TONG QUAN VE MANG PIEN

GVHD: PGS.TS. Lé Van Hiéu

HVTH: Nguyén Thanh L&m

Nhém I1: Mang dién

NGi dung: Tong quan

|. TONG QUAN:

NOGi chung, co ché dan dién trong vt lieu khéi va mang mong ¢ mot sd nét
giong nhau. B&i vay, cac phwong trinh md td cac co ché dy trong vat liéu
khéi cling co thé &p dung cho mang mdng. Chang han nhu:

J=ngu v=uFE J =nguE og=1/p=ngu

Cic dai luong:

J = Mat do dong digén

n = mit dé hat mang dién
g =dién tich

v = vin tbc

E =dign truimg

u = do linh dong

o = dién din suit

Tuy nhién, gitta mang méng vavat liéu khdi c6 nhitng diém khac biét
lam cho mang mong cé nhiing tinh chat dién mavat liéu khdi hay mang day
khong c6. Nhitng diém khéc biét do la

e Phuwong phap chuén bi mang: Mang mong dwoc ché tao bang cach ph
tirng nguyén tl hodc phan t&r 1én dé. Trong khi d6 viéc ché tao mang
day c6 lién gan dén viéc phl céc hat, bao gdm c& 10° nguyén t&r hodc
phan ti. Vi vay, tinh chat dién cla mang chiu &nh huwéng manh cla
céc yéu t6 nhu: cach thirc mang dwoc lang tu va hinh thanh, céc diéu
kién duoc st dung, mirc dd hoan hdo cua tinh thé, mat do sai hong
dién ti va cau tric, mat do bién dang, hinh tha hat, thanh phan hoa

hoc vati 18 hop phan, mat do bay electron .v.v.....

e Céc hiéu ng dién cuc: Thong thuong dé va sau d6 mang dan dién

duoc lang tu trén dé tré thanh cac dién cuc khi duoc kep & gitra. Vi

du: mang moéng (BagsSro4)(ZrosTio7)Os hinh thanh trén dé Si phl Pt
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va lrO, thi Pt s€ déng vai tro la dién cuc. Cac mang céach dién khdng
c6 tinh chét nay.

Mt do lién tuc clia mang: co ché dan dién trong mang c6 cdu trdc 6c
dao khac véi co ché dan dién trong mang lién tuc.

Sy ton tai hién tvong dan dién & dién truong cao: Trong cong nghé
mach tich hop (IC), cac mang méng c6 chiéu day cuc nhd. Béi vay,
chi can mot dién ap vira phai ddt v ao mang méng ciing ¢é thé lam nay
sinh mét dién trwéng cao trong mang méng.

Hoat tinh hoa hoc cao: mang mong dé bi xam hai vatinh chét dién cua
nd st thay doi do s an mon, hdp thu hoi nwéc, oxi hda trong khéng
khi va cac phan (rng trang thai ran & nhiét do thap.

II.PHAN LOAI MANG DIEN:

NEu phan loai theo chirc nang thi mang dién dwgc chia lam 4 loai,

trong moi loai d6 lai bao gdbm nhiéu loai hop phirc mang khac nira. Tuy
nhién & day ching ta chi dé cap dén nhitng loai mang dién méi nhat va cé
nhiéu trng dung nhat.

Mang dan dién (Mang polime hitu co trong OLED)

Mang cach dién (Dién tré mang mong trong cdng nghé mach tich
hop)

Mang ban dan (Transistor mang mong)

Mang ap dién.

1.Mang dan dién polime hitu co trong OLED:

Nhu ching ta da biét, co ché phat sang cia LED la bic xa tu phat ,

trong do electron va 10 trong tai hgp trong vung hoat tinh roi phat ra biic xa.
Tan s6 cua bic xa phat ra nay phu thuéc vao do rong vung cam clia vung
hoat tinh. Do céch thiét ké, mdi loai LED chi c6 m6t ving hoat tinh duy nhét
nén chuiing chi phat ra mdt mau duy nhat.
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Anh sing

Vung trong
suot

Tuy nhién, trong cong nghé chiéu sang dan dung, ngudi ta lai can
LED phéat ang sang trang vi so vi dén huynh quang va dén day téc, LED co6
wu diém la hiéu suat chuyén hoéa dién nang thanh quang nang cao do khéng
cd mat mat nang lugng nhiét do d6t néng day téc, khdng méat mat nang
lrong nhiét dé 1am néng Katét vadé dang thay ddi thiét ké dé phu hop tirng
rng dung cu thé. Mac du cé thé ghép ba loai LED mau do, xanh 14 cay va
xanh da troi lai véi nhau dé nhan dwoc anh sang trang nhung thiét ké nay to
ra rét ton kém va anh sang trang nhan dugc ciing khong hoan hao (khong
giéng anh sang trang tw nhién). Vi vay, ngudi ta ludn nghi dén viéc thiét ké
mot loai LED c6 kha ning phat anh sang trang ho an hao. Diode phat quang
hitru co (OLED) c6 thé dap (ring yéu cau do. OLED bao gdm nhiéu I&p mang
mong bang chat hitu co dwoc ghép voi nhau. Thiét ké nay tao ra nhiéu ving
hoat tinh v&i cac do rong vung cdm khac nhau lam cho OLED c6 thé phat ra
nhiu birc xa véi cac mau sic khac nhau. Cac bic xa nay két hop véi nhau
tao thanh &nh sang trdng hoan hao. Nhung OLEd ciing c6 mét s nhuwoc
diém nhu:
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e Thoi gian sdng - trong khi cac tdm film OLED xanh va dd c6 thoi
gian song lau (khoang 10 000 dén 40 000 gio), thi cac tdm film xanh
datrdi hién tai cé thoi gian séng it hon nhiéu (chi khoang 1000 gio).

e Ché tao - Hién tai cac cong doan ché tao van c on rét dat.

e Nudc - nudc c6 thé dé dang lam hong OLED.

Néu khic phuc dwoc cac nhwoc diém trén, cac nha khoa hoc du doén, trong
twong lai, OLED sé thay thé cac bong dén huynh quang.
Nguyén |i hoat dong:
1. Nguon dién cung
cap mot dong dién cho

2- 10V DC
Katot kim loai OL EP s .
= 2. MGt dong cac
Lép truyén electron chay tlr
dién tir

: cathode qua cac [op
]I;HUE E::it q@-ﬁ o phét quang hitu co toi
Lép truyén — }mE anode.

16 tréng \ 1. Cathode sg truyén
1 cac electron cho I6p
‘ Bethly  phat quang hitu co qua
‘ tinh |6p truyén dién ti.
2. Anode s lay cac
electron tir 16p truyén
10 trong (diéu nay
giéng voi viéc truyén cac 16 trong mang dién dwong cho 16p phét
guang hitu co).

3. Tai bién gitra I6p phat quang valdp dan, céc electron gap cac 16

tréng.

4. Khi mot electron gép mét 16 tréng, no sé tai hop véi 16 trong n ay

(hay né roi vao mic nang lwong ctia nguyén ti 16 tréng bi mat mot

electron).

5. Khi sy tai hop xay ra, electron tai hop sé tao ra mét nang luvong

du@i dang mét photon anh sang.

6. OLED phat ra anh sang.

2. Dién tré mang mong:

C6 thé noi, cong nghé mach tich hop (IC) la tdng hop cla hai linh
virc: Cong nghé mang mong va cong nghé vi khac. Chirc nang cuia céac linh
kién dién t& trong mach van tuong tu nhu trong cong nghé analog, nhung
kich thwdt clia céac linh kién phai duoc thu nho dé tich hop vao céc cong
logic. Trong mach tich hop, dién tré mang moéng c6 chic nang han dong va

Anh sing
diu ra
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tao hoi tiép am cho mach. Bén du6i la hinh &nh mot s6 loai dién tré mang
mong.

3.Transistor mang mong:
Hoat dong ctia mét transistor thuwdng nhu sau:

-

ve 0.6v and Vce
-ansistor is will |
The Collector
ow be many

ly 100 or more)
the base |
ransistor is
rrent amplifier. |

c-b depletion
layer

: L SHOW
H1DE)

Bipolar Transistor Operation
Xét mot transistor gom 3 Iép n-p-n, trong do6 16p p c6 kich thuét rat nhd bi
kep gilta hai 16p n. b la cuc base, e la emitter (cuwc phat), ¢ la collecter (cuc
96p).
e Khi ngudn mot chiéu V. mé (b-e duoc phan cuc thun), Ve tit (c-e
chua dwgc phan cuc): transistor chua hoat dong.
e Khi ngudon mot chiéu V. mé (b-e dwgc phan cuc thuan), Ve mé (c-e
duoc phan cwc nguoc): transistor bat dau hoat dong, mot dong
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electron tir I6p p vuot qua ving nghéo 0 at do vé collecter do bi dién
ap duong cula collecter hut.
Hoat dong cula transistor mang mong twong tu nhw hoat déng cla transistor
thwdng nhung vi dueoc ché tao bang cong nghé mang mong nén do linh dong
clia cac hat tai dién Ién hon hang tram 1an so voéi transistor thudng. Bén dudi
|a hinh v& mét transistor mang mong.

e W | \ g
R Al J"_U i I WY \.M
sio, | /s | _sig,
Hang rao sio,
Dé bing nhira
4.Mang méng ap dién:

e Hiéu (ng ap dién thuan: Khi lam bién dang co hoc tinh thé thi s& lam
phét sinh dong dién trong tinh thé.

e Hiéu (ng &p dién nghich: Khi dat dién ap qua tinh thé thi mot s6 loai
tinh thé co thé bi bién dang co hoc.

Ngudi ta cling ché tao dwgc mét s6 loai mang mdng c6 tinh chat ap dién nay.

Tai lieu tham khao

= [1]Gido trnh vat Iy mang méng, Neuyén Hitu
Chi, NXB dai hoc quoc gra TP HCM.

m [2]The matenals science of thin films, Milton
Ohring, Academic Press, 1992.

m [3]Vatli va ki thuit mang méng, Neuyén Ning
Pinh, Nha xuat ban dai hoc quoc gia Ha No,
2005.
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GVHD: PGS.TS. Lé Van Hiéu
HVTH: Hoang Van Anh
Nhém I1: Mang dién

Phwong phap ché tao cac loai mang dién

1)Gidi thiéu:

Mang oxyt trong sudt dan dién (TCO) c6 nhiéu (*ng dung trong Iinh virc quang -dién tir do
dién tré suat thap va do truyén qua cao. Ching dwoc (ng dung trong ché tao guwong ndng, man
hinh hién thi phang dién tich 16n (LCD, OLED), pin mat trdi, ctra s6 thdng minh (m ang dién sic),
... Mang TCO chi yéu st dung rong rai lamang I TO (In,O3 phatap SnO; ) dwoc tao bang phuong
phap phin xa magnetron, vahién nay mang ZnO phatap nguyén t6 nhom Il (nhv Al, Ga, In,
Sc,...) dang dugc nghién ctru dé thay thé cho vat liéu mang ITO do tinh kinh té clia nd. Ngoai ra
mot loai mang mong trong subt dan dién trén co s¢ TCO la In,Cd; O kha nang dan dién t6t hon
ITO.

