Vat ly va ki thuat mang méng 1

TRUONG DAl HOC CONG NGHE - DHQGHN

NGUYEN NANG DINH

NGUYEN NANG DINH

VAT LY VA KT THUAT MANG MONG

ONG

=
&
4
<
3
-
<
=
=
™
=
4
]
=
>
-l
-
(-
=

AT BAN DAI HOC QUOC GIA HA NOI

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

CuuDuongThanCong.com

Vat ly va ki thuat mang méng

Muc luc

LOi néi dau
Chuwong 1. Nhap mon vat ly va ky thuat mang mong
1.1. Gi@i thiéu chung

1.1.1. Phuong phap lang dong pha hoi hoa hoc
(CVvD)

1.1.2. Phwong phap ho4, hoa Iy két hgp
1.2. Phwong phéap bay hoi vat ly (PVD)
1.2.1. Cac khai niém va dai lwong co ban

1.2.2. Ky thuat chan khéng va céng nghé mang méng

1.2.3. Phun xa
Chuwong 2. Bong hoc chat khi
2.1. Y nghta vat ly ctia ap sudt va nhiét do chéat khi
2.2. Cac ham phan b cua phan t
2.3. Tan s0 va cham cla phan t&r v&i bé mat
2.4. Quéng duong tw do cla phan t&r khi
2.5. M6t s0 tinh chét
2.5.1. Nhiét dung cuta hé khi hai nguyén ttr
2.5.2. Khuéch tan
2.5.3. DO nhat
2.5.4. Do dan nhiét
2.6. Dong khi
2.6.1. Ché db dong khi
2.6.2. Dong khi trong ché dd nhét

2.6.3. Dong khi trong ché do Kudsen- Dong phan t

2.6.4. D6 dan cuda cdu trac dan khi
Chwong 3. Hap phu va ngung tu
3.1. Hap phu khi
3.1.1. Vi sao khi hap phu ?
3.1.2. Th&i gian lwu tra

https://fb.com/tailieudientucntt

N PP L

w

15
19
23
23
25
29
32
35
35
37
38
42
43
43
44
45
a7
49
51
51
53


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 3

3.1.3. Bang nhiét hdp phu Langmuir 54
3.1.4. Epitaxy 1&p nguyén to 57
3.2. Ap suét hoi 62
3.2.1.Ap suét hoi hoat tinh nhiét 62
3.2.2.Ap suét hoi cla cac nguyén to 63
3.2.3. Ap suét hoi cta hop kim va hop chat 68
3.3. Ngung tu tir pha hoi 71
3.3.1. Ngwng tu ttr pha hoi don nhat 71
3.3.2. Nguwng tu cac hop chat bao toan hop thirc 73
3.3.3. Hoa hoi nhanh cac hop chéat dé phan ly 74
3.3.4. bong bay hoi — phwong phéap “Ba nhiét do” 75
3.3.5. B6c bay phan &ng 77
Chuong 4. Vat ly va ky thuat chan khéng cao 79
4.1. Mot so loai bom chan khong 79
4.1.1. Bom co hoc 80
4.1.2. Bom khuéch tan 86
4.2. Nguyén ly chan khoéng 89
4.2.1. T6c dd bom 89
4.2.2. Dong hat khi 93
4.2.3. b0 dan cua hé chan khong 95
4.3. Bac tinh chung cta hé chan khéng 96
4.3.1. Cac khai niém déng hoc co ban 96
4.3.2. Cac hién twong khtr hap phu, nha khi
va tham thau 101
4.3.3. Bo chan khong va don vi ap suét 102
Chwong 5. Ly thuyét boc bay chan khong 107
5.1. T6c dd boc bay 107
5.1.1. Phuwong trinh Hertz-Knudsen 107
5.1.2. Boc bay tw do - si thoat phan tir 109
5.1.3. Cac co ché boc bay 111

5.2. Phan b6 phan tr béc hoi theo cac huéng 116

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4 Vat ly va ky thuat mang méng

5.2.1. Binh luat phan bd césin 116
5.2.2. Phan b6 phan tir béc bay tir ngudn diém 120
5.3. Phan b6 mang maéng theo chiéu day 122
5.3.1. Nguon dién tich nhd va nguon diém 122
5.3.2. Ngudn hinh tron va nguon dia 124
Chuwong 6. Ché tao mang méng bang ky thuat chan knéng 131
6.1. B6c bay nhiét 131
6.1.1. Gi@gi thiéu chung 131
6.1.2. Ngudn béc bay bang day va la kim loai 134
6.1.3. Nguon boc bay cho vat liéu thang hoa 138
6.1.4. Chén b6c bay va vat liéu chén 139
6.2. B6c bay chum tia dién tor 144
6.2.1. Vu diém cla phwong phap 145
6.2.2. Cau hinh sung dién t&r va vat liéu boc bay
twong ng 145
6.3. BAc bay bang laser xung 158
6.3.1. Nguyén ly hoat déng va qua trinh vat ly 158
6.3.2. Ché tao mang mdng dung hop thirc 160
6.4. Epitaxy chum phan t(r (MBE) 161
6.4.1. M0 ta thiét bi 161
6.4.2. Ché tao mang mong tinh thé chéat lwvgng cao 164
Chuong 7. Phuong phap phun xa 167
7.1. Ly thuyét vé phéng dién phin xa 167
7.1.1. Thiét bj va cac phuong phap phin xa 167
7.1.2. Mat do dong va dién thé trong phun xa 172
7.1.3. Phong dién phun xa 184
7.2. Ché tao mang méng bang phwong phap phin xa 194
7.2.1. Uu diém va nhwoc diém cla phwong phap
phadn xa 195
7.2.2. Co ché phun xa 195

7.2.3. Hiéu suat phan xa 197

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng

7.2.4. Cac yéu t6 anh huéng lén téc do Iang dong
7.2.5. Cac loai bia phun xa

Chuong 8. Cac phuong phap phan tich dac truwng

8.1.

8.2.

kim

8.3.

8.4.

8.5.

8.6.

mang mong
Gi&i thiéu cac phwong phap phén tich dac trung
mang méng

Céc phuwong phap xac dinh chiéu day mang maéng
8.2.1. Phuong phap do bién dang bang dau do hinh

8.2.2. Phwong phap do dao déng thach anh
8.2.3. Phuong phap hién vi giao thoa
8.2.4. Mang moéng quang hoc da I&p

Phan tich c&u trac bé mat bang hién vi
dién t&r quét va lyc nguyén tr

Phan tich cau tric tinh thé

8.4.1. Phwong phap nhiéu xa tia X

8.4.2. Phuong phap ph6 ké quang dién tlr tia X (XPS)

8.4.3. vat liéu va linh kién dién séc

Phuong phap nghién cru tinh chat quang

8.5.1. Pho truyén qua va phan xa

8.5.2. Ellipsomet

8.5.3. Mang méng nhiét sic va chuyén mach
nhiét — quang

Phuong phap nghién cru tinh chat dién

8.6.1. Phuwong phéap do dién tré& vudng

8.6.2. Phuong phap bén mi do

8.6.3. biot phat quang hitru co

Tai liéu tham khao

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

200
203
205

205
208
208

208
210
211

217
218
218
221
222
226
226
227

228
232
232
234
235
239


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

6 Vat Iy va kj thuat mang méng
Loi néi dau

“Vat ly vaky thuat mang méng” lamén hoc co sé clia nganh Vat ly k§ thuat
thudc Truong Pai hoc Cong nghé, DPai hoc Qudc gia Ha Noi. Gido trinh
“Vat ly vaky thuat mang méng” dugc bién soan nhdm phuc vu giang day va
hoc tap trong Khoa Vat ly ky thuat va Cong nghé nand, Trudng Dai hoc
Cong nghé. Gido trinh gitp sinh vién cling ¢6 va nam vitng cac kién thirc co
ban vé k¥ thuat chan khong, cong nghé ché tao m ang méng va cac phuong
phép phan tich d&c trvng ctia mang méng. Gido trinh gom tdm chuong:

Chuong 1. Nhap mon vat ly vaky thuat mang méng

Chuong 2. Bang hoc chat khi

Chuong 3. Hap phu va ngung tu

Chuwong 4.Vt ly vaky thuat chan khéng cao

Chuong 5. Ly thuyét boc bay chan khéng

Chuwong 6. Ché tao mang méng bang ki thuét chan khdng

Chuwong 7. Phuong phép phin xa

Chuong 8. Cac phurong phap phan tich dac trung mang moéng

Gigo trinh con nham muc dich phuc vu cac déi tugng hoc tp vanghién ctu
vé vat ly chan khong va cdng nghé vat liéu trong cac nganh k¥ thuat thudc
cac trwong dai hoc thudc khoa hoc ti nhién, bach khoa, cong nghé clia ca
nudc. Trong gido trinh c6 nhiéu dir liéu tin cdy, cap nhat c6 thé 1am tai liéu
tra clru, tham khdo cho cac hoc vién cao hoc, nghién ctru sinh hay cac k¥ su,
k¥ thuat vién lam viéc tai cc co s& san xudt cong nghiép cé lién quan dén
k¥ thuat chan khdng va céng nghé noi chung, dac biét 1a cdng nghé vat liéu
valinh kién dwéi dang mang méng.

Mdc du s&ch vatai liéu tham khado vé vat ly va cong nghé mang méng trén
thé gi¢i la vd clng phong pht cé vé sb lugng va chat lvgng, & nwéc ta tai
liu bang tiéng Viét vé linh virc ndy con rét han ché. Gio trinh ndy duoc
bién soan trén co s& duc két kinh nghiém nghién cru khoa hoc va gidng day
Ve vat ly vaky thuat mang mong clia ban than tac gia. Hy vong rang no sé co
téac dung hitu ich, gép phan thwc hién chd trwong xay dwng Truong Pai hoc
Codng nghé tré thanh mot trvong dai hoc nghién clu dac trung cong nghé &
nwéc ta.
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Trong qué trinh bién soan, tac gid khong tranh khéi nhiing thi€u sét hodc
khiém khuyét. Tac gia sé rat biét on tat ca doc gia vé nhiing dong gop y kién
nhan xét, dé gido trinh “Vat ly vaky thuat mang méng” vira dap rng yéu cau
vé chat lugng vira ¢ hiéu qud st dung cao trong cac tr wong dai hoc khoa
hoc ty nhién, dai hoc k¥ thuat va céng nghé, trong cong tac nghién ctu ciing
nhv tng dung san xuat ...

Ha Nbi, thang 8 ndm 2005

Tacgid
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8 Vat Iy va kj thuat mang méng

Chuong 1

Nhap mon vat ly
va ky thuat mang maéng

1.1. Gigi thiéu chung

Khéc voi khai niém vé mang méng dan dung, trong khoa hoc k¥ thuat, mang
mong dugc hiéu 1al6p chét ran pha 1én bé mat cda vat ran khac (vat ran nay
goi la dé) vai chiéu day t¢i han khi ma céc hiéu (ng vat ly vatinh chat cla
né thé hién khong gidng nhu trong vat liéu khéi. Nhin chung, chiéu day cla
mang mong dugc dé cap trong cac cdng nghé vat liéu valinh kién dién tb,
quang dién tt,... ndm trong khoang 10-1000nm. Ngdy nay, cong nghé ché
tao mang méng la vd cung da dang va phong pha, bao gom nhiéu
phuong phéap khac nhau, tir don gian dén phic tap. Phu thudc vao cach
ché tao mang moéng, ngudi ta chia cac phuwong phap doé ra thanh ba
nhom chinh:

i) Phrong phap 14ng dong pha hoi hoa hoc

(Chemical vapor deposition - CVD)
i) Phuong phap 1ang dong pha hoi vat ly
(Physical vapor deposition - PV D)

iii) Phuong phap hoa va hoéa |y két hop.
Chuing ta can hiéu sv phan chia nay ciing chi la twong doi. Trong sach nay,
chang toi dé cap dén vat ly va ky thuat mang mong ché tao bang phwong
phap pha hoi vat ly. Dé phan biét cac phuwong phap vat Iy véi hai nhém
phuong phép khac, dwdi day ching ta xem xét mot cach khai quat ph wvong
phap CVD va phuong phap héa ly két hop.
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Vat ly va ki thuat mang méng 9
1.1.1. Phurong phap 1dng dong pha hoi héa hoc (CVD)

Trong phrong phap CVD, pha hoi duw oc tao ra bang phwong phap héa hoc.
Viéc phi 16p mang méng duoc thuc hién nhe qua trinh 1ang dong cac cum
nguyén tt, phan tt& hay ion thong qua céac phan (ng hoéa hac.
Phrong phap CVD c6 nhitng vu diém chinh sau day:

- Hé thiét bi don gian.

- Téc do lang dong cao (dén 1 um/pht).

- D& khdng ché hop thitc hda hoc clia hop chét vadé dang phatap chét.

- CO kha ning lang dong hop kim nhiéu th anh phan.

- C6 thé tao mang céu tric hoan thién, do sach cao.

- P& duoc xir ly ngay trude khi lang dong bang qué trinh &n mon héa hoc.

- CO thé lang dong Ién dé co cu hinh da dang, phirc tap.
Nhuoc diém chinh clia phuwong phap nay la:

- Co ché phan (ng phtc tap.

- Doi héi nhiét d6 dé cao hon trong cac phueng phap khac.

- D& vacéc dung cu thiét bi cd thé bi an mon bdi cac dong hoi.

- Kho tao hinh linh kién mang méng théng qua k¥ thuat mat na.

Bdc trung ctia phrong phap CVD dwgc phan biét béi cac phan (ng hda hoc
trong qua trinh 1ang dong. C6 bon loai phan (rng chinh, d6 &
1. Phan (ng phan hay:
AB (khi) — A (r&n) + B (khi),
thi du:
800 - 1300 €

S|H4 S|+2H2

2. Phan ting khtr:
C6 thé dugc xem nhu phan (ng phan hily c¢6 sv tac dong cla chat khi khac,
thi du:
SiCly +2H, — Si +4HCl.

Trong nhi&u tredng hop chét khir c6 thé 1 hoi kim loai, nhv Zn chang han.
3. Van chuyén héa hoc:

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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10 Vat ly va ki thuat mang méng

Phrong phéap nay thuong ap dung dé ché tao cac vat liéu kho tao ra pha h oi,
thi du:

Si(r 1) + 21 (k) —2C 51, (K)

SN +Si1, (N —2 52511 (k)

25l (K) ———>Si(r —m) +Sil (k).

trong do:

(r-tt) laky hiéu trang théi ran-tinh thé;

k laky hiéu trang thai khi;

(r-m) laky hiéu ran & dang mang méng.

4. Phan (rng trung hop (polymerization):

Quétrinh tring hop thwdng dwgc thie hién nho:

- B&n pha dién t&r hoic ion.

- Chiéu xa guang, tia X, tia vy.

- Phong dién.

- XUc téc bé mat.
Phuong phap CVD dwoc dung dé ché tao mang mong cc chéat ban dan nhuw
Si, AyByi, AyBy, cac mang moéng oxit dan dién trong suét nhw SnOs,
IN,05:5n (ITO), cac mang mong dién moi nhu SiO,, SisN4, BN, Al2O;, ... va
cac mang méng kim loai.

1.1.2. Phuwong phap héa, héa ly két hop
D6 la céc phuong phap 1ang dong dung dich pha 16ng, phuong phap sol-gel,
phrong phap phun dung dich,...Nhém phuwong phap nay cling rat phong

phu, doc gia quan tam cd thé tham khao tir cac tai liéu hay gido trinh ¢ &
trong nuéc hay & nwéc ngoai.

1.2. Phuwong phap bay hoi vat ly (PVD)

1.2.1. Céac khéi niém va dai lvgng co ban

Lang dong pha hoi vat ly 1a san phdm cia pha hoi ngung tu tao ra bang
phuong phap vat ly, sau dé hoi nay lang dong Ién trén dé tao thanh mang

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Vat ly va ki thuat mang méng 11

maéng. Céach “vat ly” dau tién tao ra pha hoi la dot néng vat liéu can boc bay
(hay con goi la vat liéu géc) bang thuyén dién tré hay chén béc bay, nhu
md td trén hinh 1.1. Chang
duwoc goi la “ngudn nhiét” hay
ngudn bdc bay. Céac kiéu ngudn
c6 dang dac biét hon co6 thé la
binh thod hoi chinh xac (hinh
1.2.) hay chum tia dién t& hdi tu
(stng dién t, hinh 1.3). Ngay
nay d& cé nhiéu cach hoa hoi vat
ly khéc nhu hoa hoi bang laze
cdng huéng voi chum photon
manh (lang dong laze xung;
hinh 1.4), bdn pha bia bang
ngudn ion cé nang luvong cao Hinh 1.1.

(phtin xa, hinh 15). Céc ky Anh mot s kiéu ngudn bac bay
thuat trén déu duogc thuwc hién lam tlr kim loai khé néng chay
trong chan cao (10°°-10 Torr)

hoac siéu cao (10'9 Torr). Phiin xa dugc thuc hién trong ap suat khi (ng véi
chan khong thdp hon (c& 10>-10" Torr), nhung trudc khi dua khi vao
budng phin xa, budng nay cling da duoc hat chan khéng cao.

Hinh 1.2. Anh thuyén va chén lam ngudn béc bay

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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12 Vat ly va ki thuat mang méng

Hinh 1.3. Anh ngudn béc bay béng chum tia dién
tr v6i cac cau hinh khac nhau.

Hinh 1.4. Béc bay bang laser.
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Vat Iy va k§ thuat mang mang 13

Hinh 1.5. Phin xa cat6t

Dé lam quen véi cac khai niém va dai lvong co ban trong ky thuat chan
khong va cong nghé mang méng, chiing ta can théng nhat tén goi cac thuat
ngl chuyén mdn. Trén hinh 1.6 trinh bay so do ctia mot hé chan khong voi
cac ky hiéu tvong (rng cla cac dai lugng:

1. Nguon hoa hoi la noi cung cép nhiét cho vat liéu goc dé tao ra cac
phan ti hoi (phan t& dwoc goi chung cho cd nguyén tlr, cum nguyén
tlr); Touee l@NNIEL dG ngudn hoa hoi.

2. Apsut hoi can bang nhiét (Py) clia vat liéu gdc trong binh.

3. Tan sudt va cham cla phén t& hoi (z)lasb lan phan ti va cham voi
mat trong cla thanh binh trén don vi dién tich trong mét gidy, né ty 1é
thuan voi Py,.

4. Cudng do chum tiactia ngudn (J,,) lasd phén ti phét xa trén mdt don
vi géc khdi trong 1 gidy, la dai lugng dédc trwng cho ngudn hod hoi.
Néu kich thudc 16 héng (\/87\) rdt nhd so voi khoang cach tir ngudn

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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dén dé thi phan bd goc phét xa phan tir dugc coi la phan bd theo dinh
luat cosin Iy tuéng. Phan b6 ly tuéng nay phu thudc vao céc yéu to
khéc ké ca khi cac phan tlr phat xa trai qua va cham tr én dwong téi dé.

. Quang duong tw do () clia phan tr vat liéu bay hoi trong va cham voi

phan t& khi con lai trong chudng (khi du) phu thugc vao mirc dd chan
khong trong chudng. D€ bac bay, quang duong tw do phai Ién hon rat
nhiéu khoang cach tir ngudn dén dé (sau nay goi tat 1a khoang cach
nguon-dé).

. Dong toi (j;)lamat do dong phan ti bay t¢i bé mat clia dé hay 1a so

phan ttr va cham trén mot don vi dién tich bé mat cla dé trong thoi
gian mot gidy, né la ham cuia géc phat xa 6, khoang cach R va géc
lang dong B (gbc tao b&i dwdng bay cla phan ti voi phap tuyén
mét phang dé).

. Dong ngung tu (j.)ty |é thuan véi j,, ngoai rand con phu thudc vao

hé s6 1dng dong clia mang va dong tai hoa hoi lién quan dén nhiét
do dé.

. T6c do lang dong mang (v,) la do day cia mang dvoc ting thém

theo huéng phép tuyén voi bé mat trong mot gidy. N6 d wgc xac dinh
bdi lrgng vat chat 1ang dong trén mang trong khoang thoi gian do.

e 1 - Nhiét & nguén

Ra khi (Tsource }

2 - Ap sust cdn bang
nhiet [ Peq )

3 - Tan suat
vacham (Z}

4 - Cuong d¢
chum phén td

5 - Quang dudng
I ey

G - Dong téi

7 - Dong ngung tu

8 - Thic &% moc mang

U

Bom chén khang

Hinh 1.6. Céc dai lugng co ban trong béc bay chan khong.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat Iy va k§ thuat mang mang 15

Chuing ta s& dé cap dén cac nguyén ly valy thuyét co ban dé tinh toan hoéc
mo hinh hoa tirng buéc trong cdng nghé mang méng. Cling can nhan manh
rang ly thuyét vé 1ang dong pha hoi vat Iy larét rong, né bao gdm nhiéu Iinh
vuc khac nhau trong khoa hoc vat liéu néi chung.

Hiéu biét t6t vé thuyét dong hoc chét khi (ch wong 2) cho phép ching ta nam
viing va dy bao hanh vi clia chét khi va hoi. DB6i vai lang dong pha hoi vat
Iy, mét trong cac khai niém quan trong nhat | a tan suat va cham. Bé la s6
lan va cham trén don vi dién tich trong 1 gidy ma chét khi datéc dong Ién bé
mat vat ran, nhu thanh chudng hay dé. Tan suét va cham dwoc tinh tir thuyét
dong hoc, no ty Ié thuan véi ap suat:

zZ= _r (1.1)

(2mmkT )2

trong do:

P la&p suét khi,

m lakhdi lvgng phén ti va cham,

k 1a hang s& Boltzmann,

T 1a nhiét dé K.
(ng dung. Tinh tan suét va cham ctia phan t& khi ¢ on lai trong chudng chan
khong 10 © Torr.
Cho rang, chét khi du trong chudng chi yéu 1a phan ti nito. Trudc hét, can
ddi don vi ap suét tir Torr sang Pa:

10°Torr =133 x 10°Pa=1,33x 10 “ Pa..

Lay nhiét dd phong 12 300 K, tan suat va cham ctda phan t& nito (28 don vi
khoi lvgng nguyén ttr) duoc tinh theo cong thirc 1.1., chiing ta cé:

. 1,33x10 ‘Torr

1/2
(2n>< 28x1,66x10 2 kgx1,38x10 2/ K x 300K )
=3,8x10®¥m2sL.

T khai niém Ve tan suét va cham, ching ta c thé dt cau hoi rang “Mot dé
sach dat & trong chudng chan khong sé ¢ on git sach duoc bao l1au?”. Véi sw
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16 Vat ly va ki thuat mang méng

c6 mat cla phan t& khi con sot lai trong chudng, thoi gian hdp phu don 16p
0 thé tinh theo cong thirc:

N
= 1.2,

trong do:

N lamat do bé mat cla céc vi tri hap phu,

& laxéc sudt bay doi vai phan ti khi va cham (chwong 3).
Ung dung. Cho rang dé silic da dwoc xt ly sach dat trong chudng chan
khong c6 khi du 1a nito, &p suét trong chudng bang 10 ® Torr. Xéc dinh thoi
gian dé nguoi thuc hanh phai boc bay triedce khi bé mat silic bi hap phu hoan
toan b&i nguyén ti khi nito.
Maét do nguyén ti trong silic tinh thé la n_, = 5x10%m™. Mé&c du mat do
chinh x&c nGt mang trén bé mat tinh thé phu thudc vao dinh huvéng clia mang
tinh thé silic, mdt cach gan ding c6 thé cho rang mat dd vi tri hap phu (nat
mang) bé mat N_ =n2?>, chonén N, ~14x10”m™. Ching ta gia thiét
rang, moi mot vi tri ndy c6 thé hdp phu mdt nguyén tir khi nito dw trong
chuéng va cho rang xac sudt bay bang 1.Do d6 thoi gian hinh thanh mot 16p
mong cua khi hdp phu sé 1a (ching ta dwa thém s6 2 vao biéu thirc tinh t,4 1a
c6 tinh dén dd phan ly clia phan tlr N):

Ny 1,4x10°m™
922, 2x38x10¥m st

=1,8s

Pay |a khoang thoi gian dé bé mat sach ctia dé khdng bi nhiém ban khi nit o.
Diéu nay cho thdy, trong chan khdng cao nhw trén ma chidng ta van con thdy
kha ndng nhiém ban do hdp phu khi dw. Thuyét dong hoc dwoc &p dung dé
tinh toan cho nhi&u mo hinh khéc d6i véi cac tinh chét va hién twgng xay ra
trong |&ng dong pha hoi vat ly.

|
Hap phu va ngung tu. Trong cdng nghé mang méng, hién twong hap phu va
ngung tu (chuong 3) la sy tich tu mang méng trén dé (nhiéu tac gia goi la
moc mang). Khoa hoc co ban vé su 1ang dong bao gdm tinh toan &p suét hoi
can bang nhiét clia vat chat va xac dinh diéu kién quéa b&o hoa trén dé.
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Vat ly va ki thuat mang méng 17

Ap suét hoi can bang nhiét ctia mot chat A duoc tinh bang cong thirc:

(Avapsg J AvaPH(A)
P =Pex ex
Aed PR PRT

, (1.3)

trong do:
p0 ladp sudt chuén (10°Pa),
AvapS/i) laentropi chuan clia pha hoi,
AvapHAO laenthalpi chuan cua pha hoi,

R lahdng sd khi,

T lanhiét do tuyét doi.
Duéi day la mét thi du (*ng dung cdng thirc (1.3). Ching ta phan tich cong
trinh cla Esposto va cong si, ho cho rang nap vé bia lon c6 thé d ing lam
ngudn bdc bay Mg mot céach rét hiéu qua. Theo phan tich hoa hoc, ndp tr én
cla lon bia dugc lam tir hop kim nhém chira 1% Mg va 1,3% Mn. Cau hdi
dat ra la dong hoi cla chat nao trén thuc té c6 thé nhan dugc tir hop kim
nhém khi d&t né vao trong binh héa hoi? Co thé 1a Mg sach khdng? Trong
dong hoi dé cé chira nhiéu Mn hon Mg khong? dé trd 10i cac cau hdi nay
ching ta can hai cong thic tir chwong 5.
Cutong d6 chum phan t& ctia mot binh thoét ly twéng (binh Knudsen) duoc
tinh béang cong thirc:

_ z0A cosb ’

J, === (1.4)
Y

trong d6 SAladién tich 16 hdng clia binh thodt va 6 1a goc phét xa.

Dong phan ti bay toi dé (dong t6i):

. J,cosP

J. = .
i R2

Sy lién quan nay cho ta dong phan tir trén mot diém clia bé mat dé, trén mot

don vi dién tich va don vi thoi gian. O day, B 1a géc Idng dong (hinh 1.6)

vaR lakhoang cach tir ngudn tdi mot diém dang xét tr én deé.

(15)
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18 Vat ly va ki thuat mang méng

Ung dung. Tinh cuong dd chum phan ti khi mot hop kim dwoc md ta nhw
trén dit trong binh thoét (hinh 1.6). Dién tich 16 héng 1a 1 cm? va khoang
céch ti dé 1a 10 cm. Binh dugc cdp nhiét 6n dinh tai 900 K. Gia thiét rang
diém dang xét & trén dé thing goc vai 16 héng (6 = 0°).

Trudc hét, ching ta tinh &p sudt hoi can bang nhiét cla ba thanh phan cla
hop kim dit trong binh. Cho réng dung dich 16ng laly tudng, ap suét hoi cla
mot thanh phan bét ky dugc coi nhu 1a ap suét hoi clia vat liéu sach nhan véi
hé s6 nguyén tir trong hop kim do: Py (Toee) = X oPaep (Teouree ) - CAC dai
lvgng entropi va enthapi phan tlr chuan ctia pha hoi 3 thanh phan (tir
chuong 3) va ham lvgng nguyén ti tvong tng duoc liét ké trong bang
duwéi day:

AvepS, (IIK) AvapHy (k) X
Magié (Mg) 99 134 0,01
Mangan (Mn) 106 247 0,013
Nhom (Al) 118 314 0,977

Ap suét hoi ciia Mg l&

PMg(9OOK) :0,01x105Pa><exp( 994

K \ep| — %) 5 a7pa
8,31J/K

8,31]/ K x900K
Tuwong tu:

R, (900K) =2,05x10 °Pa,

P, (900K) =8,38x10 °Pa.

Théy rang Py 0 D Pua?Pais diicho ndng do ctia Mg va Mn gan giéng
nhau va nhd hon rat nhiéu ndng dé Al trong nguén bdc bay. Do vay khi st
dung hgp kim hay hgp chat chita Mg | am ngudn béc bay, chlng ta can
lvu y dén diéu nay.

Céc &p sudt hoi nay (rng véi tan suat va cham nhét dinh & b én trong binh
thoat. Doi voi pha hoi Mg ching ta co:
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Vat Iy va k§ thuat mang mang 19

2,47Pa
[270x 24,31x1,66x10 2" kg (1,38x10 2 JK) x900K ]
=4,4x10%?m s = 4,4x10%(nm) 22

Béng céach twong tw, nhan dugc:

Z\14(900K) = 7

z, (900K ) =2,43x10 "(nm) 5"

2, (900K ) =1,42x10 *(nm) 25",
Céc tan sudt va cham nay quyét dinh dong phan ti riéng phan cho tirng chat
trong binh thoat Knudsen. Do do6, & ngay trén bé mat 16 héng, ching ta
sé cO:
Joug (0°) = 4,4x10%(nm) s xcos(0°) x1lcm “n
=1,4x10"%s7 ",
Joua (0°)=7,72x10%s™",

Jo a0 (0°) =4,51x10%s7",

Vi thé, cuong dd dong phan ti t&i ctia Mg Ién gdp hon 6 bac so véi cudng
d6 dong clia 2 thanh phan con lai. Thi du tiép theo sé xét t¢i dd Ién clia d ong
t&i trén bé mat dé hinh thanh tir dong phan tir .

Ung dung. Tinh dong phan ti trén dé twong ¢ng voi dong phan tir trong thi
du trén. Cho rang vi tri dang xét trén dé ndm thang goc trén mat phang 16
thodt (p = 0).

St dung cé4c gia tri cuong do dong da biét, dong céc phan tr lang dong trén
vi tri clia dé:

1,4x10"s *cos(0°)

(10cm )2

=7,72x10%(nm) *s L

=1,4x10%nm) 3L

Jng

JliMn

j=4,51x10%(nm) %",

JiAI
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20 Vat ly va ki thuat mang méng

Dong lang dong clia Mg cting 16n gép hon 6 bac so voi dong lang dong cla
hai thanh phan con lai. Nhu vay chiing ta c6 sy phan b6 méi cla cac th anh
phan trong mang. M6t cach gan ding c6 thé thady mangan v a nhét la nhém
lai tré thanh tap chét trong mang méng magié véi ham luvong rat thap, twong
tng la 5,5 x 107 "va 3,2x10°% Mot didu Iy thd la voi ham lugng
nhdm va mangan trong mang tao thanh qua nhd nhu vay, ndp vo lon bia
hoan toan cé thé dugc st dung lam mdt ngudn “sach” dé boc bay Mg. Tuy
nhién ciing can lwu y l1a néu ngudn vat liéu gdc khong da dé qua trinh béc
bay dirng tréc khi Mg dabay hét thi trén bé mat mang chd yéu sé lai laMn
va Al. Vi vay, trong thrc tién béc bay mang Mg, nguoi ta van chi ding
ngudn kim loai Mg tinh khiét dé bao dam bdc bay m ang chét lugng cao.

|

Néu mot 16p mang Mg dugc moc trén dé, dong phan tir Mg sé bi qua béo
hoa, lic d6 sé xay ra hién tuong khuéch tan nguoc cla phan tir Mg. Thuc té
nay c6 thé rat ra tir phwong trinh Hertz-K nudsen-Langmuir (hinh 1.7), ching
ta s& xem xét & chuong 5.

Phuong trinh Hertz-Knudsen-Langmuir mé td dong ngung tu trén dé ty Ié
thuan vai hiéu sb gitta dong phan t&r do va cham tir nguén b6 c bay va dong
tai hoa hoi tir d€ (dong khuéch tan nguoc):

jczac(ji _ZeqXTsubj’ (1.6)

trong d6 a . lahé s ngung tu cho biét ty phan cla cac phan t&r va cham va
ngung tu.

Do qua bado hoa va diéu kién moc mang (chwong 3) dwgc mo ta bédi
phuong trinh:

Sz ———-1>0. 1.7
z xT (1.9

eq sub

Bét déng thirc ndy c6 nghfa I& j; can phai I6n hon tan suét va cham tai nhiét
do dé ma mang mdng ngung tu trén dé dé. Diéu nay khong cé nghia don
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Vat ly va ki thuat mang méng 21

gian lachi can nhiét d6 dé thap hon nhiét dd ngudn la da dé cho mang
phét trién.Mac du trén thuc té nhiét do dé thwong thdp hon han nhiét
d6 ngudn bdc bay.

Jo= @ ¢ Ui - Zeg(Tsup !

D€,
_‘.l. * & ®ald [ ] [ ]

ZeqtTsub) I Ilv I
R

Hinh 1.7. Dong ngung tu trén dé va dong tai hoa hoi.

(Ung dung. Cho rang déi véi thi du trén khi dung nép vé lon bia Iam ngudn
Mg, dé duoc gilr & nhiét d6 580K. Cau hoi dat ra | aliéu ching ta cd nhan
dwoc 16p mang méng Mg trén dé dét néng dé khong?

Nhu tinh téan & phan trén, ching ta d& nhan dugc gia tri dong phan tir magié
dwoc boc bay trén bé mat dé. Dong nay co giatri la

Jiwg =1,4x10%nm ?s7",
Béy gio can phai so sanh gié tri ndy v&i tan suét va cham can béng nhiét clia

Mg tai nhiét do dé. Trudc hét, tinh &p suét hoi can bang nhiét clia Mg tai
nhiét do do:

99J/K -134kJ
—————|xexp
8,31J/K 8,31J/K x580K

Pequ g (Tsubj =105Paxexp(

=126 x107%Pa.
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22 Vat Iy va kj thuat mang méng
Tiép theo, chiing ta tinh tan sudt vacham:
1,26 x10°?

Zequ(Tsub):
(27:>< 24,31x1,66 x10 27kg )“2
1

X

(1,38 x10°223/K x 580K )“2
=279nm 25t
Do qué béo hoatinh duoc:
140nm *s7?
279nm *s7t

Nhv vay, mang Mg da khéng dwgc hinh thanh trén dé, tuy nhiét do dé thap
hon nhiét d6 ngudn rat nhiéu. Khi ching ta ha nhiét do dé xudng, sé nhan
dwoc I6p mang méng Mg. Vai su tinh toan tuong tw, dé thda man diéu
kién S > 0, chiing ta s& nhan dugc gia tri cta nhiét do dé twong (rng, thap
hon 570K.

~1=%-0,5(0,.

|
1.2.2. Ky thuat chan khéng va céng nghé mang maéng

Dé co6 thé nhan dugc mang méng tinh khiét nhw mong mudn, thi bdc bay
chan khéng hay 1dng dong pha hoi vat Iy néi chung can duoc thuc hién trong
diéu kién chan khéng cao. Trong thi du trudc, tan suat va cham cla khi nito
tai 4p sudt nay tinh dwoc bing 3,8 x 10*®m ~2s 1. N&u dong va cham ciia
phan t& héa hai trén dé cling c6 gia tri vao khodng nay thi mang méng hinh
thanh c6 thé bi nhiém tap chat tir phan t& khi dv véi mot luong phan tir
chiém khoang 50% s0 phan ti khi con lai & trong chudng.

Cho rang, viéc lang dong mang méng dugc thirc hién trong mot chudng chan
khong c6 khe hé rat nhd (hinh 1.6). Coi khe hé nay c6 cau trdc hinh éng ban
kinh 1,5 um, dai 50 um. Tuy kich thuéc nay réat nho, tc hai clia né doi véi
chan khong la khong thé bd qua. Qua khe hé nay, cac phan tir khi tir moi
treong (ngoai chuéng) co thé xam nhap vao chubng nhu thé nao? DE phan
tich tinh trang nay, chiing tacan dén mot so két qua tinh toan cla chuong 2.
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Vat Iy va k§ thuat mang mang 23

Cong thirc Poisseuille cho hiét t6c dd d dng phan tir chdy qua éng hinh try
nhu sau:
nat AP
J_[—SnkTJ.PW 5} 19
trong do:

a labéan kinh cla 6ng,
n ladd nhot cta khi,
P,, 1aép suét trung binh trong dng,
AP lachénh léch &p suét & hai dau 6ng.
Tir thuyét dong hoc chat khi, dd nhét d woc tinh bang phuong trinh:

nv, Ma

n YR (1.9

trong do:
n lamat do khi,
V,, latdc do trung binh cla phén tt,
m lakhdi lugng cla phan t&r khi vai la quang duong tv do.
Céc dai lwong nay duoc mo ta boi cac phwong trinh sau:

1/2
v, = (ik_n:j (1.10)
n— %, (1.11)
va
At (1.12)
\/En.dzn

v6i d la duong kinh hiéu dung cla phan te.

Ung dung. Tinh dong téng ctia phan t& chay qua khe hé c6 cau tric dng nh v
trén, cho rang dong phan ti trong dng laloai dong da 16p (mdi 16p c6 téc do
riéng: & trung tam 6ng téc do 16n nhét, & sat thanh éng, téc dd bang 0) va
cling gia thiét rang & nhiét do phong (298K) khi & day chi gdm mot loai khi
nito sach.

T6c dd trung binh cla phén ti 1&
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24 Vat Iy va kj thuat mang méng

=475m/s.

y _(8ij”2_ 8x1,38x10 2J/K x 298K
© {mm nix 28x1,66x 10 Z'kg

Mat do phan tir trong khi dugc tinh theo dinh luat khi Iy twéng:
- 1,01x10°Pa
© 1,38x102J/K x 298K
Chung ta lay gia tri duong kinh hiéu dung cla phan t nito 1a0,375nm

(xem chuwong 1), quéng duong tv do sé la
1 1

2 - 2
V2nd’n ﬁn(3,75x10-1°m) x 2,46x10%m™3

=2,46x10%m 3

A= — 6,5¢10 °m.

Vi giatri ndy nhd hon réat nhiéu kich thuéc ca 16 thiing, cho nén gia thiét
clia ching ta vé dong khi da 16p lathuc té.
D0 nhat khi d6 tinh dwgc, nhu sau:

_2,46x10%m " x 475m/sx 28x1,66x10 7'kgx6,5x10 °m 5
J2nd?n 8

=1,73x10 * poise(P).
Dong phan ti tinh dwoc bang:

4
T X (1, 5x10 ° mj
J:

8x173x10 *Px (1,38><10’23J/ K )>< 298K

y [ 760TorrJ>< 760Torr  _ 2 87x 1055 ™%

2 ) 50x10°m
|
Vi si ton tai khe hd nho nhw trén thi 4p suat trong chudng sé bi anh huwéng
nhu thé nao? Truéce khi phan tich diéu nay, ching ta can dén cac két qua cla
chwong 4. Mac du da biét khi cé khe hé thi s8 c6 mét lwong khi nhét dinh bi
hat vao trong chudng, viéc phan tich mét cach dinh lwvgng anh huéng clia nd
Ién chan khong can &p dung mé hinh déng hoc bom chan khong déi voi 16
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Vat Iy va k§ thuat mang mang 25

héng (dugc coi nhu mot cau tric dan khi). Vi thé, khe hé d6 ciling duoc dic
trng boi dong hat nhét dinh, dé &
Q_ =KTJ, (1.13)

trong do:

J, latdc do dong phan tir di qua khe hé,

Q, 1a do hat twong ¢ng.
Ap suft t¢i han ctia chudng chan khong khi ton tai mdt cau tric dan khi (do
khe ho tao ra) sé la

j— QL

ult S
trong do6: S latdc dd bom cla may bom chan khong, (& day ching ta thay
diéu ly tha 1a kich thuéce cta chudng khdng anh hwdng gi dén ap suét
t¢i han clia n6).
Ung dung. Cho rédng mdt bom chan khéng cé téc do bom 2500 lit/gidy (viét
tat: 1/s) duoc st dung dé hat chan khdng trong chudng véi khe hé c6 cu
trac 16 héng nhu md td & trén. Cau hoi dit ra la &p sudt téi han cla
chuéng chan khéng sé la bao nhiéu?
Chuing ta tinh dong hit clia 16 héng theo cong thic (1.13) vanhan dwoc:

, (1.14)

Q- (L 38x10 33/ K )>< 208K x 2,87 x10%s
=8,85x10°Torrl/s.

Khi d6, &p suét t¢i han trong chudng bang:

P, = (8,85><10’5Torr.lls )/ (25001/s ) =3,54x10 "Torr.

Nhv vay, du lardt nho, khe hé cling sé anh huwdng dén dod sach clia mang
mang khi boc bay trong chudng. D6 cling | a nguyén nhan vi sao cac mang
méng dwoc ché tao & chan khong duoi 10 Torr thwdng van con tap chat
khi, trong dé phan tlr cac-bon c6 nhiéu hon ca. Biéu nay duwoc phat hién
bang viéc phan tich lién két dién tir trong cu trdc chét rén bang phuong
phép pho quang-dién tir tia X (X-ray photoel ectron spectroscopy).
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26 Vat ly va ki thuat mang méng
1.2.3. Phun xa

So d6 mod ta co ché phin xa do va cham dwgc trinh bay trén hinh 1.8a, trong
d6 ion c6 nang lvong dd I6n ban pha bé mit cla bia phin xa. Sy va cham
manh gilra ion va nguyén tir clia bia khién nguyén tlr cd thé thoat ra khoi bé
mét bia. Cac nguyén t& thoat khdi bia tao ra dong hoi. Mot phan dong hoi
ndy s& lang dong lén dé tao thanh mang méng. Trong phln xa cao &p mot
chiéu, ion ban ra tir plasma kh6i, matrang thai plasma nay dugc hinh thanh
bdi ngudn cao 4p mot chiéu (hinh 1.8b). Chudng chan khong dé phan xa
thwdng chi can ap suat ¢d 0,01 dén 1 Torr (tuy nhi én chubng chan khéng can
duwoc hit dén mirc cao nhét cé thé, trwdc khi dwa khi argon vao). Ching ta sé
thdy & chuong 7, rang dong ion ting cudng trong 16p vo plasma & ving catot
c6 thé tinh béng céng thirc:

(1.15)

trong do:

g ladién tich cla dién tt,

N~ 1a mat dd dién tk trong plasma,

T *lanhiét d6 ctia ion, T ~lanhiét do cla dién ti,

m* 1akhéi lwong cla ion ban pha.
Mat do dong ion ndy thuong cé gia tri dudi 1mA /cm?
lon dwgc nhan thém nang lwong khi n6 chuyén dong trong I6p vo catot -
vung dién tich khdng gian ngan cach bia (cat6t phin xa) véi khoi plasma
(an6t trong phan xa trén hinh 1.8 ciing chinh 1a dé). Bong nang cla ion bén
vao bia quyét dinh hiéu suét ban pha - s nguyén tir thoat ra khoi bia trén
mdt ion ban pha (ion t&i). Gia tri dong ning I6n nhat cia mot ion c6 d woc
phu thudc vao dién thé roi trén cat6t, matrong k¥ thuat phéng dién phin xa
dién thé nay con I&n hon ca dién 4p mot chiéu do ngudn cao &p cung cép
(digu nay duoc minh hoa trén hinh 1.8b).
Trong thyc té, ddng nang clia c4c ion va cham bi gidm bdi qua tr inh tuong
tac trao doi dién tich gitra ion va nguyén tir & trong I6p vo catét (hinh 1.8c).
Khi chuyén déng va cham, ion c6 thé bi trung h oa dién tich. Do do, né chi
con lai mdt phan dong nang 16n nhat ma n6 c6 dwgc lac dau. Thé nhung,
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tuong tac trao déi dién tich dy lai dan dén moét ion m&i d woc hinh thanh, ion
nay dwgc gia toc hwong vé catdt. K&t qua cudi cung I3, trong twong tac trao
d6i dién tich thi ndng lwgng ban pha clia mot hat giam di, con téng s3 hat
bé&n pha lai ting 1&n (ching ta dung tir “hat” dé chi khai niém chung cho ca
ion va nguyén tr). Hinh 1.8c md ta hién twgng nay: mot ion di vao vo catot
d& chuyén thanh ba hat b&n pha, tirc 1a mdt ion va hai hat trung tinh. Trong
truong hop ndy mdi mot hat s& ban pha catdt véi mot dong nang bang
khoadng 1/3 gié tri dong nang I6n nhat ban dau. Ban chat cla qué tr inh nay
va nhiéu qué trinh khéc xay ra trong phéng dién phadn xa duwgc xem xét k¥
trong chwong 7. Trong chuong nay ching ta ¢ on dé cap dén qua trinh phin
xa thuc t& ma no dwoc xéac dinh bdi cac thong s6 nhw hiéu suat bén phé, xéac
suft Iang dong, t6c dd lang dong, cac yéu t& anh hudng Ién téc do lang dong ...
Chuwong 8 dé cap dén mot s6 phwong phap dwoc sir dung dé phan tich va dac
trung tinh chat clla mang méng. Mot s6 loai mang méng ché tao bang
phuong phap 1ang dong pha hoi vat Iy, nhu béc bay nhiét, chum tia dién ti,
phln xa magnetron dugc dua ra dé minh hoa. Qua do, c6 thé nhin nhan kha
nang (ng dung vao thuc tién cla cac loai mang méng ndy. Thi du, bang
phwong phap bdc bay nhiét, hé mang méng gom trén 19 I6p xen ké gilta hai
chit MgF, va ZnO da dwgc ché tao. HEé mang nay c6 kha nang chon lya
buéc song cla anh sang trong vung nhin thdy nhu mot “phin loc” anh séang.
Nho dd, cé thé “can” blrc xa hdng ngoai (blrc xa néng) va chi cho anh sang
“lanh” di qua. Khi phii hé mang nay Ién trén guong cau, sé c6 mdt guong
cau lanh, néu phd Ién kinh lam clra s0 sé c6 cac tam kinh phan xa nhiét, han
ché tang nhiét do trong phong vao mia hé. Néu 13p mét kinh ¢6 16p pha vao
phia trong, vao mua doéng sé& khéng bi mat nhiét ra ngoai. Mot loai dién cuc
trong suét (mang mong vira dan dién vira cho anh sang di qua) trén co s&
oxyt indi pha tap thiéc (ITO) dugc ché tao bang phwong phéap chum tia dién
tl. T Oxit khong dan dién pha tap thiéc vai mot ham lwong t6i wu (10%
nguyeén ti) sé c6 duoc Iop mang trong sudt dan dién t6t gan nhw mang kim
loai dong. Cam bién nhiét-dién hay chuyén mach nhiét quang duwoc ché tao
trén co s& mang mong nhiét sic VO, (bdc bay chim tia dién t& hodc phun xa
magnetron tir hai bia).
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Plasma khii

Bia :
% by =  Vocatét
. o I\A A
SRR > Andl
5 ——® }
" BB A
03 o u& -‘_. -3_/. ol
RO
< éjl
AN ' ! Plasma khai
> W catdl }(

Hinh 1.8. Phuong phép phin xa:
a) Co ché phun xa va cham,
b) Phan bo dién thé trong phin xa cao ap mét chiéu,
c) Qua trinh trao doi dién tich trong vo cat6t — plasma.

Nguyén ly hoat dong cla loai linh kién nay dva trén hiéu (ng chuyén pha
bén dan - kim loai xay ra trong mang VO, khi né bi dét nong dén nhiét do
chuyén pha (rc). Hé mang mang WO4/ITO ché tao bang phuang phap chim
tia dién t& c6 kha ning diéu khién anh sang truyén qua bang ngudn dién cla
mot pin tiéu (1,5V). Tt trang thai trong sudt, hé m ang nay chuyén sang xanh
nhat hodc xanh xam, khi ching dugc dat dién thé tir
—300mV +-1500mV. D6 1a linh kién dién sac, mdt loai hién thi mai,
khéc voi hién thi tinh thé 16ng & chd hinh anh khdng bi 16a, du nhin dwdi goc
dd6 nao. Mot khi c6 dwoc chét dién ly ran, thi du nhw mang méng Ta,Os
chling ta co thé thiét k&, ché tao linh kién hién thi to an ran. Cudi cung lalinh
kién dién huynh quang hitu co, dwoc thiét ké ché tao tir nhiéu I6p mang
méng hitu co nhu PVK, PPV, Alg3... Ching déu dwoc bdc bay bang
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phuong phap chan khong hay pht ly tam, cong nghé don gidn hon rét nhigu
so v@i cong nghé ché tao LED vb co phai st dung céc k¥ thuat nudi don tinh
thé, epitaxy. Linh kién nay con c6 wu diém vuot trdi so voi diot phat quang
v0 co, vi dién tich lam viéc cd thé trai rong dén mirc co thé sir dung lam hién
thi cho dién thoai di dong hodc tién t6i 1am man hinh phéng cho may vo
tuyén truyén hinh.

Cau hoi kiém tra danh gia
1. Phan biét ky thuat ché tao mang méng bang lang dong pha hoi vat ly
(PVD) v6i l&ng dong phahoi hod hoc (CVD)?
2. Néu cac phuong phép chinh trong PVD?
3. Phin xa cao 4p mdt chiéu vacao tan duing dé ché tao mang méng
loai gi?
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30 Vat ly va ki thuat mang méng

Chuong 2

bong hoc chat khi

Ly thuyét vé qua trinh boc bay, mdt cach gan ding c6 thé xem xét tr én co s&
thuyét dong hoc chat khi. Trong thuyét nay, chat khi duoc coi lamdt hé gom
nhiéu nguyén t& va phan t& (vé sau chiing dugc goi chung la phan ti), ching
¢6 cung khoi lugng va kich thudc (bd qua dac diém vé hinh dang va cau tao
bén trong clia chling). Céc phan tir duoc coi nhu nhitng quéa cau ran va cham
mot cach dan hdi, dwong kinh nhw nhau va rét bé so véi khoadng cach gilra
ching. Bong thoi hé ndy ciing duoc coi 1agdm cac phan tir chuyén dong hon
loan khong ngiing, luén va cham nhau va va cham véi thanh binh chita
chdng. Hon nira, ngoai trir ldc va cham nhau, khéng co lvc twvong tac nao
gitta ching. Do vay, ap suat cla chat khi | én thanh binh thuc chét la xung
lvong macéc phan ti truyén cho thanh binh khi chiing vacham.

2.1. Y nghta vat ly ca ap suét va nhiét do chét khi

Cho hé toa do vubng goc véi ba truc x, y vaz biéu dién thanh phan cla téc
dd chuyén dong (V) clia cac phan t&r trong hé khi, chiing ta ky hiéu céc toc do
thanh phan lav,,v,,v,.Vi toc do cla cac phan tlr khdng nhw nhau, cho nén
ching ta can dwa vao khai niém can bac hai cla dai lvgng tdc dd binh
phuong trung binh theo mdt hudng nhat dinh (goi tit 1a téc do can quan

phuong, ki hiéu Vv, s ), vi du theo huéng x 1a( Vi ), VoI

v:=YV2IN, (2.1)
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trong d6 N lasb phan tt trong hé khi.
Pai lvgng dac trung trung binh clia binh phwong téc do sé la

V2= TVAIN=VE V2 47 (2.2)

Céc dai lwvong nay phan anh trang thai ciia mot hé khi gém N phan ti.

Biét rang, cac phan t& c6 tdc do thanh phan v, thi tao nén thanh binh vudng
géc vai hwang tée do clia chuyén dong nay mot ap suat P vai gia tri tinh
theo toc d0 &

P=(N/V).mv2, 23)

Do phén bd cta téc dd la dang hwong theo ba truc toa dd, cho nén:

Vi =V5 =vZ, do do:

2 1,
v =§v : (2.4)

Thay vao phuong trinh (1.3), ching ta cé:

Nz
P—3(V).mv. (2.5)

Pay la biéu thirc vé ap suat, hay con goi laluc riéng makhi va cham phan ti
datac dong Ién thanh binh.
Mét khac, nhu da biét cong thic tdng quat vé dinh luat chat khi |3,
P =N, RT/V trongd6é N, lasb phéan ti gam. Theo dinh luat Avogadro,
trong mot phan tlr gam cla chat khi bat ky déu chira ¢ ing mot sd phan ti
N, (3 Avogadro). Dé nhan thdy N = N x Ny. Honntavi R/ Ny =k
(hang s6 Boltzmann), cho nén chiing ta co bi éu thirc ap suat lién quan dén
nhiét do la

P=(N/V ).KT =nkT, (2.6)

trong d6 N lamat do phan tt (s6 phan t& khi trong mdt mét khdi). St dung
cdng thic (2.6) co thé tinh s6 phan t&r trong 1cm®khi tai cac &p suat va
nhiét do khac nhau. Néu ldy don vi ap suat laTorr thi mat do phan tir sé |&
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32 Vat ly va ki thuat mang méng

P
n=9565x10" (—) cm 2.
T

So sanh (2.5) va
(2.6), taco:

Do dd, t6c dd can quan phuong bang:

KT\
Vims :(?j (2.7)

Nhu vay, nhiét do cla chat khi ty 1é thuan v&i ddng nang trung binh cla
phan t&r khi.

Vi téc dd binh phuong trung binh bao gdm ba thanh phan binh déng (la
u?,v2,w?), cong thtc trén con cho thay tdng nang lwong ca cac phan ti
dugc phan bd déu theo ba hudng vudng goc nhau va trén moi bac tw do cla
chuyén dong tinh tién ¢ nang lwgng trung binh béng 1/2 kT.

2.2. Cac ham phan b6 cua phan t

Trong mot hé khi, ngoai céc dai lvgng dac trung cho toc do cla phan t, thi
khé niém vé phan bd cac gia tri toc do va cac phan ti cé téc do tuong tng
déng vai tro quan trong. Cho rang s6 phan tir c6 téc dd trong khoang v va

v+dv dugc xac dinh chi bdi dong nang cla phan t&r, do dé h am phan bd sé

2
y

co cling téc do (vé dd 16n) nhwng chuyén dong ngwoc chiéu thi bang nhau.

|& ham phu thudc vao v2 =v2 +v2 +v2. S6 mii bac 2 cho thdy s6 phan tir
Gia str diéu nay khong ding thi s8 xay ra trueng hop ma khi dé & mot vi tri
nao do cla thanh binh s& ¢6 nhiéu phan t& va cham hon, dan dén ap sudt noi
do6 Ion hon. Diéu nay tra véi két qud nhan dugc trong thuc nghiém thuc
nghiém, d6 la &p sudt khi & bat ky noi nao cla thanh binh déu nhw nhau.
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Hon nita, ham phan bo toc do tong hop cling phai chia ba bién so doc lap,

ching xac dinh ham phéan bé theo téc do thanh phan v,,v, va v,, quyét

y
dinh huéng va do 16n clia téc do v. Vi vay ching ta co:

2
dN, /N =l vy |av,

dey/N :(1) V2 dV y
) (2.8)

dN, /N =¢(v.

V&

dN v IN=¥ (vxz +v; +vzzjdvx dv, v,

=¢(ij¢[v§j¢(v§jdvxdvydvz.

O day dN v,/ N laty phan ctia cac phan ti c6 téc do thanh phan v, nam
trong khoang v, va v, +adv,, ¢ vfjlahém phan bd clia cac phan tlr theo
t6c do thanh phan v, . Cac ky hiéu ddi voi v, va v, ciing ¢ y ngha tvong
tu Con dN Vy VY, /N laty phan cta céac phan ttr ¢é téc do th anh phan
nam gilta Vi, va vy +dvy; Vyva vy +avy; Vzva v, +dv,. W laham phan

b6 twong ¢ng.

Loi gidi cla phwong trinh vi phén (2.8) c6 dang du¢i day, trong dé c6 hai hé
6 Ava Vv, (st dugc xac dinh sau):

¢(v§j =Aexp[—vf /vf)],

hoan toan twong tu c6 thé viét biéu thic nh trén d6i voi ¢(v2) va ¢(v?)
Do do:
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2 2 2 | _ 3 2
lP[vx+vy+vzj_A exp[—v/vpj.
Hé s A duoc xéac dinh tir diéu kién:

+o0 +00
N = IdeX =] N.Aexp[—vf/vijdvx.

—00

-1/2
Tlr d6 chiing ta tim dugc: A = (n.v%)-

Thay vao céc biéu thirc chira A, nhan dwgc cac ham phan bd cé dang:

-1/2
2 2 2 2
Ol vy |=| mVp expﬁ—vxlvp :
/

3
2 2 2| 2 2 [\,
lP(vx+vy+vZ =| v, exp| —v /vp :

+ Vi) cho biét ty phan céc phan ttr c¢6 téc do theo hwéng

< N

Ham ‘P(vi+v

N

1/2
nhét dinh v = (v + vi + vij chiém trong hé khi. Tuy nhi én, c6 cac phan

x

tt khac cling c6 téc dd tdng hop béng v nhung 1 tir cac téc do thanh phan
khéc nhau tao nén, do do ching chuyén dong theo hwéng khac. Vi vay
chang ta can c6 mét ham phan bé khac ma né dac trung cho cac phan ti cd
cuing toc dé v, nhung khong phu thudc vao hwéng cda toc dd, ham dé ky
hieuta o (v?).

DEé nhén biéu thirc clia ham nay chiing ta can twdng twong mot khong gian

ba chiéu xen gilra hai hinh cau c6 ban kinh v va v+dv va, thé tich clia khdng
gian ndy bang 4r .v2dv, khi d6 ham phéan b6 c6 dang:
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dN

Vv 2 _ 2 2 2 2
T:cI)(v )dv—4n.v ‘P[VX+Vy+VZj. (2.9
Thay gia tri cla biéu thic \X{\FX+\€+\/§j & trén, chung ta
nhan duoc:

4
CID(vz)z x vZexp [—vzlv2 J (2.10)
3 p
ViV

T (2.10) dé nhan thdy ham phan b6 ndy co cuc dai tai gia tri nao do cla
V- Bang cach ldy dao ham CD(v2) theo v va cho no bang 0, ching ta s&

tim dwgc gia tri cla V- Biéu thirc lién hé gitra v, va v2 nhan duoc bang

céch biéu dién v? thong quatich phan thay vi phép tinh trung binh ¢ dng:

— 2 ~+00 +00
V2= ZTV:% I VvaN, = _[ VAN /N. (211

Thay INV/ Nty (2.9) va (2.10) vao (2.12) rdi thuc hién phép tich phan,
chiing ta s€ nhéan dugc: .
2

2 V2,

V™ =
p

win

ma v2 =3kT /m, cho nén:

2kT /2
V. =| ——— |-
P ( m )
D6 la biéu thirc cla toc do c6 xac sudt cao nhat. Do d6 vy duoc goi latdc do
X&c sudt cao nhat. Thay gid tri clia Vp vao cac biéu thirc trén, ching ta nhan

duoc biéu thirc d6i vi s6 phan tir c6 téc do theo hwdng nhét dinh nam trong
khodng vva v+ dv, nhu sau:

N, /N :¢(vi)dw

=(m/2nkT)“2exp(—mv§/2kT)dvx.
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(2.12)

Tuwong tw, cd thé viét:
dN /N =CD(v2)dv
= 4n(m/2nkT)*"? exp(—mv2/2kT )dv. (2.13)

Mot dai lvong hay duoc dé cap dén nita 1a téc do trung binh cong (V) |
nhwng & day chdng ta cling tinh téc do n ay theo tich phan:

0

1
Vav = N_,[Vde' (2.14)
0

Thay gia tri cia dN_ /N tir biéu thirc (2.13) rdi thuc hién phép tich phan,
nhan duoc:

U2 v2
Vg = (BK_TJ = 14,551 (lj (crm/s), (2.15)
m M

trong d6 M la phan tir gam.Dén day chiing ta d& cé ba biéu thirc cua ba dai
lugng dac trwng toc dd cla phan ti: » ( T juz
= =

- T6c do xac sudt cao nhat, -

- Tdc do cin quan phuong, Vems =\/V72 =v3KT/m

12
TG6c do trung binh, V= (Bk_T] .
m

Hé thirc so sanh do 16n cla ba dai |wong ké trén l&

Vime Var:Vp=+/3/2 :\/4/m:1=1,23:113:1.

