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Abstract. The influence of cathode fall voltage on the lifetime of the electrode of fluorescent
lamps (and thus the lamp itself) is well investigated and reported. Various methods were
studied and apparatus were developed for measuring this important factor. Based on the de
facto method for making capacitive measurements of cathode fall in operating fluorescent
lamps, the principles of the method were restudied, disadvantages and causes were revised.
New mechanical and electronic techniques were adopted to improve the stability and
precision of the whole system: double capacitive probe, input impedance bootstrapping,
active shielding. A highly stable measurement system was built with capability of fully
automated measuring, monitoring/tracking and storing values of cathode fall voltage of
fluorescent lamps over their operating time.

Keywords: low pressure discharge lamp, cathode fall voltage, capacitive measurement,
automated measurement.

1. Introduction

The role of a cathode in a fluorescent lamp is injecting electron current into the discharge and
collecting ions, which are generated in the negative glow near the cathode. Most of current at the
cathode (at its operating temperature) is caused by thermionic emission of electrons. There is an
accelerating field immediately in front of the cathode, penetrating into the negative glow which
is provided by an ion space charge in the cathode sheath. The potential drop over this field is
known as the “cathode fall”. The emitting capability of the cathode is greatly enhanced by the
presence of the accelerating field at the cathode surface.

If for any reason the cathode does not provide enough thermionic emission to maintain the
discharge (pure quality of cathode emission powder coating, lamp discharge current is lower then
normally operating condition, etc.) the cathode fall will be increased to compensate for that and
ions will reach the cathode with higher energy. As a negative effect, this will increase the
sputtering rate of cathode emissive material, damage the filament and shorten the lamp life.
Normally, the cathode fall is of the order of ten volts and only mercury ions will be collected by
the cathode. At the cathode fall voltage lower than 11.5 V, the cathode is “cooled down” as
electrons leave the cathode and the net power input to the cathode is negative [1]. Beyond this
value, ion bombardment will heat the cathode up and it is assumed that damage to the cathode
would start. If the cathode fall exceeds 15.76 V, argon atoms will be ionized and argon ions will
also bombard the cathode. If the cathode fall exceeds the “disintegration voltage” (about 16 V),
incoming ions will hit the cathode with sufficient energy to sputter surface atoms.

Therefore, measurement of the cathode fall voltage of a fluorescent lamp under specific
operating condition is provided as one among other means to predict early failure of the lamp. To
do this, several methods have been proposed and experimental setups have been established to
demonstrate the methods.

J.F. Waymouth has described one of the very early and basic measurements of cathode fall
[1]. Latter, Y. Wantanabe and S. Murayama was adopting this technique in an experiment of
investigating cathode and anode fall of fluorescent lamps under DC operation and operating
frequencies of 50 Hz and 45 kHz [2]. This method involves the use of a lamp equipped with
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Langmuir probes and would gives the exact results since it measure the cathode fall voltage
directly. In fact, this is impractical since it requires specially produced lamps for every lamp
types that need to be tested. Apparently, we could not rely on this technique if measurements are
intended to be carried out on numerous commercially available lamps.

J.F. Waymouth et al proposed also a spectroscopic method of cathode fall measurement [5].
This technique identifies the “onset” or “threshold” of several spectral lines of argon, which are
emitted from the negative glow immediately in front of the cathode, as an evidence of cathode
fall reaching some specific values. For example, the onset of the 420.1 nm argon emission line is
a signal of the cathode fall exceeding 11.55 V, while the threshold of the 811.5 nm emission line
signals a cathode fall higher than 13.08 V. Once again, this technique requires special clear-end
lamps (lamps without fluorescent powder coating at ends), which are impractical for normally
produced lamps. Moreover, the measurement would be provided only as a mean for checking if
the cathode fall exceeds a threshold.

Another very interesting technique was suggested by A. Hilscher to determine cathode fall of
lamps operating under high frequencies through analyzing their operating voltages (lamp
dropping voltages) versus discharge currents and filament heating currents [4]. As the others, this
method both has advantages and disadvantages. The advantage is the ability to apply to every
lamp without any change to the lamp itself (no need to wipe out ends of lamp, no
internal/external pickup probe). The disadvantages include: experimental system is complex; the
baseline for the cathode fall must be identified with assumptions (which means acceptance of
tolerance). However, measurement of cathode fall at high frequency is out of scope of this work
and we would not discuss more on this matter in this article.

In this work, we basically utilized the technique which primarily introduced by E.E. Hammer
[3]. J.F. Waymouth has described the negative glow approximately as plasma of high density and
equipotent at a potential equal to the cathode fall [1]. In this method, a capacitive probe is
wrapped around one end of the lamp, picks up fluctuations of the plasma potential and send them
to an oscilloscope for detection. Thus, the detected signal would present the variations of both
the cathode fall in one half cycle of lamp operation and the anode fall in another half one. This
initial technique has fundamental problems. Firstly, capacitive coupling would clear out any DC
reference for identifying exact value of the cathode fall, so the measurement is only qualitative.
Secondly, external noises could intrude in anywhere on the signal path (on the signal cable or at
the capacitive probe it self) and the truly picked up signal could be leaked out the same way.
This will degrade the signal quality dramatically.

J.F. Waymouth et al has improved the technique some ways: the whole lamp was shielded
from noises by a grounded chamber; an op-amp buffer with active shielded input was added
between the probe and the oscilloscope; a reference potential for identifying the cathode fall was
defined [5]. However, the new technique still has disadvantages. The effective input impedance
of simple op-amp buffer is not high enough for testing very small lamps (e.g. compact
fluorescent lamp - CFL) having very low probe-to-plasma capacitance which leads to signal
distortion. Specifically, all CFL are of folded shape with the two ends adjacent to each other.
Apparently, fluctuation picked up on one end by the capacitive probe would greatly be perturbed
by discharge at the other end.

We will describe here a method which applies technical remedies to improve the stability and
precision of the whole system. Based on that method, a measurement system was built with
capability of fully automated measuring, monitoring/tracking the cathode fall voltages of
fluorescent lamps over their operating time.
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2. Experimental arrangement
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Fig.1. System components setup and electrical wiring diagram. The lamp under test is operated in usual
electro-magnetic ballast, starter, preheat start configuration. Potential fluctuations of the plasma in front
of the electrode would be monitored with reference to the grounded lead. The test probe is a combination
of double metal sleeves: the inner one is a normal capacitive probe and an active guard is wrapped
around. R1, R2 and C form an input impedance bootstrapping networks. Signal would be captured by the
DSO (digital storage oscilloscope) and transferred to the PC for further processing.

Fig.1 is a basic diagram of system components setup and electrical wiring. The lamp being
tested is connected with an electro-magnetic ballast in series and a starter in parallel as normal
preheat start configuration. As suggested by E.E. Hammer and J.F. Waymouth et al, an
elementary component in this configuration is the capacitive probe, a metal sleeve about one
lamp diameter closely wrapped around lamp wall at one end. The potential fluctuations of the
plasma in front of the electrode with reference to the grounded lead would be represented by the
potential of the capacitive probe. The signal is then fed though a buffer comprising an op-amp
connected in non-inverting unity-gain, negative feedback mode and an input impedance
bootstrapping network. Note the unusual bias network at the inputs, it helps raising the effective
input impedance of the buffer at 50 Hz but still provides enough input bias path at DC to prevent
the output from saturation. With careful selection of the op-amp, biasing components and circuit
board layout, the effective input impedance of the buffer could easily exceed tens giga-ohms.
This is a mandatory requirement for testing small-sized lamps (e.g. T5 or CFL), which have
small probe-to-plasma coupling capacitance.

The second major difference from all previous capacitive techniques is the structure of the
test probe. It’s in fact a combination of two co-axial metal sleeves (we called it double capacitive
probe) with the inner one is a normal capacitive probe as mentioned above. The outer sleeve
encloses the first one to form a guard ring. The guard is then connected to the shield of the signal
cable which feeds the input of the buffer. Once both the cable shield and the guard ring are wired
to the output of the buffer, they all approximately have the same potential as the capacitive
probe. As a consequence, this will effectively minimize stray capacitance on the signal path;
actively protect both the capacitive probe and input signal line from external noises as well as
signal leakages. Due to this change, the stability and precision of measurement are considerably
improved without any other mean of shielding. Note that the grounded chamber surrounding the
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lamp and the test probe, as mentioned
previously by J.F. Waymouth et al 5, is not
longer needed. Further more, the special
construction of the test probe enables 15 /N
applications of capacitive measurement to
folded-shaped CFLs, which were previously
considered quite complicated or virtually
impossible jobs 45.

Fig.2 illustrates typical variations of the
test probe potential as the cathode and anode
fall waveform for a T8 lamp captured on the
oscilloscope. Positive-going part of signal
applies to the cathode half cycle (when the Time )

plasma potential of the negative glow is higher  Fjg 2. Cathode and anode fall waveform for a

in comparison with the grounded cathode), RALACO T8 36W lamp operated with

while the negative one is of the anode half RALACO IBH-A36-FL low-loss ballast.
cycle. The oscillatory behavior of the anode fall

is well known and has been mentioned by J.F. Waymouth as the anode oscillations 1. Electrons
are drawn to the anode by an electric field caused by the anode fall. As the anode fall rises up to
the ionization potential of mercury (10.4 V), electrons will have sufficient energy to produce
significant excess ionization in the anode sheath which multiplies the density of both the
electrons available to carry anode current and the ions to neutralize electron space charge. The
anode fall collapses approximately to zero. As the ions diffuse away from the electrode, the
plasma density at the anode sheath decreases, the anode fall rises again and the process repeats.
Thus, the peak anode fall, at the maximum of its oscillatory potential, is equal to the ionization
potential of mercury. In other words, the minimum potential of the plasma, as a point of lowest
value on the waveform, is 10.4 V negative with respect to the grounded anode. Hence, the
absolute potentials of all other points on the waveform are uniquely determined. Note that anode
oscillations vanish totally when lamps operate at high frequency 1, so we must find alternative
means for calibrating the waveform.

The system is further enhanced by adding automation capability to it. As depicted, the
Tektronix TDS3032B digital storage oscilloscope (DSO) is used to capture the cathode and
anode fall waveform. It then communicated with a PC via Ethernet (or some other links). An
application installed on the PC will control signal acquisitions on the DSO, collect the acquired
waveforms and automatically detect/monitor the cathode fall voltage as well as other electric
parameters of lamps as needed. Very clearly, the peak value of the cathode fall depicts the
maximum damage by sputtering to the cathode. To evaluate the affect of the cathode fall over a
cathode half cycle, the RMS value of the cathode fall is calculated.

Cathode/Anode Fall Waveform

Voltage (V)

3. Measurements and evaluation

Measurements have been carried out on the established system for types of lamps, which
includes T8, T10 lamps and CFLs from various manufacturers. There are two electrodes
(filaments) in each lamp, hence four electrode leads in total. Due to variations of producing
condition, electrodes never get the same each other. There even could be difference between two
leads of an electrode (about resistance, emissive coating etc.). Therefore, four measurements
have been applied to a lamp. In each measurement, one among four leads was grounded as the
reference (see text above).
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Table 1. Cathode fall measurement results for some lamp types and brands. Cathode fall values were
taken with each of four leads is connected as ground reference, the minimum was then selected. All
36/40W lamps operated with RALACO IBH-A36-FL low-loss ballast while RALACO MBH-A20/18W-
FL low-loss ballast is used for 18/20W lamps.

Lamp type & brand Vimax(V) | Virms(V)
T8 RALACO 36W DL 14.6 10.1
T8 PHILIPS TLD 36W/54 DL 12.8 10.0
T8 OSRAM L36W/765 CDL 144 11.1
T8 SYLVANIA 36W WW 13.2 9.5
T8 NARVA LT36W/860 DL 15.0 10.8
T8 TOSHIBA FL40T8D/36 DL 144 10.3
T10 RALACO 40W DL 154 10.4
CFL RALACO 20w DL 9.6 6.8

Table 1 lists the peak and RMS values of the cathode fall for some lamp types and brands.
All lamps of the same type were tested in the same condition (operated with the same ballast).
For comparative purpose, the minimum of the four measured values for each lamp was selected
to the list. Having a look at the table, one could not find noticeable differences between the
cathode fall values for all tested T8 lamps, except for the PHILIPS TLD 36W/54 DL, which have
the lowest peak value of the cathode fall. The peak cathode fall varies from lamp to lamp but
always falls in the safe range (see text above). In addition, J.F. Waymouth has pointed out that
sputtering damage to the electrode is only significant at starting and small during continuous
operation of the lamp 1. That means newly produced lamps almost have reasonable cathode fall
values. By the time of use, these values will all increase, but at different speeds. The higher the
cathode destruction rate, the faster the cathode fall will rise. Sooner or later, lamps will have the
peak cathode fall exceeding the critical values, especially when they have exercised long times
of use and numerous switching cycles. This suggests the applicability of the technique to
monitoring the quality of electrodes and early testing the lifetime of lamps by comparing the
peak cathode fall before and after periods of operation.

4. Conclusions

We have described an improved technique for making measurements of cathode fall for
fluorescent lamps under low frequency operation. Based on the well known capacitive method,
we have applied a new double capacitive probe construction, a new input impedance
bootstrapped buffer design and a totally active shielding scheme, which brings a better
measurement system with simplicity, stability and precision. Application of DSO and PC gives
the system the ability of automation of detecting and monitoring the cathode fall values.

Measurements taken on newly produced lamps of same type suggest insignificant difference
between brands, in the aspect of cathode fall. This leads us to a conclusion. The quality (the
lifetime in this case) of a lamp may not be identified at first by measuring its cathode fall. But the
cathode fall rises by the time of lamp operations and the number of switching cycles. The rate it
increasing depends on various factors (the construction of electrode, the quality of cathode
emissive coating, the operating temperature of electrode etc.), which may cause cathode material
loss. In this way, we can monitor the quality of a lamp (more specifically, the quality of the
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electrode) and predict an early failure of the lamp. Statically and approximately, one may also
calculate the lifetime of a lamp by the rate of cathode fall increasing.
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Abstract: LiF:Mg,Cu,P is a type of thermoluminescence material whose beta and gamma
radiations have an equivalent effect to biological tissues. Therefore, it's very likely to be applied
for radiation dose measurement in the fields of Environment and Health. However, this material
usually has many radiation peaks and usually changes depending on processing mode and
measuring mode. According to the experimental researches about changes in the amount of
thermoluminescence radiation and the movement of thermoluminescence peaks due to various
heating rates, this paper has shown the changes in thermoluminescence sensitivity and then we
propose the optimal heating rate mode when measuring dose by LiF:Mg,Cu,P on RGD-3A

Reader.

Keywords: LiF(Mg,Cu,P), thermoluminescence, dose, environment, measurement.

1. Introduction

As we all know, thermoluminescence
is a phenomenon in which material emits
the photons in visible light range when it
was heated up to a temperature of below
500°C. This phenomenon will not occur
again even when we repeat the heating
process. The physical nature of this
phenomenon is that before they are heated,
under the action of radioactive rays, the
electrons move from the valence band to
the intermediate energy levels near the
conduction band (energy traps). After that,
when the temperature of the material is
increased little by little, these electrons
will escape from the intermediate energy
levels in order to return to the basic energy
levels and along with which emit light
quanta (Figure 1).

The intensity of lights depends on the
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Figure 1. Kinetic model of the thermoluminescence
process

a) Interaction of nuclear radiation and electrons; b)

The movement of electron to intermediate energy

level;

c¢) When heated, electrons move from secondary

energy level to basic energy.

amount of electrons accumulated in the secondary energy traps, the constant of crystal lattice...

They were described by the equation:

I=f(,S, B, E) (1)
In which n is the number of electrons held in traps, S is the oscillation constant of crystal
lattice, P is the heating rate, E is the exciting energy of electron trap.
When the heating rate process is in continuous linear form (T = Ty + B.t), the express
describing the curve of thermoluminescence radiation has the following form:

dn -S -8 7 —E
I = E =S .noexp(k—T}exp(Fj.J; exp(ﬁ}dT 2)
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In nature, this phenomenon was
found in some natural minerals such as
fluorite, quartz, feldspar...However, in
order to have high quality
themorluminescence materials, people
have taken the initiative to produce =
them by using base substances and valtage
then add impurities with suitable rate. T
Flolithium (LiF) is an example it is g

FErrrr

used commonly in many laboratories s
over the world to  measure Light guice i
environment nuclear radiation dose s
and nuclear medicine. To increase the
efficiency of the emission of M'WL—-(—;_
thermoluminescence, they usually use  wcaame :
the impurities: Mg, Cu, P ... [2, 3] RS

In short, to measure the signal of Figure 2. Figure and general principle diagram of
thermoluminescence, besides the thermoluminescence measuring system
common parts of nuclear instruments
such as: photomultiplier tube, amplifier, signal processing, express measuring results... There are
other integral parts such as oven, and heat supply controlling system. Figures and general
principle diagram of RGD 3A thermoluminescence measuring system are indicated in Figure 2:

Figure 2 shows that, the measuring sample is put on metallic measuring tray whose two

ends are combined with two poles of an electric source to heat the tray. Light signals emitted
from the sample are sent to the photocathode of a photomultiplier tube. Potential pulse at output
of Photomultiplier tube, after going through the Amplifier will be processed and sent to the
Indicator.

The temperature of the measuring tray is measured by the electric thermometer lying under it
and displayed on a screen. The information of the temperature controlling from keyboard is sent
to the controlling server to turn on/off the electric current going through the tray
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2. Experiment

Experiment researches on thermoluminescence characteristics of LiF:Mg,Cu,P were
conducted with the material samples supplied by Beijing Nuclear Research Institute. They are in
form of powder. The sizes of their particles are from 1 to 10um. This type of sample desiccates
highly therefore, during the experimental process, the sample must be put in desiccating mode by
silicagen.

In principle, we can define the exposure dose value by measuring the TL counts emitted from
the sample and its thermoluminescence sensitivity. However, the complex of physical processes
occurring in the material, the loss of thermoluminescence signals occurring in preservation
process and especially the decrease of thermoluminescence sensitivity due to usage will make
the measuring results less precise. To resolve the problems above, we chose the standard solution
in our experiments.

The nuclear radioactive source that we chose is *’Cs source placed at Nuclear Science and
Technology Institute (Hanoi City). It is a gamma radioactive source of energy 0.661 MeV. Its
haft-life is relatively long (30 years) which means the source completely has the capability to
supply radioactive rays having stable intensity during the time of experiment. Here, a technical
problem that needs to be solved is how much the exposure dose levels are to be considered
suitable. It is true that we cannot choose high dose levels because of the waste of time and
money. Besides, it is dangerous to the experimental staff. Furthermore, it also makes the
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measuring scale overload even makes it unable to measure. Conversely, if we choose very small
dose levels, there is not enough effect to measure. The small amount of the measured pulse even
makes the research results untrustworthy and unconvincing

In addition, in principle, we can build the first order linear curve with two points, but to reach
high precision, it is necessary to use more supplementary exposure levels. Therefore, basing on
the previous research results and papers of other authors, we propose 4 exposure levels applied
for the experiments of research on thermoluminescence sensitivity of LiF:Mg,Cu,P: 5mGy,
10mGy, 15mGy and 25mGy.

Since then, once we have learnt about the radioactivity of source, we can calculate the
amount of necessary exposure time to gain the exposure dose values above.

The samples after irradiation are preserved in low background chamber in 72 hours in order
to reject the radioactive disturbs which have short life-time and are originated from the
irradiation of sample. After that, the amount of thermoluminescence in these samples will be
measured on the RGD-3A Reader. The measuring mode is set up as follows:

200 /—\
- Heating temperature at the beginning: // \
135°C b i
- Heating time at the beginning: 6s i /
- Heating Temperature in the end: 240°C 50
- Heating time in the end: 6s : /
_ Heating I'atej 60C/S 0 100 200 300 400 a0n (=1al) 700

Figure 3. Graph of increasing temperature on
RGD-3A Reader
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g E
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Figure 4. TL spectrum of LiF:Mg,Cu, P with 4 heating rates:
a) Measure at heating rate as 2°C/s b) Measure at heating rate as 4°C/s
c) Measure at heating rate as 6°C/s d) Measure at heating rate as 8°C/s
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The measuring modes above are not changed during the measuring process to all samples
accept heating rate which will change to values: 2, 4, 6, and 8°C/s. The results show a difference
among the shapes of TL spectra as showed in Figure 4a, 4b, 4c and 4d:

3. Results and Discussion

1) The measuring results as showed in Figure 4a, 4b, 4c, and 4d are extracted in temperature

range from 135°C to 210°C. TL counts relate to exposure dose as showed in table 1:

Table 1:
Heating rate Exposure dose (mGy)
(°Cls) 5 10 15 25
2 5468 9291 12469 17715
4 6596 11296 16463 22615
6 7509 13892 19084 32228
8 8559 15519 21389 31079
Heating rate: =2 Heating rate p = 4
2N 25000
o 15000 L =t agopg | e EEES s 3274 e
E o i R a (9508 ",f"’
§ 1 A 8 e
= - o ¥ =608 30+ 29264 g 1$ ¥
R¥= 09918 a .-" . i i i |
Ué, s W 15 W ®E B 0 5 W 15 W X
Dose
Dose
Heating rate § = 6 Heating rate p=f
35000 -
80000 30000 4 L
zremn o , 25000 - -
'5 _f,e-’f ‘§ 20000 #_,,*"
E ciLt !ff"d — © 15000 - ¥= 111220+ 38441
1000 T ™ 10000 " R=0.0923
L 5= |
0 5 10 15 x * 0 o v v T v ¥ v
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Figure 5. Graph determining sensitivity of sample at different heating rates:
a) Measure at heating rate as 2°C/s  b) Measure at heating rate as 4°C/s
¢) Measure at heating rate as 6°C/s d) Measure at heating rate as 8°C/s

As represented in previous papers, the TL sensitivity of material represents the TL counts
emitting per one unit of exposure dose and is determined as angular coefficient of the linear
standard line. From the results that are obtained in table 1 we can build the linear standard line
and determine coefficient of TL sensitivity as showed in Figures 4a, 4b, 4c, and 4d.

The results on Figure 5 show that there are good linearity between the amount of obtained
pulse and the increasing of the amount of the gamma radiation dose on sample

The results above show a change in the heating rate of TL sensitivity and there is a maximum
in range from 5°C/s to 6°C/s as showed in figure 6.
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This phenomenon can be explained by
Randal-Wilkin  kinetic model which
indicates that every peak is related to the
energy level of some electron trap. When
the samples are heated, electrons will *

escape from these electron traps and then /’_’\

return to its lowest energy state and emit

light quanta. The process of freeing , , ]
electron from electron traps is related to the 0 5 10 15
heating rate and every trap has an optimal Heating rate

heating rate at which the most electrons
escape. Figure 5 shows that the optimal  Figure 6. A change in heating rate of TL
heating rate is from 5°C/s to 6°C/s to sensitivity.
LiF:Mg,Cu,P: dosimeter.

TL sensitivity
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=
=
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2) Calculating the kinetic parameters of physics processes happening inside the material
related to thermoluminescence has great scientific and experimental significance. The energy
level of trapping centers depends on every thermoluminescence material. It is evaluated by a
comparison method of the movement of radiation peaks with different heating rates. For example,
two heating rates 3; and B, correspond with radiation peaks Tpaxi and Traxe. From equation 1,
we have the equation to calculate energy value as follows:

kT T T

E :|: max 1~ max 2 ln IBI max | :| (3)
(Tmaxl - TmaxZ) ﬁZ 'Tmax2

In which: T and Tiaxe are the temperature values of peaks at rates By and ;.

Parameter S is calculated as follows:

2 2
S= A (nmrmY@“j—(nmymTQUJ )
T, ..~ ).€Xp B p A
max | max2/* k T

* Tmax1

Furthermore, in order to increase the accuracy of calculated results, Hoongenstraaten gives a
solution that is to combine many heating rates. Then, if we build a graph in which vertical axis is

the values of ln(T2 i ,[J’l) and horizontal axis is the values of 1/Thax, we will notice that the

maxi

dependence of ln(T2 o/ ,[J’l) on 1/Tha.xi forms a line. Besides, represented results also show

sloping parameter of the energy value line of trapping holes. S is calculated by the intersection
point of that line with the vertical axis by extrapolation: 1/T=0.

To the thermoluminescence spectra as showed on Figure 3, in range of temperature from
135°C to 240°C, we will observe two peaks. Relationship between the heating rate and the
positions of peaks is as follows:

Table 2: The movement of TL spectrum peaks to the different heating rates

Bi(°Cls) Tinaxi (°C) Timax2 (°C)
2 158 188
4 168 194
6 174 198
8 168 188
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Table 3: Calculating the values of E and S by the method of change in the heating rate

The first peak The second peak
In(T, /) 1000/ Tmax1 In(T2,/4,) | 1000/Tmu
9.43 6.33 9.78 5.32
8.86 5.96 9.15 5.15
8.53 5.75 8.78 5.05
8.17 5.95 8.39 5.32

When building the linear regression line with the data of the increasing range of TL
sensitivity, we obtain the values of E and S of two peaks above as follows: Ei= 0.64eV; S;=
0.24s! and E>= 0.27eV; S,= 2.69s. Conversely, if we build the linear regression line with the
data of the decreasing range of TL sensitivity, we will obtain the values of E and S as follows:
Ei= 0,80eV; S;= 1.37.s" and E,=0.82¢V; S,=1.16.5"".

Comparing the obtained results with the results calculated by Glowsim illustrative program
[5], we will notice that the results calculated to the range of decreasing TL sensitivity are more
approximate. The cause of this problem is that the method used to determine the TL kinetic
parameters to the different heating rates is only suitable for the materials form the first order
kinetic. To the material form the complex kinetic, the parameters above will have a considerable
difference.

4. Conclusion

Up to now, we have studied the characteristics of TL sensitivity of LiF:Mg,Cu,P in the range
of temperature from 135°C to 210°C with the different heating rates. The results show that the
TL radiation curve includes two different peaks: one peak is in the range of temperature from
160°C to 170°C and the other peak is in the range of temperature from 188°C to 198°C (Figure
4). The TL radiation intensity emitted from these two peaks has a good linearity when increasing
the gamma exposure dose on samples (Figure 5). The result evaluating the change in TL
sensitivity of the material with the measuring window from 135°C to 210°C (including both
peaks) showed that when the heating rate is 6°C/s, the TL sensitivity of material will reach
highest value (Figure 5).

Evaluating the TL kinetic parameters by Hoongenstraaten method showed a considerable
difference when compare with the data calculated by Glowsim program. This proves that the
kinetic process of LiF:Mg,Cu,P has many different orders.
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Abstract: We present some results in analysis and comparison of trap energy distribution over
temperature and trap energy density spectra (trap occupation-Hg) for two well-known
thermoluminescent (TL) materials: CaSOy: Dy and Al,Os: C using fractional glow technique
(FGT). Our experimental results confirm the quasi-continuous distribution of traps in CaSO,: Dy
and trap density spectrum in Al,O;:C shows an simple exponential shape with maximum at
1.45¢eV after being corrected due to the influence of thermal quenching.

Keywords: Initial rise method, fractional glow technique, activation energy, trap energy density
spectrum

1. Introduction

TL methods are widely used for investigation of point defects that create trapping states in
materials. TL measurement of these materials could be used to evaluate trap parameters : trap
depth or thermal activation energy (E), frequency factor (s), kinetics order (b)... The initial rise
(IR) method is known as the simplest but the most reliable method for evaluating activation
energy (E) of a single glow peak. It is assumed that the trap depths associated with the localized
states are single —valued in energy (mono -energetic traps). This is only valid to high quality
singles crystal materials. In highly defective or amorphous, vitreous materials, trap depths
associated with particular defects will be expected to spread over a range of values rather than
being unique defined. This is due to the structure of lattice surrounding the defect may exhibit
random variations in the nearest neighbor bond angles and bond lengths and result in the
activation energies tend to be distributed rather than discrete [1]. Actually, glow curves of many
kinds of TL materials are complicated: it could be also said that there is a superposition of
overlapping glow peaks. This problem led to development of more effective methods to get the
image of the actual trap distribution function (TDF), [2].

FGT, an extension of the IR method, is then chosen as an experimental method for such trap
spectroscopy analysis. FGT was first carried out by Gobrecht and Hofmann (1966) and then was
developed, improved by some authors.

Using the concept of trap energy density spectrum, the TL intensity dependence on time of a
TL material could be presented as by an integral below:

1 (t) = !{WE,SXE,s;dEdS (1)

where y is the probability of thermal trap emptying, Hg,s is the trap energy density spectrum,
XE,s 18 trap population, s : frequency factor.
From the familiar equation of IR method:

d(Inl)/d(1/T) = -E/k ()
and assuming the trap population x to be constant in subsequent cycles:
d(nl) :J‘J‘E}/i-IXdEdS:_<E>i 3)
d(1/T) k([ HdEds k
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The highest temperature of each cycles is then elevated at about only several K degree and the
heat regime of FGT experiments must be strictly carried out to valid the above equations (2, 3).
[2].

Linear regression by least squares method is used to calculate the mean thermal activation
energy of each FGT cycle E;  (noted as Eiy: heating stage , E;. : cooling stage). If the heating rate
is equal to cooling rate, E; is calculated by the formula below [3]:

E =% (Eih + Eic) (4)

The density spectrum Hg of trap energy (trap occupation) is then calculated using the formula
[3]:

H.=L/<E>.-<E>| (5)

where Li: light sum ( calculated by integrating the heating and cooling glow curve of 1 cycle).
2. Experiments

Our FGT system consists of a photomultiplier- R928, a photon counting unit C9744--
Hamamatsu, an USB-DAQ card (National Instruments). The system is completely controlled by a
program using LabVIEW 8.0 software. The heat regime of the first cycle is programmed to heat
the sample from 50 to 62°C, then to cool it from 62 down to 52°C, at the same constant rate:
0.1°C/sec. This regime was repeated for subsequent cycles and the higher temperature of the
current cycle is 2°C higher than the previous one. In the final cycle, the temperature is maybe
could get to 300-350°C depending on the number
of necessary cycles. The total number of cycles is |~
maybe up to 100 or more and it takes several hours
of operating.

Sample CaSO4:Dy used in our experiments, in
powder form, in- house prepared by sintered
method, was irradiated by Co-60 gamma source
with high dose (10KGy) at room temperature.
AlLOs: C samples, single crystal commercial
dosimeters, were excited by UV light (D2 lamp) in
5 min.

The upper graph in Fig. 1 is actual glow curves
(TL intensity) and the lower one is to present the
actual temperature of the sample.

Fig 1: FGT instrument front panel

3. Results & discussion

3.1. Trap energy spectroscopy of CaSO4:Dy

The mean thermal activation energies in CaSO4:Dy, plotted in fig. 2, were ranging from 1.05
eV to 1.8eV over the maximal temperature of each cycle.

The distribution of E; shows clearly a “staircase” shape as expected (Gobrecht & Hofmann,
1966). There are some so-called plateaus at some ranges of 100-120°C (corresponding to
1.15eV), 170-200°C - the dosimetric peak (1.45¢V), and 270-290°C (1.8eV).

The shape also shows two rather steep parts (120-160°C and 200-270°C). All above suggests
the actual distribution of trap energy in CaSO4:Dy is quasi-continuous that includes some
discrete trap energy levels . The trap energy density spectrum over activation energy scale in
fig.3 reveals that there are some groups of peaks with peak about 1.15eV, 1.25¢eV, 1.45 eV ...,
corresponding to the plateaus in fig. 2 . Our analysis agreed to results carried out by Srivastava
[6] and it is expected to be clearer thanks to better FGT heater regime.
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3.2. Trap energy spectroscopy of Al,03:C

The plot of activation energies of traps in Al,O;: C over temperature scale (fig.4) shows a
different tendency on the high temperature side (over about 100°C): activation energy decreases
when temperature increases. This could be explained by the strong influence of thermal
quenching in the samples on IR method which was confirmed by experimental and theoretical
results before [7]. The luminescence efficiency 1 as a function of temperature, plotted in fig. 5 is
nearly equal to 1 about T, < 100°C and sharply decreases when temperature is over Tk.
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1.8 - 3.00E+013

2.50E+013
1.6 -
2.00E+013

1.4 4
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Fig. 2: Dependence of thermal activation energy on  Fig 3: Trap energy density spectrum of CaSO4:Dy
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Fig. 4 The plot of activation energies of traps in Fig. 5 The thermal quenching efficiency (W=
AlLOs: C over temperature scale 1.05¢V, C=1012).

The real values of activation energy E should be corrected by adding AE as the formula below:
AE(T)= W/(1+1/[C.exp(-W/kT)])

The dependence of real activation energy of traps on temperature in Al,Os: C is presented in
fig 6 and its trap energy density spectrum is on fig. 7.
The distribution of trap energy in Al,O3: C has an simple exponential shape with maximum at
1.45eV (main peak) after being corrected by the influence of thermal quenching phenomenon.
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The trap energy spectra of the two TL materials above show two different types of real trap

distributions that could be clearly recognized by FGT method.
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Abstract. Curcumin, a yellow polyphenol extracted from the rhizome of turmeric (Curcuma
longa), has potent anti-cancer properties. Nevertheless, clinical application of this agent in cancer
and other diseases has been limited due to poor aqueous solubility, and consequently, minimal
systemic bioavailability. Nanocurcumin, unlike free curcumin, is readily dispersed in aqueous
media. That demonstrates comparable in vitro therapeutic efficacy. Moreover, chitosan (CS) has
shown the favorable bicompatibility characteristics. Therefore the major goal of the present work
is to create a kind of new nanoparticles to orient their capacity of clinical application. A
polymeric chitosan nanoparticles and nanocurcumin (nanoparticle encapsulated curcumin) have
been prepared by ionic gelation of chitosan with polyphosphate anions (PP) and a mix of chitosan
and curcumin solutions with polyphosphate anions (PP), respectively. By TEM technique, the
morphological aspects and the particle size of 20 nm of these nanoparticles have been
determinated. The spectroscopic and structural characterizations of obtained nanoparticles have
been also investigated by FTIR spectroscopy and UV-Vis analysis. All these results showed that
the chitosan can complex PP to form stable cationic nanoparticales and can encapsulate quantities
of curcumin to create a nanocurcumin.

Keywords: cross-linked chitosan; nanocurcumin; TEM; FTIR and UV-Vis.
1. Introduction

Curcumin, a natural yellow-orange polyphenol, the main constituent extracted from the
rhizome of turmeric (Curcuma longa), has been used for a long time as dye, medicine and food
additive in the Asian countries. It has been reported that curcumin has powerful antioxidant and
HIV antiproteases activities, anti-inflammatory and cancer preventive properties and it may help
in Alzheimer’s Disease (AD) [1-2]. Nevertheless, clinical application of this agent in cancer and
other diseases has been limited due to poor aqueous solubility, and consequently, lower
bioavailability. The majority of the orally administered curcumin is excreted in the feces and the
urine, very few is detected in blood plasma. One reason for the low bioavailability of curcumin is
that curcumin is almost insoluble in water at acidic or neutral pH, and thus is difficult to absorb.
After oral dosing, curcumin is rapidly metabolized in the intestine to several reduced products.

Chitosan (CS) is a biopolymer obtainable from renewable resources such as crustacean
shells, which is formed from basic units of 2-deoxy-N-acetyl-D-glucosamine and 2-deoxy-D-
glucosamine linked by B-1,4 glycosidic bonds, a naturally abundant polysaccharide. Chitosan is
a hydrophilic, tough and inert solid and also insoluble in water. Chitosan in in acidic media can
interact with negatively charged species such as TPP leads to formation of biocompatible cross-
linked chitosan nanoparticles. Chitosan has been extensively studied as protein carriers and gels
for the entrapment of cell in the pharmaceutical and cosmetic industry [3-4]. Moreover, chitosan
have been abundantly investigated and became commercial product of Institute of Chemistry,
VAST, Vietnam.

To create a kind of new nanoparticales to orient their capacity of clinical application, our
objective in the present work is to prepare nanoencapsulated curcumin in nanospheres of
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chitosan cross-linked with sodium polyphosphate and to investigate a spectroscopic
characterization these obtained nanoparticles.

2. Experimental methods

2.1. Materials.

The curcuminoid was obtained by extraction and isolation from a rhizome of turmeric
(Curcuma longa) as described in detail in [5]. Chitosan was a kind gift of Institute of Chemistry
—VAST, Vietnam, Sodium polyphosphate was product of Merck Ltd. And all other chemicals
were of analytical grade.

Preparation of cross-linked chitosan.

Chitosan nanoparticles were prepared according to the procedure reported by Calvo et al.
based on the ionic gelation of chitosan (CS) with sodium polyphosphate anions (PP) [6]. To
refine chitosan, we dissolve a chitosan in hydrochloric acid media, the undissolved constituents
were removed by filtration. Chitosan solution was precipitated with 0.2 M NaOH solution. The
purified chitosan was washed with distilled water and dried. To obtain chitosan solution,
chitosan was dissolved in acetic aqueous solution at concentration 0.2 mg/mL. The concentration
of acetic acid in aqueous solution was 0.05 M. The pH was adjusted to 5 with NaHCO;. Under
magnetic stirring at room temperature, un various quantities (5, 6, 7, 8, 9 mL) of polyphosphate
aqueous with concentration 0.4 mg/mL was added to 50 mL chitosan solution, respectively. The
opalescent suspension of cross- linked chitosan particles were obtained (Figla).

Encapsulation of curcumin.

For the association of cucurmin with chitosan nanoparticles, free cucurmin was saturated in
ethanol solvent. A 100 pl cucurmin solution was added in S0mL chitosan solution and then we
repeat the same process with the addition of polyphosphate aqueous. The transparent yellow
solution was obtained. (Fig.1b).

The cross- linked chitosan and encapsulated curcumin in cross- linked chitosan particles were
dried at room temperature for FTIR spectral analysis. For the Transmission Electron Microscope
(TEM) analysis, these samples were immobilized on copper grids coated with carbon. They were
dried at room temperature and then coated with uranium acetate 0.5%.

2.2. Apparatus.

The Transmission Electron Microscope (TEM) image, the zise and the morphology of the
obtained cross-linking chitosan and encapsulated curcumin were taken in JEOL, JEM 1010
instrument (Japan). The spectroscopic
characterizations of these particles were
analyzed by FT-IR and UV-Vis methods.
The FTIR spectra of all obtained samples
were recorded at room temperature on a
Nicolet 6700 FTIR (Thermo-USA) in the
400- 4000 cm™” range with 32 scans in
using the KBr pellet technique. Spectral
resolution was 4 cm™. Ultraviolet—visible
(UV—Vis) absorption spectra of chitosan,
cross-linking chitosan and encapsulated
curcumin were recorded on a Cary 5000

UV-Vis NIR spectrophotometer (Varian- (a)

USA) with 1 c¢cm optical path. Normalyzed Fig. 1. The opalescent suspension of cross- linked
bands were obtained using a curve-fitting chitosan particles (a) and the transparent yellow
technique by OriginPro V7.5 software. encapsulated curcumin in nanospheres of chitosan (b)
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3. Results and discussion

3.1. Chemical structure of initial materials.

Curcuminoid (Cur). Molecule of curcumin have a conjugated symmetrical structure with
single (-C-C-) and double (-C=C-) bonds alternately. They have two benzene rings, two methoxy
and particular two hydroxy groups. Curcumin undergoes keto- enol tautomerism and exists in
enol form both in solution and solid phase. In the central part of the molecule it can have a C=0
and a C-OH group for the enol form (a) and two C=0O groups for the keto form (b). Since the
enolization allows conjugation between the n- electron system of the two feruloyl chromophore,
light absorption occurs in the visible region causing the yellow color of curcumin [7]. The
chemical structure of curcumin, is as shown in the figures:

(b)

Chitosan (CS) is a linear polysaccharide composed of randomly distributed -(1-4)-linked D-
glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). Chitosan has free
amine as well as hydroxyl groups, which can be modified to obtain different chitosan
derivatives. The chemical structure of chitosan is as shown in the figure:

Sodium polyphosphate (PP) is anionic phosphate polymers. The polymerization that takes
place is known as a condensation reaction. The chemical structure of chitosan is as shown in the

figure:
0 0
1 i
NaO—P qO0-P JaNa

1 1
O O
Na Na ¥

Transmission Electron Microscope (TEM). Figure 2 illustrates TEM photograph of obtained
opalescent suspension of cross- linked chitosan particles (a) and encapsulated curcumin in
spheres of chitosan (b). The TEM both images show that the cross- linked chitosan and the cross-
linked chitosan encapsulated curcumin were spherical and have an average diameter of ~ 20 nm.

Fourier Transform Infrared (FTIR) spectral analysis. The FTIR spectra of chitosan- CS
(Fig.3a), sodium polyphosphate- PP (Fig.3b), cross-linked chitosan- CSPP (Fig.3¢) and cross-
linked chitosan encapsulated curcumin- CurCSPP (Fig.3d) at pH5 in the 400-4000cm™ range are
shown in Figure 3. In the infared spectrum of chitosan (Fig. 3a) we have seen a broad band at
3426 cm' which can be attributed to the asymmetric -NH, and —OH group stretching vibrations.
The very clearly peak at 1634 cm ' and a very weak broad band about 830 cm™ can be attributed
to the N-H bending, and the bending of -NH; for primary amide, respectively [8]. On the other
hand, the spectrum of chitosan showed very weak broad band at 1360 cm™, indicative of C-N
stretching of primary amide and an other weak broad band about 1056 cm™, which is showed at

3.2 Characterization.
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1082 and 1030 cm™ by Davidenko et
al.[9] and can be attributed to C-O-C
stretching of the chitosan saccharide
structure. We know that the chitosan is
polycationic when dissolved in acid
media and presents ~NH"; sites. The
sodium polyphosphate (cross-linking
agent) dissolved in water dissociates to
give both OH™ and phosphoric ions.
Thus, the interaction of chitosan with
polyphosphate could be either by
deprotonation or ionic interaction. In
our case, the FTIR spectra of the
crosslinked chitosan CSPP (Fig.4c)
was showed that the characteristic N-H
bending peak of for primary amide at
1634 cm™ disappears and two new
peaks at 1568 cm™ and 1409 cm’
which could be attributed to -NHjz
asymmetrical and symmetrical
deformation = modes (PO-NH"),
respectively, appear. Meanwhile the
vibration modes of phosphoric ions
such as P = O at 1337 cm™ and P-OH
at 1646 and 1013 cm™ always existed,
even for  cross-linked  chitosan
encapsulated  curcumin-  CurCSPP
(Fig.3d). The disappearance of the
bending band of -NH,; and the
existence of the vibration modes of
phosphoric ions could be considered
that the phosphoric  groups

of

S5 o T
| (®)
Fig. 2. The TEM images of opalescent suspension cross-
linking chitosan nanoparticles (a) and encapsulated
curcumin in nanospheres of chitosan (b)
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Fig. 3. FTIR spectra of chitosan- CS (a); sodium

polyphosphate were cross-linked with polyphosphate- PP (b); cross-linked chitosan- CSPP (c¢) and

CH,OH H
O H

NH, +

Fig. 4. The interaction of chitosan with
polyphosphate by ionic cross-linking.

cross-linked chitosan encapsulated curcumin- CurCSPP (d)
at pH 5 in the 400-4000 cm ™' range.

the ammonium groups of chitosan to form a
nanoparticle. In the case of the addition of amount of
cucurmin- CurCSPP (Fig.3d), we have seen the almost
bands in the same positions of the FTIR spectra of
CSPP (Fig.3c), unless the characteristic band of
chitosan at 3426 cm™' became more and more wider in
comparison between four FTIR spectra (Fig. 3 a-d). It
is the indication of enhanced hydrogen bonding. Thus,
we could think that the curcumin was encapsulated in
polymeric cross-linked nanochitosan which was
formatted by the interaction of chitosan with
polyphosphate by ionic mechanism, which could be
presented in the figure 4.
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Table 1. Observed FTIR frequencies in (cm™) of chitosan- CS, natripolyphosphate-
PP, cross-linked chitosan- CSPP and cross-linked chitosan encapsulated curcumin-

CurCSPP at pH 5
CS PP CSPP  CurCSPP Assignment
3426 3449 3426 3406 Vas N-H str. of Amide; OH str.
1634 N-H bend . of Amide
1646 1646 1646 P-OH
1568 1568 8as NH; def. (PO™-NH'3)
1409 1409 8 NH; def. (PO -NH3)
1360 C-N str. of Amide
1337 1337 1337 P=0
1196 vs PO,
1165 1165 1165 vs PO, (PO,-0),
1056 C-O-C str.
1093 1093 1093 vs PO,
1013 1013 1013 P-OH
960 Vas POP
890 890 890 Vas POP
830 bend. of -NH, of Amide
819 vs POP
707 vs POP (PO,-0),

All observed FTIR frequencies of chitosan- CS, sodium polyphosphate- PP, cross-linked
chitosan- CSPP and cross-linked chitosan encapsulated curcumin- CurCSPP at pH 5 are listed in

table 1.

UV-Visible spectroscopic analysis. The UV-vis absorption spectra of the cross-linked chitosan,
the cross-linked chitosan encapsulated curcumin- CurCSPP at pH 5 and the free curcumin in the
solution (ethanol + water) in the range of 300- 600 nm are shown in Figure 5. Since chitosan has
a broad absorption band at around 300 nm, it was shown that neither band correspond to chitosan
nor cross-linked chitosan- CSPP in this region. We have seen only a broad absorption band at
425nm and a shoulder at 356 nm that correspond to the curcumin molecule. The nearly-
unchanged absorption peak of the curcumin indicates that the stability of the cross-linked
chitosan encapsulated curcumin (nanocurcumin) can be maintained in water.
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Fig. 5. The UV-vis absorption spectra of the nanocurcumin (cross-linked chitosan encapsulated
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curcumin)- CurCSPP at pH 5 and the free curcumin in the solution of water/ethanol (a) and normalized
absorption bands of cross-linked chitosan encapsulated curcumin (b)
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4. Conclusions

Spherical both cross-linked chitosan and cross-linked chitosan encapsulated curcumin
nanoparticles with an average diameter of around 20 nm can be easily obtained by the ionotropic
gelation method between chitosan with polyphosphate anions (PP). FTIR and UV-vis
spectroscopy were used to study the nature of this interaction and suggested that the curcumin
was encapsulated in polymeric cross-linked nanochitosan which was formatted by the interaction
of chitosan with polyphosphate by ionic mechanism between the amine group of chitosan and
the phosphoric ions of polyphosphate. The FTIR result also affirm the leading role of the
polyphosphate anions in the formations of cross-linked nanoparticles. We wish the capability of
water-soluble of cross-linked chitosan encapsulated curcumin nanoparticles could be developed
for the application not only in drug- drinking and drug-injection, even in the biomarker.
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POROUS SILICON AS A PROMISING MATERIAL FOR PHOTONICS
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Abstract. The considerable and controllable changes in electronic structure and refractive index
of porous silicon fabricated by electrochemical anodization make it become a promising material
for photonics in comparison with bulk silicon. As study of PS in terms of a low-dimensional
material, we reviewed the effect of the surface passivation of silicon nanocrystals on
photoluminescence spectra of such zero-dimensional crystals. In terms of an optical material, we
show the fabrication method and optical properties of planar waveguide as well as active
waveguide operated in the range of 1.54 um wavelengths. We have been also investigated the
effect of energy transfer from silicon nanocrystals to erbium ions based on erbium-doped porous
silicon waveguide.

Keywords: Porous silicon, Low-dimensional material, Decay rate, Planar waveguide.

1. Introduction

Since 1990 when Canham reported on the efficient visible photoluminescence (PL) from
porous silicon (PS) [1] this material have been attracting an increasing interest for research in
natural physic as well as applications [2]. The considerable and controllable changes in
electronic structure and refractive index of PS fabricated by electrochemical anodization make it
become a promising material for photonics in comparison with bulk silicon. In the structure, PS
consists of many micropores and silicon residuals with the size and width of the order of a few
nm. The exciton Bohr radius in Si is around 4.3 nm, so that quantum confinement can occur and
change in electronic structure of those silicon nanocrystals [3]. On the other hand, because the
value of porosity (the fraction of Si removed from the substrate) is directly linked to the effective
index of refraction of the PS layer, this layer appears as an effective medium, whose refractive
index has a tunable value between the index of refraction of bulk Si and that of the air (pores) [2].
The considerable and controllable changes in electronic structure and refractive index of PS as
compared to bulk Si make it fascinating in terms of both a low-dimensional material and an
optical one.

In the initial work [1], Canham proposed that the upship of the luminescence spectrum into
the visible was due to quantum confinement in the silicon crystalline wire structure and hydride
passivation of the Si wire was the reason for the high efficiency of the observed PL. For a
no-long time after that, spectroscopic studies, particularly of the polarization of the PL [4, 5] and
of features observed under conditions of resonant excitation [6], have provided strong positive
proof of the quantum confinement model. However, there were a lot of spectroscopic phenomena
that can not be explained in the frame of the simple quantum confinement model. In this
embarrassing situation, numerous models have been put forward as alternative explanations of
the PL from PS such as hydrogenated amorphous silicon, surface hydrides, defects, molecules,
surface states [3]. It is well known that in PS the surface to volume ratio is very large, so the
surface effects are expected to play important role in the material properties, especially optical
ones [7]. Because the Si atoms in Si nanocrystals are either at the surface or a few lattice sites
away, the arrangement of interfacial atomic bonds, i. e. the passivation with Si-H or Si-O bonds,
strongly affects the energy distribution of electronic states [8]. In this paper, we present effect of
ageing on the spectral, intensity and lifetime of PL from PS. Our results show that effect of the
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surface passivation on the re-distribution of electronic states and the luminescence efficiency is
dependent on the size of nanocrystals in PS.

As study of PS in terms of a low-dimensional material, we focus attentions on strong emission
properties and employ PS as materials for light sources, i. e. light emitting diodes and lasers
operated in visible region. Concentration on controllable changes in refractive index of PS, we
would like to use PS as materials for filters, optical planar waveguides and amplifier waveguides.
In the paper, we also present the fabrication method and properties of optical planar and
amplifier waveguides operated in the range of 1.54 um wavelength. An advance of amplifier
waveguides based on erbium doped PS is effect of efficient energy transfer from electron-hole
pairs generated in the Si nanocrystals to their near erbium ions, which radiatively decay by
emitting photon at 1.54 um. The effective Er excitation cross-section in Er-doped PS is more
than two orders of magnitude higher with respect to the Er resonant absorption of a photon [9],
so that the pump efficient in amplifier Er-doped PS waveguides can be very high. The effect of
energy transfer have been also explored in elaborated Er-doped PS waveguides.

With the before-mentioned aim this paper consists of sections as following: 2- PS as a
low-dimension material, 3- PS as an optical material, and 4- conclusions.

2. Porous silicon as a low-dimension material

In the first of this section we present the affect of surface states on the PL properties of PS
based on the ageing processs in the air. In the last, we would like to show the reason of the
intense and stable luminescence of blue region which has been interested in recent studies [10].
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| m— After 1 month

(b) ©

Intensity (a.u)
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Fig. 1. PL spectra of the as-prepared samples and after exposure to air for 1-month;
samples, denoted as 1,2 and 3, were prepared by the anodical etching in 20%, 13% and
10% HF solution, respectively. (a) sample 1, (b) sample 2 and (c) sample 3 [10].

Previous studies on the interaction of oxygen in the air on the as-prepared PS [8] show that 1)
the samples as-prepared were well passivated by hydrogen and free of oxygen, ii) after exposure
to air the samples were gradually pasivated by oxygen and the red-shift of PL spectral occurred
as exposure samples to air and was nearly completed after ageing of 24 h. They suggest that the
ageing process can be divided into periods: the first one in which the transition of the
luminescence mechanism occurs after exposing sample to air for a short time and the second one
in which non-radiative center concentration is changed by oxygen passivation [11].

In order to reveal the dependent of surface passivation effect on the size of Si nanocrystals a
series of PS samples, denoted as 1, 2 and 3, were prepared by the anodical etching in 20%, 13%
and 10% HF solution, respectively. As seen in Fig.1, the PL peaks of the as-prepared samples 1,
2 and 3 have energy of 1.73, 1.84 and 2.00 eV, respectively. It is related with a decrease of
particle size in the considered samples. The figure also reveals that the ageing produces a
pronounced increase in PL intensity from sample 1 and only a small increase for samples 2 and 3.
As seen in Fig. 2, the decay rate of the as-prepared samples (the curves 1a, 2a and 3a) shows that
concentration of non-radiative centers in the sample 1 is higher than those in samples 2 and 3.
The pronounced increase in intensity (in Fig. 1) as well as the pronounced decrease in decay rate
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(in Fig. 2) of sample 1 could be caused by the oxygen passivation of non-radiative defects. In the
samples 2 and 3 containing smaller particles, the initial passivation degree is higher, therefore
the ageing is expected to induce a small change both in intensity and decay rate. The comparison
of data from curves 2a and 2c in Fig. 2 reveals that the modification of emission mechanism has
no effect on the decay rate as well as its energy dependence t™(E). This result seems to indicate
that the replacement of Si-bond by Si-O one acting as a radiative center has no effect on the
lifetime. From Fig. 1 and 2 the relation between the size of particle, intensity and decay rate
during ageing was received. In the sample containing larger nanocrystals, the change of intensity

and decay rate, i.e. the luminescence lifetime, are much larger during ageing.
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Fig. 2. Evolution of decay rate as a funtion of Fig. 3. Evolution of PL spectral measured at the end
emission energy from sampes after of excitative pulse from a PS sample after different
preparation, curves 1a, 2a, 3a and after exposure  exposure time (1): as-prepared, (2): after 26, 72 and
to mair for 1-month, curves 1b, 2b. 94 h of exposure to air, respectively, (4im):

corresponding to sample exposed

Fig. 3 shows the evolution of PL spectra, measured at the end of an excitative pulse after
different exposure time. The figure reveals that the blue zone with the PL emission peaked at
470 nm is only observed after 72 hours of exposure to air. Furthermore, the figure also reveals
that the PL intensity increases by increasing the air exposure time. These observations are
different as compared to those reported in Ref. [8] in which the intensity of blue emission from
the as-prepared sample containing the small Si particles was shown to decrease as the exposure
time increased. This result indicates that blue-light emission observed in the present work does
not arise from very small nanocrystals. Curve 4im shows the PL spectrum of a sample, which
has exposed to air for 94 hours and then immersed in HF: ethanol solution. Comparing curves 4
and 4im, one can state that the blue zone in the PL spectrum, observed for the sample after 94
hours of exposure to air, is completely quenched. This quenching clearly relates to the fact that
the silicon oxide layers in the exposed sample have been removed. The above results indicate
that the intense and stable emission in the blue zone of the PL spectra, which observed in
considered samples, relates to defects in silicon oxide layers.

3. Porous silicon as an optical material

In this section, before presentation of the fabrication method and properties of optical planar
and amplifier waveguides we would like to show the ways of producing PS multilayer which is
the base of elaboration of those waveguides. In the last, effect of energy transfer in prepared
samples is shown.

Two main ways of producing PS multilayer have been proposed up to now [2]: by
periodically varying the etching parameters, such as for example the current density or the light
power on the surface of Si under etch, or by using periodically doped substrates and maintaining
constant the various etching parameters. In the following we will discuss the first approach,
because it is more easily accomplished and it has been the one employed by us. This approach is
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based onto the following statements:

« the etching process is self-limited (once a porous layer is formed, the electro-chemical
etching of this layer stops);

» the etching occurs mainly in correspondence of the pore tips;

* the porosity depends only on the current density once the other etching parameters are kept fixed;

» the refractive index of PS, n, depends on its porosity;

Hence, by varying the current density during the etch process, it is possible to vary the
porosity in the etching direction only at the etch front. In this way, the current versus time profile
is transferred in the porosity versus depth profile, i.e. n versus depth profile.

Our prepared process of an optical planar waveguide consists of 2 steps: making a PS film
contained a core layer and a cladding one and stabilizing the structure of the PS film by thermal
annealing at high temperature. In the fabrication of an optical amplifier waveguide, a step of
deposition of Er ion into the PS  film is added before thermal annealing. The treatment of high
temperatures can cause an optical activation of Er ions in PS.

The PS films were formed by electrochemical etching
of 1Qcm p-type Si wafers in 30%HF: ethanol solution.
The top core layer has been fabricated by applying a
15mA/cm? for 7 min. The cladding has been formed in
the same way, with a 65mA/cm? current density for 3
min. These conditions allow receiving a porosity of about
60% and 65%, corresponding, for the core and cladding.
T_o deposit_Er ions into the PS Igyers, the film was

immersed in a 0,2 m/L ErCls solution and the negative

Fig. 4 Core-cladding structure of PS filmon ~ Dias, relatived to a platinum electrode, was applied to

Si-substrate of a planar waveauide laver the sample at a constant current density in the rang

from 175 pA/cm? to 450uA/cm? for 5 min. For optical

activation of Er ions distributed in pores of PS layer, the sample was annealed at 400°C for 2 h,
and then at 800°C for 15 min. in dry oxygen.

A cross section of the PS film was characterized by using a High Resolution Scanning
Electron Microscopy (HRSEM) measurement as presented in Fig. 4. Base on the different
contrast between the core and the cladding due to the difference in porosities, it is observed that
the film consisted of two layers in which the core layer thickness is about 4,5 um, and the
cladding about 7 um. These data consisted with the layer thickness received from the
prism-coupling method.

Fig. 5 shows the HRSEM image of surface of the core and cladding before and after the
period of thermal annealing. As seen from figures 5a and 5c, the difference in density of the
black area presented the pores in the PS layer shows that the porosity in the core layer is lower
than that in the cladding. From this figure we also observed the differences in density of the
black area and in the contrast between the black area and the while one from the PS layers before
(figures 5a and 5c) and after (figures 5b and 5d) the thermal treatment. Those differences appear
that the treatment can cause decrease in the size of pores and the porosity of PS layers. The
prepared PS layers have been densed and therefore optical properties of the waveguides would
be stabilized.

