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CHhuNGC4 SYTHUYETC AVxTLYMANGM . NG
1.1GI, ITHI " U

Nt m 1@&é&mba khoa it R.Boyle, R. Hookeva . Newt on L« fuguan s
tre°ci hb&y  tttongmhngthinghim fi t i ° n  Jhi °finm’ onuwadim L
ntm 18thwtph Ku t i ¢t phatlri@b i M. FaradayR. Grove, T.AEdison.

Cung thi gian nayp h€hng p M pRd % § cc L @&ukll b i Arago, Fizeau,
Wernicker va WienerCung thi gian nay i i gi_ ithi u t h €4hvQyi ¢ phh mang
vangvicll t rrigaidiblag ph€hnghdah& pdtdhin.Sanf L
nhng ntm 194 @d/tdlld g ndiadpdicic ng d ng quang’hc , nt va

c h cach y/ulat r on g, clumshphavtrmd mchhnE. Tr ong phhiWh L -
ntm 19 6 nghbhttbanang mn g ° & ti€h h p trong cac nganh céng nghi

ban a6 va quang’hc. Trong h/]k ti/p t heng,ngdhn@camangmn g =~ ¢ K@

L/h bao gm:

N £ h990: CH]tb ra mang mng siéu & nhit | daa

Nt m995: Cac quytrinhdittb mangmng "¢ ®dng v~ o .cc&iackl | ¢ nh
tric ¢ a cac nguyén tva va |i u co & trdc X p thed chiu (chiing ih n h @i [ Ch
|"@gto g phehnmdyg ph&§pdhi | v (PVD) ;nAgdng Cumgh
technology) Ba g p h ©h n g hoa & png d rg trong cac kthtich h p.

Trong khdng thigiantip t hkelbit t rfomhon gLl n £ mvi 2 6htd,
cacvd Ii u tinh thivhano yi cac khai nim vQh p pHn va dii trdc cho cac ng d ng
nhan Ida g ngtfov v = t r o nog sihhchie. hda @' ndi Ién cac & thweéd dal
trac haihébbachuvi ¢ §8 ¢ , & thongtdhn&ho mét (nm)

NEm 2004: dguwdbugcéd phh ng phchp ‘leeng dng trong
cac nganh cong nghp, ching ih - nléa@ nly  t JitH ytinhlx  nhi t cho mang
m ng.

N £ r8006: KHo sat yi vi clda g° ng.cac hp ctiih u ¢ An_nchq ng trong
| onh it Hchu cHgte hnhe OLBEnt kk Sicn b v. vé)

Vdy | ¢anmngvm ng la gi?
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Mangmnglamtl pvdliu ‘legh t r v ibQday)pph nh hhn 1 Om
(t €hng _ il1EE00A Vv

CungvikhdnimvQAim  ngrgm, ¢ & mvQdm§ingngmLpa V-~
Am  naogmlpa IcT oW €

Mangmng Lpitfamangmngch gmmtl pvdliu ‘lc€n]ttb trén mt
| p JJatinhchiica m” ngtbra® | pvdliu L -cotWTHi h *mg® itac
Lngt | p /)L

Vi d\: MangL h np ZhO, TiQ, TiN, TaOs, V20s, €

Mang mn g lpaa mang mng g m nhiQu | p vd li' u khac nhau, B ch ng lén
nhau cthblla@fRn t h acfc titth chil¢ a mang mng.

VidA:M" ng, pTe/ IAg/ Znc@h L & pvd i u: ZnO, Ag va TiQ.

1.2 Cr U TRUC TINH TH q

1.21 Ph©n |1 o4i vdt r dn

Thtngnd,h@n gt€mng phandsi chlll trdc tinh tWe, a vd Ii u rda ra 1am ba
lod, fn “kl@®Vdrda L hn Wvdréhh Ltah VWa vt t virh hittih.
Tinh thwa trthg thai ¢ a vd rda ma thanh pfn bén trong la cac nguyén ¢6 v tri s
xJp x &b nthicodtracnthgtinhthy do L - ‘rh-ehg: €@¢nhld
vd rda v &h hibh- ching c6 Bl tric vo tdt , n g hdbckcal "p ht€hn@ v~
LQ nh<€ nhnau,c - -vreh 2thhie L

{a) ib) ()
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Hinh 1.1.CHitricgcavdrda( a) ‘nvit hH3 nh; Wb)( cna nWinn ht itnhh
1.22Mdng tinh thw

nWmo f e u tric tinh tl  nig @ “ang duhg®hai nim m' ng tinh tfOva gda m t
nguy@n't hokb m t nhém nguyén tl ‘& g ilac _ & v8o minat mthg tinh tAAL - .
Mthg tinh thM T * ng 6@ thWW ‘& ttb thanh Bag cach & x/p QL Hi'trongkhdng
gian c&iBl limidicu.nh<€ nha
Ta co thWbi u di n m ilién h gi a d trac tinh tWy, i mthg tinh thW ~ ‘crhh 8
sau:
CHli triic tinh tWe mthg tinhthW+ ¢ h s

123D Lhn Vv’

D L Mam vcach sp xXp ¢ a cac nguyén ttrong khdng gian ba o, n ta Ho
14 né thi né €chiyin {12 khong gian va&ttb nén tinh thY

C

Hinh 1.2.0L hn. v
Mt ! "bdogmveac miliénh gi achs cthh(a,b,c) vachs goc gi a cac
trc@byg ; talagoggidtrcbvacblagécgiatrccvaavalagécgia

tr cavab.
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Gia tr chinh xac ca (a,b,c) va @, b, g khéngquantm g. Nh €niquarch§ ¢ m
¢ a chang thi i quan frng. Nn ng gid tr ch’'s cthhvachs g - ¢’ clj¥a cac
thongs mthgga ! 'lhayrcongila hrag s mihg.

1.24 MUng Bravai s

Co nhiu cachchn  t  "II'tAbiW di n's sdp X/p tuFn hoan cac nguyén ttrong
tinhthwy  n h"@mdiladhn ¢ n "~ o gt ©h nig Agrdo nlilg a mbhg.
Bravais L « kiLn®aukhiehn@nguyénthay !  chohmt méhg
m” s au  itdgyla mbgBravais:
- D ¢ “tx2ngbaontHic ah matinh th\Wl ‘& s x/p.
- O cb gbc vudng In ntHl, s cthh bRag nhau va'sgéc Rag nhau ni@u nhHl
- O co thtich nh nhtl
N g ©ta phan chia thanh 7 tmthg tinh thWsdp x¥p theost L nfgca t 2inh L
X ng. Theolng 11, h tamtacét 2 nhx ngthgp ni, h I ph€ehng’ic- t 2
X ng cao nkil
Trongbing11d@ LO©y,ndg tPreng ch@éndh maguylK@hng,
nguyént ki hi ula 6 R), chch a mtnat nthg nguyén'ttdgcmthg; IngF t €
t r €ng c¢ mahangugéndtl gi acacmbvamtnguyénttigc; Ingl t €
tr€eng cho tam@empgvinguyént g cvao Clad co cac niBm’ tam
¢ a haintt “iHin.

B[ng 1.1. 14 nfhg Bravais ba clqu

H tinnthwW | Tr,c “ilkk ng | Otrongh | nHb Whigc a6 nguyént

; a#b#c
H tamta Tr.cl P

a#b#g# 9@
) a#tb#c
HLhn Tr.c2 P, C

a=b=90F#g
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g a#b#c
H tr cthoi 3trc?2 P,C ILF
a=b=g=90C7
g a=b#c;
Ht ph€h Tr.c4 P, |
a=b=g=90C¢
g a=b#c;
Hs8u pf Tr.c6 P
a=b=97;g=12¢
g a=b=c;
Hba phj Tr.c3 R (P)
a=b=g#90
H | h € 4 3 P,F,I a3 P C:
tr c , F,
® P i a=b=g=9C7

CuuDuongThanCong.com
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a
a; 2 N

12

Hinh 1.3.D L ha@a 14 nthg Bravais baclgy: (1) H tamta, Q) HL hn t *

@HLhn t° tOmcthgys)H#He Hhoi t Omcthdy, (6)

tamkhi, (7)H tr cthoitamdin,8)H s 8§u ph<€hhg, pb®hnyg, (10

Ht ph€ehng,t phehamihit(12)HIld ph<€hngldp (13) H
ph€ehng iva@m) Kkl ph€hng[8t ©m di

1.25C8c¢c ch” s tinh thW h ¢

Theonhng ph€ehng song HoeatghtwWwh3 g€ wyicmh, cdo
cfhchramt phieihngata & ivitdcdcach L™ g songQedadyng. n
tlbkhfntng 'xi§cp Hehnlpgetttng bagch mt Wh,ivi mt W khac
lubnludbnlagcta .U

Trong phan tich g tric tinh thh g €t “ang duhg@éac chs Mi | IWeiW thL
cho cac nut, cac ofdi va cac ribph3ng trong tinh thy

Ch=sXcéac nut:

Vitricamt nw%t _afmbglivigcta L« rchlce x skcbay
bata ¥ yvazcand.Cacta L - ~ ¢vil} bg:

Xx=ha,y=ka, z=la,

t r on g aVaalaaac thong'sg a nthg va h, k va l la cac snguyén.
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N/u by &, 2vaal ©~ Lo diidctheo cactrc g amhgthita | & anit
sClacacs h,kval. Cac’sl - “¢g@lachs ¢a n Y%t ckyhiulaghkl] hay
hkl.

Ch=sXcva chiZu:

nWeh' m t chiQu trong tinh thy ~ ‘ni¢a€@EL gt g L i c tgau akong song
vichiu L ttica/ "'lh® n'cy xU$&bitacchs ¢a nftién Bkl ma
n- Li oaucAs ¢@3 nwit cl ngs c¢aeéhh vl®¢ kibEu b2ag
[hkI] .

Ch's ¢ achiQlabasnguyén nhnhil  x Bhev triig anitgngcta | HhHl
nntrénchiy L -

Ch=sXcva cac mt m¥ ng tinh tl@

Vitricamtmbmth g "¢ ©x '@leb il bvh mé it  lbbatecta | .L Wh
x § ecnhdh s Millerchombmth g ‘rigteh®®g | "m nh€ sau:

-BiWth L dait gcta , WUh c8&c Wgila-o tLH & @ théng smlvwg:
A, BvaC

-Ldo nghc hlo:Ed-d-.

-Qu y ngImd s . GiI['s mXu s chung nh nhiila D.

- Cac S nguyeriQ —,Q —-,a -lacacchs Milercambmth g Vv ckyl €
hi' u Ia (hKi)

1.3SAIH, NG TRONG CHr TRdN

1.3.1 Bi °n hyt

Cac bién Kt la cac IQmHshoHb cac sai hng viing ma b thanh cag Ip ti/p giap gi a
hait L hn W dsnlhn ht  hig@®nh thAh ¢ khac nhau. LiénJ/g nguyén't trong
cac htrieng bitgi i hthtl cacbiénBtma’ L - @ag a cahbién & ¢ a cac nguyén

t trdt hhn. Nh € " drénctlQmHgcang gm nhiy n £’ mgy lh@& i s o
cac I bén trong. Nguyén nhan nay lam bigdl mtvingdthwma' L- c¢c8&8c t €hn

tac va cac qua trinh a cac nguyén tkhac nhau, chaig Hh n h h tarhtong cHi
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rdb, s chuyM pha, it a, + n. phanmachdpschdtis Wiphec cé& h'c Lee
thhotb giatc h hn th hB °lne trayQvifi it trong kim Idd b c[n tr théng
quast tng c@ cachighit W L'+ ch¥%ng mknghnh€ pc§c tC
trong ciiban 8 . K2 ¢ facadi@rongmang mn g " nchk@ngt 0, Op L
1.0umhédbnh hhn, Vv n:cnighhkZdkd ot hi@sdawiOo kl2 ch t h<€
caht® vali ukhi. Chinhvilydonay maaliu® ddhgmangmnghdt h-a hhn
sovivdliukhicongIdl. T's ¢ as nguyén't so v icac bién Bt xt X 1a 3all,
trong L- _anguyéntkzch 1 pcRlaMich t he€

Hinh thai hcvas 'nh  mg@acacktbéndhhvic Q@khw k2 cahdt h€
khéng nhng quan trng trong cac & |i' u kh i ma con quan'tng d trong céng ngh

mang mng.

132 S, sai h, ng
Cacsaihng lacac khuftd "h€ " & ©x @kt niilién h tinh thwh c { |
mthg tinh tWHai o4 saih n g  §nHasd h ng dchg dhh va sai hng hinh xeh " ¢
n hihh 14. S saihng chhlak}qu ¢ as tach ra trong mt hang m r, ng ¢ a cac
nguyént;s saihnghinhxeh ¢ t h 3ivilc cdithetisaubi cac s bi/h dbhg ¢ a
mthg tinh tAAhoan o. Hinh hc ¢ a tinh thAbao g m m t sai h ng.

16
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Hinh 1.4. Sai h ng ¢hh (a) va sah ngxoda (b).

133 C8c |, khuy/Jt

LoY cu i cung ¢ a sai hng la cac,| khuy/}. Cac | khuy/} la cac sai hn g WH.ma
chingd dang xdd hi n khi ma céc ‘vtri trong nthg b b tr ng b i cac nguyén't, t c
lacac nguyéntk ht n'c Q@YW Cac| khuy} “E®bthanhbi v3 ‘mglhng | €
cfn thip Wi chuyM cac nguyén tt céac v tri bén trong va thay fiching trémm t bQ
mHu

nd “hg€gilatngcacvt r 2k hd @yifll & Sich  Ih htBAmmpa
nhit T v "c Lx&Blchbidtdngthc:

N Q (1.31)

Tr on,Rlalk3ag s khi.
Cac| khuylt h3 t cgiis hnng ‘@ cai makhong lasajmgnhit ngl c
he.Bi v3 ' rg§o i €centh mg@c t he gngdirthdhhhcatbit
n" o _Lcéc entropy thng ké ¢ca ching la thb. V.i  n £ mg cad dé bao gn
nhiQi nguyén't,nhit nglchcs<d b8§8o h'hgmphdn® mcnh hhntm
phfn tinh thW Do HEdu né cantitb ra cac khpng khong ea cho s phéan ly, n6
khong th\gi, i hth Lo €Aac nat khus}.
Cac ] khuy} cé mt vai tro ¢ ¢ k8 quan frng trong Hi c[ cAc a@ia trinh lién quan
IJh s khwkh tan trong cHirda, bao'gm s tai K/} tinh, s phat trd b, thiéu K} va
qué trinh chuwt pha.Trong cac chi ban &6, cac | khuy} °E i la trung tam_ @
L'int hc, ne d¢&i c8beelh® v~ Lr-.ngnhvail 't ph8c ngu
9.
1.4CACLIENK e TTRONG VxTLI" U
HiW b} vQcéc Id1 lién kiF trong v I u s£h tr cho s hiWw b} vQrii nhiQu cac
tinh cill vd Iy va héa hc quan trng khac cavd Ii u. Xétmtvid ¢ hinb Lcinh
habiliéenk/lfgacacnguyéntm™ HL t r €©ng | a2nhg®mtgdldb.8c c
mtkhong cachIn, c8&8c t€h’'cg xte§t nhg |V kVhtang L §n
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nguyén't = kho[ng cach qua xa nhau nén h * g i nguyén t kia la khéng nhu.
Tuy nhién, khi cac ngyént * gfn nhau  ilmduyént tac gng mtl c v i
nguyén't kia. Caclcnaygm2I1dd, 1 chat (R)valc XU(Fr) v indamil c
ph, thu cvaos phanlyhebkhdng c¢ 8c h ta&himg(r).t 8c gi

1.41Li °n kJt kim | oUi

Thudng Al i Fkimidd o  cls@ ngnhiu t r on gkin lgdvah pwim.
TrongkimId , crétcl plingo " i'cgi%nlg” 'hdhaa tr€ i M du cac
t €hng nt 8lcintlli™ t €hpg T&bn Y ntgiSac ct8ocnnhk hido L i
va cac iord € h nAjinhlthanh lién R.

Cackimldinibd hhpicasoiird kh8c [Hkndg " ofith§ g
V.i ¢ &nc ‘tiigi&p vao, cac gradient nhiva anh sang chil t i. Chinh nhng tac
nhannay lam chokim lod cokh[n £ nX 'di cao, d nhittt cing nHh€ t 2n
phin x4t t ¢ a cac kim 161. n intr sudig a cac kim I&f  “tnb r8n trong kh@ngt
105U 10°g . ¢cm, tr ongHrdokhdcch@ a8 suwlcthgiatrrng hhn
so v i cac kim Id.

Hhn ah s nhitgal'intr sudl mang gia trd ©h Wigvdy, cac kim IH dXn
L'in  k ®nk hhih nt '# n g’ b ¢ a cac kim I&i tinh khi/J lubn ludn gim v |
cacmcthip g acachpkimnhimb , QL in "y t hcdy idac il reh khgce
inh “mg€@adnhitl vavicthémvao cac nguyéntronghip ki md¥ta L
cac kim Il ttanndy’ ‘int , caimaln h * tg@ a né 1a 1am dim s tb thanh cac
mth g il &€chuyd g nliit h e ongbae i i tngGoaiap vao.

142 Li °n KkJJt i on

n©y | Kk/ptdimUnih nv”™ rhbih15d, ShBEwnwhr @ugig. 4 ngt
Li " n t° h-a tr° d, c¢cho b, t Li n t Li LW
nh-m I B (Cu, Ag, Au), I B (Zn, cd, Hg) v, |

them WWrnt Yo th”" nh anion (ion ©m) nh+€ c8c 1

18
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F, Cl, Br, ). Cac okt kim | g8i Mghoe AKlaO, Fe3 04, Ni O.
t9o |i°n kJt ion.