Nhu vay:

vp(vav
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2.3. Tan suat va cham culla phan tir v&i bé mat

Tan sudt va cham dwgc dinh nghia 1a sé va cham clia phan tr khi trong mot
hé tinh v&i mot don vi dién tich bé mat trong mot don vi thoi gian. Khai
niém bé mat & day duoc hiéu theo nghfa twong do6i, nhu la bé méat twdng
tong ngan khai khi trong hé, n6 co thé & ngay trong | ong chét khi. M& rong
bé mat nay dén thanh chudng chan khong hay binh chira chat khi, thi lic dy
bé mat ma ching ta ndi dén chinh la thanh binh. Tan suat va cham thuwong
duoc nhic dén khi nghién clru cac hién twong vi md xay ra trong chét khi.
DEé nhén biéu thirc mo ta dai lwvgng nay ching ta xem xét toc do clia cac
phan t& chuyén dong theo phwong phap tuyén véi bé mat.
Cho rang trong thé tich V c6 N phan ti, s6 phan t&r c6 téc do v dugc biéu thi
bang cong thirc da biét (2.12):
N, = N¢(v§)dvx.

Trong khoang thoi gian dt chi c6 mgt phan nao do trong s6 phan t& ké trén
c6 thé va cham voi bé mét. D6 la nhitng phan t & trong khodng cach
vxet tinh tr K& mat. Goi Ay la dién tich bé mdt ma céc phan tl va cham,
thi W W |a phan thé tich chita cac phan tir va cham véi bé mat. Do
vay c6 thé viét biéu thirc cho s6 phan t c6 toc do trong khodng v, va
v, +dv, machidng vacham véi bé mat trong thoi gian dt , nhv sau:

d°Ny, = (N/V)A v, (v )dv dt. (2.16)

V1 toc dd cla phan tl c6 céac gia tri tir 0 dén oo cho nén trong (2.16) cé phan
lién quan dén toc do can duoc ldy tich phan theo tat ca céc gia tri d6. Goi
phan dé la N, chling ta co:

N’ zofvx cI)(vf)dvX ZATVX.e(p —ﬁz dv, = (kT/an)l./2
0 0 V,

p

Khi d6 cong thic (2.16) tré thanh:
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1/2
dNizNA—W[ KT j at,
2nm

& day dN; laténg sO phan t&r tham gia va cham trong khoang thoi gian dt.
Ky hiéu tan suat va cham laz, theo dinh nghia vé tan suat va cham,
chudng ta co:

I —_—
2n.m

,_ N, _N( KT j“z
CAO

Thay giatri v,, tir biéu thirc dabiét, nhan duoc:

z:lﬁvav (don vi tinh 1a mfz.sfl).
4V
Thay N/V bang P/KT taco biéu thic lién hé giita tin suat va cham va ép
sudt khi, nhu sau:

1
2

2=P.(2nmkT) z. (2.17)

Néu don vi &p sudt laTorr thi
2=3543x10% (MT) ™2 v6i M 1aphan tt gam.

Thay n l|a mat do phan tl vao biéu thic trén, tan sudt va cham duwoc tinh
bang cong thtrc don gian 1&
nv,,

== (2.18)
NEu trong mot hé khi ¢ hai hay nhiéu nhém phan t& khi khac nhau vé th anh
phan héa hoc (kh6i lvgng va mat dd) thi céc tich phan & trén can tach ra
thanh hai hay nhiéu tich phan doc 1ap cla tirng loai nhém khi. Khi dé biéu
thirc clia tan sudt va cham ctia moi loai phan t&r c6 mat d6 n,,n,,...cling
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nhan dugc gidng nhu (2.18) thay ki hiéu n béng cac ki hiéu twong (ng
n,,N,,... Tan sudt va cham téng hop trong trudng hop nay chinhlatong clia
tat ca cac tan suét va cham riéng biét. Biéu nay phu hgp véi co sé cla dinh
luat Dalton véi thuyét dong hoc: “Ap suét clia hé khi gdm hai hay nhigu chét
khi khac nhau don gian chi la téng ap sudt ma mdi chét khi co dwoc khi
chiing cting chiém mét thé tich nhw nhau”.

Trén hinh 2.1 |a do thi phan bd cac gia tri tuyét d6i clia toc do cac phan t
hoi nhém tai 1200°C (&p suét 107 Torr) va phan t& khi hydro tai 25°C va
1200°C. Hinh nay cho thay tdc do phan ti c6 gia tri trong khoang 10° ms.
Hon nira vi phan t& khi H, nhe hon nguyén t& hoi nhém cho nén ching c6
toc d6 cao nhiéu hon va khi nhiét do tang thi sd phan ti cé téc do cao
cling tang Ién.

ﬂ. Al 1200°C

¢ (v J.10%cm™s

v. 10° crmfs

Hinh 2.1. Phan b6 phan t H, va nhém theo téc do.

2.4. Quang dudng tw do cla phan t&r khi
Mac du phan ti khi cé téc do chuyén dong rat 16n, song vi do va cham lién

tuc 1am léch hudng chuyén dong, cho nén ching khong thé vuot dugc quang
duwong I6n. Khi xét hién tuong truyén khéi lugng trong trang thai khi, chiing

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

40 Vat Iy va kj thuat mang méng

ta can biét quang dwdng ma céac phan tir vuot qua gitka cac 1an va cham. Sy
va cham l1a ngau nhién, cho nén “quang dwong” 8y cling ¢ nhitng gié tri rat
khéc nhau va mang tinh thong ké. Bé danh gia dai lvgng nay, nguoi ta dua
vao dai lvong quang duong tw do trung binh (L), goi tat 1a quang dwong tu
do (QDTD) ma phan t& khi thwe hién dwgc gilta hai 1an va cham lién tiép.
Dé dé tinh toan, trudc hét, cho rang tit ca cac phan tir ding y én, ngoai trir
phan t&r dang xem xét. Gia st phan t&r ndy co téc do trung binh 1a v, , thi
sau khoang thoi gian dtno s di dugc quang dudng v, dt. Ciing cho rang
céc phan tlr c6 cung mdt duong kinh d, khi dé phan tir chuyén dong sé va
cham v6i tat ca cac phan tir trong tiét dien md? trén quang duong v, dt.
(hinh 2.2). Thé tich khi ma trong d6 c6 chi:a cac va cham la md®vy dt .
Trong thé tich ndy cd nd?nva dt phan té. Phan t& chuyén dong sé va cham
V0i tat ca s6 phan tir ndy. Cho rang s6 va cham ndy chia téng quang duong
(Vasdt) maphan tir di qua ra cac khoang cach bang nhau, mdi khoang céach
d6 duoc goi 1a QBTD (trung binh) clia phén ti, bang:

Vv, dt 1

nd?nv, dt ndn

Hinh 2.2. Dién tich xay ra va cham bang 7.d?

Néu tinh dén sw chuyén dong cla tat ca cac phan tr trong thé tich tr én, thi
van téc tuong ddi cla cac phan ti (theo thuyét dong hoc) cé gia tri la
\/Evav, do dd, mot cach chinh xac hon, ching ta co:

1

A= —\/Endzn . (2.19)
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Vat ly va ki thuat mang méng 41

Biéu thirc trén cho thdy, quang duong ty do phu thudc vao kich thwéc clia
phan tlr va so phan tir trong don vi thé tich. Tuy trong biéu thirc khong
chira 4p sudt vanhiét do, nhung quéng dwong ty do phu thudc rat manh vao
&p sudt vanhiét do - cac dai lwong nam trong biéu thirc tinh n.

Trén thyc t€, nguoi ta tinh QDTD tlr viéc xac dinh dd nhat cla chat khi. Gia
tri QPTD va do nhdt cla chat khi cd y nghfa thuc tién trong viéc xéac dinh
phan b hoi & ving gan ngudn bdc bay. Trong k¥ thuat chan khéng v a mang
méng ching con déng nhiéu vai tro quan trong khac. QBTD phu thudc vao
&p sudt ctia mot s6 chat khi dugc trinh bay trén hinh 2.3.

Bay gio’ cho rang trong mdt chét khi co tap chét khi khac vé kich th woc, voi
mat do xac dinh n, rét thdp so v&i n, (N,1amat do chat khi cha). Khi dé c6
thé coi toc do twong ddi v, clia khi tap (2) d6i véi khi cha (1) 1&

2.20
Vi = (Vo )+ (Vi) (220

Chting va cham trén tiét dién 7 d5, voi

d,+d;

d,, =
21 2

(2.21)
do d6, QBTD ctia khi tap A, trong hé khi dugc tinh bang cong thic:

1 2
& 12 = e (2.22)
mdy Voav

(ng dung. Tinh quang dwong tu do trong khi nito dwdi ap suét khi quyén tai
nhiét do phong.

Mat do cla cac phan tir khi nito theo thuyét dong hoc chét khi ly
tudng la
. 1,01x10°Pa

= =2,46x10%°m3.
1,38x10722J/K x 298K
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42 Vat Iy va kj thuat mang méng

Vi dudng kinh cla phan ti khi nito 1a 0,375 nm = 3,75 x 10 m, quang
duong ty do &

1

- . = 65x 10 °m= 65nm
V21x(3,75)" x (1079)? x 2,46x10°m

A

10°
10
E 102 \ He
o 105 H,0 \\ \\
.
10 N

P {Tarr)
Hinh 2.3. Quéng duong tw do phu thudc vao
ap suat khi hé-li va hoi nwéc
2.5. MOt sO tinh chéat
2.5.1. Nhiét dung cda hé khi hai nguyén ttr

Theo thuyét dcf)ngchs)c ap dung cho hé khi don nguyén tl thi nhiét dung tai
&p sudt c6 dinh * P’/ clia mot hé khi & 5R/ 2. Nhiét dung clia chat khi ma
n6 gom cac phan t&r cau tao tlr hai hay ba nguy én ttr c6 gid tri I6n hon. Trudc
hét ching ta xem xét hé khi nguy én t& don.

Vi dong nang trung binh clia mdt nguyén t&r la 3KT /2, dong ndng trung
binh ctia mot phan t&r gam (mol) sé | &

AL (2.23)
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Pay cling chinh 1a ndi nang trung binh clia mdt mol. Nhiét dung déng é&p
suat duoc xac dinh bai:

o)
C,=—| -
P 5T, (2.24)

St dung dinh luat thi nhét trong nhiét-dong hoc (dU =3Q-dw, trong
dé dU lagiatri thay déi ndi nang trén mot mol va §Qlanhiét lugng) va
chorang U = E_, chi khi PV (congsinhra) bang dW , ching ta co:

PoV
+ PR
p OT

= 3—R+ R= S—R (2.25)
o 2 2

¢, - Y
PooarT

Tay thudc vao nhiét dg, nhiét dung ¢, cia mot khi nguyén ti kép, thi
du H, c6 giatri I16n hon tir 1,5 dén 2 lan gia tri trong coéng thirc (2.25).
Nguyén nhan chinh |a do phan t{ (c4u tao tlr 2 nguyén tl) c6 bac tv do khac
nguyén ti don. Cac nguyén tir dao dong doc theo truc clia phan tir vaco thé
quay guanh hai truc khac.Ngoai ra, dién t& cling cd déng gdép nhat dinh trong
nhiét dung cla hé khi nay, tuy nhién déng gop do6 vao ndi nang thi khong
dang ké, nhat la ddi véi hé khi c6 nhiét do cao hodc trong tir tr wong Ién, khi
ma déng gép cla phan ti khi cang tré nén quyét dinh.

Nguyén ly bao toan nang luong cho thdy mdi bac tw do déng gop vao U mot
dong nang trung binh 1a RT/2. Vi thé & hé co6 ba bac tv do (thudc chuyén
dong tinh tién) sé dong gop 3RT/2, hai bac tw do (chuyén dong quay) khac
déng gop thém RT, vi thé dbi véi hé nguyén t&r kép chling ta c6 nhiét dung
riéng bang 5RT/2. Con modt bac tv do dao dong trong hé khi hai nguy én ti
déng gop lam thay d6i gia tri Eq.

Diéu nay la do dao dong dong thoi chira ca thé nang va dong nang, ma khi
nhiét do tang, phan déng gdp clia dong nang tang nhanh.Gia tri déng gép
nay nam trong khoang tr 0 dén RT, tng V@i nhiét do tlr thdp dén cao.

Toém lai, E, cla mot hé khi nguyén t kép thay ddi theo nhiét do tir
5RT/2tai nhiét d6 thap dén 7RT/2 tai nhiét dd cao. Tl d6 nhiét dung ri éng
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44 Vat ly va ky thuat mang méng

clia hé khi nay thay déi tr 7R/2 (trc 29,100dmol *K ™) dén 9R/2 (tirc
37,415Jmol “.K ) tly theo viing nhiét do. Cac gia tri nay dwoc tinh cho mot
hé khi ly twéng, tuy nhién trén thuc t€ doi véi mot hé khi thic ching ta cling
nhan dwgc gia tri twong tw. Thi du, thuc nghiém do nhiét dung ri éng cla khi
H, d& cho két qua la tai nhiét do phong nhiét dung riéng cé gia tri bang
28,836J.mol K, tai 3000 K - bang 37,086Jmol “.K .

2.5.2. Khuéch tan

DE xem xét tinh chat khuéch tan clia mot hé khi, t wdng tugng rang ching ta
dwa vao mot chét khi dang xem xét (khi cht) mét loai phéan t& (hat) m a khGi
lugng va kich thuéc clia ching hoan toan giéng nhu cua khi chi. Vi co
gradient ndng dd, cho nén sé xay ra s chuyén dich cla phan t& khi (khi tap)

dwa vao trong hé khi chi. Theo quan diém cta thuyét dong hoc chéat khi, qua

trinh dich chuyén clia cac phan t& khi cé ¢ ing khdi lwvgng vakich thuéc véi
phan ttr khi chi (vé thwc chat ching cling la phan tt khi chl) dwoc goi la
qua trinh ty khuéch tan. B9 16n clia dong khuéch tan (j) r6 rang laty 1€
thuan vai gradient nong do, do do co thé viét:

j=-DV(n,) (2.26)

trong d6 D 1a hé sb tu khuéch tan, n. - ndng dd phan t& khuéch tan. BE don
giadn, khi x&c dinh D chlng ta xét hién twong khuéch tan theo toa do mot
chiéu. Trwdc hét, tinh su dich chuyén cla cac phan ti khuéch tan doc mét
phéng y nhu trén hinh 2.4.
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z(y) = nily)-va, 4
z{y+dy) = ny{y+dy).g, 4

Hinh 2.4. Dong phan ti khuéch tan trong 16p gitta yva y + dy

C6 thé théy, s6 va cham trén thiét dién y tlr phia tréi 1a n, (y)v,, /4. S6 va
cham trén thiét dién y+ dytlr phia phai 1a n, (y +dy)v,, /4, vi thé dong
khuéch tan tong hop di qua I6p c6 bé day dy s Ila
—~(n, /4)[n,(y +dy)-n,(y)]. Cho ring néng do cta phan i khuch tan
trong pham vi khdng gian ma kich thuéc clia né nhé hon QDTD la dai lvong
khong thay d6i. Biéu thirc todn hoc mo ta diéu nay la dy << A .Do do, su
thay d6i néng do n,(y+dy)—n,(y) khong nén hiéu 1a (dn, /dy)dy, ma
ding hon can hiéu 1a (dn /dy)L. Nhw vay, ching ta s& c6
iy = v, /4)dn, /dy)i Ti dé:

4 od?n (2.27)

Dai voi mot hé khi lodng - truong hop thwdng gap trén thuc té clia ki thuat
chén khdng, thi:
_Vark,

D=— (2.28)

hay mét cach chinh xac hon:
1
3r (KT/nm)2

42  2d°n

D=
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46 Vat Iy va kj thuat mang méng
2.5.3. b6 nhét

Néu nhw ching ta cé dong khi chay qua mdt binh dng hep (do bi hat chan
khéng) thi thanh binh la tdc nhan anh hudng dén téc do chuyén dong cua
chét khi. D& nhan thdy rang, 16p khi sat voi th anh binh chuyén dong cham
nhét, tiép theo latdc do cta cac I6p bén canh cling bi gidm. Phan t& & chinh
gilta Ong c6 tdc do 16n nhat. Hinh 2.5 md ta hién tugng nay.
Do chuyén dong nhu trén, trong binh xuét hién gradient toc dg, cho nén xuét
hién luc tac dong 1én hwdng chuyén dong clia dong khi (thanh phan vudng
goc). Luc nay tinh trén don vi dién tich (gidng nhw 4p suét) xuat hién la do
sy trao doi xung lugng va dwoc truyén di do va cham clia cac phan tir khi tir
céc |6p khi 1an can. Néu ki hiéu luc nay 1a Ry, ching tasé co:

o= (2.29
trong d6 m la hé s6 nhét hay 1a dd nhét cla chét khi. N6 déc trung tinh chéat
ma sat ndi clia khi chuyén dong. n la dai lwong dac treng cho tirng chét khi, don
vi cliano laP (poiss).
1P la dd nhét cd dugc (ng Vi trwong hop gradient téc dd khi
1cm.s ‘emtsinh ramét lvc vudng goc 1din.cm™2.
Pon vi nay la rat 16n, trén thuc té do nhot cla cac chat khi chi vao
khoang 10~ *P.

Pé tinh do nhdt ching ta can xem xét dai | wgng dac trwng toc do truyén
xung lugng theo hwéng chdy clia dong khi, xuyén qualép y (hinh 2.5). Téc
dd truyén xung lwgng qua tiét dién y tir phia trai chinh latan sudt va cham
nhan véi xung luong clia phan i, nghfia labang (nv,, /4)mu(y). Tuong tu,
toc do truyén xung lwgng qua thiét dién y+dytlr phia phdi la
(nvg /4)mu(y +dy). Do dé, téc do tdng hop truyén xung luong (chinh 1a
F.y) & bang hiéu s6 ctia hai t6c do nay:
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Vat ly va ki thuat mang méng 47

Ry == m[u(y-+dy)-u(y)].

Thanh dng
Q
i Thanh dng
—S e ==
— N
[ | \-.
;

Thanh 8ng

Hinh 2.5. M6 ta chuyén dong caa khf trong
6ng dai dé tinh do6 nhot.

Cling st dung khai niém vé hiéu s6 cla hai toc dd trong t wong quan vé&i
QDTD gi6ng nhuw treong hop xét qua trinh khuéch tan & trén, ching ta co:

[u(y+dy)-u(y)]=(du/dy)xr,

do d6:
1/2
nv.m cu (nkT/nS) i
Ry= A A =
4 o af & vithe:
(mKT/n3)l/2

S S 2.30
n v (2.30)

Vi QDTD ty Ié nghich véi ndng dd, cho nén dd nhot khong con phu thude
vao ca ndng do va ap suat. Két qua tinh toan nay da dwoc thuc nghiém kiém
chtrng 1a hoan toan ddng, tuy nhién khi tinh toan ching ta d& bd qua hé so
5n/8, do d6 cong thirc cudi cting can hiéu chinh &

5 (mKT/a®)"”
"8

Ung dung. Tinh d nhot cta khi nito tai nhiét d phong.
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48 Vat Iy va kj thuat mang méng
Coi nhiét do bang 298 K, 4p dung cong thitc trén, ching ta co:

[28><1, 6610 7'kg> (1,38x10 2J/K Jx 298K} -
X RS

n =
2><(O,375nm)2 8

=1,73x10""kg/ (ms)=1,73x10"*poise(P).
| |

Trong biéu thirc (2.30) khong c6 ap suat vachi co T la thay d6i. Nghia la, do

nhét clia chét khi khéng phu thudc v ao &p suét va tang khi nhiét do tang.

TUr thec nghiém do dac céac dai lwong vi mo khéc, dd nhat hoan toan co thé

xac dinh duwoc, do d6 dwong kinh hiéu dung clia cac phan t& khi cling duoc

xac dinh.. Giatri d cla céac chét khi tiéu biéu duoc liét ké trong Bang 2.1.
Bang 2.1. brong kinh hiéu dung clia cac phan t khi.

Phan tir , Buwong kinh (nm)
nguyén ti
He 0,218
H; 0,274
O, 0,361
Ar 0,364
Khong khi 0,372
N, 0,375
CO, 0,459
H.,O 0,460

Puong kinh hiéu dung clia céc phan ti khi cting ndm trong khoang kich
thuwdc dwang kinh clia cac nguyén tir. Chiing c6 giatri pho bién tir 0,2 dén

0,5 nm (Bang 2).
Bang 2. Kich thuéc clia mot s6 nguyén ti phd bién.
NQUento | pugngkinh | NOWENO | 5ang kinh
nguyén ti (nm) nguyén tl (nm)
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Na
Mg
Al

Si
P
S
Ca
Ti
\
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Sr
Ru
Rh
Pd
Ag

0372
0,320
0,285
0,232
0216
0211
0,392
0,296
0,268
0,252
0,254
0,252
0,252
0,248
0,254
0271
0,270
0276
0,241
0,229
0,234
0421
0,264
0,269
0,274
0,285

Te

Xe
Cs
Ba
La
Ce

Nd
Eu
Gd
Th
Ho
Er
Yb
Lu

D=4

Au
Hg
Bi
Cd
In

Ru

0,279
0,271
0,426
0,525
0,442
0,375
0,365
0,363
0,361
0,408
0,348
0,354
0,351
0,350
0,387
0,343
0,289
0,276
0,275
0,288
0,305
0,378
0,300
0,308
0,312
0,264
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50 Vat ly va ki thuat mang méng

2.5.4. DO dan nhiét

Viéc tinh toan do dan nhiét co thé thiec hién ho an toan tvong tu véi viéc tinh
dd nhot. Dong nhiét ( j,,) ty 1€ thuan véi gradient nhiét do:

jh=-K'VT, (2.31)

trong d6 k 1& hé s6 dan nhiét hay 1a dd dan nhiét. Dong nhiét truyén qua
mot thiét dién duoc hiéu la tich cla tan sudt va cham voi nang lugng cuia
phan t&. Trong toa d0 mét chiéu, téc dd truyén nang | wvong qua mat vudng
go6c véi gradient nhiét do la

- 3
i==[2E ~2E ]~ -2y /No). 2. (T, = T))
3
=-2(Cy/No ). (dT /iy )2,

trong dé cac ky hiéu “r ” va “ | ” tuong ng v6i phia “phai” va “trai” clia
nang lwong vanhiét do so véi mat phang ké trén.

Vi thé do dan nhiét bang:

c 3
k':z><§><—pk: k—T 3

— 2.32
Ny 71:3m>< NG (2.32)

Két qud nay ding cho hé khi nguyén t&r don. Hé khi hai nguyén t&r hodc
nhigu nguyén t&r c6 nhiét dung riéng Ién hon, cho nén do dan nhiét ciing I6n
hon. Trong trwong hop nay, chiing ta can bo sung thém hé s6 25n/16 vao vé
phai cla (2.32), nghta la

. 251 |K’T 3
k'=—x | ——x ——-
16 °m  4d?
(Ung dung. Tinh dd dan nhiét ctia khéng khi tai nhiét do phong.
Khong khi la mgt hé khi gdm nhiéu nguyén t& va phan tt. Tuy nhién, nito
trong khong khi chiém trén 70%, cho nén mot cach gan ding, ching ta ap
dung cong thiec tinh dd dan nhiét cho hé da nguy én ti, trong dé kich thudc
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trung binh clia cac phan tir duoc Idy gia tri (d = 0,372 nm), gan béang kich
thuéc clia phan tt khi nito (d = 0,375 nm). Chiing ta c6:

. 2t |K*T 3
k:— —_— X —
16 \n3m 4d?
2 1/2
25 3 (138x20%0/K )
X

~ X 273 27
16 4x(0,372nm) 7 °x28x1,66x107" kg

~19x107°W.m K

2.6. Dong khi
2.6.1. Ché do dong khi

Dong khi chay qua 6ng tron hinh tru (goi tat 1a 6ng) hoac 16 hdng (chigu day
clia 16 héng duoc bd qua) thay dbi theo kich thudc twong déi clia cau tric
ong so v6i quang duong tw do vatdc do dong khi. Pai lvgng dac trvng cho
ché dd dong khi la hé s6 Knudsen. Hé s6 nay laty so gilta quang duong tw
do va duong kinh (1) ctia dong khi (kich thuéc nay quyét dinh béi cau
trdc cla 6ng, n6 bang dudng kinh trong clia 6ng).

K, = % . (2.33)
Chung ta phan biét hai trvong hop chinh cta ché do d ong:

- K, (1, day latrwong hop ap suét khi con twong di cao (nghia
la chan khong con thap), cho nén quang dwong tw do nhd, téc dod
clia dong khi cting nhd. Chuyén dong clia dong khi (rng véi ché do
dong nhét. Luc nay va cham gitta cac phan t& khi quyét dinh do
I6n clia dong.

- K ) 1, day la trwong hop chan khéng cao, cho nén quang
dwong tv do [6n hon rét nhiéu kich thwéc cla chudng chan khong.
Treong hop nay goi la ché do dong phan tl hay con goi la ché
dd Knudsen. Lic nay va cham gilra cac phan t& hau nhw khong
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52 Vat ly va ki thuat mang méng

con nira, dong khi bi kiém soat bai va cham cda phan t& khi voi
thanh binh.

2.6.2. Dong khi trong ché doé nhét

Xét triong hop dong khi chay qua mot 6ng dai, cdu triic mat cit dugc mo ta
trén hinh 2.6. T6c do dong khi u (r) laham ctia mét bién s6 (r) - khoang
céch tinh tlr tdm cla 6ng. Tdc d6 nay r6 rang |&n nhét |a & tdm va gidm dan
dén 0 & thanh 6ng (r = a). Gia sk, c6 mot thé tich khi hinh dfa (do dong khi
chay tao ra) v&i bé day rat nhd dz. Trong didu kién can bang dong, luc téng
hop tac dung 1én dia nay s& bang 0. Bia chuyén dong hudng vé phia noi co
&p sudt thap hon (chuyén dong clia khi 1a do chénh Iéch ap suét gilra hai dau

I
o
s

i

Hinh 2.6. Minh hoa dong da I6p dé dién giai cong
thirc Poisseuille trong truong hop ong dai
duong kinh a

clia dng).

Luc do chénh [éch &p suat gay nén c6 do lon:

P
nrlx d—dZ.
dz

Téc dong nguogc chiéu véi luc trén laluc ma sat cla chat khi voi d6 nhét n
c6 do lon &
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Vat ly va ki thuat mang méng 53

du
—.2x.rdz.
n dr

O trang thai can bang, chiing ta cé:
n.(du/dr)2mrdz + mr? (dP/ dz)dz =0,
do do:
dpP
du/dr=—(r/ —_—
(r/2n)x—
V1 phan bo téc do utrong dng cé dang parabdn, cho nén ham u phu thudc

r can phai thda man diéu kién bién:

dP

u(r)=|(a®=r?)/4n |x—
(1)=[ (&~ )an -
Nhu vay, dong tong (J) clia cac phan t trén mot gidy sé la

a nt dPa 2 2
J=[nu(r)2r.rdr=—x—f(a“—r<|rdr
0 ) Pl dZo( )

nra® dP na’ dP
= X—= X PX —
8 dz kT dz

(2.34

Vi J khéng phu thudc vao toa dd Z , cho nén néu nhu 6ng c6 do dai L va
chénh Iéch ap suéat gitra hai dau ong la nho thi ching ta cé thé 1dy gan
ddng nhu sau:

dP)_ o _AP
P(EJ—PWX L

Khi do:

4
_ma AP
J= BnkT x Py, x T (2.35)

Biéu thtrc (2.35) chinh la cong thirc Poiseuille, né md ta do 1on cta d ong khi
chdy qua 6ng dai & ché do dong nhét.
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54 Vat ly va ky thuat mang méng
2.6.3. Dong khi trong ch & do Knudsen - Dong phan tdr

Nhr d& néu & trén, ché dé dong phan t&r (hay dong Knudsen) xay ra khi
K ,)) 1. Do lugng khi con lai trong 6ng lardt it, cic phan t&r con lai hau nhu
khong va cham nhau. Chung chi con va cham véi thanh 6ng. Trong va cham
nay phan ti khi cd thé “nghi> trén bé mat cla thanh dng véi mot khoang thoi
gian nhét dinh. Khi ching tai phat xa (bi “kéo” ra khoi thanh éng) sé& co
phan bd xac sudt theo hwdng chuyén dong méi clia chiing tuan theo phan bd
cosin. Vi vay, s va cham v@i thanh 6ng giéng hién tvgng khuéch tan hon la
va cham dan hoi gilra cac phan tt.

Dé thiét 1ap biéu thirc cho dong khi trong ché d6 Knudsen, chiing ta can
phéan tich dong tong hop chay qua tiét dién clia dng (nhw mé ta trén hinh 2.7).

Dang tai phat xa
../

I dA'/ K 7 /f ™,
III II. ll u"'lll / II.'-
l !. I ..1'\"/ | II
| —t | | "\__\ e
! " | |
| i I | \._\
i T " N
a }_—\ ! \: dA \ / -

Hinh 2.7. Dong phan ti trong 6ng dai ban kinh bang a.

Trong trwéng hop trén, chiing ta cé gradient mat do dong khi theo huwéng toa
do y. Dong tai phét xa clia phan ti khi di qua mot dién tich nhd dA " trén
tiét dién can duoc tinh d6i voi cac dién tich dA tir hai phia cla tiét dién.
Chuing ta khdng dién giai cach tinh toan kha phirc tap ndy ma chi viét ra két
qua cudi cung:

J=-m.a®x(2v,al3)x(dn/dy).
Ciing coi dn/dy = An/L, khi dé dong téng hop la:

J=—m7 .a2 X 8Aza '

(2.36)

trong d6 Az lachénh léch tan sudt va cham & hai dau 6ng.
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Vat ly va ki thuat mang méng 55

Déi voi dong khi chay qua 16 hdng & ché dd Knudsen, viéc tinh toan tr n én
don gian. Luc ndy, dong khi J chinh bang tich clia do chénh léch tan suét voi
dién tich A cla thiét dién 6ng:

J=AAzZ=A(2xmkT) AP, (2.37)
Biéu thirc nay chinh la phuong trinh Hertz-K nudsen.

2.6.4. b6 dan cla cau tric dan khi

Céc vat dung dé chira va dan khi bay gio goi ngdn gon 1a ciu tric dan khi.
Do dan khi cia mot cdu tric dugc dinh nghia laty sé ctia dong téng di qua
thiét dién va do chénh léch &p suét gitra hai dau ctia cau tric do:

J .
s

Giong nhu dinh luat trong dién dong hoc, & day ap suat dong vai tr o nhw
hiéu dién thé, dong khi gidng nhui dong dién, con do dan khi dong vai tro do
dan dién.
V& y nghta vt ly, do dan khi c6 thé hiéu |a dong téng di qua mot cau tric
chia cho do chénh léch mat dd khi ma dd chénh Iéch nay do dong khi tao
nén. Chung ta cd hai truong hop:
B6i v6i dong nhot trong dng dai, dd dan C, ,, duoc xac dinh tir
phuong trinh Poisseuille va béng:

na*kT
Cy tube =g ¥ (2.39)

Biéu thiic ndy cho thdy, do dan trong dong nhét ting khong gidi han, mot
khi mat do khi trung binh trong 6ng ting. V& y nghia vat ly trong thuc tién
manai, thi do dan ciing khong thé virot qua mot gia tri t¢i han nhéat dinh, dé
la gia tri clia d6 dan qua 16 héng v&i clng mot tiét dién ma® trong ché do
dong nhat. Gia tri dy dugc biéu thi bdi phuvong trinh sau:

1/2

1/2 1/2 [Y *1]/1’
P P
C, orif =na 2 x(k—Tj x—2x|1-| L2 (2.39)
Jori y -1 m P. P.

hi
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56 Vat ly va ki thuat mang méng

trong d6Y |ahé s6 phu thude cau trac 18 héng, P, va Py; twong tng 1adp
Suat thap va &p sudt cao & hai mét bén ciia 16 hdng.
- Trong ché do Knudsen, cong thirc tinh do dan clia cdu trdc hinh 6ng
¢6 do dai L nhv sau:

4 2vaa 2na’v,, _

Cv,tube =na x 3L 3L (2.40)
vacong thire tinh d6 dan clia cau tric 16 héng trong ché do phan tir | &
Av
Cy oriff = Tw (2.41)

Ung dung. So sanh d6 dan cta 16 hdng va clia 6ng trong ché do dong phan
t& tai nhiét d6 phong. Ban kinh cla ca hai déu 1a 0,5 cm, chiéu dai clia 6ng
1410 cm. Cho rang, chét khi chi yéu Ia nito.

T6c dd trung binh clia phan ti khi nito 1a 475m/s. Do vay do dan cla 16
héng la

475m/s)

c f:nx(o,5cm)2x( =9,32x10°m®/s=9,32I/s.

m,ori

va do dan cla 6ng 1&

nx (0,50m)% x 2 (475m/s )x 0,5¢m

C -
m, tub 3x10cm

=1,24l/s.

Nhu vay, do dan cta 6ng nho hon dang ké so vai do dan cia 16 héng co
cuing ban kinh.
[ ]

Cau héi kiém tra danh gia
1. Dién giai cach nhan cong thirc tinh tan sut va cham (z) va quang
dwong ty do (1), néu mdi quan hé gitta ching lién quan dén bac
chéan khéng?
2. Céctinh chét co ban clia chét khi khi & &p sudt thdp?
3. Dong phantl lag gi, tng dung dong phan t&r trong k¥ thuat chan
khéng cao?
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Chuong 3

Hap phu va nguwng tu

Trong lang dong pha hoi vét ly ¢6 hai nhan t6 dong vai tr o chd chét Ia hoi va
khi. That vay, nhu da biét viéc dau tién khi thuc hién cong nghé 1ang dong la
phdi tao ra ngudn cung cép pha hoi tir vat liéu goc (tirc lavat liéu ban dau,
6 thé la day hay vién kim loai, bot 6xyt, vién gém, bia phin xa,...). Hoi do
S8 ngung tu trén bé mdt dé. Trudc hay trong qua trinh ngwng tu, hap phu
phan t& clia chét khi con lai trong chudng (goi la khi dw) co thé gay nhiém
ban bé mat dé. Hap phu trong trwong hop nay la khéng mong mudn. Mat
khac, hdp phu tich cuc chinh 1a co ché moc mang clia ky thuét 1dng dong pha
hoi vat ly, vi du epitaxy 16p nguyén t&r. Hon nita, ca hap phu va ngung tu
déu la cac yéu t6 quan trong can dugc xem xét trong k¥ thuat ché tao cac
bom chan khéng, nhét la bom chan khong cao cép.

Chung ta can phan biét hai trang thai hoi va khi, khdng it nguw i coi ching la
mot. Thuc ra gitka ching c6 su khac biét rat c o ban va c6t yéu, dé la ép suat
clia ching. Ap sudt clia hoi duoc ¢ dinh tai giatri clia 4p suét pha hoi can
bang nhiét bai sy hién dién cla pha ngung tu - mdt trang thai ton tai dé pha
hoi can bang. Thuc t& mandi, chi c6 mot dai lugng doc 1ap c6 kha ning thay
ddi doi voi hoi 1a nhiét do xuat x(& clia né. Con &p suét cla khi thi khong cd
dinh, hoi ton tai trong trang thai can bang véi pha ngung tu, con khi thi van
lakhi.

Trén hinh 3.1. la gian dd pha cla cac trang thai, cho thdy ché do ap suat -
nhiét do trong dé “cac khi” va “cac hoi” ton tai. Do &p suat hoi cé dac trung
hoat tinh nhiét, nho d6 ma hinh thanh ra “ranh gi6i” cla céc trang thai. Vi
thé, dé mo ta lién hé gilra cac trang thai mot cach dé dang hon, ching ta st
dung d6 thi Arrhenius. Nhu mat quy luat chung, 4p suat clia vat chat khi ton
tai & dang khi luén nhd hon peq , khi & dang hoi thi bang peq .Ngoai racon
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58 Vat ly va ki thuat mang méng

c6 trang thai qué bdo hda cua hoi. Trong trang thai nay, ap suét hoi 16n hon
Peq (4p SUAt cin bang nhiét). Thi du, pha hoi sinh ra ti binh thoét Iy twdng
(ngudn hoi) la mot trang thai gid bén doi voi vat liéu gdc trong b inh thoét
(quasiequilibrium) - mot trang thai rat gan vai can bang.Thé nhung, né lai la
gua béo hoaso véi dé, noi co nhiét do thdp hon nhiét do cla binh thoét vala
noi sé xay ra ngwng tu.

Hgi qua b&o hoa + Mgung tu

LogP
/4

Khi hép thu \

1T

{R — Dudng ranh gidi, noi cén béng
ciia hai va pha ngung tu

Hinh 3.1. Gian do pha trong ly thuyét dang nhiét Langmuir

Mot kiéu can bang nhat dinh cling ton tai d6i voi khi, d6 | a trang thai can
bang v6i cac phan tir hdp phu ma céc phan tir ndy cd thé che phi dén mot
lrong I16n nhét trong 16p don trén bé mét vat ran. O day c6 sv twong ng
“mot-trén-mot” gitra ap suat khi va do pht mé rong; moi lién hé tai nhiét do
nay goi ladang nhiét hap phu.

Sy hinh thanh hoi, néu nhu ngudn tao ra n6 laphaléng, dugc goi labay hoi,
néu nhw ngudn &y la cht ran (tinh thé), thi goi la thang hoa. Ca hai qué
trinh déu la sy héa hoi, con quatrinh ngwoc lai goi la ngwng tu (ké ca trwong
hop tinh thé héa). Nhu vay, d6i vai khi, chling ta gdp mat trang thai dac biét,
d6 la trang thai hap phu khi - t6 hop clia cac phan t&r bi hap phu tr én bé mét.
Trang thai ton tai clia vat chat nay khac han ba trang théi 1aran, 16ng vakhi.
Cho nén, c6 thé goi n6 latrang thai thr nam cua vat chat (plasma d voc goi
latrang thai thi tu). Cac phan ti bi hdp phu goi la tat adatom, ma khéng goi
la admolecula.
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3.1. Hap phu khi
3.1.1.Vi sao khi hap phu ?

N6i mot cach don gian, phan ti (hay nguyén ttr) khi hdp phu, bdi vi trén bé
mét vat rdn c6 nhitng vi tri tuong (ng voi hd thé nang dé cho ching “& lai”
(xem d0 thi thé nang trén hinh 3.2).

Trwdng hop don gian nhat dugc néu ra trén hinh nay [ahdp phu clia phan t
hai nguyén tr ma ching khoéng bi phan ly. Nang luong hap phu (Eda,)

la do sau cta ho thé nang so v6i nang lwong cia phan tr & khoang céch vo
han tinh tir b& mat. Buong cong thé ndng ctia A, khi nd tiém can mat phéng
cling nhv duong cong d6i véi 2A da nhan dwgc nho phép tich phan thé
Lennard-Jones. N6 dwoc dién giai tir thé nguyén tir ndi Lennard-Jones
“6-12” 1a:

[4Ed {(r0 /x)12 - (o /x)GU.
Béng cach tich phan ban vo han theo thé tich clia nguy én ti & dwdi bé mit,
ham thé nang nhan dugc cd dang nhuw sau:

1 ° 1 :
E(X) = 4nEqnig x = x (r_()j ~ Zx (r_()j 31
45 \ X 6 \x
trong do:
n lamat do nguyén tir trong chat ran,
r, 1athong sb chiéu dai (vi du, vi tri xay ra cuc tiéu ctia duong cong
thé ndng tvong thng véi 1,16 1),
X la khoang céch tir bé mat va E la do sau cla cuc tiéu do.
NéuE, (0,4eV (tuong dwong 10 kcal/mol) ma x 8y ra hdp phu thi hap phu
bao gdm phan t& hai nguyén tir hay cac nguyén t&r don duwoc goi la hdp phu
vat ly. D6 la nang lwgng déc trung cua lién két Van-de-Walls. Céac chat khi
quy hiém c6 thé hap phu vat ly trén tit ca cac bé mét. Bdi vi cac chat khi nay
khong bao gi¢ bi phan ly. Con ddi vai mot so phan ti, diéu kién dé mot phan
tlr c6 thé hap phu vat ly lakhi hdp phu né khdng bi phan ly.
Néu E,)1,0eV hap phu phan t& goi & hdp phu hda hoc. B6 1a nang lvong
dac trung cla lién két héa hoc manh. Cac don nguyén tlr 6xy hap phu héa
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60 Vat ly va ki thuat mang méng

trén tat ca bé mat chat ran; enthalpy tr én mot nguyén tir 6xy dé hinh thanh
SO, tinh thé vao khoang 4 eV.

Oxy lamdt truong hop ly tha, béi vi khi dxy ton tai trude hét nhy mot phan
t& hai nguyén ttr, ma khdéng phai la c&c nguyén tir don> Nhwng 6xy hap phu
throng lai 1a nguyén tir don 1é va ing v6i hdp phu héa hoc manh. Chinh
diéu nay dagidi thich vi sao trong tv nhién, trén hau hét cac bé mat kim loai
(vi du Al, Cu, Fe,...) déu hinh thanh mgt 16p 6xit méng, gidng nhu két qua
cla qua trinh x& ly nhiét trong &xy. Khi phan ly xay ra dong bd v&i hap phu,
lam thé nao dé c6 thé dung gian do thé nang cho mot phan tir dxy tiém can
voi bé mat? Nhw minh hoa trén hinh 3.2, néu hai monomer 6xy dwgc hinh
thanh trong pha khi bang cach phan ly mot phan tir O ,, thi chling co thé nang
cao hon so v@i thé nang cla phan ti dy .

Thé& néng clia Hap phy phan i
2 menermer

EdAy /DLUVGCUHQ

i P

Thé nang (dvtd)

Thé nang clia mit H&p phu A

dirner & wd ciing

I
i,

P phu 24

»

— Khoang cach tif be mat Khodng cach tif d& (dvid)
(ddn vi tong @i}

a) b)

Hinh 3.2. a) So dd minh hoa n&ng lweng hap phu cia cac phan tir 1a
hai monomer va mét dimer
b) Hap phu phan ly.

Su chénh |éch vé thé nang nay duoc ky hiéu 1a D. Néu chling ta dwa phan tl
bi tach doi vao sat bé mit (trc 1a mbi mot nguyén tir da tach riéng, nhung
chdng tiém can bé mét thi van giéng nhi mdt phan ti), IGc 4y thé nang cda
ching dwgc minh hoa gidng nhw dwong cong 2A & trén hinh vé. Bi tach ra,
hai nguyén t&r xy co thé ndng trén bé mét thap han so voi O, hdp phu don
(néng lugng doi hoi dé khir hap phu monomer riéng biétsé la E, ) .
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Qua trinh hdp phu doi héi su tich tu mot lugng nhiét nhat dinh — mot dai
lvong tuong (’ng sk ton hao dong nang cua phan t&r khi hadp phu. Vi thé, cac
phan t&r hap phu dwoc coi nhu bi “bay” & trong hd thé ning, phan dong nang
dw sé tiéu tan do dao dong clia mang tinh thé.

3.1.2. Th&i gian lwu tra

M6t phan tir hap phu sé “& lai” trang thai hdp phu bao lau? Thoi gian & lai
d6 duoc goi lathoi gian lwu tri. DE xac dinh khoang thoi gian nay, chiing ta
¢ thé tinh nguoc lai tlr toc do khir hap phu clia chinh phan tir do:

1

T §

trong dé y latan s6 dao ddng vudng goc véi bé mat, gia tri clia né trong hau
hét céc trieong hop khir hap phu déu vao khoang:
y ~10%Hz. (3.3)

Gia tri nay cd ngudn goc tir cdng thre KT /h ddi voi tan s6 clia mot dao
dong dieu hoa, h 1a hidng s6 Plank (tai nhiét do phong
KT /h=1,6x10"Hz). Ham s6 mii 1a hé s6 Boltzmann, cho ta biét x4c suét
ma phan t&r dao dong c6 di nang lvong dé thoat khoi ho thé nang manho doé
no6 da“lwu trd” trén bé mat.

Ung dung. M6t hat hap phu vat ly tai nhiét do phong c6 nang lugng khi hdp
phu bang 0,4 eV. Tinh thai gian lwu tr( cla hat y.

Ap dung cong thtic (3.2), ta co:

T= 1 = 0,58us.

108Hz x exp{—O, 4eV | [(8, 621075V /K ) 298K J}

Néu nang lvong khir hdp phu bang 1,2 eV sé cho ta thoi gian | wu tr tai
nhiét dd phong cao dén t=19x10"s. Nhung tai 500 K dai lvgng t giam
xudng chi con 0,12 gidy! Do d6, dbi véi mot hé chan khéng cao, nhat 1a
chan khong siéu cao thi chubng va cac linh phu kién bén trong chudng can

duwoc x& ly nhiét dén mic c6 thé dé khir hap phu hoan toan.
[ ]
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62 Vat ly va ki thuat mang méng
3.1.3. b&ng nhiét hap phu Langmuir

Mot bé mat chat ran tiép xuc voi chat khi bét ky s& nhanh chdng bi phu tirng
phan b&i mot 16p cac phan ti khi hdp phu. Néu ap suat nhd hon Py, thi sy
phd 4y & trang thai chua két thic, do do khdng c6 pha nao ca ran hay léng
duoc hinh thanh. Tuy nhién, si can bang gitta pha khi valdp hap phu dé van
dam béo. Diéu nay duoc mo ta bdi dudng déng nhiét hdp phu (phuong trinh
dac trung cho lvgng khi hdp phu nhw mdt ham phu thudc vao 4p suét tai
nhiét do xac dinh).
Trong ly thuyét nhiét dong hoc phan t& thi dang nhiét hap phu Langmuir 1a
mot trong cac dwong dang nhiét co sb. DO phd bé mat trong md hinh
Langmuir duwoc xem xét bang viéc st dung cac thdng s sau:

N,: Mat do bé mat cla cac nut hap phu,

N : Mat d0 bé mat clia adatom,

0 =N/N;: Do phatuong déi.
Hé thirc déng nhiét nhan duoc bang cach can bang téc do hap phu voi toc do
khir hap phu. V€ trai clia phwong trinh dw6i day cho ta toc do hap phu, vé
phai lakht hap phu:
N

T

5.z(1-0) = (3.9
trong do:

& laxéc suft bay,

z latan suat va cham cla phan tt khi,

& biéu thi xac sudt macéc phan tlr va cham nhan di déng nang dé

roi vao trong ho thé nang clia bé mat.
Can thdy rang, cac phan t& va cham khéng phai Iic n &o ciing tich dd nhiét
lrgng, ching c6 thé phan xa lai rat nhanh tr wéc khi bi bay ma chua hé mat
di ndng lvong can thiét. Gia tri clia & da duoc xac dinh bang thwc nghiém,
giatri ndy nam trong khoang tir 0,001 dén 0,09 d6i véi hau hét cac chat khi
trén cac loai vat liéu dé.
Trong mo hinh Langmuir con c6 mot dai lugng nira duoc dua vao dé biéu
thi xac sudt ma phan ttr va cham nhung khdng ding vao noi ma né huéng toi
dai lugng d6 co thé coi laxéc suat maphan tlr va cham bi lao vao nat khuyét
clia bé mit chat ran, dugc xac dinh bdi:
Og=0 (1—9 ) (8.5
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Vat ly va ki thuat mang méng 63

Sau mot so bién doi tlr cac cong thirc d & biét, phrong trinh (3.4) cé dang:

5.(1-6).P(2nmkT ) 2 = Nse.v.exp[%j. (3.6)

Phuong trinh trén c6 thé sip xép lai thanh:

QP
0= , 3.
1+ QP 37

trong d6 Q latham s xac dinh béi:

5(2rmkT) ™2

" Ngvexp(-E4/kT)

(3.8)

Nhw minh hoa trén hinh 3.3, d6 phd bé mat ly thuyét tang tuyén tinh trong
ving P (( 1/ Q vab&o hoatai gia tri bang 1 trong gi¢i han rat cao clia ap
suat. Tuy nhién, khi P dat gia

tri cia Ry thi ding nhiét sé B
khong dién ra nira va do phu os L —
dat gia tri bang 100% (pht kin -

bé mat), tng voi treong hop
hinh thanh céc pha ngung tu.
Tai ap suat c6 dinh, do phu 00 ! P & 2 ! w20
gidm khi nhiét do tang, toc do

khir hdp phu tang theo nhiét
do, yéu té quan trong trong
thue tién khi can khir khi hép
phu dé c6 chan khéng cao.
Ung dung. S dung may bom hap phu dung bay nito 1dng dé hat chan khéng
trong chubng 5 lit va chat hap phu ctia bom la vat liéu loc phan t&r cé dién
tich bang 300 acres (1 acres = 4047 m?); 300 acres la dai lvong dac trung
clia may bom thwong mai hién nay. Hc’)[ do phl bé mat cla chéat hap phu dé
|a bao nhiéu khi cho chay may bom? Ap suét ¢ trong chudng la bao nhiéu
khi chudng chan khoéng duoc hat? Cho rang, mat phang hap phu sach v a tat
ca phan tir khi déu dwoc hap phu, mat do nat hdp phu cla chat nay la
10 m?2

S6 phan tir khi dwgc hat ra khéi chudng tinh theo dinh luat khi ly
tudng sé la

04 | /

B4 phi bé mat
[

Alp sust chusn hoa (QP}

Hinh 3.3. Bang nhiét hap thy Langmuir
tai nhiét do co dinh.
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64 Vat Iy va kj thuat mang méng

5
- [ 1,01x10"Pa x5x107°m? = 1,23x10%,

1,38x10 2 J /K x 298K
D0 phd clia chat hap phu la

AN _ 1,23x10%
N, x300acres 10" m* x 300acresx 4047m?’ / acres

= 0,010.

Chuing ta lai gia thiét xac suft bay bang 1, ning lwong khir hdp phu bang
0,01 &V vakhdi lugng trung binh clia phan ttr khi 1a 28 dvnt. Trwéc hét
chang tatinh giatri ctia tham sé Q:

1

Q = 1/2
{27[ « 28x1,66x10727kg x (1,38><10'23J/ K )}
1
10" m 2 x 10 H 7 x exp{—O,leV /(8,62x10‘5eV /K )x 77K }
=0,262Torr 1.

X

V1 dudng dang nhiét ndm trong vang thay déi tuyén tinh, cho nén mét cach
gan ding, ap sudt trong chudng c6 thé tinh bang cong thic:
AO

P~ ° =0,010/0,262Torr 1=3,9x10?Torr. .

Bay gio ching ta xem xét déng nhiét Langmuir cho trwong hop hap phu
phan ly. Dé dién giai cong thirc dang nhiét, chiing ta can d va ra hai gia thiét.
Thir nhét, néu mot dimer (céac hat dap) chuyén dong va cham m alao vao mot
ndt khuyét trén bé mat thi cling c6 nit khuyét bén canh bi tac dong lam phan
ly dimer. Cho réng bé mét tinh thé 1 mat phéng clia cac nguyén tlr xép chit,
diéu nay c6 nghta la s c6 6 nuat lan can c6 kha nang hap phu. Do d6 téc do
hdp phu 1a 8.z.(1-6).6(1-6). Thi hai, cho rang mo6t adatom (nguy én ti bi
hdp phu) c6 mdt nit bi chiém chd lién k& nd, vi thé nd co thé khir hdp phu
nhw mot dimer. Do d6 tdc dd khir hdp phu & N¢.6.66/t. Sau mot s& phép
tinh dai s6 don thuan, ching ta nhan dwoc gié tri déng nhiét trong hap phu
phan ly nhv sau:
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Vat ly va ki thuat mang méng 65

_ Jep
6_1+\/@’ (3.9)

trong dé z la tan sudt va cham cuta dimer va t la thoi gian lwu trd cta cap
adatom duoc tinh bdi nang lwong khir hdp phu 2E , tir hinh 3.2. Cho nén Q
trong trwong hop nay 1&

12
o 5(2m.mKT) | 10
Ngvexp(—Ega /KT)

Trong thic hanh chan khdng cao, ching ta bi ét rét ré tac hai cia hap phu hoi
nudc trén bé mat bén trong chudng khi né bi tiép xdc voi khi quyén (ldc xa
khi vao chudng dé 18y mau). Qué trinh hdp phu hoi nwéc dé xay ra & mic do
dang ké médc du 4p suét riéng phan cla hoi nuéc nhd hon ap sudt Py doi Vi
nwdc. Khac phuc digu ndy rdt kho khan ké ca khi chudng dugc hit chan
khong cao trd lai. Ngoai hoi nwéc con cd cac phan tir khi khac cling c6 thé
hap phu trén bé mat thanh chuéng va dé, do la Ny, CO, CO, va O,. bé day
cac phén ttr hoi nwéc vakhi ra (tire la khr hdp phu) ching ta can sdy nong
thanh chudng va d6t dé dén 200°C trong chan khong.

3.1.4. Epitaxy 1&p nguyén t&r

T “epitaxy” c6 ngudn gdc tlr tiéng Hy-lap, nghia den la trai. Trong cong
nghé vat liéu linh kién ban dan, epitaxy la phwong phap moc mang tirng 16p.
Chung ta da quen véi khai niém nay, thi du khi ché tao di6t phat quang
(LED) v co GaP, GaAs, c4c |6p giau hat tai loai n hay p duoc moc bang
phuong phap epitaxy. D6 la k¥ thuat epitaxy tir pha 16ng, mdi mdt 1an “trai”,
chiéu day co thé tang Ién dén vai hodc vai chuc micro-mét. Trong k¥ thuéat
l&ng dong pha hoi vt ly, epitaxy cling ¢6 nghfa 1a moc mang, nhung qué
trinh moc dwgc khong ché chinh xac dén tlrng I&p nguy én t. Vi vay ching
ta c6 k¥ thuat epitaxy 16p nguyén tir (Atomic Layer Epitaxy, viét tit |a
ALE). K¥ thuat ALE dung dé ché tao mang mdng hop chat. K§ thuat nay lan
dau tién xuat hién trong mot phat minh clia nguwdi Phan-Lan véi viéc ché tao
céc 16p mong ZnS va ng dung céng nghé nay dé san xudt mang hién thi
dién huynh quang st dung chét ban dan. Noi dung clia k§ thuat ALE dé ché
tao ZnS duoc mo ta nhu sau:
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66 Vat ly va ki thuat mang méng

“Bang ky thuat chan khéng, hoi k&m (Zn) duoc hinh thanh, né va cham trén
dé thay tinh néng. Néu bé mat clia dé c6 nhiét d6 di cao ching ta S8 nhan
dwoc diéu kién ma trong dé chi cé I6p h&p phu héa hoc con dinh lai trén dé.
Bdc bay tam dirng, néu Zn hap phu vat ly cling h inh thanh do dong va cham
thi n6 sé tai héa hoi (tlr dé bay ra). Qué trinh tvong tw nay duoc lap lai cho
luvu huynh (S), 16p S dau tién hap phu hda hoc 1én 1ép Zn trwdc dd, cac phan
tl S h&p phu véat ly cling bi tai hoéa hoi khi dirng boc bay. Nhw vay, trén dé
chi con hai 16p nguyén tir (16p kép): mot clla Zn va mot cla S, ching tao
thanh ZnS”.
Cong nghé nay dwoc minh hoa trén hinh 3.4. Phuong phap ALE duoc (ng
dung chd yéu dé moc mang tinh thé ban dan hop chat A,Be. Ngoai ra, k§
thuat ALE lang dong phan ng con duogc ap dung dé ché tao ZnSe, ZnTe,
CdS, CdSevaCdTe.
Tuy nhién, cong nghé ALE c6 thé giai thich mot cach t6t h on néu ching ta
dua trén sy khac biét gitra hap phu héa hoc va ngung tu. Nhin chung, c6 thé
dwa ra nguyén |y sau day: ALE c6 thé ap dung dé ché tao hop chat AB néu
théa mén diéu kién 1a A trén B va B trén A lahép phu héa hgc, con khi hoi
A trén ran A va hoi B trén rén B 1a duéi bdo hoa. Hon nita, nhiét do dé can
phai chon sao cho thoi gian lwu tra cta cac 16p hap phu héa hoc ) 1s, dé
ngudi thue hanh kip thao tdc déng mé ngudn bdc bay mot cach hgp ly doi
v0i céc giai doan bdc bay cho tling chat.
Nhu vay, ching ta cé quy trinh ché tao mang méng bang ky thuat ALE
nhv sau:
1. S& dung hai bd che ngudn bdc bay (goi tit 1a “che thuyén”) cho phép
cac dong hoi bay dén dé twong (ng véi tirng thanh phan A vaB.
2. Dit khoang thoi gian hop Iy trong khi m& che thuyén, sao cho md i 1an
vilra kip hoan thanh mét 16p hap phu héa hoc.
3. Sau khi dong mot che thuyén va trwdc khi mé cai khac, dat khoang
thoi gian can thiét dé cac phan t hap phu vat ly bi khir ho an toan,
nhuwng cling cdn mé che thuyén trwéce khi I&p hap phu héa hoc bi khir.
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Hinh 3.4. M6 hinh I&ng dong mang bang ALE (a) va

“clta $6” nhiét d dé cho phép I&ng dong

mang (b).
T6c dd moc dugc diéu chinh chinh x&c sao cho chi mot 16p kép (AB) hinh
thanh trong chu ky ké trén. Nhiét do dé ciing can dugc khdng ché phu hop.
NEu nhiét do dé qua thap, qua trinh khir hdp phu vat ly sé khong xay ra ma
lai ¢6 ngwng tu; néu nhiét do dé qua cao sé khong gilr d woc 16p hap phu héa
hoc. Duw6i day la mét thi du vé cong nghé ALE. Nhu vay, ching ta cé quy
trinh ché tao mang mong bang k¥ thuat ALE nhu sau:
S dung hai bd che ngudn bdc bay (goi tat 14 “che thuy&n™) cho phép cac
dong hoi bay dén dé twong tng vai tirng thanh phan A vaB.
Dit khoang thoi gian hop ly trong khi mé che thuyén, sao cho moi Ian vira
kip hoan thanh mét 16p hap phu héa hoc.
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68 Vat ly va ki thuat mang méng

Sau khi déong mot che thuyén va tréc khi mé cai khac, dat khoang thoi gian
can thiét dé cac phan ti hdp phu vat ly bi khr ho an toan, nhung ciing can
mé& che thuyén truéc khi 16p hap phu héa hoc bi khi.
T6c dd moc dugc diéu chinh chinh xé&c sao cho chi mét 16p kép (AB) hinh
thanh trong chu ky ké trén. Nhiét do dé ciing can dugc khdng ché phu hop.
NEu nhiét do dé gua thap, qua trinh khir hdp phu vat ly sé khong xay ra ma
lai ¢6 ngwng tu; néu nhiét do dé qua cao sé khong gilr d woc 16p hap phu héa
hoc. Du6i day lamot thi du vé cong nghé ALE.
Xéc dinh nhiét do dé dé ché tao ZnS bang phwong phap ALE khi binh thoét
tao ra hoi can thiét trén dé (hoi lvu huynh chira nguyén tr kép S,), c6 hap
phu phan ly Ry, =Ps, =10°Torr (binh thoét tao ra dong téi |, trén dé). Cho
rang 8=1 va nang luvong khir hdp phu d6i vai cac chat nhw sau:

Zntrén bé bat S clia ZnS Egzn = 2,27V

Strén bé méat Zn clia ZnS 2E g =3,31eV

Cho rang mat do nit hap phu bé mat bing 10°cm™.

