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CHOONG |

1.1. MO hau.

1.1.1. Nhéng 6ng dung.

Magg moing i 6€ i ing duiig trea vat lieu khod (Fed FedaT i 6 nhi @g tinh chafimagdkhoag
thed ¥ i 0¢ hay khoag deidamg Fa¥ 7 0€ cu @ beamaé fedNhi vay caé hoi Fiadl tied faéra
lag “Nhi @g tinh cha&gi yea cadi trong § ing dug ?” Baing 1.1. fadrinh bag nhi @g tinh chaé
roithaah 6 loaTcd bah vadi a ra mot vagi ng dusig fiea hinh trong moi loat.

Loai tinh chat mang mong | Vi du 6ng dung fien hinh

Lop phain xathay choag phain xar
Quang hot Magag lo€ giao thoa

Trang tri (maga saé, saing boing).
N& nhoi(CDsy).

OAg dai soing.

Nen Cach fiei.

Dai fiein

Linh kiei bain dai.
Linh kiei ap fiei.
Tig
N nhé

Lop ngaé khueéh tan.

Hoal Lop choag Oxy hoalhoaé aé moa.

Caim biea khi/ loing.

Lop choag maemoag.

Co Ci ing, bam dinh.
Lop ngaéd.
Nhiet Lop toainhiet.

Bang 1.1. Nhdéng 6ng dung cua mang mong.
Nho @ig vi duitrong baing 1.1. chi ing toiraag, Idhh vi € 0 ng dusig maag moing lagraé roing.
Thi 6ag, nhied tinh chaé colthednhain i 6€ Roig thd@ Vi duy mamg Cr treé boiphain chaé
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deb cuia xe hdi dugg fe&adg roici ing, anh kim vaahoag tia ci € tim. Maag TiN trea duwig
cuicaé go¥ redaég roici ing, giaim ma sat vadaddp ngaé hoalho€ choag ta® hop kim cua
dumg cuivoi chi tiefcain caé gol. Nolcoimag vagg kim (Au) feddumg trang tri. Maag Cr
treé boiphain chaédeb fe&R¥ i 0€ chi £ naég cuia chinh boiphain Foifi 6€ lam ti &kim loa¥
khod nhi ng tiekiein fi 6€ ra&loin giaithagh vadkhoali 61g. Magag TiN fada¥ i 6€ nhi ag
tinh chafibeamaé magkhoag thed ¥ i 6€ baag vat lieil khod do fblduig cuicaé go¥ baag
vai lieis khoécouphuimagag TiN colfbébedn vagDici ng cao.

Chi ¢ naég bodung trong maag moing colthedfat i 6€ baag cach phuinhied 16p cuia vat
lies khac nhau. Magg l0€ quang hot chi a fea 10 hoaé cail00 16p liea tieg gii & chie&suaé
cao, thag. Khi maag liead tied col fod dag nm baég vai lieu ban dabh, nhi GaAs vag
(AlGa)As thi ta® thamh saih phaén “Sieé mang”, ra@g tinh chaé fien bo fied chinh baég
tinh chu kyemdi thaah lap fuing hon baag tinh chu kyenguyea ti i Nhi vay, maag moing fa
16D coithe&em nhi nhi @ig vat lieu ky&huat mdi khoag coidi 6i danig khoa

Trong giab trinh nag chuing ta khao sat si iphuimagg moing ti goha hdi. S etkhoag khao sat
st Tphui maag day, nhi phuiti goha loing. St Tkhac nhau gii & coadg nghedimagag moing vag
maag day lagmaag moing lied quan Fea si phuicu@ th @g phaa ti (iriedg biet, com maag day
lied quan fea sb Iphuicuia cac hat. Vi duyky&huat magag day lagon, in lua, phun plasma.
Kydhuat magg day lagi 6ng foare] nhi ng thi 6ag chuing khoag thi € hiein khaé ried khiea
hay cha# i 6mg vat lieis khoag foghoi cao nhi trong kydthuat mamag moing. Chulyi raég,
phuibaag kytthuat magg moing colthedday hon phuibaég kydthuat magg day, vi duinhi
baing graphite coifpiday moi vagmm fi 6€ phuibaég phaa ly nhiet cu@a hdi hydroca rbon.
OUfa§ cudig khoag khab sat si taég tri 6ihg maag baég phai i ing voi feavi duihhi  SiO»
taég tri 6hg baaég phai § ing nhiet cu@a hdi ni 6ic voi Si.

Kydthuat magg moing pha hdi col3 thuain 167 noé bat so voi kydthuat pha | oing: § ing dumig
voi baé cilivat liew gi, nhiet Fbd fiedcol th edfied chenh i 6€ trong khoaing roing vagddch
chuyea fedrong quaitrinh phui Nhiet foilaghoég soécoitinh quyeé finh Fediea fodétinh
chafimamg. Dach chuyea beamaé cho phep cung caf nadg li 61ig baég ion baé phalvaecho
phep phaa tich beamaé trong quaitrinh phui lon baé phalcoithediea foé mash , fot ngot
tinh chaé maag. Phaa tich magg baég nhieu xaifiei ti itrong quaitrinh ph uilagrung taén
nghiea ci u tinh chaéitaég tri 6ihg mamg epitaxi (fdn tinh thed

Epitaxi pha loing thi 6ag fi 0€ dumg Foavoi sain phaén colgiaithaah tha@, nhi ng noikhoag
coisi ried khied. Marien ti edung modloing i 6€ dugg roing rad, thznh thoaing cudg dumg
ngay calvoi epitaxi. Tuy nhiea noicoico@g ng hedraékhac ti ky&huat pha héi maga khao
sat 60Fag.

1.1.2. Cac bodc tien hanh

Taé caicac qui trinh chedta® maag moing fea chi @ 4 (hoaé 5) bi 6c noétieg nhau nhi
chi ing toitreé hinh 1.2. Cung cag nguoa vat liel maag, truyea vai liei magg téi rfeaphul
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magmg, foakhi magg i 0€ ulinhiet tieg sau vaecuod cuag nol fi 0€ phaa tich fedfanh gial
quaitrinh.

. Rad, Loing,
Nguoa Hoi, Khi

Vain toé cung cag

A 4

Chaé khodag, chaéli u, plasma

A
—
=
c

<
[}
=

Trang thai feaphan o ing cu@a vat lieil
nguod, naég li 6mg vaa.

|
Caa truc viﬁhaﬂh phai

Phaa tich Caa truc, hop phaa, tinh chad

A\ 4

Thay Foéquaitrinh

,

Hinh 1.2. Cac b6éc tien hanh tao mang mong.

Nguoa cuia vat lieil ta® magag colthedad, lodig, hoi hay khi. Vat lieu raé cam phai lam bay
hoi redtruyen chuing fea feacoithedlam fied Fpibaég nhiet, ba@g fien ti inaég li 67g,
photon (laser) hoaé ion di 6ng (phuin xa). Nhi éig phi 6ng phap nag got lagohuimaag hdi
Vat lyi(PVD - Physical Vapor Deposition).

Thenh thoaing, nguoa raé i 6€ thay thedaag hoi, vi duiGa i 6¢ thay bagg GaCl. Trong
nhi @g tri 6ag hop khak, vat liew nguol i 6€ cung cag@ nhi khihoaé chaéloing colap suaé
hoi Fuifedruyem 6inhiet foivi a phai.

Quautrinh ta® mamag moing maalugg khi, chaéloing bay hoi, hoaé chaéraé hoaikhi baéag hoal
ho€¢ lam vai liei nguoi fi 6€ got lagphul maag héi hoal ho € (CVD - Chemical Vapor
Deposition).
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Trong hai phi 6ng phap PVD vagCVD, si Thhiein baé vagvai toé cung cag lamhi 6ig vaa rea
chullyea cuia vat lieis nguoa. Si hhiein baa cufig lagraa Featrong cac bi 6 truyea vagphul
Vai tod cung cad laequan tromg vi tinh chafmaag sedbied Foévoi van tod phuimaag vag
vOi tyisodhamh phai cung cap rfe&haah lap hop chaf

Trong bi 6 truyed, vaad feachuiyea laginh fong fed cula vai toé phuitrea diei tich fed
Nho @ig si Tkiei ainh hi 6ihg fea tinh fong Fea raé khac nhau, tug thuot vag moatri 6ag
truyein nhi chaé khoag cao hay cha# li u (60 fag laechadéli u khi). Trong chaa khoég cao,
phad ti itruyed ti enguod Fed fedheo fi 6ag thaing, trong khi fo itrong chadéli u, phaa ti icol
thedova cham nhieal lam trong qualtrinh truyen. Nhi vay, trong chaé khoag cao tinh fboing
Fed cua vat lieit nguon tred Med 6€ xac fnh baag hinh daing cu@a nol, trong khi foutrong
chaéli u tinh foing Fedl i 6€ xac finh ba@g heddoag chaly cuia khi vadbaag si tkhueéh tain
cu@a phaa ti inguol qua khi khaic loartrong hed Thoag thi 6ag, nhi @g quaitrinh chaa khoag
cao lagoiag nhaévoi phuimaag hoi vai lyivaanhi @g quaitrinh dogg ¢ haéli u lagoiang nhaé
quaitrinh phuimagg vai lyifi 6€ thi € hiein trong chaé cao, nhi ng phuin xaivaechiea laser
thi dmg Fi 6 thi € hieq 6ilap suaécao coifaé tri ng chaé lo u khi. Cudéig ti dng ti ¥ maé dug
nhiear quaitrinh phuimagg hoalhocifi 6€ thi € hiei trong dogg i u khi nhi ng chuen hoailho€
epitaxi larthi € hiein trong chaa khoag cao.

St itruyed trong chaé khoég cao coithuai 167 quan tromg cho viet lam sath beamaé can
phul Nied fpicho phep fi a naég Ii 6¥g vag ti echuen ion vagho phep dumg ky&huat phaa
tich colchi & chuen fiein th inhi nhieidl xafien ti ivaghodAuger. Magkhac, modatri 6mg chaé
Ii u coithuan 167 lagnoithi € hien 6lap suaékhi quyeé hoaé 6imi & chaa khoag vi @ phai ded
v 0¢.

Ra&nhied quaitrinh ta® magg moing thi € hiei trong plasma. Plasma lagmoatri 6ag khi ion
hoaimot phan. Plasma chi a mot Ii 6mg 16in na@g li 61g, noicoithedkich hoa¥ quaitrinh phui
magg binhiet foithap. AP suaéthi € hiein plasma coitheditramg thai li u khi hoaé ditraiig
thai chaa khoag cao.

B 6ic thi iba cuia quaitrinh maag moing lagi Tphuimaag tr ed maé Ffed Tinh chadmagg phui
i 0€ xac fnh baeg cac si kiei nguod, truyen vagfied Kiei tred beamaé phui Ba si ikiein
beamaé coitinh nguyed taé xac finh tinh chamagg phuinhi Fadrinh bay treé hinh 1.2. Nbi
lagraig thai beamaé feaphah i ing cula vat lie fap vae vama@g li 61ig vag. Tramg thai bea
maé fedbao goin tinh goaghea mi ¢ foanhiein bad, dang lied ke hoalho€ voi vat lieu fap
vag vagcac thoag soéinh thedho€ trong tri 6g hop e pitaxi. Si kien phai i ing colliea quan
fea xac suaé phain i hg cuia phaa ti (tdi voi beamaé vagsedpha troih bea trong maag. Xac
suaéinag nhi fatie&- “heisodinh” S. vagolbiea Fbat d Fea 107, Hedsodnay trong qual
trinh CVD nholhéon trong quaitrinh PVD.

Si kien thi iba lamaag li 0ng fap vae beamaé Nolcoithedoinhied darg vaeinh hi 6ing saé
saé rea phan o ng cuia vat lieil vag cuig nhi thamh phai vaecaa truc cua magg. Nhiet fpé
fedamguon naég li 61g vag cd bain, nhi ng vaih coa nhieat nguoi naég li 6mg khac. Photon
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i 0€ dugg trong quaitrinh phuimaag colphuitroiphoton vagphuitroaser. lon di 6ng baé
phaicolthediea foénadg li 6Wg trong khoaing roing. Nolhiein di en trong haai hefiqualtrinh
plasma vagaitrong quaitrinh chaé khoag cao.

Bi 6 cuo@cugg trong quaitrinh phuimagg lagphaa tich magmg. Phaa tich magg colthe&hia
hai mic. Mi ¢ phaa tich thi i nhaé bao goi o tri € tie@ tinh chaé foj noiraé quan tromg
trong i Ing dumg, nhi Foici ng cu@a dumig cutaégod, thedainh thuing cua m amg cach fiei hay
chieésuaé cuia magg quang ho€. Raénhied quaitrinh phuimagg i 6€ toadb u hoa baég cach
dugg cac sodieil cuia phelp o thi € nghieim nag khi biea fbécac thoag soéphuimagg.

Mi ¢ phaa tich cao hon bao goin phaa tich caa truc vaghagh phain magg, vi foilaashi dg si T
kiei xac finh tinh chadémagg. Noi chung nhi @g darg phaa tich nag raé khoinhi n g noilag
cadl noégii & cac b 6c phuimagg voi tinh chaécuoacuag cua magg. Cadél noé foidan fea
si Tthied bietohon toam boiqualitrinh, vadagaa ci i fedthay foécac bi 6c tiea hagh nhaén
e i 0 tinh chamaag mong muod.

1.2. NHIET NONG LOC HOC CUA VAT LIEU:

Nhiet fping I € ho€ xac finh fuing veabiea codnae foikhoag thedxaly ra. Vi duiphai i ing
hay quaitrinh nag veanhiet foing ho€ ladkhoag thedxaly ra. Nhi vay mamg Au seckhoag bo
oxy hoay vaeguyea ti ibinh thi 6ag khoag khueéh tan di 6i gradien noing fpé

Mae kha, nhiet foing I € ho€ khoag cam keé veaphain i ng hay quaitrinh nag follaai 6€
phep. Nhi vay phah i hg nag veamaé nhiet foing laghuai 16T, nhi ng trong thi € te&colthed
khoag xa ra. Viduimagg silica thujy tinh, theo nhiet foing li € ho€ sedroilatdaig tinh thea
dlinhiet foiphomg, nhi ng foing ho€ - thedaé latkhoag ruilinh Foing, fedrong thi € te&dang
SiO, vo&inh hinh ladedn Vi @g.

~ O~

aanh gialcac phain § ng fuing lamaég li 61ig ti ©o Gibbs:
Z=H-TS

So& tieh 16T

0ifblH - enthalpy, S-entropy vadl - nhiet fpituyet foa Nhi vay, neé heibiea roéti drang
thai fea (i) fea tramg thai cuoa(f) tat' T = const do phain § ng hoa ho€ hay quaitrinh vai lyj
thi nadég Ii 6¥g ti Wo setbiea foé AZ = (Z, — Z,) vadaag:

AZ =AH-TAS

0if) AH vagAS- biea foaenthalpy vagentropy ti 6ng i ing. Hedquaicuia Ffinh luat thi 12 vea
nhiet foing I € ho€ lagphah § ng hoa ho€ xaly ra ti Tphat tat T= const vagp = const khi
AZ < 0. Nied kiei foicoinguiyiragg, heicoikhuynh hi 6ing ti ihhied hi 6ing veanadg Ii 6¥g
ti Ido ci € tieé ba@g cach lied tu€ diei biea th ayiaitroZ ; fea gialitrothag hon Z¢, chi ag nag
khoag coa giaim fi 6¢€ ni &. Khi fol AZ = 0vadeifa¥ fea caa baag.

Maé khac fpavoi cac qualtrinh khoag theaxay ra, khi AZ > 0. Mot chulyiquan trog lag
cac daa rieég leicua AH vagAS khoég xac finh i 6€ hi 6ing cu@a phain o ing, fuing hon lag
daé cuia ham lied hop AZ moi coitinh quye&inh. Vi duyquaitrinh ngi ng hoi fedhaah lap
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magg raé col AS< 0. Nied foixay ra vi S lagod bat “hon foi” hoaé soa nguyed ti (60
tramg thai nguyea thedrong hei- soarpitom tat it hon trong thedraé so voi trong pha khi.
Tuy nhied, giain enthalpy phai 16ih hon so&iaim cuia entropy, thi biea foatoaa boi AZ mdi
an.

Quan nieim veanaég i 0Wg t 1do ci € tied nhi lagchuad ci |Foavoi i bed vi dg cul heivag
biea Foéveaphia tri 6 cuia phai § ing hay quaitrinh - lageatagtrung taén cui khoa ho€¢ vat
lie. Noi i 6€ dugg raé nhieds trong phad tich nhiet foing cua cac phan o ing hoalho€ vag
trong si TFban nhai cac s6 fbapha. Cac § ng duiig tie@ sau collied quan fea CVD, si T
khueéh tain ti 6ng hod phain § ing trong magg moing vadrong cac vaa reaveanaég li 61ig hot
noi chung.

1.2.1. He nhiet fiong voi so hat bien fioi:

Biea fbésoéhat trong heido nhied nguyea nhaa khac nhau, vi duitrong heigoin thedoing
vaghdi bad hoagcuia noli- ha¥'ti ghedloing chuyea vag thedhdi vaengi 0€ lat. Voi e ol
toAg ha¥ cui hai pha khoag fpé nhi ng ha¥ lai biea foétrong moi pha. Vi duikhac, khi
trong heéxay ra phah i ing hoa hot, khi foisoéha¥ loat nag hay loat khac cudg lamhi 6g rar
li 6Wg biea foa

Khi soéhat biea fpathi noi nadg cua heikhoag ch: biea foédo coag vaalo nhiet, magom
do si hiea roasodatrtrong hed Khi foifinh luat nhiet foing thi inhaécoldang:

dU =8Q-8W+ > pdN, (1.2.1)
k
(k - loarhavcoisodi 6y biea fpod. Nhi vay:
Noi naég U:
dU =TdS—-pdV + > p,dN, (1.2.2)
k
Naég li 6ng ti o F:
dF = -SdT — pdV + > ,dN, (1.2.3)
k
Theéhiet foing Gibbs:
dZ =-SdT +Vdp+ > p,dN, (1.2.4)
k
Enthalpy H:
dH = TdS+Vdp+ > pdN, (1.2.5)
k

Hedsoayiled i, trong cac sodamg p,dN, coithi inguyeaé naég li 61g vadi 0€ got'| agdhedhoia
ho€ cu@a hati.
Ti 41.2.2) - (1.2.5) ta coi

M[ﬂ] (ﬁ) [z) (ﬁj
COWON g, LN, LONG )L LN,
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Nhi vay, p coltheanhan i 6€ baag vi phaa cac thednhiet foing baékydJ, F, Z, H theo soa
ha¥, tuy nhied moi thedbie& dien qua cac biea sodkhac nhau. Noi chung tai caicac thea
nhiet foing laemot ham toag (coing i 0€), t £ thednhiet foing cuia tap hop nhiedt heibaag
todg giaitrocac thednhiet Foing cud cac heirieag biet trong tap hop foi Nied foicoing h@
ra@g, trong tri 6ag hop hedgoin nhied ha¥ foing nhafikhi biea roali 01g vat cha§ t c biea
roéso&at N bao nhied lai, thi thednhiet foing biead foébag nhied lam. Noi cach khac fa¥
Ii 6Wg nhiet foing phai lagnot ham ba & nha&foavoi biea so&oig fi 0€:

U= Nf{%,%} Z = Nf,(T,p) (1.2.7)
F=NQ(L%} |4=NQE§4@

Nea trong heégoin nhieas loathavkhac nhau, thi:
U:ZNif(E—‘i,\N/—:,Cij (1.2.8)

Z:ZNif(T’p’Ci)

N, _b

2Ny

0ifolV; - the&ich chi @ ha¥loati, C, =

- noing fbécud havloari

Ti 41.2.8):
oz
=|—1|=f(T,p,C, 1.2.9

o[22 )rme) @29
ti c lagdheé&oa ho€ baag thedhiet foing Z cho mot hai. Do fou
Taénhiea U, H, F khoag thoa fiea kiei fou

U¢ZMiNi ) FiZMiNi ) H¢ZMiNi
To (1.2.9) thag raag, thedhoa ho€ laagmot ham cua T, p, C; nhi ng khoag phuithuot vag
toag sodar N;.
Nbavodi heimot thagh phad, theo (1.2.10):

Z=N,p, (1.2.11)

Nea ra€N; = Nm; lagsoamol cu@a thagh phaa foj thi Z=2Zm, =p,, 6ifolu, laghedoa ho€
cu@a hat’loati fi 6 tinh theo mol. Tt (1.2.4):

)
op ),
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hay [@J - (%] =V_ = RT (1.2.12)
ap T,Nmi 8p T,Nmi p

0600 Vi - thedich mol = 22.400cm®mol ta¥ 0°C vadl atm (fieds kien chuad) R= KN, =
hagég sodhi = 8.31J/mol.K hoaé Pa.m?®*mol.K (J = joules = N.m). Sodhalig sau cugg cui
(1.2.12) nhair i 6€ vi Madap durig fnh luat khi lyiti 6ing: pV m = RT. Tich phaa phi 6ng
trinh (1.2.12), baéfadl ti drasg thai chuad (po,po), 6ifpip° = 1atm theo qui § 6k, ta cot

w =p®+RTINE. (1.2.13)

Po

1.2.2. Phan 6ng hoa hoic:

Phain 0 ing hoia ho€ xayy ra trong hoh hop cac chaétham gia, cuoécugg dan fea tramg thai
caé baag nhiet foing ho€. Nbilaaaa baég hoia ho€. Phah i ing hoa ho€ vie&d; 6i danig:

aA +bB — cC (1.2.20)
Biea roénaég li 6g ti %o cui phain i ing cho bai:

AZ=cZ —aZ,-bZ, (1.2.21)

6ifoy a, b vaz lagac heisoéhop thi €. Trong tri 6ag hop cac chadtham gia phan i ing fed 6
trong pha khi, vadadhi lyiti 6ing thi ti g1.2. 1):

Z =Z°+RTlna (1.2.22)
60fDj R lachaag so&khivagZ? lamadg li 6g ti 1o cul havditraiig thai chuad. Nbévoi chag
raé follagvat lieil tinh khiefdi1 atmosphere va®98 °K, a; lamoing fbinhie Foing hieir duiig
khi khoag o6itramg thai chuad.
N a (1.2.22) vag (1.2.21):

C

AZ = AZ° + RT In—2¢

a Ab

aA a'B
01 PDl AZ° = (cZ° —az° - bZ?). Bag gidened heicad baag thi AZ = 0 vaggiaitroa, = a, ., .
Nhi vay:
aC
0=AZ°+RT |n{%} (1.2.24)
An (eq) AB(en)
hay ~ AZ° =RTInK (1.2.25)

6ifolK - A 6€ goT lachaag soacaa baag. Phi dng trinh (1.2.25) lagmot trong nhi g phi 6ng
trinh 7 6¢ dumg nhiedr nhaéitrong hoa nhiet foing, Foavoi chuing ta thi 6ag du ag fedphaa
tich cac phan i ing trong CVD. Ke&hop (1.2.23) voi (1.2.24)

AZ = RTIn{ ( (Bc /e f } (1.2.26)

Ay /B eg) )a -(ae/ A (eq) )b
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Moi sodhanig aai > 0 bied dien si Tquaibad hoa cuia ha¥; com <1 di 6i bad hoagcua hai.
i(eq)
Nhi vay, nedé cac chaéphain i hg quaibad hoagcom san phaén di 6i bad hoagthi AZ<O0.
Phain 0 ing tiea tu€ t Tphat voi |i € fied khiea tyileavoi FaTli 6lig AZ . Trong nhieu tri 6@g
hop a, khac raéit a’dified kien chuad, do Foiti g1.2.23):
AZ = AZ° (1.2.27)

G(T,P)=RTInp—RTINRT +¥,(T)

Nhi vaj, thodg tin finh li 61g veaphai i ing hoaiho€ i 6 cung cag ti ayiaitrd AZ°. Nhi fad
bie& maé dugAZ°nhai 7 0€ ti &hi € nghiein, nhi ng cudg colthedrut ra fi 6€ ti gcac Fnh
luai vagheithi & nhiet Foing. Hinh 1.2.1 trinh bag AZ°cuia phain i ing thagh lap oxide theo
nhiet foi Nedieé saél fied fol ha§ neé 2 vidusau Fag:

Thermodynarmics of Materials

o

1
&

|
8

FREE ENERGY OF OXIDE FORMATION AG® (kcal)
: [
8 g

— 300 1
o] 400 80O 1200 1600 2000

TEMPERATURE °C ——
Hinh 1.2.1
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1./ Chow kim loatnag fedphuilea fe&SiO, - lam magg noatiea trong maeh vi fien ti § Do
tinh dah fien cao vaaleiphuj nea Cu vagAl lachai vat lieu di tuyea. Kim loai nag tofhon
trong § ing dumig nag? Gialsi imagg fi 6€ phuidinhiet fod T = 400°C. Ti chinh 1.2.1 ta col

Si + 0, — Si0; AZ3, (400°C)= -175 Kcal (1.2.28.a)
§A| Y0, > %Abo3 . AZ% (400°C)=-230 Kcal (1.2.28b)
2Cu+ 0, » 2Cu0  ; AZ?,(400°C) = —45 Kcal (1.2.28c)
Tri g1.2.28a) cho (1.2.28b) vaacho (1.2.28c) ta nhai fi 6€ AZ° cul hai phain ot ing khi iSiO> :
gm + Si0, — %Alzo3 +Si AZ°(400°C)=-55Kcal  (1.2.29a)
2Cu + Si0; — 2Cu0 +Si AZ°(400°C)=+130Kcal ~ (1.2.29b)

Nhi vay, phah i ng (1.2.29a) laecoikhainaég vi AZ° <0, coa (1.2.29b) - khoag coikhal
na@g. Do fpj magg Al coikhuynh hi 6ing khi imagg SiO , vagedar Si ti 1do. Nedgiain thieé
hien ti 6Wg nay, coltheachea vag gii & Al vagsiO , mot 16p TiN hoaé W fedam magag chaé
khueéh tan. Tuy nhied, phain 0 ing nhi vay khoaég xaly ra voi Cu, vaengi 6@ta radthay Cu
baég Al trong mu€ fiich nayg.

2./ Ha§ khab sat khi com lat'trong hedchaa khoag khi bay hdi Al. Ti d1.2.25) vag1.2.28b)
ta cot

(aAI 0 )2/3 AZ°
K=—232 = — 1.2.30
(aAI )4/3 F)oz = RT ( )

Al,O3 vagAl coithedxem nhi toa ta¥di 6i tramg thai chuaa tinh khie§, nea a; = 1 com a; cua
O, fi 0¢ lag baag ap suaérieag phaa cuéa noi P, . Do i

AZ® =RTInP,, (1.2.31)

Trong qualitrinh bay hdi Al ti moa foénoing, giaitro P, caa baég voi T cho tri 6 i 0€ tinh
ti g1.2.31). Nea ap suaérieag phan P, trong heichaa khoag vi 67 qualgiaitrocaa baég cua

noj thi Al phai bo oxide hoal Nea ngi 6€ lat thi Al ,05; sedgiain reatrolthagh Al. Tar
T =1000°C,AZ° = -202 Kcal vagP, =2.10"*atm. Vi giai tro nag raé nhoi thua ap suaé
rieag phan cua O, trong heichaa khoag, nead Al phai booxid hoal Vi vay, maag moing
oxide Al luoa thagh lap tred beamaé&nguoa Al noing chay. Tu y nhiea, trong thi € tedmaag
khoag booxid hoallaghieis durig cho quaitrinh phui Kb giaicoitheéhied tai sao maag Cu
khoag booxid hoairafdeday hoi.

1.2.3. S6 chuyen pha:

Tri 0 khi khab sat si ichuyeé pha, chuing ta ha§ laen ¢ uen véi cac khai nieim chung:
he§ pha, thagh pham.

12
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1.2.3.1. He fong nhat va he khong fong nhat, Pha va thanh phan:

Ta&caiheinhiet foing fi 6€ phaa thaah 2 heiloin: foang nhadvadkhoag foing nhaé

Heioing nhaé lagheitrong roitinh chaébiea rodliea tu€ khi chuyea ti avotri nag
sang votri khac. Thoag thi 6ag heifbing nhaé i 6€ foig nhaéhoa voi hedfoag nhaé
vat ly| ti ¢ laecoitinh chaévat lyigioag nhau tat mo¥ fieén baékyarong hei Vi dut
hoi hdp khi, dung déch loadig, dung dich raé  lanhi g hedfping nhaé Trong nhi g

heinay coltheaxaly ra phain ¢ ing gii & cac hop phaa, si iphaa ly khi, phaa ly vat chaé
hoagtan, si Tpolimer hoa (ti ¢ thaah lap cac phaa ti iphi € tap ti ec ac phaa ti i Fon
gian, vi duti @ phaa ti i C,H,0 thaah 1 phaa ti i(C,H,0) (H,0), ) Khi caé baag,
cac phain § ing trong heéfea ngi @g.

Heikhoag foing nhaé _lagheigoin ti enhi g thi € theadroimg nhaé vat lyy trong ol
nhi @g tinh chaé sedbiea foégian fpan, khoag liea tu€. Nhi g heinhi vay coithea
coicac tramg thai keétuikhac nhau cula cuag mot vai chaé (ni 6 fai- ni 6, ni 6ic -
hoi ) hay cac biea thedtinh thedkhac nhau (thieé traég, thied xam ) hay ca ¢ sah
phaén khac nhau cu@ si thoagan ti 6ng hoi (dung déch ni 6 muo&- muod raé - hoi)
hay sain phaén ti 6ng tac hoalho€ cuia cac vat chafikhac nhau (hop kim loing vaghop
chafhoalhot raé cuia 2 kim loai).

Thi € thedoig nhaévai ly) lagmot phaa cuia heikhoag foiag nhaéi i 6€ phaa cach
nhau baég maétiep giap, 6ifoixay ra ot biea tinh chadnag fou(hay nhi dig thoag
S0di 6ng ( Ing voi chuing) fi 6€ gotlagPha. Nea heigoim ti @haéloing vaddi, thi cha &
loing lagmot pha, cog hdi - pha khac.

Khoag nea lah loh vadbing nhaéhoa trang thai ke&tuvoi pha. Trong khi tramg thai

keétuitaé caichz cou3: ra@, loing, hoi thi pha - sodi 6mg khoag haw finh, ngay cal
cugg mot vat chaéithuaa tuylhoalho€ trong tramg thai keéituiraé coithedolva@pha

(I u huygh heéthoi vaghed fbn nghieag, thieé traég vagthied xam ). Vi ap suaé
khoag 16, khi khi khoég khac nhied khi lyuti 6ing, thi trong trawig thai khi ¢ hz col
mot pha vi 6ified kieir nag tadcalmot khi coikhainaég troi lah nhau theo tyileibaé
kyadedhagh lap mot heifbing nhaé

Trong tramg thai loihg, khi caé baag coithedcoivag pha, vi duini 6 vaedad nhot,

ni 0 vaaladl hoia

Ngoa#® khai niein pha, co@ moi khai niein quan tromg ni & lagthagh phan. Thagh
phai laghdp phan ta® thagh he§ maeghae Ii 61g cula noikhoag phuithuot vag ham

li g cul cac hop phan khac. Hoa hop khi lagmot pha, nhi ng | agheinhieal thagh
phaa: thagh phaa trong ho& hop khi lasnhi 6g khi khoag gad phai i ing hoaiho€, vi

duiH,, CO,, N2, He Niéc faj ni 6c lagheimoi pha nhi ng chz mot thagh phaa, vi

raag H vagO trong H,O coihedthiic xac finh: Ii 6mg cu@a khi nag phuithuot vag
I§ 6Wg cu@a khi khac.