Na \C|

Hinh 1.5.S h™~ biWi dj n lién KT ion trong tinh tNaCl.

Q.

Clng gi ng nh€e |i°n kit LY ngnuay°mnr't, lci
ch a 2t ticncgc Li n t° cho v nhdn n33am c¢
L ng h-a tr° |H heUYngc(x8§d °qulMtJtt™n nt Ui c &
l . n nhblt theo ph<ehngonmkhil i t@mkéEcionguy°nl b

h€ ng. nHc LiWm quan tr ng c,a |li°n kJt io
143 Li °n kJJjt ¢, ng h-a tr’

Li°n kJtkmiyhaibYo(m@aHc nhi Qu) nguy°n t° g -

tr° LW c- L., t&m LW In4tt c bBlu Ih3pnmgoQn v ¥ng.
vz @ho c¢c- 7 Li " n t " |.p ngo"i c¥%ng, m i
phen t° g" m hai nmluagy? n2 tLi cd ot s €l crhumtgo | .
c.a nguy°n tLinhdfnht@mhyg Hj W8 i nrg lhi-°an tk/jt
phon0t." _HL-, 1 Li n t c¢c,a m i nguy°n t  }
t Oxi LW LYt cblu h3nh bQn v_ng.

-
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b) =r; H | J

Hinh 1.6. S h™~ b dj n lién K} ~ nky héa frtrong:a)phant n & (H.0), bymétan

(CHa).
PhonMétan (CH)bao g~ m magaubydm a¢h”™ c¢c- 4 Li n t°
nh€ vdy It in4 thi hut’ LW L, 8 . Trong tr €
nguy°n t hyLlLr® LW m,i nguy°n t n“y g-p
c¥%»ng L., 8. n- |7 blfn chtaih I( CH4) i hhhidk i Wur
1.60.
Néichungliérk Jt L ng h-a tr° 17" 1li°n kJt mUnh,
rblt nhiQu v o LHc t2nh Ii°n k/Jt gi_a Li n
V2 :@c¢bon ¢c- 6 Li n t° trong L- 4 17 Li r
hdt nhon nJukinm€e @hng sd€nog- c¢c€ ng hBong | i °n
chly | °PC;t tironmmg5&Khii L- thilJc c¢c- t i 50 Li
tr° na_uym xa hYt nh©n n°n c¢c- |i°n kJt yJu v
°C.
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15NHI'T nNGH CC AVxTLI U

Nhi t Llc-ng&aVd nh L¥%ng vQ biJjn ¢~ n"o L-
ng Hipatrinhh © nhi ' tkhl: ngg XA yemdngyang Au)s € khtng b’
oxy ho8, v° nguy®°n t trong thW rdn khlng
MHt kh&8c, nhi cthol brigl@h'g¢ecfkh: ng hay qu§ tr3
ph®p. Nh€e vdy phln _ng n"y vQ mRtcnhi]l ©- L

khing x[y rtah, wildpdhan ntgheo nhi t L, ng | ¢

" nhi t L, tpmeRonguamh®nm ¢ _Ya KkhiagghllWw Vv dtn

LUt L€ ct rmyrecg Lttke hev it L 'diimgh3Si . |~ b Qn

NW thudn tiL8nhtgo8gc§c phln . ng UGkng |~ nt
G=H-TS (1.51)

L laenkhalpy, SaentropyvaTanhi ~t L. tuy t L.

Nh€ vdy, nfju h° bifn L i t. trYYng thgi L
phln . ng h-a h ¢ hay qu§ tr3nbe=xG+G)vd , t h3
b ung:

DG =DH - TDS (1.52)

IDHyaDS| Fn b€ /Jtn IL" i eophat ®pny eOt T

M t hqul c¢c.a L nh ludt th. 2 vQ nhi t L or
t i T= const D@<0. pnEQeahbsttrhiil ® c chi Wu ulyn
h€© ng t. nhi°n h€e ng vQ nHrndgnl €_rmrg dti_ nddic
GL/n8gtr  scthislp ththhrk@@icGlh€'gé [m aDG=0vh'i hU . ,
LYt LJn c©n b3Jng.

MHt Kh8cv,i c8c qu§ trDsnth Whinghtzh W xuyn
c8§c dBHIhaBskhing x8c L nh L€ haynbi€cmkbaddc, a pt
dblu ¢, a hbamlii °e- hf pnho qlu-gJ®€® L't ehhh Mwgvend = n
| dp m khiddS<tObnni Qu L - x [y hrfa nk3n gS flady B ncd d |
hoHmgsuy°n t° ° trUng itsh8il-nguyw° nt Utih Wtt rham
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vV, i trong phal &kihPm éemutylh anlmplidnmhMmi c, a entr o}
bi Jn L DG oi"tnt bgm.§ tr’

Khdini " m vQ ntng | € nig° t Lcduoecg incg cthasuh n hve
bi Jn L i vQ ph2za treitvelnall @O «wn g khhaovya g

i u. N- L€ ¢ d%¥%ng rblt nhiQu trong phon t
trong s, Lo8n nhdn ¢8c sh L pha.

151 H nhi "t L, ng v.i s~ h4t bi/Jn L i
Bi/jn L i s° h4t trong h do nhiQu nguy°r
l ng v° hhi ibh®bt hto” tchV In-ng chuyWn v o thW
t"ng h4t ¢, a hai pha khing L i, nh€eng hut

trong h’ x[y ra phln _ng h-a h c¢c,. kdilWUi ¢
| € ng bi/Jn L i

3

Khi s h4t bifJn L°i th® n i nkng <c¢_.a h
c.,n do s, DbifJn L°i s h4t trong h . Khi L-
dU=dQ- dW+ 3 mdN, (1.5.3)
k
kil odi h4t c¢c- «Nhe @dryg biJn L i).
N i ntng U:
dU=TdS- pdv+3 mdN. (1.54)
k

Ntng | € ng t, do F:

dF=-SdT- pdvV+g mdN, (1.55)
k

ThJ] nhi t L, ng Gibbs:

dG =- SdT+Vdp+ g mdN, (1.5.6)
k

Enthalpy H:
22
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dH =TdS+Vdp +§ mdN. (1.57)
k

H s mtrohmg c8mwNs- hHngnguy°n ntng | € ng v
c c.a hgt |
T 57 (15.7)ta co:

apuo  apgFo Az _apHao
megd Eel cENE EeE s
CH i = "L B AV L e I L T

Nh€ wedy,thW nhdn L€ ¢ b33ng vi phon c8§c t
s h4dt, tuy nhi°n m i thJ biWu di,n qua ¢
nhi t L ng I~ m<¢t h m t" " ng (c, ng L€ ¢c), t
t " ngr'gi €8¢ thJ nhi t L, ng c_.a c8c h ri°n
rvng, trong tr€ ng h p h" g°m nhiQu hqt 7

L i s h4t N bao nhi°u I Ffn, th3 thJ nhi t
| € ng nhi t L ng phli |I° m t h"m bdc nhblt
as Vv
U = Nf ,—0 G=Nf,(T, 5.
N +(T.p) (159)
a- Va asS @
F=Nf,&,~8 H = Nf, 5%, p8
¢ N= Eﬁ\j =

N/Ju trong h  d&hdemhauhti:Qu | o49i h 4t

U=Z N f ,—i,cig (1.5.10)

Liit NW t 2 ch C@),?g—NhQ%-n oHg L, c_., a h4yt | oUi
k

T. 5(10:.
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m = _ng(T,p, c.) (1.5.11)

t chJl h-a h ¢ b@®obothmjthhHit: L ng

G=a mN (1.512)
Tbit ©WMHPkrhtng th, a LiQu ki n L-:
U, amn;, F.amN;, H, amN,

T L,tat hbly r3Jng, thJ] h-amh€endg km nghpm ct lau
s h4t N

n"i v.,i h  rnhea(1582t " nh phfn,
G=Nm (1.513)
NJu t=MmIN s~ mol ¢, a G=mMErn, phmi Lt h/Jt hs a |
c.a hdt 1 o4Ui i L®8c t2nh theo mol. T. (1.
é ~
Gg ny
¢ TN,
auGm @ awn @
hay %ﬂg = g =Vo=— (1.5.14)
¢ M0 Hym GHP Frymi
L mitNWW t2ch400eo¥ mel RO 01 atm (Li Qu ki
keNa=h Jon g s 31M¥ntoPT ko H8c, 3T = joules = N. m).

c¥%ng B6l4a rHdn L€ ¢ v3 L« 8§p On=RGTichpmah | udt

ph€hng 514%rh CF.u t . t(m?,ﬁlo)]g‘tohtﬁila)tmulgneo qu
ta co:

m =n? +RTIn p—i. (1.5.15)

152 Phln _ ng h-a h c¢:

24
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Phl n ng h-a h ¢ x[y ra trong h, n h' p c6&
th8§i cOn blndayhic|ti g &ng bhinag h-a h' ¢c. PhJ
de, i dUng:

aA+bBa cC (1.5.16)
BiJJn L i nktng | € ng t., do c_,a phln ng cho
DG =cG, - aG, - bG, (1.517)

L-, a, b v"™ ¢ I~ ¢8c h" s h'p th. c.

Trong tr€ ng h p c8c chblt tham gia phln
t h 3(15t15):

G =G’ +RTIna (1.518)

L-, R | GiRingnisng kh® wg t do c_, a hyt
rdn, L- |7 vdt 1i u tKkah  khifg L 1nht mbsph
khi khtng trdng ths8i chuXn.

n €a 5.181lvao (15.17):

DG =DG’ + RTIn fcb (1.519
aAa‘B

ILDG,O:(CGCO—aG;’—bGS). BOy gi- n/ju DB=0VE ONgi 1§ untgr
& =Qy. Nhe€e vdy:

B A P
0=DG’ +RTInj ————j (1.5.20)
[ aea Aseq §
hay - DG° =RTInK (1.5.21)

LiL® ¢ g i |7 WPhehnyg s20)®r himfigt rong nh_ n
tr3nh L€ ¢ d¥%ng nhiQu nhblt trong h-a nhi
t2ch c8c phln Khihtg5.kdr pwn ErROCVID.

CuuDuongThanCong.com
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. ) a
DG = RTInf (ac/fq y (i (1.522)
(aA/ ) .(aB/ Bec0) Y
M, i s'ﬁhﬁllnbgiWu di  n s qug8 b«o h,a c¢c_a h¢y

i(ed)

| oYi i . Nh€e vdy, nJu c¢c8c chblt ph[n
DG <0. Phln _ ng

ng q.i
ti Jhi Quckhi Wph8DG.V, Tirvd nige Lnthii
tr€ ngkthg§oepatbltli2Qu ki n. &R Xn, do L -

DG = DG° (1523

Nh€ vdy, thtng tin L nh |€ ng vQD®.hl[n
Nh€ L« biBtnhdmHd<€d% t. th, ¢ nghi m, nh€eng

L " nh | udt v~° HinhlFtinhbaysi at plhmg, ng th " nh |
nhi t I
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Nang lwong tw do cia sw hinh thanh oxide AG® (kcal)

X % 3 ==
30 1200

800
Nhiét do (°C)

1600 2000
Hinh 1.7. Giln ~ Elligham cho mts ph[n_ ng héahc® ¢ § o K i khac nhau @
nhit A ap st
153 S, chuyWn pha
1.5.3.1 H L' ngnhbivah khong L’ ngnhHi, pha va thanh phn

T bt cl h
L. :t hs

nhi t L ng L€ ¢ ph©n t Hhenh 2 h
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H " ng"nhblttrong L- t2nh chblt biJgn L" i 1]
khg8§c. Thg ng tlh™eng nhblt L€ ¢ LY"ng nhblt h- a
t2nh chblt wdt YliT mgii" g Wmhadblt k8 trong h’
V2 d, h.n h°p kh2, dung d ch lo«ng, dung
nh. ng h™ n"y c¢- thwW xdlyFm,a phlmhomgl yikm2
ho™ tan, s, polimer h-a (t_c¢c thTlThmm Igdf nc 8§ o
t . 3 ICHHEN tth " nh 1HOh(E@O)26t) KhG c©n b3ng, c8§
trong h LQu ng. ng.

H kh'ng ¥ ny ngBm:t. nh_ng th ¢ thw L” ng
chblt s€&€ biJn L i gi8&n LoUYYn, khlng |i°n t_c
t . kh8c nhau c¢c_, a c%¥%m€ on, itmh@d did) chhabit c(8nc€, bci
thW khg§thnRautr dng, thiJjc x8me) hay c¢c8c s
t€hng h, (dundmd clihhi@nhchay B8[n phXm t €hnq

c8§c vdt chblt khg&c nhau (h p kim |l,ng v" h°
Th ¢ thwW LY ngd "nhnbltt vpchtfFnl Tc, a h° khtng L7 n
byng mHt tiJ]p gi8&p, ° L- x[y ra L, t billn t
v, i ch%ng)Phd €NGughi ¢"m t_. chblt |, ng v~ hh
h hiipha khac.

Khongn°n | ¥n | _ . n v~° LY ng nhblt h-a trdng th

t, tbit ¢ ch” c¢-is3: Ireinng lkmigng hthdn th'3nip,h e
chblt thufn tul ho8§ h ¢ trong trUYn¢hoivah§i k/J
h™ Lhn nghi®°ng, thilJc trdng v~ thilJlc x§mé)

nhi Qu kh2 I 1T t€ ng, th3 trong trUYng thgi |
kh2 ¢- kh[ nktng tr_.  n | Xn nhaunthtbkao t | b
Trong trYng t h§i Il ., ng, k hi c©n b3xng c¢c- tl
dfu h, aé

Ngo“i kh8&8i ni m pha, ¢, n m t Kh&8nhtkphifnqg
h " p phfn t9Yo th"nh h°, m" h"m | €gng_, a, &@ §o
h® " p phfn khg8§c. H n h p kh2 I " m t pha, nh-t
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h“n h>p kh2 1" nh_ng kh?2 khCoOnN, glgé BT L &

H

n€ ¢ | " h m t pha nh€eng ch”™ @ ¢t -tthh cnhx §mxh {
L nh: 1€ ng c¢c.,a kh2 n"y ph, thu,c v~ o | € n

Ho” tan NaCl trong n€ ¢ th3 dung d ch s¢
ch” ¢+ 2 th"nh phfn trong h ' : n€ ¢ v° NaC

phfn L, ¢ I,dp. LFTroxfyg ha phln _ng ho8& h c:
CaCQ,2 CaO+CO,

C- 3 nguy°n t° Ca, C v" O nh€eng h c¢ch"™ ¢
b"i ph€ehng ft(rrl,ﬂzmg)=(h,o§‘ ihp,osIn® mdt L, ¢, a c8c
trong h' . N- i chung, nju trong pha c- N v
ch%ung t°n t49 n phlfn _ng ho8& h ¢, ths3 s~ t
(N-n).

1.5.3.2 CAéc lo4 chuyW pha

Khi biJn L a htr Yn@gn tbh3dnig ckhing LY ng nhblt
chblt ¢- thW chuyWn t. pha n"y sang pha khs§
sang d4dng tinh thw kh8c, t. sdt t. sang t
pha ¢, a h' tgh'mhl phhofroic. 2Ch¥%ng ta s& khl[o s
th"nh phfn khing LY ng nhblt.

Khi cOn b3xxng v° do L- khi chuyWn pha, t h)
L pha lu*n b¥ng nhau, c¢c.,n c8&8c LYi b€ ng t
chung c- thwW bi/n L i Lt ng, t. Theo Eren
nhi t L, ng, m" t4i LiWm chuyWn pha ch¥%ng b
Khi chuywWn pha nJju c8c LYo h”"m bdc nhblt

G 0 a;#G“ . : }
V=5 vaaentropysz-gmg) th3 LcehwyWn ipHa | o4i 1.
CHY ~p
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Khi chuyWn pha, nJu Qb8c/]nl Yo ih Im °bndct _nch bltn h

au’G g 1 au’GQ
bdc 2 c¢c.,a n- I;,Cﬁz"'h;%‘_lﬂz—r@,(nlhib’:nt %B—zrﬁg; h™ s
G ~p %:9 =T

_1ap’G g 9
n néh= - 8|chunn pha [ o4Yi 2.