1.Chuing ta nhéc lai cac diéu kién ma nhiét do dé phai théa man: (1) do
phli can bang cla Zn trén ZnS va S trén ZnS phai 1a 100%; (2) Hoi
kém va lvu huynh phéi & trang thai dw¢i bao hoa so véi kém va luu
huynh tinh khiét; (3) Thoi gian hinh thanh don 16p cho méi loai hoi la
0,1s tai 4p sudt néu trén. Do do thoi gian lwu trd clia ZnS c6 gia tri vai
gidy, digu nay cho phép thao tac déng mé che thuyén mot cach hop ly.
Gia st nhiét do dé dwoc chon la 550K (~280°C). Trwdce hét, ching ta
tinh tham s6 Q trong dang nhiét Langmuir ddi v&i hoi Zn va S
trén ZnS:

1
Qzn =

1/2
[27: x 65,4x1,66x107% kg x (1, 38x107%J/ K x 550K ﬂ
1

10 m™? x10"Hz x exp [—2, 27eV | (8, 62x10°eV /K )x 550K}

X

=115x10%Torr .
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1

Q32 = 1/2
[215 x 2+ 32,1x1,66x10 kg x (:L 38x102J/K x 550K ﬂ
1

10°m2 x10°Hz x exp[—3, 31eV/ (8, 62x10°eV /K )x SSOK}

X

=3,91x10%Torr 2.

D06 phd clia monomer Zn va Strén ZnStai ap suat vanhiét do trén la

3 -1 -5
_ 115x10"Torr *x10°Torr ~ 0.9999...

T 1+115x10%Torr 1x105Torr

Zn

1/
(3, 91x10%Torr  x105Torr )

0g = — 0,9999...
1+ (3, 91x10%2Torr *x105Torr )

Nhu vay dd pha 6 trang thai tinh dat ~ 100% (tlrc | & pht kin).
2.Ap suét hoi can bang nhiét cia Zn va S tai nhiét do dé ké trén la
P, =58x10*Torr va Ps; = 6,4x107°Tom (c4c s ligu tir thuc
nghiém da biét). Tai 4p sudt nay sé khong xay ra ngung tu don chat
kém va lru huynh. Thoi gian lwu tri clia Zn trén ZnS tai nhiét do deé:
1

10%Hz xexp[—Z, 27eV/(8, 62x10°eV /K )><550K}

Tzn =

=6,20x10"s.

Cho rang adatom cla luu huynh s& khir hdp phu nhw dimer, thoi gian Iuvu tra

claStrénZnSla
1

103Hz><exp[—3,3leV/(8, 62x10%eV /K )>< SSOK}

TSZZ

=2,09x10"s

Nhv vay, cé thé tranh dugc hién tugng khir hdp phu trong khoang vai

gidy mé che thuyén.
[
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Trong k¥ thuat mang méng c6 phuong phap ALE khac ma trong dé s dung
dong xung cla khi ngudn dé lang dong pha hoi héa hoc (goi 1A ALE-CVD).
Co ché clia phuong phap nay phic tap hon vi né doi hoi cé phan (ng trao
dai thay vi phan ng két hop don thuan trong ALE chan khoéng (ALE-PVD).
Dé dé so sanh hai co ché khac nhau clia cac phwong phéap nay, ching ta
tham khéo cac qué trinh xay ra trong phwong phap ALE-CVD:

- Hap phu don 16p clia phan t& thé nhét, vi du AB.

- Hap phu phan t& thr hai (vi du CD) va céc phan (ng trao doi lién

ti€p trén bé mat.
AB (hdp phu) + CD (hdp phu) — AD (tinh thé) + BC (khi).

Trong phwong phéap nay, t6c do moc mang ciing twong (ng v6éi do day cla
I6p don hinh thanh trong mét chu ky. Phuong phap ALE-CVD duwgc st dung
dé ché tao cac mang mong chét lvgng cao nhw 6xit, nitrua, hop chat
As-Bs, A,-Bs.

3.2. Ap suét hoi

Trong muc ndy ching ta sé danh gia ap suét hoi can bang nhiét tr cac s6 liéu
hdéa nhiét trong bang tra ctru qudc té (thi du trén bang 3.1 va 3.2). Viéc tinh
toan cu thé sé duwoc thuc hién doi voi trwong hop Si, cubi cting lamé hinh ly
thuyét ap sudt hoi cho hgp kim, hop chat va & dung mé hinh nay cho
tredng hop thue té boc bay GaAs.

3.2.1. Ap suét hoi hoat tinh nhiét

Chiing ta xét sy bdc bay clia nguyén t6 A: A <> A, . Trong can bang, vi
nang luong ty do Gibbs ctia pha long (1) va pha hoi (V) bang nhau, cho nén:

Pa
AsG? = A, GY +RTIn [P—quj (3.12)
trong d6 A;G° — nang lugng ty do Gibbs (chuan phan ti) ctia sy hinh thanh
pha hoi hay pha Iéng . Ching ta chuyén phuong trinh trén vé dang céan tinh

&p sufit, sé nhan dwoc ap suét hoi A trong can bang véi pha ngung tu 1a ham
phu thudc vao dai lvgng thay d6i clia ndng lwong ty do Gibbs chuén:
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—A gy G
Py = Plexp—o®°A 3.12
Aeq p RT ( )
trong do:
AeapGa =AtGay —A(Gh . (3.13)

Pai lugng thay d6i nang lvong tw do nay dwoc goi la nang lwong ty do
Gibbs chuén cta sy hdéa hoi. Bay gi¢' ching ta trién khai cong thirc (3.12)
duéi dang enthalpy va entropy hoa hoi:
0

~AgyapHa + TAevapsOA )

o RT . (3.14)
A -A H

= PYexp evap Aexp evap A
R RT

Nhu vay, phuong trinh trén chitng to Paeq la dai lwong hoat tinh nhiét. Nang
lwvgng kich hoat nhiét chinh la enthalpi chuén cla sy bdc bay va hé so ding
treéc ham mii 1a P° exp( Ag/aoSa /R ). ,
Dai voi nhiéu chdt, ham logPae ~1/T la duong thang trong dai nhiét do
kha réng, phu thudc tuyén tinh nay duoc tié€p tuc khi vwgt qua nhiét dd néng
chay. Tuy nhién, hé s6 tuyén tinh trong dd thi Arrhenius thay déi | a do sw
khéc biét gilra cac dai lwong enthalpi cla trang thai boc bay va thang hoa.

Pheq = P%exp

3.2.2. Ap suét hoi clia cac nguyén t6

Tir s6 liéu vé &p suét hoi can bang cla Si phu thudc nhiét dd, c6 thé dung dd
thi Arrhenius (hinh 3.5). Tt thyc nghiém cho thdy, mac du pha hoi cla silic
la don nguyén ti, trong trang thai can bang chung ta van thdy mdt lvong
dang ké cac phan tir Si gdm hai hodc ba nguy én tr (Siy, Sis).

Bang 3.1. Cac dai lugng nhiét héa ctia Silic tir bang tra ctu .

1077

a

10°

Kpsudt (Pa)
T

10-10 L L L L L
04 06 0.8 1.0

1000/T ( K1)

Hinh 3.5. Ap suét can béng nhiét phu thudc vao
nhiét do cla hoi silic.
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T(K) Phaléng Pha hoi mot nguyén ti
AH° AG | logK, | AH| AG | logK
1500 50.51 5.53 -0.193 444.8 228.8 -7.97
1600 50.35 2.53 -0.083 444.0 2145 -7.01
1685 Tinh thé
1
Léng

1700 0 0 393.1 200.6 -6.16
1800 0 0 392.5 189.3 -5.49

Bang 3.2. Cac dai lvong enthalpy chuén va entropi héa hoi clia nguyén t6.

g A H® | A H® |A &|A S

Nguyén t6 biém vap ( Vajﬁ vap ( vap

S chi )

néng chay (298 Tm (298 Tm
Li 454 159 158 109.8 97.6
Be 1560 324 303 126.9 111.4
Bo 2350 560 500 147.6 122.3
C - 717 - 152.4 -
Na 371 107 104 148.0 93.3
Mg 923 147 134 115.9 98.8
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Al 933 330 314| 1362| 117.8
S 1685 450 393 1492 | 1132
P, 317 144 142 1359 | 1295
S, 388 129 123 164.0 | 1475
K 336 89 86 95.6 86.4
Ca 1115 178 158 1133 9.6
Ti 1939 474 438 1495 | 1246
Vv 2190 516 477 1534 | 1315
cl 2130 398 349 150.7 | 11838
Mn 1519 283 247 141.7 | 1062
Fe 1809 416 377 1532 | 1234
Co 1768 427 395 1494 | 1258
Ni 1728 430 401 1523 | 1292
Cu 1358 338 317 1332 | 1139
Zn 693 130 120 1193 | 1033
Ga 303 272 266 1282 | 1097
Ru 313 81 78 933 85..2
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Nb 2750 733 693 157.7 135.4
Mo 2896 659 589 153.4 119.7
Ba 1000 179 166 107.7 78.8
Ta 3258 782 744 143.7 129.1
w 3680 851 807 141.3 129.7
Hg 234 61 62 99.0 99.0
Pb 601 195 188 110.6 97.6

Ung dung. Tir s6 liéu tra ctu, 1ap cac biéu thirc dé tinh &p sudt phu thudc
nhiét d6, matir biéu thirc d6 ngwoi ta da dwng dwgc do thi trén hinh 3.5.
Chuing ta s& phai lap hai biéu thirc cho hai trang thai: mot cho thang hoa v a
mot cho bdc bay. Boi voi thang hoa, chiing ta can | dy s6 liéu nhiét hoa tai
nhiét do thdp hon nhiét do néng chay clia Si (1685K), cho rang dai | vong
nay khong thay doi trong khoang nhiét do do.

s° AgpyS’ A H°

S crystal | 204J.mol LK 142).mol K | 444kI.mol

Thay vao cong thirc (3.14) chdng ta co:
142Jmol 1Kt coxp ~444Kk3/mol
8,31Jmol K ! 8,31.T.Jmol K !

Pup(T) =10°Pax exp
Dai v6i boc bay, ching ta lay so liéu & tr én nhiét do néng chdy va ciing cho
rang dai lvong dé khong phu thudc nhiét do:

S} A g S’ AgepH’

evap
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Sjliquid  2053mol Lkt 1133mol~tk ! 393kJ.mol *

113Jmol K ~393kJ/mol
P,..(T) =10°Paxexp X exp :
N 8,31Jmol XK 1 8,31.T.Jmol K !

Trong trwong hop pha hoi gém cac phan tl nhiéu nguyén t& thi khi tinh
enthalpi ctia nd, ching ta can lwu y dén chir s6 chi s6 nguyén tir clia mot
phan tt, vi du doi voi Sis:

0 0 3
A,apss3 = Siep— B
| |

Hé s6 can bang tai 4p sudt c8 dinh d6i voi phan ¢ng hinh thanh pha hoi
(Kp) duoc biéu thi bang ap sudt hoi can bang nhiét chuén héa theo ap
suat chuan:
P,

K, = :;q . (3.15)
Trong cé&c bang tra ctu, hé s6 nay dwoc duwa vao mot cot dudi dang
“logK; ™. Thi du trong bang 3.1 c6 4 gié tri ctia logK; & gan nhiét do
noéng chay cta Si (hai gia tri @ du¢i vahai giatri & trén).
Trong tai liéu tra ctru hién nay, ching ta cé cac biéu thirc ban thwc nghiém
doi voi ap sudt hoi cla 65 nguyén t6 kim loai. Phuong trinh ban thuc
nghiém do cé dang:

B D
Iog[Peq(Pa)]=5,006+A+?+ClogT+F- (3.16)

Ung dung. Tinh &p sudt hoi nhdm tai 1500K, st dung hé s6 can bang trong
bang tra ctru quoc té va cong thirc trén.
T bang tra ctru ta c6 logKs =—4,872 (ctia nhém) nhan duoc:

P, (1500K ) =10 ~#872At =1,343x10~°At =1,361Pa.

Tinh theo phuong trinh (3.16), véi cac hé so la
A =5911B=-16211,C=0,D=0
ching tacé:
_ 15,006+5,911-16211/1500 p, _
P, (1500K) = 10 Pa =1,287Pa.
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Hai giatri nhan dugc chénh nhau 0,074 Pa (khoang 5.10'4Torr).

3.2.3. Ap suét hoi ctia hop kim va hop chéat

Ap sudt hoi can bang clia mdt nguyén t6 ma pha ngung tu la hop kim hay
hop chét khac vai ap sudt hoi can bang nhiét clia cac hé néu trén (trong dé
pha ngwng tu la don chat). Nhin chung, &p suat bi gidm vi ham lugng cla
céc nguyén td cd & trong pha ngwng tu thp hon. Vi du minh hoa la truong
hop ap suat hoi Si va Ge trén pha ngwng tu hop kim Si-Ge. Thé nhung, trong
nhiéu treong hop, néu lién két hoa hoc gilra cac nguyén ti trong pha ngung
tu rat yéu thi 4p suat hoi lai tang 1én. Ching ta xét mét vi du, trudng hop ap
sudt hoi Ga va As trén GaAs. Trwéc hét cho rang hop chét AB (hop chét hai
thanh phan) la mét dung dich Iy twdng, tic dong clia thanh phan A duoc thé
hién qua ham lwgng nguyén t& (%n.t.) clia nd & trong dung dich. Nang lvgng
tv do Gibbs cta thanh phan dy trong dung dich ly tudng sé gidm di so véi
giatri nang luong tw do chuan ctiané (vi X ,(1,nénIn X , (0 ):

Ga idea =Ca +RTINX 5. (3.17)

Ap suét hoi cta thanh phan A dugc hinh thanh trén dung dich ly twéng
trong ng véi phrrong trinh can bang sau:
A(hgp kim) < A(hoi),
trong d6 vé tréi la (P,/P,)/X,, vé phai 1a hing s6 can bang
oxp(-A,G°/RT).
T do chlng ta nhan duoc:
0

0 _AvapG
PA,ideal(T):XAP eXP?ZXAPAeq, (3.18)
n6 bi giam di hé s6 X , so v&i ap suét can bang Pacq -

Vi thanh phan cda pha hoi can bang nhiét (XAPac/XgPacg ) o chung 1a
khong bang thanh phan clia pha hoi ngung tu (X, /Xg), cho nén ching ta
c6 thé sir dung mat loi thé nay dé lam sach hop kim hodc lam giau thanh
phan lodng nao dé trong hop kim, tuy thudc vao &p suét boc bay twong tng
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cla chiing. Mét khéc, qua trinh boc bay khong canh tranh nhiéu khi lai | arét
bét lgi cho cdng nghé ché tao mang. Khi boc bay hop thirc héa hoc thwdng
bi pha hdy rat nhanh, cho nén rét khé hinh thanh mang véi hop thirc héa hoc
mong mudn. Thi du, khi thang hoa GaAs, hoi As c6 ap suat thdp hon cho
nén né bdc bay trirdc va nhanh hon Ga, dan dén két qua 1a trén dé GaAs co
rat nhiéu giot Ga ngung tu (hinh 3.6).

Néu ching ta c6 hgp chét thé hién hanh vi clia mot “dung dich” khéng ly
twdng thi trong mo hinh tinh toan, thay vi tac dong don thuan ctia ham lugng
thanh phan can dua vao ham phu thudc néng do cta né:

PA,nonideaI (T) =apPaeg (3.19)
trong d6 hé s6 a, laham a, (X, ). GaAslamot chét ban dan ma khi hda hoi
da thé hién hanh vi clia mét “dung dich” khéng ly tvdng. Thuc nghiém cho
thdy pha hoi Ga néi chung déu gdm cac nguyén t& don Ga, trong khi dé hoi
Asbao gdm cd As, vaAs,.

Hinh 3.6. Anh SEM clia mang méng GaAs
Vitegpwa  ERATMREOMCNY o G e ca
Idng don chat (hinh 3.7). Nguwoc lai, 4p suat hoi clia As, va As, trén GaAs
lai gidm dén vai bac so vai tredng hop ching & trén As ran don chét. Diéu
nay la do sir khac biét gilta cac do dai lién két trong GaAs va trong céc don
chat. Tir d6 cho ching ta thdy rang, dé ché tao mang mong dung hop thirc
héa hoc, thi du GaAs hay céc hop chat ban dan nhiéu thanh phan khac nhw
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GaP, InP, CdTe, ... chiing ta khong thé ap dung phuong phap boc bay chan
khéng ma str dung vat liéu géc chinh la céc tinh thé tvong (ng. Trong
trwong hop nay, phuong phap boc bay chan khong ciling cé thé ap dung,
nhwng dé la phuong phap bdc bay tir hai ngudn boc bay c6 nhiét d6 héa hoi
cho tlrng thanh phan (dong bdc bay) véi su khdng ché chinh xac nhiét do
clia tlrng ngudn. Thi du, dé nhan mang GaAs, chiing ta st dung hai thuyén
14, moi thuyén la mot ngudn bdc bay Ga va As don chét. Chi tiét hon vé
cdng nghé nay <& dé cap & phan sau.

T T
105 R““——hh._‘ A54J{AS
]
108
10
s ] AsylAs
o> 107 AsgiGaAs T~
5. 1AAS
3.3. Ngung 109 [ 2= e M
. Ga/Gahs "
10-5 \\ L il i
Mubn ché ta . ‘../\ Sy -GalGa m chac cac
nguyén Iy dié 10 12 1.4 16 |yét dlnh dén
qua trinh [ang 1oagT 1 yi. Phu thudc
vao ban chat > truong hop
chinh sau day Hinh 3.7. Ap suét hoi can béng nhiét cia Gava  1g hop thic,
pha hai tir ho As trén GaAs va trén don chat Ga, As.

3.3.1. Ngwng tu tir pha hoi don chat

Mang méng sé nguwng tu trén dé khi ton tai pha hoi qua bao hoa trén dé do.
Trén hinh 3.8 minh hoa trudng hop ngung tu ly twdng, co6 hai khai niém:
dong ngwng tu va dong téi. Dong ngung tu (dai lugng thuc té dwgc ngung tu
trén dé) la ham phu thudc dong téi (dong ma don thuan cé tac dong 1én dé).
Co6 hai nguyén ly dwgc minh hoa nhu sau:

- Tai nhiét do dé xac dinh, dong t&éi c6 mot gia tri gi¢i han goi la dong
gi¢i han. Khi dong téi 16n hon dong gi¢i han thi mang dugc hinh
thanh vanhé hon no thi khéng nhan duoc lang dong.

Nhiét do dé cang cao thi dong gi&i han cang lon.
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Dong ngung tu dugc tinh bang cong thirc:
Peq (TSJb)

ot o Pa(Ta)
Lo e o o KTy

NEéu khdng tinh dén dd chinh xac thi phwong trinh nay gan tring véi phuong
trinh Hertz-Knudsen, trong dé Jila dong t¢i cta cac phan tir hoi va cham
Ién dé.

(3.20)

Dang ngung tuy

Dong t6i

Hinh 3.8. Nhiét do dé va sy thay d6i twong quan giira
dong ngung tu va dong téi.

Trong (3.20) o, la hé s6 ngung tu, nd cho biét ty phan cta dong phan tk
bay t6i dé dwgc ngung tu thuc si. Hé s6 nay chiu anh hwédng cla cac yéu td
nhu dd phan xa (8) clia phén t& (khuéch tan ngwoc) va do khir hap phu cla
céc adatom don 1é trwde khi ching dugc “dinh” vao cau tric on dinh. DE tre
thanh mot bdé phan clia mang dang moc, nguyén tlr ctia dong t¢i trén bé mat
mang trieéc hét phai dwoc hap phu, sau d6 né di qua bé mat hap phu valién
két v&i nguyén ti hay mdt nhdm nguyén t& trong mang. Trong khi khuéch
tan qua bé mat, n6 co thé bi khir hap phu (xac suét khir hdp phu d voc tinh tir
cac dai lvgng thoi gian khuéch tan trung binh can thiét vathoi gian lwu tri
trung binh ctia adatom). Hé s6 nguwng tu trong hau hét cac trwong hop don
chét déu co gia tri gan bang don vi.

T6c do ngung tu hiéu dung thuong nhé hon o j; bdi vi trén thuc té ludn
ton tai sw héa hoi cla cac phan tr ngung tu. Theo thuyét dong hoc thi dé
néng cé thé coi 1a mot ngudn nhiét, tan suat va cham cla cac p han ti trén dé
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la z(T, ), do d6 téc do tai boc bay sé la o, z(T,,, ), trong d6 o, la hé s6

chénh l1éch gitra toc do hoéa hoi thwc té va gia tri tinh theo ly thuyét Glang.

Vat ligu co o, thdp duoc goi lavat liéu “bdc bay tré”.

DGi voi b mat ¢ trong trang thai can bang v6i h oi thi o, =a., . Tuy nhién

hai hé s& nay ludn khac nhau vi d6 linh ddng cla nguyén tlr trong pha ngung

tu va trong pha hoi la khdng dong nhat.

Mot diéu dé hiéu 1a dé moc mang thi can phai cé trang thai qua b&o hoa cla

pha hoi. D6 1a trang thai ma trong do &p suét hoi Ién hon &p suét can bang

nhiét tai nhiét do dé. Do qua b&o hoa dugc biéu thi qua ty s6 dong toi va

dong tai boc bay (dwoc trir di 1):

s=— %4 (3.21)
oy Z(Typ)

Phuong trinh Hertz-Knudsen cho thdy lang dong mang chi xay ra khi ¢ qué

b&o hoa, nghia lakhi S ) 0 .

3.3.2. Ngwng tu cac hop chéat bao toan hop thirc

Trong céc hop chét hai thanh phan hodc tinh thé phan tlr c6 nhitng chat ma
hoi cla ching luén bao gdm céac phéan tir ding hop thic héa hoc nh v trong
pha ran. Khi d6, thanh phan hop chét clia mang méng nhan dwoc bang
phuong phap boc bay chan khéng thudng la ding hop thire hda hoc. Do vay,
ching dwoc boc bay truc tiép tir vat liéu géc | am tir hop chat do, voi su diéu
chinh ché dd cong nghé dé loai trir cac yéu t& gay nhiém ban hodc khuyét tat
trong vi cdu trdc. Trén thuc té, cong nghé boc bay da &p dung dé ché tao mot
sb mang méng tir cac chat dé véi do hop thirc héa hoc cao v a cdu trdc tinh
thé hoan hao. D6 1a mang mang thudc cac nhém hop chét:

- Oxit (k& ca SiO, M0O;, WO5).

- Sunfua (ZnS, PbS).

- Tinh thé mu6i (NaCl, KCI, AgCl, MgF,, CaF,).

Trong c&c hop chat néu trén, phan ti hoi cla chdng gdm céc nguyén t lién
két manh. Biéu thirc vé toc do ngung tu c6 thé nhan dugc tir s6 liéu tra clu
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trong bang. Két qua nhan dwgc phu hgp véi két qua trong treong hgp ngung
tu don chat.

Tl ban chat boc bay cac hop chat bao to an hop thirc ké trén, ching ta co thé
ndy ra y twéng ap dung diéu nay trong cong nghé ché tao GaAs dling hop
thirc bang bdc bay chan khdng. Piu ndy c6 thé nhan thdy tir hinh 3.7. Tai
nhiét d0 900K, thanh phan pha hoi trén GaAs c6 ty Ié ding hop thic (tic l1a
Ga/As = 1,0). D6 la nhiét do matai d6 cé thé xay ra béc bay canh tranh. Tuy
nhién, digu nay chi c6 y nghta khoa hoc ma khéng cé y nghia thuec tién trong
viéc st dung vat liéu goc la GaAs dé bdc bay chan khong. Bai vi sy khdng
ché that chinh xac nhiét dé cta ngudn bdc bay cho ding 900K | a diéu
kho thyc hién.

Pha hoi ding hop thirc cling c6 thé nhan duoc tir phrong phap phin xa trén
mot sO loai vat lieu ma cac phan tlr thoat ra khdi bia cling |a phéan ttr ding
hop thirc hda hoc. Vat liéu do lai 1a cac Oxit, tinh thé phan tr va mot so loai
vat liéu hitu co hay polymer.

3.3.3. Hoa hoi nhanh cac chat dé phan ly

Tir cac chdt ma phan tir clia chiing dé phéan ly cé thé lang dong mang ding
hop thirc bang phuong phap béc bay gian doan hay con goi labéc bay “chép
nhodng”, mot k¥ thuat héa hoi cwc nhanh. Thi du, s dung phwong phéap
“rot” bot hay hat tinh thé clia vat liéu goc 1én trén bé mét (thuyén 1a) dang
néng san (hinh 3.9a) hodc bdc bay khong can bang dung chum tia dién ti
hdi tu (hinh 3.9b) . Hoi hinh thanh dugc ngung tu Ién trén dé ngudi hon. Ca
hai phuong phap nay tao ra mang cé hop thirc hda hoc gan véi hop thic clia
vat liéu gbc. Méc du vay, phuong phap bdc bay gian doan khéng dwoc ap
dung dé ché tao mang méng ban dan chéat luvgng cao. BGi vi ban than viéc
cung cdp ngudn hoi bi gian doan, cho nén qua trinh nguwng tu cling la qua
trinh gian doan. Vi thé, k¥ thuat ndy tao ra nhiéu 16 héng ciing nhw cac
khuyét tat cau tric khac & trong mang. Hon nira, do nhiét d6 dé thap, cho
nén mang thuong khong kip két tinh hét. Chi gan day khi c6 ky thuat laze
xung phét trién manh, viéc hoa hoi cuc nhanh dwoc thuc hién bang ngudn
laze xung v&i mat do cong suét I6n mai dem lai két qua t6t khi ché tao m ang
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hop chat nhiéu thanh phan, nhu mang siéu dan nhiét do cao (vin dé nay
dwoc dé cap k¥ hon & chrong sau).

| 6] |
.. * -
..“.__ ,f;
.\"\.._ /,f .
—tTTNN
III| \I
H H ‘ _ r:_.{_Y__\I
e
s
5 kv
b)

Hinh 3.9. Lang dong mang hop kim va hop chat:
a) Boc bay gian doan,
b) Béc bay khéng can béng ding chum tia dién ti

3.3.4. bong bay hoi - phuong phap “Ba nhiét do”

Phuong phap Ba nhiét do 1a mot k§ thuat rat hitu hiéu dwoc ap dung dé 1ang
dong mang ban dan hop chat ma pha hoi ctia chling c6 ap sudt riéng phan rét
khé&c nhau. Hinh 3.10 minh hoa tinh chat nay. D6 la cac dwong Arrhenuis
(Iog P~ 1/T) clia cac nguyén t6 trong hop chat hai thanh phan. D0 thi nay
phan anh nang lwong tv do Gibbs chuén cla phan ng phan ly AB Ién h on
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khi héa hoi thanh phan B la don chét. Diéu nay tao ramot dai nhiét do rong
trong d6 pha hoi B dugc qua bdo hda dbi véi AB, nhung lai la duwéi béo hoa
doi vai B don chat. Ky thuat ba nhiét d6 duoc ap dung la dé giai quyét cac
van dé sau:
Chon &p sudt hoi trén dé tuong (ng voi dong I&ng dong khé di cla thanh
phan khé hoa hoi hon, vi du 12 A. Diéu ndy s& quyét dinh téc do 1ang dong
hop chat AB.
Chon &p suét hoi trén dé sao cho dong lang dong clia thanh phan dé héa hoi
(vi du laB) lén hon ~10% so véi gia tri ma (ng v&i nd ching ta c6 ty s6 hop
thirc. Ty s6 cac dong hoi ké trén khong can phai khéng ché qua chinh xac,
nhung phai c6 diéu kién la B dv dé dam bdo A dugc phan (ing hét. Trong
trudng hop nay, ciu tao cla hai ngudn bdc bay A va B hoan toan twong tu
nhv hai binh thoét ly twéng (binh Knudsen). Vi vy, viéc chon hai dai lvgng
&p suat hoi trén dé thwe chat lachon nhiét do cua hai binh thoét. Ching ta da
¢0 hai trong ba nhiét do (trong phwong phap ba nhiét d6). Viéc con lai la
chon nhiét do thi ba, téc lanhiét do dé.
Nhiét do dé can phai chon bén trong dai nhiét do, goi la “clra s0 ngwng tu”,
AT, ,nhuv minh hoa trén hinh 3.10. Gi¢i han trén cla clra s6 (ng voi &p
sudt hoi cla B trén AB. NEu nhiét do chon cao hon thi B s& khong ngung tu,
do d6 khong c6 moc mang. Gi¢i han duwéi (ng v6i ap sudt B trén B tinh
khiét, néu chon nhiét do thdp hon B s& Iang dong thanh B don chét, do d6
trong mang hinh thanh hai phaln 16n gdém ca hop chat AB va don chét B.
Hé s6 lang dong déi vai B dugc tinh bang cong thic:

g = A (322)

I

Khéi lugng chat B lang dong dwoc quyét dinh boi khéi lwong chét A 1ang
dong, con phan B du sé bi loai b&i khir hdp phu. Duéi day labai thuc hanh
&p dung k¥ thuat ba nhiét dé dé ché tao mang GaAs ding hop thirc.
Diéu trudc tién la phai chon dong téi kha di cla Ga, vi du gid tri dong do la
10®cm™s™ (gia tri nay twong dwong tdc do hinh thanh |¢p don trong 1
gidy). N6 twong (rng véi 4p suat hoi trén dé khoang 10 °Torr. Hinh 3.7 cho
ching ta thdy Ga tinh khiét c6 4p sudt nay tai nhiét do (ng voi
1000/ T =1,06, tirc 1 T = 943K. Nhiét do dé chic chin khong cao nhu thé,
cho nén Ga sé ngung tu trén dé.
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Tiép theo, cho rang hoi clia acxen chi gdm As, 1a chinh, nhu vay ty s6 dong
hop thic sé 1a Asy/Ga = 1/4. Chon dong t¢i cla acxen dw 10% (tkrc 12 0,1),
chlng ta cd 4p sudt hoi acxen kha di trén dé la

Pass ~ %xlo—“Pa: 2,8x107°Pa.

1T

Hinh 3.10. Béc bay hop chét hai thanh phan ding hop
thire, st dung “clra s6 ” ngung dong.

D0i vGi As, trén As tinh khiét, dé co ap suat nay s& chi can nhiét do c& 430
K - nhiét do thap hon gi¢i han dudi clia “clra s6 ngwng tu”. Cho nén nhiét do
dé can phai chon cao hon nhiét do nay dé tranh 1ang dong As don chat.

Tl &p suat hoi Asy trén GaAs|a 2,8x10™°Pa , tim dwoc nhiét do twong ng
121020 K (hinh 3.7). Nhiét do dé chac chan thdp hon nhiét do nay, nhung
giGi han trén cla clra sO ngwng tu can dugc chon theo Ga, ma khong phai
theo As. Bdi vay nhiét do dé dugc chon trong khodng 420(T,, (943 dé
dap (rng yéu cau cla phuong phap ba nhiét dd. Con hai nhiét do nira, tic la
nhiét do clia hai ngudn bdc bay Ga vaAs (binh thoét) duoc tinh tinh toan tr
cac phuong trinh da biét sao cho ching tao ra dong t¢i clia cAc phan tt voi
cac giatri nhw danéu & trén.

3.3.5.B6c bay phan &rng

Béc bay hay Iang dong phan (tng 14 phrong phép bay hoi vat liéu trong moi
treong khi oxy hodc céac khi lam viéc khac. Thi du, dé tao mang SiO, ching
ta co thé boc bay nhiét hay chum tia dién ti tir vat liéu goc la SiO trong
chudng chan khong véi &p sudt khi oxy trong khoang 10 > dén 10™° Torr.
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Nhin chung, hau hét cac vat liéu oxyt hay florit khi boc bay déu thiéu hut O ,
hay F. Cho nén, dé ché tao mang mong oxit diing hop thirc, chiing ta can duwa
thém mot lvong oxy hodc flor khi can thiét vao chubng trong qué trinh | ang
dong mang. Céc phan tlr hoi cla vat liéu goc bay Ién tir thuyén / chén, trén
dwong dén dé tac dung voi oxy hoic flor tao ra phan (ng oxy hda, rdi lang
dong Ién dé.

Mot trong céc thi du vé ky thuat boc bay phan (ng tao ra san phdm m ang
méng chat lwgng cao la cdng nghé ché tao mang nitrua titan (TiN). Mang
TiN ¢6 mau vang hoan toan gi 6ng nhu vang trang stic, nhing do clrng va do
bén hoa hoc clia mang TiN thi cao hon han so véi mang vang. D& c6 mang
TiN dang hgp thirc, ching ta can chon ap suét nito va toc do bay hoi titan
thich hop, sao cho trong qua trinh bay hoi tan suat va cham cltia N, [6n hon
hoic bang nira gia tri dong t&i cla hoi titan. M6t cach chinh xac hon, digu
kién cong nghé trén duoc mo ta bai hé thic sau:

0sZN, ) OiciTi 12 -

Thuc chét, dong bay hoi cling labbdc bay phan (rng, trong dé cac hoi cua vat
liéu gbc doéng vai tro céc tac nhan tham gia phan (ng. Trong thuc té, tat ca
céac qua trinh bay hoi hay phun xa, do muén hay khéng ciing déu la lang
dong phan (ng. Bdi vi, trong chudng 1ang dong ludn ton tai mot lwgng khi
duw nhét dinh. Ham lwgng tap chét ban (f) trong mang gay nén bai khi dw
duoc xac dinh béi cdng thic:
fo%sX2 (3.23)
OLgZ+0Lgjj
Dé han ché t8i da hoac loai trr hién twong lang dong phéan (ing khéng mong
mudn, ching ta can phai tao ra chan khéng cao hoac si éu cao, sao cho tan
sudt va cham cua khi duw la rat bé so véi dong hoi phan ti.
Cau hoi kiém tra danh gia
1. Phan biét hap phu vat ly va hoa hoc; khi nao thi xay ra hap phu hoa
hoc?
2. Nguyén ly va céc buéc xay ra trong phuwong phap ché tao mang don
tinh thé bang epitaxy 16p nguyén t?
3. Phuong phap ba nhiét d6 va dong bay hoi cé vu diém gi, (ng dung
clia chiing trong k¥ thuat tao mang moéng nhiéu thanh phan?
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Chuong 4
Vat ly va ky thuat chan khéng cao

Trong chuong nay, truéc hét ching ta lam quen véi mot s6 loai may bom
chan khong dang dugc st dung pho bién. D6 la

1) Bom chan khdng so cdp, hay con goi la bom co hoc, mirc dd cao nhat
clia chan khong dat duoc 1210™ Torr,

2) Bom chan khong cao cap, mic dd chan khong dat dwoc dén 10 Torr
(chan khong cao) hoic cao hon 10 Torr, tham chi dén 10 Torr
(chén khéng siéu cao).

Tiép theo, chlng ta dé cap dén nguyén ly bom (hay hat) chéan khong va cac
tinh chét cla khi trong hé chan khoéng khi c6 cac may b om hoat dong. Sw
lién hé gitra cac dai lvgng trong hé bom chan khong, nhi dong phan tr tong
hop, dong hit, dd dan khi, chénh 1&ch ap suét duoc thé hién gidng nhuw cac
dai lvgng vat ly trong mach dién, nhw dién lugng, dong dién, do dan dién va
hiéu dién thé. Phan cudi mo ta qua trinh hat khi ctia mot hé chan khong thuc
t€ va cac hién twgng anh hwdng dén ap suét trong chudng chan khong. Cudi

cting languyén ly hoat dong ctia dau do chan khong.

4.1. M6t s6 loai bom chan khéng

Dé ha é&p suat trong chudng chan khong cé thé st dung cac phwong phap
bom theo hai nguyén |y khac nhau. Theo nguyén |y thiv nhét, khi & trong
chubng duoc day ra ngoai chudng bang phuong phap vat ly. Nguyén |y thi
hai mang tinh hod hoc: phan tt khi trong chudng dwgc nguwng tu (hodc bi hap
thu) trén mdt phan bé mat cla chuéng ma khong bi day ra ngoai. Trong
khudn kho giao trinh nay chiing ta sé dé cap dén cac loai bom thudc nhém
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thtr nhét. Pai lugng dédc trung cho dong hit ciia may bom ki hiéu 1a Qp , don
vi tinh la Torr.l/s. D6 la lwgng khi thodt ra khéi chudng qua c6 bom trong
mdt don vi thoi gian (1 gidy) tai nhiét d6 phong, Qp phu thudc vao &p suét.
Théng sb déc tring cho kha nang bom nhanh hay cham ctia mot may bom
goi latdc do bom (S), n6 dwgc xac dinh béi dong hat trén mot don vi
ap suat:

S=Qp/P, (4.1

don vi cla toc do bom la lit/gidy. Hau hét cac loai bom déu c6 téc d6 bom
c6 dinh trong khodng mot vai bac cla ap suat. Dudi hodc trén khodng ap
sudt nay, téc dé bom déu khong dat duoc gid tri danh dinh.

4.1.1. Bom co hoc

Hut chan khéng bang bom co hoc (con dugc goi 1a bom so cép) thuc hién
theo nguyén ly khi dugc hit tir trong chudng, qua bom roi day ra ngoai nho
qua trinh van hanh mdt cach tuan hoan clia hé roto va stato. Van chuyén khi
nhu thé c6 thé thurc hién bang nhiéu cach khac nhau. V6éi muc dich tao ra
chan khong dé ché tao mang mong vt ran, ching ta dé cap dén ba loai b om
co hoc: bom quay khit dau; bom roto dip (con goi 1a bom Roots) va bom
tudc-bd phan ti.

a) Bom quay khit dau

Loai bom nay thuwong ding dé bom
chan khéng so cap trudéc khi van
hanh bom chan khong cao cédp. Céc
loai bom thiét ké khac nhau duwoc
phan biét qua cach van chuyén khi
bang cach quay céac roto truc chinh
va co ché truot dé hat khi vao bom
va dady khi ra khéi bom. Trén hinh
4.1 la thi du vé mot loai bom quay
khit dau dién hinh. D6 la bom kiéu
roto-phién. Roto trong bom nay dwoc

thiét ké léch tdm véi stato, sao cho  Hinh 4.1. Mt cit ctia bom co hoc
hav hom so cén.
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phan trén clia roto kin khit véi thanh stato. Hai phién gén 10 xo co thé truot
tv do theo phuong duong kinh cla roto, ludn ép chat khit vao thanh trong
clia stato. L&p mong dau chan khong cé tac dung giam thiéu ma -sat cla
thanh stato v6i roto va hai phién trwot. Ong thoat 18i duoc déng kin nhe ap
sudt cla van trong bhom. Khi roto quay, cac phim 10 xo va van lam viéc mot
cach dong bo, két qua la khi dwoc hat tir trong chudng day ra ngoai qua co
bom.Toc dd hat clia may bom quay khit dau mét tang gidm dang ké khi ap
sudt trong chudng thdp hon 1 Torr. Do d6, dé tang hiéu qua bom nguoi ta
I&p hai may bom lién tiép nhau.

Trén hinh 4.2 14 dd thi biéu dién sy phu thudc v ao &p sudt cla téc do hat doi
vGi hé bom 13p lién tiép. Hai dudng cong trén do thi Ia hai duong phu thudc
4p sudt cta tdc d6 bom dac trung cho hai loai bom c6 toc d6 2,5 lit/gidy va7
lit/gidy. Hiéu qua bom cao nhat ndm trong khoang ap suat I6n hon 103 Torr,
ap sudt toi han clia hé bom nay dat duoc vao khoang 10 Torr. Céc |oai
bom quay khit dau théng
dung thwong cé toc do
nam trong khoang tir 20
lit/phat dén vai nghin
lit/phat. Mot loai bom
trung binh, téc d6 2,5
lit/gidy nhu md td trén

T8¢ 36 bom (I/s)
%]

hinh 4.1, c6 kha nang duy 195 10t 102 102 10

tri chén khéng trong ving Ap suét (Torr)

trung chuyén tr chudng

dén cd bom khuéch tan Hinh 4.2. Téc do bom clia bom co hoc phu
dwong kinh 150 mm. Dé thudc vao &p sudt trong chudna.

hat chan khéng clia chudng véi dung tich 100 lit dwdng kinh 460 mm, can st
dung loai bom cong suét I6n hon.

Thoi gian bom (t), tinh theo gidy, can thiét dé ha ap suat trong thé tich V
(tinh theo 1it) tir ap sudt P, xudng ap sudt P duoc tinh bang cong thic:

P
t= 4,6.V log—» (4.2
S, +S P
trong d6 S va Slatdc dé bom (tinh theo lit/gidy) (ng véi ap suat dau va ép

sudt cuoi.
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V6i hé chan khong dung tich c¢& 100 lit st dung may b om cong suéat
7 lit/gidy, muodn dat chan khong c& 107 Torr thi phai hat trong 5 phit. Dé
tinh thoi gian bom trong cac diéu kién ap suat thap hon, ap dung cong thirc
trén khong con ding nira. Bi vi dé nhan cong thirc nay, ta da bd qua hiéu
rng nha khi tlr thanh chudng. Binh thudng, doi voi cac bom quay trong dau
nguoi ta thuong st dung loai dau co6 ap suat héa hoi twong doi cao (tw 107
dén 10° Torr tai 50°C). Tuy nhién, d6i voi hé chan khong thi can phai st
dung loai dau véi ap suat hoi thdp hon dé tranh hién twong hoi dau khuéch
tan vao trong chudng gy nhiém ban chubng va céc chi tiét trong chudng.
Loai dau chan khong so cap hién nay dang duogc st dung c6 nhéan hiéu
BM1, BM2 (do cac hdng CHLB Nga san xuét) hay V0302, VO304 (do
céc hang Nhat Ban san xudt), ...

Dé khic phuc hién tuong hoi dau khuéch tan nguoc vao trong chudng, nguoi
ta phai st dung by dau 1ap dat trén doan trung chuyén tir bom so cdp dén
bom khuéch tan vatlr bom khuéch tan dén chudng. C6 hai loai bay 1am viéc
theo hai co ché khac nhau. Mot 13, 1dng dong hoi dau trén thanh 6ng 1am
lanh b&i nito I6ng. Hai 13, hdp phu hoi dau béi cac hat x6p nhd clia vat liéu
hoat tinh. Loai biy nay can dugc sdy theo chu ky dé khoi phuc chirc ning
hoat tinh cla vat liéu hdp phu. Thiyc nghiém da chirng minh khi khéng cé
bay dau thi téc d6 khuéch tan nguwoc cla hoi dau la kha |6n, vao
khoang 103g.cm2.s . Bay dau bing nito 16ng lam giam t6c do
khuéch tan hoi dau 0,1% so v&i khong cé bay. Bay dau bang chét hoat
tinh Al1O3 t6t hon rat nhiéu so vai hoat tinh xeolit hodc than hoat tinh.
Hoat tinh AlO3 lam gidm dong khuéch tan nguwgc dén 99%, tuy nhién
téc dd bom cling gidm 10-20%. Trong mdt hé chan khong st dung bom
so cdp va bom khuéch tan thi hoi dau tir bom khuéch tan ciing cé thé
khuéch tan nguoc vao chudng. Dung bay nito 1ong 1ap dat ngay trén cd
bom khuéch tan sé loai trir hién tuong khuéch tan nguwoc, trong tredng
hop nay, khong can phai st dung bay dau & sau bom so cép nita.

b) Bom roto dup (bom Roots)

Khéc véi bom quay khit dau, bom roto dip (hay con goi la bom Roots)
khong can dau chan khong.Cau tao ctia loai bom Roots dwgc trinh bay trén

hinh 4.3. Béc treng co ban trong cdu tao clia bom Roots Ia hé roto gom hai
roto c6 mat cat hinh s tam, dugc 1ap réap sao cho khi quay ching luén kin
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khit nhau va tao ra khodng hit va nén khi. Chu trinh hoat dong cla bom
Roots c6 thé chia thanh bén giai doan (rng v&i bon vi tri quay ctia b om, nhw
mo té trén hinh vé. O giai doan dau (vi tri thir nhat), tir ¢ bom thi nhét khi
dwoc don vao, sau d6 mot phan cta né bi hat bdi roto dwéi, tng Vi vi tri
thir hai. Trong hai vi tri sau (vi tri ba va bon), lvong khi nay dwoc day ra
khdi co thir hai clia bom. RS rang la (ing vai vi tri nay, roto trén da chiém vi
tri m&i voi lvgng khi sé dwgc ddy ra ngoai trong vi tri thir tu. Hai roto quay
ngugc chiéu nhau va dong bd chinh xac, ching lam viéc khong can dén dau
hay m& bdi tron. Hé s& nén khi bi gi¢i han bdi luu lugng khi nguoc chiéu,
do d6 gidi han cla chan khdng phu thudc rat nhiéu vao &p suét tai dau vao.
C6 thé hut tryc tiép tlr khi quyén, song trong tr uong hop nay, dé giam thiéu
nhiét lwvong do ma sat gay nén can phai ap dung hé lam ngudi cudng
birc cho bom.

Van d@ trén trd nén phirc tap va kém hiéu qua, do d6 ngudi ta thwong 1ap
bom quay khit dau vao cd tht nhat clia bom Roots, khi do6 ty s6 toc dd hat
clia bom quay dau va roto dup thuong dwgce chon la 1:10. Do dé bom roto
dlp can phai c6 toc dd hat
cao, trong khoang 10? dén 10*
lit/gidy. Trong t6 hop bom [
quay mot tang khit dau dai ap
sudt lam viéc cta bom Roots
ndm trong khoang 1 dén 107
Torr, doi voi loai bom quay
hai tang, dai &p sudt d6 nam
trong khoang 10 dén 10
Torr. Médc du trong bom
Roots khong cé dau, nhuwng vi
trong hé chan khong st dung
cach 13p lién két v6i bom
quay khit dau Cho nénvan ¢d  Hinh 4.3. So db nguyén Iy 1am viéc

hién twgng khuéch tan nguoc clia bom Roots.

cla hoi dau. Duwoi ap suat

chuéng c& 10" Torr van con mot lugng nhé cac thanh phan khi sinh ra ti
hoi dau ton tai trong chuéng, nhu CO va C; tham chi c6 mot lwgng nhé hon
laH,O vaH,. Wu diém noi bat nhat ciia bom Roots la trong dai &p suét
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ké trén hiéu sudt l1am viéc cla ching cao hon hén bom quay khit dau
va bom khuéch tan. Bom Roots khong duoc st dung réng réi trong cac
thiét bi chan khong cao.Tuy nhién, trén quan diém kinh té loai bom
nay co wu diém khi can hé chan khong céng nghiép lam viéc trong diéu
kién &p suat ti 10 dén 10 2 Torr.

¢) Bom tudc-bd phan te

Bom tudc-bd phan tir 1am viéc theo nguyén ly sau day: cac dia kim loai duoc
quay voi toc do cuc nhanh (toc do dat trén 27.000 vong/phdt), truyén cho
phan tir khi bi va cham v&i bé mat clia dia mot xung | vong chuyén dong
thang tao nén dong khi vang ra khdi ¢ bom tudc-bd dén phan hat clia bom
so cdp. Trong diéu kién ap suét gan voi ap suét khi quyén, cac phan tir khi
va cham v&i bé mat dia kim loai c6 thanh phan toc do theo hwéng quay tang
|én. Khi va cham, chiing truyén xung luong nay cho céc phan ttr khac, do dé
dd 16n cla dong khi tao thanh ty 1€ thuan v&i d6 nhét clia khi. Dudi ap suét
thap, toan bd dong khi tré thanh dong phan tlr va hau hét so phan tir nay déu
tham gia vao qud trinh va cham v&i bé mat quay clia bom. Két qua la hiéu
sudt bom téng 1én va hé sd nén khong con phu thudc vao &p suat tir phia cd
bom. Hé s6 ndy cang cao khi khe hé gita mat phéng quay va thanh chudng
d€ khi di qua cang hep. V& ly thuyét, hé s6 ap suét (hé s6 nén) khi khe hé vo
cling bé co thé dat ty s6 1:10%. Cac bom tudc-bd phan ti thé hé dau tién da
6 khe hé di nhd, dén c& 30 um. Tuy nhién, khe nhd nhu thé dé dan dén su
¢6 hong bom do dan nd nhiét clia cac dia quay hay do cac hat kich th wéc 16n
lot vao trong bom. Do vay, thiét ké bom tudc-bd khe nhé nhu vay la khong
thuc tién. D& khac phuc nhuoc diém nay, Becker da thiét ké loai bom phan
tlr gom cac dia quay lién tiép nhau, khe hd rong dén 1 mm (hinh 4.4). Mac
du &p sudt chénh léch gitra hai dia k& nhau la khong I6n, do c6 nhiéu tang
dia lién tiép da tao ra hé s6 nén téng hop dat gia tri cao. Thi du, v&i mot
bom c6 téc do quay 16.000 vong/phtt, hé s nén khi hydrd bang 250, khong
khi bang 10°. D6i V6i céc chét khi ¢ trong lugng phan t& 16n hon thi hé s6 nén
con cao hon nira.

Hién nay, cé cac loai bom tudc-bd kich thuwéc khac nhau véi toc dd bom
phan tr khéng khi dat tlr 260 dén 4000 lit/gidy. Tuy nhi én, khi p suat trong
chudng 16n hon 102 Torr, cong suat bom gidm dot ngot va doi véi ap suat
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khi béng 1 Torr thi gia tri cdng suat chi dat vai phan trdm gia tri cla mirc
danh dinh. Do vay, bom tudc-bo phan t&r chi nén van hanh khi &p suét
thap hon 1072 Torr, nghia 12 bom tudc-bd can dwoc 1ap dat tiép theo bom
so cdp va chi van hanh khi bom tudc-bd da dwgc hat chan khong dén 1073
Torr. Gi¢i han thdp nhét cla ap suét dat duwoc doi voi bom tudc-bd khoé co
thé danh gia day da va chinh xac. T hé sd nén khi cla loai bom nay c6 thé
suy ra chan khong téi han dat dwoc khong kém hon 10 Torr. Mac du vay,
cho dén nay &p suat pho bién nhan dwoc trong chudng chan khéng chi vao
khoang tir 10 2dén 10 Torr.

Thoat khi Thanh bdm Bia Stato

Bia roto

Hinh 4.4. so dd mat cit cia bom
tu6c-bo phan ti

Trong thanh phan khi dong lai trong chudng chan khong cao cé cac khi phan
t& lugng nhd nhw H, hoac He. Méc du trong bom tudc-bo khong ¢ dau boi
tron, hoi dau van khong thé loai trir tuyét d6i vi kha ning khuéch tan nguoc
clia hoi dau tir bom so cdp hay tir cac loai van va cac chi tiét khac van ton
tai. Trong mot gidy, lwvgng hoi dau lot qua khe hé vao chubng téi 1010 phan
tlr tlr dau chan khong. Vi cac hé may b om hién dai dung roto tir tinh c6 thé
loai trir hién twong nhidm hoi dau va chan khong cé thé nang cao trén 10
Torr. Tuy nhién, loai bom nay rat hiém vi gia thanh ché tao vé cung lén.
Chiing chi duoc s dung trong cac co sé nghién ctru manh va voi cdc muc
dich rat dac biét.
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4.1.2. Bom khuéch tan
a) Nguyén ly hoat dong

Trén hinh 4.5 1a so dd cau tao clia bom khuéch tan. Nho dét bang bép dién,
nhiét do cla chét 16dng (dau chan khong cao cép) tang | én dén nhiét do soi,
hoi ndng bay Ién dwdng dan hoi, qua phéu kim loai, phut manh ra khoi ving
chan khong cao. Chuyén tir viing &p suét cao hon xudng ving &p suét thap
hon, hoi néng nd ra. Trong trudng hop nay, phan bé toc do cla phan tl thay
ddi: tang thanh phan trong hwdng gidn nd, hon nira vé gia tri nhiét luvong, téc
dd bi d6i hwdng vatré nén I6n hon so vai toc do cua hé khi tinh. Vi thé, tai
nhiét dé nay, tia hoi nong phut ra
co thé dat t6c do cla siéu am. e Vungchankhong czo ——

Chuéng hinh nan

Piéu nay cé y nghia rat lon. Boi S A
vi binh thuong cac phan ti A n
khuéch tan ra tir phan b6 chuén D i Kne nd

clia t6c dd khong tao nén hiéu Phéu
tng huat khi. Cac phan t& khi tu
vung chan khong cao khuéch tan
vao trong bom qua 16i vao, va khi
va cham v6i cac phan ti cla dau
chan khong tao nén thanh phan
toc d6 hudng vé vung chan khéng
so cdp (c6 bom co hoc). Két qua
la & lan can phéu kim loai xuét
hién vung &p suét khi bi giam
manh, huéng theo ving nay qua
trinh khuéch tan khi tir viing chan
khong cao ciing duoc ting cuong. Hinh 4.5. so db céu tao

Vi tia hoi néng truyén ra cang xa hom khuéch tan

phéu kim loai thi mat do ctia né cang bé di, do su va cham ma kha nang doi
huéng clia chuyén dong bi hao di mot phan. Do d6 phan dwoi (day) clia bom
khuéch tan dwgc hinh thanh ving &p suét tang, ti d6 makhi tich tu bi bom
so' cdp hat ra ngoai. D€ ngwng tu hoi dau va nhan dwoc lop bién dam dac
hon, bom khuéch tan dwoc 1am ngudi béng nwéc lanh chay vong quanh trong

% Budng nupd
%, lam fanh
%

Q O 0 O ()

Déu chén khdng cao cép
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céc 6ng dong dan nwdc, madng déng nay duoc han lién voi thanh ngodi cla
bom. DE tang hiéu sudt bom (ttrc la tdng ca hwdng va gia tri van tdc clia
ludng hoi), cadc bom khuéch tan thwong duoc thiét ké cau tao tlr nhiéu tang
phéu kim loai (ph6 bién la batang) lam viéc ndi tiép nhau.
DE tranh hién twgng phun hoi dau va tap chét cla ching vao trong ving
chan khong cao (trong chubng), dau chan khong cao cap can thod man cac
yéu cau sau:

Khong bi phan hiy nhiét vakhéng bi 6xy hoa tai nhiét do lam viéc;

C6 4p suat hoi rat thap tai nhiét do phong. Diéu kién nay dé dam bao

khi bom khong lam viéc hoi dau khéng c6 kha nang khuéch tan vao

cac bd phan khéc trong hé chan khéng.
Trwéc day, khi chwa c6 nén cong nghiép dau khi thi chi cé chat léng nhw
thuy ngan méi dap ing cac yéu cau trén. Vé sau vanhat la gan day, voi viéc
giai quyét duoc cac ky thuat ché bién, tach san phdm dau nhiét do cao,
nguoi ta da ché tao dwgc nhiéu chat 1éng thich hgp cho muc dich s& dung
lam dau chan khong khuéch tan. Trén bang 4.1 trinh bay mét so loai dau
chén khdng cao cép va cac thong s6 hoa ly co ban cla chidng. Vi mot s6
loai dau cao cép chét lwgng cao cung voi viéc thiét ké hoan hdo clia bom
khuéch tan va bom co hoc, p suét trong mot hé chan khong cé thé dat d voc
giatri rét cao, trong khoang 10 -10 ° Torr.

b) Dong hoi dau nguoc

Tir bang 4.1, chang ta nhan thdy rang, mtc do chan khdng cao cép dat d woc
bang bom khuéch tan c6 gidi han ap suét con thap hon ap suét hoi dau tai
nhiét do twong tng. Thuc nghiém cho théy, tai ving &p sudt 10 -10°° Torr
bom khuéch tan da “nha” mot lugng khi phan ti (hoi tap chat) tuong duong
voi lwvgng khi ma ching bom dwgc. Tham chi, néu nhu hoi tap chét chua béo
hoa & nhiét d6 clia chuéng chan khong thi tai ap suét 107" Torr chi trong vai
gidy cling da phat hién Iép don cuta chat hap phu hinh thanh.Trong thuc
nghiém chan khdng cao, viéc ton tai dong hoi dau ngwoc (hoi dau tr bom
khuéch tan) lot vao trong chudng la van dé rat nghiém trong. Béi vi phan ti
cla hoi dau chinh latap chéat rat c6 hai mot khi ching xam nhép vao trong
san pham mang mong. Ngoai ra, |¢p mong hoi dau ngung tu trén bé mat dé
trudc khi tao mang chinh la nguyén nhan lam giam chét lvgng clia mang,
nhr mat do mam khuyét tat tdng va dd bam dinh cla mang trén dé
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giam,...Do d6, can phai c6 giai phap k§ thuat dé khac phuc dong hoi dau
khuéch tan nguoc ngay trong 1ong bom khuéch tan.
Bang 4.1. Tinh chat vat ly clia mdt s6 dau khuéch tan .

Ky mahiéu Phantirgam  Apsudthoi  Nhiétdd  Khai luong
trung binh tai 25°C, SOl tal riéng
0,5Torr
(g/mol) (Torr) Q) (g/em?)

Octoil 391 2107 183 0,983
Octoail-S 427 5.10°8 199 0,912
Conwoil-20 400 8.10°° 190 0,86
Conwalecs-10 454 2.10° 275 12
Cantowak-5 446 1.10° 260 -
Cantowak-6 538 1.10°° 300 -
DC-702 530 510" 180 1,071
DC-704 484 210° 215 1,066
DC-705 546 3.10% 245 1,095

Thi du, hién twong hoi dau bay 1én do dinh phéu kim loai qua néng cé thé
khac phuc bang céach ting cuong lam ngudi & phia trén. Hién tuong cac tia
phut ra tir phéu bi gian doan ho3c xé th anh céc hat (trén hinh 4.5 |a céc tia
dirt va cac dau chdm nam trén phéu) cling tao ra dong khuéch tan nguoc kha
Ién. Hién twong nay duoc khic phuc bang cach 1ap dat thém dwong 6ng
nwdc 1am ngudi bao quanh ving bién cia phéu. Tuy nhién, dé khic phuc
hién twgng khuéch tan ngwoc clia cac phan ti bi tach ra khoi dau khuéch tan
thi can phai l&p dét thém céc loai biy khéac nhau gitra bom khuéch tan va
chudng chan khéng, trong d6 c6 bay nito 16ng.

Ngay nay bom khuéch tan cong suéat I¢n thuong dwoc st dung trong
cac nha may xi nghiép san xudt hang tiéu dung ma lién quan dén ky
thuat chan khong. Trong khoa hoc ky thuat, nhat I a trong ITnh vuc
nghién clu vat liéu mai, thay vi st dung bom khuéch tan, dé hat chan
khong cao céap can sir dung bom tudc-bd phan tir hay bom cryo.
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4.2. Nguyén ly chan khéng
4.2.1. T6c d6 bom

Nhu trén da gigi thiéu vé cac loai may bom chan khong. Xem xét toc dd
bom chan khong tir ly thuyét dong hoc chat khi, cd thé nhan thdy rang
chuéng (thuong duoc 1am bang thiy tinh hay thép khong gi) dwoc hit chan
khong la nho su chénh léch 4p suat tao ra bdi may bom chan khong. Nhe d6
céc phan tir khi dwoc hat qua c8 bom véi téc do bang tich cla tan suét va
cham téng hop (z,, — z,,) vadién tich thiét dién c8 bom (A). Trén hinh 4.6
la so d6 hé chan khong don gidn nhat, né chi gém may bom va chuéng. Bé
dé theo ddi khi phan tich, bén canh hinh vé& dé Ia minh hoa so d& mdt mach
dién tvong duong (ching ta coi sw dan khi trong hé chan khéng giéng nh v
dan dién trong mach dién).Do d6 d dng khi - dong clia cac phan tir - J duoc

biéu thi b&i biéu thirc sau:
Ed—Nz—(z -z jA. (4.3)
dt out n

Dong khi c6 giatri duong khi khi dwoc x& vao chuéng. Dong phan ti khi ra
khdi chudng dat gia tri 16n nhat khi z,, =0, st dung biéu thirc da biét vé
tan sudt va cham & chuong 2:
JmaX =—ZgtA=-Nvy Ald. (4.9

trong do:

N latong so phan tl trong chubng,

t 1athoi gian,

V,, la téc do trung binh clia phan t& va cham.
Kha nang bom ctia mt hé con dugc ddc trwng bai toc dd bom (S), téc dod
dong khéi, don vi tinh 1a m¥h hodc I/s. Dong phan t&r khi ra khdi chudng
chinh latich cla tdc d6 bom va mat do phan t& trong chudng. Vi thé Slién
hé véi dong téng J bang biéu thirc don gian la

=-—. (4.5)
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Tuong tu, téc do hat dat gié tri Ion nhdtkhi J =J,, bang:
S=v,, A4, (4.6)
a)
WP, -
P |Q -
._l 9 3\) q: C
(e y
bj g

Hinh 4.6. a)Hé chan khong don gian,
b)M6 t& nguyén ly dong hut khi bom chan khéng,
¢) So sanh v&i mach dién tuwong duong.

