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TOM TAT

Bdo cdo nay trinh bay vé Iy thuyét vit liéu ban dan Nitride, co ché phdt xa, cau tric da giéng lwong
tir cho phat xa cuc tim va tim hiéu vé thiét bi tao mang mong theo ky thuat lcfng dong hoa hoc cho kim
loai hitu co (MOCVD). Téc gid tinh todn céc thong sé vit Iy va quang cho mdt mé hinh cdu triic tiém
nang phat xa cwe tim qua phan mém SiLENSe. M6 phong ché tao cdu triic UVLED bang phan mém
Intellisuite cho muc dich giang day. Cudi ciing, tdc gia dé xudt quy trinh ché tao UV LED tai Khu
cong nghé cao Tp. HCM (SHTP), noi dang cé thiét bi MOCVD duy nhat tai Viét Nam.

Tir khéa: UV LED, MOCVD, da giéng heong tir, khir tring.

ABSTRACT

This report focuses to find out the emission mechanisms for Nitride semiconductor, multi-quantum
wells structures for ultraviolet radiation, study about thin film technology on the equipment of Metal-
Organic Chemical Vapor Deposition (MOCVD). We calculate the physical and optical properties
for 2 potential UVLED structures by SiLENse software and other mathematical formulas. Their
fabrication process also was studied by Intellisuite software, which is the easy way for educational
purpose. Finally, we propose some ideas for the UVLED manufacture process in Saigon Hi-Tech Park
(SHTP, Vietnam), where owned the MOCVD equipment in Vietnam.

Key words: UVLED, MOCVD, Multi Quantum Wells (MQWs), Sterilizing.

1. GIOI THIEU

Cong nghé ban dan, cong nghiép vat liéu ngay
cang phat trién khong ngimg va dang dan khang
dinh tdm quan trong trong doi song hién nay.
Con ngudi véi trinh do tri thire cia minh da moé
ra nhitng giéi han mai, kham phé ra nhiing loai
vat liéu maoi, nhitng k¥ thuat, cong nghé méi [1]
va ap dung lén chiing d¢ tao ra nhiing san pham
¢6 ham luong chat xam va tinh ng dung cao
trong nhiéu nhiéu linh vic. Mot trong nhitng sb
d6 phai ké dén sy phat minh diode phat xa anh
sang cyc tim (Ultra-violet light emitting diode,

UVLED) [2-5] va nhiéu tmg dung cta n6 trong
cudc song [6,7].

Trong nghién ctru ndy, ching t6i trinh bay cau
trac linh kién da giéng luong tir va co ché phat
xa budc song cuc tim voi nguyén 1y hoat dong
1a chuyén tiép p — n. Cac tinh chit vat Iy cua
cAu truc (ndng lwong ving dan- ving héa tri,
mdt do phan bé hat tai, mat dé dong, cuwong do
va buoc song phat xa voi buoc song phat xa,...
thay doi theo nong dé khuéch tdn), thanh phan
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In trong InGaN (hay Al trong AlGaN), kich
thudc va s lugng giéng lugng tir dugc khao sat
chi tiét qua phin mém SiLENSe [8] cho LED
phat xa bude soéng can cuc tim. Viéc mo phong
ché tao UVLED ciing duoc tién hanh trén phan
mém Intellisuite. Nguyén 1y hoat dong thiét bi
MOCVD duoc khao sat va qui trinh ché tao thir
nghiém UVLED tai khu cong nghé cao Tp.HCM.
Hién nay, img dung cuia buc xa cuc tim da duoc
biét dén nhiéu nhu bao mat thong tin, phan tich
thanh phan khoang san, do nong d6 ozon trong
khong khi va khir khuan trong nudc sinh hoat, ...
ma nhiéu nhém nghién ciru trén thé gidi dang
theo dudi. Trong d6, ching t6i da tién hanh ché
tao thiét bi diéu khién cuong do buc xa UV cua
LED va thtr nghiém khtr 2 loai vi khuén E.coli va
Coliform [9-10].

