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Activation Analysis of Some Metals Sticking on a Si-Wafer

Yukinori KANDA, Hiroki HASUYAMA, Hidenobu IJIRI,
Noriyuki ISHIDA and Tetsuo SAMOTO

The neutron activation analysis was used to identify elements and measure quantita-
tively the number of metalic atoms sticked on a Si-wafer which was a single crystal of
10mmx10 mm x0.2 mm. In order to obtain measuring efficiencies and limits in the analy-
sis, the metalic samples of V, Fe, Ni and Cu were irradiated by neutrons from a reactor.
The r-rays from the activated samples were analyzed by means of a r-ray spectrometer
connected to a data acquisition and processing system.

The limits of detection obtained are 0.2 ug for V; 500 g, Fe; 2pg, Ni; 1pg, Cu.
These values are valid under the condition that the elements associated with the Si-
wafer mentioned above are packaged in the bag made of a sheet of polyethylene with 25
mmX50 mmx0.03 mm in size. The predicted values by Currie’s formula for the limits of
detection are fairly consistent with the experimental ones.

It is also found that if the lower values of detection limits are desired, further care
should be taken to reduce the background resulted dominantly from the r-rays emitted
from 24Na and #Ar contained in the package bag of polyethylene sheet.
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(A) BZEFEE, B ZHEEETE © sEA
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%, ZoRYIFLY s v— P EBEBRBREEZRANICLT
o=, (b)) T, 0mmx10mmx0.2 mm @
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TIHEikcg#ELL () 3 25mmx50 mmx0. 03
mm, (II) T 30mmx60mmx0.03mm OKx X
DRYZF LY e V—bEY—5—FHANTERLE
8T, BREONBLRRBICY— 5 —THEH L.
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Table 1, Preparation of irradiating

samples,

Method of Method of

Element dei)osoitinog gryiong0
v (B> (ad
Fe «© (b)
. (A (a)
Ni (B) (a)
(B) (b>
(A) Ca)
Cu (B> Ca)
(B (bd

(A): Vacuum deposition,

(B): Dropping of standard solution.
(C): A piece of sample with a Si-wafer,
(a): Elution and evaporation,

(b): Natural drying,
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e TR I, RERIERERTAFERD Y
HNBRERFFOTEE ERABEFER L. BHEHAR
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Table 200 & 5 K& &b 1.

BEFFoHAIZ 100kW T, 0 BEBADRELE
LUBAE <O BHETR 0 ABERZ TR 1X
1022 n JemZesec, 4x104 n /cm2?esec TH 5. JREHIC
Bzl Ci3d, Table 2 oR#HAR A, B, C il T
RERH, EERESL0ERRET DT, 20e
NiIKoRY) v vEA 2RI 27
EADRESRIEERERABER ETRIENE->TSH
b, AETEThFNER 13mm, EX% 0mm Bk

UE% 30mm, EX 50mm T/

i F R % OAHIFRITRE LTV IREOR
ARk - TR D, Table 2 ® A, B, C go
T, e 1050, 18RS, 198/ Th-7e.
7 BONEIEZ, BRAERE TTcmd, = xVF—~DHE
B 2.0keV (50Co 1332keV) @ Ge(Li) Hli®m%
Ao, RMERESSS 2nm OMECEEL, ¥
NTR—EMERETHE L. ENBREORES X
UERICIE, FEWEFRO GAMA Y25 4% Z{HH
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Si REAEBESELLSBAROBER & B MMES
FEEicE 2RIEE LOB%E%E Ni, Cu, V, Fe o
T hE£h Fig. 1, Fig. 2, Fig. 3, Fig. 4 jt;RL
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T3, KPOERIEBRAN2REECL > TRkDIZBOD
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B0, Lp, Lo BOFNSEHEEN B BOEAOR
TH3. 0 (1) RSO THENTEB LU S
KON TRDFIRFREAE Table 3 [ &Hf. B
OZERRMSERMED 284513, RBAEELLTZED
FHEERAY, £ OFHREINT B EEEE L
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Table 2. Method of neutron irradiation and characteristics of residual nucleus,