Trén thuc té€ can phai lva chon mét cach thich hgp gitra kha nang b om cla
may va duong kinh c6 bom. C6 hai kha nang xay ra, néu lya chon sai:

T6c d6 bom 16n nhung ¢8 bom lai nho. Trudng hop ndy dan dén qué trinh

bom khong hiéu qua, tén hao nhiéu nang lwgng, méay bom dé bi nong;

Toc dé bom thap nhung dién tich cd bom 16n. Trong treong hop nay,

may bom phai 1am viéc 1au ma hé chan khong van khong dat dugc

chéan khong cao can thiét.
Cong thirc (4.6) lating véi diéu kién ly twdng, thuc té tc dd bom khong dat
dwgc gia tri 16n nhu thé, ma thuong lanhé hon nhiéu. Nguyén nhan chinh la
do k¥ thuat co khi chinh xac chwa dam bao dé dong khi ngwoc khong
quay trd lai bom.
No6i chung, trong k¥ thuat chan khéng va cong nghé mang méng thi don vi
cla Sduwoc ldy theo |/s. Diéu nay pht hop vai théi quen clia ngudi st dung
céc loai bom trong thuc tién, nhat 1a khi 1am viéc voi cac thiét bi bom co
hoc kiéu roto (quay) hay piston (nén). M6t khi may b om kiéu roto bat dau
hoat dong va van dwgc mé thi khi sé dwgc hat tir chuéng vao bom cho dén
khi hé chan khong dat duoc trang thai can bang. Tc dd bom trong treong
hop nay duoc hiéu latich clia thé tich khi (ma may bom hat dwoc trong mot
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vong quay) véi tc do quay cla roto. Khai niém nay cling dugc st dung cho
may bom piston (Mdc du loai bom nay cho dén nay hau nhu khéng con san
xudt), va cac loai may bom khac. Néi theo cach khac, may bom chan khong
da hat tat ca céac loai phan t& khi ra khéi chuéng (hay b inh) chan khéng v&i
toc do S lit/gidy. Vi dp suét trong chudng sé giam sau mdt khoang thoi gian
bom, cho nén dong phéan tir khi bi hat ra khéi chudng ciing giam, Méac d U téc
dd bom ctia may bom khéng thay doi.
Ung dung. Mot bom khuéch tan thwong mai cé tc do bom (d6i vai khong
khi binh throng) 125600 I/s. Bwang kinh clia ¢ bom la 31 cm. So sanh tdc
do bom thuc t€ véi toc dé bom theo ly thuyét.
Dé don gian ching ta coi trong khong khi chi c6 khi nito véi khéi lvgng 28
dvnt. Khi d6 chlng ta c6:

8 (1,38x10 33/ K )x 298K v

v = = 475m/s.
& nx 28x1,66x10-27kg

Dién tich cta c6 bom la:
2
Tx (@j = 7.55x102m?,

do do:
(475m/s)x 7,55x10°m?

Smax = ; — 8956 I /s,

Nhw vay gid tri clia toc do bom thuc té clia may bom thdp hon nhiéu so véi
giatri tinh dugc tir ly thuyét. Biéu nay phan anh k¥ thuat ché tao hom chan
khdng van con khoang cach 16n dé dat duoc mot may bom 1y tuéng.

[
Trong hau hét cac thiét bi chan khong, thi du nhi mé ta trén hinh 4.6 thi c6
bom c6 c4u tric hinh 6ng. Cau tric nay c6 do dan khi nhat dinh, goi la C,
né lién hé do 16n cta dong phan tlr qua c¢6 bom véi do chénh léch clia mat
do khi gitra hai dau cd6 bom, nhr da duoc néi dén & phan trén. Biéu thirc
miéu ta lién hé nay l1a phuong trinh tinh do dan:

J

CE—E' (47)

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 99

Tir biéu thikc ndy thdy rang, do dan cta cd bom béng téc do bom Iy tuéng, vi
khi khéng c6 dong khi ngugc, thi An=n, do do:

Téat ca cac cu truc khac nhw 6ng ndi, van chu trinh, van xa khi hay cac khe
hé khéng mong mudn trong hé chan khong déu c6 do dan dic tr ung.

Céc biéu thirc clia S cho ching tatéc do bom t6i da (vé ly thuyét) clia mot
may bom d6i v&i mot hé khi vatai nhiét do xac dinh. Vi vay, mot may bom
c6 téc do bom 1¢n nhat c6 thé cling chi bang gia tri cta dé dan clia c6 b om.
Tuy nhién, cling c6 nhitng bom, thi du bom khuéch tan, c6 thé dat dwoc tdc
dd bom gan voi toc do bom ly thuyét.

Bay gi¢ ching ta xem, khi may bom lam viéc thi &p sudt trong bom giam
theo thoi gian nhu thé nao. S dung dinh luat khi ly tuéng, ta co:

dP/dt:Mz _nSxKT/V =—SP/V.

Loi gidi ctia phuong trinh trén &

P= P(O).exp(—%j. (4.8)

Nhuv vay, ap suét trong chuéng giam theo ham sb6 mi cla thoi gian va
ty s6 S/V.

Diéu gi xay ra khi chudng chan khong c6 khe hé nhé? Trong tr uong hop nay
khe hé dugc coi 1amdt cdu tric dan khi giéng nhw 6ng hep, do dé no c6 do
dan khi nhét dinh, ky hiéu C,. Néu nhu &p suét cla chudng chan khdng réat
nhd so voi ap suat moi truong (1 atmosphe), thi toc dd ma céc phéan ti khi
lot vao chudng qua khe h& sé la dai lvgng cd dinh, dN/dt||_ =C.n, vi
An — n (mat do khi & ngoa chudng, trong mdi treong). Sau mot thoi gian
bom, &p suat trong chudng ciing sé dat dwgc giad tri nhd nhat va bao
hoa.. Trong trang thai ndy, cd dP / dt va dN / dt déu béng 0. Llc nay taco:

dN/dt=dN/dt| —nS=dN/dt| -P,S/KT=0.

Trong diéu kién bdo hoa P — B, (&p suét t¢i han), do do:
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kT(dN/dt‘L)

Puc= "5

(4.9)

Ung dung. Cho rang, chudng chan khéng c6 mét khe hé nhé voi do dan la
10 *1/s. Hoi dong céc phan tir khi lot vao trong bom c6 do 16n 1a bao nhiéu?
Mat dd khi tai nhiét do phong va ép suat khi quyén &

n= 760Torr =2,46x10%m2.

(1,38x10*23J/K )x 298K

Khi do:
‘Z—Tz [10“‘|/ij 2,46x10%°m % = 2.46x10%s ",

Gia str dung bom chan khong ké trén, hdi khi c6 khe hé nhw vay thi &p suat
t¢i han cla hé chan khéng dat d wgc labao nhiéu?
Ap dung cong thirc (4.9), taco:

p _L38x107J/K x 298K x 2,46x10*s™*

= =136x10"°Torr.
u 56001 /s

4.2.2. DoNng hat khi

Khéi niém hat khi deoc str dung cuing véi cac biéu thirc clia toc dé bom va
dd dan khi dé tinh dong khi va dé mé hinh hda déng hoc bom va cac hé chan
khéng. Nhin chung, khé niém hat khi larat phd bién, nhung viéc giai thich
y nghia va st dong gop clia n6 vao céc biéu thic trong dong hoc chét khi,
tham chi trong ca ky thuét chan khéng thi van con rat han ché.

D& nhan thdy rang, toc do thay ddi clia s6 |wong cac phan tir khi trong
chuéng c6 lién quan v&i ap suat clia chudng. BE 1am rd van dé nay, ching ta
sl dung céc dinh luat khi ly tuéng cho hé chan khong, véi gia thiét ching ta
dang c6 mot hé can bang (4p suét va nhiét d6 dong nhét, ngay ca gan khu
virc ¢8 bom va 16 hdng). Trong trudng hop nay, chiing ta co:
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d(PV) _d(NKT) (4.10)

dt dt
Vi thé tich clia chudng vanhiét do la khong thay déi, ta co:

dP dN
V—=KkT—=kTJ. 4.11
dt dt (4.11)
Vé bén tré cua biéu thirc trén miéu ta dong hat khi cla hé chan khong, khi
8p sudt tang dai luong nay cé giatri duvong:
dP
=V— 412
Q=Vg (4.12)
Theo quy dinh ctia Hoi Chan khong Hoa Ky (American Vacuum Society) th i
dong hat khi dugc dinh ngha “la mot lwong khi trong hé dac trung bdi thé
tich - &p suat di qua mot thiét dién mé nao dé trong mot don vi thoi gian, tai
nhiét do nhat dinh”. Nhu vay, dong hit khi cling chinh latich clia dong phéan
tir (dN/dt) va KT. Biéu thirc bén phai clia (4.11) tuong (ng voi dong hat
khi c6 giatri dwong trong truéng hop phan t& khi tir bén ngoai lot vao chudng:

Q, =kTJ,. (4.13)

Chang ta thdy, dong céc phan ttr khi lot vao trong chudng qua khe hé&
(J,) déc trung cho khe hé 8y, nhwng dong hit khi clia khe hé lai chinh lagia
tri cla dong nay nhan véi KT.

Tir day ching ta ciing c6 thé ap dung khai niém d ong hat khi cho mot may
bom trong hé chan khong. Dong hit thoét ratlr hé chan khéng nho may bom
duwoc xac dinh bdi biéu thic:

Qp= kTJp =SP. (4.14)

O day Qp nhan giatri dvong trong truvdng hop cac phan t& khi bi hit vao
bom (cling c6 thé xay ra diéu nguwoc lai, khi cac phan tlr khi bi hit ngwoc lai
vao chubng, do van chu trinh hoat déng sai quy trinh dong mé& hé chan
khong. Trong trvong hop nay vi trong bom co hoc hodc khuéch tan dang cé
san dau chan khéng, cho nén dau bi hit vao chudng. Hién tuong nay goi la
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“suc dau”, s cd suc dau thwong khong xay ra d6i voi cac hé chan khong
hién dai, trong d6 cac van chu trinh duoc thiét ké hoat dong tw dong theo
ding quy trinh déng va mé hé chan khang, ké ca khi cé sy c6 mat dién
dot ngot.

Cubi cung, dong hat khi qua céc cdu trdc nhr éng, ma dai lugng dac trung
clia né 1a do dan C;, dwoc biéu dién bang cong thic:

Q; =kTJ=KTC; An=C,Ap. (4.15)

Biéu thirc (4.15) hoan toan twong tv biéu thirc vé dinh luat 6m trong mach
dién. Céc dai lvong dic trwng cho mdt cdu trdc dan khi nhu dong hit khi,
chénh |éch &p suét va do dan khi co thé so sanh tuong tw voi cac dai lwong
vat ly trong mot mach dién nhu dong dién, hiéu dién thé va do dan cla
dién tro.

(ng dung. Tinh dong hdt clia khe hé trong thi du trén.

Ap dung cong thttc (4.15), ta co:

Q = (l 38x102J/K )>< 208K x 2,46x10%s
=7,6x107Torrl/s.

[
Tir cong thire (4.15) chling ta nhan thdy d ong hit clia mot vét ro hay 16 héng
néi chung thay déi theo nhiét do, Mac du sd lvgng cac phan t& lot vao
chudng khong thay dai.

4.2.3. o dan clia hé chan khong

Chuing ta biét rang, mot hé chan khong bao gid cling bao gdm cac bd phan tir
may bom dén chudng chan khong, cac hé thdng van chu trinh, cac dau vaco
nBi, van xa khi, ... Ching lién két vdi nhau thanh mot hé kin dé khi van hanh
dat dugc méi treong trong chubng cé ap suét thap nhat (tic | a chan khong
cao nhét c6 thé). Nhuw vay, do dan cla hé chan khong phai 1a do dan hiéu
dung, ttrc 1a dd dan téng tir cac do dan cla tirng cdu trdc chi tiét, thi du cac
van ndi ti€p nhau hay cac dng ndi song song. Gidng nh v trong k¥ thuat dién,
cac dién tré dwoc mac ndi tiép hay song song sé c6 dién trd téng hop cla
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toan mach. Tuy nhién, vin dé I1ap biéu thirc vé do dan cho toan hé chan
khong la khong thé, bdi vi chiing ta khong c6 di dir kién can thiét doi voi
tirng cAu trdc cla cac bd phan dan khi. BE hiéu mdt cach khéi quat, d u6i day
chiing ta xem xét thi du cu thé.

Nhu trong chwong 2, chiing ta d & nhan dugc biéu thirc vé do dan cho hai cdu
trdc co ban 1a 6ng dan valé héng & hai ché do dong khi 1a ché d nhét va
ché do phan t (Knudsen). Thi du, d6 dan ctia mot 6ng d ai, trong (ng & ché
do nhét va ché dd Knudsen 1a Cumuwbe =n.a2(2va,a/3L) va
Cuute = (ma*/8nKTL )P,, . RG rang, khi do dai ctia ng bang 0 thi biéu thirc
dau khdng con co y nghia. Didu nay trén thuc tién 1a khdng dang. Khac phuc
khé khan nay ching ta can dua vao khai niém do dan tdng hop cla mot hé
c0 cdu truc dan khi, ma it nhét trong d6 c6 ca 6ng valo héng, digu matrén
thuc t€ bao gitr cling xay ra. Khi do ching ta c6 biéu thirc vé do dan téng
hop trong c4u triic méc ndi tiép 1 &

1/ Ciota =1/ Cype +1/ Coyi - (4.16)

Cong thtic trén da dugc kiém chirng, ding cho hai truong hop déc biét la
6ng rét dai hodc rat ngan. Con trong treong hop trung gian thi né khdng con
dang vé dinh lvong. D& co nhiéu tac gia cd gang giai quyét van dé nay mot
céach triét dé, nhung két qua nhan dwoc ciing chi phti hgp cho tirng céu tric
dan khi cu thé. Bieu dé chitng td tinh phirc tap clia ddng hoc chét khi trong

céc hé chan khong thyc, ma dwéi day ching ta s& xem xét cac ddc tinh dong
hoc co ban cla no.

4.3. bac tinh chung ctia hé chan khéng
4.3.1. Cac khai niém dong hoc co ban

M6t mo hinh gan thuc t€ clia mot hé chan khong dwoc mo ta trén hinh 4.7.
Dé thuan tién theo ddi, trong so do nay chiing ta coi tat ca cac khe hé nhé
khdng mong mudn c6 tac dung nhi mot van thong vai khong khi, goi tat 1a
“van thdng”. Dong hut ctda van thong duoc Ky hiéu 1a Q, , dai lwong nay hau
nhw khéng doi, chirng nao &p suét trong chudng P, ((1at. Trong hé con cé
bay (nudc hodc nito 16ng) va vach ngan bom khuéch tan véi chubng. Ching
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104 Vat ly va ki thuat mang méng

dac trung boi do dan twong tng 1a C, va C,. May bom c6 téc do bom thuc
Ia S, nhung ddi voi ca hé chan khong, sé co6 toc do b om hiéu dung. Béi vi,
ngoadi ¢ bom con phai tinh dén ca bdy va van vach ngin, do d6 S < S.
Bom nay c6 ap sudt t¢i han 1a P, giatri cla ap sudt nay sé thdp hon khi
dong cac van théng.

\:"3 ‘1 T -—
i | v.p, ‘IR,
9y C—J|: a i ® iyt I; 1
L
\-"2 - Qz l a lQ
F2
9p c, X
t=0 X R @
v / o l C, =
10 R
— P1e
9p * ]
Qr ,@ |

S=Smax (1-PulttP1}

Hinh 4.7. M hinh ctia mét hé chan khong (phai) va so do
mach dién tuong dwong (trai)

Tiép theo, chiing ta sé thdy hién twong khlr hdp phu tlr cac chi tiét trong
chudng va tir thanh trong ctia chudng. Hién twgng khir hap phu la quatrinh
nguoc cla hiéu ¢’ng hap phu trén bé mat cta thanh chuéng. Céac dai lwgng
khac duoc ghi trén so dd hé chan khong. DEé dé theo d&i khi phan tich
nguyén |y lam viéc cta hé chan khéng véi cac khai niém vé chénh léch &p
sudt, dong khi, do dan khi, chiing ta dé bén canh mét so do twong duong cla
modt mach dién dic trung bai hiéu dién thé, dong dién va do dan. Can luu y,
day khong phai 1a so dd méc dién cho mach digu khién hé chan khéng nay.
Dong hat clia “van thong” 1a khdng d6i, trong khi qua trinh khir hap phu cho
ta dong hit thay ddi theo thoi gian phu thudc vao lich sir hdp phu cla hé
chan khéng. Trén hinh 4.7 qua trinh nha khi khdng miéu ta bang mot ky
hiéu nao, trén thyc té dong hat cla qua trinh nay la rat bé, coi nhu
bang 0.

So sanh v6i mach dién twong duong, thiri diém dong cong tc dién ( t = 0)
latwong (rng véi thoi diém mé vach ngan (bom khuéch tan véi chubng) dé
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Vat ly va ki thuat mang méng 105

bat dau hat chan khdng cao trong chudng (cho rang ldc n &y chudng da duoc
hat chan khdéng so cap dén mic can thiét).

Co6 bon dai lvong dac trung trong hé nay la P, P,, P, va Q. Cac phuong
trinh tvong tng mo t& qua trinh bom la:

dfy _ —dNa (4.17)
Vg = KT +Q-Q.
Q=C,(P,-P,), (4.18)
Q=Cy(P,-R) (4.19)
va p
Q=SP, =S| 1~ Fu,lt P (4.20)

1

Ng(t) laténg s6 cac phan t& bi hap phu bén trong chudng. Vi thé, chiing cho
déng gép vao dong hit cla qua trinh khir hap phu la —KTdN,/dt. T ly
thuyét hap phu va khir hap phu, cé thé thay toc do khir hdp phu duoc tinh
bang thuong clia téc do hap phu trén thoi gian lwu tra (t) cla phéan ti bi hdp
phu. D& nhan thdy, khir hdp phu |a mdt qué trinh hoat tinh nhiét. Thoi gian
lvu trd Ia khoang thoi gian trung binh ma cac phéan ti hap phu & lai trén bé
mat cho dén khi chiing tich di ndng lwong dé thoat khoi bé mat dy (khr hap
phu). Vi thé, khi bo qua hdp phu dong thai thi toc do khir hdp phu sé la

-dN, N, (4.21)

dt T
(Chinh xac hon, vé phai cla biéu thirc nay con cé thém dai lvgng nhd latich
—a ZA,, nhung vi tich ndy ciling rat nhd, cho nén c6 thé bd qua). Vi thé, sd
phan ti hdp phu gidm theo ham mii:
-t

N, (t) =N, (O)exp[7j' (4.22)
Cubi cung, N,cling sém tré nén qua bé va do dé cé thé bo qua duoc.
Sau khoang thoi gian hit chan khdng bang b om khéch tan (hay bom tudc-bo)
thi 4p sudt & dau c6 bom (gan van ngdn) can bang véi &p sudt t¢i han cla
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106 Vat ly va ki thuat mang méng

bom (R;;) do d6 dong hit Q — 0 (xem phuong trinh (4.20)). Trong truong
hop ndy trén thyc té dong hdt SR, Vvan ton tai dé duy tri trang thai can bang
&p sudt trong chudng. Luc nay dong khi duoc hat c6 thé xem nhr dong dién
iylt trong so dd mach dién twong duwong (dong di qua 9p cling bé dén mirc
gan bang 0).

Du6i day ching ta dé cap dén toc dd b om hiéu dung S« Trudc hét, ching ta
thiét 1ap biéu thirc cho do dan hiéu dung (C «) clia cdu tric t6 hop bay — van
ngan. T6 hop nay giong nhw cac dién trd trong mach dién, va nhuw vay, do
dn hiéu dung cla cdu tric nay, giéng nhu trong tredng hop mach dién mac
hai dién tré ndi tiép, sé& 1aténg hop cta hai dd dan co tir van ngan v a bay, cu

thé la
1.1 (4.23)
Gt @ S
hay:
C,*G,
b
Cyp =2 V. (4.24)
eff Cpt Gy

Béy gi¢ ching ta tinh téc do bom hiéu dung truéc thoi diém B dat gia tri
bang P~ C6 thé thdy rang, dong hit clia t6 hop bay - van ngan phai bang
dong ht clia bom, nghfa 1a Cer EPg - F}) =S(R-Pu) Lacndy P, larétbé
so v6i P, va do do ti s6 P,, /P,coi nhu khdng dang ké va c6 thé viét:
R /P, = Cys /(S+ Catr).

T6c do bom hiéu dung clia ciu tric gom t6 hop tir bom dén c6 bom, by va
van ngan dugc xac dinh tr phuwong trinh:

S« =SP, (4.25)
vi thé:
= SCeff : (4.26)
eff S+ Cy '

NGi céch khéc, tbc dd bom hiéu dung ctia mot hé bang téc d6 bom cla t6
hop bom va tat ca cac cdu tric dan khi can thiét dwoc gan tir bom dén
chubng chan khéng.
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Vat ly va ki thuat mang méng 107
Cong thirc tinh t6c d6 bom cla hau hét cac may bom chan khoéng cao
cap, thi du bom tu6c-b6 phan tir tai vung ap suat gan dat ap suat tgi
han c6 dang:
Rit
S=Smax | 1= | (4.27)
P
trong do Pplé.ép suét hoi can bang nhiét tai nhiét do Iam viéc cta bom.
Diéu nay duoc minh hoa trén hinh 4.8. Khi 4p suét dat gia tri t¢i han thi toc
dd bom giam xudng béng 0.
Ap sudt téi han Py clia chudng bi anh hudng bdi cac khe hé hay 16 r o khi,
néu nhu Q_la dd I6n so véi SRy,. BE tinh gid tri cla dai lvong ap suét nay,
chiing ta gia thiét rang hé hat chan khéng dang & trang théi tinh. D ong hat
clia 16 ro can bang véi dong hit clia bom, nghfa 1a Q, = Sy Py Vi thé:
QL
P3ult S (4.28)
Mac du thé tich cla chudng chan khong déng mot vai tr o nhét dinh trong
qua trinh bom chan khéng, né khéng anh huéng dén dai luong ap suét t6i

Gidi han Téic d o dinh
Ky thuat__
L

-
d :
{ \'-\ Qua tai

T&c A5 barn

Py~ 10207 P 107121072

log {Ap suit van {Torr))

Hinh 4.8. Téc d6 bom phu thudc &p suat cla
hé chan khéna

han nhu vira nhan dwgc. Trong trudng hop ap suét trong chudng (R,) rét thap
thi Q. hau nhuw khong phu thuéc vao p sudt ndy, va vi thé co thé thay
Q, =C_ x1at. Ciing can nhén manh rang C chinh 12 d6 dan khi ctia mdt cau
tric duoc tinh theo ché do Knudsen hay d ong nhét latuy thudc vao dién tich
clia bé mét 16 ro (kich thudce cla 16 héng).
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108 Vat Iy va kj thuat mang méng
4.3.2. Cac hién twong khir hdp phu, nha khi va tham thau

Trong hau hét cac hé chan khong cao, déu quan sat thdy qua tr inh hat chan
khong bi han ché do khir hdp phu. Diéu nay xay ra chi sau vai gidy ké tir khi
m& van ngan va co thé tiép dién trong vai gid, tham chi trong vai tuan I&. Sy
thay doi &p suat trong chudng theo thoi gian phu thudc rat nhiéu v ao qua
trinh khiv hdp phu tir b& mat thanh chudng hay céc chi tiét co khi khac trong
chuéng. Hanh vi khir hdp phu c6 thé mo ta qua phwong trinh lién hé gitra
dong hat do khir hap phu va dong do bom chan khong. Goi Nglatong so
phan tir hdp phu, ta cé:

N,

KT— =S4 P (4.29)

Vi thé:

dN N_,(0)
—KT KT —t
P, = x r a_ a exp(—). (4.30)
Serf t Seff T T

V@i mot thé tich chubng vatoc dé bom cho trudc thi qua trinh khir hdp phu
thrang lam cho thoi gian bom chan khong tang 1én rét nhiéu, tham chi hon
cd thoi gian dv kién duoc tinh toan tir cac dir kién thuc nghiém.

Giatri ban dau clia Ng (tai thoi diém bat dau bom) phu thudc vao ngudn
goc trang thai moi trwong cla hé chan khong (ttre laviéc chudng chan khong
c6 dugc hat so cép lién tuc, dé sin chan khong cao hay dé théng voi moi
treong bén ngoai, ...). Nguoi ta thuong dung khi nito kho dé thoi vao trong
chuéng, didu ndy co tac dung thic ddy qua trinh khir hap phu dién ra nhanh
hon, gidm thoi gian lwu trd cla céc phan t& hdp phu. Trong s6 phan t& hap
phu thi hoi nuéc c6 thoi gian lwu trd (7) trén bé médt cta thanh chudng dai
nhat. (Vi vay nhiéu hé chan khdng méi da dwoc thiét ké hai budng: mot
bubng chinh dé bdc bay, mot budng phu dé thao tac d wa mau vao valdy mau
ra. Nhu thé sé tranh dwgc hién tegng hoi nuéc hodc cac tap chat khi khac tir
khong khi lgt vao chudng). Khir hdp phu la mgt qué trinh hoat tinh nhiét,
cho nén quatrinh hat chan khong cé thé tang téc mot khi thanh chudng dwoc
sy néng. CO thé thrc hién diéu do bang cach st dung d uong dng 1am ngudi

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 109

chubng dé cdp nudc néng vao quanh chudng trong khi hat chan khong
so cap.

Con c6 cac quatrinh vat ly khac ciing déng vai tr 0 quan trong anh huwéng 1én
hé chan khong thuc. Thiv nhat, d6 1 ahién twgng nha khi. Nha khi laquatrinh
khuéch tan mot so khi tlr trong vat liéu dting dé ché tao chudng va céc chi
tiét khac ra khoi bé mat dé roi ching lai trai qua qua tr inh khir hdp phu. Khi
nha thuong thdy d6i vgi chuéng da lam sach (téc la da loai trivr hoi
nuéc) la Hy, CHy4, CO va CO,. Cac doang chan khéng hay cac vat liéu
cao su thwong nha khi CH. Thit hai, dé la hién tuong tham thau - hién
tuong thuong thdy doi véi mot hé chan khong cao, dac biét | a siéu cao
(&p suat duodi 1078 Torr). Tham thdu 1a qua trinh xuyén thing vat ran cta
mot s6 chat khi dac biét, thi du hién twong He xuyén thing thiy tinh hay
thly tinh hitu co da quan sét thdy thueong xuyén. V6i kha nang dy tham thau
da tao ra “16 héng” c6 kich thwdc vi md (dwong kinh 16 héng gan bang
khoang céch gitra cac nguyén ti), 16 hdng nay ciing c6 do dan khi nhét dinh.
Vi kich thudc ctia no rat nhd, cho nén dong hit khi clia cac 16 héng nay co
thé coi la dai lvong khong dai.

4.3.3. bo chan khbéng va don vi 4p suat

a) Bau do chan khéng

Dé theo d&i qua trinh hit chan khong (do &p suét trong hé chan khong)
nguoi ta st dung cac dau do chan khong. Kich th wéc (dwong kinh ngoai) cla
cac dau do nay duoc ché tao phu hop véi kich thude (dwong kinh trong) clia
ong théng ra ngoai trén cac bd phan cla hé chan khong, thi du cd ndi bom
so cdp v&i bom khuéch tan, n6i khuéch tan véi chudng va & ngay trén thanh
chuéng. Gitra dau do va dng thong con co ranh hinh xuyén dong truc dé dat
dong chan khéng, bang cach vin 6c ham dodng cao xu hay dodng dbng
dwoc ép chat dén mirc do kin cla chudng dat mirc d6 chan khong cao hodc
siéu caon. (Ngay nay trong hé chan khdng siéu cao ngudi ta chi dung doang
lam béang dong do, st dung mot 1an dé tranh hién twong nha khi hodc tham
thau nhu danéi & phan trén).
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110 Vat ly va ki thuat mang méng

Hién nay c6 hai loai dau do chan khong thong dung nh &t van duoc st dung
la dau do nhiét va dau do ion. Bau do nhiét lam viéc theo nguyén |y sau. Bo
dan nhiét clia khi con lai trong chudng phu thudc vao &p sudt clia chudng.
DPau do nhiét c6 cau tao kha don gian, n6 gdbm bon chan kim loai kin chan
khong. Cac dau phia ngoai dwgc ddu vao ngudn dong va mach diéu khién.
Hai trong b6n dau bén trong dwoc gan soi dét 1am bang volfram hoic platin,
hai dau con lai c6 cdu tao nhi mot can nhiét, noi xay ra hiéu Gng nhiét dién
(hinh 4.9a). Nhiét cta soi dot truyén sang cho dau can nhiét, ching ta nhan
duoc stic dién dong twong (ng vi su chénh léch nhiét do gitra dau néng cla
can nhiét voi dau lanh lanhiét dé phong.

T thuyét dong hoc chét khi, ching ta d & thay dong nhiét truyén qua mot
mét phéng duoc tinh béng cong thirc:

ji = —z(cp/No )(dT/dy M.

Khi 8p suft trong chudng giam tr 760 Torr xu6ng 50 Torr do dan nhiét cla
khi gidam manh. Du¢i ap suat thdp hon nira, khi ma quang dwong tv do cla
chét khi 16n hon rét nhiéu khodng cach gitra hai th anh éng déi dién ctia dau
do (L) thi phuong trinh clia dong nhiét truyén di trong ché d dong phén ti
<8 c6 dang:
ji =—Z(Cp/ NOJ(dT/dy)L. (4.31)

Nhu vay, dong nhiét chi con phu thudc vao &p suat thé hién trong cong thirc
clia tan sudt va cham z=(P/2rmkT)V2. D6 d6, khi &p sudt giam, dong
nhiét cling giam lam cho nhiét dd cuta can nhiét, nghia la sirc dién dong cla
né ciing gidm theo. Trén vd cla cac dau do nhiét déu cé ghi gia tri d ong dot
can thiét (thi du, voi dau do do CHLB Nga san xudt m a vé lam bang kim
loai, dong d6t can dat 1a 128 mA, ddi vai dau do co vo bang thay tinh, dong
dot 1a 110 mA). Ban kem theo dau do nhiét 1a bang hodc dwong cong chuan
cho biét gia tri strc dién dong (mV) ng véi &p suat dat dwgc. DO chinh xac
clia dau do nay chi dat yéu cau voi dai ap suat can do trong khoang tir 10 =
1,0 Torr. Khi 8p suét giam hon nira thi do dan nhiét clia chat khi du dat trang
thai bdo hoa, khdng con phu thudc vao &p suat.
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Dé do ap suat thdp hon 10 Torr, nguoi ta st dung dau do ion. So do cau
tao cla dau do ion dwoc trinh bay trén hinh 4.9b. Nguyén ly hoat dong cla
dau do ion cling dva trén ban chat va cham cla chat khi con du trong
chudng. Cac nguyén tir va cham nhau cung voi si tdc dong cla dién tlr phat
ra tir emitter cla dau do lam cho mét phan nguyén tl bi ion hda. Dong ion
do dugc phan anh mat do ion sinh ra trong chu 6ng chan khéng ma mat dé
nay ty Ié véi mat do khi du trong chubng. Mat do khi lai ty I& v&i ap suat.
Do d6 ap suét cang giam thi dong ion cang thap. Tai ap suét con kha cao thi
tan suft va cham clia cac nguy én tir con rét 1on, do dé dé lam chéy cuc gop.
Cho nén khi chay may chan khong, truéc khi bat dau do ion ching ta can
kiém tra mirc d6 chan khong dat dén gi¢i han cudi ¢ ng clia dau do nhiét.
Két hop ca hai dau do nhiét vaion mot dai rong clia ap suat trong hé chan
khong c6 thé do latyr 1 dén 10! Torr.

Lo Cute gop
@ l, @ o
b [
e
ﬂg T
1 ( 7}]
it
oLk
Ludi Emitter
a) b}

Hinh 4.9. Pau do chan khdng tir so cip
dén cao cap:
a) Bau do nhiét
b) Bau do ion

b) Bon vi 4p suét

Trong hé don vi do luong qudc té (hé SI) don vi &p suat dugc goi lapascal (tirc 1al
N/m?): “Pascal b&ng mot ap suét sinh ra tir lc 1N tac dong du tr én dién tich mot
mét vudng”. Tuy nhién trong thuc tién, ngudi ta con st dung cac don vi ap sudt
khéc nhau do théi quen clia tirng noi va tirng cdng viéc, thi du trong ddi séng dan
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dung, 4p suét hay dugc néi dén la atmotphe (At), trong khoa hoc k¥ thuat thi dung
don vi labar, milimét cot thy ngan, trong ki thuat chén khéng hay st dung Torr,...
Trén bang 4.2, cac don vi do ap sudt duwgc chuyén doi sang pascal.

Bang 4.2. bon vi do &p suét tinh theo pascal.

Don vi ap suét Tinh theo Pascal (Pa)

1 Atmosphe (at) 1,01x 10°

1Torr 133

1 mmHg 133
Ung dung: 1 Bar 10° Trong
thuc  tién nguoi

ta can bac bay mang nhom Ién dé thly tinh dé lam guwong phan xa cao (do phan xa
tai budc song st dung khong dudi 99,5%), (ing dung trong hé dan séng laser.
Mang nhém can duoc boc bay trong diu kién &p sudt t6i da 1x10° ®Torr. Cho biét,
bac chan khong lic bdc bay va 4o suat twong (ng tinh theo don vi pascal.

Ap sudt & 1x10°° Torr néim trong dai chan khong tir 10> dén 10°° Torr, vi thé duoc
0oi la chan khong cao. D6i ra don vi pascal, ta co:

1x10°° Torr x 133 Pa/Torr = 1,33 x 10* Pa.
[
Cau hdi kiém tra danh gia

1.Mai treong chan khong lagi, 1am thé ndo dé o6 chan khong cao 10° Torr,
107 Torr va10™ Torr

2.Lién hé tinh tvong déng clia do dan clia lddy dan vadd dan clia ciu kién
chén khong; nguyén ly mach hit chan khéng?

3. Giai thich c&ch do chén khong so cip vacao cip dua trén |y thuyét vé
dong khi?

4. Néu cdu tao clia mdt hé chan khong cao, nhitng yéu cau bat budc khi thiét
ké vaché tao hé chan khéng cao dén 10 Torr?
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Chuwong 5
Ly thuyét béc bay chan khéng

Sk dung thuyét dong hoc chét khi dé giai thich hién t vgng bdc bay cho phép
hinh thanh ly thuyét boc bay chan khéng. Mot trong nhitng khai niém quan
trong trong ly thuyét nay la téc do boc bay. Nhitng nguoi dau tién da danh
gidmdt cach ban dinh lwvgng tc do boc bay |aHertz, Knudsen va Langmuir,
ho néu ra dinh nghta vé téc do boc bay nhuw sau: tdc do boc bay la lvgng vat
chdt ma mot vat & trang thai rdn chuyén sang trang thai h oi trong don vi thoi
gian (1gidy). Ly thuyét boc bay dé cap dén cac phan chinh Ia dong hoc phan
tng, nhiét dong hoc va vat ly chét ran. Cac van dé lién quan dén hudng
chuyén dong clia phan tlr (nguyén tir) béc bay duoc giai thich théng qua ly
thuyét vé xac sudt clia cac hiéu (rng trong dong hoc chat khi valy thuyét
hép phu.

5.1. T6c d6 bbéc bay

5.1.1. Phwong trinh Hertz-Knudsen

Thi nghiém dau tién dé xac dinh téc dd bdc bay trong chan khong d woc
Hertz tién hanh vao ndm 1882. Ong da chwng cét thdly ngan va xéc dinh do
t6n hao trong Iwgng, dong thoi do ap suét hoi trén b mat bdc bay. Ong nhan
thay téc do boc bay bi gigi han mot khi khong cung cdp di nhiét do trén bé
mat. Trong nhiéu thi nghiém, dng d& phéat hién toc dd bdc bay clia thlly ngan
ludn ty 1& thuan véi do chénh léch gitta ap suat can bing nhiét (Peq) tai
nhiét d0 bé mat va p suat hoi (P ) trén chinh bé mat dy. Tk cac thuc
nghiém ctia minh, Hertz da két luan: cac chat 1dng ké ca cac chat nong chay
¢6 kha nang dac biét 1a boc bay, hon nita toc do boc bay clia mot chat long
tai nhiét d6 boc bay khong thé vuwot qua gia tri toi da nhat dinh. Mac du
nhiét van dugc cung cdp khong gidi han. Hon nita, tc do t6i thiéu, vé ly
thuyét, chi c6 thé dat dwoc trong treong hop matlr bé mat mot lwgng phan
tl bGc bay du dé tao ra ap sudt can bang Peq trén bé mét do, va voi diéu
kién khdng c6 phan tlr nao trong so dé quay nguoc lai bé mat boc bay. Diéu
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nay cé nghta la can phai tao ra diéu kién ly twdng dé ap suat hoi P dan vé 0.
Trén co s& ly thuyét va thiec nghiém nhu trén, cé thé nhan thay so phan ti
dN, boc bay tir mot don vi dién tich ctia b& mat Ag trong mot don vi thoi
gian bang hiéu s6 gitra s6 phan tir va cham v&i bé mét dy trong mot d on vi
thoi gian (1s) tai ap suét Py, vasb phan ti cta pha hoi quay nguoc lai tai ap
suat hoi P:

dN . . o

_e_ (2nmkT) ™2 (p P ] vGi don vi tinh lacms™. (5.1)

edt eq

Hertz la ngwoi dau tién dua ra phwong trinh trén. Giatri cla toc do boc bay
xac dinh tlr thyc nghiém c6 sai s6 hon 10%. DEé giai thich nguyén nhan cla
hién trong ndy Knudsen cho rang c6 nhitng phan tir khi va cham véi bé mat
héa hoi da quay ngugc trd lai (pha rén) ma khdng hoa nhap vao pha léng.
Do d6, c6 mot phan cac phan tir ma ching da déng gop vao ap suat hoi (cta
vat chat bi héa hoi), nhing lai khéng tham gia vao nhém cac phén tir chuyén
tlr pha 16ng sang pha hoi. Do do trong cong thirc (5.1), vé phai can duoc bo
sung hé s6 ay. Hé sd nay xac dinh ty so gilra tc dd bdc bay trong chan
khéng nhan duoc trén thyc té va tdc do tinh toan bang ly thuyét dua
trén cong thic nay. Vi thé, phuong trinh mo ta toc do bdc bay c6 dang
chinh xac hon la:

CINe -1/2
At =a,, (27r.ka) £Peq - P).
Phrong trinh nay d@oc goi la phuwong trinh Hertz-Knudsen. Trong thi
nghiém quan sét thiy ngan béc bay, Knudsen ciing d & phét hién rang do 16n
clia hé s6 boc bay phu thudc rat manh vao d6 sach cla bé mat thdy ngan.
Trong truong hop bé mat chat boc bay ludn duoc gilr sach tinh khiét (khdng
cO tap chét cla pha hoi) thi dong phan ti ngugc co thé coi bang 0, do dé
chiing ta nhan dwgc toc do boc bay I6n nhat, nhu sau:
aNe
A dt
5.1.2. B6c bay tw do - sw thoat phan tir

= (27[ ka)_l’Z F:'a:1 (5.2)

Langmuir la ngu¢i dau tién chiing té phwong trinh Hertz-Knudsen &p dung
c6 hiéu qua cho trudng hop cac phan tir béc bay tir mét phang tw do clia vat
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ran. ong thuc hién thi nghiém trong d6 soi day volfram d woc béc bay trong
binh thay tinh hit chan khéng. Ong phét hién ra rang, d woi &p suét thdp hon
1 Torr, téc do bdc bay cla volfram dat dugc gia tri ddng bang gia tri nhan
duoc trong trudng hop beé mit béc bay nam trong trang thai can bang véi
pha hoi cda volfram. Trong qua trinh bdc bay tir trang thai rdn d& khong
guan sat thay hién tugng ngung tu nguoc lai ctia cac phan t&r hoi nhu trong
qua trinh bdc bay tir pha 1dng. Vi vay, 6ng da nhan duoc gia tri cla toc do
bdc bay hoan toan tring vi két qua tinh toan tir phwong trinh (5.2). Khi biét
dd t6n hao trong lrong cla day volfram co thé tinh ra toc do bdc bay, v atir
do, xac dinh dwoc 4p sudt cla hoi volfram trong qua trinh boc bay tai nhiét
dd hoa hoi. D& nhan thdy rang, do t6n hao trong luong cla day volfram
trong khoang thoi gian boc bay dt chinh latdc do béc bay tinh theo khdi
lvgng. Téc dd nay bang tich clia dong phan tir hda hoi (ttc 1a tan suat va
cham) va khéi lvgng ctia phan t&r. Do vay, chiing ta cé phwong trinh biéu thi
toc do bdc bay theo khdi lwong phu thudc vao dp sudt nhu sau:

dN m 2
F=m—=¢~= = P...
mAedt xm (27[ij €q (5.3)

NEu don vi &p suét tinh theo Torr, chlng ta cé:

voi don vi tinh: g.cm@ s ™.

) (M2
I'=5,834x10 (—_F) Peq.

Goi toan b khdi lvgng vat chéat béc bay trong khoang thoi gian cho tr uvéc 1a
M., ching taco:

Me= [ TdA .dt. (5.4)
tA e

Néu c6 thé gitr cho toc do bbc bay khdng doi trong sudt qua tr inh bdc bay va
cho rang téc do béc bay 1a dong nhét trén toan bd bé mat, ching ta co thé
xac dinh toc do bac bay tir thie nghiém. S dung cong thikc (5.3), c6 thé tinh

4p sudt hoi cda vat lieu boc bay. Thuc nghiém cho thdy, tai 4p suét

P =10"Torr, téc d6 boc bay clia hau hét cac nguy én t6 (don chat) thuong
co giatri c 10 *gem?st. Quatrinh chuyén pha kiéu béc bay tir bé mit ty
do nhu trén dwoc goi la chuyén pha Langmuir hay con goi la bdc bay tv do.
NGi chung, diéu kién thuc nghiém dé thdéa man oy = 1 (téc do boc bay dat
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gia tri t6i da) la rat khé thuc hién. Knudsen la ngwoi dwa ra phwong phap
bdc bay trong dieu kién dac biét dé hé s6 nay dat gia tri gan bang don vi.
Trong phuong phap Knudsen, sy bdc bay xay ra giéng qua trinh thoét phan
tl tir 16 héng clia mot thé tich dang nhiét. Thé tich nh v thé duoc gidi han
trong mot hop hinh tru d& hd mot 16 héng nhd & ndp trén, hdp nay trong k§
thuat chan khong goi la binh Knudsen. Cau tao cta binh Knudsen (hinh 5.1)
phai thda mén céc diéu kién sau:

1. Trong binh chita pha I6ng va hoi & trang thai can bang.

2. Quang duong ty do trong binh 16n hon rét nhiéu ban kinh 16 hdng.

3. B2 mat 16 hdng la mit phéng.

4. Pudng kinh 16 héng phai rat nhd so voi khoang cach tir b inh dén dé

(noi cac phan ti lang dong thanh mang).
5. B@& day mat trén clia binh phai nho hon rét nhiéu dwong kinh 16 hdng
(tikc 12 bé day cla thanh 16 hdng coi nhw vo cing nho).

Chuing ta phan tich cac diéu kién trén. Diéu kién thir nhat la dé dam bao cac
phan t& hoi trong binh c6 phan b6 téc d0 Maxwell-Boltzmann véi nhiét do
dic trung bang nhiét do clia pha ngung tu va tao ra trang thai can bang ap
sudt trong binh. Diéu kién th(* hai ddm bao dong cac phan ti thoat ra khoi
binh tuan theo ché do Knudsen. Diéu kién thv ba tao ra ngudn bdc bay cé
cdu hinh phéng, khéng phai hinh tru hay hinh cau. Diéu kién tht tw ddm bao
viéc c&c phan tlr va cham nhau trén mat cla dé la di tir m6t ngudn duy nhat.
Cudi cung, diéu kién thr nam cho thdy sé& khéng cé hién twgng phan xa hay
phét xa clia cac phan t tir thanh clia 16 hdng. Vi binh Knudsen, ching ta
c6 thé nhan dugc cac chum phan ti bdc bay théng tir ngudn béc bay dén dé
ma hau nhu khéng va cham nhau trén quang dudng bay. Binh nay cling dam
bao s bdc bay tv do, trong diéu kién gan ly tuéng va do do téc do boc bay
co thé dat gia tri 16n nhat. Khi d6 o , = 1 vanéu nhv dién tich 16 hdng
bang A e thi téng s6 phan ti thoat ra tir binh Knudsen trong 1 gidy sé 1&

Ae(2mmkT) /2 (Peq -P).

Trén day da mod ta cau tao cla binh Knudsen ly tuéng. Trén thuc té, van dé
nay sinh & chd, cac binh bdc bay khong thé dap (ng cac diéu kién cla b inh
ly twdng. Mot trong cac diéu
kién khé khan nhét lalam thé

Hinh 5.1. So d8 cau tao binh thoat
phan t& (binh Knudsen)
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nao dé cd thanh binh mong dén mirc hau nhu khong coé bé day (n6i céch
khéc 1a bé day cta binh phai cuing thir bac véi khodng céch gitta cac phan ti
boc bay). Do vay, ddi voi cac binh cd bé day nhéat dinh thi phwrong trinh mo
td qua trinh thodt phan tlr can duoc bd sung thém hé s6 hiéu chinh. BE cb
dugc hé s6 nay can phai st dung cac phuong trinh lién quan dén do dan clia
céc cdu truc dan khi t6 hop bao gdm ca 16 héng v a 6ng. Ngay nhu déi voi
céc 16 héng khong co hinh dang chuén thi giai bai toan vé do dan khi ciing
da rét phirc tap, diéu nay doi hoi 4p dung cac chuong trinh tinh toan bang
méy tinh v6i viéc md hinh hoa va md phong cac cau tric dan khi sat voi
thuwc té nhat.

5.1.3. Cac co ché boc bay

Nhu trén ching ta da biét, hé s6 o, dwoc dwa vao phuong trinh Hertz-
Knudsen dé chinh xac hda biéu thic vé tdc do boc bay cho ph U hop vai thuc
t€, o, 1ahé s6 phan anh xac suét phan xa cla cac phan tir h oi tir b& mét noi
xay ra qua trinh bdc bay. Trong nhiéu truong hop cu thé, hé sé nay co thé
duoc goi lahé s6 ngung tu (o), nd xac dinh ty sd gitta cac phéan t& ngung
tu trén bé mét va tong s6 phan tlr va cham véi bé mat. Qua trinh bdc bay tir
pha 1dng va pha rén c6 nhitng dic diém khac nhau. Dudi day trinh bay
nhi*ng nét co ban vé co ché bdc bay trong hai qua trinh nay.

a) Bay hoi tlr pha léng

Trong md hinh don gian ap dung cho qué trinh bdc bay thi pha ngung tu
duoc xem nhu mét hé dao ddong ma trong dé cac phan t&r bé mat clia n6 duoc
lién két bdi nang lvong bdc bay nhét dinh (E,). Cho rang qua trinh pha
I6ng chuyén thanh pha hoi bat dau tir thoi diém ma ning lvong dao dong clia
phan tl trén bé mat dat va vuot dai lugng E,. Ngoai ra, gia thiét rang tat ca
cac nguyén tlr bé mat c6 cung mot nang lwgng lién két va xac suét bdc bay.
Trén co s& mo hinh nay Polanyi va Wigner da danh gia dai lvong xéc suat
bdc bay (p) 1&:

2E E
_“hv expl ——V |, (5.5)
P kT YxeP kT
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trong dé y latan s6 dao ddng cua phan tl trén bé mat. Mot cach chinh xac
hon, khi mé ta trang thai phan ti trén bé mat c6 thé st dung phan bd
Maxwell theo nang lvgng va phan bd khong gian lién quan dén dao dong
quanh vi tri can bang clia phan t&. Qua trinh bdc bay s& xay ra khi ma céc
phan tir dao ddng Iéch khdi vi tri can béng voi thé nang bang hodc 16n hon
nang lwgng béc bay. St dung md hinh nay cho phép nhan xac suat boc bay
tr mét don vi dién tich vathoi gian 1giay |&

2 Q
p:( KT j «V exp| — Ev | (5.6)
2mm) Q KT

trong d6 Q, va Qc twong (ng la c&c ham thdng ké clia pha hoi va pha
ngwng tu. Phrong trinh (5.6) hoan toan cé thé nhan duoc tir thuyét dong hoc
chat khi, bang cach thay xac sudt béc bay bang téc do béc bay
dN Meydt va thay bing (kT /2znm )1/2 tir cong thirc tinh
V, (2.15), hon nita cling d& chirng minh duoc:

Qv gl Ev LN

Q, kT |V
Do vay phuong trinh (5.6) dugc coi la twong dwong véi phwong trinh Hertz-
Knudsen khi mat6c dd boc bay dat gia tri Ién nhat (xem ph wong trinh (5.2)).
Thuc nghiém cho thay co ché boc bay tng véi md hinh hé phan tir dao déng
chi pha hop cho pha léng trong dé qua trinh boc bay xay ra do sv trao doi
céc nguyén tlr riéng biét voi pha hoi don phan tlr. Hau hét kim loai néng
chdy dap tng véi md hinh md ta & trén. Hé s6 a, =1 cling duoc thuc
nghiém kiém chirng, thi du khi bac bay thdy ngan, kali hay beri néng chay.
Tuwong tw, diéu do6 cling da nhan dugc d6i véi cac chat 1dng hiru co ma phan
tlr clia chiing c6 ddi xtng hinh cau va dai lvgng entropi héa hoi nhd. Thi du
CCl,. DE giai thich cac hién tuong béc bay ma trong dé o, (1, ching tacan
xem xét sy thay doi trang thai nang luvgng cua phan tir. Doi véi cac chat
chtra cac phan t&r ma bac ty do cla ching & trang thai ngung tu va héa hoi
khéc nhau, thi khi boc bay khdng nhitng ndng lwgng chuyén dong tinh tién
thay d6i mandi nang cla phan t& cling thay ddi theo. Biéu thirc todn hoc mo
ta qua trinh bc bay ma trong dé xdy ra su thay déi nang lwong cé thé nhan
dwoc khi ching ta st dung ly thuyét toc do tuyét déi cla cac phan tng. Thi
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du, cd thé xem xét trwong hgp ma bac tv do trong trang thai long la co gidi
han, con trong trang thai hoi Ia vo han. Trén co so ly thuyét téc do phan tng
nguoi ta dathiét 1ap dugc phuong trinh Hertz-K nudsen, cé dang:

dN _ Qg
A .dt Qry

(25mKT) % (Peg - P,

trongdé:g, va Q Ry’ twong (rng la ham théng ké clia chuyén dong
d6i voi trang thai 16ng kich thich va cla trang thai hoi. Nhw vay hé s6
bdc bay a.,trong trwong hop nay cé thé coi laty sé cla hai ham thong
ké do. Theo ly thuyét trén thi sy han ché bdc bay (a , (1) xay ra la do
bac tv do cla hé da gidm di mot don vi, diéu nay lam giam sd trang
thai kha dT cta cac phan tlr trong pha 1dng. Chuyén pha han ché nh v
thé goi la chuyén pha han ché entropi.

Qua trinh bdc bay con bi han ché bdi sy nhiém ban bé mat bdc b ay, nhw da
de cap & trén khi dién giai phurong trinh Knudsen. Tuy nhién, dé giai thich vi
sap qua trinh b6c bay xay ra kho khan hon khi bé mat khéng con tinh khiét
cling chi c6 thé dua ra cac co ché dinh tinh. Thi du, cé nhiéu tac gia cho
rang khi bé mat bi nhiém tap chét thi cac phan tir tap da tac dung voi bé mat
lam cho ndng lvong kich hoat boc bay tang Ién. C6 céch giéi thich khac nira
lakhi bé mat nhiém ban tap chét, trén nd xuét hién mdt 1o6p mang siéu méng,
|6p nay can trd qua trinh khuéch tan ra khdi bé mat clia cac phéan tr da bi
héa hoi. D6 la nhitng van d& con ton tai trong ly thuyét boc bay. Tuy nhi én,
trong thirc nghiém ngay nay thi viéc loai trir bé mét ban khong phai | avéan dé
qua kho khan. Thi du, khi ché tao guong phan xa toan phan bang béc bay
mang nhém (dé 1am guong dan song laser hay gwong phan xa trong mot sé
thiét bi quang hoc) nguoi ta dung che thuyén (che ngudn bdc bay) dé loai bo
phan béc bay nhdm & giai doan dau, IGc m abé mat chéat 16ng nhém c6 thé bi
nhiém ban. Sau d6 khi bé mit d& tré nén sach tinh khiét che thuyén dwoc mé
ra dé hoi nhom béc bay I1én dé thay tinh.

b) Bay hoi tir vat liéu tinh thé

M® hinh ly thuyét bdc bay noi trén da dua trén gia thiét cho rang nang luong
lién két clia tat ca c&c phan tl trén bé mat clia vat chat la nhw nhau. M6 hinh

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

120 Vat ly va ki thuat mang méng

nay phli hop dé ap dung cho quéa trinh bdc bay tir pha ldng. Nhuwng doi voi
truong hop béc bay vat rén c6 cau tric tinh thé thi viéc 4p dung mé hinh trén
khdng con ding nira. D& nhan thdy rang, trén bé mat tinh thé cac nguyén ti
chiém cho & cac vi tri khac nhau co luc lién két khac nhau. Do dd, ning
lwgng can thiét dé bdc bay ching cling khéac nhau.

Hinh 5.2 minh hoa c4u trdc bé mat clia mot vat ran cé cu trac tinh thé. Dai

V@i cac nguyén tir kiu S nam dudi bé mat hay nguyén tir kiéu L’ ndm & béc
trén mat phang thi s3 nguyén t& 1an can 16n hon s6 nguyén ti lign ké trung
binh. Do dd, dé hoa hoi cac nguyén tlr nay doi hoi cung cap nang lwrong cao
hon nang lwgng ctia mang tinh thé. Nguoc lai, d6i véi cac nguyén ti nam
han trén mat phang tv do (A vaL), thi s8 nguyén t& lan can it hon gia tri
trung binh, cho nén ching c6 thé thoat ra khdi mang khi bi tac dong bdi

nang lvong trong ddi thap. Riéng cac nguyén ti kiéu K nam & vi tri dic biét
la ding nit mang clia cdu trdc tinh thé. Ching ¢é nang | vong lién két ding
bang nang lugng hinh thanh mang. Vi thé, qua trinh canh tranh gitta bc bay
vatinh thé héa cé thé xay ra. Qua trinh nay dugc quyét dinh bdi trang thai

can béng clia bdc bay hay moc tinh thé tr én bé mat. Cho nén viéc “tach” ra
hay “nhap” vao mang cua cac nguyén tl ndt mang la mot qua trinh
thuén nghich.

Dung biéu thirc V& ndng lugng lién két dé tinh xac sudt cac nguy én tl truc
ti€p chuyén tlr vi tri nit mang sang pha hoi nhan dwoc gia tri rat thap so voi
toc dd bdc bay trén thuc t€. Theo mé hinh cla Volmer, qua trinh bdc bay
tinh thé xay ra trong trang thai can bang tuan theo trat tw dich chuyén cla

céc nguyén tl tlr vi tri nGt mang sang vi tri bién. Si dich chuyén dy dwoc mo
ta bang cac mii tén trén hinh 5.2. Nhu vay, nguyén t ndm han trén bé mat
tinh thé & vi tri bién ¢ hanh vi gidng nhu trong treong hop cac phan tir hap
phu trén bé mat chudng (nhw danéi dén & chuong 3). BE xay ra khir hap phu
(tirc 12 d& cac nguyeén tir thoat han ra khdi méat tinh thé) nguy én ti ndy can
dwoc cung cdp mot nang lwrgng thic hién qua trinh dich chuyén tinh tién doc
theo mat bé mat clia adatom (nguy én t& hap phu). Mot cach dinh tinh, ¢ thé
thdy rang, qua trinh béc bay tinh thé dugc quyét dinh bdi sy hinh thanh va
dich chuyén cac “ bac thang ” m@i ra ngoai bién trén bé mat tinh thé va sy
khuéch tan clia cac adatom doc theo bé mét. Doi véi cac ciu tric tinh thé m a
khi béc bay pha hoi clia né cau
tao bdi cac cum nhiéu phan tt,

Hinh 5.2. So d6 cau tao mét tinh thé:
Céac nguyén tlr A thoat Ién bé mat,
nguyén tir S ndam duwdi mang tinh thé nén
l’hA hav hovi nhat
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thi o, c6 giatri tuong déi nhd, chi vao khoang 1/3. Con d6i véi cac tinh thé
matrén bé mat clia ching Iudn hinh thanh nhiéu bac thang khac nhau thi qua
trinh bdc bay xay ra thuan lgi hon va a, — 1. diéu nay khién ching ta lién
twdng dén co ché moc tinh thé: khi mam tinh thé khong c6 nhiéu bac thang
thi doi hoi nang lvong két tinh cao hon, khi mam tinh thé d& c6 san cac bac
valdp thi cac nguyén tir gan do dé dang “bi bat” vad lai do dé tao ra cac bac
thang m¢i. Do dé nang lwgng két tinh nhé hon. Nhv vay, d6i véi mot vat
liéu tinh thé nhét dinh, tir viéc xem xét c @ ché béc bay, phan nao cd thé suy
ra co ché két tinh ching.

5.2. Phan b6 phan t&r béc bay theo cac huéng

Khi d& cap dén co ché bdc bay, ching ta da quan tam dén téng s6 phan ti
thodt ra khoi bé mat bdc bay. Gia thiét rang, twong tac gilta bé mat pha
ngung tu véi phan t& héa hoi (ly tudng) quyét dinh hudng thoat ra khoi bé
mat ma theo dé cac phan tr boc bay. DE giai dap van dé vé phan bd clia cac
phan tt trong quéa trinh bdc bay, chiing ta can xem xét trang thai nang | wvong
clia phan tir & diing vao thoi diém hda hoi. Dya trén phan bo theo dong nang
trong pha hoi clia cac phan ti, nhw da biét, cé thé thiét 1ap phan bd phén ti
trong khong gian clia chudng chan khong. BE bai toan d& phirc tap ching ta
xem xét trvong hop bdc bay tir binh Knudsen |y tuéng.