13
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Hoaatan NaCl trong ni 6¢ thi dung dach sedgoi ti eno 6c, NaCl, ion Na vagion Cl
nhung chg coi2 thamh phai trong hed ni 6c vaeNaCl. lon Na vaeCl khoag phai lag
nhi @g thagh phai fok lap. Trong hei 6ifbixaly ra phain i hg hoalhot:

CaCO, «+» CaO+CO,
Col3 nguyea toaCa, C vagO nhi ng heichz coi2 thamh phaa, vi chuing lied hedvoi
nhau bdi phi 6ng trinh hoaiho€ f(n,,n,,n,)=0, 6ifoiny, Ny, n3 lagmat Foicui cak
nguyeda to&rong heé Noi chung, nea trong pha coiN vat chaékhac nhau (nguyea toa
hoalhot) gii & chuing toa tarn phai § ing hoalho€, thi so&haah phaa (sodsai chaé o
lap) trong pha rfoilagN-n).
1.2.3.2. Cac loai chuyen pha:

Khi biea roatrang thai cuia heicaad baag khoag foig nhaé (heigoin nhiear pha) thi

vat chaé colthe&huyea ti goha nag sang pha khak, vi duiti doing sang hdi, ti edaig

tinh theénay sang damg tinh the&hat, ti @aéth sang thuan ti gTrong thi € teathi 6ag
gap si Tchuyea pha cuia heigoin 1 hoaé 2 thamh phain. Chuing ta sedkhab sat si T
chuyea pha cu@a heimot thagh phai khoag foing nhaé

Khi caa baag vaalo fbikhi chuyea pha, theoia ho€ cuia vat chaétrong cac pha vag
nhiet foépha luoa baég nhau, coa cac T li 61g ti 6ng § Ing voi fa® ham cuia thea
nhiet foing noi chung colthediea fa ot ngot. Theo Erenfect, bat chuyeé pha lag
bat fa® ham cuia thednhiet foing, magat fieén chuye & pha chuing biea foahi & haw.

Khi chuyea pha nea cac fae ham bat nhaécua thedhoa ho€ it biea (ti ¢ thedich

V = oz vagntropy S= —(%J ) thi i € goTlachuyea pha loai 1.
ap T 8T p

Khi chuyea pha, neé cac o ham bat nhaéicua Z biea foaliea tug, nhi ng cac rae

2 2
ham bat 2 cu@a noifot biea (nhiet dung C, =-T 0 f , fbénen B = _1fe % ;
are ), Vo oT? ).

2
heidso&dinhiet o :i 0’z
V, | oT op
Ti @tnh nghda tred ta thag, khi chuyea pha loat 1 thi colhien ti 6%g hag thuhay toal
nhiet vagbiea fpathedtich rieag, trong luc foichuyea pha loat 2 khoag kem theo
hieil 0 ing nhiet hay hiei i ing the&ich.

J ) - chuyed pha loai2.
.

Cho fea nay, ngi 6ita fathieéinhied veachuyea pha loat1 (noing chaiy, bay héi, tinh
theadanig nay hay damg khac ), cuéig nhi chuyea pha loat 2 (dan fien sang sied
dai , saéti sang thuain ti @); com chuyea pha loai'3 hay cao hon - veanhiet foing vag
vai lyithoag kedaaoikhainaég, nhi ng thi € nghieim chi a quan sat i 0.

1.2.3.3. Sdi chuyen pha loai 1 — Phodong trinh Clausius — Clapeyron:

14
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Phi 6ng trinh ¢ bain faé tri ng cho si chuyea pha loar 1 lagClausius - Clapeyron.
Phi 6ng trinh foinhai fi 6¢ ti efie & kieh cad baag culd thedhoa ho€ khi caéd baag

gii @ hai pha:

1y (T,p) = 1,(T,p) (1.2.32)
T0 g1.2.32) suy ra phi 6ng trinh fi 6ag cong caé baag:

p=p(T) (1.2.33)

Vi daiig cutthedcuia ham u(T,p) lagkhodg bie§ ned phidng trinh (1.2.33) cuiig
khoag coidaiig ti 6ag minh. Tuy nhieé fadchi ng toiraég, phi 6ng trinh vi phaa cuia
i 6ag cong caa baag coidanig fn giain vadiea heivdi nhau baag cac farl 6mg o
i 0¢. Vi phad (1.2.32) ta coi

dMl(T1 p) = d“z(T’ p)

hay (%j ar +| 2 dp:(a“ZJ ar+ ¥z | gp
ot ), Lep )" Lot ), "Uap ),

Ti @l =

dp_(S,-S) (1.2.34)

viraag, du, =-SdT +v,dp (Sjvaev, la@ntropy vagheéich cho mot hat cuia pha i).
Phi 6ng trinh (1.2.34) lagphi 6ng trinh vi phaé cuia fi 6ag cong caé baag vaefi 6€
gotlaghi dng trinh Clausius - Clapeyron.

Chuiyiraag, nea chuing ta khab sat khoag phai voi mot ha¥ vagvdi mot I 61g vat
chaé baé kyegoin N hai, thi bied foaentropy vaehedtich ti ong i ing lagAS= NAs,
AV = NAuv. Vivay (1.2.34) coidang:

do _ AS (1.2.35)
aT AV

0ifb] AS=S, -S, vagAV =V, -V,

Vi chuyea pha xaly ra khi T=const, nea si thiea foaéentropy ti 6ng ¢ ing voi finh luat
nhiet foing thi 12, do fou

AS=(S,-S,)= % (1.2.36)
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00fj L1 - nhiet ad chuyea pha. Neé L 1,>0 thi xay ra si thag thuihhiet, coa L 1,<0
- toalnhiet.
Nhi vady, phi 6ng trinh Clausius - Clapeyron ba§ gida@oidang:

d_ Ly (1.2.37)
dT  TAV

Nea V laghe&ich 1 mol, thi L, lamhiet aé foavoi 1 mol; neé V lagheéich 1 gr, thi
L1, - nhiet aa foavoi 1 gr.
Ha§ khao sat mot vagi ng durg quan trom g cua keéquaitrea.

1.2.3.4. Chuyen pha fioi voi vat chat idon gian:

Nhi Fadbie§ vat chafifdn giah coithedom tai'3 pha: raé, loing, khi. Ni 6&ag cong caé
baég pha tred maé phang (p-T) 6ihinh (1.2.2) chia giaih fbara ba miea tieg giap:
pha raé, pha loing, pha khi caé nhau ta¥ mot fieén chung fi 0€ go¥ lag fieé&n ba.
Li 6Wg vat chaécuia ba pha nay cugag toa tarditrang thai caé baéag chi voi mot gial
troduy nhaé T vag® cuia fieén ba.

Nl 67g cong caé baag loihg - khi fi 6€ ke&thuc 6ifieén C. C i 0€ goT lagfieédn toi
haii. Ta¥ fieén nay hieu sodhedich AV cui li 6Wg chafiloing vaechaékhi sedaag 0.
Sau fietn C khoag coisi Tichuyea pha; 00 fag ch: tom taT mot pha “1oih g” (ap suaé
cao fed mi ¢, fe&nhi raé vaghaéloing khoag coa phaa biet fi 0%).

A

P
Loing

Raa

v

Hinh 1.2.2: Gian fiol pha cua vat chat t66ng t6 n6oc.
T —fiem ba; C — filem tbi han.

Khi chuyea ti goha loing sang pha hdi thi entropy lu oa taég (hay bat hoh o tadg)
(L1,>0) vagthe&ich cuéig luoa tadg (AV > 0), cho nea (dp/dT)> 0 t & nhiet FDisod
luoa taég khi ap suaétaég.

Khi chuyea ti goha raé sang pha loing, entropy cudg luoa taég (L1>>0). Phan 16in
vat chafsau khi nong chaly, thedtich cuia chuing taég (AV > O), vi vay nhi g vat
chaéinhi thea(dp/dT)> 0 cufig gioag nhi tri 6ag hop sod Tuy nhied, 6imot sodvat
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chaékhat nhi ni o, gang, Bi, sau khi noing chaiy thi the&ich giaim vag(AV < 0) ti ©
0(dp/dT)< 0. Kiew Foicoinghd lamhiet Foicul fiedn noing chaiy giaim khi ap suaé
tadg. Nbileth cu@a i 6mg cong cad baég trong tri 6mg hop nay lag aén (t 6ng ti T
tri 6@g hop tred hinh 1.2.2)

1.2.3.5. Tinh gan fiung cua ap suat hoi:

Colthedugg phi dng trinh Clausius - Clapeyron fe&inh gaa fuing bied thi € cua ap
suaéhoi 6itramg thai caé baag voi pha loing (hay pha rad) tar nhi et fodT. Ap suaé
roigot laap sua&hdi treé chaéiloing (hay chaéra@) tarnhiei foiT.
Khi pha nging tur(c) cad badg voi pha héi (v) thi AZ=AH-TAS=0 hay
AH =TAS. Thoag thi 6ag AH laeaé nhiet (bied Foéenthalpy) cui si ibay hdi cuia
mot mol. Khi fbi(1.2.35) coidang:

d& _AH

\

ar TV
6ifpl AV = (V, -V, ) voi V the&ich mol. Soéalig AV fi 6€ tinh nhi sau. Vi raag,
taip = latm, V. ~107°V, . Kbavoi khi lyiti 6hg V, = RT/p, . Nhi vay:

dp, _ (A—H;de (1.2.38)
p, RT
Tich phaa (1.2.38) ta coi
AH
=Bexp —— 1.2.39
o megf 2] am

0l DI B laghaag sodich phaa; nhiet ad AH, mot cach gai fuing laenaég lb 61g cam
thieéfedach mot mol chafiloing (hay rad) ra caic phaa ti irieag biet vadaich xa nhau.
Vivay AH, phai I6in hon naég lo 6mg nhiet cua cha&loing (hay ra@) - baag RT, ti ¢
lagAH , >> RT . Sodhaiig luydthi & trong (1.2.39) ti 6ng ti v0i taé caicac bied thi ¢
bieé dieq qualtrinh hoa hot i 6€ kich hoa¥ boi nhiet, maghay hdi laemot vi duinhi
the&Bied thi © toAg quat foised 6€ khaio sat diphaim 1.2.

Nhai i 6€ (1.2.39) voi giaithiefiradg AH khoag phutthuok vag T. Niew foilag
khoag chinh xakc. Tuy nhiea, neé xa fieén t6i han C (hinh 1.2.1) thi nollaghdp lyi
V1 vay, phi 6ng trinh (1.2.39) Fuifedmo &alsi phuithuot cu@ ap suaéhdi theo nhiet
Foivoi nhiedl vai liei dimied nhiet foithap. Neési iduiig noldimien nhiet Foj 6ol
AH, phutthuot T, cam phai hieis chgnh. Vi duy ap suaé hdi cuéa chaé long A | col
damg:

+12,409-0,999l0gT —352.10°°T

logp(torr) = — 15’_?93
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Hai sodhamg faal tied cua phidng trinh (veaphai) faé tring cho phiéng trinh
(1.2.39), com 2 sodaiig tiea theo - hieis chgnh.
1.3. NONG HOC:
St ruyed vomo&uia vat liei .
Khi heivat lieu khoag 6itrong trag thai cad baag nhiet foing, thi cac i € fied khiea sed
xuaf hiein mot cach ti Thhiea fedhi 6ing veatrarg thai caa baag. Tinh huoag fbicoitheaxaly
ra,vi duykhi naég lo 6ng ti 1o cua heibiea Foéti dieén nay fea i eén khatc do khoag fbing
nhaé hop phan. Keé quailagsah sinh hieil i ing truyen khoali 6mig fedgiaim si icheah leth
na@g li 6Wg trong hed Nhi @g bieé hien cu@a quaitrinh nag bao goi s chuyea pha, tai keé
tinh, ta@g tri 6ing hoP chadv.v = .. trong heikhodécudg nhi trong hedimamg moing. Trong thea
ra@é si truyem khoa li 6 g i 6€ thi € hien baég khueéh tan, ti i lagsi Tdi chuyeé cac ha¥
nguyea ti ihay phaa ti ibeé trong mamg di 6i ainh hi 6ing cuia gradien noing fod Fick fadhie&
lap moé quan hedgii & gradien noing Fo{dc/dx) vbi doag khueéh tan j theo phi dng trinh:
( phi 6ng trinh Fick 1):

J= -DE (1.3.1)
dx
Daa - trong (1.3.1) chz coidoag khueéh tain ti @01 coinoing fbécao fed ndi coinolg foithaa.
Kbn vocuia C, thi 6mg lagnguyea ti i/ cm®) thi heisodkhueéh tan D lagcm?/s). Sau nay sed
thay D coudanig:
D=D,exp- % (1.3.2)

OUrbj Do-haég soa Ep -naég i 6Wig kich ha¥ foé voikhueéh tan. OUnhiet i vi @ phai,
khueéh tain trong trang thai raé noi chung lagmot laequaitrinh chaim, ti Thop phaa xay ra
trong khoaing thd@ gian dag fa¥ fea trang thai o& finh thi 0mg raé hieén trong khoaraé .
Phi 6ng trinh (1.3.1) luoa fuing trong moTtri 6ag hoe, nhi ng khi noing fdC khoag nhi ég
che phuithuot vag x, magcoa phuithuot vag t, thi duag phi 6ng trinh nag khoag thuai 167
Ti @tnh luat baib toam vat chaficolthediea fo#é (1 .3.1) thamh phi 6ng trinh vi phaa, trong i
chi @ theén bieé soé:

oC(x,t) b 0°C(x,1)

- ~ (1.3.3)

Nbilagohi 6ng trinh Fick 11
X
Jt

oC _dC o dC

oot dh g%

phuiBoltzmann. Thay A = (goTladbied phuiBoltzamann) vag hai veaua (1.3.3):

o’Cc  _d’c(dr) _d*C 1
vag D > = D 5| — >
OX das \ dx das t
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do foupho 6ng trinh(1.3.3) troithaah vi phaé toaa phaa:

dC d*C
—~ = 1.3.4
da da? ( )
rediai (1.3.4) ha§ chow:
9C _ pe (1.3.5)
dr

~

| A vam lamnhi g haég soaThay (1.3.5) vag (1.3.4) sedai toi:
Ae® ) =2DAe ® an\"!
Nbing nha&é?2 ve&uia phi 6ng trinh nag, ta nhai i 6% :

0l

n=2, a= 1
4D
ac , =
Nhi vay: —~ = Ae 1.3.7
y Y (1.3.7)
. A ,x7
Do foi C= Ajo e /o4 + B (1.3.8)

0iroj A vagB lamnhi 6ig ha@g sodich phaa, coltheaxac finh ti @iedl kieh bied cua baptoan.
Ne&huah tief cho viet lag tich phad, hay faé
X

& _
2D 2Dt

Khi foi:
C=A2/D[e¥ds+B

C= A'jozﬁe*izdg +B (1.3.9)

Tinh tich phaa trong (1.3.9) i 0% tinh sain di 6i damg baing haen sai so&error function) vag
i 6€ Anh nghd nhi sau:

erf(z) = %L e¥de (1.3.10)

Ham erf(z) coinhi @g tinh chaéquan tromg sau:
erf(0)=0; erf(wo)=1
erf (- z) = —erf(2) (1.3.11)
Sau fa§ ha§ giai phi 6ng trinh (1.3.9) trong mot vagtri 6ag hop voi nhi @g fiedl kiein bi ea
cutthed
a. Khueéh tan git & hai mail voi kich thi 6 fuiléin coinoig fodban fadl lagC ;vadC,.
Tri 6mg hop nay coithexem nhi lagkhueéh tain gii & hai ban maévoéai voi cac
Fied kiei biea sau (hinh 1.3.1):
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C=C, neaw >0 C C
t=0 p oA (1.3.12) é ' 2 }
C=C, neaw <0 -

C=C, neaw =+wx
t>0 i}
C=C, neaw=-w

C, ﬁ t=0
. N . to
Hinh 1.3.1: Phan bo nong fio theo phéong Qté C;

khuech tan trong he 2 ban mat vo han

Thay (1.3.12) vag (1.3.9) foig thosfedyifea tinh chaficuia ham sai soérf(z), ta coi

C, = A'ﬂJr B
2
C,= —A'£+ B
2
Do oj
Al = _i Cz — Cl
Jo 2
(1.3.13)
B— C,+C,
2
Ti ol C(x,ty= 2t C2 L= erf( X J
2 24/Dt
Nea C, =0, thi:
C X
C(x,t) = —231-erf 1.3.14
(x) == { [ 2 JD_J} (L314)
b. Khueéh tan nguyea ti ivag maiu voédan. Khi foj fied kiei biea laghinh 1.3.2):
C=C, neaw =0
t=0 ] (1.3.15) c
C=C, neaw >0 —= Co

C=C, neaw=0
t>0 i
C=C, neaw=+owo
Thay (1.3.15) vag (1.3.9): G

C,=A0+B k
to
CO:A’g+B Col =

Do foj B =C;; >
: : Hinh 1.3.2: Phan bo nong fio

theo phéong khuech tan vao
mau vo han

20



Nhan thém nhiéu sach vat |i mang moéng nira, xin lién hé: thanhlam1910_2006@yahoo.com

A= (CO _Cs)i

Jn
vaeC(x,t) = (C, —Cs)erf(

(1.3.16)
X
+C,
2./Dt j

Cudg nhain i 6€ keéqualti 6ng to Woavoi tri 6ag hop khueéh tain ra khoi maii (hinh 1.3.3).

Cs
Co

Ca
Hinh 1.3.3: Phan boi nong fio theo phédng
khuech tan ra khoi mau

Co|; ==

t
Cs

v

1.2.4. Ninh luat pha cué Gibbs
Ha§ giai thich vaa feacoilbao nhieé thoag soai lap culd hednhiedr pha khi noubitrang thai
caa baag?
Nhi Fabbie§ thoag so&uia hedlaenhiet fod ap suaévaenong foéicac thagh phaa ditrong taé
calcac pha cu@a hed
Heidnhied pha coim thagh pha, thi chz coi(m - 1) noag fodfok lap nhau. Thai vay :
NN+ e+ 0™ =" n
n, n', n" n{™
Z . + Z . + z . + e Z =
cac tylsodivedrai cul (1.2.40) chinh lamoing foérieag phai cua cac thaah phai trong pha
thi 11. T (1.2.40) ta thag, chz coi(m - 1) noig foédfot lap nhau. Heécol v pha vagn thagh
phan sed 6€ xac fnh baag y(m - 1) thoag so&oing theén 2 thoag sodngoasp vadl. Do fol
thoag so&oag coing laga

y(m-1)+2 (1.2.41)
nhi 8g thoag soénay coithedviea foéituy yi neé heikhoag ditrang thai caa baag. Ngi 0€ laT
khi caé ba@g, coinhi g thoag soérong (1.2.41) sedphuithuot labh nhau, vi khi foitheéhoa
ho€ cuia moi thagh phai (n, =0Z. /on,) trong v pha khat nhau setaég nhau :

hay
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0z, 0z, 0z, oz,

ony onm', on, on',

6z, oz, oz,  _ 0Z,

on", on', on', 7 on", (1.2.42)
oz, oz, oz,  0Z,

on™ on{™ on{™ T on{™

Heéphi 6ng trinh (1.2.42) cho ta m(y -1) thoag soghuithuot nhau.
Thoag sodt lap F baag toag thoag so&uid heitri @odhoag sodphuithuot :

F=y(m-1)+2- m(y-1)

-F=(Mm+2-vy) (1.2.43)
00y m_so&hamh phaa, ti ¢ lagvat chaé ot lap colthagh pham khoag biea fpé chuing ta®
neda taécaicac pha. ViduyH,0 lad thaah phan ta® neé pha raé, loing, hdi cua ni 6cc; Cr vag
Ni la@_thagh phai ta® hop kim Nichrome vv

y_sodpha, ti ¢ laenhi @g todphan foig nhaé cuia hej colicugg tinh chaé lyihol Gii &
cac pha colbeamaéngaé cach, qua beama€nay cac tinh chaésedi biea. Hoin hop k hi, hon
hop raé, loing hog tan hoaa toag vag nhau _hei2 pha vv

F_bag t Tdo, ti ¢ lagsodli 0ng cac yeé toarot lap coithedthay o
haw xac finh, magkhoag lam thay foépha cuia hei

Q

i 0 trong gioi

1.2.4.1. Hedmoi thagh phan

ngoa@giain foapha cuia vat chaét) 6ng t o 6ic (hinh 1.2.2) , hay khab sat giah foap-T foa
vOi Carobon lagmot haen cu@a p vadl. Bed trong vugag cua moi pha kim ci ng vaggraphite

lacoa finh. Hai biea sodp, T coithedviea foé o & lap nhau trong khoaing roing feal khoag

aih hi 6ihg Fead vuag moi pha. Nied Folphughdp voi finh luat pha (1.2.43) : F = 1+2 -1 =2.
Tramg thai naén tred i 6mg cong cu@ giain Fbabied dieh tramg thai cad baag cua 2 pha.

Ba§ giod=1+2 -2 =1.
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Hinh 1.2.3: Gian fio pha ap suat_nhiet fio fioi vOi Carbon.

1t T T T 7T T

10° F .

Diamond

0+

£

Pressure (GPa)
=

10!

102

Iu",‘

Temperawre (10° °K)

Nied foicoingh radg, fediea foa fi 6ag cong kim ci dng - graphite nhi ng vah gii & caa
baag, thi ch: bied fbéihoaé p hoaé T fbot lap nhau. Tai fie &, 60D 3 pha cugg toa tar
(Fiedn t trinh bay trea hinh) thi F = 0. Biea roap hoaé T sedphalhuly fieén caa baag 3 pha,
thay thedvag foiladl hoaé 2 pha. Ti ayiain fpata thag, feachuyea Graphite sang kim ci 6ng
foihoi p ~ 10% - 10° atm (1 bar ~ 1 atm ). Theén vag i fedphai i ing tie@ tue voi vah toé
Faing ked cai nhiet fpiraé 16h (2000°K). Tuy nhied, khi kich thich thi maag mohg Kim
ci 6ng colthedadg fowg, vi durbaég phaa ly methane trong plasma tain soéca o dlap suaé
vaehiet fodtha@. Nhi vady, nolhuly bolhaia heési icah troicua fied kien ap suaé nhiet fod
cai thie&voi quaitrinh toag hop kim ci 6ng khoa

1.2.4.2. Hed2 thagh phain
A. Cac phi 6ng phap xa# di nig giaih foatrang thai:
Thoag thi 6ag ngi d@ta nghiea cb i tramg thai pha cul hop kim 6ified Kieih ap suadkhoag
0§ nea rfinh luat pha (1.2.43) ba§ gidaoldang :

F=m+1-y (1.2.44)
Vaggiain foatrang thai ch goin 2 tru€ : tru€ tung bieé t honhiet foj com tru€ hoaah biea tho
thagh phaia. Thagh phan trong hop kim i 6€ bieé thotheo phaa traén tromig li 6mg ( wt), Fdé
khi bieé thotheo phaa traén nguyea ti i (at). Trong hei2 thamh phai, coag thi ¢ biea foé
gif & chuing lag
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3 (Wt%A) /(at.wt.A)

~ {(Wt%A) /(at.wt.A)} +{ (Wt%B) /(at.wt.B)}
00y (at%A) lagohai traén nguyea ti icuia thagh phan A; ( ©t%B) lagohaa traén kho@li 6mg
cu@a thaah phain B; (at. t.A) ladkhoali 6mig nguyea ti (A. Ngi 6€ laT giain fpatrang thai i 0
xac finh baég thi € nghiein. Nedxa§ di ¥ig baég thi € nghiein gianh Fpatraiig thai cu hop
kim 2 thagh phain A vadB, cain phai cheaa® mot loa¥ cac hop kim coili 6mg thaah phain A
va@ khat nhau. Nbavoi moi hop kim sedkac Finh baég thi € nghiein cac fieén toi haw, ti ¢
nhiet foichuyea pha. Cat nhiet foifolfi 6€ i a vag fpéhotrea cac i 6ag thang phughdp
voi thagh phai cui cac hop kim. Noacaic rieén toi han lai sednhain i 0€ cac i 6ag cuila
giain foatrang thai.

Mot trong soacac gian fpatramig thai fdn giah nhaé fi 6€ ned trea hinh 1.2.4, trong fol
i 0mg loing (L) laggiai tich cuia tafcaicac fieén xac finh nhiet foikeéthuic keéitinh hop kim.
Cac i 6ag foichia giain Foatraiig thai thagh cac miea coithaah phai pha khatc nhau:

at%A 00%

T

I | 1 Y

Hinh 1.2.4. S6 fio xay ddng gian fio trang thai .

Nhi vay, giah Ffpatrasg thai bieé dien baég Ffbathothamh phain pha hop kim cua mot hei
theo nhiet foivaghaah phai hoa ho€. Nieén tain cumg bed trai cu@ tru€ hoagh ti 6ng § ing

voi 100% ham Iy 6mg 1 thagh phaa. Li 6mg phan traé thagh phai tho 12 i 6€ tinh theo tru€

foith etrai sang phai. Nieé&n tah cumg beé phai cuia tru€ hoaah ti 6ng § ng voi 100% ham

li 6Wg thamh phai thi 12. Cac giaih foathu€ nghieim nag sedi 0€ kieén tra theo finh luat pha,
noicho phep xac finh, veamat lyithuye$, chiedr hi 6ing xay ra cac quaitrinh chuyea pha fea
feY i 0 trang thai caé baag cula hei

Khi colcac sod  nhiet foing cai thiefcoltheaad di wig i 6€ giain Foitrang thai caa baag.

Nhi Fadbiefditrang thai caad baég, trong heich: coithedcolcac thagh phan pha voi naég
li 6Wg t6 Tdo ci € tie& tai nhiet Foixac Finh. Ha§ phaa tich giaih Fbathi € nghiein trea hinh
1.2.4. Hinh 1.2.5 cho thag, quan heigii & cac fpathofaé tri ng si thay foéinaég li 6wg ti 1o

Z cuia cac pha colthe&oldi3 nhiet fbixac fnh T, Ty, T3 vOi giah foatraxig thai. OUT, gii &
cac fie&n a vagb tom tat 2 pha oOitrarg thai caéd baég nhiet fbing : dung déach loihg thagh

phai X, vagdung dah raé thagh phaa xp. Trosoana@g li 61g t 1do cua dung dach foiti 6ng
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i ng voi cat Fiedn a~vad? Nedxac chinh xac cac fi 64ag | ohg vaefi 6ag raé cai phai col
mot so&athocho khoaing nhiet FoiT 1 vadrl's.

Hinh 1.2.5: Co s¢ nhiét fiong cua
gian fio trang thai hop kim co cac
thanh phan hoa tan vo han 6 trang
thai long va ran.

B. Cac gianh fpatrang thai co bain cua hop kim 2 thagh phaa.

Ha§ xet caic vi duifiea hinh veigiah roatraig thai 2 thagh phain faé biet chulyifiea chuyea
pha 6itrawig thai raé.

B.1. Giain fpatrang thai cua hop kim coucac thamh phaa hog tan voéhan 6itramg thai loing
vagae.

Pha raé,trong roitylsodgii @ cac thamgh phan colthedbied foé nhi ng khoag ph alvodtinh
roing nha#, i 6€ got lagdung dach raé. Dung dach raé colmaiig tinh thedgioag kieé maiig
cul@d dung mod (nguyea tozoili 6mg chi @ nhiea hdn), vi cac nguyea toghoa tan “then vag”
maiig baag cach naén dicac votri loihoag cuia mang (dung dach raé xen ked hoaé thay thea
nut mamg cu@a cac nguyea ti icua dung modé(dung dach raé thay the

Do 2 nguyea to&olkhaina@g hoa tan vodaii vag nhau 6itramg thai lohg va@aé, nea coithea
ta® nea 2 pha : dung dcch loing (L) vaadung dach raé (o). Sodoha 16in nhaécuia hop kim chg
la2 ( L vaga), nea soabat ti 1do 16 nhafitheo (1.2.44) lagl. Do vay, si Tkeatinh xaly ra
trong Fiedl kien nhiet foithay roé

Ha§ xet quaitrinh foag faé cua moi hop kim thaah pham X (hinh 1.2.6). Dung dach loing
tai nhiet fpaT, baé fadl keétinh. Coitheanghdraag, thamh phai cuia cac tinh thedvi & hinh
thamh phai couthagh phaa nhi dung dcch loing. Tuy nhied, ti @lung déch loing thagh p haa 6
nhiet foiT, baé fad kehtinh cac tinh thedgiaa thagh phaa B kholnoing chaiy hon. Khi nguoi
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tieg fed T, cac tinh the&ua dung dach raé thagh phaa x , sedcaa baag voi chaéloing thagh
phai x, giag thagh phain A. Khi lamn nguoi chain (fied kien can thief feanhan i 0€ trang
thai caé baag), thagh phain A sedti achaé lohg khueéh tan vozf tinh thedhagh phan x . vag
chuing sedhay foathagh phan fea x,. Cuoagiai foan fbag faé tatnhiet T 3, tadcaitinh
thedetcolthamh phai x. nhi nhau.

T>T,
L —+X%B
. L a-Xe % B
Hinh 1.2.6: Gian fio trang T L T, 07 e 70
thai cac hop kim co cac T, D 4 L-X%B
thanh phan hoa tan hoan € L o~ Xp 9
toal p NI a TZLCL+a ' T2©O_ %X % B
oan vao nhau 0 trang ? b ! o - 0
. , : , . f | | | I~ L' Xa A) B
thai long va ran. Vi du: Ts! | | -x.% B
. T RO e
Cu - Ni, Au - Ag, Au - Pt, L Coa /O ~L-%%B
Au - Ni, Fe - Ni, Bi - Sb, L | L
Cr - Mo, Ti - W, Pt - Rh, I | | 0| Tk
Ge — Si, AlL,Os — Gr,05 . : o S~ L-x.%B
] I
A Xa X Xo Xe D
—> B%

Trea giaih fpa cac i 6ag net liem cho thag, thamh phan cac dung dach loihg va@aé thay fpa
nhi theénag trong quaitrinh keétinh ti gl ; fieéd T3. Trong quaitrinh ke&tinh khoaég chz thagh
phai pha magaityileigii & pha loing vagaé cudig thay foé Sau khi keétinh phai colto&hi ic
mot pha.

Khi coigiain fpatramg thai, colthedheo dod si ichuyea pha cua bafikyehop kim nag vaginh
cac thagh phain cudig nhi tyileicac pha 6ibaékyahiet foinag. Nied foifi 6% thi € hiei nhog
2 quy taé fbn gian.

Nhi Fadthag ditred, thamh phain hoa ho€ cuia cac tinh thedhinh tha khi T giain,sedhay foa
i 0mg raé ti exe fed Xx. (hinh 1.2.6). Trong khi fbj thagh phaa pha lohg thay fb#theo
i 6mg loing th &, fed X To golcoithedned ra 2 quy taé xac finh thagh pham pha (quy taé
noag o) :

Ne&aifinh noing foithagh phai trong 2 pha, cai keiqua fieén faé tri ng cho trarg thai hop
kim mot i 6ag naen ngang, caé cac fi 6ag gidi ham vuag hop kim; hinh chiea cac giao
rieén (a vad) tred tru€ hoamh seccho biefithagh phai catc pha lag , vag, : (Xa = XL cog Xp
= Xa).

Quy taé xac rinh tylleipha (quy taé tay fog) : Qua 1 fieén faccho ¢ sedkeimot i 64g naén
ngang. Cac fpan thaing gii & fieén ¢ vagac fieén a vad cuia fi 0ag nay sedyileanghdh voi
I§ 6Wg pha :
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bc

ac

hay %L =22"%c 100, %o =c _a
X, — X, X, — X

Cac quy taé nag ruing voi bad kyavuag 2 pha nag cu@a giain foatramg thai vagkhoég colyi

ngh@ foévoi vuag 1 pha. Si iduig 2 quy taé vaag nag vaahulyitheén calfinh luat pha, col

thedo¢ bafikyanot giain foipha phi € tap nag coinhiedl nhainh vashiedl vuag.

B.2. Giaih rfpatranig thai cuia hop kim coicac thagh phai hog tan coihan 6itraiig thai raé vag

ta® thamh cumg tinh theaGiah fbapha Eutectic.

Nea kyuhieis dung dach raé hog tan coihan cuia B trong A la o, cod cu@a A trong B lag, thi

3 pha coithe&oitrong heinay lad_, o vad.

Nbihog tan gidi haw cuié B trong A lagCF. Li 61g B trong A toé fa fi 6€ xac finh baég

rieén C vagkhi lam nguoi noigiaim xuoag fieén F. Cudig biea rfoati ong ti Woavai li 6ng A

trong B. Ka§ ladri g hop phodiea. Tuy vay, trong mot vapheiCu - Zn _ fpihoa tan cuia

dung d&h raé taég khi nhiet foigiaim.

Sau rad, xet si keétinh cui cac hop kim fieé hinh (hinh 1.2.7).

