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TOM TAT

Trong bai bao nay, ching to1 trinh bay cac két qua thuc nghiém dé chi ra co ché an mon andt
tnre tiép SiC trong dung dich hydroflont (HF) loing Mét 16p Si1C x6p d3 duoc tao ra trén mang SiC
vd dinh hinh (aSiC) bang an mon andt & ché d6 6n dong trong dung dich axit hydroflorit lodng voi
dung mdi ehtylen glycol (HF/EG) hoic nudc (HF/H-0). Két qua cho thay su phu thudc cia hinh
thai 1ép aSiC xop vao mat d6 dong andt trong hai trudng hop trén 1a khac nhau cho mds trudng hop
Cac nghién ctru tiép theo cho thidy rang nguyén nhan cta su khac biét ndy nam & diém gan nhu
khdng co nudc trong dung dich HF/EG loding Do su khan hiém nudc trong dung dich dién phan, o
tat ca cac mat d6 dong andt aSiC phéan ung truc tép vér HF cia dung dich dién phan, tao ra mét hop
chat giita Si va HF, hoa tan vao dung dich va cacbon tir do Sau do, mét phan ctia cacbon duoc oxy
hoa thanh 8xit cacbon bing nude ¢é trong HF va bay hor di, trong khi mét phan khac con lat trén bé
mit in mon, tao thanh mot bé mit giau cacbon Trong khi do, trong dung dich HF/H,0 lodng, vai
su gia ting cua mat d6 dong andt, su in mom andt aSiC thong qua phan Ung truc tiép cua aSi1C voi
HF di dan dan dwoc thay thé boi su an mon thong qua qua trinh éxy hoa, dién ra bot phan ung cia
as1C vol nudc trong dung dich dién phan

Tw khoa: S51C xdp; an mon andt, oy hoa andt, HI, Fthylen glycol

ABSTRACT

In this paper, we piesent the experimental results to indicate the anodic etching mechanism
directly S1C 1n the dilute hydrofluonc (HF) solution A porous layer has been created tn amorphous
SIC (aSi1C) thin films by constantcurrent anodization 1n a difute solution of hydrofluoric acid n
either ethylene glycol (HF/EG) or water (HF/H-()) The results showed that the dependence of the
morphology of the porous aSi1C laver on the anodic current density 1 the two cases is different from
each other The follow-up study showed that the cause of this difference hes in the almost absence
of water in the dilute HF EG soluton Due to scarcity of water 1n the electrolvie, at all current
densities aSiC reacted directy with HF of the clectrolvie creating a compound between S1 and HF
which 15 dissolved mto the solution and free carbon Then a portion of the carbon was oxidized 1o
carbon oxide v water which 1s contained 1n the 11F and es aporated awav. while another part wdas

lett on the ctched swface. forming a carbon-tich surface NMeanwhile in the dilute HEF -0 solution
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with the increase of the anodic current density, the aSiC anodic etching through the direct reaction
of aSiC with HF has gradually been replaced by the etching through the oxidation, which has taken

place by the reaction of aSiC with water of the electrolyte.

Keywords: porous SiC; anodic etching; anodic oxidation; HF; Ethylene glycol.

