TAP CHi PHAT TRIEN KH&CN, TAP 13, $0 T1- 2010

XAC PINH BE DAY PHOI VAT LIEU BANG HE PHO KE ALPHA
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(Bai nhdn ngay 15 thang 07 nam 2009, hoan chinh siwa chita ngay 17 thang 03 nam 2010)

TOM TAT Ngdy nay trong cdc ngdnh cong nghiép ciing nhu trong nghién ciru khoa hoc da xudt
hién nhu cdu can xdc dinh chinh xdc dwgc do day cia nhitmg phéi vat liéu c6 kich thudc rat mong,
xuong toi don vi um. Do do trong bai bao nay chung t6i sé dwa ra hai phmmg phadp dé xdc dinh bé day
cua nhitng phoi vat liéu cyc mong mot cach don gian, nhanh, chinh xdac va khong ton kém. Ca hai
phwong phdp nay dira trén nén tang cia su mdt ndng heong ciia hat alpha khi qua phéi vit liéu va sau
a6 dwoc ghi nhdn bang hé phé ké alpha c6 dé phan gidi nang lwong cao.

Tir khoa: Foil thickness, Alpha spectroscopy, Alpha spectrometer, Srim

1.GIOI THIEU

Ngay sau khi kham ph4 v& ning luong hat
phat ra tir vat liéu phong xa, nhiéu nha khoa
hoc da di tim 101 giai dap cho cau hoi thua vi va
héc bta d6 1a 1lam thé nao hat mang dién bi
cham lai khi di vao méi truong vat chat? Va da
c6 rat nhidu Iy giai duoc trinh bay xung quanh
van dé trén nhung tit ca diéu bé tat va khong
day di nhu mong doi. Xung quanh viée tim 16i
giai cho nhimng van d& trén, Niels Bohr ciing
voi thuyét tan xa nguoc va va tan xa dién tu
ctia Rutherford da cong bd nhiing phan tich vé
sw mét niang luong cia hat mang dién khi di
vao moi trudng vt chat d6 1a d6 mét nang
luong khi xuyén qua vat chdt cua hat mang
dién c6 thé chia 1am hai thanh phén:

+ D6 mat nang luong do twong tac véi hat
nhan.

+ Do mét ning luong do tuwong tac véi
dién tu.

Nam 1930, khi phat biéu lai nhitng vin d&
tir tién dé co luong tir va dya trén phuong trinh
co ban gin ding Born cua hat chuyén dong
nhanh trong moi truong luong tir hoa, Bethe va
Bloch d3 dua ra mot thuyét quan trong vé ning
sudt ham. Thuyét nay dya trén dya trén phuwong
phap u6c tinh ning lugng mat di ciia hat va
cong thirc biéu dién mbi quan hé gilra quang
chay va nang luong, n6 da giai quyét dugc kha
nhiéu van dé vé& quing chay va do mit ning
lwong dé co thé ing dung vao tinh toan an toan
— che chin.

Nhu chung ta da dugc biét & trén, hat
mang dién ddc biét 1a hat Alpha khi di vao moi
truong vat chéit s& bi mét mat nang lugng do
twong tac voi electron quy dao va hat nhan cua

nguyén tir va chinh ning lugng mét mat c6 thé
gitp chung ta xac dinh duoc bé day cua cac
phoi vat liéu mong. Thém vao d6 ngay nay
trong cdc nganh cong nghiép cling nhu trong
nghién ciru khoa hoc d3 xudt hién nhu cau cin
xac dinh chinh xac dugc d6 day cua nhitng vét
mAu cé kich thuée rit mong, xudng téi don vi
pm. Do d6 van d& duoc dit ra 1a ching ta cin
phai co6 phuong phap don gian, nhanh, hiéu qua
va it tdn kém dé xac dinh duoc bé day véi do
chinh xéc cao phuc vu nghién ctru va san xuét.

Trén co sé 1y thuyét v& tuong tac va sy
méit méat ning lugng ciia hat mang dién khi di
vao moi truong vét chét, véi su trg gitip trong
viéc tinh toan cua chuong trinh SRIM
(Stopping and Range of Iron in Matter), hé¢ do
Alpha Analyst, sy hd tro cia phin mém Genie
2000 Alpha Acquision & Analyst va nhu cau
khai thac c6 hiéu qua hé phé ké alpha chung t6i
da phat trién va dua hai phuong phép dé xac
dinh bé day cua nhitng phéi vat liéu cuc mong
mdt cach don gian, nhanh, chinh x4c va it tbn
kém.

2.VAT LIEU VA THIET BI

2.1.Vat liéu

Cac mau do duoc sa dung trong thi
nghiém bao gdm cac phdi nhém, ving va bac
(dwdng kinh ving hoat 40 mm). Tét ca cac mau
duoc ché tao dan ¢b dinh 1én cac tim nhua co
kich thudce chiéu dai 68 mm, chiéu rong 54 mm
va bé day 1,5 mm. Trong d6 c6 3 mau da biét
trude bé day dé 1a phdi nhém (15 pm), phoi
vang (5,51 um) va phoi bac (5 um).

