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TOM TAT

Trong bai bdo nay, tinh chat dién ti va van chuyén dién t clia vat liéu cau tric dai nano silicon
dicarbide dang ng giac bién rang cua (SS—pSiC,) mot chiéu, thu dong bién béi nguyén tir hydro-
gen (H), pha tap nguyén t loai n (nitrogen: N) va nguyén tu loai p (boron: B) dugc nghién clu
bang cach strdung ly thuyét phiém ham mat dé két hop vai hinh thiic luan ham Green khéong can
bang. Cac tinh chat dién t& nhu cdu trdc vang nang lugng (BS), mat dé trang thai (DOS), va méat 4o
trang thai riéng (PDOS) dugc khao sét va so sanh véi cau tric khdng pha tap. Két qua cho théy rang
tap N c6 déng goép cac trang théi xung quanh mic Fermi lam cho hé chuyén tir ban dan sang kim
loai, su dong gop trang thai clia nguyén tir H ciing dugc ghi nhan nhung rat nhé. Khi pha tap B, hé
vat liéu s& hiru dac tinh kim loai vi mic Fermi cdt ngang vung con hoa tri. V&i mic Fermi ha xuéng
dinh viing hoa tri, su dong gép céc trang théi dién tir héa tri ctia B la chd yéu gan muc Fermi, va
thé hién B la tap loai p. Dac tinh van chuyén dién tir cu thé 1a khao sat dac trung Volt-Ampe (dudng
cong |I-V) cua linh kién hai cuc dua trén SS—pSiC, thu dong bién H cling dugc khdo sat. Khi pha
tap N, két qua cho thay dong dién xudt hién ngay khi dién dp phan cuc co gié tri nho, day la déc
trung Volt—Ampere cla kim loai. Gid tri dong cling cé xu thé bao hoa khi dién ap cao. Cudng do
dong 16n hon trudng hop khéng pha tap khodng hai bac d6 Ién nhung thdp hon gia tri dong cta
SS—PGNR. Khi pha tap B, gia tri dong cé xu thé bao hoa sém hon trudng hop pha tap N khi dién ap
cao. Cudng dd dong nhd hon trudng hop pha tap loai n khodn moét bac do Ién. Biéu nay co nghia
la cudng do dong thu dugc vai hat tai chliyéu la 16 trong ¢é gid tri nho hon trudng hop hat tai chi
yéu la dién ti. Két qua cho thay cau trdc dién tirva dong dién clia cdc mau nghién ctiu phu thudc
nhiéu vao nguyén té tap cling nhu loai tap pha. Khi pha tap, hé nghién ctu da chuyén tir ban dan
sang kim loai. Hon thé nlia, véi pha tap loai p dong cac hat tai cht yéu la 16 tréng cé cuong dé

thdp hon mét bac do 16n so vai dong cac hat tai chti yéu la dién ti (pha tap loai n).
Tu khoa: dai nano silicon dicarbide dang ngi gidc, nguyén ly ban dau, tinh chat dién td, tinh chat

van chuyén dién tur

MG PAU

Nam 2004, Andre Geim va Konstantin Novoselov da
tach thanh cong mot 16p don nguyén ti carbon ti
khéi graphite bing phuong phap béc tach co hocl.
Diéu nay da ching minh sy ton tai ciia mot loai vat
liéu hai chiéu (2D) dugc ciu thanh tii carbon va dugc
goi la graphene. Véi graphene, cac nguyén ti carbon
sap xép theo mang hinh luc gidc. Graphene & trang
thai khong gin trén dé, cc hat tai ctia né c6 4o linh
dong vao khoang 230.000 cm?/V.s & nhiét d6 thip va
120.000 cm?/V.s 6 240 K2, Bén canh nhiing tinh ch4t
dién tt ddc biét 1a do linh dong cao, dan dién tét thi
graphene con c6 nhiing tinh chat ndi troi khac nhu do
bén co hoc cao, 1a vat liéu siéu nhe va dan nhiét t6t2°.
V6i nhiing tinh chat vat ly uu viét va vugt troi ctia nd,
cac vat liéu hai chiéu da gay ra sy hdp dan cho nhiéu
nha nghién ctiu linh vuc vat liéu.