HoP kim | coithagh phai naén trong gidi ham h oa tan cu@a thagh phaa B trong A, do vay sed

ke&tinh gioag nhi cac hop kim cuia giain Foatraig thai (1.2.6), ti i trong cac vuag foised

ta® ra dung dach raé fong nhaé

Hop kim Il : Keétinh ra dung dach raé o trong khoaing 2 - 2 ”vagquaitrinh keétinh nay sed

keéthuc 6inh iet 2~ Trong khoaing 27 - 2>hdp kim vah coltodhi & laedung dach raé

khoag thay fo#é O(hhiet foitha@ hon 2 ~7 thagh phai B lagjuaibad hod trong dung dcch raé

o, neé sedcolquaitrinh tieara I 6Wg thi @ B 60di 6i damg dung dach raé 3, _ yinhaa maiih

L
¢ (1.2.47)
X100

a

raag, chuing fi 0¢ tieéra ti @lung dach raé o chi tkhoag phai ti alung dach loing. Chulyiraeg,
B vad, che lagnot pha _ chuing chz khaic nhau veakich thi o tinh thedmaghoa

T . . Hinh 1.2.7. Gian fio trang thai cac
hop kim co thanh phan hoa tan co
A1 12 B, hat & trang thai ran, va tao ra

cung tinh the. Vidu : Pb—Sn, Cd —
Sn, Al =Si, Ag — Cd, Au — CO, Cu —
Cu0,.

N6dng ran : A;CEDB;

N6dng long : A;EB;

N6dng fiang nhiet Eutectic : CED
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Nied Foifi 6%€ giai thich radg, B tad thamh ti alung déch loing, ned coified kied phat tried
mawih, do vaj coikich thi 6c ha¥16in hon, coa B, tie&ra ti @lung dah raé@ o dinhiet foithag,
nea chz phat trieé didanig li 6i bao quanh ha¥ o. Colthedhag fied nag qua sd foatoachi
ta® thamh 6iti mg khoaing nhiet foécuia hop kim nag (hinh 1. 2.8)

T2 —> Tz' Tz' —> Tz" Tz" 4 Tz

f: E_‘—_ »

Hinh 1.2.8: S6é fio to chdc cua hép kim Il qua téng khoang nhiet fiol

To ayuy taé fom bag coithedinh fi 6% tylileipha B, trong hop kim nay lag =R ti € VoI tyl

ledraénhol

HoP kim 111 trong khoaing nhiet b3 - 37 dung d&ch raé o foicoithamh phai ti 6ng ti ol
fietn C, com dung dah loing coithagh phai § ing voi fiedn E; (tat fa§ dung dach loing) sed
keétinh ra cugg tinh cu@a 2 dung dach raé :

Le 2 (actPp) (1.2.48)
Nea fag, hop kim coito&hi € : ac + (oc + B b ). (Hinh 1.2.9b)
) b) c)
—_— — —| 0"000008 OOUOOO 04
_G (ax 00900()@ O (atP) QBODO 0 c; By
—U _?___ o(}oo0 OQ d vo° 0000 g%)

Hinh 1.2.9. S6 fio to chdc cua hdp kim 111 qua tdng khoang nhiet fio.

Haihhiet foithag hon fieén 37
Nea nhiet 437 dung dich raé@ o foicoithagh phai ti 6ng i ing voi fieén C, coa dung dach
loing coithagh pham ti 6ng § Ing voi Fieén E, ta¥ fag dung ddach loing sedkedtinh ra cua tinh
cu@ 2 dung dach raé :

Le = (0¢ + Qp). (1.2.48)
Nea rag, hop kim coito&hi € : O¢ + (0 + Bp) . (hinh 1.2.9b)
Hinh 1.2.9. S6 fpato&chi € cuia hop kim 111 qua ti ag khoaing nhiet fba
Hanhiet fbiatha@ hon fieén 37 cac dung dach raé bad hoa o vag Bp sedtieira phan di
ti 6ng 0 ing lag B, vae,, . Trong cugg tinh do cac pha o vad3 naen chen cash lah nhau, nea
cac pha di khoag thag fi 0€ ditrea todchi € tedvi (viduTp , tieéra ti e sedai voi B coisain
trong cugg tinh neé khoag thag i 6€ ;) Trong tri 6ag hoP nay che thag pha di tieéra ti @
cac tinh thedo ot lap, naén rieag lel Cuoacugg, hop kim 111 colto&hi i :
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a +By+ (a+p).(Hinh1.2.9c)
Baag quy taé foa bag colthedinh i 6 tylleikhoalo 6g gio & cac pha hay gii & cakc to&hi &
cu@a hop kim 111,
HoP kim 111, thi € chaéchz goin 2 pha :a (o fbE lap vaga cugg tinh) vag B (B, vad’ cuag
tinh). O (hhiet foithi 6.g, thagh phai cuia hop kim i 6€ bieé dien boi fiedn 377 pha o boi
fietn F vagha B boi fieén G, do vay, tyileicac pha fi 6€ xac finh nhi sau :

a%:E)QOO ; B%:g—FxlOO
FG FG

Veidto&hi i, hop kim 111 goin: o, By, (a + B); trong fola ta® thaah ti enhiet foicao (T 3+ T3,
By ta® thamh Ginhiet i< T3 o cumg tinh (a+B) ta® thagh dinhiet FDAT 3-

Ta biefira@g, qui taé foa bag chz cho phep tinh tz leigii & hai thagh phan. Vi vay, fedinh
tylleigii @ 3 thagh phai cam tinh qua 2 bi 6ic: 1 °)- Tinh tyileigii & a+B, voi (a+p); 2°)- Tinh
tylledgio & o vady;

To equaultrinh keétinh ta nhain xet raég, khi laen ngi 6€ 2 tra mg thai ra@, chinh o, tieéra By,
nea thagh phain toég coing o+, sed ing voi fieén C~ HOP kim 1l coithagh phan 3”, thi
(a+B) i ing voi Fiedn E *vad o+f;) i ing voi fieén C~ Ti goi
3'C 3'E
+B)%=——x100 ; +B,)%=——x100
(o +B)% C'E (a+B,)% C'E

Tie@ theo, tyiledgii & o vad, trong hop kim C ~ta col
C'G CF
a%=——x100 ; B,%=—x100
FG FG

Vay, tylledgii & o vag, vaga+p) trong hop kim 111 lag

oc%zC—XEXlOO , B,,%zﬁxﬁxloo ; (oc+B)%:£x100
FG C'E FG C'E' CFE

Caxc hop kim coithagh phai 6ibea phai fieén E cudg colquaitrinh keétinh vagoahi i ti 6ng
t) Tchi khat 60fa§ ladinh thedke#itinh ra tri 6 6itrang thai loing lad3 vaditrang thai raé lag
Qay.

Hop kim 1V coithagh phai (noing fod E “tarnhiet fod(T g + AE), 6IfDIAE lagaTrli 6Wg nhiet
foiraéibel che coll pha loing (L) vdi thagh phai E~ Khi nhiet fbibaég T g, thi 3 pha se®i
tramg thai caé baag: pha loing (L) coithagh phai E” pha raé o coithagh phain C~vagpha
raé B colthagh phain D~ Nieén E fi 6€ go¥ lagfieén Eutectic. Ta¥ fieén nay bat ti itlo baég
O(F=2+1-3=0).
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Khi T = (Tg+AE) thi hop kim lodig sectieéra hai tinh thedraéd o vagd cuag mot luc (phah
i ing Eutectic 1.2.4.8). To&hi € tedvi nag che coicumg tinh: ((o+p), trong foicac tinh theda vag
B phaé bo&®eu bea nhau coicaa truc nhoiman.

B.3. Giaih rpatrasqg thai cu@ hdp kim colcac thagh phaa hog tan coihai 6ithe&raé vaga®
thagh bao tinh. Giah rbapha Peritectic:

Hinh 1.2.10 trinh bag dang todg quat cu@a giah Foapha Peritectic * trong FDICDP fi ¢ goi
lagfi 6mg Fang nhiet Peritectic, ti € lagchs treé fpan i 6ag MOiMOi xay ra phain § ng bao
tinh. Phai § ing bao tinh xa§ ra theo thi it) sau: Tri 0 tied keétinh ra dung déch raé a, sau
foldung dich raé nay ke&hop voi dung dach lodg cog lat fe&a® nea dung ddch raé khac lag
B.

Ha§ xet si keétinh cui cac hop kim fiea hinh trea hinh 1.2.10

T [ [l vV
a 5 | Falpdlo
| | : p 0
A L ‘ | X
. ] Ay
a) L+a | § | P Hish1210.
17 “_ P a) Gian fo trang thai hop
i , : kim 2 thanh phan hoa tan
: co han & the ran va tao
a : : bao tinh
(atB) ! b) S0 fio to choc te vi cua
hop kim sau bao tinh
, 5 ~ 5 Vidut Pt -Ag; Cu-CO: Hg -Cd
A F G B

HO® kim | Coiqui luat keéitinh vagoghi & hoaa toam gioag hop kim 11 trong giah fal.2.7;
noi colto&chi & a+p;. O UFag khoag xa§ ra phai i ng bao tinh vi thagh phai noing foichi a
Fa¥ fea khoaing noing roife&ad ra phan o ing.

HoP kim Il Keétinh ra dung dich raé a trong khoaihg nhiet fodT,-T,- ; fea T,-, dung dach
raé a coithagh phan C vaedung déch lodg coithagh phaa P sedphah o ing voi nhau redta®
nea dung dcch raé (3 coithaah phain D:

ac+Lp  Po

! Peri —tiedg Hy Lap, coinghd ladao quanh
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O 0P| pha tie&ra tri 6c o Fi 6€ bao quanh bdi pha tieéra sau B (hinh 1.2.10b) . Li 6Wg Lp vag
Oc cam thiefredad ra Bp fi € xac finh baag tyisoa
L, 2C

0. 2P

Bai ti ido 6inhiet foiphai § ing bao tinh T ,-lad=m+1-3=2+1-3=0. Nie#n Peritectic P cuéig
gioag nhi fieén Eutectic E, lagieén 3 cua hei.

To ehinh 1.2.10a ta thag, cac i 6ag gidi ham foidhoa tan CF vagDG cufig coi foénghieé
ti Ong ti 1hinh 1.2.7, nea khi lam nguoi tieg tu€ o sedtieéira B, vad sedtieéira ay. Tuy nhiea
trong bao tinh hoé hop o vagB naén caiih nhau nea oy vag, sedlad loi trong chuing nhi
trong tri 6ag ho tri 6ic; do vay khoag phat hien fi 0€ oy vad, trong toachi ¢ tedvi.
HOop kim Il Khac hop kim 1l 6i chodsau phai ¢ ing bao tinh com lai mot it dung dcch
lodg(Lp):

Lp+ac  PBo+ Lew)
Do fpj phain § hg bao tinh khoag dah toi fpag ci hg hoaa toag hop kim. Trong khoaing
nhiet MiT3-- T3, ti goha lodg com la¥ sedtiefira tinh thearaé B. HOP kim sedkeéithuc keé
tinh 6inhiet F4T 3+, khi Foito&hi € cui hop kim sedad pha .

HO6p kim IV Khoag coiphain i ing bao tinh; nolcolquaitrinh keétinh vagodchi i gioag hop
kim | trong giah fpapha (1.2.7).

Nhiet fpicamg giaim, li 61g tinh thedo. camg tadg vadi 61g pha loing cagg giaim. Khi nhiet
foihaixuoag gam Ts~ t i© nhiet foiEutectic, Ii 6mg tinh thedo. cad baag voi lo 61ig pha loing

gaa theo tz IeéE.

3C
Baing 1.2.1 thoAg ke&ac pha cad baag, noiang fbicu@a chuing (vie&trong ngoaé fon) vadz led
khoali 6wg gii @ cac pha hop kim 11, tar nhiet foékhac nhau. Kylhieur ¢ lagd®ili 61g nhiet
foiraénhol

Baing 1.2.1:
Nhiet fpi Pha (noing ) Tyilleikhodli 6wg gii 82 pha
Ta Loina (37
T3 Loing (3 ™)+ved o “ 2o
Loing
Ta+e Lohg (E’ + o (C? a _3E
Loing 3C
Ts-¢ a(Cy+p (D) a_3D (a%=3'D.1ooj
B 3C CD
T~ a(F)+ B (G) a_3'G (a% _3G 100j
B 3F FG
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Khi nhiet fpodT3=Tg, thi phan i hng Eutectic (1.2.4) (phain { ng cuag tinh) sedaiy ra .
Nieén E i 6€ go¥lagiedn Eutectic. Ta¥ fieén Eutectic hop kim Foing thdptoa tai'3 pha.
Bat ti Wo cuia hedbaadg khoag. (F = m+1-¥=2+1-3=0).

CHOONG I1: SO'PHU MAING (Deposition)

Ba§ gidoeha§ reacap fea vaa feacoiloi cud qualtrinh ta® mamg moing. Phuimagg colthed
khao sat nhi 6 phaa bi 6c liea tiea nhau.

Nguyea ti (hay phaa ti ifep vag, thi inha& - phai hag phuitrea beamaé vagau i thi thai -
chuing thi 6ag khueéh tain tred mot vagkhoaing cach tri 6 khi hop nhaévag trong maag .
Si 1o nhaéibao goin - thi iba - phain o ihg cul cac ha¥hag phuvoi nhau vagvoi beamaé fied
thagh lap liea keé cul vat lieis magmg. Thi 14 - st Tke&tuiFad tied cula vat liel maag i 0€
goT lags) ta® main. Khi magg phat trieé dag hon thi thi inaén - noiphat triea caa truc hoaé
hinh thai hot€, 6ifbibao goan caihai: fia hinh ho€ (fpig oaghed vadinh thedho€. Tinh theho€
cu magg colthedrai roing ti gvoafth hinh fea fa tinh thedvagfea Fdn tinh thed Nbn tinh
thednhain 7i 0€ baag epitaxi - Foilacadg bain sao keéitinh tred fed®n tinh thed Cuoécuag
thi isau - ti 6ng tac khueéh tain xaly ra bea trong maag vaav 6i fea

Trong phai cuoécui chi 6ng nag, chuing ta ha§ khab sat 2 vaa feacolyinghd thi € tien lag
si phat tried i ing suaficd ho€ vagpibam dinh cua magg voi fea

2.1. Cac phan 6ng hap phu tren be mat the ran

Ha@ phuilagquaitrinh trong fbicac nguyea ti ivagphaa t i Fap vae vaai 6ng tac bea trong

mien chuyea tiep gii & pha khi voi beamaé fea Coihai dasig hag phuthag phuivat lyivag
hag phuihoalho€. Nea ha¥bogiad ra hay bouoa cong do liea keégii & nolivoi beamaébaag
li € Van-der-Waals, nhi ng vain coa gii hguyea theathi ngi 6&ta got nollachag phuivat lyl

Coa khi harbobiea rfoénguyea the&uia noido liea keéiion hay fpiang hoa trovoi nguyea ti
fea hag phuihoaihot.
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u(r)

..........................................................................................................

Hinh 2.1.1. The nang t6éng
tac cua hat hap phu voi be
mat.

Ep ~ 3-8 Kcal/mol,

E. ~30-200Kcal/mol

Hag phuihoalho€

Hinh 2.1.1. trinh bayg fi 6ag cong thednaég ti 6ng tac U(r) gii & hat hapg phuivoi beamag
theo khoaing cacch r gii @ chuing, 6ifoufi 6ag cong a,b - tramg thai ha@ phuivai lyj coa c -
hag phuthoalho€. Hai da¥g hag@ phuihayg i 6€ phaa biet rodrea co soéinhiet hag phuithay
naég lo 6ng hap phuiE., E,. Thoag thi 6ag, E, ~3+8Kca/mal,

cog E_, ~30+200Kcal /moal .

Nea havhag phuikhoag ruinaég li 6Wg fedvi 67 qua ham g rag E, thi chz di mg latoihag phuT

vat lyl Khi foinaég li 0¥g giai hap E4 = E,. Ngi 0¢ lai' neé naég li 6g cung cag fuiloin fed

ha¥chuyea sang hag@ phuihoaiho€ thi naég li 6wg giai hag E 4 = E. + E,.

Phaa ti icolthedphaa ly sau folhag phuthoaiho€ nhi nguyea ti { Hinh aihh i i 6€ trinh

bap baag i &g cong c trea hinh 2.1.1., 6ifoy D lamadég o 6Wg giai ha@ nguyea ti | To @i
2Eq=E; +D.

Mot thuai 167 coitinh nguyea taé cua quaitrinh phuimagg cougia taég naég li 6mg ladhai col
thedral i 6€ na@g li 6mg cao Fedphad ti (toi colithedvi 67 qua hamg rag E , vadri € tiep i
vag tramg thai hag phuihoaiho€. Noi cach khac, phaa ti itdi tri € tie@ phai i ng voi beamaé
fedta® magg. Trong phul magg baég phuin xay ha¥ tdi colnaég lo 6%ig c66300Kcal/mol.
Trong phuimagag coiplasma hodtro¥ cac phaa ti ihoi sedbophaa ly trong plasma, do folha¥
toi do€ theo i 6mag cong c luoa naen trea haag rag E ,.

Ngi 0€ la¥, trong quaitrinh phuimagg Ffied khieé baég nhiet, nhi nhiet boé bay hay CVD,
hoi thi 6mg hap phuifad tieé theo tramg thai vai lyy t € chuing réi vag fay cua hoédheéa
hoaé b. ti gfblchuing coithedhag phuthoa ho€ nea vi 61 qua E.(a,b), hoaé colthedgiai hag
neé vi 67 qua nhiet hap phuivat Iyl E 4(a,b). Si icarih tranh git & hai phah § ing nag cho ta
vai tod thi € cuia hag phuihoaihot.
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Bag gidzha§ xuaéphat ti died thi £ veavan toé phai i hg bag nha &- bat nhaficoingh@ lag
vail toé tylleédvoi noing fodcuia chaéphai § ing:
Ry =Kyng=K,n 6 (2.1.1)

0ifoy R, _ vai toé phain § ng beamaéthi ik treé 1 fdn vodied tich beama& [mc/cm %]

K _ hadg so&ai tog, s™

n,_ noing fodmaécuia chaé phai i ing, mc/cm?
n,, _noig Foimaémot 16p dn, mc/cm?

6 _ phain beama&bophuibdi chaéphai i ing
Vai tod vamoig foidifa§ ladred mot Fdn vobeamaé. Nbavoi phain § ing the&ich nhi trong
pha hoi CVD, thi noifi 6€ thay bagg mc/cm ®s vaanc/cm?® ti 6ng i ing.
Haag soavai tod, theo phi dng trinh Arrhenius (i 6 dai ra Oliphai 2.2.) coudanig:

Ex

_ RT
Ky =vg €

A

0ifoy v, _ haag sodan soday hedsoauia luydhi &
E,_ naég li 6mg kich hoat'phain i ng, Kcal/mol

Ha§ giaithuyefraag, n, =~ const. (trang thai di @g) vagphain i ing ha@ phurhoa ho€ chi xay
ra theo hi 6ing phia tri 6. Trong thi € tegphuimaag, hag phuihoa ho€ ngi 6¢ chiear chz xaly
ra khi nhiet fodbeamaé T fuildin fedmamg baé faal phaa ly. Ba§ gidgchuing ta colthedvied
phi dng trinh caé baag khoali 6 iig foavoi hag phut

J8(1-0)=R, +R, =(K, +K,)n 6 (2.1.3)
60 foj J; - domg phaa ti itdi, [mc/cm?s]. (J, = 35.10% P ol foip, M, T lagtorr, gr, K.

T

Ned p theo Pa, thi heisoiyileibaag 2,63.10 %°)
R, _ vai toé phah i ing hag phuihoaiho€
R, _ vah toa giai hag
n, _noig famaécua chaéhap phuivat lyl

d _ xac suafbaéphaa ti {

~_

OUPa# chuing ta FAGF a vag mot giaithuye&hdp lyila chag phuikhoag xaly ra tre@ diei tich
fedcolhathag@ phuithiedn (0). Ti 42.1.3) ta coi

0= 5 (2.1.4)

N a (2.1.4) vag (2.1.1):
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R, =K.n 6= 15 JiOK, (2.1.5)
i n, +K, + K,
Nhi vady, hedsoainh chinh xac trong ph uimagg baag:
S, = % (2.1.6)

Chuuyiraag, S,phutthuot caiJ; vadhaag soavan tog; si phutthuot foicoivai trogquan troig
foavoi caa ta® fia hinh cua maag CVD.

Trong tri 6ag hop J; beivagdo foi6 bej phi dng trinh (2.1.5) fi 6€ fdn giain (Weinberg,
1991):

38 5
e SR R o B L 2.1.7)
1+ 1+ -9 g R
Kr VOI'

Phi 6ng trinh nag xac finh & - xaic suaéphai i ng hag phuthoaiho€. Nbilagyiso &ii & sodhav
haf phuithoaiho€ R, v0i dogg hoi fep vag Ji. Khi 6 <<1 thi S, = &; nhi ng khi 6 16in * thi
S, < &. Noilagguan trowig, khoag nea lai loi gii & hai sodhang nayg. Noavoi tri 6ag hop
raé biet, khi magg phuiti ehdi mot thagh phai thi & = o - hedsodngi ng tut Noavoi tri 6ag
hop mamg hdp cha§ i 6€ phuit) dhoi nhiea thamh phaa, giaithuyeé veaphan i hng bat nhaé
trong (2.1.5) vaq?2.1.7) khoag phai bao gida@ufdg fiuing, vi chung chi @ chaéphain i ng nhied
hon 1.

Nbi'li 61g R, fied khied vai toé phuimagg khi K, ladkho@g fpévoi mot votri tred beamag
vagkhi T khoag fuilon fedkhoag xal ra quaitrinh phaa ly hay tai bay hdi cuia magag. To @
(2.1.7) ta thag, R, tadg khi soadhang exp(Er - E‘%T giain. Ned& hag phuthoal ho€ can

na@g li 6mg kich hoal; nhi i 6ag cong a treé hinh 2.1.1., thi E ; = Ef4 - Ega > 0. Nea Ea Ful
I6in thi phuimagg sedkholkhaé, tri gkhi tagg T s Fedsodhang luydthi @ nhoihon. Maé khat,
neé hag phuihoaiho€ khoag cam kich hoa¥ (E; < Ey), nhi fi 6ag cong b trea hinh 2.1.1., thi
R, giaim khi taég Ts. Tri 6mg hop hag phuihoalho€ caa kich hoa¥ raéphodiea trong CVD.
Viduyphuimagg Si ti &hi Silan (SiH4) voi nhiet FDdT 6imb € cao, nhi ng khoég phai nhiet
Fpiphozg. Dénhiea neé T quaicao thi dogg tai bay hdi Jv M cud Si vi 67 qualR, vaeSi
khoag i 6€ phull Doag phuithi € si fcuia Si nhi vay baag:

U0 (3, 6iPag lamomg bay hoi khi T I6n vaghoai J, = 35.10% R, /MT , 6ifoi p, _ g exp(_ AHJ Vi AH-
RT

nhiet a&. Nolkhai vdi giai hag (R) - fi 6€ xaic finh boi caic adatom coinadg li 6Wg Fuiléh tred Fuodcua ham
phaé bo&heo nhiet naég).
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J=R/-Jy (2.1.8)

Nbavoi tri 6ag hop nay, coltoi tat mot khoaing T s (Ci & S0dT) gii & kich hoa¥ phah i ing vag
tai bay hoi, che trong khoaing T foimdi nhai /i 6€ magg phul
Tri 6mg hop ngi 0€ lat tred: R, tadg khi T giain. Nag lagri 6ag hop rafkhoinhai bie§ vi
colnhiew si Ikien khac colthedga§ nea Jr taég khi T giaim ngay caitri 6ag hdp J, ~ 0,
nhi s ta® main taég khi T giain (xem 2.3.6.).
Mot tri 6;g hop khae, khi liea keégii & cac hatrvoi chinh noiléin hon liea keégii & hatv voi
beamag, thi si Tta® main secohan che&do magag phuikhoag foag nhaé. Vi duycac kim loar
phai 0 ing ye& nhi Zn vadCd trea feathuyitinh hay trea fediea ke&ion nhi NaCl hay CaF .
Naég lo 6mg kich hoaVE, cula Zn vaeCd voi cac loat fednay raécao, do ci 6ag roilied keé
gii @ cac nguyea todhaah lap fedcao. Nhi val, nguyea ti idi ag lar ditrang thai hag phut
vai lyy 6ifoichuing deidamg giai hag, tri khi chuing va cham voi cac nguyea ti i hag phut
khac fediea ke vaghagh lap maim. Khi maim Fuiloin fedoithedem noit) 6ng ti tkim loat
kho# thi chuing sedkhoag bay hdi chi mg nag T, fuithag fedl, trong (2.1.8) coithedboiqua.
Nhi vad, tarnhiet FodT s foy vi dutarnhiet Moiphoag roavoi Zn vadCd, maag se&haah lap
nhi “ved’ tred feachi @ cac oé fab kim loat; fi 6% tach boi diei tich lodnhoi cua 16 phui 6l
roimaim khodag colcd hoi thagh lap. Nhi @g dien tich tram nay bieé hien trawg thai, 6ifDIR |
<< Jj & trong phi dng trinh (2.1.7).
Ngi 6€ lat, neé@ Zn hag phuitreéd beamaé rfedf 6€ phuimot 16p Se, 6ifoiZn lied keé voi bea
maéra&loin hon liead keévoi chinh noj thi phain i ing hag phuihoaiho€ i 6€ deidaag :

Zn(g) + Se(a) = ZnSe(c)
Hay Se(g) + Zn(a) > ZnSe(c)

OUfpig, a, ¢ - pha khi, ha@ phuivaengi ng tuti 6ng i ng. Mamg setbadg phang, it g oigheavag
sai hoing. Hag phuihhanh trea beamat khac loat nay fadi 6€ duag fedphullop dn nguyea
ti itrong epitaxy.

Ba§ gidachuing ta sedkhab sat si icaé baag gii & hag phuivagyiai hag khi 6 << 1. Vai toé
giai hag, theo (2.1.1) baeg :

Rd = kd nsoe = nsoe Vd exp('Ed/RTs) (2.1.9)
Khi 6 << 1, thi phi 6ng trinh (2.1.7) coudanig :
R, = JiS. (2.1.10)

Ti 42.1.9) vad2.1.10) coithe&ai finh sodhaa ti itred 1 cm ? dieq tich cua beamaé:
=
n Ov;'et =JS,

Eq
hay : 0=JS.v;nle (2.1.11)
Vimot 16p Fn nguyea ti ivoi 293° K colng, = 5.10* cm™, nea
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Eq
S

0=7.10"S p(MT) 2y e
00fpUT_nhiet foékhi, Ts_nhiet fodbeamad p(Torr).
Ti €2.1.12) coithedut ra 3 nhai xet sau :

a. Phi 6ng trinh (2.1.12) xaic finh Ii 6mg khi ci € fa¥ colthedhap phuivat lylidinhiet
Fpiphomg. Vi duy khi Xe tred beamaé Mo colE4 = 8 Kcal/mol; M = 131; vg* ~ 10™* sec.
Neé S ~ 1 thi 6 ~ 0,036 p. Nhi vay, trong fieds kieir ap suaéthag, thi khibohag thuiraéit_
nhoithua 10 16 fHn ned ap suaép ~ 10 torr.

b. Ned& Eq4 16in hdn, thi can taég T fedkhi baé fadl giai hag. Hiei i ing fol Mo 6€
dumg fedam sa€h, vi dusoT foakim loat™ W baag phi 6ng phap foénoing xung, hay todai
kim loar'fiei ci € fi 6€ fo&noing baeg doag cao tam trong chaé khoag cao.

c. Khi nhied foithag, thi 6 troinea 16in, ngay caikhi E4 nhoinhi tri 6ag hop hag phut
vat lyl Hiei ti 6Wg ha@ phudinhiet foithag fedr 6€ duag trong bdm hag phuyngi ng tur

2.2. SO khuech tan be mat.

Si ikhueéh tain beamaé laegmot trong nhi @g fnh thi c quan tromg cu@a caé truc magag, vi nol
cho phep cac hat'hag phuitim fea lah nhau, tim fea votri hoa¥ hoal nha§ hoaé tim feé vo
tri epitaxi.

Ba§ gidzchuing ta ha§ dugg lyithuyeéiveavai toéd -phain o ng - hoas toam fe&khai tried bieé
thi & Foévoi vain toéd khueéh tan beamaé Maé dugbied thi ¢ gam fuing nag khoag thedainh
gial fuing veali 61ig cuia vai toé khueéh tan, nhi ng noicoikhail naég xac finh nhi dg AT
Ii 61ig nag xac fnh vai toé ol

Hinh 2.1.1 chi ing toiraag, nguyea ti ihay phaa ti ihag phuili u truitrong ho&heé&reé beamag
nhi ng noi khoag khab sat si Thied fpé fbisaé cuid hodthedtheo votri x do€ theo beamat
Hinh 2.2.1a chi ing toiraag, fod@aé nay laduan hoaa hay uoa thagh gém soing vdi haag rag
the&na@g coifpisad E; gii & hai votri beamaé Kenh cuia hamg rag fi 6€ xem nhi “traiig thai
chuyea tie@” gii & 2 votri beamag, theo ngoa ngi &cuia lyithuyeéiveavain toé phah i ing. Hinh
2.2.1b trinh bay tramg thai hag phuirieé hinh trong ho&on soing ol Nollagnamig tinh thed-
maéboichaé - Iu€ giac, trea folicac votri hag phuTlagaén cul cac tam giac cuia cac nguyeéa
ti (beamaé com tramg thai chuyea tiep lad Tiedn yea ngi @ gii & chuing. Cak tramg thai liea
keékhat, colthedlain fea votri hag phuikhac, viduihhi cac taén cuia cac nguyea ti ibeamaé
Qualitrinh khueéh tain beamaé foghoi phai caéfi t mot phan cac liea keégii & harhag phut
voi votri beamaé nhi thednag redha¥ hag phuicoithedchuyeé foing fea votri beamaéla a
cain vaghagh lap liea kedmoi 6ifa§. Nhi 6g quaitrinh nag coithedxem nhi damg s6 Faing
cu@ phain § ing hoaiho€, vi moi mot phai i hng bao goin caé fi t mot phan moaliea keécua
chaéphah i ng vaghagh lap mot phan moalied kehmoi trong quaitrinh chuyea fping qua
trag thai chuyea tiea.
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E, KIJmol
X_ a
[«— | a)
/rEs
40 — NSV L
| votril Votri 2
Trang thai
2400 — chuyea tief
— _/ — _/
Y '
Hag phu'ivat lyi Hag phuthoalho€
Trang thai chuyea tieg
-600 — - -
Votril Votri 2
b)
. C
X

Hinh 2.2.1: S khuech tan be mat

a) S phutthuot cuia thedaég theo x do€ theo beamaé
b) Votrihag phuifiea hinh tred maiig beamaé

2.2.1. Van toc khuech tan be mat

Ha§ xet thoag li 6mig cuia chadbohag phuids (mc/cm.s) i ngang qua hagag rag E gio & hai
votri 1 va® theo hi 6ing X cuia hinh 2.2.1b. Thoag i 6wg 6ifa§ i 6€ tinh tred 1 fdn vodien
tich beamaé i qua 1 cm theo hi 6ing x.

Neé khoaing cach gii & hai votri laga, thi vain toé dich chuyea ngang qua hagg rag baag
tramg thai chuyea tie@ cu@a phaa ti (tred 1  n vodien tich beamaébaag:

R, :J—; (cm/cm?s) (2.2.1)

Khi chafibohag phutlagkhi 2 chied trong cad baég nhiet, thi colithedap durig ham phaa boa
Maxwell- Boltzmann cho cac phaa ti idich chuyea nag. Nhi vay, phi 6ng trinh (2.2.1) col
the&vie&di 0i dawg :
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R —LpC_Ns [ KT (2.2.2)
4 "a a \2nM

0ifoy ng (mc/cm?.) : noing Fbdmaécui chaébohag phuitrong traiig thai chuyea tie@.

1 ., oo s
(Jq =Zn;c : sodphaa ti i- 3 chiets fa@ led 1 rdn vodien tich beamaétrong 1 sec,
khat chut it voi sogphaa ti i- 2 chied).

+

nS

Ba§ giddha§ tim tyisoa , 60fpins - noing Fodmaécuia phaa ti itat'votri hag phur

S
Theo Boltzmann, haen phaa bo&u@a n; vi ha¥coimi  naég li 61g gian foal ¢; coldamg :
ni = C.exp(-Pei)
0ifbj C - haég so&i 0€ xac rfinh ti @ied kien chuaé hoal; B = 1/KT.