5.2.1. Binh luat phan b6 cosin

Trén hinh 5.3 1a so dd clia binh Knudsen |y twéng, trong d6 c6 16p dang
nhiét va mat trén day khdng dang ké chira 16 héng voi dién tich rat nhd 1a
dA.. Cho rang trong I6p nay c6 N phan tir matdc do cla ching dugc phan
b6 theo dinh luat Maxwell. Hau hét cac phan tr nay va cham véi thanh binh
va phan xa lai nhung déc trung phan bé cla ching thi khéng thay doi. Tuy
nhién, c&c phan tir chuyén dong dén 16 hdng thi thoét ra khoi binh véi huéng
vatéc do nhu chiing da cé trwde khi thoat. Cling cho rang, trong qua trinh
bdc bay hai trang thai ngung tu va hoa hoi nam & diéu kién can bang. Do do,
sO phan t& hoi cla I6p dang nhiét 1a khong d6i. Khi d6 phan b6 téc do cua
céc phan tl trong cum pha hoi duoc xac dinh b&i phan b6 cia cac phan ti
theo toc d6 & trong binh va cd thé mo ta bai biéu thirc doi vai so phan tir &
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trong goc khong gian nhé dQ theo hwdéng chuyén dong cho trudéc. Ky hiéu
0 la goc gitta hudng chuyén dong cia téc do véi phap tuyén clia mat phang
dA. Trudc hét, xem xét s phan tir c6 toc do chuyén dong la V . Téng sb
céc phan tir ndy c6 trong binh, nhu da biét 1a dNy = N®(v?)dv. Sau thoi
gian dt chi c¢6 nhitng phan t& c6 trong hinh tru nghiéng (d6 dai dt , mat
day xién dA.) moi co thé di dén bé mat dA. vathod ra khoi binh theo
hwéng 0 (phan danh dau trén hinh 5.3). Nhw vay, sd phan t nay dugc tinh
bang vdtcos@.dA /V. Ciling can nh¢ rang, khong phai tat c s6 phan tir nay
du c6 thé di qua thiét dién 16 hdng. Nhwng vi téc do cda chidng phan bd mot
céch déng huéng, cho nén ching ta dé nhan thiy sé& c6 mdt phan dQ/4n
trong s8 d6 1a chuyén dong huéng téi bé mét 16 hdng dA,. Vi vay, sd phan
tlr c6 téc d6 V thodt ra khoi binh theo hwdng 6 co6 thé biéu dién bai cong
thirc sau day:

4 2 dQ

d*N_ (6)=n.v® (v )dvdA ,dtcosh —
' 4n

Tich phan theo tét ca t6c do ching ta s& nhan duoc téng s6 phan t&r nam
trong géc dQ:

d3Ne(6):£n.v dAedtcosedi, (5.7)
4 n

& day ching ta da st dung két qua tich phan:
[v.0 (vz)dv =V,
0

Khéi lrong clia tdng s6 phan ti trén la

d*M . (8)=md’N,(6),

mat khéc,
MWoy oo r
cho nén: 4
dsMe(e)zrdAedtcosedi- (5.8)
T

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 123

Sau khi thay dai lvgng biéu thi tong khéi lwgng vat chat boc bay trong
khoang thoi gian nhéat dinh vao cong thic trén (xem cong thirc (4.4)), ching
taco:
aQ

dMe(e)zMe(e)coseT- (5.9)
Hai phuong trinh (5.8) va (5.9) mo ta dinh luat phan bd cosin theo khoi
lvgng béc bay trong chan khong, biéu thirc nay hoan toan twong tw véi dinh
luat Lambert trong quang hoc. Theo dinh luat phan bd cosin, vat liéu bdc
bay ra khoi nguén duogc phan bd khéng déng déu cho cac hwéng, trong dé
hwéng vudng goc voi thiét dién bé mat béc bay (cose = 1) cd mat do vat
chét bdc bay cao nhit.

Hinh 5.3. Phan b6 phan tt tir binh thoat Knudsen
Dinh luat phan b cosin con dugc biéu thi dudi dang phan bd clia d dng phan
tlr va cham v@i thanh binh Knudsen ( | ). Biéu thirc clia phan bo nay cling
dé nhan dwoc tir céng thire (5.7) néu né duwoc viét dudi dang:

dgNe(e) _ NV, « cos0
dA dtdQ 4 "

Vi nhv da biét, py 4= 7 (tan sudt va cham), vé trai ctia phwong trinh
trén chinh la jQ, do do chung ta co:

_ z.cosH . (5.10)

Q T
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Khi d6 cwdng dd chtm phan tir J, bdc bay tir dién tich S A cla 16 héng sé
bang jo, x A , hay labéng:
: z.5A .cosH (5.11)

Nhu vay ciing dé hiéu ring luomy Vat chgf Tang dong trén be mat dé dat doi
dién véi ngudn boc bay (trong truong hop nay la binh Knudsen) cling phu
thudc vao khoang céch tir vi tri trén dé tdi nguon. Tir hinh 5.4 c6 thé thdy
lrong vat chét bay ra trong pham vi géc dQ & Iang dong trén dién tich ma
dd 16n clia dién tich nay ting theo ca khoang cach dén ngubn va goc lang
dong B (gbc téi). Dién tich d6 tinh theo dQ , Rvap la

dA , = R%dQ /cosp.
Do d6 khéi lwgng vat chat 1ang dong trén don vi dién tich bé mat bang:

M, = i cosf cosp. (5.12)
dA | TR?

Dinh luat phan bé cosincd y
nghia rdt quan trong trong .

thuc tién cong nghé chan // \ dAr
khdng va mang méng. Trén I_,/ /,,\//f
thie t8, dinh luat nay cling i N
da duogc nhiéu tac gia ching \ __,/ R !/

m,lnh \bang f:ac trjl ngﬁhlenj N 0/ /.

cla minh. Dinh luat phan bd . dAe -

cosin khéng nhirng dlng o ‘
N ~ \ Tinh thé

cho trvong hop boc bay ti

ha [dng ma con ding cho R

p‘ frut g hoo bs bg 0 Hinh 5.4. So dd béc bay tir ngudn dién tich

ca ru;Gng A(yp f)C S ay nhé trén dé hinh cau. Trong

pha ran, mot khi boc bay treong hop nay, chidu day cla

théa mén diéu kién phan bd mang dong nhat.

toc do theo ham Maxcell.

Vé mat ly thuyét, diéu kién nay twong (rng voi tredng hop bdc bay tv do, tlic

lahé s6 boc bay ay = 1. Trong trwdng hop nay theo dinh luat hai nhiét dong

hoc thi cac phan bd nang lugng va phan b6 goc cla cac phan tir bay ra tir bé

mat phai trung véi cac phan bd cla cac phan tir di t6i bé mat tir h oi can

bang. Nhung néu qué trinh bdc bay bi can trd bdi entropi thi s& xay ra sai

I&ch khoi dinh luat phan b cosin. Thuc té d& chitng td rang, trong da s6 cac
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thuc nghiém, bdc bay do6i véi vat lieu hoa hoi tir pha ldng hay mét s6 tinh
thé thang hoa (tlr ngudn diém) thi cac két qua nhan duoc déu thda mén dinh
luat phan bd cosin. Néu ching ta dét trong chudng cha n khéng ngudn béc
bay va dé sao cho trén bét cr diém nao clia bé mat dé déu thoa méan diéu
kién cos 6 = cos B = R/ 2R, (hinh5.4), thi bé mt cta dé (ltc nay Ia
mot phan hinh cau) sé dugc phi mot Iép vat chat c6 bé day dong nhét. Két
luan ndy c6 y nghia thuc tién khi chiing ta can ché tao gwong cau chét lugng
cao.

5.2.2. Phan bd phan tir boc bay tir ngudn diém

Trong phan trén, ching ta d& dé cap dén sw phan b6 cla cac phan tr boc bay
tlr ngudn bdc bay c¢é dién tich nhd, phan bo dé phu thudc v ao cac géc dac
trung. Béy gio chung ta cho rang ngudn
bbc bay hinh ciu cd thé tich rat nhd,
nguén bdc bay nhw thé goi la ngudn
diém. Tdng dién tich clia ngudn diém la
dAe. Va cho rang toc do clia cac phan
tlr vao thoi diém boc bay cling duoc
phan b6 theo dinh luat Maxwell. Khi
dé, tr ngudn diém cac phan tir sé
chuyén dong theo tit ca cac hudng voi
x&c suat nhv nhau. Truong hop nay
duwoc mo ta trén hinh 5.5. Toc do boc
bay theo khéi lwvgng khdéng con phu
thudc vao huéng, cho nén bisu thic vé  HINh 5.5. Géc khéi phan bd
. A . A dong tgi trén dé

khoi lwgng vat chat trong modt goc

khoéng gian nhé dQ c6 dang:

dAe

\ dm =T A dt S . 6B
Vi chinh latoan bo khéi lvgng Vat chétidce bay, cho nén:
[Tda dt
tA
e
M= M 32 (5.14)
T

Chuing ta ciing c6 thé dién gia cong thirc tinh d dng phan ti ma trén thyc té
bé mat clia dé nhan duoc, goi la dong tdi i . (Nén nh¢ jQ goi la phan bd
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dong t&i, dé tranh nham lan vai khai niém d ong toi). Tl hinh hinh 5.5 ching
tathdy:

(ﬁ X ﬁ) X dA s (5_15)
R®

trong d6 dA ¢ la dién tich cta thiét dién ma mat phang dé va géc khéi cét

nhau. Cung nhan hai vé cta (5.15) voi J,, , roi chuyén dA  sang bén tréi,

ching tacé:

dQ =

JQdQ _ Jo (R.n) .
CdA R’
V& trai chinh ladong ti Ji» vagoc gitta R va i 1agéc lang dong B, do do
phwong trinh (5.16) cé dang:

(5.16)

J,.cosp

L=—RT (5.17)
V@ thyc chét, hai cong thic (5.12) va (5.17) ¢b cung y nghia vat ly nhw
nhau, tuy nhién trong tirng trvong hop can ly giai cu thé str dung cong thirc
nay ¢c6 nhitng thuan lgi hon so véi st dung cong thirc kia.
D6i voi mot dién tich nhé trén d& dA . ndm trong khong gian cta goc
dQ thi trong treong hop ngudn diém phu thudc cla dai |uwong ndy vao
khodng cach ngudn-dé va vao huéng bdc bay ciing gidng nhu trong trirdng
hop ngudn béc bay dién tich nhé. Vi dA . = R?dQ /cosp , tir cong thirc
(5.14) dé nhan dwoc biéu thirc vé khdi lvong vat chat lang dong trén dé tir
ngudn diém, nhw sau:

dM . M, cosp (5.18)
dA . 4z R’ ' '
Nhu vay, dé bdc bay trén dé voi bé day dong nhét thi trudc hét dé phai co
dang hinh cau va nguodn boc bay (diém) can phai dat vao tam cla hinh cau

do, trong trvong hop nay chingtacd R =const va cosf =1.
Tuy nhién, trong thic té€ chiing ta it khi diing ngudn diém dé boc bay, bdi vi:
- Ngudn nay khéng chira dugc nhiéu vat liéu gbc (vat liéu dung

dé boc bay).
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- Dé dung dé béc bay da phan cé hinh phang hoac cac hinh phirc tap
khéc, ngoai trir truong hop gwong cau. Nguwoi ta thuedng dung nguodn
bdc bay hinh |14, day, rd, hay cdc, ... Tuy nhién, cong thirc (5.13) van
6 thé ap dung dé tinh chiéu day mang méng voi diéu kién chiing ta
coi ngudn bdc bay latap hop clia nhiéu ngudn diém.

5.3. Phan b6 mang moéng theo chiéu day

Phan b6 vat chat boc bay phu thudc vao géc toi va khodng cach ngudn-dé
duwoc miéu ta bang hai phwong trinh d4 biét & muc trén (5.12) va (5.18). Tl
cac phuong trinh nay, c6 thé thiét 1ap kiéu dang phan bd mang mdng theo
chiéu day cho moi hinh dang dién tich dé vaé vi tri bat ky trén mat dé trong
trong quan véi cdu tric ngudn béc bay. Tuy nhi én trén thuc té dé phang hay
dwoc st dung hon ca. Khi béc bay, ching cling thwong dwoc dédt song song
vOi mat phang bdc bay hiéu dung. Vi thé, dwdi day ching ta chi xem xét
phan b6 mang méng theo chiéu day phu thudc vao cau trdc clia ngudn boc
bay ddi voi dé phdng dat theo chiéu ké trén.

5.3.1. Nguon dién tich nho va ngudn diém

Khéi lvgng vat chat boc bay dén mot diém co toa do R, 6 vap duoc biéu thi
bang phrong trinh (5.12) va (5.18). Dai lvong nay lién quan dén chiéu day
ctia mang (d) nhan dugc trong khoadng thoi gian béc bay nhét dinh thong qua
khéi lugng riéng cla mang (p). C6 thé thay thé tich ma khéi lvgng dM,
chiém trén dé bang dA xd, dovay ching ta co:

gL, amM, (5.19)
p dA,
D6i voi dé phéng dat song song véi mit phang ctia ngudn béc bay v a cach
ngudbn mot khoang h, thi géc téi B s& bang goc bay 6 va do do
cosp =cosf =h/R . So do hé ngudn-dé cho trwong hop nay dugc
minh hoa trén hinh 5.6. Khoang cach (R) tlr ngudn dén vi tri dang xem xét
dA | trong trwong hop mét phang dé song song gilr nguy én khoang cach h
thi chi thay doi trong khoang | (khodng céach tir tam cla dé dén diém
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dA ). Sy thay d6i d6 luén tuan theo dinh luat Pitago: R* = h® +12. Thay
biéu thirc nay vao phuong trinh (5.12) va(5.18) chiing tanhan duworc, twong ng:
- Dai voi nguon dién tich nho:
M
d = . —
nphz{u (|/h)2}

- D0i v6i ngudn diém:

M.

4rnph? |1 ]
np +(I/h)

d:

+— | ——»p
dAr
909/
r/ P ¥
d_ﬁre

Hinh 5.6. Béc bay 1&n dé dat song song v&i ngudn
Khi dién giai dé nhan cac phuong trinh trén, ching ta d& cho rang ca hai
loai ngudn bdc bay déu rat nho, vi thé vat liéu dat trong ngudn dé bdc bay
(vat liéu géc) ciing rét it. Do d6 M ¢ va d déu Ia cac dai luong rat bé. Néu
chiing tagoi d 1a chidu day clia mang tai tdm cta dé, (ng véi truong hop
| =0, hai phrong trinh trén c6 thé dua vé biéu thirc miéu ta phan b6 cla
chiéu day twong doi:
- Dai voi nguon dién tich nho:

d/d0={1+(llh)z}_2. (5.20)
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- D0i v6i ngudn diém:

d/doz{l+(llh)2}_3/2 . (5.21)

Trén hinh 5.7 l1a do thi phan b6 chiéu day tvong déi (theo %) nhan duoc tlr
(5.20) va(5.21). Do s6 mii & phuong trinh (5.21) c6 giatri tuyét d6i nhd hon
sb mii & phwong trinh (5.20), cho nén chiéu day ctia mang boc bay tir ngudn
diém gidm cham hon chiéu day ctia clia mang bdc bay tir ngudn dién tich nho.

100

) .
w D —1.2
TR \ T
3 T - o0
= &0 = ;
= /,"\_\\j/_ 0.8
s s
40 SN
P T TR 05
g 2
— 04

20

0.2 04 08 08 1.0
Ith

Hinh 5.7. Phan bd mang méng theo chidu day: Béc bay
tlr ngudn dién tich nho (s), ngudn diém (p) va
nguon la dia tron (cac dwong lién).

5.3.2. Nguon hinh tron va nguon dia

Trén thuc té, viéc boc bay luén dugc thie hién tir ngudn véi dién tich bé mat
clia ching khong phai la qua nhd ma cé thé b qua nhu ngudn dién tich nhd
vanguon diém. Do vay, khi sir dung ngudn c6 dién tich bé mét nhat dinh th i
phan bd mang theo chiéu day can dién giai bang céach tich phan cac phuong
trinh (5.8) va (5.9). Biéu nay dwoc hiéu nhu viéc thuc hién phép cong chiéu
day tai mot diém trén dé nhan duoc khi boc bay tir tit ca ngudn dién tich
nhd dA., cho rang téc dd bdc bay tir tAt ca cac diém trén ngudn déu
nhuv nhau.

Trwéc hét, chling ta xem xét truong hop ngudn bdc bay cé cau tric nh v mot
cai dia tron ban kinh s. Bé mdt dia (tlrc bé mat boc bay) dat song song voi
mat dé. Vi vay, ta c6 thé thay phan bd vat chéat bdc bay tr én dé co doi xing
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tam, né dwoc biéu thi qua mot bién s6 | — khoang cach t¢i tam clia dé. So do
hé ngudn-dé cla truong hop nay dwgc minh hoa trén hinh 5.8. Yéu t6 vi
phéan bé mat ngudn lic nay c6 hinh vong tron siéu méng voi dién tich dA.
ma dA . =sxdaxds, trong d6 o lagéc tao bdi | va hinh chiéu cla s trén
mat phéng dé. Vi médt phdng dé song song véi mat phang ngudn, nén
C0s0 = cosp = h/R. Thay ca giatri nay vao phvong trinh (5.13) va
(5.9) ddi vai ngudn dién tich nhd ching ta sé nhan d woc biéu thirc phan bo
chiéu day khi bdc bay tlr ngudn dia, nhu sau:

oo [ff et

tsa

Hinh 5.8. So dd tuong quan cac khoang cach

trong boc bay tlr ngudn vong tron

dA¢ 1en diém dA; & trén dé song

song v&i ngudn
Trong cong thirc trén, tich phan bac ba xuét hién la do ching ta da xét téng
khéi lvong béc bay M tlr tét cd cac ngudn bdc bay nhd dAgva sy phu
thudc vao thoi gian cla dai lvgng nay, xem phuong trinh (5.3). Sau khi thay
giatri R bang céc dai lwong dac trung cho vi tri cla dién tich trén dé dang
xét trong trong quan véi ngudn béc bay, R* =h® +1? + s* — 2Is.cosa
(hinh 5.8), tich phan | dy theo o tlr 0 dén 2, két qua nhan dugc la

2 2 2 2
d = [ 20 s sdsdt. (622
ts P

{(h2_|2+52)2+(2|xh)}
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Vi 2nsds[Tdt =M, lakhGi luong cia vat chat boc bay tir nguon v ong tron
siéu mong. (Cho nén biéu thirc dudi day sé la phan b6 mang theo chiéu day
d trong truong hgp ngudn lavong tron dién tich nhd.

2 2
M ) 1+(I/h) +(s/h)

[

= > 2

meh {{1-(|/h)2+(s/h)2} +4(I/h)2}

TUr d6, d dong nhét theo chiéu day cla mang nhan dugc khi béc bay tir

ngudn vong tron rong va mdng ciing dé dang danh gia, trwdc hét ching ta st
dung chiéu day clia mang tai tam cia dé (I =0) la d, :

. (5.23)

3/2

_ M. | 1 . (5.24)

0~ 2 2
mph [1+(s/h)2}

Trong trivdng hop nay, thong sé dé danh gia do dong nhat clia mang cling la
ty s d/d,.Ty s6 nay cang gan don vi thi do dong nhét theo chiéu day cla
mang cang cao. Ngoai dai lvgng khoang cach twong déi |/h, trong biéu
thirc (5.23) va (5.24) con chira dai lvgng ban kinh twong doi cla ngudn so
vGi khoang cach ngudn-dé (s/h).Trén hinh 5.9 |a két qua tinh bang may
tinh vé sy phan b6 mang theo chiéu day d6i v&i ngudn boc bay hinh tron cé
giatri s/h twong ddi Ion. Néu nhw ban kinh cta ngudn vong tron rat bé so
v6i khoang cach ngudn-dé (s<0,1h), thi phan b6 tlr ngudn nay s& hau nhw
tring véi phan bé tir ngudn dién tich nhd. Diéu nay cd thé thay tlr cach nhin
nhéan biéu thirc toan hoc, khi thay (s /h )2< < 1 vao phuong trinh (5.23).
Nhu vay, cé thé nhan thdy réing, hoan toan c6 thé béc bay Ién dé phéng cac
I6p mang mong dong nhét theo chiéu day, néu trong thuc nghiém ching ta
dung thuyén bdc bay 1a mdt vong tron ban kinh da 16n so véi khoang céch
nguon-dé. Thuc nghiém cho thdy khi ban kinh tuong ddi cla ngudn
(s/h) cé gia tri trong khoang tir 0,7 dén 0,8 thi mang nhan dwgc c6 do
dong nhat tot hon ca.

Bay gio chling ta xem xét trudng hop ngudn la mot dia tron. Phuong trinh
(5.22) s& phai tich phan theo ban kinh (s) clia dia. Sau khi thyc hién phép
tich phéan nay ching tanhan duwgc:
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2,92 _ Q2
d=] L1 h“+1”-s dt. (5.25)
t

(h2 - 17+ 52)2 +(21s)?

Téng khdi lugng bdc bay ¢ thé biéu thi béang tich phan:

M, = rs?[rdt.

e
t

Cho nén phurong trinh biéu thi phan bo chiéu day trong treong hop boc bay
tlr ngudn dia tron cé dang:

Mo |, 1+ (11h)* = (s/h) l
e [

\/[1-(|/h)2+(s/h)2r+ 4(I/h)2J

va

M, 2(slh)’
° 2mps’ 1+(s/h)’
Chung ta tré lai hinh 5.7. Trén hinh nay cac duong cong lién 1a do thi tinh
bang may tinh d6i voi phan bd theo chiéu day khi béc bay tir ngudn dia tron
kich thuéc twong déi 16n. C6 mot diéu tha vi lakhi ngudn boc bay cé kich
thuvéc va khodng cach ngudn-dé théa man ty s6 s/h)=0,5 thi phan bd
chiéu day hau nhu trung véi phan bé trong truéng hop béc bay tir ngudn
diém. Tang ty s6 1én cao hon ching ta cting nhan dwoc phan bo déu hon, tuy
nhién diéu nay la khdng hiéu qua bang st dung ngudn hinh vong tron ban
kinh [6n.
Da6i véi ngudn dia ban kinh gidi han trong khodng s/h < 0,1 vé phai cla
phwong trinh (5.26) can phan tich thanh day, két qua gan ding cho cong
thirc phan bd chiéu day twong doi c6 dang nhu sau:

1+(s/h)?

[1+(|/h)2T+[1—(|/h)](s/h)2 |

drd, =
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Phuong trinh (5.26) xét vé thuc tién co thé st dung dé tinh phan bd theo
chiéu day tir ngudn boc bay la hinh tron vaéi kich thudc chiéu rong cla bé
mat béc bay khéng quéa nhd. Dieu nay thuc hién bang cach ldy khéi luong
bdc bay tir ca ngudn dia trir di khéi |wong bdc bay tir ngudn dia nhd (ndm
trong dia Ién). Trén hinh 5.9 trinh bay do thi phan bd theo chiéu day tir
ngudn vong tron “thwc” nay véi kich thudce tdi wu (s/h) trong khoang 0,7
dén 0,8. Mac du bé rong cla ngudn vanh khuyén nay la twong doi Ion,
nhung két qua tinh todn cho thdy phan bo theo chiéu d ay trong trvdng hop
nay hoan toan trung véi phan bd tir ngudn vong tron siéu méng véi
s/h=0,75.

Cubi cung, cling can nhdn manh rang méc d 0 ngudn bdc bay hinh dia hay
vanh khuyén véi bé rong khéng nhd nhung trong trudng hop khoang cach
nguon-dé du 16n thi phan bd theo chidu day nhan dwgc cling giéng nhuw
truong hop ngudn dién tich nhd hay vong tron siéu mong. Trong thuc tién
clia k§ thuat mang mong thi ngudn c6 bé mét boc bay Ién con cé vu diém la
trong cung mot ap suét thi tdc dd boc bay 16n hon rat nhiéu ngudn co dién
tich béc bay nhd, nho d6 han ché dang ké tac dung clia phan n g héa hoc
Xay ra gilra ngudn boc bay (thuyén hodc chén) v a vat liéu goc. Thi du, khi
ché tao mang kim loai nhdm khoi lrgng Ién (d€ lam gvong dan dung) nguoi
ta dung nhiéu thuyén ro volfram dé bdc bay vira nhanh (d& hai thuyén do

hop kim nhém va volfram hinh thanh trong qua trinh boc bay cham) lai vira
gidm dwoc thoi gian hat chan khong do khdng can dén chan khong quéa

cao. Nguoc lai khi boc bay vang dé tao tiép xic 6mic thi ching ta
dung thuyén 1& volfram & gitra c6 hé nhé vira du dat “got” kim loai

vang dé tranh lang phi. Trong trieong hop nay dé nhan dugc do dong
déu vé chiéu day chung ta can st dung b6 ga dé c6 kha ndng vira quay
vira chuyén dong tinh tién theo hai ph wong nam ngang.

Cau hoi kiém tra danh gia
1. Quétrinh thodt phan ti la gi, y nghia cla qua trinh nay trong k{
thuat mang méng?
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2. Neéu cau tao clia binh Khudsen, (rng dung clia binh nay trong k¥
thuat tao mang moéng chat lvgng cao?

3. Phan bd chiéu day mang méng trong truong hgp nguén béc bay nhd
vahinh dTa; ('ng dung clia phrong trinh phan b6 chiéu day mang?
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Chuwong 6

Ché tao mang maéng bang
ky thuat chan khong

Ché tao mang méng bang viéc st dung k¥ thuat chan khong |a cong nghé
l&ng dong pha hoi vat ly, bdi vi trong cong nghé ndy, cac phan tir héa hoi
(nhu phan tir, nguyén t&, cum nguyén tkr) nhan dwoc bang phrong phép vat
ly. Trong céac chuong trén, chlng ta d& nghién clru dong hoc chét khi valy
thuyét bdc bay chan khong, dé 1anhitng kién thirc can thiét dé tién hanh cac
thuc nghiém vé k¥ thuat chan khong vacéng nghé ché tao mang méng. Du6i
day chlng ta sé dé cap mot cach chi tiét hon tir cac phuong phap cong nghé
ché tao mang méng trong chan khong tir don chat (nhw nhém, vang, bac,
k&m,...) dén hop kim hay cac 6xyt vahgp chat nhiéu thanh phan. Tuy thudc
vao ngudn hoa hoi trong chan khdng, vao cac k¥ thuat tao ra ngudn béc bay
khac nhau, chiing ta c6 cac phrong phap ch € tao mang méng nhu sau:

- Bdc bay nhiét truyén théng (bdc bay nhiét);

- B6c bay bang chum tia dién tir (bc bay chum tia dién ti);

- Bc bay bang laze xung (b6c bay laze);

- Epitaxy chum phan tt.

6.1. BOc bay nhiét

6.1.1. Gi&i thiéu chung

Phuong phap bdc bay trong chan khdng dung thuyén dién tré 1am ngudn
cung cap nhiét la phwong phap boc bay nhiét truyén théng. Phwong phap nay
don gian, dé thuc hién va hiéu qua cao. Dé thyc hién qua trinh bdc bay
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chiing ta can ¢ ngudn bdc bay dé chira vat liéu can boc bay va dé cung cép
nhiét tao ra ap suét hoi can thiét va duy tri quatrinh boc bay vat liéu. Trong
phuong phép nay, téc do 1ang dong mang cd thé nam trong khoadng rong tir
1°A /s dén 1000°A /s . Hon nita, vat liéu khac nhau c6 nhiét do béc bay
rat khac nhau. Nhiét do béc bay cla vat liéu phu thudc rat manh v ao &p suét,
né gidm theo chiéu gidm cuta ap suat trong chudng chan khdong. N6i cach
khéc la chan khéng cang cao thi nhi ét d6 boc bay cang giam.

B6c bay trong chan khong thdp doi hoéi nhiét do ngudn bdc bay cao hon,
diéu nay thlc day cac phan (rng hdéa hoc gitta ngudn béc bay v avat liéu can
bdc bay (vat liéu géc). Thi du, khi béc bay nhém d ting thuy@n dién tré W dé
nhan dwoc hop kim Al-W, nhiét dd néng chay ctia hop kim nay thap hon hén
S0 vOi nhiét d6 nong chay clia W, do dé dan dén dit thuyén khi chat nong
chay nhdm con chua hda hoi. D khac phuc cac hién tugng phan (ing hoa
hoc gitta ngudn va vat liéu goc, trong nhiéu trwdng hgp, nguoi ta st dung
chén duwng vat liéu (chén dwoc dat trong thuyén). Céc loai chén dugc ché tao
tlr vat liéu c6 nhiét do néng chdy rat cao, nhw oxit nhém hay oxit bery,
thory, zircony,... Ching dwgc goi chung lavat liéu khé néng chay.

Trén bang 6.1 liét ké mot s6 nguyén t6 dién hinh dwoc bdc bay trong chan khéng,
bang nay cho ching ta biét cac thdng so can thiét khi boc bay chan khéng, nhuw
nhiét do, ap suat, vat liéu goc vacéc loai thuyén vachén co thé st dung.

Bang 6.1. Thong s8 béc bay nhiét clia cac nguyén to

) Nhiét do
Vit liéu boc bay biém bochay | Thuyén
va hoi nong (°C) tai o Chén Cha thich
clia ching chdy -2 day/1a
10 "Torr
CBN Tao hop kim
Nhém (Al) 659 1220 | W TfB -éN voi W, phan
z (tng v6i C
. Hoi gdm nhiéu
Antimon 630 530 'l\\lA'O’Ta’ Corun, nguyeén ti,
i AR
(She: Sby) BN, C htl)g; fﬁg; boc
Acxen Poc hai, tpéng
(A%, AS) 820 300 | - Oxit, C | hoa, hoi Ian
S0 A% cac phantlr 2
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[ va4 nguyénti |

Bang 6.1 (tiép theo)

) . Nhiét a0
Vét liéu b6c bay biém bocbay | Thuyén
va hoi néng (°C) tai o Chén Chathich
clia chiing chay - day/la
10 "Torr
W, Mo A
Bari (Ba) 710 610 ° | kimloai | Khong tﬁ"”?
Ta, Ni téc voi thuyén
Bismut W,Mo, | Oxit, C, o
(Bi, Bi,) 271 670 | ta Ni | Kimloai | Hotdochai
Al,Os, Hop kim hoa,
Coban (Co) 1495 1520 | W BeO bay hoi 30%
" W,Mo, Mo,C, Khoéng hgp
bong (Cu) 1084 1260 Ta AlLO: kim hoa
Gali (Ga) BeO o
30 1130 | - AlLOs Hop kim hoa
. W,Mo, | W,C, Dinh thuygn W
Gecmani (Ge) 940 1400 Ta AlL,Os
Hop kim héa
Vang (Au) 1063 1400 | W, Mo Mo, C V@i Ta, dinh
thuyén W, Mo
Indi (In) 156 950 | W, Mo | M0, C | Nendung Mo
Mangan (Mn) 650 940 ¥_Va’MO’ Al,O3 Hop kim héa
W, 1aw | Oxit kho
Niken (Ni) 1450 1530 | pha néng Hop kim héa
Al,O; chay
. Théang hoa
Paladi (Pd) 1550 | 1460 | - I§|Wog AlLOs | cham, kop
pha A kim héa
Hop kim
. ThO,, héa; Nén
Platin (Pt) 1770 2100 | W 710, dang cham
tia dién tl
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. BeO, C, | Hinh thanh
Silic (Si) 1410 1350 | - 210, SiO ti ohén
Bac (Ag) 961 1130 | Mo, Ta | Mo, C mg‘tye” Mo tot
Tantan (Ta) 3000 3060 | - , ;‘gggtl;:h“m tia

Bang 6.1 (tiép theo)
| Nnietdo
Vit liéu bdc bay biém bicbay | Thuyén
va hoi nong (°C) tai o Chén Cha thich
clia ching chay - day/1a
10 "Torr
. Phahuy
Thiéc (Sn) 232 1250 | W.Ta | C,Al,0s | thuyan Mo
Hop kim hoa;
Titan (Ti) 1700 1750 | W, Ta ThO,, C | dung chimtia
dién t&
Volfram (W) 3380 3230 | - c ggggt L,fh“m tia
. Tﬁéng hoa
Vanadi (V) 1920 1850 | Mo, W Mo cham
) Dung chum tia
Molipden (Mo) 2620 2530 | - - dién tr
Thang hoa
K&m (Zn) 420 2400 | w.Ta Ni | F&C nhanh, khuéch
Al20s, tédn manh

6.1.2. Ngudn bdc bay bang day va la kim loai

Céc ngudn bdc bay duwoc 1am bang day hay la kim loai chiu nhiét do cao
(nhiét do nong chay cta ching thwdng larat cao). Ngudn nay cung cép nhiét
bdc bay theo dinh luat Jun-Lenxo. Cac ngudn kiéu nay dwoc goi chung la
thuyén dién tré, mac dau khong phai tat ca ching déu cé h inh dang nhu céi

e)

Hinh 6.1. Cac loai thuyén dién tré béng kim loai: day (a-d) vala (e-g).
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“thuyén” (hinh 6.1).

Tang nhiét do clia thuy@n dwoc thire hién bang céch ting dong dién chay qua
thuyén. TUy tirng loai vat liéu can boc bay maco thé dung thuyén khac nhau
ca vé hinh dang va chét liéu. Céc kim loai néng chay nhiét d6 cao thudng
dung dé l1am thuyén dién tré 1a day hodc 14 W, Mo, Ta. Ddi voi vat liéu boc
bay & nhiét do thap hon 800°C c6 thé duing thuyén Pt hay Ni. Trén Bang 6.2
latinh chat vat ly co ban cla cac vat liéu dung lam thuyén. Bang nay cling
cho thay s6 vat liéu dung lam thuy&n khdng nhiéu, thuong chi cé ba loai (W,
Mo va Ta) la dap (ing yéu cau trong k¥ thuat mang méng.

Ciing can biét rang, & nhiét dd cao volfram va molipden dé dang tac dung
v@i hoi nuédc hodc 6xy tan trong hoi nudc con sot lai trong chudng tao
thanh tap chat béan, tap chat nay ciing bay Ién cing cac phan t{ cla vat
liéu can boc bay, do do chét lwgng clia mang sé bi giam dang ké. Céac
loai thuyén xoén (hinh 6.1) thuong duoc 1am bang day volfram duong
kinh tir 0,5 dén 1,5 mm. Sau khi bdc bay, nhéat |a trong trudng hop
dung lai thuy&n nhiéu lan, thuyé&n vavat liéu boc bay tuvong tac véi nhau
tao thanh hgp kim. Lép hgp kim nay bam chat vao thanh thuyén nho siic
cang bé mit cda ching, 16p ndy rét kho tdy sach. Dé khéc phuc hién tuong
hop kim héa khi bdc bay, chidng ta can rai déu vat liéu boc bay |én trén day
dién trd dé lam tang dién tich tiép xdc cla thuyén va vat liéu gdc, nhu thé
thoi gian bdc bay gidm ma phéan bé mang theo chiéu day cling dong déu hon.
Co céc cach sau day dé phan bo dong déu vat liéu goc tr én thuyén: treo cac
doan day vat liéu béc bay (vang, niken) 1én mdi vong xoan cla thuyén, phi
dién hoa vat liéu gbc 1én thuyén (néu vat liéu bdc bay thich hgp cho phuong
phap nay), dét toan bd thuyén vao chén dé vat lieu gbc co thé tiép xuc truc
tiép voi tat ca cac vong xoén cliathuyén), ...

Béng cach cudn thuyén xoan tir day volfram c6 t hé tao ra ngudn béc bay dé
ché tao mang mong kim loai nhu nhdm, niken, sét va platin. Théng thwong
c&c mang nay van nhiém tap chét tir thuyén. D& tranh hién tuwong nhiém ban
nay, can thiét ké thuyén cé dién tich boc bay Ién v a dung vat liéu gbc véi
khéi lvong khdng qua nhiéu va thuc hién boc bay trong chan khong cao. Trong
nhiéu trwdng hop can cé thuyén Ién hon va cé kha nang tap rung nhiét, tang
nhiét dd nhanh hon, loai thuyén xoan dwoc cudn thanh hinh dang nhu céi
gio, cho nén loai thuyén nay dugc goi lathuyén gid.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

140 Vat ly va ki thuat mang méng

Bang 6.2. Tinh chét ctia kim loai kho nong chay .

Tinh chat Volfram Molipden Tantan
Nhiét do nong chay, °C 3380 2610 3000
T,°C tai P =10 " Torr 2410 1820 2240
Dién trd suat, 10 ©0.om
tai:  20°C 55 57 135
1000 °C 33 32 54
2000 °C 66 62 87
D0 gidn nd nhiét, %
Tir 0 -1000 °C 0,5 0,5 0,7
T 0 - 2000 °C 1,1 1,2 15

C6 hai cach cudn thuyén gid. Cach thir nhét la dung day don dé cubn, cach
thtt hai 1a dung day dup (sau khi hai day don d & dwoc xoan véi nhau, roi mi
cudn thanh gid) trong céach thi hai thi loai gié c6 hai tai & hai phia tr én cling
clia thuyén (hinh 6.1d ) c6 tac dung tot hon kiéu mot tai trén mot tai dudi
(6.1 c). Tir thwe t€ cho thay, loai thuyén gid nay co wu diém vuot troi latao
ramang chét lvgng cao vakéo dai thoi gian st dung thuyén, nhat la khi boc
bay kim loai v&i mét lwgng 16n. Diéu nay duoc gidi thich lado:

(i) khi hai day W dwoc xodn lai v6i nhau, ching tao ra cac ranh, lam
tang dién tich bdc bay. Cac ranh nay giéng nhu nhitng “khe” chira
kim loai néng chay khdi bi roi khéi thuyén,

(ii) loai thuyén hai tai nhuw trén c6 day nhd, cung voi day nay céc vong
cuodn phia trén tao ra cac ngudn boc bay giong kiéu ngudn hinh tron,
nhu da xét & chuong 5.

Khi dong dot tang Ién dén mirc nhiét do thuyén dat diém ndng chay clia kim
loai, chét ldng nay xody theo chiéu cla vong cudn va bay |én véi tdc do lon
nhu mong mudn, do do6 c6 thé bdc bay hét vat liéu gdc.

Céc thuyén 14 volfram, molipden va tantan thuwong dugc ché tao tir 14 kim
loai twong (ng c6 bé day tir 0,13 dén 0,38 mm. Phan & gitra thuyén th wong
dwoc dat méng hon dé tang dién tra & trung tam, do dé nhiét tap trung tot
hon & ché dé vat liéu géc. Trong nhiéu trwdng hop, nguoi ta tao mot hé nho,
ngoai t&c dung tap trung nhiét nhu trén, hé nay con cho phép tiét kiém vat
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liéu quy hiém khi bdc bay. Trong k¥ thuat ché tao thuyén 14, dé tranh hién

twong hop kim hoa gilta thuyén va vat liéu goc nguoi ta phi 1én phan gitta
thuyén mot I6p mong cac oxit kim loai khé néng chay nhu Al,O;, ThO..
Con hai tai thuyén dwoc gitr nguyén dé khong anh hwang dén tiép xtc véi bd
ga dién cuwc. Loai thuyén nay c6 bé day quang 0,25 mm, |¢p pht cling day
twong tu. Vi 16p phi céach dién t6t, do truyén nhiét gidm, cho n én sl dung
thuyén loai nay doi hdi cong suat boc bay tang |én tlr 20% dén 30% so VGi
treang hop thuyén khéng duwoc phi. Khi ding thuyén 14 phi oxit dé boc bay
chling ta sé thay hién twgng cac giot hinh cau hinh thanh trén thuyén, chiing
nhd dan khi bac bay. Hién twgng nay la do bé mét tinh thé oxit rat min cho
nén chéat 1éng clia vét liéu géc khong co kha nang bam dinh vao thuyén
giong nhu treong hop khong phi. St dung thuyén phi oxit tranh dugc hién
twgng hop kim hoéa clia ngudn bdc bay vavat liéu géc, tuy nhién trong nhiéu
truong hop van xuét hién cac oxit nhe (vi du SiO khi béc bay Si). Diéu nay
la do nguyén t& kim loai cla vat liéu boc bay tuong tac véi l6p pha oxit.
Dung thuyén 1a phu oxit co thé boc bay hau hét cac nguyén to kim loai.
Mang mdng nhan dwgc cé chat lvgng cao, bdi vi trong chan khéng cao nhi ét
dod bbc bay cla ching thap, do d6 han ché phan (ng clia thuyén véi vat liéu
gdc. Trong mot sd trueong hop, cac oxit khd néng chay ciing co thé bdc bay
tlr thuyén phu oxit, tuy nhién [&p phi phdi cé nhiét do hoa hoi cao hon dang
ké so voi vat liéu goc. Mac dau vay, chat lwong clia mang oxit khé nong
chdy sé t6t hon nhiéu néu ching ta st dung ngudn bdc bay | a chum tia dién
ttr hdi tu hay laze xung. Cac phuong phap nay sé duoc dé cap & phan sau.

Céc loai thuyén ké trén déu co dién trd rat nhd, cho nén nhiét cung cap cho
thuyén chi can dién thé nhé (<10 V), nhung doi héi dong rét cao (thudong la
tlr 100 dén 300 A, ngudn dién xoay chiéu). Cho n én khi dét thuyén can phai
tang dong voi toc dé cham, tranh dé dong tang dot ngot. Vi dién thé khong
I&n cho nén dién trd tiép xdc & cac diém kep thuyén - dién cuc ndi ra ngoai
chudng - lanhan td quan trong trong thiét ké bd ga ngudn bdc bay. Khi nhiét

dd tang, sy gidn nd nhiét c6 thé 1am cho céc chét gan thuyén tré nén long
I0. D& khic phuc diu nay can thiét ké hé lam ngudi bang nudc cho céac
dién cuc n6i voi ngudn bdc bay. Nhin chung, céc ngudn bdc bay nhiét lam
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viéc & dién thé thap va gan dién thé cla day trung hoa NEu phai nang dién
thé ngudn 1én cao hon thi can phai dung bd bién dong céach dién t6t dé gén
vao ngudn boc bay.

6.1.3. Nguon boéc bay cho vat liéu thang hoa

C6 nhitng vét liéu nhw Cr, Mo, Pd, V, Fe va Si ma nhiét do bay hoi cla
chang tai &p suéat c@ 107 Torr nhd hon hodc gan v6i nhiét dé ndng chay.
Trong trwong hop nay sk dung thuyén tro (vé hoa hoc) ddi véi vat liéu béc
bay la khbng can thiét.

Trong chan khdng dd cao, cac vat liéu co tinh chat tr én sé thang hoa, trwéc
khi chiing néng chay. Vi vay cd thé thiét ké ngudn bac bay st dung day hodc
lakim loai khé ndng chay lam thuyén dién trd. Nhwng trong triedng hop nay,
cdu trdc cla thuy@n hoan toan khac, bai vi vat liéu g ludn & trang théi rén,
cho nén khong can dat chang tiép xdc trwe tiép vai thuyén. Trén hinh 6.2 mo
td so do ctia mot ki€u ngudn dé thang hoa mdt so vat liéu nh v Si.

Hinh 6.2. Ngudn béc bay sir dung dé thang
hoa lugng 16n vat liéu ban dan
Trén thuc t€, co the st aung thuyen pnu oxIt ae boc pay Si, tuy n hién Si lai

la chat dé tuvong tac voi cac oxit dé tao thanh SiO va do dé thuy@n ciing
nhanh bj pha hiy. Do vay, ngoai trir phwong phap chum tia dién tir thi dung
thuy@n cung cap nhiét do bang birc xa nhiét dé thang hoa cac vat liéu tr én 1a
phwong phap hitu hiéu va cho mang chat lvgng tot.

Céc vat lieu nhu Ni, Rh va Ti cling dwoc bbc bay bang phuong phap
nay. Mang mong titan phd 1én thiy tinh dé lam kinh phan quang, ngoai
tac dung phan xa blc xa néng, ching c on c6 kha nang hap thu cac chat
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khi gay phan (tng héa hoc manh. Trong doi séng, kinh rdm s dung dé
b&o vé mat ché tao tir mang mong titan dugc danh gia cao vé chat lwong,
do dé ching rat dugc wa chudng

6.1.4. Chén bdc bay va vat liéu chén
a) Kim loai kh6 néng chay

Khi boc bay mot lvgng nhé (thwong la dudi 1 gam) chiing ta cd thé dung céc
loai thuyén keé trén, nhung néu can bdc bay mot lrong lén hon vai hodc chuc
gam thi khéng c6 céu tric thuyén nao co thé dap tng duoc. DEé khic phuc
diéu nay, nguoi ta da thiét ké ngudn boc bay 16n hon va cé hinh dang cla
mot cdi chén, do do6 ching dwvoc goi la chén bdc bay. Vi qua trinh bdc bay
vat liéu v6i khoi lwgng 16n xay ra trong khodng thoi gian tuong doi dai cho
nén viéc lya chon chén sao cho chiing vira bén nhiét vira “tr 0” véi vat liéu
boc bay la diéu rat can thiét. Tinh chat phdn (ng tvong tac cla vat liéu boc
bay vai vat liéu goc cé thé tra ciu tlr gian do pha cla hai vat liéu, trong dé

c6 cac diém nhiét do va ép sudt twong (rng véi cac diéu kién “hoa tan” cla
ching. Vat liéu dung lam chén can dap (rng yéu cau khong hoa tan vao vat
liéu goc va cling khong dé vat liéu boc bay hoatan vao chiing. Khi diéu kién
nay dap (ng thi loai chén Iam bang vat liéu kim loai khd nong chay c6 wu
diém vuot trdi so voi loai chén |am bang oxit. Bdi vi chén kim loai dé gia
cdng theo céc cdu hinh mong mudn, ching c6 do dan nhiét cao hon va chiu
duwoc thay doi nhiét do dot ngot tét hon so voi chén oxit. Tir bang 6.1, chiing
ta cling nhan thdy rang hoan toan cé thé st dung chén molipden dé béc bay
mot s6 kim loai. Trong ba loai vat liéu cé thé d ung lam chén (W, Mo, Ta) thi
molipden vira ré hon lai vira mém hon, dé gia cong hon volfram. Trén hinh
6.3 1a so dd va hinh v& mat cét clia chén kim loai d ing dé béc bay Cu, Ag va
Au. D6 hoa tan cla ba kim loai nay trong molipden va nguoc lai clia Mo
trong ching la rat nho.Nguoi ta d& bc bay Cu trén 50 1an bang chén
molipden ma chén khong bi héng, sau khoadng 10 lan bdc bay thi phét hién
c6 dong khuéch tan vao trong thuyén, tuy trong mang dong van khong phat
hién tap Mo. Trong trvong hop ding chén molipden dé béc bay thi ngudn
d6t chén 1a dién cuc 1am béng tantan (phan bén tréi cda hinh 6.3). N6 duoc
lam t&r phién tantan day 5 mm gia cong thanh hinh 6ng, dé dé tao ra dién tré
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va do bic xa nhiét 16n hon, dong thei né cling phan xa nhiét cao hon han
loai thuyén day dién trd. Dung thém céc |a chan nhiét xung quanh chén
chiing ta ¢ dugc ngudn béc bay on dinh vé nhiét do, cho phép bdc bay véi

toc do khong dbi. Loai chén nay dung dé boc bay lvong Ién kim loai Cu va
Ag. Thyc nghiém cho thdy thuyén ciing rdt bén va nang suét bdc bay cao,

Chan thigt __ onan wo

!
—_—

!

Thuyén Ta

2
R

Hinh 6.3. Thuyén tantan va ciu tao ngudn d6t st dung chén
la kimloai kh6 néng chay, dung trong thuyén tantan

chat lvgng mang dam bao. Hon nita v&i bd ngudbn nay co thé boc bay tw
dong hoa, diéu khién bang chuong trinh vi tinh véi su tro gidp cla cac dau
do dién trd sudt hodc bd cong hudng thach anh theo d&i chiéu day clia mang.

b) Oxit khé nong chay

Céc chén oxit khd néng chay thwdng dwoc ché tao tai cAc nha may chuyén
dung, béi vi gia cdng chén (gi6ng nhw do st) 1a mot viéc khdng don gian.
Tinh chat vat ly cla vat liéu oxit khd ndng chdy duoc trinh bay trén bang
6.3. Trong qua trinh gia nhi ét dé tao thanh chén nhw ép thiy nhiét, thiéu keét,
nung U,... tinh chét cta ching co bi thay déi, nhwng van gilr duoc cac dac
trung co ban. Thong thuong céc vat liéu siéu sach sé c6 dd bén nhiét va do
clring co hoc tot hon. Cac chén s sir dung lam ngudn boc bay thuong dwoc
ché tao tir bot twong (rng vo&i do sach khong dudi 99,9% va do xop thap. Bé
day clia chén vao khodng 1-3 mm, vi thé can phai st dung loai vat liéu c6 do
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dan nhiét cao di dé dan nhiét t6t dong thoi tranh d woc tac dong manh cla
thang giang nhiét do.
MGt trong cac tinh chat quan trong cla oxit st dung lam chén la do on nhiét
dodng hoc can phai cao.

Bang 6.3. Tinh chat cta oxit kho néng chay

Oxit Do x6p Diém néng l\!h|et'q(_) Bo .dAan Kh{?‘ nang
(%) chay (°C) lam weﬂc nh|et chiu tap

(dang chén) cao nhét riéng dong nhiét
ThO, 3-7 3050 2500 0,007 Kém
BeO 3-7 2570 1900 0,046 Rt tot
ZrO, 3-10 2550 2200 0,005 Tot
Al,O3 3-7 2030 1900 0,014 Tot
MgO 3-7 2800 1900 0,016 Rat kém
SO, 0 1710 1100 0,012 Tot
TiO, 3-7 1840 1600 0,008 Kém

Trén hinh 6.4 14 ngudn b6c bay o

lam béng chén oxyt khé nén RN
! 9 ! y ‘ Mg ——C > |

chdy duoc cubn quanh day dién f'\.i.':;-_———::'_--//{'

trd kim loai (W, Mo, hay Ta). .’Qj/ { /

Bang 6.4 trinh bay tinh chat 6n nhiét 4 i i f/

dong hoc clia 8 loai oxit khé nong \rm— ——f”/) /
, N ] ;f'

chay. e ™ o [M_ y

Trong s6 vat liéu trén chi ¢ nam S

loai (tlr trén xubng) dap ng yéu

cau, boi vi nang luong phan hly 3k 6.4 chén oxit kimloai kho
oxy clia ching tai 2000°C véi ap néng chay diing ngudn dt
suét hoi c& 102 Torr ¢6 gia tri la day dién tro kim loai W.
cao. Hai loai oxit cudi khéng dap
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(rng yéu cau str dung lam chén béc bay la do nang lvong phan hdy éxy cla
chang quathap.

SiO, tuy ¢o tinh 6n nhiét dong hoc chdp nhan duwoc, nhung ching lai dé
nhwdng 6xy cho kim loai khac (thi du Th, Zr, Be) tao th anh vat liéu bén hon.
Khi tiép xuc véi kim loai Al va Mg, SiO, dé dang nhuong 6xy, tham chi &
nhiét d6 quang 1000°C. Céc kim loai khac nhw Ag, Au va Pt tuy c6 tinh chat
tro voi SiO, nhung nhiét dd béc bay clia ching lai gan hodc cao bang nhiét
dd hda mém cua thay tinh SiO, (thach anh).

Bang 6.4. Do bén nhiét clia mot so oxit khd nong chay

Nang lvgng tv do
Quatrinh phén hily (kcal/gam.nguy@n tir oxy)
1/2 ThO,(rén) = 1/2Th(rén) + 1/20 ,(khi) +111
BeO(rén) = Be(long) + 1/20,(khi) +100
1/2 ZrO,(rdn) = 1/2Zr(rén) + 1/20 5(khi) +84
1/2 Al,O4(rén) = 2/3AI(16ng) + 1/20 5(khi) +82
MgO(rén) = Mg(khi) + 1/20,(khi) +53
SiO,(rén) = Si(long) + O, (khi) +49
3TiO,(rén) = Tiz0s(rén) + 1/20,(khi) +18
NiO(rén) = Ni(lang) + 1/20,(khi) +13

Nhu vay, trén thrc té ching ta chi c6 5 loai vat liéu co thé st dung | am chén
bbc bay. Riéng chén Al,O; con co tén théng dung la corun. Do gia thanh cla
tirng loai chén rét khac nhau, dat nhat 1a chén ThO,, cho nén viéc Iya chon
loai chén nao cho phl hop dé béc bay con tay thudc vao vat liéu béc
bay va moi truong chan khong cao hay thap. Khi boc bay & chan khong
cao, chiing ta cé lgi thé vé tdc do bdc bay va do sach clia moi truong,
quéang duong tw do Ign,... Nhung cling ¢é nhroc diém kém theo la si
thang hoa vat liéu chén lai dé xay ra hon. Thi du tai dudi 4p suét c&
10°® Torr MgO thang hoa ré rét tai 1600-1900°C, Al,O; -1900°C va
BeO - trong khoang 1900-2100°C.
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Thuc nghiém cho thay, st dung chén |am ngudn bdc bay chi co thé ché tao
cac loai mang tir vat liu cé do hoa tan vao oxit rat thdp hoac nhiét do boc
bay clia chiing dwéi 1000°C. Thi du cac vat liéu twong tng d6 1a Co, Fe, Pd,
Pt, Rh (nhiét do bdc bay 1500 — 2100°C, khong hoa tan vao ThO,) va As,
Sb, Bi, Te, Ca, Mn (nhiét dd boc bay dwéi 1000°C).
¢) Thuyén graphit

Ve tinh chat co hoc thi vat liéu graphit c6 nhiéu nét gidng oxit khé néng
chay, cho nén viéc gia cong ngudn bdc bay tir graphit khéng dé nh v thuyén
lakim loai. Vi do dan dién cta graphit rat cao, cho nén co thé sit dung trirc
ti€p lam ngudn dot nhu & cac truong hop thuyén Ia. Loai thuyén nay cé thé
cung cap nhiét do rat cao, 1én trén 20000C tai ap suat 10-5 Torr. C4c tinh
chét co ban lién quan dén k¥ thuat chan khong ctia graphit d wgc trinh bay
trén bang 6.5.

Graphit
nghiép
lamémva
nhiéu |
con

On

CuuDuongThanCong.com

Bang 6.5. Tinh chét cta graphit

Ap sudt hoi (Torr) tai:

1900°C 10
2500°C 102
Khéi luong riéng Iy thuyét (g/cm®) 2,265
Graphit cdng nghi ép 16-18
Céc bon thuy tinh 1,3-15
Graphit tong hop dén 2,26
Pién tr& sut, 10°Q.cm
Graphit cdng nghi ép 05-25
Céc bon thiy tinh 1-5
Graphit t6ng hop 0,5 - 500
Hé sb gidn n& nhiét, 10° cm™
Graphit cong nghi ép 2-6
Céc bon thuy tinh 2-4
Graphit t6ng hop <1-10

cong
thuong
co
héng,
graphit
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t6ng hop la vat liéu vira ddc lai vira rAn hon. Gan day con ¢ loai thiy tinh
céc-bon- vat liéu tong hop tlr polymer. Day |a vat liéu dung dé lam ngudn
néng chay hop chat ban dan A3-B5, MgF, va céc teluarit. Tuy nhién, vt
liéu nay chua dap (ng yéu cau dé ché tao thuyén bdc bay do né dé phan hay
cac-bon tai nhiét d6 cao va ap suat thap. Do vay, thuyén graphit hién nay
chi yéu dugc ché tao tir vat liéu graphit tdng hop. Bén canh wu diém vé
nhiét do cao, dd bén nhiét, thuyén graphit nao ciing c6 nhuoc diém la dé
phan hiy céc-bon, cho nén béc bay tir ching dé nhan dwoc thanh phan
nhiém tap cacbon. Vi thé, st dung thuyén graphit dé béc bay cling c on
han ché, chi nén dung trong cac truong hop vat liéu béc bay céd chira
thanh phan cac-bon, nhu cac chét cac-hit.

Gan day, v6i muc dich lam sach cac kim loai trong vat liéu cau trdc nand, tai
Phong thi nghiém lién két cla Trudng dai hoc Céng nghé (PHQG Ha N&i)
va Vién Khoa hoc Vat liéu (Vien KH&CN Viét Nam) d & s dung thuyén
graphit lam ngudn dot nhiét do cao. Khi dat dién 4p xoay chiéu | én thuyén tir
5 -7 V dong dot dat gia tri cao dén hon 200 A va nhiét do & ving trung tam
clia thuyén dat trén 1900°C. Két qua cho thdy, sau thoi gian G 8 gid trong
chan khong 10 Torr tai nhiét do nay thi hau hét cac kim loai tap chat nhw
Fe, Ni, Cu trong cdu triic 6ng nano cacbon d&boc bay hét.

6.2. Boc bay chum tia dién tr

Nhu trén, ching ta d& nhan thdy rang tdt ca cac ngudn bdc bay nhiét tir
thuy@n xoén, thuyén 14, thuyén graphit, chén kim loai v & chén s nhiét do
cao, v.v... cling chi si dwoc trong mot sé truong hop nhat dinh, véi thoi
gian str dung khéng cao . M6t trong cac nguyén nhan lam cho cac ngudn bdc
bay nhu thuyén hay chén ké trén cé han ché la sy tvong tac gitra thuyén
hodc chén véi vat liéu goc. Nhu vay, mudn tranh hién tugng nay can st
dung ngudn nhiét, trong d6 khdng cb tiép xlc truc ti€p nao gitta chén hay
thuyén véi vat liéu goc. Chum tia dién t& hdi tu trong chan khong | a ngudn
nhiét ly tudng dap (’ng yéu cau trén. Dudi day st trinh bay nhiing nét co ban
vé nguyén ly hoat dong cla chum tia dién t& va ing dung ching vao k¥
thuat ché tao vat lieu mang mdng. D6 1a phuong phép 1ang dong mang mong
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trong chan khong dung chum tia dién t& hoi tu lam ngudn bdc bay. Phuwong
phap nay duoc goi tat 1abc bay chum tia dién ti.

6.2.1. Uu diém ctia phwong phap

Déc diém ndi bat clia phwong phap chum tia dién t khac voi cac phwong
phap boc bay nhiét hay phin xa catét la sir dung nang lwong clia chum dién
tl dwoc hoi tu trwc ti€p 1én vat liéu. Khi chum tia dién t nang lvgng cao
ban 1én vat liéu gbc, do bi dirng dot ngdt to an bd dong ning cla chum dién
tlr dwgc chuyén thanh nhiét nang lam héa hoi vat liéu nay. Do dé c6 thé
nhan thay nhitng wu diém chinh ctia phwrong phép nay la:

- M6i trivdng ché tao mau sach, nho ¢ chan khéng cao;

- Hop thic héa hoc va do tinh khiét clla mang so véi vat liéu goc dwoc
dam bao do chum tia dién t&r cap nhiét truc ti€p cho vat liéu gbc vacic
phan t&r hda hoi xay ra tic thi dudi tac dung nhanh clia nhiét;

- Boc bay duoc hau hét cc loai vat liéu khé nong chdy vi chum tia dién
tl hoi tu c6 nang lwong rat lon;

- Dé diéu chinh &p suét, thanh phan khi va nhiét do va dé theo déi qua
trinh 1ang dong;

- C6 thé slr dung rat it vat liéu goc (dén 10 mg hoac it hon), cho nén
trong cac trieong hop can tién hanh nhiéu thyc nghiém dé tim kiém
ché d6 cong nghé mai sé tiét kiém dang ké ngudn vat liéu, nhat | a vat
ligu quy hiém.

6.2.2. Cau hinh sung dién t& va vat liéu béc bay twong rng
a) Slng dién t&r sir dung an6t la vat liéu boc bay

Trong phrong phap béc bay bang sting dién tr ma an6t chinh lavat liéu can
bbc bay, cdu tao clia sting dién tir c6 dac diém | & cat6t (soi phat xa dién tir)
¢6 cau trac hinh tron dat rat gan voi vat liéu géc (dong thoi 1a andt). Cac
dién ti chuyén dong theo quy dao thang tir catdt hoi tu vao ding dau trén
cla anét (hinh 6.5a). Nhu vay, trong tredng hop nay, andt phai la kim loai
va duwoc thiét ké sao cho c6 thé dich chuyén tinh tién véi téc do dong bo véi
van téc béc bay chinh nd. Anét thudng duoc 1am bang thanh hodc soi kim
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loai, duoc dat vao chinh gilta vong catét. Boc bay xay ra ngay trén dau cla
thanh kim loai, dé thwong dwoc dat & phia trén cla catot. Giot pha léng gilr
dwoc trén dau clia andt lanhd stic cdng bé mat ctia nd. Do vay, trong ph uong
phép nay, khéng ché nang luvgng chum tia dién ti can that chinh xac. Néu
nhw chum tia dién tr cung cap nhiét dd cao hon nhiét d6 néng chay clia kim
loai can boc bay thi giot d6 sé bi roi xuéng thanh chudng. Nhv vay, véi sliing
dién t& kiéu nay, chi cé thé boc bay cac vat liéu kim loai ma pha long cla
chiing c6 sitc cang 1én va ép sudt hoi trén bé mét 1on hon 107 Torr tai nhiét
dd nong chay. Céc kim loai c6 thé bdc bay bang ph wong phap nay la Fe, W,
Ni, Ta, Ag, Mo, Pt. T6c dd boc bay clia chiing thwong duoc khong ché thap
hon gia tri tinh toan tir ly thuyét. Ti vaZr ciing c6 thé béc bay bang cach nay
nhwng téc do bdc bay can dwgc khdng ché thap hon nira.

