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ABSTRACT

We report the simulation results which compute the quantum mechanical
“particle in a box" problem for a variety of different confinement shapes,
such as boxes, domes, and pyramids. They are considered as the quantum
dots. We explored the energy spectrum, optical absorption and orbital
shapes of quantized states for the semiconductor quantum dots. From
simulation data, we figured out the quantum effects in the real
semiconductor material systems. We The results show that, the different
confinement shapes have strong effect to on the optical absorption of the
semiconductor quantum dots.

TOM TAT

Bai bdo thé hién két qua mé phong bai todn co hoc hrong tir “hat chuyén
dong trong hop kin” voi cdac vdt liéu va hinh dang hat khac nhau nhw: hinh
hép ldp phwong, hinh vom va kim ti thap. Chiing dwoc xem nhir cdc chiam
liwong tir. Nghién cieu dd mé phong phé ndng lwong, phé hdp thu quang va
cdc trang thdi dién tir cua cac cham lwong tir ban déan. Tir dir liéu mé
phéng, ching t6i phan tich, Iy gidi vé cdc hiéu Li’ng luwong tir trong hé vdt
liéu ban dan thwc khac nhau. Két qua nghién ciru di xdc nhdn rdng, hinh
dang ciia cdc cham lwong tir ¢6 dnh hiong quan trong dén phé hdp thu
quang cia cac cham leong tir ban dan.

Trich dan: Nguyén Thanh Tién va Pham Thanh Diing, 2016. M6 phong trang thai dién tir va phd hip thy cia cac
cham lugng tir c6 hinh dang khac nhau. Tap chi Khoa hoc Truong Pai hoc Can Tho. 47a: 98-106.

1 GIOI THIEU

can dén cac cong cy, mo hinh va phuong phép tinh
toan hién dai. Phuong phap phlem ham mat do

Su phat trién nhanh chéng cua cac ky thuat san
xudt, tong hop cac vat liéu cdu truc nano di din
dén sy hinh thanh mot thé hé méi cac linh kién ciu
tric nano. Sy phat trién nay that sy da lam thay doi
co ban trong linh vuc dién tir, quang dién tr, tinh
toan khoa hoc, xur ly thong tin...(Michler va ctv.,
2000). Khi céc cdu trac nano ban dan c6 kich thudce
& cip d6 nguyén tir thi cac hiéu Gmg co hoc luong
tir anh hudng quan trong vao céac tinh chat dién tir
ctia hé. M6 hinh héa va mé phong tiép can theo
hudng lién tuc tréd nén khong hiu luc. Vi céac linh
kién chira c& vai triéu nguyén tir c6 sy da dang
hinh hoc, da dang c4u hinh tap, da dang céu truc...
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(DFT) thuong dugc ap dung pho blen hién nay.
Tuy nhién, phuong phap nay can ha tang tinh toan
manh va thuong st dung trong cac nghién cuu
chuyén sau. Cong cu md hinh nano dién tu-
Nanoelectronic Modeling tool (NEMO) da duoc
phat trién cho muc dich gido duc khong can k¥
thuat chuyén sau nhung dap ing duogc cac yéu cau
ndi dung vat 1y hién dai. NEMO thiét lap tinh toan
v6i hé khoang chuc triéu nguyén tir dwoc phat trién
bdi Network for Computational Nanotechnology
(NCN), day 1a dang ngudn mé va co phién ban
dung cho muyc dich gido duc ¢ dia chi
http://www.nanoHUB.org. NEMO da ung dung
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thanh cong cho cac tinh toan bac nguyén tir cia cac
trang thai dién t don hat vdi cac ciu trac nano
kich thuéc thuc (Tien va ctv.,, 2014). Ngay nay,
viéc str dung cac chwong trinh nguén mé va truy
cap tinh toan tir xa giup cho viéc nghién curu va hoc
tap thuan lgi hon, nguoi dung cé co hoi st dung
cac ha ting & cac co s nghién ciru khoa hoc tién
tién ma cac noi minh chwa dap tmg duoc.