Neé heicolN ha¥trong the&ich V voi naég li 6ng t oam phaia U thi :

N=>n=C>e" (2.2.3a)
i=1 i=1

U= Zm: ne = sz: e’ (2.2.3b)
i-1 i-1

Ne&aic finh C, ha§ vi phaa (2.2.3a) theo dC vaalp voi N vag; khodg foé:
dCd> e™ —dBCY ee™ =0
i=1 i=1

dc U
h —=—d
Y C N b
To @IC = exp(-U/KT), 6ifDiR = KN - haag so&khi. Nhi vay :

U m
N=e R > e (2.2.3¢)
i=1

Navlionig ~ Z=>) e™ i 0€gorladoAg trang thai cui hej hay “ham phaé bod cui hei
i=1
Nea gi(e) lasodrang thai ti 6ng i ing voi mot mi ic naég lo 6mg &; thi :

Z=>Y ge™ (2.2.4)
i=1

(gi thi 6mg i 6€ got ladromg khoathoag ked. Nhi fedoie§ naég li 6mg toaa phaa cua moi
phad tf icol:

g =¢, +g, +¢g, (2.2.5)
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0ifbl e, - naég li 0Wg quay; ¢, - nadg li 01g dao Foig; ¢, - nadg li 61g chuyeé foing tinh
tied cui phaa ti | N a (2.2.5) vag (2.2.3c) ta nhah fi 0F€ :

n* AU AY S =

s _ TaTvTt o RT (2.2.6)

n 2727,

0lfolZ,,Z7;Z,,Z;vagZ Z; lagtoag trang thai cua chuyea fbing quay, dao Fbing vagtthh
tiea cu@a phaa ti (60votri hag thuivaevotri chuyea tie@ t 6ng o ing; Es = (E n; - En) - thea
na@g gif & tramg thai hag phui(ns) vadraiig thai chuyea tiea (n!), nhi i 6€ chi ing toitrea
hinh (2.2.1a). O (Fa chuing ta Fatoiqua cak tralig th ai kich thich fied t | vi chuing chz xaiy
ra khi T raélon.

Bag gidgha§ tinh tyisodz;"/z; (i-r,v,t) fedxac finh n;. Ti gvat lyithoag kedli 6¥g ti isuy ra
ra@g :

a.Khi nhiet 4T vagmomen quan tinh | nhoj thi toag trang thai Z, cuia quay ti ivoi
2

naég li 6Wg E, = 8h I(I +1) coidang :

2
7|

h2

Zi=Z ~3e %% +1x1

b.Todg traig thai Z,x cui dao Foing ti iFied hoaavOi naég li 6g E « = nhvy coldang :
1
—hvy

1_ e kT
6ifbt  h -haag so&lanck = 6,63.10%J.s

vk - tailn so&dao fboing mode thi Ik cuia phaa ti {

ka =

(2.2.7)

Thoag thi 6ag, fModdae soing foa voi dao foing cua lied keé hat hag phuThaém trong vuag
hoing ngoal; c6@ = 30 pum, hay so&ong 1/A = 333 cm™. Nhi vay vi = c/A = 108 s

. . hv, 4810° 0 N X - o A
Do | nea e T >1(T < 480°K) thi Z, = 1. Thagh phaa dao foing Z; oOitraig
thai chuyea tie@ cudig cuag phi 6ng voi x. Vi vay, tinh Z; khoag khac tinh Z,, trea vagZ;

cu@ig luoa baeg 1.

2,2
TN

a2

c. Vi mi € naég lo 6wmg tnh tied 1o 6wg ti { (Enx = ni] coikhoaing cach raé gaa nhau
vaglo foichuing radgai voi mi € ti 6ng 0 ing voi nhiet fdT. Haen phaa bodmh tiea lag

z; - aY2MT 229
Nea chuyea roing tinh tiead che theo hi 6ing X, thi thamh pham foitaég khi chuing chuyea
foing qua tramg thai chuyea tieg. Do foiti €2.2.6) ta coi
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Nhi vady, phi dng trinh (2.2.5) ba giéecoidang fbn giain :

~E,/RT

n;=nZe (2.2.9)
N a (2.2.9) vag (2.2.2) ta nhai i 0F€ :
kT —E./RT —E./RT
R, = nS(T)e T =nyv,e T =nkg (2.2.10)

Nbilagbied thi ¢ veavai toé khueéh tan beama& Trong bied thi £ nay coichi & haég soava i
toé Arrhennius ks(s™) cu@ phah i ing hoalhof:
_E
k,=v,.e R

Rbévoi phain  ing Faé biet nag, sodaiig kT/h = 1.10%s™ voi T = 480°K. Haag soasah tod 6i
rag bieé dieh tain so&uda 1 phaa ti thag phuirieag lei“hhal” fea votri laa cai.

khoag phai lagan so&uia thagh phan dao foing vk cua hat'bohag phuy maé dudrong sach
bab hay goTnoinhi vajy. Nied Fpichz Fuing khi nag kT >> hvy, vi khi foitheo (2.2.7), Z, ~
kT/hvk. Do thagh phain dao foing ditranig thai hag phuildin hon oitrang thai chuyea tieg,
neda M a sodhang nay vag mail so&ua (2.2.5) hay cua (2.2.10) vada sethain i 0¢ :

Rs = ng v € =% (2.2.11)

Tuy nhied khoag phai bao gid@ied kiein KT >> hvy cuig i 6€ thoaimad. Hon ni & phi 6ng
trinh (2.2.10) fi 6€ giaithie& raag, chz colthagh phai tinh tieé toa tai trong tramg thai
chuyea tiea theo hi ding x. Gial thie& i khaiph ughd® voi votri 1 vag trea hinh (2.2.1).
nhi ng neé havbohag phuichuyea ti avotri hag phuihoaiho€ sang votri hag phuwvat lyitheo
domg khueéh tan, thi v, colthedtadg do thamh pham tinh tiea taég. Nhi vay v colthed
biea fpath 40 fea 10 chi ikhoag fHn giah nhi Fadiaithied 10%s™.

Vai toé khueéh tain beamaé cudig taég theo bat luydhi @ voi E s, nhi fi 6€ chi ing toitrong
bied thi £ (2.2.10). Es lamadg li 61g kich hoa¥ fbavoi khueéh tan beamaé (hinh 2.2.1a) noi
luo& nhoithua na@g li 61g kich hoat'giai hag E . hay Eq4 (hinh 2.1.1). Es nhoivi liea keéchz
mot phai bocaé it trong khueéh tain, coa giai hag, lied keé phai i 6€ caé fi t toam boi
trong tai bay hdi.

2.2.2. Noi dai khuech tan va he so khuech tan

Ba§ gidechuing ta ha§ tim moalieé hed gii & vai toé nhay cuia phaa ti | ks, trong phi dng
trinh (2.2.10) voi khoaing cach dach chuyea cu@a phaa ti ihag phuitrong quaitrinh phuimagag.
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Di 6i tac foing cui@a nhiet fbj cac nguyea ti itrong tinh thedluoa luoa chuyeé fbing ngail
nhiea. Gialsi i mot nguyea ti inag FoicoiN, lamn Fbéchoi Goi‘XNU lagvectd noévotri ban
el vagvotri cuoécugg cua nguyea ti i Foy com h) lagvectd § ng voi bl 6 nhaiy thi i i.
Khi fou

No

KNO :P1+P2+...+PND :ZE

~

Nedim trc‘)soé\‘KNo‘, ha§ binh phi 6ng hai vea

K <R B+ B, 4
PRRAPR R
RR PR R, +

Nhi vay,
RoRy =2 PR+23 RR, +23 R
i1 i1 i1
RoR., =20P23 3PP,
i=1 =L =1
Got 0, Iaq:;om gif @ 2 vecto 'r‘,’varah)ﬂ thi
P HJ |P| ,i|cos, .

Neé xem ra@g, trong mang tinh thedmoTt |ﬁ| fed baag khoaing cach gai nhaégit @ hai votri
1 va trea hinh (2.2.1), ti ¢ laa, thi:
No—1 Ngo—j
Ay =N, (1+—Z ZCosel,H]
o j=1 i

Nea phi 6ng cuia nhi 6g bi 6 nhaly foE lap nhau, noikhoég phuithuot vag bi 6 nhay tri 6ic
foj thi xac xuaécu@a hai bi 6c nhay ngi 6€ chieat nhau theo moi phi 6ng la egioadg nhau, do
folisoéhamg thi 12 trong ngoaé fn cuia bieé thi £ nhan i 6€ baag 0. Ti @b Foidapkhueéh

tain baag :
=A, =a/N, =a /K.t (2.2.12)

0ifpit - thodgian fednguyea ti (thi € hiein N, bi 6& nhaiy.
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Reéninh dung i 6€ Filoin cuia noj ta giaithie&raag, nhiet Foifedl = 960°K, vamhi vay v
= kT/h = 2.10" s, Neé nguyea ti i hap phuivat lyithi Es thag, coi20k)/mol. Do foi
ks=1,6.10'2s. Thoag thi 6ag a c610,3 nm vag ~1 sec, thi A ~380 um, t £ Foidakhueédh
tan A ra&ldn so voi kich thi 6c maag moing. Ngi 6€ lar foavoi hag phuihoalhot, E s c6&00
kJ/mol nea Ks = 2,6.10%s™ do i A = 4,8 nm, ti ¢ lagA chz baag c6610 lain kich thi 6t
nguyea ti i Deidamg thag ra@g, A biea foaraéloin voi fied kien lied keétrea beamat.
Chuing ta coiquyea chom t = 1 trong vi duihag, nhi ng t sedth ay fpaétheo fied kien phui
magag. Hai che&bicain khab sat tach biet :

a. t laghéggian gii & hag phuvadolag fi bagég mot 16p fdn phuitiea theo.

b. tladghéggian maghaa ti ihap phuibogiai hag nhieat hdn bolag.

Nbavoi tri 6ag hop a:

t=o (2.2.13)
JI’
60 fDy no - votri hap phuicm?. J, - domg hav hag phuy mc/cm?s. Nia (2.2.13), (2.2.10)
vag (2.2.12) chuing ta col

ES

Vosllo o7 (2.2.14)

A=a |2 Y
J

r

Nhio vay, A taég luy6thi g voi T. Tinh chaé foixuaéhiein nhi i 6ag thang voi foidoé
aén - E¢/2R trea foathoArrhenius : InA theo 1/T (hinh 2.2.2)

InA A

che&i
bolag

T

Hinh 2.2.2. Tinh chat cua fio dai khuech tan be: mat, A theo nhiet fio fie T

he&ni
giai hap

b. Ngi 6€ lat, khi T rfuiloin fedmamg tai bay hoi troi hon, thi havkhueéh tan sedgiai hap
nhiedr hon tri 6 khi chuing bophuilag. Khi foj t lagthd@ gian soag cui hai hag phut. Nea
feinh giainolimot cach fbn giai, ta che khab sat tri 6mg hop ha¥ giai hag ditrang thai hag
phuihoalho€. Trong tri 6&g hop nay :
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N I
K %

C

(2.2.15)

OUPpj che sod&di 6i ¢ kyihieis tramig thai hag phuihoaiho€ trea hinh (2.1.1). N a bied thi ¢
nag vadk; (2.2.10) vag (2.2.12) ta col

[v (Ec-Es)
A=a Vi e 2RT (2.2.16)
oc

Viraag (E. - Es) luoa luoa di 6ng, nea foédoé cuia foatho Arrhenius trong tri 6ag hop lag
di 6ng nhi i 6% chi ing toitreé hinh (2.2.2). Caa chulyiraég, ci € feifcua At dngiing voi T
luc baé faa tai-bay hoi cua magg. Chuing ta sethag sau nag (mu€ 2.5) raag A dapseddan
fea magg phang, ma hon, foing nhaé hon vagsai hoing trong tinh thedit hon. Do oy thi €
nghiein fadim thag chaéli 61g cu magg cao nhaéfuing ta¥ fiedn tai-bay hoi.

Treda co soikhab sat chuyea foing cuia cac phaa ti thap phuirieag lel, chuing ta coithedut ra
fi € heisodkhuedh tan beamaé NbilagaT Ii 61ig vomodiea quan fea lyithuyeétruy en vag
nhiet foing 16 € hot. Tri 6 heéisi ikhueéh tan beamat coithedbied dieh di 6i darg phi 6ng
trinh truyea:

S 2.2.17
s o ( )
Js vam; fi 0¢ lag theo fn vodien tich beamaé: mc/cm.s vaemc/cm? ti ng § ing. D cuéig col
Fdn vocm2/s nhi trong tri 6ag hop khueéh tan thedich . Trong tri 6ag hop khueéh tan thed
tich:

p=1g
4

Trong tri 6ag hop khueéh tan beamaé chuing ta cudg 16a s 15ai khac nholhedsodaag soé
nhi fadaen foavoi phi 6ng trinh (2.2.2). Khoaing fi 6ag ti 1o trung binh | 6ifag ladkhoaing
cach nhaly a, coa vai toé trung binh € sedada. T dDi:

D:%K@Z (2.2.19)

vag
A=a/K t=2/Dt

Dugg phi dng trinh (2.2.10) fpavdi Ks, chuing ta colthedieil dien D theo damig Arrhennuis:

-E

D=%vm&e RT (2.2.21)

D thi 6ag liea quan fea rat li 61g thi € nghiein vea si Tkhueéh tan cuia hat’hag phuytrong
luc fol A lagdeTli 6Wg lied quan fea quaitrinh phuimaag moing.
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2.2.3. Nguyen ly Boltzmann

HeisodZ,"Z,'Z;'l Z,Z,Zy) trong phi dng trinh (2.2.5) coithe&inh theo quan fieén nhiet foing
Ii € ho€ vdmoaThi € ra, follagheithi c quan tromg toa tat 6ibaé ci iphain o ng hoaiho€ nag,
vadagl gidda ha§ trieé khai nolfoavai tri 6ag hop khueéh tain beamaé

Nbavoi heicad baag, giaitrothedhoaiho€ p cuia taficaicac thagh phain fedl baég nhau. Nhi
valy, foawvoi phai o ing_kich hoaikhueéh tain, p = p* vadi g1.2.13) ta col:

m(wj:“{g;]:_@f*—wﬁz_AZ° 2.2.21)

p n RT RT

Trong faing thi & fadl, chuing ta feGduag Finh luai khi lyiti 6ing Feéch uyed p fea ns. Naing
thi € cuod chuing ta fnh ngh@ naég li 61g ti 1o Gibbs cu@a phain i ing treéd 1mol tarap suaé
chuad lanZ° .

Khi caa ba@g, vai toé phai i ng thuain baég vai toa phain § ng nghach vagoavoi phai o ing
bat nha&™ nag, chuing ta col:

Rs = R hay nsKs = ns K (2.2.23)

00 fol- s ki hieu phah i ng nghah ti graig thai chuyea tie quay veavotri hag phuTl trea
hinh (2.2.1a). T g2.2.23) cho ta xac finh haég so&aa baag :

I
K=Es=ﬂi=em (2.2.24)
n

-S S

Dugg finh nghé naég li 6mg ti 1o Gibbs: Z =U + pV - TS, chuing ta coithedvieé:

AZ° = AU + pPAV? - TAS? (2.2.25)
Sodnaiig thi inhaédivedphai lagbicao hamg rag nadg li 61g E 5. Soéhamg thi ihai colthedbol
qua Foavoi phain i ing pha ngi ng tur N a vag (2.2.25) vag (2.2.24) ta col:

+ 7A750 -Eg
Ts _g R gRT (2.2.26)

S

So sainh (2.2.26) vdi (2.2.6) chi ing toiraag,

YAVAYM
AS® = RInd Srovee (2.2.27)
ZI’ZVZt

Keéquainay t 6ng i 6ng voi bied thi ¢ bieil dieh moaliea heigii & entropy vdi xac suaé
tramg thai trong nhiet foing thoag kea
S=kInQ (2.2.28)

[1] Phain 0§ ing hoalho€ bat nhaécoinghd lagrai toé phah § ing cuia noiseltyiledvdi mat fidcua moi chaéphain
i ing.
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00fDj k -haég sodBoltzmann; Q -sodramig thai li 6Wg ti { Theo bied thi ¢ nag, entropy cuahei
sedtyileivoi In cua sodramg thai vi mo&oithe&ua hed

Heéthi c (2.2.28) i 6€ got lagnguyea lyiBoltzmann. (Tred bia moédBoltzmann colghi heé
thi ¢ fo). Entropy S nhi vay khoag chi coifuimottinh chaénoj maaoa th o finh luat thi i3
nhiet fohg ho€. That vay, khi T = 0°K heichz dimot traiig thai na@g Ii 6¥g thag nhag vi Q
=1neaS=0.

2.3.  Nhiet fiong hoc cua s tao mam

2.3.1. Soc cang be mat va ap suat be mat

Nhiet foing 1i € ho€ cu@ cat hiein ti 01g beamaé Mo 6€ Gibbs nghied ci U Fadl tied. OAg

xem raag 16p beamaé lagnot “pha beama€&’ mai, khac voi pha the &ich dichoifbiday cuia nol
reé biet nhoj chz trong gidi ham kich thi 6c phaé ti i Khai niein foicho phep ta dugag

phi dng trinh toag quat cuia si kad baag nhied pha foavoi pha beamaé

Cat ha¥naén bea trong tinh thediea keé bad hoaav0i cac ha¥xung quanh, cog cac ha¥naén

tred ma# ngoa@cua tinh thed- khoag thedad hoa voi mo¥ phia: tred maé ngoas xuaé hien
mot naég li 6Wg ngi ng tuhae oy coiteé lamadg li 61ig maéngoad

Nadg li 61ig maé ngoad coltheaxem lagcoag bi t cac lied keé fedta® ned beamaé moi. Kyi
hiei 1i € suy roing ti 6ng § Ing voi diein tich maéngoaws X lag. Khi foj coag (T= const, V =
const) lagn taég beamaélea mot 1o 6wg d X, theo (1.11) baeg :

OW =dFy =- Ydx = cdX
0ifo| o 1 0€ goT lagi ic cag maéngoaegii @ 2 pha (Noibaag Ii € beamaétrea 1 fbn voroi
dagtrea beamaé (dyn/cm)), hay naég Ii 6mg ti ®o tred mot fdn vobeamaé

dr;

- 2.3.1
o= (2.3.1)

Nadg lo 6mg beamaérodaag raeg thoa heithi c:

U, =K —TaF2 vi Sz—(ﬁj

oT ot ),
hay U, =ocZ - Tz(a—gj = Z(c - Ta—Gj (2.3.2)

T )y s oT

Ha§ khaio sat fieds kiein cad baag trong heigoim hai pha i 0€ phaa cach bdi beamagé
Chuing ta fadoie§ khi bolqua hiei ti 61ig beama& fiedl kiein caé baég cu@ hai pha colcuag
mot vat chaélag

T'=T", p'=p; w=u (2.33)
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Colthe&hi ing minh fi 6€ raag, ned tinh fea hien ti 61g beamag thi fied kieh caa baag hai
pha cudg lag
T! — Tﬂ; “! — M”

Coam ap suaéitrong hai pha, do ba# gidarea biea cuia chuing coitinh Ii € cua si € caédg bea
maé nea caa baag sedaly ra voi ap suaékhac nhau. Hay tim Fied kiei cad baag foitrong
heiloing () vaehdi ("), xuafiphat ti el kien nadg li 6g ti o ci € tied khi T, V = const.

Naég li 61g ti 1o cuia hedgoin chaéloing, hdi vadedmak phaa cach gii & chuing, khi T vagpu
cu@ hai pha gioag nhau, theo (1.11) baég:

dF=-p'dV'—-p"dV" + odx (2.3.4)
Khi caa bagg, theo (2.3.26), dF = 0:

cdZ—p'dvV'—p"dV"=0
Viraag V' + V" =V = const., thi:

p'=p"+ c% (2.3.5)

Nevli 6wig d>/dV’ lagDicong cuia beamat phaa caich 2 pha.
Trong tri 6ag hop maécai:
dx d(47tl‘2) _2

dv d(4nr3j r
3

(r £ 6 tinh laedi 6ng, nedé fpécong cuia beamaé hi 6ing vag pha (')). Trong tri 6ag hop bea
maétuygyi

a 1 1
_ =4 —
(o \VARR RN %
0ifour, vag, _ nhi @g ban kinh chuiyea cuia fbicong beamaé
Nhi vay, khi caé baag gii @ gio¥ lodg hinh caa () voi hoi (') thi hedtho i gii & ap suaép’
trong gio¥vaap suaép” trong hoi coidaig:
! " 26

—pr+ 2 (2.3.6)

Y
To efputhagt raeg, tred beamaé phaa cach 2 pha (gio¥-hdi) coitoa ta¥ si Tfot bied ap suag

baag 2c/r. NaT i 67ig C{EJFEJ hay 2 i 0€ got laap suabbeamaéhay ap suaéLaplace.
r

1 2
Trong tri 6ag hop maéphaing (r — oo ), ap suafibeamaébaag khoag vagieu kiein caa baag
c6 ho€ truag voi fied kiei khoag tinh hieis i ng beamag

p! - p!!
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Do tain quan tromg cuia s £ caég beamaé o foévai vat lyimaag moing, chuing ta ha§ nghiea cb i theén vedbain
chaécu@a nol Ti dng o ng voi heithi £ (2.3.1), si ¢ ca@g beamaé o coithedxem nhi naég li 0wg thi & t 1o trea
mot fdn vodien tich. Xuaéphat ti gfied Fol, coithedf a ra mot loa¥thi € nghiein fed tri € tieg MYl 01g o.
Vi duy Faraday naén 1857 fmdchuiyiraég, lai Au boco lat khi fb&noing noifea nhiet foigain nh iet fbinoing
chaly. Hieis § ing foy nhi Fedoied lags) Thied dang rad do st tkhueéh tain nhanh cu@a nguyea ti idi 6i tat foing
cu@ li € beamaé So sainh bied dawig rad voi ngoat li € fadbied colthedxa Finh si ¢ caég beamaé Tuy nhiea
thi € nghiein foihoaa thagh voi foichinh xac cao lagafikhol Dail sao, cuiig colthednhai 7 6 si Wi h giaiso
boitheo thi iti ®uia FAT IS 61g nap.

Theo finh ngh@, o laenaég o 61g tred 1 fdn vodien tich beamaécan thie& fedach tinh thedt ¢ fedcaé i t
cat modaliea kefitred beamaé. Cho nea chuing ta colthedviest

Z
c= Elk(?s]Ns

00Dy Ey - naég li 0wy lied kefithedich; Z/Z - sodiea keéti 6ng fpabocaé i t (tred mot nguyea ti ( beamad)

do tach tinh thedN, - mat foinguyea ti | maé Ti ahi éig giaitrd fied hinh (E i = 3eV; ZJZ ~ 0,25; Ng ~ 107
ngti fcm?) ta nhain A 6€ o ~ 1200 erg/cm?. Cac giaitrdoc cui cac nguyea todrong baing tuain hoag fi 6€ xat

finh ti goha lodg (hinh ) Fadhai ainh si hieé thiea cula naég o d1ig liea ke&E .

Ne# phaa loat theo vat liei, thi kim loa¥ col o cao hdn o cuia cac oxide, hdp chaéhalogen kiein, sulfide vag
vat liei hi @ c0. Cao nhafithi 6;g lagkim loai ch uyea tie; thag nhafithi 6ag lagkim loai kiein, kim loa¥ hoia

tro2, aikim, khi tro. Kbavoi cac cha&hi @ cd, o < 100 erg/cm?. nadég li 6¥ig beAmaégiaim raé it voi nhiet Fbi

do/dT ~ -0.05 erg/cm?°C. (1J/m? = 10° erg/cm?).

2.3.2. Dang can bang cua tinh the. Nonh ly Wulff

Khi caa baag gio & tinh thedvdi hoi baib hoaghay theénoin g chaly cua minh, thi ap suaé trong
tinh thedvadrong moatri 6mg bao quanh nojj do coibeamaéphaa cach, neé khoag baéag nhau
vaechuing lied heivoi nhau baég bied thi ¢ ti ong t) 1{2.3.6). heithi & Foi f 6€ nhaainh thea
ho€ Nga Wulff fi a ra ti maén 1895. Cudg ti 6ng t 1{2.3.6), fnh lyiWulff deidaag xac lap
nea xuaéphat ti gied kien cad baég toag quat cuia heivoi T, V = const.:

SF =0,8F>0 (2.3.7)

Ha§ khaio sat fdn tinh thedpha fai tied) i 6€ hoi baib hoaghay thednoing chaly chinh nol
bao quanh (pha thi ihai). Dugg (1.36) coitheaxac finh fied kiein cad baag c6 ho€ gio & 2
pha nag coltinh Fea aihh hi 6ing cua beamaéphaa cach.

Vi phaé naég li 6mg ti ®lo cuia hed
dF = —p,dV, - p,dV, + > _o,dz, (2.3.8)
0ifplZ; _ dien tich cua maétinh thedhi U i; o; _ naég li 61ig maéngoad riedg cu@ nol Khi
caa baag:
> 6,dZ; —p,dV, p,dV, =0
vi V1+V, =V = const., nea:
2.06,d%; —(p, ~p, )V, =0 (2.3.9)
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Ha§ xem the&ich cuia tinh thednhi toég caic thedich hinh thap i 6€ xa§ di Tig trea cac maé
¥; vag'enh cu@a chuing i 0€ qui tutai taén cu@a tinh thed(hinh 2.3.1) (h; _ fibdcao cui hinh
thap thi i i)

: Hinh23.1
|
/// hi
/, :
Ro&ramag raag:
V, = }Zzihi
35
vag v, :%Z(Zidhi +h,dz,) (2.3.10)

Maé khak, trong gaa fuing bat 2, biea foéithedich dV ; ba@g si ©dh chuyeé beamaé 3; trea
si biea foérpicao dh;:
dv, = > %.dh, (2.3.11)

So sanh gii @ (2.3.10) vagq2.3.11) ta coi

Yrdn =Y h

Do i dVlzzi:Zidhi :%Zhidzi (2.3.12)
N a (2.3.12) vag (2.3.9) ta cot
Z[Gi —%(pl—pz)hi}dzi =0 (2.3.13)
Vi dZ lagot lap, nea th 2.3.13) ta nhai Fi 6€ fiedl kieh caé baag cb hot:
P, —P, = Zhi (i=1,2 ,n) (2.3.14)

Niea kieh nayg cudg ti ong t 1{2.3.6) vadi 0€ got la@ap suafimaétinh thed/\Vulff,
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Hieil p; - p. tred taficaicac maétinh thedlaggioag nhau, neé khac fi thi tinh thedkhoag
fi ng yea. To gied kien (2.3.14) thag raag, dang cad baag cui tinh thedfi 0€ xac Ffinh boi
heithi c:

6, _6S;

% _ _%_(ongt. =W (2.3.15)
h, h, h

hay hi:hy:hs: hy=0c1:02:03: :op

Nbilagfinh lyiWulff: khi ca@ baég, maétinh the&ach xa taén cuia noitred khoaing caich tyi
ledvOi naég li 61ig maéngoagrieag cu@a nol

Ne&minh hoafinh lyitred, ta ha§ khab sat vi tinh thedftnh hi 6ing theo tru€ z, tri € giao voi
maégiag (hinh 2.3.2)

(010)
y G,
(1 10? (110)
. o Hinh 2.3.2
(Too i : 100)
/ \\- o _,// _O
oVl

Rbavoi vi tinh the&nag o; tred mag {110} 16in hon 20% so voi o, treé maé {010}, vir, = 1,2
ro. Nhi g maécoic tha@ nhaéfbavoi cac caé truc tinh thedkhaic nhau i 6% tri nh bay trea
baing 2.3.1.

Béng 2.3.1:

Cautrac Vidu Mat o thap
Lap phuong tam khoi (bcc) | Cr, Fe {L10}

Lap phuong tam mat (fcc) Au, Al {111}

Luc giéc bo chit (hep) Zn, Mg {ooo1}

Kim curong Si, Ge {111}

Zinc blende GaAs, ZnSe {110}
Fluoride MgF,, CaF, {111}

Rock salt NaC, PbTe {Loo}

Voi nhi dg maé oi/h; > W, thi chuing sedbay héi hay noing chay, com voi oi/h; < W thi
nhi 6ig maé nay sedta@g tri 6ing. Van tod ta@g truding u; cu@a tinh thed(khi gain caa baag)
theo hi 6ing tri € giao voi maétinh thededyileivoi o; cu maé foi
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u =

Mh 2% vagi~ o (2.3.15a)
t W

2.3.3. Vai tro cua soc cang be mat khi thanh lap pha mdi. Mam fiong the
(Homogeneous nucleation)

Theo lyithuyeéinhiet foing li € hot, si thuyea pha cua cuag mot vat chaéiti oi sang loing,
ti doing sang tinh thedveanguyea taé sedxaly ra ngay khi heicoimot coag ta® main dugheé
si € nhoj vi si huyea nag liea quan fea giaim naég li 6ng t o culd hed Nhi ng thi € tedsi T
chuyea pha latTkhoag xaiy ra khi coag cog chi a fuilon. Nguyea nhaa cua si Kim haén nay
lagvi quaitrinh ke&tinh khoag chz laagjuaitrinh “kho&’ thuaa tuy] maaog i 6€ xac finh moi
cach faing kedfea tinh chaébeamaé cuia maim Foévoi moatri 6mg bao quanh nol Sb ithay
roénadg lo 6wg t 1do lied quan Fea si ta® thamh m a&ngoawlaedi dng, ti ¢ lagsh taég maé
ngoa® cua maim lam cho F tadg, coitac dumg ngi 6€ voi qualtrinh chuyea pha . Vi gio¥
main nhojj Fx ~ r?sedtaég nhanh hon si igiam Fy ~ r* (hinh 2.3.3). Vi vay, theénhiet foig
taég vaahdi khoag colkhainaég ngi ng turKhi gio¥'16in, baé fad th dan kinh r cuia noibaag
I, NG 0€ lat, sodhamg thedich taég nhanh hon soéaig beamaé si ihgi ng tubaé faal colkhal
na@g. Si ke&tuipha moi coikich thi o ci € tieé nhi vay i 6€ goT lagmaim.

o, 2 Hinh 2.3.3: Gian fioi ve ngdng tu

J / mam tren fie khong “tham 66t™.
main

\ea
S S S S S

Chuing ta hag tinh ry cu maim, fedi g@ihdi baé fadl ngi ng tur Gialsi ira@g, do thaég giaing
pha cud(hdi) magthagh lap mot gio¥ nhoiicoibain kinh r trong hdi. Trong tri 6ag hop toag
quat:

Z=F+YX

AF = AZ - A(YX)
Trong tri 6ag hop nay (Y = -o1, X = X) si thiea roanadg li 61g ti 1o cua heikhi thaah lap
gio¥baag:

AF=(u, -, )N+o,2 (2.3.16)
00fDy py - thedhoaiho€ pha cudhdi); pc - thedhoaiho€ pha méi (giol); N - soéhaiv'trong pha
moi; of - S € caBg maéngoagcua maim; X - beamaépha moi.

Nb7li 6Wg N vaZ deidasmg bied dieh qua bain kinh gio¥;
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_4n ré
3z,
0lfol 2+, - the&ich cua mot ha¥pha moi. Nhi vay:

>=4nr*: N

3

:4—;:(;40 —MV)ET+4R r’c, (2.3.17)

c

AF

Ti dbied thi £ nayg suy ra raag, colthegoihai tri 6mg hop xaly ra: pe > py vadic < p,

Tri 6ag hop thi inhaé (ue > py) lagkhoag ben. Si txuaé hien gio¥ loing trong hoi (hay bot
trong cha&loing) voi motkich thi 6ic r Fedl dain Fea tadg AF. Vi vay, sb ithaah lap pha mai,
veaquan fieén nhiet foing, lakhoag thuan 16% gio¥nhanh choing tan ma#é

Tri 6;ag ho'p thi thai (ue < py), pha moi (kich thi 6 16n) laden vi 6g. Tuy nhiea ti 42.3.17)
thag raag faa tied AF taég Mt fea ci € Miroa giam (hinh 2.3.4).

Hinh 2.3.4 AP/

ARl .

N

I AN r

Nieén ci € FaTcui AF i ing voi ban kinh toi haii ry cua main. Ne& main chi a favkich thi 6t
naw thi noichi a cousi bed vi &g nhi Fadgiai thich 6itred - main sedan ra. Mot khi main col
kich thi B¢ vi 67y, maim sechen vi dg, sedon tiep tu€ thamh tinh theavi khi nayg nadg li 6ng
t Wo cuia hedgiaim.
Kich thi c ry thoalfied kien:

d(AF)

— 7 =0
or

2
hay ro= 2t (2.3.18)
(THET

Nea hai pha hdi-gio¥ caa baag, thi u. = p, vaghoi bitarap suaébaio hoag, cuia nol Nea p
cu@ hoi taég hon py, thi u, sedaég ti 6ng o ing voi (1.2.13). Do foi

w,—p, =KTIn > = KTInj—C (2.3.19)

Py v

60fp| J. vad, - dogg hat ngi ng tuvadai bay hdi ti 6ng i ing.

