar Ni(I) 87.15 21]
Rice straw biochar Pb(II) 198.18 [22]
Banana peel biochar Cu(II) 59.60- 77.10 [23]
Chitosan modified magnetic Cu (II) 63.52 — 69.37 [24]
kelp biochar
) . Cu(I) 26.94 [25]
Date seed derived biochar Ni(II) 19 64

For example, Poo et al. reported that biochars
from S. Jabonica (SJB), S. Fusiforme (SFB)

and Pinewood sawdust (PSB) were effective in
removing Cu(Il), Cd(Il), Zn(IT) mainly through
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precipitation and complexation mechanism.
Biochar from SJB revealed the largest adsorption
capacity for heavy metals compared the rest of
biochars. Maximum adsorption capacity of SIB
was revealed at 84.30 mg Zn(II)/g, 98.60 mg
Cu(Il)/g and 60.60 mg Cd(I1I)/g while removing
three heavy metals using SFB obtained 43.00 mg
Zn(Il)/g, 94.10 mg Cu(Il)/g, 37.20 mg Cd(1I)/g.
The Zn(II), Cu(Il) and Cd(IT) removal capacities
of PSB were only 5.15 mg/g, 8.86 mg/g and 5.04
mg/g, respectively [12].

Shen et al. found that the pyrolysis temperature
has affected on the adsorption characteristics and
mechanism of Pb (II) on rice straw biochar (RSB).
In detail, Pb(Il) removal capacities of biochars
prepared at 300°C, 500°C and 700°C were 100.28
mg/g, 164.62 mg/g and 198.18 mg/g, respectively.
The results showed that the higher pyrolysis
temperatures caused the higher Pb(II) removal
capacities and faster adsorption kinetics. The higher
pyrolysis temperature boosted the carbonization
process of RSB, leading to form of more alkaline
minerals which supported the precipitation of
metals to biochar surfaces. Precipitation was a
main mechanism to immobilize Pb(Il) ions on
RSB [22].

Lee etal. examined the heavy metal adsorption
efficiency of biochars derived from the gingko
(spiraea blumei) leaf (GB), peanut shell (PB) and
metasequoia leaf (MB). They suggested that GB
adsorbed Pb(Il) and Cu(Il) better than others.
Particularly, the maximum adsorption capacities
of GB for Pb(Il) and Cu(Il) were 138.90 mg/g
and 59.90 mg/g, respectively. The Pb(II) removal
mechanism involved adsorption with surface
precipitation while the Cu(ll) removal was
achieved by adsorption of Cu(II) ions on oxygen
containing functional groups [3].

The study performed by Mahdi et al. provided
an adsorption capacity of Ni(II) and Cu(II) on date
seed derived biochar at different temperatures (350-
550°C), 1- 3h heating times and different particle

sizes [25]. Batch experiments revealed that the
maximum adsorption capacities of biochar prepared
at 550°C and heating time of 3h with particle size
range of 0.6 — 1.4 mm towards Cu(Il) and Ni(II)
ions were 26.94 mg/g and 19.64 mg/g, respectively.
Jung et al. synthesized hierarchically structured
birnessite-type  MnO,/biochar composites (6 —
MnO,/BCs) using hydrothermal method. The
synthesized 6 -MnO,/BCs were used to adsorb
Cu(Il) from aqueous media at different temperatures
(15, 25, 35, 45°C) and gave a maximum capacity
of 230 mg/g at 45°C. The study also reported the
regeneration of the 6 -MnO,/BCs for the removal
of Cu(Il) from solution. As a result, without
regeneration, the adsorption capacity of the o —
MnO,/BCs significantly decreased to 8.48 mg/g,
which was indicative of binding site saturation
while there was no significant reduction of
adsorption performance in the regeneration process
where adsorption capacity of the 6 -MnO,/BCs
only reduced by 3% after five cycles of adsorption
— desorption [17].

Zhou also improved the adsorption of Cu(Il)
and Cd(II) ions on ferromanganese binary
(FMBC) prepared
by impregnation/sintering methods. The FMBC
obtained maximum heavy metal adsorption
capacity of 64.90 mg Cu(Il)/g and 101.00 mg
Cd(Il)/g. Besides, the X-ray photoelectron
spectroscopy and Fourier transform infrared

oxide—biochar composites

analysis indicated that inner sphere complexation
was the main mechanism for uptake of these heavy
metals on FMBC composites [14]. Remarkably,
Wang et al. reported that a hydroxyapatite-
biochar nanocomposite (HAP-BC) could seek as
an excellent material for prospective application
in Pb(Il), Cu(Ill) and Zn(Il) treatment. HAP-BC
was fabricated based on biochar derived from rice
straw. The measured adsorption amounts of HAP
—BC were 961.54 mg Pb(II)/g, 854.70 mg Cu(Il)/g
and 980.39 mg Zn(Il)/g[16]. Huetal. used of Na,S-
modified biochar prepared from corncob at 450
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°C (MCC) for Ni(Il) adsorption with the highest
capacity being 15.40 mg/g. The ion exchange and
physical adsorption were the dominant adsorption
mechanism for Ni(IT) on MCC biochar. The results
showed that Evolich model fit adsorption process
in which the chemical equilibrium was attained
within 24-hour reaction period. The adsorption
performance was affected by pH, temperature and
coexisting ions [15].

Gazi used co-precipitation method to prepare
magnetic biocomposite (MB) from palm seed —
based biochar in the existence of Fe,O, particles.
This study revealed that MB could remove Ni(II)
with maximum capacity of 28.00 mg/g at pH3.
This material can be separated from the treated
solution due to micro-mesoporous character and
high saturation magnetization [26].

An et al. synthesized biochar from peanut
shell and modified it with KMnO, and KOH.
It was found that KMnO, and KOH modified
peanut shell biochar (MBC) can display excellent
Ni(IT) adsorption (87.15 mg/g). It is confirmed
that MBC can be used as promising adsorbent to
remove heavy metals, especially Ni(I) removal.
The adsorption mechanism of this modified
biochar was mainly co-precipitation (complexed
NiO) and complexation (-NH-Ni) [21]. Wang
et al. explored that the mixed heavy metals (Cu,
Pb, Cd, Ni) can be removed by using discarded
mushroom-stick biochar (DMB). The DMB was
prepared at the different temperatures from 300°C
to 800°C. The study showed that the maximum
adsorption capacities of Pb(II), Cu(Il), Cd(II)
and Ni(II) obtained by DMB (800°C) were 21.0,
18.8, 11.2 and 9.8 mg/g, respectively [13].

Overall, it may be concluded that biochar,
high efficiency, environmental- friendly and
low-cost adsorbent has attracted much attention
in water treatment field. So it can be considered
to be a bright material to treat wastewater. The
directions were made for the better handlings of
biochar in the future.

4. Heavy metal removal mechanism of biochar

Different removal mechanisms of heavy
metals on biochar can be listed including
surface adsorption, electrostatic interaction, ion
exchange, precipitation and complexation [27]
(Table 2). Surface adsorption is known to be
physical adsorption. This is a factor involving
a diffusion of metal ions into the adsorbent
pores to form chemical bonds. This mechanism
controls and attributes the maximum adsorption
capacity of metals on biochar. For example,
according to Jiang et al., the surface adsorption
may be involved in Zn(II) and Cu(II) adsorption
on soft wood and hard wood biochars [28]. The
density of negative charge on the carbon surface
increased by increasing solution pH. This increase
of negative charge has caused the adsorption of
heavy metals on the surface.

Moreover, electrostatic interaction is affected
by point of zero charge (pzc) of biochar and the
solution pH. Electrostatic interaction between
charged biochar and heavy metals help to limit
the mobilization of heavy metals. In study of
Shen et al., this interaction was also observed to
be a main mechanism for Ni(II) adsorption on
biochar prepared from mixed soft wood pellets
and Miscanthus straw pellets [29].

Table 2. Removal mechanism of heavy metals onto materials based on biochar

Ad ti Ad ti Pyrolysis tem-
Feedstock Heavy metals Sorp .10n sor.p ton yrolysis fm Reference
mechanism  capacity (mg/g)  perature (°C)
Rape straw Cd(1n) Ion exchange 81.10 600 [30]
Corn stem As(IID) Surface 8.25 620 [31]

adsorption
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Ion exchange,

I(f;iry bio- Pb(II) complexation, 288.00- 304.00 350-500 [20]
precipitation

Rice straw Cr(yy ~ Flectostatic 40.00 400 33]
attraction
Precipitation

Pine cone Ni(II) Electrostatic 106.40-117.70 500 [34]
attraction
Electrostatic

Banana peel Cu(Il) . 59.60- 77.10 200-600 [23]
attraction
Ion exchange

Banana peel Pb(II) Complexation 100.69 -241.94 600 [35]

Marine algal Cu(Il) lon exchange  63.52 — 69.37 500 [24]

biomass

Ion exchange is an exchange of ions between
two electrolytes or between an electrolyte
solution and a complex. Bond characteristic,
charge difference and ionic radii are considered
to be important for this process. Cation exchange
is a significant measure for metal adsorption
[28]. Complexation is another
involving the arrangement of
mutilation formation such as complexes with

mechanism
mechanism

specific metal ligand. Functional groups such as
carboxyl, phenolic, lactonic demonstrated high
binding with heavy metals. The formation of
complexes of heavy metals is more convenient
for biochar from plant than the one prepared
from an animal feed stock [27].

5. The prospect of heavy metal treatment
using biochar in Vietnam

Vietnam is one of the developing countries
where economic development has heavily
depended on the agriculture. Releasing a large
amount of agricultural waste such as farm wastes,
manure, the remains from the production and
harvest of grains, vegetables and fruits annually
has caused a big environmental problem to be
settled in this country. For example, according
to General Statistics Office of Vietnam, Vietnam
rice production in 2018 was about 83 million tons
with estimated rice straw generation of 26.55

million dry tons. Similarly, in 2018, coffee husk
generated from the processing of coffee was also
estimated to contribute to the agricultural waste,
0.77 million tons. So, utilizing these resources
for biochar production has both environmental
significance and economic benefits. Many
reports have shown that using materials based on
biochar for removal of heavy metals has received
a widely attention from many researchers all over
the world. Especially, for developing or poor
countries, including Vietnam, efforts to develop
low-priced adsorbents using abundant industrial,
agricultural wastes, and natural materials are
worthy of respect.

6. Conclusion

Our review presents the methods to produce
biochar from agricultural, natural and industrial
waste; recent researches and mechanism of heavy
metal removal; and the prospect of using biochar
in Vietnam. In general, it can be concluded that
biochars are promising materials for removal
of heavy metals in wastewater as a result of
high surface area, excellent removal capacity
for heavy metals, their high levels of chemical
and mechanical stability, qualified porosity,
and different surface functional groups. Such
materials for the treatment of heavy metals could
be a potential approach to replace the traditional,
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high-priced, unavailable materials. Vietnam is

well-endowed with biomass resources, which

can be used to produce biochar. Unfortunately,

environmental pollution in this country has been

increasingly worsened. Thus, the utilization of
biomass waste to produce biochar for wastewater

treatment will bring tremendous

economic

benefits.
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Abstract

Research on oligonucleotide-based drug (OND) development in the last three decades has achieved certain success, with
some drugs licensed by the US Food and Drug Administration (FDA). Although research on developing anti-cancer
ONDs has not yet resulted in any commercial drug, it has revealed many potential anti-cancer sequences. The results
prompted scientists to look for new potential sequences and develop different delivery forms and carriers. In this study,
we briefly review approaches in essential steps of anti-cancer OND development. Studies on miR-34a, one of the most
interesting oligonucleotide (ON) types and spherical form of ONs, that showed distinct and good properties, are presented
in more detail.

Keywords: miR-34a, micro-RNA-based drug, oligonucleotide carrier, spherical nucleic acid.

Tém tat

Nghién ctru phat trién thudc c6 ban chit onligonucleotide trong ba thap ky gan day di dat dugc nhitng thanh cong nhét
dinh, mot s6 thude da duge cap phép boi Cuc quan 1y Thue pham va Duge pham Hoa Ky (FDA). Mic di nghién ctru phat
trién thudc oligonucleotide chdng ung thu chua dat dugc nhiing thanh cong nhu mong dgi nhung da boc 16 nhiéu trinh
tu khang ung thu tiém ning. Cac két qua budc diu da thoi thiic cac nha khoa hoc nghién ciru tim kiém thém nhiing trinh
tu tiém niang moi va phat trién cac dang dua din khac nhau. Trong cong bd nay, chung t6i tom tit so luge két qua nghién
clru & cac bude quan trong trong nghién ctru phat trién thude oligonucleotide chéng ung thu. Cac nghién ctru v& miR-34a,
mot trong nhimng dang trinh tw dang cha y theo hudng lam thude va dang cau cia cac oligonucleotide, dang dura dan uu
thé, dugc trinh bay cu thé hon trong cong b nay.

Tir khéa: miR-34a, thuée micro-RNA, hé mang oligonucleotide, dang cau ciia oligonucleotide.

1. Introduction that cannot be cured by conventional drugs.

Oligonucleotide-based drug (OND) is a new Despite holding a great potential, achievements
type of drug that has just been developed in the in their development researches are still limited.
past few decades. ONDs attack the specific target There are several obstacles that need to be
RNA in cells and are used to treat genetic diseases overcome in OND development including (1)

Email: lethanhdol@duytan.edu.vn
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they are naturally degraded quickly by nucleases;
(2) they can be captured by serum proteins and
quickly cleared from circulation system; (3) they
are not able to penetrate into cells; and (4) they
may be “off target” and cause side effects. The
first obstacle has been addressed by different
chemical modifications on the sugar-phosphate
backbone. The oligonucleotides (ONs) were
also further modified with polymers or chemical
groups reducing their interaction with serum
proteins and prolonging their circulation time.
To enhance the stability, the penetration, and
targeting of ON, scientists have been developing
carriers and targeting ligands. Several ONs were
approved by FDA, to date, for treatment of virus,
high blood cholesterol, or muscular disorders.
However, achievements in delivery of ONs in anti-
cancer therapy are still limited. Therefore, cancer
targeting is hot topic on front-line researches. In
this study, we briefly review approaches in carrier
development for delivery of ONs into cancer cells.

2. Oligonucleotides in drug development studies

In the last three decades, a new generation of
drugs, OND, has been developed. The OND has
distinct mechanisms of actions in comparison
with conventional drugs [1]. The ONDs target
the processing of specific mRNAs, pre-mRNAs
or micro-RNAs to alter the gene expression.
Therefore, ONDs can be used to treat genetic or
metabolic disorders. Different forms of nucleic
acids have been used for drug development
(figure 1). Among those, ON groups used in drug
development researches are named after their
mechanisms of actions. Most of the studied ONs
are antisense ONs, small interfering RNAs, splice
switching ONs, micro-RNAs and antagomirs.
They are short double- or single-strand ONs with
about 20 to 25 nucleotides in length. For an in-
depth overview on the development history of
ONDs, please see Lundin K.E. et al. [2].

The first generation of ONs, unmodified RNA
or DNA, suffered from quick degradation by
cellular nucleases. Moreover, due to their negative

charge in physical conditions, ONs are thus
prevented from cellular internalization. To address
these problems, scientists have modified ONs in
different ways [3]. The chemical modification on
ONs can provide them a good protection from
nucleases and reduce their interaction with serum
proteins. However, ONs still require more complex
modifications or cationic carriers for targeting and
cellular internalization [4; 5].

There are various steps in the development
of ONDs including designing and screening for
potential ON, synthesis and chemical modification,
carrier development and clinical investigation. In
carrier development, scientists use suitable ON
for comparison and evaluation of investigated
carriers. Referential ONs may be well-known
ONss that were developed for switching expression
of an expression system (Ex. ON 654, ON 705).
However, most of the referential ONs were
candidates in previous studies that showed great
potential to be future drugs for the treatment of
related diseases. The carriers are developed for
referential ONs with the hope that they also work
for the others. Optimized carriers for specific
ONs can also be developed for other ONs with
minor changes. Among the most interesting
ONs to dates, human microRNA-34a (miR-
34a) is dysregulated in various cancers [6; 7; 8].
Restoring its function might inhibit proliferation
of cancer cells and promote apoptosis, enhance
pharmacological effects of chemo agents [9; 10].
Studies on mechanisms of action of miR-34a [11]
have revealed that miR-34a inhibits expression
of proteins that support survival of cancer cells
and contemporaneously increases the expression
of apoptotic proteins [8; 12; 13; 14]. Possessing
a key role in cell cycle and apoptosis regulation,
miR-34a has been an attractive subject and
different miR-34a mimics have been produced
[15; 16]. miR-34a mimics can also be used to
evaluate delivery efficiency of new delivery
forms or carriers into cancer cells. A list of known
miR-34a’s target sequences and their functions is
showed in Tablel [10].
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Table 1 Sequences of miR34a’s targets and their functions (adapted from Hermeking, 2010).
Target genes | Complementary sequences of target mRNA (upper) | Expected biological effect after miR-34a-mediated
and miR-34a (lower) repression
Bcl-2 5/ -UCGAAUCAGCUAUUUACUGCCA -3 Apoptosis

3/ -UGUUGGUCGAUUCUGUGACGGU-5’

CCND1 5/ -UUUACAAUGUCAUAUACUGCCA- 3’ Gl-arrest

3/ -UGUUGGUCGAUUCUGUGACGGU -5’

CCNE2 5'-CAAUUCACAAGUUACACUGCCA-3’ Gl-arrest
3’ -UGUUGGUCGAUUCUGUGACGGU -5’
CDK4 5/ -GUGAGCAAUGGAGUGGCUGCCA-3' Gl-arrest

3/'-UGUUGGUCGAUUCUGUGACGGU- 5’

CDK6 5’ -UAUAACUACAUAUUGACUGCCA-3' Gl-arrest

3'-UGUUGGUCGAUUCUGUGACGGU-5'
5/ -GCAGUGUGGAARUUCACUGCCU-3'

3/ -UGUUGGUCGAUUCUGUGACGGU

DLL1 5/-CCGGCCGCCUGCGECACUGCCU-3' Influence on Notch signaling

LLLLLLL

3/ - UGUUGGUCGAUUCUGUGACGGU
5/~ AUUAGAAACACAAACACUGCCU-3'

3’ -UGUUGGUCGAUUCUGUGACGGU-5'

E2F3 5'-AAUUAAUUUGUAAACACUGCCA-3' Inhibition of proliferation, senescence

3'-UCUUGGUCCGAUUCUGUGACGGU-5"

MET 5'-UCCAAUGGUUUUUUCACUGCCU-3' G1-arrest, inhibition of invasion and migration

3/-UGUUGGUCGAUUCUGUGACGGU-5'
5'-AAUUAGAUACUUGUCACUGCCU-3'

3'-UGUUGGUCGAUUCUGUGACGGU

N-MYC 5'-CARAACUGGACAGUCACUGCCA-3' Gl-arrest

3'-UGUUGGCUCCAUUCUGUGACGGU-5'
5'-UGUACUAAUUCUUACACUGCCU-3'

3'-UGUUGGUCGAUUCUGUGACGGU-5'

SIRT1 5'-CCAGCUAGGACCAUUACUGCCA-3' %ncreased p53 acetylation and activation (positive feedback
00
3'- UGUUGGUCGAUUCUGJI(LL(L | | -5 p)
Genes downregulated after ectopic miR-34 expression
CDC25C 5'- AAGUCACCAAAAGACACUGCAG-3' G2-arrest
3/- UGUUGGUCGAUUCUGEll'(.l'i.lM'!! L -5
E2F5 5'-UUGUCUUAUAUUUUUACUGCCA-3' Transcriptional activation

3'-UGUUGGUCGAUUCUGUGACGGU

5}

5'-UCCAAACAGACGUUCACUGCCA-3’

3'-UGUUGGUCGAUUCUGUGACGGU -5’
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3/ -UGUUGGUCGAUUCUGUGACGGU-5’
5'-UUUCUGGGGAAAGACACUGCCU-3’

3'-UGUUGGUCGAUUCUGUGACGGU -5’

HDMX 5' - CCACUGCACUUGGCCACUGCCA-3/ Increased p53 activity
3'-UGUUGGUCGAU UCUGT!T('LAlClG!GlU— 5’

HMGA2 5 _UUGAAGGGAGAAGACACUGCAG-3' Inhibition of proliferation, senescence
3'-UGUUGGUCGAUUC UGUll;llléfl's(l;U— 5’

Notchl 5/ - AUUUUACACAGARACACUGCCU-3' Inhibition of proliferation, apoptosis

3. Synthetic carriers for delivery of
oligonucleotide-based drugs

Several main obstacles in cellular delivery of
ONs are related to membrane barriers including
cell membrane, the membrane of intracellular
vesicles, and nucleus membrane. In order to
ensure a successful delivery, ONs must firstly be
internalized by endocytosis into cells and released
into the cytosol. Different carriers have been
studied for cellular internalization, elongating
circulation time and tissue targeting of ONs.
Among studied carriers, cationic dendrimers,
cationic polymers, and cationic lipids showed
advantages for these purposes. Commonly used
dendrimers for development of ON carriers
and therapeutic agents are poly(amidoamine)
(PAMAM), poly(propyleneimine) (PPI) and
dendritic poly-l-lysine [17; 18]. They are stepped
branching synthesized and have primary amine
functional groups on their surfaces. The stepped
branching synthesis is suitable for the production
of spherical supra-macromolecules that have well-
defined structures like the dendrimers. Branching
structures of dendrimers provide good loading
carriers for small molecular drugs. Surface groups
on dendrimers provide a chemical base for wide
ranges of modifications for targeting and control
releases. In terms of ON delivery, the complex
of ONs and dendrimers (figure 1) showed dense
oriented effects of ONs, those are new and desirable
properties. These good effects were retained in the
dendritic form of ONs and will be further discussed
in “dendritic nucleic acid” section. However,

the crown atoms and chemical groups inside
dendrimer spheres do not allow the ONs to insert
into the spheres. The ONs instead only interact
with the cationic surfaces and wrap outside the
spheres. Hence, the ONs might cover the functional
groups and reduce both passive and active cellular
internalizations of those mediated by the cationic
groups or conjugated ligands. Interactions of ONs
and carriers with serum proteins are the other main
challenges. These interactions cause off-target and
shorten circulation time of ONs. Different polymers,
molecules such as polyethylene glycol (PEG),
poly(acrylic acid), pluronic acids, etc., have been
used to modify carriers to reduce their interaction
with serum proteins and achieve better results,
especially with PEG. Nevertheless, modifications
might also cause increasing sizes of the particles
and affect cellular delivery.

Cationic polymers and cationic lipids are also
common carriers in the studies on delivery of
ONs [19; 20; 21]. From those studies, several
commercial products have been developed
and are commonly used for delivery of nucleic
acids in vitro such as lipofectamine, superfect,
polyethylenimines, etc. They also showed high
potential in clinical applications and have been
reviewed in several papers [22; 23]. However,
there are still a few challenges such as (1) those
cationic lipids are eliminated quickly from
circulation by the reticuloendothelial system and
that they possibly cause liver damages; and (2)
the polymers are also accumulated in the liver
and may cause some undesirable effects.
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Besidestheadvantages/disadvantagesdiscussed
above, all carriers including dendrimers, polymers,
and lipids have a common weakness: the mass
ratio of ON to carrier is very low. It means that
along with delivery of ONs, large amounts of
carriers are also accumulated inside cells/body.
Due to the chemical natures of these carriers, they
are not readily biodegradable and their toxicity
seems to never be completely eliminated.

Many small peptides have been studied
for targeted delivery of drugs [24]. The bigger
recombinant peptides have also been studied as
carriers for delivery of nucleic acids. Among those,
histone proteins had been used in several studies for
delivery of plasmids [25; 26; 27; 28; 29].

a. b. c.

Circle

Linear

Complex

Sphere Rod

Triangle or others

Figure 1. General forms of nucleic acid in drug
development: linear form of single or double strand
RNA or DNA (a); cycle form of plasmids those express
bioactive RNA (b); the complexes of oligonucleotides or
plasmids with dendrimers (c); conjugating or assembling
oligonucleotides into a sphere (d); conjugation of
oligonucleotides onto rod (¢), triangle or other templates
(f). The final three produce particles that have dense
orientation effects.

4. Dendritic nucleic acids

After a long and difficult time dealing with the
fast degradation and low cellular internalization,
the therapeutic ONs have achieved very important
milestones with the approval of several drugs
by FDA and others in different clinical trials [1;
30; 31; 32; 33]. In recent years, a new way for
delivery of ONs has been developed called the
spherical nucleic acids (SNAs) (figure 1). As its
name indicates, ONs were conjugated or absorbed

onto a nano core and arranged as a sphere. The

dense arrangement of ONs in SNAs improves
their resistance to nucleases and enhances their
functional properties. One important new property
of dense oriented ONss is that they themselves are
able to trigger receptor-mediated endocytosis and
do not require additional transfection agents [34].
Moreover, studies on SNAs with inorganic cores
including Au, Ag, and Silica showed that this
form had low toxicity and immune response [35;
36]. The enhanced activities (better properties)
of SNAs are somehow core-independent [37].
Beside inorganic core, the polymer and liposome
have also been used to produce dendritic forms of
ON's. The ONs were conjugated with hydrophobic
polymers or tocopherol. The hydrophobic parts
serve as the hydrophobic core [38] or insert into
hydrocarbon layer of the liposome, arranging
ONs into a spherical form [39; 40]. Dendritic
forms of ONs can serve as a drug carrier for dual
delivery [41] or can be modified with targeting
ligands, antibodies for targeting delivery [42].
The dendritic forms of ONs are very interesting
and highly potential subjects for the discovery
of oligonucleotide-based therapeutics. Some
schemes for producing SNA are shown in figure 2.

Self-assembly

DMSO/DMF High surface
density
PCL
H,0

Brush DNA-g-PCL-b-PCL.

= St
=N, =2CC0 =:CC0
= ;

DBBC-based
micelle-SNA

)
SN\

—_—
DNA adsorption via hydrophobic
interactions

DNA strand: 5~ Binding Region-T,-tocopherol - 3'

s ““5"“*"47W
¢

Figure 2. Different ways for preparing spherical nucleic
acids. a) conjugation of oligonucleotide on spherical gold
or other inorganic templates [35]; b) micelle formation
by conjugating oligonucleotide on polycaprolactone or
other hydrophobic polymers [38]; and ¢) conjugating
oligonucleotide with tocopherol or similar molecules
for insertion of oligonucleotide onto liposome to form
spherical nucleic acids [39].



L.T.Do, PT.T.Linh, N.T.Ha / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 04(35) (2019) 28-35 33

Among templates for producing SNA, organic
polymers and dendrimers are commercially
available with relatively low cost. Different
synthetic methods have been developed to
produce conjugates between ONs and polymers,
dendrimers by covalent bonds. However, the
conjugation of ONs and organic carriers are still a
critical challenge due to the complexity of many
active groups and a large amount of by-products
in each reaction [43; 44]. Up to date, there is no
protocol for producing SNAs by conjugating
ON and dendrimer, and commercial dendrimers,
which have stable spherical structure with well-
known chemical bonds and groups, can provide
the perfect organic core for production of SNAs
but have not yet been used.

5. Cellular internalization and trafficking of
oligonucleotides

Some reviews have summarized mechanisms of
endocytosis and their effects on the pharmacology
of ONs [45; 46; 47]. The best-known pathway
of endocytosis is a complex series of events with
participation of a G protein couple receptor, clathrin.
Through that process, ligand-bound receptors are
concentrated on a small area of the cell membrane
and then the cells take up the activated receptors
and their binding ligands [48]. Other pathways
rely on a transmembrane protein caveolin [49]
including endocytosis mediated by some members
of the integrin receptor family [50].

6. Targeting receptors and ligands

The carriers and ONs themselves can not
distinguish different cell types within the body;
the ligands of receptors which are conjugated with
carriers or directly with ONs instead take the role.
Targeting ONs to a specific tissue or cell type is
basically based on its distinct expression levels
of receptors. To date, more than one hundred
cell penetrating/ targeting peptides have been
commercially available. Some known important
receptor families for the “target” are discussed
below.

Integrins are adhesion receptors mediating
the binding of cells to an extracellular matrix
and serve as signal transduction components
for both inside-out and outside-in signals. They
are heterodimeric transmembrane proteins
consisting of an alpha and a beta subunit. So far,
18 alpha subunits and 8 beta subunits are known.
Integrins are highly expressed in the tissues
which are undergoing angiogenesis and tumors
[51;52; 53]. A group of peptides has been studied
for enhancing cellular internalization, namely
cell penetrating peptides (CPPs). Many of their
amino acid sequences have been shown as good
candidates for the purpose [54]. RGD peptides
are CPPs that possess an “RGD” sequence.
They can be found in several matrix proteins
such as fibronectin, fibrinogen, osteopontin,
vitronectin, gelatin, and thrombospondin. Some
integrin receptors recognize and bind to RGD
peptides with high affinity, especially integrin
avB3. Furthermore, integrin avp3 receptor is
over-expressed in highly metastatic cancer
such as melanoma, pancreatic, prostate, breast,
ovarian and cervical cancers [55; 56]. Therefore,
targeting integrin avB3 can solve two problems,
tumor targeting and cellular internalization at the
same time. Various RGD peptides have been used
to modify carriers for tumor targeting delivery
including RGDyK, RGDyC, RGDf{K, etc., and
more recently the iRGD (tumor homing peptide).
They all showed high affinity to avB3 integrin
and integrin-dependence on cell internalization
[57].

G protein-coupled receptors are very large
receptor family with about 800 members [58],
mediating signal transduction of approximately
40% of the current clinical drugs. This family
becomes a “target” for the delivery of ONs [59].
However, their low expression level and being
triggered specifically by their own agonists are
disadvantages in targeting this receptor.

The tyrosine kinase receptors (TKRs) are
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strongly expressed in specific tissues and disease
stages such as in breast cancer (Her2 receptor)
[60], neuronal tissue [61], and endothelial cells
[62]. The antibodies that bind to an external
domain of these receptors can be used as
targeting agents for delivery of drugs and ONs.
The limitation in using this receptor family for
targeting is that the ligands of TKRs are normally
large polypeptides and the receptors themselves
are degraded rather than cycled.

Other receptors are also considered as
candidates for the “target” including Toll-like
receptors (TLRs) or asialoglycoprotein receptor
(ASGR) [63]. TLRs are peak expressed in
macrophages and dendritic cells [64] while
ASGR is strongly expressed in hepatocytes [63].

7. Oligonucleotide therapy studies in Vietnam

Vietnamese scientists have focused on
controlled delivery of drugs, especially by
using dendrimers or cationic lipids as carriers.
However searching with keywords “antisense”
or “oligonucleotide(s)” or other keywords
related to the development of ONDs on national
online database (National Library of Vietnam)
resulted in only one review paper on APTAMERS
[65]. Hence we may say that the investigation
of ONDs is still at a very beginning point in
Vietnam.

8. Suggestion

A dendrimer with recombinant peptide
branches is expected to be good carrier for
delivery of not only ONs but also of conventional
drugs. A good procedure for producing a pH
sensitive  SNA will solve several problems
including the cancer targeting of ONs and their

action efficiency.
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Tém tit

Muc dich ctia nghién ctru 1a x4c dinh ty 18, mot s6 dic diém 1am sang va c4n 1dm sang cua nhdi méau co tim that phai & bénh
nhén nhdi mau co tim thanh dudi cép va dua ra mot dau hiéu sang loc co tinh gia tri trong 12 chuyén dao cia ECG dé du doan
t6n thuong trén dong mach vanh phai (RCA) va dong mach vanh trai nhanh mii (LCX). Mot nghién ctru cit ngang, trong d6
¢6 tong cong 41 bénh nhan mic nhdi mau co tim (NMCT) thanh dudi cép tinh, dap timg céc tiéu chi chon lya va loai trir da
dugc thu thap thong tin sau khi c6 sy dong ¥ ctia bénh nhan. Chin doan NMCT thét phai dwa vao khai thac bénh sir, thim
kham 1am sang, dién tim d6 (ECG), men tim, siéu 4m tim va chup dong mach vanh. Ty 1é mic NMCT that phai trong MNCT
thanh dudi cép 1a 70.7%. Tang huyét ap va bénh tim thiéu mau cuc bo 1a yéu t6 nguy co phd bién nhit & nhom NMCT thét
phai. Tat ca bénh nhan déu c6 dau thit nguc, va 27.6% bénh nhan bi ri loan nhip tim. Trong nhém bénh nhan NMCT cép
thanh dudi kém NMCT that phai ¢6 hep ¥ nghia & dong mach vanh phai chiém gan 90%, hep & dong mach nhanh mii va hep
ca 2 nhanh chiém trén 50%. Nhém NMCT that phai c6 t6n thuong RCA va LCX cao hon nhiéu so v6i nhém MNCT thanh
dué6i don thuan. Sy hién dién cta d6 cao cua doan ST trong chuyén dao V3R hodc V4R trén ECG c6 kha nang dy bao cao
vé NMCT thét phai (d6 nhay 90%; do dic hiéu 81.1%; gié tri tién doan cua két qua dwong tinh 93.1%). Nhém NMCT cap
thanh dudi kém NMCT thét phai c6 ton thwong RCA va LCX cao hon rét nhidu so véi nhom MNCT thanh duéi don thuén.
Gia tri ciia ECG c6 thé chan doan chinh xac véi sy hién dién cta d6 cao cua doan ST trong chuyén dao V3R va V4R. Panh
gia ECG bén phai nén dugc thyc hién ¢ tat ca cac bénh nhan bi NMCT thanh dudi cap tinh.

Tuwr khoa: Bénh dong mach vanh, di¢n tdm dd, chup mach vanh, nhdi mau co tim thét phai.

Abstract

The purpose of this study was to identify the prevalence, some clinical and subclinical features of right ventricular myocardial
infarction (RVMI) in patients with acute inferior wall myocardial infarction (IWMI) and devise a screening tool that takes
into account multiple leads from a 12-lead ECG to predict the RCA and LCX lesion. A cross-sectional study, in which a total
of 41 patients with acute IWMI, fulfilling the inclusion and exclusion criteria were enrolled after taking an informed consent.
To test for RVMI, they prospectively underwent a physical examination, an electrocardiogram (ECG), cardiac enzymes, an
echocardiogram and a coronary angiography. The prevalence of RVMI in IWMI was 70.7%. Hypertension and ischemic
heart disease were more prevalent in RVMI group. All had positive angina, and 27.6% patients had arrhythmia. The RVMI
group had a much higher RCA and LCX lesion than the IWMI group. The presence of ST-segment elevation in lead V3R
or V4R in ECG was highly predictive of RVMI (sensitivity, 90%; specificity, 81.1%; positive predictive value, 93.1%). The
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RVMI group had a much higher RCA and LCX lesion than the IWMI group. Right ventricular involvement during acute
inferior myocardial infarction can be accurately diagnosed by the presence of ST-segment elevation in lead V3R and V4R.
Electrocardiographic assessment of right ventricular myocardial infarction should be routinely performed in all patients with

acute inferior myocardial infarctions.

Keywords: Coronary artery disease, electrocardiography, coronary angiography, right ventricular myocardial infarction.

1. Pt van dé

Nhdi mau co tim (NMCT) that phai chiém
khoang 24% dén 50% NMCT cap thanh dudi
va thuong gip két hop, thé don doc hiém gip
[8]. NMCT thét phai thuong ¢ cac bién ching
chuyén biét va nghiém trong nhu roi loan nhip
tim cham, tut huyét ap niang va sbc tim [10].
Bénh nhan NMCT thét phai can xtr tri theo phac
d6 riéng do thét phai co bop kém, d& bi ha huyét
ap nang khi dung nitrat hodc cac thudc giam tién
ganh khac. Ha huyét ap trong NMCT that phai
can duoc xir tri bang dich truyén (nitrat 1a chdng
chi dinh). O ngudi cao tudi, viéc chan doan va
xtr tri NMCT that phai con gap khé khin hon.
Vi véy, viéc sir dung dién tam dd, nhat 1a cac
chuyén dao bén phai, dé tién doan sém dong
mach vanh thu pham ¢ bénh nhan NMCT that
phai & ngudi cao tudi gitp ich cho viée xir tri
trén lam sang [3].

Nhiing thay dbi trén dién tim dd thuong quy
ctia NMCT thét phai 1a khé thdy va dé bi bo qua.
Céc nghién ctru cho rang, NMCT thét phai duoc
nhan dién boi ST chénh 1én & chuyén dao V1 va
ST chénh 1én & chuyén dao DIII cao hon DII ¢
dién tam do thuong quy c6 do nhay tir 40% dén
65% [31,[5],[8]. Gia tri chan doan NMCT that
phai cua dién tam dd co gia tri cao hon khi c6 su
hién dién ctia ST chénh 1én cua céc chuyén dao
bén phai V3R - V6R; trong d6 chuyén dao hitu
ich nhét 1a V4R, thu dugc bfmg cach dat cac dién
cuc V4 trong khoang lién suon phai thu 5 trén
duong gitra don phai. ST chénh 1én trong V4R
> 0,5 mm c6 do nhay 88%, do dac hi¢u 78% va
d6 chinh x4c chan doan 1a 83% trong chan doan
NMCT thét phai; ST chénh Ién trong V4R > 1,0
mm c¢6 do nhay 100%, d6 dac hi¢u 87% va do

chinh x4c chan doan 1a 92% [5],[6],[8].