Trong nghién ctru cac hé vat liéu cAu trac nano,
c4c hé nay c6 nhiéu dang nhung thuong c6 ba dang
co ban: giéng luong tir, day luong tir va chim
luong tir (Reed, 1993). Cac chdm luong tir 13 cac
c4u trac nano (Reed va ctv., 1998) giam cam tét ca
ba chiéu khong gian cac hat tai (1a cac dién tir, 18
tréng hay exiton) 1am cho ham song cua ching bi
¢0 lap manh, céc tri riéng nang lugng bi gian doan
(Petroff, 2003) dan dén nhiéu dic tinh vét ly hip
din méi la va cic linh kién dya trén cac hé nay co
nhiu hiéu g mai (Quang va ctv., 2012, Moreau
va ctv., 2001). V& mit thue nghiém, nguoi ta co thé
tao ra nhiéu dang chdm lwong tir voi hinh dang va
kich thu6c khac nhau. Cac chdm lugng tir thudng
c6 kich thudc khoang 2-8 nm, tuong Gng voi cd
100-10.000 nguyén tir nén doi lic nguoi ta goi
chung la cac phan tr nhan tao. Ching thuong duoc
nudi bang nhiéu phuong phap nhung phuong phép
epitaxy c6 sy léch mang (Moreau va ctv., 2001)
dugc xem 1a phuong phap tién tién nhat hién nay.
Chung c6 thé phat trién tmg dung cho cac linh kién
quang luong tir nhu laser lugng tir hay may do btic
xa héng ngoai, transistor don electron... Céc tap
trong chim luong tir bi giam cdm ba chiéu ciing
dong vai trd quan trong trong k¥ thuat ban dan, gan
day nguoi ta da dat van dé san xuét cac linh kién sir
dung trang thai dién tr cua tap bi c¢6 lap luong tir
(Petroff P, 2003). Céc ky thuét md hinh cling duoc
tlep can dé giai quyét cac van dé vat 1y dic ra khi
nhiéu hiéu tng vat Iy xdy ra phai dwa trén cic nén
tang vat Iy co ban ban dau.

Trong thoi gian qua, c6 nhiéu nghién ctru lién
quan dén cham luong tir bang ca thuc nghiém 1in
tinh toan (Hollenberg va ctv., 2004; Vu, 2006). Tuy
nhién, phan nhiéu nghién ctru tinh toan tap trung
nghién ctru theo phuong phap giai tich hay phuong
phap s vé6i cac dang chim luong tir ddi xiung
(Long va ctv., 2009). Cac nghién ctru thyc nghiém
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thuong thuc hién theo phuong phéap hoa hoc (Lam
va ctv., 2004) voi cac cham lugng tir ty hinh thanh
khé diéu khién, cac nghién ciru nay thuong hudng
tdi cac Ung dung modi trudng, sinh hoc, vdi cac
nghién ctru huéng dén cac Gmg dung quang dién tir
cong nghé cao thi thudng phai duoc diéu khién tot
bang cac phuong phap nudi hién dai. Viéc nghién
ctru cac chim lugng ttr bang cac chuwong trinh mo
phong ciing c6 thé thuc hién bang phuong phap mé
phong dong luc hoc (MD) dé mé phong su hinh
thanh cac cham lugng tir khi nudi (Hoang, 2007).
Nghién ctru khao sat trang thai dién tir va phd hap
thy quang dién tir véi mot s6 cham luong tir co
hinh dang ddi xtng: lap phuong va bét ddi xtmg:
vom va kim tu thap bang phuong thirc mé phong
v6i giao dién ngudi dung két ndi vé6i siéu may tinh
hoat dong tir xa.

2 COSOLY THUYET

2.1 Hiéu ing giam giir lwgng tir trong chim
lwgng tir

Nguoi ta biét ring, khi kich thudc cia mot
“hat” nho ¢& ban kinh Bohr s& xuét hién hiéu ung
giam giit lugng tr, trong do6 cac trang thai dién tir
cling nhu cac trang thai dao dong trong hat bi
lugng tir hda. Tir cong thirc xac dinh ban kinh Bohr

2

g = ;h? cho thay tiiy thudc vao ban chat vat ligu
(hdng so dién moi & va gia tri khdi lwong rat gon
m* cua dién tir hay 16 trong khac nhau) s& ¢6 hiéu
ung giam gilr lugng tir cac hat tai dién ¢ kich thude
khac nhau. Hiéu ung giam giit lugng tir da lam cho
hat vét liéu co tinh chét giéng nhu mot nguyén tir
nhén tao vadi cac trang thai nang luong cta dién tu-
16 tréng roi rac (twong ty nhu trong nguyén tir).
Hinh 1 minh hoa gian dd ving ning luong cua
chdm luong tir. Cham luong tir xem nhu 1 trung
gian giita cdu trac khoi va phan tir ¢ lap.

