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Phuwong phap CVD
1. Gi6i thiéu chung vé phuvong phap CVD

Chemica Vapour Deposition hay CVD latén théng dung chung cho cac phwong phap
lien quan dén I&ng dong vat liéu ran tir phakhi.
CVD gém nhiéu phuong phap nhu:

e Atmospheric Pressure Chemical Vapour Deposition (APCV D)
e Low Pressure Chemica Vapour Deposition (LPCVD)

e Meta-Organic Chemical Vapour Deposition (MOCVD

e PlasmaAssisted Chemica Vapour Deposition (PACVD)

e Plasma Enhanced Chemical Vapour Deposition (PECVD)

e Laser Chemica Vapour Deposition (LCVD)

e Photochemical Vapour Deposition (PCV D)

e Chemical Vapour Infiltration (CV1)

e Chemica Beam Epitaxy (CBE)
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Qua trinh dugc bat dau khi khi co mang vt chét dugc dua vao budng phan tng. Do
st khéc nhau vé van téc clia dong khi, cdng véi sy hap thu clia bé mat da gay nén su
khac nhau vé néng dd vat chat, thong thuong & gitra dong khi ndng do thuong cao
nhat va gidm dan vé hai bién. Chinh c6 su chénh léch nong dd nay da tao nén mot
dong khuéch tan vat chat xuéng dé nén. Vat chat tiép xdc voi dé, dong thoi dwgc cung
cap thém nang lvgng nhiét tr d€ nén hinh thanh nén mang méng, qua trinh nay cu
tiép tuc va mang duoc hinh thanh. Dong khi vao luén dwoc dua ra ngoai qua van xa,



khi nay cling mang theo nhirng vat chat chua dugc tham gia phan (rng ra bén ngoai.
Céc loai khi nay doi khi nguy hiém cho moi treong nén ludn dwoc st 1y trvde khi dua

rabén ngoai.
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2. Cachién tugngtruyén
a. Dong chay

Hinh bén la hinh anh clia dong nwéc chay qua
mdt khuc cua, tir hinh vé ta thdy rang van téc
nwéc chay & moi vi tri khac nhau 1a khéc nhau va
c6 hién twgng chay thanh tirng 16p, diéu nay lado
& cac 16p bién cé sy ma sa manh v6i thanh nén
van téc dong nuéc gidm. Tir hinh vé ta cing thay
rang dong déi lvu khong thé dua vat chat xudng
dé nén, ma sv 1ang dong hinh thanh mang phai
can dén dong khuyéch tan do su chénh léch nong
do ctacac |6p trong dong doi lwu.

b. Khuyéch tan

Khuyéch tan
xuéng dé

wvalocity vactors and fluxas

Do céc dong chay c6 van téc khac nhau hinh thanh nén gradient néng doé trong
cac dong chay dé. Chinh vi diéu nay da hinh thanh nén dong khuyéch tan, né cé
vai trd quan trong dwa vat chat tlr dong chay dén dé nén dé xay ra phan (rng hinh

thanh mang.
Dong khuyéch tan tuan theo dinh luat sau
Dinh luat Fick 1: J=- % gianh cho céc qua trinh | ang dong tinh
. e =t AL oC 0°C . U X i
Dinh luat Fick 2: Y =-D e gianh cho céc quatrinh khuyéch tan dong
X

Trong d6 D la hé sb khuyéch tan va dugc tinh tlr cong thirc
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Tathdy rang hé sd khuyéch tan chiu sy anh hudng manh ctia &p suét khi trong
budng phan trng. Quatrinh khuyéch tan con lién quan dén mét thong s6 vo cling

quan trong lachiéu dai khuyéch tan, do la d6 dai ma qua dé nong d6 giam di e lan
va né dugc tinh theo cong thic L, =~/ Dt
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Qua trinh Iang dong vat chét trong phuong phap CVD con phu thudc rét |on vao
cau tao clia budng phan rng. Hinh trén [a mot vi du don gidn vé budng phan (ng,
vGi L lachiéu dai ciiabudng. Néu chiéu dai khuyéch tan clia vat chat I6n hon rat
nhiéu so v&i chiéu dai clia budng thi sy chénh léch vé nong do vat chat & dau vao
va dau ra khéng nhiéu. Tuy nhién néu chiéu dai khuyéch tan lai bé hon réat nhiéu
lan so v6i chiéu dai clia bubng thi sy phan b6 nong do theo chiéu dai ctia budng
co sy thay ddi dot ngdt nhw hinh dudi