Khi chyp dong mach vanh, dong mach thu
pham ctia NMCT thét phai chi yéu 1a doan gan
cta dong mach vanh phai (Right Coronary Artery
proximal — RCA) chiém dén khoang 80% cac
truong hop, con lai khoang 15% la nhanh mii cua
dong mach vanh trai (Left Circumflex Coronary
Artery — LCX) ddi voi nguoi c6 hé mach vanh
trai chiém wu thé; ngoai ra khong phd bién va
chiém ty 1é rat nho 1a doan xudng ciia dong mach
vanh trai trudc (left anterior descending artery)
[8].

Diém déng luu y nhit trén 1am sang 1a ST
chénh 1én cia cac chuyén dao bén phai 1a mot
hién tuong thoang qua, kéo dai it hon 10 gio
trong 50% bénh nhan bi NMCT thét phai. Trong
khi d6, 14m sang can chan doan chinh xac va sém
dong mach thu pham dé ¢ bién phap xur tri thich
hop ddi voi bénh nhan NMCT thét phai. St dung
tiéu chuin vang la chup dong mach vanh dé khao
st gia tri chan doan cua dién tdm do s& gitp ich
trén 1am sang. Vi vay, ching toi tién hanh dé tai
nghién ctru nay nham:

« Tim hiéu ddc diém lam sang va ty Ié ciia

nhoi mdu co tim that phdi 6 nguoi cao tuéi.

« Khao sdt gid tri chdan dodn ciia cic chuyén

dao V3R — V4R trén dién tam do trong nhoi
mdu co tim thdt phdi ¢ ngueoi cao tuoi.
2. Péi twong va phwong phap nghién ciru

2.1. Péi twong nghién ciru

Tiéu chudn chon bénh:

- T4t ca bénh nhan ngudi cao tudi tir 60 tudi
tré 1én, duoc chan doan NMCT thanh dudi, tai
Bénh vién C Pa Nang.

- Dbi tugng nghién ctru duoc khao sat NMCT
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that phai bang cac chuyén dao bén phai

V3R — V4R trén dién tam do thuong quy.

- Tiéu chuan vang dé chan doan NMCT that
phai 1a chup dong mach vanh hep c6 y nghia
hodc tic doan gﬁn cua dong mach vanh phai,
hodc nhanh mii cia dong mach vanh trai ddi voi
nguoi c6 hé mach vanh trai chiém wu thé.

Tiéu chuan loai triv:

- Bénh nhan khéng duoc do du cac chuyén
dao bén phai V3R — V4R trén dién tam dd, hodc
khong dugc chup dong mach vanh dé so sanh.

- Bénh nhan khong dong y hop tac trong
nghién cuu.

2.2. Phwong phap nghién ciu

2.2.1. Phuong phdp tién hanh

- Thiét ké nghién ciru: day 1a nghién ctru tién
clru, mo ta cit ngang.

- Do dién tdm dé thwong quy: Tat ca bénh
nhan khi do dién tam do thuong quy c6 dau hiéu
nghi dén NMCT thanh sau dudi va/hodc that phai
theo tiéu chuan ciia ECS/ACCF/AHA/WHF nam
2015, khi co:

+ ST chénh & DII, DIII, aVF, V1 hoac V2
hoac T am; hoac

+ ST chénh & V1 cao hon ST chénh Ién 6 V2;
hoiac

+ST ¢ V1 la dang dién va ST chénh xudng rd
rét & V2; hodc

+ ST chénh 1én & V1 va ST chénh xudng & V2.

- Do dién tam dé véi cdc chuyén dao truoc
tim bén phai: Bénh nhan nghi ngd NMCT that
phai khi do dién tdm d6 thudng quy véi cac dau
hi¢u nhu trén day thi tién hanh do dién tim & c4c
chuyén dao bén phai.

- So sdnh véi két qua chup dong mach
vanh: St dung tiéu chuin vang dé chan doan
NMCT thét phai. Khi két qua chup dong mach
vanh phai hep c6 ¥ nghia theo tiéu chuan cua
Genessi. Dong mach vanh hep c6 y nghia khi
muc hep > 75% duong kinh long dong mach

vanh phai; hodc nhanh mii cua dong mach vanh
trai ddi voi nguoi c6 hé mach vanh trai chiém
uu thé [51,[61,[8].

- Khdo sdt cdc yéu t6 nguy co tim mach: Tién
str hodc ltc vao vién cé tang huyét ap (theo ESC
2018), dai thao duong (theo ADA 2018), rdi loan
lipid méau (theo NCEP ATP III), hat thudc 1.

- Thu thép s6 liéu cdc két qua xét nghiém vé
men tim va siéu am tim: Bénh nhan duoc xét
nghi¢m cac men tim lac nhap vién nhu CK, CK-
MB, Troponin I dinh lugng; PAPs, EF, roi loan
van dong vung.

2.2.2. Xir Iy 56 liéu

Thu thap sb liéu theo mau khao sat théng nhét
va xtr Iy s6 liéu theo cac phép thong ké y hoc
bang phan mém SPSS 20.0.

Bién s6 dinh luong duogc trinh bay bing sb
trung binh + d¢ 1éch chuan; sir dung phép kiém
dinh t-test, ANOVA mot chiéu dé kiém dinh cho
cac bién sd c6 phan phdi chuan; phép kiém dinh
phi tham sé cho céc bién sb dinh luong khong
c¢6 phan phdi chuan. Bién sb dinh tinh trinh bay
bang tan sd, ty 1& phan tram; str dung phép kiém
chi binh phuwong. Mt khac biét ¢6 ¥ nghia thong
ké khi p <0.05.

Lap ma trdn quyét dinh (decision matrix)
dé tinh toan cac gia tri chan doan: do nhay
(Sensitivity), do dac hiéu (Specificity), do chinh
xac (Accuracy), cac ty 1¢ duong tinh gid va am
tinh gid, cac gia tri du bao (Predicted value)
duong tinh va am tinh theo céc thuat toan y hoc
vé danh gia mot nghiém phap chan doan.

3. Két qua

Nghién ctru duoc tién hanh trén 41 bénh nhan
trong d6 nam gidi chiém 70,7% va ntr la 29,3%;
Do tudi trung binh ctia bénh nhan 1a 74.3 + 8.84.

Nhom bénh nhan NMCT cép thanh duéi
kém nhdi mau that phai (NMTP): 29 bénh nhan
(70.7%), nhém bénh nhan NMCT cap thanh duéi
don thudn (NMTD): 12 bénh nhan (29.3%).
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3.1. Pic diém lam sang cia déi twong nghién ciru

Bang 3.1. Pic diém vé d6 tudi, gidi tinh ngudi cao tudi bi NMTP

Db tudi, gici tinh Sé hromg T 16 %
Tir 60 - 69 tudi 8 27.6
— Tir 70 - 79 tudi 14 48.3
- Tir 80 tudi tré 1én 7 241
Tudi trung binh (IB = SD) 745+8.78
e Ni gidi 7 241
Gieitinh o e 2 759
Tong cong 29 100%

Nhdn xét: Tudi trung binh NMTP 1a 74.5 +
8.78 tudi, nhom tudi tir 70 - 79 tudi chiém ty 18

Bang 3.2. Yéu t6 nguy co ctia bénh tim mach trén ngudi cao tudi NMTP

48.3%. Nam gi¢i miac NMTP gap hon 3 1an so
Vi nit (75.9% so v6i 24.1%).

Yéu té nguy cor N]EITP Nh_rITD Téfg sb P
(n=29) (n=12) (n=41)

Ting huyét ip, n (%) 29 (100%) 12 (100%) 41 (100%)

Dai thao deong. n (%) 18 (62.1%) 10 (83.3%) 28 (68.3%) | 0.169
Réi loan lipid mau, n (%) 12 (41.4%) 4(33.3%) 16 (39.0%) | 0.453
Hiit thude 14, n (%) 7 (24.1%) 1 (8.3%) 8 (19.5%) 0241
Tién st nhéi mau co tim, n (%) 0 (0.0%) 1 (8.3%) 1 (2.4%) 0.293
Tién s bénh tim TMCB, n (%) 25 (86.2%) 11 (91.7%) 36 (87.8%) | 0.539

Nhdn xét: Yéu t6 nguy co tim mach & bénh
nhan NMTP lan luot 13 ting huyét ap (100%),
tién st bénh tim thiéu mau cuc bo (86.2%), dai

Bang 3.3. Pic diém 1am sang cia NMTP & ngudi cao tudi

thao duong chiém (62.1%), rdi loan lipid (41.4%)
va tién sir nhdi mau co tim (0%); khong c6 su
khac biét co y nghia gitta NMTP va NMTD.

Pic diém 1am sang NMTP NMTD P
, Co 29 (100%) 12 (100%)
0
LA oL Co 8 (27.6%) 3 (25%) 0.595
C6 161 loan nhip tim (n, %) Khong 21(72.4%) 9 (75%)

Nhén xét: Tat cd bénh nhan NMTP trong Khéng co sy khac biét c6 y nghia thdng ké vé
nghién ctru déu co con dau thit nguc va ¢6 triéu chimg dau thit nguc va réi loan nhip tim &

27.6% bénh nhan c6 kém theo rdi loan nhip tim. 2 nhom NMTP va NMTD.
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Bang 3.4. Pic diém can 1am sang cia NMTP so véi NMTD & ngudi cao tudi

Pac diém can lam sang

NMTP NMTD p

40 - 150 U/l 6 nam hoac o o

‘ 38 174 ULé e 13 (44.8%) 4 (33.3%)
Nong 46 men > 174 U/l & nam hoac 0.374
3 0 0
CPK 120 Lo e 16 (55.2%) 8 (66.7%)
Trung binh + SD 627.9 £ 1076.2 562.1+831.6 0.521
‘ <24U/1 15 (51.7%) 5 (41.7%)
dng do 0.405
Ic\:lglgvg men > 240 14 (48.3%) 7 (58.3%)
Trung binh + SD 67.9+85.6 58.2+95.1 0.442
‘ < 0.4 ng/mL 5 (17.2%) 1 (8.3%)
dng do 0.423
Nongdomen 1o omL 24 (82.8%) 11(91.7%)
Troponin |
Trung binh + SD 11.8+26.7 7.69+12.6 0.368
. 50% - 70% 25 (86.2%) 12(100%)
An suat t6 0.235
;}ZIHES‘FM tong 15 75% hodic < 50% 4(13.8%) 0(0.0%)

Trung binh + SD 553+ 11.8 60 +4.97 0.170
mach phéi tim | > 25 mmHg 20 (69.0%) 6(50%) '
thu PAPs Trung binh + SD 24.1+8.5 23.17 +4.75 0.348
Réi loan van Khong 15 (51.7%) 7(58.3%) 0.485
dong vung Co 14 (48.3%) 5(41.7%) '

Nhan xét: Néng do men tim thay d6idnhombénh  thu PAPs va rdi loan van dong ving ¢ nhom bénh

nhan NMTP cao hon so véi NMTD, nhung phan sut nhan NMTPco ty 1€ cao hon. Tuy nhién, sy khac biét

téng mau EF thap hon, ap Iuc dong mach phdi tim  khong co ¥ nghia thong ké (p > 0.05)
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Biéu d6 3.1: Ton thuong ¥ nghia ctia dong mach vanh phai va dong mach nhanh mii trong NMTD va NMTP
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Nhan xét: Voi muc hep y nghia > 70%, Hep ¢
dong mach vanh phai chiém 89.7%, Hep ¢ dong
mach vanh trai nhanh mil chiém 55.2%, va hep
c4 2 nhanh chiém 51.7% & bénh nhan NMCT cép
thanh dudi kém nhdi méau that phai so voi NMCT
thanh du6i don thuan 1an luot 8.3%, 25% va 8.3%;

sy khac biét ndy c6 y nghia thong ké p < 0.05 6 ton
thuong dong mach vanh phai va ton thuong ca 2
nhéanh dong mach vanh phai va nhanh m.

3.2. Gid tri chéin dodn ciia cdc chuyén dgo
V3R — V4R trén dién tam dé trong NMTP &
nguwoi cao tudi

Béng 3.5. Gi4 tri chan dodan NMTP cta ECG & ngudi cao tudi

Chup dong mach vanh | Hep dong mach Hep dong mach
E vanh phii hoiic vanh phii hoiic Téng cong
nhanh mi (+) nhanh mii (-)

ST chénh 1én > Imm & cmén\ 27 (93.1%) 2 (6.9%) 29 (70.7%)
dao V3R hoac V4R
Khong c6 ST chénh 1én > Imm & 3(25.0%) 9 (75.0%) 12 (29.3%)
chuyén dao V3R hoic V4R

Tong cong 30 (73.2%) 11 (26.8%) 41 (100%)

Nhdan xét: PO nhay cua céc chuyén dao V3R-
V4R trén ECG trong chan doan NMTP (Se) =
27/30 = 90%. Do dac hi€u cua chuyén dao V3R-
V4R trén ECG trong chan doan NMTP(Sp) =
9/11 = 81.1%. Gia tri tién doan duong tinh cua
cac chuyén dao V3R — V4R trén ECG trong chan
doan NMTP (Vp) =27/29 =93.1%

4. Ban luan

Nghién ctru cua ching t6i c6 ty 1¢ bénh nhan
nam la 70,7% va bénh nhan nir 1a 29,3%. Ty 1€
nam giGi gap nir gidi 1a 2,4 1an. Ty 1& nay thap
hon so v&i mot s tac gia khac nhu theo Pham
Manh Hung tai Vién tim mach quéc gia la
3,6; theo Ping Van Phudc tai bénh vién Cho Ray
1a 3,2. Ty 1 nam gidi gép nit giGi trong nghién
ctru ciia chiing toi cao hon Hoang Québc Hoa thuc
hién tai bénh vién Nhan Dan Gia Dinh chiém ti 16
1,7 [1]. Song ty 1& nay xép xi v6i nghién ciru tai
Bénh vién Thong Nhit cia Chau Thanh Vinh véi
bénh nhan nam 1a 71,9% nhiéu hon bénh nhan nir
28,1% va ty 1é nam gidi gap nir gidi 14 2,5 1an [3],
¢6 1& do d6i tugng kham chira bénh cta 2 bénh
vién nay 1a twong dong.

Nhém bénh nhan NMCT cép thanh dudi don
thuan chiém 29.3%, nhém bénh nhan NMCT cép
thanh dudi kém nhdi mau that phai chiém 70.7%.

Ty 1& nay khac biét nhiéu so véi nghién ctru cta
Thach Hoang Son ¢ Bénh vién trung wong Can
Tho lan luot 1a 75.7%, va 24.3% [2]; Nghién ctru
cua Chau Thanh Vinh véi ty 1€ lan luot 14 56.1%
va 43.9% [3] va trong nghién ctru cua Liaquat Ali
va cong su (2013) ty 1€ nay 1a 70.23% va 19.64%
[7], diéu khac biét nay c6 thé do nghién ciru cia
chung t6i thuc hién trén ddi twong 1a ngudi cao
tudi c6 cac biéu hién trén dién tim do thudng quy
c6 NMCT cip thanh dudi va/ hodc nghi ngd co
nhoi mau that phai kém theo.

Tudi trung binh NMCT cép thanh dudi kém
nho6i mau that phai 1a 74.5 + 8.78 tudi, nhom tudi
tir 70 - 79 tudi chiém gan 48.3%. Nam gi¢i mic
NMCT cép thanh dudi kém nhdi mau thit phai
gap hon 3 1an so v6i nit (75.9% so v6i 24.1%).

Yéu t6 nguy co tim mach ¢ dbi twong nghién
ctru 1an lugt THA (100%), tién str bénh tim thiéu
mau cuc bo (87.8%), dai thao duong (68.3%),
ri loan lipid (39%) va tién sir nhdi mau co tim
(2.4%) khong co6 su khac biét c6 y nghia gifra
nam va nir; Chi hat thude 14 (19.5%) c6 su khac
biét c6 ¥ nghia. Yéu té nguy co tim mach & bénh
nhan NMCT cép thanh duéi kém nhdi mau thét
phai lan luot 1a ting huyét ap (100%), tién sir
bénh tim thiéu mau cuc bd (86.2%), dai thao
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duong chiém (62.1%), ri loan lipid (41.4%) va
tién sir nhdi mau co tim (0%); khong c6 su khac
biét co y nghia gitta NMCT cap thanh duéi kém
nhdi mau that phai va NMCT cap thanh dudi don
thuan. Trong nghién ctru cta Shah Sawar cho
thiy yéu té nguy co 16n nhit 13 ting huyét ap
chiém 46.6%, sau d6 1a dai thdo duong 36.6% va
hat thube 14 13.3% [9]

Tat ca bénh nhan NMCT cép thanh dudi kém
nhdi mau that phai trong nghién ctru déu ¢ con
dau that nguc va c¢6 27.6% bénh nhan c¢6 kém
theo rbi loan nhip tim. Trong nghién ciru cua
Daanish ciing cho thay 100% bénh nhan MNCT
that phai déu c6 con dau nguc. Diéu nay cho thay
dau nguc 1a triéu ching thudng gip nhét ¢ bénh
nhan NMCT thét phai [4]

Nong d6 men tim thay d6i & nhom bénh nhan
NMCT cép thanh duéi kém nhdi mau that phai
cao hon so véi NMCT thanh duéi don thuén,
nhung phén suat tong mau EF thap hon, ap luc
dong mach phéi tam thu PAPs va rdi loan van
dong ving & nhém bénh nhan NMCT cap thanh
dudi kém nhoi mau that phai c6 ty 18 cao hon.
Tuy nhién, sy khac biét khong c6 ¥ nghia thong
ké. (p > 0.05). Piéu nay cho thiy viéc st dung
céc chi s6 vé men tim va danh gia két qua siéu am
tim kho khan trong phan biét NMCT cap thanh
du6i kém nhdi mau that phai va NMCT thanh
duéi don thuan.

O biéu d6 3.1, két qua cho thdy trong nhém
bénh nhan NMCT cép thanh duéi kém nhdi mau
that phai co ty 1¢ ton thuong y nghia véi hep dong
mach vanh phai chiém 89.7%, hep dong mach
vanh trai nhanh mii chiém 55.2%, va hep ca 2
nhanh chiém 51.7%. Nhom bénh nhan ¢6 NMCT
cap thanh dudi kém nhdi méau that phai c6 ton
thuong & dong mach vanh phai, dong mach trai
nhanh mii cao hon nhiéu so véi nhém bénh nhan
NMCT thanh dudi don thuan, khac biét nay co y
nghia thong ké p < 0,05 & tén thuong dong mach
vanh phai va ton thuong ca 2 nhanh dong mach
vanh phai va nhanh mii. Chinh vi ¢6 su khac biét

rat 16n nay cho thdy nén can phai nhanh chéng
phan loai 2 nhom bénh nhan NMCT cip thanh
dudi kém nhdi mau that phai va NMCT thanh
dudi don thuan dé tién luong va diéu tri phu hop.

Nghién cuu cua tac gid Foussas va cong su
cho thay khong c6 su khac biét y nghia vé ty 1é tir
vong trong theo doi dai han gitra nhém c6 NMCT
that phai voi nhém khong c6 NMCT that phai.
Vi vay, cac ddu hiéu tién lugng x4u tai bénh vién
& bénh nhan NMCT thét phai chii yéu do ting
nguy co cac Rdi loan nhip tim de doa tir vong.
Viéc theo dbi sat va diéu tri thich hop céac rdi loan
nhip tim cho dén khi bénh nhan dugc xuét vién 1a
van dé quan trong trong tién luong chung va kha
nang song con cia bénh nhan [5].

DPong thoi ghi nhan, NMCT that phai thuong
di kém véi NMCT thanh dudi, véi cac biéu hién
dién hinh cua lam sang, dién tdm dd va Siéu am
tim. Khi ¢6 dau hiéu tut huyét ap hoac sb¢ tim ma
khong c6 dau hiéu suy that trai, dong thoi c6 dau
hiéu ST chénh ¢ chuyén dao V4R thi kha ning
cao cua chian doan NMCT thit phai di kém.

Trong nghién ctru cua chiing t6i da tim thay
gi tri chan doan cua ST chénh 1én > 1mm trong
cac chuyén dao V3R — V4R trén dién tam dd
trong NMCT thanh duéi kém nhoi mau that phai
¢ ngudi cao tudi voi do nhay (Se) 90%, do dac
hiéu (Sp) 81.1%, chan doan duong tinh (Vp)
93.1%. Trong nghién ctru cua Liaquat Ali va cong
su (2013), cho théy gia tri chan doan NMCT that
phai cua dién tim d6 do nhay cia V3R 1a 70% va
V4R 1a 80% [7]. Theo Timothy (2000), BJ nhay,
do dac hiéu trong chan doan NMCT that phai ctia
V3R 1a 69% va 97%, con V4R 1a 93% va 95%
[11]. Nghién ctru cia Tomas Ondus va cOng su
(2013) cho thay dau hiéu ST chénh > 1,0mm &
chuyén dao V4R 1a dic trung tin cdy trong chan
doan NMCT thit phai, voi do nhay 100%, dic
hiéu 87% va d6 chuan xac 1a 92%. [12]. Do tinh
don gian va do nhay, do dac hi€u cao cua V3R
va V4R, viéc ghi thém V3R va V4R 1a mot phan
quan trong cta viéc phat hién sém c6 kém nhoi
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mau that phai trong kiém tra dién tim d6 & bénh
nhan NMCT thanh duéi cép tinh.

Viéc do dién tim d6 véi cac chuyén dao bén
phai can duoc chi dinh & tat ca cac bénh nhan co
biéu hién NMCT cép thanh dudi, s& chan doan
som va gitp phan ting bénh nhan co6 NMCT that
phai di kém, dé kich hoat ngay viéc ap dung quy
trinh diéu trj tich cuc thich hop dé kiém soat viéc
tang nguy co tir vong do bién ching réi loan nhip
tim nang va sb¢ tim.

5. Két luan

Pic diém 1am sang va ty 1& cia nhdi mau co
tim that phai ¢ ngudi cao tudi:

- Ty 16 NMCT cép thanh dudi kém nhdi mau
that phai 1a 70.7%; Tang huyét ap va bénh tim
thiéu mau cuc bo 1a yéu td nguy phd bién nhit &
nhom nay; lam sang v4i 100% bénh nhan c6 con
dau that nguc dién hinh, va 27.6% co rdi loan
nhip tim.

- NMCT cap thanh duéi kém nhdi méau that
phai co ty 1¢ ton thuong ¥ nghia qua chup dong
mach vanh véi hep dong mach vanh phai 89.7%,
hep dong mach vanh trdi nhdnh mi 55.2%, va
hep c4 2 nhanh 1a 51.7%, cao hon rat nhiéu so voi
nhém NMCT thanh duéi don thuan, sy khac biét
ndy c6 y nghia théng ké véi p < 0.05.

Gia tri chan doan cta ST chénh 1én > Imm
& chuyén dao V3R hodc V4R trén dién tam d6
trong NMCT c4p thanh duéi kém nhoi méu that
phai & nguoi cao tudi voi do nhay 90%, do dic
hiéu 81.1%, chan doan duong tinh 93.1%.
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Abtract

Constrained optimization is an important task in civil engineering. The objective of this task is to determine a solution
with the most desired objective function value that guarantees the satisfactions of constraints. The Differential Evolution
(DE) is a powerful evolutionary algorithm for solving global optimization tasks. Our research develops an optimization
model based on the DE and feasibility rules proposed by Deb [1]. To facilitate the application of the optimization model,
a DE Solver, named as FR-DE, has been developed in Microsoft Excel VBA platform. Experimental outcomes with
several basic constrained design problems prove that the FR-DE developed in this study can be a useful tool for solving
constrained optimization problems.

Keywords: Constrained optimization, Differential Evolution, Feasibility Rules, Evolutionary Algorithm.

Tom tat

Tbi wu hoa co rang budc 1a mdt nhiém vu quan trong trong xay dung dan dung. Muc tiéu cia nhi€ém vu nay 1a xac dinh mot
giai phap c6 gia tri ham muc tiéu ti wu, ddng thoi dam bao sy thoa min ciia cic rang bude. Thuat toan tién hoa vi phan
(DE) 1a m6t thuat toan tién hoa manh dé giai quyét cac nhiém vu téi wu héa toan cuc. Nghién ctru cia chiing ti phat trién
mot mo hinh t6i wru hoa duya trén thuat toan DE va cac quy ludt vé tinh kha thi cta giai phap do Deb [1] dé xuat. Dé ting
cuong viée ap dung mé hinh t6i uu hoa, mot chuong trinh tinh toan DE Solver, dugc dat tén 1a FR-DE, di duoc phat trién
trong nén tang VBA ctia Microsoft Excel. Két qua thir nghiém véi mét s6 bai toan co ban chirng minh ring FR-DE duoc
phat trién trong nghién ctru nay c6 thé 1a mot cong cu hitu ich dé giai quyét cac van d& t6i wu hoa bi rang budc.

Tir khéa: Téi wu hoa ¢ didu kién rang budc, Tién hoa vi phan, Quy tic kha thi, Thuat toan tién hoa.

1. Introduction project schedule optimization [4, 5], time-cost

Constrained optimization problems are trade-off [6], production planning [7], resource

ubiquitous in civil engineering. Civil engineers
have to resolve complex decision making tasks
regarding to project financial planning [2, 3],

Email: hoangnhatduc@dtu.edu.vn

utilization optimization [8-10], and various
structural optimization problems [11-13]. A
constrained optimization problem is typically
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more challenging than an unconstrained one. It
is because the task of finding optimal solutions
must be performed concurrently with identifying
feasible domains of solutions.

A general form of a constrained optimization
problem can be presented as follows [14, 15]:

Find min. of f(x):

f(xl’xz, XppeoXp), d=12,....D (1)
Subjected to:

gq(xl, Xy XppoooXp) <0, d=12,...D, g =

1,2,...M (2)

hr(xl’ X,y XpoooXpy) = 0, d = 1,2,...D, r =

1,2,....N 3)
L U

x; <x,<Xx, 4)

where, f(x, x,,...,x)) is the objective function.
X, Xy,....X, are called decision variables. gq(xh
X,,...,X,) and hr(xlﬁ X,,...,X,) are inequality and
equality constraints. xj,xg are lower and upper
boundaries of x,. D denotes the number of
decision variables. M and N are the numbers of
inequality and equality constraints.

For dealing with constrained optimization,
penalty functions are commonly employed [1,
15-17]. Nhat-Duc and Cong-Hai [13] developed
a DE based constrained optimization solver
using the penalty functions. The methods based
on the penalty functions are easy to construct
and implement; they can deliver acceptable
performances in various case studies [5, 7].
However, this type of constraint handling also
suffers from certain drawbacks including the
difficulty in selecting penalty coefficients [17].

To resolve the drawbacks of the penalty
function methods, Deb [1] put forward an
efficient constraint handling algorithm based
on feasibility rules. The advantage of Deb’s
feasibility rules is that they can be directly
integrated into the selection phase of evolutionary
algorithms. Therefore, evolutionary algorithms
used with these feasibility rules are free from the
difficulties of selecting penalty coefficients as

presented in the conventional penalty function
approaches.

The spreadsheets in Microsoft Excel represent
a useful tool for civil engineering calculation.
However, the number of open Excel solvers that
are capable of solving constrained optimization
is still very limited. This study developed a DE
Solver named as FR-DE to ease the application of
the optimization model in civil engineering and
other disciplines. The newly developed program
has been tested with several basic constrained
optimization problems.

2. Research methodology
2.1 Differential Evolution (DE)

Given that the problem at hand is to minimize
a cost function f(X), where the number of
decision variables is D, each stages of DE [18,
19] can be described in detail. The whole process
of the DE algorithm is repeated in G, number
of generations.

(i) Initialization: In this step, the search
process begins by randomly generating NP
number of D-dimensional parameter vectors x,
wherei=1, 2, ..., NP and g represents the current
generation. Herein, NP does not change during the
optimization process. Thus, these individuals can
be generated in the following manner [8]:

X,o=LB + rand [0,1]x (UB - LB) (5)
where x,, denotes the decision variable i at
the first generation. rand/0,1] is a uniformly
distributed random number between 0 and 1. LB
and UB represent two vectors of lower bound and

upper bound for the decision variables.

(ii) Mutation: In this step, a vector in the
current population (or parent) called a target vector
is selected. The terms “parent” and “target vector”
are used interchangeably. For each target vector, a
mutant vector is created in the following way:

e

ig+l Xrl,g + F(X - Xr3,g)

(6)

where r1, r2, and r3 denote three random indexes

r2.g

lying between 1 and NP. These 3 randomly
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chosen integers are selected to be different from
the index i of the target vector. F' represents
the mutation scale factor, which controls the
amplification of the differential variation between
X, . and x v,,. denotes the newly created

r2.,g

mutant vector.

r3,g °*

(iii) Crossover. This step is to diversify the
current population by exchanging components of
target vector and mutant vector. A new vector,
named as trial vector, is created. The trial vector
is also called the offspring. The trial vector is
generated as follows:

Viigns If rand, <Cr or j=rnb(i)
X, ¢ if rand; > Cr and j# rnb(i)
(7)

where U, ., denotes the trial vector. j is the
index of element for any vector. rand, denotes
a uniform random number lying between 0 and
1. Cr represents the crossover probability, which
is needed to be determined by users. rnb(i) is a
randomly chosen index of {1,2,..., NP} which
guarantees that at least one parameter from the
mutant vector (Vj’i‘g+ ;) must be copied to the trial

vector (U/_,Lg+ -

jigH =

(iv) Selection: The trial vector is compared to
the target vector in this step. If the trial vector has
a lower objective function value than its parent,
the trial vector replaces the position of the target
vector. The selection operator can be described
as follows:

Ui,g lj f(Ui,g) < f(Xi,g)
Xi,g+1 = (8)
Xi,g lj f(Ui,g) > f(Xi,g)

2.2 Feasibility rule based constraint handling
method

Deb [1] proposes the following feasibility
rules for coping with constrained optimization
problems:

1. Among one feasible solution and one
infeasible solution, the feasible solution always
wins.

2. Among two feasible solutions, the one
having lower objective function value is preferred.

3. Among two infeasible solutions, the one
having smaller degree of constraint violation is
considered to be better.

Based on the aforementioned feasibility rules,
the formulation of the objective function is
revised as follows:

F(X) if g,0)20 ]

F(X)= )

fmax+igj(x)

where f is the objective function value of the
worst solution in the set of feasible ones.

3. Applications of the FR-DE-Excel Solver

The FR-DE-Excel
developed in Visual Basic for Applications (VBA)

Solver tool has been

and can be accessed from the Excel ribbon entitled
“Open_DE_Constr_Solver” (see Fig. 1a). The
graphical user interface of the program is shown
in Fig. 1b. The user needs to define the decision
variables, upper bounds, lower bounds, type (real,
integer, or binary), constraints, and the objective
function of the problem. It is noted that all of the
constraints must be described in the following form:
G(x)=0 (10)

HE9-o-|=

" gy pre——
m; Insert Page Layout Formulas Data Review View Developer Team
Open_DE_Constr_Solver
Run
DE Constrained Optimization Solver X

Differential Evolution Constrained Optimization Solver
Version 1.0

Set Variable Informa

Population Size | 10 Decision Variables
[ l ] Upper Bounds
Crossover 0.15

Lower Bounds

Probability
e |

DE Parameters

Maximum Generation 30

DE ion F
F Melan IT
F Std 0.15

Meen and Std o Mustation Scale

Set Problem Constraints

’ Constraints

(b)

Fig 1. FR-DE-Excel Solver: (a) Open the solver from Excel
Ribbon and (b) Graphical user interface of the program

Set Objectivce Function (MIN)

Objective Function

Nit-Du: Mg (g ok B sda)

Duy Tan University
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To illustrate the application of the newly
developed tool, the following simple constrained
optimization problem is used:

Min. f(x,y) = (x-0.8)* + (y-0.3)*
S.t. g, (xy) =1-[(x-0.2)* + (-0.5)’]/0.16 > 0
g,(x,) = [(x+0.5)* + (»-0.5)*]/0.81 - 1 >0

A B = D E
1 Optimal Solution Lower Bounds Upper Bounds Type
2 X1= 0.59 0.00 1.00 1.00
3 Xx2= 0.45 0.00 1.00 1.00
4 F= 0.07
s |
6 | LHS RHS
7 Constraint 1 0.03 2 0.00
8 Constraint 2 0.47 -3 0.00
9
10 Note for variable type
11 0 Binary LB=0.UB=1
12 1 Real
2

13 Integer

Fig 2. Optimization result of FR-DE-Excel Solver
(Application 1)

In the next application, the FR-DE-Excel
Solver is applied to optimize a simple structure
optimization problem (see Fig. 3). A structure
consisting of two bars is designed to withstand a
force F. With a = 30°, the optimization problem
is formulated as follows [20]:

Min (A1+A2).y.L (11)
S.t:

Al > F cos(a)/ o _allow (12)
A2 > Fsin(a)/ o _allow (13)

where d1 va d2 are the two decision variables
which are diameters of the two bars. L is the
length of the bar. yis the density of the material.
o _allow is the allowable stress. Al and A2 are
the areas of the bars.

~ x

-

Element 1's parameters

Ay E,L

P Element 2's parameters
(04
A E, L

A B e D E F G H I J
1 Decision Variables dl= 6.6413mm Al= 34.6410 mmA2 Gama= 0.000007850 kg/mm"3
2 d2= 5.0529mm A2=  20.0527 mmA2 L= 1000 mm
5 F= 10000 N
4 Objective Function o_allow = 250.0000 MPa

5 Minf= 0.429345526|kg a= 0.5236 Rad

6
7 Lower Bound di 1.00|mm

8 d2 1.00|mm

Constraint1  ol=  Fxcos(al/Al < o_allow

Constraint2  o2=  Fxsin(a)/A2 <= o_allow

Constraint 1 0.00 >= 0.0000
Constraint 2 0.66 = 0.0000

Fig 3. Optimization result of FR-DE-Excel Solver
(Application 2)
Using the FR-DE-Excel Solver tool with
the number of members and generations of DE
algorithm is 12 and 100, the optimization results

9 Upper Bound d1 30.00|mm
10 d2 30.00|mm
11 Variable Type d1 1.00|(real)
12 d2 1.00|(real)
13

of the first and second applications are provided
in Fig. 2 and Fig. 3. As can be seen from these
two figures, the Excel Solver based on DE and
Deb’s feasibility rules can help to find good
values of the decision variables which result in
low value of the objective function and satisfy all
the constraints.

4. Conclusion

In this study, a FR-DE-Excel Solver based on the
DE algorithm and the feasibility rules is developed
to solve constrained optimization problems. The FR-
DE-Excel Solver is programmed in VBA language.
The users can easily formulate the optimization
problems and solve them in Excel. Two simple
applications are used to demonstrate the effectiveness
of the FR-DE-Excel Solver. Thus, the newly
developed tool can be highly useful for engineers in
dealing with complex optimization tasks.

Supplementary material

The Excel solver can be downloaded at https://
github.com/NhatDucHoang/FR DE Solver
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Hi¢u nang mang hop tac da truy cap phi tryc giao cho duong 1é€n
vo1 co ché khuéch dai va chuyén tiép

Performance analysis of uplink cooperative non-orthogonal multiple access networks
with amplify-and-forward relaying strategy
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Tém tit

Trong bai bao nay, chiing t6i nghién ctru hé thdng mang hop tac da truy cap phi truc giao (NOMA) cho dudng truyén 1én
sir dung co ché khuéch dai va chuyén tiép (AF). Cu thé, hai may nguoi dung st dung da truy cap phi truc giao truyén
thong tin dén tram gdc (BS) bang su hop tac ciia may chuyén tiép AF. Cac biéu thirc xac sudt dimg hé thong va thong
lwong ctia hai ngudi dung duge mo ta dua trén thong ké cua ty sb tin hiéu trén nhidu (SNR) va ty sé tin hiéu trén nhidu va
lién nhidu (SINR) trén duong truyén bang cach sir dung phuong phap bac hai Gaussian-Chebyshev. Dé tim hiéu sau hon,
céc két qua vé s liéu s& duoc trinh bay theo hai tham s chinh cua hé thong 14 cong suat truyén va khoang cach truyén dé
lam 6 wu diém cua phuong thirc truyén hop tac. Cac két qua phan tich dat dugc dugc kiém ching thong qua mé phong
Monte-Carlo trén phan mém Matlab.

