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PIN MAT TROT MANG MONG (ZnO:Al)/ p-Si (111) TAO BANG PHUGNG
PHAP PHUN XA MAGNETRON DC

Vil Thi Hanh Thu, Nguy@n Hitu Chi, Pinh Céng Trudng
Khoa Vit ly, trung BPH Khoa Hoc Ty Nhién - PHQG-HCM
(Bai nhdn ngay 3 thdng 12 ndm 2004, hoan chinh sita chita ngay 28 thdng 03 nam 2005)

TOM TAT: T¢ bao mdt troi tiép xic di thé (ZnO:Al)/p-Si dugc ché tao trén dé Si loai p
bang phuong phdp phiin xa magnetron DC ti bia gém (ZnQ:Al). Véi dg day mang (ZnO:Al) la 1
pm duge phii é nhiét dé 160° C, dp sudt 10~ torr trong khi Argon, dién tré dat dugc ciia mang la
4,510 % Qem, va dé truyén qua trung binh la 86 — 87% trong viing khd kién. Tiép xiic ohmic
phia sau pin va dién cuc mdt trude la kim loai Al duge ché tao béng phuong phdp béc bay. Té
bao mdt troi  thu dugc 16t nhdt cé thé héd mach V,. = 513 mV, mdt dé dong dodn mach
Joe = 37.6 mA/em?®, hé s6'ldp day FF = 0.4, hé s6 chuyén déi n = 8% duoc do dudi dnh scng hic
mdt troi ditng bong ¢ cuong dé manh nhdt (lan cén 12h trua). Hé s6'n ciia pin khéng déi trong
2 ngay chiéu sdng lién tuc va sau thoi gian 7 thing dé ngoai khong khi.

1. MG PAU:

Thudn 1¢i cd bin clia pin mat troi mang méng 1 gid thanh thap do qui trinh cong nghé don gidn
va vit ligu dugc ding twong d6i ré. Bat thuan 1gi chd y&u la hé s6 bi€n ddi ning lugng n thap va do
6n dinh theo thdi gian kém. Hiéu ttng bién d6i thap mot phan do hiéu tng bién hat va mot phan do
chat lugng mang ban din xau khi ching ting trudng trén dé€ khéc loai.

Mot loai pin mit trdi ngudi ta dang tdp trung nghién cifu ¢ vat liéu ré tién. P6 1a pin mat trgi
¢6 cdu tric ZnO/n-Si (100) dugc ch€ tao biing phuong phdp Spray_porolysis [1]. Hiéu suit chuyén ddi
n= 8,5%. Thé hd mach V.. ~ 410 mV va dong doan mach J, =~ 30 mA/cm> Ngudc lai d6i v6i pin mit
trdi ¢6 cdu tric ZnO/p-Si (111) thi V. rdt thip ¢d 120 mV. Biing phuong phip sol — gel, cong trinh [2]
da ché tao pin mit trdi (ZnO:Al)/n-Si (100). Vi nhiét do ch€ tao 450°C trong moi trudng khir, pin cé
hiéu sudt n = 5,3%; Vo = 300 mV; J. ~ 17 mA/cm®.

Mé6i diy, cong trinh [3] dd ch€ tao pin mit trdi (ZnO:Al)/n-Si (100) biing phudng phép phin xa
rf magnetron. Nhitng dic trung cta pin mit trdi nhin dudc twdng duong véi nhitng dic tring & cong
trinh [1]: Vo= 411 mV; J ~ 30 mA/ecm”; N ~ 8,2%, nhung hé s& bién dbi n cla pin khéng giam sau 2
gi0 chiu sdng va sau thoi gian 3 thing dé pin ngoai khong khi. Su 8n dinh t5t d6 dugc gidi thich riing,
cdu triic tinh th€ ctia mang.(ZnO:Al) biing phudng phdp phiin xa rf dugc b6 chit da ngin cdn oxygen
khu&ch tin tir khong khi d€n mién ti€p gidp (ZnO:Al)/n-Si (100) - nguyén nhan chi y&u giy nén sy
khong &n dinh clia pin dugc ché tao bing Spray - porolysis va sol — gel. Tuy nhién pin mit tr&i ¢6 ciu
tric (ZnO:Al)/p-Si (111), cling tudng ty c¢dng trinh [1], ¢6 Vo < 200 mV. So sdnh véi so do ving
chuyén ti€p di thé cia ZnO/n-Si (100) theo 1y thuy&t chudn “Anderson model” thi nhitng két qué thuc
nghi€m trén la khong phii hgp: thay vi Vo ~ 0,08 mV thi thuc nghiém lai nhian dugc V. ~ 410 mV.
Cling tuong ty trén, pin mt trdi ZnO/p-Si (111) thay vi V. ~ 600 mV thi gid tri thic nghiém V.. < 200
mV. Su sai khdc gid tri d6 dugc tic gid gidi thich ring, cdc sai hdng tai hodc gin mit ti€p gidp ZnO/c-
Silam cho mic ning lugng Fermi bi déng ch6t. Chinh hiéu ing déng chdt nay da lam cho do cao hang
rao nang lugng khéng phu thudc vao cdng thodt ciia ZnO.