To (2.3.18) thag raag, bain kinh tdi ham cuia main tyiledvoi si c caBg maé ngoa# Soahaig
(1 - wy) di 6 mai so&huing toiraag, hoi quailbaio hoagcaag 16 (hiew so&picaag 16i) , thi
bain kinh toi haw r, cagg nhol
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Cau tri 6mg hop chuyea pha loat mot khaic cudig xaiy ra ti ong ti Tchaéloing soécac bovkhi
lashi ig main; s keéitinh-vi tinh thedaaac maim. Nhi ng vai troamain trong nhi @g tri 6ag
ho trea com colthedaahi dg hatvat chaélar

N a (2.3.18) vag (2.3.17) foing thossi iduwig (2.3. 19) ta nhain fi 6€:

3
AR, - tom_ o (2.3.20)

3 2
{KT.np}
. Py
Nbiloin AF chinh lago@g caa thieé feéheita® main toi hai. Ti efpivessau khoag cal thedn
coag tt mgoawvag ni &, ngi 6¢ larheicom toainadg li 6Wg (di 6i damg nhiet keétinh) .
So sanh (2.3.18) vaq?2.3.20) ta nhai i 0:

AF, = %ofzk (2.3.21)

00Dy X - died tich beamaé cua main toi ham. Nhi vay, muoa ta® maim téi han phai can
na@g li 61g baag 1/3 naég li 61g beama&maim. Noi cach khat yeé todhedich AF, (soéaiig
thi inhaétrong (2.3.17)) chz fuibugcho 2/3 naég li 61ig beamag& phaa cog larphai i ©c sinh
ra do nguyeé nhaé khac. Nguyea nhaé nay chinh lagsi tha@g giaing nadg Ii 6wg. OUfaa
phai naég li 61ig taég theén do hiei ti 6 g thaég giaing coltrososdadg hoaé 16n hon AFy, thi
0irag seda® ra main coukich thi o tdi ham. Nhi vad, si tkuaéhiein cac main coikic h thi 6c
toi ham phai tuaé theo finh luai thoag kea

2.3.4. SO tao mam di the (Heterogeneous nucleation)

O Umut tri 6, chuing ta Fadkhab sat mail N giah Foavoi main foing the&ui pha ngi ng tuT
ti goha hoi quaibad hoag xem nhi main xua&hiein trong logg pha hdi. Maé dugmain Foing
thedit ga@, nhi ng thi 6ag xaly ra trong mot vagheiphai i hg CVD, 6ifpihdi quaibaib hoag
cao frea mi € nhi mi a “tuyef’ fodea rea

Ta® maim dothedadri 6ag hop phodiea cua si Thuyea pha. Dothedifa§ ladheimat ifiead
Main dotheaxuaé hien trea beamaé fedphai phuithuot vag si € cadg beamaé dé, o5 va sirc
cang bé mat tie@ giap main - fedc;. Neéxac finh vai trogcu@ chuing, ha§ giaiftnh main col
damg choim cad, nhi i 6€ chi ing toitreé hinh (2.3.5).

Haa phuT Hoi Giai hap O
a
H/G m T Hinh 2.3.5
0QYy Main Q0
oo Y/ Rea
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Gor'r ladban kinh cong cu@a choin caa, 6 la@yoc tieg xuc gii @ main voi beamaé fed Chuing
ta colfi 6€ mot so&ré tinh hinh ho€ cua maim nhi sau:
Theéich cua mai:

n; (2—3cos6 + cos? 0)

V =
Diei tich tieg xuc git & main voi fea
Y, =nr’sin®0
Diein tich tie@ xui gii @ maim voi hoi:
>, = 2n r?(1-cos6)
T 6ng th {2.3.16), biea fpénaég lo 67g ti 1o cuia heicoldamgy:
AF=(u,—p, N+ o, (2.3.22)
k

li[goll chmzm __naég li 6Tig beama&bao goim nadg li 61g toa hao dé tao rabeamat X vasi T
k
biea roénaag li 6mg khi diein tich X; tri ¢ ladbeamaé phad chia gii & pha hdi vagdedag gidoe
redroinea beama€phad chia gii @ main vageaCho nea:
ZGmZm =6, + (o, —0, )2, (2.3.23)
k

N = V. so&avtrong pha moi.
7}

Votri cuia cac vectd gi ,gf ,gsﬁi 0¢ che trea hinh (2.3.5). Do caa baég c6 hot gii & cac
thagh phai naén ngang, li € ta¥ fieén O tie@ xuc gii & 3 pha i 6€ biei died boi phi 6ng
trinh Young:

o, =0, +G, COSO (2.3.24)
Thay cat trosoaatiefivag (2.3.22), ta col

AF, =2nr?(1-cos8)o, —mr’sin”Hcosé o,

= n 1%, (2— 3cos0 + cos® ) (2329
vag
ARy = (1, 10,)L = (u, — 1, )2 (2-3c050 + cos0)
o, 3z,
Ti goi
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3
AF ={ﬁ(uc —uv)r—+4ﬂf26f}f(9)
3 23

f(0)= %(2 —3c0s0 + cos® 0)

So sanh ke&quainhai i 6€ (2.3.27) voi (2.3.17) ta thag, chuing chz khac nhau 6ihedsod( 0).
0 dg voi mot giaitro 0, fi 6ag cong phuithuo cuia AF vag bain kinh r cudig coidaiig fuing
nhi tre@ hinh (2.3.4). N 6ag cong fi qua Fieén ci € FRT'ti 6ng i ing voi bain kinh ry (2.3.18)
Thay (2.3.18) vag (2.3.27) ta nhain i 6€ naég li 61g can thieh feda® maim colkich thi 6ic
toi ham:

3
AF, = 0% ¢(g)— O _ (2.3.29)
3 {kT P }
_ |n _
UC I:)V
hay:
AF, = f(e)%csfzk (2.3.29a)

00Dy X - died tich cua maim coiban kinh t6i hai.
Ti chied thi £ (2.3.29) ta thag, AFx phuthuot vag gotc 6, maggiaitrocui nolfi 6€ xac Ffinh
boi bieé thi ¢ (2.3.24).
Ha§ khao sat nhi @g tri 6ag hdp gidi haw sau:
Khi 6 = 180°. (hinh 2.3.3). Ke&hoag botaén i 6t boi maag; f(6) = 1, do fbicoag ta® main
(2.3.29) trong tri 6;g hop nag chinh ba@g coag ta® main foig thed2.3. 21). Theo (2.3.24)
trong tri 6ag hop naw:

o, +0; =0, (2.3.30)
Khi 6 = 0°. Nedbotaén i 6t hoaa toag bdi maim; f(0) = 0, do Fbicodg ta® main (2.3.29) baag
0. Theo (2.3.24), trong tri 6ag hop nay:

G; + 0, =0, (2.3.31)
Nbg ladri 6mg hop lyits 6ing.
2.3.5. Cac mode tang tr66ng mang:

2.3.5.1 Cac mode c6 ban cua séi tang tré6ng mang :

Phi 6ng trinh Young (2.3.53) seccho ta phaa biet vadhiea rothon vea3 mode taég tri 6ing
magg nhi i 6T chi ing toltreé hinh (2.3.6)

Bo, &3

ISLAND

0000 SRR

Y

LAYER
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Hinh 2.3.6 : Nhi*rng modes co ban clia sv tang trweéng mang
\V/6i ta@g tri 6ing o0& FaD, 9)% do Foi
c (o ,+0o; (2.3.32)

Ti 42.3.32) suy ra radg, neé o; nhoithi taég tri 6ing oa Faib xay ra khi ¢ _ ( o, .Nied Fi
giai thich tarsao magg phuikim loai'coikhuynh hi 6ing ta® fiaim hoaé oé fap treé rea
ceramic hoaé bain dab.

V0i taég tri 6ing 16, 16 phuisedtam i 0t fea 0( 6 ¢( g do foi

o, 20, +0; (2.3.33)
Nhi vay, vat lieil magg coinad@g li 61g beamaé thag sedtaén i 0t Fedcolinaég li 6ng beamae
cao. Tri 6ag hop feaé biet cua fied kied nay laegmamg foing nh aélyiti 6ing hay “Epitaxy -
romg cha&’, 6l foi 10p tied giap gil @ maag vagieaveabain chad bo triet tied, o,=0.
Cuoacugg, taég tri 6ing S- K (Stranski - Krastanov), faa tiea it ra cuéig phai col

o, >0, +0; (2.3.34)

Nbii tied main tadg tri 6ing theo 16p. Sau khi thagh lap 5 - 6 Fdn 16p thi maag seéchuyea
t da@g tri 6ing hai chiedl sang ba chie. Coivaico chededaég tri 6ng S - K, nhi ng motco
che&oifed xuaéphat ti &huynh hi ding ti Thhiea lagheiluoa hi 6ing veanaég li 6g ti ®o ci €
tied. Co che&hi 6ag gap nhafi lagaw tied do thuaa 167 veamat naég o 61g (2.3.34), maag

sefta@g tri 6ing 2D, nhwng s Tkhoag khép mamg sedtich tuihaég li 6mg biea dang (2.8.3).

Magg camg day thi naég ludg tich tuiolcamg 16n. Sodharig nadg li 6ng tich tuTf 0€ boa
sung bea vedphai cuia (2.3.32). Khi nolfuilon feadthoa baé fiaing thi ¢ trea thi taég tri ding
chuyea sang 3D.

2.3.5.2 No ben hinh thai hoc cua l6p bien dang:
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Ti dyithuyefibiea dawig fiag hoi ta coltheduy ra raag, nadg li 61g biea dawig (t o) raa
hoi coidang:

F = %Ys 2 (2.3.35)
6ifpy Y lagnmodul fea hoi vag lagibiea dang cu@a nou Thi 6ag, SO&D ¢ tred maétieg giap
gilt@ mamg vag fea lag siT bied damg khoadg khop manmg f, fo0€ xac finh
boif =[a,(s)—a,(f)]/a,(f), difpia, laghoag soanalig cua maag (f) vagdeds). Nhi seithag
6imut sau, MaTli 6mg f colvai troguan tr omg trong epitaxy. Ba§ giéchuing ta ha§ khao sat
foiday maag toi ham, magrea foibeamaé magag phang sedgoagheado taég tri 6ing o& FfaD.
Ned foisedyadl nea tinh khoag oé finh veahinh thai ho€ vazoithedhab sat baég lyithuyeé
ta® maim vdmoaTheo Wessels ™, naég Ii 6ng ti Ko sethiead Foakhi thagh lap main 0é fab
bain caai (khoag phai hinh cai) trea 16p epitaxy Fang taég tri 6ing, biea dang colfpiday h
baag:

2nr?

AF = AF, + nr’c + AF,mr? (2.3.36)

Chuiyiraag, AF, lacnaég li 6g ti ido trong fdn vothedich cuia oé fab, o lacnadg li 6g bea
maétie@ giap, coa AF, lamnadg li 61g biea damg ti 6ng tac gii & oa faib vadop epitaxy. Nol
baég hieis soagii @ naég i 6mg biea daiig trea fdn vodied tich sau khi thagh lap oé fao
GYE zhjvaam 6¢ khi thagh lap od Feid (%Yf Zh) Do ol AF = %(g > _t2)yh, 8ifvic lag
si ikhoag khdp trong magag bobiea dag, nr?laaliein tich boainh hi 6ing bdi biea daxig. Nhi

Ay L U ¢ 14\ o
trd 6¢ kia, ban kinh maim téi ham ry i 6€ xac fnh ti died kieh _d =0. Ti gl
r

[G—l(az —fz)Yh}
2
AF,
Trong gidi ham r, = 0, fodday magg tdi ham hy 6lFfoubaé faé colhinh thai o faio goaghea
(tadg tri 6ing Stranshi - Krastanov) lag
20

h, = oy (2.3.38)

Heithi € nag colnghd lagh, ~ f 2. Rbavdi InGaAs tred GaAs, Wessels gial thieé raag,
he(cm). f2 = 1,8.10™"° sau khi Faéthay theacac soéhalig coa lai mot cach gan Fuing. Khi
hi.f> 1,8.10™° thi secchuyed ti anamg tadg tri 6ing 2D sang 3D.

(2.3.37)

M =-—

;i FRANK-VANDER MERWE MODE

© / LAYERBY LAYER

o ¥ N o A

G % %/m M Cac mien :ozn

0.2 % nOp? cua 3 mod.es tqng
% STRANSKI-KRASTANOV MODE trédng mang theo hieu nang
% LAYER PLUSISLAND GROWTH |0(’j‘ng be mat g|0a mang va
é 57 / fie (truc Adng) va s6 khong
% ///// khop mang (truc ngang).
% _________ -




Nhan thém nhiéu sach vat |i mang moéng nira, xin lién hé: thanhlam1910_2006@yahoo.com

B A
0.1- )

/SU PERLATICE
| I | I I

g
0.0 - 1 2 3 4 5
01— VOLMER-WEBER MODE
ISLAND GROWTH
Vrii N

Ba§ gidachuing ta coithenieé to&hdon hinh (2.3.7), 6ifplfadoha & biet rodsi Tainh hi 6ing cua

W:Mvaﬂf led 3 damg taég tri 6ihg khac nhau. Ti @(2.3.32) suy ra raag, khi

Gs

o ;)o,ti € lagV < 0 thi taég tri 6ihg 0é Fab troi hon. Nhung khodng tang trudng foifi 6€ mol
roing khi coitheén si tkhoag khop mamg. Taég tri 6ing theo 16ip chz colkhainaég khi W > 0.
Tuy nhied, fied lam nga€ nhied lagcod cheédtadg tri 6ing i colthedtom taT voi mot ludTg
khoag khop nhol Gii & hai dang taég tri 6ihg oé fab vada @g tri 6ing theo 10p ladadg tri ding
S- K.

2.3.6  Anh hodng cua nhiet fi6 fie va van toc lang fiong len qua trinh tao mam:

Nhiet foifed/agvan tod laég fbrig R (ngti icm %.s) lamhi éig thoag sodainh hi 6ing raélon lea
quaitrinh phuimagag. Ha§ tinh nhi @g hiei § ing cuia chuing leéa 2 FaTli 0mg co bain r¢ vagAF, .
Vie&larphi 6ng trinh (2.3.18) foavdi bain kinh ti haw r .
B 20 _ 20

(Mc _Hv)/Uc AF,,
00Dy AF, - naég li 0g t 1do cua nguyea t itrong 1 fdn vothedtich. Nea giaithie&raag,
vai toé bay hdi caé bagg ti gmain ta¥ nhiet Foifea K tz leivoi ap suaé P, , coa &- tz leivoi
ap suaéquaibad hog P, thi ti 42.3.19), AF, coldaig:

I = (2.3.39)

kT, P kT (K
AF, =——In—=——In| 2.3.40
Rt (2340
Vi phaa tri € tie (2.3.39) theo T, ta nhai fi 0%¢:
[i] =2 . (2.3.41)
ot & (AFV)
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Voi cac gial tro fied hinh: o, ~10%rg/cm® ; 0o,/0T ~-0,05erg/cm®.°K ;
OAF, /0T ~ AS,, ~8.107erg/cm®.°K; |AF,|<<16.10"erg/cm® (khi hamg rag main ton
tai) thi:

(%j >0 . (2.3.42)
oT )

Vi phaa tri € tieg (2.3.29) theo T, ta nhai i 0¢:

aAij 161 o? {Qacf AE 90 8AFk}f(6)
\Y% f

oT Ju 3 (AR, L oT oT
Viraag,
26, ARl SG&AFV vagAF, <0, nea:
oT oT

oT
Vi phaa (2.3.39) theo K theo “Qui taé dag xich”:

o) _(on (@8R, _(_ o ) KT
W AR e

Vi AF,, <0, nea

aAij >0 . (2.3.43)
&

(%j <0 . (2.3.45)
T )a
Cudg chi ing minh ti 6ng ti T'ta coi
OAF,
<0 . 2.3.46
[ R j (2349

Boa ba&ang thi € vi @ nhai i 6 treé cho ta tom taécac hieil § ng thi 6ag quan sat trong

qualtrinh phuimaag. To (2.3.42) suy ra raeg, khi nhiet fodfeédcao, thi kich thi 6c r « cua
main toi hain taég. Caa truc oa fab gian foam, tinh trung binh, sedkeb dagfea foiphuicao
hon khi nhiet foafe&had. Ti 22.3.43) coithedgiaithiefiragg, hamg rag cuia si ta® main col
thedtom tai 6l nhiet fpireécao, trai lat noisedgiaim 6inhiet foifedhap. HON ni & mat i
main colkich thi 6c toi hal N* phuithuot AF, theo hagn munea sodmain tdi han sediaim

rafnhanh theo nhiet fbd Nhi vay/, maag lieé tut can thdggian phuilaéd hon mdi xuaéhiein

6inhiet fodfeacao. Ti g2.3.45) deidamg thay raeg, taég vain toa phuimagg thi oé fab nhol

hon. Do AF, cu@g giaim, nea ta® mam voi vain toa & cao sedlam cho maag lied tue 6ifpi
dag maag nhoihén.

Ned chuing ta ke hop foing thdoe cho ry vagAF, cuag I6in thi seddan fea vi tinh thedldn,

hoaé ngay caithaah lap Fdn tinh thed Nied Foiti 6ng § ing voi nhiet foifeécao vagvain toé
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phuithap. Ngi 0€ laT, nhiet fodfeahap vaevai toa phuicao thi seéthaah lap magag fa tinh
thea

Nhi &g toim taécoitinh hi 6ing dai thi € nghiein treé lagraécolich. Nbathocuia cat vugg cad
truc treé theo nhiet fodfedsagvai toé phuifi 6€ trinh bay treé hinh (2.3.8) foavoi maag Cu
treé fe4111) NaCl. Nbavoi cat cap magg - Fednhat cudg coldaiig ti 6ng ti TCai bodsung
theén raag, trong cac heiban dah cheapitaég tri 6ing mamg voatnh hinh fad fi 6€ quan sat
khi Rl6i vadl nhoi

Ti dyithuyeéita® maim dothe&olthe&ut ra cac nguyea nhaa thaah lap caé truc oé fab lagl.
Nhiet foife&ao; 2. Vat lieil magg colfieén - soa- thag; 3. Vai toé phuimagg thag; 4.

Lo € lied ke&gil @ mamg vadedyea; 5. Naég li 61ig beamaécua vat lieil magag cao; 6. Naég
li g beamaécua vat liei fedhag. Maé dudyithuyefita® main dothedrea lagoiich cho
finh tinh, nhi ng com xa voi foichinh xa vearinh i 6Wg. Nedvi duyta ha§ tinh r Foavoi

0 ~un

maag kim loat300°K. Ke&Pn giah ha§ dugag bied thi c cua main fbing thed

ro=-2 O . 6iR0IAF,, :—k—TIn P, Giaisi i
AF, L

v, ~20.10*cm?; 6, ~10%erg/cm?; P =10 *torr. Khi foi

C L

. -2.10°

‘< -1,38.10"(300/20.10 )In(102/10*
Maim nay colkich thi 6t Fuing vagnguyea ti | do Foikhoag theddumg khai niein mien liea
tu€ nhi si & caég maéngoad vagban kinh maim phai 16ih hon nhieal. Trong thi € teafedgiai
thich nho éig hien ti 6mig ngi ng tuThdi cuia main dothedcaa dug g lyithuyeétrea co séimail
nguyea tj

~6.10%cm
)
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Hinh 2.3.8: S& phu thuoc vi cau truc cua mang Cu tren mat (111) cua fie NaCl.
2.3.7 Anh h6dng cua hat fiien tich len qua trinh ngéng tui :

Neé mot gio¥trong hdi kie&n fi 6€ mot hat fiei tic h, thi nolbaé faal taég, ngay calmoti gio¥
raéinhoivadhodag nhi @g chz trong hoi quaibab hoaa(u. < w,) maaog trong hdi chi a fa¥ fea
baio hoad e > ) .

Thi € vay, giaisi igio¥bain kinh r kieén i 6€ ion coufiei tich e vadan kin h a. Khi caéa baeg
ion fi 6 tap trung vag taén culd giol. Nea gio¥ foibaé faa taég, thi Aed Foisedlam giaim
naég li dmg ti Ko cua Aed tri 6ag, do Foilaen giaim thednhiet foing .

Ti 6ng t6 {2.3.17), bied thi & AF khi thagh lap xung quanh ion cuia gio¥ coidaig :
4nr®
3

c

0l 7D,I AF,- biea fbé naég li 6Wg t Tdo cuia fien tri 6ag khi thash lap gio¥ fien tich (p,_

AF =

(Mc — uv)+ 4no r? + AF, (2.3.47)

thedhoalho€ cuia gio¥). Nolbaag hieiu soaii @ naég li 6Wg cui tri 6ag ta® nea bdi ion ditadn
giov¥vamaag li 6mg cui tri 6ag ion th Ko :
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AF, = %j E2dV —%i E2dV

et d  e*fdr € 1) (1
I P B O P R R
2‘!;8r2 [ ) [ j ( )

2517  2n e) 2ale
00 ) E; _ cf 6;|g Foatri 6mg trong gio¥, E _ ¢i 6mg roitri 6ing ngo adgiol, - fbithaén Ffien
modécuia gio¥.
Nhi vay,

3 2
AF= 20— )+ 4n6r2+e—(1—EJ (E—EJ (2.3.49)
3v 2 e)\r a

c

Sodhanig cuoa cuag trong (2.3.49) lagaén, thedn vag ol modun cuia noicagg l6in nea gio¥
cagg loin (pha thii2 ). Cho ned, khi giot taég AF sedgiaim do si Tcol maé cu@a fien tich vag
neé khi khoag coifiei tich thi giov'sethay hoi voi kich thi 6c badkymea p. > p,. Coa bag

gidengay calgio¥beil vdi pe > py khi r taég sedam giam AF, vaenhi vay ngi ng turisedxay

ra.

Hien ti 6mg folfi 6¢ dumg trong buoa Wilson fedguan sat veéicac ha¥ion hoalinhanh: ion
treé M 6mg M sedad nea st Ihgi ng tuthodi treé chuing, ra@g Aed foisedch o ta thay velcuia
hat.

2.3.8 Ly thuyet hinh dang can bang Gills - Curic -Wulff .

Sau khi nhi 6g maim feduaéhiein trong pha loing, hay héi véi kich thi 6c toi ham, chuing sed
I6in lea thagh ha¥'tinh thea St Tphat trieé cu@ maim t6i haw lagquaitrin h ti Tnhiea vi nolsed
lam giaim naég li 6mg ti 1o cu@a hed Khi nghiea ci u si 1ta® main chuing ta sedgiai thich
ra@g, maim coludaiig caal hoaé choim caa. Thi € ra fag mdi chz lagi Han Fuing ban fad .

Vi main colcad ta tinh thedne & cac maégidi haw gii & noivoi pha hdi chung quanh phai lag
nhi g maénguyea ti i(hkl) xac finh vaghinh daing thi € tedcui tinh thed™ang 16in lea phai lag
hinh da dien ti 6ng 0 ing voi kieé maimg tinh the&uia minh .

Theo nguyea lyli Gibbs - Cubic -Wulff, trong trag thai caa baag gii & tinh thedvaemoa
tri 6mg xung quanh, tinh thedphai coihinh daing sao cho toag naég li 61g ma& ngoalagnho
nha#:

3", (kT (k) = min

0ifo| o, vadr lamadg li 01g riedg beamaé vaadied tich cuia beamat gidi ham i, chuing phuv
thuot vag chz sodmaé (hkl).
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Vai toé ta@g tri 6ing cu main i 6€ fanh giaitheo van toé dach chuyea u;cuia beamaé nag
foitheo phi 6ng vuoag goc vdi nol Ti g2 .3.15a) thag raag, u; cua maé (hkl) tyileithuain voi
maé o, . Nadg li 0mg riedg beamaé o, cua maénguyea ti i(hkl) phuithuot vag mat foihinh
ho€ cuia noj ti c mat fodhat’tred maé maiig: mai foéha¥ caag 16in thi naég li 61ig riedg bea
maé caag nhol Nhi vay, nhi g maé gidi hai cuia tinh thedfiang 16in lea thi 6ag laenhi g
maénguyea ti icolmai fodhinh ho€ cao nhad vi chuing colvai toa u jthag nhad.
Mati fodhinh ho€ L(hkl) lagfar |i 6g tyilednghach voi diei tich maélo 6i S. (S cua maé
maiig laghai beamaé&nhoinhaégidi ham boi cac nut laé cain nhau trong maémang :
L(hkl)=S™*(hkl)
avoi cac tinh thedneilap phi ong, L(hkl) coitheak finh qua haég sodmaiig a, , thedich
o0& sbiu, vaahz soanaé (hkl) :

L(hkl) =

a, 1

u,vh?+k?+12  Shkl)

gialtrocud (h? + k? + 1%) Poavoi cac mawig lap phi 6ng fi 0¢ trinh bay tred baing (2.2.3).
Nea tinh thedcoimamig lap phi dng kie& nguyea thul/, maé colmat foihinh ho€¢ cao nhaélag
(100) vaegiaim dai theo tho it T1(100), (110), (111), (210), Hinh (2.3.2a) neé sé fpagiai
thich vi sao cac tinh theédhuot heilap phi 6ng kie& nguyea thuiy thi 6mg coldang khoa lap
phi dng : nea ban fad maim 7 6€ gidi han bdi cac heimaé {110}vag{100}, trong qualtrinh
I6n led, ma& {110} do coimat fbihinh ho€ thag hon nea van toé dich chuyea u ; 160 hon,
kefiquailagma& {110} sechiea ma&vaginh thed 6€ gioi hawm boi cac mae {100}, lagmaé col
mai fodhinh ho€ 16in nhaé

Baig (2.3.2) : Kylhieir S? = (h? + k2 +12)

Simple | iy 1100 110 |111 |210 |211 |221 |310 |311
Cubic

SC 2 |1 2 3 5 6 9 10 |11

Face- 1l 200 [220 | 111 |420 |422 |442 |620 |311
Centerd
Cubic 2
coe |S 4 8 3 20 |24 |36 |40 |11
Body

hkl | 200 | 110 [222 |420 |211 |442 |310 |622
Centerd
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S 4 2 12 20 6 36 10 44

Viduimot soémaécuia FCC :

z

y
(100)
y
/T\u(001)

/s N
Hinh 2.3.2a: S6 fio giai thich
dang hinh hoc cua tinh the
u(100) thuoc he lap phodng kieu

nguyen thuy.
/
/
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Nbavoi hai maiig thi 6ag gap lap phi dng tadn maé (FCC) vadap phi dng taén khoé (BCC),
mat foéhinh ho€ giaim theo thi it

FCC :(111); (100); (110); (311); (331);

BCC :(110); (100); (211); (310); (1112);

Do foicac maéngoagcuia chuing thi 6ag lagmaé {111 }(mang FCC), maé {110} (marg BCC)
vagnaé {100} .

Keéquailnhai fi 6€ Fadphudp thi € ted

2.4. Qua trinh fiong hoc cua sé' tang trééng mam .

2.4.1. Van toc tao mam.

OUcak phai treé chuing ta fednghied ci u fied kieh vaegcd chedqualtrinh ta® main. Ne&
nghieda ci U foing ho€ cu@a quaitrinh taég tri 6ing maag, chuing ta cain khab sat vai toa ta®

maim .

Vain toé ta® main lagodi 6Wg maim 7 6€ ta® ra trong mot fdn vothdegian tred mot fdn vo
fied tich .

Niedl kien cai thiefifeémain tadg tri 6ihg lagmain phai colkich thi 6 toi hawi. Nhi vay, vai
tod ta® main M tri o heéphai tyileivoi mat Foamain coikich thi oc toi hali N’ tred mot
fbn vodien tich. Tuy nhied, muoa maim toi ham khoag botan fi maahaé chaé seddn lea,
thi phai col mot 16p fn nguyea ti i bam dinh lead nol Do ol K coa tyiledvdi van toéa
nguyed t ikefituivoi main otred died tich toi hai A”. Vivay :

¥=N"A"® main/cm?s (2.4.1)

Nhi treéd faonoi, AF, trong (2.3.20) laghagg rag naég li 6Wg cu@a si 1ta® main, ti ong t T
hamg rag naég li 6mg cula phah i ng hoalho€. Nhi vay, tich tuihhi 8g hat hag thuirieég lel
vag trong maim cu@ig coithe&em nhi phain i ing hoaiho € .

Vi vay, coithe&lugg phi 6ng trinh (2.2.26) fedinh N’ :

n* * _AZS, _AZy
e oN e e (2.4.2)

n n

s s
Chulyiraég, Z; 6ifed lagmol cua main chi ikhoég phai mol cuia nguyea ti ihay phaa ti | vag
do fpichuing ta nhahn faing thi € cuod 6l ol AZ, laecho moi maim, thoaihedthi ¢ (2.3.20).

Nbvli 6¥g ns lasoasotri main coithe&oitred moi fn vodied tich .

Gorn, lamo&arbohag thu treéd mot fdn vodiei tich. Noilbaag t ich cuia vai toé hdi fap vag

1 ) o , R
(vaj vOi thd@gian soag T cuia nou:
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n - tsPNa (2.4.3)

* J2rMRT

Ed
=—eKT (Eq- naég o 6Wg giai ha@); N, - sodAvogadro .
VOS
Hatv bohag phuisedke&dinh voi main tred biea gii @ maim voi feé(hinh 2.3.5) coichu vi
2nr, Sin 6 voi died tich :

0lfo] =

S

A" =2nrr.a, sind (2.4.4)

~

00y a, - kich thi 6 nguyea ti (.
Khi roi vag diein tich A", ha¥ sedkhueéh tan tred bei maé feavoi tan sodnhaiy
v.esp(-E./KT), 6ifDIE; - naég li 6¥g kich hoa¥ Foavoi khuedh tan beamat Ti @i doag
hat'tbi lagich cuia tain so&haly voi n, :

® = TspN aVos exp(— ES/KT)

N 27rMRT

N a (2.4.2), (2.4.3), (2.4.4), (2.4.5) vag (2.4.1) cuodcugg ta nhai i 0% :

K= 2nr.a,sn0 Lns exp{Ed“ —E. 4z, } (2.4.6)
N 2rtMRT KT

To €2.4.5) ta thag, vai toé ta® main phuithuot raéléin vag naég li 61g ta® main .
Chuiyiraag, vain toa taé main 160 thi caa ta® ha¥m, ngay calcaé truc voarimh hinh.
Ngi 6 lat; khi vai toa ta® main beithi caa ta® hair-thoa

(2.4.5)

2.4.2. Ket tu fiam va s6i di chuyen fiam

Ta@g tri 6ihg vadkehtucuia maim lagaé tri ng toig quat voi cac faé fiedn sau:

1- Giaim died tich toag coing cua maim trea rea

2- Taég fbicao cuia faim coa lar

3- Main vdi maétinh thezho€ xaic fitnh nag rfoithznh thoaing troinea troa.

4- Khi hai oé faib colfinh hi 6ing rafikhac nhau keétuythi faim hép chaécu oécuag sed
mang hi 6ing tinh thedho cuia oé e 16in hon.

5- Qualitrinh keétuithi 6ag gioag nhi chaéloéig voi oé feb hop nhaé vaarad qua si T
bie& Fpéhinh daiig sau khi cac gio¥ chaélofig chuyeé foing. Nied fDifBé biet fling
khi taég nhiet roi

6- Tri 6 khi va chai vaghop nha§ faim di chuyea trea beamaé redvagolthedmo&ainol
nhi fodlinh foing - Faim cuia si ke&tuT
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Mot vaicd chedruyen khoali 6Tg i 6€ feaxuaé fediai thich hien ti 0ng ke&tuTnay, vag

chuing sedi 6¢€ baa luai theo thi iti Bau Fag:

2.4.2.1. Ostwald ripening (qua trinh tang trééng hat vi tinh the bang nhiet — kich hoat
trong luyen kim khoi).

Tri 6 khi ke&tuynoi foifadap hop cac oé rab khac nhau, vaga u folioé fed 16n hon sed
tie@ tu€ taég tri 6ing hoaé “huo’ cac oé faio nhoihdn.
Nedied quaitrinh nay, chuing ta ha§ tinh si phuithuot cuia ap suaéhdi bad hoadrea oé
e theo ban kinh r cuia nou Giaisi (oé faib ( pha thi in ha§ ban kinh r caé baag voi hoi cua
nol(pha thi 12). Khi caé baeg:

Ml(pl’T) = Hz(pz’T)
Nbavoi maéphaing (r — ), ti €2.3.6) ta col

Ml(p’T) = Hz(p1T)
Do oé iaio khoag bonein, nea coithedvie&
o 20
(. T) =1y (p. T) = Si;(pl —p)=e (2.4.7)
AN~ o~ . 8“1 [ A gu A _ ™ SZ
OUniraduag: a) 8_p = ¢+, - theaich nguyea ti { (dZ = - SAT + Vdp) nea 8_p =V, vag
T

u, lagheénnhiet foing Z cho 1 hat)

b) (p1-p) = 2—:5 - ap suaéLaplace (2.3.6)
Neda xem raag, hdi thoalkhi lyiti 6ing, thi ti 2.2.23) ta rut ra i 0€:
Hz(pziT)_Hz(pyT): KTInp_p2 (2.4.8)
Do 2 veérai cuia (2.4.7) vagq2.4.8) baag nhau, nea ta nhaa i 0°¢:
2116
=p.ex K 2.4.9
P, =p p( T j (2.4.9)

Hay bie& dieh qua noing fbihat:

21+ 0
C,=C_ex =
2 p(rKT]

Nb7li 6Wg C, vagC, coithe&em nhi noig fbiadatom trong trawg thai caé baég voi o0& faib
colban kinh r vagr6i ma&phaing ti 6ng o ing.

