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Linh vyc k§ thuit dwge dé cap

Sang che dé cdp dén mang chong am, cu thé 1a @& cdp deén mang chong 4m tng

dung trong bd phét quang hiru co va phuong phép san xuit loai mang nay.
Tinh trang k§y thuit ctia sang ché

Céc bo phat quang hitu co 14 nhitng thiét bi c6 ciu tric trong d6 16p phat sang nim
gitta dién cuc 4m tao ra electron va dién cuc duong tao ra cac 16 tréng, khi céc electron
va 16 trong dugc bin vao 16p phét sang, cac electron va 13 trdng dugc két hop véi nhau
tao ra exiton (loai hat nho trung hoa vé dién), sau do cic exiton chuyén tlr trang thai hon
loan sang trang thai tinh va phét ra 4nh sang.

Trong céc bd phat quang hitu co, néu hoi 4m thim vao 16p phét séng, 16p phat sang
ndy s& dé dang hu hong din dén sy suy gidm tinh chét va giam tudi tho ciia thiét bi. Do
véy, dé ngan chin viéc hoi 4m khoi tham nhdp vao 16p phat sang, 16p mang chéng 4m
duoc dit 1én dinh cia mdi thiét bj phét sang.

Duéi ddy, bo phat quang hitu co s& dugc md ta c6 v6i tham chiéu dén hinh VE.

Fig.1 1a mit cit ngang cta bd phéat quang hitu co hién co.

Nhu thé hién trén F ig.1, b0 phat quang hitu co bao gdbm dé nén 1, bo phén phat
sang 2 va mang chéng 4m 3.

B0 phén phét sang 2 dugc dit trén dé nén 1. B0 phén phat sang 2 bao gém dién
cuc am va dién cuc duong va 16p phat sang hitu co dat gitta hai dién cuc.

Mang chéng 4m 3 dugc dat 1én trén bo phan phat sang 2 dé ngén hoi 4m tkhong
tham nhép vao b phan phét sang 2.

B0 phét quang hitu co dé 6 str dung vat liéu cach dién v6 co 1am mang chéng 4m
3, tuy nhién do c¢6 han ché trong qud trinh tao hinh mang chéng 4m 3, hiéu qua chéng
4m bj giam sit.

Vit liéu cach dién vo co dugce tao ra tir qua trinh bay hoi le"mg dong héa hoc
(chemical vapor deposition: CVD). Tuy nhién, khi c¢6 khuyét tat nhu 15 thiing xuét hién

trén mang mong trong qué trinh két ta, 13 thing d6 s& m& rong clng véi sy tdng 1én
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clia mang mong. Bdi vy, do khuyét tt 15 thing duoc tao ra lién tuc tir phdn bén dudi
dén phén bén trén clia mang chéng 4m 3, hoi 4m tir bén ngoai s& dé dang thim nhép vao
b0 phén phét sang 2 qua khu vuc xuét hién khuyét tat nhu 15 thing, khién cho bo phéan
phét sang 2 d& dang bj hur hong.

Hon nita, trong trudng hop vat lidu cach dién vd co dugc ma bdi qud trinh ling
dong 16p nguyén tir (atomic layer deposition: ALD), hiéu qua chéng thdm hoi 4m s&

duge tang lén, nhung téc do ma s& gidm xudng dan dén giam nang suat.
Ban chat ky thuit cia sing ché

Séng ché dugc d& xuit 48 giai quyét van d& néu trén trong k¥ thudt hién c6, va muc
dich clia séng ché 13 dé xuit mang chdng 4m, phuong phat san xuét mang chéng 4m nay,
va b0 phéat quang hitu co ¢c6 mang chng 4m, trong d6 su tao thanh lién tuc cta nhiing
khuyét tat nhu 15 thing tir phin bén duéi dén phén bén trén ciia dugc ngin chin, nho do6

cho hiéu qua chong tham t6t va tdc do ma cao hon, tir d6 nang cao niang suit.

Dé dat dugc muc dich néu trén, sang ché dé xuit mang chéng 4m bao gbm: 16p
mang chéng 4m thi nhit; 16p mang chéng 4m thit hai bén trén 16p mang chéng 4m thtr
nhit; va 16p mang chéng 4m thtt ba bén trén 16p mang chéng 4m thir hai, trong d6 ndng
d6 oxy (O) trong 16p mang chéng 4m tht hai cao hon trong ndng do oxy trong mdi 16p

mang chéng 4m th nhét va 16p mang chéng &4m thit ba.

Ngoai ra, 16p mang chéng 4m thir hai c6 ndng do nito thip hon trong 16p mang

chéng 4m thir nhit va 16p mang chéng 4m tht ba.

Hon nita, tc d6 &n mon ué6t cia 16p mang chéng 4m tht hai ¢6 thé cao hon cua
mdi 16p mang chéng 4m thir nhit va 16p mang chéng &m thir ba, va tc d6 dn mon wét
clia 16p mang thir hai c6 thé cao hon 10 dén 100 14n so véi téc dd dn mon w6t cia mdi
16p mang chéng 4m thi nhit va 16p mang chéng 4m thit ba.