Lg>>L
e Ly>>L:nbng d6 gidm khong dang ké
trong budng. |:> )
o] L
* L, <<L:ndéng dd gidm rat nhanh theo
ham exp(-x/L,) trong budng |:> n()
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tan di tir dong khi mang vat chat dén dé nén. Profile ndng dd c6 hinh dang tvong tu
profile van téc.
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Velocity BL Mass diffusion BL

Sy ton tai clialdp bién anh huwéng Ién dén sy hinh thanh clia mang méng. Theo nhw
trén ta biét rang ndng do & céc vi tri khéc nhau trong budng co sy thay déi va
gradient & céc vi tri d6 cling khac nhau, diéu nay dan dén dong khuyéch tan di xuéng
& céc Vi tri khac nhau trong budng 1a khéc nhau. Nén néu ta dé dé nén nam ngang
theo truc clia bubng phan ¢ng thi mang sé c6 do day khong dong déu. Bé khéc phuc
diéu nay trong khi ché tao mang mong bang phuong phap CVD ngu &i ta hay dé dé
nén nghiéng mot géc so véi truc, goc nghiéng nay con tlly thudc nhiéu vao do day clia
cac |&p bién

constant gas velechy. Cang vao sau trong buoéng, l6p
Seoroasen cownseay « = =~ T " Goundary loyer  DI€N cang day > gradient ndng

P THICK) i dbd cang nhé > dbd day mang
khéng déng déu.
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d. Céacthdngsb co ban
Héng s6 Renold
Khi quan sét cac dong khi hay dong nuéc nhu la dong khi boc [én tir diéu thube 1a
ta co nhan xét, dong chay nay co khi rat trat tw cling c6 khi chuyén déng mot céch



hon loan, c6 s khac nhau nay 1a do hang sd Renold trong moi truding hop lakhéc

nhau.
Theo tinh todn nguw i ta tinh ra dugc
puL uL
Re=—=—
n %
Trong d6: p khdi lugng riéng chat cla luu.
u dé nhot.
L do nhdt dong hoc
u van toc khi
L chiéuda clabudng

X vi tri dang xét
Nguoi ta cd nhan xét, d6i vai chét khi co hang sd
Re nho hon 10 thi dong chdy cua khi la dong
chdy tang, nguoc lai néu chat khi cd Re [én hon
10 thi dong chay clia khi 1a dong chay roi va chat
khi nay khong thé ding duoc trong quatrinh [ang
dong tao mang theo nhu phuong phap CVD.

Thoéng s6 Damkohler

Théng s6 ndy chi yéu té dong vai trd quyét dinh trong téc do tao mang bang phurong phap
CVD. N6 duoc do bang ti s8 téc do hdp phu trén bé mat véi toc do dong khuyéch tan
_consumption at surface . KC  KH

Damkohler = ——— = =
diffusionto surface DC/H D
e“x/ K;]
11 B sl > il Dam no. << 1: tiéu tan << khuyéch tan - van
M—i l tdc phan (ng tai bé mat quyét dinh téc do lang
; IJ |l | dong = “Differential Reactor”
Surface-Limited Deposition

x UK A o s A
% | ,ef‘/&'jT | Dam no. >> 1: tiéu tan >> khuyéch tan - van

| téc khuyéch tan xudng dé quyét dinh van téc
' l&ng dong = “Starved Reactor”
. | : —

Mass-Transport Limited Deposition

3. Hoéahoctrong CvD
a. Nhiét héahoc
Trong phan nay ta quan tam dén chiéu xay ra clia mot phan (rng vé mat nang
lvgng vata chi quan tdm dén cac trang thai dau va cudi ctia quatrinh chir
khong xét dén cac trang thai trung gian ciiané
Xé mot phan (ng don gian:



nA+mB — pC+qgD

Nang lvong tv do Gibb duoc tinh bang AG=AH -TAS

: \ [C]’[D]’ ( AG]
Hang sd can ban K:ﬁ:ex -
’ ’ [A'[B] T
Nguoi ta xét dén nang luong ty do Gibb vathdy rang, phuong trinh phan tng véi céac théng
SO co ban clia nd néu cho AG<1 thi phan rng dé dang x&y ra trong khi d6 néu AG>1 thi

phan (ng khé long xay ra, khi do ta phai thay d6i cac thong s6 ché tao nhu thay doi nhiét do
dé cho AG<1.