Tranparent Conductive Oxide ——— Industrial & Residential

CIGS Absorber Layer
Metallic Back Contact
Substrate

M6t s (rng dung ciia M ang dan dién
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)M 6t s6 mang dan dién:

I1.1) Mang ZnO-Ga mang ban dan loai n:

Mang ZnO-Ga dugc tao bang phwong phap phdn xa magnetron cé dién tré sudt khoang 4 -5
x 10-4 Qcm , do truyén qua trung binh viing kha kién T ~ 85%. Mang cho tinh chat quang dién t6t
ngay ca khi dwgc phan xa & nhiét do6 phong. Tinh chat dién clia mang cho thady mang it bi dnh
hwdng bdi sw ban pha ctia ion &m, cling nhw c6 dd bén nhiét t6t khi x ly trong méi tr udng khéng
khi, diéu nay co thé i giai dwa trén ban kinh cta ion tap chat so véi ban kinh ctia ion nguy én tir
nén dan dén s hoatan ran thay thé t6t. Bia-dé duoc b6 tri song song nén van téc tao mang cao, do

dong déu dién tré t6t, tiét kiém vat liéu, dé d ang (ng dung trong cong nghiép.

11.1.1 Tao mang ZnO-Ga bang phuwong phap phi xa:
Mang ZnO-Ga duoc phin xa trén dé thuy tinh tir bia thiéu két (ZnO + 4.4% at. Ga) & nhiét
d61500°C trong khong khi. Biatron cd duong kinh 7.6 cm, day 2.5 mm, da& dwoc ché tao tai phong
thi nghiém. Hé tao mang la hé chan khong UNIVEX 450 (Bc), 4p suat nén 3x10 ° torr, &p suat
lam viéc 3x107 torr, luu lwong khi 1am viéc Ar (99.999%) 1& 25scem, nhiét do dé tir nhiét do
phong dén 300°C, cong suét phiin xa RF 200W.
Trudce khi pht mang, dé thay tinh duoc tay rira bang phong dién plasma trong chan khong véi
dong 15mA, thé 2000V trong thoi gian khodng 10 ph (t. Bia va dé dwgc b6 tri song song nhau véi
khoang céach 4.5 cm . Tinh chét dién dwoc xac dinh bang phuong phap 4 mii do, tinh chét quang
duoc xac dinh bang phd truyén qua UV -Vis, cdu tric mang dwoc phén tich bang phd nhiéu xa tia X
(XRD).
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11.1.2 Cac két qua thu duoc:
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Hinh 4. D6 thi biéu dién sy thay d61 dién trd sudt ciia mang ZnO-Sc (o) va ZnO-Al (o) theo khodng cach trén dé
fwong tng Vi vi tri trén bia trong cong trinh ©
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Dign trd mit ohmisq.

Hinh 5. DS thi biéu dién sy thay doi cia dién trg
mat cia mang ZnO-Ga trén dé Si theo nhiét d6 xu
Iy trong mé1 trwong khong khi.

11.2 Mang ZnO:Al(ban dan loai n) va mang kim loai(Al) sir dung
trong t€ bao mat troi:

T& bao mit troi tiép xtc di thé (ZnO:Al)/p-Si duoc ché tao trén dé Si loai p bang phuong
phép phdn xa magnetron DC tir bia gdm (ZnO:Al). Véi do d ay mang (ZnO:Al) 1al ym dwgc phd &
nhiét do 1600C, ap suat 10-3 torr trong khi Argon, dién tré dat dwgc clla mang la4,5.10-4 Qm, va
dd truyén qua trung binh [a86 — 87% trong vung kha kién. Tiép xdc ohmic phia sau pin va dién

cuc mat truge lakim loai Al dwoc ché tao bang phwong phap béc bay. Té bao mét troi thu dugc

tot nhat c6 thé hé mach Voc = 513 mV, mat do d dng doan mach Jsc = 37,6 mA/cm2, hé sb lap day
FF = 0,4, hé s0 chuyén ddi n = 8%.
PHOTONS

back contact ~r A v \ -
I_ Té bao mat troi
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Phuong phap boc bay ché tao mang kim loai Al dung nhiét va chum dién ti.

11.3) Mang Indium-cadmium-oxide I nyCd.4O:
Mang I n,Cd1.,O (x<0,12) trong sudt dan dién t6t ché tao bang ph wong phap MOCVD (metal-
organic chemical vapor deposition) dwoc str dung trong cac Iinh virc quang dién ttr, m an hinh hién
thi, t& bao mét tri, clra s6 thdng minh ...Mang I1n,Cd1.,O kha ning dan dién gap 2-5 1an so v6i
ITO.
H6n hop khi Cd(hfa), (TMEDA)(hexafluoroacetyl acetonato) (tetramethylethylenediamine)
cadmium(11) va In(dpm)z (dipival oylmethanato) indium thoi vao budng , tai dé (1,25cm x
0.5cm)céc chét khi nay s& hap thu vaphan tng dé tao thanh In,Cdy,O & diéu kién T=360°C (tai
dé) P=2torr. Toc do phat trién clia mang ~ 2.5nm/phdt do day mang 0.15pm.
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Mang In,Cd;.xO sau khi ché tao dugc dem phan tich céu tric bang Xray va TEM , sau d6 do ph6
truyén qua , do dan dién theo thanh phan.
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Phan tich cdu trdc mang In,Cd,.,O bang Xray va TEM
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Fig.3. Chargetransport propertiesasa function of In doping level (x) for a series of InyCd 1«0 films having 0.15 um thickness. (4) Electrical conductivity at 300
K. (B) Charge carrier concentration at 300 K. (C) Charge camrier Hall mobility at 300 K. (D) Electrical conductivity as a function of temperature.
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Table 1. Charge transport characteristics of IngCdy— .0 films

Conducthsity, Carrler concentration, Mobllity,
Comp, X &fcm 103 a3 M Aves
0,00 3,560 0.152 145
002 2.270 0.0 1.5
003 15,600 1.26 Ta.9
004 12,300 1.27 0.5
.05 1,800 1.51 29,2
009 9,010 1.65 34.0
o.m &, 740 1.06 LN

All data at 25°C.

Céc tinh chit dan dién ciia mang In,Cd,,O duoc khao sat theo x (ndng do In)
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Fig. 4. Optical properties as a function of In doping content for a series of
In,Cd, 0 films. (4) Transmittance as a function of incident wavelength. (8)
Derivation of the apparent optical band gaps.
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Table 2. Computed Fermi wave vectors, ke in atomic units, and
band gaps, E; in eV, for In,Cd;_,0 in the [100}{A). [111}{A), and
[110){E) directicns

X=00  X=0031 X = 0.063 X=0128
ke 0.00 0.158 0.189 0.251
ket 0.00 0.173 0.216 0.284
K 0.00 0.168 0.200 0.278
kin) 0.00 0.174 0.220 0.277
£,k =0) 2.36 2.27 213 1.93
Eglke) 2.36 3.72 3.97 4.46
EAke) 2.36 3.31 3.36 3.50
k) 2.3 3.12 317 219

) Fermiwave vectors in the fres electron model keln) = (372n)"2, where n =

electron carrier density, are also listed.
Do truyén qua va nang lwong Fermi ctla mang In,Cd;.4O duwoc khao sat theo x (ndng dé In)
1)K Et luan:
Cung voi sy phat trién clia vat liéu néi chung, vat liéu m ang méng déng mét vai tro quan trong
trong |Tnh vuc dién tr, ning lwong, vat liéu thong minh... Dic biét 1avat liéu mang mong dan dién
ngay cang da dang dap (rng duoc moi Iinh viec rng dung. Trong Iinh vie quang dién (bin mat troi)
mang dan dién trong sudt dan dién chiém wu thé so vai vat lieu khéi bai kha ning dan dién v acho
anh sang truyén qua. Hon nira, xu thé clia cac vat liéu (ng dung trong k § thuat céng nghé cao c6
xu hudng gidam thiéu kich thwdc vavat lieu mang mong that sw chiém wu thé béi kich thudc vakha

nang diéu khién kich thwdc & mic do nandmet(chiéu d ay mang).

1.1.1 Phun xa catot

Phiin xa hay Phin xa cat6t laky thuat ché tao mang mong dua trén nguyén ly truyén dong
ndng bang cach ding cac ion khi hiém dugc tang toc dudi dién truong ban pha bé mat vat liéu tir
biavat liéu, truyén dong nang cho cac nguy én tir nay bay vé phia dé valang dong trén de.

Hinh 1.4 : So d6 Phéng xa
Ban chat qua trinh phdn xa

Khéc véi phurong phap bay boc nhiét, phin xa khéng lam cho vat liéu bi bay hoi do dot
néng ma thyc chat qua trinh phdn xa la qua trinh truyén dong nang. Vat liéu nguon duoc tao
thanh dang cac tdm bia (target) va dwoc dat tai dién cuc (thwong la catot), trong budng
dugc hat chan khong cao va nap khi hiém véi ap suét thdp (c& 102 mbar). Dudi tac dung cla
dién trwong, cac nguyén tlr khi hiém bi i6n hoa, tang téc v a chuyén dong vé phia bia véi téc do Ion
va ban pha bé mét bia, truyén dong nang cho cac nguyén ti vat liéu tai bé mat bia. Cac nguy én tir
duoc truyén déng ning sé bay vé phia dé v alang dong trén dé. Cac nguyeén tir nay dwoc goi la cac
nguyén tlr bi phin xa. Nhw vay, co ché cla qua trinh phin xa la va cham va trao déi xung luong,
hoan toan khéc véi co ché clia phwong phap bay bdc nhiét trong chan khong.
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Phuong phap ché tao cac loai mang dién

Ky thuét phan xa phdng dién phéat sang

Phan xa phéng dién phat sang mot chiéu (DC discharge sputtering)

La ky thuat phin xa st dung hiéu dién thé mot chiéu dé gia toc cho cac i6n khi hiém. Bia
vat liéu dwoc dat trén dién cwc am (cat6t) trong chudng chan khéng d wgc hat chan khong
cao, sau d6 nap day bai khi hiém (thwong 1a Ar hodc He...) v6i &p sudt thap (c& 10 2 mbar).
Nguoi ta st dung mot hiéu dién thé mot chiéu cao thé dit gitra bia (dién cuc am) v & dé mau
(dién cwc dwong). Qua trinh ndy la qua trinh phong dién cé kem theo phét sang (su phat
quang do i6n hda). Vi dong dién 1a dong dién mot chidu nén cac dién cwc phai dan dién dé
duy tri dong dién, do dé k¥ thuat nay thwong chi ding cho céc bia dan dién (bia kim loai,
hop kim...).

Phun xa phéng dién phat sang xoay chiéu (RF discharge sputtering)

Laky thuat st dung hiéu dién thé xoay chiéu dé gia téc cho ion khi hiém. N6 van co cu

tao chung cuia cac hé phun xa, tuy nhién mdy phéat la mot may phat cao tan st dung dong
dién tan s6 song vo tuyén (thwong la 13,56 MHz). Vi dong dién la xoay chiéu, nén né co
thé str dung cho céc bia vat liéu khdng dan dién. May phét cao tan sé tao ra cac hiéu dién

thé xoay chiéu dang xung vudéng. Vi hé st dung dong dién xoay chiéu nén phai di qua mot
bd phdi hop tré khang vahé tu dién cé tac dung tang cong sudt phdng dién v a bao vé may
phat. Quéa trinh phin xa c6 hoi khac so vi phin xa mot chiéu & chd bia vira bi ban phé bdi

c4c i6n ¢6 nang lwvong cao & nira chu ky am ciia hiéu dién thé va bi ban phé bdi cac dién ti
& ntra chu ky duong.