Ngoai ra, d6 day ciia 16p mang chéng 4m th hai ¢6 thé nhé hon do day ciia méi
16p mang chéng 4m thtr nhit va 16p mang chéng 4m thit ba, 16p két tinh c6 thé khong
dugc tao ra gifta cac 16p mang chéng 4m thir nhit va 16p mang chéng 4m thir hai, va lop

két tinh c6 thé khong dugce tao ra gitta 16p mang chéng 4m thtr hai véi 16p mang chong

4m thit ba.

Ngoai ra, sang ché con dé xuit bd phét quang hitu co bao gom: dé nén; bo phén
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phét quang dit trén dé nén; va mang chéng 4m trén b0 phan phat quang, trong d6 trong
mang chéng 4m, ndng do oxy (O) trong mang chéng 4m tur phin bén duéi dén phén bén
trén clia mang chéng 4m tang din sau d6 gidm, trong khi ndng do nito (N) giam dén sau
do ting.

Ngoai ra, mang chéng 4m c6 thé duoc tao 16p don, néng do oxy (O) va ndng do

nito' (N) ¢6 thé thay ddi tir tir trong mang chéng 4m.

Séng ché con dé xuit phuong phip ché tao mang chéng 4m, phuong phap bao
gbm: tao 16p mang chéng 4m thir nhét qua qua trinh bay hoi ling dong héa hoc; tao 16p
mang chdng 4m tht hai bén trén 16p mang chéng 4m thir nhét qua qua trinh lang dong
16p nguyén tir; va tao 16p mang chéng 4m thi ba bén trén 16p mang chéng 4m thir hai
qua qua trinh bay hoi ling dong hoéa hoc, trong d6 céac 16p mang chéng am thir nhat dén

16p mang chéng 4m tht: ba c6 thé dugc tao ra trong mot budng phan tng,.

Lép mang chdng 4m thit hai c6 thé dugce tao ra thong qua phan ng ciia ngudn khi
chira silic (Si) v6i tdc nhan phan Urng khi thir hai chira dinito oxit (N20). Mbi 16p mang
chéng 4m tht nhét va 16p mang chdng 4m thtt ba c6 thé dugc tao ra thong qua phan ung
gitta ngudn khi chta silic (Si) v6i tdc nhan phan wng khi thir nhét bao gdm amoniac
(NH3) va nito (Ny), trong d6 qua trinh thtr nhét dén qua trinh th ba duoc tao ra trong

cting mot budng phén ting.

Ngoai ra, tdc do pht cia 16p mang chéng 4m thir haj ¢ thé thp hon téc do cia
mdi 16p mang chéng 4m thtt nhit va 16p mang chéng 4m thir ba, va téc do phu cua 16p
mang chéng 4m thir hai c6 thé thip hon tir 4 dén 10 13n td¢ dd cua méi 16p mang chéng

am thir nhét va 16p mang chéng 4m tht ba.

Hon ntra, phwong phép nay cé thé con bao gbm qua trinh sdy khd chi trude qua

trinh tao hinh 16p mang chéng 4m thtr nhit.

Séang ché con d& xuit phuong phap ché tao mang chong 4m, phuong phép bao gdbm
qué trinh tht nhat 13 tao hinh 16p mang qua phan tmg gitta ngudn khi chira silic (Si) vai
tac nhan phan (g khi tht nhét bao gdm amoniac (NH3) va nito (N2), qu4 trinh thir hai
1a tao hinh 16p mang chéng 4m qua phén g giita ngudn khi chira silic (Si) v6i tac nhan
phén ung khi thi hai chira dinito oxit (N20), va qua trinh thit ba 13 tao hinh 16p mang
qua phan ting gifta ngudn khi chira silic (Si) véi tac nhan phan ¢ ng khi thit nhit bao gbm

amoniac (NH3) va nito (Ny).
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Hi€u qua dat dugc ciia sdng ché
Séng ché dat dugc nhitng hiéu qua sau.

Vimang chéng 4m theo phuong 4n cta sang ché duoc tao hinh théng qua qua trinh
ma CVD va qua trinh ma ALD, c4c khuyét tat nhu 13 thung trén 16p mang chéng &m thir
nhét c¢6 thé duge xir Iy trong 16p mang chdng 4m thir hai, va do d6, hiéu qua chong thAm

c6 thé dwoc néng cao va tdc d6 ma cling dwong ting lén, nho d6 néng cao ning suit.

Hon nita, trong mang chéng 4m theo phuwong 4n cia sdng ché, vi qua trinh CVD
va qué trinh ALD c6 thé duoc thuc hién trong mot budng phan tng, quy trinh riéng biét
cho x4 chan khéng va quy trinh sdy kho 1a khéng cén thiét, do vay tiét kiém dugc thoi
gian va nang cao ning suit. Ngoai ra, trong trudng hop mang chéng 4m dugc tao ra béi
qua trinh CVD va qua trinh ALD duge thuc hién trong céc budng riéng biét, cac hat
va/hodc loai twong tr ¢6 thé xubt hién. Mt kh4c, theo sang ché, lwong hat duoc tao ra

c6 thé duge giam thiéu, nho d6 1am tédng hiéu qua chéng thim.
MG ta vin tit cac hinh vé
Fig.1 1a m3t cit ngang ciia by phét quang hitu co hién co;
Fig.2 1a mit cét ngang ciia b0 phét quang hitu co theo phuong 4n cla séng ché;

Fig.3A 1a d6 thi thé hién ndng 6 oxy déi véi do day ctia 16p mang chéng im theo

phuong 4n cla sang ché;