1. Gidi thiéu

Silic cacbua (SiC) van dang tiép tuc gianh
duge su chi ¢ tir cac nha nghién ciru trén toan
thé giéi khi ho ¢b ging dé diéu chinh né cho
cac tng dung mdi. SiC co nhiéu loi thé hon
silic (Si), bao gdm ving cdm réng hom, su 6n
dinh tuyét voi hon, chbng lai sy dn mon cia héa
chit, dién trudng danh thing cao, d6 din nhiét
|6n va nhiét d6 néng chay cao hon Giﬁng nhu
Si. néu SiC duoc thuc hién dé trd nén x6p & cip
d6 nano, nd s& c¢o tinh chat dic biét ma trudc
d6, trong trang thai khoi, nd khoéng cob, ching
han nhu sy ting cuong phat sang quang [1} va
sr ting d6 nhay v&i mét sb loai hoa chat nhét
dinh [2, 3]. Vi Iy do nay, vat liéu SiC x6p SiC
d3 thu hut su chi ¥ clia rat nhiéu ciac nhém
nghién ciru. Trén thé gidi, viéc nghién ciru dé
ché tao SiC x6p duoc bit ddu tir déu nhiing
nim 1990, dén nim 1993 Shor la cic ddng
nghiép [4] dd cong bd cac két qua nghién ciu
vé #n mon andt dé tao ra 16p S1C x6p Sau Shor
cac nha nghién ctru tiep theo hau hét da stz dung
k¥ thudt &n mon andt SiC trong dung dich dién
hoa la dung dich cua axit hydroflorit pha lodng
bang nude (dung dich HF/H,Q)

Lién quan dén co ché in moén andt 1am
x6p S1C trong dung dich nuéc ciia HF, Shor va
ddng nghiép cling 1d nhitng nguodi déu tén dé
xuit co ché an mon ha budc bude 1 13 qua
trinh &xy hoda cua SiC thanh silic &xit va
cacbua dxit, bude 2 13 su hoa tan/bdc hai cia
Oxit da duoc tao thanh [5] Sau dé, co ché nay
dd nhan duoc su ung hé cia nhiéu tac gia khac
[6-9] thong qua cac két qua thuc nghiém Theo

gia thuyét ctia Shor, qua trinh 6xy hoa Si1C xay
ra thdng qua cac phan tng sau
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SiC + 4H,0 + 8h* — 8i0; + CO,1 +8H' (1)
SiC + 2H,0 + 4h* — Si0 + COt +4H™  (2)

Laru ¥ ring & ddy cac 18 trong (h") 12 cén
thiét cho qua trinh 6xy héa SiC x4y ra. Sau
qua trinh oxy hoa, trong khi CO; hodc CO bay
hoi thi 810, hodc 510 tr cac phan Ung nay sé
dugc hoa tan trong dung dich HF trong dang
thirc H,81F¢ thong qua cac phan tng sau

Si0; + 6HF — H,SiFs + 2H,0 3)
Si0 + 6HF — H,8iFs + H,0 + 2H" (4)

Nhu vay, theo g12 dinh cua Shor va
ddéng nghiép thi khi &n mon andt SiC trong
dung dich HF/H,O, silic bi dn mon gian tiép
(théng qua qua trinh 6xy hoa). Trong khi do,
nhu d3 dwge biét, khi in mon anét Si trong
dung dich HF/H,O, silic duoc hoa tan theo
hai co ché an mon truc tiép va &n mon gién
tiép (xem tao liéu [10]) Trong co ché thi hai
tAt ca mor thi 1a twong tu nhu nhiing gi da
duoc trinh bay & trén, cu thé la dau tién silic
duge 6xy hoa thanh 6xit silic, tiép theo 1a su
hoa tan cua oxit vao dung dich bdi phan ung
cia né véi HF, trong co ché dau tién silic
duoc giai thé truc tiép théng qua phan imng
cua nd vér HF cua dung dich dién hoa duo
phan ung sau day:

Si + 6HF + 2h" — H,SiFs + Hpt +8H™  (5)

Bén vi nhiéu tinh chat vét 1y va hoa hoc
cua Si1C [a tuong tu v St mdt cdu hoi duoc
dit ra, @6 1a s hoa tan tnec tiép cna silic trong
SiC cé thé xdy ra hay khéng trong khi in mon
andt $1C? Chung t&1 mudn tim hiéu vin dé nay
bang thuc nghiém va két qua cla nhitng nghién
ctiru nay duoc trinh bay trong bai bao nay. Luu
y rﬁng theo cac phuong trinh phan ung (1) va