Phan xa magnetron

H inh 1.5 :Thiét bi sputtering Univex 450
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Phuong phap ché tao cac loai mang dién

La ky thuat phun xa (st dung ca voi xoay chiéu vamot chiéu) cai tién tir cac hé phun xa
théng dung bang cach dat bén dwéi bia cac nam cham. Tw trwong ciia nam cham c6 tac dung bay
cac dién tir vaion lai gan bia va tang hiéu (tng i6n héa, téng s6 lan va cham gitra cac ion, dién t&
VGi cac nguyén ti khi tai bé mat bia do d6 lam tang tc do lang dong, giam su ban pha cla dién ti
vaion trén bé mat mang, giam nhiét do dé vaco thé tao ra sy phong dién & ap suét thap hon.

Uu diém va han ché clia phuin xa cat6t
Dé dang ché tao cac mang da I&p nhd tao ra nhiéu bia riéng biét

Do bam dinh clia mang trén dé rét cao do cac nguyén tir dén Iang dong trén mang c6 dong
nang kha cao so v&i phuvong phap bay boc nhiét.

Mang tao ra c6 do map mé bé mat thap vacé hgp thirc gan véi clia bia, cé do d ay chinh xac
hon nhiéu so véi phuong phap bay béc nhiét trong chan khong.

Do céc chat ¢ hiéu suat phin xa khac nhau nén viéc khong ché thanh phan véi bia to hop
trd nén phtc tap. Kha nang tao ra cac mang rat mong véi do chinh xac cao cla ph uong phap phun
xa lakhéng cao.

1.1.2 M6t s6 phwong phap khac
e Phuong phap phun tinh dién
e Epitaxy chum phan ti
e Lang dong hoi hoa hoc
e Lang dong chum laser

e Phuong phap sol-gel
HE MANETRON CAN BANG VA HE MANETRON KHONG

CAN BANG

He magnetron khong can bang:

bia

tdm =4t ndi tr
Hinh 1 Hed magnetron khoang caan

12



Phuong phap ché tao cac loai mang dién

O hinh 1, cho thay nam cham 6 gida co cténg fio khong fiu m anh fie co the keo vao tat
ca cac fiddng sdc phat ra t6 nam cham vong ngoai bao quanh no. Chinh vi the, mot vai fidéng
soc khong fid6c keo vao, no 166n uon cong ra ngoai hodng ve fie. Cac fiien t6 dich chuyen tren
nhding i6oing soc nay khoing bo tac fiong cua td trédng ngang nen se di chuyen hodng ve fie. Khi
di chuyen no se keo theo cac ion fi6dc goi la hien tédng khuech tan 166ng céc. Hien t6dng nay
lam tang mat fio dong ion fien fie. Nang 16 6ng ban pha fie co the tang len tuy vao the phan coc
am 0 fie, va fiel se fiddc fiot nong . Nho vay, fie 160c cap nhiet mot cach lien tuc bdi sé ban pha

cua ion, do fio thich hop cho viec tong hop cac mang & nhiet fioi ¢ ao.

He magnetron can bang:

B

L O T T
[ [
@
cdc dudng sifc ti
e =y i S b
o . ia
- i

{_,-/ i __‘:\\. £ - ‘:\ i

S O W ¥

A W

()

" ™ e e T T T i g "

tdm =4t odi iy

Hinh 2. He magnetron can bang.

Khac voi cach bo tri nam cham 6 he magnetron khong can bang (Hinh 2), nam cham 6
gidia co coong fio to trédng fiu manh fie fiu soc keo vao cac Addng soc phat ra t 6 nam cham
vong ngoai. Nho the, d6di tac dung cua to trodng ngang manh, fiien t6 bd ham gan nhd hoan
toan trong khong gian gan be mat bia, con ion hau het fiap len bia thoc hien chéc nang phun xa,
va bdc xa fiien td tho cap fie duy tri phong fiien. Vi vay fie se fiodc cach ly vdi phasma fiien to
hay fie se téong tac khong fiang ke vai ion va dé nhien noi se khong bo fiot nong. Nho the no rat
thich hép cho viec tao mang tren cac loai fie khong chou fi6éc nhiet fio cao nhd: PET, nhoa,

giay,....
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Phuong phap ché tao cac loai mang dién

Phoong phap Magnetron RF

1>  Tong quan:

Noi voi phun xa dung DC khong the phu len mang khong dan fiien do be mat
cua vat lieu khong tich fiien . voi phong fiien RF ta co the s6 dung cho vat lieu dan fien
cach fiien va ca vat lieu fiien moi .

Phun xa RF fi6n gian la sd phun xa manh liet bao gom an mon vat lieu tren
bia 6 thang nguyen t6 , va hinh thanh mot I6p mang cua vat lieu can chiet ra tren mot
cai fiel thich hép . Qua trinh Addc bat Aau trong mot fiien cdc phat sang AGOC cung cap
trong buong chan khong vai 16u 166ng ap suat khi fi6oc fiieu khien . S an mon bia xay
ra dodi so ban pha manh liet cua cac hat trong fiien cdc ion phan 6ng va khong phan 6ng

Schematic of the depasition chamber and of the oftaxls RF maghetrah sputtering techiigue

Hinh tren la cong nghe phun xa magnetron cao tang khong truc , bao gom mot
cai bia ,la mot tam hon hdp vat lieu hoa hoc fie phat trien va mot cai fie. fiat tren vat gio
mau va fiat 6 90° vdi truc cua bia. S6/ phong fiien phat sang fiodc bat Aau bang ap the! len
bia trong moi tréong khi fidoc fieu khien va fiddc tao ra mot so nhéing ion co kha nang ion
hoa chat khi , electron va cac phan td trung hoa . Vat lieu bo ban ra khuech tan cho fien khi
no fien va bam tren fie . Thoi gian cua qua trinh nay sel fiieu khien fio day cua mang . S/ ket
tinh 16n len cua mang la nhong 16p fidn tinh the voi so fi onh hodng xac fionh , xac fonh
epitaxy.

S6 dung nguon cao tang RF la can thiet fie duy tri s6/ phong fiien va tranh s tich
luy Aien tich khi phun xa' len vat lieu cach fiien nhd la PZT .S6 hien dien cua moi noi gida
nguon RF va bia la can thiet fie fiel duy tri soi tai phong fiien .Nam cham fiédic dung fie tang
céong toc fio phun xa bang viec tang hieu 6ng ion hoa cua electron bo bay t6 trong vung
giap vOi bia (phun xa magnetron). Nhdng cai bay t6/ k hong chz thuan 16i bay e ma con gia
toc cho cac phan td khac fien bia , vi vay chung se khong fiap vao fie/, fileu nay se cai tien
chat 166ng cua bia .
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Phuong phap ché tao cac loai mang dién

II> Phobng phap Magnetron RF:
1) Hoalt fiong :

Phan 16n nguon phun xa RF la 13.560 MHz, tan so cao nay fiddc chon vi ly do thoc tel

b ban lakhong co nguon nao khac fie lam.

13.560 la tan so ISM (Industrial, Scientific ,Medical).S6 dung no se tranh s&
nhieu do cac tan so khac fia co cac doch vu truye n thong sé dung .S6i thay fioi chu Ki lien
tuc 10mW/cm? . Vi nhoing qua trinh khac nhau ,plasma co the tao ra fiang ke nhéing béc
xa vi song flieu nay gay anh hodng téi mat nho vaoi tia UV fioi hoi phai co cOa so bao ve

tot .

L

- Substrate
Y l T | holder
1Mrrrn". & H@u "~ Substrabe
J M: h"“‘--... Plasma
Magnetron reglon
- Wacuum
L Chambier
1 I
RF-
Matching umit Generatar
13,56 MHz

Hinh cua he Magnetron RF dung khi Nit6.
Van hanh cua mot he Magnetron RF nho sau:

Do fiel lam bang chat cach fiien nen ta gan mot 16p kim loai ap fiien len
tren fie (thé dich/thé nghich). D66i ap suat khi lam viec ta cho khi vao (vd Ar) fie fiat toi
ap suat lam viec . O ban ki fiau fiien the dédng 6 fie ,fiien the am tren bia. Mot so nho
cac ion doébng va e td' do trong buong chan khoing bo gia toc bdi fiien trééng , ion débng
bay ve phia bia lam ban pha be mat bia vang ra e t6 do , ion d66ng va phan td cua bia
.Cac e td do bay ve phia fie .Cac phan t6 bia m6i vang ra bam vao fie , e t6 do vang ra

va ion dédng sinh ra mot soi thi bo gi6 boi bay fiien tdi va chuyen fiong cyc lotron .
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Phuong phap ché tao cac loai mang dién

Magnetic Field “Lines"

Inboard Reflection
Outhoard R eflection

Adrmuthal Drift
Cycloidal Maotion
Electron Motion

(Single P article M otions)
Hinh tren la chuyen fiong cyclotron .Do d6i fie fiat cac nam cham tao ra td tréong bay
cac e .Cac e fii doc theo cac dédng soc to va bo phan xa ngddic lai lam cac e bo gidl trong

cac bay to.
U ! !
! .| 'I i
' E I el | ef ! |
1 | Vi
Fag. 3-2 Flectron being accelerated clock wisely by periodie dlectne feld
AL : o =
] ain®
3 15.
el
1 =
L1 |I ; L 154 e il AT, o
ol ! | 14
asty ol Ly 0 ns- ; 1 o b
) == 0 =
Agl -y d..ri-z u
— e Rl]“—-""" _'_,.,-\-"""_*1
T I T T T at T ! v’
i’ z 2

Fig. 3-3 Electron's spiral path in exiemal magnetie Geld supenmpossd will perpendicular periodae electric Geld

So con lai khong bo gidi lai, e bay ve phia fiel va cham voi phan t& Ar lam ion hoa
Ar tao ra them cac ion dédng ,chu ki sau fiao cdc (fie am va bia dédng ) cac ion dédng do
khoi 166ng 16n nen quan tinh 16n vi vay khi fiao coc khong kop fien fiel (do luc nay fie tich
am) coc lai fiao nda (do tan so rat cao nen toc fiol fiao coc rat nhanh) tao ra the 16n keo
ion ve phia bia(do luc nay bia am ) , tiep tuc ban pha bel mat bia tao ra qua trinh lap lai
.Ben canh fio cac ion do6ng Ar fiap vao bia co the nhan e trong qua trinh ban pha fie tao
ra cac phan t6 Ar .Cang lau nong fio cac phan to nay cang nhieu trong buong ta phai hut
buong neu khong s6 phong fiilen khong xay ra.
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Phuong phap ché tao cac loai mang dién

Trong khi fio e voi kich th6 6¢c nho quan tinh be nen mot so co the vodt qua va
fien A6Oc fie lam fie ngay cang tich flien am bdi so e nay va so e bo ion dodng ban pha
bia lam no vang ra khoi qué fiao cyclotron cua no .