. Residual nucleus
Element Irradiation Reaction
Half-life E, (keV)
\' A 3BV(n, IV 3.76 min 1434
Fe B $%8Fe(n, r)iEFe 44.6d 1099, 1292
Ni B, C $4Ni(n, £)ENI 2.52h 1116, 1482
Cu B, C 83Cu(n, y)55Cu 12.7h 1346

A : Pneumatic tube (irradiating time 20 min, cooling time 10 min),
B : Irradiation pit (irradiating time 2h, cooling time 1 h).
C: Irradiation pit (irradiating time 5h, cooling time 19 h),
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Fig. 1. Relation between sticking mass of
Ni on a Si-wafer and mass detec-
ted by means of the activation

analysis.
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Fig. 2. Relation between sticking mass of
Cu on a Si-wafer and mass detec-
ted by means of the activation
analysis.
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Fig. 3. Relation between sticking mass of
V on a Si-wafer and mass detec-
ted by means of the activation
analysis.
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Fig. 4. Relation between sticking mass of
Fe on a Si-wafer and mass detec-
ted by means of the activation
analysis.
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Table 3. Critical Level (L), Detection Limit (Lp) and Quantitative Determination
Limit (Lg) for samples according to Currie’s formula in activation analysis,

Element Blank sample LeCeg) Lp(ug) LoCug)
Si blank-a 5.56 (mg) 11.4 (mg) 39.7 (mg)
v blank-a 0. 096 0. 20 0. 81

blank-d 0. 046 0. 097 0. 40
Fe blank-c 92.5+2. 4 190,5+4.8 681+14
blank-a 1.74+0. 28 3.61+0. 60 13.2+2.4
Ni blank-b 1. 07+0.10 2.264+0.22 9.30+1.03
blank-d 0.82 1.72 6.74
blank-a 0.84+0.03 . 1.73+0.07 6.11+0. 25
Cu blank-b 0.43+0.02 0.91+0. 04 3.68+0.1
blank-d 0.37 0.77 3.22

blank-a: (1)-+(2)+(3).
blank-b: Si4+(@2)+(3). )
blank-c: Si4+-2X@)+(3). .
blank-d: Filter paper4+(2)+(3)."

(1): Polyethylene sheet (1) of 100 mm X100 mm X0.03 mm,
(2): Polyethylene bag (1) made of a sheet with 25 mm}50 mm 0. 03 mm,
(3): Polyethylene bag (i) made of a sheet with 30 mm}60 mm}0.03 mm,

Ni & Cu iz2WTid, Table 1 it ik Lk Sic
(A)-(a) Tsbb BEKEELEAH « BREOMRS
Ab¥IcL 3 RABRISMER L. chsoEB 0K
SHbatric X ZREEBRVINSAERDK 804 T
bote. EEHEBRAST ©HERNEZHET S B
i, BRIORBICHE-> THROBMMPH ~7-. ThZE.
BEEET AN RRAKORELZRVET L, BE
BRITIKED 20D BER O b7z, cozEh
5, FIET 2 BICERYBETHOKERERING S
7edic, BECLZENTLRONERZERNICERT
2EEZOND. LId-T, COFERICE > TIER
L7zREDF — 2 BREROIRE LS.
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H 2754keV r @D 2 v b yBELR 7 PRI
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ic Na noEBHKEN. co—flELT #H 5
u#g ® Cu % Table 2 ORHEHXC (5 R,

19 BRRGSED ORBTHEMELICBD rigx <7 + v

% Fig. 5 TRT. Cu 5D r g3 1346keV T

b0, #Na 5D 1369keV &i3fEinic 28keV @
£UMC, “Cu OREL— 1% “Na OE—7 D
b & D EROWHIC ¥z, ZDERH b “Cu D
12.7h i LT #Na o 15.0h L FERELCTH D,

B2 Cu 24 3BiIci BT oEBR KX,
ZDrMARY P hLHLMEL S, BEIRRAS
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DOEBZIFEALRD. YAr B RY)xF L v BAD
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Fig. 5. Gamma-ray spectrum of Cu (~5 xg) in 10-min counting after
5-h irradiation, 19-h cooling. Values on each photo-peak are
energies in keV.
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