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TOM TAT

Néng cao tinh chét dién va quang cua
I6p phét trong céu tric pin mét troi chuyén
tiép di thé la gidi phap then chét nham nang
cao dong ngdn mach (Isc) va thé hé mach
(Voc) hay nang cao hiéu suét pin. Yéu céu
ky thudt cua I6p phét trong céu truc pin la
phai lam ttr véat liéu c6 dé réng ving cadm I6n,
sai héng bé maét thép va dé dan dién cao.
Trong bao cdo nay, mang silic vé dinh hinh
pha tap loai N dwoc ché tao bang phuong
phép ldng dong hoi héa hoc tdng cuong
plasma (PECVD) véi ti 1é hidro pha lodng
silan (H,/SiH4+H,) tr 90 % dén 97 %, déng

thoi c6 dinh céc théng sé khac nhw 4p suét,
nhiét d6 dé, céng suét plasma va ndéng dé
pha tap. Dua vao mét sé tinh chét déc trung
cia mang nhw: dé réng vung cdm quang,
phén trdm tinh thé hién dién trong mang va
do dan dién cia mang, céc théng sé ldng
dong mang duoc tbi wu héa tai ti 16 96 %
hidro pha loang silan. Pin mét troi duoc ché
tao dwa trén diéu kién nay véi céu truc
chuyén tiép mét phia Allc-Si(P)/N+/luéi Al
thu duoc két qud véi thé mé (Vo) 1a 0,48 V
va dong ngan mach (loc) 1a 17 mA.

Twr khéa: mang silic vé dinh hinh, pin mét troi chuyén tiép di thé, phuong phéap ldng dong hoi

héa hoc tang cwong plasma (PECVD).
GIOI THIEU

Pin mat troi chuyén tiép di thé gitra silic vo
dinh hinh va silic tinh thé (a-Si/c-Si) c6 thé mo
(Voc), dong ngin mach (lsc) va hiéu suat cao [1].
Qua trinh t6i wu hoa cac thong s ché tao 1op
mang mong a-Si:H pha tap dam loai N, dong vai
trd 16p phéat trong cau trdc pin, 1a mot trong
nhiing viéc 1am quan trong dé nang cao hiéu suét
pin [2]. Vat liéu ché tao I6p phét trong ciu trdc
pin phai ¢6 do rong ving cam quang Ién dé giam
su hap thu photon dén, giam tai hop tai bé mat va
tai 16p chuyén tiép. Bén canh d6, d6 bén va do
dan dién cua mang cao (hay hiéu suat pha tap

cao) dé thu duoc thé noi I6n hay hiéu suat phan
ly hat tai Ién. Mang mong silic c6 cau tric nano
tinh thé (nc-Si:H) pha tap loai N 1a mét ang cu
vién théa man céc yéu cau ky thuat trén, hon nita
véi phuong phap PECVD va k¥ thuét pha lodng
hidro dé& dang chuyén pha ciu trdc mang tir vo
dinh hinh sang c4u trGc nano tinh thé & nhiét do
thip (200 °C) véi hiéu suat pha tap cao. Trong
truong hop pin dugc ché tao ¢ nhiét do thap,
wafer silic mong (~92 pm) cé thé dugc st dung
nén cé thé giam gié thanh [3].
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Trong bao céo nay ching tdi ché tao mang
silic vo dinh hinh pha tap loai N bang phuong
phép PECVD vdi cac thdng sé ché tao mang nhur:
&p suat, nhiét do dé, cong suat plasma, nong do
pha tap duoc giir ¢6 dinh ma chi thay doi ti I¢
hidro pha lodng silan tir 90 % dén 97 % theo

FH

cong thue ()R, = = =
’ SiH, + H,

trong d6, Fyx 1a luu lugng cua khi X.

Céc tinh chat ddc trung cua mang nhu: do
rong ving cam quang, su chuyén cau trdc tir vo
dinh hinh sang nano tinh thé (lwong tinh thé c6
trong mang) va do dan dién cua mang da dugc
khao sat. Véi thong sé ling dong mang téi wu
vira tim duoc, chdng t6i 4p dung vao ché tao pin
mit troi véi cdu trdc chuyén tiép mot phia Al/c-
Si(P)/N+/ludi Al
PHUONG PHAP

Mang mong nc-Si:H pha tap loai N (pha tap
photpho) dwoc ling dong boi phuong phép
PECVD véi tan s6 13,56 MHz tir tién chat khi
silan (SiHg4), khi hidro dong vai tro khi tai (pha
loéng silane) va phosphin (PH3) 1a khi pha tap.