Dong e, ion d6dng qua lai gida bia va fiel tao ra mot vung goi la vung plasma .
Nien tich tap trung 6 fie qua nhieu tao fiien the gia toc cho ion dédng bay ve phia no lam
pha huy qua trinh tai phun xa, tao ra dong ion fiap vao fie lam vang cac e va ion do6n g
va phan to trung hoa lam pha huy 16p phun xa .Cac e va ion dédng mdi tao thanh lai
tham gia vao qua trinh phun xa cho mang . Cac e lai bay len fie va cac ion dé6ng lai tiep
tuc fap vao fie fien mot luc nao o se co sO can bang gida so e bay len va so ion dédng
fiap vao , tao ra dong can bang fiong va tai fio fiien the bang 0 . Vung khong gian fio goi
la vo (vung toi), tré thanh cach fiien .\Vung giap voi bia , cac e bo gid trong bay fiien to
dich chuyen cyclotron goi la géong toi, ch: co vung ngoai hai ben bay fiien té e mdi co
the de dang bay len fie nen tao ra vung toi .

Vay 0 giap vOi fie va bia la 2 vung toi 6 gida 2 vung toi la plasma.

vb%#ﬂr

o

2)Kho khan trong phtong phap RF :

*>Ap suat hoat fiong thap: 5 den 15 mTorr.

Nieu nay fioi hoi phai hut chan khong cao .

*>S0 e theo thdi gian se tich tu nhieu tren ban céic lam huy s6 tai phun xal .

Cach khac phuc 1 :la ta noi fie! voi s6i day va e se theo dong nay ra ngoai.
Cach khac phuc 2: tao ra to trodng nam cham 16n fie bay td e 16n so e
vo0t qua fooc la rat be! .

*>lon dédng fiap vao pha huy mang .

Cach khac phuc: giam so tich fiien tren be mat mau bang 2 cach tren , ngoai ra ta
phai cung cap the 16n cho hel Magnetron RF.
3)So sanh voi phun xa DC:

Phun xa DC khong s6 duing tréc tiep cho cac vat lieu fiien moi do so tich fiien
dan fien s6' phong fiien bo dap tat.

Hoalt fiong chu yeu cua phong filen DC la dda vao e bo bot ra do ion dédng va
fiap vao fAien coc, va cac e nay ion hoa phan td Ar fie duy tri s6 phong fiien .S6 ion hoa
nay phui thuoc vao ap suat khi va khoang cach gi6 a hai ban coc .

Phun xa RF lai khac co the s6 dung ca vat lieu fiien moi , kim loai va ban dan.
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Phuong phap ché tao cac loai mang dién

Hoalt fiong chu yeu la dda vao the hieu dich , ¢6 ban la do s6 dich chuyen cua e

va ion d6di tac dung cua fiien trodng va tod trodng khi chu ki bien thien lien tuc .

Vung toi cach fiien giéa fie va vung plasma lam cho chat 166ng mang tot hon

nhdng fiong thdi cung kho khan cho viec duy tri nguon plasma on fionh .
m> Vidu:

S6' khac biet cua cac phoong phap vd RF-Diode , RF-Magnetron , iid0c dung fie tang fio
nhay cua he thong phun xa tron Co/Cu/Co/FeMn bdi nhieu yeu to. Sé cai tien nay fie tang
coong anh hédng cua fiien trd to AR/R va lam giam tr66ng khong fiang héong Hy fie cho
mau tot nhat Vi du nay fiac tinh to' va dich chuyen & cau truc micro chat 166ng cua
nhding 10p xen ke fiddc fianh gia bang anh ETM va bang tia X.

Mau voi fio nhay cao (phun xa Magnetron DC) thi cau truc it sai hon g hon va be mat tron
lang h6n so vdi mau khac .Them vao fio la nhdng 16p sat to thay fioi té tinh khong bo anh
h6dng do qua trinh phun xa .

Phodng phap fia 16p cho he tron s6 dung cho hieu 6ng té trd 16n va hau nhé héa he n voi

viec flanh gia cao 6ng dung trong fiau ghi td va he thong sensor to .
Thiet lap hemagnetron tron Co(4.4nm)/Cu(2.5nm)/Co(4.4nm)/FeMn(10 nm) .Tr66c khi lang
fiong, 16p fiem fa fddc phu bang phédng phap RF -Diode fie mang ket khoi tot.Tat ca mau
fieu n6OC phu 10p Ta 5.2nm fie tranh s6' oxy hoa .Moi 16p Co ,Cu va FeMn fieu co cac
phédng phap khac nhau .

TABLE L Sputter regimes of the Cooand Cuo layers For the investigated spin
valve samples Inoall cases the Ta buffer and capping layers and the Feln
layers ware sputtercd by f-diode sputtering.

Cirl layer Cu layer Ciod layer
do sampla dic magnetran di magnatron e magnatron
rlide sampla rl dicda de magnatron ri dinda
rl sampla rl dicele i’ magnatron ri dinda

Trong suot qua trinh phun xa 16p Co va FeMn t6 tréong ap la 1.25 KA/m.
IABLE L Measured vales ol the MR allecl (AN K ), . e alacineal
sheat resistance R, the coercive held &, the fermomagnetic exchangs
coupling Geld &, and the anisotropy Geld &

Sample (ARG e B (00 HoOe) M (Oe) H(Oe)
i with Felin 7.1 124 21.0 16,8
i without Faldn v 17.8 1&.0
riide with FeMn 7.0 12.8 260 17.1
riide without Felin 2006 &6
o with Felin 10.0 11.3 200 16.8
e without Felvin 13.6 RS

Bang the hien AR/R cao nhat la mau Dc 10%, 7% la Rf .
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=80 =80 =40 =20 ﬂ 20 -IIEI H-L'I
Applied Magnetic Field [Oe]

FIG. 1. ARSR az a function of the applied magnetic feld for the rifde and
thiz de samples measurad in a shb race loopar aquipped with o four point
ke,

Bieu fio t/ trédng H gidia cac phédng phap.
Mot vai hinh anh cua TEM gida cac phédng phap va fio tho cho thay s6 khac biet gida
chung .

without Fein withFeMn

FIG. 2. RBright field TEM image of the rifde samples prepared in planar
gaometry, Left without FeMn, nght with FeMn. The average grain size is
larger in the sample with Felin.
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FIG. 3. Hlectron difffaction paitem of the riide sample with a FeMn layer 00 5 paonified pattem of the imer ring sysem. The 8-Ta (004) ring
arepared in planar gemetry. Sample normal parllel o the cleetron beam.  pocgmg sickle shaped, and an additional sickla-shaped ring cocurs which
Ie rings are indexed. On the top kit an addiionally magnified section of oo e identified as belonging 1o B-Ta i 104)

e dominating (202) rings of FeMn foc and Co'Co fec is shown. - =T

FIG. 7. TEM bright field cross section image of the de sample without a
FeMn layer taken in a strong defocus o visualize the layer stmcture.

TSI, W e

[

FIG. 6. TEM crmss section of the do sample without a Febdn layer. (a) Bright feld image. (b} Dark field image with the columnar Col/Cu'Co? stack
highlightzd. fc} Dark field image with the nancerystalling Ta layer highlighted.

a) if

20 nmi

FIG. & Compari=on of the bright feld images of all samples without a Febdn layer: o) o sample, (b} rifde sample, fe) de sample. The interface betwean Co2
and Ta =eams o he locally moce bumpy in the rf and fide samples
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10t —
rf sample
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FIG. 12, Low-angle o scans (rocking curvest of the samples without a
FeMn layer, around the fixed detector position 26 =2.16157. All samples

show nearly the same behavior The background noise of the x-ray source is 1 Jo: 13. Variation of the {111} lattice constint of the samples without a

arcund 1072, FeMn layer as determined by #-2¢ scans in the high-angle regime.
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FIG. 11, Specular w26 scans of the of and de samples. Shown are the
measuremants and bast fits. The it parameters are listed in Tabla 1.

TARLE I Fitted thickness and roughness values obtainad from the specular w2 @ measurements, To parfoem
the fit for the samples with a Fa®bn layer, the values for the Ta buffar layer and Col and Cu2 layers were held
fixed as obtained from the Atting of the samples withont a FeMn layer.

Ta
buiter Cal Cu Cii2 Feldn Ta Ta(d

Mominal 52 4.4 25 44 1] 52
thickness (nm}
de without FeMn Thickness {nm) 4.87 290 222 443 442 224
Ronphresy (mog [LER) ! 048 094 naF ns2
de with Faln Thicknass {nm}) Held fixed from the 4.20 1053 4.19 252
Roughress {mm) fitting withomt Fabdn 5 9 .46 075
e without Febn Thickness {nm)y 4.34 473 234 4.50 3483 2.9
Roughress {mo) i 4 ey .40 84 034 i
e with Fabdn Thickness {nm) Hald fixed from the 4.72 093 362 290
Ronphresy (mog fitting without Faldn LR 2 047 077
i without FeMn Thickness {nm) 4.53 4.55 220 439 387 286
Rouphresy (mog) 052 nae ni2 aar M37 fan
i with Febn Thickness {nm) Held fixed from the 4.34 1032 368 2m
Roughress {mon) fitting without Feldn 68 .93 5w (e

Ket luan:
Phoong phap RF thich hdp cho nhieu loai mang va khac phuc Aiddc nhéing nhédc
filem bo dap tat nguon cua phéong phap Magnetron DC.
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GVHD: PGS.TS. L& Van Hiéu
HVTH: Lé Hoang Nam
Nhém I1: Mang dién

PHUONG PHAP XAC BPINH CAU TRUC VA TiNH CHAT CUA MANG PIEN
I. X&c dinh cdu trac va kich thu e hat bang phwong phap nhiéu xa tia X.

Nhiéu xa tia X trén tinh thé khi bu@c song clia nd tvong (ng voi tinh tudn hoan mang tinh
thé. Sy nhiéu xa tia X cho théng tin v& mang tinh thé 3 chiéu khi 6 (goc toi) >0, (gbc gioi
han), c6 thé xac dinh dwoc tinh thé, phan biét cac dang két tinh khéc nhau ctia ciing mot chat,
céc bién thé. Vi phuong phap nay mau khong bi phan huy, chi cdn mét lwong nhd cé thé

phan tich dwoc, nén phrong phéap nay cé thé ding khao sé cau trdc cliamang méng.

Phuong phap nhiéu xa tia X dung dé khao sd mang mong la phuong phéap Bragg-
Brentano. Theo cong thirc nhiéu xa Bragg, khi chiéu chum tia X c6 bwdc sdng A 1én mot
tinh thé, mdi nit clia mang tré thanh mot tam nhiéu xa. Sy nhiéu xa xay ra theo moi phuong
nhung manh hon cd la theo phuvong phan xa gwong. Ta xét mot ho mat nguyén tir song song

cach déu nhau mot khodng dy;.

Bragg's Law

-\-.l Incident B
“‘-{; _plane wave P
H‘_‘_&x. - 1\% r-._______.-r. - o Il_:___.'-
— 0 @ ® ej20e il
PR et
'H-._H_H.-H: L )
1o o @ ;‘tf ® e Constructive interference
d sin B when
® o o o o @ nA =2dsin 6
Bragg’s Law

Hinh 1 Su nhiéu xa tia X trén cac mat nguyeén ti



Khi chom tia téi ndm trong méat phéng ctia hinh, hiéu quang 19 gilta c4c tia phan xa tir
céc mat 1an can bang 2d,,, SINO . Séng phan xa tir cac mét ké tiép nhau sé dwoc tdng cudong

khi hiéu quang 16 bang mdt s nguyén 1an budc song A : 2d,,, SO = m). .