Nguoi ta cling xét vé hé s§ can bang, néu hé sb can bang K >>1 thi phan (ng xay ra hoan
toan va nguoc lanéu K<<1 thi phan trng khé cé thé xay ra.
b. Bdnghda hoc
M6t phan (ng héa hoc don gidn mA+nB — pC+gD ¢ téc dd phan Gng
duoc tinh theo cong thirc R=k[A]"[B]" Tuy nhién qua trinh phan tng lai

dién ra phtrc tap hon nhiéu va théng qua nhiéu qua trinh trung gian trong dé
nguyén tir va phan tl & trang théi kich thich A+ B — AB" — AB

i Kich thich . Kich thich , ,
Chat tham gia Trang thai San pham
PO > tunggian | D AR
AB’
Trong truong hep ndy thi hang so tée do duoc tinh theo cach khéac nhu bén du i
g AB*
\
/

Reaction coninate
c. Cécphan tngtrong CVD
Céc phan t&ng phan hay

Phéan (rng phan hay phanttc A->B+C

PN . . * _ dI:A*:I 2
Vacham gy kichthich A+A> A"+ A => - k,[A]

Vacham khi kich thich A+A"> A+A => dl~]_ k[A][A]
t



Phan hily A"> B+C => M =—k, [ A']

Phan rngtrong CVD

Hydrocacbon decom CH,(gas) —» C(solid) +2H,

Halide decom Til,(9) > Ti(s)+21,(9)

Carbonyl decom Ni(CO),(gas) — Ni(solid) +4CO(gas)

Hydrite decom SH,(gas) — S(solid) +2H,

Kh bang hydro SiCl,(g)+3H,(g) » Si(s)+4HCI(g)

Oxy hoa SH,(9)+0, - S0O,(s) +2H,

Coreduction Ang(g) + Ga(CH3)3(g) —> GaAs(s) +3CH 4

Carbide héa va Nitrit héa (Carbidization & Nitridation)

3SCl,(g) +4NH,(g) — S,N,(s) +12HCI(g)
TiCl,(g) +CH, (g) - TiC(s) + 4HCI (g)

P K&t tha pha khi (gas phase recipitation)

Phan trng két tla dugc hinh thanh khi khi c6 d6 qua bao hoa cao dong thoi nhiét do
dé nén da lon dé két tha dwoc tao thanh

) + Céu trdc mang khdng dbng déu. T
Két tia ti 20 bjt
oha khi SooT » B& mit knbng phéng. cwe min
» Db bém dé kém,

d. Chat gbc- precusor
Y éu cau doi voi chat gbc trong phan ttng CVD la phai bén d6i véi moi trvdng trong
phong thi nghiém, trong qué trinh phan (rng phan (rng duoc xay ra hoan toan makhong
kém theo bat clr phan (rng phu nao. Mang tao duoc bdi chat goc cé do tinh khiét cao, dé
dé ché tao mang thi chat gbc phai c6 do bay hoi thap.
4. Hinh thanh mang

Phuwong phéap PECVD

Phodng phap CVD nang cao bao gom viec s6 dung nguon plasma, laser, hoac cac phan

ong fot chay fie tang toc fio lang fiong va dan fien chung co ten goi khac nhau, chang han nho

CVD s0 dung hdp chat héu c6 kim loai (MO CVD), CV D ap suat cao, CVD ap suat thap,



CVD quang hoa hoc, CVD tang c6dng plasma. Trong phan nay chung toi tim hieu ve:  phdéng

phap CVD tang c66ng plasma (P ECVD) fie che tao mang Si:H.

