DAI HOC THAI NGUYEN

TRUONG PAI HOC KHOA HQC
= e

PHAM THI XUAN

CHE TAO VA NGHIEN CUU TiNH CHAT QUANG
CUA THUY TINH TELLURITE PHA TAP ION Tbh**

LUAN VAN THAC SI VAT LY

THAI NGUYEN - 2020




DAI HOC THAI NGUYEN

TRUONG PAI HOC KHOA HQC
= e

PHAM THI XUAN

CHE TAO VA NGHIEN CUU TINH CHAT QUANG
CUA THUY TINH TELLURITE PHA TAP ION Th%*

Chuyén nganh: Quang hec
M3 s6: 8 44 01 10

LUAN VAN THAC SI VAT LY

Nguoi huong dan: TS. Phan Vin D
TS. Vii Xuan Hoa

THAI NGUYEN - 2020




LOI CAM ON

Loi dau tién tdi xin bay té 1ong kinh trong va biér on sdu sdc téi TS. Phan Vin
B¢ va TS. Vii Xudn Hoa, da hét 10ng day dé, huwéng dan toi thyc hién va hoan thanh

lugn van nay.

TOi xin tran trong cam on Khoa vdt Iy, Truong Pai Hoc Khoa Hoc- Truong Pai
Hoc Thdi Nguyén, noi da tao diéu Kién givip dé cho t6i dwoc hoc tdp va nghién cizu.

T6i xin dwoc Quii loi cam on chdn thanh to1 nhitng nguwoi thdn trong gia dinh
t6i, cuing thay ¢, ban be, dong nghiép da danh cho t6i nhieng tinh cam, dong vién va
chia sé khé khan, da cho toi nghi luc va tinh than @é hoan thanh céng viéc nghién

ctzU cua minh.

Tac gia

Phem Thi Xuan



MUC LUC

LOICAM ON oottt i
MIUGC LUC ..ttt e e e e e e e e bbb e s e e e e e e e e eeebaa s e e e eeeeeeennes I
DANH MUC CAC KY HIEU ... oottt ettt eeeane e iv
DANH MUGC BANG ...ttt eeee e eeet et ereeee e et eneeeananeenensaeeneneeeneeans Y
DANH MUGC HINH ..ottt st sttt Vi
MO DAU.....coooiiiiiiiice ettt 1
CHUONG I: TONG QUAN VE VAT LIEU TELLURITE PHA TAP PAT
HIEM oottt 4

1. 1. Tong quan vé VAL lidu thiy tinh c.......o.eeeeeeceecceeeeeee e 4
1.1.1. Kh&i niém thaiy tinh ..o 4
1.1.2. Thaiy tinh hon hop B203-TEO2 .....cuvecveeeveeeieeeeeeessesesee e 5

1.2. Tong quan 1Y thuyét GAt NIEM .......c..ceveeveieeecee e 9
1.2.1. Céc ion @at Ném DO LT DA......couverireeeieesiece e 9
1.2.2. Pdc diém quang pho Ciia cdc ion dat NEM .........cocceoeeeeeceeeeeeeeeeseeeenn. 10
1.2.3. Sy tAch mize nang luong €ua ion RE3™ ..., 11

1.3. LY thuyét JUA-OFElt ...t 12
1.3.1. Cuong dé ciia CAC ChUYEN Ao f=F.......cvoceceeeeeeeeeeeeeeee e 12
1.3.2. Nguy@n I czia IY thUYEt JO .........coveeeeeceeeeeeeeeeeeeee e, 14
1.3.3. Nguyén tdc tinh cac thong so cuong do Q; tir pho hdp thy.................... 15
1.3.4. Tinh céc thdng sé quang hoc theo Iy thuyét JO ........c.ccvvveeeveceeerieennee, 16

1.4. Dic diém phd phat Xa ca T3 ..., 18
CHUONG II: CAC PHUONG PHAP THUC NGHIEM ......ccccovevirceiene, 21
2.1. Phuong phap ché tao vat lidu thay tinh ..........coceveveveeeeeeceeeeee e, 21
2.2. Phuong phap nghién citu cac tinh chat vat Iy cia Vat lieu .........cc.cceveveeennens 22
2.2.1. D0 chiét SUAL CUB VAL lIGU ... 22
2.2.2. Do khoi lirong FI8NG CUA VAL lISU..........oeoveeeeeeeeeeeeeeeee e 23

2.3 Phuong phap nghién ciru CAU triC VAL HEU.........cvveeveeeeeeeeeceeee e 23
2.3.1. Phurong phap pho NNIGU Xg i X ......c.oveecereeereersieeeeeessesseses s, 23

2.3.2. Phwong phap phé tan xg Raman va hdp thy hong ngogi....................... 24



2.4. Phuong phap nghién ciu tinh Chat QUaNG...........cceveeeeeceeeeeeeeeeeeeee e 25
2.4.1. Phirong phap phé hdp thy quang NocC .........cc.eeeeveeeeeeeseesee e, 25
2.4.2. Phwong phap phé quang hupnh quang va kich thich hupnh quang........ 26
2.4.3. Do thoi gian song cra murc Kich thiCh .........co.eveieeeeeeceeeeeeee e 27

CHUONG I1l: KET QUA CHE TAO VA NGHIEN CUU THUY TINH
TELLURITE PHA TAP ION Th3 ..o 29

3.1. K&t QUA CRE t20 VAL THEU. ..., 29

3.2. PN tiCh CAU trUC VAL TIBU. ...ttt 30
3.2.1. Gidn @6 NNIEU X@ tA X....vvevvrieiiseieiee e 30
3.2.2. Ph6 NdpP thyr NONG NGOG ... 31