Gan day, enta-Graphene (PG), mét cdu truc cac
nguyén ti C don 16p xép hinh ngii giac da dugc dé

xudt. Céu trac PG 1a t8 hop ctia cac nguyén ttt C1
(lai héa sp®) va céc nguyén tii C2 (lai héa sp?)*. Céc
nghién ctiu tién doan PG la mét ban dan c6 viing cdm
gian tiép véi d¢ rong viing cim 14 3,25 eV >°, PG c6
tinh ban din noéi tai. Bén canh d6, cic nghién ctu
nay cing tién dodn rang PG c6 hé s6 Poisson 4m bét
thudng, do bén siéu cao va kha ning chiu dugc nhiét
cao t6i 1.000 K, vugt trdi so véi graphene. Vao nam
2016, Xia va congsu’ stt dung phuong phép ling dong
héa pha hoi da xéc dinh ring ho ¢6 thé nudi dinh
huéng 16p PG 1én trén 14 Cu. Ti€p theo sau nhiéu vat
liéu cdu tric don 16p dang ngi gidc da dugc dé xuit,
thi du nhu pentagonal silicon dicarbide (p—SiC,) and
pentagonal carbon nitride (p—CN»)®.

Nham muc dich gidm kich thudc linh kién, tim PG
dugc cat thanh cac cdu tric gid mot chiéu dugc goi la
enta-graphene nanoribbon (PGNR). PGNR ¢6 4 loai:
77, AA, ZA, SS. D€ 6n dinh ciu truc, tit dan cac lién
két du, cic mau dugc thu dong bién boi nguyén ti H.

Trich dan bai bao nay: GnVV, Thanh L N, H3o NV, Tién N T. Tinh chat dién ti va hién tugng van chuyén
dién tu cha silicon dicarbide nanoribbon dang ngii giac bién rang cua pha tap. Sci. Tech. Dev. J. - Nat.

Sci.; 2023, 7(1):2560-2567.
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Trong do, SS la loai ddng chu y nhat khong chi béi vi
n6 1a bdn dan ma con vi né 1a cdu tric bén nhit trong
bdn loai PGNR. Sy hdp phu céc phan tit khi CO, CO,
NHj3 trén bé mit ciu truc nay da dugc nghién cuu,
xdc dinh dugc dic tinh hip phy clia chiing®. Nghién
ctu tinh chat vén chuyén dién ti ctia SSPGNR pha
tap thay thé (Si, P, N) va diéu chinh bién c4u truc da
dugc thuc hién, két qua cho thdy cdu truc ving ning
lugng va dic trung I-V ctia SSPGNR pha tap P va N
thay d6i dang ké so v6i mau nguyén so '®!!. Mot hién
tugng clng rat ding chu y la cdu tric PGNR c6 tinh
dai xting thdp hon graphene nén viéc pha tap vao cac
vi tri khdc nhau trong vong ndm nguyén ti carbon
ciing thu dugc cdc dic tinh dién tt va van chuyén dién
tti khac nhau 12,

V6i nhiing déc tinh thu vi dy cta ciu tric nga gidc,
béng viéc tinh todn dya trén ly thuyét phiém ham mat
do, su 6n dinh cdu tric va dic tinh dién t cla cic
day nano p-SiC, dang ngii giac (p-SiC,NRs) da dugc
nghién ctiu mét cach c6 hé thong. Két qua nghién ctiu
cho thdy p-SiC,NRs 6n dinh c4u tric nhung bi vénh.
Trong bon dang cdu tric p-SiC,NRs (ZZ, ZA, AA va
SS) thi cdu tric SS-p-SiCoNR dugc xac dinh 6n dinh
nhdt vé mit nhiét hoc va dong luc hoc va c6 tinh ban
dan'3. Tuy nhién, tinh chét dién ti va van chuyén
dién tu ctia ciu truc SS-p-SiC, NR pha tap chua dugc
nghién ctiu, vi thé, bai bdo nay trinh bay viéc nghién
ctiu mot cich c6 hé théng tinh chét dién ti va van
chuyén dién tii ctia SS-p-SiCoNR pha tap hai nguyén
ti tap dai dién loai n (N) va loai p (B) trén co s6 ly
thuyét phiém ham mat do két hgp véi phuong phap
ham Green khong cén bang. Cac két qua nghién citu
g6p phan dinh hudng thuc nghiém va kha nang tng
dung ctia hé vat liéu cho linh kién vi dién ti 14,15,

VAT LIEU VA PHUONG PHAP

Céc tinh chét dién td va van chuyén dién ti cta SS-
pSiC, pha tap nguyén td tap loai n (nitrogen-N) va
loai p (boron-B) thé hién trén Hinh 1, dugc nghién
ctu bing cach st dung ly thuyét phiém ham méat do
két hop véi hinh thic ludn ham Green khong cin
b?mg 16,17.

