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TOM TAT

Trong c6ng trinh nay ching toi da khdo sat
danh hwéng cua chiéu day mang Ién cdu tric, hinh
thai hoc va tinh chdr ddo dién tré thudn nghich
ciia mang mong CrOy duwoc ché tao bang phwong
phap phln xa phan ting magnetron cao ap mot
chiéu (Dc-sputtering). Cac kér qud khdao sdt pho
tan Xa Raman va phé dao déng hong ngoai FTIR
cho thdy mang méng CrOy ling dong & nhiét d¢
phong c6 thanh phdan hop thirc da pha, gom
Cry03, CrO;, CrgOz... Khi chiéu day mang
mong CrOy thay doi tir 30 nm dén 500 nm, cuong

Tir khéa: dio dién tro, chiéu day, oxide crom, RRAM

MG PAU

Trong nhitng nim gan day, cong nghé thong
tin va vi dién ttr 1a nhiing linh vuc ¢6 su tién bo
vuot bac va cd stc anh huoéng rat Ion dén doi
séng x4 hoi. Céc thiét bj cdng nghé vai bo nha c6
dung luong 16n va truy cap vai toc d6 cao dudng
nhu d4 tré thanh nhu cau tat yéu ddi véi moi
ngudi. Chinh vi ly do d6, da c6 nhiéu thé hé bo
nhé dién tor dd duoc nghién ciu va tng dung
rong rai. Bo nhg truy cap ngau nhién (random
access memory - RAM) bao gom hai loai chinh:
kha bién (volatile) va khong kha bién (non -
volatile). Bo nh¢d kha bién 12 bo nhé ma dix liéu
s& mat khi tat nguon cip dién nhu bd nhg truy
cap ngau nhién dong (DRAM) va bo nhé truy cap
ngau nhién tinh (SRAM). Trong bo nhé khong

dé cdc dinh dao dong lién quan dén pha Cr,O3
ting 1én dang ké.chimg 16 cé sw wu tién phdt
trién pha bén Cr,03 50 Véi cdc pha khdc. Két qua
FESEM xac nhdn hinh thai hoc cita mang mong
CrOx c6 mdt dg 16 xop giam va xép chdt hon khi
chiéu day ciia mang tang. Pdc trung ddo dién tré
Cia cde mang méng CrOx khac nhau vé chiéu day
trong cdu tric AgICrOFTO déu thé hién dang
luong cuc. Ty s6 dao dién tré dat gid tri cao nhat
¢ mang CrOx day 100 nm va c6 xu hudng giam
khi chiéu day mang méng CrOx ting.

kha bién, dir liéu luu trir khong bi mat khi tit
ngudn cap dién. C6 nhiéu loai bd nhé khong kha
bién nhu bd nhé truy cap ngiu nhién dang st
dién (FRAM), bo nhé truy cap ngau nhién dang
tr tinh (MRAM), b nh¢ truy cap ngau nhién
dang thay d6i pha (PRAM), va bd nh¢ truy cap
ngau nhién dang dién tré (RRAM), d& duoc céc
nha khoa hoc quan tdm nghién cau [1-2]. Tuy
nhién, mdi loai bd nhé déu c6 nhimg wu va
khuyét diém riéng. Mot bo nhé ly tuong s& co
hiéu suat cao, dap (mg nhanh, tudi tho cao, va
muc tiéu thu dién nang thap, ciing nhu 1a khong
kha bién va tich hop tét hon so voi cong nghé
hién tai. B6 nhé RRAM c6 cdu trac don gian, dé
ché tao, dap ng nhanh, mat do tich hop cao, va
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kha ning twong thich tét vai cac oxide kim loai
trong céng nghé ban dan (CMOS) [1-2]. Do do,
viéc tim kiém céc vat liéu méi nham tng dung
trong RRAM 1a diéu can thiét. Nhiéu oxide cua
kim loai chuyén tiép c6 kha nang chuyén doi dién
tro thuan nghich nhu ZnO, TiOz, NiO, HfO,,
WOy, CuO...d4 dugc cong bd [3-6].

