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LY DO CHON PE TAI

Dé phét trién céc linh kién quang dién tlr, mdt diém quan trong can duoc giai quyét la ché tao
ban dan loai p c6 dién tré thdp va tét nhw nhitng chét ban dan c6 do rong ving cdm rong nhw
GaN (3.4eV) , ZnSe (2.58eV) — nhitng chat ban dan kha dat tién, khdng pht hop véi xu hueéng
hién dai. Vi vay ZnO loai p lam6t s lva chon vi nhitng tinh ndng wu viét cia né nhw ngudn vat
liéu dé tim, giathanh ré va co do dan dién rat t6t

GIOI THIEU VE ZnO

ZnO latinh thé duoc hinh thanh tir mot nguyén té nhém 11 (Zn) vanguyén t6 nhém VI (O), nang
lvgng lién két cha yéu la nang lvgng Madelung. ZnO cé nhitng tinh chat hira hen kha nang tng
dung cao: ¢6 cdu tric vang vam thang, nang lwong lién két exiton vao khoang 60meV - nhiéu hon
GaN(25meV) va nang lvgng nhiét & nhiét do phong la 26(meV). Nang lvgng doé cé thé dam bao
mot sy phét xa exiton hiéu qua tai nhiét do phong. Nhu mot két qua tat yéu, ZnO duwoc hirahen

ZnO la hop chét ion cd cdu trdc mang sau phwong xép chit. O co sé clia mang sau phuong xép
chat 1akhéi 13ng tru luc giac voi hdng s6 mang laa= 3,24265 A°, ¢ = 5,1948 A°, c6 2 nguyén ti
Znvahai nguyén ttr O trong 6 don vi hexagonal nhu hinh.

Hinh 2.1 cau trdc wurtzire cia ZnO
ZnO PHATAPLOAI P

Theo ly thuyét, dé co thé tao dwoc ban dan loai p thi ¢ thé chon nhirng nguyén t6 nhom | hay
nhém V lam chét pha tap. Chiing la nhitng nguyén t6 co thé thay thé vi tri ciia Zn hay O trong
mang tin thé ZnO, dong thoi thiéu mot dién tr so véi nguyén t0 ma no thay thé , vi vay cé thé
thu dwoc ban dan loai p

Theo nhirng thirc nghiém clia Su-Huai Wei va céc cong su thi cac nguyén to co thé pha tap ban
dan loai p phthop laN valLi

Khi phatap céc tap chét vao trong tinh thé clia ZnO, sé lam thay déi nang lwvong Madelung clia
ZnO, dudi day la sw thay doi nang lvgng Madelung ctia ZnO theo loai tap chat dvoc dra vao:

Tap chat | Nang lvgng Madelung(eV)
Phatap loai n

Alz, -6.44

Gazn, -13,72

INzn

Phatap loai p

No +0.79

Lizn +12.61
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Nang lvong Madelung trong cac hop chat ion la nang lwong lién két chll yéu va quyét dinh s 6n
dinh clia cau trdc tinh thé clia nhitng hop chat nay, céc tap chéat cé khuynh hudng lam tang nang
lvgng Madelung 1am cho tinh thé c6 khuynh huéng khéng 6n dinh.

Trong cac tap chat phatap loai p, ZnO:Li sy tang nang lvong Madelung |a 12,61eV, kha cao va
c6 thé pha hly tinh thé thi sy tang ctia ZnO:N chi 1a 0,79eV ¢b thé chap nhan duoc va co thé
dung dé ché tao ZnO loai p

ZnOPHA TAPNITO

M@t trong nhitng yéu t6 quan trong quyét dinh thanh cdng hay thét bai trong viéc ché tao ban dan
loai p ZnO: N chinh la sy hoa tan vao trong tinh thé ZnO clia N vatrang tha cla Nito dwoc hoa
tan trong mang tinh thé clia ZnO./ va khi Nito dd hoa tan vao mang tinh thé va s& gay ra nhitng
thay doi nhat dinh bén trong mang tinh thé ZnO

Khi phatap chat Nito vao tinh thé ZnO c6 thé lam thay d6i hang s mang. CO thé Ii giai diéu nay
nhu sau: khi di vao mang tinh thé nguyén tir Nito c6 ban kinh nhé hon ban kinh nguyén tir Oxy,
diéu nay lam cho do dai lién két Zn-N nhd hon do dai lién két Zn-O, do d6 hang sd mang giam
manh.

