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TOM TAT

Cau triic LED phdt xa fr ngoqi véi ba giéng lrong tiv lAl Ga AV barrier - iAl,, Ga, N
well - lAl Ga, N barrier voi nong do pha tap Mg trong lop lAl Ga N barrier khac nhau duoc
nghién cliu dufa vao phan mém SiLENSe chuyén dung. Hiéu sudt phat xa IQE cua cau triic UV-
LED dugc tim thdy 6n dinh véi nong dé pha tap [Mg] = 5x10"cm™. Céu triic UVLED ndy c6
dinh pho phét xa dao déng khodng 312nm dwoc tmg dung trong khik trimg. Thanh phan Al trong
lop Al Ga AV barrier dwoc khao sat voiy = 0, 45(450/) vay = 0,55 (55%), UVLED cho buoc
song phat xa duoc du doan gidm va dwéi 314nm, diéu d6 phit hop véi nhitng cong bo gan day.

Tir khéa: tia tir ngoqi, LED, AIGaN, da giéng lwong ti, khir tring

ABSTRACT

The structure of Ultraviolet (UV) light-emitting diodes (LEDs) with three multi-quantum
wells (MOW) of lAl Ga, N barrier - il , Ga, N well - lAlyGa N barrier are studied by the
SiLENSe software with various doping concentration of Mg in the lAl Ga, N barrier layer. The
IEQ values was found to be stable with [Mg] = 5x10"%cm?. The emzttmg wavelength of this
structure of UVLED is around 312nm for sterilization. The components of Aluminum material
in the block of Al Ga, N barrier layer are tested at 45% and 55% to predict the decreasing of

radiating wavelength below 31 4nm, which are in good agreement with the recent publication.
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1. GIOI THIEU

LED phat xa tr ngoai (Ultraviolet Light
Emitting Diodes - UVLED) gianh dugc su
quan tim dang ké cta nhiing nha khoa hoc
va cong nghé thé giéi do nhiéu tng dung cua
UVLED vi du nhu thanh loc khong khi, khtr
trang nudc, tng dung trong linh vuc y té va
sinh hoa, cam bién do ndng do ozon trong
khong khi, ... pham vi ing dung rong 16n nhu
ham ctia budc song phat xa ctia ciu tric UV-
LED duoc ché tao [1 - 3]. Gan day, N.V.Hiéu
va cong su da nghién ctru ing dung UVLED
v6i bude song phat xa 365nm diét khuan E.
coli va Coliform trong nudc méay dau tién tai
Viét Nam [4].

Vat liéu ban dan II-V Nitride, AIN
(6,2eV), GaN (3,4eV), va InN (0,8 eV) dang
thu hat nhiéu quan tAm cta cac nha khoa hoc

va va cac cong ty ché tao LED vi ciu truc
bandgap truc tiép cho pho phat xa c6 pham
vi bude song rong tlr ving tir ngoai (UV) dén
anh sang do, ving anh sang nhin thay [5].

Céu trac va cong nghé ché tao UVLED
rat phuc tap vi hoat dong cia UVLED bi anh
hudong boi rat nhiéu thong sé ché tao khac
nhau. Hon nita, nguyén vat li¢u cho vi¢c ché
tao UVLED rat hiém va dit tién dya trén hé
thiét bi l'c'ing dong hoa hoc kim co (Metal Or-
ganic Chemical Vapor Deposition - MOCVD).
Do d6, dé giam chi phi ché tao va thoi gian,
chung t6i str dung phan mém SiLENSe chuyén
dung dé thiét ké, mo phong tinh toan cho cau
tric da giéng luong tir (Multi Quantum Well
- MQW) ctia UVLED dé xé4c dinh budc song
phat xa va t6i uu hoa ciu tric.
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2. CAUTRUC UVLED

Ngoai ciu tric chuyén tiép p - n, UV-
LED con c6 mot vung dac bi¢t hon so vdi cac
LED thong thuong, vung klch hoat khi phat
xa cho budc song UV ¢ ciu trac da giéng
luong tr MQW. Khi dugc kich hoat, cac dién
tir trong 16p ban dan loai n di chuyén xuyén
qua MQW, tai hop véi cac 18 tréng trong 16p
ban dan loai p va phat xa photon nhu hinh 1.