Khi beamaé 0é b loi (r > 0) nguyea ti icoukhuynh hi 6ing thoat ra 16in hon so voi nguyeé
to (0itred beamaé phaing, vi C,)C_.Ngi 0€ lat;, khi beamaé oé o lodn, (r < 0) thi C,(C,.
Nhi @g yuti 6ihg fdn giain nag khoé g chz lied quan voi Ostwald ripening maaog lied quan
fea co cheddung keé - i 0€ khab sat tieg sau. Ba§ gidechuing ta fadhieé si Tthieé lap
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gradient noing foicuia adatom naen gii @ 2 hai'nhi trea hinh (2.4.1a). Si 1khueéh tan cuia
cac adatom rieag leifi 6 tiea trieé ti @é fab nholhon fea oé fab 16 hon, cho fea khi oé
feb nholhoaa toaa bied maé

MASS
TRANSPORT SURFACE
a) Hinh 2.4.1: SO ket tu oc
fiao do
a) Ostwald ripening,
b) S6 dung ket,
2 3 c¢) SO di chuyen fiam.
c)

LN—>

(N~
B

Nhi vay c6 chedkeétuihay khoag can thieficac oé fab phai tieg xuc nhau. Trong mot dag
nhied oé fab, fing hot cula hedlagphi © tap, nhi ng “Tipen” sedthied lap si Tphaé boékich
thi 6 oé fab 0ltramg thai gialdi mg, chuing biead fbétheo thdp gian. Qualtrinh Ostwald
ripening khoag bao gideah fea caa baa g khi maag fang taég tri 6ing, vi st Iphaa boéhep
cuia kich thi 6 vi tinh thed 6€ fbain nhain baag lyithuye§ noi chung khoag quan sat i 6¢€ .

2.4.2.2 S06 dung ket

Dung keéilazd che&eéituicu oé fab khi tiep xuc. Coitheéhie & nolbagg si kien tred hinh
(2.4.2), 60 foimied taisi ke tuttheo tho@gian xaly ra gii & cac hav, Naa tiead cat cai nod
i 6€ thaah lap git & cac oé fab (hinh 2.4.2a), vagau foicac caé noaliea tu€ day theén nhi
cac nguyea ti (i 6€ chuyea vag bea trong miea (hinh 2.4.2b). Trong gia i foan keéthuc,
kich thi 6 loixo@ giaim lag dien tich todg coing cua maim trea redgiaim, vi khoaing cach
trung binh gii & cac taén cul cac oé Ffab giaim (hinh 2.4.2c). Li € fied kied roa voi qual
trinh dung keé nay lagxu hi 6ing giaim toag nadég li 6mg tred beamaé cuia heid Vi faT I 0g
FeTsoacua C foavoi nguyea ti | tred beamaéoa fab loi (r > 0) vi 0¥ qualC fbavoi nguyea
ti | treé vom lofn cuia caé nod (r < 0) nedé gradient noing fodhieil duig gii @ 2 mien sedaag
led. Si itruyem khoali 61g xaly ra hoaé do€ theo beamaé oé fab, xuyeé qua bea trong oé
e, hoaé qua pha hdi. Taécaicac qualtrinh foufed ladkhuegh tain, nea vai toé dung keé
taég khi taég nhiet foddung keé& Tuy nhiea khi nhiet foédung ke&taég quaimi c, thi sedain
sinh mot vaghieil i ing colhaf; vi duitaég kich thi 6 hat'cuia vat lieis seGainh hi 6ing fea fod
ben hay tinh chaéquang ho€ cuia nol Vaa feaquan trong lagphai tim i 6€ chedidung keé
thich hop, Fed ¥ fi 0€ ke&qualinhanh dinhiet Foavi & phai.

Trong tri 6ag hop dung keéhay keétuicua 2 hinh caa coubain kinh r tieg xuc nhau (hinh
2.4.1b), lyithuyeévealuyei kim ho€ chi ing toiraag, foing ho€ dung keécoidamg:
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X A

m_

OUfe§ X lagdban kinh cai no& A (T) lacha@g sogphuithuo nhiet g noikhat nhau voi co
che&ruyea khoali 6mg khac nhau; m,n lagcac haag soat laghé@gian. Cou2 c6 chedruyea
khoalo 6Tg thi 6ag gap nhafitrong magg: khueéh tan qua the&ich hoaé dot theo beamat oé
fRo.

a) b)

<2r—> <2r—> <2r—>

Hinh 2.4.2: Cac giai fioan dung ket.

Nbavéi khueéh tan qua thedich n = 5 vagn = 3. Cuithed

X® 10nD oert
r2 KT
com roavoi khueéh tan do€ theo beamaén=7, m=3;

4/3
X5 28Dscwc/ t

r? KT
OUfD] D, vaeD; lagheisodkhuedh tan maig vadeamaéti ong i ing. Veanguyed taé, coithed
xac finh n,m vamaég li 6mg kich hoa¥ foavoi khueéh tan baag thi € nghiein, ti @l foain
nhai i 6€ co cheédruyen khoa li 61g, nhi ng thi 6ag sodlieu khoag Fuifedphaa tich. Tuy
nhiea colthedap heithi £ so sainh fn giain gii & 2 cd chededi & i fba in nhai ¢d chednao
troi hon. Viduytyisodhd@gian can thieéfedain kinh caél noaX = 0,1r. Khi fbi

ts  wD,
t, 280D

Tri 6mg hoP Au 60400°C, D\ /Ds ~10/10° =10";v, = 2,57.10 °cm;r =10 °cm t #fbi
t/t. = 4,4. 107, Do fbj khueéh tan beimaése Fied kiea si kefitu dung ke

Naag li 6ng beamat vagcd cheédtruyen khod li 6wg i 6€ fied kied baag khueéh tan chaé
chaé aihh hi 6ing lea si ke&tuikhi cac oé Fab tie@ xuc nhau, nhi ng vain cog nhi ég Ii € fAed
kiea khac coikhainaég toa tai. Vi duycod chedung keétred khoag thedgiai thich 7 0€ si T
ke&tulkim loattrea beimaé fe®i77 °K, khi khueéh taih nguyea ti icoithe&oiqua hay ke&tu'
gia tadg khi ap fiei tri 6ag led fegphaing v.v.v
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2.4.2.3. SO di chuyen Aiam

C0 che&uoacumg cuia s ke&tutlagi ©i chuyea cua cac fam trea beamaé feghinh 2.4.1c).
Ke#étuixaly ra do va chain gii & cak vi tinh thedhay gio%) khi chuing chuyea fping hoa loaw.
Baag kinh hiea vi tri 6ag ion colkhaina@g phaa giai fea nguyea ti irieag lej fadcho thag
si 1di chuyea caic fam nhotrugg vagam trugg. Kinh hiea vi fien ti icufig chi ing toliraag,
cat vi tinh the&oi fi g kinh co80 - 100 A° coithe&di chuyed nhi cak thi € thedrieag lel
khi nhiet foifeéafiuicao. Nbilinh fping cuia cac hav kim loa¥ coithedthay fpdé loin trong cac
khi bao quanh khat nhau. Naim khodg chz chuyeé fbing tihh tied magcos chuyeé fbing
quay.
Si 1di chuyea cua fam Fadii 6€ quan sat tri € tief trong nhiedél hej vi duTAg vagAu trea
MoS,; Au vadPt tred MgO; Ag vagPt trea graphite trong heiri 6€ got ladab toam, ti ¢ ladi
roikhoali 6Wg vat liewl phuikhoag o vi phuimagg tie@ sau ti goha hdi fadii 6€ ngi ng. Si T
ke&tuitrong heibai toam i 6€ faé tri ng baag si Tgiaim noing fbiha¥ vagaég theéich trung
binh cu@a ha¥; si phaa bodich thi 6 ha¥ cufig thay fo# taég beangang vaayiaim beaday cua
16p phuitrea fea
Si 1di chuyea beamaé cua faim col dasig non voi ban kinh fay r i 6€ xaly ra voi heisoa
khuyeéh tain hieu duiig D(r) (cm?/s). Colvaidaiig D(r) tuyethuot vag moahinh fi 0 gial
thieicuia si 1di chuyea fam. Si ichuyea g cui@a cac nguyea ti (6iphia ngoad bied cui
faim; si thaég giaing dien tich vagnaég li 61ig beamaé treéd cac maé khac nhau cu@ vi tinh
thedvaesi tri 67 cua mot boiphai Faim vi tinh thedbaég chuyea fping lech maiig, laB moa
hinh fe&hieéllap D(r). Trong moi tri 6ag hop D(r) fedl coldanig:

b(r) = re exp( ij
OUPpy B(T) lachaég soéphuthuok nhiet foivas lagoaxac finh foixa ti d fea 3. Bied thi ¢
chi ing tolira@g, si 1di chuyeé fam lagsi 1kich hoa¥ nhiet vdi na@g li 6Wg E., colliedheivoi
naég lo 6mg ti Tkhueéh tan beamaé Tuy nhied, 60§ thied sodieis thi € nghiein thich hop
redcoithedphaa biet rodgii & cac ¢6 cheaHi € tearafikhoiphaa biet gii & si 1di chuyea cuia
raim voi Ostwald ripening treé c6 sbiquan sat s jphaa bodich thi i cu@a hai:

2.5. SO phat trien cau truc .
2.5.1. Mo hinh cau truc .

Si 1liea keéicuia cac maim beamaétadg tro 6ing rfedhamh lap mamg liea tu€, follagi 6 thi 15
- phat triea caé truc magg. Quaitrinh nag rafiquan tromig fedxac Ffinh caé truc, hinh thai,
thi 6mg i 6€ goTlaavi caa truc vadinh thai hot .
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Trong truéag hop maag fi 6€ phuibaag kydthuai bay héi, nhi g thoag soachuiyea ladl)
baih cha& fea2) nhiet fodfedrong quaitrinh laég fomg, 3) vai toé ladg fong vaat) foiday
magg phui.

Ngi 6€ voi di Troan baag tri € giac, si Tadg forg khoag tiea trieé trea 10p fdn fedtadg
tri 6ing thamh magg lied tu€. Thay vag foj mai ba chiew i 6€ thamh lap tar cac votri
thuai 10T tred beamat fedavi dutatkhe ni t, baic tred fedinh thed®n giaih, 6ifoimaim phat
tried mot phia vagheo chietl dag (nhi i 6€ go¥ lagsi taég tri 6ing theo taig). Khi fioiday
cué chung Fulmi & Fe&ac main xef khit nhau, thi maag setbaé faa lied tus. Nbidag trung
binh fedhagh lap magg liea tu€ phuithuot vae nhiet foilaég fong v awain toé ladg rowg
(calhai fedl ahh hi 6ing Fed Fpilinh Fbing cuia nguyea ti thag phut), vadiea Fodti d0A ° foa
voi Ni dinhiet Fbingi ng tutl5°K fea 1000 A° Pbavoi Au dinhiet Fingi ng tuT600°K tred
fedinh thedNaCl. Nag lagmot vaa feiphi € tap vi noiphuithuo& vag nhied si ikieinc huiyeé
nhi toé fpbdta® main (sodli 6Wg maim sinh ra trong moi fdn vothég gian ), vain toa taég
tro 0ing (Fodtaég veakich thi 6c hoaé veakhoali 61g trong mot fbn vothéegian ) vaaoilinh
fbing beamaécuia nguyea ti ilaég fomg.

Vi caa truc vadhinh thai ho€ cua magg day fadfi 6€ nghiea ci u roing rad foaévoi kim loaf,

hop kim vaghop chaé khoi nong chay. Moahinh caé truc fad tied fi 6€ Movchan vag
Demchischin fi a ra ti @aén 1969 (hinh 2.5.1) vagau foiThorn ton hoaa thiei ti aaé 1974
(hinh 2.5.2) .

i Hinh 2.5.1
Zone § Zone 2 Zone 3
Metals <037, ©03-045T, >045T,
Oxides <0267, 026-045T, >045T,,
FRANGITION STRUCTURE COUIENAR CRAINS
CIRSISTING
BEASELY PALKED
FImon'S GRAMS
PORCUS STRUCTURE RECRYSTALLIZED
CONSISTING OF TAFERED GRAIN STRICTUART
CRYSTALLITES SEPARAILD
B3Y VOIDS
Hinh 2.5.2
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Moahinh (2.5.1) fi a ra fedamoahinh hoal caa truc cua magg, nhi ng khoag chul yivuag
chuyea tiea cua moshinh Thornton, vuag T. vuag nag khoag faing kedvdi qual trinh laég
fong cu@a kim loar'tinh khie&hay pha hop kim fbn giai, nhi ng tréineé quan tromg foavoi
quaitrinh laag fong cua hop chaékhoinoing chay hoaé hop kim phi c tap baag bay hdi vag
baég cac dang ladg foiig, difbicolap suaérieag phan cuia khi trd hoaé khi hoa¥'tinh, nhi
phuin xaimaiion,

NBé tri ng cad truic cuaiboa vugg cd bain i 6 trinh bay trea hinh 2.5.2, 6ifoi T/T,, - tyisoa
git & nhiet FD4FEAT VO nhiet Fbinoing chaly T v cui vat liei ta® magg . (theo °K)

Vugg | xay ra khi T/T,, nhol fed miic col thedbol qua si Tkhueéh tain bei ma& khi
A < atrong phi 6ng trinh (2.2.12). Caé truc phat tried nhi tinh thedhinh nea ti emot so &
maim gibi ham. Noikhoag phai lagaa truc mai fodkhoamaahi @ nhi g loixoa do€ gii & cac
vi tinh thednea, col foirong vabtraén A°. Noicudg chi @ sai hohg voi mat Fpiloin vad ing
suaédi cao .

Vugg T cudg xaly ra khi A < a. Trong vugg nag, ainh hi 6ing cu@ si tbaé phaiion foavoi vi
caa truc maagfi 6€ chuiylhaag feal. Ainh hi 6ing nag i 0 thag rodnhaétrong vuag nhiet
fbithap cua moéhinh Movchan-Demchischin, 6l foifodlinh foing do aihh hi 6ing cula nhiet
foilagrafi bel OUfag, nadg Ii 6Wg vaaxung li 6g cuia nhi g hat baé phal fadchuyeé sang
nhi 8ig nguyea th (beamaé vaanhi éig nguyea ti inaén sad hon trong maag (~0.5A °). Khi fbi
chuing laen gia taég foilinh foing vadam day faé vi caa truc maag thoag qua quaitrinh
phuin xavi tai phaé boaVi va§, trong vugg nag maag colicaé truc sé1boichaé khoég coa
loixog@ vagvom nhi 6ivuag | .

Vugg 11, xay ra khi T/T,, >0.3- T fuilon fe&hueéh tan beamaétroinea colyingh@. Noilag
cad truc coi coibied ha¥ boichaé vagcol faé tri ng laefi 6ag Kinh cot taég khiT/T,, taég.
Tinh thedcot coisai hoing thag hon vuag | vagvuag T, vagthi 6@g colnhiesi maé nholtrea
magmg. Cad truc vugg Il cudg colthedxaly ra trong magg voarinh hinh, 6i folbiea cot lag
phang .
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Vugg 11, xay ra khi T/T,, > 0.5 - T fullon fe&oithed&em nhi foénoing vat lieu khodc uia
magg trong quaitrinh Fog. Keé tri ng cua vuag nay laginh Faing hi 6ing nhiedr hon, hoaé
damig vi tinh the&oitinh faing tru€. Beama€ magag thi 6ag nhain hon vugg I, nhi ng biea har
coithedphat triea thamgh khe, rahh .

Si aing nhiet T lagfnh thi © chulyea cu@ caa truc. Magg 6lvugag | vagvuag T ladkeé qual
cué quaitrinh “tadg tri 6ing dap ta€’. O (Foisi i chuyea vat lieis hag thuitlo nhiet coithe&ol
qua; trong luc foimaag 6ivuag Il vagruag 111 lagke&quaicuia quaitrinh nhiet kich hoa¥, lam
hat phaa bodat 6itread hoaé bea trong magg. Chuing ta hay lai 1o 6¥ baa luain hai cheafpi
phat triea cad truc nay.

2.5.2. SO tang tr66ng dap tat (Quenched growth )

Khi liea ke& fadl tied culd adatom voi beama€magg Fulldin vaehiet foimaag T Fuithag, thi
khueéh tan beamaé khoag rfuithd@gian feaxaly ra tri 6 khi 10p nguyea ti itieg theo phui
vag, t € nguyea ti itrdined baé foig tat votri chuhg fe 4. Niedr foifi € ngi 6pta got lagphui
maag “fan fMe”, vi tinh chaécu magag phuilfi 6€ xac fnh baag hi 6ing fea cuia hdi. Col
thednghdraag, phi 6ng phap phuimagag foisedcho magg phang vagbag nhaé faé biet khi
hoi fea foimg nhaévadri € giao, vi duiphuimagag trong chaé khoag cao ti enguoa fieén vag
fedphaing nhi thuyitinh hay maii Si fedfi 6€ fainh boing hoaitho€. Tuy nhied, ngay caikhi
hai fied kien tred i 0€ thoaimad, vai coihai si Tkied luoa luoa lagn magag ghoagheavag
chi & nhiedl loitroag. Nbilagi ®hoagheicoitinh thoag kedvadied § ing ti Fche chaé .

Nguyea nhad cuia si 1ghoagheathoag kedagsi Tthaég gian thoag keé&uia dogg hdi fea. Hiei
i ing naw colthe&rinh bag theo moéinh fn giain : nguyea ti icolbain kinh a Fea tri € giao 6
tramg thai oé Ffinh nhi ng trea cac votri ngail nhied cua beamaé Keéquailaghinh thai ho€
cuia beamaé sau khi phuivéi sodhat trung binh N, sedcol fbicao trung binh h- ti ¢ fpiday
magg h=aN. Khi N fuilon, nhi fi 6€ chi ng minh baég toain ho€, si ibhad bo&Gauss voi
roileth chuad lag

o chinh lagso&fd cui fpighodgheamarg; hoaé fpitan maw cué h xung quanh h. Trong
vuing taég tri 6ing 1, si ikhueéh tan beama&hoaa toaa bodap taé.

To ¥ che chaé lagi Kiei tho ihai laen cho magag kho &g phang vada® loitroag trong caa truic
cot cuia vumg 1. Nedhieé rodhieil i ing nag, chuing ta ha§ chuiyimoahinh cué nguyeéts itoi
nhi treé hinh (2.5.3) .

P ko o @935@95 C),,%ﬁé&

A

alal s

730,
A m/f
d) A%J /écm D) %00, q)
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Hinh 2.5.3. Qua trinh nguyen trong td tang trééng dap tat.
a) Si ke&turam Ma®; b) Hieil § ng kich thi 6 hi & haw; ¢) Lo € hut maébea; d) Si iche
chaé nghieag; e) Hieil i ing tangent; g) Laa fay lodtroag baeg havnaég li 6mg cao do
gia taég foélinh foing (trai) vaghuin xaiphia tri 6 (phai) .

Nguyea ti itdi khoag theénaén tred Fenh cuia hatkhac , madi 6€ xea faébea caiih, dirfpixac
lap Foidaplied kefod Fnh voi hat lad cain gain nha& Nied foifi 6€ got lag “S) keé tuTFa
a0~ hinh (2.5.3a). Do kich thi 6 nguyea ti ilaghi & han (a>0), ke&tucoithedoicaa truic loa
ra nhi 6ihinh (2.5.3b), 6ifpidiein tich nhoiboche chaé khoag fi 6€ phuimagag. Coutri 6ag
hop die tich tap hop hoi taég ti @A, fed AT vaalien tich che chaé giaim ti @A, fea A7 .
Nbilag hieis i ing kich thi o hi &@ hawni . Si 1loi ra theén lagaih phaén cu@ Ii € hut nguyea ti
hdi Fap vag maébea cula cot nnhi trea hinh (2.5.3c). Nhi vad, ngay cailkhi phuimagag tri €
giao, caa truc cot trong vugag | sedhaah lap loido che chaé gii & chuing. Ti éhinh (2.5.3b)
vag2.5.3c) ta cudg thag, si ikiei ti Fche chaé caag lam taég bat ghoaghea ngoa fbighoa
gheddo thaég gian thoag ke&a# nea .

Khi héi fep vae theo hi 6ing nghiedg moi goc 0, nhi treé hinh (2.5.3d), thi hiedu i ng che
chaé taég. Thi € nghiein vadyithuyeé chi ing toiraag, foéinghiea hinh ho€ o cu@a cot thoal
nguyea taé tangent : (hinh 2.5.3e)

tgo = 2tga
0ifol O0<B<m/2.
Chuiyiraag, treé kia chuing ta fadkhaio sat foéghoaghearaa tied, gait neé bdi tinh ghoaghea
thoag keérea maé rfegphaing hoaa toag. Khi maag rav rea foiday nag foj thi fodghoaghea
cud magg do nguyea nhaa ti - che chad troi hon, vagai foiday fouloitroag baé faa thaah
lap .

Quaitrinh gia tadg naég li 6mg coithedgiaim lodtroag, do magg nhain i 6€ foig
na@g tinh tiea cuia ha¥ naég (ion hay nguyea ti isieé nhiet). lon coithedagui@a hoi vat liei
phuinhi trong phi 6ng phap bay hdi hoaguang hay chum fiei ti | hoaé ion khitrd, nhi Ar
trong qualtrinh phoing fien ad. Nguyea ti (sieé nhiet colmaé trong chum khi foing li €,
trong aé mog laser ( laser allation ), trong phuimaag phuin xar
Colboa co6 chegiaim lodtrong sau rad :
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1/ Rb&inoing finh xi ido “%Xung nhiet” khi va chai vakefquaila@ag nea si khueéh
tain Fnh Xxi 1.

2/ Nbicong quz fa® belhdn do vai tod 16 .

3/ Nbilinh foing cuia adatom va cham cao hon, vaghuing coithe&huye & foig thaing
vag bea trong loa.

4/ Phuin xaiphia tri 6ic cuia cac adatom khac vag loitroag .

Hai ¢ chedau laghuiyed vagi 6€ minh hoaitred hinh (2.5.3g). Nbilinh foing cua
adatom va cham 16n fea mi c Fedvain toé khueéh tan bea maé Fa¥ feda vaekhoaing
cach nguyea ti (vagog thi @ foing naég fediea tan bea trong khoa Trong hiei i ing
phuin xaiphia tri 6, hai naég truyea xung li 61ig cho adatom, laen cho adatom nay
tain xa'veaphia trj 6.

2.5.3. SO tang trodng bang nhiet kich hoat

Khi nhiet fbimamg T taég fedA > atrong phi ong trinh (2.2.14) thi quaitrinh khueéh tain
beamaé sedtroithagh yea toaxac finh hinh thai ho€ cua maag. Loitroag sedri 6¢ lag ray
baég adatomkhueéh tain, vagnagag phat trieh theo caa truc ha¥cot faé tri ng cho vugg Il .
Trong tie&diei ngang, caé truc havtinh thedrong vugg Il lagcad truc coi. (Nbavoi maag
epitaxi vagvoatnh hinh trong che& 4T nag biea cot colthedbiea maé). Tattieg giap fea
cac ha¥cuia magg fa tinh thedbaé faél nhi maim vagadg tri 6ing theo hi ding i lea nhi cot
sau khi ke&turVoi taég fpéday, nhied cot moiroing treé si 1Mlaé chieén cu@a cot khak, cho
fea khi i dag kinh cot FaY Fea giaitrotdi ham nhi 7 6'€t rinh bay trea hinh (2.5.4) .

Z2 Z3 )

Hinh 2.5.4: Nac tréng cua bon vung cau truc trong tiet dien ngang (T/TM) tang theo
héobng ZI— ZT — ZIl - ZIIl (Z_vung)

Li € fied khied foavoi tadg tri 6ihg hav'cot trong vuag 1l lasmaég lo 61ig beamakch € tied .
Moéhinh phat trieé tiefdien ngang cu@a cad truc cot fang taég tri 6ing i 6€ trinh bay trea
hinh (2.5.5). Trong mu€ tri 6c chuing ta fadthay ragg, mamg colkhuynh hi 6ing phat triea
ghoaghea Khi naég li 61ig beamaé lagaing hi 6ing vagkich thi 6 coi nhoj s ighoagheafbimot
cach gam Fuing, coltheaxem nhi mai vom. Ned bolqua qualitrinh khueéh tain beama& nhi ég

substrate
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mai voen seta@g tri 6ing doa hon do hieis 0 ing ti 1- che chaé, vaahung luég gii & chuing sed
tréithaah loitrodg nhi caa truc trong vuag I. Trong vuag |, xu hi 6ng foikhoag coa tac
dung do khueéh tan beamaé& Khueéh tan beamat sedagn cho si ichuyea fbing cuia adatom
hi 6ing veathung ludg fedhoaili € cad baég cua o tatoinhi tred hinh (2.5.5). Si taa baag
Foiti Ong ti 156 Icadé baag cuia goa thaén i 6t (2.3.24). Do liead ke&tarbiea havluoé yea hon
bea trong tinh thednea 6ifplluoa toa ta¥'si £ cadg maétiep giap o, tred biea gii & hai cot.
Cho nea dugcousi 1khueéh tan beama& nhi ng maé cuia cot khoag baég phang hoaa toag,
thay vag foixuaéhien mai vom coiban kinh cong r nhi  theédnag fe&aic thagh phai thaing
fing cud (o, +c,) cad badg voi o, vagnhi vay fi06mg ranh xuaé hiei do€ bied cot.
N 67g rahh ti 6ng ti icufig xuaé hien khi vai liei fa tinh thedfaolaing boing fi 6€ uinhiet -
nhi fadbie§ follag fi 6ag raihh nhiet”. Khi cot taég theo fi 6ag kinh, chung muoa sang
baag fnh vom feddien tich beamat ci € tied, nhi ng chuing gii dlat i 6mg rahh nhiet trea
cac mep biea .

Thung ludg

Hinh 2.5.5 : Hinh dang va nang |66ng be mat cua hat cot .

Neéhoaimad 1i € caé badg phia bea tred hinh (2.5.5) si Ikham nghiein chi ihg toiraég, cot
i 6:g kinh belhon sedxuaéhiein bain kinh cong beihon. Ba§ giégdo beamaéban k inh cong
nholhdn, nea noing foiadatom tred beamat foitheo (2.4.9) seddin hon. Li € fied khiead nayg
sedlam cho doag khueéh tain beamaéti gcot nholfea coi 16in hon, cuoé cuag coi nhoiboco
lat vagcoithedhoam toam biea maé Nhi ég vi ainh tiefdien ngang cua magg kim loat tadg
tri 6ihg baag bay hdi hay phun xafadminh hoairodragg tinh chaé foy cuéig nhi hinh ainh
minh hoasi ©dh chuyea ti asuag mot hoaé vugg T sang vugg Il .

Khi ta@g Ts cao hon ni @, si Tdi chuyea biea ha¥ cudg coithedxaly ra bea trong khoa cua
magg. Nbilagcoag foal nung nhiet kho#trong quaitrinh phui Hinh (2.5.6) trinh bay tie&
dieirn ngang qua khoamagg vagsong song voli beamaé Hat truihhoifi 6€ bao quanh bdi ba
hat'16in hon. Vi bain kinh cong cuia ha¥' nhoiladoa so voi ban kinh cong loén cu@a ba hav'16in,
ne& nguyea ti (sedtruyed ngang qua bieé haiti gha¥ nholsang cac hav beé cawh, vagcuoé
cugg havnhoisetbieda ma& RNbichinh lagjuaitrinh tadg tri 6ihg havbaég nhiet-kich hoav xaiy
ra trong luyein kim kho# nhi i 0€ biefilag'Otswald ripening”. Vain toé chuyea foing cua
biea hav'tyileivoi exp (- E,/ RT), 6if0 - Exnaég li 6¥ig kich hoa¥ Foavai si ichuyeé foing
cuia biea ha¥. Nhi vay, cot coithediea tu€ tadg theo i 6ag kinh 6idi 6i beamaétaég tri ding
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ta¥ nhiet foidimi ¢ cao T, Feaho i 6ag kinh cuia chuing gai fea roiday maag. Khi folha¥
colcaa truc fing tru€ cu@a vuag 1.

Ha¥'1on Biea hav

K
\ o
Truyea vat liei

-

Ha¥ nhol

Hinh 2.5.6. Tiet dien mang song song vOi be mat fie, trinh bay s6 tang tr66ng hat
theo mat ben .

Nho @ig bag luai tred foavoi vuag Il chuing ta fadgiaithieéradg, o khoag phuithuot vag
maétinh theaThi € ted o thi 0mg lachaé faing hi 6ing, nea si taég tri ding cot coltinh 10€ Ii .
Nhi vay, ngay caimagg i 6€ thagh lap t emaim voi hi 6ing hoam toam hoé fon, cudlg col
thedphat trieé theo hi 6ing o u tiea tinh theého€ khi tadg foiday mamg. Nhi éig cot Folftnh
hi 6ing baég cach nhi g maé col o cao sedbmaé vai lieis vagdai bied ma& Ngi 0€ lax; cot
fi 0mg kinh nholi col thedphat trieé thuain 167 hon nhi @g cot 16ih, ned o cu@a nolnhoi hon.
Trang thai foifi 6€ gorladavtadg tri 6ing “do- tho 6ag” .

2.5.4. Textua (Texture)

Textua lagcad truc cuia fa tinh thedatrong folcac ha¥ finh hi 6ing § u tied theo mot phi 6ng
nag roicua khoag gian .

Textua lagkefiquaiicu@a si 5ap xef lat cac havtinh thedheo mot hi 6ing i u tied, fi 0€ gotlag
tru€ finh hi 6ing hay tru€ Textua. O gidi hal nagy lagiinh hi 6ing hoé foi (khoag Textua),
com 0igidi han khat lagfn tinh thed Textua fi 0€ xac finh deidamg baag kydthuat tia X.
Textua colthedxaly ra tred mot hai hoaé ba chieal, Epitaxy lagohi 6ng phap tofnhaé fed ¥
i 6€ Textua ba chiedl. Epitaxy xaly ra khi li € lied keécu magag tinh thednh hi 6ing cuag
phi dng vai 1o € lied keécua beamaé fedam cho naég li 61ig beamaétiep giap o, radnhoi-
baég khoag trong tri 6ag hop “Toig epitaxy”, 60 foivat liei maag chinh lagvat liei fea
Trong tri 6ing hoPp khae, khi khoag col finh hi 6ing cuag phi 6ng nhi vay, thi 6ag maag
moing fi 6€ Textua hai chied, 6ifbimaé phang cu@a nouta@ég tri 6ing i u tiead song song voi
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maé phang feanhing vai colhi 6ing hoé fon ti dng § ing voi tru€ quaytri € giao voi maé
phaing fea

Cudg colkhainaég ta® maag treéd feanhi ng khoag textua, vi duikhi magg tred fedvoadinh

hinh (nhi thuyitinh), hoaé trea fedaginh thedpaxi ing, hoaé kich thi 6¢ mawg cuia fedraé
khat kich thi 6c marig cua maag .

Nh tinh thedcoltextua sedmafitinh Faing hi 6ing. Vi dutmagag ZnO xuaé hiei hieil i ing ap
fieid 16h nhafdo€ tru€ [0001]- tru€ nay ti 6ng § ing voi bat textua 16in nhaé Tinh chaébaio
hoadi eu mamg fa tinh thedferromagnetic i 6€ dugg trong i@ nhdlcudg can bat textua
cao .

Nhiet fping li € ho€ modaaisi Trnh hi 6ing cuia textua trong tramg thai khoag epitaxy baag
hai fied kien : 1) nad@g li 6 ig beamaé lagba faing hi 6ng, fedcoimat i u tied; 2) foilinh
foing cui nguyea ti ladatom Fuilon Fedcolithedsap xed chuing vag beamaé coinadg li 6¥g
ci € tied .

