Céng nghiép ring

1. MO PAU

NGHIEN CUU CHE TAO MANG MONG SAT DIEN - AP PIEN PZT
BANG PHUONG PHAP SOL - GEL PINH HUONG UNG DUNG
TRONG CAM BIEN SINH HQC
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TOM TAT

Trong cong trinh nay, két qua nghién ciru céu triic va tinh chat dién, ap dién cua mang mong Pb(Zry,Tiy4)Os-
(P60/P40) va Pb(Zry4,Tiy6)O0s-(P40/P60) trén dé Pt/Ti/Si0,/Si(100) ché tao trén co s¢ phuong phap Sol- gel da
dugc trinh bay. Mat khéc, trong bai bao nay ciing tién hanh nhiing nghién ctu tiép theo dé tao ra mang mong di
16p PZT c6 chat lugng cao va tap trung nghién ctru dé ci thién tinh chat sit dién va ap dién trong mang mong di
l6p PZT nhim dinh hudng trong cac ung dung cta nhém vi h¢ théng co dién td (MEMS), nhu ché tao thanh
caltilever cua linh kién cam bién sinh hoc. Béng viéc t6i uu hoa quy trinh st Iy nhiét, ddc biét 1a nghién ctru ché
tao dwoc mang mong PZT di 16p voi tinh chét sat dién va ap dién da duoc nang cao rd rét. Mang mong (P60/P40)
va (P40/P60) trén dé Pt(111)/Ti/Si04/Si ¢6 dinh huong uu tién (100) da ducc ché tao thanh cong co6 cac thong so
dd phan cuc du P,, dién truong khir phan cuc E, hang ) dién moi € va hé ) ap dién ds; dat cac gia tri twong ing
1a 19uC/cm?®, 79kV/em, 1080 va 70pm/V. Két qua phan tich nhidu xa tia X va bé mit cit 16p SEM cho thiy mang
mong dugc G nhiét & 650°C, trong 60 phut, tai phong sach da xac dinh dugc ¢ cAu truc dac khit, pha perovskite
da tinh thé, vat liéu Perovskite dj 16p va do day cta mdi 16p mang mong 1a 60 nm.

Tir khoa: Ap dién, ciu tric di l6p, PZT, sit dién, Sol-gel.

trong trong cac linh  kién MEMS

Trong nhitng ndm gan day, su phat trién cua
cong nghé vi di¢én tr va cong ngh¢ sinh hoc da
gop phan to 16n vao van dé phat hién som,
nhanh va chita khoi mot sb bénh ldy nhiém
trong doi sdng, sinh hoat cua con ngudi, lam 1
hon co ché sinh 1y, sinh truéng phirc tap trong
co thé séng va xac dinh chuyén doi gen, kha
nang khang bé¢nh...trong cdy xanh. Vi¢c ung
dung cam bién sinh hoc va thiét bi di kém gitp
chung ta chan doan xac dinh, diéu tri bénh mot
cach dé dang va nhanh chong hon. Cac cong
trinh nghién ctru gan dy cho thiy cac mang
mong sat dién PZT véi hé sb ap dién 16n cua
mang moéong PZT da va dang duogc su dung
nhiéu trong cac linh kién cam bién sinh hoc dé
phat hién cac t& bao, protein hay cac phan tir
DNA. Ngoai ra, véi viéc ché tao ra déng thoi
nhiéu loai linh kién trén cung mot phién silic
s& lam giam gia thanh san pham.

Céac vat liéu sit dién véi kha nang chuyén
dbi dién — co dd va dang dong mot vai tro quan

'ThS. Trwong Pai hoc Lam nghié¢p
’Pai hoc Bach Khoa, Ha Ni

(Microelectromechanical systems). Tinh chat
ap dién cua chung c6 thé duoc st dung trong
cac thiét bi truyén dong [1,2], cam bién [3-5]
va trong cac thiét bi chuyén doi c6 kich thudc
micro-mét (MUTs) [6,7]; Cac vat li€u co tinh
chét ap dién cung cap mét co ché chuyén dbi
tin hiéu truc tiép gitra dac trung co hoc va dac
trung dién [8].