Gan day, cac cong trinh nghién ciu cua
ching t6i cho thay vat liéu oxide crom ciing thé
hién tinh chat dao dién tré thuan nghich dudi tac
dung cua dién treong ngoai va cé tiém nang ung
dung trong bo nhd RRAM [7-8]. Dé tiép ndi va
mé rong cac khao sat cia minh, trong pham vi
bai bao nay, ching tdi ché tao 16p CrOy cé chiéu
day tir 30 — 500 nm nham khao sat anh huéng cua
chiéu day mang Ién cau trdc, hinh thai bé mat, va
qué trinh dao dién tro thuan nghich cia mang
mong CrOy, tir d6, tim ra mdi lién hé giira chiéu
day 16p oxide crom va cac dic diém cua qué trinh
dao dién tro thuan nghich caa mang mong CrOx
dé hudéng dén tng dung trong bd nhé RRAM.
VAT LIEU VA PHUONG PHAP

Mang mong CrOyx duoc ché tao bang phuong
phédp phin xa phan ung magnetron cao ap mot
chiéu (Dc-sputtering) tir bia kim loai Cr (MTI —
USA, 99,95 %) trong hdn hop khi 6 % O va 94
% Ar. Cong suét phan xa la 90 W, khoang cach
bia dé 12 4 cm va 4p suat ling dong mang mong
la 7 mTorr. Cac mang méng CrOx dugc ling
dong trén dé dan dién trong suét FTO & nhiét do
phong va chiéu day mang thay doi theo thai gian
ling dong. Tiép theo, 16p dién cuc dinh bang kim
loai Ag dugc phu lén mang CrOJ/FTO bang
phuong phap phin xa magnetron DC trong moi
truong khi Argon & &p suat 7 mTorr tai nhiét do
phong, c6 chiéu day 1a 100 nm. Chiéu day mang
CrOx dugc kiém tra boi hé do chiéu day Dektak
6M stylus profiler. Phé tan xa Raman va phé dao
dong hdng ngoai FTIR dugc khao sat trong tng
bai hé Renishaw invia Raman microscope Vi
bugc song kich thich 532 nm va hé Bruker
Tensor I1. Hinh thai bé mat CrO«/FTO duoc khao

sat bang phuong phap FESEM véi hé S4800
Hitachi.

Céu hinh khao sat dic trung dong — thé va
dao dién tré duoc trinh bay & so d6 Hinh 1, dién
ap diéu khién dwoc ap vao dién cuc day FTO,
dién cuc dinh Ag duoc ndi véi dét véi quy trinh
ap thé nhusau: 0 > -1,5V> 0> +2 V> 0.

Thuyv tinh

Hinh 1. So dd khao sét dic trung dao dién trd clia cAu
tric Ag/ICrO«/FTO

KET QUA VA THAO LUAN
Céu triic ciia mang méng CrOx

Cac mang mong oxide crém véi céc chiéu
day thay ddi tir 30 nm dén 500 nm dwoc khao sat

phd tan xa Raman & nhiét d6 phong. Két qua phd
Raman dugc trinh bay trong Hinh 2.

100 nm

Cuong @9 dinh phé Raman

H PO 30 nm

200 400 600 800 ) 1000 1200
S6 s6ng (cm’)

Hinh 2. Phé Raman ctia mang méng CrOx c6 cAc chidu
day khac nhau
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Bang 1. Théng ké cac dao dong Raman ciia mang mong CrOx Véi cac chiéu day khac nhau

Mang méng Dao dong Ty s6 cwong dd
Ky hi¢u a b c d e f elc flc
Chidu day C(:Xog Cr,03 | Cr03 Cr0; CrO; CrsOx | CrO; (By)/ | CrsOu(Eg)
1) | (Eo) (A) (Eg) (Bzg) (Eg) Cr20; (Ayg) | Cr20s (Agg)
30 nm - - - - 673 277 - -
100 nm 302 349 551 609 719 804 35 0.7
300 nm 301 345 549 605 721 834 4.3 2.4
500 nm 302 343 544 603 697 808 1.3 0.6

Tir Hinh 2 nhan thay cac mang mong CrOy
c6 chiéu day tir 30 nm dén 500 nm déu xuat hién
tin hiéu dao dong Raman trong vung 200-1000
cmt va c6 su khac biét kha rd rang vé sé lugng
va cuong do cac dinh dao dong. Khi chiéu day
16p CrOx tang, cuong d6 dao dong cac dinh A, B,
C, D ting, ddng thoi dai dao dong E — F ¢ xu
huéng giam cudng do va thu hep lai. Bé xac dinh
rd hon sy thay ddi ndy, phd Raman dugc phéan
tich chi tiét (fit) theo ham Gaussian. Két qua
phan tich Gaussian dugc thé hién trong Hinh 3 va
thong keé chi tiét trong Bang 1. O mang CrOx — 30
nm (Hinh 3A) chi ¢ xuat hién dao dong Raman
& vling rong khoang 650-900 cm, cuong do kha
thap. Két qua fit ving phd nay xuat hién hai dao
dong E va F tuong tng véi déc trung Bog cua pha
CrO; va Eg cua pha CrgOz [9-10]. O mang CrOx
— 30 nm VAan chua c6 xuat hién bat ky dao dong
Raman nao lién quan dén pha Cr,0s.