Cong thirc ndy goi 1a cong thirc nhiéu xa Bragg. Tt 1ap luan trén tathdy cong thirc Bragg
la hé qua ctiatinh chat co ban cta tinh thé tuan hoan khong lién quan gi dén thanh phan héa
hoc clia tinh thé ciing nhw cach sap xép cac nguyén ti trong nhitng méat phan xa. Cac yéu té

d6 anh hwdng dén cwdng do ctianhiéu xa, mot théng sé quan trong khi phan tich dinh lvgng.
1. Xac dinh khodng cach mat mang
Co s phwong phép nay dua trén dinh Bragg : 2d,,, Sn6 = mi
Véi @ d,, : Khoang céch gilra cac mdt mang (Ihk) ctia mang tinh thé.
0 : goc nhiéu xa.

) : bwdc song nhiéu xa.

Trén thuc té€, pho tia X dwoc

MODEFIED FROM
CULLITY (19%)

TUBE | chup theo phuong phap nhiéu

DIFFRACTOMETER
CIRCLE

xa ké Bragg-Brentano. &' do,

POWDER
SPECIMEN - P N ,
‘ géc 6 duwoc quét bang cach

quay mau quanh truc Oy (nam

trong mét phang mau), con dau

[ _RECEIVING

y) SLITS
i’
COUNTER /

thu nhiéu xa dugc quay v&i goc

twong tng 29 .
SCHEMATIC OF X-RAY
DIFFRACTOMETER

Céc dinh pho thu dwoc chi
Hinh 2: May do phd nhiéu xa X-ray la bac nhét (m=1) , vi cudng do
nhiéu xa bac cao rat yéu, kha

nang phan giai may cé gi¢i han.



Nhu vay, mang c6 cdu tric tinh thé thi phé nhiéu xa tia X chic chin s& co céac pesk ng
VGi cac géc 0 khac nhau théa cong thirc Bragg. V &i budc song tia X da biét, doc cac giatri

goc 20 , ta suy ra dugc khoang céch gitra cac mat (hlk) twong ¢ng.

2. Xac dinh kich thuéc hat
Kich thwdc hat vi tinh thé c6 thé dwoc xac dinh bai biéu thirc Sherrer:

09
A(20) cosH

Véi b : kich thuéc hat.

A @ budc song tia X.

0 : goc nhiéu xa Bragg
A(20) : d rong cliavach pho tai nira cidng do curc dai cliano.
I1. Xac dinh do day mang mang bang phwong phap do Stylus

Phuong phap Stylus 1a mot phwong phap do dé day mang bang nhitng dung cu dau do
quét ngang mang pha. M6t trong nhitng dung cu dé la may Stylus profiler. May Stylus
profiler lamot dung cu do lwong dung dé do nhitng dac trung vé do day c& cdp do micromet
hay nanomet.

Phuong phap nay ludn ludn doi hdi mau phai duoc phi dé so sanh do day chénh léch voi
ving khoéng pha. Thém vao d6 bé mit clliamau phai cé chat lwvong quang hoc hoan thién.

Céc bd phan chinh trong hé Stylus gom:

1.  Camera: D& quan s& mau, c6 vai trdo nhy mot kinh hién vi dé quan sét tét hon

nhitng di chuyén nho nhat.



2. M{ii do: Chdp lam bang kim cwong cé kich thwéc rat nhd. Ban kinh mii do kim
cuong trong giGi han tir S5pm dén khoang 25pum. Dau do duoc dich chuyén thing
dirng dé dong thoi do dac va ghi nhan trong sudt quéa trinh quét. Do phan giai thap
nhét khodng 20nm va cao nhat trén 500um.

B0 phan gitr kim: Dé diéu chinh d nghiéng clia bé mat nhiéu hodc it.

4, Cam bién: Dé do dang, két cau clia bé mat, do trong toa dod y voi khodng cach h
nho nhat.

5. B6 phan dé gdbm cac phan:

- Chan dé: Co6 téc dung lam giam si rung déng tir moi trwong do dé phép do han ché sv

sai sh.

- Hai nat chinh: C6 tac dung chi yéu trong viéc duc dé di chuyén ngang qua vao vi tri

can do bang cach xoay nhe ching.
- Phan dia: D€ dat mang mdng trong qua trinh tién hanh do.

6.  Gid d& may: Chirc nang d& trong lvong twong (rng la 300 Ibs( 136kg) trén mot bd

cach li chdng rung vabao vé co hé cho hé do.

4+ Nguyén Iy hoat dong:

Vat mau dugc dat trén mot cai dé di chuyén mot cach déu din voi do chinh xéc cao,

nguoi ta dat mot dau do véi mi 1am bang kim cwong dau do ghi sat vao vat mau.

Hé théng hoat dong theo mdt chwong trinh da dugc [4p trinh san vé chiéu dai quét, tdc
dd valuc dau do. Bau do dwoc ni co véi 18i cliabién &p bién thién tuyén tinh thang (LVTD

- Linear Variable Differential Transformer ) nham nhan biét sy thay d6i clia bé mét vat mau.

Khi hé théng dé di chuyén thi dau do di chuyén trén vat mau tinh tién theo mot dudng
thang. Va nhu vay mii do s quét ngang tir bién ndy sang bién kia ctia miu & khoang céch va
Iwc ti€p xuc cu thé. Phrong phap nay cé thé do dwoc s bién doi nhd clia bé mat khi si dich
chuyén thang dirng clia miii do |& mot ham cla thé. Tai nhitng diém c6 dd day khac nhau thi



tao ra si thay ddi vi tri cla I6i clia bién &p bién thién tuyén tinh théng, khi d6 s& chuyén
nhitng thay do6i do thanh tin hiéu twong duong. BO phan nay sé vé Ién thanh mot tin hiéu
xoay chiéu véi ti 1é twong thich véi sy thay d6i do, tin hiéu nay dwoc chuyén déi thanh
khoanh vuing k¥ thuat sd véi do chinh xac cao, tir tinh hiéu tich hgp analog roi chuyén thanh
tin hiéu k¥ thuat so.

Tin hiéu k¥ thuat s6 nay duogc luu trir trong bd nhé clia mdy vi tinh dé hién thi, thao téc,
do lwvong vainra.

Hinh 3 : So d6 khdi clia may do Stylus

[11. X&c dinh ndng do hat tai, dd linh déng bang phép do hiéu ¢ng H all

Hinh 4: Nguyén tac phép do hiéu trng Hall
Phép do hiéu (rng Hall 1a cong nghé dwgc st dung rong réi dé xac dinh mat do hat tai va
do linh dong trong vat liéu ban dan. Hon nita, tir phép do Hall trong pham vi nhiét do rong co
thé cung cdp cho ta nhitng thong tin vé loai tap chat, sai hong, tinh dong déu, va sy tan xa...

+ Nguyén tic clia phép do hiéu rng Hall:




Khi mot tir truong B dwgc ap vao (theo phuong z) vudng goc v ¢i chiéu dong dién (theo
phuong x), tir truong B gy ra mot luc [én cac hat tai chuyén dong, dwoc goi laluc Lorentz

va duoc cho béi cong thirc:

— — —

F =0q.(V; xB)
V&i vp = . E lavan toc cudn clia hat tai.
Vaup lado linh dong cla hat tai.
Theo hinh trén, F. chi ¢ thanh phan theo phuong y , nén co thé viét lai:
F =qv,B,= quERB

Du¢i téc dung clialuc Lorentz, céc hat tai mang dién s& di chuyén theo nhv mo ta trong

hinh 5
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Hinh 5 Chuyén dong clia céc hat tai dién
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Céc hat tai dién di chuyén dén bé mit vudng goc vai phuong y va bi “méc ket”, nén bé
mat s bi tich dién. Dau cla dién tich bé mat phu thudc vao loai hat tai, bé mat sé tich dién
am néu hat tai 1a electron va tich dién dwong néu hat tai 1a16 tréng. Chiéu claF trong ca hai

treong hop 1a nhw nhau, vi ¢ s doi ddu dong thoi gitra dién tich g vavan toc dong cubn vp.



Bé mat tich dién sinh ra mot dién trwdng E, theo phuong y va ngwoc chiéu voi luc
Lorentz, |am cho céc hat tai dién c6 xu huéng di chuyén nguoc lai. O trang thé can bang, Ey

S8 ¢O giatri bang FL nhung ngwoc diu:
qE, =quE, B,

suy ra Ey =un E,B,
Tlr day ta co thé xac dinh duoc do linh dong p clia hat tai.

Ngoai ra, ta cd hé s Hall dic trung cho maoi loai vat liéu va duoc dinh nghia theo cong
thire:

E
R, = —Y
Hall B .

z"' J X
Khi xac dinh duoc hé sd Hall, ta ciing c6 thé dé dang xac dinh dwoc do linh dong va ndng

do hat tai théng qua cong thirc:

- c.E,.B, T g.n.u B q_n

pEB, pn_p
RHaII_ =

Vi jx = 0 Ex lamat do dong dién vanlandng do hat tai
IV Xé&c dinh dién tré suat cia mang

Pién tré sudt P clia mau la théng s quan trong, né co thé lién hé voi do ban clia mau
nhu la hiéu 'ng mét chiéu trén dac tinh thiét bi.

B& mal mau

1. Phwong phap do dién tr& vuodng (dién tich — —— AT s

bdc bay chan khéng
hinh vudng)

V6i mang moéng dan dién co chiéu day y ]

Dai bang Cu
khong 16n 1am (thi du d 300 nm), ching tacd




thé dung phuvong phap do dién tré vudng dé tinh dién tré sudt clia mang. Dién trd vuong la
dién tré do duoc tir hai dai dién cuc tao trén bé mat mau mot dién tich hinh vudng . Dién cuc

kim loai (Au, Ag hay Al) duoc ché tao bang phuong phap bdc bay chan khong.

Nhu d biét, cong thirc tinh dién tré cliavat dan dién nh v sau:

I
R=p 3
trong d6: P ladiéntré sudt,
| lachiéu dai ciamau,
Sladién tich tiét dién cho dong dién di qua.
Trong trwdng hop mau do c6 dién tich hinh vudng nhu trén thi tiét dién dé co dién tich

bing S = |.d .Vivay ching ta co dién trd bé mét(dién tré “vudng™) bing:

| p
R —p—=P
Pid T d

Dods: p = R -d

Cong thirc cho thay, khi dabiét giatri chiéu day cliamang mang chiing ta ¢ thé xac dinh
dién trg suat tir gia tri thuc nghiém do dién tré vudng. Dién tré vudng con dugc ki hiéu la
R (Q /L), 6 vubng & dudi don vi dién trd cho biét giatri dién tré d4 nhan duoc tr mau
do ¢ dién tich bé mat 1a hinh vudng. Tir thuc nghiém cho thiy déi véi mau cang mong thi
phép do cang chinh xac, trong tr&ng hop nay giatri clasai sé trong phép do dién tré vubng

(dé tinh ra dién tr& sut) c clng tht bac so véi sai 8 trong phép do bang bén miii do.
2. Phuong phap do bén mii do

Phuong phap nay co thé &p dung dé do tat ca cac loai mau day hay mong.



A—@

Hinh 6: So' d6 mach dién do dién tré suat bang 4 mii do

C6 bdn dau nhon bang kim loai Vonfram c6 khoang céch bang nhau duoc ding dé tiép
xUc v&i bé mit mau. Dong dién di qua gittahai kim loai bén ngoai, trong khi d6 hiéu dién thé
dwgc dat gitba hai mdi kim bén trong. Vi khéng c6 dong dién (rat nhd) di xuyén qua nén
khong c6 si sai biét hiéu dién thé dwa vao gilra cac kim tiép xdc. Tuy nhién, c6 su giam thé
ngang & chd tiép xdc cla cac kim bén ngoai nhing ching ta chi do dong trong pham vi vong

gitra chd tiép xuc céc kim.

