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1. Luwoc str:

- 1887, Heinrich Rudolf Hertz khém pharaHI EU UNG QUANG PIEN vahiéu tng nay
dwoc giai thich b&i Albet Einstein 1905 (Nobel Prize 1921)

- 1967, P.D Inner thi nghiém véi dng Rontgen, cudn Helmholtz, 1 ban cau tlr tr vong va
céc tdm kinh anh. Ong ghi nhan dwoc 1 dai rong clia cac dién t phat xa -> ghi lai
QUANG PHO XPS BAU TIEN.

- Sau Thé chién 2, nhém clia Kai Siegbahn tiép tuc nghi én ctru va d& ghi nhan duoc PHO
PHAN GIAI ANH NANG LUONG CAO dau tién ctia NaCl (1954).

Nho dong gop & Iinh viec nay, Siegbahn daduoc trao tang giai Nobel vao nam 1981.
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Albert Einstein

Hién tuwong quang dién
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Kai Seibagh Thiét bi XPS

2. Khéi quat:
- XPS la ki thuat phan tich tinh chét trén bé mat vat liéu thong qua pho. N 6 thuong duoc
duing dé xé&c dinh thanh phan co ban, trang thd héa hoc, trang théi dién tr clia céc nguyén
t0 trén bé mat cla vat liéu.
- XPS con duoc biét 1a Electron Spectroscopy for chemical Analaysis (ESCA) lam 6t KT
thuat dwoc st dung rong réi dé xac dinh nhirng thong tin héa hoc mot cach chinh x &c clia
nhitng b& mat mau khac nhau. Bang céach ghi lai ning | vong lién két clia céc dién ti
phong ratir mot bé mit mau, sau khi b& mat mau bi chiéu bdi mot tia X. XPS d oi hoi diéu
kién chén khong siéu cao (UHV).
3. Nguyén ly co ban:
3.1. Co s@ ly thuyét:
- XPS hoat dong dwa trén hiéu (rng quang dién.
Khi bé mat cia mot tdm kim loai bi chiéu bdi mot birc xa dién tlr cé tan s 16n h on tan s
ngudng, cac dién t& hap thu nang lvong tir cac photon vasinh radong quang dién. Cac
dién sé hap thu nang lwgng tir cac photon vasinh radong quang dién. Cac dién ti phat xa
dwdi tac dung cla birc xa dién tir goi la quang dién tt.
Theo thuyét lugng ti cla Einstein:
Mai photon c6 tan s6 v S8 tvong (’ng v&i mot lveng tir cd nang lwong e=hv, véi h 1ahang
sO Plank.
Nang lugng ma dién t&r hap thu sé dwgc dung trong 2 viéc:

- Thoét rakhoi lién két vi bé mat kim loai (vuwot ra nang lugng lién két BE)

- Cung cép cho dién t&r 1 dong ndng ban dau KE =1/2 mv *
Theo dinh luat bao toan nang lvong thi:

hv=BE+KE
Suy ra, nang lwong lién két cla cac dién ti dwoc xéac dinh bang biéu thirc Einsteint:
BE=hv—-KE
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v' BE: nang lvong lién két clia moi dién tlr
v' KE: dong nang clia cac dién ttr
v hv: nang lvgng cla cac photon chiéu vao.

- Trong dé: hv va KE thi ta do duorc, tir (1) =>BE

- Vi gia tri BE tim dwoc, ta xac dinh duoc cac dién tir thudc cdc mic nang | vong nao.

Vi du: khi chiéu photon cé nang lvgng 1486eV vao nguyén tlr cacbon, dién tir bat
ravgi dong nang KE= 1201 eV, tr (1)=> BE=285eV=>dién t&r thudc I6p 1s
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3.2. MGi lién hé gitra hién trong quang dién va pho:

Khao sat nguyén t&r Cacbon(Z=6)
- Cacbon cd 6 dién tlr, trong d6 moi 2 dién ttr sé chiém gilt & cac mic nang | wong

1s, 2s, 2p => Céau hinh clia nguyén tir Cacbon:C 1s2 2s2
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Cau hinh nguyén
tlr Cachon