Fig. 6 shows the m-line received from the prism-coupling measurement in the prepared
samples. As seen in Fig. 6a, the optical waveguide effect did not occur in the sample containing
only a core layer. However, the m-line in Fig. 6b from the sample having the core-cladding
structure showed an existence of the coupling angles at which the waveguide effect appeared.
Base on the measured coupling angles, the effective refractive indices of 1.45 and 1.42,
respectively, from the core and the cladding layer have been determined. The prepared optical
waveguide with a refractive index contract up to 0.03 is suitable in optical integrated devices.
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Fig. 5 HRSEM image of surface of the core (c, d) and a PS layer, which was prepared in the same
etching parameters for the cladding (a, b) before (a, c) and after (b, d) thermal annealing in order to
estimate their porosities
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Fig. 6 The m-line from the sample having the single layer structure (a) and the core-cladding
structure (b) in order to determine the waveguide modes and effective refractive index of each layer

As above mentioned, Er ions need to incorporate into the core layer during fabrication
process of the amplifier waveguides. In our method, the Er-ion concentration, which doped into
PS, can be controlled by Er concentration in ErCls solution or drift current density in
electrochemical cell. For the purpose of obtaining high-concentration Er-doped SRO materials
(more than 0.1 atomic % of Er) without Er-clusters, that will be good candidate for
planar-waveguide amplifier, we have been carried out very carefully study of the distribution of
Er-ions along the deep of the prepared PS layers. Figure 7 shows the Er concentration profile as
a function of the waveguide depth that has been characterized by EDX method with the SEM
technique. The Er-ion concentration was increased from 0.11 atom% from top-surface to 0.2
atom% in the deep of 3.5 micron from the top-surface. But the Er-ion concentration became
decreased with the deep inside the samples.

Concentration Er’’ (Atom%)
0.10 B.I'IZ 0.;‘4 I:I.I‘lﬁ 0‘:18 D,IZO 0.22

Here = 976 NM
T=300 K

12

Intensity (a.u.)

1400 1500 1600 1700
Wavelength (nm)
Fig. 8 Luminescence spectra from samples 1, 2 and 3
under drift current density of 0.17, 0.25, and 0.45 mA,
respectively.

Fig. 8 presents the luminescence spectra at 1550nm-region of the samples with different drift
currents from 0.17 to 0.45mA.cm™® under excitation of 976nm-laser beam. The
1550nm-luminescence intensity of all kind of samples has been increased with increasing drift
current density from 0.17 to 0.25mA.cm™, but when the drift current density is more than
0.25mA.cm the luminescence would be slightly decreased with increasing the drift current. In
general, the intensity of luminescence emission at 1550nm-region would be increased with
increasing the concentration of Er-ion in PS layer. However, as the Er-ions concentration has

Fig. 7: Er concentration profile as a function
of the waveguide depth
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200 ——T——T——T——T——T—T600 been reached the certain value, the luminescence
" erenm /' 00 intensity at 1550nm-region would be decreased by

S 150 Ap= 1534 nry- the quenching effect from Er-ion clusters [13].
> 400 Fig. 9 demonstrates the photoluminescence
‘2 1004 / — L300 intensity at 1550nm-region as a function of the light
£ u 200 power from pumped lasers radiating at wavelengths
509 i of 488nm and 976 nm. A difference in the intensity
5035050086 Tdoo~ :°° dependence on excited power from lasers radiating

Excitation Power (mW) at 488 nm and 976 nm was observed in the figure.

Fig. 9 Dependence of luminescence intensity at The. pump  at 9?6 nm 0n|4y Causef a_ direct
1534 nm on the power of the excitation laser at excitement of Er ions (from “lis, to “liz level),

wavelenaths of 488 nm and 976 nm whereas the pump at 488 nm causes both a direct
excitement of Er ions (from *l1s, to *F7; level) and an indirect one related to the energy transfers
from Si-nc to Er ions. Because the effective Er excitation cross-section in Er-doped PS is more
than two orders of magnitude higher with respect to the Er resonant absorption of a photon, so
that the pump at 976 nm causes a linear dependence of intensity on excited power and the pump
at 488 nm causes the non-linear one as seen in the figure.

4. Conclusion

Studies of PS as a low-dimensional material show that the modification of PL mechanism in
the ageing process that causes the red-shift of the luminescence spectra and has no effect on the
PL decay rate. The oxygen passivation causes a pronounced increase in intensity and decay rate
in the sample containing large Si particles, whereas it causes only an unconsidered increase for
the sample containing small ones. Evolution of spectra for difference ageing time indicates that
the intense and stable emission in the blue zone of the PL spectra relates to defects in silicon
oxide layers. The high thermal treatment could cause a stabilization of structures and optical
properties of waveguides as well as an optical activation of Er ions incorporated into PS layers.
Based on the dependence of PL intensity on pumped power from lasers radiating at different
wavelengths, the effect of energy transfer from Si nanocrystals to Er ions has been showed in
prepared waveguides.
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APPLICATION FBG SENSORS IN THE STRUCTURAL HEALTH
MONOTORING of BUILDING

Tran Anh Vu Dang Quoc Trung, Le Huu Minh

Institute of Materials Science,
18 Hoang Quoc Viet Road, NghiaDo - Cau Giay — Hanoi
E-mail : tavu@ims.vast.ac.vn

An optical fiber strain sensor based on fiber Bragg grating (FBG) technology was developed in the
Institute of Materials Science. This sensor was applied to monitor the displacement of 2 blocks
building for long time. The sensor had an external dimension of 425 mm x & 10 mm and the
displacement range of 2000 pe. The Bragg reflected wavelength was determined by the Optical
Spectrum Analyzer (OSA). The dependence of the waveshift on the temperature was investigated in
the experiment The result showed that the suitable change of the building during the test.

Key words: fiber Bragg grating (FBG), sensor, Optical Spectrum Analyzer (OSA).
1. Introduction

Fiber optic sensors (FOS) use optical wavelength of fibre Bragg grating to measure
temperature and strain [1,2] . FOS has many advantages over the traditional electrical system
such as [2]:

- Suitable for long-term permanent structural health monitoring

- Simple installation

- Fibre optic sensors use light signal - no electrical sparking, intrinsically safe
- can be highly multiplexed (many sensing points in a single fiber cable),

- low fiber loss (transmission over several kilometers),

- environmentally more stable and durable (free from rust)

Aiming at the practical applications, a FBG sensor is applied in the field for this propose.
2. Principle of operation of a FBG

The physical principle behind the FBG sensor -that a change in strain, or temperature will
alter the center of the wavelength of the light reflected from the FBG - also makes it well suited
to these applications. Fiber Bragg gratings were made using an ultraviolet laser to "write" a
grating pattern into the core of the fiber, transforming the length of fiber into an optical filter
with a specific bandpass
(fig.1). This index grating
reflects a narrow spectrum
that is directly proportional
to the period of the index
modulation and the
effective index of
refraction. The wavelength
at which the reflectivity
peaks is called the Bragg
wavelength [1].

Fig.1: Principle of operation of a fiber Bragg grating
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The resulting grating reflects selectively the light guided by the optical fiber at the Bragg
wavelength As=2nA, where n and A are the effective index of refraction of the fiber and the pitch
of the grating in the fiber, respectively.

The Bragg wavelength shift was converted into a strain using the relation [3]:

Adg/As = ye + EAT (1)
where A/g is the strain-induced wavelength shift, Ag is the Bragg grating’s peak reflection
wavelength, yis the longitudinal strain optical gauge factor of the FBG, ¢ is the strain, £is the
Bragg grating’s thermal coefficient and AT is the temperature change of the FBG, respectively.
These coefficients generally depend on the type of optical fibers used and the wavelengths at
which they are written and measured.

Temperature and strain directly affect the period of the index modulation as well as the
effective index of refraction. Thus, any change in temperature and strain directly affects the
Bragg wavelength. To measure wavelength shifts that result directly from changes in
temperature or tension, FBG sensor systems must include an optical source that continuously
interrogates the reflection spectrum, and a detection module that records the shifts in the peak
reflectivity versus wavelength.

3. Experiment and results

The simplest FBG sensor system combines a broadband light source, such as an amplified-
spontaneous-emission (ASE). The light was sent from a broadband source down to the fiber and
the reflected spectrum for the wavelength of the FBG peak to analyze. The optical circulator is a
device that efficiently transmits the outgoing light into the transmission fiber and redirects the
back-reflected light to the optical spectrum analyzer (OSA) [4].

In our experiment the light from a broadband source EDFA propagates to the head sensor
(Fig.2) and the light back-reflected from the FBG is launched into the OSA. The wavelength
shift is recorded by the OSA Agilent 86142 B. An FBG element (made in IMS, Vietnam) with
the Bragg wavelength about 1548.6 nm was used and a prototype of sensor was developed.

Transmission Fiber

circulator
Connector @
Broadband — —

Source m

=

Optical Spectrum
Analyzer

FBG Sensor

Fig.2: FBG measurement with a broadband source and optical spectrum analyzer

The sensor housing (tube of 10 mm diameter) consisting of copper, is foreseen of a sliding
mechanism that allows both ends freely to move reactive to each other. The bare FBG element
connected the two ends of the tube. The FBG was fixed in the two ends at the distance of 385
mm.

A mechanical system was used to calibrate the FOS. The grating of FOS was pulled straight
by a spring in combining with a Digimatic Micrometer (Mitutoyo, Japan, 0-25 mm) with the
resolution of 0.001 mm. The result was shownd in fig. 3.
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Fig. 3. The calibration of FBG

The results shown a linear dependence of the wavelength shift on the strain . The maximal
strain was noticed over 2000 pe (total displacement range is 900 pm). After that, the FBG was
prestrained so that is possible to measure both extension and compression. Now the two free
ends were fixed with the housing copper tube. The housing terminated with an optical connector.
The FOS can be mounted on a structure using the two anchoring pieces.

The sensor also can be connectorised at both ends to make series configurations possible.
Pigtail lengths and connector can be specified following the needs of every application.

The mountable strain sensor was applied for measuring small displacements of 2 blocks
structure of the house A2 of the VAST. The house was builded since 33 years. It is to investgate
the displacement of the 2 blocks with 2 FOS. The middle block was the reference point, therefore
the displacements of two other blocks were in the opposite direction. The results were shown in
the
fig 4.

The upper line described the displacement at the point 1 and the lower line notice the other
one at point 2. Both lines were remarked without the influence of the temperature. The on
temperature depent wavelength shift was described in dotted line.

In the other work, the temperature dependence of this fiber materials was noticed of 10.6
pm/°C to 12.0 pm/°C [5]. The on temperature dependent Bragg wave shift and the two corrected
lines of displacement were shown in the fig.5. A block fluctuated around the value of 120 um,
the other one around the value of 0 um, respectively. A sudden discrepancy of 200 um in
September 2007 was recorded according to a geological vibration
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4. Conclusion

A structural health monitoring(SHM) system using FBG-based sensors for 3 block is
presented.This report has described the investigation of a FBG which was applied in the
structural health monitoring of building of VAST. The FOS has the dimension of 425 mm x &
10 mm. The experiment demonstrated the result without and with the temperature corrector. The
results showed a small displacement of the blocks ( 120 and O um) due to the long existence of
the house (33 years).The mountable strain sensor can be applied for measuring small
displacement or fissurisation of walls and structures. In order to compensate directly for
temperature influences, a high resolution temperature probe (FBG) should be intergrated within
the housing of FOS.
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Abstract: Room temperature light emitting device was fabricated based on the SiO,:Si active
layer. The ITO-oxide-metal structure of the device is different with those LED fabricated
previously. The photoluminescent and electroluminescent spectra were recorded and compared.
The electrical properties and emission spectra of the device were studied. The results show that
they depend strongly on the deposition condition, thickness of the active layer and annealing
temperature. The mechanism of the conversion from electrical energy into light was discussed and
attributed to the recombination of the excited nanocrystals embedded in the silicon dioxide film.
PACS 71.35.Gg, 73.21.Ac, 78.55.Mb, 78.67.Pt

1. Introduction

Research on silicon based light emitting diode (LED) has been attracted great interests of
scientists in the last 20 years. Light emission in bulk silicon based devices is constrained in
wavelength to infrared emission, and in efficiency by the indirect band gap of silicon. Porous
silicon and silicon nanocrystals (NCs) have high efficiency luminescence in the visible region, so
they were investigated intensively in a recent time. A critical challenge for devices based on
silicon nanocrystals embedded in silicon dioxide matrix has been the development of a method
for efficient carrier injection. Walters and co-workers have proposed a scheme for electrically
pumping charge carriers to an array of silicon nanocrystal by field effect electroluminescence
mechanism (FE-LED) [1]. In this excitation process, electron and hole are alternatively injected
into the silicon nanocrystal layer through the potential barrier by tunnel process, instead of the
charge carrier simultaneous injection into p-n junction in the conventional LED. This model
requires a complex structure, similar to the structure of the field effect transistor, consisting of
source, drain and gate electrodes. Furthermore, in order to ensure the light emission of the device,
the power supply is complex in frequency and voltage. FE LED device has a long lifetime
because the process of carrier injection can be well controlled.

Another proposed method to excite the nanocrystal is the use of impact ionization process in
which hot electrons create the NC bound exciton [2, 3]. In such a process, the excess hot carrier
energy is lost to thermalization, which degrades the dielectric quality and decrease device
lifetime. Despite of these disadvantages, many kinds of silicon NCs light emitting devices have
been investigated based on this excitation principle.

In this paper, we report on the research results of nano-structure of silicon film, fabricated by
different methods, such as multilayer film sputtering, silicon and SiO, co-sputtering, then on the
results of using this silicon NC film in the study of the electroluminescence by impact ionization
mechanism. Based on these results, we will suggest a new model of EL excitation with
asymmetric structure to enhance emission efficiency which is a new direction for further
investigation.
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2. Experimental and results

We have studied the silicon NC film produced by several methods such as solgel, co-
sputtering and multilayer depositions that served for the fabrication of electroluminescent
devices. Position and intensity of the photoluminescence (PL) spectra of these structures are
influenced by the thickness of the film and annealing temperature [4]. At low annealing
temperature (800°C) the PL spectra exhibits white-blue band peaks around 450 - 500 nm, which
is attributed to the defect between nano cluster silicon and SiO, matrix. When we increase
annealing temperature to 900°C, the spectra of our samples show two PL bands: the white-blue
band and the red band with the peaks around 750 nm that is assigned to the PL of silicon NC [5].
The intense red band are observed in the silica implanted silicon ion sample, Si/SiO, multilayer
or co-sputtered sample annealed at higher temperature, over 1100°C.

55000
50000 1100°C
45000
40000
35000
30000
25000
20000
15000
10000 -
5000 -

0'|'|'|'|'|'|'|'|'|'|'
350 400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)

Fig. 1: PL spectra of the active layer (SiO,: Si) annealed at different
temperatures, excited by 325 nm line of He-Cd laser.

PL Intensity (a.u.)

We have also observed very strong PL enhancement effect, when the sample was
illuminated by 325 nm laser beam in vacuum [6]. We have found that the enhancement and
quenching mechanism of silicon NCs is due to the energy transfer interaction of hot carrier to
oxygen molecular, existing on the surface of nanocrystals [7]. This knowledge is helpful for us in
the design and fabrication of electroluminescent devices based on silicon dioxide thin film
containing silicon NCs.

Structure of light emitting device is illustrated in Fig. 2. At first, 30 nm thick SiO; film, used
as a buffer layer, was deposited on a p-type Si (100) wafer by thermal oxidation technique. An
active layer of SiO,:Si, around 400 nm thick, was deposited on the oxide layer by co-sputtering
method. A conductive and optically transparent film (ITO) was sputtered on top of the active
layer with 150 nm thickness that serves as transparent electrode. An aluminum electrode was
formed by thermal deposition technique in vacuum. Details of the fabrication procedure were
published in our previous work [8].
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Fig. 2. Schematic illustration of the light emitting device with
ITO - Oxide- Semiconductor structure and the electrical bias
scheme for electroluminescent measurement.

Let us consider the transport process in the case where the silicon NCs are distributed
uniformly in the silica matrix. When a forward bias voltage is applied on the electroluminescent
device, all the bias potential drop on the matrix layer, carriers can jump from one NC to the other
by tunneling process and a small direct tunneling current appears as we can see in the first corner
of the Fig. 3. When the bias voltage increases over 5 V, the current flowing though the sample
increases super-linearly, as a result of the combined process of the Fowler-Nordheim (FN)
injection for the case of triangle barrier [9] and impact ionization of hot electrons.
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Fig. 3: I-V characteristic curve of the device with Fig. 4: Emission image of the EL
active layer annealed at 1100°C 2mm*2 mm size spot,

Under high electric field, the free electrons are accelerated quickly, causing impact ionization
process and in some case, the thermal break down can occur. Hence, an appropriate value of the
resistance R must be chosen to prevent the breakdown when applied voltage is larger than
thermal breakdown limit, as shown in Fig. 2.

When the negative potential is applied to the semiconductor side electrode, the device is not
conductive, since p-type silicon has no electron. Hence the current flow in the case of negative
bias is very small.

In our sample, intense colorful lights from electroluminescent device were observed when
the applied voltage is around 28V. The light dots are dispersed separately in the surface of the
device with different colors.
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Fig. 5: Comparison between the EL spectrum form the EL device and PL
spectrum of the active layer annealed at 1100°C. The PL spectrum was
measured under 325 nm laser line excitation. The EL spectrum was measured
when the current flow is 40 mA.

As we can see in Fig. 5, EL spectra show broad band from 450 nm to 950 nm with some
peaks at different wavelengths. When we compare the EL and PL spectra, we see that their peaks
are closed in the wavelength, around 705 nm, however, the band-width of the EL spectrum is
quite broader, compared with that of the PL spectrum. The reason of this phenomenon can be
understood, since when the EL spectrum was taken, no lens was used, so the recorded signal was
the integration of all the lights coming from different dots. In the case of PL measurement, only
the NCs under small laser spot were excited and their PL emission was recorded.

3. Discussion

The fact that the light dots are localized separately, as we see in the Fig. 4 shows that there
are different reasons. The first one, our sample is not uniform, both in the thickness of the active
layer and the NCs distribution. However, the sharp edges of the light dots also show that, as
second reason, that there is an emission threshold of NCs excitation, depending on the
acceleration field inside the active layer.

Consider the case, when the Si NCs are distributed uniformly inside the silica matrix, under
external electric field, electron and hole can be injected from electrodes into Si NCs by tunneling
process. When both carriers are trapped in the same NCs, radiative recombination results in light
emission. Since the potential barrier of SiO, for hole is larger (6.5 eV) than that for electron (2.4
eV), the electron tunnel currents is dominant (10° times larger than hole current), so almost no
recombination process occurs here. The device conducts current, but EL can not be observed.
This is the case when the density of the NCs is very large, electrons jump from one NC to the
other, I-V curve is beautiful, but the device works as the conventional diode.

The ITO-oxide-metal structure of our device is different with those devices mentioned
previously in the sense that the density of the NCs is much smaller. This density must be chosen
adequately by the sputtering condition, by changing the area ratio of Si and SiO, targets, as
described in the previous works [8]. In this case, when high bias voltage was applied, some
electrons can acquire enough of kinetic energy to excite the NCs, resulting in the EL emission, as
we have seen in our sample. However, as the NCs are distributed randomly in the matrix, the
electrons injected from the ITO electrode can collide with them, via elastic or Auger processes,
and lost its energy quickly. Only one small part of electrons can have enough of energy to excite
NCs, depending on the active layer structure and bias field. This can be the reason why the light
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dots are dispersed in the EL image of our sample. The EL device produced by more sophisticate
method, such as MBE deposition may have better uniformity, but the symmetrical structure of
the active layer as described in Ref. 9 and Ref. 10 has an inherent disadvantage, that we will
describe later.

accel.

V_ zone V+

ITO Al contact Bat_l :
ITO
R

impact energy

—— Si/SiO,

tunneling o B p-Si
zone

Al contact

Fig. 6. Asymetrical structure of the silicon Fig. 7. Energy band diagram describing the
NC based LED with acceleration layer charge carrier transport mechanism in the
new device, based in high field operation.

Based on the analysis of the obtained results, we propose a new design of the EL device,
which have an asymmetrical structure as shown in Fig. 6. The difference of the new design is
that, beside the symmetrical structure, consisting of electrodes and active layer, 500 nm thick
layer of SiO, was deposited between ITO and active layer. This new layer serve as a carrier
acceleration region, where electron can acquire enough of kinetic energy before colliding with
NCs. When a large forward bias potential is applied to the device (positive pole applied to p-Si
substrate), the voltage drop become very large in the tunneling and acceleration regions.
Electrons are accumulated at the interface between the ITO electrode and SiO; film. The
dependence of the tunneling current on the bias potential can be described by the Fowler-
Nordheim (FN) injection for the case of triangle barrier. The minimum potential drop necessary
for the FN regime in this region is equal to the barrier height, i.e. 2.4 V for electron in SiO,. Let
us consider the minimum bias voltage necessary to efficiently excite the Si NC by impact
excitation. The average band gap for Si NC which emits visible light is 2.5 eV, so tunneling
electron must acquire 2.5 eV before colliding with Si NCs. During the collision, this part of the
kinetic energy of the hot electron is transferred to the Si NC, and one e-h pair can be created. The
total energy for an electron is the sum of electron barrier height, hole barrier height and NC
minimum excitation energy, i. e. Ve = 2.4 + 85 eV + 25 eV = 11.4 eV. It means that the EL
device based on Si/SiO, multilayer may efficiently operates with bias voltage greater than 11.4
V. Furthermore, the thickness of the accelerating zone must be large enough, compared with the
active layer thickness, so that 4.9 V potential can drop on it, without dielectric breakdown. For
an example, in the device where 500 nm thick SiO, film deposited on top of 400 nm Si/SiO,
film, the EL operating condition can be satisfied.

4. Conclusion
Light emitting device based on Si:SiO2 active layer was fabricated and investigated. The 1-V
curve shown the rectification characteristics as a conventional LED, with larger bias voltage. The

photoluminescent and electroluminescent spectra were recorded and compared. The device
exhibits intense light dots of different color when 28 V bias voltage is applied. The mechanism
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of light emission and observed phenomena were discussed and explained. A proposal for a new
design based on the asymmetrical structure was discussed, expecting better emission efficiency.
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THE SIMULATION STUDIES OF THE LASER PROPAGATION IN COAL MINING
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Abstract: The extinction and broadening of the laser beam have been caused by absorption and
scattering of coal dust. This phenomenon can be determined by a Van de Hulst model. The
transmission experiments are applied to measure the characteristics of the laser beam. In this
paper we present the study results on the laser extinction and broadening by coal dust in mining
condition. The simulation methode is applied to find the mining extinction parameters.

Keywords: laser orientation technique, laser extinction, laser scattering, transmission
measurement, coal dust.

1. Introduction

The factors of underground coal mining environment cause the measurement deviation
because the laser beam has been scattering by the turbulence air and aerosols dust. The
concentration dust is about 2mg/m3 in the HaLam underground coal mining. The laser beam
with power 1 mw gives 5 mm spot at distances up to 100m in the normal condition. Where there
are air turbulence and/or a high concentration of dust and water droplets, the readability of the
beam on the target is reduced to about 40m.

Studying the laser propagation and scattering in aerosol dust is important for [1]:

- Designing electro-optical systems
- Learning the optical properties of aerosol dust
- Knowing the effect on propagation of laser beam

1.1. The effect on propagation of focus laser beam

According to Lee W. Casperrson et al. [4] a laser beam with spot size o= 4,19A and
radius sphere a = 1,47\have the scattered field distribution similar with the case of the plane
wave. That results is determined when a Gaussian beam is incident on a conducting sphere. In
the figure 1 the scattered field distribution is showed, where solid line is the experiment result
and dashed lines in the case of the plane wave.

150°

180°
106 104 102

Fig 1. The scattered field distribution
when a Gaussian beam is incident on a conducting sphere
(solid line is the experiment result, dashed lines in the case of the plane wave)

752



Advances in Optics, Photonics, Spectroscopy and Applications Sept. 2008, Nhatrang, Vietnam

This result is a piece of envidence that in the case of the particles size small compared to the
beam diameter, the scattering pattern for a Gaussian beam is essentially identical to the more
familiar plane wave scattering data.

Laser beam extinction

Laser beam extinction is characterised by spectral extinction, that directs relation to the
forward scattering and transmission as follows [3]:

D(V)= |O(V,ZO)—|(V,Z|) (1.1)
l,(v,Z,)
where I(viz) = 1(v,z,)expu(z-z,)
with  1(v,z) is the intensity at z;,1(1) is the intensity at z,
M is the extinction coefficient
(L =N, N is population density, o is extinction cross section).

2. Radiative transmission model

2.1. A two-stream model of HC. Van de Hulst

One of the development study of the LMT theory is a model of HC. Van de Hults, the two-
stream model. In this model the scattering is divided into strictly forward and backward
scattering (i.e., transforming a three-dimensional problem into one- dimentional problem). The
steady-state ilumination source is required for this model. There are two case of this model as
following [1]:

- For the optically thin layer with optical depth 1<5
- For the optical thick layer with optical depth t>5

2.2. The probability distribution

The process of scattering and absorption is random, following the probability distribution,
it dependence on the albedo a(4) and the symmetry factor g(A4).
The probability of the forward scattering [1]:

p(A) = a () [1+9(A)]/2 2.1
The probability of the backward scattering [1]:

q(4) = oA 4) [1-9(A)]/2 (2.2)
And the absorption probability: 1-a (4).

2.3. The case of an optically thin layer (7<5) [1]

The transmitted flux is simplified for an optically thin layer UT (7,,9)
2

UT(r,a,Q) = (2.3)
2(1+7) - ro(1+Q)
When g=1, there are only forward scattering, the transmitted flux as the following:

UT(7,,0=1) = exp[- (1 - @)7] (2.4)
In the case of the small optical depth 7 the transmitted flux can be simply as:
UT(r,a0) =1/ [1+ (1- o)1 (2.5)

Where 1 =p(z]-z(): optical depth; a=p¢/u: albedo;
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1)

2)

3)

3. Monte Carlo simulation

Our simulation can be described briefly as follow [3,5,6]:

Source photon generation: In our experiment, a single mode laser beam of wavelength 650
nm is used. It is assumed that a beam of finite diameter is collimated and therefore the
photons are emitted in forward direction. In this case, the position of the launch should be
varied in a random manner so that a uniform spatial distribution of photon launching is
achieved.

Pathway generation : In the media with the number population density N, the photon takes a
free path 1 of variable length determined by sampling the exponential probability density
function p(1):

P = (Hatps). exp{-(Hatps). I} (3.1)
where p,+u~ N(o,t0s), 6, and o, are the absorption and scattering cross section,
recpectively. A random number q uniformly distributed between 0 and 1 is specified and
used to sample 1:

L = -log(q)/n (3.2)
The current position is updated by the projection of L onto each of the X, Y and Z axes. The
photon now interacts with a molecule.

Reflection and absorption: The first interaction is to drop some photon weight due to
absorption and reflection (at the beginning, the photon weight W is set to value 1: W=1). The
albedo a equals the fractional probability of being scattered and (1-a) equals the fractional
probability of being absorbed. So a fraction of the current photon weight is absorbed an
amount W.(1-a) and the current photon weight is reduced by this same amount. If the
calculated position of the photon is above the surface, specular reflection occurs. The weight
of the photon is multiplied by the reflection coefficient calculated using Fresnel’s law.

4) The remaining weight will be scattered into a new trajectory. The azimuth angle ¢ is simulated

by: ¢ =2nq;
and the cosined of the scattering angle according to the Henyey-Greestein phase function can
be sampled as:

cos = [(1+g”) -(1-g*)*(1-g+2gq;"1[2¢]” (3.3)
A new pathway is generated and then a new scattering point is determined. This procedure is
continued until the photon is absorpted or escaped.

5) Elimination: Before a new scattering point is simulated the weight is compared with a critical

weight. Photons whose weight is lower than the critical weight are eliminated. In our
simulation model, the critical weight is chosen 0,01. If the calculation position of the photon
is out of the experimental scattering box, the photon is eliminated too.

4. Measurements and result

4.1. Experiment

The laser intensity is measured in the underground mining by the transmitted measurement.

The optically thin layer (7<5) is responded and the laser source is diode laser with the
wavelength of 670nm. In the figure 2 showing the laser spot in the normal condition and in the
underground coal mining condition.
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Fig 2. Laser spot in normal condition and in underground coal mining

Laser beam in coal mining is extinction, broaden and deformation by scattering and
absorption. According to the phase-screen theory of laser propagation through isotropic media,
the laser beam shape has unchanged only the beam size has changed [2]. In our case the beam
shape has changed, it has suggested us that the mining environment is anisotropic medium;

4.2. Extinction coefficient determination

The figure 3 shows the intensity versus the distance. The laser intensity is decreased by dust.
From this result the extinction coefficient is founded. Because of extinction and broaden the
distance alignment in coal underground mining condition is limitted about under 300m.

The scattering coeficient and the absorption coeficient are founded when having the best
fitting of the simulation result with the measurement result (scattering coefficient ug = 0,25 p,

absorption coefficient uy = 0,75 p). The absorption coefficient is larger than the scattering

coefficient , that agreement with the theory of the coal dust properties. The assymetry factor also
founded by HC. Van de Hulst model.
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®  Measurement

08 Fitting i
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0.4

Intensity

0.2 1
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Fig 3. The intensity versus the distance

4.3. Scattering coefficient and absorption coefficient determination

The figure 4 shows the comparing result beween the simulation and the measurement.
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experiment results
5. Conclusion

The figure 5 shows the errors between the simulation results and experiments. The errors

increase with the distance as the theory prediction.

The simulation errors are caused by the simulation program not including all coal mining

condition (high temperature, high moisture, air turbulence...).

The laser beam with the wavelengths from 480+520 nm will be studied for orientation

measurement, because they are less environmental-dependence than the red beam. It is known
that the eyes are more sensitive with the green beam than the red beam.
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. QUANG KE MAT TROI COMPACT
DUNG PO PO SAU QUANG HQC KHI QUYEN

Nguyén Viin Thuéng*, Nguyén Thanh Binh , Pinh Vin Trung?,
Vii Tran Thanh Thuy ® Bui Vin Hai b,

%) Vién Vat Ly, Vién Khoa Hoc va Cong Ngh¢ Viét Nam,
18 Hoang Quoc Viét, Ha N(f)i’
® Hoc vién Ki thuit Quén su, 100 Hoang Quéc Viét, Ha Noi

1. Giéi thigu

Son khi 12 hdn hop cic chit 1ong hodc rin lo limg trong mdi trudng khong khi. Cac tinh chat
vat 1y ( nhu kich thudc, hinh dang, cAu tao) va tinh chat ho4 hoc cua ching bién d6i rat nhiéu, do
vdy qué trinh di chuyén cta chiing (thoi gian cu trii) ciing bién d6i nhiéu. Cac hat son khi ¢6 kich
thude va thanh phan khéc nhau déng mot vai trd quan trong trong nhiéu sy tién trién cta khi
quyén, nhu tim nhin xa, cin bang buc xa, dién khi quyén, 0 nhiém khong khi va sy hinh thanh
may [2], [4]. Su kiém tra dinh luong hé thong céc tham sb cua son khi 12 rat can thiét bai vi
nhitng sy bién d6i khong gian va thoi gian cta né. Tric quang hoc mit trdi 12 mot trong nhiéu
nhing ki thudt dé do cdc tinh chit ctia son khi. P sdu quang hoc c6 thé thu duoc truc tiép theo
ki thuat nay [11, [2].

Rét nhiéu quang ké mit troi da kénh ( xoay theo mit troi bang tay hay ty dong) dang duoc
su dung khip thé gidi dé do do sau quang hoc trén co so thong thuong [2]. Cac quang ké vé co
ban gom ¢6 mot kinh loc giao thoa dé lua chon mot budc séng mong mudn va mot photodiode
thich hgp. Quang ké mit troi st dung LED nhu dau thu chon loc pho. Vung nhin thay cua quang
phd mat troi thuong duge sir dung dé do d0 sau quang hoc son khi [1], [3].

Uu diém cua quang ké mat troi 12 rit gon nhe va chic chin. Chiing toi da phat trlen hé thong
quang ké str dung cdc LED nhu cédc dau thu chon loc pho hiéu qua cting nhu cédc yéu tb phi tuyén
trong vong phan hoi cta cdc bd khuéch dai thuat todn dé cho phép do truc tiép do su quang hoc
ctia khi quyén. Cic den LED thwong mai (ré hon rat nhiéu so véi photodiode) hoat ddng trong
viing nhin thiy duoc st dung. N6i chung cdc dén LED nay phit hop v6i nghién ctru d6 siu quang
hoc cua son khi [1].

2. Nguyén ly
Cuong do buc xa mat troi hay dong do duoc béng mot quang ké truyén théng duoc cho bdi
dinh luat Beer Lambert:
I=1)exp(-t m) (1)
InlI=-7 m+Inly (2)

véi Iy 1a cuong do buc xa mat troi ¢ dinh cua khi quyén, 7 1a tong do sdu quang hoc va m la
airmass, n6 dugc dinh nghia nhu sau:

m = sec{[(r’ cos’ X +2rH + H )I/Z—rcosz]/H} (3)
v6i r 12 ban kinh cua trai dat tai vi do quan sat, H 1a do cao ti 1¢ ( the scale height) va 2 1a gbc
thién dinh. Vay d6 sdu quang hoc cta khi quyén 1a
T =7 st 7T aerosol 7T ma> (4)

voi 7 s 1a d sau quang hoc tdn xa Rayleigh ( tdn xa do cic phan to khi ), 7 seros01 40 s@u quang
hoc cuia cic son khi, va 7 ,, 1a d§ sau quang hoc né phu thudc vao sy hap thu ctia cac phan ti
nhu 0z6n, hoi nudce, hay NO,. Po sdu quang hoc 7 aeros01 €6 the tinh dugc khi 7 trie di 75 va
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Tma-Trs VA& T ma thu duoc tor cac gid tri khi quyén mo hinh.

Thong thudng trong tric quang mit troi, dong dugc tao ra boi bo thu, né phu thude vao birc
xa mit troi, va dugce chuyén thanh hiéu dién thé nho mot bo chuyén doi vol - -ampe tuyén tinh.
Logarit ctia dau ra dugc v€ dya vao airmass. Do déc ciia dudng cong cho ra tong do siu quang
hoc cuia khi quyén.

Chiing t6i da phat trién mot quang ké compact dau tién tai Viét Nam, dau ra cua né ti 18
v6i 16garit cia cudng do birc xa mit troi, tir d6 ching toi ¢6 thé tinh ra do siu quang hoc khi
quyén. N6 c6 duy nhat mot LED va mot bd khuéch dai thuat todn dong rd6 nho. Ben LED dugc
st dung nhu 1a mot dau thu (detector) chon loc phé va né duoc két ndi nhu mot yéu td phan hoi
cua bo khuéch dai thuat toan. Pac trung cia diode tiép xUic p-n la ham e mi, diu ra cua bd
khuéch dai thuét todn ti 1¢ thuén véi l16garit cua cuong do dnh sang toi.

LED Ia nhirng thiét bj dugc thiét ké, c6 kha ning chuyén nang lugng dién thanh bic xa dién
tir. Dai phd phét xa phu thudc vao thanh phan cua chat duoc st dung. LED 1a mot loai diode
tiép xiic, no co the phdt sing hay cho phét quang dién. Anh sdng dugc phat ra trong truong hop
nay c6 ngudn gde tir sy tdi hop dién tir 16 tréng.  Diode tiép xidc p-n dwoc dung nhu mot
ngudn sang va mot bo tich séng quang bu trong hoat dong. LED c6 thé hoat dong nhu mot
photodetector c¢6 d6 nhay ddp Gmg phd twong tu véi dai phd phdt xa cta né. Do rong dai dién
hinh cuia phdt xa c& tir 20-60 nm. Vi dic trung loga ciia dén LED thi hoan toan tuyén tinh (hinh
1) trén mot dai rong, dung cu c6 thé duoc sir dune cho dau vao hién thién 16n d6 13 mat trovi.

0
SANDED 1AW 6765
0™y o LED EGreen% —'mr'""""
] o LED (Yellow 74
E 10 ’E a LED (Red) g_&'r o
5 10" LED l K
= b
t 1D"] ¥
SN '
L 107 = VOLTMETER
= =
Doy - =
(._jj 10 -]
- +I|I|- +I|l|r- .
10"y
+54 -& A
-IU =17,

400 600 800 1000 1200 1400 1600 1800 N L. A

Hinh 2: So d6 Quang ké mat troi hoat dong

trong ché d6 cau hinh tuyén tinh, 741 1a b
khuéch dai thuat toan

Hinh 1 : Pac trung Vol-Amper cia céc
LED do, vang, xanh :

Pic trung Vol-Ampe cua diode tiép xiic GaAs p-n duoc cho boi phwong trinh diode:
I=I [exp(qV/nkT)-1], (5)

v6i q la dién tich, k 12 hing s6 Boltzmann, T 1a nhiét do tuyét ddi, n 1a hé s6 c6 gid tri nam
trong khoang 1 va 3, V 1a dién thé qua diode, va I, 1a dong bdo hoa dy trit né thiét 1ap gi6i
han do duoi.

Mot bd khuéch dai loga duogc thuc hién khi mot thiét bi phi tuyén duoc ndéi nhu mét phén
tir phan hdi trong mach khuéch dai thuat todn (hinh 2). Trong c4u hinh nay dong vao Iin, va
hiéu dién thé ra V, quan hé voi nhau  boi  biéu  thic
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do (1), vang (2), xanh (3)

Iin=Is exp(qVO/nkT) - Is, (6)
Vi Vo >> nkT/q nén
lin=Is exp(qVy/nkT), @)
qVo/nkT= In lin-In Is, 8
Str dung pt (2), ching ta c6 thé viét lai pt(8) nhu sau:
-7m + Info = Vo/K1 + In Is, )
Vo= -k; 7 m+k;, (10)

V6i K= nkT/qg vaK; = K1 (In I, —In I;) . Vo, ma dugc vé déi véi nhitng vi tri khac nhau
clia mit troi nhu 12 mot ham cta hé sé khdi lugng khong khi m, né cho méot dudng thing
ma c6 hé sd géc twong ing v6i K;7va Y giao diém toi K, 14 hang s6 cua thiét bi.

Hinh 1 biéu dién dic trung Vol-Ampe cta 3 dén LED duoc sir dung trong nghién ciru
nay. Bang viéc pht hop v6i pt(5) qua cic diém thuc nghiém dd quan sit dugc, chiing t6i xac
dinh duoc hing s6 K1 ctia 3 dén LED, 1an luot 13 0.0467, 0.0521 va 0.0517 V tuong tng véi
cic LED xanh, vang va dé.

3. Chi tiét h¢ thong

So d6 mach cua hé thong dugc biéu dién & hinh 2, gdm c6 mot den LED duy nhét duoc
két ndi trong vong phan hdi cia mot khuéch dai thuat todn. Ching tdi st dung 3 dén LED (
cic den xanh, vang va do) cho céc budc séng khdc nhau. Cdc den LED va cdc thiét bi di
cung nhu bo khuéch dai thuat todn, ... duoc lép vao trong mgt hop c6 kich thudc 25 x 20 x 5
cm. Hop nay dugc son den dé tranh giam bét sy phan xa. Thiét bi gidp dinh hudng céc den
LED duogc gin & bén ngoai hop, duoc st dung dé dinh hudng cho cdc LED bang tay vé phia
mit trdi. Dic trung pho cla cdc den LED duoc biéu dién trén hinh 3. Budc séng trung tim
va do rong dai dugc cho trong bang 1.
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Bang 1: Dic trung phd ctia céc den LED duoc sir dung

Loai Budc song trung tam (nm) Do rong dai (nm)
bo 698 66

Vang 596 30

Xanh 570 23

Chiing t6i tién hanh cic phép do st dung cu hinh nhu duoc biéu dién ¢ hinh 4. Trong
cAu hinh ché do tuyén tinh nay, dong tao ra boi den LED duogc chuyén thanh hiéu dién thé
bdi mot may ddi tuyén tinh dong thanh thé véi do nhay 1a 1V/ gA . Pau ra bén kia da duoc
khuéch dai bai bd khuéch dai c6 kha nang chuyén do khuéch dai (Gain) dé diéu tiét dai rong
16n gép duogc trong thoi gian do twong trng voi nhung vi tri khdc nhau ctia mat troi.

4. Két qua thi nghiém va thao luin

O day ching t6i do cuong dd mit troi theo cdu hinh tuyén tinh, cdc den LED : do, vang,
xanh duoc sir dung. Phai luu y rang dic trung 16p tiép xdc p-n c6 chiéu huéng thay ddi theo
nhiét 4. Ngoai ra, nhiét d6 xung quanh ciing thay d6i trong khoang thdi gian ta quan sét. Vi
du, trong thoi gian budi sdng nhiét d6 ting theo thoi gian, tuy nhién budi chiéu nhiét do c6
thé giam trong qud trinh quan sat. Mdi lién hé giita dau ra cta tin hiéu thu dugc trong cu
hinh tuyén tinh lién hé v6i hé sé airmass duoc thé hién trén céc hinh dudi diy (hinh 5).
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Hinh 5: Cdc két qua do dac cua Quang ké mit troi LED hoat dong & cAu hinh tuyén tinh ngay 13

thang 8 nam 2008 (budi chiéu)
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Bing 2: Biéu dién cdc két qua do siu quang
hoc thu dugc cua mot sO ngay quan siat dugc ; —=— Red

thuc hién tai Ha Noi v6i viée sir dung ciu hinh **] = Red 2 e
tuyén tinh ¢ " I :
Ngay Red | Yellow | Green : 'j_- ><: Green
3 Mar 2008 1.94 0.79 0.95 - 12 2
4 Mar 2008 1.76 1.31 1.25 B A/
6 Aug 2008 1.41 0.076 1.67 sl o

13 Aug 2008 | 0.30 0.279 0.411 S 6.

Hinh 6 12 biéu d t6 hop cua do sdu quang ] Vellgw .
hoc thu dugc cung voi quang ké LED trong Zz_ ./
mOt SO ngay quan sat Ta CO the nhln thay rang’ R C’:MarI 2008 4Marl 2008 6/—\ugI 2008 13 Aué 2008
do sau quang hoc ¢6 gid tri khac nhau ddi véi Date

céc mau sac khéac nhau, cic ngay khic nhau, su

khdc nhau nay lién quan dén tén xa Rayleight Hinh 6: D9 sau quang hoc thu dugc trong mot
cling nhu sy tiéu huy son khi va c6 ngudn gbc s0 ngay tai Ha Noi

do gi6 son khi trong khi quyén.

5. Két luan

Mot quang ké mat troi compact da dugc thlet ké va st dung, cho phép thu dugc mot 5O
két qua ban dau vé d6 sau quang hoc khi quyén. Cu hinh cia quang ke don gian, c6 gid
thanh rat ré, tranh viéc str dung céc bo loc giao thoa, cdc photodiode dit tién mano van co thé
tién hanh do dac trong khoang thoi gian kéo dai. Sir dung LED nhu mét yéu td phan hdi c6
wu diém cho phép do truc tiép do su quang hoc khi quyén . Vi vdy, hé thong sé& 1a su lya
chon tdi uu dé tién hanh quan sat kiém tra dinh lugng va tinh chat hon don ctia khi quyén tai
moi vj tri xa trén mot nén lién tuc.

Tai liéu tham khao

1. Y. B. Acharya, A. Jayaraman, S. Ramachanchan, B. H. Subbaraya “ Compact light
emitting diode sun photometer for atmospheric optical depth measurements” Appl. Opt.
34, 1209-1214.

2. F. E. Volz, “‘Spectral sky light and solar radiance measurements in the Caribbean:
maritime aerosols and Sahara dust,”’ J. Atmos. Sci. 27, 1041-1047 119702.

3. F. M. Mims III, ‘“‘Sun photometer with light emitting diodes as spectrally selective
detectors,”” Appl. Opt. 31, 6965-6967 119922.

4. H. Horvath, ‘‘Atmospheric light absorption—a review’’, Atmos. Environ.A 27,293-317
119932.

761



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

~ MOT KY THUAT MOI NANG CAO DAI PONG CHO CAMERA
PE PO CHINH XAC HAM NHOE BIEM CUA HE THONG QUANG HQC

Lé Duy Tuén? V.K. Kirillovski®, Lé Hoang Hai*, Dwong Chi Diing®, Nguyén Hung Van®

“ Pai hoc k¥ thuat L& Quy Pon. 100 Hoang Quéc Viét, Ha Noi
® State University of Information Technologies, Mechanics and Optics ITMO),
Saint-Petersburg, Russia

Tém tit: Mot phuong phap hién dai va tin cdy dé danh gia chat luong tao anh ciia hé thong
quang hoc 1a xdc dinh ham nhoe diém (PSF) ctia hé thong bang cdc camera, tir d6 xtr Iy va tinh
todn ra cdc dac trung chit luong anh khac nhu: ham tap trung ning lwong, ham nhoe bién, ham
truyén diéu bién (MTF)... Tuy nhién dé dam bao d6 chinh xdc cao phuwong phdp nay doi hoi dai
dong ghi tin hiu trong ham PSF phai dat 104 - 10S trong khi d6 dai dong cia cic camera sb
thong thudng chi xAp xi 10° va pham vi tuyén tinh dé sir dung vao muc dich do ludng khong qua
10%. Bdo cdo nay trinh bay mot k¥ thuat méi ma chiing toi da phét trién dya trén nguyén ly
isophotometer cho phép m¢ rong dai dong cla cdc camera sO thong thuong 1én toi 10* - 10°.
Trén co s¢ d6 ching toi da xay dung mot phan mém cho phép diéu khién thiét bi, thu nhan anh
va ty dong x4c dinh ham nhoe diém cta hé thdng quang hoc mot céch chinh xéc.

T khod: Optical testing, PSF, MTF
1. Mé déu

Su phat trién cua hé thdng va té hop quang - quang dién tr nhu céc thiét bi quan sdt vii tru,
thiét bi y té, thiét bi nhin dém trong quén su,... dit ra yéu ciu ngdy cang cao d01 v6i chét luong
anh cua hé thong quang hoc (HTQH). pé dat duoc chat lugng anh theo yéu cau thiét ké nhat
thiét phai kiém tra, dnh gid cdc thong sb co ban dic trung cho chat lugng tao anh cua HTQH
sau gia cong voi do chinh xdc can thiét. Diéu d6 ddi hoi phai hoan thién va phdt trién cc phuong
phap va thiét bi kiém tra, danh gid san pham quang hoc.

Mot trong nhirng phuong phdp hién dai cho phép ddnh gid truc tiép, chinh xdc va toan dién
chat luong tao anh cta HTQH la xdc dinh phan bb nang lugng trong mit phang anh cia vat
dlem tirc 12 do ham nhoe diém (PSF) cua hé thong [1, 2, 5]. Phuong phap nay cho phép tinh dén
tat ca cdc khiém khuyét ctia mit séng tao boi HTQH can kiém tra, trong do6 c6 cdc 16i té vi cua bé
mit quang hoc, nhitng khuyét tit cua vat liéu quang hoc, nhirng cham sing va sai khdc vé do
truyén qua (hodc phan xa),... PSF 12 ham co s& cho phép tir d6 tinh todn céc dic trung chit luong
anh khéc nhu: ham nhoé dudng (LSF), ham tap trung ning luong, ham truyén quang hoc (OTF),
ham truyén diéu bién (MTF), ... C6 thé néi PSF chira dung tit ca cdc thong tin trong toan bo dai
tan sb khong gian va lugng thong tin d6 co thé nhan duogc chi v6i mot phép do. Piéu nay cho
phép rit ngan déng ké thoi gian danh gid chat lugng HTQH.

Thoi gian gan diy nguoi ta thuong do PSF cia HTQH nho cdc camera sb str dung cam bién
quang - di¢én nhu CCD, CMOS dat tai mat phang anh cua hé thong quang hoc [3, 4, 6]. Hinh anh
nhan dugc tor camera phu thudc vao do roi tai cac diém trong vét nhoe cta anh theo quy luat cua
duong dic trung quang dién cia camera. O ngoai pham vi tuyén tinh trén duong dic tuyén tin
hi¢u s€ bi méo va khong ty 1¢ voi do roi. Do dai dong va pham vi tuyén tinh han ché cua céc loai
camera s nén két qua do cdu tric quang ning trong vét anh s& bi bién dang, giy ra sai sd do
déng keé.

Bdo cdo nay trinh bay mét ky thudt mdi ma ching toi da phat trién dya trén nguyén ly
isophotometer cho phép m¢ rong dai dong cua cdc camera s6 thong thuong 1én toi 10* - 10°.
Trén co so d6 ching t6i da xay dung hé thong thiét bi do, viét phin mém “KIZO-PSF” cho phép
diéu khién thiét bi, thu nhan anh va tu dong xdc dinh PSF cua hé théng quang hoc mdt ciach
chinh xéc.
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2. Phwong phap isophotometer dé ning cao dai déng ciia camera

Pé x4c dinh kha nang ghi nhan phin bb do sing trong anh, ching t6i di lam thi nghiém thu
nhan anh nhiéu xa qua 13 tron ¢6 dudng kinh 200pum bang camera s6 VAC-135 dit cich ¢ mat
phang 16 mot khoang 230 mm. Hinh anh va do thi phan bd d6 roi theo ban kinh vét dugc biéu
dién trén hinh 1b. So sdnh két qua do voi hinh anh va dd thi phan phbi d6 roi tinh theo 1y thuyét
nhiéu xa (hinh 1a) cho thay cAu tric ctia vét nhidu xa do camera ghi nhan bi bién dang manh va
khéc rat nhiéu so véi cau tric theo tinh todn 1y thuyét. Trén hinh anh va dd thi thuc nghiém chi
thdy dwoc vong nhiéu xa dau tién, vong nhiéu xa thir hai twong tng v6i mirc ning lugng 0,0045
bi mét. Nhu viy pham vi ghi nhan do chiéu sdng cta camera nay trong 1 1an chup chi vio
khoang 200. Khoang tuyen tinh trén duong déc trung quang dién cua cdc camera thong thuong
chi cho phép do do chiéu sang trong PSF v6i murc chénh I&ch tin hiéu tr mic cao nhat xudng
murc thap nhét khong qua 100 1an. Trong khi d6, dé danh gia chat lugng anh cia HTQH mot céch
tin cdy, PSF phai duoc ghi nhan trong pham vi 10* — 10’ 1an [6, 7].

Dé ning cao kha ning cua cic
camera trong viéc xdc dinh PSF,

0,5 = M ching t6i da Uing dung phuong phip
’ at . \ .,
025 / \ _ . isophotometer [7, 8, 9]. Ban chat ctua

’ \ cat phuong phdp nay 1a dung mot camera
0,12 = ghi lai hang loat cdc birc anh vét sing
\ - 16 can do v6i thoi gian phoi sang khic
[ \ nhau, mdi birc anh dé s& twong Ung

X v6i mot muc ning luong nhat dinh,
mit cét ung voi nd s€ ¢c6 dang mot
duong bién khép kin va dugc goi la
duong isophoto (hinh 2), tr tap hop
cic dudng nay co thé phuc hdi lai
dugc phan bd d6 chiéu sing trong vét
anh, tirc 12 x4c dinh dugc PSF. Uu
diém ndi bat cua phuong phdp nay 1a

Hinh 2. So d phuong phdp isophotometer va h¢ pham vi ghi nhan tin hi¢u khdng phu

thong isophoto thuoc vao khoang tuyén tinh trén

duong dac trung quang dién, ma phu

thudc vao pham vi thay ddi thoi gian phoi sdng ciia camera, pham vi nay thuong tir 10° — 10°.

Trong thyc nghiém chiing t6i da sir dung camera VAC-135 ¢6 pham vi thay d6i thoi gian phoi

sdng tir 1 dén 2047 (don vi twrong d6i), tirc 1a cao hon 10°. Khi d6 phan bd ning luong trong vét

sdng s€ nhan dugc trong pham vi 16n hon 10 lan so voi kha nang cua chinh camera trong mot lan

chup. Hinh Ic cho thdy hinh anh vét nhiéu xa qua 15 nho, duong kinh 200pm va dd thi phan b

quang ning trong vét d6 ma ching toi dd ghi dugc nho phuong phdp isophotometer. RS rang két
qua do phit hop véi Iy thuyét hon nhiéu.

IgE E=1 = 1gE

isophoto

3. He thong thiét bi va két qua thwe nghiém

Trén co sé phuong phdp isophotometer ching t6i da xdy dung thiét bi do ham PSF cua
HTQH va viét phan mém “KIZO-PSF” dé diéu khién, thu nhan anh va tinh todn. Trén hinh 3 Ia
so do cua thiét bi.

Chum tia tir laser 1 qua ném diéu chinh cudng d6 sing 2 va duoc hé quang 3 hoi tu vao 15
nho 4 (c6 duong kinh ¢& Sum) dé tao thanh ngudn sing diém chuin. Ngudn sdng niy nhd vt
kinh chuén truc 5 s& tao thanh chiim tia song song va di t6i HTQH can kiém tra 6. Anh cua
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Hinh 3. So db thiét bj xéc dinh PSF ctia HTQH. 1) laser; 2) ném diéu chinh cuong d¢ sang; 3) hé quang
hoi tu chum laser; 4) 160 nhd; 5) vat kinh chuéan truc; 6) HTQH can khéo sat; 7) vét anh; 8) vat kinh hién

Thiét bi

10

vi; 9) camera; 10) mdy tinh.

Dit thong sé camera
- BJ phén giai
- b6 nhav

R

A 4

\ 4

Luu dir liéu

Piéu khién camera

i

.| Hién hinh anh vét sdng

trén man hinh

Quét PSF

Dit ché d6 quét

A 4

A

Co so dir lieu

- Mang dir li¢u PSF
- Kich thudc Pixel
- Ty 1€ anh

- C4c thong tin vé HTOH can do

Ban phim

A

\ 4

Phan tich dir liéu

A 4

Ham nhoe diém (PSF)

A 4

Ham tap trung ndng luong

A 4

Ham nhoe duong (LSF)

Ham truyén diéu bién (MTF)

»

Ham nhoe bién

Hinh 4. So d0 ciu tric phan mém “KIZO-PSF”
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ngué)n diém s& duoc HTQH 6 tao ra trén mat phéng anh cta né dudi dang mdt vét sang (kich
thudc, hinh dang cua vét sang nay phu thudc vao chét luong cua HTQH va hi¢u tng nhiéu xa).
Vét sang nay thuong la rat nho va dugc phong dai nho vat kinh hién vi 8 r01 dua dén CCD cua
camera 9. Hinh anh s hod cua vét sang duogc truyén vao mdy tinh qua cong USB. Phan mém
KIZO-PSF (véi so dd cau tric duoc biéu dién trén hinh 4) s& diéu khién camera dé ty dong ghi
lai hang loat cdc anh ctia vét v6i thoi gian phoi séng ting dan. Tir cdc anh thu duoc phin mém sé&
tién hanh cic thao tic xir 1y anh dé tong hop lai ham PSF va tinh todn cdc dic trung chat luong
khéc nhu ham truyén diéu bién (MFT),...

Chting t6i da thyc hién do ham PSF cuia nhiéu HTQH khéc nhau, két qua cho thay hé thng
thiét bi va phﬁn mém duoc viét hoat dong tét, cho két qua chinh xdc va tin c@y. Trén hinh 4 biéu
dién vi du két qua khao sit mot HTQH don gian 1a ‘mot vat kinh dan gdém 2 thiu kinh. Do loai
vat kinh nay chi c6 3 mat lam vi¢c nén s€ it c6 sai so gia cong va anh hudng cua ching dén chit
luong anh s& nho, do d6 chat lwong ctia vat kinh s& gan véi cdc tinh toan 1y thuyét hon. Trén hinh
4a1a két qu tinh ham PSF va MTF theo Iy thuyét con trén hinh 4b 1a két qua thyc nghiém theo
phuong phép isophotometer. Ta thay rang, két qua thyc nghiém kha phi hop voi ly thuyet
duong cong MTF thyc nghiém thap hon mot chiit so véi dudng cong 1y thuyét & céc tan sd cao
cho thiy anh hudng cua sai s6 gia cong dén chat luong tao anh cua vét kinh.

E PSF E PSF
1 H | H H | A H H H H H 1 H H g
08| . s S s s s e
0,6 |- 0,6+ . |
0.4/ | 04|+
0,21 02|
e A NS Qi A Y M N
20,02 -0,01 0 0,01 0,02 X, mm -0,01 0 0,01 X, mm

() MTF T() MTF
1

0.8
0,6 |
04
02|

40 60 80 v.mm?
b)

0

I-Iinh S. PSE va MTF cua vat kinh dan 2 thau kinh.
a) tinh todn 1y thuyét; b) két qua thuc nghiém theo phuong phép isophotometer.