Céc théng s6 phu mang dwoc giir ¢b dinh 1a: cong
suit plasma 100 mW/cm?, nhiét do dé 200 °C, &p
suat lang dong 5 mbar. Mang mong duoc ling
dong trén dé thuy tinh va dé silic tly theo muyc
dich khao sat. Két qua duoc trinh bay trong Bang
1, trong d6 do dan téi op dugc do boi thiét bi do
dic trung I-V PSO1 véi hai dién cuc phang song
song Cr-Ni. Nang luong hoat hoa E, xac dinh tir
phép do d6 dan téi theo nhiét do. Do rong ving
cam quang Eopt dugc xac dinh bang phuong phap
ngoai suy Tauc [4] tir pho truyén qua dugc do boi
may do phd truyén qua Jasco 550 UV-Vis. Su
chuyén pha cau trc mang tir vé dinh hinh sang
nano tinh thé duoc minh ching théng qua phé
Raman (twong tng vai dich dinh phé tir s6 song
480 cm™ dic trung cho pha v6 dinh hinh dén s6
s6ng 516 cm™ dic trung cho pha nano tinh thé)
dugc do boi hé Spex vai bude séng laser kich
thich 514 nm. Cudi cung, véi thong sb tbi wu tim
dugc trong qué trinh khao sat I6p dién cuc phat
duoc trién khai trén cau tric pin chuyén tiép mot
phia Al/c-Si(P)/N*/luéi Al nhim mot lan nira
khang dinh chat luong cua I6p mang nc-Si:H pha
tap loai N.

Béing 1. Mot s6 két qua do dugc vé do dan tdi, ning luong hoat hoa, do rong ving cam va phan tram
tinh thé cé trong mang nc-Si:H.

Mau Do dan tbi Nang lugng hoat hoa Ning luong viing cam Phan trim tinh thé
(%H) (Qlem™) (107 eV) Eq(eV) (Xc %)
90 % 1,52 43 1,95 37
95 % 5,52 2,4 2,21 42
96 % 7,84 2,2 2,23 47
97 % 5,15 3,0 2,25 40
KET QUA VA THAO LUAN

An}l huéng ciia hidro pha lodng silan dén tinh
chat dién ciia mang.

Dé khao sat anh huong cua hidro pha lodng
silan dén tinh chat dién cia mang cac thdng sb
ché tao khac (4p suét ling dong, nhiét do dé,
ndng d6 pha tap phosphin (PHy), ...) duoc giir cd
dinh, chi c6 ti I¢ hidro pha lodng silan thay doi tir
90 % dén 97 %. Két qua dwoc chi ra trong

Hinh 1A, 1B khi ty 1& hidro pha loang silan ting
tir 90 % dén 96 % thi do dan ti cua mang nc-
Si:H pha tap loai N ting manh, tuong (ng Vvéi
ning luong hoat héa giam (7,84 Q'cm™; 2,2.107
eV). Didu nay c thé giai thich nhur sau: Thir nhét
do khi ty I& hidro pha loang silan ting cao thi
nong do hidro trong plasma Ién nén dé dang
trung hoa cac lien két bat bdo hoa (dangling
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bonds) la cac tdm bét dién tir cho nén do linh
dong cua dién tir cao. Thir hai do mat do hidro
nhiéu nén trong qué trinh ling dong mang cac
lien két yéu bi loai bo, hinh thanh 1én céc lién két
Si-Si déu dan hay da chuyén mang tir ciu tric v
dinh hinh sang cau tric vi tinh thé (s& duoc lam
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Tilé hidro pha lodngsilan (%)

rd trong qua trinh khao st ciu trdc), véi cau trdc
vi tinh thé s& 1am hiéu suét pha tap cao. Khi hiéu
suit pha tap cao thi muc donor cang dich gan vé
day viung dan cho nén ning lugng hoat héa cua
mang giam manh, do d6 dién tir dé dang nhay 1én
viing dan vi thé nong do dién tir cao [5].

Ning lugng hoat hoa
N\

89 90 91 92 93 94 95 96 97 98

Hinh 1. Po dan ti theo Ry (A), ning luong hoat hoa theo Ry, (B)

An,h hwéng ciia hidro pha loing silan dén tinh
chat quang

Tir phd truyén qua trong ving kha kién va tir
ngoai (UV-Vis) va phuong phap ngoai Tauc
dugc trinh bay trong Hinh 2 cho thdy mang nc-
Si:H pha tap loai N ¢6 d6 truyén qua & ving kha
kién kha cao va c6 bo hip thu dich vé budc séng
anh sang tim. Bang phuong phap ngoai suy Tauc
ching ta c6 thé xac dinh gan ding ning luong
viing cam quang cta mang (Eqy). Chi tiét trong
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Hinh 2B cho thy khi Ry cao, mang c¢6 d6 rong
viing cam 16n (2,2 eV); diéu nay c6 thé giai thich
do mang c6 cau trlc vi tinh thé nén dudi ving thu
hep lai [6]. M3t khac do hiéu suét pha tap cao nén
cac muc trang thai thap trong ving din di bj
chiém day dién tar nén can phai can mot ning
lugng photon 16n hon mai kich thich mot dién tir
nhay tir ving hoa tri I1én cdc mac trang thai cao
trong vuing dan [7].
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Hinh 2. Phd truyén qua UV-Vis (A), nang lugng ving cim quang theo Ry (B)
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Pé minh chitng cho su chuyén pha céu tric
mang tir vo dinh hinh sang ciu tric vi tinh thé
dudi tac dong cua hidro pha loang silan, ma vai
cau tric vi tinh thé mang c6 tinh chat dién va
quang t6t nhu da chi ra & phan trén ching toi
khao sat cdu mang thdng qua phd Raman. Ph
Raman |a phép phan tich hitu hi¢u cho biét dao
dong cua lién két Si-Si trong mang c6 cau trdc vo
dinh hinh hay vi tinh thé. Két qua phan tich duoc
chi ra trong Hinh 3A cho thay khi ty 1¢ hidro pha
lodng silan cao (90 %, 95 %) phoé Raman xuat
hién dinh dic trung tai sb séng 509 cm™, dic
trung cho mam tinh thé. Tuy nhién phan duong
bao dinh phé c6 phan mé rong vé sé séng 480
cm dic trung cho pha vé dinh hinh. Khi ty 1 Ry
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cao (96 %, 97 %) dinh phd dic trung ctia mang