Fig.3B 1a db thi thé hién ndng d6 nito déi véi do day clia 16p mang chéng 4m theo

phuong 4n cua sang ché;

Fig.4A 1a hinh anh tir kinh hién vi dién ttr truyén qua (TEM) gifta c4c 16p mang

chdng 4m cua mang chong 4m theo phuong 4n cia sing ché;
Fig.4B 1a mit cét ngang minh hoa vj tri dugc chup bdi TEM trén Fig.4A;

Fig.5 1a biéu dd thé hién so d6 quy trinh dugc thuc hién trong c4c budng riéng biét;

va

Fig.6 1a biéu dd thé hién so db quy dugc thuc hién trong mot buong theo phuong

an cua sang ché.
M0 ta chi tiét sang ché
Nhitng vu di€ém va dic tinh cia sang cheé, cic phuong phép thyc hién s& tré nén rod
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rang hon théng qua phan moé ta chi tiét cac phuong 4n dua trén cic hinh vé& kém theo.
Sang ché c6 thé dugc thé hién duéi cc hinh thirc khic nhau va khong nén giéi han trong
cac phuong an dugc néu trong phin mé ta nay. Thay vao d6, cac phuong 4n nay dugc
dé xuét dé boc 16 thong tin chi tiét va ddy du, va sé truyén tai diy di pham vi bao ho cia
sang ché dén nhing ngudi ¢6 hiéu biét trung binh trong cing linh vyc k¥ thuit. Hon

nifa, sang ché chi dugc xac dinh bdi pham vi yéu cau bao hd.

Hinh dang, kich thudc, ti 18, goc va sb lwong duogc bdc 1§ trong céc hinh vé& dugc
md ta trong cic phuong én cua sang ché chi don thuin 14 vi dy, vi véy sang ché khong
bi gi6i han bdi nhitng chi tiét nay. Nhitng sb chi din giéng nhau tham chiéu dén nhitng
chi tiét gibng nhau xuyén subt ban mo ta. Trong phin md ta duéi déy, khi mé ta chi tiét
vé chirc niing hogc c4u hinh d4 biét da dugc xc dinh s bi bo qua dé trdnh Iam mé diém
quan trong cta sang ché. Trong truong hop céc tir “bao gdm”, “c6”, “gdm ¢6” dugc sit
dung trong ban mé ta sang ché, cc bd phan khéac c6 thé duoc bd sung trix truong hop tir
“chi” dugc st dung. Luong tir s6 it c6 thé cling c6 thé ding d8 mo ta sé lwong nhiéu,

nhung khong c¢6 chiéu nguoc lai.

Khi giéi thich bd phan, b phén dugc hiéu bao gdm khoang sai s6 mdc du khong
c6 mo ta rd rang.

Khi m6 ta vi tri twong quan, vi du khi mé ta vj tri gitta hai by phan nhu “trén”,
- “bén trén”, “dudi” hay “tiép theo”, mot hodc nhidu bd phén khéc c6 thé dugc bo tri giita

hai b0 phén dugc mo ta, trir khi tir “chi” hodc “truc tiép” duogc st dung.

Khi md ta quan hé v€ thoi gian, vi du, trinh tu thoi gian dugce mo ta bdi cac tir “sau
d6”, “tiep theo”, “trudc d6” c6 thé bao gdm ca trinh tu khong lién tuc, trir khi tr “chi”

A

hay “truc tiép” dugc st dung.

C6 thé hiéu réng, mic di cum tr “thir nhét”, “tha hai”, v.v. c6 thé duoc str dung
dé m6 ta nhidu chi tiét, nhimg chi tiét nay khong nén bj gi6i han béi nhitng cum tir trén.
Nhitng cum tlr d6 chi dugc str dung dé phan biét chi tiét ndy véi céc chi tiét khac. Vi dy,
chi tiét thit nhat ¢6 thé st dung cho chi tiét thir hai, twong ty chi tiét thir hai ciing c6 thé

sir dung thay cho chi tiét thi nhat, ma khong tach roi khéi pham vi ciia sang ché.

Céac dic diém cua cac phuong 4n khéac nhau cia sang ché c¢6 thé dugc ghép hoic
ket hop mot phan hodc toan bo véi nhau va ¢ thé dugc phbi hop véan hanh véi nhau va

dugc truyén tai v& mit k¥ thuét cho nhitng ngudi c6 hiéu bidt trung binh trong cung linh
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vue k¥ thuat c6 thé hiéu dugc. Céc phuong 4n ctia sang ché co6 thé dugc thyuc hién doc

18p v6i nhau, hodc thyc hién ciing nhau trong mdi quan hé dbng phu thudc.

Sau day, cic phuong an thuc hién cta sang ché s& dugc mo ta chi tiét tham chiéu

cdc hinh v& kém theo.
Fig.2 12 mit cét ngang cta bd phat quang hitu co theo phuong 4n clia sang ché.

Tham chiéu trén Fig.2, bd phét quang hitu co theo phuong 4n cla sang ché c6 thé

bao gém dé nén 10, bo phéan phat sang 20, va mang chéng 4m 30.
Pé nén 10 c6 thé duogc tao ra tir thiy tinh hodc nhua.

