TAP CHI KHOA HQC TRUONG PAI HQC HONG DUC - SO 51.2020

NGHIEN CUU ANH HUONG CUA NONG PQ PHA TAP CARBON
LEN CAU TRUC CUA CAC MANG MnsGe;
PUQC CHE TAO TREN DE Ge(111)

Lé Thi Giang'
TOM TAT

Bang cdch két hop cdc phép phdn tich cau tric hién dai tir nhiéu xa dién tir
phadn xa nang lwong cao (RHEED), Kinh hién vi dién tir truyén qua do phdn giai cao
(HR-TEM) va gian dé nhiéu xa tia X (X-ray), nhém nghién citu dd xdc dinh dwoc
nong dé carbon toi da cé thé pha tap vao mang MnsGes ma khéng lam thay doi cdu
triic ciia ching la x = 0,6. Vieot qud nong do nay, cdc mang sé thay doi hoan toan
cau triic va chuyén sang dang da tinh thé hay vé dinh hinh twong ting véi nong dg
carbon x = 0,7 va 0,9. Nguyén nhan dwoc cho la do carbon ¢ nhitng nong o nay da
Vet nguong cho phép nén khong thé két hop dwoe vao cdc vi tri xen ké con trong
trong mang tinh thé dan t6i carbon dw thiva phd hiy cdu tric ciia mang.

T khoa: Mang mong, MnsGes, pha tap carbon.

1. PAT VAN BE

Cong nghé dién tir spin, thé hé ké tiép cta cong nghé ban din, s& duogc thuc ddy
phat trién mot cach manh mé néu tinh chét sit tr & nhiét do phong co thé duoc dua vao
cac thiét bj ban dan va cac mach tich hop. C6 hai phuong phéap da dugc sir dung dé tiém
dong spin phan cuc vao cac ban dan: sir dung tiép gidp khong ddng nhit kim loai sét tir
/ban dan thong qua hang rao dién moi hodc hang rao Schottky [1]; stt dung ban dan pha
loang tir nhw mét bo diéu chinh spin [2,3]. V61 phuong phép thtr nhét, van dé khé khan
gip phai 1a khong thé ling dong truc tiép kim loai sat tir 1én cac ban dan nén dé tao ra
16p tiép giap kim loai/ban dan. Phuong phdp thi hai bi han ché boi nhiét d6 chuyén pha
thap cua cac ban dan pha lodng tir (dudi nhiét 6 phong) [4].

Gan day, mot phuong an thay thé da duoc dua ra, trong do cac hop chét sat tr
nhu Fe;Si [5,6], Fei;Ge [7] hay MnsGe; [8-13] duoc phat trién epitaxy trén dé Si va
Ge va hoat dong nhu mot tiém spin. Trong s6 d6, duy nhat c6 hop chat MnsGe; 1a thé
hién tinh sét tir & nhiét do phong. Theo tinh toan ly thuyét, MnsGe; s& cho hiéu suét
tiém spin cao va co d¢ phan cuc spin 1én td1 42% [14]. Cdc mang mong MnsGe; da
duge chi ra 13 co thé phat trién mot cach epitaxy trén dé Ge (111), cho phép tiém tryuc
tiép dong spin phan cuc vao ban dan nhom IV [9-11,13]. Pic biét 1a mot s6 nghién
ctru d3 chi ra rang c6 thé 1am tang tir tinh va d6 phan cuc spin ciia MnsGes bang cach
pha tap mot luwong nho C [8,11,12] hoac Fe [6,15].
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Nghién ctru ly thuyét cho thiy, pha tap mot lugng nhé C s& lam ting nhiét do
chuyén pha cua vat liéu do cac nguyén tir C c6 ban kinh nho nén dé dang khuéch tan
dén céc vi tri tréng trong mang tinh thé. Mot sé nghién ctru thuc nghiém ban dau
theo hudng nay ciing da dugc thuc hién nhung chua dua ra dugc nong d6 C pha tap
toi uu [2,16,17]. DPé ¢ thé dua vao trong cac ung dung, vat liéu khong chi can ¢6
nhiét d6 chuyén pha cao ma con phéi gitt dugc céu tric 6n dinh vi qué trinh ché tao
cac thiét bi sé trai qua mot sb bude u nhiét. Chinh vi vay, trong nghién ctru nay ching
to1 thuc hién viéc pha tap C trong qua trinh ché tao céc mang MnsGe; va phan tich anh
huéng cta chiing 1én cu tric ciia mang, v6i hy vong dua ra duge ndng do C tdi da c6
thé pha tap ma van giit dugc cdu tric cua pha MnsGes.