4. Kétluan

Ap dung phuong phap 1soph0t0meter ching t01 da thanh cong trong viéc nang cao dai dong
cua camera so thong thuong tir co 10% 1én dén 10" - 10°, nho d6 cho phép ghi nhén chinh xdc sy
phan bd d6 chiéu sdng cua vét anh tao boi cac HTQH. Piéu d6 cho phép dat dugc do chinh xac
va d¢ tin cay cao trong do dac ham PSF, phuc vu dénh gia chét luong tao anh cua HTQH. Trén
co s& d6 chiing t6i da xay dung thanh cong hé thong thiét bi do va phan mém “KIZO-PSF”. Hé
théng thiét bi nay da duoc thtr nghiém, cho két qua rat tét va budc dau da duoc ung dung tai mat
vai co s& quang hoc ctia Lién bang Nga va Viét Nam dé danh gia chét luong cdc ong kinh quang
hoc.
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NGHIEN CUU PHAN BO NHIET PQ TREN PIEN CUC XOAN CUA BEN PHONG
DPIEN THUY NGAN-ARGON BANG PHUONG PHAP QUANG PHO PHAN GIAI
KHONG GIAN

Chu Anh Tuin® Nguyén Thi Thanh Ngan®, P§ Xuin Thanh®, Pham Hong Dwong®
va Nguyén Poan Thing®

2) Vién Khoa hoc Vat liéu, Vién Khoa hoc va Céng ngh¢ Viét Nam,
18 dudong Hoang Qudc Viét, quan Cau Gidy, thanh phd Ha Noi
® Cong ty C6 phan Béng den va Phich nudc Rang Pong, 87 - 89 phd Ha Dinh,
quéan Thanh Xuén, thanh ph6 Ha Noi.
E-mail: duongphamhong @yahoo.com

Tém tit: Tudi tho cia den phéng dién thity ngan — argon phy thudc rat manh vao nhiét d lam
viéc cua dién cyc. Khi hoat dong, diém nhiét hinh thanh gitra viing khong phu va vung ¢6 phu
bot dién tir trén dién cuc xodn. Nhiét dd cta diém nhiét da duoc cong bd 12 khoang 1200 — 1400
K [1] & trang thai hoat dong 6n dinh. Nhiét d6 cta day téc duoc do bang phurong phép phan giai
khong gian ding camera héng ngoai Indigo Phoenix (detector: InGaAs) [2] két hop dong thoi véi
hoa quang ké IMPAC IS 10 (dai phd tir 0,7 dén 1 ,1pm). Do ¢6 sy dong gop cua cdc vach phat xa
clia nguyén tir khi argon khi bi kich thich vao phd do, cic két qua tinh todn nhiét do 12 khong
chinh xdc. Trong cdng trinh nghién ctru nay, ching t6i dua ra phuong phdp méi do nhiét do day
téc den str dung phuong phédp quang phd phan giai khong gian. Phé phét xa cta den phéng dién
bao gom phd birc xa vat den tuyét dbi cua day tée vonfram (W) va cic vach phét xa cua nguyén
ti khi Ar (hoac Kr) gan bé mat day téc. Sau d6 cac vach phat xa cua Ar (hodc Kr) duoc cit di,
chi giit lai d4m phd biic xa cua dy téc deén & nhiét do cao. Dang phd birc xa niy dwoc so sanh
voi dang phd birc xa Planck cuia vét den tuyét dbi dé tinh ra nhiét do twong tmg. Phin b nhiét do
gan diém nhiét cta den huynh quang T10 khong phu bot da dugc khao sit. B chinh xédc cua
phuong phép do va céc két qua thu dugce cling duoc dua ra thao ludn.

Tir khod : nhiét @6 diém nhiét, den hupnh quang,
1. Mé dau.

Nhiét do diém nhiét trén téc den ctia dén huynh quang khi hoat dong déng vai trd quan trong
ddi véi tudi tho cua den. Nhiét d¢ cao dan dén viéc boc hoi cdc vat ligu lam dién cuc va vat li¢u
phét xa dién tu trén dién cyc, lam giam tudi tho va gdy nén hién tugng den dau den som [3].
Hién nay, mot sb loai dén huynh quang do cdc cong ty trong nudc ché tao dang gip phai hién
twong nay, vi vay viéc xac dinh phan bd nhiét d6 trén téc den c6 ¥ nghia thuc tién rét cao.

Pé xdc dinh duge nhiét do cua téc den, phuong phdp do di¢n tr¢ dugc ting dung rong rai
nhét, tuy nhién phuong phdp nay chi do dwoc nhiét d6 trung binh ciia téc dén ma khong do duge
nhiét dg tai cdc vi tri khac nhau trén téc den. Phuong phap do nhi¢t do thong qua do dién tré dua
trén co s& so sanh ty sb dién trd khi néng Ry va khi ngudi Re ciia tée dén, ty sé Ry/Re ~ 5 twong
duong véi nhiét dd 1000 °C. Do chi c6 thé thuc hién phép do sau khi tit den, sai s khd 16n vi téc
den da bi ngudi di. Hon nita, vi tri va phan bd nhiét d6 trén téc den rat da dang, cho nén thdng tin
vé ty s6 Ry/Re rat khong déy du.

Phuong phap do phan bd nhiét do téc den bang hoa quang ké va mdy quay phim hong ngoai
(trong dai tir 0,7 dén 1,1 pm) da duoc Golubovskii dung dé do nhiét do cua dién cyc xodn [2].
Tuy nhién, phuong phdp do nhiét d6 cua céc tdc gid nay dp dung cho cdc mau den thi nghiém
chtr khong phai cho dén thuong mai. Hon nira, phd phat xa cia dén phéng dién trong viing nay
bao g@)m ca phé burc xa vat den cua vonfram & nhiét d0 cao va phé phat xa cua khi Ar (hodc Kr)
khi bi kich thich (c6 cuong d6 rat 16n gan diém nhiét) vi vay nhiét do do dugc 1a khéng chinh
xdc, do khong tach bi¢t dugc dong gép cua phat xa khi Ar (hodc Kr) vao tin hi¢u thu dugc.
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2. Phwong phap do dac

Trong cong trinh nay, ching tdi di dé xuat va thuc hién phuong phdp méi do nhiét do téc
den huynh quang trong khi hoat dong. So d6 do dugc mé ta trén hinh 1, cho phép phan giai theo
khong gian va thoi gian. Phé thu duoc la su chéng chap cua phé birc xa cua téc den (vonfram) va
pho phiét xa ciia nguyén tir khi Ar (hodc Kr) trong dai tir 350 nm dén 950 nm.

Spectrograph Fiber bundle
Microspec-2300
Y-Z stage
[ 1
CCD
1024x256 Lens
Pixels

Hinh 1. So d6 bé tri hé do phd phat xa ciia dén phéng dién.

Trén hinh 2 13 dang phd pht xa dién hinh cta dén huynh quang khong phu bot sau khi chuén
hod, ghi tai vi tri diém nhiét trén dién cuc xodn. Dé tinh duoc nhiét do tai diém do, phé phét xa
tai vi tri can do duoc chia cho phé do nhay cua hé do, sau d6 sur dung phén mém Labspec? cat di
cic vach phd phét xa cua thiy ngin va Ar (hodc Kr) (duong a), chi gilr lai ddm phd buc xa cia
day toc den ¢ nhiét d6 cao (duong b). Dang pho burc xa nay dugc so sanh véi dang pho blic xa
Planck cta vat den tuyét ddi bang céch so ty s tich phan cuong d6 I;/I; ciia hai viing phd birc xa
khac nhau va tim dugc nhiét do téc den twong ung (hinh 4), trong dé I, I, lan luot 1a tich phan
cuong d6 cua dai phd buc xa tir 626 dén 775 nm va 776 dén 925 nm (hinh 3).

Dé kiém tra lai do chinh xdc cta phuong
phdp, ching toi di ding mot chiéc den
halogen chuan, x4c dinh nhiét d6 cua téc den
bang hé do nhiét do dung qua cdu tich phan,
sau d6 do nhiét do bang phuong phdp cua
chiing t6i. Két qua 1a sai s6 phép do vao
khoang 10°K.

Cédc dén mau sir dung trong nghién ctru 1a
cdc den huynh quang T10, cong suit 40 W,
duoc san xuét boi cong ty CP Béng den va 200
Phich nuéc Rang Pong. Cdc den mau nay 1 *J"
duoc ché tao theo cdc thong s6 giong cdc den e
thwong mai, diéu khic biét duy nhat 1a than 00 o0 °00 I 500 0
den khong phu bot huynh quang. Dién cuc
xoan kép cta den duge lam bang day o phéng dién ghi tai vi tri diém nhiét trén
volrfrarn. c6 dién tro nguc_)l, la 4,1 Q, dugc dién cuc xodn. Pho bao gém céc vach phé phét xa
quﬁn lai thanh cac prg xoan cO du:(‘mg kinh cuia thily ngan va Ar (hodc Kr) (a) va phé) buc xa
2 mm, cic vong xoan cich nhau 0,5 mm. ctia ddy téc den & nhiét do cao (b)
bién cuc dugc gan trén hai ddy dan bang

1000 4 @
—b)

800 —

e

600

Intensity (a.u.)

400

Wavelength (nm)
Hinh 2. Phé phit xa (sau khi chuin ho4) cua day
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bﬁng Fe-Ni va dugc phu 16p bot phat xa dién tir ¢6 thanh phan 13 hdn hop cdc cacbonat kim loai
kiém thd. Pén dugc nap khi Ar c6 dp suit 2,6 mmHg, va chira 25 mg thuy ngan dang long. Ben
lam viéc ¢ dong dién xoay chiéu sir dung chan luu sit tir ton hao thap va tic te tiép diém co khi,
v6i dién dp ngudn 6n dinh 220 V, tan s6 50 Hz. Dién dp roi trén den 12 108,7 V, dong dién qua
den 1a 422 mA, cong suét 1a 40,1W.

] 0.50
500 Black body Radiation

0.45

400 0.40 1 1670K /

0.35

3007 0.304 1415 K

0.25 |
] 1190 K ¥
0.20 e

1 0.15 J/
100 0.10 /

OREE AN LA L R0 000 1000 1200 1400 1600 1800 2000
650 700 750 800 850 900
Wavelength (nm)
Hinh 3. Tich phan cuong d¢ I; va I, cia biic xa vat ~ Hinh 4. Ti 1¢ tich phan cuong d6 buc xa [,/1, ctua
den tuyét d6i . I, : tich phan cudng do6 cua dai birc vat den tuyét ddi theo nhiét do.
xa tu 626-775 nm; I,: tich phan cuong do cia dai
buc xa tir 776-925 nm.

Intensity (a.u.)

200

I/, Intensity Ratio

Temperature (K)

3. Két qua thuc nghiém

Pén mau duoc gén trén bo dich chuyén 2 chiéu X-Y dai rong (30 cm). Khi dén dang hoat
dong, anh cua di¢n cuc dugc phdéng to 1én 2 1an va hoi tu tai dau bé diy dan quang qua hé hai
thau kinh hoi tu. Pau cta b6 s¢i quang dugc gén trén b0 vi chinh tinh tién 2 chiéu Y-Z, cho phép
dich chuyén t6i céc vi tri can do voi do chinh xdc cao. Anh cua dién cuc duoc dan boi b6 day
dan quang (duong kinh 0,5 mm) va duoc dan t6i khe ctia khdi phd ké Microspec 2300. Sau khi
da duoc tan sac qua pho ké, phd phit xa dugc thu nhan bang ma tran CCD 1024 x 256 diém anh
duogc 1am lanh bang pin Peltier va dugc ghi lai trén mdy tinh. Cach tir 150 vach/mm cho phép thu
dugc toan bd dai pho tir 350 nm dén 950 nm ddng thoi véi nhau. Trude khi thuc hién cdc phép
do phé huynh quang, hé do can duoc chuén héa bude séng dya vao cdc vach phét xa dac trung
cua nguyén tur thuy ngan. Cuong do phd dugc chuan héa bang céch chia cho ph6 d6 nhay ciia hé
do. Phan mém Winspec32 duoc cai dat san trén mdy tinh, cdc thong s cua hé duoc cai dat va
gidm sét théng qua phan mém nay. Phd phét xa tai cdc vi tri khdc nhau doc theo dién cuc xoan
ctia dén da dwoc ghi nhan. Phép do phd duoc thuc hién trén hé do quang phd phan gidi cao tai
Phong thi nghiém Trong diém Qudc gia - Vién Khoa hoc Vat li¢u - Vién Khoa hoc va Cong ngh¢
Viét Nam.

Hinh 5 13 dang phd phdt xa cua den T10-40W Rang Dong ghi tai vi tri gan diém nhiét trén
dién cuc xodn. Do phén giai khong gian 0,5 mm. Phd bao gdm ddm phd birc xa ctia ddy téc den &
nhiét do cao va cdc vach phat xa cua thuy ngén c6 dinh tai budc song 404.5 nm, 436.3 nm, 546
nm, 576.8 nm va cdc vach phat xa cia Ar nam trong vung hong ngoai tor 750 nm dén 900 nm.

Hinh 6 12 anh téc dén dugc chup & ché 46 Macro va két qua do dac tinh todn nhiét do tai mot
5O vi trf trén toc den. Anh téc den cho phép nhin rd céu tric téc den, hinh anh day dan bang Fe-
Ni ndm & géc trdi, 16p bot dién tir c6 mau trang xanh. Nén phdt xa mau xanh 1a két qua cua phét
xa thuy ngén tron v6i phat xa khi Ar ¢ gan diém nhiét.
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Hinh 5. Phd phat xa cua den T10-40W Rang Hinh 6. Nhi¢t d¢ téc den tai mét so vi tri khac nhau, do
Dong ghi tai vi trf gan diém nhiét trén dién  bang phwong phap quang phd do chiing tbi dua ra. Trong
cuc xoan. truong hgp nay, vi tri va gia tri cua nhiét d6 la qua cao ddi
voi ché d6 hoat dong t&i uu cua den. Nhiét d6 cia ving
phil bot chi can gitr & gid trj 750-800°C 1a dii cho hoat

dong cua den.

Trong truong hop ndy nhiét do cua téc den 1a qua cao (1390°C), do ¢6 sy hinh thanh diém
siéu nhiét (cao qua muc thong thudng), giy ra boi chu trinh andt. Nhiét do téc den qué cao lam
bay hoi vat liéu lam dién cuc va 16p vat li€u phat xa dién tir. Ngoai ra, vung c6 nhiét d cao
(1000-1390°C) trén téc den ndm rat gan day dan Fe-Ni ciing lam ddy din bdc hoi nhanh chéng.
Dua vao d6, mot sd €01 y cho giai phdp gidm nhi¢t do dién cuc da dugc dua ra cho nha san XUAL.

4. Kétluan

Trong cong trinh nghién ctru nay, ching t6i da dwa ra mot phuong phdp do nhiét do bang
phuong phép quang phd phan giai khong gian. Phuong phép nay c6 d6 chinh xédc cao hon nhiing
phuong phdp dang duoc céc tic gia khac trén thé gi6i st dung. Hon nita, phuong phdp nay con
ap dung dugc cho tat ca céc loai den phéng dién chua pha bot huynh quang.

Vé ung dung thuc té, phan bd nhiét d6 doc theo dién cuc xoan ciia dén T10 40 W cua Cong
ty Rang Pong da dugc khao sit. Nhitng két qua nay duoc so sanh vai két qua do sut thé catdt,
dang séng andt va duoc tong hop lai dé tu van cho cic nha san xuat, gép phan gia quyét hién
tuong sém den dau den.

Loi cam on: Nhom tdc gia xin cam on Vién Khoa hoc va Cong nghé Viét Nam, Coéng ty CP Bong
den va Phich nuoc Rang Dong.
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HUYNH QUANG HAI-PHOTON CUA CAC PHAN TU PANH DAU Y-SINH PUQC
KICH THICH BANG LASER ND:YVO; MODE-LOCKING PICO-GIAY

Nguyén Pinh Hoang, Ngu),fén Thanh Binh, Nguyén Trong Nghia, P6 Quic Khanh,
Pao Duy Thang, Phung Viét Tiép va Nguyen Dai Hung

Center for Quantum Electronics, Institute of Physics
Vietnam Academy of Science and Technology
10 Dao Tan, Ba Dinh, Hanoi
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Tém tit: Pho huynh quang kich thich 2 photon ciia cdc chat danh diu huynh quang lan dau tién
da dugc thyc hién tai Viét nam khi st dung Laser Nd:YVO, picd gidy mode-locking do Vién
Vit ly (Vién KH&CN VN) phit trién. Mau do 12 cdc chat ddnh ddu huynh quang duoc dung
trong quang phd y - sinh (cdc chat mau hiru co Rhodamine). Chum laser pico-gidy c6 cong suat
t6i 350 mW, budc séng 1 064 nm, d6 dai xung 12 pico gidy, tan sb lap lai 9 - 8 MHz da dugc
hoi tu vao mot cuvét dung dung dich chit mau bing mot 6ng kinh hién vi ¢6 khiu sé NA = 0,6.
Tin hiéu huynh quang dwoc thu va phan tich qua may don sic va dugc ghi bang nhan quang
dién. Nhitng uu viét cia phuong phdap kich thich hai photon va huynh quang hai photon da dugc
théo luan, dic biét, voi phd huynh quang hai-photon phan giai thoi gian da thu dugc.

1. Mé dau

Kich thich hai photon dugc tién dodn bang 1y thuyét boi Maria Gppert-Mayer [1] nam 1931,
cdc photon véi niang luong thip hon c6 thé két hop dé tao ra hip thu don photon & mirc ning
luong cao hon. Néu phan tir bi kich thich 12 mot chat huynh quang né c¢6 thé phét ra photon c6
nang lugng cao hon nang lugng photon kich thich. Nam 1990 Webb céac cong sy [2] da chung
minh bang thuc nghiém véi kinh kinh hién vi huynh quang hai photon va ngay nay né la mot
phén khong thé thiéu trong kinh hién vi huynh quang. Trong kich thich hai photon, nguyén tur
hap thu dong thot hai photon dnh sang kich thich, dé nhay 1én trang thai kich thich, dién tir sau
thoi gian hdi phuc sé& tré vé trang thdi co ban va phdt ra photon. Hinh 1 minh hoa qud trinh kich
thich 1 photon (1a) va kich thich 2 photon (1b).

Excited e

State ———— e

FIore;cence Florescence
1064 nm "
532nm
1064 nm
' '
Ground | ! !
State
(a) One Photon Excitation  (}) Two Photon Excitation

Hinh 1: Nguyén 1y hoat ddng qua trinh kich thich 1 photon (a) va kich thich hai photon (b)

Budc song kich thich ¢& bang hai 1an budc séng hap thy cia phan tir bi kich thich. Xéc Xudt
dé dién tir hap thu dong thoi hai photon (kich thich hai photon) 12 rat bé doi hoi photon dnh sdng
kich thich c6 tinh két hop khong thoi gian cao. V& mat thoi gian cic laser xung voi cong suét
dinh lon nhu laser pico gidy hodc laser femt6 gidy c6 thé dap ung dugc yéu cau nay. Vé mat
khong gian ta ciing ¢6 thé hoi tu cdc photon bang 6ng kinh hién vi c¢6 khau s cao. Hiéu suit
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kich thich tang theo binh phuong mat do cong suat kich thich. Hiéu suat kich thich twong d6i ciia
cac laser khac nhau c6 thé duoc tinh nhu sau:
Cong suat dinh laser xap xi bang:

T er
P peak == })uv
T,,

trong d6 Ppeax 12 cong suét dinh, P,, 12 cong suat trung binh, Ty 12 chu ki xung laser, T, 12 d§
rong xung laser.

Hiéu sut kich thich E., ti 1é v6i d dai cta xung laser kich thich (Tpw) va binh phuong cong
suét dinh Ppeax.

E_=k.P

peak
2
Eex = kf)a%} Tper
pr

Hé sb k phu thudc vao tiét dién hép thu hai photon cua chit mau tai budc song laser, vao
dang xung, vao sy phan bd ning luong theo khong gian tai diém hoi tu. Do kich thich hiéu dung
phu thudc vao nghich dao d6 rong xung (Tpyw) chir khong phai vao binh phuong cua né nén co
thé thu dugc huynh quang hai photon kich thich bang laser hoat dong & ché do xung hay ¢ ché
d6 lién tyc. Tuy nhién, hi¢u rng nhiét rat dang ké cua viéc kich thich hai photon & ché dd lién tuc
han ché rit nhiéu ung dung.

Trong bdo cdo nay, ching t6i trinh bay viéc sir dung Laser Nd: YV O, picd gidy mode-locking
dugc bom bang laser diode do Vién Vit 1y (Vién KH&CN VN) phit trién dé kich thich huynh
quang hai photon cho cdc chét danh du huynh quang dugc dung trong ‘quang phd y - sinh (cdc
chat mau Rhodamine). Chiim laser pico-gidy mode-locking c6 cong suét toi 350 mW, ¢ do dai
budc song 1064 nm, c6 do dai xung 12 picd gidy, tan so 1ap lai 8,88 - 80 MHz da dugc hoi tu vao
mot cuvét dung dung dich chit mau bang mot thau kinh c6 khiu s6 NA = 0,6. Tin hiéu huynh
quang duogc thu va phén tich qua mdy don sic va duoc ghi bang nhan quang dién. Nhirng vu viét
ctia phuong phap huynh quang hai photon da duoc thao ludn, dic biét, voi phd huynh quang hai
photon phan giai thoi gian.

2. Thue nghiém

So d6 nguyén 1y hé do huynh quang kich thich hai photon duoc biéu dién trén hinh 2. Ngudn
kich thich 1a Laser Nd:YVOy picd gidy mode-locking duoc bom bang laser diode do Vién Vit 1y
(Vién KH&CN VN) phat trién, cdc thong sb chinh xéc cua laser nay da dugc trinh bay [3]. Laser
phét xung tai tan s 8,8 MHz, tai budc séng 1064 nm. Cong suit laser trung binh 350 mW va do
rong xung 12 picd giay (FWHM).

Chum laser sau khi di qua hé quang hoc dugc duoc hdi tu vao trong 1 cuvet dung mau nho
mot thdu kinh hién vi ¢6 khau s NA = 0,6. & ddy ching t6i da sir dung thau kinh c6 khau sb
tuong dbi thap dé c6 duoc khoang cach tbt nhat tir thau kinh dén mu. Vi trf viing huynh quang
(kich thich hai photon) dugc diéu chinh quang hoc sao cho sit bé mit cuvet va c¢6 dudng kinh
khoang 100 um. Viéc str dung thau kinh hién vi 12 hoan toan twong hop vdi viée nghién ctru hién
vi laser quét sau nay (¢ d6 vat kinh hoat dong gan duong di cia chim laser dé tan dung duoc
khau dd nho). Chung t6i c6 thé dich chuyén mau theo chiéu doc dé thay doi vung dugc roi sang
ma khong can thay ddi cong sut toi toan phan.
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Sample
Optical Micro.
”“m \Objective J

Hinh 2: Thyc nghiém kich thich hai photon bang Laser
Nd:YVO, picd gidy mode-locking

Tin hiéu huynh quang duoc dua vao mdy don séc Oriel Cornerstone™ 260 (USA, 1200
1/mm) véi kha ning phan giai 0,10 nm, dai budc séng hoat déng 200 nm - 1200 nm va thu bang
6ng nhan quang dién PMT R1894 (Hamamatsu, Japan) voi ddp tmg suon nang 1a 0.78ns. Cic
xung photon huynh quang dwgc khuéch dai va bién doi sé qua dao dong ky sé 500 MHz (Dao
dong ky LeCroy 500 MHz, USA) va dua vao mdy tinh qua chuén giao tiép GPIB NI 488-2.
Xung trigger cho hé 14y tir laser mode-locking. V&i hé do nay, mot s img dung ban diu trong
nghién ctru quang tr 3 duoc thuc hién nhu viéc do thoi gian séng va do phd huynh quang phan
giai theo thoi gian cia mot s vat liéu quang tir dwoc kich thich mét - photon hay kich thich hai-
photon.

3. Cac két qua

Chiing t6i d3 kiém tra tinh kha thi cta
phuong phap kich thich hai photon véi
cdc chit danh diu huynh quang duoc
ding trong quang phd y - sinh (cdc chét
mau Rhodamine 6G, Rhodamine B and
Rhodamine 101). Ching dugc pha trong
dung méi ethanol ndng d6 10~ mol/l va
10 mol/l.

Kich thich huynh quang hai photon c6
nhiéu dic diém dang chd y. Pic diém dé
nhan thdy nhét 1a ving dugc kich thich
(huynh quang) chi thu dugc trong eo cua
chim laser. Pac diém nay cho ta thay
phuong phép kich thich hai photon ¢6 kha
nang phan giai d0 sau. Hon nira, kich
thich nay xay ra trén phan budc séng dai
(700-1000nm) cua bang hip thu. Pay 1a
ctia s6 quang hoc cua hau hét cac mau y-
sinh hoc do d6 hé s6 h?ip

Hinh 2: Ph6 huynh quang hai-photon phén giai theo thoi
gian cta phan tr mau Rhodamine 6G/ Ethanol
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Hinh 3: Ph6 huynh quang hai-photon phan giai theo thoi gian ctia phan tir mau

Rhodamine B/ Ethanol
0.10 - ,". +  Fitting data
\ Exp. data
0.08 1 |
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Hinh 4: Ph6 phén rd huynh quang phan tir mau Rhodamine B tai 590nm

thu mot-photon ctia mau tai bugc song nay thuong rét thip. Anh sdng kich thich d& dang di
xuyén vao cic 1ép sdu trong mau va dung khao sat mau y- sinh hoc trong kinh hién vi huynh
quang hai photon [4,5] ciing nhu dung diéu tri bénh . Do h¢ s6 tdn xa tai cdc bude séng dai 1a
giam nén viéc kich thich xay ra & cac 16p bén trong mau nho dé ciing s& duoc cai thién. Do vay,
chiing ta hiéu vi sao kich thich hai photon duoc str dung rat manh trong ki thuat kinh hién vi quét
laser (laser scanning microscopy) [7].

Pho huynh quang phan giai thoi gian kich thich hai-photon Rhodamine 6G duoc biéu dién
trén hinh 3 va cua Rhodamine B dugc biéu dién trén hinh 4, né cho cic thong tin vé dinh phat
xa, thoi gian séng huynh quang cua dién tir tai cdc bude séng khdc nhau. Tai moi bude song ta
d& dang tach ra phan pho theo thoi gian dé tinh dugc thoi gian séng huynh quang ciia chat danh
dau. Hinh 4 trinh bay pho phan rd huynh quang cta Rhodamine 6G tai 590nm. Tir phd phan ri
huynh quang ta d& dang tinh duoc thoi gian sdng huynh quang ctia R6G 1a 3.4 ns.

Chung to1 cting da thyc hién do thoi gian song cua Rhodamine 6G va Rhodamine B trong
ethanol vdi céc ndong do khdc nhau va thu duge thoi gian séng huynh quang tang theo nong do
phan tr mau trong dung mdi. So di thoi gian séng huynh quang tang theo nong d¢ la do c6 su téi
hap thu. Sy tdi hip thu cang ting khi cdc 16p bén trong mau duogc kich thich cang siu. So véi
kich thich mot photon, ddy 12 mét vu diém cua phuong phdp kich thich hai photon vi cic 16p &
sdu bén trong mau ciing bi kich thich. Cic két qua thoi gian séng cia Rhodamine ching t6i thu
duogc phit hop cdc gid tri cta cdc nha san xuét dua ra.
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4. Théo luin

Cic két qua bude dau thu dugc trong cic thi nghiém vira trinh bay c6 thé duoc hoan thién
thém. Vi du, c6 thé 1am ting hiéu suét kich thich bang cdch dung thdu kinh c6 khau sé cao, vi du
mot thiu kinh chim khau s6 NA = 1,3 ¢6 thé lam tang hi¢u suét kich thich 1én theo hé s6 cua 10.
Hon ntra viéc tap hop céc photon huynh quang bang mot vat kinh hién vi va lam d6i hudng cdc
tin hiéu huynh quang bang mot guong ludng sac. Su dung thiu kinh c6 khau s6 cao s& lam ting
khau s ctia duong din 4nh sdng t6i dau thu. Tuy nhién hé cling con nhuoc diém d6 1a sir dung
ky thuat do tuwong tu, do truc tiép tin hiéu cia mau qua PMT, k¥ thuit do gip mot sb khé khin
dbi v6i nhitng mau c6 tin hiéu huynh quang khong cao. Mudn do dugc tin hiéu nay can thiét sir
dung k¥ thuat do dém photon twong quan thoi gian — TCSPC (Time corelation Single Photon
Couting), ky thuat nay cho phép giam nhiéu do, tang d6 nhay va ddp tmg thoi gian cua phép do.
Pay ciing 12 hudng tiép theo ma chiing toi s& phat trién.

5. Két luan

Lan dau tién tai Viét nam ching t6i da s dung k¥ thuat do huynh quang kich thich hai
photon do huynh quang va huynh quang phan giai thoi gian cta chéat danh diu y sinh véi laser
kich thich Nd:YVOy, pic6 gidy mode-locking. Cac két qua nay mo ra kha nang st dung k¥ thuét
kich thich hai photon nghién ctru mau y-sinh hoc véi céc céng cu phdt trién trong nudc.

Loi cam on : Cdc tdc gia trdn trong cdm on sy tai tro' kinh phi tir Chwong trinh NCCB cap Nha
nuée cho Bé tai N° 403306 va Chuwong trinh Laser cua Vien KH & CN VN.
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NGHIEN CUU TAC DUNG UC CHE VI KHUAN TREN
VET THUONG BONG CUA LASER NITO

Nguyén Trong Luu
Bénh vién TUQP 108

Tém tit: Khao sat tac dung cua laser nito trén cac vét thuong bong thuc nghiém nhiém khuén,
tac gia nhan thay laser co tac dung trc ché rd rét ca vé loai va s lugng cac vi khuan gay bénh. Tac
dung nay c6 thé so sanh v6i kem thude Silver Sulfadiazine 1% 14 loai thudc thudng ding trong
vét thuong bong. Tac dung trc ché vi khudn P.aeruginosa cua laser nito manh hon thudc Silver
Sulfadiazine; tic dung trc ché vi khuin S.aureus cua laser nito twong dwong thubc Silver
Sulfadiazine. Co ché tac dung cua laser d6 1a kich thich hoat dong cua h¢ théng mién dich khong
ddc hiéu cua co thé, két hop voi tac dung tc ché truc tiép vi khuén trén bé mat vét thuong, tao
diéu kién thuan loi cho qua trinh lién vét thuong.

1. Pat van dé

Nhiém khuan 12 mot bién chimg ning va thuong gap trén cac vét thuong bong. Nhiém khuan
1am cho dién bién cua vét thuong tré nén phirc tap va lam kéo dai qua trinh lién vét thuong. Mot
tac nhan diéu tri t6t d6i v6i vét thuong can phai ¢6 tac dung tc ché vi khuan trén bé mat vét
thuong.

Laser nito phat buc xa trong vung tr ngoai (A=337,1 nm) vira ¢6 tac dung kich thich sinh hoc
dbi v6i mo bi ton thuong, vira co tac dung trc ché vi khuan trén vét thuong. Pa c6 mot so tai liéu
nghién ciru Ve tac dung trc ché vi khuan cua laser nito trén in vitro, nhung chua thay tai liéu nao
nghién ctru vé tac dung nay trén in vivo. Vi vy, chung tdi tién hanh thyc hién dé tai nay nham
danh gia mot s6 khia canh trong co ché lam lién vét thuong cua laser nito.

2. Chit liéu va phwong phap nghién ciru

- Cong trinh nghién ctru thyc hién trén 3 nhom thé truong thanh khoé manh, dugc giy bong
nhiét thuc nghiém d6 sau I1I, IV & ving bén sdng lung:

+ Nhom 1: diéu tri bang laser nito

+ Nhom 2: diéu tri kem Silver Sulfadiazine 1% (SSD)

+ Nhém 3: diéu tri bang dung dich mudi sinh Iy NaCl 0,9%

- May laser nito model 301 do Vién khoa hoc vat li€u (Vién khoa hoc va cong nghé Viét
Nam) san xuat chiéu 1én bé mat vét thwong bong nhoém 1 véi lidu 1,2 Jem®. Kem Silver
Sulfadiazine 1% do Hang Raptakos 4n D0 san xuat boi 1én vét bong nhom 2 mot 16p day 1,5mm
(twong duong 1g thudc). Vét bong nhom 3 chi dugc rira hang ngay dung dich mubi sinh 1y NaCl
0,9%.

- Céc chi tiéu danh gid gém: thay doi s loai va s6 lugng vi khuan trén bé mat vét bong tai
cac thoi dlem 3 ngay, 7 ngay va 14 ngay sau diéu tri.

- Sir 1y s6 liéu nghién ciru bang chuong trinh Epilnfo 6.0 cia WHO.

3. Két qua

3.1. Tinh hinh nhiém cdc lodi vi khudn trén vét bong:

- Ty 1& nhiém vi khuan trén vét bong nhém 1 (diéu tri laser):

Nhan xét: ty 1¢ nhiém S.aureus cao nhat giai doan sau 3-7 ngay; S.epidermidis cao nhit sau
14 ngay; ty 1é nhiém P.aeruginosa thap hon hai loai kia trong ca ba giai doan, dic biét sau 14
ngay (P<0,05).

- Ty 1& nhiém vi khuan trén vét bong nhom 2 (diéu tri SSD):
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Bang 1: Ty 1¢ cac loai vi khuan phén 1ap dugc sau bong & nhom 1 (n=34)

Loai Sau 3 ngay Sau 7 ngay Sau 14 ngay
vi khuén S6 Ty 1¢ S6 Ty ¢ S6 Ty ¢

VT % VT % VT %

co co co
VK VK VK

P.aeruginosa 3 8,82 5 14,71 1 2,94
S.aureus 19 55,88 21 61,76 11 32,35
S.epidermidis 13 38,24 13 38,24 23 67,65

Bang 2: Ty 1é cac loai vi khuan phan lap duoc sau bong ¢ nhém 2 (n=18)

Loai Sau 3 ngay Sau 7 ngay Sau 14 ngay
vi khuén S6 Ty 1é S6 Ty 1é S6 Ty 1é

VT % VT % VT %

co co co
VK VK VK

P.aeruginosa 3 16,67 8 44,44 4 22,22
S.aureus 12 66,67 13 72,22 6 33,33
S.epidermidis 3 16,67 1 5,56 8 44,44

Nhan xét: Ty 1€ nhiém S.aureus cao nhat, rdi dén P.aeruginosa, dac biét giai doan sau 3-7
ngay; ty 18 nhiém S.epidermidis thap sau 3-7 ngay va ting cao nhat sau 14 ngay. Ty 1é nhiém
S.aureus va P.aeruginosa déu giam sau 14 ngay (P<0,05).

- Ty 18 nhiém vi khuan trén vét bong nhom 3 (NaCl 0,9%):

Bang 3: Ty 1¢ cac loai vi khuan phan lap dugc sau bong & nhom 3 (n=16)

Loai Sau 3 ngay Sau 7 ngay Sau 14 ngay
vi khuén Sb Ty 1¢ Sb Ty 1é S Ty 1é

VT % VT % VT %

cod co co
VK VK VK

P.aeruginosa 3 1875 8 50,00 4 25,00
S.aureus 10 62,50 11 68,75 7 43,75
S.epidermidis 6 37,50 2 12,50 7 43,75

Nhén xét: Ty 1¢ nhiém S.aureus cao nhit trong ca ba giai doan (sau 14 ngdy chi giam nhe); ty
1¢ nhiém P.aeruginosa tdng manh sau 7 ngay (dung thur hai sau S.aureus) va giam sau 14 ngay

Bang 4: Ty 1é chung cac loai vi khuén trén vét bong giita cac nhom

Loai Nhoéom 1 Nhém 2 Nhoém 3 P
vi khuén S6 Ty S6 Ty S6 Ty
VT 1é VT 1é VT 1€
co % cod % co %
VK VK VK
P.aeruginosa 9/1 8,82 15/5 27,7 15/4 31,2 1-
02 4 8 8 5 2,3<0,01
S.aureus 51/ 50,0 31/5 57,4 28/4 58,3 1-2-
102 0 4 1 8 3 3>0,05
S.epidermidis 49/ 48,0 14/5 25,9 15/4 31,2 1-
102 4 4 3 8 5 2,3<0,05
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Bang 5: Ty 1¢ nhiém két hop cac loai vi khuan trén vét bong

Loai Nhom 1 Nhom 2 Nhom 3
vi khuin S Ty 1é Sb Ty 1& Sb Ty 1¢
VT % VT % VT %
co co co
VK VK VK
P.aeruginosa 1/102 0,98 4/54 7,41 4/48 8,33
S.aureus
P.aeruginosa 1/102 0,98 1/54 1,85 0/48 0
S.epidermidis
S.aureus 6/102 5,88 2/54 3,70 6/48 12,50
S.epidermidis
Con 8/102 7,84 7/54 12,96 10/48 20,83
g

(nhung con cao hon giai doan 3 ngay); ty 1é nhiém S.epidermidis giam sau 7 ngdy va ting tré lai
sau 14 ngay.

- Ty 1& nhiém vi khuan trén vét bong ca ba nhom:

Nhan xét: ty 1¢ nhiém S.aureus cao nhét trong cac loai v&i mic chénh 1éch & ba nhom la
khong dang ké (P>0,05); ty 1¢ nhiém P.aeruginosa thip nhat & nhém 1 va cao nhat & nhom 3
(P<0,01); ty 18 nhiém S.epidermidis cao nhat & nhém 1, thip nhit & nhom 2 (P<0,05).

- Ty 1& nhiém két hop céc loai vi khuén trén vét bong:

Nhan xét: ty 1& nhidém két hop 2 loai vi khuan ¢ nhém 1 13 thap nhat (7,84%); nhoém 3 1a cao
nhit (20,83%) (P<0,05). Dang két hop vi khuan hay gip 1a S.aureus va S.epidermidis (14/204
tiéu ban, bang 6,86%); S.aureus va P.aeruginosa (9/204 tiéu ban, bang 4,41%); dang két hop
P.aeruginosa va S.epidermidis it gip hon (2/204 tiéu ban, bang 0,98%). Khong thay dang két hop
3 loai vi khuan.

3.2. Tinh hinh s6 lwong vi khudn trén bé mdt vét bong:

Bang 6: SO luong VK/cm?® bé mit vét bong & cac nhom nghién ciru

Sau 3 ngay Sau 7 ngay Sau 14 ngay P
(10g10 (lOglo (10g10 SLVK)
SLVK) SLVK)
Nhoém 1 5,24+0,23 5,4040,18 4,92+0,28 <0,001
(n=34)
Nhoém 2 5,27+0,60 5,6410,21 5,1240,53 <0,01*
(n=18) >(0,05%**
Nhom 3 5,5340,21 5,71+0,13 5,4610,06 <0,01*
(n=16) >(,05%**
P 1-2>0,05 1-2<0,001 1-2>0,05
1-3<0,001 1-3<0,001 1-3<0,001
2-3>0,05 2-3>0,05 2-3<0,05

*: 14 ngay so v&i sau 7 ngay;

**. 14 ngay so vdi sau 3 ngay

Nhan xét: s6 luong vi khuan 3 nhom déu tang cao giai doan sau 7 ngay (P<0,05) va giam vé

cubi dot diéu tri, trong d6 chi c6 nhom 1 giam rd rét so v6i giai doan dau cua dot diéu tri
(P<0,001), nhom 2 va 3 gidm so vdi giai doan sau 7 ngay (P<0,01), nhung chua gidm 3 so voi
giai doan dau (P>0,05). S6 luong vi khuan nhém 1 thap nhét, nhom 3 cao nhét trong ca ba giai
doan, khac biét nhom 1 va 3 véi P<0,001; sd luong vi khuén nhém 2 tuong duong nhém 1 giai
doan dau va cudi dot diéu tri (P>0,05) va cao hon nhom 1 giai doan gitra dot diéu tri (P<0,001);
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nhom 2 va 3 twong duong nhau giai doan dau va giira (P>0,05) va chi khac nhau giai doan cudi
dot dicu tri (nhom 2 thap hon nhém 3 vai P<0,05).

4. Ban luian

Nhiém khuan vét thuong bong 1 van dé c6 tinh thdi sy. Ton thuong bong 1a méi truong rat
thuan loi cho vi khuan phét trién; dong thoi, vi khuan phat trién sé& lam cho qua trinh lién vét
thuong bong dién bién khong thuan loi va bi cham lai, dan toi di chimg x4u vé sau nhu seo 161,
seo co kéo.... Theo nhiéu tai liéu nghién ctru ve nhiém khuén vét thuong bong, loai vi khuan
thuong hay gap ding dau 1 tu cAu vang (S.aureus), roi dén truc khuan mu xanh (P.aeruginosa)
va mot sb loai true khuan khac.

Cac két qua nghién ctru cho thay ty 1 nhidm S.aureus 1a cao nhit & ca ba nhom nghién ctru
(mdc du nhom 1 cé thép hon, nhung khac biét khong rd rét). Ty 1€ nhiém S.aureus ciing ting cao
ngay tur giai doan dau (sau 3 ngay ty 1¢ dé kha cao) va tiép tuc ting 1én, dat dinh vao gitra dot
diéu tri (sau 7 ngay), cho thdy su pho bién va tinh chit phirc tap ctia nhidém S.aureus. Sau diéu tri
(14 ngay), ty 16 nhiém S.aureus c6 giam, nhung chi c6 nhom 1 (chiéu laser) va nhom 2 (boi thude
SSD) 1a giam nhiéu (nhém 1 giam tir 61,76% xudng 32,35%; nhom 2 giam tir 72,22% xudng
33,33%), con nhom 3 (NaCl 0,9%) moi giam it (68,75% xudng 43,75%). Két qua nay cho thiy
tac dung cua laser nito la twong duong voi kem thudc Silver Sulfadiazine 1% (mot loai thudc
dugc dung phd bién trong vét thuong bong) vé trc ché d6i voi vi khuan S.aureus.

Pung hang thir hai trong nhiém khuén 13 tinh hinh nhiém P.aeruginosa. Tuy ty 1& nhiém ban
dau 1a khong cao (nhom 1 nhiém 8,82%; nhom 2 nhiém 16,67%; nhom 3 nhiém 18,75%), nhung
day 1a loai vi khuan gay bénh rat phirc tap va dai dang, ddc biét tinh khang thudc rat cao (khang
hau hét khang sinh thong thuong), kho diéu tri. Két qua diu tri cho thdy ty 1& nhiém
P.aeruginosa & nhém 1 1a thép nhét trong cd ba giai doan, dic biét két thuc dot diéu tri ty 1€ nay
con rat it (chi ¢6 2,94%); trong khi & nhom 2 va 3 ty 1¢ nay déu cao hon, tuy nhém 2 ¢6 thap hon
nhém 3 (két thuc diéu tri nhém 2 con 22,22%; nhoém 3 con 25%). Két qua nay cho thay tac dung
{rc ché vi khuan P.aeruginosa cua laser nito 1a t5t hon han so véi kem Silver Sulfadiazine 1%.

Déi véi S.epidermidis, 1a mot loai tryc khuan thuong ¢ & trén da va chi gay bénh trong mot
s6 diéu kién nhat dinh. Tac dung cua laser nito khong 1am anh hudng nhiéu dén su phat trién cia
loai vi khuan nay & trén da; trong khi kem thudc Silver Sulfadiazine 1% va nudc mudi NaCl
0,9% c6 anh huong kha rd rét t6i ty 16 nhiém S.epidermidis (ty 18 nhiém & nhom 2 va 3 déu thip
hon & nhém 1 rat nhiéu, dic biét giai doan sau 7 ngay).

Téng hop chung cho thiy nhiém hai loai vi khuan giy bénh quan trong & vét thuong bong 1a
P.aeruginosa va S.aureus & nhom 1 1a thip nhat, & nhom 3 1a cao nhat. Sy két hop vi khuan ciing
thip nhat & nhom 1 va cao nhat & nhom 3 voi kiéu két hop 2 loai vi khuén 1a cha yéu.

Vé s6 lugng vi khuan xac dinh trén bé mit Vét thuong bong ciing cho thdy sy ting cao vao
giai doan gitra (sau 7 ngay) va giam xuong vao cudi dot diéu tri (sau 14 ngay); trong do, nhom 1
murc do tang thip hon han va glam sau diéu tri ciing rd rét hon nhom 2 va 3. Nhom 3 sb lugng vi
khuan déu cao hon trong ca ba giai doan. Két qua nay cang khang dinh tac dung vu viét cua laser
nito trong e ché vi khuan khong chi vé loai, ma con ca vé sé luong cac vi khuan trén bé mit vét
thuong bong.

V& co ché tac dung dbi véi vi khuén cua laser nito, theo nhiéu tac gia laser nito thuéc nhém
cong suat thap co tac dung kich thich hoat dong cta hé thong mién dich khong dic hiéu cia co
thé, nhu lam tang cac globulin mién dich (IgG, IgA, IgM, bd thé C3), tang hoat dong thuc bao
ctia bach cau trung tinh va dai thuc bao (hoat dong thuc bao ddi véi S.aureus ting khoang hai lan
sau chiéu laser). Ngoai ra, laser con lam hoat hod cac enzym oxy hoa khu (NADHD, SDH,
HDH, GDH, LDH) va phosphatase kiém (lién quan dén chuyén hoa cua axit nhan va protein)
trong cac té bao mién dich, cai thién hoat tinh ciia peroxydase, phosphatase axit va lysozym c6
tac dung diét va tiéu hod vi khuan.
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Mot dic diém ciing rat dang cha ¥ ctia laser nito so v6i cac loai laser cong suét thip khac, d6
1a laser phat birc xa trong vung tir ngoai (budc song 337,1nm) la quang pho da duoc ching minh
¢6 tac dung trc ché truc tlep d6i v6i nhiéu loai vi khuan c6 trén bé mit vét thuong, vi v@y no6 cang
lam cho hiéu qua e ché vi khuan cua laser nito dugc cung cb vitng chic (két qua giam ca vé loai
va s6 lugng vi khuan trén bé mat vét thuong).

5. Két ludn

Qua khéo sat tic dung cua laser nito trén bé mit vét thuong bong thuc nghiém, so véi cac
loai thudc sat khuan thong thuong (kem Silver Sulfadiazine 1%, dung dich NaCl 0,9%), chiing
t61 rat ra mot sd két luan nhu sau:

- Laser nito lidu 1,2 J/em® ¢6 tac dung tc ché vi khudn gy bénh trén bé mit vét thuong bong
ca vé loai va sb luong.

- Tac dung e ché vi khuan P.aeruginosa cua laser nito tot hon hin kem thudc Silver
Sulfadiazine 1%; tac dung trc ché vi khudn S.aureus twong dwong kem thude Silver Sulfadiazine
1%. Tac dung hoan toan hon han dung dich NaCl 0,9%.

- Laser nito khong 1am anh huéng nhiéu dén sy phat trién cia loai vi khuan S.epidermidis ¢
trén da.
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SU DUNG LASER CO2 BUOC SONG 10600 NM TRONG PHAU THUAT TAI TAO DA
Nguyén Thé Himng ?, Pham Hiru Nghi *, D3 Thién Déan ?, Lé Huy Tuén , Pham Long ©

2 Bénh vién Trung vong Quan doi 108, Ha Noi,
®Vién Cong nghé Qudc gia (NACENTEC), Ha Noi
“Vién Vat Iy, VKHCNVN, Ha Noi
E-mail: nguyenthehungC15@yahoo.com

Tém tit: Cac tic gia da sir dung thiét bi laser CO, cong suat 20 — 25 W & ché d¢ hoat dong siéu
xung (0,001 gidy) dé diéu tri cho khoang 200 bénh nhén bi s¢o 16m (trong d6 67 nguoi 1a di
chiing cua trang cd ¢ vung mat). Két qua didu tri cho thiy: 16p da méi dugc tdi tao, cdc vét ton
thuong lién da tét, seo hét va khong d¢é lai cdc tén thuong phu; chiing t6 rang laser CO, siéu xung
c6 thé 1a cbng cu diéu tri bénh seo 16m rat hiéu qua va an toan.

T khod: laser, laser CO,, ung dung laser y hoc, laser tri liéu, laser tham my
1. D3t vin dé

Bénh trimg ca vung mét thuong dé lai di ching 1a cdc s¢o 16m, dédc biét la & ving md, gay
anh hudng vé mit thim my cho nguoi mic phai, nhét 1a ddi véi phu nir va nhirg ngudi hoat
dong trong linh vyc giao tiép, bleu dién. Seo 16m do trimg cd dé lai boi su cha x4t hay chan
thwong, tao nén vét seo bi 16m xuong do mun boc hodc u nang lam pha huy lan da va tao thanh
md seo. Vét seo thudng triing xudng hodc c6 bé ngoai bi 16m xuong Céc loai seo do cha x4t/gai
hodc chin thuong manh c6 thé gdy chay mdu va 1am mat han mot phan da.

Cic k¥ thuat diéu tri seo 16m trudc déay nhu boi thudc, phiu thuét vd da, dbt dién, mai da co
hoc thuong mang lai két qua con han ché nhu mau da khong phit hop, 16ng phat trién, qud trinh
hoi phuyc 1au, ¢6 hién tuong chay mau trong phau thuat. Seo 16m chi c6 thé xod dwoc nhd thuc
hién thu thuat nAng mé xo dudi da mat 1én dé 14p day chd/vét 16m hay nao chd/vét seo di.

Laser CO; 12 thiét bi dugc img dung quen thudc trong phau thuat y hoc dé cit, ¢t mo, cam
mdu hay quang dong to chirc. Tia laser CO, khi chiéu 1én t6 chuc gy ra hiéu ing nhiét, séng
xung, séng dién tir va hiu mg quang héa. Trong phiu thuat cit, dbt, cdc hiéu tmg c6 tic dung
dong kin dau cdc mao mach va giam chay méu, tang qua trinh chuyén héa va thdc day qua trinh
lién seo. So véi cac phuong phap khdc, uu diém ndi bat cua laser CO; khi ung dung phau thuat
1a: d6 chinh xdc vét cét cao, khong chay mdu, giam dau, it sung né va hdi phuc nhanh vét mé.
Nhu vy, laser CO, 12 mot cong cu diéu tri seo 16m c6 tiém ning.

2. Ky thuat irng dung laser xir Iy seo 16m.

2.1. Twong tdc cua dnh sdang laser CO; voi té chirc

Tén thuong cia té chirc (md) phu thugc vao nhiét d6 dat dugc va khoang thoi gian né duoc
gia nhiét do dnh sdng mang t6i mo. Dé ning luong clia photon bién thanh nhiét, phai xay ra 2 su
kién sau: (i) Thir nhdt, si hdp thu: Photon phai dugc hdp thu boi phan tir, 1am cho phan tir
chuyén sang trang théi bi kich thich. (ii) Thit hai, héi phuc do dao déng: Nhimg va cham véi
nhirng phan tir khdc dan téi mot sy khir kich hoat dan dan cua phan ti.

Khi tia laser CO, tuong tic voi tE) chirc mo, nang lugng birc xa voi bude song 10600 nm
dugc nude trong mo (trong céc mo mém lugng nude chiém ty 18 dén 75- 85%) hap thy gan nhu
hoan toan (~98%). Nhiét d to chirc tai noi ¢6 4nh sang laser chiéu vao tang dan:

- Tir 45°C dén 60°C: xay ra qud trinh tich liiy ton thuong nhiét, nhiéu enzyme bi bién tinh

(denaturation).
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- Khi nhiét do ting t6i trén 60°C: do ciu tric soi cua collagen bi bién d6i do nhiét, co lai,
va chuyén sang dang keo (gelatin), xay ra hién tuong quang dong t6 chirc
(photocoagulation), mé bt dau co lai va xudt hién hién twong mau dong vén.

- Tai nhiét do 100°C: nuée trong té bao va dich ngoai bao soi Ién. Sy gidn no thé tich bat
thudng trong khi nudc chuyén pha (bay hoi) c¢6 thé 1am cho mé bj pha hiy va viang khoi
bé mit da. Khi d6 xay ra hién tugng bay hoi td chirc (photovaporization). Khi nhiét do
tang cao hon nira, nudc bdc hoi toan bd, khi d6 xdy ra hién tugng than héa td chirc (tao
vét xém den).

Céc hién tugng néi trén phy thudc vao mat do cong suét cua tia laser. TS chirc mod bi bay hoi
rat nhanh khi mat do cong suét 16n hon 100W/cm?. Laser CO, dé& dang dat duoc diéu kién nay,
va dic biét cic md mém chira nuwdc hip thu hiu nhu hoan toan 4nh sing tai budc séng hong
ngoai 10600 nm cua nd, va do xuyén sau cua anh sdng vao trong md chi khoadng = 10um, nén
hiéu qua bdc bay t6 chirc cia laser CO, 14 rat cao.

Hda hol Tia laser Haa hol Tia laser

{hoc bay) (hoc bay)

N Than hoa Bot hoa
Bang von \* {khing bao hoa)

N

Phut né (s

Than hoa

/

. Bdng von
Phi né (sHf)

Hinh 1. So d0 tuwong tac cua tia laser vdi to chirc md va phan bo cta cac khu vue md chiu cac
anh hudng nhiét trong qué trinh 4dnh sdng laser tic dong l1€n t6 churc.

Trén hinh 1 mé ta so dd mat cit nghiéng vét to chtrc dudi tic dung cua tia laser (chum tia
hoat dong & mode TEMyg) c6 phan b nang luong dang hinh Gauss (hinh chudng). Mat d6 nang
luong cao nhét ¢ trung tim va giam dan vé phia ngoai vi, hd tic dong cua laser c6 dang nhu
miéng nui lira: & giita 16m do t6 chtic bi bdc bay, con thanh xung quanh tinh tir trong ra 12 t6
chirc bi than héa, rdi dong vén va/hodc bot héa (hinh 1 bén phai), tiép theo 1a viing phit né noi
bao (ving nay t6 chic ton thuong c6 thé hdi phuc duoc.)

2.2. Thiét bj laser CO,

Chung t6i sir dung thiét bi laser phau thuat siéu xung ma hiéu KC01-06/2MTC 1a mot san
pham chuyén giao cong nghé tir dé tai nghién ctru cip nha nudc (1995) va du dn doc 1ap cip nha
nude (2001) do cong ty LASERMET (Viét Nam) ché tao (huy chuong vang TECHMART 2003).
Thiét bi nay c6 do bén va do an toan cao, cong sudt manh, thao tic d& dang va chinh xdc, dic biét
la c6 ché d6 hoat dong siéu xung (ultrapulsed): Cong suat phét: 45 W, kha nang vi chinh cong
suat: 0,1 W; duong kinh hoi tu vét laser: 0,2 mm; Hé quang hoc dan tia bang tryc khuyu quang
hoc ¢6 d6 vuon dai 1,150 mm; Tia dan duong: mau do (laser Diode); Ché d6 hoat dong: 6 ché do
(lién tyc, xung don, xung chudi, siéu xung lién tuc, siéu xung don, siéu xung chudi); Thoi gian
phat xung binh thuong: tr 0,1 — 0,005 gidy; Thoi gian phat siéu xung: 0,001 gidy.
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Hinh 2. Laser CO, KC-01-
06/2MTC

Hinh 3. Mot s6 hinh anh diéu tri seo trung ca

2.3. Kj thudt diéu tri seo triing cd bang laser CO,

Chiim laser dugc phan ky (defocused beam) véi duong kinh tir 1,5 — 2 mm, cong suét trong
khoang 20 — 25 W va d6 rong xung tir 1/5 dén 1/10 gidy. Véi cénh tay quang hoc dan tia va hé
thdng dién tir dé diéu chinh céc thong so laser theo yéu ciu, béc si hay k¥ thuat vién diéu tri diéu
khién roi tia laser vao vét md véi do chinh xéc cao vé vi tri, cho phép khéng ché duge muac do
thuong ton ctia td chirc, béc tich nhitng viing phau thuat rat mong (k¥ thuat “vi phau thuat - mai
da”) ma khong can giy mé.

3. S6 liéu bénh nhan diéu tri

Téng s6 bénh nhan duoc diéu tri seo 16m 1a 200 nguoi. Dudi day ching t6i chi dua ra téng
hop chi tiét ctia 67 truong hop bénh nhén 13 ¢6 seo trimg c4 ¢ viing mit:
- Tudi bénh nhan: tir 22 — 35 tudi
- Gidi tinh: 25 nam/67 bénh nhin seo mat;
42 nit/67 bénh nhan se¢o mat
- Vi tri ton thuong;

Tén thuong 2 ma: 40 ca/67 bénh nhan s¢o mat
To6n thuong 2 md va vung thai duong: 13 ca/67 bénh nhan seo mat
Ton thuong 2 m4 va vung thai duong: 14 ca/67 bénh nhan s¢o mat

- Dién tich ton thuong:
Duéi 15 cm?: 41 ca/67 bénh nhan s¢o mat
Trén 15 cm®: 26 ca/67 bénh nhan seo mat

4. Két qua diéu tri
Sau khi phau thuat laser, bénh nhan dugc bing v6 tring (cé thé ding cdc bang md khing

sinh). Bénh nhan dugc ding thudc giam dau, chéng sung né. Sau 2 tuan phiu thuat, vét md lién
seo, hinh thanh mot 16p da non m&i mau hong. Mot s6 loai vitamin A, C, E va cdc kem dudng da
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c6 thé ding thém gitip cho qud trinh hdi phuc da non. Trong vong 6 — 8 tuan ving da phau thuat
tro lai trang thdi binh thuong ca vé chirc nang (dan hoéi), mau sac va vé dep tu nhién von cé. Cho
dén nay, ching t6i chua gdp phai bat ky mot trudong hop bi bién chirng nao do phau thut laser
gay ra.

5. Két luan

Str dung laser trong vi€c tdi tao da (skin resurfacing) dé diéu tri cdc seo 16m do tring cd vung
mat da dem lai két qua tot; xu 1y khong tiép xiic nén trdnh nhiém khuan (dic biét 1a tranh nhiém
HIV), cAm mdu ttc thoi, diét khuan, giam dau don, chéng lanh vét thuong. Té chuc da duoc
phuc héi ca vé chic nang sinh 1y 1an chic ning thém my. Bén canh tic dung chinh 1a vi phiu
thuat mai da & ché do siéu xung, c6 thé tia laser CO, hong ngoai ciing c6 anh hudng phu hitu ich
12 n6 tic dong dén 16p bi, kich hoat sy gia ting san sinh va tdi tao cdc soi collagen, soi elastin...
do d6 g6p phan ning dd, tao sirc cang va su sin chic cho da mit sau khi dugc chiéu tia laser.

Két qué tri liéu phu thudc rat nhiéu vao ky ning va quy trinh phau thuat: thao tic k¥ thuat
phai rat chinh xdc (ddi hoi phiu thuét vién rén luyén va c6 kinh nghiém), va trong timg giai doan
dién bién phau thuat phai theo ddi va chiam séc vét mo ki ludng (phéc d6 diéu tri).