VOQ HpT
T. L " nh nghoa tr°n ta thbly, khi chuyWn p
nhi t v~ Dbilfln L~ t hWpthaac h oldii ° 2g .,k htt man &k ~ Im}
nhi t haytdii u _ ng thw
Cho L/Jn nay, ng€ i ta L« biJJt nhiQu vQ cl

d9ng n"y hay ding kh&cé), cing nh€ chuyWn
sang thudnctn.chuyWn pgh® haHi t3llhtaly wdé ok
c- khl ntng, nh€eng th ¢ nghi m ch€©a quan s

1.5.3.3 S chuywiphalodl1i Ph€hng tr 3 hn@ap&idomusi us

Ph€ehng tr3nh c¢ch b[n LHKc tr€ngi Gapegrons c hi
Ph€hng tr3nh L- nhdn L€Jchta ki Qukki a©r OF

pha:
m(T.p)=m(T,p) (1.5.24)
T. (4sBy 2ra ph€ehng tr3nh L€ ng cong cO©n b?<
p=p(T) (1.525)

V3 dUng c. M{I,dW cklal mg mbi tth (155 ° r© | mhg€tkrmg n g
d4ng t<€ ng minh. Tuy nhi®°n L« ch_congcan, r un
bung c¢- dUng Lhn giln v™ li°n hphan{@5.24) nhau
ta co:

dm (T, p) =dmy(T,p)
a 0 aum 6 o)
ha odT+%lm dp a#&o %ﬂ
d AT T R TR Ty
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B8 . 5Mmag
@:(;HT% ¢ HT =+,
T. L dT 3 g_é 8
CHO =~ CHP =
dp_(sz'sl)
T (U, u,) (1.5.26)
v 3 rdiyrrgSdT+udp (Svau |l © entropy v’° thW t2ch ct

Ph<€Hrmig (15.26) lap h€hng tr3nh vi ph©n ¢, a L€ ng
ph€hng tr 3 Glapey®h ausi us
Chvw T r3ung, n/JJu ch¥%ng ta kh[o s8t khtng pt

k8 g m N h4t, th3 biJ/Jln L DS=NBspnIVe=NDuy V3 \ d&W,
p h €Hrimy(1.5.26) c6d Un g :

dp DS
E_W (1.5.27)
LDSFS,-SvabvV=V,-V,
Vi chuyWn pha x[fy ra khi T = const, ne°n s
nhi t L, ng th_ 2, do L-:
DS=(S,- S) :% (1.5.28)

Lw2inhi  t Xn chuy®Wntpbhax[W/JualLs<Ohblplth,

nhi t .
Nh€ vdy, phe€ehigl apéynwhogl bh@gigis c¢c- dUng:

dp_ L12

9T - TDv (1.529)
NJu V |7 thWekt2chhil' moXn EtEhe v, i 1 ol ; nJ
nhi t Xn L i v_,i 1 gr.

1.5.3.4 ChuyW p hia ivdchel L Hm g
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Nh€e L« biJt, vdbhWchBih tHnh §i pmac-r dn, |,
bJnlga ptr°n mHthnphdIrhg a( @i 'n LY ra ba miQn t
| . ng, pha kh2 c¢cdt nhau Li%Wm niia€ ng Wmdtc ha s

pha n"y c¥%ngt ht§in ct@&hi bJuntgr nhg® v, i m t gi §
n€ ng cong d¢lh2 bRRgc !l kA t hvc Li Wmi WmiTE.h U@
Li Wm n"y hibw, s Ithwgtzablt |, ng v° chblt |
khébg ¢ s chuyWn pha; ° L©y ch”™ t“n tdi m
LHc v~ chblt |, ng khing ¢c.,n phon bi t L€ ¢)
-4
Lling/i[:
Ran
Khi
ol
3

Hinh 1.8.Giln ” phacawdchdl t €mhBy t
tT LVWh ba; Ci LWht ihth.

Khi chuyWn t pha |, ng sang pha hhi t hs
(Liz>0) v~ t hW t 2(owh>0) ¢thamen(dpar}>0e, tttng nhi t L
ttng khi 8p sublt titng.

Khi chuyWn t._ p han trrdmp ys acignigp @lau 1l P htfinn d . (n
chblt sau khi n-ng chPw=0),t W tvdyh nd_ a&gclvidmn

(dp/dT)>0-cing gi "ng nh€e tr€ ng h p sti. Tuy nt
gang, Bisau khi n-ng chrlyDvkd)e (dytiT®o.t 2cihQuyi Ll -m o
nghoa |~ nhi t L, c.a LiWm n-ng chly gilm

o

byng trong tr<€ ng h’ ph’ m HWnhliEZ8h ©m (t €hng t
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1.5.3.5 Tinhgfn L Y%ragpsk hhi

C- t hwW d%¥%ng ph€@hhlga ptery]rmoln @IWA uts2inuhs gfn LY
sublt hhi ° trUng th8i c©n bJNdp vsublphla- | g'n
§p sublt hhi tr°n chbll, I T.ng (hay chblt r din)

Khi pha ngeng t_, ((a))thimz®&mH- IDSa0pay@H=iTDSpha hh
Thing OHE n¥n nhi "t (biJn L i enthalpy) c.
(1527 c¢- dUng:

dp, _DH
dT TDV

IV =(V,-V.)v, iit\wwW t2ch pl€ cSt2mbhngph€e sau.

=latm,V.°10°V,. n i v, i VkR¥p, | TNh € wdy:
dp, &DH g
—V = CﬂT _
o, QRT a (1.5.30)

Tichphan(1.5.3Q ta ca

p, = Benge [;? ? (1.5.31)

L-, B |7 h3ung DHm t2clBcmh@fn el WiggtcFXn o b
t8ch m t mol chblt |, ng (hay r dbhA) V38Hvcdgyc pl
phl[i rblt I.n hhn ntng | €brRaggn RITDH X®Ra | ¢ h blt
S hYng | u@@53h _ ta€htnrgontg v, i tblt ¢l c8c bi W
hc L€ ¢ k2ch hoUt b°i nhi t, m" bay hhi I

Nhdn L%®3)c V. 1i. gi DHkhiing phyngt hu, ¢ v o T.
ch2nh x8c. TUyWmht Hinhb8fiAulExgd&n- |~ h  p |IT.
trinh (15.3) L, Lsw ngh_t[thu, ¢ c¢c_,a 8p sublt hhi th

IDHn L & g i la nhi triengg as bay Hi. n -clngla nhit 1€ ngt arakhinghgt .
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mi Qn nhi t L, thblp. nW DHpd_ng hmw: ¢ Tmi Qf nr
ch"nh. V2 d_, 8p sublt hhi c¢c_,a chblt | 6 ng Al

15993

log p(torr) = - +12,409- 0,9990gT - 35210°T  (1.532)

Hai s° hUng LFfu ti°nlkg at rpéind@h ncgh(106.3): boh n(gv /it
2 s~ hUnighit iw]pc ht hreho.
1.6 KHU & CH TAN VA CHUY qN PHA TRONG VxT LI~ U

161 Khu/Jjch t&n trong vdt | i u

Khuwkh tan la s chuywt ch ngX nhién ¢a cacnguyén t (ion, phan't) do dao
L, ng nhit . ° Agm e ma kuwrh tan ca nguyén't A trong chinh g lod nguyén t
L- (N3t ghuyrhtad. Tr on g koh tad ca,nguién't khac IH B v, i
nng, nh trong M A g ila khuwkh tan khac 8.  Qa ki n WE6 khuTh tan khac
lo4 la B pHi hoa tan trog A.
Ngoai ra, khiich tdn ma Ky ra s phan b 14 cac phan't, nguyén't thi g i la khuh
t §n t @ormkpuhtan tp chbl

Trong khukh tan khac 16 va khug h  t § n . u6€ ladhdpng mguyén ttheo
chidgimnng, . L

Khuy/Th tan co vai trd quati ng trong nh@u qua trinh cdong nghch/]ttb vet i u
n h @ tikh, thieu i}, ttb | pbandapin, &

Trong céng nghx lynhit n K@ g Q thanh phn,, k/3 tinh 149, chuy pha
khi nung va lam ngu chdm, hoa gia, hoa nhiluyn é v ° ' d mgouh Igu: gua
trinh 6xy ho&

162n nh |l udt khu/jch t §&n

1.6.2.1 n'nhlud Fick Ivah s khuy/th tan

n'nh lud Fickl néu Ién quan hgi a dong nguyén tkhwghtan Jquam  L'H@ v
mHuvuéng gécvi  p h € Hphdan VaiGradientm g, dt / U x :
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dc

J =-D.— =-Dgradc (1.61)
dx

Trong L -:
+ DHI tr ch dong khuph tantheocl@igimnn g, L
+D h s khuwgh tan (cri/s)
Trong nhiy  “tng Kep:
D = Do.exp¢Q/RT) (1.62)

Do: h?ag s (cn¥/s)

Q: In‘@gkizh hét chokhwEh tan

T:nhit . KhwEh tan (K)

R: hRag s khi (R=1,98cal/mol)
T nhngtrs DovaQcothk § chnh i s khuykhtan D' nhit  BHk8v " Ho L
L \Wh ¢ a qua trinh khikh tan
Trénhinh 1.90iWi dj n s ph thu ch s khwgh tan khac 16 ¢ a Cu trong Al trong h
trc 1 gD & 1/ T

D1
ctn®'s

10

-1
10

10 / /
21 /

10" b

100 200 300 300 1000 E'C

Hinh 1.9.H s khwgh tan ca Cutrong Al ph thu cvanhit  .L
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BIng1.2.S Ii' uth ¢ nghim Dova Q

CchH Vung nhi t Dy o, D° nhit _,Bnf/s
khwgh | Trong dung méif L ,°C

n cn?/s | Kcal/mol| 500°C 200°C
Al Al 450 + 650 | 1,71 34,0 4,5.10%° |-
Zn Cu - 0,34 45,5 1,5.108 |-
Fe Ui Fe 700+750 | 2,00 60,6 8,0.10'® |-
C Ui Fe 500+750 |0,20 | 24,6 2,8.10° |-
N Ui Fe - 3.10° 18,2 9,0.10° -

Cr - 3.10% 24,4 4,0.10 |-

B FexoN40B2o - 1,1.10% | 82,8 3,0.10° |-
Ag PdiSiig - 2,0.10° | 29,9 1,2.10'% |-
Na* NaCl 350+750 |0,5 38,0 2,8.101 |-
Cl NaCl - 1,1.1¢ |51,4 1,7.108 |-
Ag? AgBr - 1,2 16,0 - 1,8.10"2
Ag* GaAs 500+1000 |2,5.10° | 9,0 5,0.106 1,2.10%°
O Polyetylen - 2,09 12,2 - 1,8.10°
H2 Cao su t nhién | - 0,26 6,0 - 1,0.10/

trthg thai e (nhit | £66C) D Hirhani theo nht  ,lton” trthg thai
IngDLt hay KkKht!n@Tiormgyu Ktng Bp DL L&  x Sittheb bid
thcDL= consvti@ T4 ). LoFnnhit  rong clyy DL kho[ng 10* cné/s. H
s khwp h t §n _tstkhigchuyM ti trbhg thai ea sang,Ing., trthg thaiea | L
dcga “lheggnD =f(1/T)IAQ/R. Dodyt tr s D hainhit A Kkhac nhau co W
x §cn hL  ¢BevaQvatnhngti s ¢ abDyvaQcothak § en hi’” ¢ Bad bri ks
nhit ., " o, c 1 n dkhulth®n gakhtrogh

1.6.2.2 n nh lud Fick Il
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N/u n n g, clkhdng nhng la ham ca x ma con phthu cvaothi gi aw t t h
thuchtin, t h{ mgm gtah$£d n g nhlud Fickll.

n'nhlud Fickl |t r pgrig h ts rkEh tan khéng phthucnn g, nth<€ s au:
2
“_phl-pp (1.63)
Ht X

Nghimga ph®hfagh tr hqhptkughtgn mit cht€cé nn g, citrén
bQmHuvao bén trong du v in n g, bla fu a{(cs>co) c6 d-hg:

X

2+ Dt

X

VDt

Cx,t) = @i (csi Go) erf( ) (1.64)

Tr on erf(AX-)laham sa ¢ a UL ° hge I ‘& tinh gh trong § tay toan
Dt 2

h c.

T biWth c (16.4) thiyraagce(x Dt vi —~— Nucvaglahugsc:- nghoa |
"()wg()‘zﬁm g gho

chiQusau x Ip khurhtanyin'n g, c n ~ ol thuch vt +Dt.
163 Ch ch/J] thnhu JJc h

C h Jj&hwEh tan gfi thich tr s Do va Q tim hiM quaquatrinh dch chuyd nguyén
t (ion, phan't) trong nh ng v Ii" u khac nhau.

1.6.3.1 Trong dung dich thay th/]

Cac nguyéntkhwk h t § n  flritetrong, ¢ canguydn't d ch chuyv LJh nat
tr ngbén €h h Wo gcdchchuyd nly€ le® chin ‘lc€n c¢ - Qhkan L i
sau
M tla,nguyént cohdt ngmay nrghog hdk)€&ml, I'Wphay lién
k/T v. i nh ng nguyén't bén ¢hh, nir ng khdng cach hai nguyént gi a nat tr ng
va nguyén't d ch chuyM (nguyén't 1 va 2 trérhinh1.10). S | “@g nguyén't c6 hdt
ntng dnathlev iexplgG'n/kT).
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Hai la, @ nattr ng n ¢thh nguy@én't: A°'n g, nidttf ngt I v i exp@GYe/kT)
trongsLl: nlngd¢bnit@ng tc n L mgdnltd€h nguyén tkh i nat
mthg tronghoanch h, n hgngytl €inhit ho§ nitng
N h ©dy k[ n £ n g Jphktanuph thu ¢ vao xac shil ¢ a hai qua trinh trénva s
KhWEh tan c6 tiwi/} | ddéhg:

D = const.expG'i/kT)expqGVmKT) (1.65)
N/u t Fhrghan G =HT TS
Tr o n ddlalentanpiS la entropi
Khi biMidth c(16.2)c aD, cothMk § cnh Q va D:

Q =qHm" + qH%;
Do = const.exp[d8’ + q5°m)/K] (1.6.6)
B?ng cach so sanh Q vatg «fpH &EStHM L o § ncsle@mbga ch ¢ h
nat tf ng trong vt Ii u ¢ thwTrong nhiu kim 104 @M & H 1 + 3eV/nguyén t
Vo Y4+qE8a)k =2t L - o=D,1+ 10 crifs.
Hot ntngh kth&n Q Jh i A h'nng tadh & dh chuyd nguyén 't
khinitmthg do L - :
Q &cdLncT
Nheytnhit L « ddilued Tcoang]nthi Q cang Inva D cang nh Khl
n £ nY nat tr ng ¢hh nguyén't khac I va c¢thh nguyén’'t dung moi la khac nhau.
Do vdy h s khuwgh tan ca nguyén't khac I khacv i h s khwkh tan ¢a nguyén
t dung méi. Tuy nhiéntrongn@i ‘tngKps kh&8c nhau n"y ikhtng
Qvadi L LbDo Vv
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Hinh 1.10. M6 hinh khught 8§ n  t h/m@ttro & € &) /gl a natnkhg @d)h
B°n, id@ " "it hte§ clo n g ngph thg c vRoe tri.

1.6.3.2 Trong dung dich xen k&

Céac nguyén t hoa tan theo nguyén ly xe€k h®©g ¢ ng klhienh c6 thwd ch
chuydt v tril tr ng(gi acacnathg)sangltrngk h8§c. nphlt 8§k htuheo
ch]gi a nat nthg. nWchuy S| tr ng bén ¢hh cac nguyén txen K€ ph[i "¢ €
I ‘& th]n £ n g'm (i@ 110b). Bén chh cac nguyén txen KElubn ludn cd | tr ngva
| “@g cad, tr ngtrongnth g | “nhxanbQ Lhhn nxeokEd hm o oL
| tr ngkhongln h “tmg@htl s khwg h t §n. nJhrponayg tr €

D = con &t ke xexXkipSopH (1.6.7)
N h &y:v
Do= constwklexp( pS (1.6.8)
Qvabcétrs nh hhn &0 chnutdrimg. Qphthucch yyu v~ kéch th
nguyén't xen kEva md | »p chrbg a kim Iod nQn.
Vi d\: D ¢ a cacbon tron@Ji Fe la 1,7.16 cné/s® 800°C; i &e la 6,7.10 cné/s’
1000°C.

1.6.3.3 Trong tinh th W, i lién kJ} ion hoto ™ g hoa tr
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Trong tinh th\h p chHlion (vi d. NaCl) wu khuy} td Schottky (natfrng ) | -
kWthi nat ttrng khnug h  t 8 n tJhéétong.cTh ooly L - *)ckaufch @m
nhanh hhn avri ocnat(i@Gimh khnk?2ch t he

Trong tinh ttWon khi ' n g, kbhuy/} td Frenkel At tf ng va nguyén txen k) 1a
L § n\Wvi & AgBr) cation xen E(Ag") khwt h  t & n  fJdi a oGt nthig kh@nb
tr ctifp ( J)E hii ) cnguyén't xen KL ui nguyént cthhnot v trinGt mh g/h L
| h ng, entangchuywich nh<&nh hhn ent a&ch g arcihting.

L 8n
( Na

N/ trong tinh thon c6 ch a cac ¥ chiikhac hoatrt h'Wt rlu n g’ nliioh, cac Ll i

nittrng catcitbnt i®m v~ dos Rhwrhtaiba t L ng h

Trong tinh thW, i lién K} ~ ny hoa fr qua trinh khilch tdn ca nh ng nguyén't
thanh plin va cac nguyén tthay th]la rdl chdm vi n6 plji pha v lién ki3 ri bQh trong
mthg vakhwe h t § n flrhitetfong. &Nilhng aduyén't xen Kkhwk h  t § n
ch/jgi a nat mhg.

1.6.3.4 Trongvdli ukimloG  vri hitih

Trong v li u nay khong c6. sk h 8§ ¢ n h aAgi alntnrgg vl | tr ng va
khong c6 tinh chu&g a v tri nguyén't. N'n g, kbuy/} td rill n va kém n "nh, do
L. ch¥igpdinhau htbv inguyén't hoatan. CO M ntd ¢ § cJ
khwkh tan sau
-Cacldnguyént k 2 c hcnhkvr h t § n  fdh @ @ic ndthkhge @ co gia
tr nh. K hig kibh@guyén't va nguyén't | “@g cang nhthi h s khwkh tan D

cang | n.

-M ts nguyéntnh<€ Au, Pt_,ng Ppoph égamdkhukhh t §n fheo

gianatnthgtrong] hngln. Qphthuc v~ Tnngltiég K}lg@ nhng hp
phc L - vs' 1+@8eV/inguyént.
-Trongmts t TM@RApkhuphtan Xy r a t Hehoy cth tdetiwg a m t
nhém nguyén t.