1. Nguyen tac chung cua PECVD
PECVD hoat fiong doa theo nguyen tac cua phtong phap CVD nhong fi6dc kiem soat

chat che bdi cac thong so sau fiay:

< Nhiet fio fie : lam tang toc fio phan 6ng be mat va id6c kiem soat bdi nguon nhiet

t0 ben ngoai.

< Toc fiod dong khi : mat fio dong khi cao hén co the tang toc fio phu dan fien tinh

chat mang se bien fioi.

< Ap suat: lam thay fioi mat fio phu, tang ap suat co the dan fien cac phan éng hoa hoc

trong khi.

< Moi tr6dng truyen fiong vai tro rat quan trong, a nh hddng fien toc fio lang fiong va

tinh chat cua mang. Moi trodng plasma la mot 6u the: 16n cua phédng phap PECVD.
< Thdi gian lang fiong: quyet fionh fio day cua mang.

Hinh 1.18 minh hoa s6 fio he thong hoat fiong cua mot he PE CVD :

Bd cip nhiét
KhiSiH4 + ngudn plasma — cho dé&

khi Si va ngung tu trén bé mat
DC ...~ 1,000V
Budng RF ... 13.56 MHz
phin wng ~ Mit 6 ngudn~150mW/em?

Khi bi phan
wng do va cham

pe 7 Eom
L Khi N; dua vao
0 chong chdy va né

voi electron

SiH4+ e (ning
lw'ong Ngub
cao)—SiHi+H  Bd diéu chinh RF
+e(ning lupng  dong khivao

thip) ( SiH4 Hz P,B)

Hinh 1.1: S6 fio he thong hoat fiong cua he PECVD.
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a. Plasma va vai troi cua plasma:

Plasma dung trong PECVD la dang plasma phong fiien khi (glow - discharge). Dang
plasma nay fi6dc hinh thanh khi gida anot va katot co mot hieu the xac fionh. Hieu the: iddc

cung cap fie hinh thanh va duy tri plasma co the té nguon D C hay RF.

Plasma fiong vai trolion hoa cac precursor tao ra cac goc td do va la moi tréong truyen

cac goc to do khuech tan xuong fie.
b. Qua trinh hinh thanh cac goc td do dodi tac fiong cua plasma:

Khi SiH4 d6di tac fiong cua nguon plasma sinh ra khi Si va ngong tu tren be mat. Khi

bo phan 6ng do s va cham voi electron fiddc the hien & phédng trinh sau:
SiH4 + e’(nang 166ng cao)  SiH3 + H + e” (nang 166ng thap)

Qua trinh va cham tren cho thay khi mot electron co nang 166ng cao va cham véi phan
t0 lam phan ly phan t6 SiH, thanh hai goc t6 do SiH3 va H. Rieng SiH3 la goc trung hoa co
mot electron chda bao hoa chinh vi thei chung lam cho cac goc td do de dang phan 6ng fie fida
electron nay trd ve trang thai bao hoa. Do fio, toc fio phan éng cua cac goc td do th6dng cao
hon cac tac chat khac rat nhieu dan fien lam tang toc fio phan 6ng cua qua trinh tao mang.
Do6i fiay la mot so phan ¢ ng tao thanh cac goc to do trong qua trinh PECVD dung precursor
SiHy:

€ +SH, > SH; +H’
e +SH, > SH, +2H"

€ +SH, 5> SH +H,+H"
e +SH,>S+H,+2H"

c. Qua trinh khuech tan xuong fie:

Cac goc td do sinh ra trong moi troong plasma chuyen fiong ngau nhien fien fiel val bi

hap phu tren be mat fie. S6' hap phu nay lam cho nong fio goc t6 do tai be mat nho hén nong
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fiol trong plasma dan tdi s hinh thanh mot grad ient nong fio hddng to fie: fien gida plasma, cac

goc td do se lien tuc khuech tan xuong fie: nhé gradient nong fio.
d. Hap phu:

Hien t6ding hap phu vat ly va hap phu hoa hoc xay ra khi goc t6 do di chuyen xuong

fie. Kha nang hap phu tai be mat cung anh h66ng fien toc fio lang filong cua mang.