Ta thiy rang hiéu ng giam giit luong tir lam
thay d6i cdu trac ving ning luong nén ciing lam
thay doi cac tinh chat vat 1y khac, dic biét 1a mat
d6 trang thai va tinh chit quang. Mat khac, ngoai
viéc phu thudc vao kich thude, hi€u tng giam git
lugng tir con phu thudc vao hinh dang. Noi cach
khac, hinh dang chim luong tir cting chi phdi manh
su giam gitr lwong tir va tinh chit quang cua chdm
luong tir.
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Hinh 1: Gian d6 minh hoa ciu tric viing niing lwong ciia chim lwgng tir so sanh véi ban din khdi va
phan ti

2.2 Co so vatly co ban cia sy hip thu
quang

Co s6 vé sy hap thy quang trong cham lugng tir
tuan theo thuyét lwong tir va quy tic chon loc trang
thai lugng tir (Ameenah, 2012). Vi thé, phd hap thy
quang ctia cham lugng tir dugc quy dinh boi cau
tric ving va trang thai dién tir twong ung.

Trong ché do giam gitt manh (kich thuéc cua
cham luong tir nhé hon nhiéu so véi ban kinh Bohr
ctia vat lidu khéi trong (mg), mot cach gan dung ¢
thé coi dién tir va 1 trong chuyén dong doc 1ap va
b6 qua twong tac Coulomb. Dya vao quy tic loc
lya quang, cac chuyén doi quang dugc phép xay ra
gilta cac trang thai dién tr va 16 tréng co cling s6
lwong tir chinh n va sé lugng tir quy dao 1 khi dién
tr chuyén trang thai. Do d6, phd hip thu s& bao
gdm cac dai phd gian doan co vi tri cuc dai tai
nang luong xac dinh bdi (Ameenah, 2012):

2.2
it (1)

Enl = Eg + "
Trong d6, A = h / 2 (h 1 hing sb Planck co

gid tri 6,626x10734].s), Xp] 1& ham Bessel cau, R 1a

kich thudc chim lwong tir, m*1a khdi lugng rit gon
cua cap dién ti-10 trong xac dinh boi cong thirc
quen thudc cé dang:

1 1 1

- = 4 2
m* me + my ( )

Vi thé, chuyén doi dién tir tmg vdi trang thai
dién tr-10 trong c6 mic nang luwong nho nhat s€ 1a:
n2m?

E

min Eg (3)

2m*R?
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Nhu vdy, so voi ban dan khdi, ning luogng
chuyén doi dién tir co ban duoc gia ting mot
luong:

h2m?

2m*R?

>

E = 4

s0 v6i ving cAm cua ban dan khéi. Vi thé, AE
duoc goi 1a nang lugng giam gitr lugng tir, nod ty 1¢
nghich vdi binh phuong kich thudc cua hat vat li¢u
chim luong tir. Véi li do nay, quang phd cua cac
chim luong tir trong ché do giam gitr manh thé
hién sy gian doan va bi chi ph01 manh boi kich
thudc hat. Trong thuc hanh, thuong c6 thé quan sat
thiy phd vach (huynh quang va hap thu) ciia mot
cham Iugng tir don voi o mo rong dong nhét phy
thudc vao nhiét do; con voi mét tap thé cac chim
lugng tir ban din c6 kich thudc hat khac nhau,
thudng quan sat thdy do mo rong phd phu thudce
vao phan b kich thudc hat (Petroff, 2003).

Birc tranh day du vé su chuyén doi cic hat tai
dién trong mot cham lwong tir thi khong thé coi
chuyén dong cua dién tir va 15 tréng 1a doc lap
hoan toan. Do d6, bai toan cho cap dién tir-16 tréng
v6i toan tir Hamilton s& bao gom cac s hang dong
nang, thé niang tuong tac Coulomb va thé giam gii.
Khi d6, trong phép gan dung bac nhat, ning luong
twong ung voi hai trang thai kich thich co ban cua
cap dién tir-16 tréng dugce xac dinh bang biéu thic
sau (Ameenah, 2012):

1,8¢2
&R

W xal
Eg + 2m*RZ

(&)

