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(57) Sédng ché dé cap dén by con tring st dung dén di-6t phét 4nh sdng cuc tim

(ultraviolet light-emitting diode - UV LED), va cu thé hon, séng ché dé cap dén

bay con tring sir dung dén LED UV thay cho dén 4nh sang cyc tim thong dung

gitp lam tang ddng ké hiéu suat biy con tring. Biy con tring theo sdng ché

dugc cau tao bao gobm: dén LED UV dit tai ving din khi vao clia 6ng dan, va

phén nay lai bao gom bang mach in (printed Circuit board - PCB), bang mach
nay c6 chip LED UV duoc gan trén d6; phan cho 14p dat dé 1ap dat den LED UV
trén d6; va phan bay dugc dat & gan phin cho lip dit.
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Linh vwe ky thuat cia sang ché

Sang ché dé cap dén bay con trung s dung dén di-6t phat anh
sang cwc tim (ultraviolet light-emitting diode - UV LED), va cu thé hon,
sang ché dé cap dén by cén tring s dung dén LED UV thay cho dén c6
ngudn anh sang cwc tim théng dung gitp lam ting dang ké hiéu suét bay

cbn trung.
Tinh trang ky thuat ctia sang ché

Ngudn anh sang cic tim da dwec st dung cho muc dich y té nhw
khir trung, diét khuan va muc dich twong tw, cho muc dich phan tich dwa
trén nhirng thay ddi trong anh sang cwc tim dwoc phat ra, cho cac muc
dich cng nghiép nhuw diéu tri béng tia cwe tim, muc dich lam dep nhw tao
lan da ram nang bang anh sang cwc tim, va cac muyc dich khac nhw bay

cén tring, phan biét tién gia va cac muc dich twong tw.

Dén ¢ ngudn anh sang cuc tim thdng dung hién nay da dwoc st
dung lam ngudén anh sang cwc tim bao gém dén thiy ngan, dén birc xa,
den doteri va cac dén twong tw. Tuy nhién, nhirng chiéc dén thong dung
ndy déu coé chung cac van dé nhw t6n dién, tda nhiéu nhiét, tudi tho thap

va khi doc bén trong dén gay é nhiém méi trwéng.

Dé khac phuc dwgc nhitng van d& néi trén clia nhirng dén co6
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ngudn anh sang cwc tim théng dung hién nay, dén LED UV da thu hut
dwoc sy quan tdm nhw mét giai phap thay thé. Pén LED UV c6 wu diém
la tiéu thu it dién va khéng gay 6 nhiém méi trwéng. Tuy nhién, chi phi
san xuat cac bd dén LED d& phat anh sang trong khodng anh sang cuc
tim Ia kha cao so v&i chi phi san xuéat bé dén LED ma phat ra anh sang
trong khodng mat thwong c6 thé nhin thdy dwoc, va nhidu san pham da
dang st dung b den LED UV da khéng duwoc phat trién vi nhitng dic
trng cda anh sang cwe tim 1a hoan toan khac so véi dic trng clia anh

sang trong khoang mat thwéng c6 thé nhin thay duoc.

Ngoai ra, tham chi khi LED UV dwoc s dung cho dén cé ngudn
anh sang cyc tim thong dung thay thé cho dén cé ngudn sang cwc tim, thi
dén c6é ngudn anh sang cuyc tim thong dung khéng cho thay dwoc hiéu
qua clia n6 trong nhiéu trwéng hop, do dic trieng phat sang cua LED UV
khac so v&i dac trwng phat sang cla dén cé ngudn anh sang cwc tim

thdng dung.

Vi du, trwéng hop bay con trung, dic trwng clia anh sang cuwc tim
c6 hiéu qua hap dan cén tring tuyét voi. Vi Iy do nay, néu den cuc tim
trong bay cén triung théng dung don gian dwoc thay thé bang LED UV, thi
van dé xay ra la hiéu qua bay con triing c6 thé giam thay vi phai tang lén.

Ban chét ky thuat cia sang ché

Cac phuong an khac nhau déu ciing @& cap dén by con trung st
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dung dén LED UV thay cho dén cuc tim théng dung lam tang hiéu suéat

bay con trung.

Theo mét phwong an, bay con tring cé thé dwec ciu tao bao gém:
6ng dan c6 quat hat bén trong; dén LED UV dét tai ving dan khi vao cla
6ng dan, va bang mach in (printed circuit board-PCB), bang mach in cé
chip LED UV dwoc gén trén d6; phan cher 14p dat dé ISp dit den LED UV

trén do; va phan bay dwoc d&t & gan phan cho 13p dat.

ben LED UV dwoc dat tai ving dan khi vao cla éng dan sao cho
anh sang cyc tim dwec phat ra tir chip LED UV hwéng vé phia bén trong

ctia éng dan.

Nhiéu chip LED UV clia dén LED UV dwoc bé tri cach nhau mot

khoang.

Ong dan dwoc tao thanh di théng véi budng thte nhét, budng thir
hai dwoc dat vuéng goc véi hweéng doc theo bng dan, va budng thtr nhat

va budng thir hai dwoc dat cach nhau mot khoang.

bén LED UV dwoc b tri gan v&i budng thir hai hon so véi budng

tht nhat.

Theo mét phwong an khac, bay cén triung cé thé dwoc ciu tao
bao gdm: dén LED UV c¢6 bang mach in (printed circuit board - PCB),

bdng mach in nay cé gan trén d6 chip LED UV; phan che 1ap dit dé 13p
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dat den LED UV trén d6; va phan b3y dwoc dat & gan phan cho 14p dat.

Gian trong suét dwgc lam bang vat liéu cho phép anh sang cwc
tim dé dang di qua c6 thé dwec bé tri phia chip LED UV ciia dén LED UV,

trong d6 bé mét cta gian trong subt co thé dwoc hoa cirng.

Bé& mat dugc hda clrng cé thé dworc tao thanh nhe quy trinh phun
cat.

Dong birc xa cla dén LED UV co6 thé ndm trong khoang tir
750mW dén 1500mW.

Anh sang cwc tim dwoc phat ra ttr chip cia dén LED UV c6 thé
hwéng Ién trén hodc sang ngang ttr vj tri bay con tring.

Nhiéu chip LED UV phat ra anh sang cyc tim cé mét dinh tai co
ban cung bwéc song co thé dwoc gan trén PCB.

Anh sang cwc tim dwoc phat ra tir chip LED UV c6 thé c6 bwéc

song dinh cao ndm trong khoang tir 335-395nm.

Anh sang cuc tim dwoc phat ra ttr chip LED UV c6 thé c6 bwéc

song dinh cao ndm trong khodng tir 360-370nm.

Anh sang cuc tim dwoc phat ra tir chip LED UV cé thé c6 goéc

khuyéch tan Ia nhé hon hoic bang 120°.

DBén LED UV c6 thé cb gia tri pe/pv I&n hon hodc bang 98, trong

dé e la dong birc xa cé don vi mW, va @v c6 don vi Im.
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Anh sang cwe tim dwoc phat ra tir dén LED UV c6 nlra dd rong
phé 1a nhé hon hodc béng 14,5nm. Nira d6 rong phd con dwoc goi la nira

d6 réng vach phé.

Chip LED UV bao gom: tang tiép xuc loai n, tAng nay lai bao gdm
tang AlGaN hodc tAng AlinGaN; tang tiép xuc loai p, tAng nay lai bao gém
tang AlGaN hoac tang AlinGaN; viing hoat ddng ¢6 cAu tric nhidu giéng
lwgng tlr, ndm gitra tang tiép xdc loai n va tang tiép xuc loai p; va it nhat
mét tang kiém soat electron ndm gitra tang tiép xdc loai n va vung hoat
dong. Ngoai ra, viing hoat déng c6 cau truc nhiéu giéng lwong tir c6 thé

bao gém tang chan va ting giéng.

Tang chin c6 thé dwgc tao thanh tir AIGaN hodc AlinGaN. Tang
giéng c6 thé cé ham lwong Al nhé hon hosc bang 1% va ham lwong In
nam trong khoang 12-1%. Nhw vay, chip LED UV c6 thé& c6 bwéc séng

dinh cao nam trong khodng 370-395nm.

Tang giéng co thé c6 ham luwgng Al nhd hon hoac bing 5% va
ham luvgng In nhd hon hodc bang 5%. Mong muén 13, tAng giéng co thé
c6 ham lwgng Al nhé hon hodc bang 1% va ham lwong In nhd hon hoac
bang 1%. Nhw vay, chip LED UV c6 thé cé bwéc song dinh cao ndm trong

khoang ttr 360-370nm.

Tang giéng c6 thé c6 ham lwgng Al ndm trong khodng tir 1-7% va

ham lwgng In nhd hon hodc bang 5%. Mong muédn 13, tang giéng c6 thé
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c6 ham Ilwgng Al ndm trong khodng t¥ 1-7% va ham lwong In nhd hon
ho&c bang 1%. Nhw vay, chip LED UV c6 thé c6 bwdc séng dinh cao ndm

trong khoang ttr 335-360nm.

Mo ta van tit hinh vé

FIG. 1 Ia hinh mat bén cla bay con trung theo phwong an th(r nhét clia

sang ché.

FIG. 2 la hinh mat cét canh bén clia bay cén tring theo phwong an the

nhét clia sang ché.

FIG. 3 1a hinh chiéu phéng to clia mét phan dén LED UV dwoc s dung

trong bay cén trung theo sang ché.

FIG. 4 Ia hinh chiéu téng quan by cén triing theo phwong an thir hai cla

sang ché.

FIG. 5 1a hinh mét cat minh hoa chip LED UV theo mét phwong an cla

sang ché.