Cac dau do mang dong (dau do bén ngoai) giong nhu nguén ludng cuc, thiét 1ap truong
phan bd bén trong mau khi do. Chung ta phai giai thich dién thé khac nhau gitra hai dau do
lan can dudi sy bién d6i cla diéu kién bién, tap hop boi kich c& vabé day mau, tir do suy ra
biéu thirc lién hé dong cung cép, hiéu dién thé khac nhau va dién tré suét clia mau.

Cong thirc dién trey sudt khido: P = 27 S-l—

Trong d6 : s: khoang cach gilra hai mii do.
U: hiéu dién thé gitra hai mi do trong.
I: dong di qua mau tir hai mii do ngoai.

Trong trvdng hop mang hai chiéu méng. Pién tré nay dwoc dinh nghia la dién tré mat Re.

Khi do6 dién tré sudt clathanh vat liéu chieuday dla: p = Rs-d



T U_ U
In2 |

Mang méng c6 kich theee d [ s ¢6: Rg =

G

U
In2 |

Mang méng cd kich thuéc hitu han : R, =

Trong do6, G la s6 hiéu chinh phu thudc vao hinh dang, kich thwéc clia mau va khoang

cach s gilra cac dau do.
V X&c dinh do day, chiét sut va do réng ving cdm bang phan mém SCOUT

Phan mém xt |i phd SCOUT - phan mém (ng dung quang hoc c¢6 dung lvgng 32 bit [am
viéc & moi truong Windows 95/98/NT/2000 — do tac gid nguti Blic Wolfgang Theiss hoan
tat thang 8 nam 1999. SCOUT cho phép xay d wng md hinh cho céc loai phd nhw truyén qua,
phan xa, hdp thu, phat quang... twong rng cho cac loai vat liéu phu hop voi tirng loai pho do.
Qua churong trinh xt |i, ta c6 thé xac dinh dwoc cac thdng so vé céc tinh chéat quang va dién
clia mang nhu d6 day, chiét suat, do rong vung cam, dién tré suat, nong do hat tai va do linh
dong.

Viéc chon Iwva mé hinh cho phu hop tuy thudc vao loai vat liéu va cac tinh chat quang

dién mudn khao sat.

- MO0 hinh ham chiét sudt va ham dién méi la ham co s& dung chung dé 1am nén gan
vao cac mo hinh.

- M®d hinh dao dong Kim thich hgp cho nhiing vat liéu dién méi khong c6 s xuat hién
clia cac hat tai dién tv do, & day c6 thé xay ra dao dong clia cdc nguyén tlr trong mang tinh
thé (cd tan sd cong hudng trong viing hong ngoai) hodc dao dong clia cac electron lién két
(tan sb trong vung kha kién va héng ngoai).

- M6 hinh Drude thich hgp cho cho nhitng vat liéu ban dan va dan dién. Trong cac vat
liéu nay, hat tdi hoat dong nhv mot khi dién tir, lam xuat hién tan so plasma, tir tan s6 nay ta

c6 thé suy randng dd hat tai dién cling nhw do linh dong clia ching.
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- MO0 hinh OJL thich hgp cho céc vat liéu vo dinh hinh, théng qua nhitng chuyén mirc
dién t&r, md hinh nay cho ta biét vé dd rong vung cdm va ham mi clia st phan b6 trang thai

dudi vung xuat hién dudi dang nhirng thong so tric tiép trong kiéu ham OJL.

Qua trinh xdy dwng ph6 quang hoc bang phan mém SCOUT duoc tién hanh theo cac
buwéc sau:

e Khai bado cac dir liéu: vat liéu tao mang, cac théng s6 quang ban dau clha vat liéu dé
(c6 thé chon trong database hodc |4y tlr nhitng nghién clru dang tin cay da duoc béo céo).

e Xéc dinh loai phd can lam khép, vé pho |y thuyét cia né dva trén céc thong so da
khai bao & trén.

e Chon céc thdong s6 mudn lam khép sao cho pho Ii thuyét tring khép véi phd thuc
nghiém nhat. Néu muén cd dinh 1 théng s6 nao do, ta chon ché dd “Frozen” trong
“variation”. Con néu mudn gi¢i han gia tri nguéng cho céc thong so, ta chon trong “low
limit” va “high limit”.

e Thay doi dan céc thong sd dé két qua lam khdp la tot nhat. Tl do ta xac dinh dwoc
céc hing s8 quang chinh x&c clamau.O day, chdng tdi chl yéu quan tam dén phd truyén qua
clla mang c6 duoc nhé phép do UV-VIS. Két qua lam khép cho ta dwgc cac thong sé vé do

day, chiét suat va do rong vung cam clia mang.

Vi cac thong sb ta quan tam la chiét sudt, dd rong ving cdm va dd day cia mang, cung
vGi vat liéu ta dang khado sét 1a chat ban dan, nén md hinh Kim va OJL la thich hop dé ép

dung cho quy trinh lam khép phd nay.

Sau khi pho thyc nghiém va pho |i thuyét datrung khép véi nhau nhét, két qua dwoc thé

hién trén bang cho ta cac thong sé clia mang.
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Lagyar stack Specthnm type Angle Polarization  Manipulation Param. ATE diel. const.

Layerstack  |Tramsmittance || 0.00 _H|mjxed | v [11.70
1n
]
g 0.z f\\\hﬂ
j g os
= \
1 04
02
10000 15000 20000 25000 30000 35000
i Warrernzeber [Licral

] 5| E| Dewvistion 0.0005737 Weight formmla:

= Fit parameters

File Mew Edit Delete Update Slider Fit onarid Limits from sliders ¥

+ =  —an L E
Value [Mame | 7ariation |Low limit  [Highlimit |Factor  |Digits|

1] 206907 Eni:EnD-OJL2: Strength Drovwnball sivegalex 0.0000 00000 1oooa 4
| 2 |37001 6211 Zni:EZn0-0JL2: Gap energy Drownbill siveglex 0.0000 00000 loooo 4
[ 3| 27352224 Zni:EZn0-0JL2: Cararna Dionwnball siregplex 0.0000 0.0000 Loooo 4
| 4| 53839893 Eni:EnD-0JL2: Decay Drownbill siveglex 0.0000 00000 1ooog 4
[ 5| 4452408 EnC:Zn0-Kirm: resonance frequency Dioanhall sivplex 0.0000 0.0000 1.0000 4
| & | 4020323 ZnC:Zn0-Kim: oscillator strength Diogmtall simplex 0.0000 0.0000 1.0000 4
| 7 |390589792.000C Zn0:EnO-Kim: darnping Drownbill siveglex 0.0000 00000 loooo 4
2| o0.0001 ZnQ:Zn0-Kim: Gauss-Lorentz-switch Dogntall simplex 0.0000 0.0000 1.0000 4
(9| 25161 i EnD-DB: real part 0.0000 00000 1ooog 4
10| sasz Stack 1 Latrer 2 Znn: Laser thickness Dioanhall sivplex 0.0 0.0 1.0000 1

Hinh 7 Két qua lam khdp pho tir phan mém SCOUT

Vay, dé hiéu biét tot cac tinh chat cla mang méng ching ta can két hop nhiéu phwong
phap nghién ctru khac nhau dwoc tién hanh trén cing mot mau, thidu phan tich cu trdc tinh
thé, hinh thai hoc bé mat, tinh chat dién va quang.Trong nhiéu trwong hop viéc phan tich
mang mong don hay mot hé/linh kién mang méng ndi chung can thuc hién ti ¢ thi trong lic
mau duoc dat trong trwdng ngoai nhw dién tir treong, anh sang, nhiét do, dong ion,... Ngoai
ra, cac phép do ké trén cling can duoc két hop vai nhiéu phuong phép khéc nita nhu phd dién
thé quét vong, pho tdng tré dién héa. C6 nhu vay ching ta méi lam sang td cac co ché cla

hiéu (rng hay hién tuwgng vat Ii xay ra trong hé mang méng.
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NG DUNG CUA MANG DIEN

GVHD: PGS. TS Lé Van Hiéu
Hoc vién: Nguyén Quang Khai
Lép: Vatly diéntlr K 18

NG DUNG CUA MANG PIEN

T& bao mat troi ti€p xic di thé (ZnO:Al)/p-Si dugc ché tao trén dé Si loai p bang
phurong phap phidn xa magnetron DC tlir bia gdm (ZnO:Al). V ¢i d6 day mang (ZnO:Al) lal
um duoc pha & nhiét d6 160°C, 4p suat 10-3 torr trong khi Argon, dién tré dat duoc cla
mang la 4,5.10-4Qm, va dod truyén qua trung binh |a 86 — 87% trong vung kha kién. Tiép
xtc ohmic phia sau pin va dién cwc mat tredc 1a kim loai Al duoc ché tao bang phuong
phap bdc bay. Té bao mat troi thu dwgc tét nhat cd thé hé mach Voc = 513 mV, mat do
dong doan mach Jcc= 37,6 mA/cmz, hé sb |ap day FF = 0,4, hé sd chuyén dai n = 8%.

Mang dan dién trong suét ZnO:Al dwoc phi trén dé PET ( polyethylene glycol
tephthalate) bang phwrong phép phin xa magnetron DC. Mang c¢6 céu tric da tinh thé
hexagonal Wiortzite, dinh hwéng wu tién theo truc C (002) vudng goc véi bé mat dé, véi do
truyén quatrong vung kha kién T = 75%, dién tré sudt vao khoang (3,72 + 2).10-3Qcm

Mang dan dién trong sudt ZnO pha tap Al dugc ché tao va nghién ciru cho thdy do
truy@n qua va do dan dién tét, gan xap xi voi 1TO ( indium oxyt pha tap Tin), théa man
nhiéu yéu cau (rng dung clia cac thiét bi quang dién tt.

Céc mang da 16p ZnO:Al /ITO /P-Si ¢c6 thé dugc (rng dung dé ché tao pin mat troi di
thé.

Mang da I6p WO3/ITO/ dé thly tinh co thé dugc tng dung ché tao mang dién sic.

Mang ZnO:Al trén dé PET kha hiru ich trong viéc ha gia thanh, giam trong lwgng,
thu nho thé tich, tao d6 mém déo cho céc linh kién quang dién tt.

Vi mang ZnO: Al vamang NiOx c6 thé rng dung ché tao may chung cét bang nang
lvong mat troi.

Mang mdng trong sudt dan dién (transparent conducting — TC) d& va dang 1a doi
twong nghién ctru thu hat rat nhiéu sy quan tam cda nhiéu phong thi nghiém trén thé gioi.
Tinh chét dac biét ctia vat liéu ndy la kha ning dan dién gan nhu kim loai nhung lai trong
sudt trong ving kha kién twong tw nhw cac chét dién moi. Do dac diém nay mavat liéu TC
xuét hién trong hau hét céc (rng dung & do tinh dan dién va trong suét cao dwoc dong thoi
yéu cau. Rat nhiéu rng dung dién ttr, quang dién ttr dua trén vat liéu TC da duoc nghién
clru phét trién. Nhitng thiét bi dang mang méng bao gbm: chdng ngung tu hoi nuéc cho
clra s6 may bay, phurong tién co gii; mang chén tinh dién, man chan nhiéu dién tir; gwong
phan xa nhiét cho clrasd vabong den nhiét; dién cuc trong suét cho man hinh hién thi tinh
thé 16ng (LCD), man hinh plasma, man dién sic; di-6t phét quang hitu co (OLED), dién
cwc cho pin mét troi dua trén Si vo dinh hinh; céc tiép xtc ban dan cho (ng dung dién t
trong subt. Cac cong nghé dang phat trién hién nay |a cac tivi man hinh phang dinh vi cao
(High Définition TV), man hinh | ¢n véi do phan giai siéu cao cho may tinh dé ban, clra sb
phét xa thap (Low Emission), clra 6 dién sic, mang mong photovoltaic (PV), thiét bi cam
tay thong minh, man hinh cdm (*ng, cac thiét bi phéat quang.