2. PHUONG PHAP THU'C NGHIEM
2.1. Co s ly thuyét

Ngoai cau trac 13 nbi chuyén tiép p—n, UV LED
con ¢6 mot vung dac biét hon so voi cac LED
thong thuong, vung phat xa anh sang c6 budc
song cuc tim 14 cau trac da giéng luong tir (multi
quantum well, MQWs). Khi duoc kich hoat boi

n type layer
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= nd
Multi quantum well 00 f—
O0000
p type layer
(a)

dong dién, cac dién tir trong 16p ban dan loai n
di chuyen xuyén qua cac 16p giéng luong tur va
gap cac 15 trong tai ving p dé tai hop va phat xa
photon (xem hinh 1.a).

Céc 16p MQW c6 tac dung nhu céc giéng thé
c6 do dbc tuy theo sb 10p giéng, kich thich hat
mang dién 1én mirc ning lwong cao dé ting hiéu
suét tai hop voi 1 co ché riéng duoc giai thich chi
tiét trong phan 3. Khi chiéu day 16p kich hoat tré
nén gan voi bude song De-Broglie, cac hiéu Gng
lugng tur tré nén rd rang hon. H¢ qua cua viée
giam gir electron va 15 trong trong 16p rat mong
la nhitng phén tor d6 s€ hoat dong nhu cac hat
trong giéng thé. Do do, thay vi ¢ trang thai lién
tuc trong ving dan, nhitng electron d6 bi giam
gilt ¢ trang thai lugng tir gidn doan trong vung
cAm cua vat liéu. Tuong tu nhu vay, cac trang
thai trong ving hoa tri cta 18 trong bi han ché
d6i v6i nhitng muc gian doan trong giéng luong
tu. Hinh. b mo ta sy hinh thanh clia cdc trang thai
lugng tir gidn doan trong vung cam hep ¢ hleu
qua 1am thay d6i Vung cAm vat liéu, va cung cip
mot cach lam thay d6i nang luong photon phat
ra bang cach kiém soat d6 day cua ving cdm hep
trong vat li¢u.
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Hinh 1. Mo ta cau triic giéng heong tir ciia LED phdt xa cuwee tim : (a) co ché phat xa viimg MOWs va (b),
So do mirc nang lwong va khe nang luong cua cung MOW.

Mot giéng luong tir dii 16n, c6 thé giam giir
nhiing hat tai bén trong chinh né khi phan cuc
thudn. Vi thé, c6 thé sir dung cac giéng luong tir
dé han ché sy phat xa dé chi xdy ra trong ving
kich hoat, do d6 nhan dugc bire xa tdi da tai budc
song phu hop. Viée st dung da giéng luong tir dé
tang cudng sy giam giir cac hat tai. Mot cu tric
giéng lugng tir c6 nhiéu hon mot giéng luong tir,

do d6 nd c6 thé chira nhiéu hat tai hon va do d6
nang lugng phat xa cao hon.

Theo so d6 mirc ning lu’(mg trén, cac ky hiéu
, E ow E. V& E, lan luoT la cac khe

gbamer gwell” " g,QW
nang luong (bandgap) rao can, giéng, giéng
lwgng tir, ving dan va ving hoa tri. Ta ciing luu

¥ rang, kich thudc ving giéng luong tir ky hiéu



1a L. Trong hinh 1 ky hiéu murc trén la dién tu
va mu:c dudi 1a 16 trong. Nhu thé, ning luong
giéng luong tir s& cho bai cong thire [1]:
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VOL E, , E, lan luot la nang lugng luong tr
hoa cta dién tu, 16 trong.
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Hinh 2. Gidn do nang heong ciia LED da giéng lwong tir diea trén AIGaN / GaN / GalnN: (a) Ciu
truc khong pha tap (Undoped) va (b) cau tric pha tap.