TAP CHf KHOA HOC DAl HOC TAN TRAQ

(2), qua trinh 6xy hoa xay ra chi khi co nudc
trong dung dich dién phin. Do d9, dé giam
thiéu khd ning 6xy hoa cia dung dich dién
phén (tirc 14 ciing han ché t6i da kha ning hoa
tan gian tiép silic trong SiC), chung t6i di st
dung dung-dich &n thon hau nhu khong chia
nurde, cu thé 1a dung dich cia axit hydroflorit
trong ethylen glycol (HF/EG). Hon nita, bdi vi
HF thuan tiy thuong mai ludn ludn chira mot ty
1¢ Ién nudc (khoang 40-50%), do do dé lam
giam luong nudce trong dung dich dién phén,

chiing t3i s dung dung dich HF rit loiing Cac
két qui nghién ciru cho thiy rang trong dung
dich dién phan pha loing cia HF bing EG, silic
trong SiC duoc hoa tan tnrc tiép vao dung dich
nhu chung ta mong doi. Ngoai ra, vi khong cb
du nuoc trong dung dich dién phén dé Oxy hoa
cacbon, nén bé mit SiC sau in mon di tro
thainh mét bé mit giau cacbon. Thuc té, trudce
ddy, mot sO tAc gia ciing su dung dung dich
HF/EG cho in moén andt SiC [11-13], nhung
khong giéng nhur chiing t8i, ho di st dung ndng
dd HF twong d6i cao (ty 1é khéi luong HF/EG
st dung la ctia 1/3 dén 1/1),

Lién quan dén su in mon andt SiC trong
dung dich HF/H,0O loang, cic két qua chinh cia
nghién ciu vé van dé nay di duoc chung thi
trinh bay trong tai liéu tham khao [14] Trong
bdo cdo nay ching toi sé chi trinh bay cac két
qua ctia nghién ciru vé in mon andt SiC trong
dung dich HF/H;0O loing véi nong d6 HF gidng
nhu trong dung dich HE/EG lodng, dé tao thuan
lo1 cho viéc so sanh cic co ché in mon SiC
trong hai loal dung dich véi nhau

2. Thi nghiém

Vit liéu ban dau 1a cic mang SiC v
dinh hinh (aSiC) khéng pha tap day 3 um, ché
tao bing lang dong hoa hoc pha hos ting
cudng plasma (PE-CVD) trén dé don tinh thé
Si (100) Vit liéu ban dau nay duoc ché tao tai

Vién Dimes, Dai hoc Cong nghé Delft, Ha Lan
[15]. Trong nghién ctru nay, chung td1 ché tao

mét lop x6p & bé mit ciia miang mong aSiC
bing in mon andt, véi mot dong dién khong

d6i, trong dung dich axit HF hoa tan trong
ethylen glycol (HF/EG) vdi nong dd HF 0,5%

theo thé tich. Céac chét héa hoc dugc st dung
I4 céc chat tinh khiét v6i nong d6 nhu sau: HF

- 40 %, EG - 100 % theo thé tich. Can cha y

ring trong dung dich HF/EG st dung van con
mot luong nhd mréc, bl vi trong axit
hydroflorit duoc st dung, nong 46 HF chi 14
40%, con lai 1a nudc Cu thé hon, trong dung
dich 0,5% HF/EG trén, néng d6 cha nudc la
0,3% theo thé tich. Trong thi nghiém, dién cuc
andt aSiC duoc dit song song vol di€n cuc
catdt ludi bach kim, hai dién cuc duoc dit

cach nhau 2 cm. Trudce khi andt mot 1o0p nhom
duoc bdc 1én trén mit sau cia mau dé tao ra su

tiép xiic dm mic, qua trinh nay cho phép cac
mau aSiC dé duoc str dung nhu mét dién cuc
Pé dam bao rang chi co bé mat aSiC duoc tiép
xu¢ voi dung dich dién phan trong khi dn mon

anOt, mat sau va cac canh cua cac mau duoc
bao vé bang mot |&p polytyren, nhu da thuc
nién trong cong bo trudc ddé cua chung td