Tir khéa: NOMA, khuéch dai va chuyén tiép, chuyén tiép, xac suit dimg hé thong, thong luong.
Abstract

In this paper, we study the cooperative transmission of uplink non-orthogonal multiple access (NOMA) networks using
amplification and relay (AF). Specifically, two users applying NOMA scheme transmit the message to base station (BS)
by the help of amplify-and-forward (AF) relay. The expressions of outage probability and throughput of two users are
derived based on the statistical characteristics of signal-to-noise ratio (SNR) and signal-to-interference-plus-noise ratio
(SINR) of transmission links by using Gaussian-Chebyshev quadrature method. In order to gain insight into the behaviour
of this considered system, the numerical results are provided according to the system key parameters, e.g., transmit power,
distances. Finally, the correctness of our analysis is verified by the Monte-Carlo simulation results.

Keywords: NOMA, amplify-and-forward, relay, outage probability, throughput.

1. Giéi thi¢u

V6i sy phat trién nhanh chéng cta cac thiét c6 kha nang lam viéc voi s6 luong ngudi ding rat
bi khong day nhu smart phone, cam bién khong  16n véi toe do truyén tai dit lidu cuc cao (cao hon
day, hé thong tw dong, hé thong Internet of Things 100 lan so v&i 4G). Trong nhitng nim gan day, ky
(IoT), chung ta can mot mang di dong thé hé moi  thuat NOMA duge nhén dinh la ung cur vién sang
dam bao tinh thoi gian thyc. Mang thé hé méi 5G  gid cho mang thé hé mdi ca trong cong nghiép

Email: vantruong57@gmail.com
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1an hoc thuat boi kha ning dap tmg da truy cap
ding chung tai nguyén tan sb tai cing mot thoi
diém [1]-[3]. Tuy nhién, NOMA van chua duoc
dwa vao thwong mai hoa do mdi quan ngai vé do
phurc tap trong tinh toan ctia cac loai may thu loai
b6 nhiéu lién tiép (SIC) [3]. Mic di NOMA c¢6
thé dwoc 4p dung trong ca hé thong truyén dan
duong 1én va dudng xudng, nhung hién nay hau
hét cac nghién ctru vé NOMA chi yéu tap trung
vao hé théng duong xudng [4]-[7]. Trong khi do,
trong mang giam sat va mang cam bién khong day,
viéc truyén dan duong 1én quan trong hon dudng
xudng. Mit khac, chung ta c6 thé 4p dung k¥ thuat
chuyén tiép dé cai thién hiéu suat va mo rong ving
phii séng cta cic mang. Co rat nhiéu nghién ctru
tap trung vao mang chuyén tiép duong xudng
[1],[5],[8]-[12]. Nhu vy, su két hop giita cac ki
thuat chuyén tiép nay va NOMA c6 thé duoc xem
xét 4p dung trong cic mang thé hé tiép theo. Theo
su hiéu biét cua chung t61, hién nay da c6 mot vai
cong trinh nghién ctru vé cac mang chuyén tiép va
mang hgp tic NOMA duong 1én [13]-[17]. Trong
[13], cac tac gia dd dé& xuat mot mod hinh Relay-
Aided NOMA cho cac mang di dong duong Ién
trong d6 sb lwong dng-ten tai moi BS b gidi han
boi s6 luong user trong mdi ving phu séng. Tac
gia trong [14] da nghién ctru mot kich ban NOMA
duong 1én hai user, trong d6 nguoi dung ¢ trung
tam cell (nguoi ding gan) s& giao tiép truc tiép
voi BS, trong khi do, nguoi dung ¢ bién vung phu
song (nguoi dung xa) s& can su trg gitp cua mot
may giai md chuyén tiép (DF) song cong. Hiéu
ning cua hé théng nay duoc nghién ctru dya trén
kha ning tong hop cua viéc loai bo lién nhidu
hoan toan va khong hoan toan. Trong cong trinh
[16], cac tac gia dd mo ta hoat dong cta hé thong
NOMA duong 1én trong d6 ngudi ding & gan BS
s€ hoat dong nhu mot may chuyén tiép dir liéu
song cong dé hd trg cho nguoi ding & xa BS. Hiéu
nang cua hé thdng nay duoc phén tich dua trén cac
thong s xac suat dimg hé théng va toc do tong
trung binh. Céc tac gia cua [17] da nghién ctru hé
thong NOMA hop tac duong 1én, trong d6 ngudi

ding ¢ gan lién lac v6i tram co s& dong thoi sir
dung may chuyén tiép ban song cong DF dé hd trg
ngudi dung ¢ xa. Theo nhu hiéu biét cua chung
t6i, hién nay chua c6 nghién ctru ndo vé hoat dong
ctia hé thong NOMA hop tac duong 1én cho hai
ngudi dung st dung co ché AF. Trong nghién ctru
nay, chiing t6i dé xuat mot kich ban NOMA duong
1én hai nguoi dung, trong do6 hai nguoi dung ap
dung co ché NOMA dé truyén thong tin cta ho t6i
BS nho sy hop tac ctia may khuéch dai va chuyén
tiép AF. bé phan tich hi¢u sut cta hé théng nay,
ching ti tim ra cac biéu thirc xac suat dimng hoat
dong va thong luong cho hai ngudi ding bang
cach st dung phuong phap bac hai Gaussian-
Chebyshev. Dé tim hiéu sau hon, cac két qua s6 s&
dugc tinh toan theo cic tham s chinh: cong suét
truyén, khoang cach, nham muc dich tim cach cai
thién hi€u nang ctia hé théng nay.

Phan con lai cta bai viét nay duogc to chiic
nhu sau. M6 hinh hé théng dugc trinh bay trong
Phan II. Phan III trinh bay phan tich hiéu ning hé
thong vé xac suat dimg hé théng va thong luong
cho timg nguoi dung riéng biét. Phan IV cung
cap cac két qua sb liéu kém theo mot sd thao
luan. Cudi cung, chung t6i dua ra cac két luan
ctia nghién ciru trong phan V.

2. M6 hinh h¢ thong

Hinh 1 mé ta mot hé thong hop tic NOMA
duong 1én dung co ché khuéch dai va chuyén
tiép AF, trong d6 cac tin hidu dugc truyén tir hai
nguoi duing NOMA (U, va U)) dén tram gdc (BS)
v6i su hop tac ctia may chuyén tiép AF (R). Hai
ngudi ding truyén thong tin dén BS, tuy nhién do
moi truong bi can nhiéu nghiém trong nén viéc
truyén can co sy tro giup cua may chuyén tiép dé
hd tro chuyén tiép tin hiéu nhan duoc tir nguoi
dung dén BS. T4t ca cac may ngudi dung va may
chuyén tiép 1a cac thiét bi mot ang-ten va hoat
dong & ché d6 ban song cong, chang han nhu cac
nat cam bién khong day.

Giao thirc hoat dong cho hé théng nay duoc
dé xuat nhu sau:
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Pha I: U, va U, dong thoi truyén tin hiéu
cua ching (s, s,) dén BS (truyén truc tiép) va R
(chuyén tieép) trong khoang thoi gian T/2, voi T
1a thoi gian khoi.

Pha 2: Trong khodng thoi gian T/2 con lai, R
khuéch dai va chuyén tiép tin hiéu nhan duoc tir
R dén BS.

Cudi cung, BS Iya chon két hop (selection
combining - SC) giira dudng tryc tiép va chuyén
tiép roi dung SIC tach séng cta U, va U,

Chung t6i tiép tuc mo ta chi tiét dudi dang
toan hoc tung pha nhu sau:

Pha 1. Ap dung co ché NOMA, U va U,
ddng thoi truyén tin hiéu cua ching (s, 8,) dén

BS béang cong suat truyén riéng cua chiung trén
cung tan so.

Hinh 1. M6 hinh hé 'théng hop tac NOMA dudng 1én dung
co che khuech dai-chuyén tiép

Tin hiéu nhan duoc tai BS duoc viét 1a:

’P ’P
= d_lighlsl-i_ d_zghzsz+n1- (1)

Trong do, P, va h. (i = {1, 2}) tuong Ung la
cong sudt truyén va cac hé sé kénh truyén fading
Rayleigh cua lién két U, —~BS va U, - BS. Chiing
ta gid st rang |1 > |h,|"[15]. Ngodi ra, n, la nhiéu
Gaussian trang cong (AWGN) véi trung binh
bang 0 va phuong sai o2, n, ~ CN(0,0°); d biéu
thi cho khoang cach Euclide cta U, dén BS va 0
biéu thi cho hé s6 mii suy hao duong truyén.

Tin hi¢u nhan duogc tai R c6 dang sau:

P P
y, = d—:ghgs1 + fd—}h4s2 +n,. (2)

Trong do, h, (j = {3, 4}) tuong ung la cac hé
s0 kénh truyén fading Rayleigh cua lién két U,
-RvaU,-R;n la nhidu Gaussian tring cong
(AWGN) v6i trung binh bang 0 va phuong sai
o*, n,~CN(0,6°); d, bicu thi cho khoang céch
Euclide cua U, dén R va @ bi€u thi cho h¢ s6 mii
suy hao duong truyén.

Pha 2: Ap dung co ché AF, tin hiéu truyén tai
nut chuyén tiép c6 cong suét truyén P, dugc cho
boi cong thic:

Ve =Gy 3)

Trong d6, G 1 hé s6 khuéch dai & may chuyén
tiép R theo co ché AF, duoc tinh toan véi thuc té
la cong suét truyén cua nat chuyén tiép bi rang
budc béi P,. Do d6, G duoc bicu dién la:

P,
G= - . 4
Jmhgf/d%mmf/dfwz @
Tin hiéu nhan dugc & BS khi phat tir R c6
dang:

—%( ﬂher ihs +n\+n
y3_\/d759k df 391 df 452 2) - (5)

Trong do, h, la h¢ s6 kénh fading Rayleigh
gitra R va BS, d, 1a khoang cach Euclide cua R va
BS, n, ~CN(0,67).

Viéce khtr lién nhidu nbi tiép (SIC) duoc ap
dung tai BS d¢ phat hién tin hiéu cua U, va U,.
Do di€u kién kénh truyén tot hon, s, s€ dugc phat
hién trudgce tién, sau do s, la thanh phén con lai khi
thuc hién phép triry, cho s .

Theo dudng truc tiép, gia tri SINR tirc thoi dé
phat hién s, tai BS dugc cho boi cong thire:

7/(1 _ Pl|hl|2 /dlg _ 71 |hl|2 ' 6)
YBR[ 1dl vt || 1

. A LT .

Trong do, 7, = od’ Yy = od’ lan luot la

SNRs trung binh tai U, U,. Tuong tu, gia tri
SNR tirc thoi dé phat hién s, tai BS ¢6 dang:
7;1[:7/2|h2|2~ (7)
Theo dudng chuyén tiép, SINR tuc thoi dé
phat hi¢n s, tai BS dugc cho boi cong thire:
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BG? || |n| 1 dla?
G? (P2 I,/ df + 02)|h5|2 /d? + o

r_
7s1_

2 2
V3Vs |h3| |h5| (8)
- 2 2 2 2 2 .
7475|h4| |h5| +73|h3| +74|h4| +75|h5| +1
A F A,
7320_26139’74:0_2019’75:0_26159 .
Sau khi thyc hién trir y, cho thanh phén s , ta dugc
SINR d¢ phat hién s, tai BS nhu sau:

Trong do,

[ |nJ
Ve, = ; y4y5|4l| | — 9)
73|h3| +7/4|h4| +75|h5| +1

Do BS st dung co ché lua chon két hop nén
SINR va SNR dé phat hién s, va s, nhu sau:

(10)

7, :max{)/i,)/;}. (11)

Hé¢ s6 kénh truyén |h,- 2,1‘ O {1,2,3,4,5} cua
mod hinh kénh fading Rayleigh c6 phan bo doc
lap va giéng nhau (independent and identically
distributed - i.i.d) tudn theo phan phdi ham mii véi
céc tham s6 4 . Haim mat d6 xac suat (Probability
Density Function - PDF) va ham phan phdi xac

7, =max {y;‘:,y; }

suét tich liiy (Cumulative Distribution Function -
CDF) ctia |,|" c6 dang 1an luot nhu sau:

X

1 &
J(“hi‘z (.X) = Ze A .

X

(12)

F\‘h,\z (x)zl—e 4 (13)

3. Phén tich hiéu ning cia h¢ thong

Trong phan nay, chung toi thyc hién phan tich
hiéu ning hé thong bang cach tinh toan cac biéu
thirc xac suat dimg hé thong (P ) va thong luong
(7). P, dugc dinh nghia la xac suat ma dung
luong tirc thoi giam xudng dudi ngudng cho
true. Gia thiét raing Q> 0(bps/Hz) 1a toc do dix
liéu bét budc t0i thiéu cho cd hai user. Do do, P_
duoc biéu dién nhu sau:

P, = Pr(%logz (1+ SINR) < Qj = Pr[SINR <2 |- y,) :
(14)

Ap dung NOMA, s, dugc phat hién trudec tién,
sau do s, dugc tinh bang cach trir y, cho s, 6]
day, chung t6i gia sir rang cac gia tri ngudng dé
phat hién s, va s, la nhu nhau y, . Do do, trong
hé thong nay, P, dé phat hién's,, dugc ky hiéu la
P dugc cho bdi cong thuec:

P = Pr(ysl < 7/[) = Pr(y;”1 < 7,)-Pr(7; < 7,) =11,
(15)
Tuong tu, P_ dé phat hién s,, dugc ky hi¢u la
P> dugc cho bdi cong thuce

out

B = Pr(m < 7,) = Pr(%;‘i < %)-Pr(%; < 7,) =10,
(16)
Tinh toan chi tiét cho I, chiung t61 dugc nhu
sau:
71"’1‘2
7 ‘hz‘z +1

( )
R Pwori CURCY

20 (1) (1.2)
o Aot 1 7t 1,2 7t
Are " - eisz+ZJ nrr |4 44 - eTATZJ n-rn
22,71+ 47,7, 22, + 4,

’ﬁ (2, 2)_n
) S R U Ve Pl B
247+ 477,

1, N

(17)

Pé dung cho tinh toan I, sau nay, trudc tién

chung toi tinh cac biéu thirc cia CDF va PDF cua

2
X=—73|h§| nhu sau:
Volh| +1 )
( 2 Trs
FX(x)zPrL%<xJ=I—M. (18)
7’4|h4| +1 Ay +A,7,%
1. (x _ /1373/1474;% 67/1374 (19)

(Ays + Agrix) AalatAgrex
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Tiép theo, I, dugc tinh nhu sau:

( yors i e[
-
L(74|h4|2 +1)75|h5|2 +7/3 |h3|2 +7/4|h4|2 +1

)

< %J

- Pr{[y3 I, —y,(h [ +1)J7/5 In|" <7, (73 IXETAN +1)}

7:(73|I’%|2+7/4|h4|2+1)

:Pr{y3 At +1)<0}+Pr I <[

7’3|h|

( 7, |m[ 3 yo|h| +1

73|h3|2 _7z(74|h4|2 +1)}75

il f =, (vl +1)> 0

J lhf

7slif

|h| 41

=P —2<7/tJ+Pr [ < L
L74|h4| +1 (
75L

Rard
4373

e 771()’*7144)

Asysy 137/3/147/46

e

Y’ A +1 ‘

t

Rard

373

0 (s + A7 (v 47,))

1

+
Ars+ 4. (v+7,)

dy

_H
Taral
e dz

v | A7sA7, ln

(v
e klz?s isst !

( )
*Lﬁu%ny’ J (,13;/3147/4 Inz+Ayy,Inz+A,y,y,Inz— 14}/4;1)
0 (/13]/3 Inz+A4,,7, 1nZ_/147/4,U)21nz

+ Ay, n%

+1
+%hnm 2

M i=l

a +1
A In-
( 37/3 2

Trong d6, budc (a) c¢6 duoc bang cach st dung
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M 14 hé s6 danh doi gitta do chinh xac va do phirc
tap tinh toan.
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Trong dé, ﬁ,:Cos[zl lﬂ-j,lu 27/1‘(7/1 ),N
2N As7s

1a hé sé danh d6i gitta d6 chinh xac va do phuc
tap tinh toan.

Cudi cung, ching t6i phan tich thong luong
tai nat dich cho ché do truyén gii han tré. N6
dugc tim ra bang cach danh gia xac suat ding
hé théng & téc do truyén cb dinh cia user - Q
bps/Hz. Ching t6i nhan thay rang ca hai ngudi
dung déu truyén thong tin voi toe d6 Q bps/Hz
va thoi gian lién lac hidu qua tir nguoi dung dén
tram gdc trong thoi gian T 14 T/2. Do d6, cac biéu
thirc thong lugng cho U, va U, 1an luot duoc dinh
nghia nhu sau:

Q(1-2)

out

2
gz@, P&)

(23)

T, =

out 24

-5 (24)

Bang céch thay (15) va (16) vao (23) va (24),

chung t6i 1an luot thu duoc biéu thirc thong luong
cho U, va U,.

7, =

4. Két qua s va thao luin

Trong phan nay, chung t6i cung cap cic
két qua bang s6 vé xac sudt dimg hé théng va
thong lugng cho U, Véi» U,. M6 phong Monte-
Carlo dugc st dung dé xdc minh cac két qua
phan tich. Cac tham s6 can cho trong qua trinh
mo phong nhu sau: d¢ tdng kénh trung binh 4 =
A= A= A= A= 1, h¢ s6 suy hao dudng truyén
@ =2. Hinh 2 bi€u di€n cac duong P_  theo cong
suit truyén P , V6i céac P, khac nhau. Co thé dé
dang quan sat dugc tur hinh 2, xac suat dung hé
théng cua U, giam xubng va xac suat dirng hé
thong cua U, tang 1€n khi (’:6ng suét phé’t tai U,
tdng. Trong khi d6, xac suat dung hé thong cua
U, tang 1én va xac suat ding hé thong cua U,
giam xudng khi cong suit phat tai U, tdng. Viéc
nay c6 thé dugc giai thich la sy gia tdng cong
sudt truyén ctia mot nguoi dung sé tao ra nhiéu
nhidu hon cho nhiing ngudi ding khac. Diéu do
dong nghia v6i viéc gia ting cong suét truyén
ctia mot ngudi dung cb thé cai thién hiéu suat

cua n6 nhung s€ lam giam hiéu suat cia nhirng
nguoi dung khac.

—-—- Analysis for U,
10'5 H O Slm.P2=0dB D
+ Sim. P2 = 10dB
* Sim.P,=20dB

0 5 10 15 20 25 30 35 40
Transmit Power P (dB)

Hinh 2. D6 thi P_, theo cong suat phat P, vdi cac gia tri
P, khac nhau. Céc thong s6 c6 dinh P =20dB,

Q =1 bps/Hz.

Hinh 3 minh hoa tac dong cua cong suét
truyén P, dén hiéu suit. Chung ta c6 thé quan sat
tir hinh 3 rang xé4c sudt ding hé thng cia ca hai
ngudi dung giam xudng khi cong suat phat & nat
chuyén tiép R ting 1én. N6 c6 nghia 1a hiéu suat
c6 thé dugc cai thién bang cach ting cong suét
phat cua R.

10°4

—— Analysis for U |
—-=- Anlysis for U,
O Sim.P,=5dB
+ SIm.P3=20¢B
% Sim.P, =35dB

107!

-
Lo-@0=C
5 0-6-0-0 9—0"9 e
® 102
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10-3.—-1_-—0'—',‘1'""‘-*_’ —*__‘*-

e e *—*—**-*-*'*'*'*

s 0 15 2 25 w0 % 4
Transmit Power P1 (dB)

Hinh 3. D thi P_, theo cong suat phat P voi cac gia tri
SNR P, khéac nhau. Cac thong s6 ¢o dinh P, = 20dB,
Q2= 1 bps/Hz.

Pé lam & anh hudng cua vi tri may chuyén
tiép dén hiéu ning hé thong vé xac suat ding
hoat dong, Hinh 4 dugc cung cap cac duong P9ut
theo cac truong hop sau: 1) Case 1: May chuyén
tiép gan tram co s& (d,nho hon d, vad,); ii) Case
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2: May chuyén tiép nam chinh giita tram co s&
va nguoi dung (d; = d, = d)); iii) Case 3: May
chuyén ti€p gan nguoi dung hon (d, 16n hon d,
va d,). D¢ dang quan sat tir hinh 4 rang xac suat
dung h¢ thong cua U, tdng va xéac suat dung he¢
thong cua U, giam khi khoang cach d, tang 1én.
Mat khac, xac suat dung hé thong cua ca hai
nguoi dung tang khi khoang cach d, gitta R va
BS ting. Diéu nay duoc gidi thich rang sy gia
tang khoang cach truyén giira cac nat lam giam
hiéu sudt cta hé thdng nay.

4
4
L
-
4

cua Qva P, dén 7, 1a khac nhau. Két qua tuong
tu cling c6 thé thay ¢ hinh 6 cho cong suat truyén
P,. Tu céac két qua trén, chung t6i biét rang ton tai
mot cdp gid tri toi wu {P, P,} giup h¢ thong dat
duoc hi€u suat tot nhat cho ca hai nguoi dung.

: . : - : .
e e ke, i
6 6:-0- 60 -0-0-0-0-.o = 9 o—o—6—o0—9o
107 12 3, SO
* Q-
o2
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102 3
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104 E
Analysis for U,
==« Analysis for U
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10 O Sim. 2 = 0.5 bps/Hz
+ Sim. Q=1.0bps/Hz
%  Sim. Q = 1.5 bps/Hz
10® | | |
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Hinh 5. Do thi thong luong 7 theo cong suat phat P,

o I

¢ |

o Sim. U| case3| |

o Sim.U,:case

0 Sim.U,:case2

o Sim. U2 case 3

102 ; * ’ :
0 5 10 15 20 25 30
P3 (dB)

Hinh 4. D6 thi P,
va BS khéc nhau. Cac thong s0 ¢6 dinh P, =P, =20dB,

 theo khoang cach d, gitra R

Q =1 bps/Hz.

Céc dudng biéu dién thong luong (7,7, ) theo
cong sudt truyén cia U, va U, v6i cac toc do
truyén khac nhau cua user dugc v€ tuong ung
trong hinh 5 va hinh 6. Chung ta ¢ thé dé dang
quan sat tir hinh 5 rang thong lugng truyén tir U,
tang 1€n, trong khi thong luong dugc truyén tur
U, giam xu(‘)r‘lg khi cong suat truyén ‘[2_1i’U1 téng.
Tuy nhién, ton tai mot gid tri cong suat truyén
P manéu B < F thi thong lugng truyén tir U,
giam xubng, trong khi thong lugng truyén tir U,
dugc tang 1€n khi toc do truyeén U, tang Ién. Mat
khac, néu B, > F’thi thong luong truyén tir U,
tang 1én, trong khi thong luong truyén tir U, gidam
xudng khi toc do truyén U, duogc tang 1én. Diéu
nay c6 thé dugc gidi thich rang 7, ty 1€ thuan voi
Q nhung ty 1€ nghich véi P, va cac dong gop

v6i cac toe do truyén Q khac nhau. Cac thong s6 cd dinh.

¥
/
wsl
S s
ot / 7
5 !
£ i
4 i
= /
= /
10701 1
i
i Analysis for U,
! === Analysis for U2
! O Sim. 2=0.5bps/Hz
! +  Sim. Q= 1.0 bps/Hz
% Sim. Q = 1.5 bps/Hz
1015 | | |
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P, (dB)

Hinh 6. D) thi thong lugng 7 theo cong suat phat P,
v6i cac tbe d6 truyén Q khéac nhau. Cac thong sb c¢b dinh

P =P, =20dB.

Hinh 7 va hinh 8 m6 ta sy thay doi ctia thong
luong U, va U, theo cong suit phat P, & nat
chuyén tiép R. Chung ta c¢6 thé quan sat tir cc
hinh nay rang thong lugng ciia ca hai nguoi ding
tang 1én khi cong suit phat ¢ R ting. Mot lan
nira, nhitng két qua nay cho thay hiéu suat ciia hé
thong nay co thé dugc cai thién bang cich ting
cong suat phat khi chuyén tiép.
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=

Throughput (7)

y Analysis for U ;
1 —-—- Analysis for U,
100§ O Sim. 2 =0.5bpsHz
+ Sim. 2 =1.0 bps/Hz
% Sim. Q = 1.5 bps/Hz

0 5 o 15 20 2 3 8 40
P, (dB)
Hinh 7. D06 thi thong lugng 7 theo cong suét phat P,
v6i cac toc do truyén Q khac nhau. Céc thong s6 c6 dinh
P, =P,=20dB.

100 T T T T T T
s

Throughput (7)

Analysis for U 4

—-=- Analysis for U2
O Sim. P, =10dB
+ Sim.P, =20dB
% Sim. P, =30dB
T T
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Hinh 8. D6 thi thong lugng 7 theo cong suat phat P,
véi cdc cong suat phfélt t?i nat chuyén tiép (P,) khac nhau.
Céc thong s6 co dinh P, = 20dB, Q = 1.

Cubi cung, dé lam rd wu diém cta phuong
thirc truyén hop tac ching t6i khao sat va so
sanh két qua sd gitta ba phuong thuc truyén: hop
tac, truc tiép va chuyén tiép. Két qua sé cua ba
phuong thirc truyén nay theo thong sb xac suét
ding hé théng P_duoc thé hién nhu hinh 9. Tur
hinh nay chung ta nhan thay phuong thirc truyén
hop tac co xac suat dimg hé théng nho nhét so
v6i hai phuong thtrc truyén con lai. Didu ndy noi
1én phuong thirc truyén hop tac ¢ kha nang cai
thién hi¢u nang cia mang NOMA cho duong 1én.

Ttr cac s6 liéu duoc trinh bay ¢ trén cho thiy
két qua phan tich va két qua mo phong rat phu

hop nhau. Piéu nay di xdc minh tinh dung din
trong phan tich cta ching toi.
108

FSFET

107"¢-

5

o’ 102¢

10-3 { ——Analysis for U
—-—- Analysis for U, N
O Sim. Cooperative
=+ Sim. Direct
* Sim. Relaying | | | | |
0 5 10 15 20 25 30 35 40
Transmit Power P, (dB)

104

Hinh 9. So sanh gitra cac phuong thirc truyén: Hop téc,
truc tiép va chuyén tiép

5. Két luin
Trong bai bao nay, chung toi di trinh bay két
qua nghién ctru vé mat phan tich hiéu ning cua
mang hop tic NOMA duong 1én str dung co ché
khuéch dai va chuyén tiép. Cac biéu thirc xac
suat dimg hé thong va thong luong cho hai ngudi
dung dd duogc tim ra bang cach sir dung phuong
phap bac hai Gaussian - Chebyshev. Tiép theo,
cac két qua sd di duoc biéu dién va tinh toan
theo céc tham s6 chinh ciia hé thong. Két qua chi
ra rang, hiéu ning cua hé thong nay co thé duoc
cai thién bang cach tang cong suat phat ctia nuit
chuyén tiép. Ngoai ra, phuong thirc truyén hop
tac giap cai thién hi€u ndng cua mang NOMA
cho duong 1én. Trong nhiing nghién ciru tiép
theo, chiing t6i s& md rong md hinh hé thong nay
sang hé thong da nut chuyén tiép va tim cip gia
tri t6i wu vé cong sudt truyén cua ngudi ding.
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Abstract

Hydrogenated amorphous silicon (a-Si:H) is a well-known material for forming both the emitter and

the surface passivation layer in a-Si:H/c-Si solar cells. However, the difference in the band gap can impose limitations
on the photo carrier collection. In this paper, we study a hydrogenated amorphous silicon germanium (a-SiGe:H) layer
that has smaller optical band gap than the standard a-Si:H layer for reduced band offset. We fabricated heterojunction
solar cells using a-SiGe:H back intrinsic layers with different band gaps to determine the effects of energy bandgap and
passivation quality on the performance of heterojunction solar cells. The optical band gap of a-SiGe:H layer can be
reduced from 1.83 eV to 1.03 eV as the germanium content is increased from 0% to 100%. The a-SiGe:H layer with low
band gap (Eg < 1.7 eV) provided lower values of effective lifetime (Tg/]) and open-circuit voltage (V, ) than the standard
a-Si:H layer. The maximum values of Ty and V  were obtained in the 3% gas ratio a-SiGe:H layer. When this 3% gas
ratio layer was applied to a heterojunction solar cell, the highest short-circuit current density was obtained because of the
increased minority carrier diffusion length from the reduction of the band offset. Based on this result, an a-SiGe:H layer
on the rear side is proposed as an alternative passivation layer for high efficiency solar cells.

Keywords. heterojunction, band offset, surface passivation, solar cells, hydrogenated amorphous silicon germanium.
Tém tit

Silic vo dinh hinh (a-Si:H) dang 1a vat liéu dung trong ché tao pin mit troi di thé a-Si:H/c-Si. Tuy nhién, d6 rong ving
cAm cua vat liéu nay la kha I6n (~1.7 eV); diéu d6 lam gi6i han qué trinh dich chuyén hat tai di¢n bén trong linh kién.
Trong nghién ciru nay, Silic gecmani v6 dinh hinh (a-SiGe:H), v6i do rong ving cam trong khoang 1.03 to 1.83 (eV),
s& dugc dung thay thé a-Si:H trong pin mat troi di thé a-Si:H/c-Si; dong thoi khao sat anh huéng cua sy tic dong dong
thoi ctia d rong ving cdm va kha nang thy dong sai hong mang ciia mang mong a-SiGe:H 1én hidu suét ctia pin mat troi.

Email: daovinhai@duytan.edu.vn
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So v6i pin mit troi tiéu chudn (st dung a-Si:H), pin mit troi a-SiGe:H/c-Si thu dugc thé hd mach thap hon. Pin mit troi
a-SiGe:H/c-Si thu dugc c6 dong ngan mach 16n nhét khi str dung 16p a-SiGe:H duogc ché tao ¢ ty 18 khi GeH,/(SiH, +
GeH,) 1a 3%. Dong ngan mach 16n nhét tai ty 1¢ khi 3% la do band-offset thap nhat. Nghién ctru nay cho thay rang, c6 thé
thay thé 16p a-Si:H bang 16p a-SiGe:H khi dung nhur 1a 16p dién cuc mit sau cta pin mat troi di thé Silic.

Tir khéa: Tiép xuc di thé, band-offset, thu dong hoa bé mat, pin mt troi, Silic gecmani vo dinh hinh

1. Introduction

The inherent advantages of heterojunction
solar cell such as low temperature processing
(~200°C), high conversion efficiency due to the
high open circuit voltage (V,_ ), has attracted the
photovoltaic industry as an excellent candidate
for low cost, high efficiency silicon solar cells
compared to conventional crystalline silicon
(c-Si) solar cell with diffused emitter [I-
4]. Panasonic has recently reported a record
efficiency of 24.7% on a large area solar cell with
the a-Si:H/c-Si heterojunction solar cell structure
[5]. The a-Si:H/c-Si heterojunction solar cell
is constructed by deposited a very thin doped
hydrogenated amorphous silicon (a-Si:H) film on
the crystalline (c-Si) substrate [2]. Nevertheless,
the interface between the a-Si/c-Si could lead
to large density of interface defects in the c-Si
band-gap, due to a high density of dangling
bonds resulting in the recombination process
which lowers the V_ and fill factor (FF). Further
to reduce the leakage current induced due to the
a-Si mid-gap states; a buffer layer consisting a
less number of trap levels is inserted [6-11].

Though the hydrogenated amorphous silicon
(a-Si:H) can be used for forming both emitter and
the surface passivation layer in heterojunction
silicon solar cells. The influence of band
discontinuities at the a-Si:H/c-Si interface plays a
detrimental role in photo-carrier collection as the
collection probability is strongly dependent on the
magnitude of the discontinuity in the band bending
offset at the a-Si:H/c-Si interface. The exact values
of these band offset may vary depending on the
deposition methods and conditions [7, 9, 12].

To reduce the band offset, we study an a-Si:H
based alloy that has a smaller optical band-gap than
standard a-Si:H. Hydrogenated amorphous silicon
germanium (a-SiGe:H) is a suitable absorber

material with a small band-gap. As a novel approach
we used a-SiGe:H with different band gaps to form
a buffer layer and studied the effects of energy band
gap and passivation quality on the performance of
heterojunction silicon solar cells.

2. Experimental methods

Czochralski-grown Si wafer having resistivity,
thickness and oriented of 1-10 Q-cm, 525 um,
and <100>, respectively, was used as an absorber
material, in this experiment. At first, the wafer
is treated by a sequence of, acetone/methanol/
deionized wafer (5 min for each) and then RCA.
The cleaned wafer is then dipping into 1%
hydrofluoric acid in a min to remove native oxide
and subsequently transferred into the plasma-
enhanced chemical vapor deposition (PECVD)
system. The a-SiGe:H i-layers of various GeH,/
(SiH, + GeH,) ratios were then deposited by
PECVD at 13.56 MHz on both front and rear-
side to investigate the passivation of its layer on
the c-Si wafer surface. To form an emitter on the
front-side, p-type a-Si:H layer of 7 nm thick was
deposited; while n-type a-Si:H layer of 12 nm
thick was deposited on the rear-side to create back-
surface-field layer. An indium tin oxide of 80 = 5
nm thick was then deposited on the by magnetron
sputtering, following thermal evaporation of Ag/
Al fingers as a front contact. In order to create
excellent ohmic back contact, the entire rear
surface was covered by thermal evaporation of Al.
Finally, the area of the solar cell of 0.6 cm x 0.6
cm was defined by mesa etching.

The film thicknesses and its optical
constant were measured by using spectroscopy
ellipsometry (HR-190™). To determine the
quality of c-Si surface passivation, effective
lifetime (z,,) was measured by the quasi-steady-
state photoconductance (QSSPC) method, using
acommercial WCT-120 photoconductance set-up
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from Sinton Consulting. The quantum efficiency
(QE) was measured by the solar response/QE/
IPCE measurement system (QEX7). The solar
cell performance was characterized by current-
voltage measurements under Air Mass 1.5 Global
(100 mW/cm?, AM1.5G) at 25°C conditions.

3. Results and discussions

The Raman spectra of a-SiGe:H films deposited
at different GeH,/(SiH, + GeH,), [R_], ratios is
shown in Fig. 1. It is observed that the variation
peak intensities of Si-Si, Si-Ge, Ge-Ge obtained
of around 500, 400 and 280cm’, respectively.
With increasing R, ratios lead to variation peak
intensities of Ge-Ge and Si-Ge getting increase, in
contrast, variation peak intensities of Si-Si getting
decreases. The increases of Si-Ge peak intensities
lead to the increase in Ge content inside the films
[13-14]. The more Ge content incorporate, the
more strain in the Si-Si network become, as in
turn, widening of Si-Si optic mode vibrations [14-
15]. The more incorporation of Ge inside films
results in structural disorder, that will be detailedly
discussed in later part. Further, it is worth noting
that the film depositing at the R of 100% the
variation Si-Ge and Si-Si peak intensities is no
more abserved, suggesting that the formation
of structural amorphous Ge structure [13-14] is
contrary to the deposition of the films with R
below 3%, the Raman spectra shows similar to
that of amorphous Si. Thus, the SiGe films we
prepared to have an amorphous SiGe structure.

(e) A

—=—100%
E—— -

—u—50%

Raman intensity (arb. unit)

(2) gm— . _/ \*'*0%

100 200 300 400 500 60! 700
. -1
Raman shift (cm™)

Figure 1. The Raman scattering spectra of (a) a-Si:H and
a-SiGe:H with germanium contents of (b) 3%, (c¢) 10%,
(d) 50%, and (e) 100%.

Fig. 2(a) depicts the optical absorption
coefficient (a) of the a-SiGe:H films having R,
from 0 to 100%. It can be seen that with higher
in germanium content, a shift in the absorption
coefficient curves to lower values of photon
energy was observed. The whole amount of
shifting is approximately 0.9 eV when R,
increasing from 0% to 100%. The refractive index
(n) and extinction coefficient (x) were measured
by ellipsometry spectra (¥, A) and from these,
the optical band gap are inferred from Tauc’s
theory and is shown in Fig. 2(b) [16]. The optical
gap shown decreases with increasing R, ratios.
Thus, the optical band gap decreases from 1.83
eV to 1.03 eV as the R ratios increases from
0% to 100%. As mentioned earlier, Ge content
inside the film increases with the R ratios. This
increase of Ge content could result in higher
structural disorder, as in turn, the larger mount
of allowed states [17]. The higher amount of
allowed states leads to significantly increase in
the interface density (D, ), especially near the
band edges (conduction or vanlence band edges).
Thus, the smaller optical band gap with higher R .
ratios could attribute remarkebly to the increases
in D, with energy near the bandages [17].
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Figure 2. (a) The optical absorption coefficient and (b) the
optical band-gap of the a-SiGe:H thin film
with different germanium contents.