Murc ning luong cta dién tir (phdn trén) trong
ving MQW cua hinh 2 ludn thap hon so véi cac
ving ban dan béi vi ving QW nay tao thanh tir
cac 16p vat liéu In/AlGaN voi kich thudc vai nm
da hinh thanh cic mic ning lugng thay doi nhu
mot giéng thé. Khi pha tap loai n hay p vao 2
ving ngoai, giéng d6 nang luong bi giy xubng
tao mdt do doc Tuy nhlen muc nang lugng
Fermi (E ) van nam gitra va gan muc E_cua ving
ban dan loai n. Cac co ché trén sé anh hudng
cuong do phat xa va budc song phat xa cua hat
mang dién trong cau trac UVLED. Sir dung phan
mém SiLENSe , nhom nghién ctru khao sat cac
murc nang luong va tinh chat quang ctia LED qua
cac mo hinh toan hoc va ban chat vat Iy cia né.

2.2. Thiét bi MOCVD

MOCVD duogc st dung rong rai trong viéc ché
tao cic cdu truc epitaxial bang cach ling dong
nhirg nguyén tir trén dé wafer. Cac nguyén tir
duoc léng dong 1én trén dé wafer & nhiét do cao

Principle of a MOCVD-process
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va dat trong phan ung sau khi n6 bi phan ly tir
céc phan tir kim loai - hitu co (vat liéu nguon).
MOCVD la mdt trong nhitng phwong phéap tot
nhat cho viéc ché tao hop chit ban dan nhom 111
-V ¢6 d6 tinh khiét cao va c6 cau trac trat tu .

Céu trac MQWs ctiia UVLED c¢6 bé day tir 1.5
nm dén 10nm st dung kim loai hitu co TMAL
TMGa nén chi c6 h¢ MOCVD la thich hop va
k¥ thuat duy nhat c6 thé tao cac mang mong nay
thanh cong.

Hinh 2.a mb ta co ché ling dong cac phan tir trén
bé mit chit nén (thudng 13 sapphire hay thiy
tinh) khi sir dung céac phén tir khi N, H, phan ung
v6i1 cac phan tr kim loai hitu co (TMA,TMQG)
tao nén pha phan mg trong mot budng da hit
chan khong. Cac 16p hop chit ban dan loai III
va V hinh thanh. Bang cach diéu chinh 4p suat
hop chat dwa va va thoi gian phan tng, cac mang
mong co kich thudc khac nhau dugc hinh thanh.
Pay 1a nguyén 1y cua thiét bi tao mang mong
MOCVD cho ciu trac MQW.

. . b
Hinh 2. (a) So do nguyén gcfl)cﬁa phuwong phap MOCVD va (b) Thiet bi MOC&B tai khu cong nghé cao TP.
HCM (SHTP) [10].
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Nhom nghién ctru da cdng tac nghién cuu voi
cac nha khoa hoc tai Trung tam, nghién ctu va
phat trien (R&D Center, SHTP)(xem hinh 2.b)

3. KET QUA KHAO SAT CAU TRUC
3.1 Céu trisc UV LED khio sat

Qua cac tham sd dau vao cho md phong bai
phan mém SiLENSe, ching t6i da phat hién cu
trac da giéng thé n_GaN-4 wells-p_GaN cua
LED cho phat xa 385nm (nhu hinh 3). St dung
2 dién cuc (n-electrode va p-electrode) co cu
traic Au/Ni-50nm/100nm diy 15nm mang tinh
tuong trung cho mo phong. Van dé 1a can xéc
dinh kich thuéc cua cac 16p nay thé nao va sy
anh hudng cua nd dén cuong d6 va budc song
phat xa, nong do pha tap & mtc giéi han nao,...
1a cac tham s6 khdo sét ciia chiing toi.