So sdnh véi cdc y vin thé gii cong b, ching toi nhan thay rang thiét bi laser CO, phau thuat
siéu xung KC01-06/2MTC ctia céng ty LASERMET c6 tinh ning khong thua kém cdc thiét bi
cung loai cua cic hang trong khu vyc hay cua Chau Au ché tao. Ching t6i tin rang thiét bj nay
cling v6i k¥ thuat diéu tri seo bang laser CO, duoc trién khai ngay cang rong rdi hon trén ca
nuée, gidp cho bénh nhan giam chi phi, b6t thoi gian va stic luc, gép phan nang cao chit lugng
diéu tri y hoc cho nhan din nhd tng dung khoa hoc cong nghé cao.

Tai liéu tham khao

1. Anderson RR, et al (2000). “Laser - Tissue Interactions”, Cosmetic Laser Surgery, pp.1- 30.

2. Aspacio RA, Wheeland RG (1988), “ Use of Laser in cosmetic surgery” 7 Congerees Asian
— Pacific Association for Laser Medicine and Surgery. Ho Chi Minh city 19/10/1998; pp 10 -
19.

3. Haggi Tsur (1978), “Laser Surgery: The use of the CO2 Laser in Plastic Surgery”.
Proceedings of the second International Symposium on Laser, Texas, 23 -26. October 1977,
pp- 47 -58.

4. Rosenberg GJ, et al (1996), “Laser in aesthetic surgery”. Clinics in Plastic Surgery, Jan 1966;
Vol. 23, No.1, pp. 29 -48.

5. Markolf H. Niemz (2007), “Laser — Tissue Interactions. Fundamentals and Applications,
Springer, 306 p.

785



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

KHAO SAT THU'C NGIEM SU'BOC BAY VA CAC TAC DUNG THU CAP CUA CAC
LOAI LASER PHAU THUAT HIEN PAI LEN LOP MO SINH HQC
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1. Phin mé dau

Laser, v6i cdc dac tinh nhu tap trung nang luong cao, chum sang song song, tinh don sic, kha
nang phat xung cuc ngan, da tr¢ thanh cong cu hiru hiéu va tuong dbi da ‘nang trong phau thuat.
Tuy nhién dé tao dwoc ngudn laser c6 cong suat du cao dé c6 kha ning bdc bay vat chat trén lop
mo sinh hoc va dua vao st dung trong thyc té, thi phai t61 nhirg nam 1980 mot s loai laser ran
nhu Nd:YAG, laser CO, d3 bién udc mo “dao mo laser” thanh hién thyc. Cung véi su tién bd
vuot bac ciia cong nghé hién dai, ngay nay hai loai laser ké trén (nhat 12 laser CO,) da c6 mat
trong cdc bénh vién, dugc tmg dung trong céc ca phau thuat phurc tap, doi hoi sy tinh té.

Vao nhiing ndm 1990, nguoi ta da ché tao duoc laser ban dn véi cong suat cao va thyuc hién
dugc viéc ghép ndi nhiéu laser don chiéc cho 4nh sing ra qua s¢i quang hoc. Ngay sau d6 nhiéu
hang da dua ra san pham laser ban dan phau thuat ghép ndi quang soi va thuc té tng dung trong
bénh vién ching to nhiéu vu diém ndi troi cua loai laser nay trong phau thuat [1].

Bai bdo trinh bay khao nghiém tdc dong cua 2 loai laser — CO, va ban dan — 1én m6 dong vat
song (da tho va mao ga). Dé c6 thé so sanh dugc 2 loai laser, cin _phai thyc hién hang loat phép
do cong suit va nang lugng dnh sang dau ra phu thudc vao cdc ché do lam viéc cu thé (cong suat
dat trén may, ché do thoi gian..). Ngoai ra phai bao dam sy hoi tu laser trén cung mot tiét dién
chiéu roi va cdc diéu kién ngoai canh khac. Budc tiép theo 12 xtr 1y cdc mau sau khi chiéu laser
va quan sat bang kinh hién vi.

Cic két qua thuc nghiém cho phép:

- So sdnh va d4nh gid wu khuyét diém cua 2 loai laser ké trén trong phiu thuat.

- Chon ché d6 phiu hop cho timg loai phdu thudt trén co sO phén tich do séu bbc bay
(evaporation), do day ving quang dong (coagulation) va ving t6n thuong nhiét.

- Ban luan tdm quan trong ctia chon lwa budc séng trong phau thuat laser va dua ra cic giai phdp
phau thuat thich tng.

2. Po dac va chuin héa 2 loai laser

Ca hai loai laser dung trong cdc thi nghiém néu trong bai bdo déu hoat dong twong ddi 6n
dinh, thuan lgi trong vi¢c dat cac ché do cong suét, thoi gian xung va nhét 12 cung cé thé diéu
khién phit laser bang ban dap - pedal (xem bang 1). Sy khic nhau 16n nhét 1a budc séng laser:
10600 nm véi laser CO, va 970 nm véi laser ban dan, va cach dua tia sang t6i diém phau thuat:
bang hé théng 7 guong truc khuyu véi laser CO, [2] va bang quang soi v6i laser ban dén.
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Bang 1. So sénh cac thong s6 k¥ thuét cua hai loai laser ban dan va CO.,.

PARAMETERS SEMICONDUCTOR LASER CO,
LASER
Radiation wavelength, um 0,97 10,600
Maximal index output power, W 10 45
Wavelength of aiming beam 0,53 0,635
Working mode CW, pulse, pulse-periodical | CW, pulse, pulse-periodical
Pulse and pause duration, ms 10 — 1000 ms 100 — 1000 ms
Size of focus beam, mm Fiber core diameter System 7 mirrors, focus lens
0,17- 0,64 mm s=100mm; d=0,2mm
Controller of radiation beam Pedal and press-buttons Pedal
Size, cm 17x20x28 150x45x33
Weight, kg 6 37

Phép do cong suét diu ra caa 2 loai laser dugc thuc hién boi dau do LM?2 ctia Puic sau khi da
chuan héa bang dau do Field Master GS caa M. Vi dau do LM2 chi 1am viéc vé6i phép do tich
phan, nén ché do thoi gian ciia ca 2 laser phai ddt ¢ ché do xung — tuan hoan véi thoi gian phat
xung Tp = 100 ms va thoi gian nghi gitta 2 xung Ti = 100 ms. Cht y phép do nay chi c6 y nghia
lay dang ciia cdc duong dac tuyén, con tai cic diém chudn gid tri chinh xédc dugc do bang dau do
Field Master GS. Két qua duogc trinh bay trén hinh 1 biéu dién dudng dic tuyén phu thudc cong
suat ra Pout vao chi s6 Pindex ciia ting loai laser.

Dbi véi laser ban dén, sai sb cua phép do rat nho va hau nhu tuyén tinh trong ca dai Pindex =
0 — 10 W. Chinh vi vay cac chi s6 cua laser ban dan dugc dung 1am chuan trong nhirng phép do
lién quan t61 cong suit. Dang cta dudng dac tuyen nay trung voi dang dudng déac tuyén cong
sut ra — dong dién qua laser ban din: viing cong suét 16n 6 — 10 W quan sét thay sy léch so véi
duong tuyén tinh do anh hudng cua nhiét do trén laser ban dan.

D6i véi laser CO,, sai s6 phép do 1a ddng ké nhung dudng dic tuyén ludn nam giira 2 dudng
gi61 han. Chu y doan gitra tmg voi dai cong suit Pindex (bdn dan) = 4 — 6 W, ¢6 su thay d6i dot
bién ctia hé s tuyén tinh. Piéu dé dan t6i diém O ciia 2 laser bi 1éch nhau trong pham vi sai s0.
Tuy nhién, bang cdc dudng dic tuyén ndy, cé thé xdc dinh dugc diém cong suit twong duong
gitra 2 laser nhu chd thich trén hinh 1. Sau d6 tai cic diém chuan nay nang lugng xung cua ca 2
laser v6i céc thoi gian phat xung khdc nhau duoc do lai bang dau do Field Master GS, két qua
dugc trinh bay trén bang 2.

Nhu vay vé mit vat 1y, thong sb cua ca 2 laser
duoc chuan héa ky cang dam bao cho do chinh
xdc cua thi nghiém tac dong laser trén dong vat
song.

3. Thuc nghiém laser trén dong vét song

Thi nghiém tdc dong cua 2 loai laser dugc tién
hanh trén da tho va mao ga trong 12 2 loai md hinh
chuan cho t6 chitc mé ¢6 cau tao kha dong nhét va
giau mach mau (mao ga). Kich thudc ctua vét laser
chiéu 1én mau 1a d = 0,5 mm, cling nhu cong sut
2 loai laser déu duoc chuén lai trudc mdi thi 0 Powerindex of s'ré miconductor
nghiém.’Ché d6 chiéu laser 1a don xung véi mirc laser (W)
cong suat tuong duong voi Pindex =3 W, 6 W va
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10W cuia laser ban dan va thoi gian xung Tp = 0,1 s; 0,5s; 0,9 s. Nhu vay cung mot cong Suét ¢6
3 thoi gian chiéu khéc nhau va & ché d6 cting thoi gian chiéu ¢6 3 muc cong suat khéc nhau.
Hinh 1:

- Budng déc tuyén su phu thudc vio chi sé cong suit trén thiét bi laser bdn dan clia cOng suat
dau ra Pout (hinh vudng den la cdc dlem thuc nghiém) hau nhu khong c6 sai sd.

- Puodng dic tuyén cua laser €O, nam trong giGi han sai sd gilta hai duong dut doan (cdc diém
thyc nghiém hinh tam gidc trang chi c4n trén va hinh vudng tring chi can dudi) véi chi sb cong
suét trén laser CO, twong dwong véi chi sb trén laser ban dan nhu sau:

Pindex(CO2) = 34 W &Pindex (SL) = 10 W;

Pindex(CO2) = 22 W <Pindex (SL) =

Pindex(CO2) = 14 W <Pindex (SL) =

Bang 2. Gia tri ning luong don xung tai cic ‘diém thong s6 thi nghiém, dugc do bing diu do Field
Master GS cua My, phép do dugc thuc hién 2 1an khac nhau

Single Pindex (SL) | Energy of impulse (SL) | Pindex (CO2) | Energy of impulse
impulse (CO2)
100 ms 3w 250 mJ * 14 W 290 mJ *
250 mJ ** 350 mJ **
500 ms 3W 1050 mJ * 14 W 1090 mJ *
1050 mdJ ** 1140 mJ **
900 ms 3W 1570 mdJ * 14 W 1920 mJ *
1570 mJ ** 2010 mJ **
100 ms 6W 490 mJ * 22 W 570 mJ *
490 mJ * 580 mJ **
500 ms 6W 2070 mJ * 22 W 1910 mJ *
2080 mJ i 2060 mJ **
900 ms 6W 3090 mJ * 22 W 3340 mJ *
3100 mJ ** 3630 mJ **
100 ms 10W 790 mJ * 34 W 840 mJ *
800 mJ * 900 mJ **
500 ms 10W 3300 mJ * 34 W 2770 mJ *
3340 mJ ** 3510 mJ **
900 ms 10W 4910 mJ * 34 W 4820 mJ *
4960 mJ i 5150 mJ *

Phuwong phdp chiéu laser lén mé séong:

- Chiéu thang gbc voi be mat mo song, dam bao 16 chiéu 1a tron duong kinh d = 0,5 mm.
- Tai mdi cip théng sd néu trén, tién hanh chiéu laser it nhit 1a 5 diém chiéu dé quan sét sai sd
thong ké cua thi nghiém.

Lay mau, cat lam tiéu bdn, doc tiéu bdn va xw ly so liéu:

- Sau khi chiéu laser tién hanh cit mau bénh phém ra khoi dong vat.

- Bénh phém duoc cb dinh trong dung dich Bouin, roi chuyén ddc khéi nén. sau d6 duoc cat lat
mong 4-5 um theo chiéu ndng siu vudng géc voi bé mat da, dan phién dd vao phién kinh va
nhudém Hematoxylin va Eosin (H.E). M&i mau bénh pham bao gdm 3 — 5 tiéu ban dé danh gi4.

- Poc tiéu ban trén kinh hién vi da ning v&i phan mém KF400, chi doc nhirng ton thuong to nhat
va sau nhét. Do d6 sau ctia hd bdc bay (evaporation) tinh tir bé mat xudng day hd. Do ving dong
von nhiét (coagulation) tinh tur day hd bay hoi tdi hét ngoai vi. S4 lidu dugc tinh trung binh cong
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ctia 3-5 tiéu ban, theo phuwong phdp thong ké. Ngoai ra sai sé thong ké dugc xdc dinh theo cdc
1an chiéu khdc nhau trén céc con vat khac nhau (nhung cung cdp thong s6 ché do).

Két qua thi nghiém dugc trinh bay trén hinh 2 va bang 3
CAu tao clia cdc 16p md trén mao ga c6 thé nhin rd trén hinh 2 bao gém: 16p strng mong 7-8 hang
té bao, ké tiép 12 16p chan bi day, 16p ndng c6 nhiéu mao mach, 16p sdu c6 nhiing bé soi tao keo.
Ha bi c6 chira tiéu thily md. Laser CO, tao ra hd bdc bay kha sdu c6 khi téi hét phan chan bi,
viing déng vén kha moéng (hinh 2a,c). Laser ban dan tao ra hd bay hoi sdu chi c& mét nira so véi
laser CO,, nhung bé day viing dong vén lai gip rudi (bang 3 va hinh 2). Cau tao md da lung tho
gém 16p biéu bi, tiép dén 16p chira nang 16ng va mach mdu, 16p co van bam da gdm nhiéu b6
Soi.

Ding chii y 1a bé day viing dong vén xap xi bang chiéu dai khuyéch tan ctia bude séng laser
vao trong mo sbéng [1, 4]: dbi voi laser CO2 - Dx(10,6 ) = 200um; dbi véi laser ban dan -
D2(0,97) = 650 um. Chinh do c6 D3 nho, cong v6i hé sé hip thy béi nudce rat 16n nén laser CO,
tao ra su tip trung ning luong 16n trén bé mat 16p md, diéu dé tao ra hiéu tng cat rat cao dong
thoi ving dong von nhiét lai mong. Vé mit budc song, laser ban dan c6 kha ning xuyén sau hon,
nhung lai khong bang laser CO, vé hiéu tng cat. Nguoc lai, v6i kha ning dong vén tét hon, laser
bén dan dam bao sy cAm mau trong phiu thuat.

Co ché tic dong cua céc xung laser cuc ngin véi cdc bude séng khic nhau duoc nghién ciru
k¥ trong [3]. Tuy nhién, ddi véi xung laser dai va lién tuc, viéc tao ra hd bde bay la do nhiét do
cao tai vung chiéu laser, két qua cua sy hz?ip thu budc séng laser boi nude — thanh phan chiém 75
— 85% cau tao cdc md song [3]. Trong phau thuat da, laser CO; ¢6 uu thé 13 rét so véi tit ca cic
loai laser khac vi h¢ so hép thu boi nuéc 16n hon gap hang chyc 1an. Tuy nhién, trong phau thuat
xuong, sun va mot sd co quan ndi tang, laser ban dan méi thuc 13 dung cu thich hop nhat.

Hinh 2. H6 béc bay va vung dong von tao ra do chiéu laser:
CO, (a,c) va laser ban dan (b,d) trén da lung tho (c,d) va trén mao ga (a,b).
Trén ciing ddi twong ca 2 laser ¢6 cong sudt va thoi gian chiéu twong dwong:
da thé (c,d) - Pout = 10W, Tp = 500 ms; mao ga (a,b) - Pout = 6W, Tp = 900 ms.
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Bang 3a. Két qua thuc nghiém cua hai loai laser trén da thd

D6 sau béc bay va do day ving quang dong (um) dudi tdc dong cua laser CO».

Laser CO,| 3W 3W 3W 6W oW oW 10W 10W 10W
regulation 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s
Depth of | 280,6 | 7704 | 1370,6 | 637,8 | 1091,9 | 1181,3 | 692,3 | 1275,1 | 17749
evaporation
Depth of | 71,2 199,1 244.6 84,9 223,6 | 273,0 | 217.8 | 2418 299,2
coagulation

D6 sau béc bay va do day ving quang dong (um) dudi tdc dong cia laser bdn dan.
Laser SL| 3W 3w 3w 6W 6w 6w 10W 10W 10W
regulation 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s
Depth of | 00 406,1 450,3 0,0 466,0 | 760,2 76,9 659.4 | 830,0
evaporation
Depth of | 51,1 263,1 360,6 107,7 | 378,2 | 617,0 | 2322 | 4685 | 680,7
coagulation

Bang 3b. Két qua thyc nghiém ciia hai loai laser trén mao ga

D6 sau béc bay va do day ving quang dong (um) dudi tdc dong cia laser CO».

Laser CO,| 3W 3W 3W 6W oW 6W 10W 10W 10W
regulation 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s
Depth of - - 325,9 - 7929 | 9432 | 2914 | 6953 644.,5
evaporation

Depth of - - 123,6 - 135,8 156,9 68,1 246,3 271,2
coagulation

D6 sau béc bay va do day ving quang dong (um) dudi tdc dong cia laser bdn dan.

Laser SL| 3W 3W 3W 6W oW 6W 10W 10W 10W
regulation 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s 0,1s 0,5s 0,9s
Depth of - - 0,0 - 278,6 | 394,0 0,0 4114 | 4974
evaporation

Depth of - - 209,6 - 236,3 | 264,8 | 2322 | 264,7 | 3529
coagulation

Bing nhitng khao ctru thye nghiém dinh luong, chiing t6i riit ra nhimg két luan sau:

4. Két luan

- Laser CO; v6i budc séng 10600 nm bi hép thu manh béi cdc t6 chirc mod séng, tao ra hiéu ung

khoan cit cao, thé hién bang thé tich viing boc bay 16n hon.

- Laser ban dan véi budc song 970 nm bi hap thu yéu hon nhung lai c6 kha ning xuyén siu hon
va tao ra vung quang dong 16n hon.
- Laser ban dan vé6i dau ra quang soi thich hop véi cdc phiu thudt vao nhitng diém khuit ngéc
ngach, dac biét phu hop véi k¥ thuét ndi soi.
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MO PHONG SU CHUYEN DONG CUA CAC HAT PHUN XA TU BIA (TARGET)
DPEN PE TRONG HE PHUN XA MAGNETRON DC
BANG THUAT TOAN MONTE-CARLO.

Lé Son Hii *, Lé Vii Tuin Hung”, Huynh Thanh Pat",
Duong Ai Phwong”, Giang Viin Phiic?

¥ Truong Pai Hoc S Pham K§ Thuat Tp. HCM, * Truong BH Khoa Hoc Ty Nhién
Tp.HCM, © Truong PH Qudc Gia Tp. HCM, b Truong DH An Giang.

Tém tit: Trong bai bdo nay, chung t6i da dung thuat toan Monte Carlo dé md phong chuyén dong
cua céc hat phun xa tir bia dén dé trong hé tao mang mong phin xa magnetron DC. Chung t61 tinh
todn sy thay do6i cia dong luong cing nhu sy mat mat dong nang cua hat phun xa khi ching va
cham v&i cac hat khi chtra trong buong Chung t6i cling thong ké dwoc s6 lwong cic hat phtin xa,
nang luong va goc tdi khi ching lang dong trén dé. D¢ danh gid mo hinh, chiing toi dung s6 liéu
cua Ti lam bia, khi Ar lam khi nén va O, lam khi phan g va chiing t6i di so sdnh két qua dat
dugc vai cac két qua va sd lidu thuc nghiém ciia cdc tac gia khac trén thé gidi.

1. Giéi thiéu

Bai bdo nay trinh bay m6 hinh dung phwong phap Monte-Carlo(MC) cho phuong phap phin
xa magnetron dé tao mang mong. M hinh tinh tién trinh di chuyén cua hat vat liéu phidn xa tir
target (bia) toi dé bang cdc dinh ludt co ban cta vat ly. Cdc nguyén tir target sau khi phin xa s&
bay dén dé qua viing plasma va chiu cic tic dong sau:

e Chiing s€ va cham v61 cdc nguyén tir hodc véi cic ion cua khi lam viéc (Ar) hodc va
cham vai cac nguyén tir target khac. Sy va cham nay s€ lam chung thay d6i hudng bay va
nhuong mat phan dong nang sau mdi 1an va cham.

e Ching c6 thé bi ion héa do va cham véi dién tir. Trong trudng hop nay, qui dao cia
nhitng hat nay s€ bi anh hudng boi dién tir truong.

e Truong hop trong h¢ phin xa, ngoai khi lam vi¢c
con ¢6 thém khi phan tng véi ty 18 thap, su phan
g giita nguyén tir target voi khi phan tng c6 thé
xdy ra. Tuy vay chua cé sy xdc dinh 10 rang su
phan tmg nay chu yéu xay ra trong plasma hay trén
bé mit dé.

Duya vao nhiing anh huong cua céc co ché trén, nguyén
tir c6 thé tién dén thanh buong, hodc vat gitr aé, hodc
nhimng thanh phan khdc, c6 thé tré vé bia, c6 thé truyén
toan by dong nang cho khi va lam néng moi trudong, hoac
c6 thé tién dén dé va ling dong tao mang, hodc giy ra hién
twong phiin xa & dé néu ning luong cta chiing van con 16n.

Céc dir lidu thu duge 1a toc do léng dong cua hat trén
aé, nang luong hat lang dong va géc ling dong déu bat

ngudn tur viéc phun xa cua hat va cac qua trinh va cham cua Hinh 1: M0 hinh hinh hoc cua
hat trong hé. Két qua thu duoc so sdnh voi mot sb tic gia mién khong gian phun xa
khic va dp dung vao thuc nghiém dé hiéu chinh va hoan

thién.
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2. Thue nghiém

2.1. Quad trinh phiin xa va truyén ciia cdc hat vt liéu

Trong md hinh mé phong, ching t6i gia thuyét 1a bia, dé c6 dang tron, phing (hinh 1). Dudi
tdc dung cua dién tir truong dién tir chuyén dong theo duong cycloid ¢ 14n can bia va lam tang
kha nang ion hoa ¢ vung nay, tir d6 tang ty 1¢ phun xa. Tuy nhién, su ion héa khong phan b
dong nhat xuyén sudt trong toan viing khong gian plasma nén céc hat phin xa ciing khéng dong
nhit trén toan bd bé mat bia, nhung chung s€ tap trung ¢ vung plasma xay ra su ion héa manh.
Két qua 1a ¢6 ving bi va dap nhiéu tao thanh viing bi an mon. Phan bd ning luong va géc cua
cdc hat phdn xa phu thudc khong chi vao thé phin xa V, ning lugng lién két E, cta cdc hat trong
vat liéu khdi ma con phu thudc vao nhitng dac diém hinh hoc cua vung bia bi an mon. Phan mé
phong nay c6 thé bidu dién theo so dd (hinh 2):

Ngd vao Chuong trinh Ngo ra

Vat liéu bia Thuat toan ngﬁu nhién Phan bé hat phun xa theo

A , dong nang,
Dién 4p phun xa |:> |:> nenans |

gbc phun xa, va

Dong nang ion té1 ham xdac suat cua hat vat liéu

g Thuat todn thong ké theo vi tri phiin xa va nang
GOc t6i cua ion luong

Hinh 2: So d6 md phéng su phin xa vat liéu ¢ bia

Cic két qua ngd ra s& duoc sir dung 1am dit liéu dau cho phan mo phong tiép tuc sau.
G6c bay ra cua nguyén tur phin xa s€ thoéa man phéan b cosine [9] theo phuong trinh:
0=0,+ (=)™ arcsin(Z,); @= @, +(=1)" arcsin(Z,) (1)

Theo théng ké, néu J(E) dugc xédc dinh, xdc xuat dé mot hat phin xa c6 dong nang nam trong
khoang (E+E+dE) la:
max dJ
Ce =
- dE

V6iEe 1a thu:a s6 dic trung cho xdc suat. Nang luong ban dau Eo ctia nguyén tir phin xa tir bia

Y dE= j e 2)

duoc tinh:
_ EAENZy -
E, +AE (1-Z;)
Zs 12 s6 ngdu nhién trong phan bd ddng nhét trong khoang [0,1]
A= 4'Mi'MvI2 @)
(Mi + M vl )

M;, My la khdi lugng phéan tir khi [am viéc va nguyén tir vat licu phun xa.

Nguyén tur vat li¢u phin xa truyén dén dé dugc mo phong theo so dd hinh 3. Céc hat vat liéu
phun xa s& tan xa va bi méat mat nang lugng sau khi va cham véi cdc hat khi. Quy dao bao g@)m
mot chudi cic quing dudng trr do A, tudn theo:

A =M, IN(Z4) v6i 0< Zg <1 )

Trong d6 A, dugc tinh theo cong thirc: ki =T, (Ri +R ) 1+_|_—M—i (6)

p p vl
R;, Ry 1a dudng kinh nguyén tir khi lam viéc va vat li€u phin xa, T la nhiét d6.
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Goi & 1a gbc giita duong thang ndi hai tdm cua hai hat lic va cham v6i dudng thang chuyén
dong cua hat trude khi va cham, sy thay do6i hudng bay p cua hat vat liéu dugc tinh nhu sau:

M,.sin(n-23 ) )
M, +M,.cos(n-25)

Trong tién trinh md phong, quy dao cua hat s& duoc theo ddi cho dén khi né thodt khoi mién
khong gian phin xa hodc bi giam nhi¢t do, nang luong khong con 16n hon ndng lugng khi

p=arcta

W, = g KT . Ty s6 ning luong cta hat sau khi va cham duoc tinh boi:

E.. (M,-M,Ycogd+(M,—M,)sin®s

2 = ;0=arcsin/Z, , 0<Z, <1 8

Etruoc (M vi M [ )2 ’ ’ ®
Ngd vao Chuong trinh Ngb ra

Pong nang hat phin xa. Thuét todn MMC, Phan bd hat dén dé
Géc phin xa. Ham xdc |:> Su chuyén dong cua céc |:> theo dong nang va
suat cua hat vat liéu theo vi hat vat liéu phun xa, g6c t6i.Thong ké ty
tri phun xa va nang lugng. Thuat toan thong ké, 1¢ s6 hat phun xa dén
Goc tdi cua ion. dé.

Hinh 3: So d6 mé phong su chuyén dong cua hat vat li¢u tur bia dén dé

Dé d& dang cho ngudi sir dung ching toi di viét giao dién nhu sau:

) Magnetron_sputtering [BELS
CHUONG TRINH MO PHONG PHUN XA VAT LIEU TRONG HE MAGNETRON DC

1 —1———Skon chit T -

2__N'ﬁiéldr3 Ti(E) 400

13

3 ———mietds & 300

4——Hzéu dign the 500
5 ———er sudt khi Ar(Pa) 1
6 ——5d hat 200

T — Pt 1m s har i =

8 ——mG PHANG

9——&96 thi theo gée

14

10——&98 thi theo ning htdng

11——+Tai bia

Phiin trim t8ng s6 hat

12— napdirlicu

., : o 20 40 60 20 100 120
(LTS Ning lugng cia hat 1ai d€ (eV)

Hinh 4: Giao dién chuong trinh m6 phong phin xa vat liéu trong hé magnetron DC

Nhap dir liéu:Ta can nhap mot s thong sb thong sb ban dau:

- Chon mdt vat liéu mudn phin xa: Ti, Al, Cu (cira s6 1).

- Nhiét do vat liéu phun xa (6 nhap li€u 2); Nhiét do khi 1am viéc (6 nhap li¢u 3).

- Dién thé phin xa (6 nhap licu 4).

- Ap suét khi 1am viéc (6 nhép liéu 5).

- SO nguyén tir vat liéu mo6 phong (6 nhép liéu 6).

- Ngoai ra chuwong trinh ¢6 thé ty nap dit liéu tir két qua cua chuong trinh mé phong su va
cham cua dién ti dé tao ion Ar trong mdt nghién ctru khic cua ching toi (tuy chon 12).

Két qua chuong trinh: Nhan nit mé phong chuong trinh s& cho mét sd két qua:

- MO0 hinh chuyén dong cua vat liéu tur bia téi dé (13).

- Ty 1é sb hat phin xa dén dugc dé (7).

- D0 thi md ta hat vat liéu (14) tuy vao céc tuy chon theo g6c(9) hodc theo nang lugng (10)
va tai bia hay dé (11).
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3. Két qua va ban luin

Tir chuong trinh mé phong ching tdi tinh todn dwgc su phin bd hat Ti theo ning luong tai
bé mat bia va dé nhu trong hinh 5.

Il
7

2
g

7

5

Phin trim t6ng 56 hat
Phin trim t6ng 56 hat

v

a

0 20
Niing lvgng cia hat tai bia (eV)

a0 &0 20 100 120 0 20 40 &0 20

Ning lugng cla hat iai d& (eV)

100 120

Hinh 5: Phén b s6 hat Ti phtn xa dén dé theo nang lugng tai
bé mat bia (trdi) va dé (phai). Ap suat khi Ar 12 0.5 Pa, ning luong ion Ar 1a 500eV.

Tir hinh 5, ta nhan thay do va cham trong qué trinh chuyen dong nén sd hat mang nang
lugng cao giam khi dén duogc dé, chi khoang 38.106%. S6 hat phan 16n tap trung nhiéu & ning
luong c& 10eV. Ning lugng cta hat tai bia va dé ¢6 dang ham phan b tuong tu nhau. Két qua
nay tuong tu nhu cong trinh [1].

Ap suat khi ciing anh hudng rd rét 1én quy dao ciia cdc hat phin xa nhu hinh 6

Hinh 6: Quy dao chuyén dong ciia 200 hat vat liéu Ti tir bia dén dé P=0.1Pa (trai) va P=1Pa (phai).

Bang 1: Anh hudng cua dp suat 1én qud trinh chuyén dong cua hat vat liéu tir bia dén dé:

P=0.1Pa | P=0.3Pa | P=0.5Pa | P=0.7Pa | P=1Pa P=1.5Pa | P=2Pa
Al (%) 554 49.2 43.7 36.1 32.6 24.2 16.9
Ti (%) 57.5 43.67 38.33 31.67 26.6 18.33 9
Cu (%) 53.7 48.2 39.9 354 27.7 21.1 14.1

Qua hinh 6 va bang 1, ta nhan théy 4p suét khi anh huong rat 16n dén sy phan bd nang luong
va goc toi cua cdc hat phin xa va s lugng hat phun xa dén de Trong truong hop dap suét thap
hon, phan 16n céc hat c¢6 quy dao thang trong khi 4 ap suit cao mdi hat phai trai qua nhiéu va cham
trude khi dén duoc dé. Tuy vay néu dp suat qua thap thi khé duy tri hién tugng phiin xa. Trong

1000 1000
200 R .- 200 ‘-v'..ﬂ{ 300 Lta
JOT M TS, e
500 2 \3 500 2 \ 600 Y -
- 7 . - s v - f
2 am e B Z &% R g = o o
7] A N 7] @ N R
200 E ks o 200 j" "'. 200 e e
o ¢ o 3 o /
200 200 200
0 20 40 80 80 100 120 140 180 180 0 20 40 80 80 100 120 140 180 180 0 20 40 60 80 100 120 140 160 180
Géc 161 d& Géc 161 d& Géc 1di d€

Hinh 7: Phan bd s6 hat Cu (a), Ti (b) va Al (c) theo géc toi khi dén dé
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qud trinh nghién ctru, chiing t6i nhan thay 4p suat khi 1am viéc tot nht trong khoang 0.1 + 1 Pa.
Két qua nay ciing phtt hop véi nhan dinh trong cong trinh [5].Su phan b cic hat dén dé theo géc
t6i duoc thong ké nhu hinh 7. Ta thay cdc hat Cu, Al, Ti téi dé déu c6 khuynh hudng tudn theo
gan dding ham cosin.

4. Két luan

Qua két qua nghién ctru ching toi thay qua trinh di chuyén cua céc hat vat liu phun xa tir bia
dén dé bi va cham tdn xa kha phurc tap va rat nhay cam voi dp suat khi 1am viéc.

Ap suat khi anh huong rat 16n den su phén bb ning luong, goc tdi cua cdc hat phin xa va 5O
lugng hat phin xa dén @é. Khi 4 ap suét cao, sd lugng hat phtin xa den dé giam nhanh do va cham,
diéu nay c6 thé anh huong dén chit luong ctia mang. Hiéu sudt phdn xa tét & dp suét c&
0.1+1Pa.

Céc hat vat liéu khi dén bé mit dé c6 phan bd ning lugng tuwong tu nhu bé mit bia nhung
nang luong thip hon. Phan bd géc toi cua hat tai bé mit dé theo gan dang cosin.

Két qua c6 su twong dong voi mot sb tac gia khac va c6 thé dung 1am co sé nghién ciru cho
thyc nghiém.
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NGHIEN CUU CHE TAO LOPPHU BAO VE BE MAT CHO KINH MAT PLASTIC CR39
Pham Hong Tuén, Ping Xuin Cy, Nguyén Tuén Vii

Phong Cong ngh¢ mang mong-Vién Ung dyung cong nghé
C6 Thanh xuan Bac-Ha ndi
E-mail: phtuan@hn.van.vn

Tém tit. Kinh mit plastic c6 mot loat wu diém so v6i kinh mét bang vat liéu thuy tinh: kha ning
chéng va dap tdt, nhe, gid thanh ha, d& nhudém mau. Nhuogc diém 16n nhit cta kinh mét plastic la
d& bi xudc bé mit trong qué trinh sir dung. D& han ché nhuoc diém nay can phai c6 cac 16p phi
cung bao vé bé mat.

Bai bdo nay trinh bay nghién ciru ché tao 16p phu cting SiO, bao vé bé mit kinh mét plastic
CR39. Lép phu cting SiO, duoc ling dong bang phuong phap bdc hoi ¢6 trg gitp cta chiim ion
(phuong phip IAD). Chét lugng 16p phi duwoc dénh gid theo cdc chi tiéu: do bam dinh cta 16p
phu; khuyét tat bé mat; do cing bé mat cua l6p phu.

Tir khod: Kinh mdt plastic, CR39, IAD, SiO,
1. Mé déu

Nh¢ nhiing tién bo ctia cong nghé vat liéu plastic va cong nghé ché tao céc 16p phi, hién nay
linh kién quang plastic néi chung, dic biét 1a kinh mit plastic dugc sir dung ngay cang rong rai.
S liéu thong ké [1] cho thiy hién nay trén thi truong thé gidi c6 trén 70% s lugng kinh mat ban
ra 1 kinh mat plastic. Kinh mét plastic c6 mot loat wu diém so vé6i kinh mat 1am tir vét liéu thuy
tinh: kha ning chéng va dap t6t, nhe, gid thanh ha, d& nhuém mau, kha niang hap thy buc xa cuc
tim. Tuy nhién kinh mét plastic d& bi xudc bé mit trong qud trinh st dung, vi vy rat can cé cic
16p phu cimg bao vé bé mit.

C6 2 nhém vat ligu dugc sir dung dé ché tao kinh mét plastic: nhom plastic nhi¢t ran va nhém
plastic nhiét déo.Trong nhém plastic nhiét déo, cdc vat lidu thong dung nhat 1a: Acrylic (PMMA)
va Poly Carbonate (PC). Plastic nhiét rin dugc ding nhiéu nhat 1a Allyl Diglycol Carbonate (tén
thuong mai la CR39). CR39 c¢6 tinh chét quang hoc tuong tu thuy tinh quang hoc Crown [1].
Plastic nhiét rin tao thanh tir cdc polyme mach dai két hop héa hoc v6i nhau trong qu4 trinh tao
hinh & nhiét d6 cao. Pic diém chung cua plastic nhiét rin 1a kha cting, don ¢ nhiét do phong va
khong thé tao hinh lai sau khi da ddc khuon. Hé sé dan nd nhiét cia CR39 khoang 9-12.10°K ",
va khoang 7-10.10°K ™" dbi voi céc loai thity tinh quang hoc va mang mong quang hoc gdc oxyt
kim loai. Mt han ché khéc cua plastic quang hoc la khong chiu dugc nhiét do cao. Nhi¢t do cho
phép d6i véi PC 1a 125°C, voi CR39 la 100°C. Pay 12 khé khin 16n cho qud trinh ché tao céc 16p
pha quang hoc trén kinh mat plastic. V61 phuong phap boc hoi nhiét trong chan khong, dé nhan
dugc mang mong quang hoc chat lugng cao, nhiét d6 dé can phai dat ¢ khoang 300°C. Ngoai ra,
khi hap thy hoi nuéc trong khong khi plastic quang hoc c6 thé thay dbi kich thudc téi 1% hodc
16n hon [ 2]. Trong qué trinh lang dong mang trong chan khong, hoi nuéc hap thy trong kinh mét
plastic nha ra, kich thuéc cta né thay ddi. Su thay ddi kich thudc c6 thé vuot qud dung sai cho
phép ctia bd g4 kep kinh mat. Ngoai ra bé mit kinh mat thuong bi tich dién, lam cho buyi ban dé
dang bam lén [2].

L6p phu cimg chong xude c6 thé duoc ché tao bang mot trong cic phuong phép sau:

Lé6p phu ctng chdng xudc théng dung nhét 12 mot loai son polyme. Son phu cimg dugc phu
1én bé mit kinh mét bang phwong phdp nhiing hodc quay ly tim, sau d6 duoc 1am kho bang nhiét
hodc bﬁng chiéu tia cuc tim.

797



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

Lé6p phu cing c6 thé nhan dugc bang phuong phép Sol-Gel thong qua qud trinh thuy phin
dung dich organometal. Tuy nhién phwong phdp ndy yéu ciu nhiét do twong dbi cao nén chua
duoc sir dung rong rai cho kinh mait plastic. ‘

Phuong phép plasma polyme hod (plasma polymerisation) ciing ¢6 thé dugc sir dung dé ché
tao 16p phu ctng. Qua trinh ling dong mang thuc hién trong buf)ng chan khong ¢ nhié¢t do tuong
dbi thap. Dudi tdc dong cua plasma khi argon, cdc monome (chang han Silane SiHj) bi phan huy
tao thanh cdc gbc Si tu do. Cédc gbc tu do nay s& phan tng voi khi Oxy dua vao budng chan
khong d¢é lang dong tao thanh mang SiO,. Tuy thudc vao ap suat riéng phan ctia monome va khi
oxy, phuong phdp nay cho phép diéu chinh chiét suat cua 16p phu trong khoang rong dé phit hop
v6i chiét suat cua céc vat liéu plastic khac nhau. Kha nang nay gidp loai trur hién tuong giao thoa
quang hoc xudt hién khi c6 d6 chénh 1éch 16n gilra gid tri chiét suit caa 16p phu va vt ligu dé.

Phuong phép méi nhét duoc sir dung dé ché tao 16p phu cimg 1a bdc hoi vat liéu SiO, trong
chan khong c6 su hd trg ctia chum ion (Phuong phép IAD) [3,4,5,11]. Mang mong SiO» ling
dong bang phuong phdp IAD c6 d6 clng cao xap xi d¢ cing cua vt liéu SiO, dang khéi. Hon
nira, c6 thé tién hanh phu 16p phu cting va 16p pha khtr phan xa ngay trong cung mot chu trinh
mdy. Viéc tich hop toan bg qua trinh ché tao céc 16p phi trong mot thiét bi duy nhét gitp ting
ning suit, ha gid thanh va nang cao chit luong 16p phu.

Bai bdo nay trinh bay nghién ctru ché tao 1op phu cimg SiO; bao vé bé mat kinh mit plastic
CR39. Lop phu ctmg SiO; dugc ling dong bang phwong phap bdc hoi vt liéu SiO, trong chin
khong bang ngudn bdc hoi chum tia dién tir ¢6 trg' gitip cua chum ion (phuwong phép IAD). Nhiéu
cong trinh da cong b trén cac an pham quéc té [3,4] cho thdy mang SiO, véi chiéu day tir 800-
300nm ddp tng tot cac yéu ciu dé ra ddi véi 16p phu chong xuoc. Theo huong vira néu, mot 5O
thi nghiém dugc tién hanh ché tao mang SiO, véi chiéu day va thong sd cong nghé khic nhau
nham t6i wu hod kha ning bao vé cia 16p phi.

2. Thue nghiém

Thi nghiém ché tao mang cing bao vé dugc thuc hién trén thlét bi ma cong ngh¢ IAD cai tao
tir thiét bi chan khong B-55 (dudng kinh 55cm, cao 60cm) san c6 cua Phong cong ngh¢ mang
mong- Vién tng dung cong nghé. So d6 nguyén ly thiét bi thé hién trén hinh 1. Ngudn boc hoi
chum tia dién tir 13 loai ESV-6 cua Puc, cong suit 6KW. Ngudn ion su dung loai ngudn ion
cathode lanh CC-105 ciia Denton Vacuum Inc, My. Luu luong khi cdp cho ngudn ion dugc didu
khién bang bo diéu khién luu lugng khi FC-7700CD ctia AERA, Inc, My. Chiéu day 16p phu
dugc khéng ché nho thiét bi do chiéu day mang mong bang thach anh dao dong XTC/2 cua
Inficon, Inc, My.

Cic sb liéu thi nghiém duoc ghi trong bang 1.

Céc mAu sau khi ché tao dugce d4nh gid theo cdc chi tiéu sau:

e Do bam dinh thir bang phuong phdp Scotch Tape [12]

° Khuyét tat bé mat duogc kiém tra nh¢ anh tdn xa anh sang tir bé mat quan st qua kinh hién vi
phéng dai 20 Ian.

e Do cing bé mit thir bang cdch cha x4t bong soi thép trén bé mat [4], sau d6 chup anh
tan xa 4nh sdng tir bé mat va so sanh voi mau chuén.

Tir cdc két qua thi nghiém rit ra mot s nhan xét sau:

a. Do bam dinh cta 16p phu SiO,. TAt ca cdc mau déu vuot qua phép thir d6 bam dinh cua 16p

pht bao vé bang phuong phép Scotch-Tape, chimg to ﬁé CR39 d3 duoc lam sach khd tét boi qui
trinh lam sach da thiét 1ap, do bam dinh ddp ing yéu cau dat ra.
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| > B® quay hanh tinh

Quartz se;;sor at kinh
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- L Iuu lugng khi

Bom kl';uyé'ch tan

Hinh 1. So dd thiét bi tao mang cong nghé IAD

Bang 1. S6 lidu thi nghiém ché tao mang SiO, chong xudc
Cdc diéu ki¢gn chung:
Mau CR39 duoc rira bang siéu 4m trong dung dich G400 cia UMICORE, tring sach
bang nude khir ion. Trude khi bat dau ma, dugce 1am sach bang ban phd ion oxy.
Chan khong co ban: 2.10”Torr, luu lwong khi oxy cép cho dau ion: 8sccm.
Mang SiO, duoc ling dong véi toc do 1nm/gidy.

Miu Chiéu Thongs6  Thoigian Nhiétdd  Nhén xét
day nguén Ion ma sau ma
mang [V/A] [phiit] [’c]
[nm]
K2805-2 800 khong dung 15,4 60 Bé miat khong ran,
bam dinh tét, d& xudc
K2805-1 800 187V/0,14A 19 75 Bé mit khong ran,

bam dinh tét, clng

hon mau K2805-2
K3105 800 214V/0,5A 18,5 75 Bé mit nhiéu vét ran
L0205-2 1600 169V/0,14A 38,2 107 Do clng bé mit cao,

ran chan chim

b. Bbc hoi c6 tro gitip ctia chiim ion cai thién ddng ké do cimg bé mat cta 16p phu bao vé SiO,.
Mau K2805-2 (ché tao bang bdc hoi khong c6 tro gitp cia IAD) c6 bé mat mém xbp, dé bi xude
khi chiii bang bong soi thép. Trong khi d6 mau K2805-1 c6 bé mit tdt hon nhiéu sau khi bj cha
xat (Hinh 2)

¢. Khi ting cuong do dong ion ban phd 1én, do ctng bé mit cua 16p phu SiO» ting 1én. Mau
K3105 (twong tmg voi dong ion 0.5A) ¢ bé mit cimg hon mau K2805-1 (tng véi dong ion
0.14A). Nhung néu tang dong ion Ién cao qud 0.5A (mau K3105) hoac chiéu day cua 16p SiO;
16n hon 1600nm (miu L0205-2) thi bé mit s& xuat hién cdc vét ran nut khi kiém tra bang anh
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chup tan xa (hinh 3). Hién tugng nay dugc nhiéu téc
gia [5,6] nghién ctru va nhan dinh: ng suat du cao
trong mang SiO; la nguyén nhan cua hién tuong nay.
Ung suat du gdbm: tng suit du co hoc sinh ra trong
qud trinh hinh thanh mang, va tmg suat nhiét do sy
khac biét cua hé s6 dan no nhiét gitra vat liéu mang
mong va vat lidu dé khi t6 hop mang mong-dé bi dbt
néng trong qud trinh tao mang cting nhu khi ngudi di
xuong nhiét do phong. Cac tic gia [7,10] cho rang
g suat du phu thudc vao diéu kién lang dong 16p
phu, dac biét phu thudc rat 16n vao nang luong cua
ion bin pha.

d. Mau L0205-2 dugc ché tao véi dong ion
0.14A, c6 chiéu day 16n gip ddi cdc mau trude dé
(1600nm). D6 climg bé miat kha hon cic miu trudc,
nhung muc d6 ran nit ciing 16n hon nhidu. Nguyén
nhan c6 thé 1a do thoi gian tao mang dai hon
(38.2phiit ) khién cho nhiét do dé ting ‘qud cao (trén
107°C), do d6 ung suit nhiét cua t6 hop “mang
SiO,-d¢ CR39” qué 16n, din dén hién tuong ran
nut.

3. Két ludn

L6p pha bao vé SiO, trén kinh mat plastic CR39
da dugc thir nghiém ché tao bang phwong phip IAD
tai phong Cong ngh¢ mang mong- Vién tng dung
cong nghé. Cac tinh chat co ban cua 16p phu bao vé
(d6 bam dinh, d6 clng bé mit, g suat) phu thudc
10 rét vao thong so cua qua trinh lang dong: chiéu
day mang, thong s6 nguon ion (dién dp/dong dién ).

: 500 pm
b e

Hinh 2. Anh chyp bé mit kinh CR39 sau
khi bi cha x4t bang bong soi thép (ntra bén
trdi anh Ung véi mau K2805-1, nira bén
phai-miu K2805-2).

Hinh 3. Vét nit do ing suit (mau k3105)

Bang cach lya chon t6 hop céc thong sd cong nghé thich hop, chii yéu 1a: chiéu day mang, thong
sd ngudn ion ¢ thé nhén duoc mang bao vé Si0O; c¢6 d6 cung bé mat va d6 bam dinh tdt, khong

bi ran nut do tng suat du.
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CHE TAO HAT NANO VANG BANG PHUONG PHAP AN MON LASER
Nguyén Thé Binh, P§ Thi Ly, Trinh Thi Hué, Lé Tt Quyén

Khoa Vat Ly - Tru:érng~ Pai hoc Khoa hoc Ty nhién - Pai hoc Qudc gia Ha Noi
334 Nguyen Trai Ha ndi. E-mail: thebinh@vnu.edu.vn

Tém tat: Ching t6i da ché tao thanh cong céc hat nano vang bang phuong phép dn mon laser.
Laser dugc sir dung la laser YAG: Nd (Quanta Ray Pro-230) hoat dong & ché do Q-switching ,
budc séng co ban 1064nm vai ning lugng xung cé thé dat 1200mJ, do rong xung 8 ns, tan sd lap
lai 10 Hz, ¢c6 thé phdt hoa ba béc hai budc séng 532nm. Céc hat nano vang duoc ché tao tir
miéng vang tinh khiét (99,99%) dat trong dung dich chat hoat hod bé mit Polyvinyl Alcohol
(GH,0), PVA va lan luot dugc an mon bang cdc budc séng 1064nm va 532nm. Cac thi nghiém
da duoc tién hanh nham xéc dinh nong d6 1am viéc thich hop cta chét hoat hoa bé mat PVA. Pac
trung cong hudng plasmon bé mit ciia cdc cdc hat nano vang dwoc thé hién qua phd hép thy
dugc do boi may quang phd UV -vis 2450. Su phan bd hinh dang va kich thudc ciia cdc hat nano
vang dugc quan sat va phén tich nhd kinh hién vi dién tir truyén qua JEM 1010 — JEOL. Sy phén
bd kich thudce va phé hép thu ctia cdc hat nano vang phu thudc manh vao n(‘Sng dd dung dich, thoi
gian chiéu sdng va cong suét laser. Chiing toi da thu dugc nhitng thanh céng budc dau trong viée
diéu khién kich thudc hat nano vang.

Tir khod: hat nano, an mon laser
1. Giéi thiéu

Gan day céc hat nano kim loai da duoc chi y nghién ctru do kha nang ung dung phong phu
trong nhiéu linh vuc khdc nhau nhu y hoc, sinh hod, moi truong [1]. Nhiéu phuwong phdp ché tao
hat nano kim loai da dugc nghién ctru phat trién nhu phuong phdp ho4 kht, dién hod, quang hod,
hod vi séng, an mon laser... Mdi phuwong phdp déu cé nhiing uu diém riéng, tuy theo muc dich
ché tao ma c6 sy chon luya phuong phap phu hop. Trong s6 céc phuong phép vat 1y, phuong phap
an mon laser t6 ra ¢6 nhiéu vu diém. DAy 12 mot phuong phdp don gian , d& thuc hién va mang
lai hi€u qua cao, c6 thé ché tao duoc cic hat cé kich thudc vai nano véi do tinh khiét cao, didu
khién dugc kich thude.

Khi 4nh séng laser chiéu t6i vat liéu, do cuong do laser 16n trén bé mat duoc hép thu s€ gy
bung nd va din dén su phat tin mot hdn hop céc nguyén tir, phan tir va ion (plasma) hodc cic
giot vat chét tir b& mat cua vat liéu. Hién tuong nay goi la an mon laser. Qud trinh két tu cta cdc
nguyén tu , phan tir s€ tao ra cac hat c6 kich thudc 16n dan. Nho st dung chit hoat hod bé mat
(chét boc) voi néng dd thich hop cédc hat tao thanh s€ c6 kich thudc gigi han, cd nanomét nhu
mong mudn.

Sau khi da ché tao thanh cong cédc hat nano bac [ 7] chung t6i tiép tuc nghién ctru ché tao
cdc hat nano vang bang phuong phdp an mon laser. Trong thi nghiém nay chidng toi nghién ciru
sir dung chét Polyvinyl Alcohol (C,H40), -PVA lam méi truong hoat hod bé mit (chat boc) .
Theo tim hiéu cua ching toi thi nhiing nghién ctru s dung PVA dé ché tao hat nano vang bang
an mon laser con rét it. Mot cach bd tri an mon laser don gian va thich hop da dugc ching toi
nghién ctru hoan thién. Két qua cho thay phuong phép an mon laser c6 thé d& dang cho hat kich
thude nho 2-3nm. Mot trong cac yéu cau vé ché tao hat nano 1a diéu khién dugc kich thudc hat
cling dé dang dat duoc bang phuong phép nay.
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2. B6 tri thue nghiém

So dd b tri thiét bi ché tao hat nano vang duogc trinh bay trén hinh 1.

Laser YAG:Nd (Quanta Ray Pro 230)
duoc dat & ché do Q-switching, d6 rong xung
8 ns, tan sb 1ap lai 10 Hz, budc séng co ban
1064nm véi nang luong xung cé thé dat Laser 4~ Guong phan
1200mJ. Chum laser dugc héi tu vao mot AR \ xacao
miéng vang tinh khiét (99.99%) dat trong
dung dich chat hoat hod bé mit. Trong nhiéu )
cong bd gan day, Trisodium citrate dihydrat thau kinh hoi tu
Ce¢H7Na3;O; (SCD) thuong dugc dung lam
chét hoat hoa bé mat dé ché tao cac hat nano
vang va di dugc nghién ctru khd nhiéu. Dung
dich SCD c6 ban chat vira la chat khir vira 1
chit hoat hod bé mit trong khi ché tao hat
nano vang bang an mon laser khéng can chat PVA
khur. Vi vay thay cho SCD chiing t6i nghién
ciu st dung Polyvinyl Alcohol (C,H;O), Hinh 1: So d6 thyc nghiém ché tao hat nano
1am chét hoat héa bé mat . Polyvinyl Alcohol  vang bang phuong phdp dn mon laser
(PVA) chi ¢6 tac dyng hoat hod bé mat, ¢6
tinh két dinh va tao mang bao phu rat tt, khong tan trong dau, m& nhung tan dugc trong nudc,
khong mui, khong doc. PVA duoc pha san trong nudc cét tinh khlet v6i nhiéu ndng do khic
nhau. Qua trinh an mon laser m1eng vang da dugc thuc hién véi cac nong dd PVA khéc nhau dé
khao sdt anh hudng cua nong do.

Miéng vang duogc dit trong mot cuvet thuy tinh ¢6 chira 10 ml dung dich chit hoat hod bé
mit PVA . Véi bé tri thi nghiém thich hop, dung dich PVA trong sudt nhanh chéng d6i mau dudi
tdc dung cua chum laser. Ching t6i cling da khdo sat anh hudng cua mat d§ nang luong chum
laser 1én viéc tao thanh cdc hat nano vang khi sir dung dung dich PVA vé&i mot nong d6 khong
dbi . Nang lugng trung binh cta laser duoc xdc dinh bang dau do MELLES GRIOT 13PEMO01.
Budc song cong huong plasmon bémit (~520-530nm) dic trung cho hat nano vang duoc khao
sdt théng qua phd hap thu do duoc trén mdy quang ph6 UV-Vis 2450. C4c hat nano vang tao
thanh dugc quan sit bang kinh hlen vi dién tir truyén qua JEM 1010-JEOL. Kich thu6c hat nano
vang dugc xdc dinh boi phan mém 1,37V cua Wayne Rasband (USA). Phan bd kich thudc cua
cdc hat nano vang duoc xdc dinh nho do duong kinh ctia hon 700 hat va st dung phén mém
Origin 7.5.

Vang miéng

3. Két qua va thao luan

Anh huéng ctia ndng d6 dung dich chat hoat héa bé mit toi ham lugng hat nano vang sinh ra
dugc khao sat thong qua su thay dbi ctia phd hap thu.

Hinh 2 thé hién phd hap thu cia hat nano vang dugc tao trong dung dich PVA & cdc ndng do
0.001M, 0.015M, 0.003M, 0.01M va 0.03M. Pinh hip thu cta cic hat nano vang trong khoang
tir 521-525 nm, phit hop véi cdc tinh todn trong thuyét Mie [3,4,5]. Cuong do dinh phd hap thu
phu thudéc manh vao néng do dung dich chit hoat hod bé mat. Khi néng dd chét hoat héa bé mat
tang dinh hap thu khong tang lién tuc. Két qua trén hinh 2 cho thay véi nong d6 PVA 0.003M
dinh hip thu thap hon khi ding ndng d6 0,0015M. Pé tim hiéu k¥ hon ching t6i da tién hanh an
mon laser véi cdc ndong d6 PVA lan can 0.003 M d6 la: 0.01 M, 0.003 M, 0.002 M va 0.001 M.
(hinh 3). Két qua cho thiy khi néng d6 nhé hon 0.003 M dinh hap thu tang 1én mot chit sau dé
gan nhu bio hoa. Piéu nay duoc 1ap lai sau nhiéu 1an thi nghiém kiém tra.
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Hinh 2: Phé hap thu cia hat nano vang ché tao Hinh 3: Phé hap thu cua cdc hat nano vang trong
bang phuong phdp dn mon laser v6i nong @6 PVA  dung dich PVA nong d6 0.01 M, 0.003 M, 0.002
thay d6i tir 0.001M, 0.015M, 0.003M, 0.01M va M va 0.001 M
Size Distribution (M51)
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Hinh 4: Anh TEM cua hat nano vang trong Hinh 5: phén b0 kich thu¢c hat nano vang trong
dung dich PVA 0.01M. Nang lugng laser trung binh ~ dung dich PVA 0.001 M tao thanh khi chi¢u budc
300mJ. Budc song laser 1064nm sings 1064 nm, nang luong laser trung binh 300 mJ

V6i cdc ndng dd PVA 16n hon 0.01M dinh hap thy ting lién tuc khi ndng do tang. Chiing toi
da chon ndng d6 PVA 0,01M dé tién hanh dn mon laser bang budc séng co ban 1064nm cia
laser Nd: YAG.

Anh TEM cuia cdc hat nano vang duoc tao ra trong dung dich PVA 0.01 M duogc trinh bay
trén hinh 4. Phan bd kich thudc hat c6 quy luat nhu trén hinh 5. Cac hat nano c6 dang hinh cau,
kich thudc trung binh 12 8 nm va ti 1& cdc hat c6 kich thudc trong khoang 2 nm dén 8 nm Ia
53.5%.

Luong vét chit dugc phdt ra trong co ché an mon laser ¢6 thé duoc md ta boi md hinh trong
dé muc d¢ an mon phuy thudc vao mat do nang lugng laser [6]. DPé khao st anh huong cua mat
d6 nang lugng laser chiing t6i tién hanh an mon véi cudng d6 laser khic nhau khi c6 dinh ndng
do PVA 0.01M

Phé hép thu cua cic hat nano vang trong dung dich PVA duogc biéu trén hinh 6 cho thiy
dinh phé hép thy ting khi ting ning luong xung laser. Khi ning luong xung laser cang 16n thi
dinh héap thu cang cao.
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Mot ddc diém cua phuong phép an mon

laser 12 phan bd kich thuéc hat phan tan. Nhin Ezi PO1-45
vao anh TEM (hinh 4) va so d6 phan bd kich o) — Pl -5

thudce hat (hinh 5) ta théy 1o diéu nay . bPé c6
thé thu dwoc hat kich thudc déu hon va kich
thuoc trung binh nhé hon ching téi thu
nghiém dung budc séng hoa ba bac hai cua
laser Nd:YAG 532nm thay cho budc séng co
ban 1064nm. Ly do la bude séng 532 nm gan
v6i mién cong huong plasmon bé mit cua hat

intensity (au)

nano vang c6 thé gdy nén hiéu mg giam kich 02

thude do cam tng laser. Véi cing nong do 400 500 600 700
PVA 0,01M., nang luong trung binh 300mJ, wavelength (nm)

chuing t6i da tién hanh dn mon vang bang budc Hinh 6: Ph hip thu cia hat nano vang trong
séng 532nm. Két qua do pho hap thu va chup dung dich PVA 0.01M ché tao bang laser
anh TEM duogc trinh bay trén hinh 7. So sdanh Nd:YAG budc séng 1064nm, nang lugng trung
v6i phd hép thu trong truong hop ding budc binh 200mJ(a) 250mJ(b) va 300mJ(c)

séng 1064nm ta thy c6 su khéc nhau rd rét.

