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Toém tét - Cac vat liéu ban dan hiru co c6 cu tric da hat thuong
c6 do dan dién va do linh dong hat dan thdp do qué trinh tan xa hat
dan khi hat dan di chuyén tir hat nay sang hat khac. Dé cai thién
céac déc tinh nay, viéc nghién ciru tbng hop céc vat liéu c6 céu tric
don hat rat dwgc quan tam. Chung t6i trinh bay nhitng két qua dat
dwoc cla qua trinh tdng hop thanh cdng don hat nano PTCDA trén
nén dé mang nano Silicon Nitride bang phwong phap béc hoi nhiét
trong buéng chan khong. Cac hat nano PTCDA co hinh dang cau
v&i dwong kinh thay @i trung binh tir 70+90 nm. Cac két qua thwe
nghiém vé phan tich dac tinh cAu truc bang ky thuat tan xa tia X va
phan tich phd nang lwgng Raman cho thay hat PTCDA cé dang
cu tric B. Két qua do dac tinh dan dién cho thay, hat cé do dan
dién rat tét vai do linh dong hat dan rat cao.

Tir khéa - PTCDA; hat nano; ban dan hiru co’; tan xa tia X; phé
Raman.

1. Giéi thi¢u

Chét hiru co dugc nghién ciru rat nhiéu gin day tir cac
nganh khoa hoc khac nhau nhu hoéa hoc, vat 1y, khoa hoc
vt liéu dén khoa hoc k¥ thuat img dung. Ngay cang co su
thu hit quan tAm réat 1on dén cac vat lidu hiru co ¢ cau tric
lién hop = trong nghién ctu cling nhu ung dung. Trong
khoa hoc nghién ctru co ban, vat liéu lién hop « hira hen s€
cung cip rat nhidu kién thirc méi dua trén mdi lién hé giira
dic tinh dién tir 7 va cAu trac tinh thé cua chung. i véi
khoa hoc ting dung, dac tinh 1ién hop © clia chét hitu co 1am
cho chiing c6 dic tinh dan dién cua chit ban dan gitip chung
¢6 kha ning ing dung rét 16n trong cac thiét bi dién tir va
quang dién tu. Trong tién trinh nghién ctru Umg dung vat
liéu ban dan nhim huéng dén muyc tiéu thay thé cong nghé
dya trén vat li¢u silicon, cac chat ban dan hitu co ¢6 tiém
nang rat 16n boi cac dic tinh rat dic biét cua chung nhu d6
ubn cao, gia thanh ré, rit nhe va dé xur ly trong qué trinh
ché tao trén dién tich 16n. Chinh nho nhitng dac tinh nay
ma vat liéu ban dan hiru co dugc dung ché tao nén cac thiét
bi ing dung trong linh vyc dién tir va quang tor nhu man
hinh hién thi [1], linh kién phat quang [2], thé¢ nhan dang
tan s6 vo tuyén (RFID) [3], pin quang dién [4] va transistor
hiéu tng trudng [5]. Trong tat ca cac ung dung nay, hiéu
qua cua qua trinh dan dién qua céac cac 16p ban dan hitu co
dong mot vai tro. hét sirc quan trong. Trong diode phat sang,
chlng ta muon rang cac 16 trong va electron c6 do linh dong
16n va giéng nhau dé ngan chan qua trinh dap tit quang
dién do sy tai két hop hat dan tai cac tiép xUc kim loai - ban
dan hitu co. Trong cac té bao ning lugng mit troi, do 1a
hiéu suét clia qué trinh di chuyén hat dan dén cac dién cuc
va luu trir dudi dang nang lugng dién. Con trong transistor
hiéu tng trudng, thach thirc 1a tong hop nén cac vat liéu co
d6 linh dong hat dan cao dé co thé thiét ké cc mach tich
hop hitu co phirc tap. Qué trinh di chuyén hat dan trong
chat hitu co phu thue rit 16n vao dc tinh cAu trac tinh thé
trong qua trinh tong hop vat lidu. Hau hét cac chit ban dan
hitu co c6 d6 linh dong hat din rat thap do qué trinh tin xa

Abstract - Organic semiconductor materials with multi-grain
structures often have low conductivity and low carrier mobility due
to grain boundary diffraction. To improve these properties, many
studies of synthetic materials with single grain structure have been
conducted. In this work, we present the achieved results of the
synthesis of single PTCDA nanoparticles on the Silicon Nitride
membrane substrate with the method of thermal evaporation in a
high vacuum chamber. PTCDA nanoparticles have spherical
shape with an average diameter of 70+90 nm. The experimental
results of the structured characteristics analysis using X-ray
diffraction and Raman spectral analysis showed that PTCDA
particles formed B-phase structure. Furthemore, the particle
displayed good conductivity with high mobility.