Céu trc 385nm nhu hinh 3 duoc ve€ lai theo
hinh 4 de tinh kich thuge céac 1op mang mong
Mobi gleng (well) s& gém 3nm-QW va 12nm rao
can. Giéng ciu ciing khong c6 rao can.

va tham gia vao qui trinh ché tao cac 16p MQW
trén de tai Pai hoc Ritsumeikan, Nhat ban.

p_electrode
(AuJNi 50nm/1 00nm)

p_GaN
(500nm)

p_AID. 15Ga0.B5SN

n_electrode

(AW/NESOnm/1000m)

{3 layers X3nm= Jn||

n_GaN
(500nm)

Sapphire (0001)
(substrate, 10,000 rm)

Hinh 3. M6 hinh cdu tric ciia LED véi 4 16p
OW cho phat xa can cuc tim [10].

Ist-well Znd-well

4ih
3rd-well well

Hinh 4. Cdu triic 1 véi 4 giéng lwong tir bi kep giita 3 rdo can. Vit liéu ving kich hoat la InGaN cho phdt xa

kha kién va cdn cuc tim [10].

CAu trac UVLED 385nm-415nm nay c6 cac dic
trung va kich thudc dugc mo ta nhu sau:

= Vung hoat dong cua hat tai tir n-p: n_GaN-4
wells-p_GaN. Kich thuéc cua chung 1a chiéu dai
cua4 well, dugctinhla(3+12+3+12+3+ 12
+3) =48 nm.

=Ba giéng luong tir (welD dau bao gdm
3nmQW va 12nm barrier, giéng cudi cung chi
cO 3 nm QW.

= Tong kich thudc cta ciu tric (khdng tinh dé
va dién cuc)1a (500 +48 + 60 + 500) = 1108 nm.
Cau tric nay dong déu va xem nhu hat tai chi

chuyén dong trong pham vi 500 nm dén 548 nm
la vung kich hoat.

= Trong céc phan tinh toan, khi ta ting sb giéng
luong tir, tirc 12 ting s6 cip QW-barrier 1én. Khi
d6, kich thudc vung kich hoat s& ting theo, dong
nghia véi bé day ciu trac LED tang.

Trong ché tao bang thiét bi, viéc diéu khién s6
chu ky giéng 11I0'ng tr 14 dé bang qui trinh tao
xung diéu khién cac pha: NH,, AIN va GaN cua
hé MOCVD dé c6 duoc cac lop khéac nhau V01
thanh phan Al,Ga,N khac nhau. Qua d6, giéng
thé duoc hinh thanh. Do do trong m6 phong,
chung t6i ciing chu trong s6 luong giéng thé thay



d6i theo cac tinh chat khac nham c6 duoc nhiing
cau tot nhat.

3.2. Phan b6 hat tai theo m4t d§ dong hat tai
vao cau truc

Chung t61 khdo sat & 3 mat dd dong khac nhau la
63 pA/cm?, 0,23 A/cm? va 84A/cm? nhu hinh 5
bén dudi. Hinh dang cua 4 rang cua trong hinh
5(a,c,e) O trén 1 phan bd nang luong cta 4 giéng
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lugng tir ctia viing kich hoat. Mdi ring cua tuong
tmg 1 giéng luong tir va theo thtr tu tir 1 dén 4.
Giéng thir 4 13 giéng cudi cung va tiép giap véi
ving hat tai loai p. DO thi phia trén 1 niang
lugng vung dan (conduction band) ctia dién tir
va d6 thi bén dudi 1a ving hoa tri (valency band)
cta 16 tréng. Cac giai thich cho cac hinh trong
sudt phan mo phong s& dua theo cach trén.
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10 [ 2 ]
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Hinh 5. Két qud mé phong cdc hat tdi: (a,c,e) gian dé nang lwong va (b,d.f) mdt dé phin bé véi [Si]
=2 x 10" cm? trong rao can voi mdt do dong, J = 84A/cm’.
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Qua d6 thi phan bd nang luong trén, mat do phan

b dién tir trong ving QW 1a dong diéu trong cac
giéng luong tr & mat do dong thap. Khi dong
tang thi phan bd cling tang tur tur v6i dong tang.
Céc 16 tréng chiém céac vi tri gan ving phat hat
tai p_AlGaN & J thap.