2. THUC NGHIEM

Trong nghién ctru ndy, ching t6i lwa chon ché tao cdc mau MnsGe;Cy voi ham
lugng C khac nhau (x = 0,2 ; 0.4; 0,6; 0,7 ; 0,9) bang phuong phap epitaxy chum
phén tir (MBE) trén dé Ge(111). S& di chung t6i lua chon céc néng d6 nay boi 18
trong qua trinh ché tao, theo ddi trén man hinh RHEED bit dau tir ndng d6 x = 0,6
hinh anh céc soc ¢ dau hiéu md di nén & mau sau chung t61 da lya chon ché tao &
ngay ndng do x = 0,7 dé c6 thé thay dugc su chuyén bién rd hon vé sy hinh thanh cdu
tric cia cac mang. Cac mau duoc khao sat ciu tric bang gian db nhidu xa tia X va
kinh hién vi dién tir truyén qua (TEM). Tinh chat tir cua cac mau dugc khao sat boi hé
do tr SQUID. Két qua cac phép do s& duge phan tich va téng hop dé dwa ra ham
lugng C pha tap pht hop nham 6n dinh tét nhat cac ban dan sat tir MnsGes.

Lang dong epitaxy pha rin (Solid Phase Epitaxy - SPE) 1a phuong phap duoc st
dung dé ché tao cdc mau trong nghién ctu nay. Cac mang dugc ché tao trong moi
truong chan khong si€u cao ¢ nhiét do phong, sau do U nhiét. Dbi v6i hé miu MnGe, k¥
thuat SPE cho thiy nhitng wu diém ndi bat d6 1a: kiém soét chat ché nhiét do va thoi
gian u nhiét, xac dinh chinh x4c cac pha cAu tric dugce hinh thanh thong qua cac k¥
thuét phan tich trong chan khong siéu cao (RHEED). Qua trinh u nhiét khong chi lién
quan dén sy khuéch tin ma con ca cac budc phan ing tao mam va phan tmg héa hoc dé
tao ra cac lién hoa hoc trong hop chét. Viéc léng dong cac mang MnsGe;Cx dugc thuc
hién trén mot dé Ge (111) v6i bé mat sach. Trude tién chiing t6i cho ling dong mot 16p
dém khoang 40 nm nhim tao ra mot bé mat tot nhat cho viée lang dong 16p mang. Tiép
theo chiing t6i cho ling dong dong thoi cic nguyén tor Mn va C ¢ nhiét d6 phong, sau
d6 u nhiét ¢ 450 °C trong thoi gian 10 dén 15 phut @& kich hoat su khuéch tan giita
nguyen tr C, Mn va Ge. Cac nguyén tir carbon c6 ban kinh nguyén tor du nhé nén co
nhiéu kha ning két hop dugc vao mang epitaxy MnsGes thong qua qué trinh phat trién
nay. Ham lugng carbon dugc diéu chinh sao cho gia trj x thay d6i trong khoang tir 0,2
dén 0,9. Viéc tang nhiét do dugc thuc hién theo cac budc 10°C /phat dé ngédn chan sy
khuéch tan nhanh chéng va dam bao d6 két tinh t6t cua 16p mang.
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3. KET QUA VA THAO LUAN

Céu triic cia céc mang MnsGes;Cy duge xac dinh dua vao viéc phan tich cac két
qua tir RHEED, TEM d6 phan giai cao va gian d6 nhiéu xa tia X. Dya vao két qua thu
dugc tir thue nghiém, ching toi chia ra hai khoang ndng d6 carbon pha tap duoc xéac
dinh theo chat lwgng tinh thé cla cac mang: 0,1 <x < 0,6 va 0,6 <x <0,9.

3.1.Nong d6 C: x< 0,6

Nhu chung ta da biét, RHEED 1a k¥ thudt quan sét tai chd qua trinh phét trién
clia cac mau va dugce gin vao bén trong thiét bi ché tao epitaxy chim phan tor (MBE).
Céc hinh anh thu duoc trén man hinh cia RHEED cho chung ta biét thong tin vé kiéu
tang trudng (2D, 3D hay hdn hop) va ciu tric cia cac mang. Trong trudng hop cic
mang ¢ cung kiéu ting truong va cling cdu trac tinh thé thi hinh anh thu dugc tir
RHEED Ia hoan toan nhu nhau.