Key words - PTCDA; nanopatrticle; organic semiconductor; X-ray
diffraction; Raman spectrum.

han dan gay ra boi khiém khuyét cau tric hodc tai bién tiép
xuc gitra cac hat. DPac tinh nay xuét hién trong cac vat li¢u
¢6 cau trac da tinh thé hodc cdu tric vo dinh hinh. Dé giam
su tan xa hat dan viéc téng hop nén cac chét ban dan hitu
co c6 cdu trac nano/micro don tinh rit dugc quan tim
nghién ctu [6, 7].

Trong s cac vat liéu ban dan hiru co, tetracarboxylic
perylene dianhydride (PTCDA, cong thirc va cdu triic hoa
hoc duge mé ta trong Hinh 1a) 1a mot vat liéu rat duoc quan
tam nghién ctru véi tiém ning Gmg dung rat 16n trong linh
vuc dién tir. PTCDA ¢6 dic tinh on dinh nhiét do cao, su
tuong tic cua cac m — electron gitra cac phan tir rit manh
cling nhu ¢6 dac tinh cAu trac rat tot trén nhiéu loai dé khac
nhau. Chinh vi vay, vat liéu nay dugc ing dung rat nhidu
trong céc thiét bi dién tir va quang dién tir nhu LED hiru
co, té bao quang dién [8, 9]. Khao sat cac két qua nghién
ctru vé PTCDA cho thay, hau hét cac nghién ciru tong hop
PTCDA ¢ dang cAu trac mang dugc cAu thanh tir nhiéu hat
lién két v6i nhau hodc day/ dng nano/ micro chir chua c6
mdt nghién ctru ndo ¢6 lién quan dén viée tong hop loai vat
liu ndy & dang don hat nano. C6 thé thiy ring, viéc sir
dung cac don hat lam thanh t8 chinh ciu thanh céc linh kién
dién tir s& c6 nhiéu dic tinh ndi bat hon so véi ding day va
mang bai hat nano co ti 16 bé mat so vai thé tich 16n, khong
¢6 duong ngan cach gitra cac hat, ciing nhu chiéu dai cua
hat nho. Nhing déc tinh nay s& giap cac hat mang dién
(eletron, 16 tréng) dugc truyén qua hat nhanh hon, téc do
di chuyen 16n hon. .. didu nay gitip tao ra cac linh kién lam
viéc cO tde d06 va hiéu sut cao.

Trong bai béo nay, chiing toi trinh bay nhirng két qua
dat duoc cua qua trinh tong hop thanh cong hat nano
PTCDA c¢6 chu trac P trén nén dé mang nano Silicon
Nitride (SisNs). Cac hat nano PTCDA c¢6 kich c& tir
70+90 nm duoc tong hop bang phuwong phap bdc hoi nhiét
trong budng chan khong. Cac phan tich dic tinh céu tric
dung ky thuat quét tia X va phan tich phd Raman cho thay
hat PTCDA hinh thanh trén mang SisN4 c6 dang cdu tric



ISSN 1859-1531 - TAP CHI KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 3(88).2015 61

B. Két qua do dién cho thiy, hat c6 dic tinh dan dién rét tot
v6i d6 linh dong hat dan rat cao so véi vat liéu PTCDA co
cau tric mang.