FIG. 6 1a hinh mat cat minh hoa cAu truc nhiéu giéng Iwong tir cla chip

LED UV theo mét phwong an ctia sang ché.

FIG. 7 1a hinh gidn d& minh hoa khe dai nang lwong theo mot phwong an

> re X
cua sang ché.

FIG. 8 1a gidn dd hinh chiéu mét cit minh hoa chip LED UV c6 cac dién
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cwe theo mét phwong an cla sang ché.

FIG. 9 la db thj thé hién san lwong anh sang ctia chip LED UV theo céac

phwong an cla sang ché.

Mb ta chi tiét cac phwong an cua sang ché

Cac phwong an dwoc lay 1am vi du minh hoa cho sang ché sé
dwoc mé ta chi tiét ngay sau day tham chiéu dén cac hinh vé dinh kém.
Tuy nhién, sang ché c6 thé dwoc thé hién dwéi nhivng hinh thirc khac
nhau va khéng dwoc hiéu 1a bj gidi han béi cac phwong an dwoc néu
trong ban moé ta nay. Hon nira, nhitng phwong an nay dwoc boc 16 sao
cho ndi dung bdc 16 s& day di va hoan thién va sé truyén tai mot cach day
da pham vi cla sang ché ddi véi ngwdi co trinh d6 ky thuat trung binh
trong nganh. Xuyét subt ban mé ta, cac s6 tham chiéu giéng nhau ciing
chi @én nhirng phan gibng nhau trén cac hinh vé va ca cac phwong an

clia sang ché.
[Phwong an thtr nhét]

FIG. 1 Ia hinh chiéu m&t bén cla bay con trung theo sang ché, FIG. 2
la hinh mat cat canh bén clia bay con triing theo sang ché, va FIG. 3 Ia

hinh chiéu dwoc phéng to clia mdt phan den LED UV dwoc sir dung trong

bay cén trung theo sang ché.



21080

Bay con trung theo sang ché dwoc ciu tao bao gdm budng ther
hai 18 c6 dang hinh nap ndm phia trén cung clia bay con triing, budng
thir nhat 17 dwoc b tri ndm dwéi budng thir hai 18 sao cho hai budng
cach nhau mét khoang, va nhiéu chi tiét néi dai 16 dwoc tao ra dé& cb dinh
bubng thtr hai 18 va budng th nhat 17 vé&i nhau va cach nhau mét

khoang.

Bo phan d& dén 19 dwoc bé tri phia dwéi cling clia budng thi hai
18, va dén LED UV 5 dwoc d& nhé dé6 va dwoc ndi dién véi ngudn dién.
Nhw dwoe thé hién trén FIG. 2, dén LED UV 5 dwoc d& boi bd phan d&
dén 19 dwoc bb tri & khoang tréng “a” gitka budng thir nhat 17 va budng

ther hai 18 dé gan hon véi budng thir hai 18.

Tai budng thtr nhat 17, 6ng dan 10 dwoc dat thang ding, va trong
éng dan 10 c6 dat quat hut 13, quat nay dwoc tao ra dé hat khi theo
hwéng chiéu doc clia éng dan 10. Do vay, khi quat hat 13 quay, thi khi bj

hat vao tr viing hut khi 11 @én ving viing xa khi 15.

Phan phia dwéi clia budng thr nhat 17, c6 d4t phan by 80, phan
bay nay c6 kha ndng bdy nhitng con con triing bj hat vao cung véi khi
théng qua quat hut 13. Phan b3y 80 bao gém Iwdi sao cho khi bj hat vao
théng qua quat hit 13 dé dang thoat ra khéi phan bay 80 sao cho khéng
phat sinh ap suét trong phan bay 80, trong khi nhirng con cén trung khéng

thoat ra khoi phan bay 80.
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DBén LED UV 5 bao gém cac chip LED UV 50 dwoc gan trén bang
mach in (printed circuit board - PCB) 52 cé hinh dTa phéng dai. Nhiéu (vi
du, khoang tam) chip LED UV 50 dwoc bd tri trén mot mat clia PCB 52
sao cho cac chip nay cach nhau mét khoang doc theo hwéng chiéu doc
ctia PCB 52. Trén mét con lai clia PCB 52, c6 b tri pin tan nhiét 58 c6
nhiém vu tan nhiét dwoc tao ra trong chip LED UV, va tai phia cia chip
LED UV, c6 b tri mét gian trong subt 56 dwoc lam bang vat liéu cho phép
anh sang cyc tim dé dang di qua. Ngoai ra, tai hai diu clia dén LED uv,
b tri dau cuc 54 dwoc két ndi voi thiét bj dién cla bd phan d& den 19 &

cap dién cho PCB 52.

Nhiéu chip LED UV 50 dwoc bé tri trén PCB 52 dwoc ciu tao dé
c6 mét dinh tai co ban ciing bwdc song. Trong tredng hop nay, dé cao
cla dinh tai bwéc song tré nén cao hon trong khi chiéu réng cla dinh
khéng tang, va do vay, chip LED UV c6 thé phat ra anh sang cuwc tim rat

manh trong quang bwéc sdng cu thé.

bBen LED UV 5 theo sang ché dwoc dat tai viing dan khi vao cia
6ng din sao cho 4anh sang cuwc tim dwoc phat ra tiy chip LED UV 50
hwéng vé phia bén trong ctia 6ng dan 10. Do vay, anh sang cwc tim dwoc
phat ra tir dén LED UV dwoc tap trung hwéng vé phia bén trong clia éng
dan 10, khéng gibng dén cé anh sang dén mau den (black light - BL)

théng dung. D& c6 dwoc sy tap trung nay, goc khuyéch tan cia anh sang

-10-
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cuc tim dwoc phat ra tir chip LED UV tét hon la dwoc gidi han trong

pham vi nhd hon hodc bang 120°.

Khi bay c6n trung c6 dén LED UV dwoc ciu tao nhw da mé ta trén,
ngudn sang diém sé phat ra anh sang cyc tim tap trung hwéng vé éng
dan, va do vay, cwdng d6 clia anh sang cwc tim sé tr& nén manh hon, va
nhitng con con triing & cach xa dén LED UV sé& bj thu hat dén ving nim
dwéi dén LED UV. Trong khi d6, nhw dwoc thé hién trén FIG. 2, dong khi
xuét hién tai vung huat khi 11, va dong khi nay tr& nén manh hon khi n6
dén gan véi budng thir nhét 17 hon so véi budng thir hai 18 tai khoang
trbng “a” gitra hai budng. Do vay, khi d&n LED UV ma duoc bé tri gan véi
budng thtr hai 18 hon dugc cAu tao dé phat ra anh sang cie tim v& phia
budng th(r nhét 17, nhitng con cdn trling sé bi thu hut tap trung hwéng vé
khodng tréng phia dw&i dén LED UV va bj hit manh vao phan bay béi

chinh dong khi manh nay.

Ngoai ra, den LED UV theo sang ché, c6 ngudn sang diém lam
sang ong dan 10, cu thé la quat hat 13. Téc @6 quay nhanh clia quat hut
13 @nh hwéng dén hinh thirc anh sang cwe tim di qua quat hat 13 sao cho
anh sang cuyc tim chiéu vao phan bay 80 ndm dwéi quat hat 13 dwoc
chiéu manh vao nhirng con cén trling & cach xa by cén triing, qua d6 thu
hat nhiing con coén tring lai gan bay con trung. Ngoai ra, nhirng con con

triing tién lai gan by con trung bj thu hit d&n khoang tréng nim dudi dén

-11-
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LED UV va bi méc ket trong by, day la noi c6 anh sang cwc tim manh
hon nhw da dwo'c mé ta trén.

Sau day la phan thé hién két qua tién hanh cac thir nghiém bay
con tring s dung bay con triing béing dén LED UV theo sang ché va bay
con trung s dung dén c6 anh sang mau den (black light-BL) thdng dung

trong cuing diéu kién.

Thong sb ky thuat clia hai dén dwoc thé hién trong Bang 1 dwéi

day.
Bang 1
Dong |Céng Wp [nm] de
] Fw [nm]
Dién | dién |suat Budc [mW] | dv
PF Nira do
thé [V]| (Amps |(Watt soéng Dong | [Im]
rong phd
[AD) | W) dinh cao blrc xa
bén LED
220,1| 0,034 |4,98|0,66| 367,94 9,24 |759,19| 5,7
uv
Pén black
220,1| 0,247 | 6.4 |0,12| 365,88 | 18,36 |528,8|8,37
light

Nhw c6 thé thdy trong Bang 1 trén, hai dén c6 ciing bwéc séng
dinh cao (khodng 365nm), tuy nhién nira d6 rong phd clia dén LED UV chi

bang mét nika clia niva d6 rong phd clia den BL, va cwéng d6 anh sang

-12-
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cwe tim dbi vai dén LED UV so vé&i cwong do anh sang c6 thé quan sat
bing mat thwong la 133mW/Im, gia tri ndy cao it nhat gap hai lan so voi

gia tri 63mW/Im déi véi dén BL.

S dung nhirtng chiéc bay con trung nay, tién hanh mét thi
nghiém hai I&n tai mét khu gian ngoai trdvi, va sé lwong cac loai con trung,
bi thu hat va bj mac ket qua mét dém (nhat ky bay), dwoc thé hién trong

Bang 2 dw&i day.