B0 phan phét sdng 20 duogc ché tao trén mot bé mit cia dé nén 10 (vi duy, trén dinh
clia dé nén 10). By phan phit sang 20 bao gdm dién cyc thir nhét, 16p phét sang hitu co,
va dién cuc thit hai. Dién cuc thi nhit c6 thé 13 dién cuc duwong dugc tao ra tir oxit thiée
indi (ITO). Lép phat sang hitu co c6 thé dugctaora bang cach két hop 16p phun 13 tréng,
16p truyén 15 tréng, 16p phat sang, 16p truyén electron, va 16p phun electron dugc xép
chdng 14n hrot 1én nhau trén dinh ciia dién cuc thir nhit, nhung sang ché khong gidi han
¢ d6. Dién cuc thir hai 12 dién cyc 4m duge tao ra tir bac (Ag) hodc nhém (Al) xép Ién
dinh ctia 16p phat sang hitu co. CAu triic chi tiét cta bo phén phét sing 20 va qua trinh
ché tao bo phan phét sang 20 c6 thé dugc thay d6i thanh nhitng céu triic va quy trinh da

duoc biét dén boi nhitng ngudi cé hidu biét trung binh trong cung linh vuc k¥ thuat.

Mic du khéng duoc thé hién, tranzitor méang mong dugc tao ra bd sung vao gitra
dé nén 10 va 16p phét sang 20, vi vay, su phat xa 4nh sang tir bd phan phat sang 20 c6
thé duoc didu chinh béi tranzitor mang moéng. Nhu dd dugc mo ta bén trén, bo phat
quang hitu co bao gdm tranzitor mang méng c6 thé dugc st dung 1am bd phén hién thi
d hién thi hinh anh.

Mang chéng 4m 30 bao gbm 16p mang chéng 4m tht nhét 31, 16p mang chéng 4m

thtr hai 32, va 16p mang chéng 4m tht ba 33.

Lép mang chéng 4m thir nhét 31 dugce tao ra trén dinh ctia b phan phat sang 20.
Lép mang chéng 4m tht nhat 31 ¢6 thé duoc tao ra tir vét liéu cach nhiét bing silic (Si).
Lép mang chéng 4m thir nhét 31 c6 thé duoc tao ra bdi qua trinh bay hoi ling dong héa
hoc (CVD). Lép mang chéng 4m tht nhét 31 c6 thé dugc tao ra thong qua phén tmg

gifta ngudn khi chta silic (Si) v6i tac nhan phan g khi thit nhit bao gdm khi amoniac
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(NH;) va khi nito (N2). Ngudn khi chua silic (Si) c6 thé bao gdm it nhit mot trong céac
loai khi silan (SiH4), disilan (SiHg), trisilan (SisHg), tetraetylorthosilicat (TEOS),
clorosilan (DCS), hexaclorosilan (HCD), tri-dimetylaminosilan  (TriDMAS),
trisilylamin (TSA), va khi chira hexametyldisiloxan (HMDSO) ho#c hexametyldisilazan
- (HMDSN), nhung séng ché khéng gi6i han & céc khi ndy. Vi 16p mang chéng im thir
nhét 31 duoc tao ra tir phén g gitta ngudn khi chia silic (Si) véi tac nhan phén tng
khi thr nhit bao gbm khi amoniac (NH3) va khi nito (N2), ndng do nito (N) trong 16p

mang chong am thir nhat cé thé cao.

Lép mang chéng 4m thi hai 32 dugc tao ra trén dinh cia 16p mang chéng 4m tht
nhét 31. Lép mang chdng 4m thir hai 32 c6 thé duoc tao ra tir vat liu cich nhiét gbc
silic (Si). Lép mang chéng 4m thit hai 32 c6 thé dugc tao ra thong qua quy trinh ling
dong 16p nguyeén tir (ALD). L6p mang chéng &m thtt hai 32 c6 thé dugc tao ra tir phan
Ung gifta ngudn khi chira silic (Si) v6i tic nhin phan tng khi thit hai bao gdm khi dinito
oxit (N20). Vi 16p mang chéng 4m tht hai 32 dugc tao ra théng qua phan tmg gitra
ngudn khi chira silic (S1) véi tac nhén phan g khi thit hai chia khi dinito oxit N20),

ndng dd oxy trong 16p mang chéng 4m thit hai 32 ¢6 thé cao.

L6p mang chéng 4m thit ba 33 dugc tao ra trén dinh cta 16p mang chéng 4m thtr
hai 32. L6p mang chéng 4m thtt ba 33 c6 thé duoc tao ra tir vat liéu cach nhiét gdc silic
(Si). L6p mang chéng 4m thi ba 33 c6 thé dugc tao ra théng qua qua trinh bay hoi ling
dong héa hoc (CVD). L6p mang chéng 4m thit ba 33 c6 thé dugc tao ra thdng qua phan
g gitta ngudn khi chira silic (S1) véi tdc nhén phan ung khi thir nhét bao gbm khi
amoniac (NHs) va khi nito (N2). Vi I6p mang chdng 4m thi ba 33 dugc tao ra tir phan
umg gitta nguon khi chtra silic (Si) véi téc nhan phan tng khi tht nhit bao gdm khi
amoniac (NH3) va khi nito (N2), ndng db nito (N) trong 16p mang chéng 4m tht ba 33

¢ thé cao.

