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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung

- Tén d¢ tai: Nghién ctru thiét ké cdu trac LED c6 bude séng phat xa khoang

370nm

- Mai s6: T2016 - 68TD

- Chu nhiém: GV. ThS. Huynh Hoang Trung

- Co quan cht tri: Pai hoc Su pham K¥ thudt Thanh phé Hb6 Chi Minh

- Thdi gian thuc hién: 12/2015 - 11/2016
2. Muc tiéu

- Céu trac LED c6 budce séng phat xa khoang 370nm.

- Tinh toan t6i wu céc théng s cho ciu triic LED ¢6 budc song phat xa khoang

370nm st dung phfin mém SiLENSe phuc vu cho viéc ché tao.

- Mo phéng quy trinh ché tao ciu tric LED trén thiét bi MOCVD.

3. Tinh méi va sang tao
UV-LED la mét trong nhitng san phdm cdng nghé cao, dang dugc chua trong
phat trién & nhiéu nuéc trén thé gidi cho nhitng tmg dung nhu khtr khudn, loc
khong khi, c4c thii tuc y sinh, thong tin bao mat, ... Pua ra cdu traic UVLED tdi vu
v&i hiéu sudt cao dd va dang dugc nhidu nha khoa hoc trén thé gigi tim hiéu,
nghién ciru.
(5 Viét Nam viéc nghién ctru va ché tao UVLED con rdt méi, chi ¢c6 nhém

nghién ciru ciia PGS. TS. Nguyén Vin Hiéu cha tri nghién ciru sdu linh vuc nay.
4. Két qua nghién ciru

- Tim hiéu va dua ra cdu tric LED c6 budc séng phat xa khoang 370nm.
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- S dung phan mém SiLENSe (Package SimuLED ctia hang STR, LB Naga)
thue hién tinh toan khe ning luong (Eg), su lién hé giita cac thanh phén
trong céc 16p da giéng lugﬁg tr (MQW), cuong df va budc song phat xa,
dac trung I-V cua UVLED.
- MO0 phéng quy trinh ché tao cAu triic LED trén thiét bi MOCVD.
5. San phim

- Quyén bdo céo téng két dé tai.

- Bai bao khoa hoc ding trén Tap chi khoa hoc Gido duc K§ thudt
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning ap
dung:

San pham cta d& tai [a tai lidu tham khao rat hitu ich cho nhung nghién ctru

chuyén sau vé linh kién LED, dic biét vé UVLED.

Truéng Pon vi Chi nhiém dé tai

PGS. TS. P4 Quang Binh GV. ThS. Huynh Hoang Trung



INFORMATION ON RESEARCH RESULTS

1. General information:

- Project title: Reseach and design for structure light-emitting diode structures
with emission wavelength around 370nm.

- Code number: T2016 - 63TD

- Coordinator: MSc. Huynh Hoang Trung

- Implementing institution: HCMC University Technology and Education

- Duration: from 12/2015 to 11/2016

2. Objective(s):

- Ultraviolet (UV) light-emitting diodes (LEDs) structures with emission
wavelength around 370nm.

- The semiconductor software of SILENSe can change the input parameter of
UVLED structure as components of aluminum in AlyGa;.yN/AlGaN layers,
the number (n) and thickness (d) of MWQs to study the wavelength, light
emission efficiency and IV curves.

3. Products:

- Writing the final report topic

- Scientific paper published in the Journal of Science Education and
Technology

4. Effects, transfer alternatives of reserach results and applicability:
Products subject is useful reference for in-depth study of LED components,

particularly UV-LED.

Vi



MO DAU

Tinh hinh nghién ciru trong va ngoai nwéc
Nam 1995, 1an dau tién diode phat xa tai buéc séng ngin 395nm véi ciu tric

don giéng luong tir (SQW) tir vat lidu AlGaN/GaN/GalnN dugc ché tao.
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Hinh 1: Cdu tric cua UV-LED véi giéng da hrong tir
cua AlGaN-MQOW cho phdt xq 231-261nm.
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Hinh 2: Anh chup mét cdt ciia LED theo phwong phdp TEM cho thdy sw hinh
thanh vimg dém da I6p AIN (Multilayer-AIN Buffer) trén dé sapphire ciia nhém
nghién citu H. Hirayama, Nhdt ban. Thoi gian théi NH3 so véi kim loai hivu co

(TMAI) trong qui trinh tao mang mong.
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Hinh 3: (a) Phé dién tir phat xa (EL) cua AIGaN-MQOW LEDs v6i budc séng
231nm, 237nm, 248nm, 255nm, va 261nm do tai nhiét do phong va dong kich thich
50mA va (b) cong sudt dau ra va hiéu sudt lwogng tr theo cuong do dong kich thich

déi véi LED phdt xa 261nm [2].