H S khwkh tan D c6 gia trtrung gian gia ¢ Bnuatctthn g v 7 J] gt & nitc
mthg.
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1.6.3.5 Trong vd li' u Polyme

Trong W li ucao phar * trthgthaisagn nh € k hWwia) (khwghth uy
viphigi ¢ Unh gnh itkavyihai cao phan tbén ¢hh. Tuy nhién mt mtch
cao phan't co thAthuy | g cung vi nh ng mkh dal trdc bén Ehh, hin  ~ ngéhay
g ila khuh tan liénk/1. N6 ch x[yra” gfn nhit  tdng cly.

Nh ng phantnh n h €, G H,O ¢é AN ch thuyw trong cao phan £ trthg
thai rda. Nh ng phan't nh nay chijm v tri gi a cacphén t. N/u m&ch phan't co vi
chuyw | g ngd nhién thi nhng phan't nh phia ngoai c6 WL i ch v i nh ng
nhanh cao phan tl - Khwkh tan trong Polymén h “m @ bhhit  thu tinh hoa,
nhit  Hiod do va nhit | iéngclfyca Po |l yngh c nhipm mau ¢ca Polyme
c I n gngkHb i qué trinh khiich tan

164 M t s khve/Sedh t&n trong vdt | i u
1.6.4.1 Congngh L Yic

Khi L ¥c,t a'gtd a kigu i WILQ chnh qua trinh g tinh ¢ a wd Ii" u.
Trongtn g ~ hgrh@¢ thWacthipHigifmfc , Hgui WLt ng qu §¢htan,3 nh Kk
lGc thi Hh chjkhw h tW&brra tlch ¢ va tinh theo yéufa :
Vi dA
- Khi nEl cHy kim lod Wb thanh pfin “ . gQlkh L ‘& thchicoHin3n | hg |
trong kim Id4 |, ng, &n  t K§gwa tlinh khikh tan Bag cach khbytrn, t £tng nhi
L.nngthi Withch]b ay h h hg heatan kbitvao kim 18l khi nBll cHy 't rig €
dung ] p x che ph bQmH
-Khi I Ya¢u dm &m gguichdn VIEG th i gian cho qua trinh graphit hodiykra,
tranh £b thanh xémentit.

1.6.4.2 . L['n g Quithanh phfn
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Trongwd L %c, do t hi °HHatrng ching mphk@nrcd khdgn@mnhit n h
I, Kftinhln,A"ng, nguyénth pkimhdbthchliphanbk ht Qg - L- s al
k hi L #gepHit, B & g Qi thanh phn.

N/ coi phan b n"'n g, dd dthg hinh sin vi chu k8 bag khdng céch gia céac
nh&§nh &Gl "EMaqUl f(tinhba g, gifm bi Nmgl)L

f=[cm(t) T col/[cm(0)T Co] (1.6.9)
th i gian, tco thAk § ¢cnh theo biM th c nhch “lc€ nghimga ph<€©hn'gh t r 3 nh
lud Fickll :
|2
4p°D

Tr o n blakhdng cach giahaicc 4l

nWe6 cung hiu qu, , th i gian, s€gifm W D cang |n va khdng cach gia hai
¢ ¢ Yll) cang nh. Wgifm | co thm + n @ , tgu i khi k/T tinh hdb ti/h hanh bip
dchgdo tckh® 'n gQu.l

2 t= In f (1.6.10)

1.6.4.3 TY | p thbin bQmHy

TS | p thein bQmibla cong nght h & ithaitth pin hoa hc | p bQmHug a chi tii}
b&nh rdné&pgcéchginhit | ©u t r o rclyangdyén't hokt €& n g
nguyént cfn L €avids FGN,( AlTroeg)ba qua trinh iti/p nhau khitb | p
thiin bQmHL(tt nguyén't hod, hib th trén mHy khwEh tan vao trong) thi khijh
tan la qua trinh aim nkdl . NdhkidwEk tan khing chLl, ng h ¢ tSb | p thiah bQmHy

1.6.4.4 Thiéu kJ}

Trong céng nghluy n kim b t, sau khi ¥ hinh, §n pi¥n  L'c€ n whohitl, L
c a amtbllien K gi acacphnt cawvdli u. Khur h t § n° ngmh p nag {ytra €
bén trong Kt, trén mHuhoHb gi a cac Bt. Kh' ng ch]l, x p (thWich, $ | “@g, hinh
dthg) c6 thMtb cac tinh chimong man.
n c- ng- ticta€htidopll/ | )ttrdng nhmg ch tiéu quan trng cé tiw
€ c tinh theo cong thc :
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o 215
E = Const&—aD's 1 8 (1611)
| crT =

Tr onglaliankinhB, Gt n ¢ ngh@ntbhaysc ¢ tOmig TwatFn “itl&
nhi t & th i gian thiéu K.

1.6.4.5 Oxy hoa kim loY

n©y | qgqu§ t r/Akhdich @n ngdyén thotb phana oxy \Ao km loY
va khuEh tan caion kim Id4 t. trong ra QmHs Wb | p oxyt trén IQmHuvd li u.
ChiQu day x ca | p oxy hoa ca kim Iod nguyéntt [ viVDt,tc t tng @hhi
D ph thu c vao T) va thi gian
T ch c ¢ al p oxyhoa trén ®mHuh p kim AB (A la kim 1od nQv, B 1a nguyén't
h p kim) c6 thw
-NJuAboxyhoamthh hhn BQmHH®D | ptokyt gru A conB | p
bQmHub Y v © o b Wb viing dung chlida giau B trong A ¢xy hoa chn
[c).Hiu ng t Emg Bh vinglan eh v ioxyt cé thALY t i han nghinfin.
-N/uBboxyhoamth h  h thicohRikfin £ n g
+ N/ D> Do (Do la h s khugh tan ¢a oxy) thi trén QmHtto [ p 0Xt ¢ a B
(do B khuEh tan ra,Ip bQmH) hotb | poxyt hnh p ¢ a A vaB.
+ NJu De< Do thi oxy khuEh tan vao trongaky hoa bén trongva trén IQmHy
cl ng Web | poxigt ¢ a kim lod A.

1.6.4.6 Pha tY ban d*n vath y tinh

Trong ban &, tdi c[ qua trinh cjittb vas d n gQ L | i ° nh khukh tan. Rha
thbP,Sb, B, ¢é v Wb|Pbanwdipi 6e WhHt n gng ohhtiéu ¢ a ban
d  niga@htin bo thAkhi vao silic.
Pha tp th y tinh bRag cach khikhtdnnhng i on ¢ el nk 2nchhe K8, € Rén ,
vao lQmHy WAL thi' n tinh chidi g a ¢ a thu tinh.
Vid\:h s gidnn nhit,kh[n £ n gu cvdanhil.
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CHh v NGS 2HINH THANH VA PHAT TRI gN MANG M. NG

PHFn nay chung téi khai quaiQcac md hinh phat W mang mng v i vd Ii u ldag
Lngt pha hhitlJt r °n m

2.1IMO HINH C 1 U TRUC
M tchiirda cHbgalmtchdl °“ERnhthanhtp h a h h.it bQmibeodnhAEam
k/T qul ¢ a i nhiQu kbl tric khac nhau, @ cac s Ida g° ndj, ranh gii t hai hdb ba
chuca c8&c L&mivchinhshaneamd p. Tiong ~ hghe ma L - s
ph thuc nt'mgt do€ | ° n, ckdhinh éhg haacvdliuldb g nly nhe |~
nt n gng kéé (strain energy) cOML. ‘& h quada tr °n ph<€ehnig tr3r

Drupré
&= 0@ 0-G (2.11)
Ay == ‘Ym +Yi _Ys

{/9/!//%/»/!/[’/7/%/,/"Af/ﬂ/’/)%/,/!/ T 7 /74?’,////”///7////%///////4’%/7/;/Wf.

' ' .

a
i o
] - .
f///!ﬁ!///!‘///”!!'////,&f!'/»' /’//;f»/»/ A ”/’/EA{/% ,/;!//,////’./!/;//i/%//,/’t WJ»/K///’WW 17//!/», /!'77/'/7?7/7, 7

@ AY<O0 (b)AY~0 ©) AT>1

Hinh21.C8c m! h3 ngmangtng tr €
Ngoaira, s phattrMd¢c amang mngcote hi a ra th'fmh 3 mode ¢
Frankv an der HMetrrwgs ghatirid 2 chiu. Vd |i' u phéat trid trén mt bQ
mHub3ag vi ¢ hinh thanh cac p liénf ¢
StranskiKr ast an ot ( S®3 pinhthanht 1 hay nhQu L pn ‘ld@eo
sau Bag s phat trMd ki triic” ¢ [d>
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Volmer-Webe (VW): phat thid v i s hinh thanh cachgl triic ba chiu. BOmH J/Jkhong
I ‘& ph hoantoanchqts ph r n g ~ ¢h@h thanh.
TrongUrl -t,t' mgbptcr @ n h €’ ik thly @ng K nhiQ h khi ma
cac thong'smthgg alpph rng h/pmt itlKhi m tvai | p phat trid trén cac
m i khdcnhau, mts L\Whmabk ®o ctng g rlo®ehgco th@rc néh la
qualn _ EWehgdb nhch  n h ©tsl phattmd cadl  t TrigitWQAc ¢ [d'nh
ofn nhau cé tsat nleb 1A v, inhau, KEqu'n “ y ' cL®em nlhe igg as
k ®0 c¢taobOmHs ™ |
VQc hfnbh xét\Qmb nt'mg [t 3 ¢ §c nmphdteu ct tvi'go tnri@ g
| “@g QmHug a /JVacihgh ph ¢ T ng n h €ng g almdi/p bi&.Tuy nhién,
fnggca nt'mgeccltv® t h3 _ kil Lb&nc Le8c modng t tng
khis Ida g ng khong ¥y r a dc@di nlcan Rag nhit | n va cac tinh toan
L, ng h ¢ ¢fn pHi xem xét. \Qc h[n,mchd avaomithéngs o t h3 Wdh- ¢ -
Lo&§nc Lo de "ngmargVinh Gagdll t rvicga ic §¢pdavd |
i uthiikhac sovivd li ukhi. Vik/lfguca nt'mgt do#mHg avd i u
' hnpkhacbitsovi nt ngt dbmHug avd i ukh ic acung mtlod.
S phattrmicacttnh v° ¢ § gthiGuK}. c h
Tht!ngngd,h €hdL §mdchocstphattvd /  t Enggadac kenh L ‘&
h tr. n- |/t héy dst wal d]Smoluchawski chr o ngghpt r €
Ostwald thi c6 mt s khac bit gi a md | ¢Ac nguyén tkhi hai chu bao quanh cac
I 8§ musters gay ra skhuth tdn ca cac nguyénthgbth bao gquanh, a¥8c L §m
IUh mtlingga & §c nlT& M | Smol uccgaywastki s dilckRyw
cacacc YW c Mhoakhithingvacinvi c¢c &8c L gmu Kk bhdng JQn 1%
lammtv inhau.n ©y Itgi[thoy}chos gayras khwkhtangca c¢c8c L8 m ngu
t hgp th trén QmH ¢ § /T duBlanthay tHijtam ¢a ki . C8c, thi8im nh
chuyd nhanh hpm. cSacWwlHpmisht nt ngdnthi@ . IWn
Lnh c8&c ‘lthamhdp.h3: L€
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22T NG T RG OSTWALD

Ttng ngOsevaldlamthin "n€  ¢n® [ trong cac dungl ch ra hab
cac solIng mané mélts t haygamtcal t r Yc™ ng thiitheathilgian,
chngh nh€ c\8hg haHi cactst sblphan ly va taich g’ nly  IWenthath
cac tinht®. n  h hHb cahl sol.

5-0

Hinh22.Sh” cchflnba qu§ t r'ngOstwalke ng t r €

N'n g, chAnlag cacacnguyénthbpth ¢ mt JJjadfn L S§m (glhust er)
vao ban kinhcongr N-cbiM@inba g ph€©hn g itThomsomchdkhihd s
chiQulyt “@g.

ol 0AgZb— (2.21)

‘“L-pgcilanng, chntagga L § m cnlvail$htve m t BQmbphin g, o |~
ntngnglt @ QmHL & gilthuyl |~ nghang.  gWidh nguyém't
trong cluster, Kva T fn "t I&€hg $ Boltzmannvanhit  .IT ph€©hng tr3nh
cho thBy rag cac cluster n  “lcBaobcbim tn n g, nguyén't hbd th can Bag
nh hhn | ° ¢ &ecnh I'D®ny cac hguy@rtthep th ph thuc v " o gr adi en
dc)gamd , dac nguyénthipth v ° | Li nig cdc nguyén tthich h p. D atrén
s th anhth raag cac s ki n vQs gda kT va bdc tach ra @ cac nguyéntt ivat cac
cluster la coiWh  qua, qua trinh khich tan la mt thong s ph, thu ctf ¢ | €ho s vah
chuy kh i. Gradient cann g, chc nguyén thbpth * | p ti/p gidp v i cac cluster
cOthWW ‘& x '8trcbad s gili dthg ban kinh ca "nb lud Fick., L ©y Qu ki lh bién
nNng, lcac)pt/pgidpyi c 8§c cdchoshi e p hBE@P)vanng, L
 kholng cach xa thi®ag vin n g, tiung binh ¢.N'n g, n” Yyt t Em t khang
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cach laxr t trung tam cluster, L' -1 1a théng s thWhi nchiu  d ~ i °,c giithuy/jlae
khtng itThaytd cluster _(ct md n dndtnéhc iguyédh Ep
th chuyd g "d&cBobi ph€ehng tr3nh:

- ——® 70, (2.22)

L -, Bag § Khwlth tan ca cac nguyén thbb th trén QmH JJE( 1anng, L
canBagca c §c Cdchosbti e p hled (24.1) vailde (ch )i théng s hinh hc
m~ B €d YWtirg toéin cho ttich ¢ a ndp dfu (pHFn n a trén hinh fu)
N'n g tiing binhcal &  x 8lcthétig qua vic tinh toannn g, ki itrong h:
. Qimi Q1 ¢ g o (2.23)
‘L h" " m rabé@iicab c8c ktahcfh€c§c cdashtier f (
ph€hng tr3®nh sau:

i — Qi —), (2.24)

‘L., drcthdbiplh€Hriny(2.2.2

Gi lUch's hthgfukas m rnggca h™ m ml t triochf2R.]) padedb n g
p h € Hrimig(2.2.4 phiatrén

Vid,sttngngta€b8&n k2nh t rthhamgcathigiahtcéthbh ®E€ m
biWi di n:

ifo iEp Qo7 (2.25)

“L-, r0 Ichktchngfuta® ban L

Nh€ cBlienhnd¥timtcaigilatrthg t h §i, c, k& mahsuytrafo§
f ngs$ | “@g cac clustev © Kk 2, ¢ tungbimkeco it h & ythetithi gi an nh€n
hinhdhgphanbgca c¢c8c k2 chushe€er {ih3 T«kimy@Pspaldv® ay L
n=3hdd n = "4 mo. guydhién, n6co M ‘& gi nhlil L PRagh r
t ht n'ong a6 thph thu cnhit | .L

23T NG T RG SMOLUCHOWSKI

Ch Jlchs kfhp ‘L€ x §kcbag s khwkh tan cluster. Ru cac nguyén t
nh[y fatrén mtgidy kholng cach a, thi tdm a kh i cluster ¢ a cac nguyén tth s

47

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


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

snhly  frstréd mt gidy kho[ng cah a, tam ca kh i cluster ¢ a cac nguyén tth
s<€nhly rfretréd mt gidy kholng cach a/sn”iv. i h3ag s khwh tan D ca céac
nguyén't hi th trén QmHbco th ‘& Vil 2.3k qul |a trong Rag $§ khwkh tan
cho cluster = Dn/g. "irv. i m t bQmHuban ¢u phat tri song song. M bQmHb /] L
clng nh€ vibOmig/lg Do W uchugs °lceu §u cho K} qu tinh
h s khwh tan cho cac cluster kiban ¢u:

O i — (2.31)
Trong cong thc nay,} | d . dna nguyén't hgb th trén lQmkbcluster va phthu c
vao ban kinh cong @ cluster. Vi } Bd | itguy@n't hgb th cho lQmkibphng thi
L& t2nh nh€e sau:

”

i " Agb— (2.32)
S kifhpgacacclustermtthmt 2 ch | i'sé6s Bfgifclamts t £ ng
¢ as | “@g cac cluster M k 2 cchs. Stvh é@Hm gj a cac cluster M k2ch t he
v, i bHl k8 m t cluster nao khac chakqu 1a gifm s | “@g ¢ a ching. K} qul’ nhch
L& nh€e sau:

Oi QMmMQ imA Oi Oi Qw7 mMA

(2.33)

S dng ph<€ehmgcokifinsdkmhy "'mxh§ cd s@phattrMica c 8§c k2 ch t
vas phanb md | dAc cluster.

2.4HINH DANG TINH TH g CAN BANG i Cf U TRUC WULFF

Khai ni m vQhinh dang tinh thcan Rag (Equilibrium crystal shap, fi tdbla ECS)
mo L ‘& Whbd fulcothwh 3 n h  d e chui @nh dhg ¢ a cac tinh tvah
vacackt nano. NWeoi & Imrt § quan fr ng & thi'f cho s xuc tac d thw
b ivi cac plfn_ ng héa hc chds chea 1a nHyy chll tric, ciing Eh n h kKBac i t xul
phatt s khac nha vQcac lQmHutinh thAkhac nhau.