Bang 2

Loai Tén thwong goi | Nhat ky bay % Ty lé trung
(bénh do vecto binh (S.D.)
truyen) BL |LED |BL  |LED

Aedes vexans Aedes vexans | 1 7 12,5 87,5
(SOt xuat huyét) | 0 ) )

Anopheles Anopheles 296 1,028 | 16,8b? |83,2a

sinensis sinensis  (bénh 316 2500 |(7,9) (7.9)
st rét)

Culex pipiens Culex pipiens (sét | 118 497 17,8b | 82,2a
vang da) 104 [536 |@1) |@1)

Cx. Cx. 687 3,307 |14,8b |85,2a

-13-
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tritaeniorhynchus | Tritaeniorhynchus 452 3,196 |(3,4) (3,4)

( bénh viém nao)

. Mansonia 145 269 26,5b 73,5a
Mansonia
uniforms ;
uniforms 80 368 |(121) |(12.1)
Téng 1,247 |5,108 |16,1b 83,9a

952 6,600 |(4,9) (4,9)

Nhuw c6 thé thay tir két qua thir nghiém trén Bang 2 trén, viéc st
dung by con tring theo sang ché cho thay hiéu suét bay con trung la cao
hon it nhat 5 Ian so vé&i hiéu suat bay con triing tir viéc st dung by con
tring bang dén BL théng dung.

Ké&t qua nay la do gia tri e/pv clia dén LED UV I&n hon so véi
gia tri pe/pv clia dén BL, va/hodc nlra chiéu réng ctia dinh ctia dén LED
UV nhéd hon so véi nira chiéu réng cla dinh cGa dén BL, va do vay, anh
sang ciec tim dwgc tap trung vao mét dinh tai mét bwée séng cu thé.

Khi myc tiéu cta & thi nghiém trén Ia mudi, thi két qua th& nghiém
c6 thé dwoc dam bao it nhat dbi véi mubi.

[Phwong an hail

FIG. 4 1a hinh chiéu téng quan clia bay con triing theo phwong an

th hai clia sang ché. Bay con triing dwoc thé hién trén FIG. 4 1a mét san

pham dwoc dat tén Luralite do hang P&L Systems Ltd. san xuat. Cung

-14-
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den LED UV duwgc str dung cho phwong an mét dwoc tiép tuc st dung
cho phuwong an hai. Pén LED UV dwoc Iap d&t dé phat ra anh sang cuc
tim hwéng I1én trén nhw dwoc thé hién trén FIG. 4. Anh sang cyc tim
khéng phéi dwoc phat ra hwéng I1én trén, tuy nhién mong mudn ring dén
LED UV dwgrc lap dat dé khong phat ra anh sang cuc tim hwéng trwe tiép

vé phia con ngwi tai khu vige dang sinh séng.

Céac thir nghiém dwoc thue hién trong nhirng treerng ho'p khi dong
blrc xa clia dén LED UV la khac nhau, anh sang cwc tim dwoc phat ra
dong déu trén bé mat tir budng clia d&n LED UV dwoc hoa ciing nhé quy
trinh phun cat hodc dwgc phat diém tryc tiép tir chip cta dén LED uv, va

buwéc séng clia anh sang cuwe tim clia cac dén LED UV la khac nhau.

<th(r nghiém 1>

Th&r nghiém thtr nhét la sw so sanh rat hap dan gitra mirc 500mW
va 1,000mW ctia dong btrc xa déi véi dén LED UV 365nm duoc déng bd
héa st dung bay Luralite d& bAy rudi nha (Musca domestica) trong didu
kién phéngthi nghiém téi.

Ty 1& thu hat rudi nha dwoc so sanh githa 500mW va 1,000mwW
clia dong blrc xa véi dén LED UV 365nm dwoc ddng bd hoa st dung bay
Luralite dé by 50 Musca domestica. Vi tri thir nghiém Ia hdp chén sang

(kich thwée 1,8 x 3,7 x 1,8m) trong budng thdr nghiém téi. Cac thtr nghiém

-15-
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dwoc thie hién thtk nghiém két cdp trong cac didu kién phoi nhiém lién
tuc trong 1, 2, 4, 8, va 12 gi& bt dau tir budi sang, Nhiét do6 phong.:

27+1°C, RH: 64+4%, 2 m6 phdng.

Ty 1& thu hut tai gia tri 1,000mW déi v&i dén LED UV 365nm dwoc
dong bd hoa cao hon dang ké so véi ty 1& thu hit tai gia tri 500mW dé bay
rui nha & giai doan phoi nhiém 8 dén 12 gi (xem Bang 1). K&t qua 13,
dong btrc xa tai 1,000mW dbi v&i dén LED UV 365nm dwoc dong bd hoa
hi¢u qua hon so véi dong birc xa tai 500mW @& bay rudi nha bang anh

sang.

Bang 3

So sanh gilra ty |& thu hat gitba 500mW va 1,000mW clia dong
brc xa dbi v&i dén LED UV 365nm duwoc ddng bo hoa str dung bay rudi
Luralite d& b3y 50 Musca domestica trong hop chin sang trong diu kién
t6i trong 12 gid’ tir budi sang, bén mé phéng. ! Cac gia tri trung binh trong
hang giébng nhau gan vé&i cing chir cai 1a khong khac nhau dang k&

(p>0,05; thtr nghiém t theo cap s dung phan mém may tinh SPSS).

Thoi gian % ty I& thu hut trung binh téng hop (S.D)

phoi
nhiém

(gio)

-16-
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1 18,0 £ 10,1a" 23,56 +2,5a 41,5+10,0
2 25,0+ 9,5a 37,0x7,7a 62,0 + 11,0
4 32,5 +9,0a 50,0 £ 9,4a 82,5+ 3,8
8 33,5 +8,7b 64,0 + 7,8a 97,5+ 3,0
12 34,0+ 7,8b 66,0 + 7,8a 100,0 £ 0,0

<th(r nghiém 2>

Th& nghiém tht hai 1a sy so sanh hap dan gitka 500mW va
1,000mW ctia dong birc xa ddi v&i dén LED UV 365nm truc tiép st dung

bay Luralite d& bay rudi nha (Musca domestica) trong diéu kién budng téi.

Ty 1& thu hat rudi nha dwoc so sanh gitra 500mW va 1,000mwW
clia dong birc xa ddi v&i dén cwe tim LED 365nm (khéng dwoc ddng bod
hoa) tryc tiép st dung bay Luralite d& by 50 Musca domestica. Vi tri thir
nghiém Ia hdp chan sang (c6 kich thwéc 1,8 x 3,7 x 1,8m) trong budng téi.
Céac thtr nghiém dwoc thwe hién thi nghiém két cap trong cac diéu kién
phoi nhi€ém lién tuc trong 1, 2, 4, 8, va 12 gi®’ tlr budi sang, Nhiét do

phong.: 27+1°C, RH: 641+4%, 4 md phong.

Ty I& thu hut tai 1,000mW d6i v&i dén LED UV 365nm (khong

dwoc dong bd héa) tryc tiép cao hon dang k& so vai ty 1é thu hat tai
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500mW dé bAy rudi nha tai moi giai doan phoi nhiém (Bang 2). Két qua 13,
dong birc xa tai 1,000mW di véi den LED UV 365nm (khéng dwoc ddng
b6 héa) trwc tiép hidu qua hon so véi dong birc xa tai 500mW déi véi bay
rudi bang anh sang.
Bang 4

So sanh ty Ié thu hit gitva 500mW va 1,000mW ctia dong birc xa
ddi véi dén LED UV 365nm (khong dugc ddng bé héa) truc tiép siv dung
bay rudi Luralite d& bay 50 Musca domestica trong hdp chin sang trong
diéu kién téi trong 12 gi&r ttr budi sang, bén mé phéng. " Cac gia tri trung
binh tai dong giéng nhau dwoc gan véi cung chir cai la khéng khac nhau

dang ké& (p>0,05; t-thir nghiém theo cap st dung phin mém may tinh

SPSS).
Giai doan % ty 1& thu hat trung binh téng hop (S.D)

Phoi .

nhiém

(9i®)
1 7,5 £ 3,4b" 18,0 + 3,7a 255+6,4
2 14,0 + 4,3b 26,0 £ 2,3a 10,0+ 4,3
4 18,0 £ 3,7b 45,0 + 3,8a 63,0+5,3
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8 28,5+ 5,7b 60,5 + 8,7a 89,0+6,0

12 30,0 £4,3b 70,0 £4,3a 100,0 £ 0,0

<th nghiém 3>

Thr nghiém thir ba la sy so sanh hap dan gitva den LED UV
365nm (khong dwoc dong bd hoéa) tryc tiép va dwoc déng bo héa tai dong
btre xa 1,000mW str dung bay Luralite dé bay rudi nha (Musca domestica)

trong diéu kién budng téi.

Ty 1& thu hat rudi nha dwoc so sanh gitba dén LED UV 365nm
(khéng dugc dong bg hoa) tryc tiép va dwoc ddng b héa cia dong birc
xa tai 1,000mW st dung bay Luralite d& bdy 50 Musca domestica. Vj tri
thir nghiém la hdp chan sang (kich thwéc 1,8 x 3,7 x 1,8m) trong budng
t6i. Cac thir nghiém dwoc thuc hién thiy nghiém két cap trong cac didu
kién phoi nhiém lién tuc trong 1, 2, 4, 8, va 12 gi& tir budi sang, Nhiét dé

phong.: 26£1°C, RH: 62+4%, 4 mé phdng.

Ty & thu hat cta dén LED UV 365nm dwoc déng bd hoa cao hon
dang ké so véi ty 1& thu hat ctia anh sang (khéng dwgc dong bd hoa) truc
tiép dé bay rudi nha trong cac giai doan phoi nhiém 2, 4. 8 va 12 gi®r
(Bang 3). Két qua la, dén LED UV 365nm dwgc déng bd héa tai 1,000mwW

c6 hiéu qua bay rudi bang anh sang tét hon so véi den LED UV 365nm
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(khdng dwgc ddng bd héa) truc tiép.