2. Vat liéu va phuong phap
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Hinh 1. (@) Cdu tric héa hoc ciia PTCDA,

(b) Qué trinh tong hop hat nano PTCDA trong buong chdn khong

Trong budc dau tién, mang SisN4 s& duoc ché tao bang
k¥ thut quang khédc chudn. D& mach Si phu 30 nm SisN,4
trén 2 bé mat dugc ding dé ché tao mang SisNg. Trudc tién,
mot mit dé s& duge phu chit phan quang va chiéu sang
bang tia UV trong thoi glan 8,5s qua tdm can quang véi
hinh déng da dugc dinh sin. Sau d6 phan chat can quang
bi chiéu s& bi hoa tan trong dung mdéi MF319. Phan SisN,
trén bé mat d6 bi an mon bé“lng ky thuat khéc ion
(RIE - reactive ion etching). Ban mach sé& tiép tuc duoc
ngam trong dung dich KOH trong thoi gian 8 tiéng dé KOH
dn mon phan Si & gitra tir mdt ndy sang mat kia ctia dé. Qua
trinh ché tao nay s€ tao ra mot mang SizN4 30 nm véi dién
tich khoang 80x80 pum2. Bé mang nay sau d6 dugc dwa vao
budng chan khong c6 chira sin bot PTCDA (d6 tinh khiét
97%, Sigma-Aldrich) trong ndi ndu kim loai dugc lam
nong theo phuong phap tlep xtc nhiét truc tiép véi cudn
day dan dién quan quanh noi. Sau khi hat chan khong sao
cho ap suit trong budng dat dén 1.0x10°® mbars qua trinh
bdc hoi bot PTCDA s& dugc thyc hién nhu mo ta trong
Hinh 1b. Trong qua trinh bay hoi nay, nhiét d6 dé mang
SisN, duoc duy tri & mirc 27°C, nhiét do cia ndi kim loai
chira bot PTCDA sé duoc diéu khién 6n dinh ¢ mtec 400°C
dé duy tri tbc d6 bay hoi khoang 1A/s. Sau khi cho bay hoi
khoang 25 nm PTCDA thi qua trinh s& dugc dung lai cho
hé théng ap sudt va nhiét do trong budng trd lai nhu trang
thai ban dau. Dé mang SisNy c6 chira PTCDA bay hoi trén
bé mit s& dugc 14y ra khoi budng va dem di phan tich dic
tinh hinh dang ciing nhur c4u truc.

3. Két qua nghién ciru va thio luin

Trong budc phan tich dau tién, dé bao vé vat liéu hiru co
thuong co tinh chat mém, k¥ thuat phan tich anh bé mat bang
may phan tich luc phan tr AFM dugc sir dung, két qua phan

tich bé mat ciia mang SisN4 c6 chita PTCDA bay hoi cho
thdy c6 sy hinh thanh nhimg cdu triic vat lieu PTCDA rat
nho trén bé mat mang (Hinh 2a). Qua trinh quét bé mit bang
méay AFM duoc tién hanh trong ving dién tich nh6 hon trong
Hinh 2b cho thay c4u tric nay 1a nhitng hat nho PTCDA cach
ly nhau véi kich ¢& dao dong tir 60100 nm.

. Hinh 2. Anh AFM (Atomic Force Microscope)
bé mat mang SisNa co chita PTCDA bay hoi trén dién tich
(@) 3x3um? va (b) 1x1pum?
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Hinh 3. Anh SEM hat PTCDA hinh thanh
. trong quad trjnh bay hoi trén bé mat mang SisNa

(a) Anh nhin tryc tiép, (b) Anh chup ¢ géc nghiéng, (c) Anh don

hat, (d) Mat do phan bo kich thuoc hat trén anh SEM (a)

Két qua phan tich hinh dang ciia hat PTCDA duoc kiém
tra k¥ hon bang kinh hién vi dién tor quét SEM (Scanning
Electron Microscope). Cac két qua phan tich nay dugc trinh
bay trén Hinh 3. Anh SEM Hinh 3a cho thiy nhiing hat
PTCDA hinh tron c6 d6 cach ly rat tot v6i nhiéu kich c&
dugc phan bd déu trén bé mat. Khi chup & goc nghién thi
chung ta thiy rét rd rang cac hat PTCDA nay c6 hinh dang
cau (Hinh 3b). Hinh 3c 1a anh SEM can canh mot hat
PTCDA c6 duong kinh khoang 80nm. Tir anh nay ta c6 thé
nhan thiy rang hat nano c¢6 ciu trac lién két khi rat tot va
hau nhu hat khong bi bién dang vat ly dudi tac dong tu
chim tia electron ban ra tir may SEM. Két qua phan tich
kich thude hat tir anh SEM trong Hinh 3a cho thay hau hét
cac hat co kich thudc trong khoang tir 70nm dén 90nm
(Hinh 3d). So v6i anh AFM chiu tic ddng bai d§ chinh xac
ctia ddu do lyc dan dén hinh dang vat thé c6 thé thiéu chinh
xéc (dic biét 1a & kich thuéce nano), két qua anh SEM cho
thdy cac hat PTCDA c6 céu tric hinh cau rat dong nhat.
Céc két qua phan tich hinh anh bang AFM va SEM cho
thdy ching t6i di tong hop thanh cong cic hat nano
PTCDA hinh dang cau véi kich thude 70+90 nm.
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Hinh 4. (@) Phé tan xq tia X ciia hat PTCDA. Dinh tin hiéu
twong ung voi dnh tan xq tir mat tinh thé [102] ciia hat nano
PTCDA. (b) Phdn tich chi tiét tin hiéu dinh (102) trong phé,
diém tron den la két qua do, dwong lién mau do
la két qua lam diing bang ham Gaussion