Fig. 3 shows the effective lifetime, which
was measured by QSSPC at an injection level of
1~5x10" cm?, and the implied-V__ of the both-
side and rear-side a-SiGe:H passivation layers
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with different optical bandgaps. As shown in Fig
3, the T, and the implied-V__decreased when the
a-SiGe:H optical band gaps were getting narrow.
The 7, of the both-side a-SiGe:H passivation
layer showed a much larger reduction than the 7
of the rear-side layer passivation. As the a-SiGe:H
band gap decreased from 1.83 eV to 1.74 eV, the
T of the both-side and rear-side layers decreased
from 1957.03 ps to 234.66 ps and 1934.53 ps
to 766.12 ps, respectively. Further observation
relate to the micro-structure defects was utilized
to deduce the possible change of the 7, VIsus
optical band gaps. The dielectric function of
the films was fitted based on the Tauc-Lorentz
equation combined with the Bruggeman eftective
medium approximation models [18]. The fitting
result is represented in Table 1. It is observed
that the value of A and C of the a-SiGe:H films
decreases and increases, respectively, as the
R ratios increases. The behaviors of 4 and C
suggested that the films showed less dense and

eff

higher structural disorder. These results are
consistent with those mentioned in Fig. 2(b).
Thus, the films with higher germanium content
lead to higher the interface state density nears
the band edges, which, in turn, harmful to c-Si
surface passivation. Similarly, the implied Voc
linearly decreases from 690mV to 574mV due
to the decrease of the a-SiGe:H band gap from
1.83eV to 1.03eV.

T v T v T v T v T 700
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500

o

0 = B 560
1.83 1.78 1.74 1.38 1.03
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Figure 3. Measured effective lifetime and the implied V|
as a function of a-SiGe:H layer band gap.

Table 1 Factor A4 related to the density of the material, position of a-SiGe:H peak in the spectrum
defined by E and disorder factor C, as determined from spectroscopy ellipsometry.

GeH,/(SiH, + GeHL) ratio A (eV) E, (eV) E, (eV) C (eV)
0 116.81 3.8056 1.6232 2.1329

3 123.15 3.7535 1.6277 2.4393

10 101.71 3.6878 1.4414 2.5333

50 110.29 3.6131 1.1991 3.2733

100 96.64 3.1241 0.8713 3.5612

Fig. 4 shows the influence of the a-SiGe:H
layer band gap on the photovoltaic characteristics
of the a-SiGe:H/c-Si solar cells. The measurement
was carried out under global solar spectrum of 1
Sun of AMI1.5 at 25°C. The figure shows that the
values of V_ of both-side and rear-side a-SiGe:H
passivation layers monotonically decrease with

decreasing a-SiGe:H layer band gap. This decrease
inV_was owing to a-SiGe:H having large number
of voids and structural disorder, as well, leading
to higher the interface state density nears the both
band edges, which are conductive lower c-Si
surface passivation, as mentioned earlier. When the
rear-side a-SiGe:H passivation layer band gap was
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1.78 €V, short-circuit current density (J_ ) increased
due to the reduced band offset of the c-Si/a-SiGe:H
interface. Below the band gap of 1.78 €V, J
decreased due to the increased number of defects
of a-SiGe:H films and poor passivation of the
c-Si/a-SiGe:H interface. Maximum efficiency was
obtained at a-SiGe:H band gap of 1.78 eV. At lower
a-SiGe:H band gaps, as more photons are absorbed,
resulting in significant absorption losses and hence,
lower efficiency. When germanium content was
100%, J  was slightly increased because conduction
band offset almost disappeared and hole barrier of
valence band also increased.
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Figure 4. Performance of heterojunction solar cell, plotted
as a function of a-SiGe:H layer band gap.
The measurement was carried out under global solar
spectrum of 1 Sun of AM1.5 at 25°C.

The QE characteristics of the a-SiGe:H/c-Si
solar cells having different a-SiGe:H bandgaps
were performed in order to find the reason for
highest J at R, = 3% [a-SiGe:H (Eg=1.786V)].
Fig. 5 shows the QE spectrum of the solar cells with
different a-SiGe:H band gaps. When the rear-side
a-SiGe:H passivation layer band gap is 1.78 eV, QE
spectrum of heterojunction solar cells is increased.
Below the band gap of 1.78eV, the QE spectrum
is reduced in long wavelengths region due to poor
passivation of the c-Si/a-SiGe:H interface. The
QE spectrum improves with 3% a-SiGe:H (Eg =
1.78 eV) due to the increase of the minority carrier
diffusion length by reduced band offset. This result
demonstrates that the rear-side a-SiGe:H layer can
be an alternative passivation layer.
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Figure 5. The QE spectrum of heterojunction solar cells,
plotted as a function of a-SiGe:H layer band gap.

4. Conclusions

In this paper, we studied an a-SiGe:H layer
that had a smaller optical bandgap than the
standard a-Si:H layer for reduced band offset.
We fabricated heterojunction solar cells using
a-SiGe:H back intrinsic layers with different
band gaps, to determine effect of energy band gap
as well as passivation quality on the performance
of the heterojunction solar cells. The optical
band gap of a-SiGe:H decreased from 1.83 eV
to 1.03 eV as the germanium content increased
from 0% to 100%. The a-SiGe:H layer with
a low band gap (Eg < 1.7 eV) provided lower
values of T, and V_ than that of the standard
a-Si:H layer. The maximum values of the T,
and V_ were obtained in the 3% a-SiGe:H (Eg
=1.78 V) layer. When the band gap of the rear-
side a-SiGe:H passivation layer was 1.78 €V, J
increased due to the reduced band offset of the
c-Si/a-SiGe:H interface. When this layer was
applied to a heterojunction solar cell, the highest
J.. was obtained due to the increased minority
carrier diffusion length from the reduced band
offset. This result demonstrates that the rear-side
a-SiGe:H layer can be an alternative passivation
layer for high efficiency solar cells.

Acknowledgment

This research is funded by Vietnam National
Foundation for Science and Technology
Development (NAFOSTED) under grant number
103.02-2017.43.



References

(1]

(2]

(3]

(4]
(3]

(6]

(7]

(8]

(9]

[10]

S. Kim, V. A. Dao, C. Shin, J. Cho, Y. Lee, N. Balaji,
S. Ahn, Y. Kim, J. Yi, Low defect interface study of
intrinsic layer for c-Si surface passivation in a-Si:H/c-
Si heterojunction solar cells, Thin Solid Films 2012;
521:45-49.

T. Mueller, S. Schwertheim, N. Mueller, K. Meusinger,
B. Wdowiak, O. Grewe, W. Fahrner, High efficiency
silicon heterojunction solar cell using novel structure,
in Proc. IEEE 35th Photovoltaic Spec. Conf., Jun.
2010, pp. 683-688.

A.H.T. Le, V.A. Dao, D. P. Pham, S. Kim, S. Dutta,
C. P. T. Nguyen, Y. Lee, Y. Kim, J. Yi: Sol. Energy
Mater. Sol. Cells 2019; 192: 36-43.

Z. Yang, H. Lin, K. W. A. Chee, P. Gao, J. Ye: Nano
Energy; 61: 221-227.

K. Masuko, M. Shigematsu, T. Hashiguchi, D.
Fujishima, M. Kai, N. Yoshimura, T. Yamaguchi,
Y. Ichihashi, T. Mishima, N. Matsubara: IEEE J.
Photovol. 2014; 4: 1433-1435

Taguchi M, Kawamoto K, Tsuge S, Baba T, Sakata
H, Morizane M, Uchihashi K, Nakamura N, Kiyama
S, Oota O. HIT cells - high-efficiency crystalline Si
cells with novel structure, Prog Photovoltaics Res
Appl 2000;8:503-13.

Essick JM, Nobel Z, Li YM, Bennett MS.
Conduction- and valence-band offsets at the
hydrogenated amorphous silicon-carbon/crystalline
silicon interface via capacitance techniques. Phys
Rev B 1996;54:4885-90.

Fang RC, Ley L. Natural and actual valence-band
discontinuities in the a-Si/a-Sil-xCx:H system. Phys
Rev B 1989;40:3818-29.

Evangelisti F. Photoemission studies of amorphous
semiconductor heterojunctions. J Non-Cryst Solids
1985;77-78:969-717.

Rahman MM, Furukawa S. Preparation and electrical
properties of an amorphous SiC/crystalline Si p++

[11]

[12]

T.T.Trinh, J.Cho, S.Kim, J.Yi, V.A.Dao / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tdan 04(35) (2019) 58-63 63

plus n heterostructure. Jpn J Appl Phys., Part 1
1984;23:515-24.

Datta A, Damon-Lacoste J, Natha M, Roca i
Cabarrocas P, Chatterjee P. Dominant role of
interfaces in solar cells with N-a-Si:H/P-c-Si
heterojunction with intrinsic thin layer, Mater. Sci.
Eng. B 2009;159-160:10-3.

A. Fantoni, Y. Vigranenko, M. Fernandes, R.
Schwarz, M. Vieira, Influence of the band offset on
the performance of photodevices based on the c-Si/a-
Si:H heterostructure, Thin Solid Films 2001; 383,
314-317.

J.S. Lannin, N. Maley, S.T. Kshirsagar, Raman,
scattering and short range order in amorphous
germanium, Solid State Commun. 53 (1985) 939
Y-H. Chen, H-Y. Fang, Ch-M. Yeh, Raman
scattering and electrical characterizations studies of
hydrogenated amorphous silicon-germanium alloys
prepared by 40 MHz plasma-enhanced CVD, J. Non-
Cryst. Solids 2011; 357, 1-3.

Isomura M, Nakahata K, Shima M, Taira S, Wakisaka
K, Tanaka M, Kiyama S. Microcrystalline silicon-
germanium solar cells for multi-junction structures,
Sol Energy Mater Sol Cells 2002;74:519-24.

Luo PQ, Zhou ZB, Chan KY, Tang DY, Cui RQ
and Dou XM. Gas doping ratio effects on p-type
hydrogenated nanocrystalline silicon thin films
grown by hot-wire chemical vapor deposition. Appl.
Surf. Sci. 2008; 255:2910-5.

Huang CH, Yu DS, Chin A, Chen WJ, McAlister SP.
Device level characterization for energy bandgap of
strain-relaxed SiGe and Oxide/SiGe barrier height, J
Electrochem Soc 2004;151:377-9.

A. Fontcuberta i Morral and P. Roca i Cabarrocas,
Structure and hydrogen content of polymorphous
silicon thin films studied by spectroscopic
ellipsometry and nuclear measurements, Phys. Rev.
B 2004; 69, 125307-1 — 125307-10.



TRUONG PATHQC DUY TAN

DUYTAN UNIVERSITY

TAP CHI KHOA HOC & CONG NGHE PAI HOC DUY TAN

DTU Journal of Science and Technology 04(35) (2019) 64-69

Removal of Nitrophenol in aqueous solution using zeolite ZSM-5

Loai bo nitrophenol trong dung dich nuéc bang cach sir dung vat liéu zeolite ZSM-5

Pham Thi Huong', Kim Jitae
Huong Pham Thi, Kim Jitae
Center for Advanced Chemistry,’lnsitute of Reseach and Development, Duy Tan University, Danang, VietNam
Trung tam Hoa hoc tién tien, Vién Nghién cuu va Phat trién, Pai hoc Duy Tan, Da Nang, Viét Nam

(Ngay nhdn bai:17/07/2019, ngdy phan bién xong: 19/07/2019, ngay chdp nhin dang:20/8/2019)

Abstract

This study investigates the removal of nitrophenol (NP) from aqueous solutions through the adsorption process by
using zeolite ZSM-5. The basic properties of material were performed by scanning electron microscopy (SEM), X-Ray
diffraction (XRD) and surface area (BET). The effects of contact time and initial concentrations on the removal of NP
by using zeolite were evaluated by batch experiments. The adsorption equilibrium was reached within 120 min. The
adsorption isotherms were determined by the Langmuir and Freundlich models. The data fitted better to the Langmuir
isotherm and the maximum adsorption capacity of NP was 68.6 mg/g which is higher than the previously reported values.
The adsorption kinetics were performed by using first and second-order models. The results showed that the removal of
NP followed second-order model with coefficient R* = 0.98. In regeneration process, 0.IM NaOH and 20 % C,H . OH
were applied for desorption of nitrophenol. C,H,OH displayed high desorption efficiency for NP at 74.6% after 5 cycles.
The results indicated that zeolite ZMS-5 would be used as promising adsorbent for removing NP from aqueous solution.

Keywords: Nitrophenol, Zeolite ZSM-5, Adsorption isotherms, Adsorption kinetics

Tém tit

Nghién ctru nay khao sat viéc loai bo nitrophenol (NP) khéi dung dich nuéce thong qua qua trinh hap phu bang cach sir dung
zeolite ZSM-5. Cac tinh chat co ban cua vat liéu dugc kiém tra thong qua phuong phap hién vi dlen tr quét (SEM) nhiéu xa
tia X (XRD) va phuong phép do dién tich bé mat (BET). Anh huéng cua thoi gian tiép xuc va nong d6 ban dau dbi véi viec
loai bo nitrophenol bang zeolite dwoc danh gia thong qua cac thi nghiém theo mé. Can bang hap phu dat duoc trong vong
120 phut. Cac dudng ding nhiét hap phu dugc xac dinh boi mé hinh Langmuir va Freundlich. Dit liéu thu dwoc tir két qua
thi nghiém cho thay sy loai bo phenol phit hop hon véi dudng dang nhiét Langmuir va kha nang hip phu tdi da cta zeolite
ZSM-5 dbi véi NP 1a 68,6 mg/g, va cao hon céc gia tri dugc béo cdo trude do. Dong hoc hip phu dugce thuc hién bang cach
str dung cac mo hinh bac nhét va bac hai. Két qua cho thiy viéc loai bo nitrophenol theo mé hinh bac hai véi hé s6 R?=0,98.
Trong qua trinh tai st dyng vét li¢u, NaOH 0,1M va 20% C,H,OH da duoc st dung dé giai hap nitrophenol. C,H,OH cho
thay kha nang giai hap phu cao doi véi nitrophenol vai ty 1€ giai hap la 74,6% sau 5 lan. Dya trén nhiing phét hi¢n nay, zeolite
ZSM-5 ¢6 thé duge sir dung nhu mot chat hap phy tiém ning dé loai bo nitrophenol khoi dung dich nuée.

Tir khéa: nitrophenol, zeolite ZSM-5, dang nhiét hip phu, dong hoc hip phu.

1. Introduction

Chemical pollution of surface water exhibits a
threat to the aquatic environment with hazardous
effects [1-2]. Nitrophenol is an important

Email: phamthihuong4@duytan.edu.vn

chemical intermediate, serving as precursors of
pharmaceuticals and pesticides [3]. There are
many methods to remove phenolic compounds
from wastewater streams such as advance
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oxidation process, extraction, chemical oxidation
and adsorption [4]. Among these techniques,
adsorption is widely used which is due to its easy
operation, and simple design [5]. Adsorption
processes with biological materials, mineral
oxides, activated carbons, or polymer resins have
been attracting great attention [6]. Activated
carbon is one of the most commonly used
adsorbents for the adsorption removal of organic
pollutants. However, due to the high regeneration
and purchase expenses of activated carbon, many
attempts have been made to develop low-cost
adsorbents by using naturally present materials to
remove toxic organic compounds. Zeolites have
been utilized as good adsorbents, molecular sieves,
membranes, ion exchangers and catalysts for
municipal and industrial pollution control. Zeolite
ZSM-5 is one of the most important zeolites, and
has been used widely as an industrial catalyst due
to its strong acidity and high shape selectivity.

There are many researchers reporting the use
of zeolites to remove organic pollutant [7-12].
The main objective of the present study is to
evaluate the application of feasibility of zeolite
ZSM-5 for removing NP from aqueous solutions
using adsorption method. The basic properties of
ZSM-5 were characterized and bath experiment
for removal of nitrophenol was applied for
further understanding of the adsorption process.

2. Materials and methods

2.1 Materials

Commercial ZeoliteZSM-5, sodium hydroxide
(NaOH > 99.8%), nitric acid (HNO, > 98.6%)
and nitrophenol (C. H.NO,>99.5%), at analytical
grade were obtained from Daejung Chemical and
Metals Co. LTD and used as received without
further purification. An aqueous solution with
a 500mg/L concentration of nitrophenol was
prepared by mixing an appropriate amount
of adsorbate with distilled water. Fresh stock
solution as required was prepared immediately
before use in the experiments.

2.2 Characterization of adsorbent

Scanning electron microscopy (SEM) studies
were performed using a Hitachi S-4700 scanning
The structure of ZSM-
5 was determined by powder X-ray diffraction
(XRD, D8 ADVANCE) CuKa emission,
30 kV/15 mA current and kp-filter in the 20
range of 5-80 °. Finally, the specific Brunauer—
Emmett—Teller (BET) surface area and pore size

electron microscope.

measurements of zeolite ZSM-5 were conducted
with Micromeritics ASAP 2020 apparatus under
nitrogen air.

2.3 Adsorption experiments

Adsorption experiments were carried out
by agitating 0.1 g of adsorbent in 100 mL of
30 mg/L nitrophenol solution with pH = 6.0.
Adsorption kinetic was conducted to particularly
determine the effects of contact time (10-180min)
and the effects of the initial concentration of
NP in the solution were investigated over the
concentration range of 10-100 mg/L. After
adsorption experiments, all samples were taken
out and filtered using Whatman 45 filter paper
and the concentration of NP was measured by
monitoring the absorbance at 315 nm using a
UV-Vis spectrophotometer (Model UV 2100).

The removal percentage of NP from the
interest solution was calculated using the
following equation (1):

% Removal = (C-C)/ C_x 100 % (1)

The adsorption capacity Q_ (mg/g) was
calculated as follows (equation (2)):

Q.= (C,-C) x (V/W) ()
where Vis the volume of the solution (L), C isthe
initial concentration (mg/L), C,is the equilibrium
concentration (mg/L), and W is the weight of the
adsorbent (g).

The Langmuir and Freundlich adsorption
isotherms were used to analyze the equilibrium
adsorption. The Langmuir isotherm is given in
equation (3).
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q,=q,, bC/(1+bC) 3)
where ¢, is the equilibrium adsorbate loading
on the adsorbent (mg/g), C, is the equilibrium
adsorbate concentration (mg/L), ¢, is the
ultimate capacity (mg/g) representing the
monolayer adsorption capacity, and b is the
relative energy (intensity) of adsorption, which
is also known as the binding constant (L/mg).

The Freundlich isotherm is described by
equation (4)
4o = KrC,™" “
where q, is the amount of adsorbed per unit
of adsorbent at equilibrium time (mg/g)
and K, ((mg/g)(L/mg)"") and m are isotherm
constants for the capacity and intensity of

adsorption, respectively.
3. Results and discussion

3.1 Characterizations of material

Surface morphology, surface area and
X-RD analysis

SEM is an extremely useful tool for visual
confirmation of the surface morphology and
physical state of the adsorbent surface. The
surface morphology of ZSM-5 was presented in
Fig.1 (a). It can be see that, the surface of material
included many particles with tetra shape.

Fig. 1 (b) depicts the XRD patterns of zeolite
ZSM-5. The peaks at 20 values of 23.5, 30.1 and
54.3° showed the aluminate of zeolite. The peaks
at 20 = 7-10° correspond to the specific peaks of
APP* and Si*" of the adsorbent [13-15].

(b)

T T T
20 4 60 80
2-Theta

Fig. 1 SEM analysis (a) and XRD pattern (b)

Surface area analysis

The identified surface area and pore volume
of the zeolite ZSM-5 were presented in Table 1.
The specific surface area and total pore volume
of material were 142.1 m%*g and 0.12 cm’/g,
respectively. Generally, larger surface area and
pore size of zeolite also facilitate the adsorption
process, as the large organic pollutants or
molecules can bind to the adsorption site more
easily, resulting in an improved adsorption
capacity of them [8-13].

Table 1. Surface texture parameters
of zeolite ZSM-5

Material S BET (m?%/g) V pores (cm’/g)

Zeolite ZSM-5 142.1 0.12

3.2 Adsorption experiments
3.2.1 Effect of reaction time

Adsorption experiments were performed in
100mL of a solution of 100mg/LL NP and the
contact time was varied from 10 to 180 min.

Fig. 2 shows the effect of different contact
times on the adsorption of NP by ZSM-5. The
removal of NP was rapid and nearly completed
97.6% in 120 min which was almost equilibrium.
As time elapsed, little further adsorption was
achieved until after 180 min.

100

80
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40

Removal efficiency (%)

20

0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Reaction time (min)

Fig. 2 Effect of reaction time on the removal of NP



Pham Thi Huwong, Kim Jitae / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 04(35) (2019) 64-69 67

Adsorption Kinetics

Adsorption kinetics models, pseudo-first-order
and second-order (Egs. 5 and 6, respectively),
were conducted with a series of similar conditions
of the equilibrium experiments:

1
htl(q"’ - qu) - lnlq"’ - (2.303) t O
— =+ (=)t (6)
g kpq.? qe

here, g, and ¢, (mg/g) are the amounts of
nitrophenol adsorbed on zeolite at equilibrium and
time ¢, respectively. The &, (min™) and k, (g/mg/
min) represent the pseudo-first-order and pseudo-

second-order rate law constants, respectively.

The kinetic information given in Table 2
revealed that the pseudo-second-order equation
provides much better agreement between
calculated q_ values and the experimental data,
compared to the pseudo-first-order equation. The
determination coefficient for the second-order
(R*=0.96) was greater than the first-order kinetic
model (R*=0.79). These results indicate that the
adsorption of NP by zeolite ZSM-5 followed the
second-order kinetic model rather than the first-

order reaction.

Table 2. The kinetics parameters for the adsorption of NP

Pseudo-first order

Pseudo-second order

Adsorbent 9, (exp) A, R? K, q, o, (Mmg/g) R? K,
(mg/g) (mg/g)
Zeolite ZSM-5 20 15.17 0.79 20x 1072 19.3 0.96 2.15x10 3

3.2.2 Effect of initial concentration

The effect of NP initial concentration was
identified by changing the concentration from 10
to 100 mg/L and the results are shown in Fig. 3.

At low initial NP concentrations (10-30
mg/L), more surface area and adsorption sites are
available for NP removal, thereby high adsorption
capacity of NP. At high initial NP concentrations
(above 30 mg/L), the NP removal efficiency
significant decreased. These results indicate that
most of the adsorption sites available in the given
amounts of adsorbents had been adsorbed by NP.
This behavior was attributed to the increasing
degree of saturation sorbent sites above a certain
NP concentration. The increase in the ratio of NP/
adsorbent leads to saturation of sorption on the
binding sites on the adsorbent surface, thereby
decreasing the adsorption efficiency of NP per
unit weight of adsorbent [14-16].

100 -

80 4

60

Removal efficiency (%)

40

20 4

0

0 10 20 30 40 50 60 70 80 9 100

Initial concentration (mg/L)

Fig. 3. Effect of initial concentration on the removal of
NP
Adsorption isotherm
Adsorption describe how NP

interacts with zeolite and provides the basic

isotherms

requirement for the design of an adsorption
system for removal of NP [17-18].

Table 3 summarizes the adsorption isotherm
results and their data fitting of the two adsorption
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models. The coefficient of determination (R?) of
the Langmuir isotherm model was significantly
higher (R? = 0.98) than that of the Freundlich
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model (R?=0.73). Using the Langmuir equation,
the maximum adsorption capacity of nitrophenol
was calculated at 68.6 mg/g.

Table 3. Langmuir and Freundlich adsorption isotherm parameters

Langmuir isotherm Freundlich isotherm
Adsorbate
Qmax (mg/g) b R2 I/n Kf R2
Nitrophenol 68.6 1.23 0.98 0.26 243 0.73
Desorption of NP 4. Conclusions
Recovery of nitrophenol from the loaded This study investigated the potential

adsorbent is important for proper disposal and re-
use of the adsorbent. In order to help minimize
the cost of the entire process, the adsorbed NP
needs to be desorbed so that the adsorbent can
be regenerated for further adsorption-desorption
process cycles. Fig. 4 shows the desorption
efficiency of NP from NP loaded zeolite ZSM-
5 for an elution time of 180 min using 100 mL
eluents of 0.5 M NaOH and 20 % C,H,OH.

Fig. 4 also presents desorption efficiency
change with repeated adsorption-desorption
cycles under different desorption conditions.
Between the two desorption eluents, the 20 %
C,H,OH solution gave the highest desorption
efficiency. Even after 5 consecutive regeneration
(adsorption-desorption) cycles, the desorption
efficiency of NP from NP loaded adsorbent
was 74.6 %. This high desorption efficiency
demonstrated the potential use of the zeolite
ZSM-5 as a great adsorbent for the removal of
NP from aqueous solution.

100 -

@
S

Desorption effeciency (%)
o
o

a
S
L

—@— 0.1M NaOH
-@- 20 % C,H,OH

N
o
L

o

T T T T T
Cycle1 Cycle 2 Cycle 3 Cycle 4 Cycle §

Number of cycles

Fig. 4. Desorption of NP

application of the zeolite ZSM-5 as an adsorbent
for NP removal from aqueous solution. The
removal efficiency was optimized at reaction
time of approximately 120 min and an initial
concentration of 30 mg/L. The adsorption data of
NP indicates that the Langmuir adsorption model
provided a better fit than the Freundlich isotherm
model. The maximum adsorption capacity of
NP was 68.6 mg/g. Adsorption kinetic followed
the second-order model. In addition, the 20%
C,H,OH solution gave the highest desorption
efficiency of nitrophenol even after 5 cycles.
The results indicated that zeolite ZSM-5 could
be utilized as promising adsorbent for removal
of NP.
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Tém tit

Bai b4o nghién ctru vé hanh vi vuot qua van tdc trong linh kién ban dan p-GaAs v6i ndng do hat tai kich thich 1a  bang
phwong phéap mé phong Monte Carlo tdp hop tu hop (EMC). Day 1a cach tiép can ban thue nghiém ma chung t6i sir dung
dé quan sat hanh vi vuot qua van toc. Qua cac két qua nghién ciru, ching t6i co thé quan sat dugc hién tugng phuc hoi
vén tdc theo thoi gian trén ban dan p-GaAs kich thude 400nm trong trudng hop dién truong ngoai bang khong tai nhiét
d6 150K va 300K. Ngoai ra ching t6i thdy rang, khi c6 dién truong ngoai tac dung vao thi van toc cuc dai ting 1én, dong
thoi sy tat dan dao dong nhanh hon. Khi dién truong ngoai ting dén mot gia tri xac dinh thi van toc cua dién tir khong con
bién dong tit din ma sau khi dat cuc dai thi chuyén sang trang thai tit dan t6i han. Bang cac phép khao sat dién truong
ngoai tirng khoang 10kV, chiing t6i xac dinh dugc dién truong ngoai dé van toc dat t6i trang thai tit dan t6i han nay véi
mau tai cdc nhiét do 150 K 1a 130 kV va 300K 1a 100 kV.

Tur khoa: Vugt qua van tdc, tit dan t6i han, mo phong EMC, ban dan GaAs loai p.
Abstract

In this work, we present the investigation of the velocity overshoot behavior in p-GaAs semiconductor based on the
ensemble Monte Carlo simulations with excited carrier density of 1018 cm-1. The velocity overshoot behavior is observed
by semi-empirical approach. Our research shows that the velocity overshoot effect can be observed when no external
electric field is applied to the device p-GaAs 400 nm at temperature 150 K and 300 K. We also point out that when external
electric field is applied, the maximum velocity will increase and oscillation will damp faster. Furthermore, when external
field reaches to a threshold value, the velocity of electron is in critial damping state. By changing external field with a step
of 10 kV, the threshold electric fields at temperature 150 K and 300 K are derived, respectively, as 130 kV and 100 kV.

Keywords: Velocity overshoot, critically damped, EMC simulation, p-type GaAs.

1. Giéi thi¢u thudng gin lién véi qua trinh bom hat tai tir cc
Ngay nay, viéc nghién ctru va khao sat tinh  xung laser hodc tac dung dién trudng ngoai vao
chat dién trén linh kién ban dan kich thudc nano  linh kién [1]-[4]. Pong thoi véi cac qua trinh nay

Email: nguyenphuocthe@dtu.edu.vn
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la sy van chuyén hat tai trong linh kié¢n, viéc hiéu
13 quy luat van chuyén hat tai s& c6 nhiéu ¥ nghia
trong vi¢c cai thién va nang cao hi¢u suét sir dung
cac thiét bi dién tir. Vuot qua van tdc 1a hanh
vi tha vi trong linh kién c6 kich thudc nano, va
¢6 anh huéng nhiéu dén hiéu suét khi sir dung
cac linh kién nay. Gia tri van tdc cuc dai c6 thé
cao hon rat nhiéu so véi van tde nhiét can béng
ctia chung. Nhu ta biét, hanh vi vuot qué van toc
duoc giai thich do toc d6 phuc hdi nang lugng
va dong luong khéac nhau, cu thé 1a tdc do phuc
hoi dong luwong 16n hon toc do phuc hodi ning
lwong [5]-[8]. Hanh vi nay duogc biét 1a do anh
huong cta dién truong ngoai cao tic dung vao
linh kién d& duoc quan sat bang cac phuwong phap
ly thuyét va thuc nghiém. Véi sy phat trién cta
cac thuat toan ciing nhu cic cdu hinh may tinh
manh cho thay phuong phap mé phong EMC c6
hi€u qua rd6 rét. Phuong phép nay st dung mo
hinh 3 thung liing I, L, X v&i d6 phan gidi khong
gian va thoi gian cao nén quan sét tt sy thay doi
vén tbc hat tai. Hanh vi vuot qua van tde tir mo
hinh nay duoc giai thich lién quan cac qua trinh
van chuyén hat tai xay ra tir thung ling trung tim
khdi luong nhe (I') dén thung ling khéi lugng
nang hon L, X [8]-[12]. Tuy nhién, cdc nghién
ctru hanh vi dén nay thuong quan sat trong diéu
kién mot dién truong ngoai manh tadc dung vao
linh ki¢n, bdi vay, hau hét cac phan tich déu cho
rang, ngudn gdc ciia hanh vi nay 1a do tac dong
cta dién truong ngoai [13]-[16]. Van d& chung
téi quan tdm ¢ day la anh hudng cta dién truong
ndi tai, dién truong ndy c¢6 ngudn gde tir phan bd
khong déng déu néng do hat tai trén linh kién
duogc kich thich béi cac xung laser si€u nhanh.
Néu c6 dién trudng ngoai phan bd déu trén linh
kién thi dién truong gitra 2 16p 1an cén trong vung
ban din bao gdm ca dién trudng ngoai va dién
truong ndi tai. Néu khoang cach gitra cac 16p ludi
rat bé thi dién trudng noi tai co dong gop rat dang
ké vao qué trinh van chuyén hat tai. Dé nghién
ctru van dé nay, chang t6i sir dung mé hinh linh
kién ban dan p- GaAs kich thudc 400nm va thyc

hién mo phong ¢ nhi¢t d¢ 150K va 300K. Trén co
sO phan tich 1y thuyét, chung toi chi ra dwoc ring,
do anh hudéng cia di€n truong ndi tai nén van
toc hat tai bién dong tit dan véi chu ky xac dinh
phu thudc vao cac tham s6 cua md hinh, duogc
trinh bay trong muc 2. Cac két qua quan st tir
mo phong cua chung téi phu hop véi nhitng phan
tich 1y thuyét va dugc thao luan chi tiét trong
muc s 3 ctia bai bao nay.

2. Phan tich 1y thuyét

Trén co sé mot mo hinh phuc hoi dong luong P
khi co dién truong ngoai £, tac dung vao dugc mo
ta bdi cac phuong trinh: Ccll_f =q.E,-T,(W)P
[6], trong do I',(W) la h¢ s6 phuc hoi dong
lwong lién quan dén téc do phuc hdi dong luong.

Khi vuot qua van tdc xdy ra, van toc cuc dai 1a
v= L [7], & day m" 1a khdi luong hiéu

m -I'_ (W)
dung cua dién to twong ung. Nhu vay, céc tinh
toan nay khong xét dén mot thanh phan dién
truong ndi tai quan trong co ngudn gdc tir su
chénh léch néng dd hat tai trong linh kién. Pac
biét, trong truong hop khoang cach gitra cac ludi
khong gian bé, gia tri cua dién truong nay 1a rat
dang ké. Van tdc hat tai dugc kich thich boi luc
dién truong s& c¢6 2 loai gdbm: dién trudong kich
thich bén ngoai khong doi (E_ ) nhu da dé cap &
phan trén; va di€n truong ndi tai £, gitra 2 16p ban
dan do phan bd dién tich khong gian khong dong
nhét va thay ddi theo thoi gian. Néu bo qua anh
huong cua dién truong ngoai thi phuong trinh
phuc hoi dong lugng c6 thé viét lai 1a:

& _g(E)

dt
bién truong ndi tai bién thién theo thoi gian

- (W) (M

do lién quan dén cac qua trinh tan xa va tai hop

in

en
=—w; trong do e la
t &,

dién tir. Ta biét rang:
dién tich cua dién tir, 7 12 s6 hat tai kich thich va
& la h?mg s6 dién moi tinh. Thuc hién cac bién
dbi vi phén ta dugc:
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2
ne

—v=0 ()
me

N

d*v dv
— 4+, (W)—+
dt* P(W) dt
Nghiém ctia phuong trinh (2) ¢6 thé duogc biét

dudi dang:

v=yv,e”[1-cos(wt)] (3)

2
& day, v, 1a van toc cuc dai, @ = |[——— B, va
m SY ;
24 =T,(W). Nhu vay, tir phan tich 1y thuyét

dugc chi ra trong phuong trinh (3), ta thdy van
toc troi dat clia hat tai bién doi tat dan theo thoi
gian, van tdc cuc dai cua dién tu giam dan sau
mdi chu ky.

Pé tim hiéu vé vin dé nay, chung toi tién
hanh mo6 phéng EMC vé61 d phan gidi khong
gian 12 Ax =14° va thoi gian 1a Ar =0.2 fs, dién
truong noi tai do néng do hat tai duoc tinh toan
bang cach giai phuong trinh Poisson. Khi ap
dung phuong phép nay, qua trinh chuyén dong
troi dat ciia hat tai dugce phan tich theo 1y thuyét
dong luc hoc ¢6 dién-, con cac qua trinh tan xa
nhu tan xa phonon, tan xa lon tap chat hay tan
xa gilta cac hat tdi..., dugc sir dung ly thuyét
luong tir trén co so quy tic vang Fermi. Trong
mo phéng, chung ta ciling phai tinh dén sy phan
bb hat trong khong gian thyc, khong gian £,
va gian do thé & mo hinh linh kién tir ltc bat
dau mo phong. Trong khong gian thuc, cac hat
thuong duoc phan bd phu hop voi gian do pha
tap cua cac tap chat ion hoa twong tmg. Su phan
bd hat ban dau trong khong gian k duoc xic
dinh boi cac sé ngu nhién. Trong d6, sy phan
bd ning lwong duoc gia thuyét 1a can bang nhiét
nén niang lugng ctia moi hat co gia tri %kBT In(7)
; trong d6 k, 1a hang s6 Boltzmann, T 1a nhiét
d6 hat tai (gia str bang nhiét do mang), » 1a s6
ngau nhién duoc phan bd déu gitta 0 va 1. Do
16n cta vecto song k duoc xac dinh boi hé thuc
tan sic nang lugng do 16n cua véc to song k

1/2m*EI;
h

duoc xac dinh bdi cong thirc £ = , van

téc tirc thoi cua hat tai duge cho boi phuong

trinh [8]:

o1

=2V W, (4)
trong do, W. la nang lugng hat tai dugc viét dudi
dang véc to song k. Van tdc troi dat trong binh
trong sudt thoi gian mé phong = dugc cho bai:

T, = Y (W, W) 5)

Yo = rek
v6i E 1a dién truong tong, W, va W, 1a ning
luong cuoi va nang luong dau tuwong ung.

3. Két qua mé phéng va théao ludn

Trong nghién clru nay, chiing t6i st dung mat
mau linh kién ban dan GaAs loai p c6 kich thuéc
400 nm. Pau tién, chung t6i khao sat van toc
troi dat voi dién truong ngoai bang 0 tai nhiét do
phong (150K) ma khong xét anh hudng cua dién
truong ngoai. Cac hat tai dugc kich thich baéi
cac xung laser si€u nhanh 12 fs véi nang lugng
1.49 eV v6i mat do hat tai khong d6i 1a 10" cm™
. Két qua chi ra réng, van tdc hat tai cuc dai rat
16n so v6i van toc trung binh nhiét (co gia tri
cd 0.82x107 cm/s) nén goi 1a vuot qua vén tde
(velocity overshoot). Ngoai ra, chung t6i con
thay rd sy phuc hoi ctia van toc sau mot chu ky
bién d6i nhu chi ra trong Hinh 1. Didu nay dugc
giai thich la, khi di¢n duoc kich thich Ién vung
dan & thung ling T, dién trudong noi tai giita
hai diém ludi do chénh léch ndng do tai cac vi
tri trong linh kién 16n kich thich ting tc dién
tor va nhanh chéng dat dén cuc dai, cac dién tir
kéo theo chuyén dong song tap thé va kich thich
céc dién tr khac chuyén 1én ving ning lugng

cao hon ¢ cac thung lling L, X, ting v6i khoi

o . 1 1 O°E;
lugng hi¢u dung m (—=——=
, m h° ok’
vay, van toc cua cac di¢n tir giam ve gia tri cuc
tiéu. Pang chii y 14 sau chu ky nay thi ta thay ro

) tang. Vi

su xuat hién hién tuong phuc hdi van tbe voi cac
cuc dai khac véi bién do giam dan sau mdi chu
ky. Diéu nay duogc giai thich 1a sau mot chu ky
va phuc hdi niang lugng tai cac ving ning luong
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cao, cac hat tai trai qua cac qua trinh tan xa va
tai hop din dén phuc hoi nang luong va chuyén
vé mirc ning luong thap (thung liing I'), & mirc
nay thi khdi lugng hiéu dung giam 1am cho van
toc tang tro lai voi qua trinh kich thich chuyén
dong tap thé cac hat tai duoc tiép dién.