Béi véy, 16p mang chéng 4m tht hai 32 ¢6 thé dugc tao ra trén 16p mang chéng
am thtr nht 31, 16p mang chéng 4m thi ba 33 c6 thd dugc tao ra trén 16p mang chéng
4m thtr hai 32, va ndng do oxy trong 16p mang chdng 4m thi hai 32 cao hon ndng do
oxy (O) trong mdi 16p mang chéng 4m thw nhét 31 va 16p mang chéng 4m thir ba 33.
Ngoai ra, ndng d¢ nito (N) trong 16p mang chéng 4m th hai 32 c6 thé thép hon ndng
d6 nito (N) trong méi 16p mang chdng 4m tht nhét 31 va 16p mang chéng 4m thir ba 33,
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D¢ day cia 16p mang chong 4m thir hai 32 c6 thé nho hon d6 day ciia mdi 16p
mang chdng 4m thir nhit 31 va 16p mang chéng 4m tha ba 33. Vi 16p mang chéng 4m
thir hai 32 duoc tao ra thong qua qua trinh ALD va céc 16p mang chéng 4m tha nhit 31
va thir ba 33 duoc tao ra thong qua qua trinh CVD, thoi gian tao ra 16p mang chdng 4m
thir hai 32 c6 thé dai hon thoi gian tao ra hai 16p mang chéng 4m con lai. Theo do, dé
ting ning suét, d6 day cua 16p mang chéng 4m thtr hai 32 c6 thé dugc thiét 14p nhé hon
s0 v6i d6 day cta mbi 16p mang chéng dm thir nhét 31 va 16p mang chdng 4m thi ba
33.

Téc d6 an mon uét cla 16p mang chéng 4m thir hai 32 c6 thé cao hon téc do an
mon w6t ciia mbi 16p mang chéng 4m thtr nhét 31 va 16p mang chéng 4m tht ba 33. Cu
thé hon, téc d9 an mon w6t ctia 16p mang chéng Am thir hai 32 6 thé cao hon tir 10 dén
100 14n so véi téc d6 an mon wét ciia mai 16p mang chéng 4m tht nhit 31 va 16p mang
chéng 4m thi ba 33.

Téc d6 in mon wét bidu thi 6 &n mon w6t dién ra trong mot gio, va vi 16p mang
chéng 4m thir hai 32 c6 ndng do oxy cao hon va ndng do nito thép hon so véi cac 16p
mang chdng 4m th nhit 31 va 16p mang chéng 4m thir ba 33, tbc d6 an mon uét cia
16p mang chéng 4m thir hai 32 ¢6 thé cao. Trong trudng hop tdc d6 dn mon wét & 16p
mang chéng 4m thi hai 32 nhé hon 10 I3n so véi 16p mang chéng 4m thtr nhét 31 va 16p
mang chdng 4m thi ba 33, kha ning chéng thim ciia 16p mang chéng 4m thi hai 32 ¢6
thé bi suy gidm, va trong trudng hop tdc do #n mon wét & 16p mang chéng 4m thtt hai
32 cao hon 100 14n so véi 16p mang chéng 4m thir nhit 31 va 16p mang chéng 4m tht

ba 33, rit kho dé tao ra 16p mang chéng 4m thu hai 32.

Tdc d6 ma cua 16p mang chdng 4m thit hai 32 ¢6 thé thép hon tbc do ma clia mdi
16p mang chéng 4m thtr nhit 31 va 16p mang chéng 4m tht ba 33. Cu thé hon, téc do
ma ctia 16p mang chéng 4m thi hai 32 ¢6 thé thap hon tir 4 dén 10 14n so véi tde do ma

clia mdi 16p mang chéng 4m thir nhét 31 va 16p mang chéng 4m tht ba 33,

Vi 16p mang chéng am tht hai 32 dugc tao ra béi qua trinh ALD, téc do ma trén
16p mang chong 4m thtr hai 32 c6 thé thip hon téc do ma ciia 16p mang chéng 4m thu
nhat 31 va 16p mang chéng 4m thi ba 33 dugc tao ra bing qua trinh CVD. Trong truong
hop téc d6 ma cia 16p mang chéng 4m thi hai 32 thép hon 4 13n so véi téc dd ma cua

mdi 16p mang chéng 4m tht nhét 31 va 16p mang chéng 4m thi ba 33, tdc d6 ma cla
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mdi 16p mang chéng 4m thir nhit 31 va 16p mang chéng &4m thi ba 33 s& thip, didu nay
dan dén viéc gidm ning suét san xuit, Trong truong hop tdc d6 ma cia 16p mang chéng
am thtr hai 32 thap hon 10 14n té¢ dd ma ctia méi 16p mang chdng 4m thir nhét 31 va 16p
mang chdng 4m thit ba 33, tdc d6 ma ciia 16p mang chéng 4m thit hai 32 s& cao dn dén

viéc gidm kha nang chdng thim trén 16p mang nay.

Lép mang chéng 4m thit hai 32 ¢6 thé dugc tao ra & cudng d plasma yéu hon so

Vv6i cic 16p mang chéng 4m thi nhét 31 va 16p mang chéng 4m tht ba 33.

Fig.3A 13 db thi thé hién ndng do oxy dbi véi do day ctia mang chéng 4m 30 theo
phuong 4n cua sang ché, va Fi ig.3B 14 db thj thé hién ndng do nito dbi véi do day cua

mang chéng 4m 30 theo phuong 4n cia sang ché.