'16] Hinh thai bé mit cla cac mau sau khi ché
tao duoc nghién ciru bing kinh hién vi dién tr
quét (SEM) S4800 cua hidng Hitachi Mit cit
cla cac mau nay duoc khao sat bang cach bé
pdy cac miu sau d6 chup SEM mit cit ngang.
Hé pho ké tia X phén tan theo ning luong
(EDX) gan lién véi may SEM la hé duoce su
dung dé phén tich thanh phin nguyén to cua
cac mau aSiC trude va sau kht #n mon. Phé
héng ngoai truyén qua (FTIR) phd cda cac
mau aSiC cing duoc ghi nhidn bang hé
IRAffinity-1S (Shimadzu, Nhit Ban) dé phén
tich cac lién két héa hoc cia cac mau aSi1C x6p
va mau aSiC ban dau

SO 03 - THANG 7 NAM 2016 09



TAN TRAO UNIVERSITY JOURNAL OF SCIENC:

3. Két qua

Trén cot bén tra1 va gita Hinh [ 1a
nhitng hinh 4nh SEM bé mat (cac hinh anh &
A dén D) va mit cit ngang (hinh 4nh tr diém
a dén d) cua bon mau aSiC duoc dn mon anot
30 phuat trong dung dich 0,5% HE/EG, voi
mat do dong anOt tuong Ung 14 0,5; 1;0; 2,0
va 2.5 m/ cm® Cac anh SEM nay cho thay
ring tit ca cic mat 36 dong andt déu di tao ra
cac 16 x6p véi cac d6 sdu gan nhu nhau, khi
in sidu xudng cac 186 xop nay tach thanh cic
nhanh, din dén su hinh thanh cac cum 18 xdp
kiéu dam ré cay (cluster-root-like) Khi mat
d6 dong andt ting, mat dé 10 cling ting tuong
ung, cung véi cac kich thude 16 xdp ciing tro
nén 1on hon Nhiing két qua nay co su khéc
biét so voi cdc két qua ciia in mon andt aSi1C
trong dung dich 0,5% HF/H.O Dé so sanh,
anh SEM mit cit cia bon mau aSiC xdp an
moén andt 50 phat trong dung dich 0,5%
HF/H,0 véi mat do dong andt twong ung 13
0,5, 1,0, 2,0 va 2,5 mA/cm® cling duoc thé
hién trén Hinh 1, trong ¢6t bén phai ¢(hinh e
dén h, twong wng) Nhu ching ta thay, trén
cot nay, khi aSiC duoc an mon trong dung
dich HF/H-0, vor su gia ting mat d6 dong
anot hinh thai cua 16p xop thay d6i dan din
Luc dau (¢ mar dé dong thap, cu thé la & muc
0.3 mAKcmE)? hinh thar mat cit cua [dp 16 xép
cd dang cum ré cay @1déng nhu cia lop aS:iC
xOp An mon trong dung dich 0,5% HF/EG,
sau d0 b thay thé boi ciu tmic hinh cot
(columnar) {v41 mat d6 dong andt & miic
trung binh, cu thé la & muc ! 0 hoic 20
mA/cm), uép sau cac cot xop dugc mo rong
va dong thot it ngin lar (vor mat do dong
cao, cu thé la 2.5 ma/em™) Nhinmg két qua

nay da dwoc trinh bay trong [13] va su thav
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déi hinh thai coa cac lop aSiC xop khi mat 44
dong andt ting di duoc giai thich bol su gia
ting cla qua trinh 6xy hoa aSiC dé tao ra silic
va cacbon 8xit, két hop véi su khong thay doi
clia ty 1€ bxit silic bi hoa tan. Ly thuyét ndy
cia ching t&i da duoc kiém ching bdi C.
Chen va déng nghiép [17] khi nghién ciru an
mon  andt 4H-SiC  trong dung dich
I‘IF‘C;HjOHZHzOg =3 6:1.