5 . — . , Pt
44 i
£
O3] i
~
o
=
B Vot quéa van téc
S,
&
>
14
0 T % T T T T T i T
0 200 400 600 800 1000 1200
Thei gian [fs]

Hinh 1. Van tdc tréi dat cua dién tu theo thoi gian voi cac
gia tri di¢n truong ngoai bang 0 kV/em khi nhiét do 150K.

Nhu vay, hién tugng phuc hdi van tbe xay ra
trong linh kién ban dan bi anh hudng nhidu boi
dién truong noi tai, phuong trinh bién ddi van tde
dugc bicu dién béi cong thire (3).

D¢ danh gia két qua nghién ctru so véi cac
phuong phép khac trong truong hop co6 dién
truong ngodi cao, ching toi tién hanh thay doi
dién truong timg khoang 10 kV. Két qua ching
t61 nhan théy réng, trong diéu kién nhiét d6 150
K thi khi dién truong dat dén gia tri 130 kV thi sy
phuc hdi van toc khong ton tai, nghia 1a sau khi
dat cuc dai thi van toc chuyén sang trang thai tat
dan t6i han (critically damped), xem Hinh 2. Dé
tim hiéu thém vé van dé nay, chung toi tién hanh
mo phong tai nhiét 6 300 K, két qua nghién ctru
hoan toan tuong tu. Tai nhiét dd nay, dién truong
ngoai dé xdy ra tat dan t&i han co gia tri 100 kV
(xem Hinh 3).

Van téc [10” cmis]
iy

L} ] T * ] .
400 600 800 1000 1200

Thai gian [fs]
Hinh 2. Van tdc troi dat cta dién tt theo thoi gian

c6 trang thai tit dan t6i han khi dién truong ngoai
bang 130 kV/cm tai nhiét d¢ 150 K.

¥ T
0 200

Qua céc két qua nghién clru trén ta thiy rang,
hanh vi vugt qué van tdc co vai tro rat 1on cua
dién truong noi tai, dién trudong noi tai lam van
tdc hat tai bién dong tat dan theo thoi gian. Bién
truong ngoai co tac dung lam ting tdc hat tai,
cuc dai van toc tang 1én cao hon va lam van tde
dién tr chuyén tir trang thai tit dan sang tat dan
to1 han. Gia tri cia dién truong ngoai lam van tde
chuyén trang thai ciing khac nhau khi nhiét d6
trén mau linh kién khac nhau.

—— 100 kV
S T=300K |

AN T4t dan

2 : ‘.i .\'\. /

Van téc [107 cm/s]

] 1 . 1 .
600 800 1000 1200

Thoi gian [fs]

0 ' 260 460
Hinh 3. Van tdc troi dat cua dién tt c6 trang thai tat dan
t61 han khi dién treong ngoai dat dén 100 kV/ecm

tai nhiét d6 300 K.
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3. Két luan
Bang ky thuat mé phong EMC chiing toi da
quan sat dugc hanh vi vuot qua van tdc trong linh
kién p-GaAs véi kich thude 400nm tai cac nhiét
d6 150 K va 300 K khi ndng d¢ hat tai kich thich
10"cm™. Cac két qua cho thiy rang, néu khong
c6 dién truong ngoai thi van tdc troi dat cua hat
tai bién dong tat dan voi mot chu ky xac dinh, khi
ap dién truong ngoai vao linh kién va ting dan thi
cuong do cuc dai tdng theo, va khi di¢n truong
nay dat dén mot gia tri xac dinh thi van tde troi
dat tur cuc dai chuyén sang trang thai tat dan t6i
han. Tai mdi nhiét d6 khac nhau thi gia tri dién
truong téi han nay cling khac nhau.
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Tém tit

Trong gan dung truong trung binh tinh, chiing t6i khao sat su ton tai cac trang thai ngung tu trong cau tric vi hoc. Tuong
quan ctia hé dién i, 15 trong va photon trong cau tric vi hoc duge mé ta thong qua thé Coulomb giita dién ti-18 trong va
tuong tac cua dién tir, 16 tréng v6i photon. Khi c6 mat ctia cic twong tic ndy, chung t6i tim dwoc hé phuong trinh tu hop,
cho phép xéac dinh cac tham sb trat tu trang thai ngung tu exciton, polariton va photon trong hé. O nhiét do khong, két qua
tinh s6 khang dinh sy ton tai cia cc trang thai ngung tu nay. Khi thay d6i mét do kich thich hay hing s tuong tac, su
canh tranh cua cac trang thai ngung tu dugc thao luan.

Tir khéa: trang thai ngung tu exciton-polariton, cdu truc vi hbc, gin dung trudng trung binh

Abstract

In the framework of mean-field approximation, we analyze the existence of condensation states in a microcavity.
Correlations of the electrons, holes, photons system in the microcavity are indicated in the electron-hole Coulomb
interaction and matter-light coupling. In the presence of the interactions, we derive a set of self-consistent permitting us to
evaluate order parameters addressing the excitonic, polaritonic, and photonic condensation states. Numerical results show
us that at zero temperature there are condensation states in the systems. As functions of excitation density and interactions,
a competition of the condensation states has been discussed.

Keywords: excitonic-polaritonic condensation states, microcavity, mean-field approximation

1. Mé déu (BEC) [2]. Tuy nhién, dé quan sat dugc trang

Thoi gian gan day, véi nd luc quan sat trang
thai luong tir trong chat ran ¢ diéu kién vi mo
da thu hat sy tap trung nghién ctru rat 16n cta
cac nha nghién ctru [1-3]. O dudi mot nhiét do
to1 han, mat do du lon cua céc hat hodc gia hat
boson ¢6 thé ngung tu & trang thai luong tir két
hop vi mé duoc goi la ngung tu Bose-Einstein

Email: phanvannham@dtu.edu.vn

thai nay, nhiét do t6i han phai du 16n, hay khdi
lugng hi¢u dung cua cac hat/gia hat boson phai
du nho va thoi gian sdng cua cac hat phai du dai.
Diéu nay cé thé thue hién duge trong cAu tric vi
héc, tai @6 mot trang thai gia hat boson-polariton
do su lién két gifta exciton va photon co thé ton
tai. Polariton c6 khoi luong hi¢u dung rat nhé va
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thoi gian séng du 1au [1,4,5]. Trong thi nghiém,
su ngung tu cua cac polariton da dugc quan sat
ngay ca ¢ nhiét do phong [6,7]. Tuy nhién, ngoai
polariton, trong ciu trac vi hdc con ton tai cac
exciton (do lién két giita dién tir va 15 tréng) va
photon chua lién két. Exciton va photon ciing 1a
nhing gia hat boson va vi vay & diéu kién thich
hop cac hat ndy van c6 thé ngung tu & trang thai
BEC. Nghién ctru sy canh tranh cac trang thai
ngung tu cua h¢ exciton, polariton va photon
trong cau triic vi hc vi vay rat can thiét.

Dé mo ta hé dién tu, 15 tréng, va photon trong
céu triic vi hdc, chung toi stir dyng Hamiltonian
ctia hé nhiéu hat, trong d6 dién tirva 16 tréng duoc
mo ta trong gan dung lién két chit. Luc hat tinh
dién Coulomb giira dién tir va 15 trong va ghép
cap dién ti photon dugc xem nhu dinh xtr. Trén
co s ciia Hamiltonian nay, chuyén pha céc trang
thai ngung tu cia exciton, polariton va photon
trong cau tric vi hoc dugce nghién ciru bang nhiéu
phuong phap khac nhau [8-10]. Trong nghién
ctru ctia chiing t6i, gan dung Hartree-Fock khong
gi6i han dua trén co so 1a 1y thuyét trudng trung
binh duoc str dung dé khao sat Hamiltonian trén.
Véi gan dung nay, chung t6i thu duge hé phuong
trinh tu hop, cho phép xac dinh cac tham s6 trat
tu cac trang thai ngung tu. Tur phan tich dong gép
ctia cac tham s trat ty nay, chung toi thao luén
su canh tranh cac trang thai ngung tu exciton,
polariton va photon trong hé. Mac du gio1 han
& nhiét d6 khong, két qua tinh s6 van cho ta mot
burc tranh cu thé canh tranh trang thai ngung tu
cuia hé. Két qua vi vay la co s dé chiing toi khao
sat chi tiét hon sy ton tai trang thai ngung tu trong
cAu trtc vi hdc, von con nhiéu tranh cii.

Bai bao dugc chia thanh 4 phan. Ngoai 161 gi6i
thiéu trong phan 1, phan 2 trinh bay Hamiltonian
mé ta hé dién tu, 10 tréng, photon trong cAu truc
vi hdc. Gan dang truong trung binh, 4p dung cho
mo hinh ciing duoc trinh bay trong phan nay. Két
qua chung t6i thu dugc h¢ phuong trinh tu hop
cho céc tham sd trat tu trang thai ngung tu. Phan

3 trinh bay két qua tinh s6 va thao luan. Cudi
cung, két luan cua bai bao duoc trinh bay trong
phan 4.
2. M6 hinh va phwong phap Iy thuyét
Dé mo ta hé dién tu, 16 trong va photon trong
cau trac vi héc c6 ké t6i tuwong tac dién tir-16
trng va tuong tac dién ti-photon, chiing toi sir
dung mo hinh viét duéi dang Hamiltonian sau:
H =H,+H (1)

trong do,

_ et hpt t
H, =Y sele +> elhlh, +Za)ql//ql//q,
k k q

int?

mo ta hé dién tu, 16 trong, photon khong twong
tac. O day, dién tor va 16 tréng trong vat li¢u dugc
mo ta gan dung trong diéu kién lién két chit véi
el (e.), h (k) 1a cac toan tur sinh (huy) dién
tu, 10 trong Gmg voi xung luong k. Be don gian,
chung ta bo qua chi sb spin cua dién tir va 16
tréng. Trong gan ding lién két chat, hé thirc tan
sdc cua dién tir va 16 tréng viét dudi dang:

& = =217, + w
v6i ¢ 1a tich phan nhay nat; trong hé hai chiéu véi
gan dung lién két ché,t taco y, =2 (cos k. +cos ky)
[10]. ¢ duogc gia thiét 1a nhu nhau véi dién tu va
16 tréng. Dé don gian, trong cac tinh toan vé sau,
t=1 dugc xem nhu don vi cua nang luong. £, mo
ta khe nang lugng, hay khoang céch gitra day cua
dai dién tr voi dinh cua dai 16 tréng. E <0 thé
hién 2 dai nang lugng xen phu nhau va hé ¢ trang
thai ban kim loai, ngugc lai hé & trang thai ban
dan. u duoc xem nhu thé hoa khi ta gia st hé
& trang thai can bang nhiét dong. S6 hang cudi
cia H, mo ta thanh phan photon khong twong
tac v6i ] (z,//q) la cac toan tir sinh (huy) photon
ung voi xung luong q va @, 1a h¢ thirc tan sdc
CFla photon, W, = [(cq)’ +a)§ — Vo1 ¢ la van
toc anh sang.

Thanh phan tuong tac H
bao gdm tuong tic Coulomb giita dién tir va
16 tréng U va tuong tac dién tir voi photon g,

¢ trong Hamiltonian
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trong khong gian xung luong duoc viét dudi
dang:

:_N Z ekl+q klhli —qhk

' k2
\/_ Z[ekmhlt//q +H.c. ]

DPé mo ta hé dién tu, 16 tréng, photon trong
céu trac vi héc, mot cach thuan loi ching ta sir
dung tham s6 diéu chinh

d=w,-E,.

Thuc vy, khi d nho, cac dai dién tu, 15 trong
va photon xen phii nhau nhiéu va vi vy lam ting
cuong kha nang ngung tu cia cac gia hat photon.
Nguoc lai khi d 16n, anh huong ctua photon
khong con déng ké 1én sy ghép cdp cua dién tir
va 15 tréng, hé vi vy gin véi cac cdu triic ban
dan thong thuong.

V61 Hamiltonian ¢ trén, trong bai bao nay,
chung t6i sir dung gan dung truong trung binh
tinh dé thiét 1ap hé phuong trinh ty hop. Khi cac
thang giang twong quan duoc bo qua, ta dé dang
thu duoc phuong trinh xac dinh tham sb trat tu
trang thai ngung tu

A=) lell)

O day, d = <e£th> c6 y nghia ctia mat do cip
dién tur-16 trong con (p,) 1a phan cyc photon
& xung luong 0. SO hang sau vi vay duoc xem

nhu tham s6 trat tu trang thai ngung tu exciton

U , S
A =ﬁz<e£hfk>, con sO hang dau thé hién

r k .
tham sO trat ty trang thai ngung tu photon
g

Aph :W

trang thai ngung tu exciton, polariton hay photon
chung ta dya vao céc ti s6 thé hién dong gop cua
cic tham sd trat tu exciton, A, /Ava tham )
trat tu photon A , /A .

<l//0> Pé dé dang phan biét duoc cac

3. Két qua tinh s6 va thao luin
Trong phan niy, ching toi trinh bay két qua
tinh s& dé thao luan su canh tranh céc trang thai

trat ty ngung tu co thé trong h¢. Cac tham s trat
tu mo ta trang thai ngung tu & trén co thé duoc
xéac dinh mot cach tu hop. Ung voi mdi thé hoa,
chung t6i thu dugc két qua tu hop cho cac tham
s6 trat tu cho hé 2 chiéu véi sd nat mang tinh thé
1a N=200x200. Thé hoa dugc xac dinh trén co s&
cb dinh téng s6 mat do hat kich thich

- ﬁ;(@;ek%<h;hk>)+%;<w;wq )

DPé mo ta sy canh tranh cac trang thai ngung
tu ctia hé, trude hét, chung t61 mo ta sy phu thude
ctia cac tham s trat tu vao mat do hat kich thich
cho truong hop tuong tac Coulomb du 16n, U=2
va tuong tac dién tu-photon nhd, g=0.2.

L I
0.6

Hinh 1. Sy phu thudc cta cac ti sb tham sb trat tu
A, /A (mau den lién nét) va A, ./ A (mau do dut
net) vao nong do hat kich thlch n_ ung v6i thé tuong
tac Coulomb U=2 cho mdi gia tr1 cia d duoc viét
bén trong hinh vé.

Hinh 1 mo ta sy phu thudc cia A, /A va
A, /Avao n, cho m(f)’t sO gia tri ciia d trong
khoang tir 0 t&i1 3 khi ¢6 dinh w0=0.5. Tt hinh
v& ta nhan thiy trong truong hop d=0, tham sb
trat ty trang thai ngung tu photon luén 16n hon
gia tri cua tham s6 trat tu trang thai exciton Ung
v&1 moi gia tri ciia mat do hat kich thich. Ro rang,
trong trudng hop niy ta chu yéu quan sat dugc
trang thai ngung tu polariton khi mat do hat kich
thich nhé va trang thai ngung tu photon khi mat
d6 hat kich thich 16n. Chii ¥ rang, trong truong
hop nay ta khong quan sat duoc trang thai ngung
tu exciton. Thyc vay, trang thai ngung tu exciton



78  Ninh Quéc Huy, Phan Vin Nham / Tap chi Khoa hoc va Céng nghé Pai hoc Duy Tdan 04(35) (2019) 75-79

chi dugc quan sat khi d du 16n. Nhu & hinh vé
ta théy khi d>1, khi mat d¢ hat kich thich nho,
tham sb trat tu trang thai ngung tu exciton dong
vai trd quan trong, uu tién so voi tham s trat tu
trang thai ngung tu photon. Vi vay khi mat do
hat kich thich nho, hé tdn tai trang thai ngung tu
exciton. Khi ting ndng d¢ kich thich, ving ngung
tu exciton giam va thay biang ngung tu polariton.
Khi ndng do kich thich du 16n, ta thay hé & trang
thai ngung tu photon. Cang tang d, vung ngung
tu exciton cang dugc md rong. Thuc vay, viéc
ting d dan téi ting su xen phu cua cac dai dién
tir va 18 tréng 1am tang cuong kha nang ghép cap
cua dién tu-16 tréng. Mat do exciton vi vay tang
cuong lam h¢ wu tién trong sy hinh thanh trang
thai ngung tu exciton.

D¢ mo ta sau sac hon su canh tranh cac trang
thai ngung tu trong cau tric vi hoc, ching toi

khao sat su phu thudc ctia cac tham sb trat tu vao
thé twong tac U, ung véi 2 gia tri rat khac nhau
cua d (d=0 va d=3). Hinh 2 mo ta sy phu thudc
cua cac tham sb vao U véi g=0.2, ,=0.5 cho hai
gia tri khac nhau cua d khi mat do hatlan, =0.2
=0.4.

c

van
ex

Hinh 2: Sy phu thudc cua cac ti s6 tham sd trat tu
A, /A (mau den lién nét) va Aph /A (mau do
dat nét) vao the tuong tdc Coulomb U ung v6i moi cdp gia
tri cuia d va n__ duoc viet bén trong hinh ve.

Tur hinh v€ ta nhan théy khi d nhd, d=0, trong
khoang U=0.3 ta lu6n nhan théy tham s6 trat tu
trang thai photon 16n hon tham sé trt tu trang
thai exciton. Sy chénh léch cang nhiéu khi ting

mat d6 hat kich thich. Piéu nay cho théy, trong
truong hop ndy, mic du ting thé Coulomb dé
tang kha ning ghép cap dién tir 16 trong, nhung
ta chii yéu chi quan sat dugc trang thai ngung
tu photon. Trong trudong hop mat do kich thich
nho, ta co thé quan sat dugc trang thai ngung tu
polariton, tuy nhién né chi xdy ra khi tuong tac
Coulomb du 16n.

Tuy nhién, khi d 16n, chung ta nhan thay dong
gop cua tham s6 trat tu trang thai exciton cang
quan trong khi ta ting thé twong tac Coulomb.
Nhu da giai thich ¢ phan trudc, viée ting d 1am
tang xen phu cta dai dién tir va dai dan, két qua
exciton dugc tang cuong va tang kha nang ngung
tu cua exciton. Cang tang U, thé Coulomb cang
gilip viéc ting cuong sy ghép cip dién tir va 16
trong, hé cua ta vi thé c6 thé ¢ trang thai ngung
tu exciton khi U du 16n. Trong truong hop nay,
hé van & trang thai ngung tu photon néu U nho,
khi d6 ghép cip exciton co thé khong xay ra,
hodc khong dong vai tro quan trong. Khi U 16n
hon, h¢ ¢ trang thai ngung tu cua polariton. Cang
tang mat do hat kich thich, ving ngung tu photon
cang duoc md rong trong khi dé vung ngung tu
exciton dugc dich chuyén sang phia tmg véi thé
Coulomb lon.

4. Két luan

Bing gan dung trudng trung binh, ching toi
da khao sat su canh tranh céc trang thai ngung
tu exciton, polariton va photon trong cau trac vi
héc. Khi bo qua thing giang twong quan cta cic
s6 hang tuong tac Coulomb giira dién tir-13 tréng
va tuong tac di¢n tir-photon, ching t61 thu duoc
phuong trinh xac dinh tham s trét tu trang thai.
Phén tich dong gop cta cc tham sd trat ty trang
thai ngung tu exciton va photon chiing t6i khang
dinh sy ton tai ciia cac trang thai ngung tu trong
hé & nhiét d6 khong. Thuc vay, khi thé mat do
kich thich nho, hé c6 thé ton tai trang thai ngung
tu exciton khi tham sb diéu chinh du 16n. Khi
tang mat do kich thich, hé chuyén sang trang thai
ngung tu polariton va tiép do 1a trang thai ngung
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tu photon. Khi thay doi thé twong tic Coulomb
chung ta cling thu dugc buc tranh mo ta su canh
tranh cac trang thai trat ty. Ung vo1 mot gia tri
xac dinh ctia mat do kich thich, khi tuong tac U
nho khong du dé hinh thanh lién két cap dién tir
16 tréng va hé ¢ trang thai ngung tu photon. Khi
tang U, ghép cap hinh thanh va hé dan xuét hién
trang thai ngung tu cua polariton va sau do la
ngung tu exciton khi tuong tdc Coulomb du 16n.
Két qua cua bai bao vi vay dd miéu ta chi tiét sy
chuyén pha céc trang thai ngung tu trong ciu tric
vi héc, 1a co s dé chiing toi phat trién nghién
ctru nhirng anh huéng khac nhu nhiét do hay diéu
kién khong cén bang 1én buc tranh ngung tu ctia
hé exciton-polariton-photon trong hé.
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Abstract

In this study, SiO, films with different refractive index were grown by dry thermal oxidation for passivation application
and as the antireflection layer of high-efficiency crystalline silicon solar cells. As-oxidation, the SiO, films with a low
refractive index of 1.463 shows a low density of interface trap states (D, ) of 1.74 x 10" (cm™.eV"), and in turn low surface
recombination velocity (S,;) of 73 cms™'. The simultaneously lowest S .and D, indicated that the formation of hydrogen
bonds at the SiO,/Si interface played an important role in surface passivation of Si wafers. In addition, the films yield
an excellent level of surface passivation for dry oxidation SiO, films with an effective S_; of 22 cms™ CZ crystalline
silicon substrates after a 30 min forming gas anneal (FGA) at 550°C. An enhancement of surface passivation quality with
assistance of FGA could be attributed to the shift in the shape distribution of mid-gap interface state density from V-shape
to U-shape. Finally, simplified passivated emitter solar cells were fabricated on CZ ¢-Si substrates showing the highest

efficiency of 18.75% with SiO, films act as a passivation as well as antireflection layer.

Keywords: dry thermal silicon oxide, surface passivation, refractive index, interface trap density.

Tém tit

Trong nghién ctru ndy, mang méng SiO, dugc ché tao bang phuong phap 6xy hoa nhiét kho, dugc dung lam 16p thu dong
hoa sai hong mang, dong thoi dong vai tro 13 16p chéng phan xa cho pin niang lugng mit troi Silic. Két qua nghién ctru
cho thay rang, mang SiO, véi chiét xut thip (1.463) c6 kha ning thu dong sai hong bé mt tot: mat ¢ bay bé mat (D,) va
van tdc tai hop bé mat (S ) lan lugt 1a 1.74x10" (cm?eV") va 73 cm.s™'. Cé hai gia tri D, va S, déu nhé chimg t6 rang su
hinh thanh cac lién két hydro tai mat phan giéi Si0,/Si dong vai tro rit quan trong trong viéc thu dong hoa cac sai hong
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trén bé mat Silic. Nham muc dich tang cuong hon nira dac tinh thu dong hoa sai hong bé mat, mau Silic sau d6 dugc nung
30 phut trong khi Ar/H, (90/10) & 550°C. Sau khi nung, téc do tai hop bé mat da giam déng ké xudng con 22 cm.s™'. Téc
d6 tai hop giam mot cach dang ké duoc giai thich boi sy phan bd cua mat do bay cua tiép giap tai gitra d6 rong ving cim
dich chuyén tir V-shape sang U-shape. Mang SiO, dugc str dung nhu 16p thu dong hoa sai hong va chéng phan xa cho pin
mat troi; hiu suat chuyén doi cia pin mat troi thu dugc 1a 18.75%.

Tir khéa: 6xy hoa nhiét, thu dong héa bé mat, chiét xuat, mat do bay tiép giap.

1. Introduction

Silicon oxides (SiO,) are essential materials for
many industrial applications [1]. They are widely
used in solar cells [2-3], metal-oxide-semiconductor
field transistor [4-5], and advanced bipolar devices
to reduce surface recombination or to provide high-
quality insulating layers [6-8]. SiO, has several
features which make it an attractive photovoltaic
material. Front and rear surfaces passivation with
SiO, is a key characteristic in achieving desirable
solar cell efficiency. During thermal growing of
the SiO, on Si surface, there is evidence that a
thin SiO,_layer is formed at the Si/SiO, interface.
The thickness and stoichiometry of this SiO
interface may influence to the performance of the
semiconductor devices [9].

During the last few decades, there are a large
number of experimental and theoretical research
works dealing with the composition, electronic
structure, distribution of Si™* species [10-11],
and effect of ion or laser irradiation etc., of SiO_
system [12-19]. And although SiO, films used for
photovoltaic applications have been executed by
many research groups [20-25], the relationship
between the refractive index and the passivation
from the defect states and the film composition
have not been clearly demonstrated until now. In
this paper, we describe the results of the research
performed concerning the correlation between
the refractive index and film composition to the
antireflection and defect of SiO, films and the
passivation at the interface between the SiO, and
silicon substrate. Finally, in order to demonstrate
the potential of the surface passivation of the
Si0, with different selective refractive for high-
efficiency silicon solar cells, the simplified
passivated emitter cells were fabricated.

2. Experimental methods

For oxidation characterization Czochralski-
growth (CZ) Si wafers with resistivity of 1-2 Qcm
were first cleaned with acetone/deionized (DI)
water and then the native oxide was removed by
etching using buffered hydrofluoric acid (BHF)
for 1 min; the wafers were then rinsed in DI water
and immediately loaded into the quartz chamber
[24]. After purging the quartz chamber with N, at
room temperature in order to clean the chamber,
and fill the chamber as oxygen gas, a thermal oxide
was grown in nominally dry oxidation ambient at
temperature in range of 800 - 1050°C in order to
alter the refractive index of the films. The thickness
of SiO, and the N./O, gas ratios was fixed at ~
10 nm and Y4, respectively, for all samples. The
thicknesses and refractive index of the SiO, films
were estimated by using spectroscopy ellipsometry
(HR-190TM). The minority carrier lifetime (z,;) of
the passivated wafers were measured by the quasi-
steady-state photoconductance (QSSPC) method,
using a commercial WCT-120 photoconductnace
set-up from Sinton Consulting. To estimate the shift
in flat-band voltage and the interface trap states
(D,), high-frequency capacitance-voltage (C-V) of
the Metal-Oxide-Semiconductor (MOS) structure
was characterized using an MDC meter (model
825). The molecular vibration mode and functional
groups in the SiO, films were characterized by
Fourier Transform Infrared (FTIR) spectroscopy.
The solar cell performances were characterized by
current-voltage measurements under illuminated
AM1.5G, 100 mWem™ conditions.

3. Results and discussions

Figure 1 shows the peak wave number of the
optical absorption band caused by the Si-O-Si anti-
symmetric stretching vibration mode and the full-
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width at haft maximum (FWHM) of the absorption
band as a function of the refractive index of SiO,
films. From Fig. 1 we can learn that the wave
number decreased to 1074cm!, whereas FWHM
increased to 65.5 cm with increasing refractive
index of SiO,. As well known that the shift of the
Si-O-Si absorption peak towards a lower wave-
number as well as a wider of FWHM results in
larger silicon content inside the films, hence
the films composition of SiO, was shifted from
oxygen-rich phase to silicon-rich phase [2]. The
refractive index of the amorphous silicon (silicon-
rich phase) film and silicon oxide (oxygen-rich
phase) film are about 3.6 and 1.46, respectively.
Thus, it is clear that the excess oxygen content in
the films induces a lower refractive index.
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Figure 1. The peak wave number of the optical absorption
band caused by the Si-O-Si antisymmetric stretching
vibration mode and its full-width at haft maximum
(FWHM) of the absorption band as functions of the
refractive index.

The others noticeable features of the SiO,
films contributing to effective passivation are the
interface trap states (D, ) and flat-band shift (V).
The D, and V, of the SiO, films with different
refractive index are shown in Fig. 2, in which
the D, of the interface between the SiO, and the
Si surface was determined by high frequency
capacitance method developed by Terman at
room temperature [25]. The interface trap states
are related to the structure defects at the insulator/
semiconductor surface. The D, increased, while
the random shift of flat band voltage was observed

as the refractive index increases. It is commonly
accepted that the amount of fixed charge and the
interface trap states depend on the bond densities
within the films. Lucovsky et al. developed
model for the positive fixed charge Q,, and D,
generation at SiO,/Si interface. The amount of
positive fixed charge and interface trap states is
directly proportion to =Si-O-Si=, H-O-Si=, and
=Si-H bonds [26]:

=Si-H + =Si-O-Si= + A" — =Si" + H-O'-

(Si=),: generation of D, and Q, (O,"); (1)
H-O-Si= + " — H,-O"-Si=: generation of Q,
(O, )

Therefore, to elucidate the reason for altering
of D, and V, with variation of refractive index,
the bond densities of Si-O-Si, Si-O-H, and Si-H
within the films as a function of refractive index
were calculated and presented in Fig. 3. From Fig.
3 and equation (1) and (2), the lowest Si-H, Si-O-Si
and S-O-H bond densities results in the larger flat
voltage shift (larger positive fixed charge), whereas
lowest interface trap states, as shown in Fig. 2
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Density of interface trap states (cm eV’
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2x10" F

Flat-band voltage shift (Volt)

1 1 1
1.46 1.47 1.48 1.49

Refractive index, n

Figure 2. The variation of the interface trap states, and flat
band shift for MOS structures as a function
of refractive index of SiO, films.

Figure 4(a) shows the change of surface
recombination velocity (§,,) in CZ silicon wafers
as a function of refractive index of the silicon
oxide. The wafer coated with high refractive
index SiO, films of 1.494 had a high S The
surface recombination velocity of CZ silicon
wafers coated SiO, films decrease with decreasing
refractive index. This means that there was a high
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density of trap states for the effective minority
carrier lifetime at the interface of high refractive
index. The maximum effective lifetime gave the
minimum Seﬁ of ~73 cm/s. The passivation of a
silicon surface can be achieved in two ways: by
field-effect passivation or by neutralization of
defect of interface states [27]. The highest positive
fixed charges in deposited SiO_film with refractive
index of 1.491 (in Fig. 2) should have a positive
effect on the surface passivation. However, we
could not find suitable relation between Seﬁr and
fixed positive chargers. Actually, an investigation
of SiO_films shows that there isnorelation between
lifetime and positive fixed charges. This implies
that the fixed positive charges may have less or no
contribution to the field-effect passivation in our
case. The simultaneously highest T, and lowest
interface trap states with refractive index of 1.463
indicates that the formation of neutralization of
defect of interface states at the SiO /Si interface
plays an important role in surface passivation.
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Figure 3. The variation in the concentration of Si-H,
Si-O-Si, and Si-O-H bonds with different
in refractive index of SiO, films.
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Figure 4. Surface recombination velocity as a function of
the injection level for oxidation SiO, films
with different refractive index a) as-oxidation, and b) after
the forming gas anneals at the temperature of 550°C.

For SiO, grownby thermal oxidation, an annealing
in forming gas is crucial to minimize the level of
interface trap states [28]. In this investigation, the
effect of forming gas annealing on surface passivation
was also confirmed and the results are shown in Fig.
4(b). Under forming gas annealing (15% H, in N,)
at 550°C already improved the surface passivation
to effective surface recombination velocities of 22
c/s for SiO, films with refractive index of 1.486.
As shown in Fig. 5, the as-oxidized state for all kinds
of high temperature oxidation is characterized by
V-shaped distribution, which is dominated in the
middle part of the gap by U,, and P, states [29].
With FGA treatment, not only lower the interface
state density but also shifting minimum D, as well
as shaped-distribution from V-shaped to U-shaped
was achieved. The lower D, as well as the shifting in
shape-distribution can be attributed to the saturation
of dangling bonds of the U,,, P, and P, group by
hydrogen [29].
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Figure 5. Influence of annealing temperature on density of
states distribution at a SiO,/Si interface.

40k

5
«
‘E Refractive index
2 20f —1.486 - - -1.463
] J 391 mA/em’  J_:39.6 mA/em’
g V:630mV  V,:626mV
5 10 Efr. 18.28 % Eff: 18.75 %
0 1 1
0.0 0.2 0.4 0.6
Voltage (V)

Figure 6. [lluminated voltage current characteristics of CZ
Si solar cells using SiO,
with refractive index of 1.463 and 1.486 as a passivation
as well as antireflection layer.
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In order to demonstrate the potential of the
surface passivation of the SiO, with different
selective refractive index for high-efficiency silicon
solar cells, simplified passivated emitter cells were
fabricated on CZ c-Si substrates. The illuminated
current-voltage characteristics of the c-Si solar cells
fabricated for SiO, with refractive index of 1.463
and 1.486 were observed by the AM 1.5 global
spectrums, as shown in Fig. 6. The short circuit
current density (J ), the open circuit voltage (V, ),
and the conversion efficiency of the c-Si sola cell
fabricate with refractive index of 1.463 were 39.6
mA/cm?, 626 mV, and 18.75%, respectively. The
V__ of the c-Si solar cells were biggest in achieving
highest passivation ability of refractive index of
1.486, whereas, the J  were biggest in achieving
low surface reflectance of refractive index of 1.463.
The higher J  along with lower refractive index
can be attributed to the lower surface average
reflectance, as shown in Fig. 7.
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Figure 7. Variation of average reflectance of the of CZ Si
solar cells using SiO, with refractive index.

4. Conclusions

In summary, the correlation between the
refractive index and film composition to the defect
of SiO, films and the passivation of the interface
between the SiO, and Si substrate was described.
As-oxidation, the higher refractive index resulted in
lower surface passivation quality of SiO, coated Si
wafers. Inthis case, the lowest surface recombination
velocity of 73 cm.s! was obtained for CZ Si wafer

coated by SiO, film with refractive index of 1.463,
it seemed to be due to a stoichiometric SiO, film.
Furthermore, the films yielded an excellent level
of surface passivation by dry oxidation SiO, films
with an effective S of 22 cms' CZ crystalline
silicon substrates after a 30 min forming gas anneal
at 550°C. This enhancement of surface passivation
quality could be attributed to the shift in the shape
distribution of mid-gap interface state density from
V-shape to U-shape. Finally, simplified passivated
emitter solar cells were fabricated on CZ c-Si
substrates showing highest efficiency of 18.75%
with SiO, films acting as a passivated as well as
antireflection layer. In this investigation, the V. of
the device was dependent on the passivation quality
of ¢-Si wafers, whereas the J  of the device was
determined by refractive index of the antireflection
layer. These results indicated that the passivated
quality and refractive index of the SiO, films should
be carefully turned in order to obtain the maximum
efficiency for c-Si solar cells.
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Tom tat

Tir khi cdm but Phan Khéi dd c6 y thire viét vé nhitng van dé c6 tac dong dén xa hoi, trong do6 c6 sinh hoat vin chuong.
Anh huéng tir hoat dong béo chi cia Phan Khoi dén van hoa, vin chwong Viét Nam c6 thé duoc nhin nhan qua nhiing van
dé: Thic déy su phat trién cua ngon nglr Viét; gidi thiéu van hoc nudc ngoai qua dich thuat; tao ra cac tranh luan vé van

chuong va bang van chuong.

Tir khoa: Phan Khoi, phat trién, ngon ngtt, dich thuat, tranh luén van chuong

Abstract

Since the beginning of his writing career, Phan Khoi tended to write about issues that had impacts on society, including
literary activities. Influences from Phan Khoi’ s journalistic activities can be ackowledged through the following matters:
Encouraging the development of Vietnamese language, introducing foreign literatures through translation, promoting

debates on literature and by literature.