48

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


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

Ly thuyf VQE CS “d’bé® fulthchinbi Wul ff c¢c8i Wndinraghg t a
khofn g ¢ § ¢ h* ngh tam g a ry this® thAhh t | mFbmthg B k8thi 1 thuch
Vi nitmgt doBYmtbg amtbmth g L - chundy tFhig thai nay c6 W ‘&
bwidin nh€e sau:

— — —8— — w&¢ER o (2.41)

‘L5l " nklnyg ddri€ngriéngcho mHbtinh thwth i va h Ia khdng céach

trung tam ca mbtinh thwth i, n Q nay khéng chap d ng cho vic mé [ céc tinh thw

vimod c6 thM h &d iyt db ma con cholecac tinh the - k 2. c sl m hnid t | @,

gil thuy/} rag céc tinh ththi phan lyt dovatntd® trthgthdicanB g c8&ic m~ L €
xemlamt “thghp bl “tnh &a cac hvd ly th c. ng sl bQmHuva thtich

trong cac tinh tMkinh (<10°cm)c | n g Wen-h “thdy@i ECS vi th]céach tip ach

nay ch chinh xac chocacthl n  h hn.

Trong khdmg gian ba ci@u, ECS c6 th\’ ‘&  x ‘&lttrodg'ta . BFu v i kholng
cichrttimcamthdcfuva2thdéngsvQg - ¢ (G waud UngtndebQg | €
mHbtrongcacsln h _mg€and €l © o (G, d) Wnminhtlhg HHi°hhn Lv -~
thuch [ i nhcho ECS trong hai ofi, chiungtacothk e m nitnggdolb@k o |~
mthamchph thuc v~ " o d,, LG Ox gt Ol tZ h ehg tinh thAthich
h p.Vivdy, vi cthif I ECS” nhit | ¢ U'nh Tla ¢nthif Wicb fult tdm ca
m ttinh thWV (g i IWh Wllf) vavemt "b€ ntmgg débBmHs ri °ng nh
mt h™nrh ihg€cb d | i ° dhtyedishdiWW WIEMt v ®ct h b8§n k2r
héehg n"y v’ sma ftgehiiti w@c td npt§ Wb jad mamo
viLlehgccvab lUth thudtrényitiiclc § c. nly€© d ng vighddi bén trong
ca lhefeccEt™@g tr€eng cho HCSL @iH?thbhntbbal ahiu d €
¢ a ECS (hinh a) cho toan tinh thwkhich c - t €hn ghgn§idl .| ©mrntgn L€
lam tham il plg . mg@a z(x) la mt ham hinh &hg
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(a) (®)

Hinh 2.3S h” ntiinh h a cho vic xay d ng il trve Wulff, s k/fnicg& nt'mgt | €
do IQmHubHl nlg . g€ ( @ § /@ cong ngdi) v. i h'm z(x) I h"'m thwhi n Fnh
dthg tinh thAcan Bag ( L /@ bén trong), WILWh Wul f f “{xang bdEHCNS L
¢ atinh thAto Ip, (b) di trve  t ©elmogn t tinh thwecbngda “leg tr b im tbQ
mHy . Whp Y di n cho ] p ti/p gigp.

Vi d\: ECS cho mt tinh ttWFCC® OK la m t hinh tdm rhbcdbg t (Kh i L'a di
Wulff) ch” bao gm cac nkbmthg (111) va (100). Trong hinh dang cémad tinh thw
th ¢ t]Jthi khdongeh cfn thip L&t i mané conco W &  x ‘@rcpHittl nbi | ng
hchab ¢ &di nikhdngcan®a g k h § ¢ . ' ny# domiéng l@mHipkS thu ¢
vaonhit ,,imts t h d ynhilt , b titho KT qu n3n xung quanh gia'tECS. Vi
| T d on thém,cac dbphng trén cac ving cong a ECS leb fulhinh thanh, cac
mHubd Fullam nh IGva® mts nhit , ECS tr nén bao quanh nhcach pfng cho
di° bHic L ©u. CQcagdfinmitmg t €©hng t §c [rMghkéhga ng
cac nguyéntlan ch , ongc, m@bmthgby ¢ " ng t tOmigcochs ¢ § ¢
cao kb Fulxudihi n.

Blng2.1.C& n £ mghQrmHad T = OK cho & mthg tinh tAAL. h n[n g iicse
t ‘©h & thn &h gfn nidl
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BOQmMHutrén ECS
Ch'cost €hn S t€hng. it
tac v ilan can th lan cdn th nhbt

Chii tric 2ygk+ U

nhbt vath hai
L h € 001
¢ P | —(h+k+ 1)+ (k +20)J2 {001} {001}, {011}
L hnfngi {111}
L h €
d? g {001}, {011},
tam ntb 2(h + 21)J1 + 2(h +k +1)J2 {001}, {111}
{111}
(FCC)
L phe
tam kh | 2131 + (h + K + )32 {011} {011}, {001}
(BCC)
2.5 EPITAXY

PhFn nay d L'nh cung &b m t m6 § ngda g n vQepitaxy, Qcac d¢h g ,  Ghimh ¢ h
thanh ¢a cac mang ymg epitaxy, cac khuy td trong cac mang epitaxy va cac thud
LRt r €chgng.c

E

251 Gi | i t hi u

Theo'nig,t € pQctpa/fg h3bBhh th”  nh mAtrangrbt &Ml t i nh
L hn tWanshphét tiwd ti/p theocamiquanh 'n h  mg@htiWwhc K. t r €ng
gla m nfgnhve Khi Fall t £ ng. MtiquehlUnh mgbl tr€ng n"
L ‘& qunlib icac h tinh thiwa cac théng smthg ¢ a hai pha. C6 nfli m i quan h
I'nh dme troglyp tlhcket clth t r Yuc Whamangi Chang ta bo\W
phan I3 epitaxy thanh haith g EnHa Homoepitaxy va Heteroepitaxy. Homdegy
ladhg LFmmdiga epitaxy vIh Jkhicdimi hg JJgéladimtl
loUvdliu S ldg nly L hnWXii ntdySPialvi ¢ ph bi/h nhEl ¢ a mang
Homoepi t axyvi cth@ypanh guanimg trong céng nghp ban dn, vi d
trong tr rRYCS vasttarsistor M@&S. Tradl |, Heteroepi tBixy c-
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t tM@hp khi mJlancéc \@vli'u ke nhau, vi dmang kim 161t Aalkali L
halide. Trong thc t/] Heteroepitaxy la‘éhg ph bi/h ¢ a mang epitaxy trans L athgl
cic. ngdng kd nh 0 &} d siéu o, thtnh cb ch a sthotb cac
thifbquang Li

: 1331
tuu - 40‘ *
HHHH
33333
ji3iiii: 133Eiaiee
Mang it 3338832
sssabessa
i m : 0 2:5;:5;
1 ] : $3333222822
Hop mang Ung suat Gian

Hinh 2.4. Giln ~ o f mang epitaxy hp mthg, mang ng ik va mang din.

N idung cavi ch pcacthéng'smthggia m~ n gla khia ¢hh quan trng
¢ a epitaxy. Trong homoepitaxy, bvicTm™ n g JuQ@i ‘le€nghpt m tvdli u,
khong c6 ng xudl mang™ trén ntbgiao ¢a JJka mang. Tuy nhién trong mang
het er oeprgtémkbthong Sin€hg khonghpgia m™ n § vi thmHiti/p
x(c nay co6 tiMo _ ng xuHl hotb gidn ph thu ¢ v [ lon kbac nhau (nhihinh 24).
L@ n~y cl fgudmtmttipa xkac cng@tmghh®e Fuhfrong
c8c nghpe NE nggrHbti/fexdac nay baogn 2 glhaichBah ngnktng
mHuti/p xGc do s hinh thanh ca mHuti/p xGec mi - v © “mé. mayxud kéd gidn do
s I ch mthg va s khac nhau giah s m”™ n g JJW t ming 6 th'WH © & @V
trahlmge ©u HdOthhk hhang "cc' nthlL L €©u ti°nghprong
tithiwd h - a " nggnTgeu ¢hd& clhcad mang epi & &kbyildhe
mhg fovilLenh€e sau

N O oI (2.51)

52

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


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

Tr on grvalala céc thongsmthgga m~™ ndg vT helon glilg i ¢aee
mang epitaxy cil ° hg@ao, s | ch mthg nén cang nhcang tt (ph bi/hlanh h h n
10%)2C6é nhiu ¢ Sbihh thnh st £ n gng mangheteroepitaxy, $1 p mthg co
thWwla mts L h n[n khi co tinh thW h n[n gong mi quan h tinh thw(hinh 25a),
hotb mHbmang cé tivquay 48 so v i mH J] (hinh 25b), hoto mHumthg (111) ca
m~" n gqh L Mm&Ey i mumthg (001) ca J](hinh 25¢), vid Pt/Si (100)). C6 mt vai
vi d khi mang epitaxy khong lgi i hth “il. i ¢ g hp F cthong s mthg th
vid nh€ c§8é& kn%e vbo nt ke h'mgtencacsdmi JJmu i nodng
khis kht*ng t @Ehmbg%?khong  ogghpnidyrs€i nh LWetinh t
timthby L - rygaitmdquantngtrongs k h!t ng t @¢tordly vakdh duy tri
quan h epitaxy. CO th\ ‘@& chuy liic ¢ § ¢ Aepitaxyla st ithid h-a nkng
| “@g mHuti/p xtc kh ng ch]s t'ntd ¢ a mang.
Mt c8c Wrdahm@g Xus8t Kk hrighrmgftithi®hdrc theoXQmkbti/p
xic, Bagvi ch pcacmit  t £ mgc atmang vi mkb JJhRag m t géc3 Chang ta c6
thwhhin tHy t hinh 26, _h€® t £ ngcatmang mtgoéca v i JL hrg co
ATa Qp Qcéklarags d €hn g Whhhttyt ph€hng tr3nh n"y
am ndi cach khac thong snthg ¢ a mang nén phh h ] NbiQ Mt t h€a twg s
t rn@cackimlél t AktmdodLl bcc "(BMViEdin WHiGn iquan h nay.

[100];

[mu]gT [100]s T /,
| [110]:
O]

O ® O
Ap=as { L as { -

® @ ® @\~>
() (b) ap
%%iilli '\ C‘/\‘/ O Substrate
@ © o‘o

& Film
o' @

(c)
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Hinh25.C § ¢ ¢ t a mand epitaxy Ip mthg; (a) Khi cac théng smthg ¢ a mang
v " J]hfu  n Ra€nhhbu, (b) Quay 45va (c) Mbmthg (111) camand’n h | g€ i
mHy(001) ¢a JJL

° L
& . ] .
A ] o ®
Film @ '. & .. [ ] -. L
o [ ] L L ®
& » [ L ®
. ° ® ° ° m
® [ ] ° [ ] ® L ® L 4 ° ®
L J & ® L
[ 3 | ]
{D o 0 o o o O O 0O O 0O O
g
o o o 0 0 o o O 0O O 0 O
Substrate
o o o 0O O 0O o o o 0O 0 0 O

Hinh 2.6. Giln ~ tfinh bay mang epitaxy bvi ¢ HL _n€§ t £ ngg; a manghp
v. imbmthg¢a /L

252 C8c dht o § ngcra®ic mang mng epitaxy

Vi cnghiencucacc h jthngng repi t axy kbingth@enh th
c §c h md khioirchat’hin ra nhiu xYelectrontrongning ntm 1930.
b&ti/ptheocacackthud oL t r€ng nh€e STM, RothEnkBe, v~
L- ng g - \wholr® kiffp thic vQs t £ n gng epita@y ca cac I&i vd i u khac
nhau. Thém vao cac binhdu tcr ‘@Qs tw n gngepita@?5 ofn L ©y Pashl e
viifmtbinhluthvQec § ¢ Btht ncgm g r € n g  eoly diliacting cad klia
cthh g thuy/}. NhiQu yut ch yu, dvdlyvahéahc, nk®!sg t@ghng Kk
mthg, cackfo s §t " nytsni@n kiten hi ° n Qo cadn.h ‘lig€ a chang
ttng ct¥%ngodne ng ngrotgt@€ng. Tuy nhi°n, c¢c8c Kk
n" yuchhiulcchkhinb nh+€ kh? fmg ngechéa he Boag neuti/p xuc
m” n g Jjwéc hi kim va tac dng ¢ a chiing, hbb cac s t h a ykhéde & mHuti/p
X ¥ac m” fjdg s bdi phéielectronHds ph©n |y trongngmasgg. tr 3ntr
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Th! ngngtsht@gn tng @ang epitaxy co ¥ia K} quf ¢ a tH Kk trong 3 mode
t £ n gngsau:€

1. TEngngtFravVan de Mer wglpd{®PLng tr €

2. Tt n g ngtVolBerWeber (s ttb mfFm 3-D) va

3. StranskiK r a st a n o vngSK Madeghn h p)€

2521 Ttng nygFra@k-VandeMer ve ( Taghpl p)r €

Tengngr €plas hinhthanhthfyJuga m™ rcéb liBn § c hoan toan
G a cac nguyén tl ‘& bjudjntronghinh27a Tr ong mo d egndyLcade t r €
lfloday coé mtl p L hn fulgaeac iguyén thinh thanhv © sau L - ¢ h¥%n
t frm&g b°n t Webmg milhpaun'tlng Lha ter ®hi°ec&8w cl ust
phat tr\d trén | p mang tip theo. Lc QL khid cho mode nay la sgifm nt hng | €
toanQmHb, nghoa |~

rr T (2.5.2)
Cor [ var Ifn "t €l °  c'sgmHhtifpg xI¥e , M Tringi Vv thg
lda g° ndl¢ amtmang trén @miusteh ¢ a cang mt oY vd Ii u,r - TTvar I
v’ phehrg§2lt &xhmah ifnildag nly c8&8c m” nkhatnhdun c §c
mode t'hmg ntfoeBily@®hhmELl'ivi c8c kh! pgbopt €mmgd olah
l& thbp), trong khis hindingalién kf mthhgia m” n g(hott's thn
nhitam)chr a nEngoibti/exicthgsy, nktngQmb@angt bv™ nkng
| “@g QmHb J¢ao Q@ mi” y frethih oML €a  n’'tng qig dudEo dan vao
trongvic t2nhQta8y, |TIim@¢gtmgn siQayre Ty hoim@&anh
b3ag cach thay ' va; cONlas | “@g monolayer. Saush® nh t hfugh ban
monolayer, cic monolayeri t h e o ng thémgmttrén€©a n h a dp ckhoi LL
I ‘& , Hay mang.tihth® T4 g iGanay, & loch mthg bab Fulhinh thanh vai
qul tt nén s by Ful"athinh ngsudl Hin “n@ydinrakhis t £ n gngmang

di nraliéntc.
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(a)

Iy i (e)

Hinh27.C&8 ¢ mo d e ngtmangga) Layeby layer (Frarian de Merve); (b) ¢

L[o (VolmerWebe); va (c) StranskKranstanov.

2522 Ttaq tng@olmer-Weber (Mode ¢ [d)

Mo d e t ‘tng Yolmer\€ber chim €ujt t b ng * mg&o khi co@éu
chifrgifm n £ hngg 1¢68M dj ntrongp h €hn g .2 kh8ngtuén theo:5

rr T (2.5.3)
Giln "k alod t Et'mg tnr® @trinki KAy tronchinh 27b. S ttb mfm ¢ a

nhan 3D x[y ra mt 1a do khukh tan IQmrbhab s va cHim tr ¢ ti/p ¢ a cac nguyén

t, ‘tng@cvtihdt nlg nh€ t&tnh #WMcackt nguyén't hotb cac

th chil Nh ngv trinay hédt nlg n € cr\Wgillm bt hmghdt€ hiai L
s tbmfm hablienkl ¢ § c Jhn/R® B atheo cac githuyT & x@m xét nay,

mo hinh mao ¥, mtnhan n nhcoban kinh n  h hn @ bi%%n oWapnfiy t
tituchot nt'mgt do& m” "cn-chlo€ t heosamh€©hng tr 3nh

w

YO i & &f of »i YO (2.5.4)
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Co dr?, &@r?vaadrdlacackhuvc gca n h Crrinkb@fn "ke&@osbay hhi
vi%ng t €ha fUanhBrecvattichgca nh©n  ®gs hird$ c.VOlash
t hay bt mgt do®WMich trén s hinh thanh mt nhan v&"0 mang dii i,
I’ Qu nay co lién quan tc ti/p Jpinhit | WJvafc . lda g nd. Cac nhan cé ban kinh
thgp h hn t@¥'CBcaotnid, £t L ng phan hy hotb b a y i tois Llgu
khid vi cglm n &£ nmgyt Ho&Vivdy , i vlicac nhann 'nth ° ¢ @ thanh, ban
kinhgachingpfil. n hhn b §hth, K 240HYOt¥Qit h a ydhllt d €hng
sang am. Ban kinhithth °lcenhtoanfa g p h€hn g4 w,r 3 m hlthadr, 5v- L
QYO ¥TQibngOvacoti ‘&vilf nh€ sau:

iz g®F ®OF &r Tow YO (2.55)

S hinh thanh cac nhén c6 ban kinml h hn b 8§ mh xky2 nrha /jckhie L
tbmfmln hhn K&V nmga f kghhip tnre@ng It € ngdr rém cln
€u JJvals t £ n gngt acdc nhan n td x[y ra Rag s thém vao nh@ nguyén't.
n"a hinh ng swd cé thAk[y ra 4 bQmHuti/p xic ag s hot | ny ¢ a cacIch mthg
kht'!ng t ©HbQntwpxicmthob | “cstkiftecac’ c [dhab sau L -,
ph thucv ™ o ¢ b J]gilth 3 n hc Lx&Bfcb i Einch va Quarelllas b sung trong
khéng gian rehg ¢ a s Ida g’ ndg. mang epitaxy trong kbti/p  x Wt p Vi J).L'Sau

L -, liérski} cac' ¢ [dco thhhorb do s Ida g ndico | a ch n nguyén't t4 cac v tri

eu ti°nctfdPnmido§ d¢ithw h - a °ndtoag QmHshob do bi
dungdchging n Hié@Kpcac' c [d m~ cduyeho st khwkh tan nhanh @

cac nguyén ttrén cac PmH ¢ [ddh /s hinh thanh cacc [df ng h p ¢6 hinh
dbhggingvic ahai'c [d tcrkielién k8 Trongthct] vic t ken gldag

L' nghdbgimnhit Il " m tinglgdito®m n~"y. Th°mt v[Lo L.
kiwh soat s khwkh tan iQmHuc a cac nguyén t

2.5.2.3 TtLng nyStrénski-Krastanov (Mode h n h p)

Trongldd mode “rtd nrg” otbim@l MAronghinh 27c, s t £ n gng thay€
it L hnpptHanh ¢ [d'sau khicoshinhhanhmthotbhail]p L h@. nn'ig L €
tinlaxiyrabivil ¢ t £ ng Hd° ahinh ng sidtsaus hinh thanh vailp L hn
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dos kh' ng ’‘tp@ong gic khong gianthg. Thong h®eg, modenghdyng tr
c- khuwpodyratkles k ht ng t @mdhgnhik hhhn 12%ng” gs p
do nt£mggnglsu@trongp h €hng t2)l3nn hh h(md .ngsHit c §c nktng

| “@g QmHy . Mo d e nigt md oykhid @t Rag kinh Wi vi quét chui m

(STM) trong mang mng YBaCwO7(YBCO)lda g nly t ° ASrTe08(cl WOWNE[i n
tijhcll "hg€a m " ng epi t axnygdhgB®aén trank hiecgod b rkie

no & Jj's hinhthanhcackhuytd nh<€ si nhngllti g«y8o  "sdi” mht
g ghQg a cac mang.