Khi chiéu béng budc séng 532 nm, dinh phé hép thu cao hon r6 rét va dich chuyén mot chut
vé phia séng ngin. Pong thoi, quan sit anh TEM ta ciing thdy rang kich thudc trung binh cta
cic hat giam di 1o rét. Phép do phan bd kich thudc hat cho thiy kich thudc trung binh cta hat
nano vang tao thanh 12 2.5 nm, nho hon rat nhiéu so véi khi chiéu bang budc séng 1064 nm.
Diéu nay c6 thé duoc giai thich bang hién tuong cong hudng plasmon cua hat nano vang. Ban
dau cdc hat nano vang sinh ra do &n mon béi budc séng 532nm. Do twong tic photon - electron
manh & mién cong huong plasmon (gan 532nm), ning luong photon t6i duge chuyén hod hiéu
qua thanh noi nang hat nano vang dudi dang nhiét. Két qua 12 hat nano vang tao thanh bj phé v&
thanh cdc hat nho hon. Khi ning luong va thoi gian chiéu laser cang 16n thi kich thudc cta céc
hat nano vang duogc tao ra cang bé . Su dich chuyén cua dinh phd hép thu vé phia séng ngin
cling 12 mot dau hiéu cho thay kich thudc hat nano vang da giam di theo 1y thuyét Mie.[5]. Nhu
vay, stt dung bude séng 532nm dé dn mon vang s& cho hat nano vang véi kich thude trung binh
nho hon khoang 4 1an so véi ding budc séng 1064nm, ddng thdi phan b kich thudce hat it phan
tdn hon.

L el toaea Size distribution M6_532_7

: —Tdl R g 05
gy o s oo Sm e
» % i .

mean size: 2.43 nm

0.54

0.4

Intensity (au)

0.3

0.24

N6-332-7 —
400 500 800 700 0 562479 80.0KV X106k  S8na
Wave lenght (nm) Size (nm)

Hinh 7: Phd hép thu(a) anh hién vi dién tr truyén qua (TEM)(b) va so ao pnan po Kicn tnuoc nat
nano vang (c) cua hat nano vang trong dung dich PVA 0.01M Budc séng su dung la 532nm, nang lugng
trung binh 300mJ .

4. Két luan
Chiing t6i dd nghién ctru thanh céng quy trinh ché tao hat nano vang bang phuong phdp an

mon laser st dung laser Nd: YAG Quanta Ray 230. Viéc st dung PVA 1am cht hoat hod bé miit
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1a thich hop. Anh hudng ciia ndng d6 PVA 1én quy trinh ché tao hat nano vang da dugc xdc dinh
budc dau. Hiéu tng cong hudng plasmon bé mit da duoc dp dung hiéu qua dé lam giam kich
thudc trung binh ciia hat nano vang tao thanh khi ding buc xa laser budc séng 532nnm dé in
mon vang. Nhitng két qua nay mo ra kha ning diéu khién kich thudc hat nano vang bang cic ché
dd quy trinh thich hgp trong phuong phdp an mon laser.

Loi cam on: Chiing t6i xin trdan trong cdm on sy hé tro tai chinh cua dé tai NCCB mé s6 4 061-
60 trong Chirong trinh nghién ciru khoa hoc Co ban Nha nuée dé thuee hién nghién ciru ndy.
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KHAO SAT TiNH NHAY KHi CUA MANG ZnO:Al
Lé Thi My Hanh®, Trin Tuin?, Trin Quang Trung®, Pinh Vin khéi"

9 B6 mon Khoa hoc Vit li¢u, DH Khoa Hoc Ty Nhién TP.HCM
b B mon Vat ly Chat ran, khoa Vat ly, PH Khoa Hoc Ty Nhién TP.HCM

Tém tat: Mang ZnO pha tap Al dugc ché tao bang phuong phap solgel tir tién chat
(CH;COO0),Zn. Mang nhay khi phu trén dé thuy tinh va xtr 1y nhiét & 500°C trong 2 gio. Két qua
nghién ciru ddc trung cau trac (phd XRD, phd AFM, SEM) cho thay ring cac hat ZnO:Al ¢6 kich
thudc nho, xép, do déng déu cao. Khéo sat dic trung nhay khi cia mang ZnO:Al véi hoi rugu
ethanol c6 nong do trong khoang tir 0,005% (5000ppm)-0,025%(250.000ppm). DS nhay tbt nhat
d6i v6i mang ZnO:Al 2% va nhiét d6 1am viéc trong khoang 250-300°C.

1. M& dau

Hién nay, trong san Xuét cong nghi¢p, nhu cu do tim va do dac céac bic xa, nhiét do, do 4m
noi lam viéc hay noi bao quan thuc pham, céc loai khi chay nd... dang tré nén hét strc can thiét.
Trong van dé bao vé moi truong, viéc phat hién, do dac céac khi, hoi, chat 16ng hodc rin doc hai
trong nudc sinh hoat, khi quyén hodc tai mot hé sinh thai nao d6 ciing dang trd nén cép thiét.
Tinh hinh trén doi hoi cac nha khoa hoc phai ché tao cac thiét bi do tim va do dac cac hoa chét,
btic xa ndo d6 tuy theo yéu cau. Cac thiét bj Ay duoc goi tén 1a cam bién. Trong sb iy, cam bién
mang mong hién dang duoc quan tim sau sic.

Kha ning tng dung lam cam bién ciia mang mong ZnO lan dau tién duoc thé gioi biét dén
vao khoang nam 1962. Chung c6 nhiét do hoat dong kha thap, chimg 300°C. Hau hét cac cam
bién duoc sir dung dé do ndng do rugu trong mau nguoi thong qua hoi tho. Ngoal ra, mang ZnO
con duge nghién ctru 1am cam bién cua mot sb loai khi khac nhu 0., CO™ H,*, NH;!

Phuong phép sol gel duoc chon dé tao mang vi phuong phap nay co6 kha nang didu khién vi
cdu tric cua mang. Phuong phap nay cho phép tao mang co6 ty s6 dién tich bé mit (S) trén mot
don vi thé tich khdi (V) rat 16n tuy theo muc dich sir dung. Bén canh d6, dé phuc vu cong trinh
nghién ctru ndy, chung toi tién hanh xay dung hé do nhay khi tai phong thi nghiém vat 1y chét
ran, DPH Khoa Hoc Ty Nhién TP HCM.

Két qua nghién ctru trude day cho thidy mang ZnO thuan chwa cho d6 nhay cao voi hoi con.
Pé nang cao d6 nhay, ching t6i tién hanh pha tap Al tao mang ZnO:Al va két qua do duoc cho
d6 nhay cao gip 1,5 lan so véi mang ZnO thuan.

2. Thwe nghiém

2.1. Quy trinh tao mang

2-Methoxyethanol
Monoethanolamine (MEA)

Sol ZnO:Al phén tan trong dung dich 2- R0 o
methoxyethanol v&i do pH thich hgp dugc ché tao tir Al(NO.).OH:0
(CH;CO0),Zn.2H;0 va AI(NO);.9H,0 (ham luong > L OacRcoomom 075 mair

99% cua Trung Quéc). Sol sau khi tao duoc, G & nhiét
d6 phong trong thoi gian 24 gig, sau d6 duoc phu 1én dé
thity tinh bang phuong phap phu quay, qua trinh thyuc
nghiém theo hinh 1.Cac thong so tao mau dugc ghi - A
trong bang 1

Céac mau trong bai nghién ctru ndy duoc ky hiéu nhu
sau: A-x-y

- A: ZnO

Khudy 2 gi¢

Fhii quay

1-6 tin l
Hung 500°% trong 2gis

Hinh 1: Quy trinh phu mang
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X ham lugng pha tap Al (% nguyén tur): tir 0 Bang 1. Méu tng véi nhiéu ndng d6 pha tap
den 8%

- y: s6 1an 1ap lai trong qua trinh trang quay Tén Nong d6 pha | S6 16p phu

Sol dugc phu trén dé thuy tinh véi the do 3000 | Mdu tap Al (%) quay
vong/phut trong thoi gian 30 gidy bang ki thuat pha A-0-3 0 3
quay. A-2-3 2 3

Dé 6n dinh cAu tric cia mang, mau duoc xir ly A-4-3 4 3
nhiét & 500°C trong khong khi sau mdi 16p phi. i'g'g g g

2.2. Xay dung hé do nhay khi

Viéc khao sat tinh nhay khi cia mang duoc
tién hanh thong qua do dac su thay ddi dién tro cua
mang trong mot h¢ kin khi ¢6 hoi rugu véi nhitng
néng do khac nhau.H¢ do dién tr¢ va do nhay cua
mang (hinh 2) duoc xay dung phuc vu cho dé tai
tai phong thi nghi€ém bd mén Vat Ly Chat Rén,
khoa Vat Ly truong dai hoc Khoa Hoc Tu Nhién
Thanh Phé HO Chi Minh.

bé xac dinh dugce tinh nhay cua hoi con, chung
toi tién hanh do dién trdé cila mang trude va sau khi
c6 khi do & cung nhiét do 1a R, va Rﬁ' D0 nhay S
duoc xac dinh dya vao cong thic saul>" Hinh 2. Hé do dién tré va do nhay mang
R, —-R,
: (1)
R

a

S=

3. Két qua va thao luin

3.1.Ddc trung ciu triic

Két qua chup XRD ciia mang ZnO: Al theo nhiéu ndng d6 khac nhau dugc trinh bay trong
hinh 3. ) o
Két qua do cho thay mang ZnO:Al 1a mang : Mang | d(nm)

da tinh, dinh huéng theo nhiéu phwong khac A-0-3 | 33,37
nhau, trong d6 cuong do dinh (002) la 16n nhat. A-2-3 | 23,85
Diéu nay kha phu hop véi nhiéu tac gia khac khi A-8-3 | 33.4

ché tao mang trong cung diéu kién. Pinh (002)
dugc wu tién phat trién nhat 1a do vai tro cta
dung méi. Theo tic gia Radhouane® cho ring
dung moi 2-methoxyethanol kém chat tao phirc
MEA c¢6 tac dung ting cuong dinh (002) va Mw\r
giam cac dinh khac. VA A2-3

Dya vao phé XRD, ap dung cong thirc AN A AN
Scherrer dé tinh kinh thudc hat thong qua dinh A-0-3
pho
nhiéu xa tia X cho ta kich thudc trung binh cia ———

=2.883

A-8-3 i

hat trén cac mang A-0-3, A-2-3, A-8-3 tuong *° = R
ung 1a 33,37 nm, 23,85 nm, 33,4 nm. .
0,9.4 Hinh 3. Ph6 XRD cua mang A-2-3, A-2-3, A-8-3

d= B.CosiHB , @
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Do go ghé (A-2-3): 35nm Do g6 ghé (A-0-3): 35nm
Hinh 4a. Phd AFM 2D & 3D cua mang A-2-3 Hinh 4b. Pho AFM 2D & 3D cta mang A-0-3

Hinh 4a va hinh 4b minh hoa anh AFM ctia mang A-2-3, A-0-3 tuong tng v6i ndong do pha
tap Al 1a 2% va 0%.

Két qua anh AFM 2D ciia mang A-2-3 cho thdy d6 gb ghé bé mit cia mang A-2-3 1a 35 nm
16n hon rét nhidu so voi d6 gd ghé ciia mang A-0-3 13 7nm. Do d6 phan giai khong cao nén trén
anh AFM cta mang A-2-3 dudng nhu biéu hién sy két ddm cua cac vi tinh thé. Hinh 5 trinh bay
anh SEM cta mang A-2-3 cho thay kich c¢6 cta cic vi tinh thé sip xép déu xen ké véi cc ranh
sau.

Ta thay réng, khi pha tap AI’", mang c6 kich thudc hat giam, do AI’" c6 ban kinh (r =
0,054nm) thay thé Zn*" ¢6 ban kinh 16n hon (r = 0,073nm). Kich thudc hat phan nao cho ta biét
su sap xép trong tinh thé ZnO, r nho thi dién tich riéng cua vat liéu (s) - tong sb dién tich bé mat
trén mot don vi thé tich khdi (v) - s& rat 16n, do d6 s& gbp phan ting cuong cac hiéu tng bé mat
clia mang
3.2. Dac trung dién cuia mang

Hinh 6 cho thdy sy thay ddi ciia dién tré clia mang A-x-3 (x =2, 4, 6, 8%) theo nhiét do, dién
tré thay doi chia lam ba vung khac nhau.

808



Advances in Optics, Photonics, Spectroscopy and Applications Sept. 2008, Nhatrang, Vietnam

111
22.78
T 1 10
50 100 150 200 250 300 350 0 ‘ ‘ ‘ ‘ !
Hinh 6. Sy phu thudc dién tré cia mang 0 ‘ 2 7 4 %Al 6 ‘8 10
theo nhiét 3o Hinh 7. D6 thi biéu dién d6 nhay theo nong d6 pha

tap khac nhau A-x-3

e Ving 1 (50°C -250°C): dién tré giam, diéu nay hoan toan dung véi két qua 1y thuyét 1a
dién trd gidm khi nhiét d0 tang..

e Ving 2 (250°C -300°C): dién tré tang do mang hap thy Oxy, hinh thanh rao thé va lam
djén tr¢ ciia mang tang. Cac phan tr oxi héR thu trén bé mdt mang, dudi tic dung cua nhiét do sé
lay cac electron tir mang, tao qua trinh chuyén hoa nhu sau: 022 (03 4ds)” 2 (Oads) 9(03d5)2

e Vung 3(300°C <T< 330°C): dién tré giam nhe khi mang da hdp thu Oxy nhung nhiét do
clia mang van tang nén dién tré clla mang giam

q \{(’ri két qua trén, dién tré dat cuc dai taj nhiét dd 300 °C, tir d6 chung ’téi chon nhiét d6 nay
de tién hanh do tinh nhay khi ciia mang. Két qua thu dugc tuong tu véi két qua cua cac tac gia
Sahay, R.K. Nath®
3.3. Khao sat dic trung nhay khi
a) Po dj nhay theo nong do pha tap Al

Két qua do do nhay cua mang A-X-S (X7: 2,~4, 6, 8%), tai nhief{t do SOOOC, vén toc phun khi Ia
50 cnf/phl’lt dugc trinh bay trong do thi bi€u dién d6 nhay theo ndng d6 pha tap khac nhau (hinh
7). Két qua cho thdy mang A-2-3 cho d§ nhay cao nhat 1a 72,3%.

b) Po dg nhay theo nong do hoi riou

Chung t6i do dién tro ¢ ché do lién tyc trong khoang 3.000s nhu sau: trong 500s dau, 5.000 ppm
hoi c6n dugc dua vao va lay ra khoi budng do, trong 500 s ti€p theo dua 10.000ppm vao va ra
khoi budng do, twong tu cho dén 25.000 ppm cho cd mang ZnO thuan (A-0-3) va mang ZnO: Al
(A-2-3) (hinh 8). i .

Nhan xe:t: Khi du’? célpg nhiéu hoi con, R, c:c‘lng bé, con khi lﬁy‘hO’i con ra khéi buong thi dién trd
mang déu phuc hoi vé cung mot gia tri R, bang gia tri R, ban dau.
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Hinh 8. D6 thi dién‘ tré cua méng A-2-3, Hinh 9: D) thi bidu didn d6 nhay ctia
A-0-3 theo nong d¢ hoi con mang A-2-3 va A-0-3 theo ndng dé hoi cdn

Tir két qua do ¢ hinh 8, sir dung cong thire (1) chung t6i tim dugc dg nhay theo nong do hoi
con. Két qua do cho thdy do nhay ting gan nhu tuyén tinh véi nong dd cua hoi con (nhu minh
hoa trén hinh 9). Trén hinh 9 cling cho thay rang, voi cung mot nong d6 rugu, mang ZnO pha tap
Al 2% c6 @6 nhay 16n gap 1,5 14n so v6i mang ZnO thuan.

¢) Thoi gian ddp g va thoi gian héi phuc

Thoi gian hoi phuc va thdi gian dap img ciia mang nhay khi duoc xac dinh nhu sau:

Khi c6 khi thir, mang bat dau gidm dién trd cho dén khi AR =90% so v61 AR, Tai do,
dién tré nay goi la Rgune. Khodng thoi gian duge tinh tir lic cho khi vao dén luc dién tro giam
dén Ry.ung o1 12 thoi gian dap tng.

AR =R, —R_.  :Ladochénh léch dién tré cyc dai
AR = Ra - Rd.ung
AR, e = Ry ppue — R : L 0 chénh 1éch dién tré hoi phuc

Khi khi thir dwoc gidi hip ra khoi mang, dién tré ctia mang hoi phuc téi gia tri Rpphuc

(AR =90% so vo1AR___ ). Khodng thoi gian tinh tir lac khi dugce giai hap ra khéi mang dén

h.phuc max
khi dién tr tang dén gi tri Ry, phuc gO1 la thoi gian héi phuc (hinh 10).

Trong hinh 11a ching t6i thdy dién trd ciia mang A-0-3 giam tir 1,02MQ xudng 0,78MQ sau
thoi gian 60s, va gilt trong lan can khoang Pénokhi M khi -
0,78MQ. Pay 1a khoang thoi gian gom ca thoi R (MQ)
gian dap Gng va thoi gian rugu bay hoi. Thoi
gian rugu bay hoi theo tinh todn 1a 30s, vi vay
thoi gian dap Uing cua mang chi la: 60 - 30 =
30s. Tuong ty voi mang A-2-3, thoi gian dap
ung cua mang cling 30s.

Theo hinh 11b thoi gian ma mang hdi
phuc lai dién tré ban diu mat khoang 100s cho

d.ung

: La dg chénh l&ch dién tro dép Gng

d.ung

h.phuc

ca hai mang A-0-3 va A-2-3. Ly do thoi gian ' Th¥i gian

hoi phuc ciia mang 1au 1a do hé do khong co »
hé thong hut hoi ruou ra khoi binh kin, do d6  Hinh 10. So d cho biét thoi gian dép tng thoi
van con mot luong hoi gian hdi phuc ciia cam bién khi.
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Hinh 11a. D6 thi biéu dién thoi gian dap (ng mang Hinh 11b. D6 thi biéu din thoi gian hdi phuc
A-0-3 va A-2-3 mang A-0-3 va A-2-3

ruou thira luu tra trén bé mat mang lau hon trude khi khuéch tan vao budng do dé thoat ra moi
truong ngoai. Diéu nay c6 thé gy ra sy hdi phuc cham cia _mang. Day cling la mot diém can
phai khic phuc cta hé do, khi st dung dé xéac dinh thoi gian hdi phuc ctia mang.

4. Két luén

Mang ZnO pha tap 2% Al trén dé thuy tinh lam tang d6 nhay 1,5 1an so véi mang ZnO thuan
trong khoang nong dd hoi rugu tir 0,005% (5000ppm)-0,025% (250.000ppm) & nhiét do lam viéc
tir 250-300°C. Céng trinh dugc thyc hién v6i myc dich ché tao va khao sat tinh nhay khi cua
mang ZnO:Al thong qua mét sd thong sd dic trung ctia mang nhay khi nhu: nhiét d6 lam viéc,
thoi gian dép tng, thoi gian hdi phuc. ... 1a co sé dé nghién ctru ché tao sensor nhay khi..
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HE PO PHO HUYNH QUANG PHAN GIAI THOI GIAN SU DUNG
LASER NITO VA DAO PONG KY SO

P46 Xuan Tién, Nguyén Thé Binh, Pham Vin Thin

thza Vit Ly, Pai hoc KHTN, Dai hoc Quéc gia Ha Noi
334 Nguyén Trai, Thanh Xuan, Ha Noi, E-mail: thebinh@ynu.edu.vn

Tém tit: Ching toi da nghién ctru phat trién mot hé do phé huynh quang phan giai thoi gian
dugc kich thich bang budc song 337,1 nm cia laser Nito véi do rong xung 6 ns, tén s lap lai 10
Hz va cong suat dinh 1én t6i 500 kW. Phé phat quang dugc thu boi mét may don sic cach tir kep,
nhan quang dién va dao dong ky s6 ghép ndi v6i may tinh nham ty dong hoéa qua trinh do, d&
dang luu trir va xtr Iy s6 liéu. Hé do nay c6 thé thu dugc cac phd phat quang véi do phan giai gitta
hai thoi diém 14y mau 1én t6i 200 ps, ngoai ra n6 co thé dong thoi thu duge phd huynh quang tit
dan trong khoang thoi gian ¢ nano gidy. Hé do 1a mot thiét bi rat hiru ich trong viéc nghién ciru
cac qué trinh qua do quang hoc trong mot sé chit ban dan nhu ZnO, ZnS, ZnSe...ciing nhu
nghién ciru quang phd hoc laser néi chung.

1. Mé diu

Ph6 huynh quang phan giai thoi gian 13 phép do su phu thudc vao thoi gian ctia phd phat
quang sau khi duoc kich thich boi xung anh sang. So véi phép do huynh quang dung thong
thuong, phép do huynh quang phan giai thoi gian dua ra nhiéu thong tin hon vé cac qua trinh
dong hoc xdy ra trong vat liéu. N6 c6 thé duoc sir dung dé nghién ctru cac sy kién xay ra cung
thang thoi gian v6i su phan rd huynh quang nhu qua trinh tan xa nguoc, su truyén ning luong
cong hudng, hay sy dap tat dong hoc... Ngoai ra, thoi gian séng cua mot vat liéu ¢ trang thai
kich thich do dugc bang phuong phap nay thuong duoc dung dé tinh toan ngudng kich laser cua
hoat chét phat quang hodc dé phan tich cac qué trinh hoa hoc, sinh hoc. Phé huynh quang phan
giai thoi gian cling gitp ta phan tich rd rang hon cac qua trinh huynh quang cung xay ra trong vét
liéu khi chung bi chdng chap 1én nhau vé mit nang lugng nhung lai c6 thot gian song huynh
quang khac nhau. Do d6 mot hé do phé huynh quang phén giai thoi gian la rat can thiét d6i véi
bat ky phong thi nghiém nao nghién ctru quang pho hoc néi chung. Thém vao do, cung véi su
phat trién ciia nhiéu loai laser xung ngin coéng suét cao nén phép do huynh quang phan giai thoi
gian cang c6 co hoi dugc ing dung rong rai.

Trong cac k¥ thuat do huynh quang phan gidi thoi gian thi ky thudt trung binh boxcar duogc
sit dung phd bién hon ca. Tuy nhién ngoai nhitng vu diém cia hé boxcar vé kha ning do cac tin
hiéu lap lai voi bang phd rong va do phan giai thoi gian cao (~ 100 ps) thi nd ciing boc 16 nhitng
han ché nhu: phai st dung cadc modul boxcar gia thanh cao, doi hoi vé d6 6n dinh cua tin hiéu
cao, thoi gian thyc hién mét phép do kéo dai nén thuong chi do duoc tai mot sé thoi diém, kha
nang luu trir va xu 1y s6 liéu kém (phai st dung thém b chuyén doi A/D ghép ndi v6i may tinh).

Véi muc tiéu khic phuc nhitng nhugc diém trén cua hé boxcar va ciing dé su dung cac thiét
bi ¢o san trong phong thi nghiém, chung t6i di tién hanh xay dung mot hé do phd huynh quang
phan giai thoi gian duoc kich thich bang laser nito va sir dung dao dong ky s6. Nho kha nang ghi
nhan va luu trir dit liéu ctua dao dong ky sd, hé do nay c6 thé két hop phép do thoi gian song
huynh quang va do phd huynh quang phan gidi thoi gian trong cing mot lan do. Ngoai ra, do
dugc ghép ndi véi may tinh nén cic qua trinh do dién ra hoan toan tu dong, cac sd liéu d& dang
duogc luu trir va xu 1y.
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2. Xay dung h¢ do

2.1. Nguon kich thich hupnh quang

Trong phep do phd huynh quang phan giai thoi gian, mot yéu cau can thiét 1a phai st dung
cac nguon sang kich thich dang xung, thong thuong do la dén flash hoac laser xung. O day ching
toi st dung nguon kich thich 14 laser nito TE-N, dugc ché tao tai vién Khoa hoc Vat liéu, trung
tam KHTN & CNQG. Day la loai laser khi nito phong dién ngang ap suat thdp, véi mach phong
dién duogc thlet ké theo nguyén ly mach tu truyen

Do yéu cdu cta hé do la can mot ngudn sang cong suit cao va 6n dinh nén chung toi di tién
hanh khao sat cac thong s6 cua laser nito (hinh 1 & 2):

337.1 nm

1.2x10° A

8.0x10°4

Intensity (a.u)

4.0x10°

0.0 =2 — e N

T T T T T
300 320 340 360 380
Wavelength (nm)

Hinh 1: Ph laser nito Hinh 2: Dang xung laser nito
(thang do 5 ns/div)

Cac két qua khao sat cho thdy laser nito phat xung don sic ¢ budc song 337.1 nm véi dd
ban rong xung (FWHM) khodang 6 ns, tan sd lap lai 6n dinh 10 Hz va cong suat dinh xung 1én t&i
500 KW. Ngoai ra cac ché do vé dién ap cung cip va ap suét khi trong budng laser cung da duoc
t6i wu hoa nham dam bao laser hoat dong on dinh va sy thing giang cong suat 1a nho nhat.

2.2. So do bé tri hé do

Dbi véi mét h¢ do huynh quang phén g1a1 thot gian thi mot trong cac yéu ciu quan trong
nhat 13 giam t6i da cac tin hiéu nhidu ctia moi truong va céac sai s6 vé thoi gian ddi voi két qua
do. Nhim dat duoc cac chi tiéu trén chung to1
xay dung hé do theo so dd duoc trinh bay trén
hinh 3: N

Pé tranh sy phong dién rit manh trong T L
budng laser co thé anh hudng dén cac thiét bi .|, Sarnpe
dién nén laser nito phai dugc dat cach xa hé¢ do. .
Hai thau kinh Ly, L, co tac dung thu hep chum :
tia laser, kinh loc giao thoa F gilip loai bo cac - 4
nhiéu quang khong mong mudn. Mot phan nho |n$ '
anh sang kich thich tur laser dugc tach ra nho mét R
kinh chia chum tia lam bér}g tdim thach anh -
mong, phan anh sang nay dén mot photodiode Oseilloscope
nhanh (c6 suon 1én nhoé hon 1 ns) dé tao tin hiéu
trigger cho dao dong ky. Tin hi¢u trigger xac
dinh khi nao dao dong ky bit dau ghi tin hiéu
(hay ldy mau) va hién thi 1én man hinh. Viéc b
tri tin hiéu trigger chinh xac lam cho dao dong ky

Double Gratings
Monochromator
GIDM 1000

LJ

Step Motor 3

Signal

Hinh 3: So d6 hé do phd huynh quang
phan giai thoi gian
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c6 thé ghi nhan tin hiéu mot cach on dinh va tang ti s6 tin hiéu trén on (S/N). Anh sadng tan xa
trén mat mau duoc hdi tu vao khe may quang phé theo cac goc khac nhau, tuy thudéc vao muc
dich quan sat.

May don sic cach tir kép GDM-1000 (Carl Zeiss — Jena, Purc) dung cip cach tir 650
vach/mm 1am phan tir tan sic, cho d6 phéan giai 3 A/mm. Nhan quang dién str dung loai R928
(Hamamatsu, Nhat) c6 vung hoat dong rong tur 185 — 900 nm voi thoi gian tang xung 2,2 ns va
d6 nhay sang cua anode tai hiéu dién thé 1000 V 14 2500 A/lm. Léi ra cia nhan quang duoc nbi
dat theo so d6 kiéu DC véi gia tri tro tai 1a 50 Q dam bao tin hiéu ra khong qua yéu dong thoi
han ché duoc hién tuong ring ciia nhan quang.

Dao dong ky s loai TDS-2014 (Tektronix, My) dugc ghép ndi voi mdy tinh qua cong
RS232 su dung module ghép n6i TDSCMA. Mot chuong trinh diéu khién viét bang ngon ngi
Visual Basic s€ dleu khién toan bd qué trinh dich chuyén budc song cua may don sac thong qua
motor budce, doc sd liéu tir dao dong ky dua trén cac tham s6 dinh trude, luu trir va hién thi sd
liu.

2.3. Dao dpng ky sé nhé (Digital Storage Oscilloscope - DSO): TDS-2014

Day 1a mot thiét b rat quan trong trong hé do véi cac thong sé nhu: c6 4 kénh tin hiéu vao va
1 kénh trigger mo rong, do rong bang théng 100 MHz, tan s6 lay mau t6i da 2 Gs/s. TDS-2014
c¢6 3 ché d6 thu tin hiéu: 14y miu (sample), do dinh (peak detect), va trung binh (average), ngoai
ra n6 co the bét (capture) duoc cac tin hiéu don xung rat nhanh va dugc ghép ndi véi may tinh
thong qua cong RS232.

Trong so d6 hé do huynh quang phén giai thoi gian (hinh 3), dao dong ky s6 nhé (DSO) duge
str dung dé thay thé cac bo trung binh boxcar thong thuong nhd kha nang ghi nhan va luu trir cac
xung tin hiéu bang cac mach xtr ly tin hiéu s6 toc do cao. N6 cling cho phep tai tao lai tin hiéu
theo cac phuong phap lay mau thoi gian thuc ndi suy va lay méu thoi gian twrong duong gidng
nhu cac b trung binh boxcar. So dd khéi ciia mot DSO duoc biéu dién trong hinh 4:

Trigger
Detector [*]

Analogue T ¢ L ¢

Input

Control Logic

Pre Amp Ll ADC L ) Memory |l Process | | LCD

Hinh 4: So dd khdi cua dao dong ky sb nhd (DSO)

Tin hi¢u 16i vao dao dong ky dugce dwa qua bd chuyén doi twong tu - s6 (ADC). Tai ddy nd
dugc sd hoa va luu trit vao bd nhé cia mot mach vi xtr Iy 8 — bit. Tap hop dit lidu nay sé& duge xir
Iy va giri ra dé hién thi trén man hinh LCD. Ngoai ra dir liéu ciing c6 thé duge giri qua mang
LAN hay WAN dé xtr I va luu trit.

3. Két qua va thao luin

S6 liéu tir dao  dong ky giri sang may tinh dudi dang mét loat cac dudng thoi gian song huynh
quang ng vo1 moi budc song khac nhau. Chuong trinh diéu khlen s€ tu dong ghi lai va luu trix
vao mot mang sb 1iéu rdi sau d6 phan tach ra cac duong thoi gian song huynh quang hay cac phd
huynh quang phan giai thoi gian tuy theo yéu cau st dung (hinh 5).

Ngoai ra ta cting c6 thé v& phd 3 chiéu sy phu thudc cua cuong do phat quang vao budc song
va thoi gian (hinh 6).

Pé minh hoa cho nhitng uu dlem va kha nang cua h¢ do, ching t61 tiép tuc thu phd huynh
quang phan giai thoi gian ctia mot sé chit ban din ving cAm rong nhu ZnS, ZnO dugc pha thém
cac tam tap chat: Mn, Cu, Al Fe...
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Hinh 5: Dudng cong tat dan huynh quang 6 buéc  Hinh 6: Phé laser mau bang rong Rodamin6G véi
song co dinh (a) cung véi dang xung budng cong hudng ngin
laser kich thich (b)
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Hinh 7: Pho huynh quang phan giai thoi gian cia  Hinh 8: Thoi gian kéo dai phét quang ctia miu
mau ZnS:Al ZnS:Mn tai vi tri budc song 427.5 nm

Hinh 7 12 ph6 huynh quang phan giai thoi gian cia mau ZnS:Al dugc ghi tai céc thoi diém
70ns, 80ns, 90ns, 110ns va 150ns sau thoi diém trigger. Tir hinh v& ta thdy rang da c6 su dich
chuyén dinh phé khi thoi diém 1y méu ting 1én. Sy khac biét nay chi duoc quan sat nhd phép do
huynh quang phan gidi thoi gian.

Mit khéc, khi co dinh tai mot vi tri buée
song ctia may don sic, ta s& ghi dugc cudng
ddé huynh quang tai budc song da chon nhu 4+
la mot ham cua thoi gian; tir d6 co thé vé& lén
cac duong thoi gian kéo dai phat quang ing
v6i cac vach phd khac nhau (hinh 8 & 9).

Tir cac sb lidu thu dugc, ching ta co thé
tinh thoi gian séng huynh quang cua céc 1
phan tir & trang thai kich thich bang phuong
phép mién thoi gian. Két qua cho thy thoi

Intensity (a.u.)

gian séng huynh quang cua mau ZnS:Mn tai 0 2 “ e 8 10

vi tri vach phé 427,5 nm 1a 42 ns, con d6i Time 69

véi mau ZnS:Cu c6 thoi gian séng huynh Hinh 9: Thoi gian kéo dai phat quang cia mau
quang la 1,9 pus tai vach 460,4 nm. ZnS:Cu tai vi tri budc song 460.4 nm
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4. Két luan

Chung t6i d4 tién hanh x4y dung thanh cong mot hé do phd huynh quang phan giai thoi gian
va do thoi gian séng huynh quang dugc kich thich bang laser nito. Nho st dung dao dong ky sé
nhé ghép ndi v6i may tinh nén hé do c6 kha ning tu dong hoa cao, thuc hién phép do nhanh va
chinh xéc, cac két qua do d& dang dugc luu trit va xir Iy. Hé do dang duogc ching t6i sir dung co
hiéu qua trong viéc nghién ctiru huynh quang va quang phd hoc laser néi chung.

Loi cam on : Chung toi xin trdn trong cam on sy hé tro tai chinh cua dé tai NCCB md sé6 4 061-
60 trong Chuong trinh nghién cvru khoa hoc Co ban Nha nuoc dé thuc hién nghién curu nay.
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NGHIEN CUU, THIET KE, CHE TAO HE LO NUNG NHIET PQ CAO VOI CAC MUC
KHONG CHE NHIET PQ LAP TRINH PUQC DUNG NUNG, U BQT PHAT QUANG

Nguyén Duy Tién?, Nguyén Thanh Long”, Pham Vin Bén®, Nguyén Thé Binh"

 Trung tdm coéng nghé Vi dién tir va Tin hoc, Vién Ung dung Cong Ngh¢, BO KH&CN
® Khoa Vit 1y, Trudng Pai hoc Khoa hoc Ty nhién, Dai hoc Québc gia Ha Noi
Email: pvbenkhtn @yahoo.com.vn Tel: 0904218702

Tém tit: Chiing t6i dd nghién ciru, thiét ké, ché tao hé 16 nung nhiét do cao ghép ndi véi mdy tinh
va lap trinh cdc mirc nhiét d6 cin khong ché. Bo khdng ché nhiét do sir dung phuong phép diéu
khién nhiét d6 PID (ty 1é-tich phan-dao ham). So véi cdc bo khdng ché nhiét d6 khic, bo khéng
ché nay c6 uu diém ndi bat 12 c6 tdm gian d6 1ap trinh khac nhau c6 thé 1ap trinh trudc, trong mdi
gian d6 nay c6 bay budc thoi gian doc 1ap: tang, giam nhiét do can khong ché dé phit hop cho viéc
nung, U nhiéu loai mau khic nhau. Hé 10 nung nay hoat dong 6n dinh, nhiét do dat dwoc cao
nhung thing gidng nhiét lai nho (12500C + 3°C) va o tré thoi gian nho. Véi hé 10 nung nay
chting t6i d4 nung, 0 mot sé mau phat quang loai ZnS, ZnS:Mn, ZnO, .

1. Mé dau

Hi¢n nay, h¢ 10 nung st dung bo khéng ché nhiét d6 cao 1a mot yéu cAu rat can thiét trong
céc phong thi nghiém nghién ctru, ché tao cdc mau phat quang. Hé 10 nung nhap khau c6 gia
thanh rat dat, khi xay ra hong héc rat khé stra chira va khong c6 phu tung thay thé. D6 chinh 1a 1y
do dé ching toi xay dung hé 1o nung su dung bo khéng ché nhiét do cao. Bo khdng ché nhiét do
ching 61 sir dung la Delta DTB: khéng ché nhiét do cao theo phuong phép PID (ty I¢-tich phan-
dao ham) va két ndi duoc v6i méy tinh. Do d6, né rét thuan tién cho ngudi sir dung: c6 the cai
dit, kiém tra ché d6 hoat dong ctia 16 nung sao cho phit hop véi viée nung, 0 ting loai mau phat
quang khic nhau.

2. Thue nghiém

2.1. Nghién ciru, thiét ké, ché tao Io nung dién tré
a. Nguyén ly hoat dong
Nguyén 1y hoat ddng cua 10 nung dién tré dua vao dinh luat Jun-Lenxo: khi c6 mot dong
dién cuong d0 I chay qua mét day dién tré6 R trong thoi gian ¢ thi trén ddy tda ra mdt nhiét
luong: Q=I"Rt (1)
b. Cau tao )
Lo nung dién tré chuing t6i da xay dung c6 cau tao nhu ¢ hinh 1:

a: Vo 1o

b: Bong thuy tinh cich nhiét

d c: Day dién tro

d: Cam bién nhiét

e: Ong s chiu nhiét
f: Ong thach anh

Hinh 1: CAu tao 10 nung dién trd

trong do:
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V6 16 duoc 1am bang Inox chdng gi ¢6 dang hinh tru véi chiéu dai / = 80 cm, duong kinh ¢=
35 cm.

L6p cdch nhiét duge 1am bang bong thity tinh ¢6 kha nang chiu nhiét va cdch nhiét tot (hé s6
dan nhiét: 0.035 W/mK + 0.081 W/mK).

Day dién tro 1a loai day Cr-Al (I = 10 m+12 m;¢ = 3 mm), chiu dugc nhiét do tdi da 1a
1400°C. Day dién tré duoc gia cong c¢6 dang hinh 10 xo (I =51 cm; ¢ = 4.5 cm).

Ong sir chiu nhiét (I =1 m;¢ = 40 cm) dung dé giit cd dinh day dién tré khong bi xd, méo
va bao vé né khong bi hong badi hoi cia mau nung.

Ong thach anh (l = 1.5 m;¢ =2 cm) la vat lidu trong sudt, chiu duoc nhiét d6 cao (t6i da
14OOOC). Mbét dau ong duoc ndi véi binh Ar c6 van chan khong dé diéu chinh luu luong khi Ar,
dau con lai duge nbi véi 6ng cao su dé suc khi Ar vao dau.

Cam bién nhiét 12 loai cap nhi¢t di¢n Pt-Rh chiu duoc nhi¢t do cao, khoang nhiét do lam vi¢c
16n (00C+ 17OOOC), nhiét dung nho va it lam nhiéu nguén nhié¢t. Cap nhiét dién dugc bao vé¢ béng
mot 6ng st cach dién va mot 6ng hop kim chiu nhig¢t. M&bi han cap nhi¢t dién duoc git ¢ dinh &
tam 10.

2.2. Nghién ctvu, thiét ké, lip dt thiét bi khong ché nhiét @ cao

a. So' do khoi cua thiét bi khong ché nhiét dp cao
So do khoi cua thiét bi khong ché nhiét d§ cao dugc dan ra & hinh 2:

Théng sé PID
SvV_ & E Can bél’lg MV > Lo nung
PID
_ v
PV Cam bién
- p nhiét
B¢ khong che PID

Hinh 2: So d6 khéi cua thiét bi khdng ché nhiét d6 cao
Hoat dong ciia thiét bi nay nhu sau: BO diéu khién PID nhan qud trinh bién d6i (PV) va kiém
tra su diéu chinh bang tay (MV) dé hi€u chinh PV khdp véi gid tri dat SV [1].

b. Bo khéng ché nhiét dé cao kiéu PID

Bo khéng ché nhiét do cao kiéu PID hoat dong dua vao su tdc dong cua ca 3 loai tdc dong:

Téc dong ctuia bo diéu chinh ty 1¢ P : Thong sb6 P 1am cho MV ty 18 véi 16i (offset) E theo cong
thtc:

MV, =K ,E )
trong d6: K, 1a h¢ s6 khuéch dai
E =SV — PV 1a d6 1éch giita PV vaSV

Vi bo diéu khién ty 18 P hoat dong ding thi phan du cua 13i (offset) van giit nguyén. Vi vdy
bd didu khién ty 1& P duoc dung voi bd didu khién tich phan I dé loai trir 16i.

Téc dong ciia bo diéu khién tich phan 7 : BO diéu khién tich phéan 7 1am cho MV ty 1& véi thoi
gian tich phan cta 16i E . Khi 16i E ton tai, bo diéu khién tich phan 7 s& diéu bién MV dé loai trir
16i E [2]. MV, dugc tinh theo cong thirc sau:

MV, =K, Ti [ Edt 3)
1

trong d6: 7, la thoi gian tich phan.
Tuy nhién, bo diéu khién ty 1é-tich phan PI lai 1am cho hé c6 thing gidng nhiét 16n va lau di

vao trang thi 6n dinh. Do d6, né dugc dung véi bd diéu khién vi phan D dé loai trir nhuwoc diém
do.
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Téc dong cua bo diéu khién vi phan D : Bo diéu khién vi phan D 1am cho MV thay ddi ty 18
véi su thay doi cda 10i £. Bang viéc cong thém b diéu khién vi phan D, tdc dong hi¢u chinh
nhanh s€ thu dugc ngay tai trang théai dau tién cua su 16n xon [3]. MV, lién h¢ v6i D theo cong
thirc sau: MV, =K,T, CZ_E “)

t
trong d6: 7T, la thoi gian vi phan.

Khi chiu sy tdc dong cua ca 3 loai tdc dong P, I, D thi hoat dong cua bd khéng ché 6n dinh va
chinh xdc nhat. Khi d6 MV dugc xac dinh nhu sau:

MV =K (E+ jEdt+T dE] (5)
dt
PV b a: P
b: PI
sV c: PID

> Thoi gian
Hinh 3: Gian db hoat dong cua cdc tic dong P(a), PI(b), PID(c)

C6 nhiéu loai bd khdng ché nhiét d6 cao kiéu PID khéc nhau, ¢ ddy ching t6i da ding bd
khéng ché nhiét d6 Delta DTB. B¢ khdng ché nay c6 uu diém ndi bat 1a:

Khéng ché nhiét d¢ kiéu PID, lap trinh dugc va dugc két ndi véi mdy tinh, do d6 tat ca céc
thao tac cai dat chuong trinh cho hé 10 nung hoat dong rat don gian va thuan tién:

C6 thé khdng ché nhiét d6 cing mot Iic bdn hé 10 nung khéc nhau c6 dic diém khic nhau
nhu loai cip nhiét dién, kiéu khong ché nhiét do, ...

B khdng ché Delta DTB c6 tam gian d0 1ap trinh qud trinh khdc nhau c6 thé 1ap trinh trude,
trong moi gian dd nay cé bay budc thoi gian doc lap tang giam nhiét do can khéng ché dé phu
hop cho viéc nung, 0 nhiéu loai mau phat quang khac nhau.

Trong sudt qud trinh nung U miu, nguoi sit dung c6 thé quan sit dugc qud trinh ting giam
nhiét do dién ra trong 1.

2.3. Ldp dit dong bé hé 1o nung nhiét dé cao

Sau khi ché tao: 16 nung, ngudn nudi 10, hé thdi khi tro, chiing toi da 1ap dat dong bd ching
v6i b khdng ché nhiét do cao két ndi véi may tinh thanh mot hé hoan chinh goi 1a: Hé 16 nung
nhiét do cao. So d6 khéi cua hé duoc dan ra & hinh 4.

DPé hé nay hoat dong ta can thuc hién céc budc sau:

Cho nguén nuoi 10, may tinh hoat dong.

Cai dat thong s6 cua 10 nhu: loai cap nhi¢t dién, khoang nhiét d§ hoat dong cho phép,
...(hinh5).

Cai dit ché do nung nhu: tdc d6 ting nhiét, thoi gian nung, nhiét d6 nung sao cho phit hop
v6i tirng loai mau phat quang khéc nhau (hinh 6).

Khi thuc hién dﬁy du cac budc trén thi hé 10 nung bat dau hoat dong theo chuong trinh da
duoc cai dat. Khi d6 ta c6 thé quan sat dugc dién bién nhiét d6 ciia 10 nung theo thoi gian trén
man hinh mdy tinh (hinh 7).
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@ a: Lo nung

. b: Binh khi Ar

b c: Cap nhiét dién

d: Day dan

e: Bo khong ché nhiét do
f: Ngudn nuoi 10

O g: Bo két ndi

e h: Mdy tinh
] i: Binh dung dau

f

50Y_S0A

Hinh 4: So d6 khéi cta hé 16 nung nhiét d6 cao

% DTE MONITOR Pi =) =]
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w0 o0 om0 o000 000 om0 o000 000

1[Patemn 2[Fatern 3|paten 4] Paten 5| paten & [Fatem
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Heal/Cu |1 =] e[ = e [0 Heat/Coni | Heal 7[i200 omoo ooon o0 oooo  omon oo oo
v 5V [PatemSter ¥ _Cul Period [1 o i o o o o o 0 o o
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Hinh 5: Cai dit phidn mém ph hop v6i 1o nung  Hinh 6: Cai dat ché do nung, 0 mau phét quang

= DTB MONITOR PROGRAM E)E)
adarass |1 2] address 1 3 sodress 1 o (@ addess 1 @

Connect Gencel (Connect Concal Connect | (__Cancel

pt sSan=d
(Conneet | ["Caneal ]

Hinh 7:Qud trinh dién bién nhiét d6 trong 10 trén
man hinh mdy tinh

3. Két qua va thao ludn

3.1. Két qud khéng ché nhigt dp

Khi sir dung b khong ché nhiét d6 PID Delta DTB chting toi thiy:

Téc d6 tang nhiét cia 10 rat phit hop véi toe do ting nhiét da dwoc cai dat. Khi gan dén nhiét
d6 can khong ché thi giira nhiét d6 trong 10 va nhiét d6 cai dat c6 su sai khdc nho (khoang 2.5 %)
(hinh8).

O nhiét do can khéng ché thi thing gidng nhiét rt nho: Két qua khao sdt cho thidy: Khi nung
miu & khoang nhiét do: 200°C + 800°C, 800°C + 1000°C, 1000°C + 1200°C thi thing gidng
nhiét t6i da ban du twong tmg 12 0.1°C + 0.3°C, 1°C + 2°C, 3°C. Sau d6, nhiét d6 cta 1d hau nhu
tring v6i nhiét d6 da cai dat.
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Hinh 8: Sy phu thudc cua nhiét o cai dat ctia 10 nung (a) va nhiét do thuc (b) vao thoi gian

3.2. Két qua ché tao bét phdt quang

Dung h¢ 10 nung nhiét do cao vdi cac muc khéng ché nhiét do lap trinh dugc, budc dau
chiing t6i dd nung & mot sé bot phat quang Zn;Mn,S (0<x<107?) trong khi Ar bing phwong
phap ddng két tia va ZnO trong khong khi bang phuong phap sol-gel véi cdc diéu kién sau: Hiéu
dién thé nudi 10 50 V, cuong do dong dién (19 A+22 A), nhiét d6 nung (500 °C+900 °C), thoi
gian nung (1 gio+4 gio) va tdc do thoi khi Ar qua 10 20 cm /phut

Két qua khao sat phd phat quang cua Zn;.Mn,S va ZnO ¢ 300 K khi kich thich bang budc
séng 325 nm cta laser He-Cd cho thiy:

Trong phé phét quang cua ZnS xudt hién mot dam phét quang ¢ vung xanh lam véi cyc dai
khoang 465 nm. Bam nay dac trung cho su tai hop buc xa cta cac cap donor-acceptor li€n quan
dén nhitng tAm tap chat va nhitng niit khuyét cia Zn trong ZnS. Khi dura Mn v6i ndng d6 x = 107
mol% vao ZnS thi cuong d6 phdt quang ciia ddm xanh lam giam, dong thoi xuat hién ddm da
cam-vang ¢ 603 nm c6 cuong do va do rong 16n (hinh 9). Khi tang dan nong d6 cia Mn thi
cuong do cua ddm nay tang dan va c6 gid trj cuc dai & x = 8.10” mol%, nhung vi tri cua ddm hau
nhu khong thay d01 Diéu nay ching to cdc ion Mn”* di thay thé Zn va cdc niit khuyét cia ching
trong ZnS. Khi tiép tuc ting nong dd cua Mn thi cuong do cia ddm da cam- Vang lai giam dan do
su tuong tac cua cic ion Mn?* véi cdc ion cua mang tinh thé va gifra cdc ion Mn** v6i nhau. Dam
da cam—vang dic trung cho su chuyén doi birc xa cia cdc dién tir trong 16p vo 3d° cua cdc ion
Mn* [Ty Al [4].

3.0x10*
603 nm 661 nm 2 )
2.5x10* | i a: 6,5.10_2 w;.;m2
b:8,7.10° Wicm
h : 2 2
2.0x10° | 1 c: 11,6_10_2 Wlt:m2
d: 14,5.10% Wiem
. . f e: 17,4102 Wiem®
= Lot = e f: 20,3102 Wicm?
g g d g: 23,3.10% Wicm?
1.0x10" - c\\\ h: 26,2.10% Wicm?
b\'\\ it 29,1.107 Wiem®
5.0x10° |- 465 nm 389 nm :& j: 30,0.10% Wiem?
y a
0.0
1 1 1 1 1 1 T T r T - T T T T T T T
300 400 500 600 700 800 900 300 400 500 600 700 800 900

A (nm) A (nm)

Hinh 9: Phd phiét quang ctia Zn, Mn,S
(10 mol% < x < 10”mol%) ¢ 300 K
khi kich thich bang budc séng 325 nm ciia
laser He-Cd

Hinh 10: Sy phuy thudc phd phét quang ciia ZnO
0 300 K vao mat do cong sut kich thich
khi kich thich bang budc séng 325 nm cia
laser He-Cd
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Trong phd phét quang ciia ZnO xuat hién hai ddm c6 cudng do cuc dai tvong tmg ¢ 389 nm
va 661 nm, trong d6 cuong do cua ddm & 661 nm 16n hon so vdi cuong do ddm & 389 nm
(khoang 14 l4n) (hinh 10). Khi tang dan mat do cong sut kich thich cua laser He-Cd (6,5.10
*W/em® +30,0.10°W/cm?) thi cudng d6 cua ching cling ting dan nhung vi tri cua cdc ddm nay
hau nhu khong thay d6i. Bam ¢ 389 nm 1a do sy tai hop biic xa cua céc td hop exciton tu do, con
ddm 661 nm c6 thé lién quan dén sy tai hop btic xa cia cdc cip donor - acceptor, trong d6 donor
12 cdc nguyén tir oxy nam lo ling gifta cdc nit mang, cdn cdc acceptor 1a cdc nit khuyét ctia Zn
trong ZnO [5,6].

4. Két luan

Ching t6i dd nghién ctu, thiét ké ché tao thanh cong hé 10 nung nhiét do cao
(Trmax=1250°C £ 3%) ghép ndi v6i mdy tinh va lap trinh duoc cdc mirc nhiét 6 can khéng ché
khéc nhau. Dung hé 10 nung nhiét d6 cao c6 ghép ndi mdy tinh nay budc dau ching t6i di ché
tao dugc mot s bot phat quang Zny.Mn,S (0<x<107) trong khi Ar va ZnO trong khong khi.

Thiét bi trén da tham gia Hoi chg Cong nghé va thiét bi Viét Nam thang 9 nam 2007 tai Pa
Nang va di duoc Bo Khoa hoc va Cong nghé ting bﬁng khen (quyét dinh s6 1881/QD-BKHCN,
vao sb vang s6 42 ky ngay 09 thang 9 nim 2007).

Loi cam on: Cdc tdc gia xin chan thanh cam on dé tai QG.07.45 da hé tro kinh phi d@é bdo cdo
nay dwoc hoan thanh.
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NGHIEN CUU CHE TAO HON HQP CHAY PHAT XA HONG NGOAI
DAI SONG 3+5um VA 8+12um

Tran Minh Céng, Lé Trong Thiép, Tran Ba Chir, Pham Trong Hién.
NEWTECSPRO (Trung tim KHKT-CNQS/BQP)
1. Mé& dau

Hon hop chdy ning luong cao c¢6 kha ning phat xa dnh sang trong vung hong ngoai tuy thudce
vao viéc lya chon don thanh phan. Thanh phan ciia hén hop bao gom chét oxy hod, chat chdy
kim loai va chét chdy — két dinh. Thong thudng trong hdn hop chdy phét xa hdng ngoai sir dung
chat chdy 1a bot kim loai hodc hop kim, chat két dinh 1a cdc polime. Trong céc cong trinh nghién
ctru trude, don thanh phan da dugc chon trén o SO chat chdy la bot hop kim nhom — magie va
chat két dinh 12 Poly vinylclorua. Tuy nhién, can phai tiép tuc lya chon ty 1€ gilra cac chat, dic
biét 1a ty 18 bot hop kim nhém — magie sao cho cudng do phét xa van nam trong dai séng 3+5um
va 8=12um va manh hon ¢ viing séng bang va nhé hon 3+5um

2. Vit liéu va phwong phap nghién ciru

2.1. Vat liéu nghién cuu

- Kali peclorat (KCIO,), Kali nitrat (KNO3): Hod chét tinh khiét phan tich, Trung Qudc.
- Hop kim Al-Mg dang bot: Hod chét tinh khiét, Viét Nam.

- Polivinyl clorua (PVC): Hod chat tinh khiét, Singapo.

- Etyl metyl xeton: Hod chat tinh khiét, Trung Qudc.

- Try thép tring ®10mm x 40mm va ®19mm x 250mm: Viét Nam.

2.2. Phwong phdp, thiét bi

- Phuong phap tao mau: Can cir yéu cau cta san pham vé phd nhiét va cudng do phat xa hong
ngoai, chiing tdi di chon don pha ché cho hdn hop chdy phat xa hdng ngoai trén co s& hdn hop
ciia hai mudi Kali peclorat Kali nitrat v&i bot hgp kim nhom-magié va chat két dinh
Polyvinylclorua .

Céc thanh phan hdn hop chdy duoc tron déu va tao hat thanh phéi thudc dé do nhiét luong
chdy. Céc hat phoi thudc sau d6 duoc ép thanh hai loai mau thir: Mau thtr hinh tru (kich thuéc
®10mm x 40mm) dé ghi phd nhiét va mau thir hinh try (kich thuée ®19mm x 250mm) dé xac
dinh cudng do phét xa hong ngoai.

- Phuong phdp do nhiét lugng chdy: Theo Tiéu chuan nganh 06 TCN 889:2001.

- Thiét bi do nhiét lwong chdy: Mdy do nhiét luong PARR 1261 (MY).

- Thiét bi do nhiét do chay: May Hoa quang ké (Trung Qudc).

- Thiét bi do pho nhiét SR-5000 (Ixraen).

- Thiét bi thir tong hop do cudng d6 phét xa RPI (Nga).

3. Két qua nghién ciru

3.1. Nghién cieu lua chon hén hop chdy phdt xa hong ngoai ving song 3+5um va 8+12um

Viéc lya chon don thanh phan c6 y nghia quyét dinh t&i dai séng phat xa hong ngoai ciing
nhu cudng do phét xa hong ngoai ¢ timg dai séng. Hon hop chay co ty 1¢ chét chdy kim loai cang
16n thi nhiét do chdy cang cao, nhiét lwong chdy cang 1én. Vé 1y thuyét, khi nhi¢t d§ chdy cang
cao, cudng do phét xa ctia hdn hop chdy sé ting 1én ¢ dai séng c6 bude séng ngan hon. Két qua
do nhiét lugng chdy Q va nhiét d¢ chdy T dugc trinh bay trong bang 1.
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Bang 1: Gid tri nhiét lugng chdy va nhiét o chdy ctia hn hop chay phét xa hong ngoai.

TT Thanh phin T§ 18 (%) | Nhiét lwgng chéy (Cal/g) Nh“-’t(%’) chay
1 | Kali peclorat 15 1.287 1.460
Kali nitrat 44
Phu gia 16
Hop kim Nhom-Magié 25
Polyvinylclorua 5
2 | Kali peclorat 15 1.329 1.520
Kali nitrat 39
Phu gia 16
Hop kim Nhom-Magié 30
Polyvinylclorua 5
3 | Kali peclorat 15 1.358 1.610
Kali nitrat 34
Phu gia 16
Hop kim Nhom-Magié 35
Polyvinylclorua 5
4 | Kali peclorat 15 1.387 1.710
Kali nitrat 29
Phu gia 16
Hop kim Nhom-Magié 40
Polyvinylclorua 5
5 | Kali peclorat 15 1379 1.690
Kali nitrat 24
Phu gia 16
Hop kim Nhom-Magié 45
Polyvinylclorua 5

Theo bang 1, kh1 tang ty le chat chdy kim loai trong khoang tir 25% dén 40%, nhiét 6 chdy
tang 1én tur 1 460°C dén 1.710°C, con nhiét lugng chdy tang 1én 1.287 dén 1.390 cal/g. Tuy nhién
néu tiép tuc ting ty 18 bot hop kim nhom — magie 1€n dén 45% thi nhiét luong chdy ciing nhu
nhiét d6 chdy c6 xu hudng giam di. Diéu nay c6 thé 1y giai 1a do du chat chay 1a bot hop kim va
chinh luong chat chdy du nay da thu nhiét cia phan tng dé tu dét néng, 1am giam nhiét lugng
chdy va nhiét do chdy.

Phoé nhiét duoc ghi trén thiét bi SR-5000 (Ixraen) ctia 05 miu hdn hop chéy véi ty 18 bot hop
kim nhdm - magié tir 25% dén 45% dugc trinh bay trén hinh 1.