- Quatrinh quang dién lam dich chuyén 1 dién t&r & 16p 1s (hinh &). Tuy nhién, cac dién
tlr & cac 1op 2s, 2p cling co thé bi di chuyén. Nhu vay, sé cd 3 qua trinh xay ra. Trong do
3 nhom dién tr (rng v&i 3 dong nang khac nhau sé d uwoc phéng ra. Nhu vay ta sé thay
trong (ng voi 3 dinh pho (hinh b)
- Méc khéac, thang KE sé tuong dwong véi thang BE . Binh (rng véi gia tri KE cao, thi BE
S8 thap. Vi tri cac dinh la do céac dién tlr & cac mirc nang lwong khac nhau, hay chinh la
BE ctia moi dién tir khac nhau.( chi diing véi nhitng dién t&r c6 BE < hv)(hinh b)
- Cuong do cac dinh phd khong dong nhat. Dinh phd (ng voi céac dién tr @ mic 1s | alén
nhat. diéu nay phu thudc vao xac suat cac dién tlr phong ra (tiét dién tan xa), cac dién ti &
mirc nao phong ra cang nhiéu ( tiét dién hiéu dung 16n) thi dinh pho cang cao. Xac suét
nay con phu thudc vao cac dién t&r clia cac nguyén té khac nhau thi khéac nhau, va phu
thudc vao nang luong cla tia X. O hinh b, nang luong tia X 14 1486,6eV, trong d6 o Cls
I¢n nhat, oC 2s1én hon aC2p nén dinh pho clia céc dién ti |¢p 1s cao nhat.
< Tom lai:

> S0 dinh pho twong ng véi s6 mirc ndng lwgng bi chiém dong

> BE clia cac dién tlr sé xac dinh vi tri cac dinh pho.

> Cuong do cac dinh pho phu thudc v ao cac nguyén tir hién dién vavao gia

trio

hv =1486.6 eV

£ (eV)

Hinh a

£5,~290eV
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4. CAu truc thiét bi:

Hinh b : Thang KE sé twong
duong voi thang KE, dinh phd
cla Clscao hon C 2sva C 2p

Photo-Emitted Electrons (< 1.5 kV)
escape only from the very top surface
(70 - 110A) of the sample

Electron
Collection

Focused Beam of

X-rays (1.5 kV)

Take-Off-Angle ¢

Electron Energy Analyzer (0-1.5kV)
{measures kinetic energy of eleclrons)

\

Electron Detector
(counts the electrons)

/

Electron

Si0,/8i*
Sample
Samples are usually solid because XPS Si(2p) XPS signals
requires uifra-high vacuum (<10° torr) from a Silicon Wafer
Céc bd phan chinh:
- Nguon tia X

- Budng chan khong
- B0 phén phén tich.
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4.1.Nguon tia X:
- Nguon tia thuong st dung langudn Al Ka hodc Mg Ka (1486.6 eV)
- Ngudn nay duoc tao ra bang cach st dung electron dap v &o ban kim loai 1am phét ra
birc xa Ka. Tuy theo kim loai mabtrc xa phat ra mang nang lwgng khac nhau.
4.2.B6 phan phan tich gébm c6 3 phan
- Pau nhan dién tkr
- B phan tich nang luvgng
- Dau nhan xung
a) bau nhan dién ti :
e Chu tao: lamot 16p kinh nhd, duoc dit gan sat vai mau.
e Chitc ndng: 1am cham electron va xac dinh dién tich mau dang do.

bau
nhan
dién tor

b) B0 phén tich nang lvong:
e C4u tao: gdbm 2 ban cau duoc tich dién trai dau.
e Chtrc nang: thay ddi hiéu dién thé dé d an céc electron di theo qui dao
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B& phan tich
nang lugng

c) Pau nhan xung
e Cdu tao: gbm mdt may dém xung dwgc ndi véi may tinh
e Chrc nang:- dém xung dap vao may va do do 16n clia xung dap vao may.

Dau nhan xung

Tom lai: cd thé biéu dién sw hinh thanh phé bang so do <

Dong nang
Su bién doi hiéu electron
dién thé
> — PHO
S6 lwgng va dd 16n S6 lwong
xung electron

4.3.Budng chan khong:
a) Buodng chan khong:
e CA4u tao: lamét budng kin, &p suét thap, xap xi 10 ° Torr.Budng &p suat
bao boc toan hé théng.
e Chtc nang: ngan chan hién twgng mat cac electron 16p ngoai khi dat trong
khong khi clia mot s6 chat liéu.
b) Mau:
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- Mau duoc dat trén mot bé co thé quay dwoc nham hwdng tia electron di ding vao dau
nhan do anh hwéng cla hiéu tng nhay bé mét.
- Yé&u cau clia mau:

Kich thudc mau cé thé nhé hodc 1dn( c6 thé c& cai dia mém 8inch)

Bé mat mau can phai nhan, sach dé cho tin hiéu t6t nhat

Mot s6 mau cach dién c6 kha nang bi tich dién dwdi thc dung cla tia x, gay ra su
kém chinh x&c vé ning luong lién két hodc hinh dang ph6 khi do. C6 thé khac
phuc bang cach dung thém siing electron ban vao dé trung hoa mau

Mot s6 mau can mot s6 xi 1y: cao, cat, bé, dé biéu 16 r 6 cac tinh chét hod hoc clia
mau.