S6 hang thtr ba thé hién ning luong tuong tac
Coulomb (exiton). Trong phép gan diing bac nhit,
nang lugng chuyén doi cap dién tir-15 trong lién két
trong chdm lwong tir ¢6 chira hai sb hang phu thudc

Emin =
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vao kich thude. Po6 1a nang lugng giam gitt ty 1¢
nghich v6i R? va ning luong tuong tac Coulomb ty
1¢ nghich véi R. Vi thé, dbi voi cac chim luong tir
¢6 kich thudc rat nho, hiéu ung giam giit lugng tir
tr& nén chiém wu thé. Ta thiy trong cham luong tir
vai tro cua hiéu Gmg giam cam luong tir va hiéu
(g exiton trai ngugc nhau cho dong gop dén E,,,;,,.

Nhu da dé cap ¢ muc 2.1, trang thai dién tir va
phé hfip thy phu thudc vao gian dd vung va chiu sy
giam cam lugng tir manh trong truong hop chdm
lugng tir. Gian d6 ving dugc xac dinh théng qua
viéc giai phuong trinh Schrodinger. Phuong trinh
Schrodinger 1a mot phuong trinh vi phan béc hai,
thuong giai no trong burc tranh gan ding mot hat.
Vi thé, 10i giai phuong trinh nay phu thudc vao
diéu kién bién tc 1a phu thudc vao kich thudc va
hinh dang cua chdm lugng tir. Thong thudng, ta chi
giai dugc nghiém ¢ dang giai tich trong cac truong
hop chdm luwong tir c6 dang dbi xGmg: cau, lap
phuong. Véi cac dang khong dbi xung phai giai

& Introduction » @ Structure > §)Optical » €Y Simulate
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bang phuong phap s6 twong ddi phirc tap. Vi viée,
chi quan tdm dén cac hiéu ung vét Iy ma khong di
sau vao chi tiét tinh toan thi cac cong cu md phong
la thlet thuc. Trong phan sau, ching t6i s& trinh bay
mot so két - qua m6 phong bang cong cu NEMO véi
mdt s6 chdm luong tir ¢6 dang ddi xtmg va khong
db6i ximg.
3 CACKET QUA MO PHONG

Quantum dot lab (Gerhard Klimeck) 1a cong cu
chay trén nén caa NEMO. Quantum dot lab cho
phép ngudi st dung md phong cham luong tir voi
cac hinh dang va kich thudc khac nhau, dé thu
dugc trang thai dién tr va phd hap thu quang ctia
mot s6 vat liéu theo cac phuong. Nguoi s dung co
thé lya chon nhiéu loai vat liéu va céc loai ciu tric
ctia chdm luong tir trong thu vién cac cong cu hd
trg. Hinh 2 14 giao dién cua cong cu (Pé su dung
cong cu ndy nguoi ding dang ky va xin cap quyén
sw dung trén trang web cua NanoHub).

|||
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Hinh 2: Giao dién cia quantum dot lab

Nguoi dung can nhdp vao céac _tham s6 lién
quan dén cdu trac va cac tham sé thiét ké thi
nghiém do phd quang. Chuong trinh s& nhip va
thyc thi qua mot s6 bude dé ta thu dugc cac két qua
xuét ra. Xir 1y cac dir liéu ngd ra, ta thu dugc cac
thong tin vat ly.

3.1 Két qua mé phéng véi cac ciu triic
chim lwong tir c6 dang 1ap phwong

Tién hanh mo phong cham lugng tir don véi 10
trang thai du tién. Kich thudc cia chim theo cac
phuong dugc chon la L, =8nm, L, =8nm,
L, = 8 nm. Chiing t6i chon ba vat li¢u quen thugc
la GaAs, GaN va Si dé moé phong. Cac tham sb
nhiap vao ldy tr dir lieu Toffe (loffe
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Semiconductor). Day la hé thong tap hop cdc thong
sO cua cac hop chat ban din duoc cép nhat. O day
chung t6i tap trung nghién ciru pho hap thu vi vay
can xac dinh hai tham s6 goc: @ (goc hop boi
phuong cua ngudn birc xa so voi phuong Oz gan
v6i mau nghién citru) va ¢ (goc hop boi hinh chiéu
cia ngudn buc xa xubéng mit phing Oxy voi
phuong Ox. Dé nghién ctru phd hap thy, ngudn birc
xa thuong chon 13 ngudn phan cuc. Chung t6i chi
quan tdm hiéu ung hap thu co ban nén ching t6i
chon 6 = ¢ = 0°. Nhiét do moi truong duge chon 13
nhi¢t dd phong thi nghiém 300 K. Bang 1 dudi
day cung cép két qua hai muc ning luong dau
tinh duoc.