Pong thoi c6 do truyén qua cao (> 80%) trong ving kha kién va do dan dién cao (>
103 S.cm-1) khéng thé tim dugc trong cac vt liéu thong thudong. Dan dién t6t va ban trong
sudt cd thé thu dwoc dwdi dang mang mong clia mot sé kim loai nhw bac va vang. Phuong
thirc thong throng nhét hién nay dé ché tao dwoc vat liéu TC latao nén s khong hop thirc
c6 kiém soét trong cdu tric tinh thé hodc dwa vao céc tap chét thich hop dé tao s suy bién
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trong ving cdm rong cla mdt sd dxit. Nhitng céch thirc ndy cé thé dé dang thu duoc véi
céc Oxit & dang mang mong dugc ché tao bang nhiéu ky thuat khac nhau. Do d6 vt liéu TC
dua trén cac o6xit (Transparent Conducting Oxide — TCO) da duwgc tap trung nghién ctu
nhiéu nhat.

TCO dadwgc nghién cliru sir dung tir dau thé ky 20 (1907) véi CdO. T do rat nhiéu
vat liéu TCO du6i dang mang méng dwgc nghién clru ché tao nhu ZnO pha tap, SnO2pha
tap, In20s pha tap. Tt nhitng nam 60 cltathé ky trwdc, vat liéu TCO duoc s dung rong réi
nhat cho céc thiét bi quang dién tir 1& In203 pha tap Sn (ITO). Va cho dén nay, ITO van la
vat liéu dugc sir dung chil yéu trong san suat cac linh kién quang dién tt do tinh wu viét vé
dd dan dién vatinh trong suét. Vat liéu ZnO, SnO2duoc phatap, cling thu hit nhiéu nghién
clru do c6 vu diém vé chi phi thap hon nhiéu so véi ITO, tuy nhién pham vi (rng dung trong
quang dién tr chua rong réi va chua thé thay thé 1TO vi mot sd nhwoc diém chua khic
phuc duoc vi du nhw do dan dién kém hon. Sy phét trién manh mé trong (rng dung da dang
ctiavat liéu TCO ngay nay dalam cho viéc nghién ctru vé mat khoa hoc vatrién khai cong
nghé clia vat liéu nay ngay cang dwoc day manh. Vé thwc nghiém, nguoi ta tiép tuc nghién
ctru sir dung TCO cho cac (ring dung méi hodc tang cwong tinh nang cho cac tng dung da
c0, bén canh dd 1a viéc tdng hop va ting curdong do dan dién cho nhitng loai vat liéu TCO ¢
it ham lvong In nhu cac 6xit nhiéu thanh phan ZnO-1n203, IN203-SnO2va ZnO- 1n203-SnO2
hodc cac TCO khéng cé In nhi ZnO pha tap Al,Ga nhét la cho (rng dung man hinh hién thi
c6 dién tich 16n, yéu cau téc do d6 hoa nhanh hon hién nay. Vé ly thuyét, co s& khoa hoc
vé vat liéu nay tiép tuc duoc cliing co va xay dung, cac phuong phap nghién cu tinh chat
dwa trén cac mo hinh vat ly dé phan tich va dy doan gi¢i han vé tinh ndng ctia TCO duoc
duwa ra. Nhiéu ting dung clia TCO dwoc quan tam dé la céc thiét bi dién t& hay quang dién
tlr trong d6 cac tiép xuc di thé dwoc ché tao dua trén cac TCO nhu dién cwc cho OLED, pin
mat troi, sensor quang hoc hoac céc thiét bi dién tkr, quang dién tlr dwa trén chuyén tiép p-n
trong su6t nhu didt, transistor, di6t phat quang, laser, dau do UV, cac (*ng dung trong man
hinh trong sudt, mach tich hop trong suét,... Do d6 ngoai nhitng yéu cau veé tinh dan dién
trong suot, cac tinh chat khac nhu tinh chét tinh thé, céc tinh chat bé mat va sy twong thich
Ve tiép xdc bé mat clia vat liéu TCO véi cac vat liéu khac can dwoc nghién clru mot cach
day du. Ngoai racac yéu to lién quan dén cong nghé ché tao nhw cai thién ky thuat hién co,
x&y dwng cac k¥ thuat ché tao moi, tim céch thirc trién khai sdn xuat cong nghiép mot céch
hiéu qua cling rat dugc quan tam vi ching quyét dinh viéc chuyén giao két qua nghién ctru
vao thuc tién.

1. TRANSISTOR MANG M ONG:

Trong cac mach sO, Transistor thwong duoc st dung nhu mét linh kién chuyén mach hai
trang théi. Trang thd ndy cla cla transistor ¢6 thé dwoc sir dung dat thé trén day la cao
hodc thdp, biéu dién nhi phan 1 hoic 0 twong (ng trong méy tinh. Chirc ndng s6 hoc va
logic duogc hién thirc trong xay dwnh mach sir dung céc transistor nhw chuy én mach.

Chtic nang th( hai clia transistor trong may tinh la khuéch dai. M6t tin hiéu nho vao co thé
diéu khién mot tin hiéu ralén hon nhiéu lan. Sy khuéch dai cho phép tin hiéu can truyén
qua chuyén mach trong may tinh ma khéng mat bién do.

2.PIN MAT TROI:

Té bao nang lwvgng mat troi hay pin mat troi [a ti€p xac p-n ma khdng co6 thé dp vao qua
ti€p xdc. Pin mat troi bién doi nang lvong photon thanh nang lvong dién va cung cap nang
lvgng cho tai. Linh kién nay da duoc str dung kha lau cho nguén nudi vé tinh, céc thiét bi
khong gian va cling nhv nguon nudi clia may tinh tay. Dau tién ta sé khao sat pin mat troi
tiép xUc don gian véi viéc phat dong nhat cac phan tir mang du. Ta ciling xét dén pin mat
troi silic v dinh hinh vatiép xuc khac loai.
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2.1. Pin mat troi tiép xdc p-n:

Khao sét tiép xUc p-n dwgc nbi voi tai, tham chi véi thién ap zero duoc &p vao ti€p xUc nay,
dién trwdng ton tai trong vung dién tich khong gian dwoc trinh bay nhu hinh vé. Khi chiéu
photon t&i c6 thé tao nén cép dién ti-10 tréng trong ving dién tich khéng gian s& dugc quét
tao nén dong quang dién I, theo chiéu thién ap ngugc nhu datrinh bay.

Dong quang dién |, tao nén sut thé qua tai, thién ap thuan tiép xdc p-n. Thé thién ap thuan
tao nén dong thuan I, nhw dwgc chi thi nhw trong hinh vé&. Dong tiép xdc p-n thuc theo
hwéng thién ap ngroc bang:

I= 1, - le= |, - I{exp(eV/KT)-1) (2.1)

O day biéu thirc diot ly twéng da duoc s dung. Khi dibt bat dau thién &p thuan, do 16n cla
dién truong trong ving dién tich khéng gian gidm, nhung khong di téi zero hay thay doi
hwéng. Dong quang dién thudng theo hwdng thién ap ngwoc va dong ctia pin mat troi thuc
cling thuong theo huéng nguoc.

C6 hai truong hop gi¢i han can quan tam. Biéu kién doan mach xuéat hién khi R=0 do d6
V=0. Dong trong trwdng hep nay dugc goi ladong doan mach, hay

I=l=1 (2.2)

Trwong hop gidi han thi hai la diéu kién mach hé va xuat hién khi R tién dén vé cung.
Dong thuc ndy bang zero vathé dugc tao nén |1a thé mach hé. Dong quang dién dwoc can
bang bdi dong tiép xdc thién &p thuan do do ta co

1=0= I, - I(exp(eV/KT)-1)=0 (2.3)

Taco thé tim thé mach hé Vo bang

Vo= ViIn(1+1/19) (2.4)

Biéu do dong di6t | nhu 1a ham s0 clia thé diot V tir biéu thirc (2.1) dwoc trinh bay trong
hinh 2.1. ta cé thé cha y rang dong doan mach vathé mach hé chi ratrén hinh vé.

CoNg sudt trén tai 1A P=IV=I\V-l{(exp(eV/KT)-1)V (2.5)

Ta c6 thé tim dong va thé s& cho cong sudt cuc dai d6i voi tai bang cach dit phwrong trinh
vi phan bang 0, hay dP/dV=0. St¥ dung biéu thtrc (2.5), tatim thay

dP/dV=0= I-I(exp(eV /KT)-1)-1Vn(e/KT)(exp(eV /KT)-1) (2.6)

V, lathé tao nén cong suat cuc dai. Taco thé viét lai biéu thirc (2.6) dwdi dang

(1+V o/ V)exp(eV /KT)=1+ 1/l (2.7)

Giatri V,, c6 thé xac dinh bang céch thir. Hinh 2.2 trinh bay hinh chit nhat céng suét cuc
dai, & day I, ladong khi V=V ..

2.2. Hiéu suét bién doi:

Hiéu sudt bién ddi ctia pin mat troi dwoc xac dinh bang ty sd cla cong suét dién I6i ra trén
cong suat quang t&i. Doi vai cong sudt |6i racuc dai taco thé viét:

N=P/Pi,* 100=100I .,V /Pi, (2.8)

Dong cuc dai vathé cuc dai o thé trong pin mat troi lalg va Vo twong tng. TY SO 1,V o/
IV duroc goi lahé sb choan vala phép do cong sudt thuc tir pin mat troi. Théng thuong
hé s6 choan nam gitrakhoang 0.7 va 0.8.

Pin mat troi tiép xdc p-n thong thuong co nang lvong ving cdm ban dan don. Khi té bao
dwoc chiéu phd mat troi, photon cd nang lwong bé hon E4 s8 khong anh huéng 1én cong
suét ra dién clia pin mat troi. Photon c6 nang lwong [én hon Eg sew dong gop vao cong suét
raclia pin mat troi, nhung mot phan nang lwvong 16n hon Eg s8 chi duoc tiéu tan dwdi dang
nhiét. Hinh 2.3 trinh bay su chiéu birc xa phd mat troi ( cong suéat trén dién tich don vi va
bwdc song don vi) & day khéi lwvong khéng khi zero biéu dién phd mét troi ngoai khi quyén
trai dat vakhoi lugng mot 1a phé mat troi tai bé mat trai dat vao IGc gilra tria. Hié suat cuc
dai cla pin mat troi ti€p xdc p-n silic gan 28%. Nhirng hé s6 khong ly twéng nhu tré khang
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ndi tiép va phan xa tir b8 mit chat ban dan & ha thdp hiéu sudt bién ddi dién hinh trong
khodng tlr 10 dén 15%.