Volt'Gain

Spectral Measurement chlli

3.00-01
2.00-01

100014

3.00+00

2.00+00

1.00+00

8 9 10 1" 12 13 4
Spectral Range (um)

Scan 14
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Scan 16 Scan 19 Scan 18 \

(a)
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(b)

(©

(d)

(e)

Hinh 1: Pho nhiét ctia hdn hop chdy phét xa hong ngoai dai 3-14um :
a. Mau 1; b. Mau 2; c. Mau 3; Mau 4; e. Mau 5.
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Qua phd nhiét thdy rang ¢ ca ba don thanh phan, khi thay ddi thanh phan theo hudng ting ty
1¢ bot hop kim nhom — magie thi ving phd phdt xa chu yéu van trong dai séng 3+5um va
8+12um, céc dinh phd c6 budc séng gan nhu khong thay d6i. Tuy nhién, cuong do phat xa hong
ngoai trong dai song ngin tang 1én, cudng do phdt xa ¢ dai song dai giam di. Ty 1¢ bot hop kim
nhdm — magie néu ting qud 40% thi sy thay doi nay 12 khong dang ké va c6 chiéu hudng nguoc
lai.

3.2. Nghién cteu lua chon don hén hop chdy phdt xa hong ngogi manh ¢ viing séng 3-+5um
Bang 2: Cuong do phat xa hdng ngoai ciia hdn hop chdy phat xa hdng ngoai mau 3, 4 va 5

Cuwong d phat xa hong ngoai (x 10
TT Thanh phin (%) Ty 1§ 'W/em?)
Dai 0,7 - 1,7 um | Dail,7 - 5,0 um

1 Mau 3:

Kali peclorat 15

Kali nitrat 34

Phuy gia 16 61 43

Hop kim Nhom-Magié 35

Polyvinylclorua 5
2 | Mau 4:

Kali peclorat 15

Kali nitrat 29

Phuy gia 16 89 46

Hop kim Nhom-Magié 40

Polyvinylclorua 5
3 | Mdus:

Kali peclorat 15

Kali nitrat 24

Phuy gia 16 >7 41

Hop kim Nhom-Magié 45

Polyvinylclorua 5

Dé ¢6 co sé danh gid cudng do phét xa ctia cdc hdn hop chdy ¢ ving séng dudi 3um, céc
mau chtra bot hop kim nhdom — magié tir 35% dén 45% vdi ty 1¢ thanh phan cdu tir khdc nhu mau
3,4, 5 trong bang 1 duoc tién hanh d6t chdy, ghi phd nhiét trén mdy SR-5000 con ty 1& cudng do
phat xa hong ngoai trong viing séng 0,7 — 1,7 um va 1,7 — 5,0 um duoc do trén may RPI (Nga).
Cic két qua duoc trinh bay trén hinh 2 va bang 2.

Qua hinh 2 va bang 2 thiy rang, khi ty 1& bot hop kim nhom — magié ting 1én dén 40%,
cuong d phat xa hong ngoai dai séng 1,7 — 5,0 pm giam di trong khi cudng d6 phat xa dai séng
0,7 — 1,7 wm tang Ién. Khi ty 1€ bot hop kim nhom — magié tang 1€n trén 40% thi xu hudng nay
thay d6i theo chiéu nguoc lai.
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(b)

(©

Hinh 2: Pho nhiét ctia hdn hop chdy phét xa hong ngoai dai séng 1,0-2,3um :
a. Mau 3; b. Mau 4; c. Mau 5;

4. Két luan

Cic két qua nghién ctru chi ra rang bot hop kim nhém — magie trong hdn hop chdy nim trong
ty 18 25+45% khi chdy déu phat xa hong ngoai viing séng 3+5um va 8+12um. Néu tang ty 1¢ bot
hop kim nhdm — magie thi cudng do phat xa hong ngoai ¢ budc séng dai giam di con & bude
séng ngan thi tang 1én. Pac biét & mau s6 4 (ty 18 hop kim nhdom — magie 12 40%) c6 cudng do
phat xa hong ngoai ¢ viing 0,7 — 1,7 um rat manh va ddp Gmg duoc yéu ciu sir dung.
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XAY DUNG HE PO HUYNH QUANG
DUA TREN CO SO BQ BIEN POI QUANG DIEN LED-PD

Pham Vinh®, Ngoé Khoa Quang®, Lé Xuin Diém Ngoc®

¥ Khoa V4t Iy truong PHKH - Hué,
® Hoc vién cao hoc Khoa Vat Iy PHKH - Hué

1. Mé dau

K¥ thuat phan tich bang phuong phap huynh quang ngay cang khang dinh duoc vi tri ciia
minh. Day la mét phuong phap phan tich cho két qua nhanh va do6 nhay cao. Thong thuong trong
cac h¢ do huynh quang truyen thong ngudn sang dung dé kich thich miu phéat quang thudng la
dén thuy ngan cao ap két hop vai kinh loc sang, thlet bi thu tin hi¢u quang thuong dung 1a nhan
quang dién 1a hai dung cu dat tién va can cac nguon cao ap kém theo.

Trong bai bao nay chung t6i xin trinh bay thiét bi phan tich huynh quang dugc xay dung tai
B6 moén Quang — Quang pho, Khoa Vit 1y, Truong PHKH — Hué, trén co s thay thé deén thiy
ngan cao 4p bang dén LED, nhan quang dién duoc thay bang Photodiode, cac phép do diéu duoc
tién hanh ty dong bf?mg cach ghép ndi véi may tinh, do do tinh gon nhe, chinh xac cua hé do la
rat cao.

2. Noi dung

2.1. Thiét bi

Trén co s& may do phd hap thu ban dau chi c6 thé do diém chung t6i da cai tién thiét bi
quang hoc nay va su dung trong viéc do pho huynh quang hoan toan tuy dong.

So do6 khoi hé do dugc mo ta nhu sau

K LED kich thich
Mau Cach
Khe vao
: O O <\ Motor
Hé thau kinh bude
Khera

Photodiode B0 khuyéch dai  Keithley May tinh

Hinh 1. So d6 khéi hé do

Anh sang tir nguén kich thich 1a dén LED c6 budc song 360 nm (S360L-3RLQ cua hing
Roithner Lasertechnik, Ao) dugc chiéu truc tiép 1én mau dé kich thich phat quang. Khi chiéu bt
Xa nam trong ving hip thu ctia miu, miu s& phat quang. Chiim birc xa phéat quang ctia mau hoi
tu 1én cach tir s& bi tan sdc. Cac tia sang don sic duoc thu nhan nhd Photodiode. (EPD-525-5/0.5
cua hang Roithner Lasertechnik, Ao), tin hiéu dién s& dugc khuéch dai thong qua IC LM324, tin
hiéu thu dugc o 16i ra cua bd khuyéch dai 1a tin hiéu twong tu dugc dua dén Keithley Model
2000 Multimeter dé hién thi, ta c6 thé doc két qua truc tiép trén may Keithley hay str dung ngay
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giao tiép RS-232 tich hop trén may Keithley dé chuyén tin hidu tuong tu thanh tin hiéu sb va dua
va0 may vi tinh, may vi tinh s& ghi lai két qua va xir 1y.

Theo so d6 khdi duoc trinh bay trén hinh 1. Ngudn sang kich thich mau phat quang chinh 1a
dén LED, thong thuong voi cac loai dén dung dé kich phat quang nhu dén thuy ngan cao ap doi
hoi phai ¢6 ché do nudi dén nghiém ngit, dic biét rat kho 6n dinh cuong do vach phd ding kich
thich mau phan tich. Hon nita, dé c6 duoc mot vach phé don sic phai st dung kinh loc (hoac la
kinh loc thuy tinh hodc 1a kinh loc giao thoa) rat bat tién. Riéng ddi v6i hé do nay, ching toi st
dung dén LED dé kich thich phat quang. Uu diém la den LED c6 budc song don sac va hon nira
do ngudn nuoi co cong sudt nho, dién ap thap nén rat d& 6n ap dan dén vach buc xa tir dén co
cuong do 6n dinh phu hop voi phép phan tich dinh tinh va dinh lugng. Mot vu diém ndi troi cia
LED la khi 1am viéc dén LED hau nhu khong toéa nhiét ra méi trudng xung quanh nén nhiét do
cia mau do khong bi thay ddi. Anh sang cua dén LED 1a loai 4nh sang “lanh”, do d6 n6 khéng
c¢6 kha niing pha hity mau phan tich.

Tuy theo mau ma ta c6 thé lya chon budc song kich thich phat quang phu hop bang cach thay
thé cac dén LED c6 budc song khac nhau, viéc lam nay kha don gian. Dong thoi ta cling c6 thé
tang cudng do burc xa kich thich khi mic dén LED theo céc so d6 khac nhau nhu trén hinh 2.

Q0
® Q0 Q0
00 Q0

Hinh 2. C4ch méc céc dén LED khéc nhau
Trong hé do nay chung t6i dd st dung motor budc KP4M4-001 duoc diéu khién tu dong

bzfmg may tinh dé quay cach tir. Viéc dinh hudéng goc quay cho motor duge diéu khién thong qua
cong song song (Parallel Port) cua may tinh, trén cac chan dir li¢u 1a DO, D1,D2,D3.

) \,mifffmo

a0 DOOD

Hinh 3. So d6 cac chan cong song song di¢u khién motor

Pé chuyén tin hiéu twong ty sang tin hiéu sé Chén 2 (RXD)
va dua vao may tinh ching t6i da ket n01
Keithley v6i may tinh thong qua cong ndi tiép
(Serial Port). Cac chan duoc sir dung dé giao
tiép gitra may tinh va Keithley la chan 2, 3, 5.

Toan bd chuong trinh diéu khién motor
bude cling nhu chuong trinh giao tiép giita may
tinh voi Keithley Model 2000 Multimeter diéu
duogc viét bang Ngon ngir Delphi 7.0.

Chuong trinh cho phép theo ddi két qua truc  Hinh 4. So dd chan cong ndi tiép
tiép trong qua trinh do ciing nhu luu két qua
dudi dang file s6 lidu dé c6 thé st Iy bang cac chuong trinh chuyén dung khac.

Chan 3(TXD)
Chan 5(GND)
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2.2. Két qud

Céc thao tac thu ph6 huynh quang duoc tién hanh trén giao dién chinh cta chwong trinh.
Giao di¢n chinh cua chuong trinh do dugc trinh bay trén hinh 5.

342308 +5.77303424E-01

342,744 +B.75183516E-01
34318 +5.73329020E-01

343616 +5.73680203E-01

Luu 344052 +5.7ER04ET1E-01

344.488  +6.77452166E-01

344924 +5.74631105E-01
34536 +5.72570913E-01

7 Farm1
Chon phep do Chon Baudrate Spectrum
[Fo1t:DC Ea| [as00 | Channels
Channeld
Buoc lay mau(ns) Buoc guay motor(ms) "

200 1000 g

]

Tong =0 buoc lay nau 235 s

0 ]

¥ac nhan Buoc song(nm) Dien ap 2

!853.?38 |+1.453441EUE+UUI §

341.872 +B770R3527E-01 A E

o

Sl ol i wln ok
400 00 600 7o0 &00

Dong 345795 +5.73150083E-01 Wavelength(nm)
346.232  +5.75994E61E-01
346665 +5.7E421112E-01 |1(er, thuc
347.104  +5.73812940E-01 ~

Hinh 5. Giao di¢n chinh ctia chuong trinh

Ving quét budc song mic dinh ctia hé do 1a tir 340nm dén 854nm, s6 diém ldy mau 1a 1175
diém. Tuy nhién trong qua trinh do tily theo viing phd ta khao sat viéc lya chon viing phd quét co
thé thay dbi theo ta chon.

Sau khi quét pho két qua duoc luu lai dudi dang file *. bmp, *. txt, *. dat va c6 thé nhan dang
lai bang cac chuong trinh xir 1i ph6 nhu Origin.

Trong bai bao nay chung t6i xin trinh bay mot sb két qua ban dau ctia phép do phd dbi véi
mot s6 mau ma chung t6i di tién hanh kiém tra.

Pé kiém tra hoat dong cta hé do ching t6i thu phd ctia mot sé ddi tugng: Rhodamine B,G,
ruby, tom chua (ban trén thi truong) va Chlorophyll A. Rhodamine B,G dugc pha trong con véi
ndng d6 2.10° M/L. Dé tach chit mau trong mau tom chua chiing toi sir dung phwong phap sy
kho trong t6i & nhiét d6 60° C, sau d6 hoa tan trong ethanol. Chlorophyll A dugc tach tir 1a cay
bang dung mdi aceton 100%.

Phé huynh quang ctia Chlorophill A va Ruby dugc chung t61 tién hanh do thir va két qua
duogc trinh bay trén hinh 6a va 6b. Pho huynh quang cua Rhodamine B,G va tdm chua dugc trinh
bay trén hinh 7a va 7b.

0.76 1

1.00
673232 692 416
0.74
0.95 |
0.72
N 5 090
3 o070 2
2 2
3 oes] £ o085
S S
o
g 0.66 § 0.80 4
o Q
0.64 1
0.75 1
0.62 1
T T T T T 1 0.70 T T T T T 1
300 400 500 600 700 800 900 300 400 500 800 700 800 900
Buoc song (nm) Buoc song (nm)
Hinh 6a. Pho huynh quang cta Chlorophill A Hinh 6a. Pho huynh quang cua Chlorophill A
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. O , . Hinh 7b. Pho huynh quang cta chat mau chiét tir
Hinh 7a. Pho huynh quang cia Rhodamine. t6m chua

M1-Rhodamine G, C=2.10*M
M1-Rhodamine B, C=2.10"M

Tir hai dd thi 6a va 6b ta thay: cuc dai huynh quang ctia Chlorophill A va ruby thu dugc phu
hop véi ly thuyét.

Tir phd phat quang cua Rhodamine (hinh 7a) thu dugc chung ta thiy do nhay phat hién cua
thiét bi kha tét, dap ing dugc yéu ciu cia phép phan tich huynh quang.

Pho phat quang ctia chat mau chiét tir mau tom chua (hinh 7b) c6 cuc dai ¢ budc song 586
nm phil hop véi cuc dai huynh quang cua Beta-carotene theo 1y thuyét. Do d6 budc dau ta co thé
két luan su c6 mat cua Beta-carotene trong mau tom chua.

3. Két luan

- Hé do chung t6i vira trinh bay hoan toan c6 thé dap tmg yéu cau ciia mot hé do huynh
quang vé d¢ nhay ciing nhu tinh 1ap lai.

-Bo bién d6i quang dién la LED — PD c6 thé khic phuc dugc nhuoc diém cua cac hé do
huynh quang truyén thong do la s dung dén thiy ngén cao ap, loc sang va nhan quang dién.

- Hé do gon nhe, c6 thé di chuyén dé dang dép tmg duoc yéu cau do trén thyc dia.
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SU DUNG NGUYEN LY THU' NHAT KHAO SAT TiNH CHAT QUANG XUC TAC
CUA H,0 HAP THU TREN TiO, RUTILE

Pinh Son Thach® , Nguyén Poan Thanh Vinh®
2) Pai hoc Khoa Hoc Tu Nhién TpHCM, b Pai hoc Tién Giang
1. Gi6i thiéu

Tir co ché phan mg quang xtc tac ta thdy, gdc OH* 1a tac nhan chinh dé phan hiy cac chat
hiru co. Gbc OH* ¢6 thé dugc thanh 14p bang nhidu cach. Trong trudng hop TiO; rutile, vi bé
mit d3 dugc dehydrate hoa triét dé nén gbc OH* dugc sinh ra tir trong tac cua H,O véi 15 trong
ving hoéa tri. Do d6, hoat tinh quang xuc tac cua rutile ciing c6 thé dugc hiéu 1 kha ning phan
tmg v6i H,0 dé tao gbc OH* trén bé mit. Dé khao sat tinh chit quang xtc tac cua TiO,, trude
hét chung t6i thuc hién tdi wvu hoa ciu trac TiO, khdi va H,O. Sau d6 14n luot cac trudng hop:

Hép thu phan tir va phan ly ctia H,O trén bé mit (TiO,)7(110) (1)

Hap thy phan tir va phan ly H,O khi thay d6i dién tich bé mat TiO, ma khong thay d6i sb hat

(2)

Hap thu phan tir va phan ly H,O khi thay d6i dién tich va ting s hat cua cluster TiO, (3)

dugc tinh dén dé xac dinh kha ning thanh 1ap gbc OH* ctia bé mat TiO4(110).

Ngoai ra, ching t6i ciing khao sat truong hop TiO, & trang thai kich thich dé tim hiéu qua trinh
thanh 1ap goc OH* .

2. Phwong phap va thiét 1ap tinh toan

Cac tinh toan trong dé tai chi yéu duoc thuc hién biang module CASTEP. CASTEP
(Cambridge Sequential Total Energy Package) 1a mot trong sé cac module trong phian mém
Materials Studio 3.1 cua hang Accelrys Software.Inc. CASTEP dugc xdy dung trén co s¢ 1y
thuyét ham mat do dé nghién ctru cac tinh chit cta chat rin, bé mat tlep xuc.

Trong tinh toan, CASTEP dung phuong phap gia thé song phing, thay the 16i dién tir bang
thé hiéu dung tac dong Ién cac dién tir hoa tri. Con cac ham song dién tir hoa tri dugc biéu dién
thanh tap hop song phang. Tuong tac trao ddi twong quan giita cic electron duoc tinh bang
phuong phép gan diing LDA hodc GGA.

Céc thong s6 dugc thiét 1ap chinh trong tinh toan 1a:

Cén bang ap sudt v6i moi truong. Tuong tic trao ddi-twong quan dugc tinh bang phuong
phap GGA va ham PBE. Gia thé dugc tinh trong khong gian dao. So dd k-points theo
Monkhorst-Pack duoc thiét 1ap 1a 3x3x3. Nang lugng ngudng ung vai s6 diém k 1a 380eV. S6
diém dé bién d6i Fourier nhanh 1a 60x60x60. Gia thé Ultrasoft sir dung cho ca hai nguyén tir Oxy
va Ti. Pbi véi Oxy, cac dién tur hoa tri 1a 2s2 2p4, con Ti 1a 3s2 3p6 3d2 4s2.

Céc diéu kién hoi tu dugc thiét lap o: 5.104 A° - cho Displacement Tolerance
0.01eV / A° cho Max Force
0.02 GPa cho Max Stress
5.10 6 eV / atom - cho Energy change.

833



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

3. Két qua

3.1 TiO; khéi
3.1.1 Hang s6 mang

Bang 1. So sanh cac hing sé mang giita két qua th dwoc v6i cac cong trinh khac

Phuong phip =10 {j_]l.;mu dmc N =D .’%JT&“:D :j':'”c Y Tham khao

DFT(GGA/PBE) 4634 2959 0.880 0.028 This work
INDO 4418 3.014 3.831 1.858 [05]
Thuc nghiém 4.594 2.059 [17]

3.1.2 Bé réng ving cam

Do han ché cua phuong phap DFT la tinh khong lién tuc cua thé trao doi-tuong quan nén két
qua cua nang luong ving cam s€ khong chinh xac. Do do dé c6 két qua phu hop can phai hiéu
chinh nang luong vung cam bang toan tir Scissors.

Bang 2. Két qua tinh ning lugng ving cAm cia TiO2 rutile v6i toan tir Scissors =1.15e¢V so sanh
thu nghiém véi cong trinh khac

Phutang phap Eo (el Sa1 s0 (%) Tham khao
DFT(GGA/PBE) 2978 0.733 This work
Thiee nehidm 30 [20]

3.2 Téi wu héa H,0
Bang 3. K¢t qua tinh toan chiéu dai va goc lién két ctia phéan ti H20, so sanh voi thuc nghiém

Tinh todn Thure nghiém Sai1 50 (%)
log =0972 4" Jog =0.95 4" 2316
HOH =10519 4" | HOH =10445 A" 0.708

Tur két qua mat do trang thai, hiu vi tri gilra cac dinh 1an luot 1a:

Bang 4.Két qua hiéu vi tri giira cic peak, so sanh vé6i thuc nghiém va cac phuong phap khac

Phwrong phip 2a1-1b2 | Sa1s0 | 1b2-3al Sai_sc\ 3al-1b1 | Sai so Tham

SR (eV) (25) (eV) (%) (eV) (%) khao
DFT({GGA/PBE) | -11964 [ 12020 -31.021 3184 -1.952 24 This work

Thuc nghiém -13.6 -3.8 -2.0 [16]

Nhién xét: Ta thay, cac két qua c6 thé chip nhan duoc, cach thiét 1ap thong sd va phan tich két
qua la phu hop. Do do6 c6 thé c6 thé st dung cac di¢u kién nhu trén dé ti€p tuc tinh toan.

3.3 Téi wu héa bé mit TiOx(110) ‘ ,
Bang 5. Két qua dg dich chuyén cia cia cac nguyén tir Ob va TiSf trén bé mat sau khi toi uu, so
sanh v&i thuc nghi€m va cac phuong phap khac

Phwrong phap 0 (A% Tiss (A% Tham khao
DFT{GGA/PBE) —0.002 —0.18 This work
DFT(GGAPAW) —0.005 —0.17 [00]
Embedded cluster —0.22 —0.10 [06]

Thire nghiém =0.27=0.08 —0.16+0.05 [07]

834



Advances in Optics, Photonics, Spectroscopy and Applications Sept. 2008, Nhatrang, Vietnam

3.4 Trwong hop hdp thu phén tiv

Dé khao sat truong hop hap thu phén tr, ching t61 st dung cac phuong phap khac nhau la Co
hoc phan tir va Thi wu hoa ciu truc. Trong t6i uu hoa cu trac, chung tdi sur dung lan luot ca hai
thuat toan 1a BFGS va Damp MD. Két qua thu duoc khi khao sat bang cac phuong phap khac
nhau phan tir H,O déu hap thu & vi tri nguyén tir Ti5f trén bé mat (TiO,)(110) con hinh dang hap
thu ciia H,O sau khi tdi uu ¢6 dang nhu trong hinh 1.

Hinh 1-Vi ri va hinh dang H:O hdp thy Hinh 2-Vi i va hinh dang H,0 Fm;u thu
Dhdn fir trén bé mar TiQ110) phidn by trén bé mar TiOy110)
trong d6 ta ky hiéu nguyén tir Ti ma H,O hap phu trén d6 1a Ti5f, nguyén tir Oxy ciia TiO; tao
lién kiét véi Hydro cua H,0 1a Ob, con nguyén tir Oxy ctia H,0 1a Ow.

3.5 Truong hop kich thich

Pé khao sat hé ¢ trang thai kich thich, ta chon cach tinh nang lugng (Task Energy) va gia st
chi c6 mot dién tir chuyén 1én ving dan. Cac thiét 1ap tinh toan ciing tuong ty nhu trén. Két qua
ta co:

Hinh 4-Hap thu phdn ik ¢ trang thai kich thich

Hinh 3- (TiO+110) o trang theai kich thich
Bing 6. Dién tich cic nguyén tir Oxy trén bé mit (110)

Bién tich Oy, 010 014
o trang thai kich thich 0.00 -0.09 -0.19
Bang 7. Dlen tich céc nguyen tir Ti trén bé mat (1 10)0 trang thai kich thich
Dien tich Tiss T17
0.11 0.4

Bang 8. Khoang cach gilra cac nguyén tir Oxy trén bé mit (110) voi nguyén tir Oxy ciia phan tir
H20 trong truong hop hap thu phan tr ¢ trang thai kich thich

Khoang cach (A")

0,-O1a

0,-Oy,

Dw'ob

2674

3.006

835

<2674




Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

Trong trang thai kich thich, so sanh dién tich cta cic nguyén tir Oxy va Ti trén bé mat (110),
khoang cach gitra nguyén tir Oxy cua H>O (ky hiéu 1a Ow) vdi cac nguyén tir Oxy nay ching toi
thdy khi & trang thai kich thich, s& thuén loi hon khi H,O hap thu & vi tri Ob nhan 16 tréng ciia
TiO2 va phan ly thanh gbc OH, géc OH tré vé lién két voi Ti5f.

3.6 Trwong hop hdp thu phén ly
Tir khao sat & 3.5, két qua hip thu phan ly H,O trén bé mat (110) dugc biéu dién & hinh 2.

4. Nhén xét két qua

Phan tich mét d6 trang thai cac truong hop kich thich ta thiy & trang thai kich thich trong
khoang nang lugng tur 0 + -3, tir -5 + -6.5, -10 + -15 va tir -27 =30 eV c6 su xen phu nhau cac
mat d6 trang thai ctia Ob va H,O. Do c6 su xen phii 1an nhau mat d6 trang thai trong trudng hop
kich thich nén H,0 c6 thé d& dang nhan duoc 16 tréng ctia Ob.

CASTER Partal Daray of Statm

CAGTER Pt ety of Stades

Dy of Statmn dabacranmnd]
Dorndy of Fates foodimey el 14

L4
1 1 |
1,24

Lz 1
i.04

LD i |
LT ! [T
' 1 |

sk

o | B4
1 5 H 1

az Jl i i i iq
i v al f)

o A A A Y N FA.F | W L T I N 5 W | o

-m - = -4 -m -m -1a a ] Lol £l 1] -4 -3 - Eul
e [d] Erargey (k)

—_— B I L

Hinh 5- Mdr do trang thai riéng cila H,0 trong
hdp thu phdn ik o vi tri Oy trang thai kich thich

Hinh 6-Mdr da tramg thai viéng ciaOy khi hdp rhu
=] o
H:0 ¢ rrang thai kil thich

Bang 9.Ning luong hap thy phan tir

Nang luo'ij_g hap thu Tham khio
(kcal/mol)
-22.3036 This work
-14 =-24 Thiee nghiém [11]

Bang 10. Chiéu dai lién két Tisr-O,,

I, 0, (A" Tham khao
2.255 This work
221+ 002 Thue nghiém [02]

Ngoai ra, trong truong hop (1), nang luong hap thu phéan tr va chiéu dai lién két giira Ti5f
phtt hop tét voi thue nghiém. Ning lwong hip thu phan ly cao hon hip thu phan tir chi 2.4721
kcal/mol cho thiy c6 kha nang ton tai ca hai dang phan tir va phén ly trén bé mat TiO»(110).

Khi thyc hién khao sat cac truong hop (2) va (3), xu huéng ching t6i thu duoc cling 13 ¢ thé
ton tai dong thoi ca hai dang phén tir va phéan ly. Nhu vdy chung t6i két luan, H,O c6 thé ton tai &
ca hai dang phan tir va phan ly trén bé mit TiO2(110). Ning luong hip thu phéan tir H,0 1a -
22.3036 kcal/mol, chidu dai lién két Ow-Ti5f 1a 2.255A° , con niang lugng phan ly cao hon
khoang 2.4721 kcal/mol. Nhu vy qué trinh quang xtc tac ctua TiO, c¢6 thé hinh dung mét cach
khai quat nhu sau: khi & trang thai co ban, H,O hép thu & vi tri Ti5f. Khi ¢ trang thai kich thich,
phan tir H,O di chuyén qua vi tri Ob nhén 15 trong ctia Ob phan ly thanh H+ va OH* , H+ lién
két v6i Ob thanh 1ap gbc ObH, OH* trd vé lién két v6i Ti5f thanh 1ap nhom Ti(OH).
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5. Két luin

Qua tinh toan céac truong hop: hip thu phan tir, TiO,(110) & trang thai kich thich va hap thu
phan ly H,O trén bé mit nay, chung toi thu dugc két qua: Trong hap thy phén tir, ning luong hap
thu phan tir 1a -22.3036 kcal/mol va chidu dai lién két gitra Ti5f va Ow 1a 2.255A°. Cac két qua
nay phi hop tét v6i thue nghiém. Con ning luong hip thy phan ly cao hon hip thy phan tir chi
2.4721 kcal/mol.

Bang 11.Céc két qua trong hép thu phan tir

In o ( A':} Nan g} lug'n. o hs?p thu
- (kcal/mol)
2255 -22.3036

Do chénh 1€ch nang lugng hap thy nho nay cho thdy c6 kha niang ton tai ca hai dang phan tir
va phén ly trén bé mat TiO,(110). Dong thoi tir mét d6 trang thai cua Ob va H,O & trang thai
kich thich cho thiay TiO; c6 kha ndng phan ly H>O cao hay noi cach khac TiO; c6 hoat tinh xuc
tac cao.
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SOME PROBLEMS IN IMPROVING CURRICULUM OPTICS
IN TRAINING OF PHYSICS TEACHERS OF EDUCATIONAL FACULTY OF
CANTHO UNIVERSITY WHEN APPLYING CREDIT PROGRAM

Nguyén Thj Thu Thiy, Nguyén Hiru Khanh, Nguyén Hong Nhung,
Lé Chi Hiéu, H6 Minh Nhut

Pai hoc Can Tho

Abstract: Ensuring the quality of higher education is a big problem in universities in Vietnam. In
our Physics Department at the School of Education, Can Tho University, we have restructured the
physics teacher education program in light of credit-based. In the course “Optics”, we have gained
some initial results from designing and teaching the course after a year of implementing the
credit-based system. Also, we have gained insights into how to ensure the quality of teaching
Physics- Optics.

1. D3t vin dé

Pam bao chét luong dao tao Gido vién giang day Vat 1y ¢ Truong Trung hoc Phé thong 1a
mot cong tac trong tdm cua B mon Vat 1y Khoa Su pham Dai hoc Cén Tho hién nay. Nam
2007-2008, thyc hién chu truong cua BY, Truong vé cai tién chuong trinh dao tao, ching toi da
budc dau thuc hién cai tién chuong trinh dao tao Gido vién Vit ly, trong d6 c6 chuong trinh
Quang hoc. Mot vai két qua budc dau dugc dé cap sau day trong viéc cai tién chuong trinh- phan
Quang hoc cho vi¢c chuan bj hoan chinh chuong trinh dao tao Su pham Vat 1y- Dai hoc Cén
Tho nam 2009 sép t6i.

2. Cii tién chwong trinh hoc phin quang hoc cho gido vién day vat Iy trung hoc pho thong
theo hoc che tin chi tai dai hoc Can Tho.

Nhitng thuan loi va khé khin khi cai tién chwong trinh Quang hoc
2.1.1. Thuan lgi

- C6 chu truong, Qui dinh cua ctia B, Truong

- Puogc sy quan tdm, tng hd ctua lanh dao Truong Bo

- Nguon nhan lyc thyc hién day tdm huyét, kha nhat tri dong long, quyét tdm cai tién chuong
trinh

2.1.2. Kho khan

- Thiéu thoi gian, kinh phi
- Thiéu thong tin vé kinh nghiém céi tién chuong trinh

Mot so yéu cau cai tien chwong trinh Quang hoc

- Chuong trinh dao tao tin chi méi (3 tin chi) véi lugng kién thirc dat chuan cua chuong trinh ma
céc truong tién tién trén thé gidi dang dao tao

- Chuong trinh dao tao gidp rén luyén tinh nang dong, sang tao cua sinh vién

- Trude khi tiép can véi chuwong trinh, sinh vién ¢6 thong tin vé c4n bo giang day; vé hoc phan
can phai hoc trude khi hoc hoc phan, vé ndi dung moén hoc, cach danh gid, tai liéu, thoi han hoc,
lich ngp bai (sinh vién tu xay dung chuong trinh cd nhan phu hop dua trén chuong trinh khung
cua nganh dang hoc).
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Céc hoat dong cu thé -thwe hién cai tién chwong trinh Quang hoc

- Nhitng bwdc thuc hién co ban hwong toi hoan thién chwong trinh 2009
Budce 1 : Thuc hién cai tién theo chi dao vé co cAu giam hé sé, c6 thdo luan, ban luan trong nhém
giang day
Budc 2: LAy y kién sinh vién va cyu sinh vién- Tap huén cdn bd Quan ly- Hoi thao
Buéce 3: Hoan chinh cai tién chuong trinh dao tao— Quang hoc nam 2009
- Xay dung Tém tit mén hoc
-bé cuong mon hoc
Pé cuong chi tlet ctia hoc phan giup sinh vién c6 thong tin (xem phu lyc 1): V& mon hoc: tén
mon hoc, mi sd, sb lugng tin chi, cu thé Ve s6 luong gio 1y thuyét, thuc hanh;Vé giang vién day;
Vé hoc phan tién quyet. cac mon hoc can phai hoc trude khi hoc hoc phan, Vé ndi dung: Muc
tiéu ctia hoc phan; D& cuong cu thé trong timg chuong, timg muc; Phuong phdp giang day; Pénh
gid hoc phan; Tai liéu tham khao
- Xdy dung Ké hoach mén hoc
K¢é hoach mon hoc gitp sinh vién c6 thong tin vé ké hoach va noi dung rét cu thé vé mén hoc
dbi voi nhém 16p hoc cta minh dang hoc
1. M6 ta mon hoc
2. Muc tiéu mon hoc Vé kién thirc -Vé ky ning
3. Phuong phédp giang day
4. Banh gid mon hoc: — Piém hoat dong/ hién dién trén 16p
— Kiém tra gitfa ki:..... lan
— Kiém tra cudi ki (hodc 1am Bai tap 1on)...
e K& hoach— ndi dung cu thé: Tudn- Chu dé- Bai doc va céc tai liéu khéc- Chuédn bj
+Nhi¢m vu hoc tap cua sinh vién - Hinh thirc 1am vi¢c trén 16p
*  Thoi han ndp bai- dia diém

2.4. Vai két qua dat dwoc qua xdy dung Chwong trinh dio tao Quang hoc

2.4.1. Két qud ciia cdc hoat dong khdo sdt y kién ciia sinh vién

-Ngi dung chinh ciia chwong trinh dao tgo Quang hoc:
. Chuong 1: M¢ dau

. Chuong 2: Giao thoa dnh sang

. Chuong 3: Nhiéu xa 4nh sang

. Chuong 4: Quang hinh hoc

. Chuong 5: Su phan cyc dnh sang

. Chuong 6: Truyén 4nh séng qua mdi trudng dang hudng
. Chuong 7: Btic xa nhiét

. Chuong 8: Tinh chét luong tir 4nh sdng

. Chuong 9: Hién tuong quang hoc phi tuyén

-Két qua khdo sdt sw lién thong vé kién thirc Vit Iy Cao ding- Pai hoc
Vé co ban c6 thé néi hoc phan quang hoc ¢ nganh su pham Vat 1y- PHCT c6 tinh lién thong kién
thirc voi chuong trinh Quang hoc 6 THPT. Chi ¢6 mot so it phan 12 khac nhau (Phu luc 2)
-Két qud khdo sdt y kién 150 sinh vién vé hoc phan Quang (sinh vién da hoc Quang hoc- tin
chi)
a.Phan khdo sdt chung
+Chuong nao ban c6 thé tu hoc ¢ nha?
Chuong 1: 69%:;
Chuong 2: 62%:;
Chuong 4: 62%:;
Chuong 8: 16%;
Céc chuong con lai: 0%;
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+ Theo ban d6 kho cua hoc phﬁn Quang hoc 1a?

Dé: 0%; Via: 53%
Khé: 45%; Qua khé: 2%
+Sau khi hoc xong, luong kién thirc ban nam virng?
Tu 25-50%: 16%
Tu 50-75%: 73%
Trén 75% : 11%

b.Phdn khdo sdtdé kho ciia tirng ngi dung chwong trinh

Két qua (Xem bang 1)

2.4.2. Thir nghiém Xay dung chwong trinh Quang hoc —Lién thong (chudn héa Cao ding-

Dai hoc gom 40 tin chi)

. Ve khéi luong: Chuong trinh phan
Quang gém O1 tin chi va ndm trong hoc phan
Vat ly dai cuong-Dién Quang (02 tin chi)

« V& noi dung : On tap kién thuc cii va
bd sung nhitng kién thirc chwa c6 & chuong
trinh Cao dang

« V& phuong phédp day- hoc: Hoc vién
thuc hién seminar bdo cdo vé cdc nodi dung ly
thuyét- Chia nhém giai bai tap

Bién phdp: hd tro hoc vién chuin bi
phuong phédp hoc tét : b tri hoc phan dau tién
chuong trinh 1la Phuong phdp nghién ctu
Khoa hoc — Vat 1y, gitip hoc vién biét ty hoc
va nghién ctru trinh bay cdc cong trinh nghién
ctu khoa hoc trinh bay bdo cdo, tom tat khoa
hoc,.

Glal phdp cii tién trong day hoc Quang
hoc - tin chi qua théng ké y kién

- Vé phia nguoi day:

Tao diéu kién cho sinh vién tw hoc mot sb
phan kién thic twong d6i don gian d& hiéu,
vira tiét kiém thoi gian 1én 16p vira rén luyén
kha ndng tu hoc cho sinh vién, nén c6 kiém tra
viéc tra 101 cac cau hoi, thuc hién cidc nhiém vu
hoc tap;

Giao nhiém vu sinh vién bdo cdo nhiing
phan dd doc theo nhém va 1a phan danh gid
diém gitra ky. Céch 1am nay vira rén luyén cho
sinh vién kha nang trinh bay, hitu ich khi di
thuc tap su pham, dong thot gido vién c6 thé
kiém tra mirc d6 nam viing kién thic cua sinh
vién, kip thoi diéu chinh nhimng sai s6t cua
sinh vién;

Bang 1: Két qua ty ddnh gid ndi dung ting
chuong- phan Quang hoc cua sinh vién

NoOi dung khao Sinh vién ty danh gid

st Dé | Vua | Khé | Qud
kho

Chuong 1. Mé& | 60% | 36% | 4% 0%

dau

Chuong II. Sy | 11% | 73% | 16% | 0%

giao thoa &nh

sdng

Chuong O | 6% | 73% | 16% | 0%

Nhiéu xa dnh

sédng

Chuong IV.|2% |56% | 40% | 2%

Quang hinh

hoc

Chuong V. Su | 6% |34% | 58% | 2%

phan cuc danh

sédng

Chuong VL |7 % |40% | 49% | 4%

Truyén anh

sdng trong moi

truong  ding

hudng

Chuong VIL |4% |43% |49% | 4%

Birc xa nhiét

Chuong VIIL | 6% |34% | 51% | 9%

Tinh chét

lugng t&r 4anh

sédng

Chuong IX. 4% |7% |71% |18%

Hién tuong

quang hoc phi

tuyén

Chia nhdm sinh vién gidi bai tdp Gido vién c6 thé chia 10p ra nhiéu nhém tao diéu kién sinh
vién rén luyén ca k¥ ning bai tap va k¥ ning lam viéc theo nhém, tiét kiém thoi gian.
Ve phia nguoi hoc: Poc tai li€u, hoc tap tich cuc, chu dong, sang tao; On tap kién thirc theo
timg chuong sau khi hoc xong. Céch tém tit d& hiéu nhét theo sinh vién 1 tém tit theo so dd
ciy; Lap nhém giai bai tap: han ché chan nan do khong 1am duoc bai, hiéu qua rat tot
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Két qua: Qua phong van 100% y kién Giang vién day ¢ hoc ky thir nghiém hai long vé kha nang
tu hoc, tu nghién ctru cua sinh vién: chu dong, tich cuc, sing tao va tiép nhan tri thic tét hon so
vO1 cdc nhom cung nganh.

3. Két luan - kién nghij

Chu trurong dao tao theo tin chi 12 hiéu qua trong dao tao. Viéc nghién ctru 1y ¥ kién nguoi
day, nguoi hoc la can thié, g6p phﬁn quan trong cho viéc nang cao chét lugng dao tao. Day hoc
theo tin chi néu c6 su dong thuan, phdi hop chat ché giita cdc hoat dong ctia ngudi day va ngudi
hoc, s& vira tang chat lugng day- hoc, vira ting cuong cac ky nang Su pham, tu hoc, tu nghién
clru, trinh bay, bdo cdo, 1am viéc nhom, tinh cong ddng cua sinh vién.

Tuy vay, néu c6 kinh phi, phai thyc hién tiép tuc mé rong viée thu thap y kién, danh gi cua
cdc dbi twong khéc: curu sinh vién, ngudi quan 1y, st dung sinh vién..

Tai liéu tham khao

1. Luong Duyén Binh — Var Iy dai cwong — NXB gido duc -1998

2. Hoang Xuan Dinh — Quang hoc — DPHCéan Tho -2002

3. Huynh Hu¢ - Quang hoc — NXB gido duc 1981

4. Nguyén Hiru Khanh — Quang hoc — PHCT 2000

5. Nguyén Thé Khoi - Vit Iy 11 ndng cao - NXB gido duc 2007

6. Nguyén Thé Khoi — Vit Iy 12 ndng cao - NXB gido duc 2008

7. L& Phuodc Loc— Phan tich chuwong trinh Vat Iy PTTH- PHCT 1994

8. Dao Van Phic - Vdr Iy 12 - NXB gido duc 2003

9. Ngb Qudc Quynh — Quang hoc - NXB DH va trung hoc chuyén nghiép 1972
10. Hoang Hitu Thu — Co s¢ Vat 1y tap 6 — NXB gido duc 1998

* Cac trang WEB:www.ctu.edu.vn/departments/daa/quyche/Bo_tinchi_2007.pdf ;
www.moet.gov.vn ; .www.vatlysupham.com

Phu lucl: Mﬁu bé cuwong chi tiét thuce hién nam 2008 tai Dai hoc Cél;t Tho ‘
BO GIAO DUC VA PAO TAO PE CUONG CHI TIET HQC PHAN
TRUONG PAI HQC CAN THO

Hoc phén: tén tiéng Viét
tén tiéng Anh
SMASE:
- S6 Tin chi: ...
+ Gio 1y thuyét: .............
+ Gid thyc hanh/bai tap/dd an/...: ......

1. Thong tin gidng vién

TEN ZIANG VIEN: vevevrerenrernrrrnrennsconncons (ghi 16 hoc vi, hoc ham)

Tén nguoi cung tham gia giang day: ..................... (ghi rd hoc vi, hoc ham)
Ponviicooooi

Piénthoai: ...

E-mail: ...

2. Hoc phén tién quyét: (hoc vién can phai hoc phan nao trude dé- ghi ma sd)
3. Noi dung
3.1 . Muc tiéu: (hoc vién s& duoc linh hoi nhitng gi?, ¢6 dugc k¥ ning gi sau khi hoc?, hiéu
biét gi sau khi hoc? van dung vao nhiing hoc phan/linh vuc gi?)
3.2. Phwong phap giing day: (ly thuyét, tinh hudng, tham quan, bai tap...? C6 thé duara ty
18 gid cu thé)
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3.3. Panh gia mén hoc: mdi hoc phan gom téi thiéu 2 phan ddnh gid trong cdc phan: phan
thuc hanh, ddanh gid nhdn thire, thao ludn, chuyén can, kiem tra giita ky, do dn, thi
ket thiic. Phan thi ket thiic la bat buoc phai cé va chiem ty ¢ khong dudi 50%.

- Thuc hanh %

- Kiém tra giita ky: %

- D6 4n %

- Chuyén can %

- Thi két thiic % (ty 1€ khong dudi 50%)
4. Pé cwong chi tiét: (néu nhiing van d& chinh hoc vién s& dugc hoc tap va trao )

Noi dung Tiét — budi

Chuong: 1 5t
1.1....

5. Tai liéu ciia hoc phin: (liét ké hién c6 gido trinh, bai giang, sach chuyén khao, tham khao?
Ngay..... thdang... nam
Duyét cia don vi Nguwoi bién soan

“Phu luc 2: Cdc ndi dung khac nhau gitra chuong trinh Quang hoc CP Vat 1y ky thuat- Can
Tho va chuong trinh Su pham Vat ly- PH Can Tho

Bang 2: So sdnh ndi dung Phan Quang hinh hoc (trich)
Cao dang Vat 1y k¥ thuat Can Nganh Su pham Vat 1y, DPHCT
Tho

- Nguyén 1y vé tinh thuan nghich ctia chiéu truyén dnh
sang.

- Soi quang, cdp quang, thong tin bang séng 4nh sdng
dung soi quang.

- Ludng chit phing, ban mat song song.

Bang 3: So sanh ndi dung Phan Quang hoc vt ly (trich)
Cao dang Vat ly - k¥ thuat Nganh Su pham Vat 1y, DPHCT
Can Tho

- Anh huéng cta kich thudc ngudn 1én hién tuong giao
thoa.

- Giao thoa nhiéu chiim tia.

- Nhiéu xa tia X.

- Nang suét phén giai cta cdc dung cu quang hoc.

- Holography.

- Moi trudng c¢6 hé s6 hap thy 4m
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SOME WAYS IN ENVIRONMENTAL EDUCATION
AFTER TEACHING PHYSICS OF THE TENTH CLASS

Nguyén Thi Thu Thiiy, Dwong Bich Thao, P§ Thi Phuong Thao, Nguyén Hong Nhung
Pai hoc Can Tho
1. Pit van dé

Moi trudng va su phdt trién bén viing c6 lién hé chit ch&. Hoat dong cua con ngudi giy nhiéu
anh huong dén moi truong (MT). Mai chiing ta trong nganh gido duc cin 1a mot thanh vién tham
gia gido duc moéi truong (GDMT). Ngoai gio hoc chinh khoa 16ng ghép gido duc bao vé MT,
viéc thiét ké noi dung mo dun va giang day cac m6 dun Vat Iy -MT sau céc gio hoc Vatly ciing
gitip gido vién day Vat 1y c6 thé tiép tuc tuyén truyén, van dong bao vé MT. Vai hoat dong
GDMT ngoai gid 1én 16p Vat 1y 10 da dugc ching t6i thyc hién thir nghiém tai TP. Cén Tho.

2. Vai bién phap thir nghiém gido duc méi trwong ngoai khoa dwa trén
nodi dung vat ly 16p 10

Nhiéu n6i dung chuong trinh Vat 1y 10 lién quan dén méi truong va GDMT c6 thé thuc hién
ngoai gio 1én 16p voi nhiéu hinh thire ngoai khoa: lao dong nhe, sinh hoat chi doan, lam bao
tuong ...

Uu diém cta hoat dong ngoai gid 1én 16p ngoai khéa: Hoc sinh c6 diéu kién hiéu sau hon cdc
kién thirc Vat 1y, ham thich hoc Vit 1y; Gido vién c6 diéu kién khai théc ni dung sau hon, thyc
te hon.

2.1. Hogt dong day ngogi khéa Vit ly - GDMT voi médun “Cadc dinh ludt bdo toan”

Ch@ng toi da thr nghi€ém hinh thtrc tiét hoc ngoai khoa: “vtra hoc vira choi”, rat bo ich, gig
tang kién thirc, nhung khong gy ap luc cho hoc sinh trong GDMT tai truong Trung hoc phod
thong (THPT) Nguyen Vi¢t Hong -TP Can Tho

2.1.1. Nguyén tdac chudn bi va phirong phdp thiee hién buéi ngoai khéa

Nguyén tdic:

- Str dung nhiéu hinh anh minh hoa dé cac em ty kham pha néu 1én véan dé.

- Danh cho cc em nhiéu thoi gian thao ludn, trd 161 cau héi theo nhom.

- Tao khong khi nhe nhang, than thién, tranh gay ap luc cho hoc sinh.

- Khuyén khich nhiing cdu tra 10i hay bang cich ting nhimg moén qua nhé cho nhom cé
nhirng cau tra 161 thao luan hay.

- Danh mét s6 phut cudi cho myc db vui co thuong dé cung b kién thirc.

Thyee hién day ngoai khéa vé cdc dinh ludt bao toan va GDMT:

- Bai giang: Dung PowerPoint lam phuong tién hd trg day hoc, luu ¥ sir dung ngdn ngit ngan
gon, chon loc, nhiéu hinh anh minh hoa tranh gay nham chan cho hoc sinh va phai dugc chuén bj
theo diing cac nguyén tic, myc tiéu de ra.

Vi du: Pua céc hinh anh goi ¥ tét dé hoc sinh ty nhan dién nhitng dang nang lugng dic trung,
tiét kiém; Dung nhitng hinh anh, ¢ tinh phé phdn cao va hoc sinh ty néu ra Giai phap dé tiét
kiém dién nude (phu luc 1)

- Noi dung: Khai niém nang lugng, dinh luat bao toan nang lugng; cac ngudn nang luong va
viéc su dung cung nhiing anh huong d6i v6i MT; Su can kiét cdc nguon nang luong; khai thac
cdc ngudn ning lugng méi, sach dbi voi MT, vo tin

- Phuong phap giang day: Bao cdo, thao ludn nhém, dam thoai goi mé
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Cdc dung cu hé tro khdc: Nhimg bang thao luan cta cdc nhom; Cac td gidy nhiéu mau sic,
but 16ng, bing keo 2 mat dé hoc sinh viét cau tra 161 va dan 1én bang cua nhom (gitdp hoc sinh
trinh bay ¥ tuéng ctia nhém sau khi thao luan); Mot s6 phan qua nho (banh keo, viét, tap v.v...dé
kich thich sy hiang hdi 1am viéc, dat két qua cao); Chuan bi ban ghé theo kiéu thao luan nhom;

2.1.2. Két qua

Qua tiét ngoai khéa tai Trudong THPT Nguyén Viét Hong:

+ Hoc sinh dé tham gia thao luan rt hao hing va nhiét tinh, da dua ra nhiéu giai phdp rat cu
thé tiét kiém dién nudc (tit dién nudc khi khong can thiét, sir dung thiét bi tiét kiém dién, han
ché sir ~dung thiét bi cong sudt cao vao cdc gid cao diém, thay cdc vdi nude khong khéa duoc
nudc tot,

+Hoc sinh dit cAu hoi va quan tim dén cdc loai nha mdy dién, hudng phat trién, giai phép
nang luong dién tuong lai cua Viét nam

Qua théng ké cac phiéu tham do ¥ kién, quan sat, phong van: cdc em hleu r0 hon céc loai nha
mdy dién, céc loai nhién/ nguyén liéu cung cap cho nha mdy dién , nguon nhién liéu nao dé bi
can kiét; Y thirc tiét kiém dién, nudc ting, dua nhiéu giai phdp cu thé tiét kiém dién nude va cai
thién moi truong xung quanh

2.2. Hinh thirc thi hiing bién va thi thoi trang tdi ché, thoi trang xanh véi mé dun “Vit Iy va
moi truong’”
2.2.1. Ké hoach thuec hién

Poi twong: Toan thé hoc sinh dd hoc Vat 1y 10 THPT Ly Tu Trong- TP Can Tho; tu nguyén
dang ky tham gia

Néi dung cudc thi: Thi thuyét trinh vé& cdc van dé Vat Iy ¢6 lién quan dén mdi truong; Thi
thoi trang tai ché va thoi trang xanh (Nguoi du thi tu chon)

Yéu cdu trinh bay: Thuyét trinh cdc van dé Vat 1y- MT, canh bdo vé cdc hiém hoa mdi truong
da, dang va s& din ra, “em sé lam gi c6 thé cdi thién dwoc vian dé ma em da thuyét trinh” (yéu
cAu san pham thlet thuc, chat luong, giai phap kha thi) ( phu luc 2)

Chdm thi cdp truong: So tuyén va chung két

2.2.2 Phuong phdp thuc hién

Phéi hop ciing Ban Gidm hiéu, gido vién trudng, c6 treo bing ron quang cdo vé cudc thi, goi
thu moi cdc Trudng c6 lién quan trong T chirc, vin ¢&& GDMT; S& Gido duc dao tao, Céc don vi
béo, dai dia phuong tham du bubi thi chung két.

Vong so tuyén: C6 nhéan xét, £0p y noi dung, hinh thirc trinh bay cho mdi tiét muc dy thi ctia
cdc thanh vién Ban Gidm khao dé cai thién chat lugng cua tiét muc.

2.2.3 Két qud thu dwoc

Céc van dé Vat ly- MT dugc hoc sinh trinh bay mdt rat céch ro rang, nhiéu hinh minh hoa
tha vi dugc chon loc k§ ludng (Sur nong lén toan cau, Giam khi thai, Hi¢u ung nha kinh, Sir dung
nang lwong sach,..). Nhiéu minh chimg cho thiy 15 hon vé van de O nhiém MT gia ting (Con
ngueoi hdt hoi nhiéu hon, Pong vdt di chuyén noi cw tri, Su bién mdt ao ho, Cdc day niii nhd cao
hon, Ngap lut, chdy rimg thuong xuyén hon,..).

Cic em da c6 nhimg giai phdp rat thiét thuc bao vé MT sdng va tiét kiém nhién liéu (S
dung pin mdt troi, pin nhién liéu hydro; Str dung nang liwong dia nhiét, thiy triéu; Can dp dung
thué phdt thdi chat 6 nhiém; Can c¢é chinh sdch dan sé phiv hop; Can cham dirt nan dot va phd
rung;...)

Cic em dd néu 1én nhiéu suy nghi méi, cu thé, hitu ich cho viéc bao vé MT (Tdr cd khong
ditng ngoai cudc, phai tham gia bao vé MT, tuyén truyén van dé MT mdt cdch bén bi; Khi ding
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ky tham gia cugc thi nay, em nght rang em tham gia cho vui vi em rat thich mon Vit Iy. Tuy
nhién, cang lam, cang tim hiéu van dé, em cang cam thdy kinh hoang truwde nhing gi dang dién
ra cho trdi dat than yéu ciia chiing ta, cho cudc song va twong lai ciia con ngudi...hdy chung tay
gop suec bao vé MT ...)

Bai bdo "Hanh dong ngay hodc khong bao gio”, bai dang trang 11- Bdo Tudi tré ngay
11/5/2008 (phu luc 3) ciing 1a mot minh chimg hiing hon cho két qua cta cudc thi.

2.3. Bai hoc kinh nghiém

- Lyc lugng gido vién néu duoc hd tro, quan tam cua lanh dao nha truong s€ la luc lugong
tham gia gido duc moi truong mot cach hiéu qua

- Hoc sinh néu duoc tham gia cic hoat dong GDMT vui tuoi, phit hop s& duoc bo sung kién
thirc va tham gia bao vé moi truong mot cach ty nguyén; Qua hoat dong GDMT, ngoai tang su
hiéu biét, y thirc bao vé mdi truong, hoc sinh con phat trién tri thong minh sdng tao, tinh doc 1ap
trong hoc tap, k§ nang néi trudc cong ching, nang khiéu thAm m¥, hiéu biét xa hoi va doan két
cong dong; Mbi hoc sinh dugc GDMT tdt s& 1a thanh vién cua luc lugng GDMT

3. Kétluan

GDMT théng qua hinh thirc ngoai khéa sau gio hoc Vat 1y 10 1a bién phdp phit hop, thiét
thyc va dat hi¢u qua. Hoat dong GDMT giup hoc sinh vira hao himg, tang cudng tinh tu gidc
trong nhén thirc céc van dé moi truong, tham gia bao vé MT, vira phat trién pham chat, rén luyén
nhan cach, vira trd thanh nha GDMT moi.

Thiét ké va giang day cdc md dun Vat Iy -MT véi cdc hinh thirc, bién phép thuc hién phi
hop véi GDMT 1a nhiém vu caa Gido vién Vat ly: cting hoc sinh hiéu biét hon vé MT va cling
nhau Bao vé MT

Tai liéu tham khao

1. BO gido duc va dao tao- Du An Qudc gia VIE —Chuong trinh phét trién Lién hop qubc, Cdc
huéng dan chung vé gido duc moi trirong- Ha ndi, nam 1998

2. B0 gido dyc va dao tao- chuong trinh phat trién cta Lién hiép quéc UNDP & DANIDA,
Thiét ké mau mét s6 modul Gido duc méi truong & truong Phé thong, Ha No1 2003

3. Chuong trinh nghi sy cta Viét Nam, Pinh hudng chién lwpc phdt trién bén viing ¢ Viét Nam,
- Ha n6i, nam 2004

4. Nguyén Puc Khién, Moi trieong va phdt trién, NXB Khoa hoc K¥ thuét, nim 2001

5. L& Phudc Loc, Li lugn day hoc Vat Ly, Pai hoc Can Tho, nam 2004.

1.Phu luc 1:

Hinh 1: M4t Hinh anh dﬁr sir dung cho tiét Hinh 2: Hoc sinh 16p 10A truong THPT
giang: giai phap tiét kiém dién - Nguyén Viét Hong tham gia thao ludn trong
buoi ngoai khéa ngay 14/12/2007
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2.Phu luc 2: Thong bdo va chwong trinh ciia cau lac by Vit IyCau lac by Vit ly Truong
chwong trinh cdu lac by Vit ly - Trwong THPT Ly Ty trong

- THONG BAO
CUOQC THI TIM HIEU VE “VAT LY VA MOI TRUONG”
Nham nang cao tinh than bao vé moi truong cua chung ta, cau lac by Vat ly td chirc 2 cudc thi:
1. Thi thuyét trinh vé cdc vin dé Vat 1y c6 lién quan dén mdi truong
- Thoi gian trinh bay: 5 — 8 phut/ 1 chu dé
- Céc chu d& goi y (HS c6 thé chon 1 trong céc chi dé sau hodc tim chu dé khac):

o Hiéu tng nha kinh o O nhiém moi truong dat, nudc, khi,

o Su néng 1én toan ciu tiéng on: (rdc thai, khi doc hai ding

o Céc dang thién tai: Séng than, trong cdc dung cu gia dinh: td lanh,

dong dét,bdo, 1. .. mdy lanh, thuc phém; bui, khi thai tu
dong co...)

o Céc ngudn ning lwong dang can kiét va cdc
ngudn nang luong sach. ..
- Goi ¥ ndi dung cin trinh bay:
o Tirdau cdc em c6 ¥ tudng nay (SGK, bdo chi, truyén hinh, hoan canh thyc té ...)
o Trinh bay nhitng y chinh vé van dé ma em chon thuyét trinh
o Bay t6 thdi 6, cam nghi, va nhitng viéc ma em nén lam dé c6 thé cai thién van dé.
- HS ¢ thé minh hoa bing Powerpoint, kich, thoi trang, miia v.v...