Trong khoang ndng do niy, qu4 trinh 1am thuc nghiém ching t6i da ché tao cac
mau x = 0,2; 0,4 va 0,6. Tuy nhién, két qua quan sat hinh anh RHEED trong qua trinh
thuc nghiém cho théy, o néng do x=10,2; 0,4 va 0,6 cac mang déu phat trién dang 2D
va van gitr cdu tric nhu ciia pha MnsGes. Hon nita, myc tiéu ciia nghién ctru nay 13
tim ra dugc nong d6 C pha tap sao cho mang van gitt duoc cdu trac tinh thé dang
MnsGes, nén trong phan nay ching toi chi dua ra nhiing két qua cua truong hop ¢6
néng d6 pha tap carbon cao nhét tuong ung véi x = 0,6.

Hinh 1 biéu thi anh RHEED dic trung quan sat duoc trong qua trinh phét trién
cua mang MnsGe;Cyx voi x = 0,6. Hinh anh RHEED theo hudéng [11-2] XUt hién cac
soc 1/3 va 2/3 chinh 13 dic diém cua sy tai cAu truc bé mit kiéu (3%x3)R30° cua mang
MnsGe; xuat hién sau khi dugc 0 ¢ nhiét d6 450°C. Ngoai ra, cac phép do khoang
cach gitra cc soc 1x1 cho thay cing mot gia tri thu dugc déi v6i mang khong chia
carbon MnsGes. Két qua ndy cho thiy ring mang 1a don tinh thé va két hop hoan hao
v6i dé, dong thoi ciing chimg minh ring viéc pha tap carbon trong trudong hgp nay
khong 1am thay d6i nhiét d6 hinh thanh pha cu tric cling nhu cdu tric bé mit va ca
khu vuc giao dién v6i dé Ge (111). Céc soc thé hién trén RHEED véi cudng do, do
nét va do dai rat rd rang ciing chi ra ring bé mit van 1a 2D dén nong do x = 0,6.

Hinh 1. Anh RHEED chup doc theo huéng [11-2]
(a) va huwéong [1-10] (b) sau khi ché tao mang MnsGe;Cy

50



TAP CHI KHOA HQC TRUONG PAI HQC HONG DPUC - SO 51.2020

CAu truc tinh thé ctia mang duoc hién thi bang hinh &nh TEM d6 phan giai cao
trong hinh 2 cho thdy mang 1a don tinh thé v6i chat luwgng rat tt va giao dién thay ddi
dot ngot & quy mod nguyén tir, khong ¢ khuyét tat nao xuat hién trong mang. Két qua
nay phu hop véi cac quan sat cia RHEED, chi ra rang su phat trién clia mang
MnsGesCy v6i x < 0,6 duoc kiém soat hoan hao trén dé Ge (111).
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Hinh 2. Anh TEM d9 phén giii cao ciia mang MnsGe;C

Nhiing két qua trén duoc khiang dinh lai bang phép phén tich nhidu xa tia X.
Hinh 3 cho thay sy so sanh pho nhiéu xa ciia 16p MnsGesCo g v6i 16p khong cé carbon
MnsGes. Tinh don tinh thé cua mang dugc khéng dinh boi sy ¢c6 mit cua cac dinh
MnsGes (002) va (004) chimg t6 cac mang c6 cung cau hinh cdu trac va huéng [001]
vudng goc voi mat phang cua mang. Hon nita, khong cuc dai nao khac xuét hién cho
thay rang carbon khong lam thay d6i trang thai ung suat trong mang MnsGes. Nhiing
dic diém cdu tric ndy xdc nhan rang carbon két hop khong gay ra bat ky bién dang
ndo cta cdc tham sb mang MnsGe; cho tdi néng do pha tap x = 0,6.
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Hinh 3. Gian d6 nhiéu xa tia X clia mang Mn;sGe;Cy moc trén dé Ge (111)
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3.2. Nong d9 C: x> 0,6

Phan tich hinh anh RHEED thu dugc khi chup cidc mang MnsGe;Coy; va
MnsGe;Coo theo hudng [11-2] cho thdy, cac soc 1/3 va 2/3 trong hinh 4a va 4b thé
hién su tai cau tric bé mat kiéu (3x3)R30° ctia mang MnsGe; gan nhu khong con. Ca
hinh 4a va 4b déu chi bao gdm cac d6m chung t6 bé mat mang gd ghé va mang dugc
phat trién dang 3D. Tuy nhién, mot s dom trén hinh 4a ¢ hinh dang kéo dai trung
Vi cdac soc 1/3 va 2/3 nén nhiu kha ning trong mang van ton tai cac dam co cdu tric
ctia MnsGe;. Nhin chung, ddy chinh 1a hinh anh RHEED ctia mot mang da tinh thé. O
hinh 4b, cdc ddm sang c6 cuong do kha yéu va trén hinh tdn tai cac vong dic trung
cho cac céu tric vé dinh hinh, vi vay c6 thé du doan mang MnsGe;Co o 14 v6 dinh hinh
va & mot vai vi tri van ton tai cac dam tinh thé MnsGes.