Nhirng thau kinh quang hoc 1&n c6 thé duoc s dung dé tap trung anh sang mat trei do do
crong do sang co thé tang dén hang tram lan. Dong doan mach tang tuyén tinh véi sv tap
trung ang sang, trong khi thé mach hé chi tang it voi sy tap trung anh sang. Hinh 2.4 trinh
bay hiéu sudt pin mat troi ly twdng tai 300K d6i voi hai gia tri tap trung. Ta cd thé thiy
rang hiéu sudt chi tang it vai sy tap trung quang hoc. Uu diém co ban cla k§ thuat tap
trung la giam gia thanh hé thau kinh quang hoc ré hon dién tich twong duong cla pin mat
tro.

2.3. Pin mat troi tiép xac khéc loai:

Nhu ta d& no6i & trén, mot loai tiép xtc khac loai dugc tao thanh gilra hai chét ban dan voi
nang lvong ving cam khéac nhau. Biéu dd nang lwgng ving cdm clia hai tiép xtc khéc loai
p-N dién hinh trong can bang nhiét duoc trinh bay trén hinh 2.5. Gia thiét rang photon toi
trén vat liéu cd vung cdm rong, tac dung vao clra sd quang hoc va photon véi nang lvong
lon hon Eg, S2 bi hdp thu trong vat liéu c6 vang cdm hep. Trung binh, cac phan tr mang du
dwoc tao nén trong vung nghéo va trong d6 dai khuéch tan ctatiép xic sé duoc tu va sé
dong gop vao dong quang dién. Photon v&i nang lvong 16n hon Eg, S8 bi hap thu trong vét
liéu ving cAm rong va cac phan tr mang du dugc phat ra trong dé dai khuéch tan cliatiép
xUc s& duoc tu. Néu Eg, di 16n, khi d6 photon nang luvong cao s& dugc hdp thu trong ving
dién tich khong gian clia vat liéu ving cdm hep. Pin mat troi tiép xutc khéc loai nay co thé
c6 d3c trung t6t hon pin mat troi tiép xuc ddong nhat, dc biét tai bwéc song ngan hon.

Mot loai tiép xuc khéc loai dwoc trinh bay trong hinh 2.6. M 0t tiép xic dong nhat p-n dugc
tao thanh va sau dé vat liéu ving cdm réng duoc phét trién trén dinh. M6t 1an nira, vat liéu
vuing cdm rong c6 téc dung nhu mot clra O quang hoc ddi véi ndng lvong photon hv<Eg;.
Photon véi nang lvong Egp<hv<Ey B tao nén céc phan t mang duv trong tiép xic dong
nhét va photon c6 nang luong hv>Ey; S8 tao nén phan tir mang du trong vat liéu clra s6.
Néu hé sb hap thu trong vat liéu ving cdm hep la cao, khi d6 vé co ban tat ca phan tlr dv sé
tao ra trong d6 dai khuéch tan clatiép xuc, do d6 hiéu suat tich tu s8 rét cao. Hinh 2.6 ciing
trinh bay dap tuyén pho chuan déi cac phan tlr gam khac nhau x trong Al ,Gay AS.

M6t ki€u pin mat troi tiép xic khéc loai duoc trinh bay trong hinh 2.7. Linh ki én nay duoc
goi la pin mét troi song song. Y tudng co ban clia pin ndy latiép xic p-n vaing cdm rong
(GalnP véi Eg=1.9 eV) la trén dinh cla tiép xGc p-n ving cdm nhé hon (GaAs véi Eg
=1.42¢eV). Photon v&i nang lugng [6n hon 1.9 eV sé bi hdp thu trong tiép xdc p-n dinh va
photon véi nang lwgng gilra 1.42<hv<1.9 eV sé truyén qua ti€p xic p-n dinh nhung sé bi
hap thu tai tiép xUc p-n day. Biéu do vung nang lwong ctia pin mat tréi song song nay cling
duoc trinh bay trong hinh 2.7. Tiép xdc xuyén ham GaAs p*-n* duoc thay thé gitra tiép xdc
p-n dinh va day dé noi hai tiép x(c p-n hap thu.

2.4. Pin mat troi silic vo dinh hinh;

Pin méat troi silic don tinh thé 1a dat va bi gi¢i han vé vé dudng kinh gan 15.24 cm. Hé
thdng pin mat troi cong suat, néi chung can mang pin mat troi ¢o dién tich rat 16n dé phét
cong sudt yéu cau. Nhirng pin mat troi silic vo dinh hinh cung cdp kha nang ché tao dién
tich 1&n va hé thong pin mat troi twong doi ré.

Khi silic dvoc lang dong bang k§ thuat CVD tai nhiét do dudi 600°C, mot mang v6 dinh
hinh duoc tao thanh voi bét ky loai nén nao. Trong silic vo dinh hinh, chi c6 loai dai ngan
vakhong quan st thay vung tinh thé.
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Ung dung ctia mang dién

[0 Mang dan dién: ding |am céac dién cuc ITO, TCO
0 Mang cach dién: dién tré mang mong

[0 Pin mat troi

0 OLED

O Transistor mang méng

[0 Hién thi man hinh tinh thé Idng

Mang cach dién

Dién tré chip mang mong thong dung

Gia tri dién tr&r

Lép bao vé |

Lép cich din

-

"

Piu tiép xic

. L N ) Diu lif:p xuc
Cic dién cyc bén trong Be bang gom
Dr JE Rayes Sincher (R. Ludwig and P. Bretchko, RF Circuit Design, Prentice Hall, 2000)
Cac dién cuc bén trong:Ag/ Pd

Dé bang gbm hoic nhdm 6xit cd do tinh khiét cao
L&p cach dién: Ni/ Cr

L6&p bao vé bang thiy tinh

Pau tiép xdc bang Sn

Giatri dién tré:0.1-10° Q
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Pin mat troi

current T \> é d
s g £ < (>3
o fructure o
— 7 CulnGaSe; Fya
r nape St - NuAl contacts
/ junction = ZnO:Al+ Zn0ii
pe i

netype CdS

p-iype
CulnGaSes

Mo

“hole* flow

Cau tao nhu hinh vé

Nguyén ly hoat dong: khi chua c6 anh sang chiéu vao [6p ti€p xUc p-n, dién truong ndi ngan khong
cho electron tir 16p n khuéch tan qua lop p va 1 tréng tir 16p p khuéch tan qua lép n. Khi ¢ anh
séng chiéu vao 16p tiép xtc p-n 1am cho electron va | 6 tréng chay Ve céc dién cuc dwoc ndi véi day
dan tao thanh dong dién hay ning lwgng dién dugc tich trir trong pin.

Hiéu suat chuyén ddi quang nang thanh dién nang cé thé Ién dén 20%.

Pin ndng luvgng mét troi ding dé tich trir ning lrong ding trong nha, sinh hoat hing ngdy, xe chay
bang pin mét troi,...

2-10vDC

OLED - l_%

TRAMSPORT

o S /
ORGANIC

ITO/HTL/Emitter/ETL/AI 28

noe ANODE
INJECTION
ITO: Indium-Tin-Oxide, mang méng e l i "N

OO

trong sudt dan dién lam Anét
OO0 HTL: 16p truyén 16 tréng, PVK: poly
(N-vinylcarbazole) UGHT OUTPUT
Emitter: PPV: poly (P-
paraphenylenevinylene); MEH-PPV;
Alg3
ETL: Iép truyén dién t& (PEDOT, LiF)
Catot: Al, Ag, AlMn
PP ché tao: boc bay lién tiép (trlr ITO)
D6 day khoang 450 nm (khong tinh dé)

O

R-G-B light 8

OoOoao

vi



NG DUNG CUA MANG DIEN

Transistor mang méng (TFT)

O Lé&p hoat tinh: CdS, CdSe

O D3 linh dong ciadién ti 400 Ele{ctrons in Electrons out

cm?/V-s

Dong dong:0.1 pA

Ti s6 mé/ dong:101°

Mach dung TFT dat t6c do

14MHz

O Ung dung trong hién thi man
hinh tinh thé 1dng

Metal contact

'\ Gate
voltage

Thin-film semiconductor

i m)

Man hinh tinh thé 1dng

Fluorescent Lamp

Liguid Crystal Layer

g E13E

(Backlight)
— Diffuser
I[| Rear Polarizer
7 ¥
l

. 5 "] Rear Glass w/TFT Array and
EREERE | Row/Celumn Drivers
G
BREESE

als

QA&

AE

Front Glass w/Common
ITO Electrode and Color Filters

Front Polarizer

vii
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Man hinh tinh thé 1édng

Light Source Light Seurce

~
. == =
Polarizer @/‘//’ =
=

““x/ = :/é.u ent Film N
Bz T e

Ly 1oy 0

Light output

Man hinh tinh thé l16ng

TFT device \

Gate line

Signal line

viii
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Uu vanhuwoc diém

O Man anh c6 kich thuwéc I16n

O Do twong phan cao

O Do phéan gidi cao

O Gibng thuc té hon

O Tréanh giao tiép chéo gilra cac di€ém anh

O Hao tén nang lvgng thap

0 Anh sang can bang trong khéng gian theo moi phrong

[0 Xem trong thoi gian dai makhdng moi méat

[0 Caitién do bén anh

Hién thi bang OLED

0 T6c do x ly cao hon OLED Active Matrix
O VEé lai rat nhanh man hinh Cathode

hién thi
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Giai bai tap

O Cau5: tinh &p suat circ dai dé nuéc O Laptisd P, chiaP;,
bt dau sbi tai T=45°C? Nhiét an cla b A (11
nwéc bay hoi (AH, ) 1a539 cal/g. 2 = exp( { } )
R, R |T, T,
O Taco O “Tasuyra —
AH Y
E=hexp——— 5 _p AH, [1 1
O Khi nwéc sdi (100°C) T,= 373K n = Py exp( “RIT, T, )
AH O Thay sdvao
P, = Bexp(- — x
L P RT1) P, = 760* exp( — 232 18{i_i})
O P,=lat=760torr 2 (318 373
O R=2ca/mol K =(2/18) cal/g.K O P,=80155t0m
O Khi nuéc soi (45°C) T2 = 318K O Vay nuge bat dau soi & T=
AH. 450C tai &p suéit cuc dai P,, =
P =Bexpl-—) 80.155 torr

Giai bai tap

1
O Caub: CMRbankinhtoi hanciasy O N=V/v,=4nr3/3v, =llv, (3)
taomam dongthé codang:, __ 7= [ v: thé tich chamam
O D0 bién thién nang luong tr do: A AT 17y - thé tich ciamot hat phamoi
O AZ=AHv-TAS (1) O N: S8 hat trong pha méi
0 He dat dén can bang: AZ=0 O T (2), () tacs: AZ=(p- P )V, (4)
0O AHv-T,AS=0 O Phuong trinh (2.3.18):
O Suyra AS= AHV/T, thay vao (1) 2. *v. 20,
O AZ=AHv - T(AHV/T,,) T TS
O AZ= AHv (1-T/T)= AHY {(To T)/ T} Ve 2%
O AZ= AHV*AT/T,(5) O Thay (4) vao (2.3.18):T, =———(6)
O Matalai c6 Z=p*N, suy ra AZ
O AZ=(uep)N @) O Thay (5) vao (6):
O p.: th€ hodhoc phaméi (giot) 2, 20 T
O y,:thé hoa il (hoi Eh— = 3
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