Vi nhi @g ried kien tred dedhoaimad, nea thi 6ag quan sat f 0€ textua, nhi ng bag cu@ nol
thi 6mg biea Ffpaloin voi vat lieu vadied kien phuimaag .

Khi magg phuidinhiet foithag, 6ifoikhoag hieis durg vearpilinh Foing cuia adatom hoaé si T
di chuyea cu@ bied ha¥, ned magmg phat tried hoa foin. Khi nhiet fpatadg foag red,
nguyea ti isecchuyea foing redphat tried textua. Thenh thoaing textua phat tried ti choé fon
maémaag, vaguoacugg rea si ithay rodcul textua i u tiead khi maag day tiea theo. Viduy
si Tthay fbé finh hi 6ing cua mamg ti g111) fea (100) i 6€ quan sat 6imamg Ag sau khi
chuig faY fi 6€ Foiday col 2um. Ti 6ng t Tmaag Ag voi Fbidag 6um fi 6€ phuidigo °kK,
sethiea Fbétextua ti 111) fea (100) khi Fbanoing noitrea 300 °K .

Tinh thedho€ sinh fpatrong quaitrinh taég tri 6ing maag cumg voi si ibied Foacarh tranh
gil & mamg naég li 6mg beamaé mang vamadg li 6mg bieéd dang - taécainhi 6g fied foifad
Fi 0 bied& hiein trong qualtrinh quan sat textua vagi biea fpécuia nolitrong maag .

2.6. No bam dinh gida fie vdi mang.
2.6.1. Nonh nghoa

Cad hoi : Nbibaim dinh lagyi? fadfi 6¢€ trailosbadg moahinh vai lyj hoaiho€ vadi @ieé kyd
thuat  “si iliea kefihay ci 6mg roiliea keégii & hai vat liews hoaé hai vat thedcudg nhi si T
lied keérieag leitred beamaéphaa gidi” .

ASTM (American Society for Testing Material) finh ngh@ foébam dinh nhi “tramg thai,

magdrong foblhai beamaé git dain nhau baag i € hoaitrocu@a chuing, hoaé baég st fcaén chaé
cbd hot, hoaé baag calhai”. Nhi ag li € lied ke&nay ladi € Va n - der - Waal, li € thh fied,
hoaé 1o € lied ke&hoaiho€ - nhi @ig |i € nay Madac foig ngang qua maé phaa gidi. Trong
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Ihh Vi € nay, coag bam dinh cudg i 6€ duag foag nghd voi fodbam dinh cua maag trea
fedvadrong yinghd roing - cf 6ag fbdbam dinh .
Bat baim dinh phuithuot vag coag can thieé fedach nguyea ti (hay phaa ti ira khoi maé
phad gidi. Thanh thoaing ngi 0@ta phaa biet foibaim dinh ci € fat colthedol fi 0€ goTlagpi
bam dinh c6 baih cuia hei- nolbieé dien giaitroci € fa¥ colthedfa¥ i 6€ - voi gialtro o
i 0€ baag thi € nghiein .
Gialtrorfpdbaim dinh fo i 6€ baag thi € nghiein vdmo&i 6€ xac finh baag foidbam dinh ¢
bain, cac tinh chaécd ho€ cua magag vaad ch edaly ra trong quaitrinh tach. Heéthi i gii & fiod
bam dinh b i 6 baag thi € nghiein EA voi fodbam dinh c6 bain BA coudang :

EA =BA - RS+ MSE (2.6.1)
60fDIRS - 0 g suaédi cd ho€ vadMSE - sai so&uia phi dng phap fb. Nbibaim dinh cd bai
thi 6mg khoag theaxac finh chinh xac vi raag, foildoin cuia sai so& thi 6ag chz colthed dic
Ii 6mg. So& thi € nghieih foébaim dinh i 0€ lag theo fbn voli € hay naég i 6mg tred mot
fbn vodien tich beamaé
Ti aquan fieé&n nhiet foing, coag bam dinh W, fedach mot fn vodien tich beamaécuia hai
pha thagh lap maéphaa gidi baag :

W, =0, +o0, -0, (2.6.2)
00l o, vago , - nadg li 6mg beamat cua magg vadeaCoa o, naég li 6wg maéphad gidi cuia
hai pha. Noi chung, todg nadg li 61ig beamaétrea coltheddi 6ng (coag hut bam dinh) hoaé
afn (coag ¥ : khi tbam dinh) .
Tie@ xuk gio & caic vat lieu fong nhaé fedhagh lap maéphaa gidi, ti 6ng ¢ ing voi bied ha¥
cua chuing (o hoaé o, ) hoaé thagh lap bied pha ( o,). Naég li 0wg toaa phan phuithuot
vag cac naég li 6 g riedg cud beamaé vaena@g i 6mg tieg@ giap moi thaah lap. Voi naég
li 6Wig maétied giap cho tri 6€ o,, |i € baim dinh nhoikhi cac naég li 6mg beamaé nhoi Vi
vay, cam rut ra nhi @g ke&luain quan trong sau fad :
Li € bam dinh rieég f,,laddin nhaékhi cac vat lieu foing nhaécoinaég li 61ig beamaé cao
vadiea xuc foing kin. Niedr Foli ing duig cho cak kim loa¥ coinhiet fpinoing chaly cao; bab
faim bedmaékhoag bobiea roado hieis i ing hoalhot ti aung quanh .
Li € bam dinh rieag f,, laghag nhaékhi hai vat lieu coina@g li 01ig beamaé thag tieg xuc
nhau. Naé biet, khi hai vai lieis khat nhau thagh lap maé phaa gioi. Nie & foixaly ra chui
yea v0i vat lieu polymer, vagmi € fodit hdn lagvat liei colcaa truc phad ti ifoéxi ing vaalo
foicoush udri anomen fipoé nhi polyethylene vagolytrafluorethylene .
Naég li 6Mg maé phaa gidi o,taég khi si Tkhac nhau git & hai vat liei ta@g, nhi daiig
nguyea ti | khoaing cach nguyea ti ivagré tri ng lieé keé.

Nhi vay, o,taég vaalo fouf,, giaim theo thi iti Sau fad :
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a) cugag vat liei, b) thagh lap dung dcch raé, c) vat lieil khoag troi lai i 6€ voi cac damg
lied keékhat nhau .
Plastic tief xuic voi kim loa¥ lagmot vi duifeaminh chi ing lied hop sau cumag .
Neda naég li 61ig maé phaé gidi trong heibam dinh baeég 0, khi foivat lieu feaoing nhaé
vOi vat liei maag. Viduythuyitinh traég fi 6€ phuithuyitinh maa baag noing chay, khi fol
calhai beamaébiea maévamaég li 61ig bam dinh fe¥ fea ci € T W, = 2c,. Tri 0ag hop
nay lagi toag hop lyiti 6ing, 1o € bam dinh Fi 0% truyen vag bea trong caé keéilaen mot .
Toag Ii € baim dinh nhai i 6€ neé& duag diei tich tieg xu€ hieu dusig A :

Fog = ATy (2.6.3)
Heithi € gii & naég li 6mig bam dinh W, vagoag li € baim dinh chz colitheédai ra fi 6 khi
rainh gialhdp lyikhoaing cach x gii @ beamaémagag voi fea

W, = [Fp(x)ax (2.6.4)

Khoaing cach x noi chung lagich thi ic phaa ti i Ci 6ag o dbam dinh qua maéphaa gidi col
thegphaa bo&afikhoag baag phang, vi caa truc cua beamat fedudg nhi cua beamaé magg

thi 6mg khoag foing nhaé Lop phuinhieén baa tred dien tich raé nhoivaddop fdn phaa ti i
nhieén baa tred beamaé redcudg colthedga§ ned si Thiead Foa finh xi icud ci 6ag Fbibaim

dinh. Nhi vay, fodbaim dinh fi 6€ xac finh ba@g thi € nghiein lagyiaitrotrung binh qua maé
phaa gidi can khab sat. Moi phi dng phap o maanhai i 6€ giaut rocuia Ii € bam dinh thag
qua li € Van - der - Waal ( ~10%dyn.cm™) laenghi ngdavagi 6€ giai thich baag si tiea xuc
khoag fey fuj o ing suaécd hot nod, hoaé § Ing suaétap trung vag votri, 6ifoita tied haah

tach hay loa.

2.6.2. Cac dang lien ket

Li € baim dinh naén git & 0.1 vadl0 eV coithedphaa loainhi sau : hag phuivat lyj hag phuT
hoalho€ vadiea ke&hoaihot .

Trong hag phuivai ly] nguyea ti imagag khi gain nguyea ti iFfeafaa tiea n oisetohut, sau Fol
larbofag vaguoacumg di mg laTditrang thai cad baég. L € hut gii & chuing baag Ii € Van -
der -Waals. (hinh 2.2.2)

Thi 6ag ga@ nhaé vaghieil i ng quan tromg cu@ Ii € git & phaa ti ilaghiei § ihg London gii &
nguyea ti (trung hoagua magag voi nguyea ti ibeamaé feaNhi ag Ii € tan saé cd ho€ Ii 6iig
ti inag sinh ra do si thaég gian cua momen fiei gii & hai ha¥trung hoaa

Hieil 0 ing tich fien cufig coithedphaa loainhi hag phuivat lyl Khi vat lieu colai Ii € fien
ti iraé khac nhau liea hop voi nhau, thi sedthagh lap hai 10p fiein treda maé phaa gibi, vag
chuing cuéig gop phai vag fbibam dinh .
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Hag phutvat lyi gop phan vag fibam dinh c6i 0.5 eV. Li€ fbin aén gii & 10* fea
10%dyn.cm™ .
Si 1t 6ng tat gii @ nguyea ti imamg voi nguyea ti i Fedcumg i 0C bied dieh nhi haa phuT
hoalho€ vagoithediea kefmaiih khi cac fiein ti ibodah chuyea hay botrao fb& Trong liea
keéhoalhot€ thuaa tuyj nhi lieé ke&fpig hoaitrg lieé keéion hay liea keékim loa, thi Ii €
liea keélagaémaiih, tuyghuot vag bat truyea fiei ti iti d eV fea 10 eV .
RNbavoi maé phaa gidi thoag thi 6ag chi & c6i10™ modlied kef/cm?. Vi duimoi lied ke&
lagl eV, thi toag naég Ii 6¥ig lad0"eV/cm? hoaé 1600 ergs/cm?®. Naég li 6¥g Foiti ong
i 6ng voi nadég li 6wy beamaé tied bieé cuia kim loat. Li € lied keé coithednhain i 0€ t @
na@g li 6mg lied ke§ nea bie&ri 0T si Wiea thieé cuia noutheo khoaing cach. Vi duikhoaing
_ (1600ergs/cm?)

cach 7ol lag5 A° , thi I§€ bam dinh rieag f,, = hay baa
9 Ta 5.10%cm Y g

3,2.10% dynes/cm?.

Lyithuyeé vearbibaim dinh khoag phai bao gidecuéig phuehdp voi thi € nghiein. Hinh ainh
dedthay nhaé lagmaé phaa gidi khac nhau vaedanig ti 6ng tac phi c tap do beamaé khoag
foing nhaévi agh hi 6ing cuia cac yea toari 6€ got lagaén kich hoav vadaén tr6. Taén kich
hoa¥bao goin biea hat, leth maiig, sai hoing hoaé maévi tinh theéolnaég li 6¥g ti lo khai
nhau vagmaég li 6mg kich hoav'khac nhau cuia hag phuihoa ho€. Ta#én tré lamhi g vuag be a
maé 6ifbicollop phuivat lieil khaic fedhag phuthoa ho€ khoag theéaiy ra .

Phi 6ng phap fedadg taén kich hoatladiea the&aa truc beamaé Taén foichinh lagac votri
magnguyea ti ichdu si Ibiead foéldin nhaéicua phan 10 lied ke& Deéhied raag, follagac vo
tri hoé vaaac thein, bat cuia leth xoaé.

Toim la®, fbibam dinh ladhieil o ing vomoavamolladoag cuia lo € cuia voaugg 16 sodnguyea
ti itrong 16 phaa gibi. Vi vay, fodbam dinh bea cawh si phuthuok vag ci 6ag roidliead keé
rieag ledvagodiea ke&tred moi nguyea ti | com phuthuot tri € tieg vag soénguyea ti [ ol
trong 16p phaé gibi. So&ityiledvdi diein tich beamaé hieil duiig cuia feanoi chung noildin
hon beamaé bied kiea. Nbibaim dinh taég khi beamaé hieis dusig A trong bied thi ¢ (2.6.3)
taég.

2.6.3. Cac thong so anh hodng len fio bam dinh
Nbibam dinh cui maag moing boainh hi 6ihg moi soddin cac thoag soaMo i trong so&chuing
lagvat liell mamg vaarea Cac thoag soécoa lat lagphi 6ng phap cheata®; xi iyl fea xi (lyi

magag- fedau khi phui

2.6.3.1. Vat lieu mang va fie
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Trong haal hecag tri 6ag hop, fedad 6€ inh sain vad 6p phuifi 6€ duag fediea foafaé
tri ng cul@a nol Vi du¥ I6p choag phah xaicuia thaa kinh, 16p choag aé mog cuia kim loat,
hoaé lam to&hén fbich ng beamaé Viet chom vat liew trong moi trui 6ag hop thi 6ag bo
gioi ham. Ned& fpibaim dinh gii & cac vat lieu fi 6€ chowi lagyea, thi colithedhoaa thiein hoam
thieh hon fobaim dinh baag cach bodsung mot 16p trung gian (heihdp chad) .

a) Neé redlagthedraé chi & oxide (thuy tinh, Ceramic, ) thi 16p trung gian i 0€
dugg lagcac kim loat colnaég li 6Wg thaah lap oxide cao, nhi Cr, Ti, Mo vagla. Vi dut
Cr setham dinh ra&to&trea re&huy tinh, nea duag phi 6ng phap fpé&noing hay baé phali
ion fedhaah lap liea kequaicadg Boehm th eo sd fbasau (hinh 2.6.1) :

P > Hag phut
H\Q/H Hag phuT Il_I 1 hoalhoe
g o ~Si-o-§-
~Si - 0-Si- b)
a) |
Clr
o) Cr
SN C|) |
-S-0-S- —-S— O0-S-
Hinh 2.6.1.

Vi naég li 6Mg hap phuivat lyicuia hdi ni 6c tred beamaé thuy tinh rafibel(Q =2 + 6
Kcal/mol), nea voi fbichaa khoag 10 torr 6inhiet Fbiphomg, theo (2.1.12) bat phuicua
hdi ni 6 6 ~ 10, Khi Fbj hdi ni 6ic chz com lat tred beidmaé felh 6i darig hag phuthoa ho€

(hinh 2.6.1b) voi Q,= 10 + 30 Kcal/mol (0.43 - 1.3 eV). Hag phuihoa hot¢ H,0 foisedyiai
hag di di tac Foig nhiet, hay hieu duig hon di 6i tac foing baé p haicuia ion - fedhaah lap
lied keé quai cadg Boehm (hinh 2.6.1c) - tit lagli € cua O khoag chia fed gii & hai
nguyea t (Si vagde&dcaé fi t lied ke O -Si fedthagh lap lied keé Cr-O vagCr-Si (hinh
2.6.1d).

Ta&nhiea kim loattrd, vi dutAu khoag theoiliea ke&oivoi thuiy tinh. Au coiliea keé kim
loat mawh voi Cr sagh (khoag booxid hoa). Nhi vay baag 16p “keo” trung gian colthea
lied kel Au voi fedhuly tinh, o; sediaim vada#n i 6t (2.3.62) hoaa thamgh. Lop keo cam thieé
Fuifaim bab 16p liea tue, noi chung coi vaptraén A°.

Ne& magg kim loai ngoa# cuag laeCu, thi cal chulyihiei § ng khueéh tan bieé hai. Voi

nhiet Fpinhoihon 200°C, Cu coithedkhueéh tan nhanh qua biea hav cui Cr, ngay caikim
loat nay lagkhoag troin lah i 6€. Khi hieé i hg foixay ra, thi fodbam dinh cua maé phaa

gidi Cr— SiO, setoainh hi 6ing xaa .
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Cudg counhieds hedtrung gian nhied 16p fadf 6€ si idumg nhi, Ti -Au; Ti-Pd-Au; Ti-Pt-Au.
Sau khi coilbp trung gian folviet phuimagg thi ihai khoag bocain trdl Nea baag cach nag
roliredop keo kim loaTbooxide hoa, thi fibaim dinh cuia maag kim loa¥ ngoagcuag setho
yea i .
b) Trong quaitrinh ta® magg baag nhiet bay héi chuing ta thi 6ag ga@ hai tri 6ag

ho'p reé biet sau :

1- Nhiet hap phuQ, vamhiet ngi ng tuQ. baag nhau : Q, = Q.

2- Qa < Qc .
Trong tri 6ag hop thi inha§ mamg coithedadg tri 6ing lied tu€ ned van toé bay hoi ti doip
Fbn cua magg nhoilhdn vai toa hag phutcua dogg hav fep lead fedVai toé bay hoi cua lieil
th dop Fdn colthedinh theo bied thi ¢, ti dng ti {2.2.10) :

0= naKa :&exp _&
T, RT

60fDin,- mat Fpibedmat cui phaa ti ibay hoi 1, ~ 10 **sec. Maékhat vai toé bay hdi cudg
coithe&ak rfinh baég ap suaébaio hog hoi Fuified kieh cad baag gii & vain toé ngi ng tuT p
vOi vai toé bay hoi 6 :

fp
\2ntMKT

6iroif- hedsoangi ng turp- ap suaébaib hoa cuia hoi, ti 6ng i Ing voi nhiet fodbeama€T. Nhi
vagl, fiedl kien fedmamg taég tri 6ing lied tu€ laa

ticlagp=06=

n>0

fp Q.

n Q
ha > —2ex
Y N2nMRT T, p[ RT]

o n Q
Ti goU fN >—2exp ——2 |, 2.6.5
QT p( RTJ (2.6.5)

607D} Ng fi 0€ tinh theo Faing thi € (2.6.5) laemat Fpidomg phaa ti ich € tied fedhaah lap
magg. Ned Q, = 5 Kcal/mol f = 1, n, = 10™cm™, thi ti #2.6.5) ta coiNg = 10* cm™.sec™.
Mat fpoddomg phaa ti IN, Fep lea 1cm? bedmaé fedrong 1sec nhi vay, thi € tekhoag colkhal
nadg. Thoag thi 6ag N~ 10" cm™.sec™ dinhiet Foiphorg, do FDIQ, > 12 Kcal/mol .

(o]

Trong tri 6ag hop thi thai, khi Q. > Q,, raag feé tri ng Mavoi kim loat phai § ng yea nhj
Cd, Zn trea fedhuly tinh hay trea fedinh thedion nhi NaCl, hay CaF ,. Vi duymaag kim
loa¥ Cd tread fedthuly tinh colQ, = 3.5 Kcal/mol vagQ. = 28 Kcal/mol. Niear /i coingh@
raag, nhi g kim loar coiliea ke&voi re&ach fiei rafiyeda so voi liead ke&gii @ chuing. Noi
cach khak, nhiet bay hdi nguyea ti ikim loa¥ fouti @edafnhoiso voi nhiet bay hdi cu@a nol
ti @edaag chinh no.
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Theo quan fieén nhiet foing, thedhoa ho€ p; lagyiaitronadg li 0ng biea foakhi so&davrloari
biea fpa(xem bied thi £ 1.2.9). Vivay, pc ~ Qa[']. Ti 42.3.19) :

n, -, = KTInJ—" ,
JC

6ifoul. vad, _ doag ha¥'ngi ng tulvaaloag hatv'tai bay hoi ti @jio¥main tred feaKhi Q . > Q,,
coinghd laguc > py hay Jy > J, t ¢ laglomg tai bay hoi 16 hon domg ngi ng tuf?]. Muoa tae
i 0€ main trong tri 6mg hoP naw cam giaim nhiet Foarededgiaim J .. Nhi ng khi foimagg sed
coldang oé fab khoag mong muoa. Phi 6ng cach toéi u lagfaa tied phuimot maa g moing
vai chaékhac coiQ, fuiloin. Ky&huat nayg radi 6€ duag, vi duikim loarhoa Zn vagCd trea
ti Aed. Tri 6c khi phuiZn hoaé Cd tred giag 6inhiet fodphoag, ngi d@ta phuimot 16p moing
trung gian baég kim loatAg hay Sn .

2.6.3.2. Trang thai be mat fie

Vi li € lied ke&hoa hoe chz mdirong vadA°, nea chz mot 10p tap chaéliea keéyea cudg i
ngaé can sb lied keécua vai liel maag vadea

Thoag thi 6mg beamat fadl tied bonhieén baa hoi ni 6, dad, muod cac loaThdi hi @ co vag
CO, Nhiedl chafibaa roicolthedkhi ifi badg dung moakhi inhdog, sau folri & baég ni 6
khi (ion, nhi ng moi vaglop fdn cuoécuag vain coa lar. Nhi @g hat nay sethag phuivai lyu
ngay calap suaériedg phai cu@a chuing raénhoi.

Coimot vaphi 6ng phap khi icac phaa ti ihag phuivat lyitread beamaé Fedkhi nolfang 0
trong buoig chad khoag, 6i foinolisedkhoag botai nhietn bad. Nbé nong Fearedgiai hap
chuing, hoaé baé phaichuing baag cac ha¥ coinadg li 6mg cao. Qualtrinh giai hag colthea
theo dod ba@g khoé phodkeaPlasma H, sedgiaim raé nhied oxide vagkhi ichuing, nhi H 0.
Plasma O, sedphain i ing hoia ho€ voi tap chaéihi i cd fedha @h lap phaa t inheldedbay hoi
nhi CO,, H,O .

Baé phalion colnaég lo 6%g 16ih hon 100 eV, hoaé ti ehum ion, hoaé ti @lasma, coithedhi (
cac harbeamaéba@g aé moa phuin xarNeé baag plasma thi thegphoing fien coitheds 600
+ 5000 Volt vaap suaéti 40 = 107 torr.

[1] Nhiet haa phuiQ, colthe&aic finh baag phi dng phap nhiet foing Ii € hot. Khi nhiet fpithag hon nhiet i
t6i haw, thi coltheaem hdi laghi lyiti 6ing, coa chaéloing trong pha hag phuilaghoag nein i 6€. Khi folinhiet
hap phuTQ, lagcoag nein faing nhiet khi hag thuti eap suaép trong pha khi fea ap suafhdi bab hoa p ° voi
nhiet Foicho trj oc:

p° o}
RT
Q.= [~—dp=RTIn"-
» P p
[2] Zn vaeCd colthedadg rowg tred fedhuly tinh baég phuin xaikato& nea vain tod ladg fiowg nhoj vi ha¥phuin
xa'khaic ha¥nhiet bay hoi : 6itrawg thai ion hoi, vain toé 16ih. Ng oagra phoing Fien coithedih hubing lea bea
maéfealam dedamg laég Ffowg cac ha¥phuin xai{Holland.p.250) .
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Nea redaavat liei dah fien, thi noitri € tiep lam kato&.Nea fedagvat lieu cach fiei, thi
phai faé noltrong miea su¥ thedkatoé cuia phoing fieh adé baéithi 6mg. Nieh ti | khi chuye &
fbing ti dkatofivag vuag plasma colvai toé 16in sedfap led beamaé feacan phulvagich fien
aén. Di 0i 1i € hut cu@a nhi dg fied tich aén nay, ion di dng sethaé phaibeamaéfeaTaénhiea
seécoimot phai nholvat lieil lam kat oéiphuin xaT Nedkhaé phu€ fied foj kato&ithi 6ag lam
baag Al .

Nea buoig chaa khoag laai € di 6ng noéra§ thi khi hag phuiirea thagh buoing se@iai hag
di 6i si Thaé phaicuia cac ha¥ naég li 61g cao, do foifoichad khoag ca o thie& sednhanh
chong rav¥di 6¢ .

2.6.3.3. Phoong phap tao mang

Nhi Fabbieéiti dad, fodbam dinh cula nhiedl cap mamg -feafi 6€ phuibaag phuin xairaé l6in
hon khi nhai i 6€ baég nhiet bay hdi chad khoag. Nguyeé nhaé cua fieau ol lagfoing
na@g cu@a ha¥ phuin xairaécao, coithedam biea thedeamat feavaalo fbitaég fibaim dinh
qua maé phaa gidi. Si ibiea thedbeamat coitheddi 6i darig beamae sa€h, phuin xa¥ vagan
sinh sai hoing .

Nbing naég trung binh cuia nguyead ti ibay hdi sedtyileivoi nhiet Foinguoin vaanoligai baég
0.1eV voi 1000°K. Na@g li 6Wg cu@ chung FaY toi Feacuéig badg chinh nadg I 6¥g cul
nguyea ti (bay ra ti enguod, vi maémat naég li 61ig do va cham col thedoiqua. Nadg li 61ig
Foisednaétread feadsau moi hoaé hai chu kyalao foing mang .

Ngi 6€ lat, faé tri ng cuia nguyea ti iphuin xairaék hac. Trong heiphuin xay fe&uy tri phoing
fien ap suaéphai 16n hon 107 torr voi theqphoing fieh coivad KV. Nadg li 6¥g phan 16in
nguyea ti iphuin xaihaén gii @ 1eV fea 10eV khi rogkhoi bia. Tuy nhied, khi nguyea ti {
phuin xa1Fa¥ toi Fedhi nadg li 6Tg vaesi Tphaéd bodheo naég li 61g cuia chuing sethiea roa
do va cham véi nguyea ti ikhi lamn viet trong khoég gian phoing fiei .

Trong heimagnetron, ap suaélam viet c6i10 2 + 10° torr, na@g lo 6¥g phain 16 ha¥ phuin
Xawrartoi fre&oi8eV .

Trong tri 6ag hdp mation, theadach tread fedhap nhaécudg vaechu€ eV, vamaég li odng
nguyea t iphuin xacolithedadn saél vag beamaé lam biea thedad truc vagah sinh sai hoing
beda trong. Si 15aih sinh sai hoihg vadai phuin xatbeamaé fedsedlamn nhog 16p phaa gidi -
i 0€ goTlagyuaitrinh gialkhueéh tan - nhi fataa luain 6imut tri O .

Voi ap suaé xac finh, coithedried chinh theddah aén tred Fedfedfiedl chenh 0 ing suaénoi
theo yimuoa.

2.7. Ong suat
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Liea keétiep giap gii @ cac 16p maag voi nhau vagyii @ maag voi reali 6¢ thiedlap baag
ti 6ng tac vat lyicudg nhi ti dng tac hoa ho€ mada fataa luain 6icac mu€ tri 6c. Maag vag
reécolthedgaé voi nhau di di tramg thai ¢ ng suafinen hay ¢ ing suafca@g qua li € truye cuia
maé phaa gioi. 0 bg suaé maag coiainh hidihg Fea chaé li 6Wg bam dinh qua bied thi ¢
(2.6.1). 0 dg suaébiea fparoing voi cac fiedl kiei ta® magg vaadi tinh chaévat lyicuia vai
liel magg vaa@eaTri 6ic khi khaio sat ainh hi 6ing cui i ing suaécua maag lea tinh chaécua
chuing, ta ha§ toag quan mot vacd soivat lyived ing suaétrong the&ad.

2.7.1 Cosb vat ly

Tinh chaficd bain vat lylicuia thedaé i 6€ mo&albaag i 6ag cong biea dag - § ing suaétred
hinh (2.7.1) .

+0

=

£

O

e+

©

>

w

o

~ =

Caég =
—€ ¢ Biea dang ¢

Nen " Biea daiig véh i i
— 0O

Hinh 2.7.1. Nac tréng cua s6 bien dang 6ng suat

Li € Faéled mot fHn votiedien ngang lad ing suaé o(N/m? hay Pa), caég khi noldi 6ng, vag
nein khi nolaén .

0 dg suaécadg do€ theo mot hi ding, vi du'x, sedyag neéd mot si & ca@g tron g vat liei theo
hi 6ing Folbadg ex = Ax/x - i 0€ goT lagi biea danig. Di 0i fieén C, noiladi 6ag thang vag
fi € got lachiea darg faa hoi. Nieén C fi 0€ xat finh khi foileth khoi fi 6ag thang Foicoi
0.2%. Nbidoé cuia mien “Taa hoi” lagod™ vearpici ing cu@ vai lieil vagi 6€ got lagmodul
Young Y. Nhi vay :

G, =Ye, hays, = ‘; (2.7.1a)
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Theo finh ngh@: o, =F/S=Y¢,. Nea F lagli € keb thi ¢, >0; neé F lagli € nen thi
e, <0. Nbilagitnh luat Hooke mot chied, vagnoichinh badg Ii € logo F = k x. Giaitrotied
bie& cu@a Y lagl0?Gpa (10" Pa) fpavoi vat liew ¢i ing .

Trong mien faa hoi cuia i 6ag cong i ng suaé-biea damig, khi khi ii ng suaéthi vat lieu sed
trolveatrang thai ban fadl. Ned § ing suaé i€ vag cao hon fieén C, th i vat liei setbiea danig
debb, vamoisedcoa latrsau khi khi (0 ing suad nhi fi 6¢€ chi ing toitrea hinh 2.7.1. Cuoécuag
nea i ing suaf MY fea mi ¢ got lag Toiben caég” thi vat lieur sedbogay. Ci 6ag foicadg
khoaing di 6i 1GPa fpavoi vat lieis ¢i ing - ti 6ng § ing voi si hieé daig gan 1% .
0 dg suaéca@ég “Fn tru€” do€ theo x sedam cho vat lieis boco lai do€ theo hi 6ing y vaz ,
nhi i 0€ chi ing toitrea hinh (2.7.1a), raég ¢, vage,lamén. Ba daiig biea daiig nay sedi 0¢€
bie& diei baag tyiso&Poisson :

Ey 82

vV=E——m"—m=——

€, €

Nea theich khoag taég, di i tac foing cu@ i ing suad, thi :

X

e,+e,+¢g,=0,dofoiv=1/2.

Nbilagri 6ag hoP cao su, vaenollaeyidi haw treéd cud v. Tuy nhied, Foavoi raénhier vat
lie coiv=0.3+0.1.

Hinh 2.7.1a.

Ket qua cua s6 bien dang
fidn truc cua khoi fién vo lap
phoong

Ngoagmodul Young hay modul fag hoa phap tuyea, coa coimodul faa hoi khi tri 67h ay
modul tri 6¥G bieé dien i ing suatieq tuyea :

=Gy (2.7.1b)
0ify t-0ing suadtieq; y- Mixeacah .
Ba# gidechuing ta ha§ khab sat nhi ig co soifi a fea bied thic (2.7.1a) vag(2.7.1b). Nbi
chinh laginh luai Hooke .

Nhi Fatied li € ti 6ng tac nguyea ti itrong vat lies goin hai thagh phai chinh : 1§ € hut vag
I € fag (hinh 2.7.1b) .
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c u
Li € fag
Hinh 2.7.1b. 0 sy 0
S6 fio lien ket rv r \ ZU(rs) r
nguyen td . S <>
~— Li€hut lo )

’

Nea colngoaftli € f tac Foing lea vat lieil, thi khoaing cach r setthay Foé:

x=(r—r,)>0, neé f ladi € keb

x=(r-r,)<0, ned f ladi € nen .
Khi khoag coingoaT li € tac Fping, thi heitroiveavotri caé baag cui: x = 0. Kbilagah chaé
cu@ biea dawig faa hoi .
Coag ngoatli € f ta® ra redoisi ©dh chuyea (r - r,) sedam cho theanaég cuia heithay foé
ti @J(ro) FRA U(r - 1o) .
Khai trieé thednay theo cap sodTaylor :

Ulr—1,)= U(ro)+(r—ro)(dujro +1(r—ro)2[dzujr A

dr 2 dr?

A

60fpy U(ro) _ naég li 6mg liead ked khi r =r, ; nolladhaag soa

(04 —oknir=r,.

(dz%rz)ro k.

k lagbain kinh cong cuia U tarvotrir = r, .Gie&g hep colfbicong cao ti 6ng i ing voi Kk 1o,
vagyieag roing coifbicong thap - k bel.

2
Ti gol U(r—r,)=U(r,)+ <
vag f= OIU(X):kx :
dx

Nbilagfinh luai Hooke : li € tat duiig ga§ ra fpibiea daiig tyileithuai voi noi f coithedag
i ing suaéiphap (keb, nein) hoaé i ing suahtied. x colthedadpibiea dang ¢, hoaé foixeadh
y. Trong tri 6ag hop Fad, k lagnodul Young ; trong tri 6ag hop sau - laegnodul tri 6¥.