Hinh 4. Hinh Anh RHEED chup doc theo huwdémg [11-2]
ctia mang Mns;Ge;C, véi x = 0,7 (a) vax=0,9 (b)

Anh chup TEM theo mat cat ngang cua 15nm mang MnsGes;Cy7 va MnsGe;Co o
thé hién sy khong dong nhat trong cdu tric cua 16p mang. Trong mang MnsGesCy
xuat hién cdc dam c6 chit luong tinh thé tét, tuy nhién chi tdn tai cuc bd mot vai vi tri.
Céu tric ciia mang MnsGe;Coo qua quan sat trén hinh 5a thé hién dang vé dinh hinh.
C6 thé ton tai cac dam két tinh nhung khong quan sat duoc ¢ d6 phan giai nay cua anh
TEM. Nhu vay, cac két qua nay hoan toan phu hop vadi nhitng quan sat tir anh RHEED
trén hinh 4a va 4b.

Ge(111)

Hinh 5. Anh TEM tfing quat cua mang MnsGe;Cy; (a) va cua mang MnsGe;Cyy (b).

52



TAP CHI KHOA HQC TRUONG PAI HQC HONG DPUC - SO 51.2020

Theo nghién ciru 1y thuyét, khi pha tap C vao mang MnsGes thi nguyén tir C véi
ban kinh nho hon s& khuéch tén vao céc vi tri xen k& gitra hai nguyén tir Mny trong mang
tinh thé [6,10]. Vi thé, su thay ddi cu trac khi tang néng dd C ¢6 thé 1a do sb cac vi tri
xen k& con trong trong mang tinh thé chi du cho mot lugng C nhat dinh di vao cdu tric.
Khi ndng d6 C tang 1én thi lugng C du thira cang 16n va dan dén ciu trac MnsGe; bi pha
v0. Mot thong tin quan trong khac mang lai tir &nh chyp TEM d6 1a: giao dién gilta mang
va dé go ghé, khong rd nét. So sanh hai hinh 5a va 5b cho thdy, khi néng do pha tap C
cang ting thi giao dién gitta mang va dé cang bi mé rong. Nhu vay, nhiing khac biét nay
cho théy mot su thay ddi rd rang v& mat cAu tric khi phatap C bat dau tir n6ng dox=0,7.

4. KET LUAN

Nhu vy, tong hop cac két qua phén tich cu tric ¢ trén ching ta c6 thé két luan
rang: Viéc pha tap carbon dong thoi trong qué trinh ché tao mang MnsGes hoan toan c6
thye hién dugc ma khong lam thay doi cau tric caa mang véi ndng do carbon x = 0,6;
Khi ndng d6 carbon pha tap vuot qua gié tri ndy, ciu triic cia mang bi thay d6i, khong
con 1a don tinh thé MnsGe; ma s& 13 da tinh thé hodc vo dinh hinh. Viée dua ra duoc
ndng do pha tap carbon téi wu nhat dé vira c6 thé 1am tang nhiét d6 chuyén pha va lai
van gift duge cdu trac dang don tinh thé MnsGes ciia mang can phai cé thém céac két
qua do tinh chat tir cia cac mang. DAy s& 1 nghién ciru tiép thheo cia ching toi.
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STUDY THE EFFECTS OF CARBON CONCENTRATION
ON STRUCTURAL PROPERTIES OF Mn;sGe;
THIN FILMS GROWN ON Ge(111)

Le Thi Giang

ABSTRACT

By combining the results from the structural analysis of Reflection High Enegy
Electronic Diffraction, High resolution-transmission electron microscopy (HR-TEM)
and X-Ray Diffraction, the maximum concentration of carbon which can be doped
into MnsGes films without changing their structure has been determined to be x= (.6.
Exceeding this concentration, the films structure turns into polycrystalline or
amorphous corresponding to carbon concentrations x = 0.7 and 0.9. These change
due to the fact that C at these concentrations has exceeded the permissible threshold,
leading to excess C destroying the film structure.

Keyword: Thin films, MnsGes, carbon concentration.
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Cong hoa Phap da giup do chung toi trong qua trinh thuc hién nghién cuu nay.
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