253 Cacyut L €cxemxétchost £ n g ngmarg epitaxy

Y/t quan trong nHi [n h * i ¢&@ Inang epitaxy lafm chHi ¢ a JJL JJgho céac
m'n epit aklyhnn tWSilhadih JJL ‘& gjihth bicac yu f khéac
nhau ‘mhmtinhthWs Unh  mg@héngsk ht ng ‘tpéthg §i thiw,
cac kio s §t ° ngiQniy sl héan thin bQmHy bln chi héa he, h s gidn n
nhi t va Hu W} quan trong, cdcngdng cho c¢ Scclda m'ng § chixdgb LJ]
cl ng.tl “odmnirn g i\ imang epitaxy. Sban luh hoan thanh trén cac khia
cthh c6 thAL ‘& tim thd) trong cac quwi sach @s | g° nd mang mng

Nhit  IJ]Jtrong sut qua trinhda g  nd.gn g L - nvgi trtdmuan trong trong
vi ¢ x ‘§ilt mahg epitaxy. Trong cac thanhfph L hHinodicchung, nhit | ldag
' ng cang cao thi st h a y W& ° & fang epitaxy cangt  h rhn€bf trohg
hinh2.8) . Qnin” y | ~ ngc2amadatorhs@bat tild I bQmkb JJIS t £t ng | °n
nhit  WJc T nXp /ds lam ¢t hJjblis gifi hgp bEiki chibXn. Nhit | dpitaxy
(nhittdhotb tr °n ‘cng mang.epigxy thime<€u) tchl Ind "Bg®it c
L 170 g nd* Trg®@ikhitc lhgnlg tEing I mgntipi taxy tt
k hi’cthsptronghinh 2.8Vaiyut L' § n\khdk[n h “ mg@hit dpitaxy 1a s
bda pha ion th hai trong qua trinhdh g ndl (m t la bén ngoai Heb la v n cd) va s cod
mbcamt hitngVaiypt, macothn h "l n hit°ttn ghgt r €
mang epitaxyca c¢c 8c o x i fn, |8 & nt hi mi@u pha khac nhag a cac
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thanhpfn o xi t Kk h && tnh@hhganlcdsedc cling o4 mang khac nhau
t r °Jwa dih chHl¢ a qua trinhdh g nd;.

600 |

| |
| SINGLE CRYSTAL

500 ;/
/

(°C)

r

Nhiét 6 dé

-

3

POLYCRYSTALLINE

=4

1)}

k=
I

AMORPHOUS

200{ l

1000 2000 3000 4000 5000
Tbc dd phat trién (A7hr)

Hinh 28.4n h “Mmg€anhit A vafc  lda g nd.trén mang epitaxy a Ge trén
L/h Ge (111)
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CHhuNBPHhuNG PHORMANGBAINGLING "ING Hu |
VxT LY (PVD)

3.1LYTHUY T .oNGL CH CC ACH[ TKHi
311 T ¢ L, phon t°

Nh <€ thig, thuy®  ngl ch c g achdkhi cung dgb cho ching ta nt b ¢ tranh
nguyén't ¢ a m t trthg thai trong gii hth cr khi. M tgilf'n h  EnHa $H "@g| n
cac nguyén thay phan't ¢ a chikhi 1a trong mt trthg thai lién tc chuyd | g ngdu
nhién, yi s ph thu ¢ md thi/ vao nhit I, ¢ a khi. Trong suts chuyd g ¢ a
ching, cac Bt khivachmyv icacht k h § ¢ cilthanh ¢ anbinecha. Cacphan
t -phant hotb phan't - thanh Xy ra va cBm ph thu c vaonn g, hbrb 4p stific a
khi. Trong X3 X khi hoan fflo  h a y ng| nio khong§ cd ¢ hgp d habl c X gi a
cicphant. Thay v~ o WM& xenh ¥WegngduF cfut h “in cllb
tach khi nhau Bag khdng cach, vikhofn g ¢ & ¢ hc cho'lay n 9o @i k2 occh t he
caching. Kfqgu ¢ as lientcvachm L ¥inasht haycal nt'mg, ng€
| chclas phan phiham tthg thai' n ‘'nb ¢ a wh f ¢ phan't xul hi n L ‘& cho
b i cong th ¢ n i tihg MaxwellBoltzmann (31.1)

W -— — — b AgP— (3.11)

S hthgtrung tam ca thuy}l , ng h ¢ ¢ a tithg thai khi chra rrag S phan s ¢ a
cac phantf(v),t r ong 'Lt [nhtmtioh treng plm vivah f cvIJhv + dv, ¢
| i °n Jgkiha n hg® aphan't (M)vanhit , ty t “i(T). Trong cdng thc ndy,
L hngahags khiRIatrén mt L 'btmol. Twong S cac. ng d ng quan trng ¢ a
p h €hn g(3.1t1), B ‘&hhwhi n tronghinh3.1, [& €ac phan tcod wh ¢ khéng
phfiblag khtng climogthk h Th@ ypHf ¢ phanlt e, thAbd thAkTy
ratrongvicphanb L ‘&thchintfi L a.
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]0 Y— T T N L 1

AL,1200°C i

8 - / ' -

H,,25°C

H,,1200°C

10

v(10%cm.s’)

Hinh 3.1.Phanbvdhfcga hhi Ab v kh2 H

Gia tr ¢ af (v) co th\L. & tinh toan_t ' @ ki n ladf(v)/ dv=0.T L - cht ¢ thi
lubn ludn la K} quf ¢ a  b‘ang H gthanhw, wvav, mthob hai, nh€eng d
khongplii | © ba. Do’ tl€hnghRwnt cmgugén't tiong mi Inge
thanh pfin cO thAL ‘& x '8hdb i i h ©h n g(3.1t2y 3 n h

W -— — AgD— (3.12)
va gi ng chocac thanh pfny va z.
Mtkifguquanfrng "¢ €l €a rta qdfh®h®hng _tcrVégnbd t r €
thWk[y ra ntidl (vim), trung binh ), vavehfc b3 nh ph<€hng trung b3nh
L' cho, ngtb€h®g pheH@g LL@¥.nh

0 — (3.13a)
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o —— — (3.1.3b)
b —— —nouv 7 — (3.1.3¢)

Nh ngwhfc L 7 ¢ ghilhkeh tronghinh 31, L Fonph ¢hi ¢ vao khi  ° hge
phant ¢ a chilkhi va nhit . Drong khéng khi 300K, vi d , vch f ¢ trung binh la
46 x10cm/s;t €hng Ligghtogodntrén1gi. Tuy .mlgi hpamagl c
vai nguyén't khi tdo h p la duy nitdl ph thu ¢ vao nhit , .L irv. ikh i ° hg@nol, n6

I ‘& chob i -M\V2=-RTv. i-RTL « c hi .d tho8eao .I'm

312 Cp s ublt

X un gnglch@ydt phant k h n thAnh cabinhch alam sinh ra cac t Wiuy
tri &p stitrong h. Thuy} nghcchottbyringapsei kh2 P c/hvdific® n qu
b3nh ph+€hngadaephdandgv "b,® ndhu clk-h,! nmgt heHghitho
L.
0 -—0 — (3.14)
V. iNalas AvogadronY ° hg€xubihi n® hinh 24 ¢ biw bi n chol’ nhlud khi
| T "ng.Bpsiilamt YL hgea h L & dungr, ng rditrong céng ngh chan
khong, vathc ]l «tbbtamts | @glnca Lhaidmgde@ c §oghtpr €
khac khau. Trong ng gi ching tag&g ih chu, apsii "Eéth nghothayn h€ s
"it'l ¢athanhpfnga x u mgtrohg® va cim nguyén't trén di n tich lQmHy
Vivdy, dpsti t h3 “tnlg kLl i h g ht@mmtn hlE&dién tich, va vi d
c § ¢ LLh n dywés/crd (CGS)hortb (N/m?). M. ¢ chan khong hn - n a'yn gt " ht&
b&8o c¢ 8o t3llodibfaschlHPascal (Pa) =1 N/fTuy nhiéntonglch s, ap
st L oheitntiLe L oghi€hiQcaocactchlll ng,vid n hidy
hotbH20. @i n = yh 4 Hp nh ng gichingta&g ith ctJlhokb ¢ §c¢ L hn v
khong khp n hn@nvanm ¢ a Hg, Torr, Atmospheresé .Mt v ™ i ' vL hhH?2wmh
kém s chuyd " iljuantr ngl ‘& bW din d€ Ll Oy :
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pTIQ®E Qi

p T
O a P8t — 8t , 8t
pw pat p O 5a Y poa pat p Op TV W
p MQwE Qi 0 v
po el paa0Q p&ooT poahrd— p OBV W

POGI TBOWGRO & X U GTE i |

h n g hakladngcach di chuyd  ‘Lc€a phan't gi a hai fn va ch lién tip
Legi | 7  gng¢ mgtrung®inh_ ) la tinh chd quan frng ¢ a chi khi va
noph thu c vao ap skl . Wiimh toan_  , chdng ta ghi néh rag m i phant hi n td
la di n tich m c tiéu chocac phantkhac* Q tdd.l ~ ° ng knh va chn. Va chn
hai dali t x[y ra m i khi tdm ¢ a m t phan't ti/p odh trong mt kho[ng cach d_ca phan
t kia. Vu ¢ h %nmg tnage tigRinh camtphantt L P qi/hikd, trong khi
phant kiagiim /A Whj s au B84 mtdkhongechehy khudn md nay quét
ramtthwich hinhtr © Q@ _ 8V tvachm<xly ra @&En* Q

p Cho khéng khid nhi t  thong va asud khi quywd . 8500A gil's

de gfn brag5A.

v oidal i
kin tcrpBant khix[yra1l0°vachm tr °n 2 ygdo € ao cas eH khi~
k/T h p v i nhau kha cm mHb di cac phan triéng T

M tphant vachmtrongmtth i g i & cho Ri€bngthc

313n. ng h ¢ c¢c_,a chblt kh?

Tr onQ@ ki B cac it di chuywi v i vch f ¢ rill | n, va xem caht phan t khi
khong di chuyd theo qu Lt thing. K/ qul ¢ as vachHmLl - chiig \a chn lién
t ¢ khdng ngng v i cac phan 't khac, biM di n bfag mts chuyw g zigzag vatb
thanh mt mth g _iln2. Khinf I v i P,milién h L hn[n ga khi xung quanh
L'e&bWdin theo pl3Bng tr3nh

v — (3.15)
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Vi _ I ‘& tinh bla g L tem vaP tinh bRag torr. T 4p sl | d ¥83 torr,

cl ng WW}qulch'lavachHc anguyén't v, i thanh ca binh cha.

314Va chUm ¢, a kh2 tr°n bQ mHit

Mt dr@gquantrngnti m™ L - ng §khoaht ahan kidngedshg c
C'ng hhi [rigvackh nkgh 2l € .. c N lfrod dc phan€va cHn hab
va chm v i bOmHs v 'c pHAasebit v i cac phantvachm ta €.- trong ph:
S | '@gphantldvaomt L'recrabQmks  (np¥@énggocvita )b tr°n L hn
v th igianvadin t 2" ¢ ¢ho i€
. L (3.16)
Sau khi thay t(3.1.2) vao (316), t a (317

— —  0A@DP—0Q0 n — (3.17)

S dng ph€ehrBd3btcorgsdh ( - £0[vathay thjc a nb lud khi li

t“@g ph€hB.34), bih ? idhthach dhgd nhch bip  h HB) ( 3

: — (3.18)

Thay th]giatr Nav " ¢ ap h €hn g3.1t8n3 fta (Lheehii3d9)t r 3 nh
Y
8

od pop Tl — (3.19

Tr onBL&tinhbkag L Rtorr.v

N h €ng dngcas phattr nbi trén, xét th Qt a khi thoat khi tau thong qua mnt
" trnggaving Avaomtvang ma L - cBkhicoin g, bBag 0. T I' ma
L. c8c rpin®n’tebobi , v~  hg®hnd ‘@qg tréh @i giay (V)
L & chobi ——

Thay th]jc a p h €hhr§3dL4) va(3.1.9), ta c6 (31.10)

w oPpT pmM— 76— (3.110)
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n"iv ikhéng khi 298K n " . wng mng@il117Al/ gi ©y, tronlg L- A
crm?. VQbIn chHl, ching tacht 2 nhe niineg g @ bl ©n hdeh ¢la vong tron
h,mts | g€l @&sdng sauvidbhidmthy trong bhm kh2 r
M t ng d ngth hai, xét cau hi 1a mHl bao lau cho mt bQmHb "B @) v im t
lp L hn khhBanhtodhnay co tinh quan'tng rii cao khi Ha g° ndva b mang
d €@ Qki nvd cung Sh. Cung mi quan tam phat smtrong sut qua trinht ng h p
m t bQmiug a mangl ‘& th ¢ hin® &p sud ritl thp WEITm thi s nhi m bXh bQ
mHuphat sinh.t m® i ° ngtro®@bu ng chan khéng. L @ g g |a pHi lam chd cheh
rang th i gian phan tichnp  h hni yéuodu ¢ a th chib bao ph. Th i gian
nhi mbXhlHb  t rTebfrgetilanghc hfotta t hinggachhe Nd&y, @oan
thanh s ph L h np ¢la mt bQmHubao gm 10° nguyén't/ cm?, tas dng ph<€hng
trinh (3.1.9).

T

T CcqupT

_ i (3.111)
V.i  Pc L g tdr. Trong khong khik &p sudl khi quyd va nhit | hoi
t Tn@mtbQmtusEl ‘&ph bimt L bqgakhitrong3,49x 1®s. Gi[s tHcl
cac nguyén tva chHm mQn. MHukhac, H 10° torr m t bQmHusE lam dth cho khdng
7,30i.
32PHh 4 NG PHCBAYBNHI T CHAN KHONG
Bc bay chon kh?! nlgming Bagpldn@hnripg haHy §RD it
Physical Vapor iBhdgdcsninigiith nhi na-hiu@ficady ichi
phi thg). Mangbc b ay ¢ h ©a nkdng mhiu tringthctjc | ng ncs€e L€
d. ng trong nghién_au vd |li u mang mng. nWh c¢ hi n qué trinh bc bay ching tafo
conginbc bwWwhaldliudnbc baywungdprnhitttbraapsii hfhi ¢
thi/J va duy tri qua trinh’lc bay v |i" u.
B’ ¢ bay trong chan khonglih L _inhith tiginbc bay ¢ &@mayh hn,
t h ¥2§ cat pfin_ ng héa hc gi a ngun b c bay va v li u ¢fn b ¢ bay (vd i u

ngU n).
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Vi dA: Khi b ¢ bay nhém dung th@p 8 i Vonfram W) d nhch  ‘Lc® p kim
Al-W.Nhi t . féng clfy ¢ ah p kimnay thgh h Ronso yhinhit | fiéng clfy ¢ a
W, doX Ut tithuyQ khictdinéngclfy nh? m ¢, n cWkiaphb - a hh
cac hin “ng®Hn ng héahc gi angunvawli ungd n, trong nh@u “tng Kep,
ng&as dng ch@wtlilu ( ¢ h® itlirdngthuy). Cacldl c h’'&@n L€
chjttb t vd Ii u co nhit , ibngciyrdd cao, nh€ oxit nh!'m ha

zircony, .cgichGng Betd ukh€nong chy.
321 Nguy°n |I1T ¢, a ph€ehng ph§gp

Vdliungun ( hghadséac kiml18l ) “clhdg nong léninhit  thtng hoa
(100 Ci 2000C) tr cti/fp habgiantip t r o n gng ohéan khdng, &8i" u ngu n
sSchuyd phat rdasanging v~ hdliudnphhl®v si nh'croa |vV'n fkhhi
nung néng ngun vd li' u, dichuyd g u a ° mychan khéndgtrung gian (bay) va tu
cung b g’ nditrén IQmHy J] L
Quatrinntb mang kimlél t Ar&wm{i L qua UWcehinhai Lo
Gi aini1iSondngclly v~ b, a kim Ib9H i nglcn nhi t
GiaiLwn2:S dchchupca hhi Ykinganiddiu /J&° qua “"ngdp tr €
sudi thip, cé thWk[y ravacimgi a h hi Y Waicdo pHamotkhi tdy thuc v Qo L i
ki n chan khéng va kijog cach.t ngi n Jj JJL
Gi ain3iXfyras hgpth cacackt tH°n L
Gi ain4iXdyras phan b cac Ht va ki} tinh trén IQmHL /] L

322M t s khg&i ni m

3221 Apsut hhi b«o h, a

5

Gi[s tacomtkh ivdliu ‘lcedlirong bung chan khéng. m tnhit  Xac
I"nh, ludn c6 mt °~ hg@guyén'tvdliu ¢ n g L n_inrfdg chuyd  rg nhit) di
chuy ofn bQmH, thah g ~ ¢ 1@ lién K v i cdc nguyén'tkhact L - gi %p nguy?®
vd |i uthoat ra ngoai Kh vd Ii u tr thanh cac nguyén th hhay congilapha hhi
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nngthi cl ngs aguydmh h hi W higyfn bQmiuvd iu, b mE# ntkng

| “@g nén b h ¥t I8 b@mib(pha eh, | ng)., trhg thai can Bag, $ nguyén't bay
hhiraghis nguyén't Ida g ndtr I9vdli u haytc  Bay Tadtic K Hdag
L ng.