Hideki Hirayama va cdng su (RIKEN, Nhat ban) [1, 2] d& ché tao thanh cong
céu tric UV-LED cho phat xa 231-261nm st dung AlGaN véi vung dém da 16p
trén d€ sapphire. Cong suit t6i da (output power) 1a 1,65mW va hiéu suét luong tir
(external quantum efficiency: EQE) 14 0,23% dbi véi LED phat xa 26 1nm.

Wang va cdng su [2] d& ché tao thanh cdng UVLED st dung InGaN trén dé
Si ¢6 cudong dd dong dién qua LED 20mA va cong sudt 2,5mW, budc song phat xa
tr ngoai 370nm. Cai thién codng sudt ddu ra 4mW va cuong d¢ dong dién qua
twong (mg tir 20mA dén 100mA dbi véi LED c6 budc séng phat xa 370nm, do
nhém nghién ctru Yi An Chang [3] thuc hién.

Mot nhém nghién ciru tai Vién nghién cttu Vat Iy va Hoa hoc Nhit ban
(RIKEN) va Dai hoc Saitama [4, 5] da ché tao thanh cdng LED c¢6 budc séng phat
xa 227,5nm va cbng sudt dat 0,15mW. Va mét nhém nghién ctru khéc da bdo céo
vé su phét xa cia LED v&i bude séng phat xa dat 210nm, nhung cong suét chi dat
0,02pW.

Gén day, nhém Sung Bum Bae [6] d& nghién ciru chu triic LED c¢6 budce séng
phét xa khoang 380nm str dung cong nghé PSS va MQWs dya trén vit liéu InGaN
hé lhéng MOCVD. Buédc séng phat xa ctia LED 1a 383,3nm va cong suét dau ra la
118,4mW (ng cuong do dong dién qua LED la 35mA.



Tinh cip thibt cia dé tai

LED phat xa tr ngoai (Ultraviolet Light Emitting Diodes - UVLED) dugc su

quan tim dang ké cia nhing nha khoa hoc va cong nghé thé gi¢i do nhidu ung

dung ciia UVLED vi du nhu:

- Vung UV-A ¢6 budce song phat xa tir 320nm dén 400nm: Hitu ich dé phat

hién tién gidy gia, thudc da, lam sach khéng khi, xic tac quang, va cac (ing

dung chiéu sang.

- Ving UV-B ¢6 budc séng phat xa tir 280nm dén 320nm: Hitu ich cho dén

chi€u di€u tri cac bénh vé da , phin tich DNA, va cac tng dung cdm bién

sinh hoa.

- Vung UV-C ¢6 buéc song dudi 280nm: Hitu ich cho dao laser, may khir

trung nudc va loc khong khi, ...

Pham vi Uing dung réng lén nhu ham clia budc séng phat xa cla ciu tric

UVLED duoc ché tao [7, 8, 9].

Gén day, N.V.Hiéu va cong su dd nghién ciru ing dung UVLED véi buée

song phat xa 365nm diét khudn E. coli va Coliform trong nuéc may ddu tién tai

Viét Nam [10].
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Hinh 4: Su lién hé gifia ndng lwong vimg cdm va bude séng phdt xa

ctia hop chdt kim loai hitu co (MO).



Vit liéu ban din III-V Nitride, AIN (6,2¢V), GaN (3,4eV), va InN (0,8 eV)
- da va dang thu hat nhiéu quan tim ciia cdc nha khoa hoc va cdc cdng ty ché tao
LED vi ciu tric bandgap truc tiép cho phé phét xa co pham vi budc séng rong tir
vung tr ngoai (UV) dén 4nh sang dd, viing 4nh séng nhin thay [11].

Céu trac va cdng nghé ché tao UVLED rit phirc tap vi hoat dong cuia
UVLED bi anh huong bai rat nhiéu théng sé ché tao khac nhau. Hon nita, nguyén
vt liéu cho viéc ché tao UVLED rit hiém va dit tién dua trén hé thiét bi lfmg dong
hoa hoc kim co (Metal Organic Chemical Vapor Deposition - MOCVD). Do d6, dé
giam chi phi ché tao va thoi gian, chiing tdi sir dung phdn mém SiLENSe chuyén
dung dé thiét k&, mo phong tinh todn cho cu truc da giéng lugng tor (Multi
Quantum Well - MQW) ctia UVLED @ xac dinh budc séng phat xa va tbi wu cic
thong sb cta ciu trac LED phuc vu cong viéc ché tao.