Két qua thé hién trong Hinh 1 got v ring
cd 1& & mat dong andt thap, vi di nhu & mic
0,5 mA/ecm?, co ché in mon cia aSiC trong
dung dich HF/EG va HF/H,O la tuong
nhau, sau d6 ¢ mat dé dong cao hon, su in
mon chic chin xay ra dudi cic co ché khac
nhau Nhu dd nd ¢ trén, trong dung dich
HF/H,0 & mat d& dong andt dd 16n thi su an
mon ciia aSiC xay ra theo co ché an mon hal
bugc Tuy nhién, trong dung dich 0,5%
HF/EG chi c6 rit it nudc cho qua trinh dxy hoa
(chi c0 0,3 % nude trong dung dich 0,5%
HF/EG), nhung su &n mon aSiC van dién ra.
do @6, chic chan 1a su 4n mon cua silic trong
aSiC xay ra theo co ché in mon truc tép Nhu
vay, ching to1 di duoc chirng minh bang thuc
nghiém rang, khi khong co nuge tiong dung
dich dien phan, nhu trong truong hop cua dung
dich 0 5% HF/EG, silic cua aSiC di duoc an
mon bar su hoa tan trnrc tép vao dung dich
Lién quan dén cacbon trong aSiC, nhu da biet
cacbon chi co thé duoc loai bo thong qua qua
rinh oxy hoa, vivav néu khéng co du nudc dé
oxy hoa cacbon, thi mot phan cua cacbon |a sé
1on tal trén bé mat ma khong b loar bo Do do.
hé mat cua mau sau kb an mon sé o thanh

mot bé mat erau cacbon
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Hinh 1. Cac anh SEM bé mict (cot bén treu) va mcit cat (cot giiia) cua bon man aSiC duoe an mon

andt 30 phatt trong dung dic 0,.5% HI- EG vor mdr do dong dien hoa (A, a) 0,5; (b, b) 1.0; (C, ¢) 2.0 va

o L) e ] o .._: - - x :' 1 L] — - ] - =
(D, d) 2,5 mA e, ciing ndur andy SEN mat car (ot bén phar) cua bon mdn aSiC éda duoce an mon anot 30

phuit trong dung dich 0,5% HIH-0 vor mdt do dong anor (e) 0.3, () 1.0; (g) 2 0va(h) 2,5 mA cnr.

Pé kiém tra tinh chinh xac cua cac két
qua trén, chung to1 da nghién ciru thanh phﬁn
hoa hoc cia bé mit mau sau khi an mon, bing
cach st dung phan tich EDX Cac két qua
duoc trinh bay o Bang 1 Két qua EDX cho
thay rang kht su dn mon aSiC duoc thue hién
trong dung dich HF, H-O, nﬁn}:: do Oxy trén hé
mat cac mau (aAng dan cung voi su ting lén
cia mat do dong anot (ta 3.9%% o muc 0.3

mA/cm™ den 8 8%y o muc 2.5 m\vcm™ ) Ket

]

qua nay phan anh thuc te rang khi tane mat do

dien hoa. sthe oxat s€ con lar trén be mit ngay
cang tro nén nhicu hon Neuoc la, khi su an
mon aSC duoc uen hanh trong dung dich
HF EG. nong do 6xv trén bé mau ludn rat
'Lh'j]“r () [fli ca cac mat do [1L'"#1"IIE:T_ 10T l];h{']ﬂng [
0