Nhu vay, bang cich nao d6 chiing ta khit bd hay ha thdp cdc sai hng trén bé mit tiép gidp
ZnO/p-Si (111), thi hy vong thé hd mach V,. s& 16n ZnO/n-Si (100). B&i vdy, muc dich ciia cdng trinh
nay la ché tao pin mit trdi (ZnO:Al)/p-Si (111) bing phudng phdp phiin xa dc magnetron vdi bién
phdp ha thdp cdc sai hdng trén mit tiép gidp clia chiing dé nhin duge Vo, va J,. 16n.
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2. THUC NGHIEM

P& 12 mot phién Si don tinh thé (111) loai p c6 p ~ 2,0 - 2,3 Q.cm (san phim bdn cdng nghiép
ctia TOYO, Nhit Ban). Dién tich d€ S = 1,7 — 2,3 cm”. Mang (ZnO:Al) dugc phi trén phién Si bing
phuong phdp phiin xa dc magnetron. Bia ZnO (99,99%) tron v6i 2% wt Al,O5 (99,99%) c6 mat do khdi
=~ 5,33 g/cm3 dudc ché tao tai phong thi nghiém cia chiing toi.

PéE ha thap cdc sai hong trén mit ti€p gidp mang va d€, chiing toi da dit bé mat d& Si truc giao
vGi bé mit bia, va ding cdc thong sd tao mang t61 wu nhu da dugc trinh bay trong céng trinh [4]. 5
ddm bao mang cé dd day ddng nhat, d€ duge quay lién tuc quanh truc tryc giao véi bé mit dé. Trudc
khi tao mang, d& dugc tdy sach bing phuong phap d6t néng v6i nhiét do d€ T, = 160°C. Trong giai
doan tao mang diu tién (46 day mang ~ 20 nm), dong phong dién ra't thip(= 0,1 A) d€ trdnh cdc hat
ning lugng cao trong plasma 1am hdng bé mit Si. Trong mdi 1dn phd, (ZnO:Al) ciing dudc ph dong
thdi trén d€ thuy tinh dé€ xdc dinh dudc tinh chat quang hoc clia ching.

Sau khi pht mang (ZnO:Al), ti€p xiic ohmic phia sau pin dugc pht kim loai Al vdi dd day ¢G |
um. Pién cyc mat trude la ludi kim loai Al dugc ché tao bing phudng phdp bdc bay qua mit na to1
kim loai (d6 day ¢d 1 pm).

Pién trd suit cia mang (ZnO:Al) dugc do bing phuong phdp bdn mili do. Phé truyén qua dudge
do bing quang phd k&€ UV/VIS V - 530 (Jasco, Japan) (qua d€ thily tinh tuong dng). ThE V. , L va
dic trung volt — ampere ctia pin dugc do bing dong hd Digital Multimeter DT — 886, Japan va Fluke
Dual Display Multimeter, Japan du6i dnh séng mit trdi ding béng ¢6 cudng do cao nha't (11h45 phiit
—>12h15 phit budi trwa). Hinh thdi hoc ciia mang (Zn0O:Al) duge do bing hé SEM JEOL JSM 5500.
CAu triic tinh thé clia mang dugc do biing nhiéu xa tia X.

3. KET QUA VA BAN LUAN:

Trong hinh 1 mang dugc phi v6i nhiét do d& T, = 200°C & diéu kién dp sudt khi Argon p~ 3. 107
torr va dong phéng dién J, = 0,2 A. Pic trung giao thoa cla dudng cong T theo budc séng chiing to
miang phing va do ddng nhi't 16n. Gié tri trung binh cla T 1a 86 % trong viing kha ki€n, d6i véi mang
(ZnO:Al), n trong viing khé ki€n bing 2 [11]. V6i chi€t sudt n = 2 ta nhdn dugc d = 1 pm. Hinh 1 con
cho thdy T gidm xudng 50% trong viing héng ngoai (A > 1 pm). Sy mat médt nay dudc gidi thich bdi
qud trinh hdp thu 4nh sdng ctia dién ti¥ ty do N, bén trong mang c6 do day d.