Cong nghé sol-gel dya trén phan ung
polymer hod hop chit vé co cho nhirng uu
diém nhu d6 sach cao, d& khéng ché thanh
phan va dic biét 1a khong doi hoi cac thiét bi
dét tién. Trong cong trinh ndy chung toi trinh
bay cac két qua moi vé nghién ctru ing dung
cong nghé Sol-gel ché tao mang mong di 16p
da 16p PZT bién tinh véi ti 18 Zr/Ti: 60/40 va
Zr/Ti: 40/60 budc dau da cai thién duoc tinh
chét sat dién va ap dién.

IL VAT LIEU VA PHUONG PHAPNGHIEN CUU

Dé giai quyét cac van dé nghién ctu trén,
trong bai bao nay tac gia da dung phuong phap
nghién ctru thuc nghiém dé tao sol-gel va quay
pht mang mong PZT.
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Qua trinh tao sol

Dé nghién ctru anh hudng cua ciu trac
mang di 16p toi tinh chat sit dién ciia mang
mong PZT ching t6i ché tao tao sol PZT véi ti
16 hop phan [Zr]: [Ti] lan luot 1a 60:40 va
40:60, trén co so thuc nghiém khdo sat anh
huéng cua ti 18 [Zr]: [Ti]. Thong sb vat 1y cua
cac nguyén liéu ché tao sol PZT duoc trinh bay

trong bang 01. Dung mdéi MOE va cac
alkoxide phai dugc bao quan trong tu lanh. Boi
vi cac hop chit alkoxide nay rit nhay v6i moi
truong khong khi néng 4m lam cho chung
nhanh chéng bi thuy phan tao két tia. Mudi chi
axetat cling can phai dugc bao quan trong moi
truong kho rdo tranh hoi 4m lam sai hut lugng
mubi khi can.

Bang 01. Cdc héa chit sir dung cho tong hop PZT

TT | Héa chat M Ty d (g/ml)
(g/mol) | (°C)

1 Pb(CH3CO0),3H,0 (Chi axetat) 378

2 Zr (n-C3H,0)4 (Zirconi n-propoxit) 70% 327.58 208 1.045

3 Ti(i-C3H70)4 (Titan iso propoxit) 98% 284.25 170 1.043

4 MOE ( CH3;0CH,CH,0OH) 76.10 125 0.965

5 CH;COOH (Axit axetic) 99.5% 60.05 118 1.05

Dung dich PZT duoc diéu ché béng cach tron
cac hop chit can thiét dé tao thanh PZT theo
ding ty 18 thanh phan. Cac hop chit nhu mubi
chi (I) axetat trihydrate [Pb(CH3COO),.3H,0],

Tetra-isopropylorthotitanate  Ti(i-C;H;0)4 va

Quy trinh quay phu mang mong PZT

Zirconium(IV) propoxide Zr(n-CsH;0)s duoc
tron trong dung modi 2-methoxyetanol
CH;0C,HsOH (MOE) dé tao thanh cac dung
dich sol thanh phﬁn, sau do sol PZT duoc tao
bang cach tron 3 sol thanh phan lai v6i nhau.

Quay phu tao mang PZT: 1000 vong /5 gidy
4000 vong/phut 25giay

l

U 100°C trong 10 phit

Tao l T’ao 2
da ; 6p
16p U 3000C trong 30 phut

U 400°C trong 10 phut

J,

U két tinh & 650°C trong 10 phat

Hinh 01. Quy trinh ché tao mang PZT (quy trinh 1)
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D6i voi quy trinh méi (quy trinh 2) mang
mong PZT van dugc quay phu 1én trén dé
Pt/Ti/Si0,/Si(100) nhung theo ché d6 cong
nghé mai 1a: 4000 vong trong 30 gidy va dé
loai bo lugng nudc va dung moi vo co, hitu co,
mdi 16p mang dugc sdy kho thang 1én nhiét do
400°C trong 10 phit. Qua trinh nay dugc thyc
hién tir 2 dén 8 1an dé thu duoc mang c6 do day
mong mudn. Dé tinh thé hoa tao pha perovskite
va tranh ran nat, mang PZT dugc nung u ¢
nhiét d6 650°C trong khoang 60 phit dbi voi
quy trinh 1, thoi gian u 1a 120 phut.

Thanh phan pha ciia mang mong duge phan
Két qua nhiéu xa tia X:

wn —

(100

Lin (Cp=)

tich trén may nhidu xa tia X con chiéu day
mang duoc khao sat bang k¥ thuat chup anh
SEM miat cit 16p trén hé do HRSEM:
Zeiss:1550 (hinh 2). Pic trung sét dién cua vat
lidu (duwong cong dién tré P-E) duoc tién hanh
khao sat cho phép danh gia tinh chat dién moi
cua vat liéu (héng s6 dién moi va do tén hao
dién moi theo tan sb).