Keywords: Phan Khoi, development, language, translation, debates on literature

Pit van dé

Tuy xuét than 1a mdt tri thirc cyu hoc nhung
Phan Khoi (1887 - 1959) rat nhay bén dé nhén ra
gid tri ctia nhitng cai méi. T viée chd trong dén
véan dé chuan hoa ngdn ngilr, uu tién tuyén chon dich
thuat nhitng tac pham c6 tim voc tu tudng va tim
hudng di méi cho van hoc cho thiy 6ng da v thirc
rét rd viéc don dudng dé hudng dén xay dung mot
nén quéc van hién dai. Puoc biét dén véi vai tro 1a
mét nha van hoa, dic biét rat thanh cong trén linh

Email: hoanghuongvn@gmail.com

vuc bao chi va khong chuyén tam cho hoat dong
van chuong nhung ndi dung cac bai bao d& cap dén
nhiing van dé lién quan dén vin chuong ctia Phan
Khoi lai c6 sitc anh huong rat 16n. it trong boi
canh xa hoi giai doan nhiing nim dau thé ky XX,
khi vin hoc quéc ngit chua that sy trudng thanh
moi thay hét duoc nhitng nd luc dong gop ctia ong.
Anh huong tir hoat dong bao chi ctia Phan Khoi dén
ngon ngir, vin hoa, vin chuong Viét Nam co thé
duogc nhin nhan qua nhing van dé sau.
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1. Thiic day sy phat trién ciia ngoén ngir Viét
Tir khi tiép xtic véi van minh phuong Tay, xa
hoi Viét Nam da dién ra nhiing bién dong, thay
d6i manh mé & nhiéu pham vi va cham dén chiéu
sau nhat cta doi sdng tinh than. Qué trinh bién
d6i nay da dugc thé hién va phd cap bai bao chi.
Trudc hét Phan Khoi, qua hoat dong bao chi
d3 cd dong manh mé cho viéc ding chit quoc
ngir. Su xuat hién cua chir qudc ngit dugce xem 1a
dau hi¢u quan trong ctia qua trinh hién dai hoa vé
van hoa, van hoc trong xa hoi Viét Nam. Trang
thai dong hién ciia cac van ty: Han, Nom, Qudc
ngtt, Phap ngir 1a dac diém ndi bat cua van tu Viét
Nam cubi thé ky XIX. Tham chi mai dén nhiing
niam dau thé ky XX, mot so to bao nhu Pang cé
tiing bao va Nam Phong tap chi van con st dung
chit Han & mot sd chuyén muc riéng. Pidu d6
chting t6 budc dau chir quc ngir khong hé dé
dang chen chan vao doi séng van hoa, van hoc
Viét Nam mic du trong chinh sach déng héa cua
thuc dan Phap (dac biét 1a & Nam Ky) cé chu
truong khuyén khich dung chit qudc ngir theo
mau La tinh. Vi tdm thé cua ké di khai hoa va
mong muén chinh phuc nhanh chéng nguoi Viét,
chinh quyén thyc dan da dung nhiéu bién phép
khac nhau vira khuyén khich, vira cudng birc
dung chit qubc ngir nhu 1a mot cong cu chuyén
tiép trong “thoi ky qua do tién 1én chir Phap”.
Phép mong mudn thay thé chit Ném va chit Han
bang chit qudc ngit v6i muc dich tich ngudi dan
An Nam hoan toan, vinh vién ra khoi nhitng 4nh
huong cta vin hoa Trung Hoa; dong thoi véi uu
thé ghi am gian tién, dé doc, d& nhd chir qubc
ngit ciing sé& 1a cong cu thuan lgi dé Phap truyén
b4 vin hoa, d& dang hon trong chinh sach dong
hoa ciia minh. Dong thoi ngay tai thoi diém nay,
mot s6 tri thie thoi ky dau nhu Truong Vinh Ky,
Huynh Tinh Cuia, Nguyén Trong Quan,... sau d6
la cac nha nho duy tdn nhu Phan Chau Trinh,
Tran Quy Cap,... Phan Khoi ciing da sém nhéan
ra wu thé cua loai chit dé doc, d& viét nay va da
tim cach pho bién chir qudc ngit nhu mot cong cu

kién thiét xa hoi, dwa xa hoi huéng dén van minh.
Phan Khéi kién quyét khong tan dong véi quan
diém bao thii ciia mot s6 nha cyu hoc khi cho réng
dung chit qudc ngir 13 ddng nghia véi viée thoa
hiép vé6i gidc ngoai xam, dong thoi ciing khong
tng ho phuong an dung chit Phap lam quéc van
ctia cac tri thirc TAy hoc nhu HO Quy Kién. Trong
bdi canh vin héa kha phuc tap luc by gid cing
nhiing thién kién chinh tri khac biét nhau, viéc
quyét tam sir dung va phd bién chit qudc ngir dé
tré thanh chir viét cia dan toc 12 mot thirc nhan
sang sudt, ddy ban linh cua Phan Khoéi ciing nhu
cac nha nho duy tan va tri thitc Au hoc mang tinh
than dan toc.

Bén canh viéc ¢6 sty, van dong toan dan hoc
chir qudc ngir, Phan Khéi ciing dic biét quan tdm
dén viéc chinh don chinh td. La mot van ty méi
nén trong qua trinh str dung, chit quéc ngir luc
bay gio da boc 16 khong it nhitng han ché va doi
chd van con la 13m véi nguoi dung. Khi ban vé
qua trinh phat trién “di vé phuong Nam” ctia vin
nghé dan toc, nha nghién ctru Nguyén Vin Xuan
da chi ra mot han ché cua tinh trang da phuong
ngir vao nhitng nam dau thé ky XX — thoi diém
chir quéc ngir duge khuyén khich sir dung, va in
an xudt hién: “Tiéng Viét phd bién trong toan dan
toc Viét, nhung tho 4m thi lai qué nhiéu. Nhiing
thd 4m con té hon dién tich...” [9; 592]. Co 1& ¥
thire rat rd vé didu nay nén trong qué trinh hoat
dong nghé nghiép ctia minh, dic biét 1a trong
khoang thoi gian lam viéc cho bado chi Sai Gon tur
nam 1928-1933, Phan Khoi da thudng xuyén dé
cap dén van dé chinh huan chir qudc ngir, nghién
cuu so sanh voi tiéng Phap, chit Nom, chitr Han,
chi ra nhitng chd kha thi, khic phuc nhitng vén
dé con ton tai véi ¥ thirc trach nhiém “lam cho
tiéng ta tién dén bac hoan mi”, danh mot phén
quan trong trong viéc nang cao nhan thic cua
cong chung d6i vai viée str dung ding chir qudc
ngir - ngdn ngit din toc. Nhitng bai viét mang
tinh than phan bién sau sic ciia Phan Khoi vé van
dé chit quc ngir (sir dung nhu thé nao 1a dung
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sai, cach dung quan tir, danh tir, dong tir ra sao...)
trong thot ky Phan Khoi gbp mat véi bao chi Sai
Gon (tir 1928 dén 1933) gian v6i Péng Phdp thoi
bdo (1928), Than chung (1929-1930), Phu nir
Tén vin (1929-1933), Trung ldp (1930-1933) rat
c6 ¥ nghia, boi khi 4y nuéc ta dang trong qua
trinh hoan thién chir qudc ngit, va ding nd lam
phuong tién cho cudc van dong canh tan van hoa
xa hoi.

Mic dui 1y luan vé ngon ngir tai thoi diém nay
con rat so khai nhung Phan Khoi dd sém nhan
ra duoc nhitng van dé mang tinh nguyén tic
clia ngdn ngit va chi rd dac diém ciia ngdn ngir
tiéng Viét. Mot loat cac bai bao dé cap dén chir
quéc ngit duge diang trén bao chi Sai Gon nhiing
nam tir 1928 dén 1933 cho thay su dong gop cua
Phan Khéi dbi véi Viét ngit hoc trén phuong dién
nghién ctru vé ngit phap, tir vung, ngir am cua
tiéng Viét; dong thoi thé hién ¥ thirc mong mubn
phd bién ngoén ngir dan toc nhu: “Cach xung
hé ctia nguoi minh” (Than chung, s6 208,17-1-
1929), “Tra 151 cho mot doc gia hoi vé chir quic
ngt” (Than chung, sb 115, 7-6-1929), “Lai tra
161 cho mét doc gia hoi vé chit qudc ngir” (Than
chung, sb 115, 7-6-1929), “Meo tiéng An Nam
moi” (Than chung, s& 185, ngay 31-8-1929,
“Chit Qudc ngir & Nam Ky véi thé luc phu nit”
(Phu nit tn van, s6 28, ngdy 7-11-1929), “Viét
chir qubc ngir phai viét dung” (Phu nir tan vain,
s6 31, ngay 5-12-1929), “Dau hoi ngi ciing can
phai phan biét” (muc Néi chuyén viét qudc ngir)
(Than chung, s6 273, ngay 17-12-1929 va Trung
ldp, s6 6038, ngay 27-12-1929), “Dinh chanh lai
nhirng chitr ma nguoi ta hay dung sai nghia” (Phu
nit tdan vén, s6 43, ngay 13-3-1930)... Quan diém
dau tién, rat quan trong va kha nhit quan ma Phan
Khoi dé cap trong cac bai viét trén 1a ding chir
quoc ngir truée hét phai ding, vi theo ong ban
than chir qudc ngir nudc ta thoi diém do chua goi
1a mot thr chit thanh vin, nén can hoan thién dé
huéng dén tinh khoa hoc, chuin xac. Phan Khoi
nhan ra rang, nguoi minh (dan Viét noi chung)

viét quéc ngilr sai, tuy tién... Mot thir chit 16n x0n,
ma con viét sai thi lam sao c6 thé dem ra hoc
dugc? Cho nén, can phai stra sang, boi bd né cho
mot ngay kia n6 thanh van, hau 1am cai loi khi
t6t cho ching ta. Véi muc dich rat rd rang nhu
vay nén Phan Khoi 1a nguoi khoi xudng cho cudc
thao luan vé “van dé viét dung chit qubc ngit”,
cung van dé sach gidao khoa tiéng Viét kéo dai
gan ba nam trén béo chi Sai Gon.

Trong “Cam tudng khi chdm bai luan qudc
ngir” in trong Phu nit tan van (s6 54, 29-5-1930),
Phan Khoi da nhan thdy: “..nguoi An Nam ta
viét chit qudc ngit con sai 1am lam. Hét thay 16
quyén ma chi duoc mot vai quyén viét it 16i ma
thoi con bao nhiéu thi nhiéu 16i qua, gia bat 18i vé
nét chir thi khong hoi ndo ma bat”. Va éng da chi
ra nhitng 13i sai co ban trong chinh ta 1a sy nhdm
14n khi sir dung cac chit ¢ va t, x va s, ch va tr,
c6 g hay khong giira cac ving mién Trung, Nam,
Bic. Bén canh d6 ong ciing thong ké nhitng 15i
sai khi dung dau cham cau. Vi dy ding ddu chdm
hoi tiy tién. Nhimg phan tich cu thé nhu vay cho
thiy Phan Khéi rat coi trong viéc viét ding tiéng
Viét. Ong tham chi cho rang bai vin dugc xem
1a troi chay, “hay” dén mic nhu thé nao ma viét
khong dung tir, st dung sai ddu cham cau thi
cling gan nhu bo di.

Trong mdt bai bao khac “Hai ddu hoi ngi ciing
can phai phan biét” (muc Noi chuyén viét qudc
ngit, Than chung, sb 273, 17-12-1929 va Trung
Idp s6 6038, 27-12-1929), Phan Khdi lai tiép tuc
dé cap dén van dé 16i chinh ta mot cach cu thé
hon, nhu 14 di dm hay dong dm trong bita (bita
an), bira (bira ctii) roi két luan rang khong thé x6
bd hoi, ngi vi cho 13 nd dong am.... Co thé chimg
minh qua nhing gi Phan Khoi viét ¢ bai bao khi
tranh luan v&i quan diém cta 6ng Lé Quang Van
(néu trong bao Luc tinh tan van) nhu sau:

“Coi cai vi du ay thi thay 6ng van biét phan
biét hai ddu Ay 10i: bita cuii thi chit bira theo dau
hoi; con bita dn thi chit bira theo déu ngi. (...)
Chir “bira” dau hoi véi chir “bira” du nga di 1a
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khac dau thi n6 1a dj dm, chd sao 6ng lai goi la
dong am? Boi ong cho 1a dong am nén 6ng ndi
1an nhau v6 hai, nhu vay la dng ciing con sai do.
Thiét ra thi, theo cho ding tiéng An Nam, chir
bura cui v&i chit bita an phat am khac nhau, no
cling nhu cai vi du 6ng da lay, chir “ich loi” va
chi “it lpi” 1a khac nhau vdy. Néu bén chit “ich
loi” va chit “it loi” ma ong mudn phan biét, thi
bén kia chit “bita an” va chir “btra cui” dng cling
phai phan bié¢t méi dugce” [2 ;267].

Lién quan dén vin dé ngir phap tiéng Viét,
trong bai “Theo thuyét chinh danh dinh chanh lai
cach xung ho tén ngudi Viét Nam” (Phu nir tan
vin, s6 58, ngdy 26-6-1930 va sé 59, ngay 03-7-
1930), Phan Khoi ¢a mot mat cat nghia vé nguyén
tac dat danh tir nhu thé nao va chi ra cai hai cua
viéc khong str dung danh tir cho chinh dang. Dé
dung dung danh tir, vé mat 1y thuyét ngit dung
hoc, khi goi tén mot sy vat tat yéu phai hiéu dac
tinh ctia n6 nham phan biét véi su vat khac. Trén
co s& ndy c6 thé phan chia danh tir thuong dung
thanh hai loai: danh tir hitu nguyén va danh tur
duyén khéi. Nhu vay v6i Phan Khoi ¢6 bon luu
y trong nghia chinh danh: (1) Mgt ngudi chi nén
c6 mot tén, tranh truong hop nham lan, 16n xon,
(2) Tén phai kéu theo chu no, (3) Tén xung trén
bao va tap chi chi c6 hai cach ma thoi, 1a xung
tén thiét ciia ngudi viét bai ciing 1a xung biét hiéu
(hodc kéu 1a but tuy) cua nguoi 4y; (4) Tén kéu
gilra xa hoi va trén lich sir khac nhau. Gitra xa
hoi, 1a nhitng nguoi & dong thoi voi nhau, theo
phép lich sy, khi kéu tén mot nguoi nao, phai dé
chit 6ng hay la chi¥ tién sanh Ién trude cai tén.
Song, trén lich st thi trai lai, chi kéu mot cai tén
trong ma thoi, khong c¢6 6ng hay tién sanh nita,
néu nha 1am sir nao ma khong tuan céi luat ay, thi
lai thanh ra tay su gia nha qué vay. Ngoai ra ong
con phan tich nhiéu din ching dé chi ra tac hai
cua viéc dung danh tir khong diing. Vay lam cach
nao dé co thé sir dung chir qudc ngir chuan xac?
Phan Khoi nhén ra va khing dinh vai tro hét st
quan trong cua bao chi trong viéc nang cao nhan

thirc ctia cong ching vé chit qubc ngir. Trong bai
viét “Chit qudc ngir & Nam Ky véi thé luc cua
phu n&” trén Phu nit tdn van (s6 28, ngay 07-11-
1929), Phan Khoi chi ra khoi ngudn va qué trinh
phat trién chit qudc ngit & 3 mién Bic - Trung
- Nam. Khéi ngudn chit qudc ngir duoc ding rat
chuén, nhit 1a & Nam Ky, noi ma theo Phan Khoi
c6 hai dai su vé qudc ngit 1a Truong Vinh Ky va
Huynh Tinh Trai. Nhung vé sau 6ng di phan tich
céac 151 sai khi dung chir qubc ngir ciia ngudi dan
Nam Ky ma nguyén nhan bat dau tir cic nha lam
béo tién bdi 1a nha nho sét lai, chi hoc van rdi rap

199 ¢

lai viét nén thanh ra “loan xi”, “... khong con chd
noi nita! Ai mudn viét thé nao dé thi viét, tudng
nhu ho mudn ndi cach mang nghich ciing Huynh
Tinh Trai va Truong Vinh Ky! Bo hét thay, ding
n6i; chi n6i mot chir dich (traduire) ma viét ra
chir vit trong mot quyén ludt da in va ban chay
nhu ngua r6i kia, ciing du cho cac ong duong
khoc ma phai bat cuoi” [2; 254]. Phan Khoéi da
néu ra trach nhiém cua bao chi trong viéc khic
phuc tinh trang nay: “T6i khong c6 quyén sira
do6i trong mot to bao cho tré nén dung. Song toi
mong rang ¢ mot t& bao nao & Sai Gon day sé
lam tién phong ma stra doi cho diing di. Téi thiét
mong & Phu nit tan van™ [2; 255]. Bao chi la
co quan ngdn ludn, phé dung, doc gia doc bao
thudng xuyén nén néu ludn tiép xtc véi cac 16i
viét sai, cAu tha & bao thi s& phuong hai vo cing.
Quan diém nay cling dd duoc nhan manh & mot
loat bai “Viét chit qubc ngit phai ding” ding trén
Phy nir tan van sb 31 (05-12-1929), “Tai sao
chung ta khong nén bo qua chit qubc ngit va phai
viét dung”, dang trén Than chung sb 341 (20-3-
1930) va Trung ldp sb 6105 (22-3-1930). Trudc
d6 H6 Quy Kién da dua ra quan diém “nén dep
chir quéc ngir lai, 14y chit Phap lam qudc van Viét
Nam” nghia 1a ngudi Viét nén chuyén hoc chir
Phép, con chir qudc ngit viét sao mién doc, hiéu
khong can dung vi theo ong tiéng An Nam khuyét
diém nhiéu qua, khong thé nao boi bé dugc. Phan
Khoi khong hoan toan tan ddng ma phan tich rang
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van biét tiéng Phap 1a tht tiéng khoa hoc, dung
no6 nhu la mot sy tiép Xuc truc tiép vO1 van minh
Au My (trong khi tiéng qubc ngit di theo dudng
vong), song vin minh thi phai chii trong yéu té
vin minh dai chung. Pa s6 ngudi dan Viét khong
phai ai cling c6 diéu kién hoc tiéng Phap va xem
tiéng Phap 13 ngon ngit dan toc ma can phai co
mot thtr chit riéng cia dan toc minh. Vi thé, trén
phuong dién bao chi Phan Khoi ludn quan tam
dé cap dén van d& phd cap chir qudc ngir va dong
thoi ciing khuyén céo chung cho ngudi Viét ring
mudn hoc va viét ding chir quéc ngit ty than moi
ca nhan phai ¢b ging va can c6 y thirc rang day 1a
van dé tu trong cua ban than va dan tdc.

Nhu vay, Phan Khéi, qua hoat dong hoc thuat
va bao chi, con dugc biét dén 1a mot nha ngon
nglr thuc hanh. C)ng dam nhan vai tro don vuon,
sua chir, stra van, xong xdo trén cac dién dan thao
luan vé van hoc va ngdn ngir. Trén bao chi Sai
Gon giai doan 1929-1933, 6ng nhiéu lan tra 1oi
cac doc gia nhitng thic méc vé van dé sir dung
chit qubc ngir, cu thé 1a van dé dung hoi, ngd nhu
thé nao trén cac chit a, e, 4, o..., giai thich sau
vé van dé thanh, am trong nguyén tic chit qudc
ngtr... Trong mot loat bai trén Phu nir tan van
nam 1931, Phan Khoi di chi ra nhiing van dé khi
sir dung tiéng Viét dan dén sai léch nhu: “Tiéng
hay van Viét Nam ciling chi mot ma thoi” (11-6-
1931), cho rang khong nén thoi phong khac biét
phuong ngit dé roi vo tinh gy chia r& dan toc,
“Dinh chanh lai cach xung tén cuia nguoi Viét
Nam” (26-6-1930) chi ra nhitng danh tir bi dung
sai s& dan dén su thién 1éch trong két luan van dé.
Riéng & Trung Idp, Phan Khoi con c6 rat nhiéu
bai vé ngon ngir, tham gia thao luan vé thé loai
van chuong... Viéc lam nay ctia Phan Khoéi gép
phan ning cao nhén thirc ctia cong ching vé chir
quéc ngit, dong thoi gop phan hién dai hoa vin
phong bao chi. Trong bai viét “Vin nghi luan phai
viét nhu thé nao?” dang trén Trung ldp (s6 6491,
nam 1931) Phan Khoi bay t6 quan diém: “Trong
van qudc ngir ta, cai 16i viét cia 6ng Hoang Tich
Chu that n6 biét hin ra mot 16i di ma kéu dugc 1a

“16i van Hoang Tich Chu” sy ay trong lang vin
ta... cling kha goi 1a tay hao kiét”. Panh gia cao
cach dit cau ngan gon, dé hiéu nhung sdu sic cta
Hoang Tich Chu, Phan Khoi ciing tdn thanh quan
diém hudng dén ddi méi tiéng Viét trén béo chi,
tranh 16i dién dat dai dong, hudéng dén cau van
gay gon, minh bach, khic chiét va dua ngon ngit
sdng dong doi sdng vao cau van tiéng Viét. Bén
canh d6, Phan Khoi con réat ing h 16i viét van
ngdn gon, dé hiéu va ban than Phan Khoi hau hét
déu dung 16 viét rd rang, mach lac, chit ché.

Nhiing minh chimg trén cho thiay Phan Khoi
d3 nhan thirc rat rd chuan hoa chir qudc ngir c6
vai tro quan trong trong viéc xay dung nén quc
van théng nhat, phat trién theo huéng vin minh.
Nhu vay, bang nhiing hoat dong cua nha ngdn
luan, Phan Khoi di gép phan vao van dé truyén
bé chit quoc ngit va ding bao chi lam phuong
tién chuyén tai nhiing kién thirc dé pho bién va
phat trién tiéng Viét trong cong chung xa hoi.

2. Gidi thiéu van hoc nwéc ngoai qua dich
thuat

Trong tién trinh hién dai hoa van hoc, viéc dén
v6i van chuong cic nude phat trién (dic biét 1a
phuong Tay) qua con duong dich thuat 1a mot
biéu hién cta nhu cau tiép nhan, giao luu van
héa, van hoc. Viéc lam nay cta Phan Khoi la
budc chuan bi trén ca hai phuong dién thé loai
va chét liéu ngon tir cho mot bude chuyén quan
trong cta vian hoc dan toc. Bén canh viéc bao ton
nhitng gia tri van hoa cii, yéu cu can thiét 1a bét
nhip véi thoi dai. Dich thuat vi thé dong vai tro
cau ndi gitra truyén thong va hién dai, giita van
hoéa trong nude véi van hoa ngoai nhap.

DPong gop cu thé cia Phan Khoi trén phuong
dién dich thuat l1a da tao ra nguén tu liéu dang luu
¥ vé vin hoc Nga, Phap va Trung Qudc.

Vé mang van hoc Nga, 6ng dich Ké chuyén
minh, Bo ao cua Eroshenko (trén céc $b 722,
727, 730, 731, 732, 774 cua Doéng Phdp thoi
bdo), gi6i thidu “Cai thé lyc cua nha vin hao”
(Péng Phdp thoi bdo, s6 727, nam 1928). Mic
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du khong thao tiéng Nga, song qua ban chir Han,
Phan Khoi di chon cac nha vin Nga nay dé giéi
thiéu vdi cong chung Viét Nam béi day 1a nhimg
nha vin c6 tu tuong tién bd véi stc anh huong
16n. Ngoi but cua ho da tdc dong manh mé gop
phan vao su thay doi nhiéu binh dién x3 hoi.
Trong bai “Cai thé luc ctia nha van hao”, Phan
Khoi dd khing dinh: “6ng Tolstoy khong hé co
chut binh linh sung dan gi hét, song ciing thing
duoc, ay 1a nho 6ng co cai ngodi but” [1; 131] va
khi “ng6i vua nudc Nga dd, vua Ni-co-la bi giét,
nude Nga tré nén dan chu, rdi lai tré nén nudce
cong san, nguoi ta cho rang dy 1 nho thé lyc cta
quan cach mang bay gio va thé luc ctia Ly - Ninh;
nhung lai ¢6 nguoi nodi rang ay 1a nho thé luc
cua ong Tolstoy, nho ngoi bt cua dng Tolstoy
vay” [1; 131]. Phan Khéi 1 rang d3 mudn cong
ching md mang tim nhin khi tiép xtic v4i nhiing
tac pham ciia nhitng nha vin cé tu tudng tién bd
nay. Ké ca khi chon gidi thiéu vé thi nhan mu
Eroshenko va dich nhiing tu truyén cia Ong
(Ké chuyén minh), Phan Khoi gop phan lan toa
thong diép ma nha vin chuyén tai trong nhiing
cau chuyén vé cach gido duc ap dit, nhdi nhét &
mot trudng hoc bén Nga; phan anh ban chit thbi
nat ctia ché do Nga hoang dé cong ching Viét
hiéu 13, tir 6 thirc tinh, thay d6i nhan sinh quan.
Vé mang van hoc Phap, 6ng dich bai tho Quan
vé viron cua H.de Rancan (dang trén Déng Phdp
thoi bdo, s6 716 nim 1928); dich phan dau tiéu
thuyét (qua ban dich chir Han) Bd twéc Monte
Cristo ciia Alexandre Dumas cha va dat tiéu dé 1a
Thay tro trong khdm dang 31 ki trén Péng Phdp
thoi bdo tir s6 741 — 773, ciing trong nam 1928.
Vi van hoc Trung Quéc, ong dich mot $6
doan trong str ky cia Tu Ma Thién (“Tho tra cho
Nhiém An”, “Thich khach liét truyén”); dich Tro
miéng ctia Lam Thiét Nhai; dich Birc thu tra loi
cho Luwu Méng ciia Tw Md Quang; dich Tan St
Luc (chép chuyén nguoi ky st dat Tan cia Tong
Liem); dich Hoa ky (ghi cac nhan vat cua mot
quyén vé ciia Han Dil)... dang trén Phy nif tdn

van (s6 133 nam 1932); gi6i thiéu va dich nam
bai tho cua Khang Hitu Vi trén Trung ldp (sb
6487 nam 1931); dich mét sb chuong cua b thi
thoai ndi tiéng nhat doi Thanh 1a Tay Vién thi
thogi va dich tho Vién Mai. Bén canh d6, Phan
Khoi con gidi thidéu HO Thich — nha tu tuong, hoc
gia 16n ciia Trung Quéc, nguoi khai xudng thuyét
dung bach thoai thay thé cho van ngén, ding trén
DPéng Phdp thoi bdo (sb 807, nam 1928). Viéc
chon gidi thidu vé cac nha cach mang tu tudng
nay déu nam trong chu dich cia Phan Khoi. Pic
biét, Phan Khoi rat quan tim dén L Tan, mot
nha van c6 nhiéu sang tac phan anh hién thuyc,
phé phan su hi bai cua xi hoi, dong thoi co 16i
viét hién dai.

Ngoai ra, Phan Khéi con cung véi ong
W.Cadman dich Kinh thanh cho Hoi Tin lanh Viét
Nam. Trong bai gidi thi¢u “Gidi thi€u va phé binh
Théanh Kinh bao” dang trén Phuy nit tdn vin (s 74,
1930), Phan Khéi cho rang: “Co nhiéu chit trong
tiéng Phap — nhiéu khong ké xiét — néu chang biét
dén Kinh Thdnh thi chi hiéu nghia can ma thoi.
Ai dé thong thao Kinh Thdnh r6i thi chic hiéu sdu
hon ma lay lam khoai 1am. Vian qudc ngit ta cling
nén dung chir Kinh Thanh vao. Lam nhu vay thi
tiéng minh dugc ddi dao thém, ché o hai gi dau”
[3; 563]. Phan Khoi con nhén thay rd “vin chuong
cua Thdnh kinh bdo con gitp cho vin qubc ngir
ta trong luc mai lap nén. Boi van chuong Thdnh
kinh bdo dit mot cach that 1o, that gon ma lai dé
hiéu, rat hiép véi 16i binh dan hoc” [3; 564]. Qua
bai gidi thiéu nay ching ta nhan thiy “mot Phan
Khoéi cao thuong, phong khoang, cdi mo, ton
trong nhiing gia tri van hoa va ton gido cuia nhan
loai”, dong thoi rat c¢6 ¥ thirc trong viée truyén ba
nhitng wu viét trong cac tac pham dich dén voi
cong chung nudc ta [10].

Toan b hoat dong dich thuat cia Phan Khoi
boc 16 rat 16 tiéu chi chon dich cua ong la nhirng
tac gia, tic pham co gia tri vé mit tu tudng “khac
ngudi ta, c6 thé goi 1a cach mang”, c6 phuong
phéap tiép can biét lap, doc dao [6; 753], hodc “cod
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quan hé véi st liéu” [6; 753]. Tham chi 6ng chon
dich nhiing tac phém cua nhitng nha hoat dong
chinh tri, van hoa nhu Khang Hitu Vi, H5 Thich.
Piéu ndy s& tao ra su hap dan cho doc gia bao
chi. Ngoai ra con c6 thé nhan thdy, trong hau hét
céc tic pham da dich Phan Khéi ludn coi trong
16i dich sat nghia, khiic chiét, d& hiéu va dic biét
quan tam yéu t6 phai dich ding, bai 6ng quan
niém “su dich sach 13 rat cAn ma lai rat quan hé.
Quan hé cai gi? Boi vi, lan ndy 1a lan dich dau
tién ta dem mot cai dao 1y nao hay mot cai hoc
thuyét nao dich ra ma céng hién cho qudc dan,
cbt nhat phai cho ding. Bang sai di thi sau nay
chic s& mat cong chita lai, va ciing chwa chic 1a
chira lai duoc ntra” [4; 574].

Nhu vay, qua hoat dong dich thuat, Phan Khoi
da gitip cho doc gia nudc ta tiép can v6i nhing
tai nang van chuong nudc ngoai, lam phong phu
von hiéu biét vé van chuong cua xa hoi Viét
Nam. Viéc 1am nay khong chi dap tmg nhu ciu
thuong thirc van chuong, ma con goép phan mo
rong tam nhin, tao chét xuc tac, kich thich nhiing
y tudng sang tao mdi cho van hoc trong nudc,
dua van chuong va doc gia van chuong nudc nha
hoa nhap vao dong chdy van minh nhén loai.

3. Tao ra cac tranh luin vé vin chwong va
bang vin chuwong

Mbi truong hoc thuat truyén théng ¢ Viét Nam
vbn tinh, khong coi trong tranh luan. Tuy nhién
vao nhitng nim 30 cta thé ky XX di xay ra rat
nhiéu cudc bat chién va tranh luan séi ndi. Diéu
dic biét 1a hau hét nhirng cudc but chién nay déu
c6 su tham gia cua Phan Khoi, thim chi 6ng con
luon 1a nguoi khoi mao.

Co thé liet ké nhiting cudc tranh ludn cé su
tham gia ciia Phan Khoi nhu: tranh luan vé Truyén
Kiéu, tranh luan vé quyén cua phu nit, tranh luan
vé Nho gido, tranh luan vé qudc hoc, tranh luan
vé tho cii va tho mdi, tranh ludn vé duy tdm va
duy vat... Vu Gia trong mot cong trinh nghién ctru
cua minh da nhan dinh: “Lang bdo Viét Nam vao
nhitng nim dau thap nién 30 cia thé ky XX, néu

khong c6 Phan Khoi thi buon dén chimg nao? Bay
gi0 nhin lai, ta théy hau hét cac cudc tranh luén nd
ra ¢ giai doan nay l1a do Phan Khoi khoi xudng, c6
nhiéu cudc tranh ludn d3 tao ra nhiéu tén tudi, da
16i kéo nhiéu bac thic gia, nhiéu cay but tén tudi
bay gid' vao cudc va hinh thanh hai tran tuyén 1&
rét” [7; 544-545]. Phan Khoi da dit ra van dé ta
chan trong van hoc tur rat s6m, tham chi trude khi
¢6 cudc tranh luan hoc thuét sbi ndi gitra hai quan
diém “Nghé thuat vi nghé thuat hay nghé thuat vi
nhan sinh”. Trong bai bao “Nén bai xich 1i vin
khong thanh thuc” (ding & bao Trang An, sb 88
nam 1935 va s6 89 nam 1936), Phan Khéi cho
réng mot nén vin hoc ¢ gia tri thi trude hét phai
chu trong ¢ su thanh thuc. Néu van hoc khong
thanh thyc thi trong sy biéu hién va phé binh déu
sai 1am, gia ddi thi 1a vin hoc v gid tri. Chinh 1a
tir bai viét ndy, cudc tranh luan “nghé thuat vi nghé
thuat hay nghé thuat vi nhan sinh” da dugc cham
ngdi dé rodi sau d6 Hai Triéu va Hoai Thanh but
chién s6i ni trén béo chi. Ciing tir cudc tranh luan
ndy, vai trd va ban chat ciia van nghé méi duoc
nhin nhan lai rd hon.

Nhu vay, ¢ thé thay phong cach dic trung
ctia Phan Khéi trong phé binh 1a cach dit van dé
hodc gy han, din dén tranh luan. Vi thé tranh
ludn da tr¢ thanh mgt phong cach viét dic thu &
Phan Khoi. Nhitng van dé ma Phan Khoi quan
tam trong cac cudc tranh ludn thudc nhiéu linh
vuc khac nhau, tir van héa dén tu tuong, triét hoc,
lich str &én ngdn ngir, vin chuong... Pdi tugng
tranh luan Phan Khéi ciing déu 1a nhiing tri thirc
ndi tiéng dwong thoi nhu Pham Quynh, Tran
Trong Kim, Tan Pa, Lé Du, Hai Triéu, Huynh
Thic Khang... Diéu dang chii ¥ 1a khi dd vao
cudc tranh luan ong rat thang than, quyét liét va
ludn dat muc tiéu truy tim dén cung chan ly. Véi
quan diém Iudn ly hoc cai tri moi sy ¢ doi, Phan
Khoi da gop phan tao nén mot mdi trudng hoc
thuat dan chu va hién dai. Nhiéu van dé dugc lam
sang to, chan 1y duoc khing dinh tir nhitng cudc
tranh ludn khoa hoc nay. Ban than “nhiing bai
nghi ludn, but chién sic séo, phong cach manh



Hoang Thi Huong / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 04(35) (2019) 86-94 93

mé, ddy 4n tuong trong giai doan giao thoi ciia
ong da tao tién dé tu twong can thiét cho cac cude
cach tan hién dai hoa cta van hoc Viét Nam ntra
dau thé ky XX [8; 130].

Riéng ¢ linh vuc van hoc, Phan Khoi cling da
c6 nhitng bai viét thé hién rd quan diém cua minh
ban vé phép lam vin nghi luan nhu bai “Vin nghi
luan phai viét nhu thé nao?” ding & Trung Ildp,
s6 6491 nam 1931. O day, Phan Khoi da dat van
dé lam thé nao dé co thé viét mot bai van nghi
luan tot sau khi ban vé 16i viét cua Hoang Tich
Chu, va ong khong dé cao 16i viét nay. Phan Khoi
cho rang: “van nghi luan khong ldy van lam myc
dich ma 1€iy viéc lam muc dich” [5; 301], nghia la
khong chi phai viét hay, 161 xu6i 1€ thuan, khong
viét sudbng ma con chu ¥ dén tinh thyc té doi
séng. Ngoai ra Phan Khéi ciing rit nhay bén khi
dat van dé vé su can thiét cua mot thé loai méi
khi “Gi6i thiéu 16i van phé binh nhéan vat” (dang
& Phy nit tdn van, s6 93 nam 1931). Nhitng bai
viét ndy rat co gia tri, gop tiéng noi thiét thyc dé
xdy dung mot nén qudc van ngay cang hién dai.

Ngoai ra, mot loat nhitng bai viét vé “Khai
luan vé van hoc chir Han ¢ nudc ta”, “Tuc ngtr,
phong dao va dia vi ciia n6 trong van hoc”, “Thi
van voi thoi dai”, “Van ngit voi tho” viét nam
1939 dugc tap chi Tao dan suu tap cho thay tu
duy phé binh séic sdo ctia Phan Khoi.

Trong bai vé “Khai luan vé van hoc chir Han
& nude ta” dé di dén khing dinh va phat ra 10i
kéu goi: “H&1, nguoi Viét Nam, trd veé véi quéc
van” [6; 85] Phan Khoi vira tong két thanh qua
van hoc chit Han nudc ta vira dua ra nhitng phan
tich hét stcc cu thé vé& sy non yéu cua van hoc
chit Han. Ong cho rang nguyén nhan quan trong
nhat giy ra su non yéu la boi viéc str dung vin
ty Han (ma ban chét 1a th ngdn ngit ngoai lai)
khién nguoi sang tac rat kho chuyén tai nhiing
trang thai tinh té trong tdm hon, tip tuc va doi
song thuong nhat cua ngudi Viét. Hon nira, 16i
viét rap khuon, “himg léy can ba” cua nguodi Tau
d3 1am van chuong cia An Nam “chang c6 mot

chut gi 1a dac tinh cia An Nam, thanh thur ching
ta, du dén trén loai my van Ay, ciing khong 1ap ndi
mot nén vin hoc riéng cho minh” [6; 8]. Cach 1ap
luan chat ché, phan tich thau ddo kém theo dan
ching cu thé & bai viét nay cang cho thay ong 1a
ngdi but phé binh rat an tuong.

Hay véi bai “Tuc ngtr, phong dao va dia vi
cua no trong van hoc”, Phan Khoi thé hién sy am
tuong vé van hoc ciing nhu phuong phap tu duy
sic bén cta kiéu phé binh “y doan” khi dua ra
cach phan loai rat cu thé giira tuc ngir va phong
dao va qua d6 khang dinh vi tri quan trong cua
nhiing hinh thirc dan gian nay trong van hoc.