Tap chi Khoa hoc Truong Dai hoc Can Tho

Phdn A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 47 (2016): 98-106

Bang 1: Bang gia tri ning lwong lrgng tir ciia cac vat liéu GaAs, Si, GaN véi chidm lugng tir c6 dang

hinh lap phuong
Gia tri ning luong GaAs Si GaN
Trang théi co ban (E,) ) 1,74 eV 1,45 eV 0,29 eV
Trang thai kich thich thir nhat (E) 2,5eV 1,47 eV 0,44 eV
Khoang nang luong co ban (E,,,;,, = E, — E;) 0,76 eV 0,02 eV 0,15 eV

O day mirc ndng lwong c6 gid tri thip nhdt chon bang 0, dg réng viing cam ciia GaAs, Si, GaN khéi ¢ 300 K twong img

la 1,42, 1,14, 3,40 eV [16]

Sau day la két qua mo phong, trang thai dién tur
ba chi€u véi 4 miic nang lugng dau ti€n cua vat
liéu GaAs va pho hap thu cia ba vat liu.

Phd hép thu caa vat liéu GaAs c6 dinh phé dat
cuc dai tai vi tri gia trif = 0,76 eV. Phd c6 dang
dbc dung khi nang luong ting tir 0 dén 0,76 eV va
d6 hap thy giam theo dudng cong c6 dang parabol,
khi giam dén gi4 tri nang lugng E = 1,35 eV luc
nay ta quan sat thdy pho hap thu c6 thém cuc dai
thtr hai. Ca cuc dai th nhét va cuc dai thir hai cua
db thi phd hap thy c6 bé rong twong ddi 16n, gia tri
cuc dai thtr nhét khoang 10, gia tri cuc dai thir hai
khoang 0,02, chénh I¢éch nhau c& ba bac do 16n.
V6i Si ta quan sat thay chi c6 dinh cyc dai tai E =
0,02 eV, sau d6 do hap thu giam nhanh dén khong
theo duong cong c6 dang parabol. Gia tri do hap
thu kha nho so v6i GaAs hodc GaN. Phd hap thu
v6i GaN c6 dinh phé dat gia cuc dai tai vi tri gi tri

E =0,14 eV, d thi co dang ddc dung khi ning
luong ting tir 0 dén 0,14 eV va do hap thu giam
theo dudng cong dang parabol, khi giam dén gia tri
nang lugng E = 0,24 eVco6 thém cuc dai thtr hai va
tiép tuc giam dén khoang 0,78 eV thi xuat hién cuc
dai thtr ba. Ca cuc dai tha nhat va cuc dai thir ba
ctia phd c6 bé rong 16n, nhung hep hon so véi
GaAs va 16n hon nhiéu so véi Si. Do hép thu cua
GaN c¢ gia tri kha nhé va dat cuc dai 0,0001 trong
mg véi nang lugng 0,15 eV. Tir cac két qua pho
hap thy thu dugc, rd rang thdy rang, trong trudng
hop nay vai tro giam cam lugng tir 1a khong quan
trong ma lién két exiton 1a quan trong, vi kich
thudc chon 16n khong anh huong nhiéu giam cam
lwong tir (Chiing téi dd mé phong va ghi nhdn rang
hiéu ung lwong tur sé co tac dung khi L co 6 nm).
V6i GaAs va GaN, ta ¢ thé quan sat dugc dinh
phd thir hai nhung cuong d6 giam dang ké.

0.00402274

0 0.00328703

Hinh 3: Ham séng ba chiéu ciia bon trang thai dau ciia chAm lwong tir GaAs dang 1ap phuong
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Hinh 4: Do thi phd hép thu ciia ba vat liéu GaAs, Si, GaN twong {ng tir trai sang phai
3.2 Két qua md phong véi cac chim lirgng ching t6i cling md phong voi cac tham s6 co ban
tir co dang hinh vom tuong tu. Bang 2 sau cung cap két qua hai muc

Twong tu nhur chim Iuong tir hinh 1ap phuong, 2" luong dau tinh duoc.