3.3. Nghién ctru tinh chat quang cia VAL lIBU. ...........ccvveeeeeeeeeeeceseeeeeeseeseees 34
3.3.1. Phé hdp thy VA thoNg S6 T8N KA .........cevveeeeeeeeeeeeeeeee e, 34
3.3.2. Lure dao dong tir VA thONG SO CLONG G ......eveeeeseereeeeeeeeeeeere e, 37
3.3.3. Phé kich thich, phé hupnh quang va gian dé cac mite ning heong .......40
3.3.4. Ti s6 phan nhanh ttr mac 5Da trong ion T3 ..., 42
3.3.5. Thai gian sdng va hiéu suat lugng ter cia Mac “Da ..o, 43
3.3.6. Céc thdng s6 phat xa cia chuyen doi SDa—"Fs.......cccovveveveeinsrerienennnn, 45

5 O 0 N O 47
DANH MUC CAC CONG TRINH KHOA HQOC CO LIEN QUAN PEN LUAN
VAN oottt bbbttt bbbttt 48



DANH MUC CAC KY HIEU

Ky hiéu Y nghia Pon vi

Ay X&c suat chuyén doi phat xa giita trang thai Jva I’ s!

Atp S6 hang bac l¢é trong khai trién truong tinh thé tinh -

a Hé sb hap thu -

B Ti s6 phan nhanh %

c Tbc do anh séng trong chan khong cm/s

C Nong do tap mol/dm?3

e Dbién tich cua electron esu

f Luc dao dong ta -

h Hang s6 Phlang erg.s

h Hang s6 Phling rat gon erg.s

ho Nang lugng phonon eV

I Cuong do huynh quang -

J Moment géc tong cong -

n Hiéu suat lugng ter %

n Chiét suat cua vat liéu -

m Khéi lwong electron g

A Budc song nm

v Ning luong caa chuyén doi cm?

S M6 men géc spin -

T Thoi gian séng ms

Q Thong s6 cuong d6 Judd-Ofelt cm?

w X&c sut chuyén doi st

o Tiét dién phét xa cudng buc cm?

z Tiét dién phét xa tich phan cm

AV Do rong hiéu dung cua dai huynh quang nm

u® Yéu t6 ma tran rit gon kép -
Khoang céch giira hai mirc nang luong

AE cmt
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MO PAU

Huynh quang tir cac ion dat hiém hoa tri ba (RE®*) pha tap trong cac vat liéu
quang hoc 1a mét huéng nghién cieu hip dan céc nha khoa hoc do ng dung phong
phU cta chiing trong cac linh vic: Chiéu sang, dan song, laser [1,2]. Mot trong nhiing
nguyén té dat hiém dwoc s dung nhiéu nhat trong cac wng dung thuc té 1a tebium
(Tb%"). Do phé phat xa cua Tb3 cha yéu nam trong ving kha kién nén Tb®* thuong
duoc st dung trong céac thiét bi chiéu sang, hién thi, pin mit troi [3,4]. Ngoai ra, dai
phat xa mau xanh la tai budc song khoang 543 nm thuong c6 dang dai hep vai cuong

d6 manh, vi vay Tb3* ciing duoc st dung trong ché tao laser [5-7].

Hién nay, vat liéu nén duoc str dung cho cac thiét bi quang hoc thuong Ia tinh
thé va thuy tinh. Trong d6, cic don tinh thé pha tap dat hiém thuong cho cac vach
phét xa hep voi cuong d6 manh, thoi gian sdng dai cia cac muc kich thich, do d6 vat
liu nay rat thich hop cho viéc ché tao thiét bi khuéch dai quang va laser rin [6,8].
Nhuoc diém cia don tinh thé 1 rat kho ché tao do yéu cau ngit nghéo vé cong nghé.
So véi vt liéu tinh thé, viéc sir dung thuy tinh c6 nhiéu thuan loi hon nhu dé ché tao,
dé dao déng, d& diéu chinh thanh phan va dé thu dwgc cdc mau co kich thudc lon.
Ngoai ra tiét dién phat xa cua thity tinh thuong 16n hon so véi tinh thé [7,8]. Trong
s6 cac thity tinh vo co thi thay tinh tellurite ¢6 nhiéu vu diém nhu ning lugng phonon
thap, chiét suat cao, do d6 thuy tinh tellurite pha tap dat hiém thuong cho hiéu suat
phat quang cao [1,4,7]. Tuy nhién, do hién tuwong tai két tinh manh cua TeO, nén
khong thé ché tao thanh cong thay tinh tellurite nguyén chét [9]. Dé tranh hién tuong
nay, mot s6 thanh phan bién doi mang (B20s, Al,Os, SiO2, K20, Naz0...) thuong
duoc bo sung voi ham luong trén 10% trong qué trinh ché tao thuay tinh [9,10]. Oxit
B20s ciing 1a mot trong nhitng vat liéu dac biét, n6 dong vai tro 1a thanh phan bién
d6i mang khi nong d6 nhé hon 30 % va 1a thanh phan hinh thanh mang véi nong do
vuot quéa 30% [10]. Nhu vay, véi nong do TeO2 va B,Ojs ciing vuot qua 30%, mang
thuy tinh hdn hop TeO2-B20s dugc xay dyng dya trén ca hai thanh phan hinh thanh
mang la tellurite va borate. Su hién dién ctaa B20s trong thuy tinh tellurite s€ tang do
bén, giam nhiét do ndng chay, giam do tai két tinh caa vat liéu. Ngoai ra, do sy khac

nhau nhiéu vé& ban kinh ion Te va B nén lubn c6 su twong tic manh giira hai thanh