Tham chiéu trén Fig.3A va Fig.3B, ndng do ciia oXy va nito dbi v&i d day cua
mang chdng 4m 30, ndng do oxy cua 16p mang chéng 4m thit hai 32 ¢6 thé 13 cao nhit,

va ndng do nito ctia 16p mang chéng 4m thtr hai 32 ¢6 thé 1a thip nhét.

Hon nita, trong truong hop 16p mang chéng &m thir nhit 31 dén 16p mang chéng
am thir ba 33 dugce tao ra trong ciing mot budng phan tmg, 16p két tinh c6 thé khéng
dugce tao ra giira 16p mang chéng 4m thir hai 32 va 16p mang chéng 4m thit nhét 31 va
gitta 16p rnang chong am thir hai 32 va 16p mang chéng 4m thtt ba 33. Vi 16p két tinh c6
thé khong duoc tao ra gifta 16p mang chéng 4m thi hai 32 va 16p mang chéng 4m thir
nhét 31 va gitra 16p mang chéng 4m thtr hai 32 va 16p mang chéng &4m thir ba 33, oxy va
nito s& bi khuéch tan tir 16p mang chéng 4m ndy sang 16p mang chéng 4m kia, do vay,

nong d6 oxy va nito c6 thé bi thay di tir tir ma khéng thay dbi dot ngot.

B&i vy, trong bd phat quang hitu co bao gdm mang chdng 4m 30 theo phuong 4n
ctia séng ché, néu mang chéng 4m 30 dugc tao ra trong mot budng phén tng, céc 16p
mang chdng 4m thir nhét 31 dén 16p mang chéng 4m thtt ba 33 c6 thé tao thanh 16p don

ma khong c6 ranh giéi gifta cac 16p mang chong am, do d6 chi nong dd cua oxy va nito

c6 thé thay dbi.

Fig.4A 14 hinh anh kinh hién vi truyén qua (TEM) giita cac 16p mang chong 4m
clia mang chéng 4m 30 theo phuong 4n cia séng ché, va Fi ig.4B 1a mit cit ngang anh
chup tai vi tri bdi TEM trén F ig.4A.

Tham chiéu trén Fig.4A va Fig.4B, hinh anh mit cit ngang dugc chup béi TEM
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trong khu vuc 200 giita 16p mang chéng 4m tht nhét 31 va 16p mang chéng 4m thtr hai
32, va khu vue 100 giita 16p mang chéng 4m tht hai 32 va 16p mang chéng 4m thtt ba
33 dugc xac nhén trén Fig 4B.

Do d6, c6 thé x4c nhan rang trong trudng hop 16p mang chéng 4m tht nhét 31 va
16p mang chéng 4m thtt hai 32 dugc tao ra trong céc budng phan trng doc 1ap (vi dy,
budng riéng biét), s két tinh s& didn ra trén ranh gidi gitta 16p mang chéng 4m thir nhit
31 va 16p mang chong 4m thi hai 32. Theo d6, ¢6 thé x4c nhan rang do sw két tinh din
ra trén I6p ranh gidi gitta 16p mang chéng 4m thir nhét 31 va 16p mang chéng 4m tht
hai 32, c4c tinh thé dugc biéu dién trén cac d6ém nha. Mit khéc, c6 thé xac nhén réng
trong truong hop 16p mang chéng 4m thir nhit 31 va 16p mang chéng 4m thtr hai 32
dugce tao ra trong ciing mot budng phan ting, sy két tinh c6 thé khong dién ra tai ranh
gidi gifta 16p mang chdng 4m thir nhit 31 va 16p mang chéng 4m thtt hai 32. Theo do,
vi su két tinh héa khong dién ra giira 16p mang chéng 4m thir nhit 31 va 16p mang chéng
4m thir hai 32, nhitng d6m nhé khong dugce xac nhan, khong gidng nhu trong trudong
hop 16p mang chéng 4m thir nhét 31 va 16p mang chéng 4m tht hai 32 duoc tao ra trong

céc budng riéng biét.

Fig.5 1a biéu db thé hién so d6 quy trinh duge thue hién trong cac budng riéng biét,
Fig.6 12 biéu d6 thé hién so dd quy trinh dugc thyc hién trong mot budng theo phuong

an cia sang ché.

Tham chiéu trén Fig.5 va Fig.6, Fig.5 minh hoa vi du 16p mang chéng 4m thtr nhit
31 dén 16p mang chéng im thit ba 33 dugc tao ra trong cic budng phan g khéc nhau,
Fig.6 minh hoa vi du vé mang chéng 4m tht nhét 31 dén mang chéng 4m thi ba 33 duoc

tao ra trong cung mot buéng.

Nhu thé hién trén Fig.5, diu tién, qud trinh séy kho c6 thé duoc thyuc hién, sau dé
16p mang chéng 4m thir nhit 31 ¢ thé duoc tao ra trén dé nén 10, trén d6 b6 phéan phat
sang 20 duoc ché tao trong budng thir nhit qua qua trinh CVD. Lép mang chéng 4m thtr
nhit 31 c6 thé dugce tao ra thong qua phan tng gitta ngudn khi chira silic (Si) véi tac
nhén khi thir nh4t gdm khi amoniac (NH3) va khi nito (N3).