Bang 5

So sanh ty I& thu hat gitra dén LED UV 365nm (khéng dwoc déng
bd hoa) trwc tiép va dwoc ddng bo hoa tai dong birc xa 1,000mW st dung
bay rudi Luralite d& bay 50 Musca domestica trong hop chin sang trong
diéu kién t6i trong 12 gier ttr budi sang, bén mé phdng. " Cac gia tri trung
binh tai dong giéng nhau dwgc gan véi cling chiv cai la khong khac nhau

dang ké (p>0,05; t-kiém tra theo c3p si dung phin mém may tinh SPSS).

Giai doan % ty 1& thu hut trung binh téng hop (S.D)

Phoi

nhiém

(gio)
1 3,0+ 1,2a" 7,0 £2,6a 10,0+ 2,3
2 6,5+4,1b 29,5+12,8a 36,0 + 12,8
4 15,0 £ 8,4b 52,0 £ 10,5a 67,0£9,0
8 22,0 + 8,5b 76,0 £10,3a 98,0+2,8
12 22519,1b 77,5+ 9,1a 100,0 £ 0,0

<tht nghiém 4>
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Thr nghiém thi tw la sy so sanh hap dan gitra dén LED UV tai
340nm va 365nm st dung bay Luralite d& bay rudi nha (Musca domestica)

trong diéu kién budng ti.

Ban dau, ty 1& thu hut rudi nha dwoc so sanh gitra dén LED UV
dwoc déng bd héa tai 340nm va 365nm tai cong suét dién 500mW sk
dung by Luralite d& bay 50 Musca domestica. Vj tri thir nghiém Ia hop
chan sang (kich thwéc 1,8 x 3,7 x 1,8m) trong budng téi. Cac thir nghiém
dwoc thwe hién thlr nghiém két cap trong cac diéu kién phoi nhidm lién
tuc trong 1, 2, 4, 8, va 12 gi& tir budi sang, Nhiét do phong.: 26+1°C, RH:
6414%.

Tiép theo, ty & thu hat rudi nha dwoc so sanh gitra mirc 340nm c6
dong btrc xa tai 500mW va mdrc 365nm cd dong birc xa tai 1,000mW clia
den LED UV dwoc dong bd héa st dung bay Luralite d& bay 50 Musca
domestica. Vi tri thir nghiém ciing giébng nhw vj tri thir nghiém da dwoc
md ta & trén. Cac thir nghiém dwgc thwe hién thir nghiém két c&p trong
cac diéu kién phoi nhiém lién tuc trong 1, 2, 4, 8, va 12 gi&r tir budi sang,

Nhiét d§ Phong.: 2611°C, RH: 64+4%.

Ty 1é thu hut cGia dén LED UV 365nm cao hon dang ké so voi ty 1&
thu huat ctia dén LED UV 340nm tai 500mW dé bay rudi nha & giai doan 8
va 12 gio (Bang 4-1). Ty Ié thu hat cia dén LED UV 365nm tai 1,000mW

cao hon dang ké so vai ty 1& thu hut cGia dén LED UV 340nm c6 dong birc
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xa tai 500mW dé by rudi nha & giai doan 4, 8, va 12 gi» (Bang 4-2). Két
qud la, dén LED UV 365nm hiéu qua hon so vé&i dén LED UV 340nm déi
v&i bay rudi bang anh sang.

Béng 6-1

So sanh ty & thu hat gitra mirc 340nm va mirc 365nm cla dén
LED UV dwoc ddng bd héa cé cling dong birc xa tai 500mW sr dung bay
rudi Luralite d& bay 50 Musca domestica trong hdp chén sang trong didu
kién t6i trong 12 gi& tir budi sang, hai mé phéng. " Cac gia trj trung binh
tai cac dong giébng nhau dwoc gén véi cling chir cai la khéng khac nhau

dang ké (p>0,05; t-kiém tra theo c&p s dung Phan mé&m may tinh SPSS).

Giai doan % ty 1& thu hat trung binh téng hop (S.D)

phoi

nhiém

(gio)
1 11,0 £ 1,4aV 3,0+x14a 14,0 £ 0,0
2 23,0+ 4,2a 50+ 1,4a 28,0+2,8
4 56,0 £ 5,7a 11,0 £ 1,4a 67,0142
8 79,0+ 7,1a 14,0 £ 0,0b 93,071
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12 84,0 +2,8a 16,0 £2,8b 100,0 £ 0,0

Bang 6-2

So sanh ty 1é thu hut gitka mirc 340nm c6 dong birc xa tai 500mW
va mirc 365nm c6 dong birc xa tai 1,000mW déi véi dén LED UV dwoc
dong bd héa sk dung bay rudi Luralite d& by 50 Musca domestica
trong hop chan sang trong diéu kién téi trong 12 gior tir budi sang, hai
md phdng. "'Cac gia tri trung binh tai dong gibng nhau dwoc gin voi
cung chir cai la khong khac nhau dang ké (p>0,05; t-kiém tra theo cap

str dung Phan mém may tinh SPSS).

Giai doan % ty 1& thu hut trung binh téng hop (S.D)

Phoi o

nhiém

(9io)
1 16,0 £ 2,8a" 4,0+ 0,0a 20,0+2,8
2 29,0+ 71a 7,0+ 1,4a 36,0+ 8,5
4 60,0 £ 2,8a 11,0 £ 1,4b 71,0+ 4,2
8 85,0+ 1,4a 13,0+ 1,4b 98,0+£0,0
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12 87,0+ 1,4a 13,0 £ 1,4b 100,0 £ 0,0

<th nghiém 5>

Thtr nghiém |a hiéu qua thu hat clia dén LED UV dwoc déng bo
héa tai 365nm cuia dong blrc xa tai 1,000mW sl dung bay Luralite dé

bay rudi nha (Musca domestica) trong diéu kién budng téi.

Ty lé thu huat rudi nha dwoc xac dinh trén co s& dén LED dwoc
doéng bd hoa tai 365nm co cong suét dién tai 1,000mW st dung b3y
Luralite @& b3y 50 Musca domestica. Vi tri th& nghiém la hép chan
sang (kich thwéc 1,8 x 3,7 x 1,8m) trong budng téi trong 1, 2, 4, 8, va

12 gid tir budi sang, Nhiét do phong.: 26+£1°C, RH: 64+4%.

Ty 1& thu hat cla dén LED UV c6 365nm dwoc ddng bd hoa tai
1,000mW a rat cao chéng han nhw 58,5%, 88,5%, va 100,0% sau 4, 8

va 12 gi& phoi nhiém lién tuc (Bang 5).
Bang 7

Ty & thu hut (%) cla céng suét dién 1,000mW cla den LED UV
365nm dwgc dong bé hoéa sk dung by Luralite d& bay 50 Musca
domestica trong hdp chén sang trong diéu kién téi trong 1, 2, 4, 8 va

12 gi& giai doan phoi nhiém tr 9:00, bén mo phong.
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Giai doan Phoi nhiém (gi®)

Sé Mbé phdng
1 2 4 8 12
#1 10,0 32,0 68,0 96,0 100,0
#2 6,0 240 52,0 86,0 100,0
#3 8,0 28,0 60,0 90,0 100,0
#4 8,0 26,0 54,0 82,0 100,0

Nhw c6 thé thay duoc tir két qua thi nghiém ciia thie nghiém 1 va

th( nghiém 2, ty I& thu hut rudi cao hon nhiéu trong diéu kién ma dong
blrc xa cao hon. Nhw c6 thé thay tir két qua thir nghiém cha thir
nghiém 3, anh sang cuwc tim dwoc phat ra déu trén bé mat tir bd mit
duoc héa cirng c6 ty 1é thu hat rudi cao hon so vai ty 1é thu hat rudi
cta anh sang cwc tim tryc tiép dwoc phat ra tir chip LED UV. Nhw cé
thé thay tir két qua thir nghiém clia thir nghiém 4, anh sang cyc tim co
buwdc song dinh cao tai 365nm c6 ty 1é thu hut rudi cao hon so V& ty lé
thu hat rudi clia anh sang cwc tim ma co bwéc song dinh cao Ia

340nm.

Nhw c6 thé thay tir két qua thi nghiém clia cac thir nghiém, anh
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sang cwc tim dwgc phat ra déu trén bé mét cé dong birc xa cao hon
va buéc song dinh cao tai 365nm c6 ty 1& thu hat rudi cao hon. Hiéu
qua hon khi dong btrc xa gan dat 1000mW so véi mirc 500mW. Tuy
nhién, nhiét do cao co thé sé lam suy giam hoat dong khi dwoc st
dung trong mét khoang thoi gian dai vi dong blrc xa ngoai qua cao
khién tao ra qua nhiéu nhiét so v&i giGi han hiéu qua phat nhiét. Do
vay, diéu quan trong la phai giéi han dong birc xa téi da dé tranh sy
suy giam hoat ddng do nhiét gay ra. Dwgc khdng dinh thém tir cac thiv
nghiém bd sung rang khi dong birc xa cla dén LED UV nim trong
khoang ttr 750mW dén 1500mW, thi hiéu suét phat anh sang cuwc tim

khong gidm tham chi néu dwgc st dung trong thi gian dai.

Hiéu suét thu hat rudi clia anh sang cuc tim dwoc phat ra dau trén
bé mat cé dong blrc xa 1.000mW va budc song dinh cao la 365nm c6

thé dwoc thay tir két qua thir nghiém cuia thir nghiém 5.

Trong khi d6, chip LED UV dwgc st dung trong bay cén trung
theo sang ché c6 co chu dé co hiéu qua phat ra anh sang cuc tim co

hiéu suét cao.