Su thay ddi do dugc khéo sét bdi tac gia B.Yao, mang mong ZnO: N dwoc ché tao bang phuong
phap phan xa magnetron RF & diéu kién nhiét do 510K trén dé thach anh va xac dinh cau tric
bang phuong phap nhiéu xa tia X

Hinh 2.5 Phd nhiéu xa ctiaZnO

Hang s6 mang cla tinh thé ZnO:N co chiéu hwéng tang so véi tinh thé ZnO thuan diéu nay
chirng to trang thai ton tai clia Nito trong mang tinh thé latrang thai phan tir No.

Phan tir Nito khong nhu trang thai nguyén tt, khi di vao mang tinh thé ZnO, thay vi hinh thanh
mirc acceptor va hinh thanh ban dan loai p thi lai hinh thanh mic donor, két qua 1a hinh thanh
ban dan loai n.

Ngoai sy thay d8i hanng sd mang, N trong ZnO con lam thay d6i tinh chdt quang cla mang.
Diéu dé nhan thiy nhét 1a thay d6i phd truyén qua ctiamang. Tir phd truyén qua ta nhan thay:

So v6i mang ZnO thuéan, mang ZnO: N co:

+ Bo hap thu dich chuyén vé phia anh sang c6 buw¢c song dai
+ D0 truyén quathap hon

Hinh 2.6 Pho truyén qua clia mang méng ZnO

Ngoai rakhi phatap N vao ZnO con lam thay doi ca mat do trang théi ctavat liéu ZnO
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ZnO BONG PHA TAP DONOR VA ACCEPTOR

Viéc phatap duy nhat acceptor n vao trong tinh thé ZnO cling chua phai la giai phdp kha thi vi
khi d6 sé& lam ting nang lvong Madelung dan dén tinh bét 6n cla tinh thé, vi thé mot gidi phép
khac dwgc dua ra la dong phatap acceptor vadonor theo tilé A:D =2:1

Hinh anh 2.10 cau trdc tinh thé ZnO(2N,Ga)
Viéc dong phatap nham hai muc dich:

Th nhat, gép phan tang cuong tinh hop thirc clia cac acceptor, co ché nay doi héi & luc dién
gilra acceptor va chat dong phatap phan (rng phai cao

Entanpi thanh 1ap clia ZnO (-348,28kJmol ™) 1¢n hon entanpi thanh 1ap clia ZnsNa(-20kJmol ),
diéu d6 dan dén viéc thanh 14p lién két Zn-O thuan loi hon nhigu so v6i hinh thanh lién két Zn-N.
Diéu nay am chi sy hoatan thdp N vao tinh thé ZnO.

Nang luvong lién két déi véi AIN va GaN twong (ng la 2,28eV va 2,24eV 1én hon nang lvgng
lién két ZnO(1,89eV). Vi vay Al va Ga la hai donor dong pha tap phu hop véi N. Ngoai do dai
lién két chaAl-N va Ga-N trong mang tinh thé gan véi do dai lién két clia Zn-O s lam giam si
dong gop cua bién dang clia nang lwvgng thanh 1ap nguyén tir acceptor N & vi tri O. Nhuw vay sy
hién dién clia Gatrong tinh thé ZnO lam tang tinh hop thirc ciiaN vao trong ZnO

Thit hai, viéc dong pha tap donor v&i acceptor la dé tang cvong sy hoa tan clia acceptor. Donor
pha tap vao khong phai dé khir tinh dan loai p ma dé hoat hoa acceptor

Hinh 2.9 gian do viing ning lvong clia ban dan dong phatap p
M6t cau hinh tam phan A-D-A

Hinh &nh mot vai két qua phatap ZnO loai p

THUC NGHIEM TONG HOP MANG ZnO LOAI P

Trong phan nay sé trinh bay viéc nghién ctru thiyc nghiém tong hop mang ZnO, ZnO:Al,Gatlr d6
tim diéu kién téng hop mang ZnO:N c¢6 tinh dan loai p