Khong chi ¢ nhitng bai viét thuan tiy vé vin
hoc ma ding nhu nhan xét cia mgt nha nghién
ctru, nhitng loat bai viét vé van hoa, vin chuong
duoc 1dng vao nhitng van dé xa hoi lién quan dén
nt gi¢d1 ma Phan Khoi dang trén bao chi Sai Gon
cling thé hién rd: “su nhit quan voi tu tudng tién
bd. Phan Khoi da xuét phat tir viéc xac dinh phu
nit nhu mot déi tuong dugc thé hién trong van
chuong dé di dén viéc kh'fmg dinh vai tro cua ho
véi tu cach 1a chu thé cua hoat dong sang tao
nghé thuat. D6 14 cach thic gop phan thuc day
qua trinh dan chu héa doi sdng xa hoi va vin
chuong. Hién dai hoa xa hoi gén v61 hién dai hoa
véan hoc tr¢ thanh y thirc thudng truc noi ngoi but
Phan Khoi” [8; 325]. Tu tudng nit quyén luin
qua hang loat bai bao sic bén cua 6ng di tao nén
nhitng hiéu tmg tich cuc. Noi dung cong kich ché
d6 gia dinh phong kién ¢ hu, chong lai hon nhan
cudng burc, ddu tranh cho quyén loi chinh dang
va dé cao vai trd ngudi phu nir 1a nhitng noi dung
cha yéu trong sang tac cua Tir lwc van doan sau
nay da dugc Phan Khoi dé cap trude dé trong cac
bai bao ctia minh. Diéu nay cho phép khang dinh
anh huong vé mit tu tudng tir Phan Khoi dén tiéu
thuyét Tu luc van doan.

O pham vi thi ca, mic du khong phai 14 thanh
vién cua phong trao Tho méi song Phan Khoi
cling 1a nguoi khoi mao cho cude dau tranh quyét
liét gitra tho cii va tho maoi.
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Trén linh vuc van xudi, tuy khong thanh cong
¢ phuong dién thuc hanh sédng tic nhung ong
cling da rat xong x4o va khang dinh tu tudng
tién bo ctia minh ¢ phuong dién 1y thuyét. Phan
Khoi dd sém khang dinh: “vé tiéu thuyét, khuynh
huéng vé chii nghia ta thyc, lai trong vé tim 1y,
cling chu truong theo phai nghé thuat vi nhan
sanh. Cai khuynh hudng 4y, cai chi truong ay,
to1 nhan la dang dem ra ma thi hanh trong coi1
tiéu thuyét nudc ta ngay nay vay. Ctr ta thuc ma
ta cho dung tam 1y thi du lam cho vui cai tdm
canh cta ké doc r6i ty ho cam hoa léy, ché con
clr theo cai sdo khuyén ran cii, 1a tim thudng,
ngudi doi nay chan roi” [2; 322]. Bang cach dua
ra quan diém dé kich thich d6i thoai & cac hoc gia
cung thoi, Phan Khoi da phan nao xéc 1ap co s
Iy thuyét dé hang loat nhirng tiéu thuyét viét theo
khuynh huéng hién thuc chi nghia ra do1 sau do
nhu mot cach doi méi 16 viét khudn séo, va duge
danh gia cao...

Két luan

Hoat dong bao chi, van chuong, hoc thuat cua
Phan Khéi da cho thiy nhiing budc chuyén quyét
liét cua ong: bt dau tir khat vong canh tan xi
hoi dén hoat dong canh tan vin héa, van chuong.
Day la con duong dan than day chu dong ctia mot
tri thire Nho hoc hét st quyét liét va triét dé. Cai
bong 16n cua Nho gido khong chi che phu van
hoa Viét Nam ma tham chi ca phuong Dong. Dé
vuot qua dugc nd khong hé don gian nhung Phan
Khoi di nhiéu 1an thoat ra khoi bong rop Nho
gido0 ngdt ngan nam nay.

Ong d3 rat thanh cong trong tu cach mot nha
bao chuyén nghiép vé6i lap luan sic sdo va tinh
than phé phan quyét liét. Bang bao chi, Phan
Khoi di tn cong vao thanh tri caa ché d6 phong

kién, dong thoi cha trwong tiép nhan tinh than
cua van minh phuong Tay. Hoat dong nay da
duoc thé hién qua: 1) c¢6 suy dung chit qubc
ngit, kéu goi thong nhat quy wdc chinh ta cho
van ty mdéi nay, kéu goi dung 161 viét ngén gon,
d& hiéu; 2) qua dich thuat gidi thiéu van hoc
nude ngoai dén véi ngudi doc trong nudc va 3)
day 1én nhirng cudc tranh luan vé vin chuong va
bang van chuong — mot hoat dong quen thudc
cua cac nha canh tan van hoa xa hoi, déng thoi
cling cho thay rd vai trd cia Phan Khoi trong tu
cach mo§t nha phé binh van hoc v&i nhan quan
doc dao.
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Tém tit

Bai viét nghién ctru cac nhan té anh huong dén chét lugng viée cong bd thong tin trong bao céo tai chinh cta cac doanh
nghiép kinh doanh bat dong san niém yét trén thi truong chimg khoan Viét Nam. Mau nghién ciru bao gdm bao céo tai
chinh ciia 65 doanh nghiép kinh doanh bat dong san thoi diém nam 2017 niém yét trén thi truong chimg khoan Viét Nam.
Két qua nghién ctru cho thdy c6 5 nhan té anh huéng dén chét luong cong bd thong tin trong bao cdo tai chinh cia doanh
nghiép kinh doanh bét dong san niém yét trén thi truong chirng khoan Viét Nam

Tir khéa: Céac nhan td, chat lugng, cong bd thong tin, doanh nghiép kinh doanh bt dong san.

Abstract

The study aims at identifying factors affecting the information disclosure quality in financial statements of real estate
companies listed on Vietnam stock market. The study’s samples include 65 financial statements of real estate companies
in 2017 listed on Vietnam stock market. The results show that there are five factors affecting the information disclosure
quality in financial statements of real estate companies listed on Vietnam stock market.

Keywords: Factors, quality, information disclosureal estate companies.

1. Pat van dé
Theo quan diém cta B Tai chinh, duoc thé
hién trong S6 tay cong bd thong tin (CBTT) danh

hiéu ctuia cong dong ve€ cau trac va nhirng hoat
dong cua cong ty, chinh sach, sy tuan thu nhitng
tiéu chuan vé mai truong, dao dirc va nhitng moi

cho céc cong ty niém yét thi “cong bd thong tin
dugc hiéu 1a phuong thirc dé thuc hién quy trinh
minh bach cta doanh nghiép (DN) nhim dam
bao cac c6 dong va cong ching dau tu c6 thé tiép
can thong tin mot cach cong bang va dong thoi”.

Cong bo thong tin c6 thé gitp cai thién sy am

Email: lenguyennguyennguyen@tckt.edu.vn

quan hé cta cong ty d6 v6i cong dong noi ma ho
hoat dong. Mot hé théng CBTT hiéu qua c6 kha
nang thiic day tinh minh bach thong tin, 13 yéu t&
then chdt cta thi truong véi vai tro 1lam nén tang
cho cong tac diéu hanh & cic cong ty va gia ting
nang lyc cua cac ) dong trong viéc thyc hién
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quyén s hitu dya trén hiéu biét co ban vé CBTT.
Nguogc lai, hoat dong cong bd yéu kém va hanh
xtr khong minh bach c6 thé gia tang hanh vi thiéu
dao dtrc, tang chi phi cho thi truong, tang chi phi
vbn va két qua 1a phan bd ngudn lyc khong hiéu
qua khong chi riéng cho cong ty va c6 dong ma
cho ca nén kinh té. Cac c6 dong va nha dau tu
tiém nang yéu cau tiép can voi thong tin mot cach
thuong xuyén, cac thong tin dang tin cdy va co
kha ning so sanh that chi tiét giap ho tiép can
v6i van dé& quan 1y cling nhu thyc hién nhing
quyét dinh rd rang vé dinh gia, quyén so hiru
va quyén biéu quyét. Thong tin trén thi truong
ching khoan (TTCK) Viét Nam néi chung chua
dam bao dugc tinh minh bach va hi¢u qua.

Theo Lopes va Lodrigues (2007), vie¢c CBTT
chiu anh hudng da chiéu tir cac nhan t6 xuat phat
ca trong va ngoai DN. Cac nhan t6 bén trong
thudc vé dac tinh DN co6 thé dé dang xéac dinh
nhu quy mé, cau tric, mirc hoat dong,... thi yéu
t6 tir ban than nha quan tri va ké toan vién ciing
tac dong khong nho. Cac nhan té bén ngoai nhur
van hoéa qudc gia, hé théng phap luat, trinh do
phat trién, thi trudng von, cac t6 chirc tai chinh
luén c6 tac dong chi phdi cac mdi quan hé cua
DN va gian tiép diéu chinh chit luong CBTT.

Théng ké trong nghién ctru ciia Yuan Dinh,
Linghui Fu, Hever Stolowy va Huiwen Wang,
2004 da cung cip mot mé ta cy thé va day du cac
nhan t truge day vé CBTT. Tir 1965 dén nay,
nhiéu nghién ctu tiép tuc duoc thuc hién, trong
d6 mang tinh tong hop cao nhat c6 thé ké dén
nghién ctru ctia Dulacha G Balako (2007), Fama
(1983), Chen va Jaggi (2000), Haniffa va Cooke
(2002), Ho va Wong (2001), Bradbury (1990),
Foker (1992).

Nghién ctru thuc nghiém cua Dhaliwal (1980)
cho rang, chi phi truc tiép cua viéc tao lap va
CBTT bit budc & nhitng cong ty 16n nhiéu hon
cac cong ty nho. Nghién ctru cia Cerf (1961),
Singhvi va Desai (1971), Firth (1979), Cooke
(1989), Wallace va cong sy (1994) di tim thay

bﬁng chung thyc nghi¢m vé moi lién hé thuan
chiéu gitra quy mo cong ty va chit luong CBTT.

Theo nghién ctru cia Inchausti (1997), céac
DN c6 muc sinh 16i cao s& CBTT nhiéu hon dé
tac dong tich cuc dén gia cb phiéu cua no trén thi
truong von. Con theo Lang va Lundholm (1993),
mdi quan hé nay khong rd rang va tiy thude va
muc do sinh 101 cling nhu bdi canh thuc té cua
doanh nghiép.

Phan 16n cac nghién ctru ung ho cho dy doan
rang thoi gian hoat dong cang 1au thi chat luong
CBTT cua DN cang lén. Céc nghién clru cua
Caferman va Cooke (2002) déu ung ho cho mbi
quan h¢ thuan chiéu nay.

Haniffa va Cooke (2002) cho rang cac murc do
phtc tap trong cau trac DN véi su ton tai clia cac
cong ty con s& c6 tac dong dang ké dén CBTT
cua DN.

Ké thira va phat trién tir cac nghién ciru trudc,
bai viét nay di sau nghién ciru vé cac yéu té anh
huong dén chat luong CBTT trong BCTC cua
cac DN kinh doanh bat dong san (BDS) niém yét
trén TTCK Viét Nam.

2. Giai quyét van dé

2.1 Phwong phdp nghién ciru

2.1.1 Gia thiét nghién ciru

Duya vao cac nghién cuu trén, céc bién duogc
dua ra cac gia thiét nhu sau:

Ty 1é 56 hitu nha nudc trong cdu triic von tai
DN kinh doanh BPS niém yét trén TTCK Viét
Nam cdng cao thi chdt lwong CBTT trong BCTC
s€ cang cao.

Vai tro kiém soat ctia nha nude mang lai sy tin
tuong ddi voi cd dong vé viée thong tin s& duoc
cong bd tot hon. Do vay dit ra gia thiét vé ky
vong ton tai mdi lién hé thudn chiéu gitta ty 16 s&
hiru v6n boi nha nudc va chat lugng CBTT cuiia
doanh nghiép. Ty 1¢ nay duoc do bang gia tri s&
hitu bai nha nudc chia cho téng gia tri cia DN
(gié tri s sach).
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Quy mb tai DN kinh doanh BDS niém yét trén
TTCK Viét Nam cang 16n thi chit luong CBTT
trong BCTC cang cao.

Vi nhiéu 1ap luan duoc dua ra (43 phén tich &
n6i dung trude) quy mé (kich ¢&) DN 1a mot yéu
t6 quan trong c6 kha ning cao anh hudng cling
chidu téi chat lugng CBTT. Tuy nhién, nghién
ctru cua Poan Nguyén Trang Phuong (2010), Lé
Thi Trac Loan (2012) khong tim thdy mbi lién
hé giita quy mo cong ty va chat lugng CBTT. Do
vy can kiém dinh lai gia thiét nay tai Viét Nam.

DN kinh doanh BDS niém yét trén TTCK Viét
Nam s& CBTT cang nhiéu khi don bay tai chinh
cang 1on.

Ly thuyét dai dién cho rang don bay tai chinh
tang s& lam ting chat luong CBTT. Don bay tai
chinh dugc tinh bang ng phai tra chia cho von chu
so hitu cua DN. Cac nghién ctru thyc nghiém cho
két qua khac nhau vé van dé nay, quan hé thuan
chiéu dugc tim thdy ¢ nghién ctru cua Bradbury
(1992), Naser (2002), khong co lién quan nhu &
nghién ctru cua Carson va Simnee (1997). Vi vay
can kiém dinh lai gia thiét,

Mikc sinh loi cang cao thi DN kinh doanh BDS
niém yét trén TTCK Viét Nam sé CBTT cang cao.

Céc cong bd trudc day da kiém ching thyc
nghiém méi quan hé giita murc sinh 10i va chét
luong CBTT. Nghién cuu cua Wallace va Naser
(1994), Barako (2007) cho két qua nghich, nghién
ctru ctia Belkaoui va Kahl (1978) khong tim thay
mdi quan hé, nghién ctru cta Singhvi (1968), Lé
Thi Trac Loan (2012) lai thdy anh huéng thuin
chiéu gitra hai d6i twong nay. Vi vdy can kiém tra
lai gia thiét. M sinh 16 - kha nang tao loi nhuan
ctia DN dugc do ludng bang nhiéu chi sb, co thé
ké dén nhu ROA (Loi nhuan trudc thué/Tong tai
san), ROE (Loi nhuan sau thué/vén chu s& hiru),
ty 1€ sinh 101 trén doanh thu (Lo1 nhuén trude thué/
Doanh thu thuan) va toc d6 ting trudng doanh thu.

Thoi gian hoat dong cang ldu, chdt lwong
CBTT ciuia DN kinh doanh BDS niém yét trén
TTCK Viéet Nam cang cao.

Céc nghién ctru cua Caferman va Cooke (2002),
Akhtarudin (2005), Alsaced (2006) déu ung ho cho
mdi quan hé thun chiéu giira thoi gian hoat dong
(tudi DN) va chat luong CBTT. Tai Viét nam chét
luong CBTT thyc su ¢6 budc chuyén minh trong
giai doan gan déy, sau D6i méi va dac biét 1a tir
thoi diém DN bét dau niém yét trén TTCK. Tir thoi
diém nay, dé dap umg nhiing yéu ciu cong bd bét
budc va phtrc tap hon ctia cong ty niém yét, hau hét
cac DN cai thién nhiéu vé b may ké toan, kiém
soat cia minh. Do vy nghién ciru nay st dung s6
nam tinh tir thoi diém niém yét dén nay lam dai dién
cho yéu t6 thoi gian hoat dong ctia DN.

Néu dwoc kiém todn béi Big 4,chdt leong
CBITT ciia DN kinh doanh BPS niém yét trén
TTCK Viét Nam cang cao.

Nghién ctru cua Singhvi (1968), Firth (1977)
khong tim thiy mdi lién hé nao trong khi cac
nghién cuu cia Hosain va cong su (1995),
Ahmed (1996) lai khfmg dinh sy lya chon cong
ty kiém toan c6 anh huong dén két qua CBTT
trong BCTC. Trong nghién ctru nay yéu té kiém
toan duoc do ludng bang bién gia, néu kiém toan
ctia don vi thudc nhom Big 4 tirc nhém bdn cong
ty kiém toan hang dau thé gi6i s& dugc ma hoa 1a
1, nguoc lai kiém toan 13 cac cong ty khong phai
Big 4 s& dugc danh s6 13 0.

DN kinh doanh BBS niém yét trén TTCK Viét
Nam sé CBTT nhiéu hon khi cang cé nhiéu chi
nhanh hodc cong ty con.

Haniffa va Cooke (2002), Courtis (1978) déu
ing ho cho quan diém vé ton tai mbi quan hé
giita tinh phtrc tap ctia DN va chét luong CBTT.
Theo nghién ctru cua Mohammed Hossain (2008)
ki vong rang nhitng DN c6 sb cong ty con cang
nhiéu thi CBTT s& nhiéu hon.

2.1.2 Chon maéu

Chon 65 doanh nghiép kinh doanh BDS niém
yét trén TTCK Viét Nam c6 BCTC niam 2017 da
duoc kiém toan.
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2.1.3 Do luong cdc bién do (b0); Sai s6 ngiu nhién (e)
Bién phu thudce: Chi s6 CBTT (I); Tham s6 tu Céac bién doc 1ap duoc thé hién & bang 1:
Béang 1: Ki hi¢u va do luong céc bién doc 1ap ctia mo6 hinh
TT | Ki hi¢u bién | Tén nhén t6 anh huong Chi tiéu do lwong va cach xac dinh Chiéu anh huong
1 SH1 S& hitu ctia ¢6 dong nude ngoai | Ty 1¢ so hiru cta ¢d dong nudc ngoai +
2 QM Quy mdé DN Tdong doanh thu, tong tai san +
3 DB Pon béy tai chinh No phai tra/von chu s hiru +
4 S Mitc d6 sinh 1o RE)A,AR(V)E, ty s}lat 1(,):1 nhuan/doanh thu n
Toc d9 tang trudng cua doanh thu
5 TG Thoi gian niém yét S6 nam tinh tir khi DN niém yét +
- [ iA 1A Bién gia 0: néu cong ty kiém toan
6 KT Kiém todn doc lap thuoc Big 4; 1: néu khong thudc Big 4 *
7 CTC S6 cong ty con S6 cong ty con clia DN +

2.1.4 Mo hinh nghién cuu

Tac gia sit dung mo hinh hdi quy tuyén tinh
boi theo phuong phap binh phuong bé nhét voi
su hd tro ciia phan mém SPSS 23.0 dé nghién
cru cac nhan t6 anh hudng ciia mdi bién giai
thich thong qua chi tiéu chat luong CBTT. Mo
hinh hdi quy tuyén tinh duoc sir dung:

I=b0+bl.SHI +b2.QM + b3.DB + b4.SL +
b5.TG + b6.KT + b7.CTC+ e

Trong d6: Chi sé6 CBTT (I), Tham sb tu do
(b0), Sai s6 ngau nhién (e)
3. Két qua nghién ciru

Sau khi thyc thién théng ké mo ta va kiém dinh
twong quan hang Pearson, kiém dinh phuong sai sai
s thay di, kiém dinh phan phdi chuén ta can loai
di cac bién khong c6 ¥ nghia théng ké ddi voi bién
phu thude chét lugng CBTT va chay lai moé hinh
voi nhimg bién ¢ ¥ nghia, cho két qua ¢ bang 2:

Bang 2: Mo ta hé sd anh hudng cua cac nhan t6 dén chat lwong thong tin BCTC

Unstandardized Standardized
Mo hinh hdi quy boi Coefficients Coefficients T Sig. VIF
B Std. Error Beta
(Constant) 408 ,070 5,835 ,000
Ty 16 s6 hitu ciia cb déng -,014 ,008 -,182 -1,783 ,078 1,635
nudc ngoai
Log tong tai san ,055 ,012 446 4,663 ,000 1,430
LN/DT -,014 ,003 -,326 -3,895 ,000 1,046
Tudi niém yét 055 002 220 2,424 017 1,288
Kiém todn ,026 013 ,189 1,965 ,053 1,453

Bién phu thudc: Chi s6 CBTT

R?=41,8%, Adjust R*> = 38,6%, Sig. = 0,000, Durbin-Watson = 2,102
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Xét vé timg nhan t6 anh huong dén chat
lugng CBTT, quay tré lai phan tich & phan xay
dung gia thiét cho mo hinh ta thiy ring mdi
nhan t6 déu ton tai nhimg két qua nghién ctru
trai chiéu theo cé ba hudng: thuan, nghich hoac
khéng anh hudng. So sanh két qua mé hinh véi

nhting nghién cuu trudc day, bén canh nhiing
khac biét dugc giai thich tir ngudn s lidu, bdi
canh nghién ctru thi ta cling thay nhiéu két luan
tuong tw, dugc trinh bay & bang tong hop sau:
(nhan t6 khong anh hwéng khéng dwea vao trong
bang)

Bang 3: Tong hop cac két qua nghién ctru 6 lién quan

Ki Chiéu
TT | hi€u | Cac nghién ciru dong két luan | Cac nghién ciru khong ciing két luan anh
bién hwéng
1 SH1 Hanifa va Cooke (2002), Singhvi (1968) -
Cerf (1961), Singhvi va Desai X x
2 | QM | (1971), Firth (1979), Cooke (1989), Eg?‘r‘;l?%ycel‘f;;‘goplg‘)mg (2010), +
Wallace va cong su (1994)... :
\ Belkaoui va Kahl (1978), McNally va Hasseldine
3| sL g;“rl;igeégga)‘ser (1994), (1982), Poan Nguyan Trang Phuong (2010), ;
Singhvi (1968),...
Caferman va Cooke (2002),
4 TG Alsaeed (2000), +
Akhtarudin (2005),...
5 | KT igfflz;n(vlggg)“g su (1995), Singhvi (1968), Firth (1977),... +

Nhu vdy mé hinh hoi quy bdi véi nim bién
doc l1ap: Ty I¢ s¢ hitu cua ) dong nudc ngoai,
Log tong tai san, LN/DT, Tudi niém yét va kiém
toan théa min tt ca cic gia dinh cho mo hinh
hoi quy boi, do d6 co thé ding dé giai thich cho
su bién dong cua chat lugng cong bd thong tin
trong bao cdo tai chinh cia cdc doanh nghi¢p
kinh doanh bat dong san niém yét trén thi truong
chtng khoan Viét Nam. Mé hinh dugc biéu dién
nhu sau:

I = 0,408 - 0,014SH, + 0,055QM - 0,014SL +
0,055TG + 0,026KT
4. Két luin va mot sé dé xuit

Tac gia nghién ctru cac dic diém tai chinh ciia
DN, bo qua cac yéu td vé van hoa, hanh vi, chét
luong ddi ngii ké toan, phan mém ké toan, ap luc
thué... trong DN, thi trén co s& cac nhan t6 anh
huong dén chat luong CBTT duogc xac dinh &
nghién ciru nay, két qua ciing cho thay rang viéc
CBTT ciia cac DN kinh doanh BDS niém yét trén
TTCK Viét Nam chiu anh huéng boi cac nhan td:

sO hitu ctia c6 dong nude ngoai, quy mdé DN, mic
d6 sinh 101, thoi gian niém yét va kiém toan doc
1ap. Nhan 6 ty 18 s¢ hitu cua ¢ dong nude ngoai va
nhan t6 strc sinh 16i ¢6 anh huéng nguoc chiéu
v6i chét lugng cong bd thong tin trong BCTC.
Cong ty co quyén so hiru von cia nudc ngoai
va stre sinh 101 cang cao thi chét luong thong tin
BCTC cang thap, né co6 xu hudng bao cao loi
nhuén khong ding véi thyc té ma theo hudng tao
ra tin hiéu t6t cho nha dau tu nudc ngoai, hoac
kha ning diéu chinh giam loi nhuan nham giam
thué TNDN phai nop. Cac cong ty c6 quy md
16n, thoi gian niém yét cang lau va BCTC dugc
kiém toan boi Big 4 thi chit luong cong bd thong
tin trong BCTC cang cao.

Dua trén cac két luan nghién cuu, tac giad s€
dua ra mot s6 dé xuit dé tac dong dén cac nhan
t6 anh huong nhim nang cao chat lwong CBTT
trong BCTC cua cac DN kinh doanh BDS niém
yét trén TTCK Viét Nam nhu sau:

Mt la, tang cuong quan 1y nha nudc, thé hién
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& ba khia canh: can quy dinh cai gi, khi nao va
ché tai xur 1y vi pham ra sao.

Thir nhdt, vé ndi dung CBTT trong BCTC, nha
nude can xem xét lai hé théng van ban quy pham
phap luat, nhu diéu 29 Luat Ké toan, BCTC can
lap theo chuan muc va ché do ké toan. Do d6
can thong nhét giita quy dinh vé chuan myc va
ché do ké toan hién hanh. Néu khong nhu hién
nay ta nghiém nhién chp nhan rang chi can cong
bd nhu ché d6 ké toan 1a du; can hoan thién cac
quy dinh vé coéng bd bing cac vin ban hudng
dan rd rang. Chang han Thong tu 210/2009 vé
cong cu tai chinh di yéu cau DN trinh bay gia
tri hop ly cua tai san va ng phai tra tai chinh thi
can ¢ van ban huéng dan chi tiét xac dinh gia tri
hop 1y nhu thé ndo, néu khong quy dinh nay xem
nhu khong ¢6 tac dung. Bing chung 1a nhiéu DN
khong trinh bay hoic trinh bay theo kiéu ddi pho.

Thir hai, cac quy dinh cua luat can duoc ban
hanh kip thoi va c6 hé théng. Su chénh vénh giira
cac van ban tao ra mot trd ngai khach quan cho
DN trong qua trinh CBTT. Ching han chuan muc
kiém toan duwgc ban hanh trude chuan muc ké
toan 1a mdt bai hoc kinh nghiém.

Thir ba, nha nudc can co quy dinh chat ché vé
cong tac kiém tra va xir 1y nghiém cac hanh vi
sai pham.

Thir tw, can xay dung bo chi sé minh bach
thong tin va cong bd thong tin dé do luong mirc
dd minh bach thong tin ctia cac cong ty kinh
doanh bit dong san niém yét trén TTCK Viét
nam duya trén cac bdo cdo thuong nién, bdo céo
quan 1y ctia ban giam ddc, bao cao quan trj cong
ty cho ban kiém soat bao gom ca thong tin bét
budc va thong tin ty nguyén khong phan biét quy
mo doanh nghi¢p, kha nang sinh 101, thol gian
niém yét...

Hai la, ting cudng chat luong kiém toan noi
b, kiém toan doc lap. Pé nang cao chit luong
kiém toan hudng téi nang cao chat lwong BCTC
ta quan tam to1 ba phuong dién:

Thir nhdt, ting cudng va hoan chinh khung

phap 1y dé kiém soat cong tac kiém toan, tranh
sy khong dong nhit hodc nhip nhing giita cac
van ban duéi luat khién ké toan vién va kiém
toan vién bdi rdi khi 1ap va kiém tra BCTC. Luat
Kiém toan dugc ban hanh va c6 hiéu luc ngay
1.1.2012 ché tai 4p dung xtr 1y sai pham trong
kiém toan BCTC cua cac cong ty niém yét can
duoc ban hanh mét cach chi tiét hon, ngay ca
viéc ting murc phat ciing can duoc xem xét. Tang
s6 luong cong ty kiém toan b thanh tra hang nim
1a mot yéu cau cép thiét trong tinh hinh hién nay,
hodc han ché thoi lugng cac hop déng kiém toan,
ludn chuyén cac nha cung cp duoc kiém toan va
minh bach héa cac chi phi kiém toan 1a can thiét.

Thit hai, can c6 nhitng giai phap theo hudng
khuyén khich, tro gitip cac cong ty kiém todn
nang cao chat lugng béo cdo kiém toan. Céc giai
phép nay tap trung vao hai mang dao tao con
ngudi va xay dung tai liéu hudéng dan kiém toan.

Thir ba, kiém toan vién hodc dai dién cong ty
kiém toan can yéu cau cac cong ty ma minh thuc
hién kiém toan BCTC phai moi minh tham duy
hop Pai hoi déng c6 dong thudng nién dé phat
biéu ¥ kién vé nhimng van dé lién quan dén BCTC
nam trong trudng hop bao céo kiém toan co cac
khoan ngoai trir trong yéu. Ngoai ra, trong moi
truong hop kiém toan vién phai luén dam bao
tinh doc 1ap, khong vi so mét khach hang hay
canh tranh vé gia phi kiém toan.

Ba la, xay dyng van hdéa doanh nghiép (DN).
Diéu nay xuat phét tir ban than DN ma cu thé
la nhan thic va quan diém cta nha quan tri, sau
d6 1a bo may ké toan tai doanh nghiép. Tu duy
“chuyén 1am an ciia cong ty gidng nhu chuyén
riéng tu, chi nén gitt trong nha, viéc gi phai cong
khai cho ngudi khong quen thudc biét”, dang chi
phdi hanh dong ctia nha quan tri. TAt nhién gia tri
BCTC doanh nghiép cong bé ciing tir 46 ma giam
dang ké. T nhiing lap luan d6, vin héa & mdi
DN can duoc xdy dung, bat dau tir khau dao tao
tai truong dai hoc va sau do la truyén thong dai
chung. Nha nudc c6 thé tac dong dén yéu tb nay
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thong qua hoan thién gido duc tu duy ¢ truong
dao tao, cac hoi nghi khoa hoc vé noi dung nay.
Ngoai ra khuyén khich mé cira nén kinh té tao co
hoi cho nha quan tri trong nude tiép can véi nha
quan tri cac tap doan 16n trén thé gidi, du hoc,...
dé tang cuong hoi nhap ciing 12 mot dong thai
tich cyc dé dan loai trir nhimng tu duy cii ra khoi
thuc té quan tri tap doan hién tai.
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Tém tit

Thi trudng bao hiém Viét Nam ngay cang khing dinh dugc vai trd quan trong trong nén kinh té, gop phan bé trg cho céc
chinh sach an sinh xa hoi, dong thoi day ciing 1a kénh huy dong vdn hitu hiéu cho nén kinh té. Trudc day cac dong san
phim bao hiém thuin bao vé ludn chiém ty trong 16n nhung thoi gian gan day dong san pham diu tw c6 xu hudng ting. Vi
véy cac cong ty bao hiém nhan tho da ndm bét xu huéng va cung cap dong san pham bao hiém lién két dau tu dé dap tmg
nhu cau khach hang. San phim bao hiém lién két dau tw (BHLKDT) xuat hién dau tién tai Viét Nam vao nam 2006 da tao
ra budc ngodt méi cho thi trudng bao hiém nhan tho (BHNT). Bai viét trén co s¢ nhan dinh, danh gia thyc trang phat trién
san pham nay trong thoi gian qua dé dwa ra mot s6 d& xuét phat trién thi truong BHLKDT trong tuong lai.

Tir khod: thi trudng bao hiém, san phim bao hiém, bao hiém nhan tho, bao hiém lién két dau tu.

Abstract

Vietnam insurance market is increasingly playing an important role in the economy, contributing to social security
policies, and this is also an effective capital mobilization channel for the economy. Previously, pure insurance product
lines always accounted for a large proportion, but recently the investment product line tends to increase. Therefore, life
insurance companies have captured the trend and provided investment-linked insurance product lines to meet customer
needs. The investment-linked insurance product (BHLKDT) first appearing in Vietnam in 2006 has created a new turning
point for the life insurance market (BHNT). This article is based on the assessment of the development situation of in the
past time in order to give some suggestions to develop this market in the future.

Keywords: insurance market, insurance product, life insurance, investment-linked insurance.

1. Giéi thi¢u

Béo hiém 1a nhu cdu tat yéu cia con ngudi BHLKDT. Vi diém nbi bat cia BHLKDT la kha
trong viéc d6i mat véi rai ro. Ngay nay, khi doi  ning thoa man hai nhu cau cua khach hang, vira
song dan dugc nang cao thi y thirc va nhu cdu  duoc bao vé vira duoc tham gia vao cac quy dau
vé bao hiém ciia ngudi dan s& tang 1én, nhat 13 tu c6 sdn nén day dugce xem la tiém ning dé phat
linh vire bao hiém nhan tho trong d6 c¢6 san phdm  trién dong san pham nay trong thoi gian toi.

Email: huynhthiminhduyen@tckt.edu.vn
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Tai Viét Nam, BHLKDT bao gdm hai
loai: Bao hiém lién két chung (Universal Life
Insurance) 13 loai bao hiém chi c6 mot quy
dau tu duy nhét 1a quy lién két chung duoc
hinh thanh tir ngudn phi ctia cac hop dong bao
hiém; va bao hiém lién két don vi (Unit-Linked
Insurance) 1a loai bao hiém c6 téi thiéu 02 quy

dau tu, moi quy co cac chién lugce dau tu khac
nhau voi d6 rui ro khac nhau dé nguoi mua bao
hiém c6 thé lya chon quy dau tu theo mare do rui
ro ciia minh. C6 thé nhan thdy dugc nhimng diém
khac biét gitra hai loai hinh bao hiém lién két
chung va bao hiém lién két don vi trong bang so
sanh duoi day.

Bang 1. So sanh sy khac biét giita bao hiém lién két chung va bao hiém lién két don vi

Bio hiém lién két chung

Bio hiém lién két don vi

Pau tu vao cac kénh 1ai suat tot va an toan

PAu tu vao cac kénh 14i sudt rat tdt

Khach hang khong dugc phép chon quy dau tu

Khach hang dugc chon quy dau tu va chon ty 16

Cam két chia 13i & mérc nhat dinh

Khong cam két chia i

Lai suét tot trung binh

LAi suét tdt nhat

San pham BHLKPT dau tién ra doi tai Viét
Nam véi tén goi “Ké hoach tai chinh tron doi”
vao thang 3/2006 do cong ty bao hiém Chubb Life
Viét Nam gi6i thiéu. Sau hon 12 nim phat trién,
BHLKDT di tro thanh mét trong nhitng san pham
chu luc cua cic doanh nghiép BHNT va la cau
nbi gitta thi truong bao hiém va thi truong ching
khoan. Ddi véi san pham BHLKDT ciing di co
mot s& bai bao clia cc tic gia ndi vé viée phat trién
san pham nay, kinh nghiém qudc té va dé xuét cho
Vi¢t Nam [4]; phat trién BHLKDT trén thi truong
BHNT [6]; hay xu hudng phat trién BHLKDT [7]
nhung chi dung lai ¢ viéc néu ra 19i ich cua san
pham, danh gia thyc trang chung, kinh nghiém va
dé xuét cho thi truong Viét Nam.

Tuy nhién, hién nay sy phat trién cua san
pham BHLKDT dang nghiéng vé san pham bao
hiém lién két chung. San pham nay chiém vu thé
hon so v6i san phiam bao hiém lién két don vi. Vi
sao lai nhu vay? Qua bai bdo nay tac gid sé lam
10 van dé nay, déng thoi cap nhat thuc trang phat

trién hoat dong BHLKDT tai Viét Nam. Tir d6
s& c¢6 nhitng phén tich, danh gi4 tong quan vé thi
truong bao hiém nhén tho noi chung va dé& xuét
mot sd giai phap phat trién hoat dong BHLKDT
trong thoi gian téi.
2. Thue trang phat trién hoat dong BHLKDT
tai Viét Nam

2.1. Phwong phap nghién ciru

Trong bai bdo nay, tac gia st dung phuong
phap théng ké, mo ta, phan tich, tong hop, so
sanh, thu thap sb liéu, tai liéu tir nién giam bao
hiém, cong ty, sach bao, website.

2.2. Thuc trang phdt trién hoat déng
BHLKDT tai Viét Nam giai doan 2015 - 2018

K& tir khi ra doi, san phém BHLKDT da c6 su
ting truong manh mé thé hién trén ca 3 chi tiéu:
S6 hop ddng bao hiém khai thac méi, s tién da
chi tra bao hiém va s6 phi bao hiém, khién cho
ty trong dong gép cua BHLKDT trong linh vuc
BHNT ngay cang tang.

Bang 2. Su tang truéng cia BHLKDT giai doan 2015 - 2018

BH Lién két dau tw Nim 2015 Nim 2016 Nim 2017 Nim 2018
Hop ddng bao hiém (Hop dong) 460.763 634.970 831.199 1.097.183
S6 tién bao hiém (Ty dong) 205.115 302.163 443.931 652.579
Phi bao hiém (Ty dong) 5.772 8.880 11.288 14.562

(Ngudn: Téng hop tir nién giam bao hiém qua cac nim)
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Nim 2015, ty trong s6 hop dong bao hiém
méi chiém 35,6%; ty trong s6 tién bao hiém da
chi tra cho ngudi mua bao hiém chiém gan 67%;
ty trong doanh thu phi bao hiém chiém 47,41%
trong cac nghiép vu cia BHNT.