FIG. 5 1a hinh chiéu mé&t c&t minh hoa chip LED UV theo mét
phwong an cla sang ché, va FIG. 6 Ia hinh chiéu mat ¢4t dwoc phong
to minh hoa cau triic nhiéu giéng lwgng t& clia chip LED UV theo mét

phwong an cla sang ché.
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Theo FIG. 5, chip LED UV bao gém tang tiép xtc loai n 27, ting
ngan phoéng tinh dién 30, tAng siéu mang 35, viing hoat dong 39, tang
tiép xUc loai p 43, va tng kiém soat electron 28 va 34. Ngoai ra, chip
LED UV c6 thé con bao gém Iép nén 21, tAng hat nhan 23, tAng dém
25, tng phun electron vao 37, tAng chen electron 41 hodc tAng pha

trén denta 45.

L&p nén 21 1a 16p nén ma trén d6 sé phat trién tAng ban dan co
thanh phan cha yéu la gallium nitrit. N6 c6 thé Ia 1&p nén sapphire, SiC
hodc spinel, v.v, nhwng khéng bj han ché cu thé theo dé. Vi du, co6 thé

la I16p nén sapphire mau (PSS).

Tang tao hat nhan 23 c6 thé dwoc tao thanh tiy (Al, Ga)N tai nhiét
d6 nam trong khoang tir 400~600°C d& cho phép ting dém 25 phat
trién trén I&p nén 21. Vi dy, tAng tao hat nhan 23 dwoc tao thanh tir
GaN hodc AIN. Tang tao hat nhan c6 thé dwoc tao co d6 day khoang
25nm. Tang dém 25 nhdm han ché xay ra I16i chang han nhw dt sai vi
tri gitva I6p nén 21 va tang tiép xuc loai n 27, va dwoc phat trién tai
nhiét d6 twong ddi cao. Vi dy, tAng dém 25 c6 thé dwoc tao thanh tir

GaN khéng pha trén cé d¢ day khoang 1,5.m.

Tang tiép xuc loai n 27 dwoc tao thanh tir tAng ban din co thanh
phan chi yéu Ia gallium nitrit trén v&i tap chat loai n, vi du, Si. va c6

thé dwoc tao co d6 day, vi du, khodng 3/m. TAng tiép xtic loai n 27 c6
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thé bao gdbm tang AlGaN hoéc tng AlinGaN, va c6 thé cé cAu tric mot
tang hodc nhiéu tang. Vi dy, nhw dwoc thé hién trén hinh vé, tang tiép
xtc loai n 27 c6 thé bao gdm tang GaN phia dwéi 27a, ting trung gian
27b va tng AlGaN trén 27c. Tai day, tAng trung gian 27b cé thd dwoc
tao thanh tir AlInN hodc c6 thé dwoc tao thanh dé cé cau tric nhidu
tang (bao goém cAu truc siéu mang) bao gdm, vi dy, khoang 10 tang tay
y gébm AlInN va GaN. Tang GaN phia dwé&i 27a c6 thé dwoc tao co dd
day khoang 1,5¢m, va tdng AlGaN phia trén 27c c6 thé dwoc tao co do
day khodng 1/m. Tang AlGaN phia trén 27c c6 thé c6 ham lwong Al

dwéi 10%, vi dy, khoang 9%.

Tang trung gian 27b dwoc tao c6 do day nhé hon so véi d6 day
clia tang AIGaN trén 27c, va c6 thé dwoc tao c6 d6 day khodng 80nm.
Do két tinh cla tAng AlGaN trén 27c co thé ting 1én bing cach tao
thanh tang trung gian 27b trén tdng GaN dwéi 27a va tao thanh ting

AlGaN trén 27c trén do.

béc biét, tap chat Si dwoc tron vao tAng GaN duéi 27a va tang
AlGaN trén 27c tai mat d 1E18/cri’ hodc cao hon. Tang trung gian 27b
co thé tron dén moét mirc béng hodc thap hon so v&i mirc cla tang
AlGaN trén 27c, va khong thé duoc tron véi bat ky tap chat nao. Ngoai
ra, tng AlGaN trén 27c c6 thé duoc tao thanh tir tAng pha tap diéu

bién béng cach lap lai viéc pha tron va khéng pha tron.
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Tang GaN dwéi 27a va tAng AlGaN trén 27¢ dwoc pha trén co
ham lwong tap chét cao, va do vay, thanh phan tré khang cla ting
tiép xuc loai n 27 c6 thé dwoc giam. Pién cuc loai n 49a (xem FIG. 8)
tiép xdc voi tang tiép xuc loai n 27 cé thé tiép xtc vai tAing AlGaN trén
27c. Cuy thé 13, khi chip LED UV c6 ciu tric thing dirng dwoc tao
thanh bang cach loai bd I6p nén 21, ting GaN dudi 27a va ting trung

gian 27b cé thé cling dwoc loai bo.

Tang kiém soat electron 28 dwoc dit trén tang tiép xuc loai n 27
dé tiép xdc voi thng tiép xdc loai n 27. Cuy thé 13, tAng kidm soat
electron 28 dwoc dat trén tAng ma tang d6 tiép xtc véi dién cuwe n 49a,
vi du, tAng AlGaN trén 27c. Tang kiém soat electron 28 c6 thé c6 ham
lwgng Al cao hon so v&i ham lwgng Al clia ting tiép xtc loai n 27, va
c6 thé dwoc tao thanh tir AIGaN hoac AlinGaN. Vi du, ham lwgng Al
clia tang kiém soat electron 28 c6 thé nim trong khoang tr 10% dén
20%. Tang kiém soat electron 28 c6 thé dwoc tao c6 d6 day nim trong

khoang tir 1-10nm.

Tang kiém soat electron 28 c6 ham lwong Al cao hon so véi ham
lwong Al cla tang tiép xuc loai n 27, va do vay, can tr& sy di tru
electron tir tang tiép xdc loai n 27 dén ving hoat déng 39. Theo do,
tang kiém soat electron 28 nhdm diéu chinh kha nang di chuyén cla

electron, qua d6 lam tang ty 1& két hop gitra electron va cac 18 trong
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vung hoat déng 39.

Tang ngan phéng tinh dién 30 dwoc tao thanh dé cai thién chét
lwgng tinh thé clia tang epitaxi ma s& dwgc tao thanh trén dé. Tang
ngan phéng tinh dién 30 c6 thé bao gém tAng AlGaN khéng pha tap
29, tang AlGaN ham lwgng thap 31 va tAng AIGaN ham lwong cao 33.
Tang AlGaN khéng pha tap 29 c6 thé dwoc tao thanh tir tAng AIGaN
khéng bi pha tap, va cé thé dwoc tao c6 d6 day nhé hon so v&i do day
clia tang AlGaN trén 27c, vi dy, d6 day nim trong khodng tir 80nm dén
300nm. Khi tang tiép xdc loai n 27 dwoc tron véi tap chét loai n, thi
(rng suat dw dwoc tao ra & tang tiép xtic loai n 27, va chét lwong tinh
thé bj gidm. Ngoai ra, khi tAng kiém soat electron 28 c6 ham lwong Al
twong d6i cao dwoc tao thanh, thi chat lwgng tinh thé bj gidm. Vi vay,
khi tng epitaxi khac dugc phat trién trén tang tiép xdc loai n 27 hoic
tang kiém soat electron 28, thi s& kho dé tao thanh tAng epitaxi co chat
lwong tinh thé t6t. Tuy nhién, do tng AlGaN khong pha tap 29 khéng
bi pha tron véi tap chat, nén n6 hoat déng nhuw tang stra chiva dé& phuc
héi chét lwgng tinh thé da bj giam cla tang tiép xtc loai n 27. Do vay,
theo mét phwong an dwoc wu tién, khi tng kiém soat electron 28 bi
loai b, thi tang AIGaN khéng pha tap 29 dwoc tao thanh truc tiép trén
tang tiép xdc loai n 27 d& tiép xuc vai tang tiép xuc loai n 27, va khi

tang kiém soat electron 28 dwoc tao thanh, tng AlGaN khéng pha tap
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29 duoc tao thanh truc tiép trén tang kiém soat electron 28 dé tiép xuc
v&i tang kiém soat electron 28. Ngoai ra, do tng AlGaN khéng pha tap
29 c6 suat dién tré cao hon so véi suét dién tré ciia ting tiép xuc loai
n 27, nén electron chay tir tang tiép xuc loai n 27 vao tang hoat dong
39 c6 thé duwgc phat tan ddng déu tai tAng tiép xdc loai n 27 truwéc khi

di qua tdng AlGaN khéng pha tap 29.

Tang AIGaN ham Iwong thdp 31 dwoc dat trén ting GaN khéng
pha trén 29, va c6 ham lwgng pha tron tap chét loai n thap hon so véi
ham lweng pha tron tap chéat loai n cla tang tiép xtc loai n 27. Tang
AlGaN ham Iwgng thap 31 c6 thé cé ham lwgng pha tron Si ndm trong
khodng, vi du, 5x10"/ci’ dén 5x10'8/cr, va c6 thé dworc tao cd dd day
nhé hon so v&i d6 day cha ting AlGaN khéng pha tap 29, vi du, dé
day nam trong khodng tir 50-150nm. Trong khi d6, tAng AIGaN ham
lwgng cao 33 dwoc dat trén ting AIGaN ham lwong thdp 31, va ham
lwong pha tron tap chét loai n cao hon so vé&i ham lweng pha trén tap
chat loai n cla tAng AIGaN ham lwong thap 31. TAng AlGaN ham
lwgng cao 33 cb thé cd ham Iwgng pha trén Si co ban twong ty voi
ham Iwgng pha tron tap chat loai n clia tang tiép xdc loai n 27. Tang
AlGaN ham Iwgng cao 33 c6 thé dwoc tao co d6 day nhé hon so Vo
d6 day cla tang AIGaN ham lwgng thap 31, vi du, ham lwong khodng

30nm.
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Tang tiép xuc loai n 27, tAng kiém soat electron 28, tAng AlGaN
khong pha tap 29, ting AIGaN ham lwgng thap 31 va tAng AIGaN ham
long cao 33 co thé phat trién lién tuc bang cach cp ngudn khi kim
loai vao budng. Cac ngudn khi kim loai dwgc str dung nhw ngudn hivu
co aluminum (Al), gallium (Ga) va/hoac indium (In), vi du, trimetyl
aluminum (TMA), trimetyl gallium (TMG) va/hoac trimetyl indium (TMI).
Trong khi d6, cling c6 thé s dung nguén khi kim loai Si, SiHa. Nhirng
tang nay co thé dwoc phat trién tai khodng nhiét @6 thir nhéat, vi du,

1050°C dén 1150°C.