2%) va thap han nhieu (thap hon khoang 4

lan) so vor cua cac mau an mon trong dung

dich HF/H-O o mat do dong tuong ung Thuc
té nay ching to rang trén bé mit cac mau an
mon trong dung dich HE/EG ludn co rat it
oxit silic, no1 cach khac, thuc té nay cing
chumg minh rang cac mau an mon trong dung
dich HF EG xay ra khong phat theo con
duong cua qua trinh oxy hoa Lien quan den
nong do cacbon trén bé mat. Bang | cho thay
ring trong khi luon co mot luong du cacbon
(du thua so vaor ty le nguyen  SwC gan |
cua mau khong an mon) trén bé mat cua mau
an mon trong HE LG, su du thua nay khong
duoc quan sat thay wrén cac mau duoe an mon
rong dung dich HE'H-O Chung (& mudén noy
them rang cac cacbon du thua tren be mal cua
tit ¢a cac mau an mon trong dung dich

HF EG. o tat ca cac mat do donge luén la hon
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Bing 1. Ham lwong nguyén tir (theo%) cua nguyén 16 O, S1 va C cho cdc mau aSiC da dwoc
in mon anot 30 phiit trong 0,5% HF/EG va 50 phit trong dung dich 0,5% HF/H ;0 voi mdt do dong
andt 0,5: 1,0; 2,0 va 2,5 mA/em’, tirong ung.

Ham lirong nguyén ti¥ trung binh (theo %)

Mit d6 dong | M4t d6 dong andt | Mat d6 dong andt | M4t dd dong andt

Maiu so _
Nguyén ik | 200t 0.5 mA/cm’ 1,0 mA/cm® 2,0 mA/cm’ 2,5 mA/cm’
(o (ITIE.LI Dung Dung Dung Dung Dung Dur_[g Dung D'I.Il'lg
khéng | 5 p | dich | dich | dich | dich | dich dich dich

anmon) | ypee | HF/H,0 | HF/EG | HE/H,0 | HF/EG | HF/H,0 | HF/EG | HF/H,0

0 0,3 1.0 3.9 1.2 41 2.0 6.9 2.2 8.8

51 494 379 49 9 58.2 5303 38.8 51,3 39.1 34,2

C 50,3 61,1 46 2 60,6 45.6 59.2 41,8 58,8 37.0
hat muot phan trdim Do d6, cic dit lidu thé col [& tong cta hai phan Gng (7) va (8), vdi
hién trong Bang 1 ching nunh tinh hop ly cua diéu kién Ja tat ca cac cacbon thu duoc sau
cac phan doan cla ching téi vé co ché in mon phan ung (7) hoan toan b1 Oxy hoa dudi su
truc tiép SiC trong dung dich HF nhu d3 trinh phan tng (8) Tir cac két qua thuc nghiém thu
bay ¢ trén duoc, ching toi cho rang trong dung dich nudc

Kha ning hoa tan truc t]ép cua silic trong cua HF (trc la trong cac dung dich cua
S1C bo1 HF trong dung dich an mon cung vos HF/H>0), phan ung (9) sé dién ra, trong khu
viée tao ra cacbon tu do |2 mét diéu hop ly vé trong mot dung dich khéong chira nude (Chéﬂg
mat nhiét dong luc hoc Ly thuyé‘t nay da duoc han nhu trong cac dung dich HF/EG lodng)
Rerbal va dﬁng nghiép de cap t¢1 trong tai liéu cac phan ung xay ra chu }’é‘-l la phan ung (7)
tham khao [18], & ddy su in mon dién ra thong va cht mot F'hf;i“ cua cacbon thu duoc tu phan
qua phan ung sau ung (7) s€ tham gia cac phan Ung (8) Cac lap
SIC + 6HF + 4h™ — H-SIiF, + C = 4H" (7) luan trén la dang che su an mon trong dung

, o 1 . dich HF/EG ¢ tat ca cac mat d6 hién tar andt,
>au khi phan ung nay, néu ¢é nudce trong dung ‘ ) ‘ ,
A A S a , h con khr an mon trong dung dich HF/H,O no
dich dién phan, cacbon co thé bi 6x1 héa thanh e : _
chi phu hop vor mat do dong andt nho Trong

cacbon didxit va bay hot di theo phan tmg [23] dung dich HE/H0 & mat d6 dong 160 SiC sz
2 =