Sau khi 16p mang chéng 4m thir nhit 31 duoc tao hinh trén dé nén 10, chan khong
c6 thé duoc xa dé di chuyén dé nén 10 tir budng thir nhAt sang buong thir hai, va dé nén

10 c6 thé di chuyén. Qua trinh say kho c6 thé duoc thuc hién lai mot 14n nita trong buc‘)ng
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thir hai truée khi di chuyén dé nén 10 sang budng tht hai, va 16p mang chéng 4m thir
hai 32 ¢6 thé duogc tao ra béi qud trinh ALD trong budng thtt hai. Lép mang chéng 4m
thir hai 32 ¢6 thé duogc tao ra thong qua phan tng gita ngudn khi chia silic (Si) voi tac
nhan phan g khi thit hai chtra dinito oxit (N20). Lép mang chéng 4m thtt hai 32 c6
thé duoc tao ra trén 16p mang chéng 4m thir nhét 31. Trong khi 16p mang chéng 4m thir
nhit 31 dugc di chuyén tir budng thir nhét sang budng tht hai, su két tinh c6 thé dién ra
trén bé mit cta 16p mang chéng 4m tht nhét 31. Lép mang chéng 4m th hai 32 ¢6 thé
dugc tao ra trong budng thtr hai, va sau d6 dé nén 10 c6 thé di chuyén lai sang budng
thir nhit.

Chan khéng trong budng thtr hai c6 thd dugce x4 dé di chuyén dé nén 10, trén d6
16p mang chéng 4m th\ hai 32 dugc tao ra va tré lai buéng thit nhat mot 1in nita. Qua
trinh sy kho c6 thé dugc thure hién trong budng thit nhét truée khi dé nén 10 di chuyén
sang budng thtr nhét. Tiép theo, 16p mang chéng 4m thit ba 33 ¢6 thé duogc tao ra trén
dénén 10 trong budng thi nhit, L&p mang chéng 4m thit ba 33 ¢6 thé dugc tao ra thong
qua phan tng bdi ngudn khi chira silic (Si) va tac nhén phén g khi thi nhét bao gbm
khi amoniac (NH3) va khi nito (N2). L6p mang chéng 4m thtt ba 33 ¢6 thd dugc tao ra
trén 16p mang chéng 4m thtr hai 32. Trong khi 16p mang chéng 4m thtt hai 32 dugc di
chuyén tir budng th hai sang budng thir nhét, s két tinh héa c6 thé didn ra trén be mat

16p mang chéng 4m tht hai 32.

Mit khac, nhu thé hién trén F ig.6, trong trudng hop 16p mang chdng 4m thtr nhit
31 dén 16p mang chéng 4m tht: ba 33 dugc tao ra trong mdt budng phén ung, qua trinh
sdy kho va xa chan khéng can dé di chuyén dé nén 10 gifta cac buong 12 khéng can thiét.
Bdi vy, trong truong hop 16p mang chéng 4m tht nhit 31 dén 16p mang chéng 4m thi
ba 33 duogc tao ra trong cling mot buf‘)ng, thoi gian va sb quy trinh duoc giam xuébng,
nh¢ d6 nang cao ning suit. Ngoai ra, qué trinh sdy khé c6 thé dugc thuc hién duy nhét

mdt l4n trude khi tao 16p mang chéng Am thtr nhit 31.

Hon nita, mang chéng 4m 30 c6 thé dugc tao ra thong qua qu4 trinh thir nhét tao
mang nh¢ phan ng gitta ngudn khi chira silic (Si) véi tac nhin phan ting khi thir nhit
chita amoniac (NH3) va nito (N2), va qua trinh thir hai tao mang nho phan Gng giita
ngudn khi chua silic (Si) va tdc nhin phan tmg khi thtt hai chta dinito oxit (N20), va
qua trinh tht ba tao mang nh¢ phan tng giita ngudn khi silic véi tic nhan khi thir nhit

chira amoniac (NH3) va nito (N2).
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Trén déy, cdc phwong 4n ciia sang ché da dugc md ta chi tiét c6 tham chibu trén
cac hinh v& kém theo, nhung séng ché khong giéi han véi céc phuong 4n ndy va c6 thé
dugc thay dbi khac nhau trong pham vi khong tich rdi nguyén Iy k§ thuit ciia séng ché.
Do d6, cin hiéu réng phuong 4an dugc mé ta & trén 13 vi du v& moi khia canh va khong
bi han ché. Cén hidu ring pham vi cia sang ché duoc x4c dinh béi cac yéu ciu bao ho
du6i day thay vi cdc mo ta chi tiét, va y nghia va pham vi ctia céc yéu ciu bao ho va
pham vi clia sdng ché bao gdm tAt ca cac bién thé hodc cai bién xuét phét tlr cic y tudng

tuong duong cla ching.
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YEU CAU BAO HO
1. Mang chéng 4m bao gbm:
chéng 16p mang bao gdm:
16p mang chéng 4m thi nhét;
16p mang chéng 4m thit hai bén trén 16p mang chéng 4m tht nhét; va
16p méang chéng 4m thi ba bén trén 16p mang chéng 4m tht hai,

trong d6 ndng do oxy (O) ctia 16p mang chéng 4m thir hai cao hon ndng do OXy

(0) trong mdi 16p mang chéng &m thir nhét va 16p mang chéng 4m thtt ba, va

trong do6 trong chong 16p mang, néng d% oxy (O) c6 trong chdng 16p méng tir phan
bén duéi dén phin bén trén cia chdng 16p mang ting dan sau d6 gidm, va néng do nito

(N) giam dén sau d6 ting.