0 Phat xa photon

Giéng luong hnhr :

fr-QWs

n-GaN —=

pé sapphire%;iiﬁ_i -

Hinh 1. Mo ta nguyén ly phat xa buoc song
cuc tim cua UVLED.

Lop vat li¢u AlGaN cia UVLED duoc
xem xét trong nghién ctiru ny duoc phat trién
trén 16p dé sapphire véi hudng tinh thé (0001)
duoc lam sach véi H, tai nhi¢t d6 1020°C dua
trén hé thiet bt MOCVD. Trong qua trinh ché
tao, viéc diéu khién sb chu ky MQW duogc
thuc hién dé dang qua qui trinh tao xung

diéu khién cac pha: NH,, AIN va GaN cua h¢
MOCVD @é c6 dugc nhitng mang mong khac
nhau véi thanh phan Al, Ga va N khac nhau,
MQW duoc hinh thanh.

bién cue p
(Au/Ni:50nm/100nm)
100nm p-GaN
20nm p-Al,Ga, N
block
10nm p—Alu_?sGag,uN
barrier
2nm i-Al,Ga;.,N
30Ws
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DPién cuc n 3 barriers
(AwWNI:50nm/100nm) 5nm i-Al,Ga; N

500nm n-Al,Ga; N

Sapphire (0001)
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Hinh 2. Mé hinh ciia cdu triic UVLED phdt
xa voi buoc song khoang 312nm.

Qua nhirng thong s6 dau vao mo phong
tinh toan boi phin mém SiLENSe, nhom ng-
hién ctru d4 thu dwoc mo hinh céu trac da giéng
luong tir MQW ctia LED cho dinh phd phat xa
khoang 312nm. Cau trac UVLED dugc mé ta
hinh 2 véi dinh phd phat xa khoang 312nm
v6i nhitng thong sd dugc trinh bay trong bang
1 nhu sau:

— Do day Nong do pha | D§ linh dong dién ?féﬁ‘;hpd%z‘i}/‘x’
A mang d (nm) | tap N, (cm) tir p_(cm?/Vs) vV sp)
n-Al Ga, N 500 2x10" 70 3
i-Al Ga, N barriers 5,0x3| 1x10'7-1x10" 70 3
i-AlO’ZOGaO’SON wells 1,5x3 0 70 3
Al Ga, N barrier cubi 2.0 1x107-1x10% 70 3
p-Al,.Ga, N block 10 5x10'6 10 1
p-Al Ga, N 20 1x10" 10 1
p-GaN 100 7x10" 10 10
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E,oqw = h N 2)

dong cua cac hat tai gdm ba 16p MQW c6 céu
trac voi 5nm i-Al Ga N barriers va 1,5nm
i-Al ,Ga N Wells va Al Ga N barrier cubi
day 2nm Téng kich thuorc Vung MQW la
21,5nm. Kich thude cua cau traic UVLED
khong tinh kich thuéc dé sapphire va dién cuc
Au/Ni la 651,5nm.
3. KET QUA VA THAO LUAN

St dung phan mém SiLENSe chuyén
dung dé mod phong tinh toan cho céu tric
MQWSs cia UVLED. Phian mém SiLENSe
st dung théng ké Fermi Dirac dé dém mat do
khong can bang cua dién tir va 13 tréng trong
vung kich hoat MQWs. Phuong trinh Poisson
va Schrodinger duoc giai cho ham song hat tai
trong mdi giéng lwong tir dé xac dinh phd phat
xa cua UVLED.

Giéng luong tor don (Single Quantum
Well - SQW) dugc tong hop tir hai loai ban
din khac nhau véi ning luong ving cidm

eparier va Eg_weu. Khi duoc kich hoat boi dién

thé ap tai hai di¢n cuc cua LED, céc dién tr
trong 16p ban dan loai n di chuyén qua cac
giéng luong tir va tai hop cac 16 trong trong
16p ban dan loai p, dién tir va 16 tréng tai hop
va phat xa photon.

Ning luong ving cam cua giéng luong
tor dugc xac dinh bdi phuong trinh (1):

Eg-QW - Eg— + E O-¢ + EO-h (1)
voi E,.va E,,:nang luong luong tir hoa
dién tir va 16 tréng.