C ~2H.0+4h™ — CO.1 + 4H" (8) han , e dé tao 1a < ~

‘ phan Ung vor nuoc dé tao ra silic va cacbon
(ting TTC’*}B 23], Rerbal va dong ngliép da chi oxit, sau do oxit s€ duoc hoa tan vao dung dich
ra qmét s phan ung khac cling cd thé xdy ra hoic boc hoi, ‘i vav cac phan ung (9) sé
ching han nhu khong dién ra nla

SIC~06HF ~2H-0 48 — FL.ST..- CO-—8H (9)
Phan ung nay cing da duoc dé xuiar boi

Shishin trong [19] Phan ung (9) co thé duoc
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Hinh 2. Phé FTIR ciia mdu aSiC mdu khong
idn mon (dwong cong (1)), mau aSiC dn mon &
mdt dé andt la 0,5 mA/cm’® 30 phit, trong
dung dich 0,5% HF/EG (Guong cong (2)).

Pé chimg minh chic chin su dur cita cacbon
trén bé mit va dang tdn tai cliia nd trén cac mau
aSiC xop &n mon andt trong dung dich 0,5%
HF/EG, ching t8i tién hanh ghi phd FTIR cia céc
mau aSiC x6p. Cu thé, trén Hinh 2 14 phd FTIR clia
hai mau aSiC, dudng cong (1) 1a phd FTIR ciia mét
mau tnrée khi &n mon, dudng cong (2) 13 cha mau
an mon trong dung dich 0,5% HF/EG vdi mat do
dong 1,0 mA/em? trong 30 phit Trong phd FTIR,
méi quan tAm dAu tién cia ching t6i 1a dinh nim &
khodng 2876 cm™, dinh nay lién quan dén cac kiéu
dao déng kéo dan (stretching mode) ciia lién két
CH; hoac CH; [20-22]. Su hién dién cuoa dinh &
2876 cm’” cho thiy trén bé mit clia lép aSiC xdp in
mdn trong dung dich HF/EG t6n tai cac lién két hoa
hoc cia cacbon vai hydro. Viée gia tang cuong do
dinh nay sau khi in mon cho thay ring s6 luong cac
nguyén tr cachon trén bé mit mau d3 ting lén, co
nghia 12 mét 16p gidu cacbon di xuat hién Cac dinh
trong phd FTIR khac nhu cac dinh & 1368 va 1396
cm” tuong img vai cac kiéu dao dong udn (bending
mode) ctia lién két CH, va CH; [21], cac dinh nam
& 1589 va 1631 cm™ tuong tmg voi kiéu dao aong
kéo dan ctia lién két C-C [28], dinh nhé quan sat
thdy & 1730 em™ duoc cho Ia cia kidu dao dong keo
dan ciia lién két C=0 [24]. Luu ¥ ring it ca cac
dinh dé cip o trén déu cb lién quan dén cacbon Hay
ndi cach khac ddy chinh 12 mét bing chimg thue

nghiém nita cho sir giau cacbon trén mau aSiC xdp
sau khi in mon trong dung dich HF/EG. N6 cling
chinh 14 bing chimg cho co ché &n mon truc tiép d3
dugc chimg minh ¢ trén. Ngoai ra, mét dinh trong
phd FTIR dugc quan sat thiy rit manh & khodng
2092 ¢m™. Theo Wieder va déng nghiép thi dinh
nay 14 ciia kidu dao dong kéo dai ciia lién két C-Si-
H trong cac mang mong hydro silic cacbua v dinh
hinh (aSiC: H) [22, 25]. Nguyén nhin t6n tai lién
két niy 1a vi mang mong aSiC st dung trong nghién
i nay duoc sén xuat bang phuong phap PE-CVD
tr silane (SiHy) va metan (CH;) nén mang mong
aSiC c6 dang aSiC: H. Thuc té nay giai thich tai sao
cic dinh nii FTIR c6 lién quan dén hydro déu la
kha 16n. D& phd manh quan sat théy xung quarh

740 cnt trén mau aSiC khéng in mon chinh 13 kiéu

dao ddng kéo dan trong lién két cha SiC [21] Dudi

tac déng cla cac hda chat trong qua trinh &n mon,

dai ndy di tr& nén thdp hon vé cudmg 6 va chia

thanh nhiéu dinh nho.