Két qua mo phong ciing cho thiy, mat do hat tai
Si trong ving n_GaN s& quyét dinh ti 1¢ tai hop
hat tai trong ving QW nén goi vung nay la viung
kich hoat. Mat do dién tir thap s& lam ti 1é tai
hop hat tai phip va kéo theo su khong dong nhat
trong phan b6 16 tréng. Nhu thé, n_GaN barrier
s& dong vai tro rao can dbi voi cac dién tir khi
chung chay vé vung p dé tai hop. Khi ting mat
d6 dong tai (tir J = 63 pA/cm? dén mirc cao 84 A/

2.5 T T T T

J=34nAlem’
20+ -
—— Total
sk —— Well4 |
- —— Well 3
Rol —— Well2 i
— Well 1
05+ -
~~~
=) 0.0 ! T !
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=
> 4 i
=
Lo 3- B
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= 2f B
=
= L i
s !
4 0 L — !
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m 35F T T T 3
ol J=023A/cm’ §
25+ =
. 20f 4
=)
% 15K -
10+ =
sk i
0 L 1 — L
380 400 420 440
Wavelength (nm)

(a)

cm?) ap vao ciu trac, sy phan b dién tir khong
thay di trong cac giéng luong tir.

3.3. Phat xa ctia cac 16p QW theo mat d¢
dong kich hoat

Giéng lugng tir ngoai cuing (sat viing p) dong gop
cuong do phat xa lon nhét va ap dao khi mat do
dong cang tang ( xem hinh 6.a). Khi tang mat
d6 dong tir 34nA/cm? 1én 63uA/cm?, 0.23A/cm?,
84A/cm? (xem hinh 6.b) thi cuong d6 phat xa cuia
ciu truc nay tang lan lugt tir 10°, 10'2,10'¢,10"
véi don vi la (arb/cm?.eV). Cuong do tang thep
cép s6 nhan véi boi sb tir 10° dén 10* twong tng
v6i gia tri mat o dong J tang theo cép s6 nhan.

T T T T T
ICurrent density, J (m/cmz) <102

x10"

—— 1360kA
— 84A
0.23A
— 63pA
—— 34nA

1
340 360 380 400 420 440

Wavelength (nm)

(b)

Emission Intensity (arb./cmz.s.eV)

T T
Current density: J (xA/c

—— 1360kA:368&396nm
—— 84 A:413nm
0.23 A :415nm
—— 63uA: 414nm
— 34nA:413nm

Emission Intensity (arb.units)

340 360 380 400 420 440

Wavelength (nm)

(©)

Hinh 6. Két qud mé phong: (a) phat xa cia cdc 16p OW theo mdt o dong tir 34nA/cm? dén 0,234/
cm?, (b) Cuong do phat xa cua cdac lop QW tang nhanh theo mdt do dong kich hoat va (¢) bo léch
cua buoc song phat xa ciua LED theo theo mat do dong kich hoat. Gid tri budc song on dinh o mdt

do dong nho hon 84 A/cm’.
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Quan sat hinh 6.c thi budc song phat xa ctia cc gia tri mat do dong tir 34nA/cm2 dén 84A/cm2 dao
dong tir 409nm dén 415nm. Vi cuong do cuc dai (khong tudng), cau trac QW nay s€ phat xa budce
song kép 365nm dén 390nm voi cuong d¢ 10* (arb/cm?.eV) [10].

3.4. Hiéu suit phat xa LED va mét d¢ Si trong rao can n_GaN

7% L B S B B R —— 1 .
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[y $ 2
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Ag ° 10
£ 01 4 = 10"
55 2
E B o0
5 17
E 10

=4
o
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Current density (A/cm”)

(a)

T T T T T T T

. 3
Current_density (cm ) 3