1. Vat liéu khéi

Béang k¥ thuat ché tao bia gom, bdt Zn0(99.9%), Al,05(99.99%) va Ga,03(99.99%) dwoc ding
dé tong hop bia ZnO, ZnO:AI(AZO) (0.75%wt, 1%wt, 1.5%wt va 3.5%wt) va ZnO:Ga(GZO)
(0,5%wt) lam bia cho qua trinh phin xa tao mang méng ZnO phatap N va déng pha tap Al-N
hoac Ga-N
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Céc oxit thanh phan duoc nghigém bang phuong phap nghién wot véi may nghiém bi nhanh loai
mat chd trong thoi gian 5 gidr. BOt sau nghién dwoc siy kho trong ti sdy 200°C nhiéu gio' cho bay
hét hoi nudc va dwoc ray quaray lai cho dat dd dong déu nhat dinh. Céc 6xit duoc can bang can
dién t&r c6 do chinh xac 5.0 theo ham lwong dinh san va duoc tron bang may tron quay-spin 4 coi
trong vong hai gi® cho hdn hop céc 6xit tron déu vai nhau. Sau dé bot dugc tron bang nudc cat
theo ti 1& 130g hdn hop bot va 20ml nwéc cat trong vong 1 gi & va duoc ép véi luc 400kg/cm? dé
tao hinh truéc khi cho vao 10 nung 1800°C & nhiét d6 1350°C trong vong 6 gi¢. San pham sau
nung c6 dang dfa tron dwong kinh cla tat cd cac bia xap xi 7,7cm phu hop lam bia trong qua
trinh phin xa magnetron tao mang.

2. Ché tao mang ZnO phatap N tlr bia gém.

Mang ZnO phatap N dwoc ché tao bang phuong phap phin xa magnetron phan tng RF trén dé
thay tinh corning 7059

Céc bia ZnO, AZN, GZN duwoc ding |am bia phiin xa. Vakhi phin xa lakhi hay hon hop cta hai
hay nhiéu khi tlr cac ngudn khi Ar, Oz, N, N,O. Trong d6 N, va N,O dwoc dung nhr ngudn pha
tap N

Cac diéu kién phin xa tao mang

Ap suét budng <5.10° torr
Ap suit nén 1,5.10” torr
Ap suét phin xa 6.10° torr
Khi phiin xa N>, NoO, Ar
DéE pht Corning 7059
Khoang céch phan xa 5.0cm
Cong suat phin xa RF 80W
Nhiét do dé 300°C

Mang sau khi phin xa dwoc tién hanh do bé day bang phuong phap stylus, do phé truyén qua
UV-VIS trong vung budc séng 200nm - 1100nm, do bén mdi do va hiéu (rng Hall. Két qua cla
cac phép do gilp xac dinh tinh chat quang, tinh chét dién va néng do ciing nhu loai hat tai cta
mang

3. Két qua thuc nghiém
a. Mang ZnO: N

Két qua thu deoc mang ban dan loai p ¢6 do truyén qua trung binh 1& 70% trong ving énh sang
kha kién & ham lvgng khi N, dwavao [a40% va50% (hinh do pho truyén qua clia mang ZnO:N)

Két qua cu thé:
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Mau Khi phtin xa p(Qcm) u(cm/Vs) n(cm™) T(%)
Z1 40%N, 12.29 1.23 4,14.10" 70
zZ2 50%N, 33.96 2.94 6,24.10™° 68

b. Mang ZnO d6ng phatap N-Al:

Chung tdi tién hanh tong hop mang dong phatap tir bia gém ZnO véi ham lvong Al,Os lan luwot

14 0,75%, 1,5%, 3,5% va thu dwoc mang co tinh dan loai p co két qué cu thé:

%Al Khi phin xa p(Qcm) u(cmVs) n(cm™) T(%)
0,75% 30%N, 0,0852 5,42 1,35.10™ 61
0,75% 60%N, 1,6860 1,42 2,61.10" 55
0,75% 30%N,0 2,948 3,42 6,19.10" 80
0,75% 50%N,0 20,61 2,60 1,16.10" 81

1,5% 30%N, 0,0668 543 1,72.10" 57

1,5% 50%N,0 6,233 15,11 6,62.10™ 81
3,5% 35%N, 0,0838 2,81 2,65.10" 61
3,5% 45%N, 0,3596 1,61 1,08.10™ 58
3,5% 50%N,0 6,224 6,82 1,47.10" 83

Hinh anh pho truyén qua

c. Mang ZnO dong phatap N-Ga

Ngoai viéc tao mang ZnO dong phatap N-Al, ching t6i cling tién hanh tao mang ZnO doéng pha

tap N-Gatir biagém GZO. Két qua thu dwoc mdt s6 mang co tinh dan loai p

Mau Khi phin xa p(Qcm) u(cmVs) n(cm™) T(%)
GZ1 40%N, 1,580 9,95 3,97.10" 64
Gz2 509%N, 5,955 2,22 4,70.10" 60
GzZ3 20%N,0 3,395 0,49 3,75.10" 80
Gz4 30%N,0 36,44 1,34 1,28.10™ 82
GZ5 40%N,0 69,44 6,11 1,47.10™ 81

Hinh anh pho truyén qua