+« Thoi gian phan tich:
10 phtt cho 1 1an quét tng quat dé xac dinh tat ca cac nguy én td
1-10 phtt cho viéc quét phan giai nang lwong cao dé phat hién nhitng trang thai
hoa hoc khac nhau.
1-4 gio cho chup mat nghiéng theo chiéu sau dé do 4-5 nguyén to nhw la 1 ham
cla chiéu sau an mon.

5. Phan tich nguyén t6

Chi can so sanh nang luong lién két clia céac electron 16p 16i véi céac gid tri co san, ta
co thé biét duoc cac electron dé clia nguy én td nao.

5.1. Phan tich trang théai hoa hoc:

o Coso:

Pa s6 cac electron tuy & cung I6p nhung lai & cac trang thai lién két hoa hoc khac
nhau nén cac BE cua ching khac nhau.

Néu nam rd diéu ndy, két hop voi quang pho thu duoc, ta co thé biét dwoc nguyén
t6 ndy c6 mat va dong vai tro gi.

e Han ché:

M@t s6 nguyén t6 ¢ cac dinh sat nhau dén ndi khdng phan biét dwoc nén khong st
dung phuong phap nay duoc.
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6. Ung dung:
e XPS ding dé xac dinh tap chét trén bé mit mau hodc bén trong khéi mau.
e Nang luvgng lién két cla trang thai dién tir
e Trang thai ho& hoc clia nguyén té trong mau
e Nhitng nguyén t6 nao va ham lwgng clia nhitng nguyén t6 do trong bé mat mau co
kich thudc ~10nm
< Vd 1: dung phwong phap XPSthu dwgc pho & ving 1 va 2, sau d6 so sanh
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< Vd 2: B0 phén giai cao hon clia phé Cacbon 1s tir cting mdt khu virc cho thay cé
sy ¢c6 mat clia CF trén bé mat polymer

100 pm
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- Ttr nhitng phan tich trén tacdothé :
- U6c lwong cac budce xi 1 vat liéu: phuong phap 1am sach, khic plasma, oxi loa
nhiét, hinh thanh mang méng silic...
- Uébc lvong viéc ma hodc bdi tron mang méng (d6 day, thanh phan hoa hoc)
7. banh gia:
e Uu diém cla XPS:
- Phan tich dwoc nhiéu vat liéu: cac hop chat vo c o, hop kim, chat ban dan, polime,
chét xuc tac, thuy tinh, ceramic...bao gdm nhitng vat liéu dan dién v anhiing vt liéu
khong dan dién.
- C6 kha nang phan tich trang thai hoa hoc cao h on, phan tich nguyén t6 chinh xac
hén.
e Nhuoc diém:
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- XPS ghi nhan duoc tat cd cac nguyén td véi Z tir 3 ->103. XPS khong thic hién

dwgc voi H vaHe
- Gay phahuy mau
- Tich dién cho chat cach dién

- Thiét dién phan tich nhé nhat chi 1a10 um

- Thoi gian phan tich lau

e S0 sanh véi cac Ki thuat khac: XPS c6 nhiéu uw diém hon so véi cac phuong
phéap khéac, tuy nhién AESthi c6 r &t nhiéu diém giong XPS. D u6i day la mot
sO diém khéc biét gitra XPS va AES:

XPS

AES

C06 thé phan tich cd kim loai va polimer

Chi phan tich duoc nhitng vét liéu dan
dién: kim loai, chat ban dan.

Thiét dién phan tich nhé nhat 10 um

Co thiét dién phan giai cao hon ( dén hang
tram A)

Gay phahly mau, tich dién cho mau

Khong gay anh hudng dén mau

Thoi gian phén tich 1au

Toc do nhanh hon

Kha néng phan tich trang thai hod hoc Ién
hon

Phan tich nguyén t6 chinh xac hon

8. Két luan:

V6i nhitng vu diém trén thi XPS lamot trong nhitng phwong phéap théng dung nhat.