Muc tiéu va ndi dung nghién ciru

- CAu trac LED c6 budc séng phét xa khoang 370nm.

- Tinh todn téi ru cac thong s6 cho ciu tric LED cé buéc séng phat xa khoang
370nm sir dung phan mém SiLENSe phuc vu cho viéc ché tao.

- MG phéng quy trinh ché tao céu tric LED trén hé thiét bi MOCVD thuc té
dura vao phan mém Intellisuite.

Cich tiép cin

- Nghién ctru co ban: Tham khéo tai liéu, xdy dung mé hinh, tinh toan va tbi

uu théng s6.
Phwong phap nghién citu

- Tham khéo cac két qua nghién ctru trén thé gi¢i vé LED va UVLED.

- St dung cdc cbéng cu toan va phin mén SiLENSe dé khao st cac cu tric
ving hoat dong da giéng lugng tf MQW ciia LED. Hiéu dugc co ché hoat
dong cua cac hat tai va birc xa.

- M5 phéng quy trinh ché tao cdu trac LED trén hé thiét bi MOCVD.

Péi twgng va pham vi nghién ciru

- Péi tugng nghién ctru: LED phét xa cyc tim véi buée song khoang 370nm

dura trén vt liéu ban dan Nitride.

- Pham vi nghién ctru: Linh vyc nghién ciru co ban



+ Tinh todn dinh huéng cho ché tao LED phét xa cuc tim véi budc séng
khoang 370nm, ti wru céc théng sd phuc vu cho ché tao LED.

+ Xay dung quy trinh ché tao LED trén hé thiét bi MOCVD tai Trung tdm
R&D, SHTP.



CHUONG 1
LY THUYET VA MO HINH UVLED

1.1. Hop chit ban din Nitride - Hop chét tiém ning

Hop chét Nitride dugc tao thanh tir cic nguyén té nhém III nhu B, Al, Ga va
In v6i N2 nhu BN, AIN, GaN, va InN céu tric tinh thé phu thudc vao gdc ion.

Thé nang lién quan dén khe ning luong (bandgap) dugc chia ra hai thanh
phin 1a lién két héa trj va lién két ion. Khao sat su khac nhau 90° ctia géc pha gifta
hai lién két nay, ching ta thdy ring binh phuong ning lugng ving cim trung binh,
Eg,, bing tdng cac binh phuong ciia niang lugng lién két cong héa tri (Ex) va lién
két ion (C).

EZ, = EE + C? [1.1]

Chi sb ion duogc xac dinh: f; = EZ/C2.
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Hinh 1.1: Sy lién hé giita ndng lién két hoa tri va lién két ion doi vdi cdc cau tric

tinh thé khdc nhau.

Hinh 1.1 thé hién su tuong quan giira cic cAu trac tinh thé khac nhau, En va
C. Chc chu tric RS duge phan bd tai ving cao hon cia bién duge biéu thj bdi

dudng thing f; = 0,785. Mic du mot dudng th’fmg khong thé dai dién cho bién cia



vung ddi voi cau tric ZB va WZ, nhung céc tinh thé véi chi s ion cao ¢6 xu

hudng bi€u thi ciu tric WZ.

Nhu hinh 1.2 cho thdy tinh déi xtmg ciia cic ciu tric tinh thé WZ va ZB c6
thé dugc chia thanh cac nhém khong gian Cey' va Té, tuong tmg. Céc biéu tuong

hinh céu 16n 13 cdc nguyén td nhém 111, céc
nhoém V.

(a)
Hinh 1.2: Mé hinh céu triic tinh thé: (a) WZ va (b) ZB).

hinh cu nhé hon 12 céc nguyén t6

(b)

Nhitng hop kim AlGaN va InAlGaN di va dang thu hit sy quan tdm cia

nhidu phong thi nghiém trén thé gisi vi ching

duogce coi 1a nhitng vat li¢u tiéu biu

dé dat dugc UV-LED séu hodc diode laser (LD).
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Hinh 1.3: Sy lién hé gitta ndng lugng chuyén trang thdi triec tiép ciia ving cam

(band gap) voi hing sé mang (lattice constant) ciia cdu triic wurtzite (WZ).
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Hinh 1.3 thé hién méi quan hé giita ning luong ving cdm chuyén trang thai
truc tiép va hiang sb mang cia hé théng vat licu InAIGaN ¢6 cdu tric tinh thé
wurtzite va nhitng budc séng. Su phét photon chuyén tiép - truc tiép ctia vat liéu

nén AlGaN c6 thé duoc diéu chinh gilta 3,4 eV (GaN) va 6,2 eV (AIN).