Vdy, ap sl  aoihdacavdliuladpstica pha h hirhgkhaiicann -
b3ag v i pha ] ng hd-b raa.

3222 Tc bay hhi
N h € ndi‘'«m, c 31, t c  €ic nguyén tkhiva chm vao thanh bung (cting i c[
cac \d thweh a trong né) la—v. i nla md , khi, vla vch t ¢ trung binh ca cac
nguyén't khi., L Qi ki ncan Bag, fc . Hguyén't khi va chm vao lQmHbbag v |
tc Hay _mkdli ubag—.
Manph thu cvao nhit  tly t i va ap sti khip theo cong thc:
n=kp/T (3.21)
Va vah f ¢ trung binh ca nguyén'tkhit' | v inhit | T, kla hag s Boltzmannva
kh'i ° hg@guyéntkhiMnh€ sau:
0 w— 7 (3.22)
v. ik blacachs t'I .
Vyfc Bay _mkdli ut & bidin:

1/ 4nv = 1" ko.p(TM) (3.23
vipladapswti hhi paadlith nat ctayt "il; kolLe& k'@t L
th ¢ nghi m b?ag 9.55x16%

3223 Vdliu bay hhi

Vdliu bay Mikim b, ban B0, K p kim, B p chidl  * édthg kK i, b t
hotbl ng., L ©y'lické mts kimlod t h f nggaut h €
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Bng3.1. M ts vdliungin trigep

Vdliu |Ky Kh'i Kh'i Nhit |[Nhit |[Nhit |Ap subl

hi' u | ‘@ag || “@g |L . sbdi|L, EVT |h hEwp

nguyén | nguyén | riéng d | nong BP (K) | (K) (Torr)

t t M | (g/cm?) | chly

(LvC MP (K)

Nhom Al 27.0 2.70 930 2770 [1460 |7.9
Crém Cr 52.0 7.20 3700 |[2700 |1700 |16.3
n ng Cu 63.5 8.92 1356 |2850 |[1580 |17.6
Vang Au 197.0 |19.3 1336 3120 |[1670 |22.2
Gemanium Ge 7206 5.35 1210 2850 1400 9.3
St Fe 55.8 7.86 1810 |[3100 |[1770 |17.5
Magié Mg 24.3 1.74 920 1370 | 680 3.5
Molybden | Mo 95.9 10.2 2890 4200 |3000 |225
Niken Ni 58.7 8.90 1730 [3100 |[1810 |[195
Palladium | Pa 106.4 |12.0 1830 |3200 |[1810 |19.6
B&h kim | Pt 195.1 [21.45 [2040 [4100 |2460 |30.1
Silic Si 28.1 2.33 1680 [2800 [1800 |7.4
B& Ag 107.9 [10.5 1230 [2470 |[1330 |14.6
Tantalum | Ta 180.9 16.6 3250 4200 3470 28.7
Titan Ti 47.9 4.50 1940 [3200 |[2000 |[11.5
Vvénfam |W 183.8 [19.35 [3660 |5000 |3720 |[34.4
Vanadium | V 50.9 5.96 2160 [3200 |2160 |15.3

3.2.2.4 Céacddhg ngi n

a) Ngu' n L tnong nhi t

CuuDuongThanCong.com

Vai E, T (va Ep)lanhiM i {a ap sut
cach ng@ni LA10 cm, divh tich lZnmilt AL cn?).

Nt

bay

hui i )Xt ghvm™ nyt 259°A4/s (khe ng

hhi

https://fb.com/tailieudientucntt
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Nhit ntngpchanggn cc€sinh ra kneily chlmtrdling L
nong tuan thed’nh lud Jun-L e nx h. T %yhgyhinio 32)hg3an 'hi tr d ta co
cac IdH sau:

V., ng dnrey :glm 1 vong day hieb nhiQu vong day Bag Vonfam(W). Vd Ii u
cfnbc bayquh@&p trong c8&c Vv, ntg n@a@gn nhiKkhiedoy
truyrchovd liu | " m hdliau.hbhM, ngntd®y @®@ ILT MHR g
tiQn. Tuy nhién ndd khéngs d n g ~ ¢cBowt li ungtin® dthg b t.

Thuy@ b ir' :1a tain kim 109 (W, Ta, Mo) dhg thuygr Weh avd |i u (dchg b t,
khi,lngé) . 'Dnéngchylqua thugh lam néng thugh. Nhit  n £’rcgquyd €
chowd Ii u Hitrong Iong thyQr brag b c xdnhit “i(vlivdliu kh?! ngtva2 nh €
thuyQn) va Rag truyr nhitdo tip  x Yios idlli u  d 2 trvho thedn).

Dlhg n'i:  “tnhg€ ¢ 1@n Bag thth anh chi "k ®hit | tao. Ni "¢ €t
. N o tr dog@s quanb thanh™.

nW £ nH “ad@athuyrvani , ° ingt€ang phtm& | p oxit nhém (AlOz
cé tzdayl n  hlhmicromet) vao @mHutrong ¢ a thuy@r va nii.

Nh'@ Whichungca ph€hn’@g bgynBtp i 14 khéng tWs d n gW L
lda g° ndinh ng wd Ii’ uco nhit | wéng clfy cao (W, Ta, Mo) va cac/li’ u h p chH,

h p kim.

nong Rag cacsi (v
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Crucible Heaters

Filaments & Baskets

. = A
T WWW

Box Sources

Crucibles

Hinh 3.2. Cac dhg ngiin nhit ~ rti

b) Ngi'n ¢ h %nt (Ei beam)

Nt ngnglcuBg &p WH - a dilhic hv2 n hn g “n_tdn gc hcharh chuywd
I ngvividhfc cao. ndhi¥amsinbiats unontllittm€ | ""ndoy Li
" t, theo hiu_ng phat ¥Xinhit "iti) , "clgi®@tc v 'ng ha€wv Ii u. Khi va
chm, electrontrugh . 'g n tniggmihhchodli ulamnéngcfy v~ bdy hhi
i u. Quéa trinh nay chx[y ra’ bQmHutrén (IQmHb b a y, awdtiiu). Do LW, t a
s dngtkivdliu nWamthuy/ nichawliudnbc bay, ‘e ¥%ng t
Leglinhitbtag . oaMydn chvam cl:i @hlagdng ¢ Bh cac
vd li u kim 109 c6 nhit . hiéng cljy cao, hp ctH, h p kim. Tuy nhién, chang la thi
b LtiQ,
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Ngoai ngtin la nhit "mti, ¢ h'¥%i, nglinb ¢ baycon cé mts lod ngl n
khs8§cngmhfquang, | aser é
33PHh4WNG PHCP YPHDN X
331 Khs&i ni m

Phan s1a hin  °“ingéh ng nguyén't trén BQmHuvd i u b b t ra khi b baa
phabicaci on c -  ngdao(fgnh B3E

Neguyén t hodc ion co
nang legng cao

vvvvvvvvvvv

Hinh 3.3.S h~ niid § quatrinh phan %
332 Ph€hng ph8p ph%n x4 magnetron DC

3.3.2.1 H Magnetron ph3ng
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————————————————— T £ [ﬂnod:l

cic dudng sifc tlf

bia [Kathod)

bing gidi nhiét

tim =4t ndi iy

{a) cdcnam chdm (b}

Hinh 3.4.S h™~ b trih Magnetron pAng (a) vébiwi di n “Lhés ct trong
Magnetron (b)

B, phch chinh cam th phan Ximagnetron pfnglamth nam ¢ h ©mtril €
kh®p kHWnh3.4bihWMSbrabyt.B¥t naycétacdng ‘Mmh c8c el ectr
bdbching chupd  ngtheomt I'fing L uwmot hihg “qochuyy  dg€a
ching lén gp nhiQu Ifn so vi kholng cachgia haniccli qua L -[nlt'nng t £n
ion hoéa chl khi.

3.3.2.2 H Magnetron khéng can Rag
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B¢
e
(T Ty T

tdm st ndi 1

Hinh 3.5.H magnetron khong carfisg.

hinh 3.5 cho tBy nam cham gi a ¢ -n gc ¥&h * n gthh WeB thakéo
vao Hi c[ cacl “&hg s c phéat ra_t nam cham vong ngoai bao quanh né. Chinh & th
mt v rgst€khlecg kP& Vv hon nont €r agwWyoCad h€
L'int dch chuyd trén nhn g * hg® c nay khéng bt § cng ¢at t T n@ ngang
nén € di chuyd  mevQLJ] Khi di chupi n6 €k ®0 t he o “ccg§ B hiinon L €
t“@g khur h t 8&qcclHen "€ n "y Idmdt bgg/holb Ntng
| "@gbh p A®tE £ ng | ° n/jphabeyc am™ L tVlpsEL & thdng.
Nh &y vl dpnhitm tcachliéntcbis bdaphaca i on, d@chb:- t h?
vi ¢t ngh pcacmang nhit | dao.

3.3.2.3 H magnetron can [Rag

Khéac v i cach b tri nam cham h magnetron khdng carfg (inh 35), nam cham
“gia cngc &t rreg, nith hWe's ckéoV o ¢ &g s clpi@t rat nam
ch©m v, ng d]godt& dnghhtSt tr@ ngang rkh h ;' ntlh ham dgn
nh€© ho"n to” n fnrb@mHgia lcdnion Bu VY idalén big thc hin
chec ningUwhexdlint th cgb WHuyte p h -m\g vdy VJEEL ‘&

caichlyyi phasmhai]s€t €hng t §c WhH!ngnl &ngé&k nhi
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khéng bL't  n - n g J/]no Mahtgeh b ghcho vic ttb mang trén cac & J]khong
chu ‘lcehit  ¢dao nh€:a dgbETé. nh

BX.
T e
&
cdc dudng sifc 1

...“\\\\\\‘\N

tdm sdt 0di vy

Hinh 3.6. H Magnetrong can®ag

Khong khi LQkin b3 nrglubnkel mts L'int v i ‘attb nerebi
t i a_,widt ngdlvaphong ¥ca mt ing xung §uanhikhi thj©O m ° £ & vao
Cathodemt " i‘tnrg€ Ectbr@gia h aniccl innitnrg€ nn hy ligea
truyi  n t'mgchd céc®  ma m go trbng h.

magnetron  vidng tdi catbod plasma

nvdc gidi nbhiét

ol H

dién ted ngoii

Hinh 3.7.S h™~ H phan Ximagnetron DC
74
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Trong qu§ tr3nh scEhuwawnc lYmgv Lii oin th:- a

phon t k h2, Qusg8 tr3nh n"y | "m s[n sinh
el ectron di ec hQ8cWni ovnQ dattcadg h @d e ,ccathioggWnv v @&
| " m bdt Li n t ra. NJwhtmrand  m thh:nhws k3
m§t, ph-ng Li'n t Ildp s€ h3nh thEnh. CS§
L ng th i b" t§&c L’_B:.ngT_c,:tard_ngt me ynging an
t heo Ypu xoldbn "¢, v~ do L- tktng chi Qu di

tho8t LJ/Jn anode b i s, t8n xY do va chUim
t d” i hhn nhi Qu kholng c8ch gi_ a hai L
thblp @a, @G. X R, | ddng L ng ttng do s, t §&n
duy tr3 plasma clng gilm so v,i khi kh?ng

Quwllochu ingwa e t N nh yngkudnogoc

Et sinut
X=—(1- 31
B( Wt) (3.314)
ek
=——(1- cosut
y mWZ( ) (3.3.1b)
Ph€hng33®va@lB.lby ch2nh | ° ph€ehng tr3nh chu\
Li " n t. tr<€ ng vulng .g-¢c nhau tre°n tr_c

nlc tr ng ri°ng cva ph¥n xa:

v 1

Quy dao cycloid

Ouy dao dign tir sau khi mat ning lvong

Hinh 3.8.Qu: L% cycloidvaqulth "Hi saukhindd ntng | €
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Theo | T thuy/Jt ph-ng Li  n kh2, s,
lam 3 vung:

-V¥%ng s, todehfvéaghl ) cTrogl iv ¥%m gt € yn g
sinh ra t. cathode s€ L€ ¢ Li n tr€
gi ao Vv, i n- .

-V¥%ng ion ho§ (v%ng I1) ¢- Li' ' n tr€

phon

il .nn t

ng g

ng r |

c8§c phon t  kh2, ioh€hwog. c@8%¢ Kkbva,6 siviih mbl

ho§8 s€&€ L€ ¢ gia t ¢ trong v%ng s, t t
-V¥%ng plasma (v¥%ng |1 1): Li " n tr<€ ng

Ny

AnSt
Hinh39.S phanbth]t r ong ‘mkhing Li
3.3.3 Ph €h n g maghefqg RF

3.3.3.1 Gi ithi'u

n"iv i phan ¥ dung DG chdng takhéng thWph, mang 1én mt JJhQmHskhong
d BV 2 ph nRFtakbdtds d ngchodli udh "t § ¢ mvddvd
i u " H inoi.

Phan ¥ImagnetrorR F L Fnda sgphtn Ximanh litbaogm +t n  dnli itrérv
bia® thang nguyén t, va hinh thanh nt | p mang ca vd li' u &n thi/} trén m t bQmHy
L/Jthichhp. Qu§ ‘tchd futronyrt mdc ph §t° csdod trdhge
bd ng chan khdngvi | “@g aplst® k he Q@KE@M. S £t n m, fy bri.a
s bda pha manh’litc acackt t r @ a gionlplin_ ng va khéng pfn_ ng.
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Phin xa khong truc

Mang hrdi
Nam chim thich nghi

Buéng chin khéng

Hinh 3.10.S h” c¢labungld g nly v ¥ ¢ akhthudtlda g ng phan %

magnetron RF

Hinh trén 1a céng nghphan *imagnetron cadrh khéng trc, bao gm m t thin g i
| "biadft lAmttih h n K p vd I u hdéa hc WHhat tr\d va m t cai filup LHutrén
g. MU VvH 9®v itrccabia.Sph-ng Bhs§t’ chd fuibad & th
| °n bia tngnéghetnQiket r € ctth @ mts nh ngion coé ki
ntng i oHhkhihelecronodn cac phan trung hoa. M Ii u b bda ra khuth tan
chdh Lk hih nv" Lb §Jfh tgrari ga qlia trinh naysla m t thong § dung
LWL @Qu khid | day ¢a mang. Ski/j tinhval nlén¢camanglanhnglp L hn
thw. is 'nh . m¢ Xxrc L

S dngnglincaofn RFl1a¢nthif Wduytris ph - n'gvaliranhst 2 c h
L'in tich khi phin dlénvd liu ¢ §oh nhd&cwliu §m SLhindinga
minigiangun RF va bialafn thi] WIMduy tris t § i  p ‘m.Namg clani
L& dWw ¢ nlgng tc€ phunstbagvic t £ n agg itnihda ca electronb
bX/ t trong ving giap vi bia (phan ¥Imagnetron)Cacb¥y t khong ch thudh [ i bXy
c § ¢ nflma con gia'tc cho cac pfnt k h &/ bid Vi vdy, ching € khéngl'dp vao
L/jval @ nay €cliti/h chidl ° hg€ a bia

3.3.3.2 Nguyénly hdt | iy
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PHn | n ngun phin ¥IRFs d ng fn s 1a 13560 MHz (13,560 la fn s ISM -
Industrial, Scientific Medicals t h a ychuki lién tc 10 mW/cm. Tfn S cao nay
L& chnvilydoth ctjc h[nBikhéngcongin  n " o Warh &c d lhg nd €
trinh s nhiudocacfins k h 8§ ¢ L « cha -truy@h&héng d d, ng.

V. i nh ng qué trinh khac nhaplasma cé ttmtb r a Wihi§ mgdh ¢ kYvi séng
L@naygayin h "mg€imeb nhHetv a ,lWpWlich¢as bliov tt.

B4 phn
""-\___- itk dé
WMmm_ | o ~—~ Dé

L 1
H","H?"-.“-

™= Ving plasma
Magnetro ]
o Puing
chin khing

Hinh31LH magnetron RF d¥%ng kh2 Nith.