Phd Raman cuia cac mang CrOx chiéu day tir
100 nm — 500 nm déu xuit hién cac dao dong tir a
— f lién quan dén cac pha Cr,0s, CrO; va CrgOy
(Hinh 3B - 3D). Céac dinh a, b, ¢ va d lién quan
dén dao dong cua pha Cr.0s, trong dé dinh ¢ ¢6
cuong d6 cao nhat 1a dao dong dic trung Asq cia
pha Cr,03[11-12]. So v6i mang CrOx — 30 nm, &
mang CrOx — 100 nm, ngoai cac dao dong e, f
twong tng véi pha CrO,, CrsOys, da ¢ xuat hién
thém céc dinh cua pha Cr,03. O mang CrOx — 300

nm c6 su tdng nhe cua pha CrO, va CrgO;; S0 VGi
c4c pha Cr,0s, cuong do dinh CrO; (Bag) gap 4,3
lan va cuong do dinh CrgOz1 gap 2,4 lan so Véi
Cr20s (Asg). Tuy nhién, khi chiéu day CrO tang
I&n 500 nm thi pha Cr,0z chiém uu thé véi cuong
do cac dao dong & 302, 343, 544 va 603 cm™ ting
len  dang k& ty s6 cuong  do
CrO2(Bag)/Cr03(A1g) giam 2,7 1an so voi mang
CrOy — 100 nm (Hinh 3D).
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Hinh 3. Két qua phan tich Gaussian cua mang mong
CrOx theo cac chiéu day khac nhau
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Céc két qua phan tich cho thdy mang mong
CrOx dugc ling dong ¢ nhiét 6 phong c6 thanh
phan va ty Ié cac pha thay d6i 16n theo chiéu day
tir 30 — 500 nm. Trong do6, pha Cr,03 cang cé xu
huéng uu tién phat trién khi chidu day mang cang
tang.

Ching tdi tiép tuc khao sat cac dao dong
hdng ngoai cua mang mong CrOyx bang phuong
phap FTIR trong ving tir 400 — 3000 cm™. Két
qua phd FTIR duoc trinh bay trong Hinh 4. Bén
canh cic dinh dao dong lién quan dén mang
mong CrOx xuat hién trong viing sé séng tir 300 —
1000 cmL, phé con c6 cac dinh dao dong khéc &
khoang 2354 — 2387 cm™ va 1610 cm™ twong tng
v6i dao dong bat ddi xang (asymmetry) va dao
dong bién dang (deformation) cua céc phan tir
CO; va H,0 hip thu trén bé mat [13-14].

Dinh dao dong co cudng d6 16n nhat ¢ 535
cm? dic trung cho dao dong Cr — O song song
VGi truc ¢ cua cau tric Cr,0z [15-16]. Pinh dao
dong ¢ 640 cmt ¢6 cudng do nho lién quan dén
dao dong kéo cang (stretching) cua lién két Cr —
O trong Cr,0s3. Bén canh d6, mang mong CrOy
con ¢é dinh dao dong ¢ khoang sb séng 995 cm®
dic trung cho dao dong kéo cing bat ddi xung
cua lién két Cr — O trong pha CrO;, hoic CrO;
[17]. Tur phd FTIR c6 thé thiy cuong do dao
dong cua lién két Cr — O trong Cr,03 & 535 cm'®
tang ty 1& thuan véi chiéu day mang ching to c6
su tang cuwong su hinh thanh hop thic Cr,0s.
Diéu nay kha phl hop vai cac két qua phan tich
phé Raman & trén.