Nang lugng photon phat xa cia LED la
nang lugng ving cam cua giéng lugng tu:

1] \I_II ..... N ek 3

I | ]
480 500 520 540 560 580

Distance (nm)

(@)

Vay ning luong viing cim cua giéng luong tir
cang 16n thi budc song photon phat xa cang
ngin. Viée st dung da giéng luong td MQW
dé ting cuong su giam giir cac hat tai, mot cau
tric c6 nhidu hon mot giéng luong tir nén co
thé giam giit nhiéu hat tai hon. Do dé, ning
lugng photon phat xa cao hon, budc song phat
xa cang ngin. Nang luong ving cidm cua 16p
vat liéu AlyGal_yN duoc tinh toan nhu [6]:

E, =6,13y+342(1-y)-y(l-y)eV (3)

v6i y 14 thanh phan Al trong 16p Al Ga, N.

Trong nghién ciru nay, tac gia tién hanh
thay d6i nong do chat cho dién tir N, va thanh
phan Al trong 16p vat liéu Al Ga, N Nho do,
tac gid da xac dinh sy anh huong cua N, ,vay
dén budc song phat xa cua cau tric UVLED
xéc dinh thong s6 toi wu cau tric dé hidu suat
phat xa va nang luong phat xa dat gia tri cao
nhit.

Hinh 3, khi nong d6 pha tap N, tang,
tuy nang luong ving dan va ning luong vung
hoa tri tai ving tiép giap giira 16p n va 16p da
giéng luong tir (0 - 505nm) déu giam nhung
ning lugng ving dan va ving héa tri trong céc
giéng (hinh cai rang lugc) thay doi rat it. Do
do, khoang cach nang luong vung dan va ving
hoa tri ting khong nhiéu khi tang N, diéu nay
dan t6i bude song giam nhung khong dang ké,
pht hop vé6i su phan bd hat tai trong cau triic
MQW thé hién nhu hinh 4.

p_Al, s (lay o, N_block 3

Energy (eV)

480 500 520 540 566 380

Distance (nm)

(b)

Hinh 3. Gidn dé néing luoc trong da giéng lwong tir MOW ciia cdu triic
(a) voi Nd = 1 x10"7cm?, J = 20,6nA/cm? va (b) Nd = 1x10%cm?>, J = 2,584/cm’.
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Hinh 4. Mdt @6 phdn bo hat tdi trong MOW LED vii N,=1x10"cm? va N, = 1x10"cm”.
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Hinh 5. Pdc tuyén I-V ciia MOW LED dwoc
tinh toan voi N, khac nhau trong rao.

Hinh 5 thé hién dic tuyén ban dan I-V
cua MQW LED khi dién 4p phéan cuc tang tur
0V dén 10V. Pién 4p phan cuc LED ting tir
2,3V thi LED biét dau phat xa va dong dat gia
tri bao hoa tai dién &p phan cyc l6n hon 5V.
Dong c6 giam khi dién thé phan cuc LED tir
5V dén 10V nhung khong anh huong nhiéu
dén hiéu suat phat xa ciia LED. Dong tang khi
noéng do N, tang tir 5x10""cm’ dén 1x10"cm?.
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Hinh 6. Hiéu sudt phat xa IQE so voi mdt do
dong cua MOW LED.

Hinh 6, hiéu suat phat xa noi IQE tang
theo viéc ting ndong d6 N I noéng d6 N , cang
cao, hi¢u suat phat xa ngi IQE cang tang. Hi¢u
suét phat xa noi IQE dat gia tri on dinh va cao
nhét 1 90% twong ing v&i ndng do pha tap N 4
la 1x10%cm™, 2x10%cmva 5x10'%cm™.
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Hinh 7. Phé phat xa tir cau triic LED voi
nong do [Mg] tir 10”cm dén 10"°cm™ trong
cdc lop rao cua MOW.

Xét tai gia tri dién thé 4V, khi cho thay
d6i néng do N, tang tor [Mg] = 1x10"cm
dén [Mg] = 1x10"%cm?, cudng do phat xa
tang, budc soéng phat xa giam vai nanomet
tir 314nm, 313nm va 6n dinh 312nm nhu thé
hién trong hinh 7. Piéu nay duoc giai thich:
Khi ting nong do N , e la tang noéng do hat
tai dan dién, mat do dong tang, kha nang tai
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hop cua 16 trong va dién tir ting, hiéu suat
phat xa tang, ndng luong phat xa 16n, budc
song phat xa giam.