1.2. Tinh chét cia LED
1.2.1. Nguyén ly phat quang ndip-n

Mot trong nhitng thanh phan quan trong trong ciu tao ciia céc thiét bi dién tir
noi chung va ciu tric ciia LED néi riéng d6 1a chuyén tiép p - n. Chuyén tiép p - n

dugc hinh thanh khi cho ban dén loai p tiép xtc véi ban din loai n.

ELECTRON
VALENCE BAND

CONDUCTICN BAND

Hinh 1.6: Mo ta nguyén ly phdt quang néip - n.

Ban din loai p chira nhiéu 13 tréng ty do mang dién tich dwong, béan dén loai
n chira nhidu dién tr tu do mang dién tich 4m. Khi cho hai loai ban din nay tiép
xtic nhau, céc 16 tréng c6 xu huéng chuyén dong khuéch tan sang ban din loai n,
cing Itc khéi ban din loai p nhén thém dién tir (dign tich &m) tir khdi ban dan n
chuyén sang. K&t qua 13 khéi ban dén p tich dién am (thiéu 16 trbng, du thira dién
tir) va khéi ban dan n tich di¢n duong (thiéu dién tir, du thira 16 tréng). O ving tiép
xic hinh thanh dién truong 1am cho mot s6 dién t bj 13 trdng hut, va khi ching
tién lai g?m nhau, ching c6 xu hudéng két hop lai véi nhau tao thanh nguyén tir
trung hoa dién. Qua trinh nay giai phong ra ning luong dudi dang photon lam LED
phat sing.



1.2.2. Diic tuyén Volt - Ampe

Khi LED duogc 4p dién thé thip, dong dién di qua chi yéu la do dong birc xa
khong tai hop va mot phﬁn tai hop & bé mit. Khi dién thé tang, dong chu yéu la
dong birc xa khuéch tan.

Vi di€n ap thudn Vr, dong dién thuén:

eV

I = I(e¥sT — 1) [1.2]
V6i dong ap ngugc Vr, dong dién nguge:
Ip = I, = eA [D””" + D"””] [1.3]
Ly sy

Trong d6 n, va p, la mit do electron va 16 tréng trong ving p va n; A la dién
tich mat cit ngang 16p p - n; Lp, Lo, Dp, Dn 12 d6 dai khuéch tan va hé sb khuéch
tan ca electron va 13 tréng.

%

I
I
N
| I
In r — Vv

Hinh 1.7: Ddc tuyén I-V cua chuyén tié'p p - n khi phan cuc thudn.

1.2.3. LED buéc séng cuc tim
Phin loai 4nh sang theo bwdc séng

Song dién tir duge miéu ta boi ba dai lugng vét ly ti€u biéu: tin sb, budc séng
va nang lugng photon. Tan sb, budc séng va ning lugng photon c¢6 mébi lién hé voi
nhau va tun theo thuyét lrong tir anh sing ctia Mark Planck. Mdi lién hé d6 duoc

miéu ta nhu sau:

E=hf [1.4]
Ma
f=: [1.5]



Tu [1.4] va[1.5] ta c6 biéu thire lién hé giita ndng lugng photon voi budce song:

= hE
E = hx
_ hc 124
Hay A= E = map [1.6]
Trong dé:

E: ndng lugng photon (eV)
h=6,62.10%Js =4,14.105¢Vs: hing sb Planck
¢ =3.10%m/s: vén téc 4nh sang
A: budc song anh sang (m), f: tAn sb 4nh sang (Hz)
Tir biéu thirc (1.6) ta ¢6 bang phén loai birc xa theo budc song trong ving tir

ngoai.

Bing 1.1: Phdn loqi dnh sdng theo budc séng theo tiéu chudn ISO-DIS-21348.

Viét tat Budc song

Nang luong photon

A0 nrn - 200 0

4136206V

C™ 1280 mm - 100 nm |

4‘43 12 4 CV S T

'v’ﬁn‘v{éh T 1200 nm—1220m 6201026V
Chan khong vUv 200 nm — 10 nm 6,20 — 124 eV
Ving cuc EUV 121 nm— 10 nm 10,2124 eV

Ti mbi lién hé giita cac dai lugng vat ly budc séng, thn sb va nang lugng cho
thdy rang nhitng ving 4nh sang c6 budc séng cang dai thi ning lugng photon cang
nho, ngugc lai, budc song cang ngén thi ning lugng photon cang 16n.