Ngudn duge dung trong thi nghiém 13 bo
ngudn chuin (bao gdm 4 ddng vi phat hat alpha
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By, B4y, 2Pu, 241Am) c}ang dia thép sach c6
ban kinh 1a 12,05 mm; bé day 0,65 mm duoc
sit dung cho viéc xdy dung duong chuan nang
luong, r}guén 24'An~1 va ngudn **Ra dugc dung
dé do bé day cac mau.

2.2.Thiét bi[2]

Thiét bi duogc su dung trong phan nghién
clru nay 1a hé pho ke alpha analyst cua hang
CANBERRA véi cac thong sO cia detector
A1200-37Am nhu sau:

v Dién thé phan cuc yéu cau: +40 V

v Dong ro (200 C): 12 nA

v' Do sau ving nghéo t6i thiéu: >140
microns

v Thé phén cyc cuc dai (gi6i han): +100
\Y%

v Phéng dién hinh: 0,05 cts/cm?/hour

v'Ban kinh hoat dong: 19,55 mm

v' D0 phén giai alpha : 37 keV

Hinh 1. Budng do va detector

3. BO TRI THi NGHIEM VA PHUONG
PHAP

3.1.B0 tri thi nghiém

Chiing toi da tién hanh sir dung bo ngudn
chuén (bao gém 4 df‘)ng Vi B8y B4y, POpu,
' Am) va nguon **Ra dé chuén may. Sau do
sir dung cac ngudn **'Am va **Ra cho viéc
nghién ciru x4c dinh bé day cac phéi vat lidu
véi bd trf hinh hoc 13n lugt cho cac phoi nhom,
vang, bac nam giita ngudn va detector cach
detector 21 mm nhu hinh 2. tién hanh cac thi
nghiém thu nhan phé cta cac miu néi trén va
tr két qua do phd, ching tdi c6 dwoc cac gid tri
E,, E;lan luot twong Gng voi nang lugng hat
alpha c6 dugc khi chua dat va dat cac phoi vat
liéu (hinh 3).

id

Phé6i Aun

Nguén *'Am.. .

Hinh 2. B4 tri hinh hoc phép do déi voi
ngudn Am**!
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Hinh 3. So sanh phd nguon Am**!

3.2.Phwong phap

Phuong phéapl1:
Xuét phat tir cong thiic Bethe-Bloch[4] ta
co:

khi chua c6 va c6 sy hién dién phoi vat li¢u.

2 4 2
(_d_Ej:[Mznezze jln(2m€v ] )
dx m,y 1

a

Thay n.=Zp vao (1) ta dugc:

2z

202, 2 2
[—ldEj = 4ﬂr62mec222]\i‘;zﬂ2.[ln(wj—ﬂ2 —5—6] 2

p dx

Trong d6 : v la van tdc cua hat, n, la )
electron trén mot don vi thé tich mai truong, z
la dién tich hat toi, N, 1a hing s Advogar,
p (z/em’) 1a khoi lugng riéng clia nguyén td, A,
Z: 1an luot 1a sb khdi va bac sb nguyén tir cua
moi truong, m, : khéi luong cua electron, r. 1a
ban kinh cuta electron, I : ndang lugng ion hoa
trung binh, p = v/c 1a sb hang tinh d&n hiéu
tmg twong dbi, & hiéu tng mat 4o, C/Z 1a sy
lién két cua electron tAing K va L

Phép bién dbi toan hoc s& biéu dién gié tri

_ 1 dE) qua cong thirc (2):
p dx

AE 3)

Ax=— "7
{—MJ
d(px)

Trong d6: AE =E;—E,, Ax 1a bé
day vat liéu, O 1a mat d khdi cua vat liéu.

Bing thuc nghiém ching ta s& xac dinh
—dE
o d(px) )
phan mem SRIM-2008/3], c6 p 1a mat do khoi
cua tung vat liu chung ta cd thé d& dang xac
dinh dugc bé day cua phoi vat liéu. Ddy chinh
la ky thuat dé xac dinh bé day cua cac phoi vat
liéu cua phwong phap 1.

Phuong phép 2

Bién dbi lai cong thirc (1) ta co

dE 1 ’ 2NZe'*n? mu’
_ > ln ¢ (4)
dx \ 4ns, m,v" I

duoc gia tri AE, gia tri duogc xac dinh tir
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Tir (4) ching ta nhén thdy rang vé phai
chira nhiig hang s6 don gian do d6 (4) duoc
bién doi thanh (5)

dE (c
_ . 5
z (Ejln(czE) )

Trong d6 E = mauz, ¢1 va ¢, 1a cac hing

sO.