Si: N-GaN barrier, MQW

Bias (V)

(b)

Hinh 7. (a) hiéu sudt phat xa (IQE) cua LED phu thuoc vao mdt do doping Si trong rao can n_GaN
va (b), dac tuyén I[Vcua LED phu thuéc vao mat do doping Si trong rao can n_GaN.

Thuc hién cac mo6 phdéng hi¢u Xuét phat xa ndi
(Internal Emission Efficiency) theo nong do n_Si
khac nhau trong rao can, ta thdy rang hiéu suét s&
tang khi mat do dat 5x10'8/cm? va va bao hoa &
muc mat do 5x10'%cm?. Do d6, khi ché tao cdu
tric LED, 16p n_GaN nén dugc khuéch tan & mat
do 5x10'8/cm?1a hop 1y (xem hinh 7.a). Bén canh
d6. Dic tuyén I-V sé& ting khi mat do n_Si trong
rdo can tang. Tuy nhién, muc do ting dién thé
phan cuc ciing chi dao dong tir 1V dén gan 2V.
Dong bio hoa trong LED véi ciu traic QW nay
dudi 10A nhu hinh 7.b.

3.5. Khdo sat anh hudéng cua kich thuwéc vung
kich hoat (MQWs)

Tiép theo, chiing t6i khao sat mat d¢ hat tai trong
cau truic QW cua LED thay d6i theo so giéng

luong tir, voi sé giéng thé khao sat tir 2 (ky hiéu
la 11), 1én 3( ky hleu 1a21) va Ién dén 6 (ky hiéu
51). Luu y rang cdu trac nay s& 1a 1 QW-1 rao
can va 1 16p QW ngoai cung. Mat do pha tap va
kich thudc ctia rao can ciing anh hudng 16n dén
1 s6 tinh chéat quang ciia UVLED s& dugc thao
ludn trong céc bao céo khéc Hinh 8.a cho thay
su dong gbp cua tirng lop giéng luong tir dén mat
d6 dién tir thé hlen qua s hinh ring cwa va phan
bd diéu trong cAu truc. Tuy nhién, d§ chénh 1éch
mat do giﬁ:a 2 giéng lién nhau giam dan khi s
luong gleng tang 1én tuan ty (Hinh 8.a: xem do
thi cua 2 giéng luong tir ddu va 6 giéng luong tir
cudi)
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Hinh 8. Khao sat anh huong ciia s6 16p giéng heong tir trong cdu tric QW (a) mat do dién twr trong cdc
giéng thé va (b) cuong d dong, bude séng phat xa cia cdc cdu tric khao sat.

Sy thay d6i mat do dong va budc song phat xa
ciia LED theo ting cdu trac cta 16p rao can va
giéng luong tir duoc mo ta trong hinh 8.b. Ta
lwu ¥ rang kich thudc cua 1 giéng luong tir 1a
3nm, rao can 1a 12nm. Do d6, dbi véi clu tric
21 thi d6 day cua cac 16p QW 1a 18nm 1én dén
48nm (theo cip s cong, co sd 1a 18 cho 1 16p
QW). Ddi v6i bude song phat xa (hinh 8.b, truc
phai) thi sy ting dan tuyén tinh khi ciu tric ting
tr 11 dén 41, nhung lai nhay vot véi cAu trac 51.
Tir két qua mo phong trén, ching ta thiy ring
khong phai mat d dong cao la budc song phat
xa 16m, boi vi, van dé 13 kha ning tai hop dién tir
va 16 trong s& quyét dinh cuong do phat xa. Mot
diéu quan trong can rat ra la dbi véi cau tric c6
InGaN nay, kich thudéc ving MQWs cang tang
thi budc song phat xa c¢6 chiéu hudng ting theo.

Nhu thé, v6i cac ciu trac nay, chung ta ¢ thé
xac dinh duogc 3 giéng luong tir(cau trac 21) 1a
c6 dong du 16n va bé day 1a 18nm cho phat xa
UV cua LED.

4. MO PHONG CHE TAO

