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ABSTRACT

This thesis is used nuclear magnetic resonance to study the topological insulator
of BioxMn,Ses.  Bix.xMnySe; grown by Bridgeman Method with x=0,x=0.05 and
Chemical Vapor Transport with x=0.01,0.03,0.05,0.15,respectively. We measured
the 2®Bi NMR signals of Bi,.\Mn,Ses.

According to the emerging peak position of 2®Bi specturm, we infer that the sign
of the frequency shift caused by the Mn ions is negative. The negative frequency
shift in a semiconductor strongly depends on the band structures that determine the
orbital involved in the spin transfer and the sign of the g-factor in the contact
interaction. We found the emerging peak of Bi,.xMn,Se; at around 20 K implies a
magnetic short-range correlation.
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4-1-1. Bi,Se; e NMR #7 #

B AL kg BioSes 1 29Bi NMR 48 2% 12 3542 7 % Mn-doped 5 Bi,Ses
WEH G P o A Figure 4-1 > p4E 3 Bodh kR 4 R 1 AR L 2 B
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—Bifse #1
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65.77kG || ¢ Bi,Se #3

42K
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Figure 4-1 % = %42 Bi,Se; ¢ Bi#7

Figure 4-1¢ “®Bi#gz# % = # 7 k %l 42 :Bi,Ses > # 5 — % chemical vapor
transport ; tk &= & traveling solvent zone ; % &= & self-flux growth - & B+ 5
PR RIFHFE R SO E S N5 B0 BiSes? chfy 4 Ka 4o 0 Sez 4% 2 Bi
antisite(Bi4s = |Se % ) ¢ & 47 3% s 510 4GRS R R
B ke g oo Bl jiFigure 4-LipE Y F g AR SR EEFUL 2
R B R G TR BRI AR T 41 F]lquadrupolar
effect® & 2 ¢4 {Ipeaks » i& % 77 Bi,Ses® Bi ¥ 3 — fésite » #F3# ¢ & A it g Tl

Bi,Sez % o it % Bi antisitesr3t 55 -
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4-1-2. Bridgeman Method | # Bi,.,Mn,Se; &7

NMR #7 3

A pEerB~18 4 Bridgeman Method R stk &5 & B @ H - L K333 Mn s

BioSe; ; H = % 332 Mn k& x=0.05 7 Bi; g5sMngg5S€e3 ©

T
(Bi:_hI\-Ink)Ses (Bridgeman) \ s x=0
:-Z‘;Bi
Blle. 42 K

Intensity (arb. units)

Frequency shift (%)

Figure 4-2 Bridgeman Method # & Bi,Se; 2 Bi;gsMngosSes 1 2°Bi 47 2%

Figure4-2 % v P en®Bisgzt o & ¢ & M L& * 3% (2-13) 4 curve-fitting 74 ¢
% %d 2 Fd ond ME9 B E W] e ihpeaks.

Bl® A+ BiSes#fz#yr * His = ;2 % % 1 Bi,Ses #7 3 (Figure 4-1) £ 7 % >
e HE DA M e 3 5 i 4 o * Bridgeman Method  # 21 %k ek & 5 B LIS o
P Mn g P EFETHHRIEE AT 0 &1 BilgsMngosSes #F 3 cra B
g+ ;%gr} curve-fitting =4 47 4 1 BiyosMnoosSes s 38 & /L = 45 > & IR
kT ante mix L - B Bisite R EE o &R F BipgsMnggsSes ®
IBi DS At d 7 B IRB R 0 B A B 5% AT Mn i $ h Bi site 2 %

@ #8315 Mn #ib ¢h Bi site -
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4-1-3. Chemical Vapor Transport % # Bi,,Mn,Se;

1 NMR #7 3

d CVT @& ehie 24 » B » B¢ K430 BiSest & BH £ w5312
AN T A FAH T R VHER SR ¥ e B8 Mn o2 kR X
A u] % x=0.01~ x=0.03 ~ x=0.05 2 x=0.15> j&AFH G 7t g LR F 2 A £

HETE LI VIR SN A

LU L L L L I
. w— =0 (CV T, without annealing)
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200 .
Bi. 4.2K ——=0.03(CVT)
=005 (€VT)
=015 (€VD)
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-3 -2 -1 0 1 2 3 4
Frequency shift (%)

Figure 4-3 CVT 2 & Bi,Sez % Bi,«Mn,Se; =7 Bi #7 33
Figure 4-3 # 2 & fowwed & %] 513V {r X 131 BioSes 1 Bi 473 - & F #1 ¥

PR — fR o AT X eh BipSes ¥ 2§ intensity anomaly R % o it F

quadrupolar peaks %47 & (< £ » &9 ViE 1 BiSes 4p vt & R A o
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T
(Bi,_ Mn )Se.
BRI 42K

x =0 (CVT, withoutannzaling)

[ntensity (arb, units)

Frequency shift (%)

Figure 4-4 % i BipyMn,Ses 11+ 3= 2Bi 47 3

Figure 4-4 ¥ %49 L 2®Bj #2245 54 (2-10) » * 9 & Lorentzian 4 i

curve-fitting - U F A E 4945 = 350

5K = /5BZ+(n5cg)2 (n=-4~3£2,-10,1234) (4-2)

H? 6K, ¢ % n i quadrupolar peaks =g 5 7% (Frequency Shift)

0B : magnetic broadening width
6Q : quadrupolar broadening width
n : quadrupolar peaks

6B/5Q=1 5B/5Q=025

Intensity Intenszity

a. quadrupolar peaks i~ % 7 % b. quadrupolar peaks i+ ¥ % %

Figure 4-5 Bi,,Mn,Ses #7 33 -
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A IR dQ=0.17 ¢ dB=0 %k et & 7 B #icdy o -~ o quadrupolar A F F vk
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chf e it i 3 1T s g R spin transfer &2 g-factor (o f & o] > A0
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Bdri® » daMn S SEEs 4 7 o Mn . Binearest-neighbor # F= site sh#ic g 4~ #
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d Figure4-6 ¥ fw 2 & Mn ek & © Bi 270 Mn B+ B8 5 4 7+ > kR
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4-2 ~ CVT %l & e Bi,,Mn,Se; B}

”~

6 — & NMR#E3# chpeak % 1t = 5 914 #2 Mn i 4 Bi,Se; e— 4 545 »
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4-2-1. BipgeMngnSe;
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i ! k ) ! j 9,00 - Equation: y = chi0 + C/{x-theta)
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,2'_) i ol
= 106107 - gy
ho [ %m%%
y 'm
-1.0x10" L L 1 L
150 200 250 300
Temperature
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Figure 4-8 BiygsMngoiSe; # & o8 A T e 2Bi #f % 7 2 i &
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4-2-2. Bi1.g7M Np 03S€3
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4-2-3. Bi1.g5M no_o5seg
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o
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4-2-4, Bi1_85M n0_15893
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i Equation: y = chi0 + C/(x-theta)
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= T 800’ - C  0.10166=00085
= L theta 459445283904
= 7.0x10* chi0  -0.00008= 0461E-6
2 :
z o
w
3
=
=
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