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TOM TAT: Céng trinh nay sit dung chwong trinh MCNP dé nghién ciu hiéu ung
tdng bé day 16p germanium bdt hoat ciia detector HPGe model GC1518 tar, Trung tdm Hat
nhdn TP HS Chi Minh. Cdc két qud tinh todn va thyc nghiém déi vdi nguén %Co cho thdy
bé day l6p germanium bdt hoat cila detector nay tdng tit gid tri ban ddu 0,35 mm ndam 1996
dén gid tri 1,16 + 0,07 mm hién nay. Su tang bé day 16p germanium bét hoat dé c6 thé coi
la nguyén nhdn chinh dé gidi thich su gidm hiéu sudt detector khodng 8% tit thang 10/1999
dén thdang 11/2005. Tinh todn theo chuong trinh MCNP4C2 vdi bé day l6p germanium bét
hoat 1,16 mm cho két qud vé phé gamma ciia cdc nguén phong xa B37¢s va ®Co phix hop véi
thuc nghig¢m hon két qud néu trong céng trinh trudc ddy cia ching toi, dugc tinh vdi
bé day 0,35 mm.

1. MG PAU

Phuong phip Monte Carlo di dugc dp dung rong rdi trong viéc md phéng phd
gamma clia cdc phS k& dung detector bdn din siéu tinh khiét [1-11]. Trong cdc cong trinh
nay ké&t qua tinh todn thudng khdng trung hodn toan véi s6 liéu thuc nghiém. Mot trong cic
hiéu chinh dé dat dugc sy phi hdp giffa tinh todn va thuc nghiém 1a thay ddi cdc thong s6
clia detector so vdi cdc thong s& do nha sdn xudt cung cdp. PE phén tich cdc hiéu chinh nay
chiing ta hdy xem xét cdu tric clia detector HPGe GC1518 ctia hing Canberra Industries,
Inc., dat tai Trung tim Hat nhin TP H& Chi Minh. B9 s6 liéu ddu vao vé kich thudc hinh
hoc ciing nhu cu tric vat liéu clia detector nay da dugc mo td trong cong trinh [12]. Phan
chinh cla detector 12 tinh thé germanium c6 dudng kinh ngoai 54 mm, chiéu cao 32 mm, &
gitta ¢c6 mdt hdc hinh tru dudng kinh 7 mm va chiéu cao 17 mm (hinh 1). Tin hiéu 14y ra tr
mot cdi 16i dit & hdc trong tinh thé germanium. Mit trén va mat bén tinh thé c6 mét 16p
lithium khu&ch tdn ngoai cling vdi bé day tuong duong 0,35 mm Ge, dudc goi la 16p
germanium bat hoat. D6 1a 16p n™ dudc néi vé6i cuc duong clia ngudn dién. Mit trong hdc
ctia tinh thé c6 mét 18p boron dugc cay ion véi bé day twong duong 3. 10”° mm Ge. Pay la
16p p* dudc néi véi cuc 4m clia ngudn dién. Trén mat tinh thé ¢6 phii hai 18p vit liéu, bao
gdm 18p trén lam bling kapton véi bé diy 0,1 mm va I8p dudi 1am bing mylar dugc kim
loai héa vdi bé day 8,5.10° mm. Tinh thé germanium dugc dit trong mdt hdp kin bing
nhém va ngoai ciing 12 vd nhém cé dudng kinh 76,2 mm va day 1,5 mm. Khodng chén
khéng giita mit trén tinh thé germanium v8i mit dudi clia vé nhém 1a 5 mm.

Trong cic cong trinh da cdng bd, cdc kich thudc detector duge diéu chinh sao cho
k&t qua tinh todn phi hop vdi thuc nghiém [2,4,5,8,9,10,11]. b6 1a bé day 16p germanium
ba't hoat, bé day 18p boron, bé day cdc 16p vit liéu khdc bén trén va xung quanh tinh thé
germanium, dudng kinh va chiéu cao tinh thé germanium, khodng cdch giita tinh thé
germanium v6i nip nhom. Tuy nhién sy thay ddi bé day germanium bdt hoat dnh hudng
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nhiéu nhat dén két qua tinh todn va do d6 trong cdc cong trinh [4,8,10] chi tinh dén hiéu

ting nay v3i bé day I6p germanium bat hoat dudc 14y khodng gip hai ldn s6 liéu do nha
sé&n xudt cung cap.
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Hinh 1. Mit cdt doc clia detector HPGe Ge1518, kich thude duge tinh bing mm.