Tang kiém soat electron 34 dwgc dat trén tng ngin phéng tinh
dién 30. Cu thé 13, tng kiém soat electron 34 dwoc dat tiép xuc voi
tdng AIGaN ham lwong cao 33. Tang kiém soat electron 34 c6 ham
lwong Al cao hon ham Iwgng Al cla tang ngan phéng tinh dién 30, va
c6 thé dwgc tao thanh tir AiGaN hoic AlinGaN. Vi du, ham lwgng Al
clia tang kiém soat electron 34 c6 thé nidm trong khodng tir 10% dén
20%. Tang kiém soat electron 34 co thé dwoc tao c6 d6 day nim

khoang ttr 1-10nm.

Do tang kiém soét electron 34 c¢6 ham lwong Al cao hon so V&i
ham lwgng Al cla tang ngan phéng tinh dién 30, nén né ngan can sy
di trd clia electron tir tang tiép xuc loai n 27 dén tang hoat dong 39. Do

vay, tang kiém soat electron 34 didu chinh kha nang di chuyén cia
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electron qua dé6 tang ty 1& két hop giira electron va cac 16 trong vung

hoat déng 39.

Tang siéu mang 35 dwoc dit trén tAng kiém soat electron 34.
Tang siéu mang 35 c6 thé duoc tao thanh, vi du, bing cach dat
khodng 30 tang lién tiép cia tang AlinGaN thir nhat va tAng AlinGaN
thtr hai, c6 thanh phan khac nhau, theo cach ma sao cho méi tang co
d6 day 20 A. Tang AlinGaN thir nhat va tang AlinGaN thi hai c6 khe
dai I&n hon so véi khe dai clia tang giéng 39w (xem FIG. 6) trong viing
hoat déng 39. Ham lwgng indium (In) tai méi tAng AlinGaN the nhét va
tang AlinGaN thtr hai cé thé thap hon so véi ham lweng cda indium (In)
& tang giéng 39w, nhwng khong bj gidi han b&i didu d6, va it nhat mai
tang AlinGaN thtr nhét va tang AlinGaN thir hai c6 thé c6 ham lwgng In
cao hon ham Iwgng In cla tang giéng 39w. Vi du, ting ma c6 ham
lwgng In cao hon gitra tang AlinGaN thir nhét va tAng AlinGaN th( hai
c6 thé c6 ham lwong In 1a khodng 1% va ham lwong Al khoang 8%.
Tang siéu mang 35 c6 thé dwoc tao thanh tir tng khéng bj pha tron
ma tang nay khéng bj pha trén v&i bat ky tap chat nao. Do tang siéu
mang 35 dwoc tao thanh tir ting khéng bj pha trén, nén n6 cé thé giam

s do ri dong dién ctia chip LED UV.

Tang siéu mang 35 c6 thé 1a tng dém cho tang epitaxi dwoc tao

thanh trén d6, va do vay, nang cao chét Igng tinh thé clia tang epitaxi.
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Tang phun vao electron 37 c6 ham lweng pha trén tap chét loai n
cao hon so vé&i ham lwong pha tron tap chat loai n cla tang siéu mang
35. Ngoai ra, tang phun vao electron 37 c6 thé ham Iwong pha trén tap
chét loai n co ban twong dwong véi ham lwgng pha trén tap chét loai n
clia tang tiép xuc loai n 27. Vi duy, tap chét loai n c6 mat 36 pha tron co
thé ndm trong khoang tir 2x10'8/c’ dén 2x10'%/cr, va tét hon 1a ndm
trong khodng ttr 1x10'%/c’ d@én 2x10'%/cr’. TAng phun vao electron 37
c6 thé dwoc tao c6 d6 day twong tw véi hodic nhd hon so véi doé day
clia tang tron mat dd cao 33, vi dy, d6 day khoang 20nm. Tang phun

vao electron 37 c6 thé dwoc tao thanh tir, vi du, AlIGaN.

Trén tAng phun vao electron 37, vung hoat dong 39 dwoc dat trén

doé. FIG. 6 la hinh mat cit dwoc phéng to clia viing hoat dong 39.

Theo FIG. 6, viing hoat dong 39 c6 céu tric nhiéu giéng lwong t&
bao gém tang chdn 39b dwgc d4t luan phién véi tAng giéng 39w. Tang
giéng 39w co6 thé c6 thanh phan phat ra anh sang cwce tim tai bwéc
song nam trong khoang tir 335nm dén 395nm. Vi du, tang giéng 39w
co thé dwgc tao thanh tir GaN, InGaN hodc AlinGaN. Cu thé I3, tAng
giéng co thé dwoc tao thanh tir InGaN. Tai day, ham lweng cda indium
(In) & tang giéng 39w duwoc xac dinh theo bwéc séng yéu ciu cla anh
sang can cwc tim. Vi dy, ham lwgng In cla tang giéng 39w c6 thé nhd

hon hodc bang 7% va ham lwong Al cta tang giéng 39w c6 th& nhé
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hon hodc bang 12%. Néu tang giéng c6 ham lwgng Al nhd hon hodc
bang 5%, ham Iwgng In 12-1%, thi chip LED UV c6 thé c6 buwéc séng
dinh cao la ndm trong khodng ttr 370-395nm. Néu tang giéng c6 ham
lwong Al nhd hon hodc bang 5% va ham lwong In nhd hon hoic bing
5%, thi chip LED UV co thé c6 bwéc séng dinh cao ndm trong khoang
tlr 360-370nm. Néu tang giéng c6 ham lwgng Al ndm trong khoang tir
1-7% va ham lwgng In nhé hon hoc bang 5%, thi chip LED UV c6 thé
c6 bwéc séng dinh cao nam trong khoang 335-360nm. Tang giéng co

thé dworc tao c6 d6 day khodng 20-30 A.

Tang chan 39b c6 thé dwoc tao thanh tir tAng ban din cé thanh
phan chi yéu la gallium nitrit, vi du, GaN, InGaN, AlGaN hoac AlinGaN,
co6 khe dang dai I&n hon so v&i tang giéng. Cu thé 13, tAng chan c6 thé

dwoc tao thanh tir AlinGaN bao gém In, va do vay, sy khdng twong
‘ hop vé méat ludi gitra tAng giéng 39w va ting chin 39b c6 thé dwoc
giam.

Trong khi d6, trong s6 cac tang chan 39b1, 39b va 39bn, thi ting
chan thir nhat 39b1 ndm gan nhét véi tAng phun vao electron 37 hosc
tang siéu mang 35 c6 thé c6 ham lwgng Al cao hon ham lwong Al cia
cac tang chan khac. Vi dy, ham Iwgng Al ciia tAng chin th(r nhat 39b1
co thé cao hon so véi ham lwgng Al clia cac tAng chan 39b it nhat 5%,

it nhat 10% hodc it nhat 20%. Ham lwong Al ciia tAng chan thr nhét
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39b1 c6 thé, vi du, ndm trong khodng tir 30% dén 50%. Vi duy, tang
chan khac 39b va 39bn cé thé c6 ham lwong Al khoang 20%, va tang
chén th» nhat 39b1 c6 thé c6 ham Iwgng Al khodng 40%. Ham lwong
clia In trong nhirng tdng chan nay 39b1, 39b va 39bn nhd hon hoic

béng 1%.

Nhin chung, tang chan trong chip LED UV dwoc tao thanh dé co
thanh phan giéng nhau. Tuy nhién, trong phwong an nay, tng chan
thtr nhat 39b1 c6 ham lwong Al cao hon so véi tdng chan khac 39b.
Do tang chan thir nhat 39b1 dwoc tao thanh dé& c6 khe dang dai cao
hon so véi tang chin khac 39b, tAng chan thir nhat 39b1 c6 thé ding
lam cai mang b3y trong viing hoat dong 39. Ngoai ra, tadng chan th
nhat 39b1 c6 ham Iwgng Al cao hon so vé&i ham lwong Al cda 3 tAng
siéu mang 35 hodc tang phun vao electron 37, va do vay, c6 thé lam

tAng kiém soat electron ngan can dong electron.

Trong khi d6, tng chin ther nhat t6t hon 13 c6 d6 day co ban
bang d6 day tang chin ma khéng phai Ia tAng chin cui cling ndm gan
nhét vi tang chen electron 41 hoéc tang tiép xuic loai p 43. TAng chan

thtr nhét c6 thé co d6 day, vi du, 40-60 4, cu thé 1a khoang 50 A.