- Thang Noi dung trinh bay: | Dién dat: 2 | Minh hoa, truc quan: | Giai phép: 2
diém: 10 4 d d 2 d d

2. Cuoc thi
thoi trang téi ché, thoi trang xanh
- Thoi gian: 5 phat/ 1 chu dé;
- C4c trang phuc c6 thé thuc hién: quén do, giay dép, non, tdi xach, vat dung gia dinh v.v...
- Goi y: str dung cdc vat liéu da qua sir dung nhu chai nhya, lon nudc ngot, ong hit, 14 cay
kho, vo bao banh keo, bich nylon, dia CD hong, bao tai...

- Thang Tinh Kha ning ung Phong cich
diém: 10 tham my: | dung trong thyc | Vatligusit | Tinhvui | bicu dién: 2
44 té: 2 d; dung: 1d | nhon: 1 d d;

* POl TUQNG
THAM GIA: Toan thé HS trong truong, dang ky c4 nhan hoac theo nhém

Lién hé dang ky: Tai....................... tir ngay ra thong bao dén hét ngay
Thoi gian so tuyén: .......................ccco..e. Tai

Thoi gian t6 chire CLB: .......................... Tai
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3.Phu luc 3: Mot s6 hinh anh vé Cau lac bd Vit 1y tai THPT Ly Tu Trong 12/2007 va két
qua

“Hanh dong ngay
h khoéng bao

- - - ‘
Hinh 3: Tiét myc thoi trang tdi xach “Hoa nang” Hinh 4: Két qua y thirc hoc sinh PTTH Ly Tu
ctia nhém “Crazy Girls” - Giai nhat Thoi trang Trong vé Bao vé moi trudng sau gid 1én 16p-
tai ché- 15/12/2007- THPT Ly Tu Trong BaiHanh dong ngay hoac khong bao gio -bdo

Tudi tré 11/5/2008 trang 11
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PHAN MEM TONG HQP PE TRAC NGHIEM
Giang Vin Phic?®, Lé Vin Hiéu”, Huynh Thanh Pat”

“ Pai Hoc An Giang, An Giang
®Pai Hoc KHTN, Pai Hoc Quéc Gia Tp HCM
E-mail: gvphuc @ gmail.com

Tém tit: Khuynh huéng kiém tra ddnh gid ¢ nudc ta hién nay va sau nay 1a kiéu tric nghiém
nhiéu lya chon. Mot phan mém tong hop dé tric nghiém 1a can thiét cho céc giang vién va gido
vién.

Hién nay, ciing dd ¢6 mot vai phan mém nhim dén nhu cdu nay. Tuy nhién, ching con bt
tién va kém than thién véi nguoi dung.

Bai viét nay gidi thi¢u mot ph?ln mém téng hop dé tric nghiém nhiéu Iwra chon. N6 dugc viét
trong mdi trudng Visual Basic va loai tap tin duoc ding 12 tap tin vin ban kiéu winword. Do d6,
n6 rat than thién va dé su dung. Thém vao d6, phﬁn mém cling dugc cai dat mot s6 tinh nang
manh nhu hd tro cau hoi dang close test, cbd dinh trat ty cAu hoi va hd trg nhiéu dang cau tra 10i.
Phan mém hoat dong tot trén hau hét cic mdy tinh sir dung hé diéu hanh Windows c6 phién ban
tor Win-me tré 1€n

Tir khéa: rrdc nghiém nhiéu lwa chon, phan mém tong hop.
1. Giéi thiéu

Trong xu hudng tric nghiém héa trong thi cir hién nay va trong tuong lai nhidu nim sau &
nudc ta, mot hé théng phﬁn mém soan thao va tao dé thi tric nghiém la nhu cau can thiét cho
nhiéu gidng vién, gido vién va hoc sinh trong ca nudc. Hién nay, c6 mot vai phan mém tric
nghiém dang luu hanh cting da dap tng dugc phan nao nhu cau trén. Qua st dung thtr va tham
khao y klen cua nhleu nguoi da sir dung qua cic phan mém nay, mac du co nhiéu loi ich nhung
ching van con mot s6 han ché thiét yéu anh hudng rit 16n dén hiéu qua cua cong viée soan dé,
chat lugng dé cta gido vién va két qua hoc tap hoc sinh. Tiéu biéu nhu soan thao kém linh hoat
va chua than thién 1am ngudi ding mat nhiu thoi gian va cong stic, dé thi ma cdc phan mém nay
téng hop dugc c6 cdu tric chua dat chuan tric nghiém, ngudi ding 18 thudc hoan tdan vao
chuong trinh soan thao va khong quan 1y duoc tién trinh tao dé,...[10]

Trong bdi canh d6, dé dang thiy rang hién nay céc gido vién, giang vién can mot hé théng
phan mém méi, tién dung va hiéu qua hon. Vi vay, nhém nghién ciru di xdy dung B phin mém
tréc nghiém nham khéc phuc cic han ché trén va con nhim dén muc tiéu trién khai str dung trong
tat cd cdc mdn hoc & moi bac hoc dong thoi dinh hudng téng hop de tir ngén hang dé. Bo phan
mém mang tén “Bo Phan Mém Tric Nghlem AGU” gom 03 phan mém hoat dong riéng ré theo
cung mot cu tric dir lidu: Bién soan de trac nghiém, Thi trac nghiém va Luyén thi tric nghiém.
Phén tiép theo s& trinh bay vé phan mém Bién soan dé tric nghiém.

2. Thuwc nghiém l1ap trinh

Chon lwa dang thirc phoéi dé va céu triic don
vi cdu

Cau 01. | Phan cau dan
) . . Dy trit Tuy chon diang
Da s6 cidc phan mém dang luu hanh sir Dy x| Tuy chon nhicu

dung loai tap tin dir liéu *.rtf hoac *.xml do Dy trir | Tty chon nhicu

A < A . A A, .~ Dy trit Tty chon nhicu
cic dang nay thuan 1¢i cho viéc truy xuat va Papan | A
giao tiep dudi hinh thirc .html va web. Tuy  Sygw | Toai cau (1.7)
nhién, cac loai tp tin dir liéu c6 mot s6 han Dy trix Théng tin veé tac gia va cap nhat
ché nhat dinh nhu vi¢c hién thi cong thic téan Hinh 1: cu tric don vi cau
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hf_)C, hOfl hQ.C’ Ava k};lO tl‘th ba,y KHOA SU PHAM TRUONG PAI HQC AN GIANG BO MON VATLY
hinh thic giao dién thén thién voi PHOILDE THI HQC KY II NAM HOC 20082009

ngum dung. Mot d1ern bat tién pho MON: VAT LY DAI CUONG A1 - LGP PHSSH

blen 0 mot SO phan mem traC nghlem 22:?&;2“ 1o 18 25, Cap nhat ngay 117—08—3008 Ngwén cap nhat: Giang Van Phic
da luu hanh Ia trong khi bién soan Nai dung

phal su dung nhleu ky "tl'l' daC b}et [8] Caun 1. Mot diem B trén mat nude dao dong voi tan so 50Hz, van toc tuyen song S0cm/s.

A g4 A 4 bign d6 dao déng 1a 1.5cm. pha ban du bing 0 Phuong trinh séng tai diém M cich B
nhu # @ ® $ de danh dau CaC u.:olrl‘;:a;] ;)c(l:nolllé\:’l cin. pha ban Gau ban, NEoNg trini $01 a1 diem cach
bo phan cua dé lam cho nguoi dung —
rat bdi rdi, ngoai ra cic ky tu trén con R s ey
phai dugc sir dung trong cdc dé thi =135 sm(30m 107 em
cua nhiitng mo6n khac nhu Tdéan cao wi= 1.5 sin(1007 £ 207) em

cap, Vat 1y dai cuong,... Do d6, khic fmx x

v6i cdc phan mém dang luu hanh, sau T
khi xem xét can nhac, cic tic gia da

\ n . Cau 2. Mét vit cé khéi lwong m trwot thang déu trén mat phang nghiéng mét gée o so véi
chon su dung tap tin dang * doc. phiong ngang. 2 la gia toc twong truomg, bé 50 ma sit trong trwomg hop nay 1
Luva chon nay giup cho céc khai - Jv
thdc tiép theo rat thuan loi vi s& tan K
dung dugc kha ndng st dung ma £
phong phu ciia Winword va tan dung d=mgsma
duoc cdc dé thi da duge céc téc gia #i=1-cosax
bién soan truéc d6 ma it phai sira doi uon e
dong thoi tao kha nang 13p trinh tong | fgom—t—

hop dé tir mot ngan hang dé rong 16n | [t
g@)m nhiéu mon hoc, chu dé, chuong, Téc gia
bai, ... gdm hang ngan ciu hoi véi
cdc do khé khéc nhau cho tung clu. Hinh 2: Miu phoi d&

Vi vay, BO phan mém trac nghi¢m

AGU str dung duge véi ca cong thirc, hinh v&, Nga ngit, Phap ngit, Hoa ngit va Khmer ngit dong
thoi st dung duoc voi tit ca cdc mon hoc ké ca cdc moén chuyén nganh nhu Nong hoc, Kinh té,
bia chét,. ..

Sau khi chon lyra dang phoi dé, tiép theo, chiing tdi phai nghién ctru dé chon cu triic cta ciu
héi sao cho 14p trinh tong hop d& dang ma van thuén loi va than thién véi ngudi dung. Ching toi
da chon ddi tuong table ciia winword 1am don vi cAu. Mdi cdu chira trong mot table véi 02 cot va
08 dong theo dang nhu hinh 01. Trong d6, cic & du trit ding chira cdc thong tin du kién s& sir
dung b sung trong nhirng xtr 1y ning cép trong twong lai nhur d6 khé, ma sd cau ...

Tu d6, phoi dé duoc chon ¢6 céu tric nhu hinh 02.

Déi voi cac dang cu hoi khac nhau, ching t6i da tham khao y kién cia nguoi diing va tong
két cdc dang cau hoi nhu sau:

Nhoém 0: Cau binh thuong.

Nhom 1: c6 chira g(fm cia b, c;.a b, cdéu diing; hoac a, b, ¢ déu sai: mot két qua khdc

Dip 4n diing ndm & A, B hoic C.

Nhom 2: c6 chira g(fm cia, b, c;a b, cdéu diing; a, b, c déu sai hodc mot két qua khdc

Pép 4n ding nim & tiy chon D.

Nhém 3: c6 chtra ca hai phat biéu: a, b déu diing va a, b déu sai.

Dip 4n diing ndm & tiry chon A hoic B.

Nhém 4: c6 chtta a, b déu diing va a, b déu sai. Pép an ding ndm & ty chon C.

Nhém 5: ¢6 chtta a, b déu diing va a, b déu sai. Pap dn ding nam & tiy chon D.

Nhém 6: c6 chtta a, ¢ déu diing hoic a, ¢ déu sai. Pép dn ding nam & tiy chon D.

Nhém 7: c6 chira b, ¢ déu diing hoac b, ¢ déu sai. Dap 4n ding nam ¢ tiy chon D.

Pic diém nhém cua mdi cau duoc ghi ¢ cot 2 dong 7 ctia mdi cAu. Chuong trinh phadn mém
s& dua vao thong tin nay dé xtr 1y riéng cho mdi ciu.
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Hoat dgng chung ciia phian mém

Nt 1énh gidm trang (5)

C6 dinh so dd ciu héi (4)

Soan Thao Tric Vghiém

S& Cau Hai |E:- ‘ThﬁngKéBépAn A13 B:13 C13 D1 |CEBinh B8 Ti Cau 1 PéenCau |1

Sua Phéi Tao Phéi Luu Phai | Gidi Thigu

[ 508 Cau Hei

45 36 24 29152039 1741 23753143 1949141348 1239263061032 ELZQHEE&EZ?E:EE1?1:15231123311721
122

|SdBT:BépAn |.-“~BBBDDEE.A..A.CBBCBCA!-.CA.BDBDBBDCCE.-':.CCDDF-.CDCCCAP-.D%AC‘D\

Hién thi so dd cau hoi (1)

e . | Sd B3 Loai I:E::E::E::S::E::E::E::E::E::E::E::S::E::::G:::::""
I BPE K&t Thilc Tién Do \

Hién thi so dd dép 4n (3)

Hinh 3: giao dién cia phan mém

5 1. Theo dinh lndt I1I Newton, lwe va phan e 14 hai vécto: | .
™ AL Boi nhau <A . c oA
= = Fer— Hién thi loai cau (2)
B . ung phucng \
1 C. Cung chiéu | - |
j- D. Bing nhau . R . As 2A
™ Dapan | A Hién thi phoi d¢ (0)
I= -

Soan Thao Triac Nghiém
M5 Phai S5CauHsi 50 | ThongKéDapAn | A13 B3 C:13 D11 [C6Binh©8  TuCéu [T DénCau 1| SiaPhsi | TaoPhsi | LusFhsi | Gidi Thigu
TaoBe || 5908 Cau Hai BN B T2 34198 IR 2T WE Q2 1% 52 BB 0B T A0 N6 B A H AT
b oo ‘SdBEDa'pAn ABBBDDBBAACBBCBCAACABDBDBBDCCBACCDDACDCCCAADAACADD
Téng Hop
Giam Trang || So B Loai
Luu B8 K&t Thic Tign D&

|PE KIEM TRA MON: . . ..o iaiiae e PESO: 1

NOQI DUNG BE (S6 ciu: S6 trang: Théd gian: )

CAun 1. Trén mét diy cé mét hé séng dimg hai dau cé dinh Séng cé tan sé 54 Hz, khoang cach gita

nt thix 3 va nur thix 612 20 am. tim vén téc truvén séng V.
B. V=1080 cm's
D. V=2160cm/s

A. uy=1.5sin(50m + i0x) cm.
B. u in(100m — 107) cm.
C. u in(100xt+ 207) cm
D. un=1.5sin(30m - 27) cm.

Cau 3. Chon phat bidu ding
A. Khi vit rin quay, moi &iém ciané cé cing mét gia téc.
B. Khoitdm la Jlem =em nhw tedan bo khoi 1\.011g dit o do.
C. Hai dang chuyén déng co ban ciia vit rén 13 quay va dao déng.
D. Vit rdn 1a mét hé chdt diém cé thé bi bién dang khi chuyén dong.

T T L T T T T T

Ciu 2. Mot diém B trén mit nwde dao déng vdi tin sé 30Hz, vin tdc truvén séng 30cm's, bién dd
dao d@éng la 1,5cm, pha ban dau bang 0 Phuong trinh song tai diém M cich B mét doan Scm 1a

Cau 4. Mot vit dugc ném thzi.ng dimg vdi vin tc ban ddu Vi = 20m/s tir &6 cao hy = 0 va & thai diém

tg=0. cho g = 9.8 m/s?, vit dat vin téc V. = 8m/s sau khoang thai gian At bing :
A At=2045s B. At=1225 @
C. At=120s D. At=0.81s =
&[E| = @ 4 >
ipraw= g | Autoshapes~ N w [0 O [ 4l 8 B8] & {’»'ﬁ'é'E;ziﬂ!
Page 1 Sec 1 1/8 At 1.7am Ln 1 Col 1 REC TRK EXT owr (O3 o

Hinh 4: Giao dién trinh bay dé da tong hop va dang giam trang. Pép 4n ding duoc d6i mau

dé nguoi ding dé theo dai.

Giao dién ciia phan mém dugc trinh bay trong hinh 03.Phdi dé duge chon loc tir ngan hang
hoic bién tap truc tiép s& duoc tai vao phan mém. Liic nay cic thdng tin ctia phdi nhu s6 ciu, dic
diém cua timg cu s& duoc thong ké (2) va phdi dugc hién thi trén mot giao dién winword (0) dé
nguoi dung quan sat. Trat tu ban dau cia cdc ciu duoc thong bdo trén mot text box (1) trong giao
dién cua phan mém. Tiép theo, chwong trinh s& tinh téan, kién tao va trinh bay mot so do phan
b ngau nhién céc cau hoi (1) va cau tra 101 (3). Néu nguoi dung chua hai long, ¢6 thé yéu cau
mot kién tao ngau nhién khdc cho den khi hai long. V& so do ciu tra 161, mac du dugc phan b
ngau nhién nhung van dam bao mdi tiry chon diing chiém xap xi % s6 ciu hoi, ddy 1a mot trong
cic nguyén tic co ban trong phdi tri dé. Khi thuc hién téng hop, dé dugc tong hop theo so do da
dinh theo ding dang thirc chuan va cudi dé c6 ddp 4n dé. Két qua tong hop duoc hién thi trén
mot giao dién winword khdc nhu hinh (4). By gid, chi can luu dé (dung ndt 1énh luu dé cua
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phan mém) va dit tén theo ¥ mudn. Lam tuong ty nhiéu 1an, ta ¢ rat nhiéu miu dé khic nhau
khong gi6i han sé luong. Font chit thudng ding thuéc nhém mi Unicode. Tuy nhién, phan mém
lam viéc duoc trén tat ca cac font va cdc bang ma ma Winword hd trg.

bic biét, cdc tac gia da cai dat chirc nang c6 dinh d@é (4). Chirc ning nay tao ra miu dé ¢
mot s6 cu hoi, thugc mot doan chon trude bat ky, khong thay d6i thr tu phan bd ciu, nhung
khéc nhau vé phan bé tiy chon ddp 4n cho mdi ciu. Nhitng mAu dé nay sé& rat thuan loi cho loai
cau hoi Anh ngir close test va viéc soan dé day luyén thi dai hoc do khi hudng dan giai bai, trat
tu cdc cdu hoi gidng nhau, nhung hai dé ké cin c6 miu tra 161 khic nhau. Do d6, trong khi hoc
vién 1am bai luyén thi van c6 d6 khach quan.

Mot chire nang phu ciing duoc cai dat vao phan mém 1a chirc nang giam trang (5) dung dé
diéu chinh céc cau tra 16i ngin thanh hai dong dé giam thiéu sd trang in.

Ldp trinh phan mém va thudt todn xiv ly tong hop dé

Chuong trinh dugc viét trén méi trudng Visual Basic 2003 véi tap thu vién ham Dotnet
Framework 1.1. Nhu vay, chuong trinh ¢6 thé hoat dong trén cdc phién ban Window me tré 1én
va cdc phién ban Dotnet Framework ning cdp. Giao dién twong tic dwoc Viét héa hoan toan
bang phong chit Arial thugc nhém ma Unicode ctia window.

Chuong trinh duoc viét theo trinh ty logic sau:

e Bit dau chuong trinh, tai tip tin phdi dé, x4c dinh sd ciu c6 trong phdi, xdc dinh loai cta
tung cau (dugc danh diu gém: khoéng dénh diu, 1,2,3,4,5,6va7 ung voi cac nhém cau
hoi da trinh bay).

e Ngudi diing dua vao cdc thong tin vé s6 cic ciu can ¢ dinh néu c6.

e Dé tao ra bang phan bd ciu hoi, str dung ham ngiu nhién dé tién hanh dao cdc cau hoi voi
s6 1an nhiéu hon sé cdu hoi va tién trinh nay c6 thé 13p lai tiy theo chon lwa cta ngudi
ding. Két qua duoc luu vao mang 1. O budc nay, thong tin vé s6 cdu can cd dinh phai
duoc xem xét dé cd dinh trat ty ban dau cia cdc cAu do, néu can. Xuat danh sich dao cau
dé nguoi ding chon lya.

e D¢ tao ra bang phéan. bd cau tra 161, thuc hién xdo tron trén tung cau hoi mot va c6 tinh
den dic trung ciia mdi ciu hoi. cu thé dua trén s lidu vé loai ciu cua ciu tric don vi ciu,
mdi truong hop phai xir 1y nhur sau:

Loai cau
0: dao dép an binh thuong
1: ¢6 dinh tuy chon 4, chon xdo trdn 1a 3 cau a,b,c.

2: gdn ddp 4n 12 D. Khi téng hop cb dinh tiy chon 4, chon s xdo tron 12 3.
3: ¢b dinh tuy chon 3 va 4, chon xdo trn 1a a, b.

4: gan dép an C, ¢ dinh tuy chon 3 va 4, chon xdo tron la a, b.

5: gan dép an D, ¢ dinh tuy chon 3 va 4, chon xdo tron la a, b.

6: gan dép an D ¢ dinh tuy chon 2 va 4, chon xéo tron la a, c.

7: gén dép 4n D, ¢ dinh tuy chon 1 va 4, chon s6 xdo tron 1a b, c.

Két qua xtr 1y duoc luu vio mang 2.

e Xuit danh sdch dao tiy chon & mang 2 dé nguoi ding chon lya.

e Dua theo hai mang trén, chuong trinh quét timg cau hoi, xdo tron va chuyén vio mot tap
tin winword hién thi trén man hinh, ngudi ding c6 thé xem xét va sira d6i. Pdp 4n duoc
ghi vao cudi tap tin dé.

e Duyét qua tap tin méi thanh l4p, néu ciu nao c6 cdc ddp 4n ngin thi chuyén Ién thanh hai
dong.

e Luu tdp tin vao thu myc thich hop va ty dong tro lai ché do tao dé. Tiép tuc tao céc phién
ban d¢ khéc, s6 lugng khong han ché va khong 1ap lai.

e Tai mot phdi dé khac dé tiép tuc cong tic hodc két thic chwong trinh.
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Viéc sao chép dé tir tap tin phoi sang tap tin dich duoc thuc hién thong qua clipboard va nhd
hé thong ham cua thu vién Dotnet 2.0 va do vay, chuong trinh tuy dong dugc nang cap theo cic
phién ban khac nhau cia Window va cua Dotnet.

Luu d6 cta chuong trinh duoc trinh bay & hinh 05.

Bat dau, mé File, >
Poc s6 cau, loai ciu

v

A\ 4

| Laptr 1 dén s6 cau Tao mang 2 chura so d 5
‘ dap an.
Nhép s6 cau cin cb

dinh é Case L}oa/i cau ) l

R (1) iﬁ g (1) C Hién thi mang )
" . +

— 7:xuly 7 —

Lap tr 1 dén s6 ciu Chon ddp 4n M¢ cura s6 winword

J M¢ tép tin két xuét

Sai i

> Lap tir 1 dén sb cau.
bing Ding Case Céu ]
: 1: chép sang tap tin két xuat theo
théng} tin trong mangl va mang 2
2: chép sang ...
Piing 3.

Tao ngau nhién mang
chtra so 6 cau hoi.

C Hién thi mang )

Pu s6 cau ?

Dung

@u, tiép tuc hoac Kkét thﬁ(D
Hinh 5: Luu d0 phan mém

3. Két qua va ban luin

Phan mém Bién soan d¢ tric nghiém AGU trong va sau khi hoan thanh di dugc cic giang
vién trong bd mon st dung thir va gép y dé hoan thién.Két qua phan hoi cho thay:

e Phan mém hoat dong chinh x4c va on dinh.
e Giao dién hoan toan tiéng viét da tao su than thién cho phén mém.
e Pa s6 céc thao tdc khong can thiét da duoc phan mém han ché nén st dung rat dé dang.

e Tbc d6 tao dé dugc ghi nhan cf}ung la c& 50 gidy cho mot dé g@)m 50 cau trén may P3
1.7GB, mot toc d6 nhanh dang ké.

e Tién nghi c6 dinh d& va giam trang 1am ting thém phan hap din d6i v6i nguoi ding.
Ngoai ra, cdc tic gia con nham dén muc tiéu cao hon 1a xiy dung md hinh ngin hang dé khai
thac bang phan mém tong hop dé tir ngan hang s€ dugc gidi thi¢u trong mot dip khéc.

4. Kétluan

Chting t6i d4 hoan thanh Phan mém Bién soan dé ~tra“ic nghiém AGU tuong thich hoan toan
voi Winword, ¢6 dung lugng nho ¢d 20MB, gon nhe, dé mang chuyén, nguoi dung dé dang cap
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nhat thong tin bang img dung winword.

Phan mém Bién soan dé tric nghiém AGU hoat dong trén mdi truong windows Me va céc
phién ban sau d6. CPU P3 trt¢6 1&n va d0 phan gidi man hinh
1024 x 768 —16 bit.

Phan mém nay hoat dong twong minh va sin sang cho ngudi ding can thiép néu can, 12 mot
phan mém can cho cdc gido vién va giang vién dai hoc.

Loi cam on: Cdc tdc gid xin chdn thanh cam ta GSTS V6 Tong Xudn dd cé cdc hé tro qui bdu va
nhitng gop y xdc ddng dé nhom nghién cuu chiing toi xay dung va hoan thién phan mém nay.
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QUAN SAT CAC MODE NGANG CUA BUONG CONG HUONG LASER VOI
MQT THIET BI WEB/CAMERA DON GIAN
(BO KIT LASER RAN CHO PAO TAO QUANG TU VA LASER)

Nguyén Trong Nghia *, Trinh Dinh Huy *, P8 Quéc Khénh *,
Poan Hoai Son °, Nguyén Pinh Hoang *, Nguyén Pai Hung *

2) Trung tam Pién to hoc Lu:ong ta, Vién Vat Iy, Vién KH&CN Viét Nam
10 Pao Tan, Ba Dinh, Ha Noi
®) Pai hoc Vinh

Tém tat:Sir dung mot webcam thong thuong va duoc thay d6i phu hop, ta c6 thé quan sat tryc
tiép va d& dang cac mode phat xa (tur thip dén cao) tir mot budng cong huong laser. Diéu nay lam
cho bo KIT laser ran da dugc nghién ctru, thiét k& cho viée dao tao vé quang tir va laser & cac
truong dai hoc [1] c6 thém kha nang thyc hién cac quan sat va thyc tdp moi. He thiét bi thuc
nghiém nay bao gom mdt laser ban dan cong suét (2W), mot laser ran Nd:YVO, dugc bom bing
laser ban dan va céc yéu tb co-quang, dién tu, tat ca duoc bb tri trén mot ban quang hoc (120 x
40 cm). Khi két hop voi mot s6 thiét bi thong thuong cia mot phong thi nghiém, b0 laser ran cho
phép thuc hién 15 bai ndi dung nghién ctu thuc nghiém hién dai vé quang tir va laser. B§ KIT
laser d& sir dung va an toan cho dao tao va nghién ctru vé& quang tir va laser & cac truong dai hoc.

1. Giéi thigu

Khai niém cdc mode ngang cua buic xa laser phat tu
mot budng cong hudng quang hoc ludn dwoc trinh bay
trong cdc sdch vé vat 1y va cong nghé laser ciing nhu Gmg
dung cua laser. D6 12 phan bd ning luong cua truong dién
tir trong chiim laser trén mat phang vudng géc voi phuong
truyén ciia chim laser. Day 12 mot noi dung vat 1y kho
tudng tuong trong giang day néu chi sir dung cong cu toan
hoc dé biéu dién cac mode ngang cua buc xa laser. Viéc
quan sat truc tiép duogc cac ‘mode ngang cua chum laser va
anh huong cua céc thong s6 ctia budng cong hudng (BCH)
1én cau tric mode laser s& gitip cho viéc day va hoc s& dé Hinh 1: Mach va sensor thu anh cta
dang va hiéu qua hon. Véi muyc dich nay, chung toi dé webcam Havis
nghi bd xung vao bd KIT laser [1] mot cong cu quan sat
truc tiép sy phan bd truong theo khong gian ciia chum
laser - mot web/cam. Thong thudng, cac dau thu anh CCD duoc ding trong muc dich nhu vay.
Céc dau thu loai nay c6 do nhay cao, nhidu thap va c6 kha ning thu anh & toc do cao, song gia
thanh cao. Vi vay, voi muc dich quan sét truc tiép va dinh tinh chum laser, ta hoan toan co thé
ding mot dau thu anh dua trén cong nghé CMOS c6 gid thanh ré hon. Mot trong cac thiét bi sir
dung dau thu loai d6 1a webcam - thiét bi ngoai vi may tinh rat phd bién hién nay. Bang viéc sir
dung dau thu webcam, chung t6i dd quan sét truc tiép va ghi nhan duoc cac mode ngang khic
nhau cua laser rin Nd:YVO, duoc bom béng laser ban dan.

2. Thuc nghiém

Chung t6i str dung webcam Havis 3808 giao tiép voi may tinh qua cong USB, sensor thu anh
c6 kich thudc 3 x 4 mm (Hinh 1), anh thu duoc c6 kich thudc 16n nhat 13 640 x 480 pixel. Sau
khi thdo bo hé théu kinh va vo bao vé, dau thu dugc ga trén mot hé vi chinh. Quan sét anh dugc
thyc hién trén may tinh thong qua phan mém di kém ctia webcam.

855



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

Guong cau
16m Kinh loc
trung tinh

Guong Pau thu Mady tinh
ra

Hinh 2: So db thi nghiém quan sit cdc mode ngang cta laser Nd:YVO,

TEMoo TEMy,

TEMq
.g

TEM»o TEMy;

TEMj,

Hinh 3: Cac mode ngang phat tir laser Nd: YV Oy tai budc séng 1064 nm
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Hinh 4: Giao dién chuong trinh phén tich phan b ning luong ctia chiim laser

Mot laser Nd:YVO,, dugc bom lién tuc bang laser ban dan da duoc st dung trong thyc
nghiém de quan sdt viéc phat cac mode ngang tur bac TEMo t6i TEM,,. BCH laser nay gom mot
guong cau 16m phan xa cao (c6 ban kinh cong -10 cm, hé s6 phan xa 99,5%) va mot guong ra
phang ¢ hé sé truyén qua 6%. Chiéu dai hinh hoc cia BCH khoang 10 cm. Tinh thé Nd:YVO,
duogc dit cach guong ra khoang 1 cm. Pay 12 mot BCH c¢6 chat lugng (Q) cao, ngudng bom cho
laser thap < 40 mW. Chum laser duoc cho di qua kinh loc trung tinh dé 1am yéu truée khi truyén
dén sensor thu anh nham tranh 1am bdo hoa sensor. So dd thi nghiém dugc trinh bay trén hinh 2.

Pé chinh va thu duoc laser phat & ché d6 don mode ngang TEM, (Hinh 3a), ta tinh chinh
guong ra tdi wu sao cho ngudng phat 1a thip nhéat va quan sit dugc anh cua trudng nay (Hinh
3a). Sau d6, TEM, thu duoc bang cach vi chinh guong ra 1éch theo phuong thing ding so véi vi
tri t6i uu cho dén khi thu dwgc anh trén man hinh méy tinh nhu trén hinh 3b. Tiép tuc vi chinh
guong ra, ta thu dugc TEMy, (Hinh 3c). Néu tir vi tri phat TEM,, vi chinh guong ra léch theo
phuwong nam ngang ta s& thu dugc TEM;, (Hinh 3e). Tuong tu ching ta c6 thé thu dugc cac
mode bac cao hon cua laser. Ching ta c6 thé quan sat tirc thoi cac mode cia laser trén man hinh
méy tinh va ghi lai & dang anh ciing nhu phim. Ta ciing quan sat duoc giai doan trung chuyén tir
mode béc nay sang mode bac khac.

Dé c6 nhiing phan tich chi tiét hon bang hinh anh vé phan bd niang lugng cia chim laser
trong cac ché do phat mode ngang, ching t6i da viét mot chuong trinh may tinh bang ngdn ngir
Matlab. Chuong trinh c6 giao dién don gian (Hinh 4) va hién chi gi6i han trong phan tich phan
bd ning lugng ciia chum laser phat & TEMgo. Chuong trinh c6 thé giao tiép v6i dau thu qua cong
USB va luu duogc anh den triang c6 kich thudc 640 x 480 pixel. Tir anh thu dugc, ta c6 thé quan
sat dd thi phan bd nang lugng cua chum laser ¢ ché d6 ba chiéu mét cach truc quan va co thé
xoay d6 thi theo cac huéng nhin khac nhau, ciing nhu quan sat & cac ché do biéu dién db thi khac
nhau. O ché d6 hai chiéu, ta c6 thé quan sat phan bd ning lugng trén cac lat cit theo hai huéng
vudng goc, sau do fit voi duong Gauss dé xéc dinh kich thudc cia chum tia.

Chuong trinh phan mém dé phan tich phan bd ning luong chum laser theo khong gian hién
con gidi han chi dé phan tich dugc mode TEMgo, mét chwong trinh c6 thé phan tich cac mode
ngang bic cao s& duoc phat trién .

3. Két ludn
Bang cach str dung mot webcam thong thuong (gia 10 U$D), v6i mot sb thay d6i don gian,

chung toi da xay dung dugc mot thiét bi c6 thé sir dung dé thu va quan sat cac mode ngang phat
ra tir mot laser Nd:YVO,. Két qua nay lam cho bo KIT laser ran da dugc nghién ctru, thiét ké
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cho viée dao tao vé quang tr va laser ¢ cac truong dai hoc [1] c6 thém kha nang thyc hién ndi
dung thyc tap méi va gidp cho viéc day va hoc dé dang va hi¢u qua.

Loi cam on: Cdc tdc gia trdn trong cdm on sy tai tro kinh phi tir Chwong trinh NCCB cap Nha
nudée cho Bé tai N° 403 306 va Chuong trinh Laser cua Vien KH&CN VN.
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Gas sensing in industrial processes by optical
spectroscopy
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Department SciTec

Jena (Germany)

Introduction

The aim of this lecture is to give a short overview on spectroscopic measuring
techniques for the detection gases in industrial processes. The online sensing of gas
is of great importance in the fields of industrial processes control, continuous
emission monitoring, occupational health, safety protection and the ambient air
monitoring.

The spectroscopy offers a lot of advantages compared to alternative methods of gas
detection as electrochemical cells, semiconductor and thermal gas sensors. The
optical measurement does not influence the measuring object. It does not need any
consumables. It allows a remote sensing and is easily automized. Spectroscopic
instruments are often superior with respect to the specifications of sensitivity,
selectivity, signal stability and maintenance requirements.

Industrial gas sensors are exposed to harsh operation conditions. They differ
therefore in concept and design from instruments for laboratory use.

Depending on the measuring principle and the experimental conditions the gas
measurement can be performed either in situ or by the extraction of gas sample. The
in situ measurement avoids any maintenance requirements for the sample line and
eventually associated artefacts. Difficult measuring conditions as temperature, dust
or humidity can disturbe the in situ measurement and restrict the choice of the
applicable experimental methods.

Molecular absorption from IR to UV

The absorption in the region from IR to UV is characterised by rotational-vibrational
spectra in the middle and near infrared and electronic spectra in the visible and
ultraviolet region.

Figure 1 shows a rotational-vibrational absorption spectrum of carbon monoxide. It is
a typical spectrum of a heteronuclear diatomic gas in the middle infrared. The
rotational-vibrational spectra originate from transitions between the quantized rotation
and vibration energy states of the molecule. The interaction of the electromagnetic
wave with the molecule requires a dipole character. Homonuclear diatomic molecules
have a symmetric charge distribution and do not absorb in the middle infrared.

The line width of the (rotational) lines in the rotational-vibrational spectrum is
pressure and temperature dependent.
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Figure 1

Figure 2 shows a UV spectrum of sulphur dioxide. This

absorption band originates

from a transition of molecular electronic orbitals and a superimposed transition

between rotational and vibrational energy levels.

Valence Electron Spectrum of SO,
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Figure 2

Extinction and Saturation Effect

Lambert-Beers law describes the attenuation of monochromatic light in a cell with an

absorbing substance:

I _ I 10—8(/1)|C
0
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In this expression | is the transmitted light intensity, Iy is the incident light intensity, |
the optical path length or length of the cuvette and g(A) the extinction coefficient of
the absorbing substance.

Cuvette

REELES

light source <——(— > detector

Figure 3

The ratio of the transmitted and the incident intensities is called transmission:
T-L
I

0

The negative decadic logarithm of the transmission is called extinction

E:—Iogll—:—logT
According to Lambert Beers law the extinction E is proportional to the gas
concentration. (figure 4)

E=c¢(d)lc

This relation was formulated for monochromatic light. It is valid as long as the
extinction coefficient €(A) is constant over the spectral range of the measuring light. It
is a useful equation for spectroscopic measurements with a good spectral resolution
and wide absorption line widths.

. . Lambert-Beer . _ Saturation effect
Extinction Extinction
A A

concentration concentration

Figure 4

The infrared spectra of gases have sharp rotational lines with narrow line widths.
These can usually not be resolved by the spectrometer. The extinction coefficient €(A)
is therefore not constant over the spectral range of the measuring light. The
attenuation along the cuvette is therefore not a single exponential term but a sum of
exponential functions with different exponents. The linear concentration dependence
of the extinction is lost. The slope of the curve decreases with increasing
concentration. This effect is called saturation (figure 4).
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Measuring Principles and Instrument Design

A simple experimental set-up as shown in figure 3 would not offer any selectivity for
one specific gas component. Cross sensitivities have to be suppressed by the
selection of the appropriate spectral range. Photometers and spectrometers are
subdivided in dispersive and non-dispersive instruments according to the way of
selecting the desired spectrum. In dispersive instruments a wavelength selective
element is introduced in the optical path. It confines the broader spectrum of the light
source to the desired spectral range. The term “dispersive” originates from the
wavelength dependence of the refractive index of a prism, which was used in former
time. Today interference filters, optical gratings, gas filled filter cells or interferometer
are used as dispersive elements. In non dispersive instruments however the
selectivity is achieved by a spectral selectivity of the light source or the detector.
Selective detectors are gas filled optopneumatic detectors. Selective radiation
sources can be spectral lamps or lasers. An overview of dispersive and non
dispersive methods is shown in figure 5. The definition of dispersive and non
dispersive methods is however not consistent in literature.

Dispersive Methods Non Dispersive Methods

Selective Light Source

R— D ® > ]

wavelength

selective
sample
element p detector

Sample Detector
light source

Intensily

. |
= J\ 1 Wavelength
interference filter é A S tral |
= wavelength pectral lamp
I =y
% Selective Detector
diffractive \ =
grating N ™ wavelength @ \B
»
fd
e Light source ~ Sample
gas filter cell %’,
™ wavelength
z Z Optopneumatic \
& 2 i
Michelson- £ 2 Detector
interferometer <> - & Wavelength
wavelength
Figure 5

Gas Filter Photometers

Filter photometers are used for the detection of gases in the infrared and the UV. The
simple principle allows the design of rugged and compact instruments. Usually two or
more interference filters are used. One of them is fitted to the absorption band of the
gas, which has to be detected. A second filter is used for a reference measurement
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outside the wavelength region of absorption. In some instruments the measurement
of both intensities occurs alternating with filters mounted on a rotating wheel. Other
instruments have separate detectors for every filter.

The right choice of the filters decides on the selectivity. The spectral width of the
interference filter is typically in the range of 1% of the transmitted wavelength. In the
infrared the spectral range of the filter covers several rotational lines or a bigger part
of the absorption band. An overlap of the absorption bands of the measuring
component and an interfering substance causes a cross sensitivity.

The use of additional filters permits a simultaneous measurement of several gas
components. It allows moreover to reduce cross sensitivities, when the interfering
substances are measured.

Interference filters have a high throughput of light. The high radiation intensity gives
rise to a high signal to noise ratio and a good sensitivity.

Grating Spectrometer

Grating spectrometers are used for online gas measurements in the ultraviolet
region. The spectrum of the transmitted light is detected by a diode array. These
instruments are used for the simultaneous detection of several gas components. An
example for a grating spectrometer is the gas analyser GM31 of Sick AG. It allows
the simultaneous in situ measurement of SO, NO, NH3 and NO,.

Gas Filter Correlation Photometer

In this method a gas filled cell is used as filter to achieve the selectivity. The optical
scheme of the instrument is shown in figure 6.

Gas Filter Correlation
Principle of Operation

§

transmission

High
concentration
of gas species
which has to

be detected
wavelength

A
@ > Detector 2

Light source

transmission

wavelength

Sample Cell Gas filter Cell

I

2
Y

Detector 1

Figure 6

The infrared light leaving the sample cuvette is split into two beams. One of them is
directed to detector 1. The detector measures the transmission of the sample cuvette
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and is sensible to the gas concentration in the sample cell. This signal is however
affected by interfering gas components, dust, power fluctuation of the light source,
soiling of the optical surfaces and other disturbances. The other beam passes
through a filter cell, which contains in a high concentration of the gas species, which
has to be detected. This cell absorbs nearly all incident light in the wavelength region
of the absorption band. Detector 2 is therefore nearly insensitive for concentration
changes of this gas component in the sample cell. Its output signal is however
affected by the same disturbances mentioned for detector 1. It is used as reference
signal. The ratio of both signals is therefore nearly unaffected by these interferences.

In contrast to the optical scheme shown in figure 6 the instruments are often
equipped with only one detector. The detection of both intensities occurs by
alternating measurements with and without the filter cell, which is mounted on a
rotating wheel.

The method of gas filter correlation is based on the saturation effect explained above
(Figure 4). In the branch of detector 2 the measuring range is shifted by the filter cell
to much higher optical densities. The sensitivity of detector 2 is reduced because of
the decreasing slope for high concentrations. The saturation effect depends on the
line shape and therefore on the pressure and temperature of the gases. The
characteristic curve of the instrument has to be calibrated It depends on the
pressures and temperatures in the sample and filter cells.

The method of gas filter correlation does not eliminate all cross sensitivities. An
overlap of absorption bands will affect the measurement. Most instruments use
therefore additional optical filters to reject the spectral ranges of the overlapping
spectra.

FTIR-Spectrometer

The Fourier Transform Infrared Spectroscopy is a very powerful method for spectral
analysis in the infrared. It is widely used in laboratory analysis, process industry and
remote sensing. The theory of the FTIR spectrometers is described in detail in
textbook of optics and instrumental analysis.

For the application in process measurement ruggedized interferometers and signal
processing units have been developed to allow simultaneous online measurements
of several components with a high selectivity and low detection limits.

The instruments are expensive compared to other gas sensors because of the high
requirements on the precision of the interferometer.

Tunable Diode Laser Absorption Spectrometer (TDLAS)

In the last years the technology of tunable diode lasers absorption spectroscopy
(TDLAS) has reached a broad application in process industry.

Figure 7 shows the simple design of an in situ laser spectrometer on the basis of
TDLAS. It consists mainly of the laser, an optical system for the beam forming, the
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detector, a purge air system and an alignment unit. Not shown are the power supply
and the signal-processing unit.

In Situ Gas Analyser on the basis of

Tunable Diode Laser Absorption Spectroscopy (TDLAS)

alignment
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From: Schracke F. &. Bernt R. (1997): Chemie-Technik 26 (6) S.16-20
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Figure 7

The instruments use diode lasers in the near infrared. In this spectral range many
gases show rotational-vibrational absorption bands, the so-called overtones. These
bands have much lower extinction coefficients than the fundamental absorption in the
middle infrared. The high luminosity of the laser diodes, the good sensitivity of the
detectors in the NIR and the sophisticated methods of signal evaluation compensate
however for the low absorption coefficient and make TDLAS to a highly sensitive

method.

The absorption measurement is confined to a single rotational line. The right choice
of the absorption line allows to eliminate cross interferences from other gases. The
laser is selected by its wavelength. The fine-tuning of the wavelength is achieved by
temperature and current regulation.
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Figure 8
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Commercial TDLAS instruments are based on the method of wavelength modulated
spectroscopy (WMF). The laser wavelength is scanned by applying a ramping
current. An additional superimposed modulation of the wavelength is obtained by
modulating the laser current with a frequencies f of several kHz. The time course of
the transmitted light intensity is periodic. According to the theory of the derivative
spectroscopy the harmonics represent the derivatives of the absorption spectrum.
Usually the second harmonic is detected by the use with a lock-in amplifier at a
frequency 2f. This signal is proportional to the gas absorption and less affected by
the residual amplitude modulation of the laser.

TDLAS instruments are particularly suited for in situ measurement. The good
collimation of the laser beam allows cross duct measurements with small window
diameters. The concept of the instrument with a simple mechanical and optical set-up
allows a ruggedized design.

Non-Dispersive Infrared Photometer with the Optopneumatic detector

The non-dispersive infrared (NDIR) photometer is a classical instrument for gas
measurement in industrial processes. First gas sensors of this principle have been
developed in the forties of last century. Since then the instruments have continuously
been improved.

NDIR-Photometer
light source sample cell micro-
- gas ]/phone
| 1]
f filling
optopneumatic
chopper detector
Figure 9

The selectivity of the NDIR gas sensor is achieved by the spectral selectivity of the
light detector. The concept of this method is to use the specific absorption of gas
itself to get the desired selectivity. The detector is a cell, which is filled with a high
concentration of the gas species, which has do be detected. The incident radiation is
absorbed within its absorption bands. The light absorption causes a temperature and
pressure increase in the cell. The light from an IR-source is modulated with a
chopper inducing a periodical pressure increase in the cell. This periodic pressure
increase is measured with a microphone or in case of a differential measurement with
a flow sensor.

The optical scheme of the basic principle of a NDIR-photometer is shown in figure 9.
The optopneumatic detector measures the light intensity transmitted by the sample
cell.

An improvement in signal stability is obtained by a differential measurement. A two
beam NDIR-photometer is shown in figure 10. In this instrument the sample cell and
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a reference cell are simultaneously irradiated with the same light intensity in phase
(figure 10). The optopneumatic detector consists of two compartments, which are
connected over a micro flow sensor. The detector reacts, when different radiation
intensities are absorbed in both compartments.

NDIR-Photometer with
a Refence Cell

light source sample cell

micro
ol flow
L 1] sensor
I : —
L 1]
u
chopper reference cell .
optopneumatic

detector

Figure 10

The reference cell contains usually nitrogen or another non-absorbing gas. Due to
the differential measurement the detector signal vanishes for a zero concentration of
the searched gas component in the sample cell. This behaviour improves the signal
quality at low concentrations and reduces the lower detection limits.

The measuring principle of NDIR-Photometers is not suited for in situ measurements.
These instruments are only used for extractive measurements.
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Aerosol Measurement by Optical Methods

Andreas Schleicher

University of Applied Sciences Jena
Department SciTec

Jena (Germany)

Introduction

Aerosols play an important role in many industrial processes as well as in health pro-
tection, technical security and the environment. The suspended aerosol particles can
be either the desired state of dispersed matter for special technical processes or un-
wanted objects with hazardous effects for processes, health or environment. In all
cases the concentration of the particles is an important quantity and the object of
measurements. Many experimental methods and instruments have been developed
to quantify aerosol concentrations. Important application fields are clean rooms,
safety control, health protection and environmental monitoring.

Particle sizes and concentrations vary enormously with the application field. The di-
ameter of the aerosol particles extends over 4 orders of magnitude from about 5 nm
to 50 ym corresponding to 12 orders in the particle volume. The concentrations of
interest ranges from a few particles per cubic meter in clean rooms over several
Mg/m?3 in ambient air and several hundreds of mg/m? in industrial stacks to several
hundreds of g/m?® in powder production lines. Obviously, this wide span of particle
sizes and concentrations cannot be covered with a single measuring technique.

Depending on the measuring principle the aerosol concentration is usually expressed
in the form of a number concentration (particles/m?) or a mass concentration (particle
mass/m?3). Unfortunately, these quantities cannot be converted from one to the other
without precise information on particle size, shape and density, which in most appli-
cations is not given. The write choice of the concentration measure depends directly
on the effect of the particles in the specific application. The appropriate concentration
unit for the monitoring of particle contaminations in clean rooms is the particle num-
ber concentration, because the number of defects depends on the number of parti-
cles deposited on the chip. The limits for dust emissions of power stations are how-
ever defined as mass concentrations. In the field of environment and health protec-
tion the real effect of the aerosol is often not known causing a controversial discus-
sion on the appropriate concentration measure.

Particle number concentrations and mass concentrations can be measured by sam-
pling the aerosol on a filter and a subsequent analysis of the deposit with a micro-
scope or by gravimetry. However, these methods do not allow a real time measure-
ment.

Particle counters allow an online measurement of particle number concentrations. In
these instruments an aerosol stream passes a small sample volume. The particles
passing this volume cause an optical or electrical signal. The particle concentration is
obtained from the rate of the signals of the individual particles and the flow rate
through the sample volume.
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A direct measurement of the mass concentration requires the deposition of the par-
ticulate matter on a filter. A nearly continuous and automated measurement of the
filter deposit can be achieved by the use of a microbalance (TEOM). This method
however has the disadvantage of a maintenance-intensive sampling. The sampling
and filter collection can cause artefacts. A continuous, remote and in situ measure-
ment of the particle mass has therefore to occur indirectly by recording the scattering
or attenuation of light from a collective of particles. For constant properties of the
aerosol particles the scattering intensity is proportional to the particle concentration.
In many applications this condition is fulfilled and the output signal can be calibrated
in units of particle mass concentration.

Scattering and Attenuation of Light by Particles

The phenomenon of light scattering by particles is the basis of the optical measure-
ment of particle concentrations. The scattering of light depends strongly on the parti-
cle size and the scattering angle. Gustav Mie derived in the year 1903 an exact the-
ory for the scattering of light by homogeneous spheres. A detailed explanation of this
rather complicated theory can be found in many textbooks and should not be repro-
duced here. In this context, however, it is helpful to depict the interrelationship be-
tween light scattering intensity, particle size and scattering angle by considering the
limiting cases of small and big particles compared to the wavelength of the light.

angular dependence of scattering intensity

|
scattering particle |

light source ) path length difference

big

o2}
%9 % superposition
particles '

small
particles

intensity

detector

>

scattering angle 0

Figure 1

The electrons of the scattering particles are stimulated by the incident radiation to
forced vibrations. These oscillating dipoles act as antenna. The superposition of the
electromagnetic waves from these elemental scattering centres yields the scattered
light emitted by the particle. The phase shift of the waves when passing the particle
due to the higher refractive index compared to air can be neglected for small parti-
cles. The scattering pattern is determined by the geometry of the particle and similar
to the diffraction pattern of a slit. Small particle cause a broad pattern. The scattering
of bigger particles is directed more in the forward direction. (Figure 1)
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In particles with a diameter much smaller than the wavelength all scattering centres
oscillate in phase and no destructive interference occurs. The amplitude of the scat-
tered wave is proportional to the “amount” of dipoles and therefore proportional to the
volume of the particle. The intensity (square of the amplitude) scattered by the parti-
cle is thereby in a first approximation proportional to the square of the particle volume
and to the power of 6 of the diameter. Light scattering of particles in this size range is
called Rayleigh scattering.

For particles much bigger than the wavelength the scattering is caused by reflection,
refraction and by Fraunhofer diffraction on the contour of the particle. The intensity of
the scattered light is in this case in a first approximation proportional to the cross sec-
tion area of the particle and thereby proportional to the square of the diameter.

Particle Size Dependence of Light
Scattering Intensity

log Ig

A for:d> A
IS o (crosssec' n )“ dz
area

for:d= A
diffraction maxima
and minima

for:d< A
. ¢ dipole- 2 46
IS of ( amplitude ) d

Y

3
log (particle diameter d)

Figure 2

In the intermediate size range the above assumptions for the limiting cases of small
or big particles are not valid. In this case the propagation of the incident and scat-
tered waves are submitted to partial reflections on the surfaces and influenced by
phase shifts according to the refractive index of the particle. The rather complex the-
ory of Mie has to be applied to understand the intensities and the angular depend-
ence of the scattering. This size range is generally called the Mie region, although
this theory is first valid for all particle sizes and second limited to a spherical shape.
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The size dependence of the scattering intensity is qualitatively shown in figure 2.

Optical Particle Counters (OPC)

The basic principle of optical particle counters is shown in figure 3.

A continuous flow of the aerosol passes a small sample volume. The light beam of a
laser source or an incandescent lamp illuminates this volume. Every particle passing
the illuminated volume causes a pulse of scattered light, which is recorded by a de-
tector with an appropriate optical system. The following relation connects the particle
number concentration with the detected pulse rate N and the volume flow rate V of
the aerosol:

N

C=—
V

Optical Particle Counter

aerosol stream

[® ]
measuring :

volume .
Nl beam stop

——= =
light source : X

detector

Figure 3

The sample volume can be defined optically or aerodynamically. In the first case the
volume is defined by the cross section of the illumination and the detection beams in
a greater aerosol stream. In the second case the aerosol is guides by appropriate
nozzles and a stream of a particle free sheath air trough an illuminated area. The
size of the effective measuring volume influences the concentration range and the
maximum and minimum of the detectable particle sizes.

The upper measuring range of concentrations is limited by the probability of coinci-
dence of particles in the measuring volume. After the detection of a light pulse the
detector electronics and signal processor are insensitive during a certain recovery
time. The probability of coincidence is described by the Poisson statistics and de-
pends on the product of volume flow rate, the concentration and the recovery time.
An increase in volume flow rate causes a decrease of the maximum concentration,
which can be measured within a given statistical error.
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The measured light scattering signal is affected by noise, which can be caused by
the detector circuit, or by instabilities of the incident light, radioactive decay or inter-
nal particle sources. The instrument interprets noise pulses as particles. The noise
induced pulse rate is independent of the aerosol volume flow rate. An increase of the
flow causes a linear increase of the counting rate of the real aerosol particles reduc-
ing the relative effect of noise on the concentration value.

The pulse size is used to measure the particle diameter. The relation between the
scattered light intensity and the particle size was schematically shown in figure 2. For
the practical application this dependence has however to be calibrated with aerosol
particles of known size and refractive index. By classifying the detected pulses the
particle size distribution is obtained in the form of a histogram. The non-monotonic
behaviour of the curve shown in fig. 2 is usually smeared out by an appropriate
choice of the angular range of the detection of scattering and/or by the use of white
light. The particle size determined by this method is not necessary identical to the
geometric dimension of the particle. The shape and the refractive index of the particle
influence the scattering intensity and differ in many cases those of the particles used
for the calibration. The particle size determined with the OPC is called optical equiva-
lent diameter. This quantity can differ from the measuring results based on other
methods.

Light scattering photometers

The counting of single particles in an aerosol is limited to low particle concentrations.
Above this limit the measurement has to occur on a collective of particles. Under the
condition of constant particle properties the scattered light intensity is proportional to
the amount of particles in the scattering volume and thereby proportional to the parti-
cle mass concentration. The practical experience has shown that in many applica-
tions these conditions are fulfilled. Light scattering photometers are therefore widely
used for the dust measurement in the field of emission monitoring, process meas-
urement and occupational health and safety protection.

The qualitative size dependence of the light scattering intensity of a single particle
was shown in figure 2. The sensitivity on a dust monitor calibrated in units of mass
concentration has to be expressed as signal output per particle mass in the sample
volume. The curve shown in figure 2 has therefore to be normalized to the particle
mass, which is assumed to be proportional to the particle volume. The volume-
normalized curve is shown in figure 4. It shows, that the light scattering dust monitor
has its maximum sensitivity in the size range of the wavelength.
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Particle Size Dependence of Scattering Intensity
normalized to particle volume
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Figure 4

Typical particle sizes in the field of environmental monitoring and health protection
are in the range of 50 nm (soot) to 10 um (fly ash) and therefore above and below the
size of the maximum sensitivity of the instrument. The strong size dependence af-
fords a calibration of the instruments by gravimetric measurements. The calibration
data can usually not be transferred from one application to the other.

An example for a dust monitor based on light scattering is the RM200 of Erwin Sick
AG. This instrument measures the dust concentration in situ in the stack. The meas-
uring principle is shown in figure 5. A LED emits a near infrared beam over a lens in
the stack. A detection unit collects over an optical system scattered light of a cylindri-
cal sample volume with a diameter of 2 cm and a length of about 10 cm. The scat-
tered light is focused on a detector.

In this instrument the scattered light is measured under an angle of 80°. Other in-
struments use higher or lower angles. The choice of the scattering angle influences
the particle size dependence. A detailed analysis of the scattering angles of various
commercial instruments and a calculation of the particle size dependence was per-
formed by the author using the Mie theory. Over the broad range of particle sizes
encountered in different industrial applications however no real advantage of certain
geometries could be found.

The illumination and the detection unit can be rotated and directed to an internal ref-

erence standard. The instrument performs by this way regularly a self check and ad-
justment to compensate for soiling of the optical surfaces.
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Figure 5

To suppress a bias from room light the measuring light is modulated with a frequency
of about 1 kHz. The detector is connected to a lock in amplifier to suppress signal
components of other frequencies.

The lower detection limit of these instruments is mostly not limited by the signal to
noise ratio of the light detection. The detection of low particle concentrations is
rather limited by the background scattering by reflections in the stack. For small stack
diameters a beam stop has to be installed in the prolongation of the primary beam on
the opposite side of the stack.

Transmissometers

The effect of light scattering is observed also in the forward direction by the attenua-
tion of the transmitted light. The attenuation is usually expressed by the quantity of
the extinction E.
E= —lu::-gi = ~log T

Il
where |p is the incident intensity, | the transmitted intensity, and T the transmission.
According to Beer's law E is proportional to the concentration.
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Principle of the Transmissometer

dust loaden
stack

light source detector

Figure 5

For low particle concentrations the attenuation is very small. The transmitted intensity
differs only little from the incident light. Disturbances as fluctuation of the incident
light, mechanical distortions or a soiling of the optical surfaces affect considerably the
measuring result. This holds especially for the operating conditions in industrial proc-
esses. Classical transmissometers are therefore not suited for the measurement of
low particle concentrations.