Ngoadi ra, cac dao dong & khoang sb séng 400
cm va 613 cm dic trung cho cac dao dong Cr —
O cuia pha tinh thé Cr,0s trong mang mong CrOx
van chua xudt hién ching t6 mang mong c6 cu
trac vo dinh hinh [15, 17]. Diéu nay ciing phd
hop véi két qua khao sét cau trdc tinh thé st dung
phuong phéap nhiéu xa tia X (khong duoc trinh

bay ¢ ddy): khong ton tai dinh nhidu xa. Mot sé
cong trinh nghién ctru vé mang mong oxide crém
dugc ché tao bang phuong phap phin xa dat
dugc ciu tric tinh thé khi st dung cong suit
phdn xa 16n va nhiét do ling dong cao [18-19].
Trong nghién cu nay, chung toi ché tao cac
mang mong CrOyx & nhiét &6 phong véi cong suit
phln xa thap.
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Hinh 4. Phé FTIR ctia mang méng CrOx Véi cac chiéu
day khac nhau

Hinh thai hoc trén bé mit mang méng CrOx

Anh FESEM ciia mang mong CrOy ¢6 chiéu
day lan luot 1a 30, 100, 300 va 500 nm dugc lang
dong trén dé FTO duoc thé hién twong ing trong
Hinh 5B - E. Do mang CrOx — 30 nm (Hinh 5B)
c6 chiéu day kha mong nén mang c6 hinh théi bé
mit twong tu nhu bé mit dé FTO (Hinh 5A). O
mang mong CrOx — 100 nm, bé mit mang gom
c4c hat dinh huéng ngau nhién va c6 nhiéu 16 x6p
xen k& (Hinh 4C). So vai CrOx — 100 nm van con
cau trac xbp, cac mang CrOx — 300 nm va CrOy —
500 nm ¢6 bé mat kha xép chat véi mat do bién
hat giam dang ké. Két qua anh FESEM chung to
hinh thai bé mat cua mang mong CrOy thay ddi
theo chiéu day 16p mang CrO.

Trang 95



Science & Technology Development, Vol 19, No.T3-2016

Hinh 4. Anh FESEM cua (A) dé FTO va mang méng CrOx véi cac chiéu day khac nhau (B-E)
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Pac trung dio dién tré

Hinh 5 trinh bay dic trung dong — thé cua
c4c mang mong CrOx ¢6 chiéu day tir 30 — 500
nm trong cau tric Ag/CrO,/FTO véi 100 lan quét
thé theo quy trinh0 > -1,5V>0>+2V >0
duéi dang db thi log (1) — V. Pic trung dao dién
trg thuan nghich xuat hién trong tat ca cac mang
mong CrOx va tuan theo dang ludng cuc: dién thé
am ap vao dién cuc day FTO gay ra sy dao dién
tro tu trang thai dién tré cao (High Resistance
State - HRS, dong thip) sang trang thai dién tro
thip (Low Resistance State — LRS, dong cao).
Qua trinh dao dién tré theo chiéu nguoc lai tir
LRS sang HRS chi xuat hién khi 4p dién thé
duwong vao dién cuc ddy FTO. Céac gia tri dién ap
hoat dong - Vmax = 1,5 V va + Vmax = 2 V phu
hop Véi yéu cau vé dién thé hoat dong (< = 3 V)
cua linh kién dién tir. Qua trinh dao dién tro cua
c4c mang CrOyx tir 30 — 300 nm khé 6n dinh sau
100 vong lap, gia tri thé thiét 1ap (Vser) 6n dinh ~
-0,5 V trong khi gi4 trj thé tai thiét 1ap (Vieser) dao
dong trong mot khoang A~05Vtr1,3-18V
(Hinh 5A — C). O mang CrOyx — 500 nm, cu trdc
van thé hién qua trinh dao dién tro, tuy nhién gia
tri dong dién bién ddi kha Ion sau 100 vong lap,
thé Vet khdng rd rang va kho xac dinh (Hinh 5C).

Hinh 6 md ta su phan bé cua gia tri dién tro
twong ung voi trang thai HRS va LRS cua cac
mang mong CrOx theo cac chiéu day 30, 100, 300
va 500 nm thu duoc tai dién ap + 0,2 V. Gia tri
Rurs €O su thay dbi rat Ion theo chiéu day cac
mang: thap nhat & mang CrOx - 30 nm (~ 70 Q),
sau d6 ting dan & CrOx - 300 nm (~135 Q), tiép
theo 12 CrOyx - 500 nm (~ 220 ) va lén nhét &
mang CrOy - 100 nm (~ 350 Q). Nguoc lai, gia tri
dién tré & LRS khé& 6n dinh & cac mang CrOy —
30, 100 va 300 nm, Rirs gan nhu khong thay ddi,

dat gi4 tri khoang 22 Q. G mang 500 nm, gi4 tri
LRS lai tang 1én va dat khoang 50 Q.