Modul fag hoi vagac yea todainh hi 6ing
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Modul fag hoa phap tuyea Y vagnodul tri 67 G ladhai faé tri ng quan tr ong cuia biea damg
faa hod, git & chuing coimoéquan hedsau :

Y = 2G(1+v) (2.7.1c)

Modul fag hoa Y vagnodul tri 67 G coilied quan fea i € lied ke&nguyea ti | nea trong fbn

tinh the&huing coltinh dohi 6ing : theo nhi @ g phi 6ng tinh thedkhac nhau chuing coinhudg
trd sodkhat nhau. Vi dutFe, Y =1,32.0"'N/m?theo hi 6ing [100] va@2,77.10" N/m? theo
hi 6ing [111]. Séidocoisi Tkhac biet oy lagvi 1o € lied ke&nguyead ti itheo hi 6ing [111] ra&
maiih do cac nguyea ti ixe@ khit nhau, coa -[100]- cac nguyea ti inaén xa nhau, nea liea
keéyea .

Trong fa tinh theddo cac ha¥'tinh theaxeg theo hi 6ihg manig baékygnea Y lagaing hi ding .

Nhi 6g yeé todahh hi ding led i € lied k e nguyea ti [ Ffea laen thay foé modul fag hoi.
Naing chulyinhaélamhiet fp§ nguyea to&dp kim vaaaé truc maag .

Khi taég nhiet foj Ii € lied keéinguyea ti lyeé i vagmodul fag hoi giaim. Khi thay fpa
nhiet foimagcoisi thay foacaé truc,maiig, thi modul Fag hoi thay foa rot ngot. ViduyFe
61910°C colchuyed biea pha Fe, < Fe,, nea trea i 0mg cong thay Foécud Y colfpai
nhay vo¥ (hinh 2.7.1b) .

5 2
Y,10° MN/m ¥, 10° MN/m?

27 Fe Cr

087
n u Fe

\AI 07+ o

° 4(:)0 8(=)O °C 1 2 3 4 %nguyeati
Al + nguyea todop kim

Khi col maé nguyea todhop Phw,ﬁc%gfr}gécmhai tac dumg khac nh'#&hr%b%%% faa hoi tadg

hoaé giaim, vi nguyea toéop kim hoaaan vag tinh thed(di 6i darg dung dcch raé thay thea
hay xen ke) sedam thay rfoéhaag sodmaiig vadi € lied keinguyea ti i Ned si icoimaé cuia
nguyed todhdp kim ta® ra pha thi thai coimodul fea hoi [6in hon, thi modul faa hoia cua

hop kim [6in hdn. Trea hinh 2.7.1c nea ainh hi 6ing cuia Cr, Fe, Cu laen taég modul fea hoia
cua Al .

Bien dang deo

Biea dang coa gii (lat sau khi khi ingoai’li € fi 6€ goi lagbiea dang ded. Biea dang ded
thi 6|mg xaly ra baag tri 6%, ti c lagsi Txe&ddh cu@a ti g maé nguyea ti i song song voi nhau
magkhodag lam thay fp#écad truc tinh thed
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Biea danig ded xa/ ra khi ap li € vag fuilon feanguyea ti idach chuyea ti avotri cad baag
fea votri khac. Nhi vay ta coithednoi veali € toi ham trea mot liea keéican thie& fedgadt
neda biea darg ded. Tuy nhiea trong ky&huat ngi 6@ta bag veali € tread mot fdn vodiei tich,
hoaé i ng suaéhon lad. liea ke&
Trong khi li € colthedbieé dien baag faivli 61g vaehi 6ing cuia noj thi o ing suaé phai i 6€
bie& dien baag 4 fa¥ |i 6ng: faT 1 61y vadi 6ing cui li €, diein tich cua ma&madrea foili €
tac fbing vaehi 6ing tri € giao voi maé Hai damg ¢ ing suaécd bain fi 6€ trinh bag trea hinh 1.
c=F/S
N T N
s :

S

Hinh 1: a) 0 dg suafiphap ; b) ( dg suaétiep

0 dg suaéphap sinh ra do Ii € theo hi 6ing song song v 8i N

0 dg suaéitieq (tri 6%) sinh ra do Ii € tac foing theo hi ding tri € giao voi N.

Baékyalang tai tromg nag colthamh phaa ti 6ng § ing voi i ng suaétiep lam xe&dh nguyea
th (| Fedl coltheda® ra tri 0. Tai trong keio (hoaé nein) thuai tuylsinh ra i ing suaé phap chz
lam thay fpékhoaing cach nguyea ti | gadt ra biea dang faa hoa hoaé phaihuyikhi i ing suaé
fuilon. Nedaen vi dutha§ khab sat hinh 2. Trong hinh nag, o lagyok git & I € E voi hi 0ing
tro 0%, cog ¢ lagyoc gil @ li € E voi hi 0ing tri € giao voi maétri 0.

Hinh 2:

Dién tich s, Huong truot

/L/
Mat truot Hinh 2:

0 - goc gif & hi 6ing tri 0¥ vadi ding 10 € F .
¢ - goc gii & N vadi 6ing i € F .

Diéntich S

R

Truc cang
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Lo € trong hi 6ing tri O7 F, = Fcos® vadlied tich cua maétri 67’ S, = %084) . Ti @0l

F, F
=—Co0s0cos la
c=Coosocosy  (1a)

hay t=1tcos6cos¢ (1b)
& dd, t lang suét ti€p trong hwéng trwgt trén mat trvot va o la (ng suat phap. Nhu vay, khi
dat rng suat phdp vao don tinh thé thi s& gay (rng sudt truot trén mat treot doc theo hwdng
treot. Thanh phan dé cta (rng suat duoc goi la rng suat trigt, vacd thé gay nén treot néu nd
aalén.
Giatri clia rng suat truot, tai do bién dang déo xay ra duoc goi la (rng suat trugt téi han -, .
1, lahdng sO d6i voi moi hé truot cho trudc trong tinh thé cho trede. Khi dé, (ng suét phap
t6i han <, can thiét dé gay nén bién dang déo, theo (1b) :
Tc
%~ cos6 cosd 2
D6 la dinh luat Schmid. Nhuw vay, ng sudt o can thiét dé truot bat dau la mot ham cla
huwéng tinh thé so véi hudng cla lyc dét vao trén truc tinh thé. Bai lvgng cla n6 khong phai
[amdt hang sb vat liéu .
Vidu 1: Tinh thé FCC du6i (rng suat phdp o, =1.22MPa dugc dat theo hvdng [ 110] . Hay xéc
dinh =, clatinh thé nay .
Giai:
Pé tinh «_tlr phrong trinh (2), trudce hét hay xéc dinh cosé va cos§.
Trong tinh thé 1ap phuong, goc gitra hai hwdng co thé xéc dinh bang tich vecto diém .
Néu A=ul +v}jj+w
IE: u' }ij+v' }jj+wf<J
thi AB = |A|B|coso , & d6 0 12 gbc gilra hai vecto. Khi d6, 0 c6
uu'+vv'+ww'
0080 = (u2 +Vv? +WZ)% (u'2+v'2+w'2)}/2 ®)
Trong treong hop nay, 0 lagoc gitra hwéng F[010] véi huéng trwgt [ 110], do do:
(0x-12)+@x2)+(0x0) 1

cos0 = =
1x+2 V2
con ¢ _ gbc gittahwdng F [ 010] v6i hwdng L mat tregt (111) _ chinh lahwéng [111] :
(0x1)+(@x1)+(0x1)
cos¢ =
1x \/5
1.22 MPa

=0.5MPa.

T dob: 1, =c, cos0 cosd =
J6

Vidu 2: Twongty vi du 1, chi khéac la (rng suat phép «, dat theo hwéng [001] .

Giai:

Lan nay, 6 lagéc gira[001] véi [ 110] con ¢ lagoc gitka[111] voi [001], nén:

(0x-1)+(0x1)+(1x0)

1><\/§

coso = =0
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(1x0)+(@x0)+{x1) 1

V3x1 e
T do: 1, =0
Vi rang cos6=0,0=90°. Diéu i col ngh@ raég, o, theo hi 6ing [001] sebtri € giao voi
hi 6ing tri 6% [ 110], ti ¢ I§ € ap vae khoag colthagh phai i g suaétri 67 naén trong hi ding
tri O7.
Maii kyithuyeéraal tied dumg fedainh gialfa¥li 6Wg <, i 0€ giaithie&raag, si ®dah chuyea
mot phaa tinh thedavoi phan kia fi mot khoaig cach nguyea ti i( hinh 2.3 ). Trong tinh
thedylti 6ing, 60Fpikhoag coikhuyeétat ca truc, taficaicac nguyea ti inaén 6imaéx eaddah
red phai tham gia tri 6% foing tho@ Qualtrinh i foghoi |i € Fuilon fedfong thop caé i t
ta&caicac moalied kedngang qua maétri 63 Maiu lyithuyeénay foan nhai giaitro < ~ Y/10,
60fplY_ modul faa hoa .

cos0 =

T—>

C/r\
J O 9,
O O O

Matliea
kefbofi t O O O (
e

HAEPN I 0) Ie

U N\

<7

Hinh 2.3: S6 foaxe&ah legh bieé khi tri 0.

Trong kim loai, giaitri thic nghiém ©.nhd hon rat nhigu so voi giaitri tinh toan bang lyi
thuyét cla tinh thé khoag colsai hoing . Giaitri fieé hinh cta <, veagiaitri <_lyithuyét twong
trng cllamot sb kim loai dugc trinh bay trén bang 1 .

t.(Mpa)
Kim loai Thurc nghiém Ly thuyét (Y/10)
Cu 0,49 10,3.10°
Ag 0,37 9,2.10°
Al 0,78 7,0.10°
Fe 27,44 21,0.10°
Ti 13,72 11,0.10°

Béang 1:

Nbibe thag cu@ cat tinh theé&hi € lagdo coisai hoing caé truic. Khi foitri 0¥ xaly ra khoag
foig thOop caé fi t taé calcac moalied ke&nguyea th ingang qua maé tri 6%, vi fadcol sai
hoing chi @ trong tinh thea
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2.7.2. Ong suat mang

Vat liell magg moing luod colf ing suaé hai tru€, nhi chi ing toitreé hinh 2.7.3, vi chuing bo
redkeb cad@g theo hai chiea. Nhi @g si ibiead foéi ing suaé- biea dang folcolliea quan voi
hedthi ¢ (2.7.1). follago, ga§ nea heikeb caég do¢ x voi fatli 0Wg o, /Y, nhing o, ga§
nea si o latdo€ x voi FaTli 0Wg — vo, /Y, do foibied dawg thi € ladoég cué hai :

1-v nn
Bx T8y =6y =| T [0y OfDIO, =0, =0,
- ()
hay - :(1%)% -2 (27.2)

60fD,) Y '~ thenh thoaing i 6€ goT lagmodul g hoi 2 tru€ . ( dg suaéthoaibied thi € (2.7.2)
i 0€ goTlad ing suaéli 6ag trut o,, . 0 dg suadli 6dg tru€ nay sedinh ra si hiea daig theo
tru€ z, tri € giao voi maétaég tri 6ing maag vamouthoaifnh luai Hooke 3 chied :

z

€ :é{cz —V(GX +Gy)} (2.7.2a)

Bied thi & nayg sedroiveadang (2.7.1) khi boiqua o, vago, . Cuiig coibied thi i ti 6ng ti Woi

g, vage, .
/”----- o -/-’-.I
- 4 Hinh 2.7.3.
.‘::’-’ _______ _r,/' |, Ketqua bien dang t6 6ng suat
I | e Y2 truc cua mot fidn vo the tich
1 I - A N
! / L khoi lap phéong
G P A ——— —

Magg moing chi & 2 § ing suaé: noi vaengoal. 0 g suad ngoai'sinh ra do keéquaicula ngoai
Ii € tac foing led mamg. Khi khi ingoaT'li €, thi § ing suaéngoai cuéig bied ma& Nhi ng maag

moig vai to taTi ing suaéingay caikhi khoég coingoatli € faévag. Nbilad ing suaénoi hay

i Ing suaédi . Nguoa goé vadain chaécu@a i ing suaénoi ladieil i ing cd ho€ trong maag.

2.7.2.1. Ong suat noi
0 dg suafinoi donhiea khoag chs tol tai'trong caé truc magg - fedhop chad maaoa ton tai

trong cac vat liei foang nhaé di 6i cac tinh huodag rieag biet, nhi xay ra trong quaitrinh
che&a® hay gia coag c0, nhiet sau khi che&a® .
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Moéhinh § ing suaénoi phat sinh trong quaitrinh phuimagg fi 6€ trinh bay trea hinh 2.7.4.
Ba#chag si Tphaé boé ing suaéinhi thednag, reéduy tri cad baag cd hot fohoi li € F vag
moment uoéd M phai triet tieé trea tie&diei ngang maag - feaNhi vay :

F:jcsdA:O
M=[c,dA=0

00fDUA_died tich tiefdieh ngang ; M_ cainh tay foa cuia moment .

! Mag ! h ! Maga !
I N b ¢ P

1 r i Ex ' 1]

' Rea | $hs ! !

1 1 | |

1 1 1 1

1 1 1 1
< > < >
—> < —> <

[M% B

Hinh 2.7.4. a) Mang d6di 6ng suat do cang ; b) Mang d6di 6ng suat nen do .

Trong tri 6mg hop thi i nhaé (hinh 2.7.4a), mamg phat triead co lat so voi fedned maag

khoag bogaé chaévoi feaTuy nhied, khi maag vagedgaé chaévaeg nhau, thi chuing se6bo
ragg buok vag kich thi 6 bed, ti c lagnagg vagedhai colfbidagbaag nhau. Nhi vay, i ing

suaé sedphat tried nhi thoaimad si Tcad baag li € : Ii € ca@g phat tried trong mamg caa

baég voi li € nen trong fedTuy nhiea, fou khoag phai lagi itaé baég c6 hot vi cac momen

6imep khoag caa baag. Nea cap mamg - fedt 1do, thi noisedcong faa hoi nhi chi ing tol
treé hinh, fe&hoag la¥'si tkhoag caa baag cua momen. Nhi vay, i ing suaénoi cuia magag

sedam cho fe&ong lea. Cudg lyuluai ti 6ng ti 18 ing suaénoi cua maag sedam cho feaong

xuodg (hinh 2.7.4b). Khi i ng suaécaég fuiléin, thi maag setni t g a§f. Khi i ing suaénein ful
16i, thi maag sefcoine@ nha@, ragég haithag foibaim dinh trea fea

Ba§ gidechuing ta ha§ giaithie&raag, h; << hs . Nb&voi mot fdn vo foiroing theo y, caé

baag li € theo hi 6ing x, Foing thdgbolchs so& vaalugg phi 6ng trinh (2.7.2) :

VA
S
Hinh 2.7.4c. vhe M A
N~ 4
he Y
Vi
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Ff:Fs,haythfzﬁshs.

Hay [L] gy =(Lj gshg.
1-v 1-v )

Vi hs << h, suy ra raég e, >> . (tri ghi: Ys<< Y¢) Niews Foicoinghd ragg, chuiyed mov
bied damg xua# hiei trong maag, vagkich thi 6c beé cua maag hoag toaa i 6€ xac fnh
baag kich thi 6ic bea cuia Ffea

Nhi 8g yea todam ainh hi 6ing lea i ing suaénoi :

Chuing ta chz khab sat nhi éig yeé todainh hi 6ing led i ing suaé ti gquai trinh cheétad. Nbi
lakoay caa truc vi modvadhat baé phai Phai § ng hoaiho€ xaly ra trong quaitri nh phuimagag
coithedsain sinh i ing suaékhi chuing liea tu€ xaly ra cumg mi ¢ Foadi 6i beamaétaég tri 6ing.
Phain i ing, 00 fbicolbodsung vat liei, thi caé truc nag sedsain sinh § ing suaénen. Coa phain
i Ing, 60 folvat liew boloaT thi sain sinh 0 ing suaécaég. Vi duy phan i ng hoaiho€ kim loaf;
nhi Ti i 6€ phuitrong buoing chaa khoag xad, hoaé vdi O , - khi com lat bodsung, coithea
phat trieé i ing suaéinen, do quaitrinh oxide hoaidi 6i beama& Trai laTp huimaag - plasma
Silicon Nitride (SiNyHy) i 0€ dugg ti 6SiH4 va@NHs, thi phat tried i ng suaé caég 16n, vi
Si(NH,); liea tu€ fedbay hoi NH; ti gohia di 6i beamaétadég tri 6ing, nhi noingi ng tuihoai
ho€ SisN4. ( 3Si(NH3)4 — SisN4 + 8NH3). Quaitrinh hoaiho€ foicudg coithedhay Fpdi ing
sua&trong quautrinh thi coag sau khi phuimagag .

Caé truc vi mo&ua maag vags Iphat tried cu@ noltheo thd@gian di 6i beamaétadg tro ing
coithedsain sinh i ing suaé ca@g. Trong sodcac vuag cad truc fadri 6€ trinh bay trea hinh
(2.4.2), magg trong vugg | coli ing suaéinhoj vi i ing suaéikhoag thedam gialfdido€ loitroag
vi modgii & cac vi tinh theanea. Tuy nhieda, khi magg chuyea theo hi 6ing caé truc boichaé
vugag T hoaé vugag 11, thi lodtrodg vi moésedbo phaivod cac ha¥ codlap sedkeé tuidi 6i tac
foing cu@ li € hut nguyea ti itread biea ha¥. Khi fo| lied ke&biea darg - cadg phat triea.
0 dg suaéca@g coithedphat tried theén khi s ike&tinh lat cui vat lieil, do si thoichaé nhi
i 0 trinh bay 6imut 2.5 .

Baé phaibeamaé magg ba@g ion hay ha¥ trung hoagnadg li 6%g cao coithedsain sinh i ing
suaénein, do cag nhi g ha¥ nay vag bea trong maa g vaalo truyea fping I 61g Ffea nguyea
ti (beamaé& Chuing chen vag gii @ cac nut maiig, ep buot cac nguyea ti ilaéa cai phai don
nen ra ngoaw vagke#é quai cuod cugg lagmamg ndiroing. Baé phaicac ha¥ naég li 6ng lea
magg trong qualtrinh phuilagohi 6ng phap raéhieur duig fedrung hoad ing suaécadg sinh
ra do hieil 0 ing hoalho€ hay caé truic vi moaTrong nhie# tri 6ag hop, nolcolthedduag fea
fied khiea i Ing suaf.

Hinh 2.7.5, trinh bay tinh chaédchung cui i ng suaémagag o, theo ap suaép trong 16p phui
baég phi 6ng phap phuin xai(Thornton, 1986). Chuyea ti evuag | fea vuag T do p giaim
trong phuin xaked@a§ nea hai hied i ng : giaim sb phaé tain cuéa goi tdi cud h a¥phulvadaég
foing naég cul ha¥ fol Si ichuyuea foisedlam cho i ing suaécadg tadg, vi cac loitroag vi
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mo&ophaivoi Nbicao ci € fai cu@ i ing suafica@g coilied quan fea si igiaim T,/T,, foavoi
nhiedl kim loa¥, vi i ing sua&nhoihé n khi bain thaa nolbofanoing 6i T, /T, thap hon. Tatap
suaép thag hon, i ng sua suvt'do bodoi nein bbi cac harnaég li 61g cao, vadpavoi mot soa
vat liei noitroithagh o ng suafinein. 0 g suaénein cudig coitheénhain fi 6€ baég cach d uag
the&lach aén tred fededyia tadg si baé phalcuia ion nadg li 6¥g cao .
Maé dugradbaa luai veanoj nhi ng nguoi goé cu@a § Ing suaéditramg thai phuimaag thi 6ag
chi a i 6€ biefirod vagraé nhieds coag trinh com lai phai thi € hien trong Ihh vi € nay fea
hieé vagiea khieé noimot cach hieiu dumg .

(OFY N

Hinh 2.7.5.

ZT Tinh chat cua éng suat mang voi cac
fileu kien phu mang bang phun xa .
Z1,ZT —vung | vavung T .

Baé phaihak
naéa lo 61a

>
0 p
The&ldh
trea fea

2.7.2.2. Ong suat nhiet.

Thoag thi 6ag magag i 6€ chedaa® khi nhiet foéfeé ao, vi duiT, vagau foimagag sedlarh
dan fea nhiet foiphoag T. Nhi vay, maag colkhuynh hi 6ing co lat'theo foddagmot Ii 6iig
o (T - To)lo, 0ifDlIa ladhedsodgian ndidae (oc zlA—l.A—lT]. Vi magag i 0€ gaé chaévoi fea

0

nea biea dang caég coudamg :

e=a(T-T, )% —o(T-T,) (2.7.4)
vagheo finh luat Hooke :

c=Ya(T-T,) (2.7.5)

Bag gidechuing ta sedkhaio sat lied hop maag fedds 0i tac foing cuia bi ed foéinhiet i AT .
Si bied damg magg vageati 6ng i ng voi (2.7.2) vagq2.724), coldang :

- - F

& =0LfAT+(1—VJ o; =ocfAT+(1—vj L, (2.7.6a)
Y ) Y )i hW
- - F

g, = U AT + v G, = o AT - v il (2.7.6b)
Y ), Y ).hW

Nhi ng vi tinh ti 6ng thich biea darg foghoi ¢, = ¢, nea li € nhiet F¢ baag :
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— oy JAT 2.7.7)
15 T ¥
h, Y ). hg
. Y
Nea h[ j (l—j thi § ing suaénhiet trong maag lag
Gf(T): = (a, —ocf)AT( Y j . (2.7.8)
hfW 1-v ),

0iFDI AT =(T-T,)
Can chuiyidaé trong bied thi ¢ (2.7.8). Nhi 8g magg i 0€ cheéda® dinhiet fbicao sedho
i ing suaénen khi fo dinhiet Foiphomg (AT < 0), neé o > o, . Trong tri 6ag ho nag Fedol
nhied hon magg. Vi duy fied nay t ong i ing vi mamg TiC i 0€ phuitrea fedthep baag
phi 6ng phap CVD ta¥ T, = 1000°C. Vi cac giaitrd
o =1110°°K™* ; og. =810°°K™;

v, =019  Y; =45.10? dyn/cm? (450KN/mm?)
Ti 42.7.8) ta tinh i 6€ o, = -167.10"°dyn/cm?® (-1,67 GPa)
tai' T = 0°C i & lagnamg coli ing suaénein .

Phui luc |
Trong nhiei foing li € ho€ cou2 fnh luai cd bai thi 6ag fi 6€ duag nhiedt nhaé
Nonh luat tho 1.
Trang thai vomo&aa baég cu@a heiri 6€ faé tri ng boi farli 6mg U (fi 6€ gorlamodnadég),
noicoutinh chaésau :

Ned heila@odap :
U = const. (1.1

Nea heiti 6ng tac voi cac heikhac thi biea fbénoi naég cuia heikhi chuyea ti araig thai
nag sang tramig thai khac coidamg :
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dU =8Q - oW (1.2)
00 flW_ coag fi 0¢€ thi € hien boi heido caic thoag sodngoasbiea g Q_ li 61g nhiet mag
hednhai i 0€.
Bied thi ¢ (1.2) bieé dieq finh luat baio toams naég li 6Tg.

Nonh luat tho 2
Tramg thai vo modcad ba@g cui heicoltheari 6€ faé tri ng boi faT i ong S (i 6€ got lag
entropy), noicoitinh chaésau:
1. Vi si thiead foavoacumg nholbaé kyecuia tramg thai, khi heihag thuThhiet 0Q, thi
entropy cuia noisetiea foamot ra¥li 6y :
dS=0Q/T (1.3)
00fDIT _nhiet Modtuyet Moacuia hed
2. Trong qualtrinh ba& kyekhi heicodlap, nhiet chuyea ti etrang thai nayg sang traig
thai khai, entropy cuia noicoukhuynh hi 6ing taég :
dS>0 (1.4)
6ifoldaa = xac finh tinh chaécaa baag cuia heicoa daé >_ cho khainaég thie&lap
Fied kiein caa baeg cuia hednhiet foing khac nhau.

Cac ham nhiet fiong
N a 6Q ti 1.3) vag (1.2) ta nhai i 6% :

dU =TdS - oW (1.5)
Nbilagohi 6ng trinh nhiet fbing toég quat nha&fi 0% rut ra ti @ finh luai thi i1 vaghi i2.
Neda khab sat heinhiet foing colcac thoag soarmé tri ng Y (Ii € suy roig, nhi ap suaép,
ch 6mg Fodth etri 6|g H, ci 6|g fod e tri 6ag E, si c caég maé ngoad o ), X (toaifpisuy
rong, nhi thedich V, momen ti @M, vet to phaa ci € 7, dien tich X ) vadl (nhiet i), thi
coag i 0 thi € hiei :

oW = Ydx

Khi foj phi 6ng trinh (1.5)
dU =TdS - Ydx (1.6)

Phi 6ng trinh (1.6) col5 FaTli 61g biea thied T, Y, X, U, S xac finh trang thai cua hei Nea
2 trong cac faT i 01y nay lagied soadi lap, thi (1.6) sedchi & 3 FaT Ii 6Wg chi a bied Nea
xac finh chuing, ngoagphi 6ng trinh (1.6) cai coltheén 2 phi dng trinh fot lap khac :
1) Phi 6ng trinh traiig thai [*]: f(T,x,Y) =0 (1.7)
2) Phi 6ng trinh biea diei noi naég theo nhiet i
U + U (T,Xo) (1.8)
Oifpixe_ giaitrocho tri dic cuia toaifpésuy roig.

[* ] Phi 6ng trinh trawg thai lagohi 6ng trinh chz phuithuot vag thoag soafaal vaguoécui traiig thai, chi i
khoag phutithuot i 6mg i khi chuyea ti draig thai nag sang trasg thai khac.
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Nhi vay, khi fadbieéicac phi 6ng trinh (1.6), (1.7) vag(1.8) thi coithedxac finh taé caitinh
chaénhiet foing cu@a hed
Cudig coitheaxac finh taé caitinh chaé nhiet fboing cuia heikhi fadhieé mot trong cac ham
feé tri ng sau Mg :

noi naég U = U(S,x)

Enthalpy H =H(S,Y)

Nadg lo 6wg ti ®o F = F(T,x)

Theéhiet foing Gibbs Z = Z(T,Y)
Chom haen faé tri ng nag hay ham faé tri ng khac tuyadhuoi vag si o @ chom thoag soapa
lap cuia hed
Lag fa® ham ham so&®é tri ng theo 2 thoag so& i lap cuia hej ta sedcolhai phi 6ng trinh
rot lap nhau. Hai phi 6ng trinh nag cuag voi phi 6ng trinh (1.6) fuifedieétaécaitinh chaé
nhiet foing cuia hed Nhi vay, haen tramg thai i 6€ got'lachaen Faé tri ng, nea ti enoihay ti @
o ham cu@ noicoithedied dien ti 6ag minh tinh chaénhied foing cua heid

Ti &b biea so&hi & trong phi 6ng trinh (1.6) coitheaoil0 cap liead hop khac nhau : UT, US,
Ux, UY, TS, xS, YS, YT, YX, Tx, nhi ng chz coi4 trong chuing ti 6ng o ing vOi haen faé tri ng
tred. Dang ham aé tri ng coithednhain i 6€ hoaé ba@g thi € nghiein, hoaé rut ra ti dyi
thuyeé foing ho€ phaa ti icuéig nhi cac phi dng trinh tramg thai.

Vedrai cu@a (1.6) lagvi phaa toaa phan cuia U theo S vaa. Vi vay, U = U(S,x) lagmoi ham
feeé tri ng. Nea 2 thoag soadi lap cula heilads vagdy, thi noi nadg U latkhoag phai ladham
feé tri ng. Ha§ tim haen faé tri ng cua chuing. Muoa vay, ta coing theén soéhamg d(Yx) cho
2 veaua (1.6) :
dU + d(Yx) =TdS - Ydx +d(Yx)
hay d(U+Yx)=dH=TdS + xdY (1.9)
60fpiH = U + Yx.
Nbilagham Enthalpy.
Ned 2 thoag soarot lap lagl vaax thi ham feé tri ng laenaég i 6wg ti Tdo F. Ti esodhaiig
d(TS) cho 2 ve&ui (1.6) ta cou:
dU - d(TS)=TdS - Ydx- d(TS)
hay d(U-TS)=dF =-SdT - Ydx (1.10)
0ifol F= U- TS
GoTF lamadg li 6Wg ti 1do vi trong quaitrinh faing nhiet, coég thi € hieih khoag phai giain
noi naég U (nhi trong quaitrinh foam nhiet : 6Q = 0) maalo giaim haen F nay. Thi € vay,
khi T = const thi (1.10) coidang:
Ydx = -dF (1.11)

Nea 2 thoag so&t lap ladl vagdy, thi ham Faé tri ng laghednhiet foing Gibbs. Noicoithea

rut ra tf gohi 6ng trinh (1.6), hay fbn giaih hon_ ti &1.10), coing theén sodhag d(Yx)cho cal
hai veauia (1.10), ta col:
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dF +d(Yx) = -SdT - Ydx + d(Yx)
hay d(F+Yx)=d(U- TS+ Yx)=dZ=-SdT + xdY (1.12)
0IFDIZ=U - TS+ Yx.

Chuiyiraag, khi i ing dumig biea thi £ toadg quat cho cac haen faé tri ng, cam tinh daé trong
soédhanig bieé dien coag OW. Com foidi 6ng, nedé heithi € hien coag cho ngoai vat, vagin
neé ngoaitvai thi € hiei coag cho hed

Ned heicoicac thoag sodagy = p, x =V, oW = pdV, thi: (1.13)

dU =TdS - pdVv U=U(S,V)
dH =TdS + Vdp H=U+pV
dF =-SdT - pdV F=U-TS
dZ =-SdT + Vdp Z=U- TS+ pV

Nieu kien can bang nhiet fiong
Phi 6ng trinh c6 bain nhiet fbing foavoi cac quaitrinh caé baag (khoag thoag ked coukhai
na@g cho ta thiefilap fied kien toag quat cud heicaa baég nhiet foing.
1. Hedcodap, (U = const, x = const). Phi 6ng trinh c6 bain (1.6) voi fied kiein chi a
caa baag (1.5) coi:
TdS > dU + Ydx (1.14)
Vi U = const vaa = const, cho :
TdS>0
ti € entropy cuia hedcodap trong quaitrinh khoag tdh taég. Khi nhi g quaitrinh
nag ngi ng vaechuyea vag caé baag, thi entropy cuia heisedfa¥ fiea giaitroci €
el Kylhiei entropy cuia heitrong trang thai khoag caa baag lagS, coa trong
trang thai cad baag lagS, vadhieil cuia chuing lagS - Sp = AS. Chuing ta coithed
vie&fied kien cad baég toag quat cua heicodap nhi lagfied kien ci € T cuia
entropy di 6i damig :
AS<0hay 8S=0, 8°S<0 (1.15)

2. Naég li 6mg ti ®lo (T = const, x = const)
Phi 6ng trinh (1.14) voi cac biea so &d& lap T vax col:
dF <-SdT - Ydx (1.16)
Nbavoi heifaing nhiet vaghoag sain sinh coég beé ngoasthi :
dF<0
ti c lagad@g li 0Wg ti Ko giaim vaaolci € tieé khi cad baag toag quat :
AFn>0hay oF=0 &*F>0 (1.17)

3. Theadhiet foing Gibbs
Phi 6ng trinh (1.14) voi cac biea so&oi lap T vagy col:
dZ < SdT - Vdp
Khi nhiet fbévadi € suy roing ladhaég so&hi :
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dz<0
ti € lagheénhiet foing Gibbs giaim vaaolci € tieé khi cad baag toag quat :
AZ>0hay 6Z=0,°Z>0 (1.18)

Cudg chi ing minh ti 6ng ti red, ta nhai i 0¢ :
- V0i S = const, Y = const, enthalpy colci € tieé khi caa bagg :
AH>0hayoH=0,*H>0  (1.19)
- V0i S = const, x = const, noi naég coici € tieé khi caa baag :
AU>0hayou=0,3°U>0  (1.20)

Chow phi 6ng trinh nag hay phi dng trinh khac feanghiea ci b si Tcad baég cuia hej tuyg
thuot vag thoag so&ré tri ng cua hed:
Nea 0Q =0 thi dS=0; S = Smax

- S, x=const thi dU =0; U = Upin

- S, Y =const thi dH =0; H = Hpin

-T,x=const thi dF=0; F=Fny

-T,Y =const thi dZ =0, Z=Znin.
Toim lat, cac theanhiet foing luoa luoa giaim trong mot quaitrinh baéthuain nghdch xaly ra
trong heivagolgialtroch € tieé khi he icaa baag.
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