Vung hoat ddng 39 c6 thé tiép xuc véi tAng phun vao electron 37.
Cu thé 13, tng chdin tht nhat 39b1 tiép xic véi tAng phun vao electron

37 dé tri hoan m6t cach hiéu qua dong electron. Trong khi d6, tang
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chén va tang giéng lwong t cla viing hoat déng 39 c6 thé dwoc tao
thanh tr tng khéng bj pha trén ma ting nay lai khong bj trén véi bat
ky tap chat nao dé cai thién chat lwgng tinh thé clia viing hoat dong,
nhwng mét phan hoic toan bé ving hoat déng cé thé clng dwoc tron

v6i tap chat dé lam gidm hiéu dién thé thuan.

Theo FIG. 5, tang tiép xtc loai p 43 c6 thé dwoc dit trong viing
hoat déng 39, va tang chen electron 41 c6 th& dwoc bé tri ndm gitra
vung hoat ddng 39 va tang tiép xtic loai p 43. TAng chen electron 41 cé
thé dwoc tao thanh tir AlGaN hoic AlinGaN. Néu tang chen electron
41 dwoc tao thanh tir AlinGaN, thi sy khéng twong thich vé mét lwei
v&i viing hoat dong 39 c6 thé tiép tuc dwoc gidm. Tai day, tAng chen
electron 41 c6 thé cé ham lweng In, vi du, khodng 40%. Tang chen
electron 41 c6 thé trén voi tap chat loai p, vi du, Mg, nhing khong thé
tron voi bat ky tap chat nao. Tang chen electron 41 c6 thé dwoc tao cod

do day khoang 15nm.

Téng tiép xdc loai p 43 c6 thé duoc tao thanh tir ting AIGaN hodc
tdng AlinGaN tron Mg, va c6 thé, vi du, c6 ham lwong Al khoang 8% va
d6 day 100nm. Tang tiép xic loai p 43 co thé dwoc tao thanh tir mét
tang, nhwng khéng bj gi¢i han béi didu d6, va nhw dwoc thé hién trén
hinh v&, c6 thé bao gdm tang pha trén ham Iwgng cao phia dwdi 433,

tang pha trén ham lwong thap 43b va tAng pha trén ham lwong cao &
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trén 43c. Tang dwoc pha trén ham lwgng thap 43b c6 ham lwong pha
tron thdp hon ham lwgng pha trén cla tng pha trén ham lwong cao
phia dwéi 43a va tang pha tron ham lwong cao & trén 43c, va duoc bé
tri gitra tAng pha tron ham lwgng cao phia dwdi 43a va tang pha tron
ham lwgng cao & trén 43c. Tang dwgc trdn ham lwong thap 43b c6 thé
dwoc phat trién trong khi ngan can viéc cap ngudn khi MG (vi duy,
Cp2Mg) trong qua trinh phat trién. Ngoai ra, trong qua trinh phat trién
clia tang dwgc tron ham Iwong thap 43b, khi Hy c6 thé nim ngoai danh
sach, va khi N2 c6 thé dwoc st dung lam khi mang d& gidam ham
lwong tap chat clia tang d6. Ngoai ra, tAng dwoc pha trén ham lwong
thap 43b c6 thé dwoc tao thanh day hon so v&i tdng pha tron ham
lwong cao phia dwéi 43a va tdng pha trén ham lwong cao & trén 43c.
Vi dy, tAng pha trén ham lweng cao & trén 43c co thé dwoc tao co dd
day khoang 60nm, va tirng tAng pha tron ham lwgng cao phia dwéi
43a va téng pha trdn ham lwgng cao & trén 43¢ co thé dwoc tao c6 do
day 10nm. Theo d6, sy mat anh sang can cyc tim béi tAng tiép xuc
logi p 43 c6 thé dwoc ngdn chan hodc gidm bing cach cai thién chat
lvong tinh thé cla tang tiép xdc loai p 43 va gidm mat do tap chét ciia

tang tiép xuc loai p 43.

Trong khi d6, tang pha tron den-ta 45 c6 thé dwoc dit trén tang

tiép xtic loai p 43 dé lam gidm dién tr& thuan. Tang pha trén den-ta 45
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dworc tron véi tap chét loai n hoac loai p ham lwong cao d@é lam gidm
dién tré thuan gitra dién cuc dwoc tao thanh trén d6 va tang tiép xtc
loai p 43. Tang pha tron den-ta 45 c6 thé dwoc tao c6 d6 day nam

trong khoang tir 2-5 A.

FIG. 7 hinh chiéu thé hién gian @ minh hoa khe dai ning lwong
theo mét phwong an clia sang ché. Cho muc dich don gian, FIG. 7 cho
thay chi c6 dai dan.

Theo FIG. 7, tang diéu chinh dién cwc 28 dwoc dit gitra tang tiép
xuc loai n 27 va tang ngan phéng tinh dién 30, va tAng kiém soat
electron 34 dwoc dat gitra tang ngiin phéng tinh dién 30 va tang siéu
mang 35. Ngoai ra, tang chan thtr nhét 39b1 & ting hoat déng 39 ndm
gan véi tang siéu mang 35 hon so véi ting giéng hodic tAng chan khac
clia viing hoat dong 39. Tang ki&m soat electron 28 va 34 c6 khe dang
dai I6n hon so voi khe dang dai cia cac ting lién k&, va do vay, tr&
thanh tam ngan can sy di tri clia electron tir tAng tiép xtc loai n 27
dén ving hoat dong 39. Cu thé 13, tAng kidm soat electron 28 c6 khe
dang dai I&n hon so véi khe dang dai clia tAng tiép xuc loai n 27, va
tang kiém soat electron 34 c6 khe dang dai Ién hon so véi khe dang
dai clia tang ng&n phong tinh dién 30. TAng chan thr nhat 39b1 ngoai
ra c6 khe dang dai I&n hon so voi khe dang dai cta tang siéu mang 35

hodc tang phun vao electron 37, va do vay, tré thanh tdm ngan
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electron dwgc phun vao tir tang siéu mang 35 vao vung hoat déng 39.

Nhw dugc thé hién trén FIG. 7, tAng kidm soat electron 28 va 34
cung véi tang chan thi nhat 39b1 ¢6 thd dwoc bé tri ndm gira tdng
tiép xuc loai n 27 va vung hoat dong 39, qua dé tri hoan dong electron.
Do vay, electron c6 thé dwoc ngan khong d& chéch khdi viing hoat
dong 39 ma khéng dwoc két hgp véi cac 18, qua d6 lam tang ty 1& két
hop electron va céc 16. Di-6t phat sang pha tron cac tdng kiém soat
electron 28 va 34 cho thay hiéu qua hoat dong tét hon trong diéu kién

c6 méat d6 dong cao.

FIG. 8 la gidn d6 mat cat cta chip LED UV c6 cac dién cuwc theo
mot phwong an clia sang ché. FIG. 8 cho thay chip LED UV c6 cAu
tric ndm ngang, dwoc tao ra bdng cach tao miu tdng epitaxis dwoc

phat trién trén 16p nén 21.

Theo FIG. 8, chip LED UV bao gdm, ngoai 16p nén va tang
epitaxis dwgc mé ta tham chiéu FIG. 9, dién cuwc trong subt 47, dién

cwe loai n 49a va dién cuye loai p 49b.

Bién cyc trong sudt 47 cé thé duoc tao thanh tir, vi du, indium tin
oxide (ITO). bién cwc loai p 49b dwoc tao thanh trén dién cwc trong
sudt 47. Trong khi d6, dién cyc loai n 49a tiép xdc véi tang tiép xuc
loai n 27, cu thé 1a tAng AIGaN trén 27c, bj phoi nhiém bang céch an

mon tang epitaxis. Tang kidm soat electron 28 dwoc dat trén tang tiép
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xUc loai n 27 ma dién cuc loai n 49a tiép xuc, & ngan can véi dong

electron tir tang tiép xuc loai n 27 dén viing hoat déng 39.

Mac du chip LED UV c6 cau tric ndm ngang da duwoc thé hién va
mo ta theo mét phwong an nay nhwng pham vi clia sang ché khong bj
gioi han trong pham vi chip LED UV c¢6 ciu tric ndm ngang. Chip LED
UV c6 cau truc chip lat c6 thé dwoc tao ra bing cach tao miu tang
epitaxis dwgc phat trién trén I6p nén 21. Thém vao do, chip LED UV cé
cu triic thang dung cé thé ciing dwoc tao ra bing cach loai bd 16p

nén 21.

Vi du thtr nghiém

Tang epitaxis nhw dwoc thé hién trén FIG. 5 dwoc phat trién trén
I&p nén sapphire dwoc tao mau s dung phwong phap ngwng dong
hoi hoa hoc kim loai hivru co’ (metal-organic chemical vapor deposition -
MOCVD) trong cling diéu kién trong khi d6 chi thay ddi didu kién dé
hinh thanh tang kiém soat electron 28 va 34. Chip LED UV cfia Vi dy 1
la cac mau trong d6 tdng kiém soat electron 28 va 34 khéng dwoc tao
thanh, va tang chan thir nhét trong cac miu c6 do day khodng 5nm va
ham lwong Al khoéng 40%. Trong khi d6, chip LED UV cta Vi du 2, Vi
du 3 va Vi du 4 dwoc tao ra theo cling cach cia Vi du 1, ngoai trir réng
tang kiém soat electron 28 va ting kidm soat electron 34 dwoc tao

thanh. M&i tang kiém soat electron 28 va tAng kidm soat electron 34
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dwoc tao co d6 day khodng 5nm. Trong khi d6, tang kiém soat electron
28 va 34 trong chip LED UV ctia cac Vi du tir 2 dén 4 dwoc tao thanh
dé c6 ham lwong Al khoang 10% vi du 2, khodng 15% vi du 3, va
khoang 20% vi du 4. Ham lwgng cla Al dwoc xac dinh str dung
phwong phap tham do nguyén t&r. Trong khi do, trong méi Vi du, ham
lwong cla Al tai mdi tang tiép xdc loai n 27 va tAng ngan phéng tinh
dién 33 la khoang 9%, va ham Iwgng clia Al & tAng siéu mang 35 I3

khoang 8%.