Dian thg |
cagap
mat chigl §

Gigt treo

Sai catdt

Nuéicja}lm;_,,
ngudi

Ngoai han ché vé tdc do bdc bay, phuong phap “giot andt” clia sing dién t
con c6 nhitng hariHdmhikbA: .9 db tangaoédaikh@ddaatiaslid cong nghé | a thiét
ké cau hinh siing dién t rat khé phu hop v6i do chinh xac cla tdc do dich
chuyén andt, hon nita andt con phai duoc 1am ngudi bang dwong 6ng dan
nudc chay vong quanh. Thém vao dé la catét dé tran trong hoi kim loai,
chiing dé dang téc dung v6i nhau, nhat 1a khi nhiét do boc bay twong d6i
cao, tao ra cac hoi clia hop chat khéng mong muén bay | én [am nhiém ban
mang trén dé. Bong thoi catét cling nhanh bi an mon béi cac phan ng voi
hoi cta vat liéu béc bay, do do cat6t rat nhanh bi pha hdy. D& khic phuc
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nhwroc diém nay, nguoi ta da 1dp thém cac bd che chan bao vé catot
(hinh 6.5b va 6.5¢)

b) Sang dién tlr v&i andt doc lap

Slng dién t& trong trudng hgp nay dugc ché tao gan giéng nhu &ng phét tia
X. Trong siing c6 nguon phéat xa dién t& la gidy volfram hinh may-xo hodc
hinh chit V véi dau nhon hwéng vé phia andt. Hoi tu chum tia dién t& thuc
hién nho dién cwc ludi cla hé tinh dién 1a hinh tru bén trong chira catét va
dién 4p cla andt hinh dia (hinh 6.6a). Vung gilta andt va chén dung vat liéu
gc 1a ving dang thé. Do khoang cach catdt - anét khdng 16n, cho nén &p
suat ting nho qua trinh phan hay khi s& dan dén hién tugng ion hda cac chat
khi con lai trong chudng, diéu nay lam cho hoi tu chum tia dién t& bi kém
han di. D& c6 chum tia di xa va hdi tu tot hon, nguoi ta dat thém vao siing
dién t& mot thau kinh tlr truong.

Sdi catdt Catat
Lo 10-20 kY

Bign cuc Figu chinh—___ p
25 kv O .
AnGt-.__ Anét >N

S,
) f \ Phan thé am
B@M I 0-250%

Vat ligu géc

So dd clia sﬂngﬂ!ﬁh %rﬁ\élﬁ;\%t@ﬁ%lq'ér@ﬁ ChAPRLARHRR tr duoc hai tu
nho viéc digu chinh dién the) STgE kdixyhapot hinh con, dong thoi thay
ddi do 16n cla tir treong lang kinh. Véi cau tric nay, chiing ta cd vét hoi tu
clia chum tia dwong kinh vao c& vai milimét. Stng dién t& kiéu nay cé kha
nang hoi tu chum tia voi mat do dién t& rat cao, cho nén nd co thé boc bay
céc vat lieu kho noéng chay, thi du nhuy BN hodc Ta, nhiét do boc bay cao
hon 3000°C. Nhuoc diém cla sting dién t& voi andt doc 1ap 1a & cho, dién
thé cao 4p mot chiéu thwdng Idn hon 10 kV, trong khi sting dién tl dung vat
liéu lam an6t chi can dién ap vai kV. Gidng nhu dng phat tia X, khi dién thé
cao trén 10 kV chum tia dién t& bi ham trén dudng di cla ching sé gay ra
phét xa tia X tir hé chan khong. Theo cac so liéu d & biét thi thép khong ri chi
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6 thé hap thu mdt phan nao do bic xa tia X phat ra khi chum tia dién t
nang lvong cao hon 10 keV bi ham trén thanh chubng. Vi vay, d6i véi hé
chan khdng nay, chudng can dugc che chin bang cac tdm thly tinh hitu co
chtra ham lugng chi twong doi I6n dé hap thu toan bo biic xa tia X.

¢) Sling c6 chum tia dién t&r quy dao cong

Trong cac stng dién tr néu & trén thi chum tia dién t& déu chuyén dong theo
quy dao thang, do d6, hodc |a sting hodc 1a d& phai ndm & vi tri di dién véi

ngudn béc bay. Nhugc diém nay co thé khic phuc bang cach “bé” cong quy
dao clia chum tia dién t& nho viéc dwa vao chudng mot nam cham dién, ma
dd 16n cha tlr treong diéu khién dwoc bang dong dién.

Trén hinh 6.7 (phan trén) mo ta so do ngudn bdc bay chum tia dién tt, do la
sting dién t& c6 chum tia hdi tu 270° trong tlr trudng, dién tir duoc gia toc
bdi dién thé cao ap mot chiéu. Nguy én ly hoat dong cla sing dién tl trong
treong hop nay hoan toan giong nhu mdt dén dién tir ba cuc (triot): catét la
soi volfram co dién ap cao t¢i 10 kV, dd phan cuc cla dién ap so v6i catot

trén dién cuc ludi dwoc digu khién dé chon loc céac dién tir ¢6 ¢ ung téc do va
hwdng bén ra tir catdt (dién thé ludi dong vai tro hoi tu cham tia dién ti).
Andt latoan bd thanh chudng thép khong ri, thuong dwoc ndi dat. Khac véi
tridt latrong thiét bi chan khdng con ¢ nam cham dién tao ra dudng stic clia
tlr trvdng c6 hwéng song song vai soi catdt (vudng géc véi hudng bay ra clia
dién t&r). Bang cach thay ddi do I6n cla tir truong, cd thay déi quy dao
chuyén dong clia chum tia dién ti, va do do, diéu chinh dwoc vi tri hoi tu
cla chum tialén bé mat cla vat liéu boc bay. Quy dao bay cla ¢ hum dién t&r
duoc quyét dinh béi hai yéu td quan trong | a van toc ban dau thoat ra khéi

catdt va do Ién cla tir trwong, theo dinh luat Lorentz:

F= -qVxB. (6.1)

Mat do dong dién t&r (j.) sinh ra do phét xa nhiét béi d6t nong soi catot
duoc thé hién bang phuong trinh Richardson:
je=AT?exp[(-q® )/KT ]. (6.2)
trong do:
A lahéng s6 Richardson,
g la dién tich cla dién tt,
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® lacong thodt,

T lanhiét do soi dot (K).
Khi ngudn phat xa dugc hoat dong tai mic bdo hoa thi dong catét cuc dai
duwoc didu khién bang viéc lya chon dong d6t. Dudi mirc bdo hod, mat do
dong phu thudc vao thé gia téc. Dong nang ban dau clia dién tir phat xa bang
kT /2 vasau dé tang lén gia tritlr 7 + 10keV , twong (rng voi hiéu dién
thé tréncatét 7 + 10kV .
Tir stng dién t&r, chum tia dién t& ban ra va hoi tu chinh xéac vao vat liéu nho
viéc diéu khién d6 16n clia dong dién qua nam cham. Quy dao chuyén dong
cla chum tia dién t&r trong mot s6 tredng hop cé dang cung tron [6n (3/4
dwong tron), két qud dugc minh hoa trén hinh 6.7 (phan duwégi) ¢ng véi
treong hop dién tl phét ra tiv phia dudi cla sgi catdt. Tuy thudc vao vi tri
ban dau cla dién tt d6i v&i soi phat xa (sgi catdt) trong dié n tredng va tlr
truong, ching duoc hdi tu vaban
chinh xac vao vét liéu trong ¥
chén. Thuc té cho thdy, nhitng B
dién tl xuat phat tir bén phai soi
phét xa dugc diéu khién vahai tu -
chinh xé&c vao chén, con doi voi R, —~
cac dién t ndm & trén soi phat 4 N
xa hoi tu c¢é phan kém chinh xéac
hon. D06i v&i vi tri bén trd soi
phét xa, cac dién tr chuyén dong
theo quy dao khong 6n dinh, cubi ° Diém khdi d4u cha quy dao e
cung la tiéu tan. Vi vay, khe hé
cho chum tia can dwoc cau tao

¥ {m)
>
3

-0.01 1 <

Hinh 6.7. So dd quy dao chuyén dong
270 ° clia dién tl trong

sao cho thu dU’Q’C nhffng dlén to Sl]ng dién o guy dao cong.
b&n vao bia vat liéu dat hiéu qua
cao nhét.

Chum tia dién tr dugc gia tdc trong dién trudng cé nang lvong cao vahdi tu
vao bia vat liéu nho tac dung clia dién ap lwéi va do 16n cla tir trwdong diéu
khién. Vat liéu trong chén tryc tiép nhan nang | wong clia chum tia dién tir va
hoa hoi, rdi lang dong 1én dé. Day la phuong phap ché tao mang méng dam
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bao hop thiic va do tinh khiét cao. Trén bang 6.6 liét ké mot s6 loai vat liéu
bdc bay bang phuong phap cham tia dién tir cho chat luong tét.
Bang 6.6. Mang méng cac chét béc bay bing cham tia dién tir

Nhiét Nhiét do bay hoi o
A o | d0nong tai P (Torr) Nét dac trung;
Vat liéu ha e
chay 10 10°® 10* chiét suat (n)
(°C)
Al 660 677 821 1010 | Nong chay
Al,Cs 1400 - - ~800 | n=27
AIN - - - | ~1750 | Thang hoa, phan huy
Al,O5 2045 - - 1550 | n=1.66
Au 1062 | 807 947 | 1132 | Mangmem, bamdinh
khong tot lam
Sb,03 _ Thang hoa
656 - - 300 n=205
Sh,S; 550 - - | ~200 | Khdng phan huy, n=3.01
As;S; 300 - -| ~400 | n=28
Ba Hop kim véi chén, nén ép
710 545 627 735 | vién, khong dét trong
cheén.
Thang hoa
BaF, 1280 - - 700 n=129
Be 1278 710 878 1000 | Dé bay hoi
BeF, 800 - -| ~200 | Thang hoa, doc hai
Bi,Se; 710 - -| ~650 | Phinxa
B 2100 | 1278 | 1548 | 1797 | Thang hoa, vat liéu nd khi
lanh d6t ngot
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B.,C 2350 | 2500 | 2580 2650 | Twong tu crdm, bam dinh t6t
B,O3 460 - -] ~1400 | n=1.46
Cdse 1964 i ) 540 Trlang hoa, dé bay hoi,
n=24
cds 1750 ; | ssp | Thang hoa,
n=24
CaF, 1360 - -1 ~1100 [ n=12-14
CaO- _
S0, 1540 - - - n=161
Cawo, 1620 - - -1 n=192
Thang hoa,
C - 1657 1867 2137 n=147
Ce 795 | 970 | 1150 | 1380 | Mang dé bi 6xy hoa
Thang hoa,
CeO, 2600 1890 2000 2310 n=22_924
Cel; 1418 - - ~900 [ n=1.63
Ce,05 1692 - - - | n=195
Thang hoa, bam dinh tét,
Cr 1890 837 977 1157 t6c do béc bay, kha cao
Cr3C, 1890 - - | ~2000 | -
Cr,04 2435 - -|~2000 | n=24
Co 1495 850 990 1200 | Hop kim v&i chén
Cu 1083 727 857 1017 | Kém bam dinh dé
Cu,O 1235 - -| ~600 | Thang hoa, n=2.7
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NagAlFs 1000 | 1020 | 1260 1480 | n=2.34

Er 1497 650 775 930 | Thang hoa

Eu 822 280 360 480 | Thang hoa, d6 hoatanthdp
Eu,04 2056 - - | ~1600 | Mang sach varan, mat 6xy
Gd 1312 760 900 1175

Gd,05 2310 - - - n=18

Ga 30 619 742 907 | Hop kim v&i chén

GaAs 1238 - - -| n=5.64

Ge 937 812 957 1167 | n=4.01

GeO, 1086 : | -e625 ;:r?g%g SiO hop thire
Hf 2230 | 2160 | 2250 3090 | -

HfO, 2812 - - ~2500 | n=2.0

Ho 1470 650 770 950 | Thang hoa

Ho 1470 650 770 950 | Thang hoa

Ni/Cr 1425 - - - | Boc bay cham

In 157 487 597 742

In,0; 1565 : - | 1200 ;:?]”3;?;3 g tnn dén
Ir 2459 | 1850 | 2080 2380 | -

Fe 1535 858 998 1180 | Mang min vaciing

o | | | || R
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Fe,0O3 1565 - - - n=30

La 920 | 990 | 1212 | 1388 | D& bi chay khi & dang bot

LaBg 2210 - - - -

LaF, 1490 - - 900 Lhi”f 52‘;""

La,0O4 2250 - - 1400 | n=19

Pb 08| 342| 427| 497 Efgﬁgfr’:écg‘” than khi

Li 179 227 307 407 | D& bi Oxy hoa

LiF 870 875 | 1020 1180 | n =1.36

Li,O 1427 - - 850 | n=1.64

Lu 1652 - - 1300 | -

Mg 651 185 247 327 | Thang hoa, téc dd bdc
bay cao

MgAl, 2135 - - - | Khoang chat ty nhién

O

MgF, 1266 - - 1000 | N=1.38

MgO 2800 - - 1300 [ n=1.7

Mn 1244 507 572 647 | Thang hoa

Mo 2610 | 1592 | 1822 | 2117 | Mang min, cAu trlc ran

Mo,C 2687 - - - -

Nd 1024 731 871 1062 | Khéng twong tac voi Ta

NdF; 1410 - -| ~900 | n=161
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Nd,O3 2272 - - ~12400 | n=1.79

Ni/Cr 1395 847 987 1217 | Hop kim v&i chén

Ni 1453 927 | 1072 1262 | Bamdinh tot

Nb 2468 | 1728 | 1977 2287 | Téac dung véi W

NbC 3800 - - - |-

NbsSn - - - - | ®ong béc bay Nb va Sn

Pd 1550 842 992 1192 | B6c bay nhanh

PdO 870 - - 575 | Phan huy

Pr 931 800 950 1150 | -

Pr,0; 2125 - - 1400 | n=2.0

Rh 1966 | 1277 | 1472 1707

Sm 1072 373 460 573 | -

Sm,05 2350 - - - | Thiu oxy, mang mém
vasach

Sm,S; 1900 - - -

Sc 1539 714 837 1002

SC,03 2300 - -| ~400 | n=1.88

Se 217 89 125 170 | boc

S 1410 992 | 1147 1337 | n=3.42

SO, 1610 - - - | ~1025 | n=1.47

1710

S0 1702 - _ | es0 | Thang hoa,

n=16
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Ag 961 | 847 | 958 | 1105 | D& bdc bay
NaCl 801 - - 530 | n=154
NaF 988 - -| ~700 | n=13
Ni/Fe/ 1410 - - - | BOc bay tlr hai ngudn
Mo
Ta 2996 | 1960 | 2240 2590 | D& tao mang
Ta,0s 1800 | 1550 | 1780 1920 | n=20
Tb 1357 800 950 1150 | -
Th 1875 | 1430 | 1660 1925 | Boc, phéng xa
ThO, 3050 - -|~2100 | n=1.86
ThF, 1110 - -| ~750 | n=152
™m 1545 461 554 680 | Thang hoa
Sn 232 682 807 997
0, o7 | - - | ~ 1000 | ThE7G ROR
SnSe 861 - - | ~400
Ti 1675 | 1067 | 1235 1453
TiO, 1640 - -1 ~1300 | n=24
TiO 1750 - - ~1500 | n=22
TiN 2930 - - - | Phén huy & nhiét d6 cao
Ti,0O3 2130 - - - | Phan huy
W 3410 | 2117 | 2407 | 2757 gﬁ”fhgi”ki%”;gdgg_tﬁt’

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

160

Vat ly va ki thuat mang méng

wW,C 2860 | 1480 | 1720 2120 | -
Thang hoa, phan hly oxy.
WO, 1473 i ) 980 Nén boc bay phan ting
trong oxy.
n=1.68
V 1890 | 1162 | 1332 | 1547 | Mang dé béc bay
VO, 1967 - - | ~575 | Thang hoa, kh6 nhan hop
thirc. Nén bdc bay
phan (*ng trong oxy.
Yb 824 520 590 690 | Thang hoa
Y 1509 830 973 | 1157
Thang hoa,
Y.03 2680 - - | ~2000
n=179
Zn 419 127 177 250 | BAdc bay rat
de dang
ZnO 1975 - -1 ~1800 | n=2.0
ZnS 1830 - -| ~800 | Thang hoa, n=2.3
zr 1852 | 1477 | 1702 | 1987 | Mang dé bi dxy hoa
ZrB, 3040 - - - -
ZrO, 2700 - - | ~2200 | n=2.05

6.3. BAc bay bang laze xung

6.3.1. Nguyén ly hoat ddng va qua trinh vat ly

Béc bay bang laze xung (goi tat 1a béc bay laze) 1a mdt phuwong phap béc
bay gian doan. Khi c6 chum tia laze cong sudt 16n bén 1én bia (vat liéu can
béc bay) thi pha hoi cla vat liéu duoc hinh thanh béc bay mét ving méng
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clia bé mat bia. Vung hoéa hoi cla bia chi sdu khoang vai tram dén 1000 A°.
Khi 8y trén bé mat hinh thanh mét dém sang hinh khoi ellip cta pha hoi.
ToOc dd ddc treng clia cac phan ti boc bay (bao gom ca ion v a phan ti trung
hoa dién tich) dat gia tri vao khoang 3x10°cm /s, twong (ng voi dong
nang 3 eV. Tdc dd nay phu thudc vao khdi lvgng clia phan tir héa hoi. Téc
dd 1ang dong mang dat gia tri vao khoang 8 nm/s.
Trén hinh 6.8a va 6.8b, minh hoa nguyén ly cla phuong phap boc bay laze.
Hinh anh d6m sang duoc néu trén hinh 6.8c. M6t trong céac laze dwoc st
dung dé boc bay phd bién nhét hién nay | a laze excimer KrF, hoat dong tai
bwéc song 248 nm. Dudi day la céc thong s6 chinh clia laze nay:

- D6 dai xung: 25 ns (dt).

- Mat d6 cong suét: j = 2,4 x 10°W/cn?.

- Vung dién tich chiéu roi 1én bia (8A) = 0,1 cm?.

- Tan s6 Idp lai (f): 50 Hz.
Nhu vay, mat dd nang lugng cla laze (j.5t) vao khoang 6Jlcm?. Nang luvgng
trén mot xung 1a 0,6 J. Cong suat lién tuc dat gia tri 2,4 x 107 W va cong
suat trung binh 1230 W.
C6 thé mo ta bic tranh vat ly clia qué trinh béc bay laze nhuw sau. Khi bén
mot xung laze 1én bé mat bia (vat liéu can bdc bay), mot phan nang | wgng
clia né bi phan xa nguoc lai, mot phan duoc bia hdp thu. Trong khoang thoi
gian cla do dai xung, nhiét dwoc truyén tir bé mat vao sau trong bia, d6 sau
duoc quyét dinh béi chiéu dai khuéch tan nhiét L. Ngoai trir cac bia hdp
thu yéu, chiéu dai hdp thu anh sang tia laze 1a mot dai lvgng dac trung,
thwong nhd hon do dai khuéch tan. Vi vay, thé tich dugc cdp nhiét trén bé
mét bia, khi manang lvong cla tia laze bén vao bia co hiéu suat cao nht, cd
hinh dang ctia mdt hinh khdi ellip. Dién tich thiét dién clia né bang dién tich
hinh chiéu (8A ) cla chum tialaze vabé day ciané la L, (hinh 6.8). Bén
trong thé tich do6, nhiét do cao hon nhiét do ndng chay clia chat béc bay, cho
nén vung nay bi hoa léng.
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Cuding da

bl Thai gian

Uodt

Hinh 6.8. Nguyén ly béc bay béng laze xung
(bbc bay laze)
a) So do hé boc bay;
b) Dang xung laze;
¢) Hinh thanh d6ém sang ellip va
Xuyén sau vao bia clia chum tialaze.

Néu nhu ndng luong van duoc duy tri thi hién twong boc sé xay ra, vi mot
phan cac nguyén tir bén trong thé tich d6 da nhan dugc nhiét lvgng boc bay.
Do xuét hién gradient 4p sudt rat I6n, 16p Knudsen duwgc mé réng ra thanh
mot hé ndng, hwéng theo phurong vudng géc véi mat bia. Nhiét dd ban dau
clia I6p Knudsen la diém nong chay cla bia; pha hoi ngudi dan trong qua
trinh gidn n& doan nhiét, trong khi cling tai thoi diém doé xay ra sy tich tu
dong chdy Ién dan theo hwéng vudng géc voi bé mat.

Xung laze co thé gay ra hiéu (ing quang-phét xa dién t tlr bé mat bia, dong
thoi cling gay ra hiéu (*ng quang-ion héa trong khai ellip gidn né trwéc khi
xung laze két thic, dé hinh thanh trang thai plasma. Khi mat do ctia dém pha
hoi gidm nhiéu thi sy gidn né doan nhiét cling dirng tai toc do d dng hoi thoat
ra. Cac phan tir khi do tiép tuc ldng dong trén dé theo co ché dong phan ti tu
do. Trong k¥ thuat laze, sw bén pha hay boc (ablation) bia doi hdi mat do
nang lvgng clia chum tialaze phai dat dwoc gia tri ngudng nhéat dinh. Giatri
nguwdng nay la mot ham phu thuéc mat dé nang lugng toan phan. Khi chum
tia c6 nang lvgng vugt ngudng thi lugng vat chat boc bay sau dé phu thudc
gan nhu tuyén tinh vao nang lvong laze va dat dén gia tri bdo hoa, khong
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tdng thém niva, mac du nang lwong cla laze van ting. D6 la trang thai bo
hoa clia qua trinh boc bay. Hinh 6.9 1a d6 thi mo t4 hién tugng nay nhan
duoc tir thwe nghiém ché tao mang moéng siéu dan nhiét do cao. Cho dén
nay, c6 hai loai vat lieu dwoc ché tao bang phwong phap bdc bay laze
nhiéu nhadt la mang
méng siéu dan nhiét do
cao YBCO va mang
hiru co hydroxyapatite
canxi, mé phoéng cau
trdc sinh hoc .

Graphit (C)

Np (107 ¢ aung.cm?}
T
o

6.3.2. Ché tao mang
maong ding
hop thirc

Phuong phap bdc bay
laze c¢6 wu diém vuot ¢ ( Jiom?)

trol' 50 \fdl \CaCA pflu’dng] Hinh 6.9. Ham phu thudc nang lugng laze cia
phap khac 1a vat lieu dé mdt 56 vat liéu béc bay ti bia: trén

lam bia rét da dang va cting loai bia (thach anh) bé mat béng
cdu tric cua bia thi lai hap thu nang lugng laze kém hon.

rat don gian: vét liéu bia

6 thé la don chét hodc hop chat, mot hodc nhiéu th anh phan; bia co thé la
vat liéu bot, vat liéu da hodc don tinh thé, vién ép sau khi daténg hop thiéu
két, tham chi “bia” c6 thé 1a chat 1dng. Nang suét bdc bay (s6 nguy én tir 1ang
dong trén mot photon) la dai lwong rat nhay véi hinh thadi hoc bé mat bia, céi
ma ludn thay ddi theo thoi gian st dung. B& mat bia matho, xdp thi han ché
phan xa tia laze, do d6 hap thu ning luwong laze t6t hon bé mét nhan (nhw
don tinh thé chang han). Nhigu cong trinh nghién ciru d& ching to vat lidu
lam bia tdt nhat cho phwong phap boc bay laze lavat liéu cach nhiét tot, voi
do khuéch tan nhiét thap hon 10~ cmsva vat liéu c6 kha nang hap thu anh
sdng manh véi hé s6 hap thu trén 10° cm™. S dung chim tialaze c6 mat do
dong cang thédp thi chiing té phwong phap cang wu viét. Mot trong nhiing loi
thé ndi bat clia phwong phéap bdc bay laze thé hién & chd, nd t6 ra c6 hiéu
qua nhat khi chdng ta can tai hinh thanh trén mang méng céc cédu tric va
thanh phan hop thirc clia vat liéu gdc. Boi vi, voi ky thuat laze xung céng
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sudt Ién thi quatrinh bdc bay xay ra rat nhanh, nhanh dén mdc sy phan hiy
thanh phan hda hoc clia vat liéu “khong c6” thoi gian dé xay ra. Tuy nhi én,
trong mot s6 truong hop, khi ma cac hop chét chira phan ti dxy hay céac khi
nhe khéc thi hop thirc héa hoc clia cdu triic mang cling can dugc cdi thién.
Khi d6, chang ta sé thuc hién bdc bay laze trong diéu kién duy tri dp suét
riéng phan cuta khi phan tng (thi du 6xy, nito, ...). Phuong phap boc bay
phan (ng duing laze xung cling da dugc ('ng dung thanh cong dé ché tao mang
mang siéu cirng, chat lgng cao nhu TiN va BN.

Do kha nang truyén xa va kich thwéc cla chum tia laze rat bé cho nén
phuong phap bdc bay laze con cé thé ap dung dé “ma” cac chi tiét co khi
tinh vi, thi du céc thanh bén trong 6ng hay hop réat nhd, hodc bé mat clia cac
CAu truc phtkc tap mabang cac phuong phap khac khong thé ndo thuc hién duoc.
Gan day xuat hién mot so laze cong suét Ién nh v laze YAG va ArF véi cac
théng s6 tuong tng la (20 nm, 5Hz, 1J/xung) va (20 nm, 50Hz, 300 nJ/xung)
V&i mat dd nang luong cao dén (5 x 1010W /cm?) nguoi ta da ché tao
duoc vat liéu cac-bon gia kim cwong sach, khong con tap chat hydré. Vi tia
laze truyén qua mot s6 vat liéu trong suét ma khéng gidm nang lugng, cho
nén str dung ky thuat laze xung con co thé lam hda hoi vat liéu 16p phi trén
dé trong sudt. D6 la ky thuat bdc bay nguoc. Tia laze dwgc chiéu qua mot
mat cla dé, nang lvong duoc tap trung trén Iép phl cla mat kia valam béc
bay |&p phl ndy, roi lai lang dong I&n trén dé khac dat déi dién voi 16p pha.

6.4. Epitaxy chum phan t&r (MBE)
6.4.1. M0 ta thiét bi

MBE (viét tat tir ti€ng Anh: Molecular Beam Epitaxy) d ing dé chi phuong
ph&p moc mang bang chum phan ti. MBE cho dén nay ciing da tré thanh
khé niém rat quen thudc khong nhitng trong ng anh vét ly ma ca trong cac
ITnh virc cong nghé khac. Thuc chdt MB E ciling la phuong phép lang dong
pha hoi vat ly, bdi vi dé tao cac phan ti & trang thai hoi ching ta cling diing
phuong phap vat ly. Sau nay nguoi ta phét trién phwong phap MBE thanh
AL-MBE (MBE l¢p nguyén tlr) dé ché tao vat liéu cdu tric si éu mang, vat
liéu quang tt cdu tric nand.
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Hinh 6.10 la anh mot hé thuc nghiém MBE, so do dwoc vé trén hinh 6.11.
Hé nay bao gdm hai chudng va hé van déng mé. Mot chudng dé moc mang
(goi la chudng moc mang) va mdt chudng phu (cac thé hé dau khong cé
chuéng phu). Ca hai chudng déu dwoc gan vai hé bom chan khong. Nho cac
van chu trinh, c6 thé dwa vao hodc 18y ra cac mau ma hau nhu khong lam
anh hwong dén chan khong trong chuéng moc m ang.

e

Chuéng
dém

Chuiing
phu

Badm .
[ phdn
tich miu)

Chubng phu c¢ I /' DAL o (o) dong chim tia Iing khong dé
duoc trong chu .. cms . DI cOng nghé

r—_cuanaé 7 a
khac. So do ct A* ' 6.12. Caic bo

| | ) J€, bd quay va
/ “/’Z;\ ' t d6 clia chum
A e d6i, méy
phan tich khoi nanh phan héa
hoc cla chim Bt ol s phuong phap
phan tich nhu f RHEED 3IMS), phé ké
dién tlr dé phan tich hoa hoc (ESCA), phd ké dién tlr - quang tiaX (XPS).

Hinh 6.12.S0 dd chudna moc clia hé MBE.

phén chinh clia f&/%
dich chuyén mi
tia, sing nhiéu

| amcanes
711///1,
¥
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Chuong phu c6 chita cac cong cu dé phan tich bé mat, ma ching khong dé
duoc trong chudng moc, thiét bi 1dng dong bé tro hay cac thiét bi cong nghé
khac. So dd chubng moc mang dugc vé tach riéng trén hinh 6.12. Cac bd
phan chinh ctia n6 bao gdm ngudn cdp ch um phéan t&, bd dot dé, bd quay va
dich chuy&n mau, bd che chén chum tia, dau do ap sudt vamat do clia cham
tia, sing nhiéu xa dién t phan xa (RHEED) va man hinh theo déi, may
phan tich khoi lvgng cac hat (phéan tt, nguyén tt, ion, ...) vathanh phan héa
hoc clia chuim tia. Chudng phu c6 thé coi la td hop cla cac phwrong phap
phan tich nhw pho ké dién tlr Auger, khdi pho ké ion thir cap (SIMS), pho ké
dién t&r dé phan tich hoa hoc (ESCA), pho ké dién tlr - quang tia X (XPS).
Ngoai ra, con c6 cac bd phan G mau va sing ion dé x Iy bé mat lién quan,
thiét bi con ¢ cac ngudn dé 1ang dong hodc &n mon bang chim tiaion. Nho
6 bd che chan va khéng ché chinh xéc nhiét do ngudn, lién quan dén viéc
phai dinh lvgng dong hoi nguyén ttr hodc phan tr hwéng Ién dé la don tinh
thé (co nhiét do dét nong mot cach thich hop), qua trinh moc mang bang
MBE c0 thé thuc hién theo ding nguyén ly trai tirng 16p nguyén ti. Khi lam
viéc trong hé thuc nghiém MBE phai c6 do tinh khiét rat cao, chan khdng

cling can dat mic siéu cao, dén 10 ™ Torr. Trong chan khéng ndy quéng
duwong tv do cta phan tir trong chudng cling nh v trong ban than chum tia
phan tr c6 gia tri rat 16n, gdp vai bac iy thira khodng céch tir ngudn t6i dé
(thi du khoang cach ngudn-dé la 20 cm, quang duong tw do cé gia tri 16n
trong khoang ttr 200 m dén 20 km!).

6.4.2. Ché tao mang mong tinh thé chat lwvgng cao

Dé c6 thé so sanh cac phwong phap hién dai ding dé ché tao mang méng
tinh thé GaAs chat lvong cao, chlng ta xem xét cac thong so k¥ thuat clia
chang trong bang 6.7.

Trong phuong phap MBE, toc dd moc mang cé thé khong ché rat chinh xac,
vi thé dat gia tri nhd dén 0,6 pm/gio (nhd hon 2A°%s). Viéc khdng ché qua
trinh moc dugc thuc hién chinh xac dén tirng 16p nguy én tkr. Vi thé, bang
phrong phap MBE c6 thé ché tao mang mdng don tinh thé, trong khi cac
phuong phap khac chi co thé ché tao mang véi su kiém soat bé day chinh
X&c, con cdu trlc cua vat liéu thi thwong la vo dinh hinh hodc da tinh thé véi
nhiéu bién hat.
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Hau hét céac vat liéu siéu mang tlr cac nguyén té nhom Il vaV (vi du Al, Ga,
In, As , PvaSh), hay v6i Si, Ge, cac hop chat nhém 11-VI, nhém phu IV-VI
va nhiéu kim loai khac da dugc thuc hién bang phuong phap MBE. Ciing
bang phrong phap MBE, ngu i ta d& ché tao thanh cdng céc linh kién tinh
vi dung trong k¥ thuat vi séng, thong tin quang dién tt, linh kién t wong ty va
s6 hoat dong véi toc do cao, cac vi mach mat do I6n, ... C6 thé thdy trén
bang 6.8 s6 lwong cac hop chét cu trdc tinh thé dwoc ché tao bang phuong
ph&p MBE larét 1én. N6 bao gdm hau hét cac ciu trdc tir kim loai, ban dan,
chét cach dién dén hgp chét hai, ba thanh phan, st dung cac loai dé khac
nhau.

Hau hét cac vat liéu siéu mang tlr cac nguyén t6 nhém Il vaVv (vi du Al,
Ga, In, As , P va Sh), hay v¢i Si, Ge, cac hop chat nhém I1-VI, nhém
phu IV-VI va nhiéu kim loai khac d& duoc thuc hién bang phuong phap
MBE. Ciing bang phuong phap MBE, ngu i ta da ché tao thanh cong céac
linh kién tinh vi dung trong k§ thuat vi séng, thong tin quang dién t@,
linh kién tuong ty va so hoat dong véi toc dd cao, cac vi mach mat do
[6n, ... C6 thé thay trén bang 6.8 sO lvgng cac hop chat cau tric tinh thé
duoc ché tao bang phuong phap MBE 1a rét 16n. N6 bao gdm hau hét cac
cau trdc tir kim loai, ban dan, chét cach dién dén hop chét hai, ba th anh
phan, sir dung cac loai dé khac nhau.

Bang 6.7. So sanh théng s6 cong nghé trong cac phuong phép epitaxy.

Epitaxy Epitaxy pha hoi Epitaxy
phaléng cVD MO- crIUm,
(LPE) CVD ?K‘Aagg
T6c dd moc (um/phtt) ~1 ~0.1 ~01 ~0.01
Nhiét d6 moc (°C) 850 750 750 550
Khdng ché bé day (A% | 500 250 25 5
Do rong bién phan cach > 50 —65 <10 <5
(A%
M4t do tap chdt (cm %) | 1010 | 10-10° | 10*-10° | 10"-10"
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D06 linh dong (77K)
10° (cm?Vs) 15-20 [15-20 |14 1,6

(GaAsloai n)

Bang 6.8. Cac loai mang méng tinh thé ché tao bang phuong phap MBE

[11-V (Mang : dé 11-VI (Mang : dé
AlGaAs. GaAs CdMnTe: CdTe, GaAs
AlGaAs: GaAs, Si CdS: InP
AlGaSh: GaAs CdTe: GaAs, InP, InSh
AlSh: Gasb CdznS: GaAs
GaAs: GaAs, Ge, Si CdZnTe: GaAs
GaAsSh:GaAs,InP, InAs, GaSh HgMnTe: GaAs
GaP: S, GaP HgTe: CdTe
GaSh: GaAs, GaSb HgZnTe: GaAs
InAIAS; InP ZnMnSe: ZnSe, GaAs
InAIP: InGaP ZnS: GaP
InAs; GaAs, GaSb ZnSe: GaAs, InP, Si
INAsSh: GaSb, InSh, GaAs ZnSeTe: GaAs
InGaAlAs: InP ZnTe: InP
InGaAlP: GaAs Céch dién (Mang: dé)
InGaAsP: InP BN: S
InGaAsSh: GaSh, GaAs BaF,: InP, CdTe
InGaP: InAIP CaF,: Si, GaAs, InP
InP: InP CaSrF,. GaAs
InSh: GaAs LaF3: Si
IV (Mang : d€) SrBaF,: InAs,InP
Si: S SrF,: GaAs
Ge S M etals (Mang : dé)
GeSi: S Al: GaAs, InP
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IV-VI (Mang : dé) Ag: InP
PbEuSeTe: PbTe Au: GaAs
PbSnSe: BaF,, PbSe, CaF, CoSi,: Si
PbS: BaF,, PbSe Fe: GaAs
PbSe: BaF,, PbSe M_O:_ Ga’_AS
PoTe: BaF, g'nS'ZGE'AS
PbYbSnTe: BaF,, PbTe

Ngay nay, cong nghé MBE dugc phat trién rat nhanh dé dap (ng nhu cau
ché tao cac linh kién, mach to hop IC, cac hé théng diéu khién, m a trong do
vat liéu déu cé kich thudc nhd tlr vai dén vai chuc nandmét. Céng nghé nhw
vay goi laMINATECH (cdng nghé micro-nand).

Cau hoi kiém tra danh gia
1. Phan biét cac phuong phép ché tao mang mong bang k§ thuat chan
khong:, nhu bdc bay nhiét dung thuyén dién tré va dung chum tia
dién t&r, phiin xa cao &p mot chiéu va cao tan, boc tach laser, epitaxy
chum phan ti.

2. Nguyén |y hoat ddng clia chum tia dién tir quy dao cong, thiét ké va
ché tao sting dién t&r c6 quy dao 270° Uu diém clia sling nay va (ing
dung dé ché tao mang mong quang hoc?

3. So d6 cdu tao clia hé MBE. Vi sao trong phuong phdp MBE céc
binh knudsen dong vai tro rat quan trong, cong nghé MBE st dung
dé ché tao cac vat liéu va hé mang méng nao?
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Chuong 7

Phwong phap phun xa

“Phin xa” trong tiéng tiéng Anh la “sputtering”. Phin xa ciing thudc
phuong phap 1ang dong pha hoi vat ly, bdi vi cac nguyén tir, cum nguyén tir
hay phan tir dwoc tao ra bang cach ban pha ion — mdt phuong phép vat Iy.
Trong phdn xa di6t (phun xa hai dién cuc), nho sy phéng dién tir trang thai
plasma, cac ion nang lwong cao (thi du nhw ion Ar*) ban pha 1én bia (vat ligu
can phin xa). Trong tredng hop nay, bia la catot, dwdi tac dung ban pha clia
ion, c&c nguyén ti bi bat ra khoi bia, 1dng dong 1én bé mat dé va hinh thanh
I&p mang mong (dé dong thai cling 1aanét). Khi can tdy sach bé mat thi mau
duoc gan 1én catot dong vai tro bia, chim ion nang luvgng cao ban phé Ién bé
mét clia mau 1am cho céc |6p nguyén ti clia tap chat va mot phan nguyén tir
ngoai cling clia mau bi tdy, qua trinh ndy goi 1a &n mon phin xa. Ngay nay,
ca hai qua trinh I&ng dong va &n mon phan xa déu dugc (ng dung rét rong
réi trong khoa hoc k¥ thuat cling nhu trong doi séng dan sinh. Trong chwong
nay, sé dé cap dén céac van dé vé nguy én ly phong dién phin xa va phuong
phép ché tao mang moéng bang k¥ thuat phdn xa cao 4p mot chiéu, cao
tan va magnetron.

7.1. Ly thuyét vé phéng dién phun xa

7.1.1. Thiét bi va cac phwong phéap phdn xa

a) Phan xa cao ap mét chiéu

Trong phiin xa cao &p mdt chiéu, ngudi ta st dung hé chinh lwu dién thé cao

ap (dén vai kV) lam ngudn cép dién ap mot chiéu dat trén hai dién cuc trong
chuéng chén khong (hinh 7.1). Bia phan xa chinh la catdt phong dién, tuy

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 171

thudc vao thiét bi madién tich clia bia ndm trong khoang tir 10 dén v ai tram
cen-ti-met vudng. An6t co thé la dé va/hodc toan bd thanh chudng chan
khong. Khodng cach cat6t-an6t
ngan hon rdt nhiéu khoang cach
nguon-dé trong blc bay chén Andt DE
khong va thuong la dudi 10 cm.
Trong cac khi tro, argon dwoc st N
dung dé phin xa nhiéu hon ca, ap At/
suat ctia né dugc duy tri trong / Ar
chudng c6 1 Torr. Plasma trong (—f Catét —T# Bia
trwong hop nay dugc hinh thanh
va duy tri nhe ngudn dién cao ap J
mot chiéu. Co ché hinh thanh
plasma gidng co ché phong dién
l%nh tr?ng khﬁ kém. Bign tf_f thfr Hinh 7.1. So d6 hé phéng dién cao
cap phéat xa tir catdt duwgc gia toe An mAt chidi (NC-enitter
trong dién trwdng cao ap, ching

ion-hdéa cac nguyén tt khi, do do tao ra I6p plasma (d6 la trang thai trung
hoa dién tich clia vat chat ma trong dé phan 16n la cac ion dwong va dién te).
Céc ion khi Ar* bi hut vé catot, ban pha |én vat liéu 1am bat cac nguyén tir ra
khoi bé mat cat6t. Tuy nhién, hiéu sudt phin xa trong trudng hop nay larat
thap. Ngay nay phuong phap phin xa cao 4p mét chiéu ma khéng st dung
magnetron hau nhw khdng duoc st dung trong cdng nghé ché tao mang.

Bam chan khdng

b) Phln xa cao tan

Thuc ra, trong tiéng Anh thuat nglr nay la Radio-Frequency sputtering,
nghta la phin xa tan so radio, mét dai tan so cao, cho nén chiing ta quen
duing tir cao tan dé néi vé phrong phap “phin xa tan so radio”. Dién ap dat
trén dién cuwc cla hé chan khéng la ngudn xoay chiéu tan s6 tir 0,1 MHz tré
Ién, bién d0 trong khoang 0,5 dén 1 kV. Trén hinh 7.2 la so do hé thiét bi
phin xa cao tan c6 tu dién lam viéc theo co ché phdng dién trén dia song
song. Phé bién nhat ngay nay la ngudn cao tan cé tan s6 13,56 MHz. Mat do
dong ion tdng hop téi bia trong khoang 1 mA/cm?, trong khi bién do cla
dong cao tan tong hop cao hon rat nhiéu (cé khi Ién gadp mot bac hodc hon
nita). May phat cao tan duoc thiét ké chuyén dung dé nang cao hiéu qua
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phin xa: mot tu dién dwoc ghép ndi tiép nham phin xa dwoc tat ca cac loai
bia (trong d6 c6 ca bia kim loai). Mach dién dwgc thiét ké ty bu trlr mot cach
hop ly dé qua trinh truyén nang lvgng tir ngudn cong sudt cao tan sang
plasma dat hiéu suét cao.

Kich thwéc cua chudng sk )
Bé

dung trong phuong phap nay - =
hoan toan gidng nhu trong ol )
phin xa cao 4p mdt chiéu - R - /

N \ oS Ar
(g thidu ming hob o | Mow Ly
nguoi ta thiét ké hé phin xa Ve .

gdm c hai chirc ndng phin xa _ | [

cao tan va cao 4p mot chiéu

dé co thé thyc hién dong phan

xa tlr hai nguon bia cé thanh  Hinh 7.2. o db hé phéng dién cao tan
phan cdu tao khéac nhau, cotu chdn lam tang hiéu suét
trong tiéng Anh goi la “co- ban pha ion.

sputtering™).

Phin xa cao tan c¢6 nhiéu wu diém hon so véi phin xa cao ap mot chiéu, thi
du dién ap thap, phin xa trong ap suat khi thdp h on, toc d6 phun xa 16n hon
va dac biét phin xa duoc tat ca cac loai vat liéu tir kim loai dén oxit hay chat
cach dién. Plasma trong phun xa cao tan duoc hinh thanh va duy tri nho
ngudn cao tan, cling giéng nhw qua trinh ion hda xay ra trong phin xa cao
&p. Tuy nhién, ngay nay phin xa cao tan riéng biét cling khong con duogc st
dung bdi hiéu sudt phun xa van con chwa cao. Nguoi ta si dung magnetron
dé khac phuc nhwoc diém nay.

Bam chan khing

¢) Magnetron

Magnetron |a hé thiét bi tao ra phdng dién trong dién tr vdng c6 st dung nam
cham. Ngay tir nhirng ndm 70 magnetron d & dugc thiét ké st dung trong céc
hé phiin xa cao ap va cao tan dé tiang toc do phin xa. Magnetron | a sy phéng
dién tdng cudng nho tir truong cla cac nam cham vinh ctru (hodc nam cham
dién) dat c6 dinh dué6i bia/catot (hinh 7.3). Nhv d4 md ta & phan trén, voi
cdu hinh cta dién cuwc trong ca hai phwong phap phin xa déu cé dién truong
vubng géc voi bé mat bia. Nhung véi magnetron chiing ta con thay tir trieong
clia cAc nam cham tao ra dwong sirc vudng goc véi dién truong (cé nghia la

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 173

song song v&i mat phéng clia bia). Vi thé, tir trudng dugc tap trung va tang
cuong plasma & vung gan bia. Magnetron ap dung vao trong ca hai truong
hop phin xa déu cé tac dung nang cao hiéu sudt ban pha ion, v a do do, téc
dd phin xa dwgc cai thién rat nhiéu. N6i chung, si phéng dién magnetron
vGi viéc kich thich béng cao &p mot chiéu hay cao tan c6 hiéu sudt cao h on
han so véi trudng hop phéng dién khong ding by dién tir (nho tir truong
clia cac nam cham).

Bay @i chung ta xem bay dién t&r 1am viéc nhu thé nao? C4u hinh nhuy mo ta
trén hinh 7.3 (a, b) tao ra hiéu &ng cubn dién ti trong huwéng Chang

Quy dao "con quay”
trén b& mat bia

b. Magnetron

Hinh 7.3. so do nguyén Iy bay dién t bang tv - —
trudng trong hé phdn xa magnetron. —£xB.
ta co6 mot “hiéu (rng Hall”, chdng 1én dong cubn nay va c6 hwéng chuyén
ddng quanh bia nhw nhiing “con quay” (hinh 7.3c). Ban kinh quy dao
(p) chia con quay duoc xac dinh bang cong thikc:
o=V (7.1)
trong do: qB
m lakh6i lwgng cua dién to,
V| lathanh phan vudng géc cla toc do dién tir d6i voi d wong stc,
B lacam (ng tir.
Nhin chung, trong c&c hé phdn xa thic, ban kinh quy dao c6 gia tri nhé, chi
khodng mét dén vai milimét. Vi vay, si giam ham dién tir gan bé mat bia la
rdt hiéu qua. Cac dién tr chuyén déng quanh d uong strc cho dén khi chiing

—ExB

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

174 Vat ly va ki thuat mang méng

bi tan xa b&i nguyén ti. Trén thuc t€, magnetron con ton tai mot khoang thoi
gian ngan sau khi luc khong con, vi cac dién tlr van con bi bay sau
mot s6 lwgt chuyén dong vong quanh. Dé hiéu tot hon van dé magnetron,
chiing taxem xét vi du duoi day.

(ng dung. Mot magnetron phang trong phin xa cao p ¢ dién thé trén catot
12600 V. Tinh giatri cla mat do tir trudng can thiét dé bay dién tir thir cap
trong 1 cm bé mét catot.

Ching ta sé thdy (xem ti€p & phan sau) dién thé hiéu dung ( Vp — Vea ), VGi
Vpla dién thé clia plasma, vgy la dién thé cat6t, chinh la dai lvgng sinh ra
dong nang Ién nhat maion co thé cé khi va cham voéi catdt, n6 cling twong
(ing v&i dong nang cla dién t& thi cdp trong diéu kién bd qua va cham khi
Xuyén qua |6p vo (ving khong gian dién tich trén bé mat catot) dé di vao
trong plasma. Tdc do clia dién i tinh dwoc tir cdng thikc:

m v /2=q(V, Ve ),
do dé:
1o 12
| 2x1,6x10"7C x 600V
* 9,11x10 kg

Trong hau hét cac truong hop plasma (st dung phin xa cao ap hodc cao tan)
thi bé day clia l6p vo déu nho hon 1 cm, cho nén c6 thé ldy gia tri trung binh
clia ban kinh con quay 1a 0,5 cm (0,005 m). V dy ching ta cé:

=145x10'mk.
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v, 9,11x103kgx1,45x10"m/s

=165G.
Looap . 16x107°Cx0,005m
Gi&tri ndy phu hop voi thue tién. DBé dat hiéu suat giam gilr dién tir tot nhét,
nguoi ta da sir dung cdc nam cham c6 cam Gng tir ¢ 200 +500 G.

g="m

[
Magnetron phéng trong phln xa cao ap thuwdng lam viéc trong &p sudt khi
argon 0,5 dén 30 mTorr va dién thé tir 300-700 V, méat d6 dong ion trén catdt
dat 4 dén 60 mA/cm? Néu khdng ding magnetron dién thé phai nang cao
Ién dén 5-7 kV (gdp 10 1an) matdc do phan xa van chua dat gié tri nhu trong
phuong phap magnetron.
Magnetron phang trong cao tan lam viéc & dién thé thap hon (thwong la dén
500 V) so véGi phin xa cao tan khi khong st dung bay dién t&r. Mac d
magnetron cao tan chi cho hiéu suét bang nira hiéu suét clia magnetron cao
&p mot chiéu, nhung né réat can thiét dé phin xa cac vat liéu cach dién.

d) Cac cau hinh phan xa khac

Ngoai ba kiéu phun xa néu trén, trong thuc tién nguoi ta con ché tao cac
thiét bi phan xa véi cau hinh khéc (cac bo phan chinh van dua trén ciu hinh
cla hai loai trwdc). Trong doé cé loai cau hinh sir dung dén phan thé trén dé
dé kich thich b&n pha ion va quéa trinh phi mang, cé loai phong dién bang hd
trg ion nhiét, trong dé dién tl thr cdp dwoc tang cuong tlr sgi vonfram
dot nong.

Phin xa chum ion cling la mdt cdu hinh té ra httu hiéu trong cong nghé ché
tao mang moéng. Trong c4u hinh ndy, ngudn ion duoc thiét ké tach hén ra
khoi cat6t, lam viéc véi dién thé phdng dién thdp hon. Tir nguén nay chum
ion ban thang vao bia véi dong nang lén nhat dat dwoc twong drong nang
lvgng trong cao &4p mot chiéu.

7.1.2. Mat d6 dong va dién thé trong phan xa
Trong phan nay, ching ta sé xem xét trang thai plasma trong cac hé phin xa
duoc str dung dé ché tao mang mdng. DEé do cac dai lwvong déac trung cla

plasma nhw nhiét do, mat dé dong cla ion va dién ti ching ta s dung dau
do Langmuir. Vung dién tich khong gian cla Iép vo plasma hinh thanh gitra
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dau do va plasma khai cling nhu 16p vé clia plasma véi thanh chudng, catot
vaanbt cling dugc xem xét.

a) Trang thai plasma trong hé phan xa thyc nghiém

Gia thiét rang ap suét khi argon dé phan xa la 1 Torr. Tai nhiét do phong,
dudi &p suat nay, khi c6 mat do nguyén tir c& 3x10°cm™. Mat do dién to
va ion khi d6 1dy gan ding 1a 10°cm™, twong Gng trudng hop hé s6 ion héa
bing 3x10", con mdt phan nhd khac sinh ra trang thai “plasma ion hoa
kém”. Nhuv vay, trong chudng chan khong c6 ba loai hat v&i mat d dac
trung bdi nhiét do cla ching, dé la cac ion, dién tl va phan t& trung hoa
dién tich (nguyén t&r chua bi ion hda). Binh thutng cac hat trung hoa cé
nhiét d6 gan nhiét dé6 moi truong (hay nhiét dd phong -300 K). Ching ¢
phan bd nang lvgng theo ham Maxcell-Boltzmann. D6i véi cac phan ti tich
dién, nhiét do dac trung cla ching cao hon nhiét dé moi truong - diéu nay
phan anh dong nang cta dién t& va ion cao hon cla nguyén tir. Trong thuc té
k¥ thuat phan xa plasma cé4c nhiét do dac trung 1a T° =500K (nhiét do cla
ion dvong) va T~ =23000K (nhiét d6 cla dién t&r). Khoi lwgng cla dién to
nhd hon réat nhiéu khoi lugng cla ion (cu thé la khéi lvgng cua dién ti chi
bang 1/73000 khéi lwong ctia Ar*), cho nén ching rét linh dong. Vi dién ti
linh dong hon, cho nén, trong khoéng thoi gian gilta cac va cham ching c6
kha nang nhan ddng nang tir dién truong dat trén hai dién cuc tot hon so véi
ion. Bong nang trung binh cao hon, khién ching cé nhiét d6 cao hon. Dwéi
day la mot thi du vé trang thai plasma trong mdt hé phin xa véi cac tinh chat
dac trwng co ban:
— Khi Argon (trong lvgng nguyén tir 39,948 dvnt).
— Céc hat dién tich l1aAr" va dién ti (khdi lvong e”: 5,49 x 104 dvnt).

Mat do tvong ¢ng:

n*=n" =10"%m?

) n=3x10%cm™.
— Apsuit: 0,93 Torr (= 1 Torr).

— Sk dung duong kinh clia nguyén tir argon (thay vi ion) la 3,83 A°,
quang dudng ty do tinh dwoc bang 0,051 mm.
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— Cécnhiét dd dac trung:
T=300K, T" =500K va T~ = 23000K.
— Tan suét va cham:
7t =1,28x10%cm %s 7t
z =2,35x10"cm st
— Mat do dong tvong Gng:
+qz" = 2,05x10"°Acm2.
~qz =3,76x1072Acm 2. ,
— Trang thai plasma: plasma khoi (trong 16ng plasma téng dién tich
dwong luén béng téng dién tich am) c6 ving dién tich khéng gian
(I6p vo) cach bé mat cac dién cuwc, cac vat dat trong chudng v a thanh
chuéng.
— Plasmakh@i c6 do dan dién tét.
DE hiéu cac thong so trén, chiing ta xem xét vi du dudi day.
Ung dung.Gia st c6 mdt ion argon trong tlr trudng tan s6 radio bién do
5V/cmtai 13,56 MHz.
1. Tinh giatdc, van tdc va bién do dao dong ctia ion, cho rang khong cé
vacham voi cac hat khac.
Vi céc dai lvgng nay déu c6 dang hinh sin, chang tatinh bién dé ctia ching.
Sk dung dinh luat 11 Niuton, gia téc bang luc chia cho khéi lwgng, bién do
giatdc claion dé la

+ OBy 1,6x10°Cx500V/m
m"  40x1,66x10%"kg

Tich phan dai lvgng gia toc theo tan s6 ching ta nhan dwoc bién do
clia van toc:

=1,2x10°m K>

+ 9 2
vazi— 12x10°m/s _14mis

Tiép theo, tich phan larhira Atifcke SENHAR d voc bien do dao dong:

N
xooYo__ 1WS g0 107m
o 21 x13,56MHz
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2. Trong diéu kién &p suat 107 Torr thi gia thiét khong c6 va cham c6
hop ly khéng?

Tl chwong 2, quang dwong tw do cla ion argon tai p sudt trén tinh duoc la
0,8 cm, giatri nay |én gap nhiéu lan bién do dao dong (cu thé 1a 4700 lan),
do d6 gia thiét trén hoan toan hop ly vaco y nghia thyc té.

3. Nhiét dd clia bo phan ion c6 bao hoabéi dién truong nay khong?
Nhiét d6 do béng ndng luong trung binh clia cac hat, ching ta tinh t6c do
can quan phuong cla ion argon:

Vo

—=10m/s.

J2
Trong khi d6, t6c do trung binh cta argon trung hoa tai nhiét dd phong la
(8KT /m)? biing 400 m/s. Nhu vay dién truong c6 hiéu tng khong I6n
I&m ddi v&i nhiét do cia cac ion.

4, Tinht6c do cla dién t&r vanhiét do hiéu dung cla “khi” dién to.
Bién do van téc can quan phuong (V,,) clia dién t& 16n hon gdp 73000 Ian
S0 v&i bién d6 van toc dy cla Ar*, cho nén:
Vo = 73000x14m/s=10°ms,

Vo 5
Vims = f: 7,3x10°m#s.
Dé tinh nhiét do cla khi dién t&, ching ta tim nang lvgng trung binh
cla chung:
2
m~ (v,
Eraes —( 2”"3) = 2,4x107%%)

S dung cong thirc dabiét, E, s =3KT /2, ching taco:

-19
T 2E s _ 2><1,2><1023 J — 11600K
3k 3x1,38x107°J /K
(Chiing ta da bo qua su sai khac khong dang ké vé cac tdc do trong dong hoc
chét khi).
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b) Bau do Langmuir ly thuyét

Mat do va nhiét do cta ion va dién tlr vé nguyén tic cé thé do duoc bang
dau do Langmuir. So' dd hé do dugc vé trén hinh 7.4. Dau do 1am béng kim
loai dugc dua vao trong long plasma trong tridng hop phdn xa cao ap mot
chiéu va dat phan thé so véi dat theo nh mong mudn. Néi chung, trong hé
phln xa thi ca thanh chudng va an6t déu ndi dat. Dung dau do phéng dé cé
dién tich hiéu dung khong déi. (do6i véi dau d o hinh tru dién tich hiéu dung
clia né cé thé thay doi phu thudc vao dién truong ap dat). Trong vat ly
plasma, viéc hiéu dac
trung dong-thé (von-
ampe) clia dau do mang
tinh c6t yéu. Bai vi, dé
xac dinh cac thong so
clla plasma chdng ta m

can hiéu ré qua trinh X]

twong tac cla plasma 22 Lorot:
vOi tdt cA cac vat thé
dat trong va tiép xlc
vGi plasma, ké ca catot i
va anot. Sy
Khi ¢6 ion dwong va Va =
cham véi dau do thi
dong dién duong sé di
qua né, ngugc lai khi
c6 dién tr bay toi thi
c0 dong dién am di qua. Trong trwdng hop c6 mot ion va cham, ngay lap tirc
né bi trung hoa dién tich bdi mot dién t& ctia kim loai, dé phuc hoi thanh
nguyén ttr. Hiéu tng nay nhan biét dugc bdi sy xuat hién dong dwong trén
dau do. Mat khac, trong trivong hop dién tir bay tdi dau d o, chiing cé thé vao
sau trong kim loai dé chuyén dong tiép ra mach ngoai. Hiéu ting nay duoc thé
hién & dong am di qua dau do.

Mat do dong ly thuyét clia dau do phu thudc vao dién ap dugc trinh bay trén
hinh 7.5. Céc dai lvong co ban la dién thé dat trén dau do (V, ) va dién thé
clia plasma ( Vp). Khi dét dau do nhu thé s& xudt hién dong am tong hop di

Chudéng chan khéng

Hinh 7.4. bo céac théng s6 clia plasma béng dau
do Langmuir trong hé phong dién cao
&p mét chiéu.

Vy = (8KT /= m)“2
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qua dau do vé dat. Biéu nay rat quan trong, nd lam co s& dé hiéu biét hanh
vi clia trang thai plasma trong k§ thuat phin xa. Ching ta lai thdy rang, tan
sudt va cham cta ion vacla dién tt rat khac nhau: tan sudt va cham cla ion
lan'vy, /4 vacla diégn t& lan vy /4 voi

twong (ng cho tirng loai

hat (nhw da biét trong ly

thuyét dong hoc chat khi). o 001
Cho du dién tr vaion co
cung nhiét do, nhung vi
khoi lwgng cla dién t&

Bao hod ion
non R V——

+2,05.1 UIbA.-'cmz
001 L i

| !

naoz ! l'.

MAL a8 diing lrén ddu dob, Adem

nhd hon rét nhiéu cla ion, | i=uti-148v Vo
R , . | Bac hoa dign i
cho nén ching ta c6 0o | 276100 2
— + ~ . ~ | op
> -0.04 >
Vu >V, néu tinh dén i o , .

khéc biét vé& nhiét do nira
thi bat dang thirc nay cang
ding hon. Trong trurong Hinh 7.5. Dong b&o hoa dién tir vaion
hogp plasma néu trén thi trong dau do Langmuir

tan sudt va cham cla dién

th (Z7)1a 2,35x10" cm s " vacaion (z) 12 1,28x10%cm °s .