The dust concentration in industrial stacks is a strongly fluctuating quantity. Because
of turbulences in the gas stream fluctuations of particle concentrations are induced.
Variable dust concentrations are especially observed behind baghouses with auto-
matic cleaning systems. The strong variation of the particle concentration is used by
dust monitors based on a dynamic extinction measurement. By measuring the AC
component of the transmitted light signal static effects as soiling of optical surfaces
are suppressed. Some commercial instruments operate by this system. These in-
struments are used as filter brake detectors but not as calibrated dust monitors. How-
ever, till know no theory has been published on this method.
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Abstract

In the paper basics, problems and current state of optical networks will be discussed.
Starting from the requirements of the transmission of extremely high data rates
(some TBiIt/s) we discuss limits for data transfer resulting from losses in the fiber.
After that optical amplifiers are presented: Erbium doped fiber amplifier (EDFA),
Raman optical amplifier (ROA) and semiconductor optical amplifier (SOA). Another
reason for practical limitations is dispersion in the fiber. We analyze mechanisms
(material and waveguide dispersion, chromatic dispersion and polarization modal
dispersion) and compensation of dispersion by special fibers or chirped Fiber-Bragg-
Gratings (FBG). Then the possibilities of dispersion compensation and optical
amplification at the same time are discussed. Finally the requirements for modern
transmitters including multi-quantum well (MQW) structures and dynamical single-

mode (DSM) systems are presented.
Content

1. Optical network - basics, problems and current state
2. Fiber

2.1 DWDM for data transfer. Why we need DWDM?
2.2 Consideration of spectral domain

2.3 DWDM: Attenuation in Fibers

2.4 Consideration of time domain

2.5 DWDM: Dispersion in Fibers

3. Multiplexers and demultiplexers

4. Transmitters, lasers

Optical data transmission

Optical channels + modulation:
channel spacing

<
<

v

safety clearance

_’ ‘_
» wavelength
0.75 nm 0.75 nm
1530.37 nm 1531.12 nm 1531.87 nm
ITU-T G.694.1
for 100 GHz:

(193.1 +10.1) THz

Modulation with 40 GB/s:

40 GB/s ~ 40 GHz (0.3 nm)
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Fiber types and fiber losses

Multi Mode Fiber (MMF)
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Spectral consideration of fiber attenuation
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Modal dispersion in a MMF (step-index)

Chromatic dispersion
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Calculation of material dispersion by Sellmeier formulae
Formulae: Parameters for glass (quartz):

p iz A, =0.696750 B, :=0.069066
n(}) :\/1+ZAi —
o A-B? A, :=0.4082138 B, :=0.115662

A, 1=0.890815 B, :=9.900559

group index: dispersion parameter:
ng:n—d—n D,, _ =% 100002 9ND
da 3 di da
ps/km*nm
Quartz 4,
0
Dum
=50
~100
~150
0.8 1 1.2 1.4 1.6
A/um

Waveguide dispersion:

_ 1
At =D,(A)-L-AL Dy, * —
(core radius)
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Calculation of waveguide dispersion:

320
DWD == —F —95(1 —14)

_pbs o0
km*nm

d=6 pm

E d=4.8 um

20,5 14 18 A7um

Chromatic dispersion = material dispersion + waveguide dispersion

=>» dispersion compensation example:

86.5% Quartz
+13.5%Ge0,
d=4.8 um
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Typical ITU G.652 Single Mode Fiber:

(O standard-Fiber (low water peak fiber)
Odesigned for WDM-Systeme many channels
(O Modefield diameter: 9,6..11,2 pm (at 1.550 nm)
OZero dispersion from 1.302 nm to 1.322 nm
Ozero dispersion : <0,092 ps/nm2-km

O<O,20 dB/km at 1.550 nm; < 0,34 dB/km at 1.383 nm

(QPMD Link Design Value: 0,08 ps-vkm

O core diameter 8,2 um, Ay = 0,14 (1% FF-width)
(JRelative refractive index difference: 0,36 %
ORefractive index : 1,4682 at 1.550 nm

MetroCor-Fibers (Corning):

Ooptimized for multichannel-WDM-systems in Metro- networks

ONZ-DSF-Type (negative Dispersion)

ONo zero dispersion below 1.625 nm, to reduce nonlinear effects

OCut-off-waveIength: <1.260 nm

(D<0,25 dB/km at 1.550 and 1.605 nm

(D<0,4 dB/km at 1.383 nm

(QModefield diameter: 7,6..8,6 um (at 1.550 nm)
01.530 nm..1.605 nm: D =-10,0..-1,0 ps/nm-km
(QPMD Link Design Value: 0,2 ps-~km

LEAF (Corning):

Ooptimized for WDM-systems for 2,5..10 Gbit/s
ONZ-DSF-Type (positive Dispersion)

OLarge effective area, to reduce nonlinear effects
O Lower splicing loss with standard SMF
(D<0,25 dB/km at 1.550 and 1.625 nm

(D<1,00 dB/km at 1.383 nm
OModefieIddiameter: 9,2..10,0 pm (at 1.550 nm)
(D1.530 nm..1.565 nm: D = 2,0.. 6,0 ps/nm-km
(D1.565 nm..1.655 nm: D = 4,5..11,2 ps/nm-km
(QPMD Link Design Value: 0,04 ps-vkm
effective area: 72 pHm?

ORefractive index: 1,469 bei 1.550 nm
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Dispersion and Attenuation of Commercially Available Fibers:
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Multiplexing and demultiplexing:
Fiber-Bragg-Gratings
ny ng,

Ay + g + A
b e A+ A

cladding

cladding

Phasar = Arrayed Waveguide Gratings, AWG:

wa\cg gulde InP

Free space

A+ Ay A In-coupling

Out-coupling
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Transmitters/Lasers:
Double-Hetero-Structure:

AlGaAs GaAs AlGaAs

-O\ - . p+ /+0

R =30% :0 R =30%

mirror 1 + mirror 2
MQW laser:
GaAs AlGaAs GaAs
d b d
D=5-50 nm

laser light

—

d=1-20 nm with 1 mode (wavelength)

S |
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Dynamical Single-Mode-Laser (DSM):

index
modulation

MQW

grating period D =A/2n
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Gravitational waves - Basics '\‘m!l

e Gravitational waves: solutions of Einstein's field equations

e Interaction with massive particles (my=0)
e Sources of Gravitational waves :

- Monopole-irradiation “ Mass-maintenance
- Dipole-irradiation “ Total pulse-maintenances

Quadrupole-irradiation

®=30s!

Magnitude: |, 20 m >
e e Prox~ 61077 W/m?

) 500 t
— Source: cosmic events

Hanoi, Sept 8, 2008 #3/48

Gravitational waves - Sources

e Multi-systems of compact objects
(double star system of Neutron Stars or Black Holes)

e compact objects from gravitational collapses (Supernova)

¢ melting compact objects
(NS-NS, NS-SL, SL-SL)

e Black holes

e Formation of the universe (Urknall-big bang)

Hanoi, Sept 8, 2008 #4/48
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Gravitational waves - indirect verification

e Pulse-Taylor-Pulsar (PSR 1913+16)
Discovery of a pulsar in a double star system in 1974
exact measurements of the orbit data

Time of circulation ~ 8 h, since 1974 by 30 s shorter —
possible explanation: radiation of gravitational

— indirect verification

Nobel prize 1993

Hanoi, Sept 8, 2008 #5/48

Gravitational waves - Action on free falling test masses

e Action on free falling test masses:

20000

OO

Hanoi, Sept 8, 2008 #6/48
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Gravitational waves - strength
AL
e Number of the strength: h=—
Source strength h
Balk (500 t, 20 m, 30 s'1) 10-34
Pulsar NPO0532 (,,Crab Nebula®) 10-24
Supernova in the Virgo cluster (2x107 pc) 10-22
Supernova in centre of the Milky Way 10-19
(2x10% pc)
Collapsing double star system (NS-NS) 10-17
(Mg, r=30 km, A~103 pc)
Comparison: Diameter of the proton : 1 m — 10-15
Hanoi, Sept 8, 2008 #7/48

Gravitational waves - Frequency Spectrum

seismic limitation

Black-Hole Binary
@ Coalescence
Black-Hole
@ Formation

P Black-Hole
Binary, 1°Mg

Frequency [Hz|

Hanoi, Sept 8, 2008 #8/48
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Gravitational waves detectors - Principe

e Two general approaches:

- Resonant bar detector

bar detector

- optical-interferometric detectors

Idea: direct read-out of distortion of the space

Idea: Gravitational wave generates oscillations in a resonant

e First detector:
1962: 1. Weber (h ~ 10-15)

e Cylindrical test masses
e Material: Al, Nb, (Si, SiC)

¢ Working temperature: < 1K

Hanoi, Sept 8, 2008

Hanoi, Sept 8, 2008 #9/48
7N\
Resonant mass detectors (1) )

#10/48
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Resonant mass detectors (2)

AURIGA

Barat 0.2 K

DAY 185, SUNDAY Jul 4, 1999

Strain Noise Power Spectral Density
T T T T

1 Gryopenic mainieinance

20 24
time (hours)

e 2.3 x 103 kg aluminium

/ ]

I I
a10 915

e 1.5 K operating temperature
(0.1 K possible)

920

925

930
Frequency (Hz)

miniGRAIL (The Netherlands)

{

‘ 68 cm diamete
The Sphere

20 mK

Hanoi, Sept 8, 2008

Hanoi, Sept 8, 2008 #11/48
7N
Resonant mass detectors (3) )

r

1300 kg CuAl(6%)
Resonant frequency: 2,9 kHz
Bandwidth: about 230 Hz

Detection down to h ~ 4.10-21
Determination of
- polarisation and amplitude of the wave
- Source position

#12/48
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Interferometric Gravitational Waves detectors (1)

e Distance between the test masses will be measured by
interferometric methods

Hanoi, Sept 8, 2008 #13/48
Interferometric Gravitational Waves detectors (2) )

o ,free" test masses? — optical components as pendulum

»
»

Free particle

= Pendulum

Amplitude

»
P>

Frequency

Hanoi, Sept 8, 2008 #14/48
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Multi- Stage
Blade Sprin
Magnet D

Hanoi, Sept 8, 2008 #15/48

Interferometric Gravitational Waves detectors (4)

Hanoi, Sept 8, 2008 #16/48
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Linear gratings with variable pitch

Problem: parameters (¢ , h, f) specified for a fixed pitch d,

.......
.........

Two beam n &
interference : - .‘_1 o
Tilt of the exposed resist

lateral intensity distribution

Balancing the
intensities M NW W
file
|

interference pattern

developed resist pro

=) requirements on copy limit pitches

101
Example - maximal pitch-variation
) , Al .24
Two beam interference if : ‘1—5 <8lig <
A =365 nm
90
D 80
S
2o \
@ 60
o max
@ 50 Two-beam K > : )
G 40 interference transferable range of pitches:
il | d ~ 270 nm...550 nm
o
220 20 deg
2 only Oth \/
15 200 250 300 350 400 450 500 550 600
Pitch d [nm] |
102
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Maximizing the contrast
(phase mask, ¢ = 20deg)

| Optimization for the total range of pitches: Ky( f,h)

« varying depth of profile / quality
— mask parameter matching

1000 f=05
E
= X, desired groove depth:
= h =360 nm
Q.
()
©
()
3
o
O]

300 350 400 450 500
Pitch d [nm]
103
Experimental results
d =300 nm d =400 nm d = 500 nm

Mask

Copy

104
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Circular gratings - Principle of transfer

» Symmetry — normal incidence
— unpolarized light

TE-polarized

Mask

Wl

T Resist
Substrate
[ only 15t (and O') order | ‘ ,Two-beam-interference” ’
i.e. Ot order suppressed
2 for both
if A, =365 nm: 365 nm <d <730 nm TE- and TM- Polarization

105
Interference pattern (TE-Polarization)
weak suppression of 0" order good suppression of 0t order
(1p=10% of I ) (1p=0.2% of Ieg)
0 d 2d 3d 4d 0 3d 2d d 4d
X = X
d d,
2dy; 2
- Uu=0.9 - U =0.998
MWl DA
0 d 2d 3d  4d 0 d 2d 3d  4d
L+ 21
Line Uniformity: U :ﬁ: |0+12|1
challenge:| maximizing the line uniformity for TE and TM simultanously
106
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Example: Pitches d = 500 nm, d = 600 nm
and d =700 nm

o

Duty cycle

o

6
4

0.2

£
S
S
5
o

Duty cycle

. 0. :
020702 04 06 08 1.0°%0 02 04 06 08 1.0 %20 02 04 06 08 10

Groove depth [um] Groove depth [um] Groove depth [um]

groove depth: h =450 nm
duty cycle: f=04

Experimental results

Mask d =500 nm

108
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AFM-pictures
d =500 nm
; X
0 1 2 3 d
d =600 nm
% X
0 1 2 3 d
d =700 nm
= X
0 1 2 3 d
109

Summary of Nearfield Holographic
Lithography

* Linear gratings with constant pitch:
— phase mask: high parameter sensitivity
high transparency — short exposure time
— amplitude mask: low parameter sensitivity
lower transparency — long exposure time

* Linear gratings with varying pitch:
— transferable pitches depend on wavelength and angle of incidence
— local varying depth of profile

* Circular gratings:
— normal incidence
— mask optimization for both TE- and TM- Polarization
— suppresion of 0t order determines profile and pitch!

110
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Optical near field Lithography

for artificial materials, based on mask aligner

A A N
NN TN NI H B AVANANAY
\NONL N NN \YERYS AV Y A VAR
A A A A A A AIA A A A A A \
/\/\/\/\/\/\/\'/\/\/\/\/\/\
/oL ONL NS NS NL N N NS N N NS N

p=P/2

AM2<p<i

p =300 nm

for example: A = 315 nm = p > 157 nm 111

Applications

polarimeter
spectroscopic polarimeter polarimeter
diffraction gratings

null - CGH

polarization multiplexing hologram

phase retarder

photonic crystals (research)

Sept. 2008, Nhatrang, Vietnam
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2. Technologies

Non Lithography based techniques

Lithography based techniques

Binary profile fabrication
==) Multilevel profile fabrication
Continuous profile fabrication

3D-Lithography

Replication techniques

113

Example: blazed grating

Ideal profile

Feasibility?
by technological reasons

Approximated profile

T ] —

1 x MAn profile depth m levels
1 x 2n phase depth
1st diffr. order

Diffraction efficiency expected: 100%
(reflection losses neglected)

- 2n/(m + 1) phase step per level
- 2x(1 - 1/m) total phase depth

Which diffraction efficiency can be reached?

114
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Diffraction efficiency expected
normal incidence
= /./’ _______ S i et O== :| il
= el et
ax = /// N T]
3 - fmm 2 405 %
kS / . 2
51 / scalar theory: n = [SInC(TT/N)] 3 684 %
_5 _| I/ (for periods > 201) 4 81.1 %
= )
e | 5 87.5 %
& —
5 | 6 91.2 %
_| 7 93.5 %
B 8 95.0 %
I 1 | | [ | [ o
0 2 4 8 16 32 il St/ o
number of phase levels N
32 99.7 %
115
Multi level profile fabrication
Lithography: N
Contact photolithography N masks ¥ 27" levels
Projection photolithography mask 1
Electron beam lithography
..... _ = = = = mask 2
| | I— [ roe— |
Etching:
RIE mask 3
ICP RIE
IBE
RIBE I—\—\_\_\_\_\_\—l—\—\_\_\_\_\_\—,—\ 8 level profile
CAIBE
116
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no mask shift

— — — = mask

-~ E-beam writing
0.12 pm overlay

Overlay and line width error destroy the pattern

mask shift left

mask shift right

Fa -
mask aligner
1 ym overlay

117

Diffraction efficiency reduced by overlay error

o
o
o

©
o

[=2]
o

N
o

—— simulation 4-level
B measurement
—— due to random alignment error

N
o

15 10 5 0 5 10 15 20 25 30
misalignment normalized to pixel size [%]

Efficiency normalized to ideal element [%)]

|

90% of the design efficiency

500nm
250nm

30nm
15nm

=) 6% misalignment allowed

pixel size > misalignment allowed

4-level element
HL_.I'H g "L‘”
ﬁ,Lj. HJMIT
__|
. *_ﬁ%
jL

=y

L"—L.f_ﬂ_f:ﬂ:

SB350 OS - 25nm

118
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4

Diffraction efficiency in reality

Diffraction efficiency expected

(scalar theory)

diffraction efficiency 7

The real diffraction efficiency
depends on:

- Overlay error

- line width error

- depth error

- edge angle

- design

- wavelength

- deflection angle

- number of diffraction order

L rrr—r T T 1T T T"1
0 2 4 8 16 32

number of phase levels N

You will not get the best efficiency with the highest number of phase levels!!!!

119

Examples of multilevel micro-optical structures

diffractive beam
shaper (4 level,
400nm feature size)

Fresnel-lens (part of a
DVD pick-up head)

120
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2. Technologies

Non Lithography based techniques

Lithography based techniques

Binary profile fabrication
Multilevel profile fabrication
==) Continuous profile fabrication

3D-Lithography

Replication techniques

121

Examples of elements

Courtesy of K. Reimer, ISIT/FhG Courtesy of U. Zeitner IOF/FhG

122
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Resist melting technique for micro lens fabrication

el Courtesy of A. Schilling, IMT
resist coating ;

UV - light

| phbtp naqk ]

photolithography

development

- thermal resist melting

11

- or reflow in solvent

atmosphere
123
Simplified lens design
curvature radius of the lens: rl_
focal length: f
refraction index: N
rn= f (nL - nair)
[ Ideal:
diameter resist cylinder = diameter lens
de : ol volume resist cylinder = volume lens
<
resistcylinder | _ 21
Y T h,=r —,[r."—=d_
124
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NA limitation by the wetting angle

The rim angle ay of the lens must be
larger than the wetting angle o,

Typical wetting angle resist substrate ca. 25 deg

a=35°and n=1.46 NA ;.= 0.35
How to overcome this problem?

125

Resist reflow technique

before reflow during reflow after reflow

reflow chamber

- acetone atmosphere |
pedestal : : : ens

L ——~— "
acetone

@ reflow technique reduces the wetting angle
® edge of pedestal or passivation limits the spreading

Wetting angle < 1deg possible

126
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Glass melting technique for lens fabrication

basic idea
photo lithography dry etching
LTI
[ | photo mask resist
resist Sl pedestal
- etched glass cylinder
resist developed pattern
melting

lens profile

L

Boron Phosphorus Silicate Glass (BPSG)

127
Flame hydrolysis of BPSG, Process
Boron Phosphorus Silicate Glass (BPSG)
SiCl, + GeCl, + PCl, + BCI + He He + H
4 4 3 ‘1/02 2
BPSG particle (diameter in micron range)
quartz substrate
after post bake 1200 °C BPSG layer (5 - 100 uym)
128
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Flame hydrolysis deposition of BPSG, setup

M
F
c

% » to gas washer system

&r

T oe
SIS
(=]

sicl, Wﬁ@
ey

Q
&%

o
g
temperature bath heated /

substrate
holder

129

Glass melting for lens fabrication

before melting

Substrate: Quartz

Cylinders/lenses:  PBS glass (doped quartz glass)

130
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Problem: Thermal expansion coefficients

The thermal expansion coefficient of the layer has to be adapted to the substrate!

® i

DD DI

30KU WD 1BMM

232222322

J)JJJJJJ)
23
29

239
of

3 0
A
1 O
& N5 |
Y N
s s
3 A
Y O
2 0
Y O

Substrate expansion coefficient
changed at surface

Lens blow up, layer expansion
coefficients not well adapted
(surface doped by diffusion during

layer bake)

131

Glass lenses of different Numerical Apertures

increasing numerical apertures

NA,,, ~0.35

>  ball lenses

pedestal

132
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Analogue lithography for continuous profile

fabrication
basic idea

variable dose exposure

TN

ngh resist

flexibility i

for

arbitrary 1

surface

profiles ‘r’:;:{"ped
profile

133

Techniques for analogue lithography

most important techniques

E- beam writing

lithography lithography
Variable dose Continuous Half tone Gray tone
writing profile writing lithography lithography
Fujitsu 1982 Gale 1983
e-beam writer special laser writer projection stepper mask aligner

dwell time control
or layer addition

Laser writing Projection photo Contact photo

gray tone mask

pixellated sub
resolution mask

intensity control

FSU/IAP

o

Collaboration A. Schilling IMT, IAP/FSU

Courtesy of M.T. Gale CSEM

Courtesy of K. Reimer, ISIT 134
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Variable dose e-beam writing for
continuous profile fabrication

LV

electron gun
—l= electron beam writing
very low NA
_ﬂ ﬁ_beam on/of control dose distribution
<>
: . T et
|X| |X| magnetic deflection system and

objective
X X

resist profile after development

.

maximum depth about 5ym

135
. ngm
Variable dose e-beam writing
ol
200 - u measured
fit i G

= -400 ______/"' —
E fit model: h = a-Exp(b-D) + ¢
z -600 -~
= a=(-54.4 +0.74) nm
& 800  b=(0.00139 + 7.9E-7) cm?uC
i c=(53+3.1)nm
3 -1000 |
o

-1200 - 3um ARP 610 :

exposure:  0.5A/cm?, dose layer 1.0, 1.2, 1.5uC/cm? blazed gratmg
-1400 - development:60s ARP-developer + 15s Isopropanol
20s ARP-developer + 15s Isopropanol
=G| 1 1 1 1 1
0 5 10 15 20 25
electron dose [uC/cm?]
-
diffractive element
136
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Continuous profile writing
Laser beam writing
o §
@ w it
8 E ‘s_; & laser beam writing
“O &8
38
2%
22
3= 442 nm
HeCd Laser i:‘Modulatcr
Objective | I:
Resist coated r
substrate
gﬁ?gg‘;ﬁgssl‘age resist profile after development
linear motors) .
Active .
antivibration
elements
maximum depth known about 150pym
137
Continuous profile writing
Laser beam writing
beam shaping element lens array
138
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amplitude masks

medium

high

filling factor: small

grating period
or pitch > A

grating period
ore pitch < A

brightness in the

Physics of half-tone and gray tone masks

Principle of

2 half tone masks
blocking of higher
orders by a lens

Principle of
gray tone masks
higher orders do
not exist
- Sub wavelength masks
- HEBS glass masks
- LDW glass masks

wafer plane
139
Half tone lithography
type of masks
pulse width pulse density

Also possible:

- combinations

- Error diffusion

Courtesy of
half tone mask K. Reimer,
BN ISIT/FhG
objective
s gray tone image

140
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Analogue lithography: gray tone technique

variable dose e-beam writing

L

T
| HEBS glass mask blank |

N_ h =13 um
h 100 pm x 100 ym

uniform illumination

LML

gray tone mask

[ITHTTT

T————

h=20 um
67 um x 67 uym

developed profile

o

maximum depth about 70um 141

HEBS -glass gray scale masks

Darkening of HEBS glass

o Height control of the photoresist
by e-beam writing ——

by the electron dose

25 initial film thickness]
.- R 2 e
2,0 e 60 70um
=) 2 =
2 o §
> I's =
= . 5 40 45um
5 & ©
S 104 o’ S 30um
—= . [}
8 . S
= g g 20
© 051 ,’ 18pm
Ld
.
.
00 ———— T 0
0 100 200 300 400 500 600 700 800 900 1000 1100 0 400 800 1200
electron dose [uC/cm?] electron dose [uC/cm?]

142
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Lithography on pre forms

Gray tone lithography on pre forms

uniform illumination

| WA

gray tone mask

photoresist
profile developed

corrected profile

E-beam or laser lithography on pre forms

laser beam

e-beam

low depth of

high depth of sharpness

sharpness

143

laser writing

Lithography on pre forms

gray tone lithography

e-beam writing

o
1.5

um period grating on a lens

144
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Laser-Lithography System working on large pre forms

basis system: DWL400 of Heidelberg Instruments

He-Cd-Laser — AOM, AOD
A=442nm T 64 gray level

hinged optics plate
max. profile
focusing lens height: 30mm
resolution: 1uym
x-y-table
200 x 200mm?
hinged frames

+10°
cardanic mount, tilt in
two orthogonal axes

substrate granite base

145

The Laser-Lithography System

basis system: DWL 400, Heidelberg Instruments
Laser: He-Cd, A=442nm

max. writing field: 200mm x 200mm

min. spot size: ~1um

autofocus system: optical

writing mode: variable dose (max. 64 level)

spot positioning by stage movement and

beam deflection

lateral scan (width up to 200pm at max. resolution)
writing speed: 10 — 20 mm?#min on planar substrates

(depending on structure)

writing on curved substrates:

substrate table: cardanic mount, tilt in two orthogonal axes
min. radius of curvature: ~10mm

max. surface tilt angle: <10°

max. sag: 30mm

146
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The Laser-Lithography System

147

The Laser-Lithography System

write-head

substrate:
lens

initialization
procedure of the
tilting frames

148
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Optical structures on curved surfaces

Refractive / Diffractive Achromat

refractive lens

hybrid achromat

diffractive lens

149

Refractive / Diffractive Achromat

Linos 311340
biconvex

———

.3,,7#: ‘

additional diffractive surface profile

wave-front error:
without correction

=—p  drastic reduction of chromatic and spherical aberration

150
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Example Structures

linear blazed grating on concave surface

application: focusing grating for a spectrometer

151

Lens-Array on Concave Surface

surface radius: -38mm
array size: 130x130 lenses

measurement of lenslet profile
sag: 7.7um
profile error: PV < 150nm

152
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Profile deviation by the intermittence effect,
a problem of analogue lithography

(intermittence effects are well known from high speed photography)

Intermittence effect in e-beam writing

2 z
2 z
=
3 J
] c
e 2
= 3
3 o
tg t tg/2 t ta/2 t

degradation relaxation

exposure efficiency
N
exposure efficiency
j\
\
\
\
\
1
]
1
|
|
|
=N
\
\
\
|

t

. Intermittence effects can be found more or
[ ] expectation . ; . '
less in all kinds of recording materials e.g.

[ ] reality - e-beam resists

- photo resists

- HEBS glass
153
Impact of the intermittence effect depends
on the writing concept
Gaussian beam Variable shape beam
writing i writing
EBMF ZBA 23H
10.5 - —
X X
I3 I3
S S
g 2 %K X K\
[0) [
X X
X _ X
Intermittence effect Et § Intermittence effect
appears as: ' I appears as:
. g Layout
Step size ggl g decomposition
effect 38 § peesencosen \ T 8|8 effect
52 \ 4 SR
53 y; “oOE|2
2 9 A 4 |28
£ &/ T N |
154
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The intermittence effect in HEBS glass

Degradation time: 10ps-range (depends on current density of e-beam writing)

Relaxation time: >100ps (no simple exponential function, ranges to >ms)

Micro lens profile fabricated with HEBS glass mask

lens profile deviation to the sphere

50

dynamic
5 w  writing effects

sag: 13um RMS: 30nm = 0.2% of the sag

155

Proportional transfer into optical materials

Materials: glasses, fused silica,CaF,, Si, Ge, InAs, ...

(reactive) ion beam etching

AL L LT

PTR I R PR Y

. . Beam shaping elements, transferred into
usual depth in quartz: < 50 ym BFG 33 Glass (Schott)

156

923



Nhitng tién b trong Quang hoc, Quang tir, Quang phé va Ung dung  9/2008, Nha Trang, Viét Nam

The etching ratio shapes the profile

etching ratio

resist : glass

1:25
X
(reactive) ion beam etching ‘

R AR A

AN VAT S ~1:1 *

Applications: “\* 25:1

- increasing of profile depth

- decreasing of profile depth

- aspherisation

- special profiles (phase correctors,
beam shaper, ...)

etch. ratio

time

Applications of continuous profiles

Lenses and lens arrays (refractive diffractive, plastic, Si, quartz, ...)
displays '
angle encoder
beam deflection
light concentration
homogenizer
beam shaping

beam shaper (refractive and diffractive, plastic, Si, quartz, ...)
display illumination
holography
line generator
ring generator
arbitrary intensity distributions

158
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2. Technologies

Non Lithography based techniques

Lithography based techniques

Binary profile fabrication
Multilevel profile fabrication
Continuous profile fabrication

== 3D-Lithography

Replication techniques

159

3D Lithography by Multi Photon Absorption

Experimental
Setup

3D-resolution by
intensity threshold

CCD-Camera for
online recording

-

fs-Pulse
80 fs, 80 MHz, <1 nJ

Microscope objective -

(EURTN Glass

g CURV N Substrate

925

Galvo-Scanner
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Photonic Crystal

Structure size: 220 nm

2. Technologies

Non Lithography based techniques
Lithography based techniques

Replication techniques

162
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Plastic replication technologies

one of the most important technologies in micro optics (low cost)

Hot embossing
Injection molding

UV reaction molding

UV reaction molding lithograp

Suppression of reflections? — by nano pattern 163

Tendency: From components to systems

Example: positioning sensor
4 spherical lenses
1 aspherical lens
1 beam splitter grating
2 mirrors

1 cross grating

1 Brewster mirror to be replaced
1 polarizer by artificial
materials

1 A4 wave plate

Courtesy U. Zeitner

Fraunhofer .. .

Angewandte Optik
und Feinmechanik

164
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Micro- and Nanooptics

Key for - new and complex functions

- integration of optics

- new architectures

7

A v

. V| for modern optics
(i'}m . =
micro optics technologies

enabling technologies C
for optics of the future for miniaturization @m

for integration

49 (0) 36 41. 65 76 47 E ~
49 ] |in_F_.3‘_ i
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polarization
photonic crystals
Vision of micro- and nanostructured optics
elements, materials, multifunctional surfaces, stacked optics
Diffractive or refractive
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Non lithographic techniques
diamond processing
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Lithography based techniques (potential and problems)
binary profile fabrication
multilevel profile
continuous profile fabrication
3D-Lithography by multi photon absorption
Replication techniques
hot embossing, uv-reaction molding, injection molding, ...
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1. Basics

Micro- and nano-
“machined”

surfaces and materials
4
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System design in nature

aerodynamic =
optimization |

b el d
dust protection

diffractive |
colorization

refractive
imaging

selective
antireflection reflection

Milestones of optical
engineering

Fourier Maxwell Hertz Personal Fundamental
Computer .
1768 - 1830 1831 - 1879 1857 - 1894 understanding of
Fourier electromagnetic exp. confirm.
expansion wave theory of Maxwell

o ==
Analytical and numerical & o~
evaluation of physical optics g e

-

Basics in physics and mathematics

1800

Fresnel Abbe Zuse
1788 - 1827 1840 - 1905 1910 - 1995 Do
wave th_eory theory of 1941 micro- and
of the light opt. image 1st calculator nanomachining
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Example: Modeling of the oscillating light
and laser mode control

active
mirror medium otut, 1 to

_________________________________________________ / I S

R/ _/ / 200 cycles

mirror

resonator .
basic mode

random start intensity

Courtesy of U. Zeitner

7
Typical optical surfaces
Contours Profiles
Characteristic
lens prism beam shaper detail
>> A
binary grating blazed grating
|J_\_I_\_I_\_I_L| |_/\/\/\/LI > )\.
subwavelength gratings
ﬂﬂmmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ” ruuuwuu...‘ <A
complex surface
profiles >> A
N AT
<A
let’s tidy up —>
8
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The transition from refractive to diffractive

elements
refractive
law of refraction [ wo s i
0= F (on) %
A 8
. A b [e!
n-sin(a)=sin(a +¢) 20um height E
X
()
diffractive (blazed) 2
; grating equation,  EEEETETTSCTTIEINE O
A A A M A Afirstorder s
ARANY S (S ©
—1 /|/|/|,/|/|/| ¢ =F(p, 1) ;
> Bt he
sinfp)=2
p
- law of refraction simplifications of the Maxwell equations !
- grating equation
9

law of refraction:

n - sin(a) = n, - sin(a + @)

= n, - sin(er) cos(p) + N, - sin(p)cos(a)

5 sm<¢)=[ﬂ—cos<¢)]~tan(a>

ny

wave nature of light — slicing into layers

tan(e) = n,-h—n,-h-cos(p)= 1

A

j

—>h=——"——F"——
(n,—n,)-cos(p)
/ grating equation (for first order diffraction)
n»
. . A
h o n, =1 (air) — sin(p)="=
p
[24
p
10
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30 x A/An 30 x 21 30t

Adadad.da.d.4.4 3%MAn 3x2n 3t
Aaaaaaaaaaaaaaa 2 X )\/An 2%x2n 2nd
1 % A/An 1% 21 1st

The transition from refractive to diffractive

profile phase diffr. order

11
Well known applications of Fresnel - lenses
Application phase depth profile depth why “Fresnel”- lens
Light house lens 2000 x 27 ca. 2cm low weight
Overhead projector lens 150 x 21 ca. 150um low thickness
Canon photo objective lens 11 x 2 ca. 5.5um chromatic aberr. correction
diffractive homogenizer, lens arrays 1 x 2n ca. 1uym limitation of fabr. technology
12
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Wavelength splitting

far field far field

¢ =F(n(™)) 0=F() A

P77 774

t 1

Problem: Diffractive or refractive?

Beam shaping

Designed for A = 488 nm

high efficiency - efficiency control - wavelength separation/multiplexing - shallow surface profile - ...

The application makes the choice

Fabrication technologies are challenged

13
The transition from refractive to diffractive
elements
=/ refractive
Py
Lh ~A/ AN ’ T T
o / ¢ =F (a,n)
T a" n (law of refraction) %
I n-sin(@)=sin(@+p)  20um height
e/ diffractive (blazed) 9
j‘p 1 I O
| ¢=F(p.2) §
1 1 . ] = (grating equation, G>J
p first order) - E
SEROR .. |
o p diffractive (binary) &
54
V o =F (p, 2.k)
I : : grating equation)
P kA
B ()X
P 14
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What can be done by gratings?

Far field control

Applications

- chromatic aberration correction
- gratings for lenses

- pulse compression

- photonic crystals

-1. +1. - Beam splitting with well defined intensities
0. i - coupling into cavities

| . _~ determined by

*,the groove shape

determined by
illumination wave

determined by period and wavelength
(grating equation)

—

15

How works a diffractive element?

Generation of discrete diffraction orders by a defined period of a structure
and
controlling of the diffraction order intensities by the structure inside the period.

some millimeter period

500nm period

il

enlarged
section
inside a
period

g
2 diffraction orders some then thousands of diffraction orders
result — 2 beams result — picture

16
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Diffractive elements for RGB application

HR-layer stack on DEO \ \ ”/ /

for red
for green
for blue
E =
lied Physics
100
90 1
80
é 70 4
c 60
o
.ﬁ 50 —— Bragg Spiegel fur
b md Blau .
= Bragg Spiegel fir
) 30 4 Griin
4 —— Bragg Spiegel fiir
20 4 Rt |
10| \
0

Wavelength (nm)

17

Movies by diffractive elements

18
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The decrease of the grating period

A>p>A/2

o e .

p=AI/2

photonic crystal
control of reflection, transmission, dispersion

—— [T

19
Photonlc Crystals (Bragg gratings)
Control of reflection, transmission, dispersion
W 1-D crystal | i i 4 - | 440nm period
o quartz

diel.laser mirror, DFB laser mirror

r

‘_i'r' if
Ve

period = A/2

390nm holes

hexagonal
arrangement

period =~ A/2

3-D crystal
period ~ A/2

2000nm period
4 poly Si

Sandia
National
Laboratories

Courtesy of Saw Lin

20

938



Advances in Optics, Photonics, Spectroscopy and Applications

Sept. 2008, Nhatrang, Vietnam

P>

p<A

effective medium
artificial complex index

The decrease of the grating period

21
Effective Medium Theory
dielectric stripe grating
L
i - =
e 1) - E C_J_ i C_" ;—70_"& Ci2=Cy
7§
mitn= \/ggéi N # Nrg
birefringence

22
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Effective Medium Theory

metallic stripe grating

TE

™
(1)

TM low thermal losses

—H—

TE high thermal losses

polarization

23

Metal stripe polarizer grating

—

<A2n
i TE

Plasmon resonance length ?

metallic Structures may cause resonances

| K I:(> effective medium ?

24
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Effective Medium Theory

vacuum fused silica
n=1 n=1.48
i o) - -
1,4
TE
1,2 4
x ™
Q 1 4
-]
£
X
0,6 |
£
(]
04 |
0.2 TE-TM
0 : ; ; ;
0 0,2 0,4 0,6 0.8 1
fillfactor

25

Effective Medium

Uniform control of the complex index

o symmetry — isotropy

o filling factor = —— effective index

Courtesy of S. Schroder, IPHT Jena

‘ ’.‘."‘hh'r"-’._’ﬁ
anisotropic isotropic
dielectric grating: birefringence uniform index layer
metallic grating: polarization attenuation

26
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Effective index 2D dielectric gratings

0 = o

Si (n=3,3)
3 —
LiINDO, (n=2,2)
x
O 2
©
=
PR fused silica (n=1,48)
8
£ 1
0 T
0 0,5 1
2D - fillfactor

27
Refractive index control
by a effective medium
uniform index
1. w A - M4, 72, ,,, phase plates
= [ - polarizer
Horizontal gradient index
2 A - gradient index elements (lenses, gratings)
Vertical gradient index

3. W 2 _ - moth eye pattern (anti reflection)

28
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Applications of effective media

29

Main applications of effective media

. antireflection production
] polarization production
o phase plates R&D

® diffractive elements R&D

30
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Birefringence by 1D dielectric gratings

35 ‘ ‘
Si (n=3,3)

_7L LiINbO, (12,2
N (((((1d

[ fused silica (n=1,48)

effective index

0 0,5 1
fill factor

31

Real parameters for fused silica phase plates
n=148 An = 0,092 F =0,55
A=1060nm | A= 632nm | A=436nm | A=248nm |A=193nm
An (normal incidence) 731 434 297 164 123
A/2n (all angles) 367 217 149 82 62
depth for A/4 2880 1720 1185 674 524
Grating profiles to be fabricated
Ma L w2 L 74 72
32
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sio,

full angle 8
1 4

T

Aspect ratios for A/4 phase plates

LiNbO,

2.5
1.25

Si

1.47
0.73

33

y, “‘j ‘ &
¢
4

.

Lateral polarization control

M4 @ 1060nm
10°/segment
36 segments

radial polarization

tangential polarization

34
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Application of radially polarized beams

Focusing light Laser beam drilling/cutting

V G Niziev and A V Nesterov

Darn, Quabls, Letichs, J. Phys. D: Appl. Phys. 32 (1999) 1455-1461.
Phys.Rev.Lett. 91,

233901 (2003)

07 5 madially polarined !
= 0% /
205
= 04 Enea i
&
2 B3
=hih ﬁ TM preferred
£ 04 y
{; + .
a8 03 ] 12
numenical aperiare B
—radially polarized beam —radially polarized beam
performs much better focus for high NA performs 2x better speed and higher quality

35
Main applications of effective media
. antireflection production
o polarization production
] phase plates R&D
® diffractive elements R&D
36
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Moth eye pattern

moth eye

facet lens

moth eye pattern

37

Antireflection by moth eye pattern

Vertical gradient index

p<A2n

38
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Index transition in conical moth eye pattern

1 effectivze index3 moth eye pattern

i

effective index

39
Comparison of binary and conical moth eyes
Theory
100 - " AMMAAAAAA
99
X 98 -
c
5 O
2 97 4
£
5
= bl wavelength: 633 nm, period: 282 nm, fused silica
0 T T T T T T T T T
0 200 400 600 800 1000
dot depth [nm]
Optimized depth binary (moth eyes): 130 nm —> monochromatic
conical moth eyes: 300 nm (about 1/2) ——— broadband
40
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Extreme broad band moth eye pattern

A A A

min max
period: <A/2n period: A_;./2n

depth: 2A/2 depth: A, /2

Example: Terahertz
bandwidth: 30um — 300pm

material:  Silicon 1D grating, aspect ratio 40
period: 5um
depth: 150um

height/period: 30

I

feasible ?7?

41

Main applications of effective media

. antireflection production
o polarization production
] phase plates R&D

® diffractive elements R&D

42
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Diffractive elements by effective media

[ e e e e
conventionally blazed grating .

blazed gratings by effective media

enhanced diffraction

P. Lalanne, S. Astilean, P. Chavel, E. Cambril, efficiency
and H. Launois, JOSA A 16 (1999) 1143-1156.

closer to TEA,

B. H. Kleemann, J. Ruoff, and R. Arnold, j
Opt. Lett. 30 (2005) 1617-1619

43
Main applications of effective media
. antireflection production
o polarization production  Moxtek USA
] phase plates R&D
® diffractive elements R&D
a4
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30
2 Period 300nm
. 1 Fill factor 0.5
300nm period 8
Chromium E
tri K]
stripes Groove B
Fused silica__—— depth g
substrate 1}
Ridge Period
width 0 ‘ ‘ ‘ ‘
ER = TM-transmission g 20 e &9 & 100
= TE-transmission g Groove depth [nm]
: Groove depth 100nm
1D e 5001 Fill factor 0.5
2
5 4004
k3]
£ 2004
x
w
100
Moderate optical parameters @ challenged fabrication 0 I I I I I
0.0 0.1 02 03 04 05 0.6
Period [um]
45
I”I”Illlllll Ghromium
Fused silica 2— l l 600 nm
30 nm
3500 2000
3000 theory 1750
.0 2500 1500
® £ 12504
< 2000 E
19 S 1000 -
B 15004 3
S £ 7504
£ 1000 ]
w 500
500
250
0 " " i " 0 ; ; v v v
Bs s C B oS (Lo 400 500 600 700 800 900 1000
Wavelength [um] Wavelength [nm]
46
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Element for microoptical polarimeter

300 iod grati
cross section TP EN

i,

1pm

47
Plasmon excitation in metals
E
free electrons
pr—
oscillation of the electron gas OO0 O0OO0OO0OO0OODOOOOOOO
-> absorption , reflection
oscillation of electrons against the wall OPpPePOOOO
- compression and stretching of the electron gas
- longitudinal electron density wave
ey + - o+ - o+
Plasmon e, e e e,
Ay = A5 ©o0e0e0 Oo@%
Pl ducti N, | "o
asmon -conduction ¢5  plasmonic N\
- - .
 diffraction M7 Metamaterials
48
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principle
L=nr/2
metallic element
(antennae) :
u Ux) __--
R X

-

Resonant metallic pattern

resonant filters

control of:
polarization
absorption
reflection
transmission
bandwidth

49
Resonant Silver Pattern
J. R. Krenn, F. R. Aussenegg
Physik Journal, 1 (2002) Nr. 3
metallic pattern
optical response
50
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Polarization rotation

Principle Polarization independent rotation

transmitting
antenna

U receiving antenna_ _

-

_-

rotation angle A [degree]
o

L L L L
-120 80 [4 &0

courtesy of Konstantins Jefimovs, Univ. Joensuu Finland incident polarization azimuth B [degree]

51

Metamaterials

University of Karlsruhe 2005

C
R R R TR R R
MMM MM
L G2 A3 BB BRI RE LR B2

MR

UMUMKW
B2 B2 A2 A4 R BB MM
AL A2 L2 R AL AL AR LL

200 nm

trol of d left-handed materials
el RSEE) negative refraction index

52
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Ve ' g | : : Principle of second harmonic generation:

01 A 3xf 2xf
30 4 5 6 78910 20
courtesy of Konstantins Jefimovs, .
Univ. Joensuu Finland Input intensity [a.u.] 53

Nonlinear Properties by nanostructures

- nonlinearity of metal
- noncentrosymmetric pattern for
nonsymmetric sinus-deformation

- second harmonic generation

5 ¥ 1 symmetric  nonsymmetric
noncentrosymmetric pattern for deformation deformation
second harmonic generation

10
8 e f * f f
v , 3
v ., "

3,5 .xf 2,46xf
included included

SHyield [au.]

=2 o
o N b

transmission in %

Resonant metallic pattern

examples

one dimensional resonant grating

1um 0.98um
Aluminum

0.025um

—-— theory experiment

o

XL
=R
—TE c
. o 45
™ 2
- @2
E3r
"
< | .
i g2
L 1F
1 1 T 1 1 1 1

o N A O
T T

L 0 L
02 04 06 08 10 12 14 16 18 20 600 800 1000 1200 1400

wavelength in pm wavelength in nm

54
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Ou r ViSion: elements and materials

based on microstructures

artificial material

iffractive

Micro optical
systems

55
— 1m astronomic
mirrors
lenses
refractive elements -
| miniaturized
MM | |enses
oS paraxial beam splitters
diffractive elements -I spectroscopic gratings
1um non paraxial beam splitter
A photonic crystals,
. . antireflection pattern,
effective mediums -’. polarizers, phase retarder
1nm
-. (atomic size)
1A
56
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Multifunctional surfaces

example: refractive element + antireflection pattern

Plastic lenses

to 1 e
uptodm range 100nm range

57

Problem: Diffractive or refractive?

Wavelength splitting Beam shaping

far field far field

¢ =F(n() 0 =F(\) A

] 11111

high efficiency - efficiency control - wavelength separation/multiplexing - shallow surface profile - ...

Designed for A = 488 nm

The application makes the choice

Fabrication technologies are challenged

58
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2. Technologies

Non Lithography based techniques
==) - Diamond processing

==) -ink jet lens printing

Lithography based techniques

Replication techniques

59

Fraunhofer-Institute for Production

Precision Cuttin g Technology (IPT), Aachen

Turning

Ball-endmill cutting Planing

—

60
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Ink jet lens printing

reservoir with

fluid polymer piezo transducer

heated |4
print <~
head

polymer
microlenses

000

haracter data

: - C
UV curable ” driver

nnn_nnn_ 2k

——— substrate motion

Lens diameter 20pm - 5mm at
focal length f/1.5-f/10

61

2. Technologies

Non Lithography based techniques

Lithography based techniques (our Equipment)

Binary profile fabrication
Multilevel profile fabrication
Continuous profile fabrication

3D-Lithography

Replication techniques

62
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0

—

- “‘P -
B wi .

ur E-quipment

Friedrich=Schiller=Universitat Jena

[

Clean room (shared with others)
1200m? white (class 10 - 100)

E-beam writer SB3500S (Vistec)
Ultra fast writing tool

writing area 300mm x 300mm
wafer/masks up to 310mm
energy 50keV

min. feature <50nm

overlay <25nm
increment 1nm
strategy: - variable shape beam

- cell projection
(grating projection)
- write on the fly

Mask aligner AL6
substr. max. 4” (6”)
resol. 1um

Mask aligner MA6 NFH
substr. max. 4” (6”)

resol. 150 (100)nm
lonScan (R&R) max 12"
IBE (OXFORD). max. 4”

RIBE/CAIBE ISA150 max. 6"
CI-RIE SENTECH max. 12
CI-RIE SENTECH max. 8”

ICP SENTECH max. 8"

2

-

.|h:~'?‘i'5.r§.f-‘-\1.°. plie
e SO

SEM S4800 (Hitachi)
SEM stereoscan 260

Optical Profilometer
promap 512

Optical Profilometer
new view 5100

Laserscanning microscope
LSM 410

Atomic Force Microscope 12”

Plane wave interferometer 12 “

2. Technologies

Non Lithography based techniques

Lithography based techniques

==) Binary profile fabrication
Multilevel profile fabrication
Continuous profile fabrication

3D-Lithography

Replication techniques

64
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Binary profile fabrication
Lithography:

Laser beam writing

Electron beam lithography Pattern generation
Holography

Contact photolithography

Projection photolithography Pattern copying
Holographic near field lithography

Etching:
RIE
ICP RIE
IBE Pattern transfer in optical
or stamp materials
RIBE
CAIBE
65
E-beam writing for high flexibility and high
resolution
LVJ e-beam exposure
Schematic electron gun
sketch = [ Tresist |
| Tayer |
[ [ beam on/of control
development
@
|X| |X| magnetic deflection system and %
objective
etching
> &
detector (é ;
Y, stage positioning system
resist removing
Laser interferometer (position feedback) W
66
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Gaussian beam

cross over -

aperture 0
electron optics c

Gaussian spot

E-beam writing strategies

Variable shaped beam Cell-Projection

Cross over - ‘
Cross over

angular / aperture
apertures
(=

shaped beam

. / //////// shaped beam
",_—“'—‘/— ’_,.*‘/" “"
resolution: >1nm >50nm >50nm
writing speed: low fast extreme fast
price: 67
Example: Ultra fast grating writing by cell projection
SB 300 series Leica, cell projection
grating area: 100mm x 100mm
grating period: 500nm
writing time: 4h @ 4 path writing
What about the grating quality and how to measure?
Diffraction efficiency
Stray light
Wave front
Grating equation:
. ] mAi Littrow mount
Sln(pm =S|n(0in+T m=-1
Pin = =04
o . A
m... diffraction order SN O =T
A ... wavelength . 2d
d ... grating period /
‘A
68
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Stitching error measurement

by wavefront measurement

Measurement setup: Effect of stitching errors:

Grating under LITTROW mount Phase shift — Interferometric detection

Stitching error

Grating

ReflectedOt AN

&‘ ___________

Incident light e ====s=====es

oder L _____.

Reflected —1st
order

69

Wave front error of a 500nm period grating

SB 300 series Leica, cell projection

Full grating area (10 x 10 cm?) Enlarged detail (10 x 10 mm?)

Error

wave front / stitching

~ 16nm 12.5nm

-16nm  -12.5nm

[ 10mm x 10mm_ | 100mm x 100mm
6.9nm (A /100) 7.2nm
5.4nm 5.6nm

wave front errors by rms wave front
stitching errors

rms stitching

70
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Example: Phase retarder plates
(effective medium)

71

Problem: we want the optical
parameters but specify the geometry

Example: Phase retarder plates (effective medium)

typical grating specification:

material quartz
period” ~ 200 - 500 nm
| fil factor 50% £1%]
' depth >2000nm  +1%]
profile rectangular |
aspect ratio 10 -20

How to fabricate, how to measure ? ®

\—' Way out: don’t focus on geometrical tolerances only,

fulfill the optical specs by trimming! 72
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High aspect ratio fabrication and trimming of
the phase retardation

chromium resist phase retarder

layer measurement

IBE (Ar) and chromium 1l
RIBE (CF4) wet etchlng
D ——

440 nm period
aspect ratio increasing, trimming 2000 nm depth

quartz

phase retarder
measurement

hromlum 1
deposmon |
chromium
RIBE wet etchlng 11 l
—_— i % :‘ '.: ?

440 nm period

loop if necessary 3600 nm depth
quartz
~ 1 % accuracy of the phase retardation feasible! 23
Phase retardation measured
S 100 - A
é_- ,"A_' 5
= 80 - ¢
S s
S 60 A
g 40 1 o \
?
g el Etch steps
0 4 . . .
0 50 100 150
Total etching time /min/
74
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Problem: real e-beam writing may cause
parasitic diffraction orders

Phase retarder plate

Far field

Gratin
. diffraction pattern

633 nm wavelength i

440 nm period b
normal incidence ‘

— zero order grating

<

0. order (expected)

writing effects in y-direction grid snapping in x-direction

periodic variation of: grating period # n x interferometer increment

— dose and placement
p ! z ! z ideal positions|
NERRRRRRRRRR AR R

real positions

increment 75

Local phase retardation measurement

camera image

light source V1
polarizer

analyzer ~ CCD-camera

O]

Objéct /45°

® - e = AD/2

local intensity
—

S

76
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Noise of the local phase difference
440nm period zero order grating, LION LV1
Prv-pre (deg) 345“ X O | ““grating
: e lines
-4 2°
- 0 reason:
+ 2 % fill factor
I_ _2° variation
total noise process noise e-beam writing
143°
£ o o
< & e
0 0 , 0
135 140 145 150 135 140 145 150 135 140 145 150
Phase shift ¢~ (deg)
77

oblique incidence = 2 diffraction orders

Oth order

1041

10 L

106 L

reflected power / incident power

Parasitic diffraction orders by grid snapping
LION LV1, address grid: A/256 = 2.47... nm

-1st order

incremental period
341.22...nm

experiment

non incremental period
342.21 nm

theory

50 -40 -30 -20 -10 0 10 20 30 40 50
diffraction angle (degrees)

Grid snapping avoided by 0.99 nm period change!
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Example: Polarizing metal stripe gratings for
micro-optical polarimeters
(effective medium)

79

Introduction

Detection of textile fiber racking in spinning machines

Liquid Racking of the polymer fiber
polymer
narrow ==) Birefringence = measure for racking
hot i
wet \ (D) = polarization measurement
5mm

SPIE Vol. 5183 “Microoptical sensor system for
birefringence characterization of textile fibers”
Zeitner, Kaufmann, Kley

80
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1

00

Measuring the polarization of light
New approach: Integrated micro-optical polarimeters

Detection of three or more directions simultanously

> ms
«— >

mi
«— |[T1}

array

Transparent
substrate

2 3 —
"
|W/‘“ﬂk\\Polarizer
60° 120°

array

no moving parts
small devices

J_:olarizer

Demands:

Detector
array

* high extinction ratio (ER) !
« reproducible fabrication
* (high transmission)

TM-transmission
TE-transmission

ER =

81
Polarizing subwavelength metal stripe gratings
Chromium
stripes\’ . .
Groove ) _ Ridge width
Fused silica depth Fill factor = ——————
e Period
substrate
Ridge Period
width
For a large ER: small period! large groove depth!
600 ‘ 30
5001 Groove depth 100nm 25/ Period 300nm
Fill factor 0.5 Fill factor 0.5

o o
5 400+ 5201
§ 300 5159
fé’ 200 g 10+
o a

100 54

0 . . ; 7 " | 0 ; ; : ;
00 01 02 03 04 05 06 20 40 60 80 100
Period [pm] Groove depth [nm]
ER = TM-transmission
TE-transmission
82
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Problem - Fabrication restrictions

alternatives for a high extinction ratio

RN

100nm grating period 300nm grating period
100nm chromium stripe thickness 500nm chromium stripe thickness

very challenging for the fabrication technique

But:

Well established technology: high aspect ratio etching in fused silica

How can this be used?

83

Basic idea for high extinction ratio

// / Because of the skin effect
| | metallic U-profile

grating line
cross section
’ fabrication ‘
difficult to fabricate difficult to fabricate shadow technique

84
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Fabrication, shadow technique

Electron-sensitive resist—___

Chromium Iayer/
Fused silica substrate E-Beam exposure &
Development

Chromium etching

Etching into fused silica
. A (RIES)
Cr - coating

shndehndn

85
Metallic U-profile, modeling
metallic U-profile \
fused silica Groove depth
10°4
1084
01074 L
T 10°9 Fabrication:
§10°9 groove depth 5 0.5um can be fabricated
S 10*4 .
£.3 Period 300nm ) S
& 122: Cr-thickness 30nm ER >1:10
10'4 Fill faCtorfused silica 0.5
10° ——— 71—
00 0.1 02 03 04 05 06 07 08 09 1.0
Groove depth [um]
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Unidirectional gratings

. e "y e .
Element to be fabricated H|||||//,k\ unidirectional gratings

one directional unidirectional gratings
grating

2 directional metal coating metal coating 9
N e

under rotation
} 0.5um

VAIAIAA I AEE
T

Chromium on the bottom of the grooves
decreases transmission!

87

The fabricated device

300 iod grati
cross section nm period gratings

-

1pm

4

I,
i

88
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Modeling the real device

i,

Applicable for broadband polarizer?

Chromium

Fused silica ‘\ ‘ ‘

600 nm

30 nm

3500

Transmission TM [%)]

3000

o]
N
o
o
S

2000

1500

1000

Extinction rati

500

0

T
0.6

07
Wavelength [pm]

T T T
0.7 0.8 0.9

Wavelength [um]

:
08 09 05 06

89
Polarizer
Halogen Focussing Collimation Polarization ’
lens lens beam splitter By
Fiber < l
2000 L.
17501 Transmission:
0

a0l 10% @ 633nn1

o .

£ (theoretical 34%)

f=4

% 10004 ?

E 750+
500
250

0 r r T T r
400 500 600 700 800 900 1000
Wavelength [nm]
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Summary of: polarizing metal stripe gratings for
micro-optical polarimeters

e Microoptical polarimeters need microoptical polarizer with high extinction ratio
and various polarization directions

» Design of high ER metal stripe gratings leads to inconvenient parameters
o U-profile metal stripe grating are suitable for high ER at relaxed parameters

* ER of 1500 was been demonstrated for unidirectional U-profile gratings at
530nm wavelength, ER >300 @ 430nm — 1000nm

e E-beam writing, RIBE and shadow technique can be used for the U-profile fabrication

91

Nearfield Holographic
Lithography

92
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Fabrication methods

Holographic Electron beam
recording writing
parallel flexibili
. exibilit

K fast processing © y

serial

low flexibility ® K slow writing

expensive

Nearfield Holographic Lithography
(US patent: Roumiguieres et. al. 1983)
holographic transfer of a (e-beam written) mask

grating pitch fixed by the mask
@ cheap technology

easy handling
fast processing

93

Mask-Aligner MA6-NFH from
suss microtec

normal incidence

@ mercury lamp

® @ @ @ collimator
@ N ] ® ® polarizer
J | @ interference filter
- ® cold-light mirror
® mask
@ substrate
=8

special features:

» adjustable angle of incidence: 0deg- 55deg ( +1deg )
* low divergence: 0.1deg

« interference filter: 313nm, 365nm, 435nm

94
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Mask-Aligner MA6-NFH from
suss microtec

oblique incidence

@ mercury lamp

® @ @ \ @ collimator
@ N ] ANG) ® polarizer
J | BEAN @ interference filter
- - \ ® cold-light mirror
® mask
@ substrate
=8

special features:

» adjustable angle of incidence: 0deg- 55deg ( +1deg )
* low divergence: 0.1deg

« interference filter: 313nm, 365nm, 435nm

95

Linear gratings with constant pitch

Principle of transfer

Parameters:
» Wavelength A / Pitch d
‘E h * Angle of incidence ¢
» Groove depth h
Duty cyclef=b/d
Resist
Substrate

‘ Two beam interference ’ ‘ . Syrr_lmetrnc ’ ‘ Equal intensities
diffraction angles
only 0t and -1st order Littrow - mounting rigorous calculations
— wavelength — angle of incidence — duty cycle and
2d ] 1 groove depth of the
A< sin g, = o mask grating

96
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Interference pattern
| - Imin =9 \/IOTA

« Contrast:
L + Liin I+ 1

— Kmaximum (K = 1) for I,=1,
y 3

Intensity

* maximizing the contrast by optimizing the mask parameters

97

Example - Linear grating with pitch d = 500 nm

* Two beam interference: A = 365 nm — 183 nm < d < 547 nm v

* Littrow-mount: ¢, = 21.5deg
* Mask optimization:

Amplitude mask

? Phase- or
fused silica fused silica

| | | | | | |
fused silica chromium

98
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Duty cycle f
S ¢

O

o

0
0

Phase- or Amplitude mask?

Phase mask Amplitude mask

Duty cycle f

300 400 500

2000 400 600 800 1000 0 100, 200
Groove depth h [nm] Groove depth h [nm]
* high transparency @ * low mask parameter
sensitivity
* mask parameter sensitivity ® * low transparency

(duty cycle, groove depth)

99

Experimental results

Amplitude mask

Phase mask

Mask
1um

}lllllllllll

A \ N

100
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