Tién hanh thay d6i thanh phan Al
trong trong lop vat ligu Al Ga, N barrier voi
y = 0,45 va 0,55. So sanh hai gia tri cua
thanh phan Al, budc song glam tor 313nm
dén 311nm, cuong do phat xa giam khi tang
thanh phan Al trong hop chat. Hay néi cach
khac nang lugng phat xa tang khi thanh phan
Al ting, hinh 8. Diéu nay ciing dugc hiéu ring
khi ting thanh phan Al trong hop chat AlIGaN

1a tang do rong ving cAm.

&
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Hinh 8. Phé phat xa cia cdu triic UVLED

theo thanh phan Al.
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Hinh 9. Pic tuyén I-V ciia UVLED theo
thanh phan Al
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Hinh 10. Hi¢u sudt phat xa ngi (IQE) cua
cau truc UVLED theo thanh phan Al.

79

Xem xét tai muc di¢n ap 4,5V, tang thanh
phan Al, cuong do dong dién co giam. Muc
dién ap tir 5V trg 1én, cudong d6 dong dién qua
UVLED c6 giam nhung khong anh huong toi
hiéu suit phat xa cia UVLED, hinh 9.

Theo hinh 10, hiéu suat phat xa ndi
(Internal Quantum Efficiency - IQE) cua cau
trac UVLED dat 88% khi y = 0,55, dat 81%
khi y = 0,45. Nhu vay, khi ting thanh phan Al
thi hiéu suét phat xa n6i IQE, nang lugng phat
xa tang nhung budc song phat xa giam.

[\ 1 v 1 v 1 ' T ' 1
:4,113!\.'

At N
Mlg309<0.701V

barrier 40%: @ —— 1
30%: 4+ — — _'
20%: 30 -----

Energy (eV)

Al A
G209 80V

37 -1

Well width L, (nm)

Hinh 11. Sy phu thuoc cua ndng lu’_ong

dinh PL vao do rong cua gleng voi 3

thanh phan y = 0,2, 0,3 va 0,4 ciia Al trong
AlyGa I_yN barrier [7].

Trong md phong tinh toan cua nghién
ctru nay, khi thanh phan Al trong 16p Al Ga,
N barrier tang, nang luong phat xa tang, buoc
song giam. Két qua, thanh phan Al thay doi
45% va 55% thi budc song phat xa dao dong
trong khoang 313nm - 312nm tuong Gmg véi
nang luong luong tor 3,96 — 3,98eV, hinh 8.
Két qua tinh todn va mé phong ciu tric UV-
LED trong nghién ctru nay phu hop véi thuc
nghiém cua Takeuchi, thanh phén Al la 40%,
nang luong phét xa la 4,06eV, hinh 11. Sy sai
léch khong nhiéu do bé day cua Al Ga, N
barrier ciu tric md phong 1 5nm, trong kh1
bé day thuc nghiém 1a 7nm.



ngp Chi Khoa Hoc Gidao Duc Ky Thudt (34/2015)
Truong Dai Hoc Sw Pham Ky Thudgt TP. Ho Chi Minh

4. KET LUAN

Trong bai bao nay, tac gid bao cdo ng-
hién ctru md hinh MQW ctiia UVLED dj cau
tric cd budc song phat xa dao dong trong
khoang 312nm - 313nm v&i thanh phan Al
trong cac 16p Al Ga, N barrier cia MQW la 'y
=0,45 (45%), 1a phu hop v6i thye nghiém cua
Tekeuchi va cong su [7].

Cuong d6 phat xa cta cau trac UVLED
ty 16 thudn v6i ndng d6 pha tap Mg trong céc

l6p Al Ga N barrier cia MQW. Hiéu suét
phat Xa n01 IQE ing v6i mat d6 dong J dat
gia tri 6n dinh va co gia tri cao gan 90% khi
nong do pha tap Mg trong cac 16p Al Ga, N
barrier cia MQW la [Mg] = 5x10"8cm™. Bu:oc
song phét xa tir cdu trac MQW ctia UVLED
1a 313nm. Dya trén nhitng két qua dat dugc,
thuc nghiém ché tao cau tric s& duoc thuc
hién trong thoi gian tiép theo cho UVLED sau
ung dung trong linh vuc khur trung.
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