- Neu toc fio hap phu 16n hén nhieu so vai khuech tan thi toc fio lang fiong fi6dc quyet

fionh bdi qua trinh khuech tan.

- Neu toc fio hap phu nho hon nhieu so voi khuech tan thi toc fiol lang fiong AG6C quyet

fionh bdi kha nang hap phu.

Bo fiieu khien dong khi gom co bon van co the fiieu chznh fi66c toc fio dong khi fii vao
buong phan 6ng (buong lang fiong). Tuy theo muic fiic h tao mang ma ta fida dong khi vao, neu
tao mang Si:H thuan thi chz fiéa khi SiH 4 va H,, pha tap loai n thi tron them P, pha tap loai p
thi them B. Tz le gida cac khi fi6dc chon theo yeu cau théc nghiem. Trong buong lang fiong
fiat fie fie phu mang. Ngoai ra con co bo phan cung cap nhiet fiol cho fie va nguon RF fiel tao
va duy tri plasma trong qua trinh tao mang. Bo phan bém chan khong fie fiat iédc moi tréong
chan khong cao trong buong. Khi N, dung fie lam loang san pham phu trong qua trinh lang

fiong va fiay chung ra ngoai, an toan cho ca he.

2. He PECVD

Hel PECVD cua Bo mon vat ly chat ran fiéoc so dung fie nghien céu che tao mang
Si:H voi cau truc khac nhau fiddc minh hoa tren hinh 2.2. Cac bo phan chinh cua he va chéc

nang hoat fiong cua chung i6oc mo ta fién gian nho sau:
<He tao chan khong
< Thiet bo fio chan khong
< Buong lang fiong
<He thong ong dan khi val cac van fiieu khien

12



<He tao va duy tri plasma
< Cac buong pha tap

<He thong cung cap khi

Hinh 2.1: He PECVD.

a. Thiet bo tao chan khong:
Thiet bo tao chan khong fiddc phan ra lam hai phan (hinh 2.3):

% He bdm tao chan khong cao: co nhiem vu giai hap va tao chan khong cao ban fiau cho

buong tré6c khi lang fiong. He gom bém sé cap va bém turbo.
- B6m s6 cap nho tao ra chan khong ban fiau cho bém turbo vai cac thong so:
Ap suat gidi han: 10™ Torr
Ap suat fioi: khi troi

Van toc hut: 2 lit/s
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- Bom turbo phan t6 fie tao chan khong cao fiap 6ng yeu cau phu mang
Ap suat gioi han: 10 Torr
Ap suat fioi: 2 Torr
Van toc hut: 100 lit/s
++ He bdm gid ap suat lam viec co fionh cho buong trong suot qua trinh lang fiong gom:
- Bom sé cap (b6m quay dau)
Ap suat gioi han: 10 Torr
Ap suat fioi: khi tréi
Van toc hut: 20 lit/s
- Bom root
Ap suat gidi han: 10 Torr
Ap suat fioi: 1 Torr

Van toc hut: 50 lit/s

l

Eom Turbo "'ﬁ

Hinh 2.2: Cac bém chan khong.
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b. Thiet bo fio chan khong:

Nau fio Pirani dung fie fio ap suat lam viec cua buong trong qua trinh lang fiong voi

giai fio t/ 200 Torr fien 10™ Torr.

Nau fio Penning dung fie fio chan khong trong qua trinh giai hap va qua trinh tao chan
khong cao cho buong tré6c khi tien hanh lang fiong. Giai fio ap suat to 10  Torr fien 10™°

Torr.

Ap suat fio i6dc se hien tho bang soi tren thiet b ¢ hien tho Balzer TGP 300.

B¢ HTEN THI AP :-z;T.__T;]l

Hinh 2.3: Cac fiau fio chan khong va bo hien tho ap suat.

c. Buong lang fiong:

Buong lang fiong co dang hinh tru lam bang hép kim thep khong gz, fiam bao khong
phan 6ng voi cac khi phan éng trong qua trinh phu mang fiac biet la vdi Silane. Buong co the
tich khoang 3 lit. Nap buong gan lien vdi bo ga mau col he thong bep cung cap nhiet cho fie.
Nhiet fiol cua fiel fibdc fio bang cap nhiet fien fi6d ¢ noi vdi bo phan hien tho nhiet fio 6 ben
ngoai va co the fiieu chznh Addc nhiet fio fie. Buong fidoc noi vai he thong ong dan khi vao va
khi ra. Ben trong buong co gan hai fiien cdc fie tao plasma. Cac khi tré6c khi vao bu ong se

fi6oc tron lan 6 buong tron.