2.1 Tinh chit quang va di¢n cia mang (ZnO:Al):
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Tur cong thifc: (1)
Ta c6 thé xédc dinh ndng do dién tit Ne va bing 7,5.10% cm™ (v6iy rdt nhé c6 thé bd qua).
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1
p=
Trong thi nghiém nay p = 4,5. 10* Q.em. Tit biéu thiic ~ “Me* ta c6 thé nhan dugc do linh
dong hat tii tu do pe = 14,8 cm*/V.s.

Tém lai, do d6 truyén qua cao v do din dién t8t, mang (ZnO:Al) 1a vit liéu “ctta s8” ly twdng
d51 v6i bitc xa kha ki€n va hdng ngoai gin va do d6 nhitng dic trung quang — dién tf clia chuyén tiép
di thé (ZnO:Al)/ p-Si (111) duge xdc dinh bing dic trung hip thu cla d€ p-Si.

2.2 Tinh chit va ciu triic cda mang (ZnO:Al) trén d€ p-Si (111):
Hinh 2 thdy ring, khéng nhitng d€ Si ¢6 dinh hudng wu tién vach (111) véi khodng cdch mat
mang d = 3,124 A°, ma mang ZnO ciing chi c6 mot dinh huéng duy nhit (002) v6i d = 2,603 A”. Trong

_ thi nghiém ctia chiing t6i, dé& p-Si (111) duge phi mot 16p epitaxy dong chdt p-Si dé€ loai trir cdc sai
hong, thudng tdn tai trén bé mit d€.

Ti hinh 2, cong trinh nay nhan dugdc kich thuge hat D = 25 nm. Kich thu6c hat 16n hon phuong
phdp CVD [7] (D = 18 nm).
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2.3 K&t ciu (texture) mang do khic hoa hoc:

Anh sdng chi€u t6i Bé& mit phfmg mang (ZnO:Al) co thé tao thanh bé mat
dang hinh chép (hinh 3) bing khdc hod hoc, Khi tia téi
dip 1én mit bén cha hinh chép sé phdn xa vao bén
trong hinh chép khdc, thay vi chiing mit mat do phan

-- xa ra ngodi. Néu do day mang quang hoc (nd) ctia
mang thod diéu kién chdng phdn xa (ARC) thi do
phdn xa tit mang s& gidm rdt I6n, va do d6 dong doan
Hinh 3. Bé mdgt dang mach va th€ hd mach ting.

Bing 1 v2 hinh 4a, 4b cho thdy, v6i 1%HCI thsi
gian khdc 1a 10s 12 t8i wu d8i vdi cong trinh nay. Ngoai ra, hinh con cho thdy: ciu triic bé mit ¢ dang
héc d& dang biy 4nh sdng vao d& Si, qud trinh khdc khong 4nh hudng hoic dnh hudng rdt it tinh chat
dién cda ching (Ph& nhidu xa tia X trén hinh 5 di khidng dinh diéu d6, cudng do phé cla vach (002)
giam do d day mang gidm, dién trd matting tr R =4,5Q1énR =7,6 Q cling do d day mang gidm
sau khi khic).

Bdng 1.
5s 10s 10s 10s
Trudc khi an mon 400 mV 289 mV 350 mV 480 mV
Sau khi dn mdn 425 mV 407 mV 450 mV 513 mV
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2.4 Dic trung Volt — Ampere cua pin mit troi

Hinh 6 trinh bay dudng cong V — I (1 sun) cia pin mit tr&i (ZnO:Al)/p-Si dugc do dudi dnh sdng
miit rdi diing béng ¢6 cudng d6 cao nhi't (14n cin 12h trwa). Tl hinh 6 thdy ring, pin (ZnO:Al)/p-Si ¢6
th&€ hd mach Vo = 513 mV, dong ngdn mach I, = 37.6 mA/cm®. Hé s6 1ap diy FF = 0,4 va hé s6
chuyén d8in = 8%.

Cin nhan manh riing, hé s& 1 cta pin khong d6i trong 2 ngay chi€u sing lién tuc va sau thoi
gian 7 thdng d€ ngoai khong khi. Syt 6n dinh t6t clia pin dudc gidi thich ring, cdu triic bé chit va béc
tinh thé 16n clia mang (ZnO:Al) dugc ché tao bing phuong phdp phiin xa dc magnetron da ngin can
oxygen khuy&ch tdn tir khéng khi d€n mién ti€p gidp (ZnO:Al)/p-Si

Cong thodt dién tt ¢ cia mang (ZnO:Al) sé biing 4i lyc dién tif y clia n6: dzno:ay = Yzn0:Al =
4,35 eV. Con 4i lyc dién t cia Si bang 4,05 eV va do rong viing cdm bing E, = 1,12 eV [3] (hinh 7).
Phi€n p-Si ctia chiing ta c6 dién trd sudt 1 Q.cm, twdng tng ndng d6 pha tap 5. 10" cm’. Nhu viy, E; -
E,=0,22 eV [5].
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Hinh 6. Pdc trung V-I ciia pin mdt troi (Zn0:Al)/p-Si (111).
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Hinh 7. So do ndng luong tai tiép xiic
(ZnO:Al)/p-Si.