u da dang ctia cac thudc tinh dién ti va sy vin chuyén
dién ti ctia SS-pSiCy; mot chiéu bing cich pha tap
dugc luu y qua viéc nghién ctu cic dic tinh dién ti
va van chuyén ctia SS-pSiC; thu dong bién H, va pha
lan lugt hai nguyén ti tap khac nhau vao vi tri gan
bién. Tét ca cac mau dugc nghién ctiu déu dugc t6i uu
héa bing cach st dung phép tinh DFT trong phép gin
dting GGA ctia Perdew-Burke-Ernzerhof (PBE) !31°,
Hon nita, 300 K dugc dit cho nhiét d6 Fermi va ludi
k-point Monkhorst-Pack 1 x 1 x 21 dugc sti dung.
Céc ham séng dién tt dugc chon bd co s& zeta kép.
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DEbo qua su tuong tc gifia cac anh, khong gian chian
khong dugc dit véi kich thude 15 A. Qué trinh t6i uu
hoéa hoan tét khi luc du trén méi nguyén tit nhé hon
0,001 eV/A.

Hinh 1: C&u tric tinh thé SS-pSiC,-4 pha tap nguyén
titap la N (hodc B) vdi nguyén titap & bién (mau do)
tai vi tri lai hoa sp>

Céc tinh chét dién tit nhu ciu tric vung ning lugng
(BS), mat do trang thai (DOS), va mat d¢ trang thai
riéng (PDOS) dugc khao sat cung véi cac ddc tinh vin
chuyén dién tt, cy théla dic trung Volt- Ampe (dudng
cong I-V) ctia linh kién hai cuc dya trén SS-pSiC, thu
dong bien H?Y, SS-pSiC, (SS-pSiCy-4) dugc chon
v6i d6 rong bon chudi nguyén ti dé khao sat, cdu tric
¢6 d0 rong nho th€ hién r6 nét ciu tric mot chiéu. Cac
cdu truc dugc t6i uu va tinh chat dién td, van chuyén
dién ti dugc tinh bai géi ATK?!.

KET QUA VA THAO LUAN

Pha tap nguyén ti nitrogen

Trong Hinh 2, ciu tric viing ning lugng ctia SS-pSiCy
pha tap nguyén ti tap loai n (nitrogen-N) dugc trinh
bay. Trong do, dudng khong lién nét mau xanh vé
muic Fermi. Ro rang ring SS-pSiC;-4 thudn c6 dic
tinh ban dan, d6 rong viing cdm vao ¢ 1,9 eV dang
viing cim gién tiép !> nhung SS-pSiC, pha tap N s¢
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Hinh 2: Cau tric vung dién tr cia SS-pSiCy-4 chua pha tap (hinh tréi) va pha tap loai n véi nguyén tr tap 1a N (hinh

phai).

hitu déc tinh kim loai, mitc Fermi cit ngang viing dan
con.

Vai tro ctia tap N, (PDOS) DOS va DOS dugc thé hién
trén Hinh 3.

Ro rang rang N ¢6 vai tro dong gop cic trang thdi xung
quang muic Fermi lam cho hé chuyén ti ban dan sang
kim loai v6i tap loai n vi mutic Fermi dich chuyén 1én
viing dan?!. Sy déng gop trang thii clia nguyén tl
H cting dugc ghi nhin nhung su déng gép nay la rat
nho.

DPékhdo sit tinh chét van chuyén dién ti cta cdu truc,
linh kién dugc thiét ké (Hinh 4). Ciu hinh tap da
dugc t6i uu trude khi gin vao linh kién. Day la linh
kién hai cuc v6i vung tan xa trung tam.

Céc két qua tinh todn vé duong dic tuyén Volt-
Ampere ctia linh kién dugc trinh bay trén Hinh 5.
Daéi véi tinh todn nay dién dp phan cyc dugc tang véi
budc tang 1a 0,2 V, d€ lam thay d6i muc Fermi gitia
hai dién cuc trai va phai, tao thé cho vin chuyén dién
tu. Két qua cho thdy dong dién xuit hién ngay khi
dién ap phan cyc c6 gia tri nho, day 1a dic trung Volt-
Ampere ctia kim loai. Gid tri dong cling c6 xu thé bao
hoa khi dién ap cao. Cudng do dong 16n hon truong
hgp khong pha tap khoang hai bac d¢ 16n nhung thap
hon gia tri dong ctia SS-PGNR 1°.