Déi voi truong hop chung toi khao sat 1a
nhiing phéi vét liéu mong, do d6 (5) duoc xép
x1 thanh (6)

AP LK ©)

T FE

Trong do6: T 1a bé day phoi vat liéu va ca k
va m la nhiing hang sb chuan cua phéi vat liéu
dang khao sat. Ly logarit co s6 10 c4 hai vé
(6) ta duoc (7)
log(AE)=1log(k)+1log(T)-mlog(E)
(7

Vi vay néu ching ta v& AE nhu 1a mot
ham theo E trén db thi log-log v6i T 1a bé day
biét trudc cua phoi vat lidu ching ta s& xac
dinh duoc 2 gia tri héng s6 k va m cta phoi vat
lidu d6. Pdy chinh la ky thudt dé xdc dinh bé
day ciia cdc phoi vat liéu cua phuong phap 2

4. KET QUA VA THAO LUAN

Thong qua cac do dac tir thuc nghiém va
tinh toan chung t6i da thu nhén dugc céac ket
qua nhu sau:

Bang 1. Cac thong sé chudn ddi voi Al, Au va
Ag tir thuc nghiém phuong phap 2

Bang 2. So sanh két qua do bé day cho phoi

nhom.
Bé day (um)
Su sai
Tén Phuong phap 1 | Phuong phip Igch .
mau 2 twong doi
ALl | 15212+0,260 15,026 +
0,043 1,23%
Al 2 11,298 + 0,243 11,045 =
0,025 2,26%
AL 3 11,441 = 0,362 11,238 +
0,082 1,79%
Al_4 7,438 £ 0,308 7,232 £ 0,033 2,81%

Bang 3. So sanh két qua do bé day cho phoi

vang
B2 day (um)
Su sai
Tén mAu Phuwong phap Phuong 1gch .
1 phap 2 tuong doi
Au_1 1,451 £ 0,070 1,411 £
0,015 2,80%
Au_2 1,277 £ 0,058 1,229 +
0,023 3,83%
Au_3 1,767 £ 0,073 1,726 +
0,012 2,35%
Au_4 5,507 + 0,095 5,515+
0,034 0,15%

Bang 4.So sanh két qua do bé day cho phoi bac

Phéi vt li¢u Logk m T(um)
Nhom (Al) 0,1448 1,1405 15
Vang (Au) 0,1355 0.8458 5,51

Bac(Ag) 0,2831 0,8885 5

B day (um)
Su sai
TE“ Phuong phap 1 Phuong 1gch "
mau phap 2 tuong doi
Ag 1 4,487 £ 0,123 4,387 +
0,017 2,25%
Ag 2 2,484 + 0,135 2,468 +
0,034 0,65%
Ag 3 5,048 = 0,197 5,034 =
0,031 0,28%
Ag 4 7,399 + 0,166 7,370 £
0,047 0,39%

T cac két qua thuc nghiém, ching toi
nhan thiy ring gia tri bé day cua cac phoi vét
liéu (bdng 2, bdang 3 va bang 4) dugc xac dinh
tr 2 phuong phap trén 1a kha trung khop véi
nhau. Cac két qua thu duoc tir hai phuong phép
nghién ctru trén chi chénh 1¢ch nhau trong
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khoang tir 0,15% dén 3,83% va tit ca diéu nim
& muc sai sO.

5.KET LUAN

Mic di cac mau di duge dua di do kiém
nghiém & Trung Tam K§ Thu4t Tiéu Chuin Po
Ludng Chat Luong 3 va mot sb cic co quan
ban khic nhung véi Iy do khong c¢6 khd ning
dé do dac cac mau ndi trén nén chung toi da

khong nhan dugce két qua kiém nghiém phan
hoi. Tuy nhién nhu da trinh bay & trén, cac két
qua thu duogc tir hai phuong phép nghlen cliru
trén khong chénh 1éch nhau qua nhiéu va tét ca
didu ndm & mirc sai s6. Nhu vay diéu nay cho
thdy do tin cdy cta hai phuong phap nghién
ctru trén 1 khé cao va du co s dé ap dung sau
rong trong linh vyc xac dinh bé day cac phéi
vat liéu ¢ kich c6 pm hodc nho hon.

DETERMINATION OF FOILS THICKNESS BY ALPHA SPECTROSCOPY

Le Cong Hao, Mai Van Nhon, Chau Van Tao
University of Sciences, VNU-HCM

ABSTRACT : Nowadays, in both industry and scientific research, there has been a demand for
determination of matters thickness. In this article we will bring out two methods which are very simple,
fast, effective and low-cost in getting exactly thickness of thin foils (um). Both two these methods are
based on energy loss of alpha particle when it passed through foil and then detected by high energy

resolution alpha spectroscopy.

Keywords: Foil thickness, Alpha spectroscopy, Alpha spectrometer, Srim
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