Do J]limbagchd c Somenthgamtl pkimlod &p LPnj@ivy °n L
dch/thnghc h ) , i as@i khi lam vic ta cho khi ion hdéa, éhgHth  nh€ Ar gon
Le LvéadWhtiapsHilamvic., b § n fikB'in t]d €h'nig]val in th]
amtrénbiamts nh ¢ § ¢ i o n L'th€h rdgtrorng blng chan khéng tgia f ¢
bi i i‘tng,®nd €hn g Qphia pia |am b pha IQmHbbialam bt ra e t do, ion
d€ehng Vv capia®©fc nii dobaywp h 2/pCadphantbiami ving r a
b&§m Vjlontlt do ving ra v~ jtenhibdgEbnlgy stitnh r a

va chuyd L. ng cyclotron
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Tir trirong "th:‘gng”

Dang troi /Sw phan xa trén mach
phwong vi
Chuyén dong Cycloidal

St phan xa ngoai mach

Hinh 3.12. Chuyw _ g cyclotronca ¢ 8nd tldio v~ i on d<€hng.

Do .d®|lUHcacnamchantbrat t Tr@by ¢ &nct nBig c nlEili'cd
t heo €©agsct Wab phn xin g €IY lam cac e bgi trong cac Byt .S con
14 khéng b gii 14, e bay Qp h 2/jra ctHm v i phant Ar lam ion hoa Ar &b ra thém
c8c i o.nMromyébhkigas Lfocc /JJOIm v~ bia d€hng)ic8c i
| “@g | n nén quéan tinh h. Vi vdy, k h To clc khéng kp JJL JL d o | Ytichn "y L
am)ccld [olh a(dofn s rHicao nén’tc | Lo ¢ ¢ rdinhanh) b ra th]l. n kéo ion
vQphia bia(do ltic nay bia am), 1 ¢ bda pha IQmHubia tb ra qua trinhHp I14. Bén
cchh L - a&®ln §ldgavao bia cé thhhch e trong qua trinhda  p WM8b rd’
cac phan't Ar. Cang laun’'n g, céc phan't nay cang ni@u trong bung ta pii hat
chan khéng chbd ng nu khdng s p h - n gsSkhéng XY ra.

Trong ,&hii K2 cchbh ,tguéretinh béén mts cothwa@ quah v~ L
Le L Mng "y ¢ m@mbisdhntlnayvasl'int bi on dd&hng b
phg8 bia | " mi nglogydofrapncana k h

D, ngnilbi i on d®@bimg bd ugadbvE mtlzing gi la ving plasma
nintich tp trung Jqua nhuttb "Hth]giatc cho i on Quhigtdten bay
pha hy quéa trinh tai phun% tt r a d dn gv Mo nm Lv tlhigt agon
d€hng v “trung ho@lam pha ly | p phin ¥l Céac e va iord € h n_gttbrthanh
14 tham gia vao qua trinh phiieho mangCace¥H bayjvl °©c 8k itbn d<€h
tifptc 4 v dhnt | Yc €ndé'socanltPaggsas L'int baylénva'sion
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d €hdgvad.tbradongcan® g ngvatl L nthbag 0. V¥%ng khtng
gilay (vangti), tr t h ™ nh " © \Buoggiad i bia, cac e bgi trong b§y  H
d ch chuyd cyclotron gi la fig ‘€ h ndych ©d ving ngoai hai bérdy "Hti e micod
thwd d " ng b Anéntb farind’ti. Vdy' vinggiapvi JJua biala 2 ving't
gi. a 2 vung'ti la plasma.

Nn.ng Wi hthch/]  k h -  k ht ndsph ¢ trong phiun Xkl magnetron
DC:
+ Do phin ¥YdMagnetron DC h&  nj° &p sudithbp, khangt 5 d/n 15 ntorr. Vi vdy,
nol . jiphhi L ‘& hatchan khdg cao. Bénth h L E'int theo thigian €tich ¢
nhiQutrénlfn ¢ clam hy s tai phan ¥
Cach kb ph c: Tan' i JJWis idayval'int sStheo dong nay ra ngoBotbttb rat
t TM@namchamin W¥t L'int L ns L'int vi@ qlualaike
+ Trong qua trinh phantio n  d & vag ph& hy mang
Cach kb phc: gifm s t 2 ¢ h tréh WmHMX bag 2 cach trénngoai ra ta pfi
cung & th]l. n cho h magnetrorDC.

So sanh vi phan x4DC:

Phan iDC khéng s d ngtr ctifp chocacd liu "Hméidost 2 ¢ hdx¥t it
s ph-ngbdpthTr ong k hilRE K khachc#stis >d ng d vd li' u
L"in méi, kim |4 va ban dé.

Ho% ngch yugcaph- ngDQladavaol'int bbt ra do ién de€ehr
v ondd vacad int nayion héaphantAr Wiy tris p h - n g. S lidn héa

nay ph thu c vao ap shikhi va khdng cachgiahaifncc.Tr ong lo% i ngl - , h
ch y/uladavaotihi udch, drhados dchchupwigal'int v i dtac d€
dngca ti'tngv@t t T ngkhichu ki bih thién lién tc.

vong fi ¢ § o @i a LA vang plasma lam cho Bh *~ hg@angt hhn nh€ng
ngthi c1 ng k h :cduyhrikngun plésma nv nh.
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CHhu NG YO:MANGBIANGPHhu NG PHCPGEBOL

4.1KHAINI M
Ph€hng pdegpclscoém |~ pheWng hwmh $h Shingu phig p
L'i daingdch. N- | ° ph@hndngph &pphmt- uyFhphu dhg

keorhtrongchill n g, stthaniinguyénlu h€ p hacha Fung moi
¢ h dh khi X'y ra qué trinh chu ti/p ol - gel.
CackhdinMn cdn B i °nhgphn_ Hg-gelh8p sol

4.1.1 Precursor

Precursorsdng trong pdh-@hin'gcl fh §pgls.qmgpfht ban h
Lfu, tham gia vao qua trinh il n g Wdb nén nhng Ht keo.

Precursor c6 #a cac alkoxide kim 1d c6 congthctng qu 8§t : M( OR) x,
M 1a kim lo4, R 1a nhém alkyl. Alkoxide km 18 | ©~ pr’ e s d ngph bi/hkie
ching plin_ ng d dangv. i , ©.®goai ra, cac precursor coNa mu i halogen héb
hpcHhu c¢h, h a yWaacacmmgi kim loU ¢mi’ i nitrate, sunfide, acetate,
chl or i dceséd ng cacimui kimlod nhfmd t hao t §cishéhng so v
precursor la cac alkoxiderk lo4 do mu i kim loY cé thwhoa tan ‘tt trong nh loY
dung méi hu ¢ h k h § ¢ choyiahanh wxit kind Il hhn trond¢ qusg
nhi t.

4.1.2 Sol

Sollat ng mé s phan tan ca cac &t keo trong h chil |, ng. Nh ng h4 keo nay
lanhngpdnt rda ¢ - ké cinl@nm@®éntrongcl h " ng trtm nguy-*
CacHtkeoliénMfv inhaulBaglc Van der Wacallydrchugvh #ig g L €
trong h bag chuyd g ngd nhién Brown.
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MANG LUOI

LT
a@ f)
£ &*

Hinh 4.1. S phéan tan ca cac Kt keo trong chil| ng (bén trai) valah tric
ht sol (bén phi).

LIEN KET M-O-M

Do t€©hnga gux@anngh fitt-0 t(idd€dnggcating " hg¥ v~

trdt o ( d oM crlg Brgwn) ca cac &t keo ma chiing cé Wsa bag (ch y/u il
v.icachHt| n)hayphanb L cao ‘mitrongh (v icachHnh).Kh[ntng
b can Bag ¢ a cac Bt trong toan h g i la tinh by v ng sa thg hay tinh fh v ng

L'nghc. Tinh'n 'nbgcasathgph thuc v~ o _IkZaht tkheo, ng -

h p sa tag:
-M, ihdsabh g cld, s sabag Xyrachkdn. H thu ch bQ v ng lién k.
- Cac Mt keot 149 v, inhau va sadng thanhtnggm mt .  n © khong & vhng
lién kit
4,1.3 Gel

Dung dch soltntd Jhtm tth i Wh ima cac A keo K}t 1Y v i nhau. @il trac
¢ a thanh pfin rda, | ng trong dung ‘@h lién K} chkbchEh h b nén cidl k/3 dinh, §n
ppnmitth t h” nh ¢ h?2 fdhinH & geblaedac & s@ pAncry v i nhau
tt thanh ¢ ti/p xdc gi a cac kt, kh n £ n dn_pghgi a cac Kt sol ph thu c vao s
nhémiOH trén QmHbhd ,  k 2occhh. t h €
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Ngung tu nweoc

on " "
OH

MANG MANG
OH—| LUGILIEN @ LUGI LIEN OR
KET M-O-M KET M-O-M
OR [ OH OR | OH
OH OH
Ngung tu nzou

Hinh 4.2. Qua trinh lién K gi_ a cac &t sol

NhiQu h& sol lién K} v. i nhau €tYb thanh céc cluster trong dunghl. Caccluster €
ti/p t c phat ti’d ¢ Whokhi gi a cluster nay va cluster khac hinh thanh cac lign k
ngang, ¥b ramtmth g . iliéek/T kim lod i oxy trong toan dung dh.

I I I
—Ti—O—=Ti—O0—Ti —

| | |
O O o

| | |
—Ti —O0—7j —O0—Ti —

Hinh 4.3. Mth g _ ilieek/T kim lo4 7 oxy i kim lo4

nngthiv iquatrinhgelhdalast £t nghtcadungcc h | ° nwW Wéng K
gelpHi t Emngg dimgdc h, ‘tipthhotb L't £ ntg IWhH@odn t omh L |
chocghd t ©hn d}ttBvcinhau. k

Th igiant khik/JthGcpin_ngthy p hpkhikE t h %cdh gglihGaigi lal o
th i gian gel hda.

Gi afth Isoo!l , g e lth duén trhgahinh tiganhdsi trid ¢oa mang sau nay
miyut Inh mEhtfc b sol kudiyh ghg® c p il tric
m' ng tchu L€
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Mthg khung sau khig t h Ycan gel l@a&cd dthg Si n/u ht sol c6 kich
t henh va€cédhghtnwphd sol celnk2ch the

Phan 104 gel:

-Gel khtfcsigwhlayl it Qrkin tng€ac B k1t 19 v inhau
lam gifm thwtich so v i [fac L

-Gel kh?2csygle@ ki tis#utihth vOnhit & A &p stlinén cac R itb co
4 hhn.

(Fel khd

Hinh 4.4. S['n phX¥n gel kh6é va gel khi

Cacyput nh "n€enk t gel:
-N'ng, chcht keo”ngt hfhgvarhngi acact ttng | °cn Lv™ do
tb gel c¢cling tkng.
- Hinh dthg céac kt: cac M cang il " i kK ng cang d ttb gel do nhng ch y/u rén Q
mHucac Mt n "y Fu,goc,ctl@lc é & tI')p " Hképvalpy solvat hda phat
trivid kém nldinén s k3 dinh d x[y ra.
-Nhi t _ :Bhit dang thgh, chuyd | g Brown yu, ki n £ nS geltcang .
-T8c¢nd ‘cchs Kmuby hab rungbén ngoai8phayv kh'igel.

4.2CACPHUN NGHOAH C C4wiNBRONG QUA TRINH SOL -GEL

Co6 2 piin_ nghéahc  clintrohg qua trinhd - gel Ia pHn_ ng th y phan va
n g €n Mt thanh néh g | ilkca@ i trong dung cth.
M tcachtng quatta xétquatrithy ph ©n , ¢ acacakgxide kim Id.

421 Phln _ ng th,y phoOn
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PHn_ng th y phan thay thnhom alkoxide {O R ) WMtW thanh lién K kim loY i
alkoxide Bag nhom hydroxyl4O H ) W thanh lién K kim oY 7 hydroxyl.

OR OR
[ |
OR — M — OR + HQO—7» RO —-M - OH + ROH
| | (4.21)
OR OR

M t phant alkoxide kim I3 c6 thWph[n ng v i nhiQ phant n & tly theo s
mo | ,cwth&@ngiappn. ng t heo ph€ehng tr3nh sau:

(4.22)
Trong pin_ ng trén §n pin th y phangm hy dr ox y | a lu ROH Sad e
L hydr oxyptcéhankgepndngthtyi ph©n yv.” ng€eng t

422 Phln . ng ng€eng t,

PAn.ng n g‘@oenlténk kimlod i oxidei kimlod , |" “chl trtla h
mang oxide kim 18. Hin "h§ n g @nnga lien tc lam cho lién K kim o4 i
oxidei kim lo4 khdongngn g t £ n g Jhlkhi kb metimén gL iki®lo4 i oxideT
kim loY trong khdp dung dch. Hai plfn_ ngchinnXy r a k hi ngeng t

Phn_ngn g €n g@t

OR OR OR  OR

| | | |
I 1

RO-M-OH + RO-M-OR — RO-M-0O-M-OR + ROH
| L I | | | (4.2.3)

OR OR OR OR

Pin. ng ngem®\y t
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OR OR OR  OR

| — | ]

RO-M-OH + HO-M-OR — RO-M-0-M-0OR + HOH
| —| |
OR OR OR  OR

(4.24)

Trong th c UJthi pHn. n g n g €©nthAk[y ra gi a monomer, dimer, trimer, v
nhau Hiph ¢t Wb ra cac oligomer kim [ i oxyi kim lod trong dung cch.
Khicos xudihingacacchitthb phc<cntr phfln ngthy ph©n v~ nger
khngchjvic t £ ng.ckh&\w@idungch i€ t fceau Bi® ngth y phan £bgn
héa h ¢ vatrong sut.

43CCC Bh wsN HANH QUA TRINH SOL -GEL
Qua trinhsokgel trfi g u a, car8ndX b ‘€g e Inh hinh, &Gada ka thiéu K.

431 Tr_ n | Xn

n©y | ° g Borétb thh ttila MO-M.h g i a¥h ndy,grecursoru ch ki m
lod M(OR)x piin_ng v in & trongquatrinhthy p h ©n , .CagpEn ggthy
phon, maydgpgrmgthidicothk ht ng ho " n ’ti @rigné ttbh €ng ¢
ra chiikeo g m nh ng pifnt nh .

PAHn_ngthy phon, cotyMegg ttk n dm thca yhag ¢ach thé vao
chil x%c t8§c axipp hay bazh th2ch h

4.3.2 Gel héa

Qua trinh Gel hda la qua trinh cMiyti/p t r o njgotGeh S ¢tla ng€mg t
cac alkoxide hu  cEHb r&n nhng pfnt keo lién K} v inhautb m™ nighoérge
gian 3 chu M-O-M trong khdp durg dch.
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Trong qua trinh Gel hdéa,Bh x Y%ac t 8c L - mghhaimg@hidhicquan

n g €n.g\/utdung dch cé pH thy, nh ng piFn t kim loY s[n sinh ra H it cac ion
ma n gn nér co tivién ki3 14 t% chu i gel dai.
433 n nh h3nh
Sau qua trintGel hoa, &l tric mthg v i nh ng | X p con cha dung m6i #p f ¢
phat trd. Qua trinh nay cfn h "t & L, bQr ¢ a Gel va ph thu ¢ vao cac nhan t
Inh "M@ h, a tant nh@HEéEnhII
434 H- a r din

Formamide (HCONK) la m t trong nh ng chdl ph gia ph bi/nh Wida e Gel. B

Lfu® trthg thai dung '@ h , . i dQEKI n xdc tac axit, HCONKHI " m t fpHga L

dung dch theo thi gian.

Viph[n._ ngthyphan Xy ra nhanh khi ¢ -cthémeCQONEc

lam chosth yphancohiugh hn Wn" 'nkg ng¥wygra nhanh
bQh hhn.

435 Thi °u kIt

n©y | " ekt iméEhg. Mg rda dch chuydd nh vaos khw h W8 n

lodtr I X p.
44CACYeUT GNH HING el QUA TRINH SOL -GEL
441 4nh mgE c, a chblt x¥c t8&c

XGctac axit = m tck ntly y ghan, lamcdnfc | B g €p.dAxittcang n¥hh,
thiganpin. ng ¢ " ng nhk#&nh v nge

OR nhanh OR
| " | R
RO—lil—OR + HY = RO—I‘:I—O\H
OR OR

(4.4.1)
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b=
+

OR OR OR oR OR OR
RO— nii OH + RO— M d’ -.—’t RO— M—O /M—O «— RO—M—O—M—OR
OR & O Ok OR R OR OR

+ ROH
(4.42)
Hay pHn_ ng Xy ra:
OR nhanh OR
| + | ~H
RO—Di[—OH + H S RO—LfI_O\H
OR
OR (4.43)
OR  OR
OR H dtin OR
RO— M—OEI + RO— M—()Hgd RO—}IJ—O /M—o’ — RO— 1\]4—0 —M—OR
Or OR OR OR OR & or
+ H20
(4.44)

Vai X ¥ac thElmApbmia _ng ng®fyg rta nhaah phinhng. T
ngengl inng, H

OR OR
RO—M—OR +OH™ o= RO—LI&—O_ + ROH
OR OR
(4.4.5)
hotb
OR OR
RO—M—OH +OH™ o= Ro—nla—o‘ + B0
OR OR (4.4.6)
PAh.ng ngeng t
oR OR [ or  or s OR  OR
RO—M—O + RO—M—O0OH =— RO—M—O—/M—OH —_— RO—D:!—O—DIJI—OR +QH™
(LB. (.lJR OR.  OR OR OR OR
(4.47)

442 4nh h€ ng c,a dung mti
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