I KET QUA NGHIEN CUU VA THAO LUAN

Thong qua phép do nhiéu xa tia X (X-ray
diffraction) dé nghién ctru cu triic tinh thé cua
vat liéu, két qua nhu sau:

2-Theta - Scale

Hinh 2a. Pho nhiéu xa tia X ciia mang PZT theo quy trinh
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Hinh 2b.Gidn dé nhiéu xa tia X theo quy trinh

Hinh 2a,b trinh bay két qua nhidu xa cta
mang PZT theo quy trinh 1 va 2 trén dé
Pt/T1/Si0,/S1(100). Hinh 2a mang méng PZT
xtr 1y nhiét & 650°C c6 céu tric perovskite voi
dinh hudng ngau nhién nhung van ton tai pha
phan sat dién P,. Hinh 2b 1a két qua nhiéu xa
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tia X xac dinh theo quy trinh ché tao 2 da duoc
t6i wu dé han ché nut giy bing cach bd qua
qua trinh 1 so bd tai nhiét do 300°C trong vong
30 phut va gi6i han thoi gian u két tinh 1a
650°C/60 phut. Gian db nhidu xa cho thiy céac
dinh nhiéu xa ctia pha Perovskite (P.) & goc
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20: 22°, 38° va 45° twong Umg véi cac ho mat
(100), (111) va (200). Mang PZT tinh thé ho4
& 650°C ¢6 cu trac pha perovskite da tinh thé
ABO; nhu mong mudn, trén gian do chiing t6i
khong quan sét thay luong nho pha Pyrochlore
(Py) A,B,07- pha thiéu chi khong mong muén
vi n6 lam giam tinh chét dién cta mang. Trong
qué trinh U nhiét dé chuyén hoan toan pha P,
thanh pha P, can ham lugng bu Pb dang ké.
Néu nhu lugng Pb du duoc tinh todn tur giai
doan tao Sol khong du bu cho Iugng Pb bay
hoi s& gay ra hién tuong thiéu hut Pb va dan toi
sw ton tai pha Py trén 16p bé mat mang PZT.
Két qua nhidu xa tia X cua (P60), (P40) va di
l6p xen k& PZT [P60/P40] du 15% Pb trong
céc bao cao nay ching t6i déu khong quan sat

Anh quang hoc ciia mang PZT

Hinh 3a,b. Anh quang hoc ciia mang PZT trén dten cuc c Pt

thiy cac pha Py. Véi két qua do dugc trinh bay
trén hinh 2b ching t6i nhan thdy quy trinh
nghién ctu xu ly nhi¢t trong qua trinh tao
mang 1a hoan toan hop ly.

O cong trinh nay két qua nhiéu xa tia X
cling nhan dugc hoan toan don pha perovskite
voi mang PZT 6 16p: (P60), (P40) va di 16p
xen k& PZT [P60/P40]; du 15% chi, ngoai ra
gian d6 nhiéu xa tia X ctia cic mau da 16p PZT
P60: 6 16p va P40: 6 16p khi phong to, PZT40:
6 16p c6 sy dich chuyén cua dinh PZT (200) vé
phia goc 20 16n va cudng do giam % so ddi voi
mau PZT P60: 6 16p va dic biét co su tach
dinh cua PZT di 16p xen k& [P60/P40]; tai goc
20: 45° chimg t6 ¢6 sy ton tai cua 16p sit dién
di lop xen k&.

sw dung quy trinh v nhiét 1, P(60) 6 lop (a), PZT(40) 6 lop (b)

Hinh 3a,b Khi thuc hién quy trinh xtr 1y
nhi¢t 1, trong qua trinh tao mang méng PZT
mau duoc quan sat bang kinh hién vi quang
hoc sau qua trinh U két tinh nhan thdy rang
mang c6 hién tugng nut v& va c6 hién tugng

rosette (tu dam).

Hinh 4 a, b Anh quang hoc ciia mang PZT khi
str dung quy trinh xtr Iy nhi¢t 2 chung t6i da thu
duoc mdt s& mau khong c6 hién tugng nit,
nhung hién tuong rosette (tu dam) van nhiéu.