Trong cbng trinh nay chiing tdi ciing khdo st sy ting 16p germanium bat hoat va
dnh huSng clia sy ting d6 dén su gidm hiéu sudt detector ciing nhu dang cdc phd gamma.
Ldp germanium bat hoat 12 mét 16p germanium ¢6 pha lithium theo phwong phdp khuéch
tdn, n6 trd thanh mdt 16p vat liéu khong thu gép ning lugng clia cdc bifc xa ma chi 1a mét
16p vat liéu hap thu va tdn xa thudn tdy. B day 16p germanium bat hoat c6 gi tri nhd
nhat khi detector vira xua't xudng va ting din néu detector dé€ & nhiét d6 cao mot thdi gian
dai do lithium ti€p tuc khu&ch tdn vao siu trong thé tich tinh thé germanium [3,13]. Su ting
bé day 16p germanium bat hoat d&n d€n sy gidm hiéu suit detector do hai 1y do sau day.
Thit nhdt, sy ting bé day 16p germanium ba't hoat 1am ting hiéu wng hap thu va tén xa cia
cdc tia gamma, dan t6i sy suy gidm dién tich cdc quang dinh va do d6 gidm hiéu suit
detector. Thif hai, khi 16p germanium bat hoat ting thi thé tich khdi germanium hoat déng
s€ gidm, cling lam gidm hi€u suat ghi cia detector. Hiéu wng ting bé day 16p germanium
bt hoat ciia detector HPGe GC1518 tai Trung tim Hat nhan TP H3 Chi Minh trong gin 10
nim hoat dong 1a muc ti€u nghién cifu clia céng trinh nay. Céng cu tinh todn 1a chuong
trinh MCNP4C?2 [14].

2. XAC PINH THUC NGHIEM SU GIAM HIEU SUAT DETECTOR HPGE GC1518
TAI TRUNG TAM HAT NHAN TPHCM SAU GAN 10 NAM HOAT PONG

Hé phd k€ dung detector HPGe GC1518 tai Trung tim Hat nhan TP H Chi Minh
bdt diu hoat déng nim 1996. Trong qud trinh 1am viéc hé do nghi gidn doan khodng 50
ngay trong ndm 1999, 20 ngay trong nim 2000, 50 ngay trong nim 2002, 20 ngay trong
nidm 2003 va 40 ngay trong ba thang ddu ndm 2005. Vi thdi gian téng cong khoing 180
ngay trong diéu kién nhiét d6 cao tif nim 1999 dén nay, bé day 16p germanium bat hoat ¢6
thé ting 1én ddng k€. V6i hai hiéu tng ting 16p germanium bat hoat va gidm thé tich khéi
germanium hoat dong, hi€u suit detector cé th€ gidm di so vdi ban diu. P& xic dinh mifc
dd gidm higu sudt nay, ching t6i st dung hai miu ziricon ZrSiOs, k¥ hiéu 1a Ziricon-1 va
Ziricon-2, nhét bing dung méi keo ngay 6/10/1999, di do ngay 29/10/1999 va do lidp lai
ngay 24/8/2005. Cic quang dinh dugc do 1a cdc tia gamma do cdc hat nhdn trong cdc day
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280, FPU w24 Th phdt ra. Vi hai 1an do néi trén qua trinh cin biing gita 25Ra va cdc con
chdu clia chiing dugc thiét 1ap nén c6 thé sit dung céc quang dinh cia ***Pb va 2*Bi trong
diy 2*U. Bing 1 néu ti s8 cdc s6 dém trong don vi thdi gian ddi véi ting quang dinh cda
hai miu Ziricon-1 va Ziricon-2 giita hai 1an do 24/8/2005 va 29/10/1999. Sai s& tuong déi
cda cdc phép do khéng qud 2%. Cot 4 clia bdng 1 va hinh 2 trinh bdy ti s8 trung binh cda
hai miu Ziricon-1 va Ziricon-2 phu thudc vao ning lugng tia gamma. Bdng 1 va hinh 2 cho
tha'y cdc ti s6 déu bé hon 1, c¢6 nghia 1a hiéu sudt clia detector di gidm trong lan do ngdy
24/8/2005 so véi lan do ngay 29/10/1999. Tu hinh 2 thdy ring trong mién ning lugng dudi
100 keV, i s6 hiéu suit gidm rdt manh, dat dén 0,71 & niing lugng 63 keV va 0,81 & ning
lugng 92 keV. Trong mién tir khodng 200 keV dén 1800 keV, t s8 cdc hiéu suét thing
gidng quanh gid tri trung binh 0,92 + 0,03. Nhu vdy trong khodng thdi gian nay hiéu suit
detector da gidm di ¢3 8% trong mién 200 — 1800 ke V.

E, (keV) Ziricon-1 Ziricon-2 Trung binh
63 0.63 0.79 0.71
92 0.84 0.78 0.81
185 0.92 0.90 0.91
238 0.90 0.95 0.95
241 0.84 0.89 0.87
295 0.90 0.92 0.91
338 0.9 0.94 0.95
352 0.90 - 091 0.90
464 0.99 0.92 0.95
583 0.90 0.94 0.92
609 0.91 0.93 0.92
727 0.94 0.98 0.96
911 0.94 0.96 0.95

1001 0.94 0.84 0.89
1120 0.91 0.95 0.93
1238 0.91 0.90 0.90
1763 0.88 0.91 0.90

Bang 1. Su phu thudc ning lugng tia gamma cla ti s& hiéu sud't clia detector do ngay
24/8/2005 so v&i ngay 29/10/1999 déi v6i hai miu Ziricon-1 va Ziricon-2.