suét hién tai s6 séng 516 cm™ dic trung cho pha
vi tinh thé [8].

Béng phép giai chap ph(*')u Raman ching ta

tinh gan dting dugc ty 1€ tinh thé trong mang theo

ls16 + 150

516 + ISlO + |480

cbng thite X¢ = két qua chi ra

I
trong Hinh 3 B cho thay ty I¢ tinh thé trong mang
tang khi ty 1¢ Ry ting va cao nhat khi Ry = 96 %
(Xc = 47 %). Két qua phan tich phé Raman cho
thiy mang ché tao véi ty 1¢ hidro pha loang silane
cao c6 su chuyén pha ciu tric tir vo dinh hinh
sang cau truc vi tinh thé, cé tinh chat dién va tinh
chat quang tot.
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Hinh 3. Phd Raman theo Ry cao (A), phan trim tinh thé theo Ry cao (B)

Ap dung mang nc-Si:H pha tap loai N vao
lam cwc phat pin mit troi chuyén tiép di the
Dé tai khang dinh chat luong cia mang nc-
Si:H pha tap loai N véi thong sé ty 1 Ry, tot nhét
(96 %) chling tdi &4p dung vao ché tao pin mit troi
chuyén tiép mot phia Al/c-Si (P)/nc-Si:H/ lugi Al
va s0 sanh véi pin khi sir dung 16p cuc phat chua
t6i wu. Nhu trinh bay trong Hinh 4 A, 4B cho
thdy vai ca hai truong hop déu hinh thanh dugc

I6p chuyén tiép p-n (dic 1-V t6i cua pin thé hién
dic trung cuia mot chuyén tiép p-n), khi céc pin
dugc chiéu sang thi duong dic trung I-V cua hai
pin c6 nhiéu khac biét. Di véi pin sir dung 16p
phat chua t6i wu (Hinh 4A) thi thé mé va dong
ngan mach thap (6 mA, 250 mV), con ddi véi pin
sir dung I6p phéat voi cac thong s6 ché tao tdi wu
(Hinh 4B) thu dwoc thé mé va dong ngan mach
tuong ddi cao (17 mA, 480 mV).
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Hinh 4. Pic trung 1-V mang loai N chua t6i uu (A), mang loai N t6i uu (B)
KET LUAN
Tir két qua thuc nghiém, thong qua cac phép  eV), khi &p dung vao ché tao pin thu dwoc céc két
phan tich, danh gia ching toi nhan thay ty lé quéa budc dau dang ghi nhan (17 mA, 480 mV).
hidro pha lodng silan ¢6 anh huéng rat I6n dén Trong nghién cttu tiép theo, nhém ching toi
ciu trc, tinh chat dién, quang cia mang Si:H. tap chung vao cac I6p chuyén tiép (c-Si/nc-Si:H,

Tim ra duoc ty 1¢ Ry =96 % cho mang ¢ tinh  nc_gj:H/TCO...) nhim nang cao higu sudt pin.
chat dién quang cao nhét (7,84 Q*cm™; 2,23.107

Improverment of electrical and optical
properties of doped amorphous silicon
layers applied to heterojunction solar
cells

e Pham Hoai Phuong
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ABSTRACT

The optimisation of electrical and optical PECVD, at different SiH4/H, gas flow ratios,
properties of doped amorphous silicon layers at the same RF power, pressures, and
(the emitter layer) is the key importance to temperatures. Trends relating deposition
obtain high efficiency heterojunction (HJ) conditions to relevant film characteristics
solar cells. Desired properties for the emitter such as thickness, wide bandgap, crystalline
layer include wide bandgap, low surface and fraction and conductivity are discussed.
interface recombination, and good doping Finally, the heterojunction solar cells using
efficiency. In this study, we report the thin- the optimised parameters for n-doped nc-
film properties of n-doped nc-Si:H emitter Si:H layers are fabricated with high short
layers deposited using RF (13.56 MHz) circuit current (17 mA).
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