Pic tinh cAu tric cia hat nano PTCDA dugc tim hiéu
bang cach su dung cac k¥ thuat phan tich tan xa tia X
(XRD: X-ray Diffraction) va phd ning lwong lién két phan
tor Raman. Day cting la cac phuong phap phén tich chu tric
vat li¢u dugc dung rét ph bién trong cac cong trinh nghién
ctru v& vat liéu noi chung, cling nhu vat liéu ban dan hitu
co nhu PTCDA néi riéng [10,11]. Két qua phan tich hat
nano PTCDA bang may quét tia X (dung ngudn Cu:Ko,
A=1.5415 A) duoc thé hién trong Hinh 4a. Tir phd tan xa
XRD ciia hat nano PTCDA chung ta thiy rang, chi c6 mot
dinh pho xudt hién trong khoang 26 tir 27+28°, twong ting
voi mat (102) trong cau cau trac tinh thé cia PTCDA
[10,11], ngoai ra khong c6 thém mot dinh phd tan xa nao
khac duoc ghi nhan, chiing t6 hat nano PTCDA duogc hinh
thanh theo dinh hudng cau triic dong nhét trén dé mang
Si3N,. Cac két qua nghién ctru twong tyr vé vat liéu PTCDA
cling cho cung két qua twong tmg ma nguyén nhan 1a do
chu triic PTCDA thuong hinh thanh c6 tinh dinh hudng rat
cao trén nhiéu loai bé mit khac nhau. Hinh 4b mo ta chi
tiét hon vé cdu triic ciia dinh tan xa nay. Két qua lam dung
dit liéu do thyc nghiém bang ham don dinh Gaussion cho
théy, tin hi€u dat dinh tai 26=27,5°, tuong rng véi dinh tan
xa ghi nhan cho PTCDA c¢6 ciu triac f [11]. Chung ta biét
réng, dbi véi vat liéu PTCDA, ciu tric tinh thé cua vt liéu
nay chi ton tai & hai dang o hodc B do sy khac biét vé céc
thong s6 cia cac don té bao hinh thanh chu tric tinh thé
[12]. Tuong mg v6i hai dang cAu trac tinh thé nay, ket qua
phan tich phd tan xa tia X tai (102) cho thiy, néu céu truc
la o thi gia tri dinh s& xuét hién tai 26 khoang 27,81°, va
nguoc lai néu cu trac & dang [ thi dinh s€ dugc ghi nhan

26 khoang 27,44° [10]. So sanh véi két qua do tir mau hat
nano, ta thdy rd rang cdu trac hat hinh thanh trén dé mang
Si3Ng ¢ dang B.

Céu tric B ctia hat nano PTCDA dugc kiém tra ky hon
bang cach ding may do pho ning luong Raman. Két qua
do ph6 Raman ding nguon sang cd budce song 532 nm dugce
trinh bay trong Hinh 5. Két qua do trong Hinh 5a cho thiy
¢6 nhiéu dinh phd xuat hién twong tmg v6i nhiéu loai lién
két gitra cac phén tir trong cdu truc héa hoc ciia PTCDA.
Nhur dinh pho tai mirc ning lugng 1570 cmt va 1780 cm?,
tuong (g v&i nang lugng lién két hinh thanh giita hai phan
tr C-C va C=0 [11]. Pic biét chung ta chu y dén dinh phd
trong khoang niang lugng xung quanh 1310 cm™?, twong tmg
v6i nang lugng lién két hinh thanh giira hai phan tir C-H
ciing 1a lién két quyét dinh dén sy khac biét trong cau tric
clia vat lieu PTCDA. Cac két qua nghién ctru [10,11] da
béo cao cho thiy néu ciu trac 13 o thi gia tri dinh s& xuét
hién tai mic ning lugng khoang 1302 cm, va nguoc lai
néu céu trac & dang B thi dinh s€ dugc ghi nhan tai muc
nang luong 1306 cmt, Két qua 1am ding dit liéu do thuc
nghiém pho dinh Raman tai 1310 cm! bang ham don dinh
Lorentzian cho théy (Hinh 5b), tin hiéu dat dinh tai muc
nang lugng 1308 cm', cho thay hat nano PTCDA c6 céu
trac B. Két qua nay hoan toan phu hop véi két qua phan tich
dang cAu tric bang phé XRD di trinh bay & trén.