Pha tap nguyén tif Bo

Tuong tu, cdu tric viing nang lugng ctia SS-pSiC, pha
tap nguyén tu tap loai p (boron: B) dugc trinh bay tré
Hinh 6. Trong d6, dudng khong lién nét mau xanh vé
muc Fermi. SS-pSiC2 pha tap B s& hitu dic tinh kim
loai, vi mttc Fermi cit ngang vung con hoa tri. Véi

muic Fermi ha xuéng dinh viing héa tri thé hién tinh
chit tap loai p.

Vai tro ctia cac dién tii tap dong gop vao cac trang thai
dién ttt quanh muc Fermi boi vé PDOS thé hién su
déng gop cta tap B dugc danh gid (Hinh 7). u déng
g0p cac trang thai dién ttt hoa tri ctia B 1a cha yéu gan
muc Fermi, thé hién B 1a tap loai p.

Khdo sat tinh chit van chuyén dién ti ctia cdu trac
nghién ctiu v6i thiét k€ linh kién nhu so d6 (Hinh 8).
C4u hinh tap ciing da dugc t6i uu trudc khi gin vao
linh kién. Déy la linh kién hai cyc véi viing tan xa
trung tam c vai tro ctia tan xa tap.

Cac két qua tinh toan dudng déc tuyén Volt-Ampere
ctia linh kién dugc trinh bay trén Hinh 9. D4i véi tinh
toan nay dién ap phén cuc ciing dugc tang véi bude
tang 13 0,2 V. Két qua cho thdy dong dién ciing xuit
hién ngay khi dién dp phan cuc c6 gia tri nho, day 1a
déc trung Volt-Ampere ctia kim loai. Gid trj dong c6
xu thé bao hoa sém hon truong hgp pha tap N khi
dién 4p cao. Cudng do dong nho hon trudng hgp pha
tap loai n khoang mét bac do 16n. Diéu nay c6 nghia
la cudng d6 dong thu dugc vé6i hat tai cha yéu 1a 16
tréng c6 gid tri nho hon trudng hop hat tai chu yéu
la dién ttt. Diéu nay lién quan dén dédc tinh cta khoi
lugng hiéu dung hat tai.

Céckét qua tinh todn théhién vai tro clia tap trong déc
tinh dién t& va van chuyén dién tt. Tuy nhién, gid tri
dong c6 vé nho hon cu tric PG cung loai. Piéu nay
6 thé gidi thich rang, v6i pSiCy 1a ciu truc hai loai
nguyén tl trong khi d6 PG chi c6 mot loai nguyén ti
C nén tinh déng nhét cao hon, tan xa dién ti it hon 22,

2562
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Hinh 3: Mat do6 trang thai DOS (hinh bén tréi) va mat dé trang thai riéng PDOS (hinh bén phai) ctia SS-pSiC,-10
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Hinh 4: Minh hoa cdu truc linh kién hai cuc trén nén vat liéu SS-pSiC,-4 pha tap nguyén ti N tai vi tri bién

KET LUAN

Bai béo trinh bay viéc khao sat tinh chét dién ti va
van chuyén dién tt cha hé vét liéu gia mot chiéu SS-
pSiCy khi dugc pha tap cac nguyén tit loai n (N) va
loai p (B). Két qua cho théy cdu truc dién tu va dong
dién cta cdc miu nghién ctu phu thudc manh vao
nguyén t6 tap ciing nhu loai tap pha. Khi pha tap, hé
nghién cttu da chuyén tit ban dan sang kim loai thé
hién r6 & dang ctia cdu tric vung dién t va dang clia
dac tuyén [-V. Két qué nghién ctiu gop phan hiéu hon
tinh chét dién td cta SS—pSiC,y mdi phat hién, dinh
huéng thyc nghiém téng hop va ting dung vat liéu ciu

tric méi nay.
LOI CAM ON

Nghién ctiu nay dugc tai trg bdi Truong Pai hoc Thu
Dau Mot trong khuon khé dé tai DT.20.2-048.
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DANH MUC CAC TU VIET TAT

sp?: lai héa mot quy dao s va hai quy dao p ctia cling
16p vo nguyén tt d€ hinh thanh ba quy dao tuong
duong

sp>: lai héa mét quy dao s va ba quf dao p ctia cting
16p vo nguyén ti d€ hinh thanh bén quy dao tuong
duong