Nhur véy, thuc té 14 chiing t6i da ¢6 duoge mét
bé mit giau cacbon sau khi n moén andt aSiC trong
dung dich HF/EG lodng & nhiét dé phong, day la
mdt két qua quan trong Diéu nay mé ra trién vong
ta0 ra mdt mang mong cacbon trén SiC, cai s& cd rét
nhiéu c4c img dung nhur da dugc phan tich trong tai
lidu [26] Két qua cuia chiing tdi vé mét 16p bé mat
SiC giau cacbon trong tu nhu két qua ma
Senthilnathan va ddng nghiép da thu duoc khi ho
tién hanh 3n mon andt 4H-SiC trong mét dung dich
HF vo1 dung mor 1a ethanol (HF/EtOH) van ty 1€
1/4,6 & mat @6 dong dién héa 20 mA/em” [26]
Chting t61 muén nhan manh ring & day chung toi da
c6 duoc mot bé mit giau cacbon sau mét qua trinh
in mon don gaéan ¢ nhiét 46 phong, trong khi cac
nghién ciru khac doi hoi mat dé dong andt thuomg |
rat cac Hon nita, ching t5i da ching minh duoc
mét co ché an mon don gian va hop 1y dé tao ra mét
Iép gidu cacbon trén bé mit aSiC sau khi dn mon
anot trong mét dung dich HE/EG lodng
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4. Két luan

Tém lai, &n mon andt aSiC trong dung
dich HF/EG loing ctia d3 tao ra mét 16p xdp véi
hinh thai 18 x8p kiéu dam ré ciy & tit cd cic mét
d dong anot Thuc té nay ching to rang khi in
mon andt aSiC trong dung dich HF/EG lodng chi
c¢é chd cho mét co ché in mon duy nhat, déc 1ap
véi mat 6 dong andt Boi vi trong dung dich
nay ¢o rat it nuée cho qua trinh dxy hoa, chiing
t&t da chimg minh dwoc rang aSiC phan ung truc
tiép vé1 HE cua dung dich dé tao H;SiFs va cac
nguyén tr cacbon tr do. H3StFs duoc hoa tan
vao dung dich, trong khi mot phin cia cacbon
tao ra duoc Oxy hoa boi nuoc (duoc chua trong
HF) tao ra oxit cacbon va bde hot di, phan khac
con lai trén bé mit mAu, tao thinh mdt bé mit
giau cacbon Cac dir l:iéu phan tich EDX va
FTIR d4 xac nhan két qua nay Trong khi do,
aS1C 3n mon andt trong mét dung dich lodng cia
HF/H,0 tao ra mét 1dp SiC xap véi hinh thar ma

thay ddi din din véi su gia ting cua mat dd
dong anét. Cu thé, hinh thai dau tién la mot
mang ludi cic 15 xép kiéu dam ré ciy, tiép theo
la cac cu tric cot xép mﬁng, v cudi cung no la
hinh thai hoc v&i cac cot xép md rong va ngan
lai. K&t qua nay cho thay trong truong hop cua
aSiC &n mon trong dung dich HF/H>O loang, vin
sir gia ting cua mat 46 dong andt di dién ra mot
su thay d6i cia co ché dn mon. Theo ching tér,
& mét d6 dong anét thip, co ché An-mon 14 giong
nhu khi @an mon trong dung dich HE/EG lodng,
vi hinh thai cia cac 16p xdp la nhu nhau Tuy
nhién, khi mat 46 dong anot tang, co ché an mon
thong qua qua trinh oxy héa tro nén nd1 trol
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