Hinh 4a,b. Anh quang hoc ciia mang PZT trén dién cuc Pt siv dung quy
trinh 1 nhiét 2, P(60) 6 lop (a), PZT(40) 6 lop (b)
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Hinh thdi bé mat mang

126~ —9a.
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Trén hinh 5c hinh thai bé mit cua mang di
16p (P60/P40); theo quy trinh 2 cho két qua bé
mit tt nhat.

Hinh anh SEM

Pic trung ciu trac bé mat va chiéu day
mau dugc danh gia trong anh SEM bé mit va
SEM mit cit 16p trén hinh 6. Trén hinh 6 cho
thiy bé mit mang thu duogc 1a dic. Mang PZT
thu duoc c6 bé day 360 nm voi 6 lan quay
phu, trung binh mdi 16p mang cho bé day xap
xi 60 nm.

Dac trung dién ré

Hinh 5 a. Hinh thdi bé mit
mang P60 theo quy trinh 1

Hinh 5 b. Hinh thdi bé mdt
mang P60 theo quy trinh 2

Hinh 5 c. Hinh thdi bé mgt
mang di I6p (P60/P40);
theo quy trinh 2

(a): 66l

Hinh 6. Anh SEM mt cit l6p
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Hinh 7. Puong cong diic trung di¢n tré
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Trén duong cong dic trung dién tré P-E
(hinh 7a) thé hién su khac nhau vé tinh chat sét
dién. Trén hinh 7b tinh chét sit dién ciia mang
mong di 16p xen k& (P60/P40); P, 1a 19uC/cm?
cao hon so v6i di 16p thanh phan [P60]3P40;
va tinh chét st dién con cao hon nita ddi véi
mang moéng PZT di 16p xen k& (P60/P40),
nguoc lai E. lai nho nhat khi quan sat trén hinh
8 va bang 2 do la muc dich ching t6i mong
mubn dé nang hé sb ap dién d;; khi ché tao mau
di 16p xen k& nham dinh hudng tmg dung khi
ché tao thanh caltilever cua linh kién cam bién
sinh hoc. Nguyén nhan dan dén do phan cuc
du P, 16n 1a khi ché tao mAu chon vat liéu c6
thanh phan nam lan can bién pha hinh thai hoc
do d6 lam tang tinh chét dién cua PZT, diéu do
cho thiy chit siéu dién moi va tinh chit sit
dién ciia mang mong di 16p 1a két qua tir mot
su twong tac giita sit dién & pha phan bién (pha
sat dién c6 cAu trac mat thoi -phia giau Zr va

o} (a)

20F
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d0f = e Ated
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ao-electric fisld (kK\om)
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pha sit dién co cdu truc tr gidc -phia gidu Ti).
Diéu nay 1a phu hop véi viéc quan sat hinh thai
bé mit hinh 5 a, b xut hién nhiing diém sai
hong, nguyén nhéan la do trong qua trinh u
nhiét mang PZT xuét hién nhiing chd khuyét
ctia chi va oxi lam suy giam tinh chat dién cua
mang mong PZT. Mit khéc, trong chu trinh tré
phan cuc cac oxi khuyét nay s& lam ghim
nhitng domen lai han ché su dich chuyén va
xoay vach domen lam suy giam tinh chét sit
dién. Két hop v6i quan sat hinh thai bé mat
hinh 5c ciing d4 khang dinh rd hon két qua ciu
trac mang di 16p xen k& trén hinh 7b cho két
qua tot hon so v6i cdu tric mang di 16p mot
pha thanh phan P60, P40 diy 1a muc dich
chinh nhém nghién ctru quyét dinh khéo sat,
lya chon ché tao mang mong co cAu trac di 16p
xen k&, két qua d3 lam tang tinh chat sat dién
cua mang mong PZT.
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Hinh 8. Pwong cong P-E ciia mang PZT véi so I6p khdc nhau
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Hinh 9. Hé 56 dp di¢n phu thujc vao sé I6p mang mong
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Bang 02. Sw phu thuéc ciia P,, €, E,, d phu thugc vio sé lop

S6 16p P, (uC/cm?) e E. (kV/cm) ds3 (pm/V)
2 16 880 88 47
3 19 1080 79 70
4 22 930 70 80

pha thanh phan. Nhiéu nghién ctru d cho thiy
ting cudng hang sd dién mdi trong cac mang
mong di 16p 1a do cac tu dién dugc ghép ndi