Tinh dén 31/12/2016, thi truong bao hiém co
63 doanh nghiép kinh doanh bao hiém (trong d6
¢6 30 doanh nghiép bao hiém (DNBH) phi nhan
tho, 18 DNBH nhan tho, 02 DN tdi bdo hiém
va 13 DN méi gidi bao hiém va 01 chi nhanh
DNBH phi nhan tho nuéc ngoai. Theo s6 lidu
ctia Cuc Quan ly Giam sat bao hiém (Bo Tai
chinh), trong ndm 2016, s lugng hop dong khai
thac méi (hop dong bao hiém chinh) udc dat
1.617.402 hop dong, tang 14,46% so véi clng
ky nam 2015. Trong d6, san pham bao hiém hdn
hop chiém ty trong 16n nhat (udc dat 40%), tiép
dén 1a san pham BHLKDT (uéc dat 36,8%) va
bao hiém tir ky (uwéc dat 12,6%). Nam 2016,
doanh thu phi khai thac méi wéc dat 16.753 ty
dong (bao gdm ca san pham chinh va bd tro),
tang 26,3% so voi cung ky nam 2015. Nghié¢p
vu chiém ty trong 16n 1a BHLKDT, véi doanh
thu phi khai thac moi wéc dat 7.604 ty dong
(chiém ty trong 50%) va bao hiém hdn hop véi
doanh thu phi khai thac méi udc dat 6.806 ty
ddng (chiém ty trong 45%), cao hon rat nhiéu
s0 voi cac nghiép vu bao hiém khac nhu nghiép
vu bao hiém huu tri (u6c dat 87 ty dong, chiém
ty trong 0,6%). Dén cudi nam 2016, da c6 16/18
DNBH nhan tho trién khai nghiép vu bao hiém
lién két chung nhu: Bao Viét, Manulife, Chubb,
Dai-ichi, AIA, Hanwha va Sun Life co ty trong
doanh thu phi bao hiém lién két chung 16n trén
tong doanh thu phi khai thac moi. Tong doanh
thu phi bao hiém nhéan tho nam 2016 udc dat
49.677 ty dong (tang 29,8% so voi nam 2015),
trong d6 ty trong doanh thu phi bao hiém hdn hop
van chiém ty trong cao nhat véi khoang 49%;
tiép dén 1a BHLKDT véi 40%; bao hiém tir ky
0,7%; bao hiém huu tri 0,6%; cac nghiép vu con
lai chiém ty trong khong déng ké. S6 luong hop

d6ng co hiéu lyc (theo hgp dong chinh) udc dat
6.833.677 hop dong; tang 17,6% so véi cung
ky nim trudc. Trong d6, san phim bao hiém
hdn hop chiém ty trong da sd (58,3%); tiép dén
1a san pham lién két dau tu (32,9%); san pham
tr ky (7,2%); san pham huu tri (0,4%); cac san
pham con lai chiém 1,1%. Trong dong san pham
BHLKDT, bao hiém lién két chung hién chiém
wu thé o rét so voi bao hiém lién két don vi.
Tinh dén ngay 31/12/2016, tong gia tri cla cic
quy lién két chung trén toan thi truong 1a 33.492
ty dong. Trong d6, gia tri quy lién két chung
cta Bdo Viét Nhan tho 1a 16n nhét dat 13.924
ty dong, chiém 41,57%; Chubb Life dung & vi
tri tht 2 dat 5.120 ty ddng, chiém 15,29%; tiép
dén 1a AIA dat 4.354 ty dong, chiém 13%. Hau
hét cac quy lién két chung déu chon trai phiéu
Chinh phu, trai phiéu dugc Chinh phu bao lanh
va tién glri ngan hang dé dau tu tai san quy, it
dau tu vao cb phiéu va trai phiéu doanh nghiép
vi tinh rti ro cao. Nam 2016, thu nhap tur 131 trai
phiéu cua cac quy BHLK chung cé gia tri quy
trén 1.000 ty dong, chiém trung binh trén 90%
tong thu nhap tir hoat dong dau tu, cho thiy vai
tro rat 16n cua cac quy nay d6i véi thi truong
trai phiéu Chinh phu. Trong khi d6, hién chi
c¢6 3 doanh nghiép BHNT trién khai san pham
BHLK don vi la Prudential, Manulife va Dai-
ichi voi 14 quy dau tu c6 muc tiéu, co cdu dau
tu khac nhau: san phdm “Phu Bao Gia Thinh
Vugng” ciia Prudential ¢6 6 quy lién két don
vi; san phém “Phuc Loc Thinh Vuong” cua
Manulife véi 3 quy; san pham “An Thinh Dau
Tu” cta Dai-ichi c6 5 quy. Nam 2016, quy lién
két don vi cta Prudential c6 doanh thu 16n nhat
278.4 ty dong; trong d6 doanh thu ctia Quy cb
phiéu Viét Nam c6 mirc sinh 16i cao nhat 176,1
ty dong chiém 63,3% doanh thu ciia cac quy lién
két don vi tai Prudential. Cac quy ctia Manulife
c6 thu nhap 157.4 ty dong; trong d6 quy ting
truong dau tu vao cd phiéu c6 mirc sinh 1oi
cao nhét 78,3 ty déng. Cac quy lién két don vi
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ctia Dai-ichi ¢6 tong thu nhap 14 33,6 ty dong;
chiém ty trong 16n trong d6 1a thu nhap tir quy
phat trién va quy tang truong. So vdi cac quy
BHLK chung, cac quy BHLK don vi di dau tu
manh mé& hon vao cic ¢ phiéu niém yét va dat
dugc muc sinh 16 kha tdt. Céc ¢ phiéu duoc
lua chon dau tu 1a cac “blue chips” (c6 phiéu
thuong hang) trén thi truong nhu VNM, VCB,
VIC, GAS, HPG, FPT... Trong d6 cb phiéu cua
VNM la mot trong s6 nhitng c6 phiéu t6t nhat thi
truong ching khoan (TTCK) duoc cac quy bao
hiém dau tu voi ty 18 16n: 13,4% tai cac quy lién
két don vi Dai-ichi; 14,4% tai cac quy lién két
don vi tai Prudential; trung binh khoang 12% tai
cac quy lién két don vi Manulife, cho théy hoat
dong dau tu cta cic quy nay da gop phan quan
trong thuc day thanh khoan trén TTCK.

Trong nam 2017, sé lugng hop dong khai
thac méi cua cac san pham bao hiém chinh dat
1.964.262 hop dong; ting 27,64% so v6i nim
2016. Tong doanh thu phi bao hiém cac hop dong
khai thdc méi dat 22.552 ty dong; ting 28,88% so
v6inam 2016. Vé thi phan doanh thu phi bao hiém
khai thac méi (bao gdm cé bao hiém b trg), Bao
Viét nhéan tho chiém 20,60%; Prudential chiém ty
trong 18,34%; Dai-ichi chiém 16,11%; Manulife
chiém 13,75%; AIA chiém 10,50%; Generali
chiém 4,8%; Chubb chiém 4,45%; 11 doanh
nghiép BHNT con lai chiém thi phan 11,44%. Phi
bao hiém khai thac médi ctia nghiép vu bao hiém
lién két dau tu chiém ty trong 16n nhat 55,88%
tong phi khai thic méi toan thi truong, tiép theo
1a nghiép vu BH hdn hop chiém 38,79% tong phi
khai thac méi, ding thir ba 1a nghiép vu bao hiém
tir ky chiém 2,1% tong phi khai thac mai. S tién
BH cua cac hop dong khai thac méi cua nghiép
vu BHLKPT dtng dau chiém 76,58% s tién BH
toan thi trudng; tiép dén 1a nghiép vu BH hdn
hop chiém 14,38%; thir ba 1 nghiép vu BH tir ky
chiém 5,61%.

Trong nim 2018, tdng doanh thu phi bao hiém
khai thac méi dat 20.835 ty dong; ting 35,88%

so v6i cung ky nim trude. Thi phan doanh thu
phi BH khai thac méi nhu sau: Bdo Viét nhan
tho (18,62%); Dai-ichi (18,17%); Prudential
(16,08%); Manulife (14,49%); AIA (9,8%);
MB Ageas (3,67%); Chubb (3,65%); Generali
(3,49%); Hanwha (2,7%); Aviva (1,95%); FWD
(1,8%); BIDV MetLife (1,33%) va Cathay
(1,12%); 5 doanh nghiép con lai chiém thj phén
3,13%. Nghiép vu BHLKDT chiém ty trong 16n
nhit, dat 60,01% doanh thu phi khai thac méi.
Tiép dén 12 BH hdn hop chiém ty trong 24,91%;
BH tir ky chiém ty trong 2,78%; BH huu tri
chiém ty trong 0,54%; cac nghiép vu con lai
chiém 9,85%. So véi cling ky nim ngoai, doanh
thu khai thac méi cua nghiép vu BHLKDT ting
59,76%; nghiép vu BH hdn hop giam 2,37%;
nghiép vu BH tir ky ting 91,84%. Vé s lugng
hop dong khai thac méi, nim 2018 dat 1.667.912
hop dong, dan dau 1 nghiép vu BHLKDT vai
807.277 hop dong (chiém ty trong 48,4%), ting
truong 38,84% so voi cung ky nim 2017; ké
tiép 1a BH tir ky v6i 430.968 hop dong BH ca
nhan va thanh vién trong nhom (chiém ty trong
25,84%), tang trudng 70,64% so voi cung ky
nam 2017; nghiép vu BH hon hop 1a 400.051
hop dong (chiém ty trong 23,99%), giam 17,86%
so voi cung ky nam 2017. S6 lugng hop dong
khai thac méi cac nghiép vu con lai chiém ty
trong 1,78%; tang 110,5% so vdi cung ky nam
2017. S6 luong hop ddng c6 hiéu luc (hop dong
chinh) dat 8.468.927 hop ddng, ting 14,67% so
v6i ciing ky ndm 2017. Téng doanh thu phi bao
hiém nhan tho dat 59.843 ty dong ting 32,81% so
v6i cung ky nam 2017. Tinh doanh thu phi theo
tung nghi¢p vu thi nghi¢p vu BHLKDT chiém
ty trong 16n nhat 1a 49,51%; tiép theo 1a nghiép
vu BH hon hop 38,83%. Thi phan tong doanh
thu phi BH cu thé nhu sau: Bao Viét nhan tho
(25,9%); Prudential (21,8%); Dai-ichi (13,4%);
Manulife (12,9%); AIA (9,9%); Chubb (3,5%);
Generali (2,6%); Hanwha (2,5%); Aviva (1,4%);
MB Ageas (1,3%); cac DN con lai chiém thi phan
nho dudi 1%.
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Bang 3. So sanh thi truong bao hiém Viét Nam tir 2016 - 2018

Nim 2016 Nim 2017 Nim 2018
1. S6 lwong cac DNBH

DNBH phi nhan tho 30 30 30
DNBH nhan tho 18 18 18
DN tai bao hiém 2 2 2
DN moi gidi bao hiém 13 14 14
Tong cong 63 64 64

2. Nang luc tai chinh nganh BH

Téng tai san (ty dong) 248.247 316.300 378.285
Téng dy phong nghiép vu (ty dong) 146.524 189.248 236.876
Doanh thu phi BH (ty ddng) 87.364 107.821 113.020
Boi thudng va tra tién BH (ty dong) 25.609 31.904 39.880
3. Péu tw tré lai nén kinh té (ty dong) 198.150 247.815 299.798

Nhu véy, c6 thé thiy qua ba nim, BHLKDT
tang truong vuot bac vé sé lwong hop dong, sb
tién da chi tra bao hiém va s6 phi bao hiém. Tuy
nhién, tai Viét Nam hi¢n nay, sy phat trién cia san
phim BHLKDT chu yéu 1 san pham bao hiém
lién két chung, c6 17/18 cong ty BHNT cung cip
cac san pham BHLK chung, ddu tu vao trai phiéu
Chinh phu, tién giri ngan hang véi ty trong trén
85%. Vi yéu cau dic thu cua hoat dong kinh
doanh bao hiém 1a lu6n phai bao dam ning lyc tai
chinh nham dap tmg cam két dai han cuia cac hop
ddng bao hiém (dic biét trong linh vuc bao hiém
nhan thg), cic DNBH lu6n vu tién lga chon cac
tai san tai chinh co6 tinh an toan cao va thoi han
dai. Do d6 viéc lua chon trai phiéu Chinh phu va
tién giri ngan hang 1a nhiing céng cu dau tu c6
tinh thanh khoan cao dé d4p tng kip thoi nhu cau
thanh toan thuong xuyén. Hon nira, theo Nghi
dinh 73/2016/ND-CP dau tu von nhan rdi tir du
phong nghiép vu bao hiém dbi véi doanh nghiép
BHNT thi: Mua trai phiéu Chinh phu, gui tién tai
cac to chirc tin dung khong han ché; con mua c6
phiéu, trai phiéu doanh nghiép, chimg chi quy t6i
da 50%; kinh doanh bat dong san tdi da 20% vén
nhan rdi tir dy phong nghiép vu bao hiém. Do
vay ma hiéu qua dau tu con khiém ton.

Trong khi do, chi c6 4 cong ty BHNT kinh
doanh san pham BHLK don vi. D6 1a: Prudential

(Ngudn: Cuc quan ly giam sat bao hiém)
v6i san pham “Pru - Pau tu linh hoat”, AIA véi san
pham “InvestA”, Manulife véi san pham “Diém
tua dau tu”, Dai-ichi v&i san phém “An thinh dau
tu”. Nhu vay, con tuong dbi it san pham BHLK
don vi dé nguoi dan lya chon va tinh rai ro khi
dau tu vao cd phiéu, trai phiéu doanh nghiép cao
hon nén ngudi dan con e dé trong viéc lya chon
san pham nay. Vi vay, trong thoi gian toi sy phat
trién ciia san pham BHLK don vi s& mo ra hudng
dau tu da dang cho cac DNBH, tao ra loi nhuén
tiém nang hon nhu ¢6 phiéu, ching chi quy, hay
cac cong cu phai sinh.

2.3. Thuee trang co s phap ly cho hoat dong
BHLKDT

DPé thac ddy hoat dong BHLKDT ngay
cang phat trién thi cic bén tham gia bao hiém
cling dong vai tro rat quan trong, nhat 1a ngudi
tham gia moi gidi, dai Iy bao hiém. Tuy nhién
co s& phap 1y cho céc to chtic, c4 nhan tham
gia hoat dong BHLKDT van con mot sé han
ché nhat dinh. Chéng han, trude day, theo Nghi
dinh 67/2014/ND-CP thi dai 1y bao hiém béan
bao hiém lién két don vi phai dap tng cac diéu
kién: i) Pugc DNBH dao tao va chirng nhan hoan
thanh khoa hoc vé san pham bao hiém lién két
don vi; ii) Pap tng mot trong cac diéu kién kinh
nghiém: c6 it nhét 01 nam kinh nghiém hoat dong
dai 1y bao hiém lién tuc; hodc c6 it nhat 06 thang
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kinh nghiém lam viéc lién tuc trong linh vuc
tai chinh, ngan hang, bao hiém va c6 ching chi
chuyén mén vé chimg khoan do Uy ban ching
khoan nha nuéc cap; hoic co it nhat 06 thang
kinh nghiém hoat dong dai 1y bao hiém lién tuc
va 6 bang t6t nghiép tir cao dang tré 1én trong
linh vyc tai chinh, ngan hang, bao hiém. Déi véi
dai 1y bao hiém ban BHLK chung phai dép tng
cac diéu kién: 1) Bugc DNBH dao tao va chung
nhan hoan thanh khoéa hoc vé san pham BHLK
chung; ii) C6 it nhat 03 thang kinh nghiém hoat
dong dai 1y bao hiém hodc da c6 it nhat 01 nam
lam vi¢c trong linh vuc tai chinh, ngan hang, bao
hiém hodc di tot nghiép tir cao dang trd 1én trong
linh vyec tai chinh, ngan hang, bao hiém.

Chinh nhimg quy dinh ndy da han ché s6
luong dai ly tham gia BHLKDT. Do do, theo quy
dinh mai tai khoan d, muc 2, Piéu 11, Nghi dinh
151/2018/NB/CP ctia Chinh phu vé stra doi bd
sung mot s6 nghi dinh, quy dinh vé diéu kién dau
tu, kinh doanh thudc pham vi quan 1y nha nudc
ctia Bo Tai chinh, dai 1y bao hiém ban BHLK don
vi, BHLK chung chi can duoc doanh nghi¢p bao
hiém dao tao va ching nhan hoan thanh khoa hoc
vé san phém BHLK don vi hoac BHLK chung.
Nhén vién méi gi6i bao hiém s& khong phai dap
g mot trong cac diéu kién: C6 it nhat 01 nim
kinh nghiém hoat dong dai ly bao hiém lién tuc;
hodc ¢6 it nhit 06 thang kinh nghi¢m lam viéc lién
tuc trong linh vyc tai chinh, ngan hang, bao hiém
va ¢6 ching chi chuyén mén vé chimg khoan do
Uy ban Chimg khoan Nha nudc cap; hodc c6 it
nhat 06 thang kinh nghiém hoat dong dai 1y bao
hiém lién tuc va c6 bang t6t nghiép tir cao ding
trd 1én trong linh vuce tai chinh, ngan hang, bao
hiém nhu quy dinh tai Piéu 86 ctia Nghi dinh
73/2016/ND-CP. Viéc bai bo diéu kién vé kinh
nghiém ban bao hiém 1a diéu kién rat tot dé cac
doanh nghiép BHNT tiép tuc phat trién cac dong
san pham BHLKDT.

Bén canh d6, viéc thuc hién Quyét dinh
s 35/2015/QD-TTg ngay 20/8/2015 cua Thu

tuéng Chinh phu stra d6i, b sung Quyét dinh
s6 02/2012/QD-TTg ban hanh danh muc hang
hoa, dich vy thiét yéu phai dang ky hop dong
theo mau, diéu kién giao dich chung, trong d6 bd
sung “Bao hiém nhan tho” thudc danh muc hang
hoa, dich vy thiét yéu phai dang ky hop dong
theo mau, diéu kién giao dich chung din dén su
chdng chéo vé tham quyén giita BO Tai chinh va
Bo Cong thuong, kho ap dung trén thuc tién. Do
d6, can sira d6i quy dinh ctia phap luat dé tranh
chdng chéo vé tham quyén giita BO Tai chinh va
Bo Cong thuong, dam bao viéc phé chuan san
pham BHNT va ding ky hop dong theo miu theo
hudng lién thong mot cua.

2.4. Thuec trang qudn ly, giam sdat hoat dong
bdo hiém tir phia cdc co quan chikc ning

bé phat trién loai hinh BHLKDT, mang lai lgi
ich cho ngudi mua bao hiém, co quan quan Iy
dong vai tro quan trong trong viéc tao 1ap khuon
khé phap 1y dé khuyén khich cac DNBH trién
khai loai hinh bao hiém nay va thuc hién cong tac
quan ly giam sat dam bao DNBH phat trién an
toan hi¢u qua, bao v¢ quyén lgi cua nguoi tham
gia bao hiém.

Theo quy dinh hién hanh, Vi¢t Nam dang éap
dung 03 phuong thirc quan 1y, gidm sat san pham
bao hiém gdm: Ban hanh quy tic, diéu khoan,
biéu phi dé ap dung thong nhét; phé chuan san
pham; dang ky san pham trudc khi trién khai.
B6 Tai chinh 1 co quan phé chuan quy tic, diéu
khoan va biéu phi ddi v6i cac san pham thudc
nghiép vu bao hiém nhan tho. Viéc Bo Tai chinh
phé chuan quy tic, diéu khoan, biéu phi s& dam
bao rd rang khi thyc hién hop dong bao hiém,
tranh cac quy dinh khé hiéu, phirc tap, dé gay
nhiéu cach hiéu khac nhau nhim tranh truc loi
bao hiém tir ca phia DNBH va ngudi tham gia
bao hiém.

Hién nay, cac co quan quan ly, gidm sat bao
hiém thuc hién giam sat cac DNBH theo 02
phuong thirc: Giam sat tir xa va kiém tra tai chd.
Tuy nhién, mét sé quy dinh nhu: Muc tiéu gidm
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sat con chung chung, chua dé cap riéng dén muyc
tiéu ngan ngua truc loi bao hiém; chua chu trong
dén mo hinh giam sat ndi bd ma DNBH can phai
xay dyng dé danh gid kha ning thanh toan va
quan 1y cia DNBH nham dam bao an toan trong
hoat dong kinh doanh, tranh truc loi bao hiém.
Mit khac, hé théng phan mém quan 1y giam sat
con kha tho so, chua cap nhat dugc céac dir ligu
lich str v& céc vu viée truc 1gi bao hiém dé giam
sat, ngan chan. Vi vy, can phai hoan thién quy
dinh v& ndi dung giam sat, nhat 1a quy dinh vé
mo hinh giam sat ndi, gitp ngan ngira va han ché
truc loi bao hiém. Theo d6, can co tiéu chi rd
rang, nhat quan va co thé dinh lugng dugc nham
phan anh chinh xac tinh hinh cia DNBH, tranh
truc loi bao hiém. Ngoai ra, cAn phai b6 sung quy
dinh co quan quan Iy nha nudc phai c6 hé thong
cong nghé thong tin dam bao két ndi véi DNBH
dé thyuc hién tot chirc ning giam sat, ngin ngira
vi pham.

Bén canh d6, phap luat méi c6 quy dinh vé
viéc cip phép thanh 1ap doanh nghiép méi gidi
bao hiém nhung con boé ngod dbi voi dai 1y bao
hiém 1a to chic va cac don vi thuc hién dich vu
phu trg cho hoat dong kinh doanh bao hiém (vi
du: Pon vi giam dinh). Pay 1a nhimg chu thé
dong vai tro kha quan trong, vi tu van cua dai ly
bao hiém hay két luan giam dinh cua cic don vi
giam dinh rét c6 y nghia trong viéc tham gia bao
hiém ciing nhu bdi thudng bao hiém.

2.5. Thuwe trang kinh doanh sin phim
BHLKDT tai Viét Nam

Pbi voi cac DNBH, viéce trién khai bao hiém
lién két dau tu giup DN da dang hoa san pham,
dap tmg nhu cau bao hiém két hop yéu t6 dau tu,
g6p phan thu hut khach hang.

Pé dap tmg muc tiéu duy tri kha niang thanh
toan va nang cao kha nang sinh lgi thi cac cong ty
béo hiém can da dang hoa danh muc dau tu nham
phan tan va giam thiéu rai ro, dong thdi c6 chién
luge dau tu thich hop v6i quy mé doanh nghiép.

Hién nay cac khoan cho vay c6 thé chép cua
DNBH chu yéu dam bao bang bit dong san.
Ngoai ra, cac khoan vay theo don BHNT ngay
cang gia tang. Pay ciling 1a mot hinh thic thu hut
thém khach hang, dugc cac DNBH sir dung nhu
hinh thirc canh tranh.

Viéc dau tu chimg khoan ciing duge cac DNBH
st dung rong rai, nhat 1a cac loai chung khoan cé
tinh thanh khoan cao nhu trai phiéu Chinh phu,
o phiéu. Mic du c¢6 da dang hoa danh muc dau
tu nhung cac DNBH van chu yéu dau tu vao tién
giri ngan hang, trai phiéu Chinh phi (trén 85%),
trong khi d6 dau tu vao ching khoan cong ty, bat
dong san, cho vay va gop von véi cac co s dau
tu khac & murc kha thép. Do do, ty suét loi nhuan
tai san dau tu cia DNBH con khiém tén. Diéu
nay lam han ché kha ning canh tranh cua cac san
pham BHNT so véi cac san pham tai chinh khac
trén thi truong.

2.6. Thuc trang nang luc canh tranh cua
DNBH

Nang luc canh tranh cia doanh nghi¢p la
thuc luc va loi thé ma doanh nghiép co thé huy
dong dé duy tri va cai thién vi tri cua no so voi
cac d6i thi canh tranh trén thi trudng mot cach
lau dai, nham dem lai loi ich ngay cang cao cho
doanh nghiép. Vi vay dé nang cao ning luc canh
tranh ctia minh, hi¢én nay cic DN BHNT thuong
ap dung: Nang cao nang lyc tai chinh; d6i méi,
nghién ctru san pham méi dap ung yéu cau thi
truong; d6i méi, cai tién cong nghé quan 1y, tmg
dung thuong mai dién t& trong giao dich véi
khach hang, da dang hoa kénh phan phdi; dio
tao nguén nhén lyc chit luong cao, am hiéu thi
truong bao hiém; xay dung hé thong quan trj DN
tién tién.

Trong d6, c6 thé thiy vén diéu 1¢ 1a chi sb
thé hién nang lyc tai chinh cia DNBHNT, 1a nén
tang ¢ DNBH dau tu vao phét trién san pham,
hé thong cham soc khach hang hay bo sung quy
du phong rui ro.
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Bang 4. Bang xép hang cong ty Bao hiém nhan tho theo Vén diéu 18

(Cap nhat 10/05/2019)

STT Cong ty BHNT Nim thanh 13p Von diéu 1¢ (ty dong)

1 Manulife Viét Nam 12/06/1999 9.695

2 Dai - ichi life 18/01/2007 7.700

3 Hanwha Life Viét Nam 12/06/2008 4.891

4 Generali 20/04/2011 4.692

5 Prudential Viét Nam 01/11/1999 4.128

6 Cathay Life 21/11/2007 3.343

7 AIA 17/04/2000 3.244

8 FWD 29/11/2016 2.811

9 Aviva Viét Nam 29/07/2011 2.557

10 Bao Viét Nhan Tho 02/6/1996 2.500

11 Sun Life 24/01/2013 1.870

12 Chubb Life VN 04/05/2005 1.550

13 MB Ageas Life 21/07/2016 1.500

14 Fubon Viét Nam 01/07/2008 1.400

15 Mirare Asset Prévoir 17/03/2005 1.079

16 Phu Hung Life 30/08/2013 1.058

17 BIDV Metlife 21/07/2014 1.000

18 | Vietcombank - Cardif (VCLI) 23/10/2008 600

(Nguon: wikitaichinh.com)

Ngoai ra, chi tiél{ doanh thu khai thé(f 13 | Sun Life 38
moi AFYP (phl bdo hiém quy 1’1511’1’1) su dl_ll’lg de 14 Phu Hung Life 66
danh gid nang lyc hoat dong va kha nang canh | 15 | Vietcombank - Cardif (VCLI) 59
tranh ctia doanh nghiép bao hiém trén thi trudng | 16 | Mirare Asset Prévoir 41
trong thoi diém hién tai. 17 | BIDV Metlife 31
Bang 5. Bang xép hang céac cong ty BHNT theo 18 | Fubon Viét Nam 7

doanh thu phi bao hiém khai thac méi (AFQP)

Quy 1/2019
STT Cong ty BHNT AFYP Quy
1/2009 (ty dong)
1 | Manulife Viét Nam 1.141
2 | Bao Viét Nhan Tho 1.101
3 | Dai - ichi Life 916
4 | Prudential Viét Nam 893
5 | AIA 748
6 | Generali 283
7 | MB Ageas Life 233
8 | Hanwha Life Viét Nam 205
9 | Chubb Life VN 200
10 | FWD 163
11 | Aviva Viét Nam 107
12 | Cathay Life 94

(N guén: wikitaichinh.com)
Hon nita,viéc nghién ctru va phat trién san
pham méi ciing 1a van dé chi trong cia DNBH
trong thoi gian t6i. X4 hoi ngay cang phat trién,
ngudi dan tré nén quan tim hon dén van dé stc
khoe va bao vé quyén loi ban than thi viéc cho
ra doi cdc san pham m&i, nhét 13 san pham hoi
tu cac yéu tb quan trong trong vi¢c lap ké hoach
tai chinh c4 nhan 1a bao vé, tiét kiém va dau tu
ludén duge chu y, dap tmg kip thoi nhu cau khach
hang. Trong khao sat nguoi dung bao hiém cua
Vietnam Report (2018), da s6 (63,6% ngudi phan
hoi) déu thdng nhat viéc cong ty lién tuc nghién
ctru va phat trién cac san pham méi cho nhiéu dbi
tuong khach hang khac nhau 1a yéu té quyét dinh
uy tin ctia cong ty bao hiém trén truyén thong.
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Bén canh d6, dé san pham tiép can gan hon vai
khach hang, cic DNBH hién dang déy manh viéc
mo rong mang ludi. Khong chi phat trién mang
ludi thong qua thanh 14p céc chi nhanh, van phong;
cac doanh nghiép con ddy manh cac kénh phan
phéi méi nhu bancassurance (kénh ban bao hiém
qua ngan hang), ban hang truc tuyén, mang xa
hoi... va md rong hop tic ban chéo san pham voi
cac dbi tac nhu hiép hoi, cac cong ty fintech, cac
cong ty dich vu cham soc stic khde. Thoi gian qua,
c6 mot sb thuong vu 16n trén thi truong nhu hop
tac chién luoc gitra Manulife va Techcombank,
Aviva Viét Nam bit tay v6i Vietinbank hay thoa
thuan doc quyén 15 niam giita AIA va VPBank. ..
Kénh bancassurance tai Vi¢t Nam trong hai nam
qua di c6 nhimg chuyén bién vuot bac, trd thanh
kénh phan phdi quan trong thi hai trén thi truong
bao hiém, sau kénh dai 1y truyén thong.

3. Két luan

Bén canh nhimng két qua ma hoat dong
BHLKDT da dat duoc trong thoi gian qua, van
con mot s6 nguyén nhan anh huong dén hoat
dong phat trién san pham can cai thién va khic
phuc nhu sau:

Thir nhdt, TTCK Viét Nam chua phét trién
dén muc 1a nén tang cho sy ra doi cua loai hinh
BHLKDT. S6 lugng c¢d phiéu, chimg chi quy
niém yét ting nhanh nhung chua that sy da dang
va phong phii, hién van con thiéu cac loai quy dau
tu, nhat 1a quy dau tu Gy thac. Bén canh do, hiéu
biét cua nguoi dan v& tai chinh, ching khoan, va
dau tu c¢6 bai ban con rat it, tap trung chu yéu &
céc thanh phd, d6 thi 16n. Vi vay “khach hang
tiém ndng” cua loai hinh bao hiém nay con han
ché. Hon nita, “niém tin” vé TTCK bj sut giam
nghiém trong do thoi gian qua thi truong phat
trién kha am dam. Day 14 rao can rit 16n cho viéc
trién khai dong san pham nay.

Thit hai, 4p luc canh tranh 16n tir cac dinh ché
tai chinh khac nhu cong ty chimg khoan, quy dau
tu, ngan hang dau tu..., voi san pham da dang,
tién loi va hap dan hon.

Thir ba, yéu t6 tAm 1y cia khach hang vi
nhiéu ngudi con suy nghi tham gia bao hiém s&
mat khoan phi va phi bao hiém dugc dua vao
khoan muc “bi mét, bi 15” trong hién tai, va vi
vay tao ra tam ly “dinh gia thdp” nhimng khoan
“lo1”, tirc nhitng khoan chi tra nhan duoc trong
tuong lai (cho ca hai truong hop c6 xay ra rui ro
cho ho va ho dugc boi thuong, hay trong trudng
hop hop ddng dao han). Panh gia cao nhiing
diéu bi mat trong hién tai, va danh gia thap thu
nhdp tir tuong lai do viéc phan tich cac dong
tién nay khién cho bao hiém nhén tho (du c6 yéu
t6 dau tu) co vi thé thap hon cac loai hinh dau tu
thuan tiy khac.

Tuy nhién, trong tuong lai khi kha nang tich
lily cua ngudi dan ting 1én va cic kénh dau
tu khac tré nén bao hoa voi rai ro cao hon thi
BHLKDT thoi gian téi s& tro nén soi dong va dan
tré thanh kénh dau tu dugc ngudi dan tin tudng
lya chon, phu hop vé1 xu hudng cua thi truong
tai chinh thé gidi.

4. Kién nghi

Trong thoi gian t6i, dé phat trién hoat dong
BHLKPDT, can tip trung vao cac van dé sau:

Péi véi co quan qudn 1y, gidm sdt bao hiém

Tiép tuc hoan thién khung phap 1y nham quan
1y hoat dong lién két dau tu trén thi truong bao
hiém nhan tho, tranh su chéng chéo vé tham
quyén giita cic co quan quan 1y, giam thiéu thu
tuc hanh chinh, huéng dén lién thong mot cira.

Tang cuong kiém tra, giam sat hoat dong lién
két dau tu trén thi truong bao hiém nhan tho. Pic
biét, chi trong cac van dé nhu: chi tra quyén loi
béo hiém theo thoa thuan tai hop déng béo hiém,
chap hanh theo quy dinh vé viéc tach quy chia
11, chia 14i cho chu hop dong, hach toan doanh
thu va chi phi dung quy dinh... Thong qua hoat
dong thanh tra, kiém tra ciing giup phat hién ra
nhimg bat cip, vudng mic trong co ché, chinh
sach dé stra ddi, bo sung tir d6 mdi trudng phap
1y ngay cang hoan thién hon.
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Péi véi doanh nghiép bao hiém

BHLKDT khoéng chi 1a san pham thuan tuy
bao v¢ cho khach hang, ma con giup ho xac dinh
ding nhu ciu, dat duoc muc tiéu tai chinh. Do
d6, can nghién ctru hoan thién va bd sung thém
céc loi ich, tinh ning m&i tir san pham BHLKDT
nhu: C6 thé duge linh hoat thay ddi han mure dau
tu giita cac quy; cho phép khach hang co6 thé tir
chon mot quy hoic phdi hop giita cac quy dé tu
tao danh muc dau tu phu hop véi ky vong loi
nhuan va kha nang chép nhan rii ro cua minh;
tao ra nhiéu co hoi dau tu sinh 10i hap dan cung
quyén loi bao hiém khi xdy ra rai ro; han mic
bao vé, phi dong, quy dau tu; rat tién dé thuc hién
céc ké hoach tai chinh pht hop v6i nhu cau trong
ting thoi ky... Tir d6 dua ra giai phap dau tu t6i
uu, phu hop véi muc tiéu va nang luc tai chinh
cua khach hang.

Hoat dong dau tu, dinh huong dau tu, két qua
dau tu can duoc cong khai, minh bach. Pay la
viéc 1am rat quan trong nham tao niém tin cho
khach hang. Hon nita, hoat dong dau tu thuong
gan lién véi rai ro nén khach hang can biét chinh
xac cac chi phi lién quan va két qua dau tu thong
qua cac bang thong tin thuong nién vé hop dong
cua minh.

Poi véi khach hang

Khach hang nén cin ct vao diéu kién tai
chinh, nhu cau cta ban thin va gia dinh dé luva

chon loai san pham BHLKDT phu hop. Vi viée
hiéu biét vé& dau tu s& rat c6 ich cho ngudi tham
gia bao hiém khi lua chon quy dau tu, tranh duoc
nguy co thua 16. Thong thuong DNBH s& dua ra
cac quy dau tu khac nhau véi mire d6 rii ro cling
s& khac nhau. Khi quy dau tu hoat dong tbt, bén
mua bao hiém sé& 1a ngudi duge huong loi nhung
trong trudng hop rii ro gia tri cua cac don vi dau
tu khong ting hodc bi giam s& anh hudong dén
quyén lgi bao hiém ciia bén mua bao hiém ma
khong c6 su bu dip nao tir phia DNBH.
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THE LE VIET VA GUI BAI

1. Bai nhan dang 1a cdc cong trinh méi c6 y nghia khoa hoc va thuc tién trong cac linh vuc khoa
hoc va cong nghé¢, chua cong bo & bat ky tap chi nao.

2. Mot s6 luu y vé hinh thire va b cuc cua bai bao

2.1. Hinh thirc ctia bai bao

- Bai viét dugc soan thao bang cac phan mém soan thao vin ban MS Word, khong qué 10 trang
giay kho A4. Hinh &nh trong bai viét rd rang, theo dinh dang PNG, JPG hodac WMEF. Tén hinh v€& dit
¢ phia dudi, tén bang biéu dat & phia trén, hinh va bang dugc danh so thir tu.

2.2. B cuc cua bai bao

- Phén tiéu dé: chira cac thong tin sau:

« Tiéu dé bai bao: bang tiéng Viét va tiéng Anh, suc tich, ddy du thong tin.

« Tén céc tac gia: ghi day du theo thtr tu ho, chit 16t va tén. Phia trén tén tac gia lién lac
(corresponding author) dugc danh dau *.

* Co quan cong tac: cung cép dia chi thuan loi cho viéc lién hé.

« Dia chi e-mail: dia chi e-mail (néu c6) clia cac tac gia co tén trong bai bao.

- Phan tém tat: bang tiéng Viét va tiéng Anh gi6i thiéu mot cach ngin gon vé muc dich nghién ciru
va ket qua dat dugc cua bai bao.

- Phén noi dung: dﬁy du cac muc: a. Pat van dé (néu rd muc dich, dbi tuong nghién ctru, tinh thoi
su cua van d¢€); b. Gidi quyét van d€ (phuong phap nghién ctru, phuong tién st dung khi nghién ctru,
ndi dung nghién ctru da thuc hién); c. Két qué nghién ctru va thdo luan; d. Két luan.

- Phén tai liéu tham khao: chi néu céc tai liéu trich dan da duoc liét ké, sip th tu bang sb chira
trong cac ngodc vudng, dinh dang nhu sau:

« DA4i véi sach, luan 4n, bao cdo: sb thir tu, ho va tén tac gid hodc tén co quan ban hanh, té€n sach
(luan an, bao cdo), nha xuat ban, noi xuat ban, nam xuat ban.
« Ddi vdibai bao: sb thirt, ho va tén tac gia, tén bai bao, tén tap chi, tap, s6, nam xuét ban, sd trang.
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