Hai tdm silicon méng cho méi Vi dy tir 1 dén 3 duwoc tao ra, va
mot tAm silicon méng cho vi du 4 dwoce tao ra. San lweng anh sang
cua tirng chip LED UV dwoc xac dinh tai cép wafer, va gia tri trung

binh san lwgng anh sang cho tirng wafer dwoc thé hién trén FIG. 9.

Nhw c6 thé thay trong FIG. 9, chip LED UV clia cac Vi du 2 va 3
c6 tang kiém soat electron 28 va 34 dwoc tao thanh trén d6 cho thay
san lwgng anh sang cao hon so vdi chip LED UV khéng c6 chip diéu
chinh electron. Ngoai ra, san lwgng anh sang tang khi ham lwgng Al

clia tang kiém soat electron 28 va 34 tang.

Nhw dwgc mod ta trén, dén LED UV trong bay con tring theo sang
ché phat ra anh sang cuc tim, dwoc tap trung trén dinh tai bwéc séng
cu thé va manh hon so véi anh sang quan sat dwoc, trong khi tiéu thu

nang luong it di. Ngoai ra, hi¢u suat bay con trung ctia bay cén tring
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c6 thé dwoc tang dang ké& do dc trng vé vj tri va huwéng clia dén

LED UV dwoc bé tri tai bay con tring.

Trong khi cac phwong an khac nhau da dwoc mo ta & trén, tuy
nhién, ngwdi c6 trinh d¢ ky thuat trung binh trong nganh hiéu ring cac
phwong an dwge mé ta chi mang tinh minh hoa. Theo d@6, sang ché
dwoc bdc 16 trong phan mé ta khong bj coi 1a bj gi¢i han b&i nhirng

phwong an nay.
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YEU CAU BAO HO
Bay cén trung bao gém:

dén LED UV bao gém bang mach in (printed circuit board - PCB)
c6 chip LED UV dwoc gan trén do;

phan chd [p dat dé 1ap dat den LED UV Ién; va
phén bay dwoc bé tri & gan phan cho 1ap dat,
trong d6 chip LED UV bao gém:
I&p tiép xtc loai n;
I&p tiép xuc loai p, va

viing hoat déng nam gitra I&p tiép xuc loai n va 16p tiép
xtc loai p va bao gébm cac I1&6p chidn co I&p chin th® nhat ndm

gan 16p tiép xuc loai n nay nhét,

trong do6 cac I&p chan bao gdm AllnGaN ho#c AlGaN va I&p chan the
nhat cé ham lwgng Al cao hon so v&i ham lwgng Al clia cac I6p chin

khac.

Bay con trung theo diém 1, trong d6 nhiéu chip LED UV ctia dén LED
UV dwoc bo tri trén PCB, va dwoc thiét ké dé phat anh sang cwe tim co
gia tri cwe dai vé co ban cung chidu dai buwéc song.

Bay cdn tring theo diém 1, trong d6 chiéu dai bwdc séng cwe dai cla
anh sang cwe tim dwoc phat ra tir chip LED UV la ndm trong khodng tir
335 dén 395nm.

B&y con trung theo diém 1, trong dé chiéu dai buwéc song cwe dai cla
anh sang cwe tim dwgc phat ra tir chip LED UV Ia ndm trong khoang tir

360 dén 370nm.
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Bay con trung theo diém 1, trong d6 goc khu.£ch tan clia 4nh sang cuc

tim dwoc phat ra tir chip LED UV la 120° hodc nhé hon.

Bay con trung theo diém 1, trong do gia tri ¢@e/pv cua den LED UV la
I&n hon ho&c bang 98, trong dé @e 1a dong birc xa c6 don vi mW, va

@v cb don vi Im.

B&y c6n trung theo diém 1, trong d6 ban d6 rong phd clia anh sang cwc

tim dwoc phat ra tir dén LED UV la 14,5nm hoéc nhé hon.

Bay con tring theo diém 1, trong d6 gian trong subt dwoc lam bing vat
liéu cho phép anh sang cwc tim dé dang di qua dwoc b tri tai phia
chip LED UV cla dén LED UV, bé mat cla gian trong suét dwoc héa

crng.

Bay co6n trung theo diém 8, trong d6 bé mat dwoc héa cirng dwoc tao

thanh nh& quy trinh phun cat.

B3y con trung theo diém 1, trong d6 dong blrc xa cua dén LED UV la

nam trong khodng tir 750mW dén 1500mW.

Bay con trung theo diém 4, trong d6 anh sang cwc tim dwoc phat ra tw
chip ctia den LED UV hwéng 1én trén ho3c sang ngang tir vj tri bay con

tring.

Bay con triing theo diém 1, trong d6 chip LED UV con bao gdm it nhat
mét I6p kiém soat electron ndm gilra 16p tiép xuc loai n va 1ép hoat
dong.

Bay cén trung theo diém 12, trong d6 it nhat mot I&p kiém soat electron
bao gém AlinGaN hodc AlGaN, va c6 ham lwong Al cao hon ham
lwong Al clia cac I6p lién ké né dé ma giao thoa véi dong electron di

chuyén vao viing hoat ddng.
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Bay con trung theo diém 1, trong d6 I&p tiép xtic loai n va I&p tiép xuc
loai p bao gébm I&p AlGaN hozc I&p AllnGaN.
Bay c6n trung bao gém:

dén LED UV bao gébm bang mach in (printed circuit board - PCB)

6 chip LED UV dwoc gén trén do;

phan chd |ap dat dé 14p a4t dén LED UV Ién; va

phan bay dwoc bé tri @ gan phan che 1ap dat,
trong d6 chip LED UV bao gém:

I&p tiép xuc loai n bao gém I&p AlGaN hoac I6p AllnGaN;

I&p tiép xtc loai p bao gdm I&p AlGaN hodc I&p AllnGaN;

viing hoat ddng cé cAu trac nhiéu giéng lwong tlr, ndm gitra 16p
tiép xdc loai n va I1&p tiép xuc loai p; va

it nhat mét 16p kiém soat electron nam gitra I6p tiép xuc loai n
va vung hoat déng,

trong d6 vung hoat déng cé céu trac nhiéu giéng lwong t& bao
gdm I&p chan va I&p giéng,

cac |op chan dwoc tao thanh tir AIGaN hoac AlinGaN,

I&p chdn thr nhat ndm gan nhat 16p tiép xdc loai n cé ham

lwong Al cao hon ham lwgng Al clia cac I&p chan khac,

va 16p kiém soat electron dwoc tao thanh tir AlGaN hoac
AllnGaN, va c6 ham lwgng Al cao hon ham lwgng Al cla cac 16p lién
ké v&i n6 dé ma giao thoa véi dong electron di chuyén vao ving hoat
dong.
Bay con trung theo diém 15, trong dé chip LED UV con bao gdm:
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I&p siéu mang nam gitra 16p tiép xdc loai n va viing hoat dong;
va
I&p phun electron ndm gitra I&'p siéu mang va vung hoat déng,

trong d6 I&p phun electron cé6 ham lwgng pha tap tap chét loai n

cao hon ham lwgng pha tap tap chét loai n cla I&p siéu mang, va
|&p chan thie nhét tién téi tiép xuc véi I6p phun electron.
Bay con triing theo diém 16, trong d6 chip LED UV con bao gbm:

I&p ngan phéng tinh dién nadm gitra I1&p tiép xuc loai n va l6p

siéu mang,

trong do 16p kiém soat electron thir nhat dwoc bé tri gitra 16p

ngan phéng tinh dién va I&p siéu mang.

By con trung theo diém 17, trong d6 I&p ngan phong tinh dién bao

gom:
I&p AlGaN khéng pha tap;

I&p AlGaN c6 ham lwgng thdp dwoc pha tap véi tap chét loai n

& ham lwgng thap hon ham lweng cla I&p tiép xdc loai n; va

I&p AlGaN ham lwong cao dwgc pha tap véi tap chét loai n &

ham lwgng cao hon ham lwgng cla I&¢p AlGaN ham lwong théap,

trong d6 16p AlGaN ham lwgng thap dwoc bé tri ndm gitra I16p

AlGaN khéng pha tap va Iép AlGaN ham lwgng cao, va

I6p kiém soat electron thir nhat di dén tiép xtc véi I6p AlGaN

ham lwong cao.

Bay con trung theo diém 17, trong do 16p tiép xuc electron thi hai

duwoc bé tri ndm gitra Ip tiép xtc loai n va I&p ngan phong tinh dién.
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Bay con trung theo diém 19, trong d6 I&p tiép xuc loai n bao gdm I&p
nhém gali nitrua thap hon, I&p nhém gali nitrua cao hon, va I&p trung
gian nhiéu I&p ndm gitka I&p nhém gali nitrua thdp hon va I&p nhém

gali nitrua cao hon.

Bay con trung theo diém 20, trong dé I&p trung gian nhiéu I&p c6 ciu

tric dwoc tao thanh béi AllnN va GaN Iang luan phién.
Bay con trung theo diém 15, trong dé chip LED UV con bao gém:
dién cwc n dwoc két ndi dién véi I&p tiép xac loai n,
trong d6 16p kiém soat electron dwoc bd tri ndm gan ving hoat
dong hon 16p tiép xuc loai n véi dién cwe n tién tGi tiép xuc véi no.
Bay con trung theo diém 15, trong d6 cac 16p giéng dwoc tao thanh ti

InGaN.
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