Nguyén Iy phat xa buéc song cwe tim cia UV-LED

Ngoai céu trac chuyén tiép p - n, UVLED con c6 mdt ving dic biét hon so

vGi cac LED thong thuong, ving nay ¢6 nhiém vy phat xa anh sang ¢4 budc séng

tir ngoai, chu tric giéng luong tir (QW - Quantum Well).
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c\ Phat xa photon

Giéng lugng %
tir - QWs —fo

e

¥

n-GaN —e.

Hinh 1.8: M6 ta nguyén ly phdt xa buéc séng cuc tim cua UV LED.

Khi duge kich hoat, céc 16 tréng trong 16p ban dan loai p di chuyén xudng
cac 16p giéng luong tu, ddng thoi cac dién tir trong 16p ban din loai n ciing di
chuyén vao céu tric da giéng luong tir. Tai day chung bi giam gilr trong cac 16p
giéng va bi kich thich Ién cic mic ning luong cao hon. Sau dé chuyén vé trang
thai cac murc ning lugng thap va phét xa ra photon c6 budc séng tir ngoai.
Co s& 1y thuyét ciia ciu tric giéng luong tir

Khi chidu day 16p kich hoat tré nén gin véi buéc séng De-Broglie, céc hidu
g lugng tr trd nén ré rang hon. Hé qué cua viée giam gitr dién tir va 18 tréng
trong 16p rit mong la nhitng phin tir d6 s& hoat dong nhu céc hat trong giéng thé.
Do do, thay vi & trang théi lién tuc trong vung dén, nhiftng dién tir d6 bi giam giit &
trang thai luong tr gidn doan trong vung cAm cia vat liéu. Tuong tu nhu vay, cac
trang thai trong vung hda tri cia 16 tréng bi han ché déi véi nhitng mirc gian doan
trong giéng luong tir. Su hinh thanh cla céc trang thai luong tir gian doan trong
viing cAm hep c6 hiéu qua 1am thay dbi khe ning lwong vt liu, va cung cip mot
cach lam thay dbi ning luong photon phét ra bing cach kiém soat d6 day cua khe
nang luong hep trong vt ligu.

Mot giéng lugng tir dit 16n, c6 thé giam gitt nhitng hat taj bén trong chinh né
khi phén cyc thuan. Vi thé, c6 thé sir dung cac giéng luong tir d& han ché su phat
xa dé chi xay ra trong vung kich hoat, do d6 nhén dugc birc xa tdi da tai budc séng

phu hgp. Viée sir dung da giéng lugng tir dé ting cudng sy giam giir c4c hat tai.

11



MOt céu trac giéng lugng tir ¢6 nhidu hon 1 giéng lugng tir, do d6 né cé thé chira

nhiéu hat tai hon va do d6 ndng lwong phat xa cao hon.

Ec
|
EO,e
Eg barrier Eg.well Eq.Qw
Eoh——1Y
' \\__//
= L q\py — Ev

Hinh 1.9: M6 té so do vimg cia giéng lwong tir.

Ning luong ving cidm ciia 16p vat liéu Al\Ga; <N va InyGai.yN dugc tinh toan

nhu [14, 16]:
Eg(AlyGa;_«N) = 3,42eV +x.2,86eV — x(1 —x).1leV
v6i x 14 thanh phén Al trong AlGaN
Eg(InyGa, yN) = 3,42eV —y.2,65eV — y(1 — y).2,40eV

v6i y 1a thanh phan In trong InGaN
1.3. Céng thirc lién quan dén tinh chit ciia linh kién phat quang [12]
1.3.1. Théng ké Fermi-Dirac

Dién tir va 15 trdng tuin theo théng ké Fermi-Dirac. Nong d¢ hat tai (carrier

concentration) cua dién tir (n) va 16 tréng () lién hé voéi dién thé o 1a:

n=Ne.F (P7E0), p = Ny Fope ((52F)  [17)

Trong do:
- Fn, Fp: mirc Fermi cua dién tu, 16 tréng.
- Ec, Ev: mirc ning lugng bén dudi ving dén, trén ving hoa tri.
- q: dién tich cua dién tr
- Nc, Ny: mét do trang théi trong vung dén, ving héa tri:
mjVkT

Ne =2 (2, wy =2 (B i

m3¥, ma¥ 1a khéi lugng hi¢u dung trung binh clia din tir va I6 trong.
no» y
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