Buong tron la ndi tiep nhan cac khi t6 nguon Silan, Hydro, t6 buong tao tap P

(phosphin), t6/buong tao tap B (diboran).
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Buong lang dong

Cac von
dan ki

Buong

Hinh 2.4: Buong lang fiong va cac van dan khi.

d. Bo fiieu chznh khi - Flowmeter:

Flowmeter dung fie fiieu chznh 16u 166ng khi vao buong tron roi dan vao buong lang

fiong. He nay gom co bon flowmeter voi cac muc fiich khac nhau:
1: dan khi silane vao buong tron
2: dan khi hydro vao buong tron
3: dan khi hydro vao buong tao tap P

4: dan khi hydro vao buong tao tap B
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Hinh 2.5: Flowmeter.

e. Thiet bo tao va duy tri plasma:

- Nguon cao tan RF cong suat co the thay fioi t& 2- 50 W, cung cap fiien the xoay chieu
vOi tan so 13,56 MHz cho qua trinh tao va duy tri plasma. Chung fiédc noi vOi bo fiieu chinh

trd khang (matching box) fie tranh hien t66ng cong suat cung cap doi tré ngédc ve nguon.
- Bo fiieu chenh trd khang (matching box) noi tréc tiep voi fiien coc tao plasma.
- Hai fiien coc thep khong gz: tao plasma trong buong lang fiong.

- Nguon cao the DC vai fiien ap co the fiieu chenh t6 1 — 1200 V, dong t6/ 1 — 200 mA
dung fie tao qua trinh phong fiien khi & hai buong tao tap chda P va B & dang ran. Plasma DC
kich hoat cho phan 6ng gida hydro vdi P va hydro vdi B tao ra precursor PH 3 (phosphin) va

B,Hs (diboran) fid6c s dung cho qua trinh lang fiong tao mang Si:H loai n va loai p.
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Hinh 2.6: Nguon tao plasma.

f. Cac buong tao tap:

Co the tich 250 ml choa hai fiien coc thep khong g& noi vOi nguon cao t he DC, co
nhiem vu tao cac khi phosphin va diboran té qua trinh phan 6ng giéa hydro va P, B ran t66ng
éng. Cac khi fiodc tao ra nay se ivdc fida tdi buong tron, sau fio vao buong phan éng fie phuc

vu cho qua trinh che tao cac mang Si:H loai n hay p.
g. He thong cung cap khi:
He thong cung cap khi dung trong qua trinh tao mang gom:

- Binh chda khi silane va bo fio va fiieu chenh ap 16c, noi tréc tiep vao flowmetter (bol

vi chgnh 16u 166Nng).

- Binh chda khi hydro va bo fio va fiileu chznh ap I6c, noi vOi ong dan va fiddc chia ra

lam ba h6dng noi troic tiep vao ba flowmetter cung cap hydro vao ba bo phan:
+ Vao buong lang fiong
+ Vao buong tao tap P

+ Vao buong tao tap B
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- Binh choa khi Nitrogen: khi Nitrogen fi66c fiva thang td binh vao he bdm sbé cap dung
fie duy tri ap suat lam viec trong qua trinh tao mang fie lam giam nong fio khi silane thoat ra
sau phan 6ng fii vao he thong bém nay. Ngo ra cua he bém nay rat nho fidé6c fAien fay
Nitrogen fie tao hien t66ng chay yem khi cho silane khi thoat ra ngoai khi troi. Nieu nay giup
phong chong chay no tot hon vi silane la chat del gay chay no trong moi trédng co oxy vai hoi

nodoc.

Hinh 2.7: Cac binh khi Silane, Hydro, Nitrogen dung trong qua trinh tao mang.
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