Bang 2: Gia tri cac mirc nang lwong lwong tir

Gia tri ning lwgng GaAs Si GaN
Trang thai co ban (E,) 1,88 el 0,05 eV 1,58 eV
Trang théi kich thich thir nhat (E,) 227 eV 0,07 eV’ L,71 eV
Khoang cyc tiéu (Epiy = E, — E;) 0,39 eV 0,02 eV 0,13 eV

— 1 v 3 L ¥
0 000784297
000515955

[|
o
o

i ; f L — —, n

[ ™ 000R21207 ] 000711842

Hinh 5: Ham séng ba chiéu ciia bon trang thai diu ciia chim lwong tir GaAs dang hinh vom
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Hinh 6: D6 thi phd hip thu ciia ba vit li¢u GaAs, Si, GaN twong wng tir trii sang phai

Phé hap thu ctia Si véi cdu trac hinh vom gan
gidng v6i clu trac lap phuong. Tuy nhién, s6 dinh
quan sat dugc c6 thay dbi, diéu nay thé hién tinh
chat d6i xing cua cham luong tir két hop véi dbi
xtng tinh thé anh hudong dén quy tic loc lya (co
lién quan dén tinh d6i xung) lam thay doi cac
chuyén doi duoc phép.

3.3 Két qua mé phong véi cac chim lwong
tir c6 dang kim ty thap

So véi cu trac 1ap phuong va ciu trac dang
hinh vom thi cau triic cham lugng tir c6 dang kim

tu thap c6 tinh cht bat di ximg cao hon. Mic du
ning luong cdm va khdi lwong hiéu dung khdi
gidng v6i hai truong hop trén nhung bién khac
nhau co ban vi thé phd hép thu co ban cua nd s&
khac so voi céu trac lap phuong va céu triic dang
vom. Bang 3 cung cip két qua hai mirc nang lugng
du tinh duoc.

‘Sau day 1a két,qué md phong ham séng 3D va
pho nang lugng hap thu ctia cham lugng tur kim tu
thap.

0 e

Hinh 7: Ham séng ba chiéu ciia bon trang thai diu ciia chim lwgng tir GaAs dang kim tu thap
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Bang 3 : Gia tri cic mirc ning luwgng lugng tir

Gia tri ning lugng Vit liéu GaAs Vit liéu Si Vit liéu GaN
Trang thai co ban (E;) 2,24 eV 0,06 eV 1,69 eV
Trang thai kich thich thir nhat (E,) 2,90 eV 0,10 eV 1,90 eV
Khodang cuc tidu (Epin = E, — Ey) 0,66 eV 0,04 eV 0,21 eV

Ta ciing thay rang, cic ham song ba chiéu s&
thay ddi dang khac nhau tmg véi ba trudng hop
nghién ciru. D6 chinh 14 co s& giai thich dang phd
hép thu khac nhau, céac trang thai dbi xtng khac
nhau nén sb chuyén doi dugc phép s& thay doi.

4 KET LUAN

St dung cong cu Quantum dot Lab, sy anh
huong ciia cac dang cham luong tir khac nhau 1én
su thay doi trang thai dién tr va phd hap thu da
dugc mo phong chi tiét. Cong cu md phong nay
hiéu qua cho viéc xac dinh tinh chét dién tr va phd
hdp thu quang cua cac dang chim luong tir véi
nhiéu loai vat liéu. Pay 13 cong cu md phong tric
quan dé sir dung, giup dé phan tich cac hién tuong
vat ly lugng tir phirc tap. Nghién ctru nay chi quan
tdm so sanh cac dang cham luong tw chir chwa
phan tich hi¢u img giam | cam. Mudn phan tich hi¢u
Umg giam cdm ta co thé thay doi kich thudc cta
cham luong tir. Ngoai ra, Quantum dot Lab chay
trén nén NEMO, cong cu co6 thé mod phong tir xa
cho nhiéu vén dé vat Iy. Chuong trinh mé phong
nay chay trén may chu tir xa nén co thé sir dung
dugce hé may tinh manh dé tinh cac van dé vat 1y
céu tric nano mong mudn. N6 ¢6 tinh su pham cao
trong viéc nghién ciru cac vAn dé vat 1y hién dai.
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