(a)

Intensity (a.u)

300 600 900 1200 1500 1800

Raman shift (cm™)
(b)

Intensity (a.u)

1300 1320 1340

Raman shift (cm1)

Hinh 5. (@) Phé ndng heong Raman ciia hat PTCDA.
Dinh tin hiéu trong hinh chit nhdt nét dirt mau do twong ing
nang luong lién két 5c-n ciia vat liéu PTCDA. (b) Phdn tich
chi tiét tin hiéu dinh Sc-n trong phé, diém tron den la két qua do,
dwong lién mau do la két qua lam ding bang ham Lorentzian

1280

Dic tinh dan dién ctia hat nano PTCDA cling dugc khao
sat. Qua trinh ché tao va do thong s6 dong ap cua linh kién
don hat nano PTCDA bing ciu hinh transistor hiéu tmg
truong dugc trinh bay trong tai liéu tham khao s 13. Két
qua khdo sat sy thay ddi theo dién trd cua hat voi nhiét do
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(Hinh 6a) cho thdy c6 mot su thay d6i dién trd rat 16n khi
nhiét 46 gidm xuéng muc 30~40K. Va sy phu thude dién
trd theo nhiét do ¢ thé dwoc lam ding bing ham ning
lugng kich thich nhiét exp(-Ea/ksT), trong d6 Ea, ks, va T
lan luot 1a muc ning lugng kich thich hat dan, hiang s6
Boltzmann va nhiét d6 do. Sy gia tang dién tré theo ham
Iy thira e v&i nhiét d 12 mot déc tinh dic trung cla céc
chat ban din. Diéu nay cho thay, két qua do dugc ghi nhan
tir qua trinh di chuyén hat din qua hat nano PTCDA. Trong
chu trac linh kién transistor hiéu ung truong don hat
PTCDA, su thay d6i gia tri dong dién (I) tai cac muc dién
4p dat khac nhau theo dién ap cuc cong (V) duge khao sat
va két qua do dugc trinh bay trén Hinh 6b. Chung ta thay
rang, khi dién ap cong cang tang theo chiéu duong thi gia
trj dong dién cang ting, diéu nay ching t6 hat cé dic tinh
ctia ban dan loai n, day ciing chinh 1a dic tinh tu nhién cua
chét ban dan hitu co PTCDA. Tir két qua do sy phu thudc
dong dién theo dién thé céng, d6 linh dong hat dan qua hat
nano PTCDA ¢6 thé dugc xac dinh theo cong thirc:
_de ?
dv, C,

Trong d6 L va Cg lan luot 1a do dai kénh dan va dién
dung cuc cong. V&i gi tri trung binh chiéu dai kénh dan
L=(35+ 45)J_ 2nm va C4=8 aF [13] ta c6 thé xac dinh d9 linh
dong hat dan tai muc ap dat 20 mV 1a khoang 0,012+0,016
cm?/Vs. Gid tri ndy cao hon rat nhidu so véi do linh dong
cta mang mong PTCDA (10%4~10% cm?/Vs) [14] do bai
nhiéu hat lién két hinh thanh. Diéu nay ciing d& hiéu boi
khi hat dan di chuyén tur hat nay sang hat khac, no sé€ bi tan
xa tai mat tiép xtc cua cac hat dan dén lam giam d¢ linh

dong hat dan.
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Hinh 6. (a) Sw phu thudc dién tro cua hat theo nhiét dg,
hinh nhé trinh bay két qua lam diing dit liéu do dién tré bang
ham nang lugng kich thich nhiét; (b) Su thay déi dong dién theo
dién dp cong tai cdc mirc dién dp dat khac nhau thay doi
tir -20 mV dén 20 mV voi timg budc thay d6i 4 mV cho tirmg két
qua do tinh tir duci lén trén. Két qua do duoc thuc hién tai 300 K

4. Két luin

Tom lai, trong nghién ciru nay, ching toi da trinh bay
cac két qua dat dugc trong viée tong hop hat nano PTCDA.
Céc hat nano PTCDA dugc tong hop bang phuong phap
bbc hoi nhiét. Két qua phan tich hinh dang bang k¥ thuét
AFM va SEM cho thiy céc hat nano ¢6 cau trac hinh ciu
v6i duong kinh dao dong trung binh tir 70+90 nm. Qua
phén tich déc tinh cdu tric cia hat bang k§ thudt phan tich
pho tan xa tia Xva pho ning luong lién két phan tir Raman,
Chung ta thay rang cic hat nano PTCDA c6 cau triic p dong
nhat. Khao sat dic tinh dan dién cho thay, hat c6 dac tinh
dan dién ban dan rét tdt véi do linh dong hat dan rat cao.
Su thanh cong cua nghién ciru ndy mé ra kha nang ung
dung rat 1on cua viéc sit dung vat liéu hat nano ban dan hiru
co trong cac ung dung dién tir va quang dién tir.
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