Trong cdng bd trude, ching t6i dd xac dinh
dugc co ché dao dién tré thuan nghich ciia mang
CrOx trong cau tric Ag/CrO/FTO théng qua qué
trinh hinh thanh/ dut gy cua cac kénh dan Ag
(filaments) theo phan @ng oxy héa — khwr dién
hoa Ag duéi tc dung cua dién truong ngoai [8].
Dua vao co ché trén, su bién ddi cua cc gia tri
Rurs va Rigrs dugc ching téi ly giai nhu sau: gia
tri dién tré Rirs dugc quyét dinh do sé lwong va
mat d6 caa cac kénh dan Ag duoc hinh thanh khi
thiét 1ap trang thai tir HRS > LRS. O mang CrOx
— 500 nm ¢6 cau tric kha xép chat, it bién hat,
kich thudc hat 16n (theo anh FESEM - Hinh 4B
va 4E) giy kho khidn cho viéc hinh thanh céc
kénh dan Ag nén mat do cac kénh dan nay it va
gia tri Rigs 16n hon so vai cac mang CrOy — 30;
100 va 300 nm.

Mat khac, gia tri dién tr¢ ¢ trang thai HRS la
do dong dan noi tai trong cau tric sau khi céc
kénh dan Ag bi dut gdy mét phan hodc dat gay
hoan toan. Vi vay, gia tri caa HRS phu thudc chu
yéu vao cau tric tinh thé cuia mang mong. O
mang mong CrOx — 100 nm, so v&i cac chiéu day
khéc, cdu trac mang twong dbi xop, nhiéu sai
hong va mat dd bién hat 16n (Hinh 4C) nén gia tri
Rurs €a0 nhat.

T cac gia tri Rigs va Rurs & Hinh 6, do rong
ctra s6 dién tro (hay ty sé dién tro) duoc tinh toan
theo cong thirc (Rurs — Rirs)/ Rirs va duoc thé
hién trong Hinh 7. Cira sb dién tré cia mang 100
nm 16n nhat véi khoang 15 lan; giam dan ¢ mang
300 nm (~ 8 lan), 500 nm (~ 5 lan) va cudi cing
12 30 nm (~ 3 1an). C6 thé thiy rang gié tri cira
s6 dién tro cua cu tric Ag/CrOx/FTO véi chiéu
day 16p CrOx — 100 nm c6 thé thich hop cho viéc
ng dung trong bo nhé thay doi dién tré RRAM.
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KET LUAN

Cau tric Ag/CrOx/FTO voi chiéu day mang
mong CrOx thay ddi tir 30 — 500 nm d4 duogc
khao sat vé cau trac, hinh thai hoc bé mat va tinh
chat dao dién tro thuan nghich. Céc két qua khao
sat cho thay rang khi chiéu diay mang cang ting
c6 su thay d6i ty Ié cac pha trong thanh phan hop
thirc theo xu huéng uu tién phét trién pha Cr,03
ddng thoi cau trac mang cang co xu huodng it sai
hong va xép chat hon. Céc khao sat dic trung I —
V chting toé chiéu day mang c¢é anh huong rét 16n

Effects of the thickness on

dén gi tri Rurs, Rirs, gid tri va do bién doi cua
ty s6 dao dién tro. Trong khoang chiéu day cua
mang mong CrOyx dugc khao sat tir 30 — 500 nm
thi mang CrOx — 100 nm thé hién ty s dao dién
trg 16n nhat, ¢6 thé hudng dén tng dung trong bo
nhé dién tir khong kha bién.

Loi cam on: Noi dung nghi€n ciu trong bali
bdo duwoc thuc hién véi su ho tro kinh phi tir Quy
phat trien Khoa hoc va Cong nghé quoc gia
(NAFOSTED - 103.02-2012.50).

resistive

switching characteristics of CrOx thin films

e Pham Kim Ngoc
e Phan Bach Thang
e Tran Cao Vinh
University of Science, VNU-HCM

ABSTRACT

In this study, we have investigated influences
of the thickness on the structure, surface
morphology and resistive switching
characteristics of CrOy thin films prepared by
using DC reactive sputtering technique. The
Raman and FTIR analysis revealed that
multiphases including Cr.0s;, CrOz, CrgOq;...
phases coexist in the microstructure of CrOx film.
It is noticed that the amount of stoichiometric

Cr,03 phase increased significantly as well as
the surface morphology were more visible with
less voids and more densed particles with larger
thickness films. The Ag/CrOJ/FTO devices
exhibited bipolar resistive switching behavior
and high reliability. The resistive switching ratio
has decreased slightly with the thickness
increments and was best achieved at CrOy — 100
nm devices.

Key words: Chromium oxide, resistive switching, RRAM, thickness
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