C6 mot tinh chat quan trong nira la bién phan cach dau do/plasma co tinh
chinh luu dién, tinh chét nay xay ra béi vi vgkhéc Vp khdng nhiéu. Phy
thudc vao giatri khac nhau dy, mot trong hai loai hat tai sé& bi day khdi dau
do. Néu V,)Vp, ion duong sé bi ddy. Khi dé dang ion qua dau do bi giam
bdi hé s6 Boltzmann, expi—q(val ~Vp )/ kTQJh, mét khac dong dién tir
cling khong tang, ma lai gitr nguyén tai tan suat va cham z . Trudng hop
nguoc lai (Va<\/p) cling ¢6 hiéu (rng dong dién t qua dau do giam, ma
dong ion cling khong tang. Hai mat d6 dong ly twéng dat bdo hoa khi dat
dién thé phan cuc am va dwong véi gia tri 16n. Mat do dong bdo hoa sé
trong tng bang cac dong dién tir hodc ion riéng biét (nhan véi +Q).

DPau do trong treong hop khéng c6 dong di qua goi la dau do ndi, lic nay
xuét hién mot dién thé ndi Vs (Vp . Co ché cuia hiéu ting nay nhu sau. Vi co
va cham dién tr dw, dau do tré nén tich dién am, 1am giam dién thé tinh trén
n6. Diéu ndy lam tré cac va cham dién ti ti€p theo va trong diéu kién dong

Dién the so vdi dién thé plasma (V)
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tong qua dau do dan vé 0 thi dau do duoc dua Ién trang théi dinh diém (trang
thé dirng). Cé hai truong hop:

—Khi Vs {Va(Vpdau do & trong ché do tré dién t. Cho & chling tuan
theo phan b6 nang lvogng Maxcell, thi mat do di qua dau do gidm theo
ham mii, exp —q(Vp —Va )/ KT~ |. K& ca dong gop cua ion, ching
taco mat do dong Iy twong (j¢,;;) khi dién thé ap datnho hon V, &

-q(V,-vVv
Ji =09z" —qz" exp % (2
Cong thirc nay cd thé ap dung dé tinh nhiét do clia dién tir (xem & phan sau).
CO thé nhan dwoc biéu thirc phan b6 ning lvong cia dién ti bang cach vi
phan biéu thirc Jy (Va) theo V,. T cong thirc (7.2) nhan duoc mat do
dong ly twdng trong ché d6 bZo hoda ion bang gz (ttc la bang
2,05x107° A/ cm?).
— Khi V{(V (V,, tvong ty chiing ta co:

_q(va_vp).

vy =—-0Qz~ +0z" ex
he) q q p T

(7.3
Mat do dong ly tvdng trong ché dd b&o hoa dién tir bang —gz (ttrc 1a bang
-3,76x107° Al cm?’).

Nhu vay, tr hai phuong trinh (7.2) va (7.3) c6 thé vé dwong dac trung
j —V,ly thuyét. K&t qua dugc trinh bay trén hinh 7.5. Trong ciing mot hé
truc toa do thi dwong cong theo phuong trinh (7.3) (ng véi trwong hop
V, )V, khong thé hién rd sy thay ddi truéc trang thai béo hoa cla dién tir
nhw truong hop cua ion.

Tém lai, trong phan nay chiing ta c6 bakét luan chinh &

- Bau do Langmuir ¢é tinh chinh luu dién.

- Mat do dong di qua dau do duoc xac dinh bdi si chénh léch dién thé
dat trén dau do (\, ) va dién thé cta plasma (\f).

- Ddc trung von-ampe ly thuyét c¢6 ba ché d6: b&o hoaion tai cac gia
tri dién thé phan cuc am so voi Vp ; béo hoa dién t tai gia tri dién
thé phan cuc duong so vai p; vaché do tré dién tir tach khoi bdo
hoaion (V,=0).
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Ché do tré ion thyc té c6 ton tai khi v,)Vpnhung vi hiéu &ng nay rét yéu,
cho nén khdng phét hién duoc trén dd thi ca ly thuyét I1an thic nghiém.

Cling can nhan manh mét diéu quan trong ni*a la nhitng qua trinh van
chuyén dong (ion va dién tlr) ma chiing ta vira nghién ciru cho trwdng hop
dau do Langmuir ly tuéng cling dwoc ap dung doi véi cac vat khac dat trong
chudng nhv bia phin xa, dé, catdt, andt va thanh chubng, ngoai tir khai niém
méi v& mat do dong tdng cwedng ma ching ta sé xem xét dugi day. Trong
muc 7.1.3, chiing ta s& st dung kién thirc vé dau do Langmuir dé phén tich
phan b6 dién thé phong dién mot chiéu vasuy rong ra cho treong hgp phéng
dién cao tan ghép tu dién.

¢) Dac treng cla dau do Langmuir thwc nghiém

T thwe nghiém vé phoéng dién lanh mot chiéu d & nhan dwoc dac treng von-
ampe clia dau do Langmuir (hinh 7.6). Bau do dwgc phan thé so v&i andt ndi
dat. Cac két qua nhin chung la giong vai ly thuyét. Tuy nhién, ca hai dong
b&o hoa déu thay d6i khdng nhiéu khi phan thé dau d o thay déi. Dong b&o
hoa dién tlr dat khodng —5mMA d6i vai dién tich dau do 0,18cn?, tic 1a
(ng v&i mat do dong dién ttr ~ 28mA/cm? - mot gia tri kha phu hop véi mat
do dong dién ti trong dau do ly thuyét (=~ 38mA/cm?). Trong khi do,
dong b&o hoaion dat dwoc giatri ~ SOUA tvong (ng véi mat do dong la
~0,28mA/cm?. Giatri nay rat 16n, gap 14 lan gia tri mat dé d ong bdo hoa
ion trong dau do ly thuyét. Mat do dong bdo hoa ion tang manh nhu vay la
rat quan trong déi vai thuc tién phin xa, didu ndy s& dugc dé cap ky hon &
phan dudi day.
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Hinh 7.6. Buong cong thyc nghiém nhan dwoc khi do dong
dién t& va ion trén dau do Langmuir.

d) Mat dd dong ion tang cuong

Trong cong nghé ché tao mang méng bang k§ thuat phdng dién phin xa, mot
trong céc théng s6 quan trong va co y nghta thuc tién nhat 1a kha ning ban
pha cat6t (bia) cla cac ion. Trén thyc t€, mat dd dong ion gua cat6t nhan
duoc tir thuc nghiém dat gia tri xdp xi 1mA /cm? chir khong phai nhé nhu
gia tri ly thuyét tinh tr Qz"d6i véi dau do Langmuir ly twéng
~ 20,5umA/ cn? . Hién twgng tang mat do dong ciing nhan dugc doi véi
dau do Langmuir thrc nghiém, né thé hién nhw mat do dong ion bao hoa.
Diéu nay duoc giai thich 1a do cac ion bi day khoi dién cuc cé dién thé thap
hon dién thé cla plasma. Luc hdp dan trén cac ion da sinh ra mat do dong
ion “thu gom” dat gié tri cao han 1én so voi dong sinh ra b&i va cham don
thudn (z". Céc két qua thwc nghiém da chiing minh biéu thirc ctia mat do
dong ion tang cuong cé dang dudi day:

) k(T*+T’)'

jion =qn n

m
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(7.4)

Phuong trinh trén chi dang khi van toc ion tiém can 16p vé plasma (véi dién
cuc) dat gia tri toi thi€u nhat dinh.

Ap dung cong thitc (6.4) cho trwdng hop trang thai plasma thuc, tir cac
dai lugng:

q=16x10"°C; n" =10%cm3.
T =300K; T~ =23000K; m" = 40x1,66x10 %"kg.

Ching ta c6 thé tinh dwgc gid tri cla mat dd6 dong ion,
j =0, 35mA/cn’ - giatri mat do dong pht hop véi két qua thuc nghiém.

Vi vay, doi voi plasma trong thuc té phin xa catdt cao ap, trong cac biéu
thirc v&é mat do dong qua dau do hay cac dién cuc khac hé s6 qZ+ sé duoc
thay bang  Jion :

—alVe -
J¢= Jion — 4z exp%, (7.5)
va
AV -V ) (76)

j)=_qzi+ jion exp KT

Lac nay dién thé ndi dugc xac dinh khi dong tdng qua dau do bang 0. Diéu
nay co thé thuc hién bang cach cho gié tri mat do d ong dién tkr (sau khi da
b bat hé s6 Boltzmann) bang mat d6 d dng ion tang cuong. Ching ta co:

vy =X, m[‘ii]. 7.7)
q Jion

Thi du, tinh dién thé ndi do6i vai plasma thuc t€ véi mat do d ong tang cuong
nhu trén. Ap dung céng thic (7.7):

Yo —\

-23
_138x10%x23000, (37,6 _oa.
1,6x107%° 0,35

Nhu vay, gid tri M thép hon \,,1a9,3V.
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Bay gio chlng ta xac dinh dién thé clia plasma. Trong dac tr wng von-ampe
clia dau do ly thuyét, diém gdy khic clia duong cong xay ra tai Vy =\p .
Dién thé plasma khdéng don gian chi tinh tir cac thong s cla trang thai ion
va dién tr bao hoa, mand can phai dwoc xac dinh tir gia tri dong va thé doi
héi dé duy tri plasma. Trong muc 7.1.3, chiing ta sé xem xét diéu nay xay ra
nhw thé nao doi véi phéng dién trong phidn xa cao 4p mot chiéu.

Ung dung. Dua trén sb liéu thuc nghiém trén hinh 7.6, xé&c dinh céc thong
s, nhu dién thé plasma, dién thé ndi, nhiét do dién tir va plasma, mat do
dién tl vanhiét do cla chang.

Méc du diém géy clia dwong cong & phan dién thé dwong khong duoc rd nhu
ly thuyét, tir diém c6 dién thé bang 10 V chlng ta thdy d ong béat dau tang tir
trang thai b&o hoa. Do vay c6 thé coi dién thé plasma bang +10 V. Dién thé
nGi bang -36V so voi andt ndi dat (tai diém c6 dong bdo hoa bang 0). St
dung ly thuyét dau do Langmuir trong, nhiét do cla dién t& duoc xac dinh tir
duong cia phu thudc In[ jo— jion] vao (Vp— V) & ché do tré dién o, phu
thudc nay 1aham tuyén tinh. Do dé tinh dugc nhiét do dién tt,

T-—— 9 _ 47840K.
k[dIn(j)/dv]
Mat do dién tir dugc tinh tir biéu thirc mat do d ong bao hoa dién ti tai nhiét
do trén:
1/2
-qz = —qn‘(kT “/2nm” ) =51x10%m~3

Xac dinh nhiét do cla ion truc tiép tlr biéu thirc cla ly thuyét dau d o
Langmuir 1a khong thé. Tuy nhién, v6i gia thiét n* = n (Diéu nay phil hop
thurc tién) ching ta co thé tinh nhiét do ion tir ph vong trinh (6.4):

2
+ :
T =(m Jx[—hon_) ~ T = 8813K.
k -qgn -

e) Lép vo dau do

Nhu trén dadinh nghia I6p vé plasma la ving dién tich khdng gian (trong dé
mat do dién tich khac khéng) bao quanh céc vat dan dién dat trong plasma
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va ngan plasma khdi thanh chudng chan khéng (xem mé hinh trén hinh 7.4).
Chung ta xac dinh bé day cla lép vo dau do. Mubn vay, can gidi phwong
trinh vi phan Poisson. Phurong trinh nay mo ta sy bién thién clia dién thé tinh
dién bén trong I6p vé dwéi anh hudng cla mat dd dién tich cuc bo, no
c6 dang:

(7.8)

trong do: €, lahang s6 dién moi cla chan khong , V? latoan tir Laplace.

Trong trwong hop dién thé dau do rat gan voi Vj thi chiéu dai Debye c6 thé
dac trung cho bé day cua Iép vo plasma-dau do. Biéu nay nhan duoc tlr 1oi
gidi gan ding clia phwong trinh Poisson, trong d6 ching ta cho rang su khéac
biét vé dién thé theo chiéu day I6p vo larat nhd so voi KT ™ (va do do cang
rdt nhd so voi KT 7). Khi dién thé cuc bo nhd hon \f, thi méat dd ion duoc
tang cwéng vamat do dién ti bi gidm, ching duoc tinh ti hé sé Boltzmann;

(V- V) (7.9)
n"(x)=n"exp T '

va V, -V (x
n_(x) =n- expw, (7.10)

trong d6 : X lakhoang céch tinh tir dau d 0 (xem hinh 7.4).
Mat do dién tich khi d6 duoc tinh bang tich gqx An:

V, -V -q(V,-V
p(X)=QLn+ exD—q( P )—n‘ex “alv, =V) P_ )1. (7.12)
Chiéu dai Debyelnhan dugc fToi gidi gan ding &d phwong trinh Poisson,

s dung exp(x) =1+ X, taco:

2
(Ve -V) aVp-V)]_d n*(V,-V)
KT* kT~ kT

trong d6: T'=T*T /(T *+T ) va cho rdng mat do ion va mat do dién te
trong long plasma bang nhau.
Thay vao phuong trinh (7.8) ching ta c6 phuong trinh Poisson theo mot
bién s6 x, nhu sau:

V) -0 Ve~ (V)] _ (YY) (7.13)

dx? EokT’ L2

p(x) = qn*[ . (7.12)
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vOi Lglachigu dai Debye, tinh bang cong thic:

KT 1/2
L, :[802 + ] (7.14)
gn

DBai véi thuc nghiém trén, chiéu dai Debye xac dinh tir cong thirc (7.14)
bang 15,4 um. Giai phuong trinh (7.13) vai cac diu kién bién: (i) V =V,
tai X = oo (vi kich thuéc plasma vao khoang vai centimét, cho nén chiéu dai
Debye la qua bé so véi kich thudc nay); (i) V=\, khi x =0, ching ta tim
dwgc ham s cua dién thé trong 16p vo plasma phu thudc khoang céch tir dau
do, nhv sau:

V(X) =va+(V —va)(l—e(p;—i(j. (7.15)
7.1.3. Phéng dién phun xa

Trong phan nay, chiing ta sé dé cap dén hai van dé chinh:

i) Giai thich dién thé tinh dién cla phéng dién phin xa mot chiéu
(hinh 7.7),

ii) Ap dung két qua d6i voi phong dién mot chigu v ao trwdng hop phun xa

cao tan.

Qua do, ching ta xac dinh chiéu day Iép vo trong ca hai truong hop.
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b)

Hinh 7.7. So db plasma khéi va cac 16p vo trong phong dién mot
chiéu (a) va phan bo dién thé trong cac 16p vo: dién
thé trong 16p vé cat6t phan cyc manh, ¢ on trong 16p v
andt aan nhir hina 0.

a) M6 hinh phéng dién mot chiéu

Nhu da biét, bién phan cach plasma-dau do Langmuir c6 tinh chéat chinh luu
dién thé, giong nhu mot didt. Do d6, dbi véi mach dién trong dé cé catot,
an6t va plasma, ching ta c6 thé vé mach tuong dvong nhu trén hinh 7.8a.
Cat6t la dién cuce thu hit cation (ion dwong) tir plasma, trong khi dé anét thu
hit anion (dién t&r). Chung ta thdy rang andt nhan duoc mot dong am, co
dién thé 16p vo thap va ban than Iép vd hep. Trong khi d6, cat6t nhan dwoc
dong duong, c6 dién thé 16p vd cao hon va I6p vé rong hon.

Xem xét so do trén hinh 7.7, d6i v&i phéng dién thuc té thi gia tri mat do
dong qua cat6t & c6 cung thir bac vai mat dd dong ion tang cuong ( J,o, ), €O
thé do su phat xa dién ti thi cdp, va dé bu trir, mat d6 dong qua andt st
bang gia tri &m cla dai lugng nay:

et (7.16)

Jan
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Dé nhan déng thirc trén ching tacan co didu kién:

Veat = Vpe (V- (7.17)
Nhung:

Vi (Van(Vp. (7.18)
Piéu nay c6 nghia la dién thé plasma la “dwong nhét” trong mach dong
phéng dién chinh. St dung biéu thirc mat do d ong trong truong hop Va(\,

. . _ -q(Vy -V
lan = lion — Q2 eXp%'
Chuing ta tim dwoc biéu thirc lién hé dién thé plasma vai dién thé an6t:
KT~ jan — Ji
\p — Vo= In| Jan " Jion . (7.19)
q —Qz

Khi anét ndi dat nhw trén hinh 7.7 thi v, = 0. D& don gian trong tinh toan,
ching ta d& cho dién tich clia andt va cat6t bang nhau. Trén thuc té, andt co
dién tich I&n hon cé khi 1én hon rét nhiéu dién tich cat6t (thi du trudng hop
chudng chan khdng 1am bang kim loai).

Vi thé dién thé plasma trong thuc té c6 gia tri dwong hon so véGi gia tri
nhan duoc tlr biéu thirc trén, va vao khoang 10V-15V.

Nhu vay, dién thé roi trén catot sé latdng cla dién thé mot chiéu va dién thé

plasma:

Bién thé trén catdt = \p +\pe - (7.20)
Theo dinh luat Kirchhoff, chiing ta c6 mat do céng suat phin xa cao ap mot
chiéu sé la

Pion = jion'(vp +VDC ) (7.21)

Trong md hinh phéng dién thi thuc té€ plasma dwgc hinh thanh va duy tri nhw
thé nao? Co ché clia qua trinh nay ¢ thé mé ta nhw sau. Khi céc ion (voi
déng nang da 16n) ban 1én bé mat cla catdt thi nho hiéu (ng phat xa dién to
thir cdp matrén bé mat catdt xuat hién céc dién ti tv do (mat do Ion). Tiép
theo chiina dwoc aia tde bai dién tredna. réi xuvén aua léo vé cla catbt va
vao trong . hinh
\ M Plasma khoi x
thanh cép catst dan

dién t6t, DC

V6 catét Vo anét
Andt

V3 catét

Plasma

=
1=
rRF Voo~

T
¥ N
Thanh chudng v
b)

Hinh 7.8. So dd mach dién trong phéng dién phin xa cao ap

mdt chiéu (a) va cao tan (b). Lép vé andt trong cao
tan co tu chan khong cé vai tr o trong phéng dién
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b) L&p vo catdt va anot

Thuc nghiém da cho thdy, khi ¢ dong phin xa di qua cat6t thi chiéu day
clalép vd plasma & ving catdt Ién hon nhiéu so véi chiéu dai Debye. V ¢i
ché d6 dong thuwc té, mat do dién tich bén trong 16p vé duoc hinh thanh béi
cac ion, nhitng hat tai tiém vao tr plasma. Hanh vi ctia sy phong dién nhw
thé dwgc goi la dong “gi6i han dién tich khong gian” (GHDTKG). Vé y
nghia vat ly manéi thi d6 chinh la sy diéu khién dién tich khdng gian.
DBaéi véi 16p vo & vung catét trong phéng dién mot chiéu (hinh 7.74), ching
ta s& gidi phuong trinh Poisson va tinh chiéu day cla Iép vo khi c6 dong
GHDTKG di qua, v&i cac gia thiét sau day:
1. C6 sy butrir dong qualép vo.
2. Mat do dién tich cha yéu lado céc ion chuyén dong twong d6i cham
(so voi dién tir) di vao I6p vo, vi rét linh dong nén dién t& bi day
ngay rakhoi 16p vé béi dién trueong 16n & do.
3. Céac ion chuyén dong trong lop vo dugc coi la khdng cd va cham,
cho nén |6p vé duoc goi lavoé khong va cham.
Khi d6 mat do ion di qua catét duoc tinh bang phuong trinh:
jion =-P (X)Vx (X)’ (7.22)
trong do:
Vx lathanh phan téc do vudng géc véi bé mat cla catdt,
x lakhoang cach tr catét.
Trong truong hop khong cé va cham thi téc dd cla ion dwoc tinh tir dong
nang ma n6 nhan dwoc tr nang lugng cda dién treong:

m* [Vx(x)]2 _

7.23
) _q(Vp—V(x)). (7.23)
Vi vay, mat d dién tich :
L)
. m
) ==\ TF (" 7.24
P {Zq[vp—V(x)ﬁ (7.24)

va phuwong trinh Poisson trong toa do mot chiéu sé la

42V, -V (x)] —jion{m*/Zq[Vp —V(x)]}ll2

> =
dx €0
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(7.25)

voi céc diéu kién bién:
- Tai X= Lg(chiéuday I6p vo), V =\,
-Tai X=0,V =-Vy.
Loi gidi cta phuong trinh trén cho ta ham dién thé phu thudc toa do X (vi
tri) trong 1 &p vo, c6 dang:
3 s (4 Vo m )
Z[vp V()] = [f] x (;_qj x (LX), (7.26)
Cho Xx=0,taco V(X) =V, = V..
Biéu thirc cla chiéu day I6p vo trong truong hop khéng cé va cham
(Lsc,cols) 8 1

4e, vz 2q va 3/4
Lz cols :[%J X(Fj x (Vo +Vpc ) - (7.27)
Nhu vay, Lsc.colsphu thudc vao ba dai luvong 1a Ve ,Vp va |- Trong thuc
té, cac dai luvong nay lién quan dén nhau va tac dong I1an nhau. Tuy nhién,
vai tro clia Vpe laquyét dinh, con Vp va |, khong nhiing phu thudc vao
cdu hinh cla thiét bi phin xa ma con phu thudc vao ban chét ion, ap
suat khi,...

Khi quang dwong tv do ¢ cling thi bac vai chiéu day 16p vé thi khdng thé
bd qua sv va cham cla céc ion. Trong truwong hop nay, toc do cla ion can
duoc xac dinh tir cac biéu thirc vé van tdc cudn, m akhong phai tir déng thic
V& nang lugng nhu trén. Dién giai cach tinh chiéu day 1¢p vo ma trong do co
vacham ctia ion (Lsc,col ) 1arat dai vaphtc tap. O day, ching ta chi s dung
két qua cudi cung dé thao luan:

2/5 35 15

e B o o
’ 3Jion 3 Tm

trong d6 A, laquang dudng tu do cla ion.

Giatri Lsco tir phuong trinh (7.28) trén thic té phin xa nhan duoc vao

khodng 2 mm, con giatri tinh toan ly thuyét 1a 3,7 mm (rng v6i quang dwong

tw do A; = 0,051Mm chigu day I16p vd viing andt nhd hon rét nhigu so véi

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

192 Vat ly va ki thuat mang méng

chiéu day ving catot. Lép vo ving andt khong cé y nghia thuc tién trong
qua trinh 1&ng dong mang mdng, nhung 1a yéu t& gay nhiém tap chét trong
quétrinh phin xa.

¢) M6 hinh phéng dién cao tan

Chung ta d& xem xét phong dién cao 4p mét chiéu, trong do bia | a chat dan
dién t6t duoc gan lign voi catét. Khi dat chét cach dién 1én catdt mavan st
dung hé phin xa mot chiéu thi qua trinh phéng dién khdng xay ra duoc, do
lavi chat cach dién khong cho dong dién di qua. Dién cuyc (catdt) bi nghén
do hiéu (rng che chén clia bia 1am béng chat dién mdi. D& c6 thé phin xa tir
bia cach dién ngudi ta da thay ngudn cao 4p mot chiéu bang ngudn cao ap
xoay chiéu cao tan. Trong hé phin xa cao tan, dong téng hop qua dién cuc
bang khéng, tuy nhién qua trinh phin xa van duoc tiép dién nho' c6 sy bén
phaion Ién trén bia. Nho tinh chat chinh lwu cuta hai Iép v plasma & vung
cat6t va andt ma co sv ti phan thé mot chiéu cla dién cuc ngh én. Diéu nay
lam cho qué trinh ban pha ion Ién bia cach dién khong bi dirng. Trén hinh
7.2 12 so d6 clia ngudn cao tn gén ndi tiép mot tu. Trong hé thiét bi phin xa
cao tan, & mach ngoai, phia truéc cia dién cwc chudng, c¢on mac mot cudn
cam dién trd vao khodng 50 Q lam phdi hop tré khang dé tang céng suat
phun xa.

Dé hiéu co ché phong dién cao tan, ching ta phan tich mach t wong duong
cla ca hé, so do duogc trinh bay trén hinh 7.8b. Mach dién gdbm ngudn cao
tdn Ve, tu chdn C — noi sé xay ra ty phan thé mot chiéu, hai doan mach
mac song song (so dd twong duwong cla hai 16p vo plasma - anét, plasma -
catot) va plasma khdi (nhi mot vat dan) cing véi day dan khong co dién tre
thuan (& day khong vé cudn cdm) latoan bd than chudng chan khong duwoc
nGi dat. Moi mdt 16p vo déu co6 dién dung ndi bdi vi nd chira ving chan
khong tach hai vat dan. Trong phong dién mot chiéu, hai tu nay khong dwoc
hinh thanh do ngudn sr dung la dién 4p mot chiéu va bia kim loai dan dién
tot. Trong cac hé phin xa cao tan ndi chung, bia cé dién tich rat nhé so véi
toan bd dién tich bé mat cla chudng (dong vai trd nhw andt trong phéng
dién), cho nén dién thé roi trén 16p v an6t co thé bd qua. Ching ta cling bo
qua anh hwdng cla dong xoay chiéu sinh ra do dién dung clia 16p vo cat6t.
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Nhu vay, dong clia toan mach chi la do céc ion va dién t& chay qua 16p vd
catot, goi ladong dan.
Dang séng cao tan mo ta tr én hinh 7.9a ¢c6 dang:

W 500V |—
= 0
a) Thei gian —s

* lian o =VRE(L)

"B B

-z

=
Dang trén dién cuc
khang cé gié tri

= 500

=
I

digncifcedy o

Dang treén

dy

Hinh 7.9.Hién trong “tu phan ap” mot chidu trong k§ thuat
cao tan: dién thé va dong cla ngudn cao tan khi
khong sr dung tu chan (a,b) va khi c6 tu chan (c,d)
cho thdy dong qua bia cao hon han.
Gia sl bién do cla dién thé may phat cao tan Ve =500V , gia tri nay cao
hon hén Vp—V4 trong plasma. Trén 7.9b lahinh v& md t& mat do dong di qua
bia khi khong c6 tu chan trong mach. T hinh nay cho thay, dong hitu ich
cho phin xa rét bé so véi dong khéng tham gia vao phidn xa. Vi thé, téc do
phiin xa nhd. Ching ta xem xét tredng hop cé tu chan. Mac dau trong
treong hop nay jion ) gz", s khac biét 16n gitta dong am va duong van ton
tai. Do c6 su tich tu hat tai am (dién ti) v a do dong téng hop trong mot chu
ky dao dong ludn bang 0, d& dan dén hién tuong tw phan thé mét chiéu trén
tu chdan C (hinh 7.8b). V&i hiéu (ng tv phan thé nay, ching ta cé duoc
nguon dién xoay chiéu (cao tan) khéng d6i x(rng: phan 16n thoi gian dién thé
clla n6 c6 gia tri am. So dd nguén dién nhw vay dugc trinh bay trén hinh
7.9c. Thuyc chat do6 1a dién thé trén catdt duoc trir di dién thé plasma:
Vea (1) = Vre(t) = Vpc. (7.30)
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Nhu vay, trong hau hét thoi gian, dién thé cla bia thap h on dién thé plasma.
Dé dong téng trong mdt chu ky cao tan dat gié tri bang 0, trong hau hét th oi
gian do, dién thé cla cat6t phai thdp hon M . Vi thé, gid tri tw phan thé khdng
ngirng tang Ién (Iado s tich tu dién t& trén ban tu dién, phia phai):

Voo = Ve - (7.31)

D6 chinh la bién d6 cla dién thé cao tan. Twong tw, ching ta cling c6 phan
b6 dong qua catdt theo thoi gian nhu trén hinh 7.9d. Hinh nay cho thdy dong
téng trong mdt chu ky cao tan ciing van bang 0, nhung gia tri dong dwong
(’ng vGi qua trinh phéng dién trén cat6t) da dwoc tang Ién dang ké, dong
thoi, dong am cling duoc han ché.

Van dé dat ra la phai chon gia tri ctia tu chan nhw thé nao dé dap tng yéu
cau trong thuc tién phin xa cao tan. Ching ta thay, tu dién n y phai ¢ da it
nhat ba diéu kién:

1. Thoi gian nap trong qua trinh ban pha dién t& phai Ion hon rét nhiéu
so v&i mot chu ky cao tan. Biéu nay dam bao qua trinh ty phan
thé tang nhanh.

2. Thoi gian phong trong qua trinh ban pha ion can 16n hon chu ky cao
tan. Digu nay dé han ché qua trinh trung hoa dién tich trén catét.

3. Phan Ién dién thé cao tan duoc roi trén |6p vd plasma vung cat6t
hon Ia trén tu chan. Néu khong gia tri dién ap trén catét st khdng du I6n.

Paép tng cac diéu kién trén la cac tu dién véi dién dung tir 100 dén 1000pF.
Sy phdng dién cao tan duy tri nhw thé nao? dé cling la quatrinh ion héa cac
phan tir trung hoa nho cac dién ti ban pha. Phat xa dién tlr thi cip xay ra
dwoc lanhy ion ban pha 1én biaty phan thé.

d) Céac I6p vé plasma trong phun xa cao tan

Céc 16p vd plasma trong phin xa cao tan dwoc hinh thanh theo co ché khac
vGi phin xa cao 4p mdt chiéu. Nguyén ly diéu khién 16p vo nay khong phai
la do dong GHDTKG (nhu trong phéng dién mot chiéu) ma la do chuyén
dong qua lai rat nhanh (ki€u dao dong ky) cua céac dién t& tv do, sinh ra d ong
xoay chiéu ngay bén trong 16p vo.
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Trén hinh 7.10 la so dd phong dién cao tAn vacau tric cla I6p vé 6 hai dién
cuc. Cac dién tir dao ddng rat nhanh gilta hai dién cuc, trong khi dé céc ion
chuyén dong cham hon. Chiéu day cta “dam may” ion d tring véi khoang
céch giira hai dién cwc. Con chiéu day cla dam may dién t& nhd hon d, béi
vi hé c6 dién ti nao dén duoc dién cuc thi lién bi bat ngay. Vi mat do dién
tl vaion trong gi¢i han clia dam may dién tr 1a béng nhau, trong khi ngoai
ving d6 khdng c6 dién tk, cudi cung la trong qué trinh phéng dién khdi
plasma trong chuéng tich dién tich dwong cao hon. Gia thiét rang mat do
dong téng khi phong dién 1a jgre SN(ot). Chigu day clia mbi lop vo sé co
dang (hai I&p vo trai vaphai cé pha déi nhau):

Lre(t) =Lge — LgeCOS®L. (7.32)

Lép vé cao tan

=

Lrrit)

o mdy ion

d may dign t

Hinh 7.10. M6 hinh minh hoa su hinh thanh cac

I6p vo & trén hai dién cuc trong phéng

dién phin xa cao tan.
Moi mdt bé day trén sé dao dong voi chu ky clia dong cao tan vatrong moi
chu ky déu nhan gia tri 0 mot lan. N6i mot cach khac, 16p vé plasma “bién
mat” dé cho dién tir c6 thé truyén vao dién cuc vatrung hoa dién tich vai ion
ma chuing tich Ily trong qué trinh lién tuc ban pha ion). Chidu day ctia dam
may dién tlr vi thé s& bing d — L.
Dé thdy, bién do cla chiéu day 16p vo bang:

ire

gn‘o

Ler =
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(7.33)

Ung dung. Tinh chiéu day 16n nhét cla l6p vo plasma trong k¥ thuat phin
xa trong thuc tién noi trén.

Trong k¥ thuat phin xa, thuc t& mat do dong téng vao khoang 15mA/cm?, do
vay chang ta co:

2
Lee = 15mA/em - 0,11cm=1,1nm.

1,6x1071°C x10°cm™ x 21 x13,56MHz

Diéu nay ching t6 16p v plasma trong phin xa cao tan méng h on l6p vé
trong phin xa cao 4p mot chiéu.

7.2. Ché tao mang méng bang phwong phap phan xa

Phun xa la phwong phap st dung ion trong phéng dién cao 4p maot chiéu hay
cao tan dé thuc hién viéc “danh bat” cac nguy én tir tir vat ran (bia) ra khoi
bé mat clia nd. Tiép theo la quéatrinh I&ng dong cac nguyén ti dy trén bé mit
clia VAt ran khéc (ttc 1a dé). Do vay, ché tao vat liéu bang phuong phap
phin xa la qué trinh chuyén cac nguyeén tir clia vat ran & dang khdi cla bia
sang dang mang méng trén dé. Nhin chung, phin xa la qua trinh cong nghé
Xy ra trong trang thai plasma, thé hién hét stic phirc tap. D& dé hiéu ching
taco thé chia qua trinh phdn xa rathanh ba giai doan:

1. Giatdc ion trong I&p vo plasma & ving catot.

2. lon ban pha vao bia, cAc nguyén ti trong bia chuyén dong va cham nhau.

3. Céc nguyén tir thoat ra khoi bia valang dong 1én dé.
Trén hinh 7.11 mo ta qué trinh 1ng dong mang bang phwong phép phin xa
voi ba giai doan chinh néu trén. Du¢i day lacéc van dé lién quan dén thuc
nghiém phin xa ap dung dé ché tao vat liéu m ang mong.

7.2.1. Yu diém va nhuwoc diém ctia phwong phap phan xa
a) Uu diém:

- TAat ca cac loai vat liéu déu cé thé phin xa, nghia | a tir nguyén t6,
hgp kim hay hgp chat.
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Bia dé phiin xa thuong dung dwoc Iau, bai vi I¢p phin xa rat méng.

C6 thé dat bia theo nhiéu hwéng, trong nhiéu tridng hop cé thé dung
biadién tich Ién, do d6 bia langudn “béc bay ” rat 16n.

Trong magnetron co thé ché tao mang mdng tir bia ¢ cau hinh da
dang, phu thudc vao céch lap dat nam cham, bia cé thé thiét ké theo
hinh dang clia bé mat dé (hinh cén hodc hinh cau).

Quy trinh phtin xa 6n dinh, dé 13p lai vadé tv dong hoa.

Do bam dinh clia mang voi dé réat tot.

b) Nhuwoc diém

Phan 16n nang lwgng phin xa tap trung Ién bia, lam néng bia, cho
nén phai c6 bd lam lanh bia.

T6c d6 phan xa nhé hon nhiéu so véi téc do boc bay chan khong.
Hiéu suadt vé nang lugng thap, cho nén phin xa khong phéi la
phuong phéap tiét kiém nang lvgng.

Biathuong larat khd ché tao va dat tien.

Hiéu suat st dung bia thap (khong st dung d woc hét, nhiéu khi do
biagion, cho nén de bi niit dan dén hdng sau sd 1an phn xa chwa nhiéu.
Trong nhiéu tredng hop, khdng can dén nhiét do dé, nhwng nd luén
bi d6t nong.

Céc tap chét nhiém tir thanh chuéng, trong chudng hay tir andt co
thé bi 1an vao trong mang.

7.2.2. Co ché phun xa

Chiing ta xem xét hinh 7.11, md hinh nay dwoc goi la phan xa do va cham.
N6 co6 thé la phin xa ngwgc hodc xudi chiéu. Phin xa nguwoc la khi céac
nguyén tir bat khoi bia bay ra theo hwéng ngugc vai hudng téi cla ion ban
pha. Trudng hgp nay thudng gap trong thuc té. Con phin xa xudi chiéu xay
rakhi nguyén t&r bay ra theo hwéng ban cia ion, trudng hop ndy chi gap khi
biala céc lakim loai rat méng. Sigmund mé ta co ché phin xa va cham nhuw
sau: Khi cac ion c6 dong nang dd 16n bén 1én bé mét cla bia (catot), trong
cac 16p nguyén ti sé xay ra qua trinh va cham cla cac nguyén ti dudi sy
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“b&n pha” clia cac ion dy. Ching tiép tuc va cham hén loan dén khi c6 nang
lvong bang hoic I6n hon ndng lwgng lién két mang tinh thé thi thoét ra khoi
bé mat cla bia.

Co ché trén c6 thé coi lamot dinh nghta tong quat cho qua trinh phin xa doi
VGi tAt ca cac vat ran tai nang luong ion thich hep. Tuy nhién, dic trung cla
qua trinh va cham xay ra trong vat ran phu thudc vao do 1on clia ning luong
ion. Cd thé chia nang lvong ion ra ba mic: thap, trung binh vacao.

I/;\r"' | )
—~ 7

i
7
/
—— e — — L
T 7
) .
I'-.I ] 2] ?
!
/
/
/

Bia

Hinh 7.11. Hién tvong ban pha bia trong phdng dién phin xa:

lon duoc gia toc trong 16p vo catdt, va cham véi nguy én tir

trong bia va lam bat nguyén t& khoi bia.Trong d6 n la géc

ban pha (géc toi), 0 - géc phat xa clia nguyén ti.
Trén hinh 7.12 [a so d6 md td qua trinh phdn xa theo ba co ché tvong (ng
vGi ba mirc nang lwong cla ion.
Nang lugng thap: Mc nang lwgng nay xdp xi hodc Ién hon nang lvgng
ngwdng phln xa cla mot chat. Co ché phin xa trong truong hop nay duoc
goi 1a co ché “b6c mot nguyén t&r”. Hiéu suét ban pha (xem dinh nghta &
phan sau) ty Ié thuan v&i mat do nang | vong ctia nguyén ti trén bé mat. Su
va cham trong co ché nay thuong lachi & trong Iép nguyén t& trén cling, do
dd tao ra chuyén dong mot cach hai hoaclia tirng nguyén tlr va thoé rakhdi bia
v6i toc do trung binh (hinh 7.123).
Nang luong trung binh: Nang lwong ion bén pha da Ién hon ndng lwong
lién két cla cac nguyén ti, cho nén cac nguyén tir & cung mot 16p da cod
thé dao dong manh va thoét ra ngoai bia. Va cham cua cac nguyén ti
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bén trong bia van chwa xay ra mot nhigu. D6 1a co ché “boc 16p nguyén
t¢” (hinh 7.12b).
Nang lwgng cao: Kha niém

nang lvgng cao mang tinh tuong £

d6i va thuong c6 nghta khi phin P
xa loai vat liéu co lién két yéu. N e o o°
Trong trwdng hop ndy, hiéu sudt rE o
b&n pha c6 thé cao hon 1, tham ®

chi biing hoic 16n hon 10. D6 1 '>§ 6 o o o
co ché “b6c cum” hay Ia phin s g“( 5
xa nhiét, bdi vi téc do phun xa 5o o 7o
dat gia tri cao nhuw téc d6 bdc b) [

bay nhiét (hinh 7.12c). £ J
Sy phan chia cac co ché phun xa =, § o 2: o
nay cling chi mang tinh tuong w@f; B
ddi, bdi vi ching ta khdng kiém o % & " 5

soat dwoc mot cach chinh xac
cac dai lvgng lién quan trong
quétrinh phong dién. Tuy nhién,
ddi véi tirng loai vat liéu khac nhau, cé thé Iva chon nang | wong ion thich
hop dé c6 dwoc qua trinh phin xa nhv mong muan.

Hinh 7.12. So d6 md ta cac co ché
phin xa.

7.2.3. Hiéu suat phun xa

Trong phuong phap ché tao mang méng bang phin xa, ¢6 hai dai lwong dac
trung co ban 1a hiéu sudt ban pha ion va xéc suft 1ang dong. Vé co ban, ca
hai dai lwvgng nay cd nhitng ddc trung riéng cho phuwong phap phan xa, tuy
nhién, ching con phu thudc nhiéu vao cau hinh cla tirng thiét bi phdn xa.
Dudi day ching ta xem xét mot s6 két qua thuc nghiém ti éu biéu, ma céc téc
gid dacong bo khi ho tién hanh khao sét trén hé thiét bi clia minh.

a) Hiéu suét b&n pha ion

Hiéu suét ban pha duoc dinh nghia laty s6 cla s6 nguyén tir duoc thoat ra
khoi bia trén mdt ion ban pha 1&n bia d6. N6 phu thudc vao lién két hoa hoc
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va nang lvong dugc truyén di nho va cham trong bia. Hiéu sudt ban pha cta
céc vat lidu khac nhau va duoc ban pha bdi cac ion c6 khéi lugng va ning
lrong khac nhau da duoc xac dinh bang thyc nghiém va tinh toan tir cac
nguyén |y st dung k¥ thuat Monte Carlo.Trén bang 7.1 cho thay hiéu suat
ban phé clia mot s6 ion khi tro c6 cing nang lwong (500 eV) dbi véi cac bia
kim loai.

Con trén hinh 7.13 |a dd thi vé sv phu thudc vao nang luvgng ion cla hiéu
suat ban pha déi voi mot s6 nguy én t8. Co thé nhan thdy rang, mac du nang
lrgng ban pha clia cac ion cao dén vai tram eV, nhung hiéu suft bin pha
cling van nhd. Diéu nay cho thiy dé danh bat mdt nguyén ti ra khoi bia doi
hdi nang lugng tuong dai I16n. Do dé, vé nang lwgng ma ndi, thi phin xa la
phuong phap kém hiéu qua hon nhiéu so véi boc bay chan khdng, hon nira
t6c do bdc bay bang phin xa ciing thap h on téc do béc bay nhiét.

Bang 7.1. Hiéu suat b&n pha magnetron cao &p mét chidu
bang ion nang lvgng 500 eV doi voi bia kim loai

Be Al Si Cu Ag w Au
(9) (27) (28) (64) (106) (184) (197)
He" 024 |0.16 0.13 024 |02 0.01 0.07
(4 dvnt)
Ne 042 |0.73 0.48 18 17 0.28 1.08
(20 dvnt)
Ar* 051 | 1.05 0.50 235 | 2.4- 0.57 24
(40 dvnt)
Kr* 0.48 | 0.96 0.50 235 |31 0.9 3.06
(84 dvnt)
Xe' 035 |0.82 0.42 205 |33 1.0 3.01
(131 dvnt)

Nang luong nguéng phan xa la ndng lwgng thap nhét cla ion bin pha maco
thé gay ra phin xa. Nhin chung, d6i véi truong hop phin xa bia kim loai thi
nang lvgng ngudng khong thdp hon 25 eV. D6 la nang lvong can thiét dé
nguyén tlr dao déng manh dén mirc co thé thoat ra khoi mang tinh thé cla
chét rén.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ky thuat mang méng 10 1L
Higu sudl phin xa
E {13 thuzyét

Hiéu sudt ban pha con phu
thudc vao goc bén pha cla
ion trén bé mat bia. Khi
géc bén pha bing 90°
(chum tia ion vuéng goc
voi bé mat bia) hiéu suat
bidn pha dat gia tri cao
nhat. Trong phin xa

Ca (Pb. Zn}

(=}

0.1

Higu suét bén pha (nguyén tifion)

Ti
{Zr.Taw

nghiéng (d6i v6i ion argon) 001 LA™ L

thi tia t¢i c6 goc 70° cho 10 100 1000
hiéu sudt bin pha dat gia Nang IUong fon (14

tri toi uu. Hinh 7.13. Hiéu suat ban pha ion ddi v6i

mdt s6 bia don chat phu thudc
vao nang lvgng cla ion trong
phin xa magnetron.

b) Xéac suét lang dong

Xéc sudt lang dong duoc
dinh nghfa la ty s6 cac nguyén tir ma thuc té da lang dong 1én dé trén sb
nguyén tir thoat (phat xa) ra khoi bia. Mot cach gan ding, cé thé coi so
nguyén t&r phat xa bang tich clia ba dai 1wgng 1a dong phong dién, hiéu suét
ban phéa vathoi gian lang dong.

X&c sut lang dong nhan duoc trén hé phin xa magnetron phang véi bia c6
ban kinh gan 20 cm duoc liét ké trén bang 7.2. Xac sudt 1ang dong ctia mdi
hé cling khac nhau béi vi ching c6 cdu hinh khéac nhau (vé kich thuéc bia,
dd che chdn ngudn phan xa, kich thwdc chudng chan khong, ...). T bang
nay co thé nhan thdy rang, xac suét lang dong cao nhat khi ap suét thép,
khodng céch tlr bia dén dé nhd, nguyén t& khi s dung nhe hon nguyén ti
can phan xa. Thi du, m&c du hiéu suét ban pha cda ion ning nhu K* ¢6 cao
hon cac ion khac, nhung xac sut lang dong lai giam dang ké. Diéu nay cho
thdy, phin xa tdi wu can dwoc xem xét cho tirng trieong hop cu thé.

Bang 7.2 Xac suét Iang dong clia mot s6 hé phin xa

Khoéng céch bia-dé (cm) Ap sudt (mTorr) Xéc suft 13ng dong

Ar, phin xa bia Cu
5cm 5, 20, 30 0.63, 0.49, 0.54
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9.5cm 5, 20, 30 0.48, 0.47,0.45
14.5cm 5,20, 30 0.39,0.35,0.31
Ne, phun xa bia Al
5cm 5, 20, 30 0.80, 0.56, 0.52
9.5cm 5, 20, 30 0.40, 0.42, 0.40
Ar, phan xa bia Al
5cm 5, 20, 30 0.60, 0.46, 0.42
9.5cm 5, 20, 30 0.44, 0.45, 0.35
Kr, phiin xa bia Al
5cm 5, 20, 30 0.52, 0.45, 0.38
9.5cm 5,20, 30 0.35,0.27,0.22

NGi chung, hiéu suat phun xa quyét dinh qua trinh 1ang dong mang. Tuy
nhién, trong thc té€ phin xa digu quan tdm nhiéu hon ca latéc do lang dong
mang trén dé vachat lugng cla ching. Co6 nhiéu yéu t6 anh huéng Ién téc do
I&ng dong. Duwdi day chling ta xem xét mot s6 yéu td quan trong nhat.

7.2.4. Cac yéu t6 anh hwéng 1én téc do Iang dong mang
a) Dong va thé

Trong hau hét cac trong hgp phin xa thi viéc tdng cong suat phin xa cling
khdng &nh hudng nhigu dén téc do 1ang dong. Mat khac nhu ching ta da
thdy s6 ion ban lén cat6t ty 1é thuan voi mat dé dong. Cho nén, yéu té anh
hwdng 16n 1én téc do 1ang dong chinh 1adong, hon 1a dién thé dat trén catét.
Trén hinh 7.14 14 s0 liéu thuwc nghiém nhan dwoc vé sy phu thudc chiéu day
mang moéng vao dién thé catdt véi thoi gian phin xa la 1 gio, bia st dung la
tantan duwong kinh 76 mm. Ching ta thdy sau gia tri 1500 V, dién thé co tiép

tuc tang hon nita thi t6c do 1ang dong ciing chi tang khdng dang ké (chiéu

day clia mang nhan dugc khong tang). Nhuw vay trong trwdng hgp cong suét
cla thiét bi han ché thi chiing tanén tang dong phdn xa va giam dién thé trén
catot. Viéc tang dong phin xa cé thé thuc hién duoc bang cach giam ap suét,
tang phat xa dién t&r, dung tir trwong (magnetron), hay tang dién tich bia,

gidm kich thuéc bia-dé, ...
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b) Ap suét
catot, mA
Dang catdt — 950
15 mA
g //—_ 6 A
2 o5 /’ TomA
& T
-
3 // 5 ma 150
= I
o e
0 : : 50
1000 1500 2000
Bién thé catdt (v}
— 0
70

Hinh 7.14. Téc d6 1&ng dong phu thudc vao dong
nhiéu hon la vao dién thé trén biatrong rr
phun xa magnetron.
Hinnh 7.15. Toc do lang dong mang

Chang ta cling da biét, trong ky phu thudc vao ap sudt khi
thuat phong dién phan xa thi khi O
tang &p suat, mat do ion tc lamat do dong sé tang Ién. Khi cdng suét phin
xa duoc gitr kndng déi thi téc do 1ang dong cling ting theo mat do d ong, co
nghfa la tdng theo &p suéat phin xa.
Trong khoang ap sudt khong 16n 1&m, téc do lang dong tang tuyén tinh theo
&p sudt. Trén hinh 7.15 trinh bay két qua thic nghiém khao sat su phu thudc
vao &p sudt cla téc do 1ang dong mang mong molipden. Trén hinh con cé ca
duwong phu thudc vao &p sudt clia dong phin xa. Ca hai duong phu thudc déu
latuyén tinh, nhung dong tang véi tbc do nhanh hon tdc do lang dong.
Diéu nay cling chitng té s6 luvgng ion / nguyén tlr duoc thoat ra khoi bia ma
6 thé quay trd lai catét do hiéu (rng khuéch tan ngwoc cling duoc giam. Tuy
nhién, hiéu (rng khuéch tan ngugc chi quan sat thay khi ap sudt vuot mot gia
tri ngudng nhét dinh. Thuc nghiém cho théy, d dng catot vatéc do lang dong
mang khdéng con tang theo &p suét khi chan khdng gidm xudng, ap suat vuot
giatri 1,3x10 Torr. Tdc do lang dong t3i wu trong trudng hop phin xa
béng khi argon nhan duoc khi 4p suét phan xa bing 5+ 6x10 2Torr.
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¢) Nhiét do dé

Khéc voi ap sudt, nhiét do dé la yéu td phirc tap, trong mot sb truong hop,
t6c do 1ang dong phu thudc rat manh vao nhiét do dé. Thi du, khi hop phin
xa SiO,, AsGa, Ge tai nhiét do dé thap, tdc do 1ang dong nho. C on da s6 cac
truong hop khac thi téc do 1ang dong tang dang ké khi nhiét do dé giam tir
cao xubng thap. Trén hinh 7.16 |a do thi phu thudc vao nhiét d6 dé cla toc
d6 1dng dong d6i voi mot sé gia tri phan ap tr én dé.

Léch thé trén d&, vV

20 ~_
® 150
o
15 =
U"‘.'I - —100
& —
E 10 —
o T 50
G
E —_
el 5 0 ———
o _—
3 —— 65
= | | | |
0 200 400 600

Nhiét 36 ke, °C

Hinh 7.16. Vai tro clia nhiét do dé d6i voi
t6c dd 1ang dong thé hién khéng
ro rét trong phan xa.

7.2.5. Cac loai bia phin xa

a) Bia kim loai

C6 thé ndi trong cac loai vat liéu dé phin xa thi vat liéu kim loai don chat l1a
dé gia cong bia hon ca. Thi du, bia vang, dng, tantan, platin, v.v... c6 thé
ché tao bang cach dé khudn dung kich th wéc clia catét. Do kim loai dan dién
va dan nhiét rat t6t cho nén ding magnetron cao & mdt chiéu dé phun xa
cac loai bia kim loai nay s& cho hiéu suét phdn xa cao. Thi dy, trong phuong
phdp hién vi dién ti (SEM va TEM) nguoi ta thuong phl 16p vang hay
platin rat mong Ién bé mat mau cach dién (dé dan dién t xubng catdt). Lop
vang nay duoc lang dong trong bubng phin xa ma chan khéng dwoc hit
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bang hé bom cda thiét bi kinh hién vi. Céc biavang hay platin st dung dugc
rat lau, b&i vi mdi lan phan xa ching chi bi tdy di mot 16p day vai chuc
nandmét. Mang méng kim loai vang con dugc phl Ién dé thay tinh dé l1am
gwong ban phan xa st dung trong cac thiét bi quang hoc va laze. Mang
platin hay paladi phan tan bang phin xa tao ra l&p hoat hoa tr én bé mét cac
vat liéu silic x0p hay SnO, cau tric nand tinh thé. Nhg d6 ma do nhay cla
cac senso khi ché tao tir vat liéu ké trén tang Ién dang ké.

b) Bia hgp kim

Céc vat lieu hgp kim nhu CoCrTa, CoNiCrTa, CoCrPt, CoFeTb va
CoCrNiPt (& day khong dua céac chi s6 thanh phan vao trong cong thic)
cling dugc phan xa. Do mang mdng cla cac hop kim doi hoi khat khe vé
thanh phan, hon nita, ching c6 tir tinh lam a&nh hudng dén hiéu suat
magnetron, cho nén viéc gia cong bé mat bia can phai dap tng: (i) do dong
nhét cao vé thanh phan, (ii) d6 hgp thic trong cdu tao cla bia can d vgc tinh
dén kha nang héa hoi khac nhau cla cac thanh phan sao cho khi phiin xa cé
thé nhan duwoc mang ding hop thiric mong mudn.

¢) Bia hgp chat chira d6xy

Céc loai mang co cdu tric nhigu thanh phan nhy mang sét tir BaTiOs,
LiNbOs;, SITiO; hay mang siéu dan nhiét do cao YBa,CusO; ciing duoc ché
tao bang phan xa magnetron. Viéc gia cong bia cho cac vat liéu tr én quyét
dinh sy thanh cong ctia cong nghé. Cé thé ché tao bia gdm di cac thanh
phan cdu tao ké trén, nhung ham lvong cla tirng nguyén to thi can diéu
chinh sao cho hogp thirc trong mang phu hop véi cdu tric cla tirng chat.
Céch thi* hai la ché tao hai hodc ba bia la cac oxit, s dung phwong phéap
dong phdn xa tir hai hodc ba bia d6 dé nhan mang cé hop thirc va cau tric
mong mudn.

Cubi cung, c6 thé nhan thdy rang, phuong phap phin xa magnetron con
dugc (ng dung dé ché tao nhiéu chlng loai vat liéu khac m a phwong phap
boc bay khong thwc hién dugc. Cac vat liéu mang moéng oxit hay nitrua dwoc
ché tao dé dang bang cach phin xa kim loai twong tng trong khi argon tron
0xy hodc nito - goi la phiin xa phan (ng. Thiét bi phin xa hién dai duoc tw
dong hoa cao, cho nén qua trinh 1dng dong mang moéng co thé khéng ché
chinh xac hon. Hau hét cac thiét bi déu cé tir hai dén ba ngudn phdn xa (hai
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dén ba bia), nho d6 cd thé thwc hién phin xa dong thei nhiéu loai vat liéu
khéc nhau, tao ra cdc mang méng hop chét, vat liéu pha tap, vat liéu cau trac
nand phtc tap khac, ... O Viét Nam hién nay cting d& c6 nhiéu co s& nghién
clru va dao tao dugc trang bi cac thiét bi phin xa hién dai c6 du cac chirc
nang ke trén.

Cau hoi kiém tra danh gia

4. MGi trvong plasma dac trung tinh chat va cach nhan plasma trong
diéu kién thuc té?

5. Nguyén ly phin xa cao & mdt chiéu va cao tan, so sanh vu va
nhugc diém clia hai loai phiin xa trén?

6. Vi sao str dung magnetron trong phin xa cao 40 mot chiéu va cao
tan lai nang cao hiéu sudt phin xa, kha nang phin xa. Néu ITnh vuc
(rng dung clia phin xa magnetron?
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Chuwong 8

Cac phuong phap phan tich
dac trwng mang mong

Céc mau mang mong ché tao dwdi dang don I6p hodc da I6p vat lieu khac
nhau goi 1a hé mang méng. Nhu vay, linh kién du¢i dang mang méng ciing
6 thé coi la mot hé mang méng. Chuong nay dé cap dén cac phwong phéap
phén tich dac trung mang méng vabai thic hanh minh hoa kém theo, qua dé
tim hiéu kha nang (ng dung va&o thuc tién ctia mot s6 hé/linh kién mang
méng. Mang don l6p da la mot cau trac phic tap, hé mang méng lai cang
phtic tap hon. Cho nén dé phan tich cdc hé mang méng va cac hién tugng
xay ra khi cé tac dung cla trwdng ngoai ap dat (nhw nhiét, dién va anh sang),
can tién hanh nhiéu phuong phap phan tich khac nhau.

8.1. Gi¢i thiéu cac phwong phap phan tich mang m éng

Dé phan tich mang mdng hay hé mang méng hién nay cé rat nhiéu phwong
phép &p dung cho tirng muc dich khac nhau. Nhin chung, da s6 cac phwong
phép phan tich vat liéu khéi co thé ap dung dé phan tich m ang méng. Tuy
nhién, do mang méng lavat liéu v6i dac tring clia mot hé hai chiéu, cho nén
khi phan tich cac dac trung cla chung, trong nhigu thiét bi can ga lap th ém
cac bo phan phu trg chuyén dung, hay khi phan tich doi héi nhitng thao tac
hop ly. Béng céch d6 sé& loai trir c4c tin hiéu, thdng tin phan anh sai voi thuc

chat cau tao cling nhw cau tric vat liéu mang. Dé thuan tién theo dai, trén
bang 8.1 liét ké cac phuaong phap phan tich thw &dng ap dung, trong dé cot thi
nhat la nhitng van dé can duoc phan tich d6i véi mang mdng, cot thv hai la
cac phuong phap thich hop nhét dugc st dung.
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Bang 8.1. Cac phuong phap phan tich

Da6i tugng nghién clu

Phrong phap-thiét bi

& mtc:

- Vimd

- Vimd

- Mirc d6 nguyén tir

Hién vi quang hoc

Hién vi dién t& quét (SEM)

Hién vi dién t& truyén qua (TEM)
Hién vi lyc nguyéntlr (AFM)

Cau tric:

- Cau tric bén trong

- Mat do

- Mic do vi md vanguyén ti

Nhiéu xa tia X (XRD)

Do d6 day béng do bac thang

Dao dong cong hudng thach anh
Ellipsomet

Nhiéu xa dién ti ning lvong thap (LEED)
Nhiéu xa dién tir ning lvong cao phan xa
(RHEED)

Thanh phan héa hoc, cau tric
dién ttr:

- Thanh phan nguyén t6

- Tap chat

- Trang thai lién két hoa hoc

Pho ké dién tr Auger (AES)

Phan tich tiéu tan nang luvong tia X
Ph6 ké quang-dién ti tia X (X-ray)
Photo-electron Spectroscope - XPS)
Tan xa nguoc Rutherford (RBS)

Tinh chat quang:

- Ph@ truyén qua, phan xa, hap thu
- Chiét suat phu thudc buéc séng
- Hang s6 dién moi

Quang phd ké
Ellipsometry

Tinh chat dién:

- Tinh chét thé hién dudi dang
linh kién

- Tinh chat vat liéu

- Dién tré/do dan dién,
dién dung

Phuong phéap bén mi do
Phuong phap tu dién
Phg téng trd

Tinh chat tu:
- Vong tir tré (hysteresis)

Hiéu (ing Kerr quang-tur
Cdng huéng thuan ttr
(Ferro-Magnetic Resonance - FMR)

Tinh chat co hoc:

- Skc cang ndi trong bién phan
cach mang-dé

- D06 badm dinh, d0 ma sat

Do d6 cong ng suat
Thtr d bam dinh
Thi lwc ma sat trén dia quay

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng

209

Trén bang 8.2 minh hoa nguyén |y co ban trong mdt so phwong phap ké trén
Ve sir trong tac clia cac chum tia dién &, ion vabirc xa (4nh sang) trén mau,
céch thu nhén tin hiéu va phuong phép phén tich twong ¢ng.

Bang 8.2. Nguyén ly co ban clia cac phuong phap phan tich

Chum tia M& hinh Chum tia Ky thuat
kich thich dugc thu twong (ng
Dién t&r nang Pién tlr tan xa Hidn vi dién tir
lvgng cao /.f_",y nguoc va dién i Lt (SEM)
(30keV) B thir cép a
Dién t& nang o ain
lvgng trung binh o Dién tlr thr cap Pho k& dién ti
Auger (AES)
(5kev)
, . Phd ké quang-
Blulg )\(? tia X \\ ' Piéntlrthir cdp  dién ti tia X
(1 kev) (XPS)
Dién tir nang ) Nhiéu xa dién tt
lvgng thap e Diéntlirnhituxa  ndng lvong thap
€
100 eV LEED
T Nhiéu xa dién ti
Bien t nang e - A nang lrong cao
lvgng tuong doi "@ - Dién tr nhieu xa phan xa
thap (5 keV) (RHEED)
lon néng lvong PhG ké khGi
trong doi cao lon tht cép lwgng ion thik
(2-30 keV) o] cp (SIMS)
Anh sang phan Anhsang .
are (2 eV) M ohén aue Ellipsometry

Dudi day, sé gigi thiéu mot s6 phuwong phap chinh dé phan tich va khao sat
tinh chat ciia mang méng, nhu cac phwong phap xac dinh chiéu day, hién vi
dién tir quét (SEM), hién vi luc nguy én tlr (AFM), nhiéu xa tia X (XRD),
phé dién tir-quang tia X (XPS), phd truyén qua va phan xa, ellipsomet, va

cac phép do dién tré.
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8.2. Cac phuong phap xac dinh chiéu day mang méng

8.2.1. Phurong phap do bién dang bang dau do hinh kim

M& hinh céu tao cla thiét bi xac dinh chiéu day va do ght ghé theo nguyén
ly cAm bién dién tredng dwoc mod ta trén hinh 8.1.