Hinh 10 cho thdy hiang s6 dién moi va ton
hao dién mdi 1a mot ham cua tan sb & nhiét do
phong. Nhu ¢6 thé thay, hing sb dién méi cua Lo R
mang mong di 16p 1a 16n hon so vai di 16p mot tiép gitta cac 16p.
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_ Hinh 10. Duong cong D-E ciia mang PZT
a. Hang s6 dién moi b. Do ton hao dién moi ctia P60/P40

Dé xac nhén tinh chinh x4c ctia cic m6 hinh  két ndi hang loat mé hinh cia poly-P60 va
dong tu dién, ching t6i da gid dinh hang s6  polyP40 c6 hang so di¢én moi dat hi€u qua:
di€én moi hi€u qua cua cau trac di 16p tdi 1a mat

1 d. d d d d d
= _Yipupso | G0 | Gpao | Yo | Dpao  Dreo

€ Eipureo  €rso €pPao  Cpeo  €rao  €pso  Cpao  Eipaopi

dp40 + di,P40/Pt

Trong do: Mang mong PZT(P60/P40) va PZT(P40/P60)
- €1, €, €peo, and €pyg : lan luot 1a hé sb dién  da duoc ché tao thanh cong trén co s& phuong
moi hiéu dung, hé¢ so di¢én moi cua 16p tiep  phap sol-gel va ky thuat quay phu.

gidp st dién P60, P40 va hé s dién moi cua Tim dugc quy trinh @ nhiét méi cho phép
P60, P40 tuong tng. ‘ giam hién tuong nit v&, nang cao tinh cht vat
- dy, di, dpeo, and dpso: 1an luot 1a d6 day 16p 1y cua mang mong PZT/PY/Ti/SiO,/Si(100).
tiép giap sat di¢n P60, P40 va do day 1op sat Mang méng PZT xir 1y nhiét & 650°C & quy
dién P60, P40 tuong img. trinh 2 ¢6 céu trac perovskite voi dinh huéng
IV. KET LUAN ngau nhién va khong ton tai pha phan sét dién

P, khong mong mu6n, mau mang thu dugc do

Trong qué trinh thuc hién nghién cuu tac ) 2 ~
dong nhat, khong nat gay.

gia da thu duoc mot s6 két qua chinh sau:
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Gia tri phan cyc du P, dién truong khu
phan cuc E., héng sb6 dién méi € va hé sd ap
dién 1an luot la 19uC/cm2, 79kV/cm, 1080 va
70pm/V nhu vay gia tri P, va ¢ trong nghién
ctru cua chung t6i c6 két qua cao hon so voi
khi chua dugc cai thién & ché do téi wu, déng
thoi cling cao hon so voi hai tac gia Tae Kim,
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STUDY ON FERROELECTRIC AND PIEZOELECTRIC PROPERTIES
IN PZT THIN FILM APPLICATION FOR BIOSENSOR

Nguyen Thi Quynh Chi, Nguyen Vu Cam Binh, Nguyen Duc Minh, Vu Ngoc Hung
SUMMARY

In this paper, crystal structure, electrical propertie and piezoelectric properties of PbZr,¢Tiy405-(P60/P40) and
PbZr( 4Tiyc05-(P40/P60) deposited on Pt/Ti/SiO,/Si(100) substrate, based on Sol-gel method were reported. In
this paper further research is conducted to create heterolayered PZT thin films with high quality. The focused
research is to improve the ferroelectric and piezoelectric properties of heterolayered PZT thin films for the
appication purpose of response groups in micro-electromechanical systems (MEMS), such as making audio
components and caltilever for biosensors. By optimizing thermal processing process, especially the research and
manufacture of heterolayered PZT thin films with ferroelectric and piezoelectric properties have been
significantly improved on the substrate Pt (111)/Ti/SiO2/Si having preferred orientation (100). For example,
(P60/P40) and (P40/P60) thin films have been successfully fabricated with the parameters P,, E., € and dj;
corresponding to 19uC/em?, 79kV/em, 1080 and 70pm/V, respectively. The SEM cross - section and X - ray
diffraction analysis results showed the film annealed at 650°C for 60 minutes in the clean room have
polycrystalline perovskite, heterolayered perovskite, pyrochlore trace amount phase and the thickness of each thin
film is 60 nm.

Keywords: Ferroelectric, heterolagered, piezoelectric, PZT, Sol — gel.
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