2. Mang chéng &4m theo didm 1, trong d6 16p mang chéng 4m thtr hai c6 ndng d4 nito

(N) thip hon trong 16p mang chéng 4m thir nhét va 16p mang chéng 4m tht ba.

3. Mang chéng am theo diém 1, trong d6 tdc d6 dn mon wét & 16p mang chéng 4m thir
hai cao hon tdc d¢ &n mon w6t & mdi 16p mang chéng 4m thir nhét va 16p mang chéng

4m tht ba.

4. Mang chéng 4m theo didm 3, trong d6 tbc d6 dn mon uét & 16p mang chéng 4m thir
hai cao hon tir 10 dén 100 13n so véi 16p tdc d6 &n mon w6t & mdi 16p mang chéng 4m

thir nhét va 16p mang chéng 4m thtt ba.

5. Mang chéng 4m theo didm 1, trong d6 d6 day 16p mang chéng 4m tht hai nhé hon

do day ctia mdi 16p mang chéng Am thir nhit va 16p mang chéng 4m thit ba.

6. Mang chdng 4m theo diém 1, trong d6 16p két tinh khong dugc tao ra gifta 16p mang

chéng 4m tht nhit va 16p mang chdng Am thit hai.

7. Mang chéng 4m theo didm 1, trong d6 16p két tinh khong duoc tao thanh giira 16p

mang chéng 4m thir hai va 16p mang chéng 4m thit ba.
8. B0 phét quang hitu co bao gdm:
dé nén;

b0 phén phét sang bén trén dé nén;
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mang chéng 4m bén trén bd phan phat sdng,

trong do6 trong mang chéng 4m, ndng d6 oxy (O) trong mang chéng 4m tir phin
bén dudi dén phan bén trén clia mang chéng 4m tang dan sau d6 giam, va nbéng do nito
(N) giam din sau d6 ting.
9. B0 phat quang hitu co theo diém 8, trong d6 mang chéng 4m dugc tao ra & dang 16p
don, ndng d6 oxy (O) va nito (N) thay dbi tir tir trong mang chdng am.
10. Phuongphépchétaornéngchéngénlbwagénn

tao 16p mang chéng im thi nhét thong qua qua trinh bay hoi ling dong héa hoc;

tao 16p mang chdng 4m thit hai trén 16p mang chéng 4m thir nhét thong qua qué
trinh ldng dong 16p nguyén tir; va

tao 16p mang chéng 4m thi ba trén 16p mang chéng 4m thir hai thong qua qua trinh
bay hoi ling dong héa hoc, va

trong d6 tdc do ma cia 16p mang chéng 4m thir hai thip hon téc d6 ma ctia mdi
16p mang chéng 4m thtr nhét va 16p mang chdng 4m tht ba .
11. Phuong phép theo diém 10, trong d6 16p mang chéng 4m thir nhit dén 16p mang
chéng 4m thir ba dugc tao ra trong cling mot budng phan tng.
12. Phuong phép theo diém 10, trong d6 16p mang chéng 4m thir hai dugce tao ra thong
qua phan Ung giita ngudn khi chira silic (Si) va tdc nhén phéan tng khi thit hai chira dinito
oxit (N20)
13. Phuong phép theo didm 10, trong d6 mdi 16p mang chéng 4m thtr nhit va 16p mang
chéng 4m thir ba dugc tao ra thong qua phén ung gitra ngudn khi chta silic (Si) véi tac
nhan phan tng khi thir nhit bao gdm khi amoniac (NH3) va khi nito (N2)
14. Phuong phép theo diém 10, trong do téc @6 ma 16p mang chéng Am thtt hai thap hon
tr 4 dén 10 1in so véi te do ma ciia mdi 16p mang chéng 4m thu nhét va 16p mang
chéng 4m thtt ba.
15. Phuong phéap theo diém 10, trong d6 phuong phap ndy con bao gbm qué trinh sdy
kh6chf&uécquétﬂnhtaoléprnéngchéngénlﬂninhét
16.Phuongphépchéta)n@ngchéng§n1baog6nr

qua trinh thir nhét tao mang thong qua phéan ung gitta ngudn khi chia silic (Si) va
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tac nhan phan @ng khi thir nhat bao gdbm khi amoniac (NH3) va khi nito (N2);

qué trinh thir hai tao mang thong qua phan ing giita ngudn khi chia silic (Si) va

tac nhan phan tng khi thi hai chita khi di nito oxit (N20); va

qué trinh thtr ba tao mang thong qua phan tmg giita ngudn khi chira silic (Si) va

tac nhan phan tng khi thir nhat bao gdbm khi amoniac (NH3) va khi nito (N2),

trong d6 tbc d6 ma clia mang duoc tao ra trong qua trinh thtr hai thip hon tbc do

ma ctia mdi 16p mang duge tao ra trong qué trinh thir nht va qua trinh thit ba.
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Fig.1

Fig.2
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Fig.3A
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Fig.6
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