Tir biéu thitc tdng quét cla thé ti€p xuc [5] c6 thé nhin dugc cdc gid tri gidi han sau day:
» N&u trang thdi bé mit Np rit bé (Np = 0) thi:
eVip = dznoan — Ppsi 0,6V (2)
» Né&u trang thdi bé mit Ny, rdt 16n (Np = o) thi:
eVip = (¢zno:ay — Ppsi —(Eg/3)) = 0,23 eV (3)

Nhu vdy, k&t qua thirc nghiém clia cong trinh ndy gén véi gid tri (2) hon. Piéu d6 c6 nghia ring,

cdc sai hdng tai hoac gin mat ti€p gidp (ZnO:Al)/p-Si khd nhd, khdng dnh hudng 16n 1én thé ti€p xuc
eVy,. Piéu nay hoan toan trdi ngude véi két qua cong trinh [1, 2, 3], & d6 hiéu tng déng chét (pinned)
clia mifc ning lugng Fermi do trang thdi bé mit Np qud 16n, di 1am cho thé€ ti€p xic Vi, ludn nhd hon
200 mV.

4.

KET LUAN

Vi bién phdp ha thap cdc sai hdng trén mit ti€p gidp:
e Trong qud trinh phiin xa dc magnetron d€ Si dugc dat truc giao véi bé mit bia
e Trong giai doan tao mang dau tién (do day mang ~ 20 nm), dong phéng dién rit thip (=0,1 A)
e Loai d€ st dung 12 loai p-Si (111) dugc phi mot 16p epitaxy dong chit p-Si K&t qua nhan dugc,

pin (ZnO:Al)/p-Si ¢6 th€ hd mach V,. = 513 mV, dong ngdn mach J = 37.6 mA/cm®. Hé s6 lap
diy FF = 0,4 vi hé s6 chuyén d8in = 8%. Hé s6 1 ciia pin khong ddi trong 2 ngdy chi€u sdng lién tuc
va sau thdi gian 7 thing dé ngoai khong khi.
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APPLICATION OF DC MAGNETRON SPUTTERING FOR
ZnO:Al/p-Si HETEROJUNCTION SOLAR CELLS

Vii Thi Hanh Thu, Nguyén Hitu Chi, Pinh Céng Trudng
Faculty of Physics, University of Natural Sciences - VNU-HCM

ABSTRACT: (Zn0O:Al)/p-Si heterojunction solar cells was fabricated on p-Si substrates by

DC magnetron sputtering from (ZnO:Al) ceramic targets. For 1 pm thick (ZnO:Al) films
deposited at 160°C in 10 “ torr of Argon, the electrical resistivity was 4,5.10% Q.cm and the
average optical transmittance was 86 — 87% in the visible range. The ohmic contacts were
formed between p-Si and Al for a bottom electrode. Under the light of solar at 12 pm, the best
fabricated cells show an open-circuit voltage of 513 mV, a short-circuit current of 37.5 mA/em’ ,
a fill factor of 0,4 and a conversion efficiency of 8%. No degradation of the cell efficiency was
observed during 24 hour illumination test and after storing the cell in air for seven month.

[1].
[2].
[3].
[4].
[3].

[6].
[7].
[8].
[9].
[10].

[11].

TAI LIEU THAM KHAO

J. Appl. Physic. 77 (3), 1 February 1995, p. 1302 - 1307.

Thin Solid Film 354 (1999) 227 — 231, p. 227 - 231.

17" European PV Conference, 2001, Munich, Germany.

Lé Trdn, Nguyé&n Hitu Chi, hoi nghi vat 1y chat rdn toan quéc 2003.

S.M.Sze. Physics of Semiconductor Devices, 2" Edition. A Wiley — interscience
Publication, p. 811

Semiconductors, Vol. 37, No. 11, 2003, pp. 1291 - 1295. translated from Fizika I Tekhnika
Poluprovodnikov, Vol. 37, No.11, 2003, pp. 1329 - 1333.

Thin solid film 403 — 404 (2002), 485 — 488.

J. Appl. Phys, vol 83, No 2, 15 January 1998, p. 1087 — 1095.

J. Appl. Phys, vol 88, No 5, 1 September 2000, p. 2443 — 2450.

17" European Photovoltaic Solar Energy Conference, Oct. 22 — 26, 2001, Munich,
Germany.

J. Vac. Sci. Technol. A, Vol. 11, No. 4, Jul/Aug, 1993, p. 996 — 1000.

“Trang 10