Nham dinh huéng cho ché tao UVLED trén
thiét bi MOCVD, chung t6i sir dung phan mém
Intellisuite cho mo phong qui trinh va chi tiét
cac bude ché tao. Intellisuite co cac chirc ning
nhu: 3D Builer (xay dung cac 16p trong khong
gian 3 chiéu); 2D Builder (khong gian 2 chiéu);
Intellimask thi dung dé tao ra cac mat na trong
viéc tao hinh cac 16p man; Intellifab mo6 phong
ché tao nhu mot phong sach lam tir nhitng budc
co ban nhu dé Si véi hudéng tuy chon, dén tao
mang, chiéu tia UV va khic,...



Qui trinh mé phong ché tao UV LED budc
song tir 385nm den 415 nm dugc thyc hién qua
40 budc trén phan mém IntelliSuite nhu hinh
10. Cac vat liéu str dung cho ciu trac nay: dé
Sapphire, Gallium nitride (GaN), Aluminium
gallium nitride (AlGaN), Indium gallium nitride
(InGaN),Vang (Au), Nickel (Ni). Ta thiy tong be
day cua UV LED nay la 11.258 um, trong d6 aé
1a sapphire v¢ kich thude 10um thé hién trong
phan duéi cta hinh 10.a.

(a)

Tap Chi Khoa Hoc Gido Duc Ky Thuit, 50 18(2011)
BPai Hoc Sur Pham Ky Thuat Tp H6 Chi Minh

o

Dzl 288 2N
1. Definition Sapphire MOCVD (0001]
2. Deposition n_GaN MOCVD Precursors
3. Deposition In0.13Ga0.87N_Well MOCVD Precurs...
4. Deposition In0.13Ga0.87N_Well MOCVD Precurs...
5. Deposition In0.13Ga0.87N_Well MOCVD Precurs...
6. Deposition n_GaN_barrier MOCVD Precursors
7. Deposition n_GaN_barrier MOCYD Precursors
8. Deposition n_GaN_barrier MOCYD Precursors
9. Deposition In0.13Ga0.87N_Well MOCVD Precurs...
n p_AlD.15Ga0.85N MOCYD Precursors
n p_GaN MOYCD Precursors

51800 Spin S1805

ay X-Ray lithography

- [=]x||

22. Etch In0.13Ga0.67N_Well ICP Ar
23. Etch In0.13Ga0.87N_Well ICP Ar
24. Etch PR-S1800 Wet 11124
25. Deposition Ni Evaporate on_nitride
26. Deposition Au Electroplate Standard
27. Deposition PR-51800 Spin 51805
28, Definition X-Ray X-Ray lithography
29, Etch PR-51800 Wet 1112A
30. Etch Au Wet lodide_Etch
31. Etch Ni Wet HF:HNO3
32, Etch PR-S1800 Wet 1 1 1 24

aporate on_nitri

* Bonding
# Definition
# Deposition
« Etch

05
Ray X-Ray lithography
b 00 Wet 11124

38. Etch Au Wet lodide_Etch

39. Etch Ni Wet HF:HNO3

40, Etch PR-S1800 Wet 11124

15. Etch p_GaN PEC K2S208:KOH

16. Etch p_Al0.15Ga0.85N ICP Ar

17. Etch In0.13Ga0.87N_Well ICP Ar

18. Etch n_GaN_barrier PEC K25208:KOH
19. Etch n_GaN_barrier PEC K25208:KOH
20. Etch n_GaN_barrier PEC K25208:KOH
21. Etch InD.13Ga0.87N_Well ICP Ar

< >

For Help, press Fi

Hinh 9. Qui trinh mé phong ché tao UVLED
buoc song tw 385 nm den 415 nm bang phan mém
Intellisute.

(b)

Hinh 10. (a), qud trinh mé phong ché tao UV LED buoc song tur 385nm dén 415 nm va (b) cdc
mdt ng dung trong ché tao dién cuc loai p Ti/Au [10].

Nhu da trinh by & phan trén, viéc tao cac giéng
luong tir s€ tang quang du(‘yng hay tbc do tai hop
ctia cac hat tai (dién tir va 15 tréng) do bandgap