Biuds
kirn cuidng I
010pm |—p
|

AN
|

['_\_r\_.': RSO NEPEN \]

tf“ o=
(

" pEthhytinh , ¥

Cam bién nay ihhi.cSe dind@udld diéngidhtangmipapaip d6i theo phuong
thing dirng (suy ra do da§®tdaR%ing) trong khi kim do chuyén dich theo
phuong nam ngang, tir d6 xac dinh do ghé cla mang. DO phan giai theo
phuong thang ding 1a 10A°, budc dich chuyén tir 200 A° dén 65 pm. Phan
giai theo phrong ndm ngang phu thudc vao ban kinh clia dau kim do.

8.2.2. Phwong phap dao d6ng thach anh

Dé theo ddi qua trinh bdc bay (toc dd bdc bay) trong chan khong, b cong
hwdng dao dong thach anh van dwoc st dung nhiéu hon ca. Nguyén ly co
ban clia phwong phap dao dong thach anh la dwa vao s phu thudc clia tan s6
cdng hudng vakhoi lugng clia phién thach. Khéi lwgng cta phién thach anh
<& tdng 1én khi né bi pht mot I6p mang mong. Cau tao cla dau thu 1a mot
phién thach anh méng, dwoc ma song phang hai mat. Trén cac mét dy tao
tiép xdc ndi vGi ngudn phat tan s6 va dat ché do cong huwdng. Phién thach
anh duoc cét tir théi don tinh thé (c6 trong ty nhién) theo mét tinh thé hoc
nhét dinh. Theo hwéng cla mét do, tan sé cong hwdng dao dong thach anh
phu thudc vao chiéu day clia phién la
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fo = N/dg, 81)

trong do:

folatan sé cong huéng,

N =1,67x10°Hz.mm,

dqlachiéu day ctia phién thach anh.
Khi bé mat phién thach anh dwoc phi mét 16p mang méng, chiéu day cla
phién tang Ién lam cho tan s6 cdng hudng bi dich chuyén vé phia tan s6 nhd
hon. Do dich clia tin s6 (Af) duoc tinh bang cong thirc sau:

Af - — K.N.AM , (8.2
pqdéAm
trong do:
K 1ahé s& gan bang don vi,

AM lakh6i luong chét béc bay tinh theo g/cm?,

Pqlakhi lvgng riéng clia thach anh (g/cm®),

Amladién tich dién cuc phu trén bé mat phién thach anh.
Mot cach gan dang, cho rang khéi |wong riéng clia mang mong (ppm) béng
khéi luvong riéng clia vat lieu goc, va trong trwong hop dién tich
Am =1cm?, chingtacd AM =py,xV =p,xdx A . Cong thic (8.2) cho
thdy sv phu thudc clia do léch tan s6 cong h wéng theo do day cla mang
méng c6 dang:

pqda
Dao dong cong hwdng cua thach anh réat nhay véi su thay ddi ctia khoi | vong
(tlrc bé day vat chat trén phién dao dong), cho nén bd cong hwdng thach anh
cho phép theo ddi qua trinh béc bay trong chan khong véi do chinh xac cao.
Do thay ddi bé day clia mang co thé phét hién dwoc dén 1A. Tuy nhién, tac
dong nhiét rat d& 1am cho phép do bi nhiéu loan, do d6 ngudi ta phai dat
phién cong hudng trong bd ga dwoc lam lanh. Chiéu day t6i da cla I&p phu
trén phién dao dong quyét dinh b&i do léch tan s6 cong h udng. VGi phién
dao ddng c6 tan s6 cong hudng 5 MHz thi dd léch tan s6 dwgc phép
trong khoang tlr 50 + 100 kHz. Do dd, khoi lvgng bac bay 16n nhét cé thé
1& AM =1+ 2mg/cm? chiu day 16n nhét tvong (ng sé 14 500-5000 nm

Af = —K.N.[p—m} d. (8.3
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hay 0,5um-+5um. Binh thudong sau nhiéu lan boc bay nguoi ta phai thay
phién cong hudng thach anh. Viéc tay I6p phd trén phién thach anh ciing
cho phép dung lai mot hai lan phién thach anh dé, tuy nhién két qua do
khong con dugc chinh xac nhw nhitng lan dau.

8.2.3. Phrrong phap hién vi giao thoa

Kinh hién vi giao thoa dugc ché tao dé khao sat cdu tric hinh thé hoc bé
mat clia vat ran, ddng thoi quan sat do gd ghé cla bé mit mau. V i thé, chidu
day ctia mang cling co thé xac dinh bang phuong phap nay mét cach kha
chinh xéac. Dac diém chinh cta hién vi giao thoa | atir mdt ngudn chiéu sang,

6 thé tao ra hai tia sing nh¢ cac lang kinh ban trong su6t. Do d6 m a hién
twong giao thoa xdy ra khi st dung chirc nang chiéu sang dong thoi hai

chum tia c6 quéng duong quang hoc khac nhau. Do dd dich chuyén clia van

giao thoa nhan duoc trén bién phan cach mang va dé sé xac dinh duoc chiéu
day clia mang. Dé c6 két quéa do chinh xéc, trong mau do can tao ra ranh gigi
r& rét phan chia dé va mang.

Khi chiéu anh sang don sic (thi du anh séng qua phin loc v&i A=546,1 nm)
|én b& mat mau chia ranh gidi trén, chiing ta quan st thay hai hé van den va
van xanh, so do anh giao thoa dwoc trinh bay trén hinh 8.2. D9 dich chuyén
clia van giao thoa (ma gia tri cGia né goi lal) ty 1é v&i chiéu day cua
mang, theo cbng thirc sau:

gt 1 (8.4)

trong do: 2 L

L lakhoang cach giira cac van giao thoa,

A 1a bwdc séng don sic clia anh sang st dung trong kinh hién vi.
D0 chinh xac cla phuong phap nay tvong déi cao. V6i kinh hién vi giao
thoa hién dai nhu ngay nay, ty s6 | / L c6 thé doc duoc trén thang chia do
chinh xac t¢i 0,05. Do do6 chiéu day nho nhat c6 thé xac dinh duwoc
vao khoang:

d:%m,%:%&qnm).

Bién phéan cach
mang / dé

Hinh 8.2. So db cac van giao thoa nhan dugc
trén kinh HVGT tai bién phan cach

™ N N x
nifba mann va Aa
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8.2.4. Mang moéng quang hoc da lop

Céc |6p mang mdng duoc coi 1a cac 16p song phéng kéo dai vo tan machiéu
day moi I6p xdp xi budc song anh sang. Tinh chét quang cla céac 16p n ay
dwgc quyét dinh béi chiét sudt (n), hé sé hdp thu (o) va chiéu day (d) cla
moi 16p.
M®&i lién hé giltra hé s6 hdp thu véi cudng do anh sang téi 1,(A) va cuong do
anh sang truyén qua I+(1) khi di qua mau tuan theo dinh luat Bougver-
Lamber:

l; () =l,e7"" (8.5)
Dé thiét 1ap mai lién hé gilra hé s6 hdp thu o v&i hé so phan xa R vatruyén
qua T, ching ta tinh cwong do anh sang di qua mau I+(1), tinh dén ca hién
tirong phan xa bén trong mau & trén hai bé mat va gdc khic xa thod man
diéu kién sin@ << 1.

1 (%)= (1-R)*Ie +R2(1-R ¥ Ig @ + R* (1-R f 1,67 + ..
~(1-R)’ 1,6+ R?(1-R)’ 1, ¥

8.6
~(1-R)’Ie "/ (1-R% ) (69)
T d6 hé sb truyén qua:
2 _-a -20
=l (M)/1g=(1-R)%e d/(l—Rze 2 d) 87)
[ -R) xe“d}/(ezad—Rz).
Suy ra 2
ocdz—ln 1-R) + (1-R* +R?|. (8.8)

2T 472
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Khi chiéu pho anh sang Ién mang mong chiing ta sé nhan dwoc cac pho
quang hoc déc tring la truyén qua (T, %), phan xa (R, %) vahap thu (A, %),
thod man diéu kién T + R + A = 1. Trong trvdng hgp ¢ mét 16p mang
mong, hé s6 phan xa R;, cla mang dugc xac dinh bang cong thirc Frenken:

(n-1)°+a’ (8.9)
(n+1)*+a?

Trong d6 chi s6 1 va 2 trong hé s6 phan xa ky hiéu ranh gigi gitta khong khi
(chén khéng) va mang.

Khi n?)) o ? (thclakhi 3 1)) . - E_Z)thi:

Ry, :[n_—ljz. (8.10)

12 =

D6i véi mot hé mang cau tao tir cac I6p cd chiét suat khac nhau, phan xa
nhiéu 1an xay ra trong mang dan dén hé s6 phan xa téng hop phu thudc v &
dac diém cau hinh clia hé mang, nhu trinh tw xen ké gitra 16p c6 chiét suét
I6n va bé ciing nhu chiéu day cla céc 16p twong (’ng. Bai toan vé hé mang
da 16p da dwoc nhiéu tac gia nghién ctru vathiét 1ap cac chuong trinh tinh
todn thich hop dé nhan hé mang khir phan xa (téc la truyén qua cao), hé
mang phan xa cao (truyén qua thap) va hé mang ban phan xa hay cac "phin

loc" anh sang.

Trong hé mang da l6p (hinh

8.3) chiéu day quang hoc (A)

|3 c&c giatri (ng v6i mA/4 (m O o
=2n + 1, nla céc s6 nguyén) ha o
guyét dinh hé s6 phan xa cuc hs s
dai (hay cuc tiéu) phu thudc hyo oy
vao hé so chiét suat clia mang h l7/ 04 ns
I6n hon (hay nhé hon) hé so ho /5] 92 N
chiét sudt cta mdi truong. Ny
Khi h bang mA/2 (m la céc 8

nguyén) ching ta sé c6 04

truong hop nguoc lai. Bang

Hinh 8.3. Hé mang quang hoc da 16p trén
dé co chiét sudt n,. Xen ké cac
[6p mang cé chiéu day quang
hoc h, va hz v6i n, > na.
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cong nghé bdc bay chan khong, co thé ché tao cac hé m ang mdng quang hoc
6 tinh chat quang theo y mudn. Du¢i day la mot thi du vé cong nghé ché tao
gwong lanh manguyén ly hoat ddéng nhu mot phin lgc &nh séng.
Thiét ké. Ché tao hé mang méng da I¢p hai thanh phan véi chiéu day quang
hoc X va Y tuwong (*ng c6 chiét suat thap (L) va chiét sudt cao (H). Chang ta
ky hiéu hé mang nay bang céac ky tu:

SX,LY;H..X,LY,H.. X, ,H

ng vGi truang hop cu thé 1a
90,5X,L (0,5X,LY;HO,5X; 4L )"0,5X ..k
hodc bang cac ky tu:
SY;HX,L..Y;HX L..Y 4L
vacu thé 1a
0,5X,L (0,5X L Y;HO,5X; 4L )"0,5X 4L,
trong do:
S la dé c6 chiét sudt ng,
H, L lacéc |6p dien moi day A/4 véi chiét sudt twong (ng cao va thép.
X1, Y1lahé sé dac trung cho chiéu day quang hoc clia Iép mang,
mlatham so clia nhdm cac I&p masd tong quat ctia nd laN = 2m+1,
i lacac sd nguyéni1,2,3,...
Tinh chédt quang hoc clia mot hé mang duoc xac dinh béi cdu tric co s&
(05X,LY,H0,5X,,,L) hoc (0,5Y,HX,L0,5Y, ,H ) vaphu thudc vao bac g,

q:%(0,5X1+Y1+0,5Xi+1H)
hay:

q:%(0,5Y1+Xl+O,5Yi+l)
Cau trGc don gian nhat cta mot gwong lanh c¢6 dang S(HL)™H hodc
S(LH)™L . Chigu day quang hoc clia céc I6p trong hé néu trén bang 1/4
bwéc séng anh sang lwa chon (ng véi truwdng hgp phan xa cuc dai), cd
nghiala X, =Y, =1.
Phd phan xa clia hé mang mong gébm céac 16p cé chiéu day quang hoc nhu
nhau dac trwng béi cau tric co s& va co hé sé phan xa cao 6 vlng buéc
soéng dai, %

C2k+1’

k
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veik=0,1,2,..
Do rong clia vach phan xa cao xac dinh bang biéu thic:

Ap=2arcsin /M=t (8.12)

T n,/n +1
C6 thé ché tao hé mang dién méi nhiéu l6p véi chiéu d ay quang hoc A/4 cho
hé s6 phan xa mong mudn vahé sé hap thu thdp dén mic cé thé bo qua. Dé
c6 hé mang dién mdi phan xa lam viéc & vung tl ngoai vakha kién thi giatri
cla Agvao khoadng 0,2 +0,4, twvong ing A =500nm. do rong vach phan xa
nhan duoc trong khoang 100+180 nm.
Thuc nghiém ché tao. Can clr vao tinh chét quang, do bén co hoc va diéu
kién cong nhé c6 thé chon hai loai vat liéu trong sudt cé chiét suét cao v a
thap twong (’ng ZnS (n = 2,35) va MgF, (n=1,38). Vi hai loai vat liéu nay
tai Ao = 550 nm d6 rong cua phd tinh theo cong thirc (8.11) 1a 180 nm. Dé
nhan dwoc R cao hon 90% hé mang A/4 phai c6 tdi thiéu 9 I6p, trong dé 16p
trong cling va ngoai cung déu lalép vat liéu chiét suat cao. Nhu vay cau tric
clia hé mang méng cé dang:
D&/ (HL)* / H / khang khi.

Do day mdi 16p bang:

AH=AL =k—:,ko =500nm.
Tuwong tu, cdu tric hé mang 19 [6p cé dang:

P& /2L, (H,L, )" H,L,(H,L, )" H,2L, / khang khi.

Phd phan xa nhan duoc tir thie nghiém trén hé mang nay c6 dang nhu trén
hinh 8.4. Pho nay cho thay, hé mang mang da I6p c6 tac dung nhu mot phin
loc anh sang. N6 chi phan xa anh sang c6 b wéc séng tir 400 nn dén 730 nm,
d6 la vung kha kién.

100

80 !

60 — |

R%

40

20 — !
~ o
T T T T T T
300 500 700 200

0

A [ nm)

Hinh 8.4. Phé phan xa clia hé mang méng quang
ché tao tlr 19 16p xen k& ZnS va MgF»
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Vat ly va ki thuat mang méng 217

Mang da I6p phu trén gwong cau sé khdng phan xa blc xa vung cuc tim va
hdng ngoai. Loai guong cau nay vi thé dwoc goi la ‘guong lanh’. Sé liéu
thic nghiém dé ché tao hé mang 19 16p bang phwong phap bdc bay trong
chén khong trinh bay trong bang 8.4.

Bang 8.3. 6 liéu thyc nghiém ché tao guong lanh 19 16p

STT Vat ligu Chiét sudt rﬁg:g‘(g% §$£; ﬂ?é
nA (nm)
Th;‘;’(t;”h 1,52 P&
1 MgF, 1,38 85 118
2 Zns 2,35 50 118
3 MgF, 1,38 85 118
4 Zns 2,35 50 118
5 MgF, 1,38 85 118
6 Zns 2,35 50 118
7 MgF, 1,38 85 118
8 Zns 2,35 50 118
9 MgF, 1,38 94 129
10 Zns 2,35 59 139
11 MgF, 1,38 107 148
12 Zns 2,35 63 148
13 MgF, 1,38 107 148
14 Zns 2,35 63 148
15 MgF, 1,38 107 148
16 Zns 2,35 63 148
17 MgF, 1,38 107 148
18 Zns 2,35 63 148
19 MgF, 1,38 107 148
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8.3. Phan tich c&u trac bé mat bang hién vi
dién t&r quét va lwc nguyén tir

Hién vi dién t&r quét (SEM) la mét trong cac phwong phap chup anh bé mat
clia mau. NGi vé do phan giai clia SEM, chiing ta co thé so sanh, thi du ddi
v&i mét ngudi binh theong gidi han clia do phan giai 14 700.000 A (70 um).
Phan giai cao hon mét thudng 1a kinh hién vi quang hoc, do phan giai bang
300 nm. Do phan giai cla SEM hién nay dat 30 A. Con hién vi dién t&
truyén qua (TEM) c6 dd phan giai cao hon, dat 1 A. Do phan giai ndm trong
khoang tir 1 dén 100 A Ia cla hién vi ion truong (FIM) va hién vi dau do
quét trieong gan (NFSPM).

Kich thuéc nhd nhét clia mau c6 thé 1a 0,1 mm, kich thwdc 16n nhat phu
thudc vao thiét bi SEM cu thé, thuong thi cac mau cé kich thwdc 1on bang
bd ga mau, khoang 50 mm. So dd clia mdt kinh hién vi dién t quét dwoc
trinh bay trén hinh 8.5. Chim tia dién t& hoi tu Ién miu tao ra ving tuong
tac c6 duong kinh va chiéu sau khoang 1pm.

LUJ Sdng didn

Théu IX Khuéch ﬂai

kinh X| i

dign e
i E XEﬁ Man hinh
R

quet

Huynh l
an .
Sg‘mg a Déu thu dign kr
M3u thir cap

Biu thu tia X

Hinh 8.5. So dd cau tao ctia mot kinh hién vi dién ti.

Tuy nhién anh SEM chi tao thanh tlr cac dién ti thi cdp di tlr d0 sau d woi
100 A° (Hinh 8.6). Cho nén ddi v&i cac mang qua méng khong nén sir dung
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Vat ly va ki thuat mang méng 219

SEM dé khao sat cdu tric bé mat, vi két qua nhan duvoc cd thé bi anh
hudng cla bé mat dé.

Phuong phéap AFM c6 thé &p dung dé khao sat mau rat méng, bdi vi anh tao
béi phwong phap nay la do luc nguyén tlr cla 16p ngoai cung la chinh. Ban
kinh ctia miii do thuong nhd hon 400 A (hinh 8.7).

Qua anh clia hai phrong phap SEM va AFM déu c6 thé tinh kich thuwéc hat
tinh thé va do ghd ghé cua

mang moéng. Tuy nhién, Dien WINIGER  Chime 161 pisn i thi odp
, e ; i Et
phuong phdp AFM cho két (X A o3l tehudn)
W o4 " " . , \ Bign tor tan
A bign tirtan
qua vé do ghd ghé chinh xac o ngm / %2 F

hon, con SEM cho théng tin /
vé cdu tric hinh tha hoc bé 4

mat tot hon. Trong nhiéu 1um I E%/r Imo
thiét bi SEM c6 gan hé vi ~.

phan tich tia X béang do dién

tlr (Electron Probe X-ray . ) o .
Microanalysis - EPMA). Hinh 8.6. Viing tyong tc cda chum tia
dién tr voOi bé mat vat ran.

Béng thiét bi nay, co thé khao
sit phan bd thanh phan f:éu ndy Thanh dé linh hoat

tao cla mang méng bang !
cach quan sat va chup anh bé
mat clia mau bang SEM, sau Mau kh&o sat
do6 phan tich thanh phan céu

N Hinh 8.7. So db dau do trong hién
tao bang EPMA. vi lwc nguyén tir (AFM).

8.4. Phan tich cdu trac tinh thé
8.4.1. Phuong phap nhiéu xa tia X

Buéc séng dic trung cla tia X trong khoang 1 A (thi du, clia dong 12 1,5406 A).
Kich thvéc nay nhd hon hoac cung thi bac voi khodng cach gilta cac mat
mang tinh thé, cho nén khi chiéu tia X Ién chat rén ching ta s& nhan duoc

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

220 Vat ly va ki thuat mang méng

hinh anh nhiéu xa clia tia X v&i mat mang tinh thé. Ph wong phéap nay c6 kha
nang xac dinh hang s6 mang ctia 6 co s&, phan tich pha c4u trdc trong mau
(v&i dd phan giai khoang 3% khoi Iwong) hodc nghién clru khuyét tat trong
tinh thé. Cac méu dé phan tich thuong da két tinh, néu khong phai latinh thé
thi nhiéu xa tia X khong xay ra. Cac may nhiéu xa hién dai co thé phan tich
cdu triic ctia mau véi khéi lrong thdp dén 1 mg. Do xuy én siu clia tia X vao
trong chét ran dat 10 dén 100 um.

Cong thirc co ban st dung trong phan tich nhiéu xa tia X 1a phuong trinh
Bragg mo ta dinh luét nhiéu xa tia X, do | &

2dh|(| sno =2, (8.12)

trong do:

dyy 12 khoéng cach gitta hai mat mang lién ké (v&i chi s6 Miller

(hkl) - dac trvng cho d6i xtirng clia mang),

0 lagoc nhiéu xa,

A la budc song tia X st dung.
Trong treong hop ndy, chiing ta chi ding dén nhiéu xa bac 1, cho nén vé
phai khdng c6 hé s8 n. Trén hinh 8.8a minh hoa hién twong nhiéu xa tia X
trén mét phang mang tinh thé, qua dé c6 thé chirtng minh cdng thirc Bragg.

Chim tia
nhifu xa

/ Nguéin

— ks . tia X

Hinh 8.8. a) Hién tugng nhiéu xa tia X trén
méat mang tinh thé
b) So d6 nguyén ly clia may nhiéu xa tia X .
Trong phuong phép da tinh thé, tir thwc nghiém ghi gian dd nhiéu xa tia X
voi bude sdng A (budc séng clia 6ng phat tia X dugc st dung), ching ta xac
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dinh dugc goc nhiéu xa, do do tinh ra khoang cach mét mang d,,, . Hang s6
mang a, b, ¢ xac dinh tr d,,,, dy;, va dy,; . Bang tap hop cac d,,, ciung voi
cuong dd nhiéu xa c6 trong cac tép dir liéu vé cdu trdc tinh thé (hién nay
trong phan mém cuia thiét bi d& c san céc tép tra clru nay), do dé ching ta
c6 thé so sanh ddi chiéu céac tap hop dpy nhan duoc tir thuc nghiém phu
hop véi cdu tric da biét. Trong mang méng chira nhiéu pha cdu tric khac
nhau (thi du trong oxit vanadi c6 VO,, V,0s, V505, ...) thi trén gidn do
nhiéu xa cling sé c6 cac dinh d&c trung cho tirng pha céu tric do. Do vay vé
y nghfa thuc tién thi phrong phép ghi gian do nhiéu xa tia X chi l1a phuong
phap khao sat cac cdu trac clla mang trén co s& da biét cac cdu tric do.
Muon nghién clru cdu trdc cla mot tinh thé mai thi phai st dung phuong
phap don tinh thé.

Hién nay vai viéc phat trién k§ thuét nhiéu xa tia X, nguoi ta da chirng minh
duoc phuong phap ghi gian dd nhiéu xa hoan toan co thé &p dung dé xéac
dinh kich thurdc hat tinh thé trong mang méng (hay trong vat liéu néi chung).
Do la cong thirc Sherrer:

tg = 0,9 (8.13)

trong do: pcosb

T4 lakich thwoc hat tinh the,

B 1a do rong (tinh theo radian) ctia dinh nhiéu xa tai 1/2 chiéu cao cla

dinh (d6 rong ban dinh),

0 lagoc nhiéu xa,

2 la budc song tia X st dung.
Tir cong thirc trén chiing ta nhan thay ddi véi tinh thé khi cé cau tric ho an
hao (khdng c6 hat nand tinh thé) thi tat ca cac dinh déu nhon, khong cé do
réng ban dinh (B — Othi Tg — ). Nhiéu xa tia X clia mang méng thuong
cho céc dinh khong sac nhon nhu trong tredng hop tinh thé khéi, con mang
mong cau trac nand cho cac dinh twong déi tu véi cuong do nhiéu xa
khoéng lén.
Ung dung. Trén mot gian dd nhiéu xa tia X clia mot mang mong cau tric
nand tai goc nhiéu xa 20 = 42°c6 dinh nhiéu xa véi do rong ban dinh do
duoc 1a 0,3°. Tinh kich thudc clia hat tinh thé.
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Trudc hét ching ta phai dua s6 liéu do dwoc vé goc 10 : Goc nhiéu xa
0 =42°/2=21°, dd ban rong bang 0,3°/2 = 0,15°, d6i ra radian:

_nx0,15

B = 0,0026.

Ap dung cong thirc (8.13), ta c6:

. 0,9x0,15406nm  0,9x0,15406nm
¢ 0,0026xcos(210) 0,0026x 0,926

~ 60nm.

8.4.2. Phuong phap ph 6 ké quang-dién ttr tia X (XPS)

Nguyén ly hoat ddng cta phwong phap nay la diung chum tia X c6 nang
lugng hy (c& 1 keV) ban Ién mau /mang mong. Dudi tac dung cla nang
lvgng nay dién tl clia nguyén tlr trong vat liéu can phan tich bi kich thich va
thodt ra khoi bé mat clia vat liéu d6. Trung binh céc dién tir thudc nguyén ti
/ phan t&r ndm dudi bé mat khoang 30 A c6 thé bi bit ra khdi nguyeén t.
Pong niang cla cac dién t& thoat ra khdi vat lieu ding bang ning lwong
hy ma ching nhan dugc va chinh Ia ndng lvong lién két cda dién t&. Nhw
vay trong phuong phap XPS, ching ta s& nhan duoc cac dinh (noi xay ra
thoat dién t() trong dai quét ndng lwrgng tia X . Vi vay trén do thi XPS, truc
hoanh la nang luvgng tia X duoc quét, nhung dwoc goi la truc “nang lugng
lién két”. Diéu nay gilp ching ta dé phan tich: cac dinh clia phd nang | vong
phan &nh gia tri ctia ndng lwong lién két cla dién ti trong nguyén t& hodc
phan t&r. Truc tung la cwdng do lay theo don vi twong doi. Trén hinh 8.9 |a
so do nguyén ly ctia phuwong phap XPS. Do nang luvong lién két cac nguyén
tlr don khac véi nang lugng lién két clia nguyén tir d6 trong phan ti (thi du
Si trong don tinh thé khac voi Si trong SiO,, C-C khéac voi C-O-C, v.v...)
cho nén XPS la phuong phap phan tich dw gc cdu tric dién ti trong li én keét,
tlr d6 xac dinh thanh phan nguyén t6 va céc thdng tin vé trang thai héa hoc
khéc. T4t ca cac mau ran déu phan tich dwoc, ngoai trir cac chét c6 ap sudt
hoi twong d6i cao. Tuy nhién mau dé phan tich bang phuong phap XPS doi
hoi rat khat khe vé do sach bé mat, bdi vi cac lién két trén bé mit mau cling
cho céc dinh pho XPS. Dac biét 13, thuc hién cac phép do phd XPS doi hdi
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tién hanh trong chan khong rét cao, hodc chan khong siéu cao (twong (ng ap
suéit dudi 10 Torr).

Trong trudng hgp mang qua méng, ching ta can st dung phuwong phap ga
mau nghiéng véi goc lGn dé ting cwdng do ca cac dinh phé phat ra tir mau

can phan tich (hinh 8.9).
s i

Nguén phat
tia X

Wing thu dign tir

M&u phan tich
{mang méng)

Hinh 8.9. So d6 nguyén Iy ctia phuong phap XPS.

8.4.3. Vat liéu va linh kién dién sic
a) Hiéu tng dién sic

Hiéu (rng dién sic (Electrochromism) | & hién tuong vat ly xay ra trong mang
moéng chét ran (c6 thé 1a vd co hodc hitu co), ma trong dé tinh chat quang
clia mang mong thay doi thuan nghich dugi tac dung clia dién trwdong phan
cue. Vat liéu c6 tinh chét dién s&c dién hinh 1a oxit volfram (WOs). Vat liéu
dién sac catot la loai vat liéu nhudm mau khi n6 |a catét, vat liéu dién sic
andt — nhudm mau khi n6 la andt. Trén hinh 8.10 minh hoa céu tric cda oxit
volfram voi dic trung sap xép cac khdi bat dién (W & tam) chung canh va
chung dinh trong mang tinh thé. S3p xép nay dan dén sai hdng trong mang
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vatao ra cac “kénh” khuyét tat véi kich thwéc 16n hon ban kinh cla proton
(HYvaLi™.

Khi cé dién truong phan cwc am, céc ion dwong xam nhép vao mang WO,
theo cac kénh trén, twong tac v&i cac ion W6+, ion nay trg vé W5+, do do
WO; hdp thu manh anh sang vung nhin thdy va mang méng WOs tir trang
théi trong sudt tré' nén xanh nhat hodc xanh xam, tly thuéc mirc do trao ddi
ion cla chat dién ly va thoi gian phan cuc cla dién truong. Dé giai thich
hién twong dién sic, chdng ta st dung md hinh céu tric dién tl trong oxit
kim loai chuyén tiép, trong do s6 cac trang thai chia cac dién t& & moi dai | &
¢ dinh.

Hinh 8.10. So dd sap xép céc khéi bat dién chung canh
Thi VA (_*.hunn ﬁ?r}h trona tinh tha m(i_'r WO, hta 6

dién tt (tinh dén ca suy bién spin), vadai P, co6 kha nang chita 12 dién tt.
D6i voi WO3 va B-MoO; SO dién tir ndy 1a 24, vi vay mitc Fermi nam & gitra
khe tao boi cac dai tog va p,- do rong cta khe nang luvong vao khoang
3,2+3,6€eV, cho nén loai vat liéu nay trong sudt trong vung nhin thdy. Khi
cac ion va dién tir duoc tiém vao trong mang, mic Fermi sé dich chuyén 1én
trén. Trong treong hop cla WO; va B-MoOs, cac dién tir thém vao sé dién
vao mirc Tog, vét liéu chuyén tir trang théi trong sut sang trang théi hép thu
hoac phan xa phu thudc vao viéc dién ttr chiém cac trang thai dinh x& hay tv
do. Khi céc cap ion va dién tl thoét ra vat liéu trd lai trang thai trong sudt
ban dau.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 225
b) Cong nghé ché tao

Ché tao mang mdng WO3 bang phuong phép béc bay chan khong, sit dung
thuyén rd6 W hodc chum tia dién tl s dung chén corrund. Trong cd hai
truong hop bot tinh khiét (99,99%) WO ; déu dwgc ép thanh vién. DuGi ap
suét 10 Torr WO, thing hoa & dugi 900°C. B¢ truyén qua clia mang WO,
béc bay chum tia dién trir cao hon clia mang boc bay nhiét, chirng té hop
thirc clla mang bdc bay chum tia dién t& t6t hon. D6 la bai vi khi béc bay
nhiét phai duy tri trong chan khoéng cao hon dé tranh hién tugng thuyén W
phan tng v&i WO3, con bdc bay chum tia dién tr dwgc thuc hién trong 6xy
&p sudt thap. Cho nén dé nhan hop thirc cao hon, sau khi boc bay mang dwoc
tai két tinh trong thoi gian doi véi hai phuong phéap cling khéac nhau. Trong
bang 8.5 trinh bay cac thong s6 cong nghé clia hai phwong phéap nay.

Bang 8.4. So sanh ché do cong nghé ché tao mang WO; trong phuong
phap bdc bay chum tia dién tlr va boc bay nhiét.

Boc bay nhiét | Chum tia dién ti
Chan khong (Torr) 10° 3x107° (oxy)
DBé (30Qin) ITO ITO
Nhiét do dé (°C) 200°C 200°C
Cong sudt (VA) 375 VA 300 VA
T6c do trung binh (nn/s) 0,5 1,0
Chiéu day trung binh (nm) 250 300
Nhiét d6 / Thoi gian 0 (°C) / (gi®) | 450/ 2 450/ 1

c¢) Phan tich két qua

Hiéu (rng dién sac ctia mang bdc bay nhiét thé hién kém hon so v&i mang
chum tia dién t. Trén hinh 8.11 la pho truyén qua cltia hé mang WO4/ITO
(chum tia dién tl) nhing trong dung dich 0,1M LiCIO s+PC (propylene
cacbonat) nhan duoc trong dién trwdng phan cwc tvr -1,0 - 0,5 V. Phép do
phd truyén qua tic thi dwoc thuc hién trén hé do OMA gén véi may dién hoa
Potentiostat -PGS30.
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K&t hop véi phép do pho dién thé quét vong va phan tich cau tric (XRD)
cho thdy, ng véi trang thai nhudm mau (phé truyén qua giam) la ldc dién
cic lam viéc phan cuc am. Cation Li d& xam nhap vao trong mang va hinh
thanh cAu tric gia bén Li, WOg, v&i 0(x (1. diéu ndy cho phép ching ta
md ta phwong trinh cdia hiéu ¢ng dién sic nhu sau:

WO; (trong sudt) +xLi® + xe < LixWO; (xanh xam) (8.14).
M{i tén hai chiéu trong phuong trinh cho thdy hiéu (ng xdy ra mét cach
thuan nghich. Sy thay déi mau nhu trén hoan toan gidng vai qua trinh hién
thi clia tinh thé 16ng. Chu ky hién thi | athoi gian thuc hién hiéu (ng “trong
sudt — nhudm mau — trong sudt”. Hé mang moéng cdu tric da I6p
ITO/LiCIO3+PC/WO3/ITO goi la linh kién hién thi dién sic (ECD). Linh
kién ECD bi gia hda la ltc nd khong con kha nang thay ddi do truyén qua
duwdi tac dung clia dién trvong. SO lan toi da cac chu ky hién thi cla linh
kién ECD lathong s dac trng co ban cla linh kién nay. Ngay nay, nguoi
ta da ché tao linh kién ECD c6 sd chu ky hién thi rat cao, né ho an toan
tvong dwong véi s6 chu ky hién thi cla tinh thé Iong.

-
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P4 truy@n qua (100%)

a.0 . .
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Hinh 8.11. Phé truyén qua cua linh kién hién thi
dién s&c phu thudc vao dién thé dit trén
dién cuyc ITO. Cac sO 1 dén 9 trén hinh
twong Gng véi dién thé phan cuc duong

AAn +' 1 1\ AXKn 1 E NS
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8.5. Phuwaong phap nghién ctru tinh chat quang

8.5.1. Ph6 truyén qua va phan xa

Hinh 8.12 la so do nguyén ly do pho truyén qua va pho phan xa cla quang
pho ké ving nhin thdy / hdng ngoai gan (UV/ VIS). Tuy thudc vung pho
khao sat, mot trong hai ngudn sang duwoc dung la dén co phd lién tuc voi
buwdc sdng trong vung kha kién hay trong vung hong ngoai.

Chum sang v6i pho lién tuc tir dén dwoc phan xa trén gwong M téi thiét bi
loc s&c. Sau khi qua thiét bi loc sac ch im sang di t&i cach ti. Thiét bi loc sic
F va cach tir G tao ra tia véi do don sic nhat dinh. Tia nay phan xa toi
gwong ban ma, mot phan truyén qua gwong, phan phan xa con lai duoc dua
dén mau chudn R vamau do S. Trong phép do do truyén qua, mot tia truyén
qua mau rbi toi detector, chim kia truyén qua mau chuén (dé thuy tinh chua
c6 mang) roi téi detector. Trong phép do dd phan xa, cac ch um tia dwoc
phan xa twong (ng trén mau va trén mau chuén. Trong tredng hop ndy mau
chuan thuong la guong c6 do phan xa cao (guong nhdm hodc vang). Céc tin
hiéu quang tir hai chum tia duoc bién déi thanh tin hiéu dién va dwoc so
sanh dé c6 do truyen qua hodc dd phan xa tuwong (¢ng v&i phép do tai mdi
budc séng trong ving pho khao sét.

Bé& loc don sac Mau

r=y L. do Deteclor
Gu’tﬁng/ - Cach tr nhidu xa SR AD
)

.f ——— \

o— |

SR
Mau
chudn

CPU

ROM, RAM E

Hinh 8.12. So db hé do phé truyén qua vaphén xa
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228 Vat ly va ki thuat mang méng
8.5.2. Ellipsomet

Do phan cuc ellipsometry 1a mot phuong phap do quang rét nhay dung dé
x&c dinh céc dai lvong quang hoc nhw: chiét suét (n), do hap thu (k), hang s6
dién moi (g), chiéu day (d) cla mang mong. Trang thai phan cyc clia anh
sang sau khi phan xa trén bé mat clia vat liéu sé bi thay doi tuy theo tinh chat
guang cla tirng vat liéu hoac
doi véi cung mot vat ligu cé

chiéu day khéac nhau. Do vay, wu‘%nuﬁa i

chiéu day d clia mang méng o iy

c6 thé xac dinh duoc khi biét ki‘\“;gha““ ton

sy thay d6i trang thai phan cuc P w0

cla anh sang phan xa. Hinh M

8.13 la so d6 nguyén |y hé do MAudo  cusngan | o

phan cuc triét tieu anh sang ~
5 . - G phan tich

cla ellipsometer. Nguoén laser @

L phét ra anh sang don séc

dwoc chuén tryc sau khi qua

bd phan cuc P (Polarizer) va  Hinh 8.13. So dd hé mav ellipsomet

b6 bl C (Compensater) chiéu I1én mau S (Sample) dudi goc toi . Sau khi
phan xa trén mau S véi cung goc o, tdi bd phan tich A (Analyzer) va qua
thiét bi loc sic F (Filter) dén cam bién quang dién D (Detecter). Cac bd phan
cuc P va bd phan tich A quay sao cho anh sang t¢i cam bién D bi triét ti éu.
Llc nay céc thong so phan cwc P (goc bién dd), A (géc pha) duoc xé&c dinh
qua céac goc phrong vi clia cac bd phan cuc P vabo phan tich A. Kinh hién
vi M (Microscoper) dwoc dung dé kiém tra viéc diéu chinh ti wu vi tri mau
S. Cau hinh ctia hé do trong trdng hgp nay duwgc goi la cidu hinh PCSA, lan
Ivot theo chiéu truyén clia chim sang gdm: bd phan cuc P, bd bt C, mau S,
bd phan tich A. Goc t6i c6 thé thay déi dwoc voi cac gia tri 60°, 70° va 80°.
B06 phan cwc P va bd phan tich A dugc quay bdi cac dong co theo chuong
trinh dathiét lap.

TU cac thong s6 phan cuc W va A (mo ta trang thai phan cuc cla anh sang
phan xa boi ham phan cuc 1, /15 = tgy xexp(iA) clia mang méng va cac
hé s0 n, k, co thé xac dinh chiéu day cla cdc mang st dung chuong trinh
DAFIBM ban kém theo hé thiét bi.
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Vat ly va ki thuat mang méng 229
8.5.3. Mang méng nhiét sic va chuyén mach nhiét-quang

Kha niém “nhiét sac” duoc dich tir tiéng anh 1a “thermochromism”. Hiéu
tng nhiét sac la hién tvong vat ly xay ra khi co nhiét do tac dong | én mang
mong lam chlng thay doi do truyén qua, phan xa hay hap thu. Khi ha nhiét
dd, tinh chat quang ban dau cla ching lai d woc thiét 1ap lai, nghia la sy bién
ddi nhiét - quang xay ra mot cach thuan nghich. Vat liéu co tinh chét nay
duoc goi la vat liéu nhiét sac. Hién nay di-oxit vanadi (VO,) hodc VO, pha
tap chat W lavat lidu nhiét sic co trién vong (ng dung nhiéu nhat. Nhiét do
chuyén pha ban dan kim loai (BDKL) clia VO, (t;) nam trong khoang
67°C+1°C. Goi nhiét do clia mangVO,1a T, khi T (1. mang mdng VO,
trong sudt déi véi cd anh sang vung nhin thdy va héng ngoai. Khi
T )1 ¢ mang van trong suét trong ving nhin thdy, nhung phan xa hau hét
birc xa hdng ngoai. D6 14 ban chat vat ly cla hiéu (ng nhiét sic xay ra tr én
mang VO,. Nhiét dé chuyén pha BDKL ctia VO, cd thé ha thap xudng dén
35-45°C nho k§ thuat pha tap nguyén ti volfram vao mang tinh thé VO,
(Vl— xW xo 2 )

a) Cong nghé ché tao

Mang mong di-oxit vanadi trén dé thuy tinh dwvoc ché tao bang hai phuong
phép khéc nhau:

i) Mang VO, bdc bay bang chum tia dién t& sit dung bot tinh thé V ,0s;

i) Mang phatap V;,_, W, O, dugc ché tao bang phuong phap phin xa

magnetron hai chum tia (st dung hai bia phun xa).

Trong tredng hop bdc bay bang chum tia dién i, vat liéu géc duoc chon la
V,0s - trong oxit ndy vanadi c6 hoa tri 3", cho nén trong mét phan tir lvong
oxy c6 it hon so véi di-oxit vanadi. Khi thadng hoa, oxy bi phan ly, mang
moéng dé hinh thanh dudi dang VO» hon. Bot V2Os dwoc ép thanh vién
duwong kinh 7 mm, day 10 mm, dat trong chén corund (ttrc 1a chén lam tir
oxit nhdm va dugc thiéu két & nhiét do cao). Chén nay dat trong héc dong
lam ngudi bang nudc. Sau khi hat chan khdng cao dén 10™ Torr, mé van
kim diéu chinh lvw lvgng khi oxy sach vao chudng (dé thuc hién boc bay
phan (ng). Chum tia dién tl hoi tu vao chén, cung cép nhiét truc ti€p Ién
vat liéu. Qua trinh thang hoa oxit phu thudc vao dd 16n ctia dong dot catdt
va dién thé cao 4p mot chiéu.
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230 Vat ly va ki thuat mang méng

Trong trwdng hop phin xa hai chum tia, bia thi nhat 1a VO, c6 dwong kinh
75 mm, day 5 mm dwoc dit vao bd ga bia gin magnetron clia ngudn cao tan,
con bia tht hai 1a dia kim loai W ciing ¢6 kich thuéc twong ty gén vao catot
clia ngudn cao & mot chiéu. Téc dd phin xa tlr hai bia phu thubc vao &p
sudt hon hop khi Ar/O, va cong sut clia tirng ngudn. Ham leong tap chat W
trong VO, cd thé diéu chinh nho khdng ché tuong quan cong suét phin xa
cta hai nguon.

Trén bang 8.6 trinh bay céac thong sd cong nghé ap dung dé ché tao mang
modng nhiét sac béng hai phuong phap ké trén.

Bang 8.5. Cac diu kién cong nghé ché tao mang mong nhiét sac.

Chum tia dién t Phan xa magnetron
(VO,) (Vi-xW,0,)
Chan khong (Torr) 5x10 2 (oxy) | Chankhong (Torr) 3x10 2 (Ar/0y)
Hai bia (DC/Rf) W/ VO,
bé Thuy tinh bé Thay tinh
Nhiét do dé (°C) 200°C Nhiét do dé (°C) 400°C
Ty 1€ khi phiin xa 0
(O,/AT) 5%
7,5 kVx60 N 9
' - Dc-/Rf- | 500 W /350W
Cong suat mA (450 %ong;;gﬁ De-/Rf
VA) 0
Téc do trung binh Téc do trung binh .
(ns) 0,7 (s, 0,01+0,1
Nhiét do 0/ Thoi Nhiét do 0/ Thoi
gian & (°C) / (gid) - & gian & (°C) / (gid) 450/1
s - 180 nmtdng | Chiéu day 200 nm
Chieu déy trung binh dén 200 nm | trung binh (nm) (khdng téng)

b) Phan tich két qua

Béng phwong phap chup anh mét cat vudng goc trén kinh hién vi dién ti
quét (SEM) da xéc dinh chigu day cla mang. Mang méng oxit vanadi ngay
sau khi boc bay la 180 nm, sau khi mang dwoc 0 tai nhiét do 450°C trong 4
gio dudi ap sudt dxy thap, chiéu day clia mang tang lén ¢ 200 nm. Diéu nay
ching té khi U trong mang da xay ra hai qua trinh la 6xy hoavaté két tinh.
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Vat ly va ki thuat mang méng 231

Mang VO, tré nén x0p hon. Dac biét la véi qua trinh 0 thich hop da nhan
dwgc mang cé cdu trdc hat khich thuéc dwgi 100 nm (hinh 8.14).

K&t hop voi phuong phap phan tich nhiéu xa tia X, phuong phap nhiéu xa
dién tr va hién vi dién t& truyén qua da dwoc sir dung dé quan sat qua trinh
hinh thanh c4u tric tinh thé VO,. Nhiéu xa dién tir cling cho thdy, ddi voi
mau trrdc khi 0, anh nhiéu xa dién tir cd d ang vanh khuyén thé hién cau tric
v dinh hinh giau kim loai vanadi va sau khi 0 c6 vét nhiéu xa biéu hién cho
cau trac tinh thé.

Hinh 8.14. Anh SEM chup trén mat cét vuong géc

clia mau oxit vanadi boc bay chumtia

dién t& trudc (a) va sau khi U nhiét (b).
Anh hién vi dién t& truyén qua (TEM) cho thdy, m ang VO, céu triic nand
vGi kich thudc hat trung binh ~ 120 nm. Tir gian dd nhiéu xa tia X ghi trén
mdy SIMENS-5000 va 5005 ciing cho két qua twvong tu. Boi véi mang chua
0 thi chwa ¢ dinh nhiéu xa (cdu trdc vo dinh hinh), sau khi 0 mang c6 céc
dinh pht hop véi cdu tric VO,. Hon nira, ap dung cong thirc (8.13) dé tinh
kich thudc hat tinh thé cling nhu do truc tiép trén SEM da cho két qua phu
hop (hinh 8.15).
Dién tré suat duoc xac dinh bang phwong phéap do dién tré vudng (xem cong
thirc 8.16 & phan sau) véi chiéu day va dién tré vudng trén thuc té do dugc
twong (rng la 230 nm va 300 kQ/ - Chiéu day trong trvong hop nay ciing
duoc kiém tra bang anh SEM (hinh 8.16).

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

232 Vat ly va ki thuat mang méng

26 (d6)

Hinh 8.15. Gian dd nhiéu xa tia X chup trén mau VO,: A—tai NDP, B -
£ tai 90 °C va C - dé ngudi vé NDP. Gian do Ava C (rng véi cau
trac hé mang don ta, gidn do B — hé mang t giac ctia VO..

: N S AT sy - . A

mang VO, da chuyén pha tlr ban dan sang kim loai.

10 E
‘ : . F .‘“*.:‘._. 3

E0F Ly

. 3
i
2 L + l', |

30 40 50 60 70 80 90100110120

Nhiét dé (°C)

I’-|‘|nh 8.16. Hinh 8.17.

Anh SEM cla mat c&t vubng géc Puong tré nhiét nhan duoc
Trén hutla &1280] Adotydv Opydnegdayphu thudey asmipidbrddvaa VO, trong
viing nAm’tHay Va Aong hgdaigan. Nhiét do cta mau duoc tang tir nhiét do
phong dén 90°C, qua nhiét do chuyén pha. Trong khoang duéi 67°C, do
truyén qua gan nhw khong thay doi va dat ¢ 65%. Diéu nay duoc giai thich
lado & nhiét do thap hon t, VO, thudc pha ban dan véi do rong ving cdm
rong trén 3 eV. Khi nhiét do tang Ién cao hon 67°C, do truyén qua gidm dot
ngot do mang VO, chuyén sang pha kim loai, mat do dién t& tv do trong pha
nay tang Ién. B0 truyén qua gidm xudng thap con 15 %. dd truyén qua giam
phan anh do phan xa ting (vi do hap thu ctia mang méng VO, hau nhu bang
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Vat ly va ki thuat mang méng 233

khong). Vi tinh chat phan xa cao trong vung hdng ngoai, mang méng VO,
dathé hién tinh chat cta pha kim loai. D& mau ngudi vé nhiét do ph ong, qua
trinh xay ra ngwoc lai (hinh 8.18). Nhu vy, giong nhu tinh chat cau tric &

0 R I | T T T
£
= 60| 27T ¢
=
=
s
M r
5 40
@
[ L
B 20 —~—__m°c
el -
s}
0 h | L |- | M|
SO0 1000 1500 2000 2500
Budc séng (nm}
Hinh 8.18.

Ph6 truyén qua clia mang mong VO, tai

nhiét dg 27 °C (< T¢) va 90°C (> o).
trén, tinh chat bién d6i nhiét - quang clia mang mong VO, ciing mang tinh
thuan nghich. V@i tinh chat nay, VO, dugc (ing dung dé ché tao kinh phan
xa nhiét va cdm bién nhiét quang.

8.6. Phuong phap nghién c ru tinh chat dién
8.6.1. Phwong phéap do dién tré vubng

VGéi mang moéng dan dién c6 chiéu day khéng Ién 1&m, thi du
d(300nm, ching ta cé thé dung phwong phéap do dién tré vubng dé tinh
dién trd sudt clia mang. Dién trd vudng la dién tré do duoc tlr hai dai dién
cuc tao trén bé mat mau mot dién tich hinh vudng (hinh 8.19). Dién cuc kim
loai (Au, Ag hay Al) duoc ché tao bang phuong phap béc bay chan khéng.
Nhu d& biét, cong thir tinh dién tré clia vat dan dién nh v sau:

R=px-, (8.15)
trong do: S
p la dién tré suat,

[ 14 chiéu dai clia mau,
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Sladién tich cla tiét dién cho dién d ong dién di qua.
Trong truong hop mau do c6 dién tich hinh vudng nhu trén hinh 8.19. thi tiét
dién d6 co dién tich bang S=1xd. Vi vay ching ta c6 dién tré bé mat
(dién tré “vudng”) bang:

I p

RO=px—=".

Do do: ld d
p= RD <q. (8.16)

Codng thtrc (8.16) cho thay,

khi da biét gia tri chiéu day

cla mang méng ching ta co B& mat mau Lép mang AliAu

thé xéc dinh dién tré suatty o bdc bay chan khong
: ? hinh vudng)

gia tri thuc nghiém do dién

tré vudng. Dién tré vudng

con dwgc ky hiéu Ila

Ro(Q/o), 6 vubng & dudi _

don vi dién tr& cho biét gia »AVO)«

tri dién tr& da nhan dwoc tr

mau do c6 dién tich bé mat

la hinh vubng. TU thyc  Hinh 8.19. Mau mang méng dé

nghiém cho thdy déi vai do dién trg vudng.

mau cang mong thi phép do

cang chinh xac, trong trvdng hop nay gia tri cla sai so trong phép do dién

trd vudng (dé tinh ra dién tré suat) c6 c ung thir bac so voi sai s trong phép

do bang bén mdi do.

Dai bang Cu
Mau do

8.6.2. Phuong phap b6én mdi do

Phuong phap nay co thé &p dung dé do tat ca cac loai mau day hay mong.
Hinh 8.20 1aso dd mach dién do bang bén mi d . Gia cong mdi do can thda
man céac diéu kién sao cho khodng cach (1) gita hai mdi do lién tiép hoan
toan nhv nhau va khodng cach tir miii do gan nhéat dén bién ngoai cua
mau do phai 16n hon 3I. Trong k¥ thuat vat Iy ban dan, dé do dién tré sudt
clia chat ban dan, thi du Si hay Ge, bén miii d 6 thuong duoc 1am béng thanh
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kim loai vonfram duong kinh nhod, dau nhon dit |én mau. D dam bao tiép
x(c t6t, dau do dwoc é xubng mat mau bai bon 10 xo.

Hinh 8.20. So dd thuc nghiém dién tré suat
béng phuwong phap bén mi do.
Cong thirc tinh dién tré sudt khi do sé | &

o=2m1 Y, (817)
trong do: |
| lakhodng cach gitra hai mi do,
U lahiéu dién thé gitra hai mii d 0 trong,
I ladong di qua mau tir hai mdi do ngoai.
Cong thirc trén ding cho trvong hop mang day hon 31. Trong trudng hop bé
day clia mang méng nhé hon 3l, cong thitc tinh dién tré sudt sé la
U 1
p=2mnlx I XF(d/I), (8.18)
trong do: d |a chiéu day ctia mang, F(d/l) 1a hé s6 hiéu chinh nam trong
khoang tlr 1,025 dén 20 twong Gng v6i gia tri cla ty s6 d/l giam t 3 dén
0,02. Nhv vay néu mang cé chiéu day nhd hon 1 um thi khoang cach gilta
cac mli do lién tiép chi dugc phép bang 0,33 um. Cac miii do kim loai (thi
du W) cén c6 duong kinh vao khodng 0,3 um. Diéu nay khién viéc gia cong
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cac mii do & rat khé khan. Do dé phuong phap bén mii do dé do dién tro
suat clia mang méng thwong it duoc st dung.

Dé hiéu biét tot cac tinh chat clla mang mong chdng ta can két hop nhiéu
phuong phap nghién ctu khac nhau duoc tién hanh trén cing mot mau, thi
du phan tich cau tric tinh thé, hinh thai hoc bé mat, tinh chét dién va quang.
Trong nhiéu truéng hop viéc phan tich mang méng don hay mot hé/linh kién
mang mong néi chung can thuc hién tic thi (cac phép do in situ) trong ldc
mau dugc dit trong trudng ngoai nhu dién tir tredng, anh sang, nhiét do,
dong ion,... Ngoai ra, cac phép do ké trén cling can duoc két hop vai nhiéu
phuong phap khac nira nhu pho dién thé quét vong, phd tong trd dién hoa.
C6 nhu vay ching ta méi lam sang t6 cac co ché clia hiéu ¢ng hay hién
twgng vat ly xay ra trong hé mang méng.

8.6.3. Bidt phat quang hiru co (OLED)

a) Nhirng nét chung vé OLED

Trong khoang 10 nam lai day, nguwoi ta phat hién ra cac chat polyme dan
dién (goi tat 1a polyme dan) hay cao phan ti c6 kha ning phéat quang anh
sang & vung nhin thdy véi dai buéc séng rong, trong dé cé cd ba mau co ban
la xanh, vang va dé. Tir d6 viéc nghién ctru vé linh kién dién huynh quang
hitu co va di6t phat quang hitu co (Organic Light Emitting Diode - OLED)
ngay cang tré nén hap dan. CO thé n6i OLED la mdt trong nhitng phéat minh
quan trong trong linh virc quang dién t& va quang tir. Cac chat polyme dan
cling ¢6 cdu tric vung nang luong tuong tw chat ban dan vo co. Do rong
vung cdm (Eg) cla chiing dugc xac dinh béi sy khéc biét vé nang | vgng cla
hai mirc HOMO va LUMO (Highest occupied molecular orbital - quy dao
phan ti dién day cao nhat va Lowest unoccupied molecular orbital - quy dao
phan ti chura dién day thdp nhat), tvong tng véi ving hoa tri va ving dan
trong ban dan vo co. Do kha ning pha tap phong phi hon ban dan vé co cho
nén vé nguyén tac, cd thé tao ra Egnhw mong mudn. Voi trinh do cong
nghé ngay nay, nguoi ta da ché tao dugc cac chat phat quang (emitter) cho
nhiéu mau sic, ching dugc trdn voi nhau trong clng mot 1¢p. Do do, da
nhan duoc didt anh sang trang, didu ma déi voi dibt vo co khong thé thirc
hiégn dugc. Diode phat quang hitu co da I6p cd cdu trac ki€u
ITO/HTL/Emitter/ETL/AL Trong d6 ITO la Indium-Tin-Oxide, I6p mang

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vat ly va ki thuat mang méng 237

moéng dan dién trong subt phd trén thuy tinh dung lam anét; HTL la 16p
truyén 16 tréng, co thé dung PVK, viét tat cta poly(N-vinylcarbazole);
Emitter 1a 16p phéat quang, c6 thé 1a cac chat polymer dan nhw poly(P-
paraphenylenevinylene) (PPV), MEH-PPV hay Alg3; ETL la I6p truyén
dién t, c6 thé dung PEDOT, LiF vacat6t (Al, Ag hay hop kim AIMn). M6
hinh clia mét OLED da 16p (v&i kha nang (*ng dung v &0 thurc tién trong thoi
gian toi) dugc trinh bay & muc cudi culng clia chwong nay. Bang phuong
phép chan khong co thé ché tao toan b cac 16p ké trén.

b) Boc bay lién ti€p

Céc mang méng (trlr ITO) nhv PVK, Alg3, LiF va Al déu dugc boc bay
bang phrong phap chan khong s dung thuyén, tuong tng 1a Ta, W, Tava
Mo du¢i ap suat 10 Torr. Ngoai trir Al, cac chat con lai déu thang hoa &
nhiét do tuong déi thap, thi du, d6i véi PVK 1a250°C, Alq3 12 280°C, LiF
cao hon mot chat, khoang 350°C. Béc bay dugc thuc hién lién tiép bang
céch duing 3 thuyén 1a va mot thuyén gié (cho Al). Trinh ty boc bay nhu sau:
dau tién 12 PVK trén ITO (PVK/ITO), tiép theo 1a Alg3 (Alg3/PVK/ITO),
tiép theo la l6p mdng LiF (LiF/Alg3/PVK/ITO) va cubi cung la Iép nhdm
(Al/LiF/AIg3/PVK/ITO). Chiéu day cta cac I6p la ~ 70 nm (PVK), ~50 nm
(Alg3), =1 +10 nm (LiF) va 100 nm (Al). Cung v&i 16p ITO day 200 nm,
tong chiéu day ctia mét OLED (khong tinh dén dd day cla dé thly tinh)
chi vao khoang 450 nm .

c¢) Phan tich két qua

L6p siéu mdng LiF (1-10 nm) tao ra ti€p xGc “néng” Al/LiFAIQg3 thay vi tiép
xuc AlAlg3, 16p ti€p xic nay co tac dung tang cwong kha nang truyén dién
tlr, hiéu suat truyén dién t& tang 1 én lanhe lién két LiF-Al trong |6p nay da
cdi thién qua trinh tiém dién t& tlr catét cong thoét cao vao |&p phat quang
Alg3 va ting kha nang dich chuyén dién ti tir 16p vat liéu ai luc dién tir cao
dén Iép vat liéu ai lyc dién tlr thdp. K&t qua vé hiéu (ng phat quang cta linh
kién da 16p cau trac Al/LiF/AIg3/PVK/ITO dugc trinh bay trén hinh 8.21.
Dién trwong thé ngudng phat cé gia tri tuong d6i thp (trén hinh 8.21a, hiéu
dién thé ngudng phat cé gia tri dwéi 7 V, tuong &ng v6i dién trwong
khodng 5 MV/m).
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Trong pham vi do dac, mat do dong phéat clia OLED con chwa cao. Mac du
vay, tinh chat phat quang cta linh kién d &thé hién rat ré: Khi nang dién thé
dén gid tri cao hon ngudng phat, dong dién huynh quang tdng nhanh, dat gia
tri gan 6 nA/cm? (Hinh 8.21b). Mat do dong dién huynh quang chua cao
chirng t6, qué trinh “bom” exciton cla linh kién chuwa dat mirc t6i wu, daxay
ratéi hop khong phét xa dién tir - 16 tréng, hoic dién ti da bi bay bdi cac
khuyét tat trong cdu trlc vat liéu polymer, ...

Mét d6 dong, mAfcm £

3.0
2,0
Joy |
!
1.0 4 !
{
7 !
0 -~/
I LI L L
0 2 4 4] 8
Bign the, v

a}

Mat ¢ déng, mAjm 7

Vat ly va ki thuat mang méng
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Dién thé. v

Cau hai kism tMAfhZEc trung IV (a) va PL(b) clia OLED

1. Céc phwong phép phan tich mang méng co6 gi khac véi phan tich vat

liéu khdi?

2. Nguyén |y va céch do chiéu day bang hién vi giao thoa, cach khdng
ché chiéu day béng cong hudng thach anh trong qué trinh lang dong

mang?

3. Phuwong phédp xac dinh dién tré sudt théng quan xac dinh dién tré bé
mat (hay dién tré vudng), wu diém va gidi han do chinh xac so voi

phuong phép bén mii do?

4. Trinh bay céac hiéu rng quang dién t& trén mot s6 hé mang moéng?
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