SS-pSiCy: Penta SiC, hai bién rang cua

DOS: Mit d¢ trang théi

PDOS: Mét d trang thai riéng

2D: Hai chiéu

PG: Penta-Graphene

p-SiCy: penta-SiCy

p-SiN»: penta-SiNy

PGNR: Dai nano Penta Graphene

ZZ: Hai bién zigzac

AA: Hai bién ghé banh

ZA: Bién zigzac - bién ghé€ banh

SS: Hai bién rang cua
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Hinh 5: K&t qua tinh toan vé dudng dac tuyén Volt-Ampere cua linh kién nén vat liéu SS-pSiC,-4 pha tap nguyén
t N tai vi tri bién
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Hinh 6: C4u truc vung dién tdr clia SS-pSiCy-4 chua pha tap (hinh bén tréi) va pha tap loai p v6i nguyén tir tap 1a B
(hinh bén phai).
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Hinh 7: Mat d6 trang thai DOS (hinh bén trai) va mat d6 trang thai riéng PDOS (hinh bén phai) ctia SS-pSiC,-4 khi
pha tap loai p v6i nguyén ti tap la B. Dudng khéng lién nét mau xanh biéu dién muc Fermi.
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Hinh 8: Minh hoa cau trdc linh kién hai cuc trén nén vat liéu SS-pSiC,-4 pha tap nguyén tl B tai vi tri bién

SSPGNR: Dai nano Penta Graphene hai bién ring cua
GGA: Gan dung gradient téng quat

PBE: Perdew-Burke-Ernzerhof

BS: Cdu tric ving

SS-pSiCy-4: pSiC, hai bién ring cua rong 4 chubi
nguyén td

ATK: Bo cong cu Atomistix

XUNG POT LOI iCH

Ciéc tic gia dong y khong co bat ky xung dot loi ich
ndo lién quan dén cac két qua da cong bo.

DONG GOP CUA CAC TACGIA

V6 Vin Gn: phén tich két qua, viét béo.

Lé Nhat Thanh: thiét ké cdu truc hé vat liéu, chay mo
phoéng.

Ng6 Vit Hao: thiét ké cdu truc hé vat liéu, chay mo
phong.
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Nguyén Thanh Tién: phén tich két qua, viét béo.
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Electronic transport properties of doped sawtooth - sawtooth
penta silicon dicarbide nanoribbons

Vo Van On"'"", Le Nhat Thanh?, Ngo Vu Hao?, Nguyen Thanh Tien?

ABSTRACT
This paper presented the electronic transport properties of one dimensionally sawtooth — sawtooth
edge pentagonal silicon dicarbide nanoribbons (SS-pSiC,) doped n-type (nitrogen: N) atoms and
Use your smartphone to scan this p-type (bore: B) atoms based on the combination of the density functional theory and the nonequi-
QR code and download this article librium Green's function formalism. Electronic properties such as the energy band structure (BS),
the density of state (DOS) and partial density of state (PDOS) were investigated and compared with
the undoped one. The results showed that N played a role in contributing to the Fermi-level optical
states that made the system transition from semiconductor to metal. The contribution of the state
of the H atom was recognized but this one was very small. When doping B, the material system
possessed the metallic properties because the Fermi level crossed the valence subregion. With the
Fermi level falling to the top of the valence band, the contribution of the valence electronic states
of B was mainly near the Fermi leve. This showed that B was a p-type impurity.
The electron transport properties were also investigated, specifically the Volt-Ampere characteristic
(I=V curve) of bipolar devices based on SS-pSiC, which was passivated by Hatoms on the boundary.
When doping N, the current appeared as soon as the bias voltage had just a small value. This was
the Volt-Ampere characteristic of the metal. The current value also tended to saturate when the
voltage was high. The current was about two orders of magnitude larger than the undoped case
but lower than the current value of SS-PGNR. When doping B, the current value tended to saturate
earlier than the case of N doping when the voltage was high. The current was about an order of
magnitude smaller than the n-type doping case. This meant that the amperage obtained with a
predominantly hole carrier was smaller than that of a predominantly electron carrier. The results
showed that the electronic structure and the current of the studied samples strongly depended on
the doping element as well as on the doping type. When doping, the studied system changed from
the semiconductor to metal. Furthermore, with p-type doping, the flow of mainly hole carriers was
one order of magnitude lower in intensity than that of mostly electron carriers (n-type doping).
Key words: pentagonal silicon dicarbide nanoribbon, initial principle, electronic properties,
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