thay do6i hay rong ra. Tur d6, chung ta s& diéu
khién viéc tao cdu triic va tao ra nhitng budc song
phat xa khac nhau. Do d6, trong hé¢ MOCVD thi
cac budng chira vat licu (Reactant Storage) la
quan trong va rat can thiét khi ching ta mudn
tao mot cau trac cu thé. Viéc diéu khién tao cac
16p mang moéng v6i thanh phan AIN, AlGaN hay
InGaN, AllnGaN khéc nhau rat don gian cho 1ap
trinh diéu khién qu4 trinh tao mang trén dé trong
budng phan tmg (reaction chamber) qua tham s
ap suat khi va thoi gian bom khi. Két qua trong
Intellisuite s€ dinh huéng cho viéc ché tao trén
thiét bi duoc chinh xac, giam sai x0t va tiét kiém
vat tu. Tuy nhién, mdi thiét bi MOCVD co cac
reaction chamber khac nhau nén viéc can chinh
ban dau rat quan trong, tirc 1a cau trac UVLED
¢6 bao nhiéu 16p mang mong thi ta phai ché tao
s6 lugng mau riéng cho timg 16p nham can chinh
tham sb 4p suat va téc d6 ling dong. Viéc nay,
phai tién hanh bang thuc nghiém.

Pé thuc hién céu trac nay, 03 mat na
(mask1;1000pm x750 um) dugc su dung nhu
sau: mat na s6 1 duge dung tao hinh, bao v¢ va
khic phan mang mong cua 16p GaN loai p, 16p
ban dan GaN loai n, 16p ban dan GaN loai p, cac
16p rao can n_GaN, va cac 16p giéng luong tir
Inb, .Ga N bang phuong phap ICP. Mit na sb
2 (1000pmx300um) st dung bao v¢ phan mang
mong khong bi an mon trong qua trinh khic dé tao
dién cuc Au/Ni loai n. Mt na sb 3 (1000pmx300
um) st dung tao hinh va bao vé phan mang méng
khong bi dn mon trong qua trinh khéc tao thanh
dién cyc loai p Au/Ni trong cau trac UV LED.

5. THAO LUAN VA PANH GIA

Két qua khao sat sy phan bd ning lugng ving
dan va vung hoa tri nhu hinh 5 (a,c,e) da trung
khép voi tinh toan cua tac gid V. F. Mymrin [11]
cho cau triic twong tu nay.
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Hinh 11. Cdu tric nang lwong cia
InGa, N, MOW LED 4 giéng thé véi
mat do [Si] =5 x 10'%/cm’ trong trao can
duorc tinh voi mat do dong 10 A/em? [11].

6. KET LUAN

CAu truc tiéu biéu cia ULED st dung vat li¢u
AlGaN dugc md phong rat chi tiét voi sy thay
d6i kich thude ving MQW phu hop véi thuc
hién cong b [11]. Cac két luan trong dé tai rat
quan trong dé dinh hudng cho viée ché tao [10].
Qui trinh m6 phong ché tao UVLED duogc tim
hiéu chi tiét va dinh hudng cho viéc ché tao trén
MOCVD tai SHTP trong twong lai.

5. GHI NHAN VA CAM ON

Bi4o c4o ndy 1a mot phan nghién ctru cua dé tai
NCKH cap Tp.HCM niam 2010-2012 (86/HD-
SKHCN). Nhom tac gia tran trong cam on cac
ddng nghiép cua Pai hoc Ritsumeikan (Nhat
ban) da hd tro phian mém va thao luan. Cam on
SHTP da tao diéu kién khao sat thiét bi va nhém
MEMS (B6 Mon VLDT) da chia sé€ kinh nghiém
mo phong ché tao. Xin cam on cac dong gop hiru
ich tir cac gido su phan bién nham hoan chinh bai
bao céo nay.
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