1
2 [ ] =
g " - o " . 092:003
2 09T =g )
-
= L]
o
3
08| "
-
o7+
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Nang lugng gamma (keV)

Hinh 2. Sy phu thudc vio ning lugng tia gamma clia t s8 giita hi€u suit trung binh
clia hai miu Ziricon-1 va Ziricon-2 do ngay 24/8/2005 so v&i ngay 29/10/1999. Gi4 tri
0,92 + 0,03 1a ti s6 trung binh va d6 l&ch chudn cia né trong khodng nang lugng tir 200keV
d&n 1800 keV.
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Dé gidi thich hién tugng gidm hiéu suit detector, hily xét anh hudng cla sy ting bé
day 16p germanium bit hoat (Hinh 3). Bé day 18p germanium bat hoat cang ting thi thé
tich kh6i germanium hoat déng cing gidm, din tdi sy gidm hiéu suat detector. Su phu
thudc clia thé tich germanium hoat déng vao bé day 16p germanium bat hoat dudc néu trén
bing 2, trong dé cdc gid tri bé day dugc 1ay 14 0,35; 0,7; 1,0; 1,5; 2,0; 2,5 va 3,0 mm. Thé
tich kh6i germanium hoat dong gidm tir 69,96 cm’ khi d = 0,35 mm dé&n 51,82 cm® khi d
=3,0 mm. Gi s hiéu suat ti 1& thuin véi thé tich kh&i germanium hoat dong, bé qua hiéu
ing hap thu va tdn xa trong 16p germanium ba' hoat, thi dé hiéu sud't detector gidm di 8%,
theo bdng 2, bé day 16p germanium bat hoat ting tir 0,35 mm nim 1999 dén khodng 1,1
mm hién nay.

Ldp germanium V& nhém
bat hoat ciia detector

+‘

Thé tich germanium
hoat dong

L&i dong din
tin hiéura

Hinh 3. Tinh thé germanium va I6p germanium ba't hoat. Kich thuSc trén
hinh vé& khong ti 1& véi kich thudc that dé dé& nhan biét.

d (mm) 0.35 0.7 1.0 1.5 2.0 2l 3.0
V (cm?) 69.96 67.32 | 65.18 | 61.65 | 58.25 54.98 51.82
V/Vo3s 1.00 0.96 093 | 0.88 | 0.83 0.79 0.74
D6 suy gidm
thé tich (%) 0 4 7 12 17 21 26

Bang 2. Su phu thudc vao bé day 16p germanium ba't hoat clia thé tich germanium hoat
dong, ti s6 ciia chiing so véi thé tich ban ddu va do suy gidm th€ tich.

3. XAC PINH BE DAY LGP GERMANIUM BAT HOAT BANG CHUONG TRINH
MCNP4C2

Dé xdc dinh dugc bé day 16p germanium b4t hoat hién nay chiing t6i sit dung ngudn
phéng xa chuin %Co dé do va tinh todn hiéu suit detector tai dinh 1173 keV va 1332 keV.
Thi nghiém ti€n hanh trong thang 11 nim 2005. Ngudn dudc dit & dd cao 5 cm, 10 cm va
15 cm so vdi mit detector va nim trén truc xuyén tAm detector. Hiéu sudt detector d6i vdi
cdc quang dinh 1173 keV va 1332 keV tai cdc vi tri nguén 5 cm, 10 cm va 15 cm dudgc trinh
bay trén bdng 3. Sai s6 cla hiéu suit khéng qud 1%.

- Trong tinh todn theo chudng trinh MCNP4C2, bé day 16p germanium b4t hoat dudgc
chon biing 0,35; 1,0; 1,5; 2,0; 2,5 va 3,0 mm; ngudn *Co niim tai cdc d6 cao 5 cm, 10 cm va
15 cm gi6ng nhu thuc nghiém. T cdc phd gamma nhin dudc c6 thé tinh s6 d€m cia quang
dinh 1173 keV va 1332 keV va hiéu suit theo tinh todn cia cdc quang dinh ndy, dé 12 ti s6
gitta s6 d€m clia quang dinh so véi s& tia gamma phdt ra cia nguén. Bing 3 va hinh 4 trinh
bay su phu thudc cia hiéu sudt tinh todn theo bé day 16p germanium bat hoat. Tit hinh 4
thdy réng cdc gid tri hi€u suat tinh todn gidm tuy&n tinh khi ting bé day va dugc lam khép
véi cdc dudng thiang. So sdnh cdc gi4 tri thuc nghiém vdi cdc dudng tinh todn suy ra dugc
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bé day 16p germanium bt hoat hién nay ciia detector. BE day bing 1,25 mm va 1,13 mm
khi khodng cdch ngudn-detector bing 5 cm, bing 1,13 mm va 1,07 mm khi khodng cdch
ngudn-detector bing 10 cm va biing 1,26 mm va 1,15 mm khi khodng cdch ngudn-detector
bing 15 cm (xem hang cudi ciing clia bdng 3). Nhu vay, dua trén k€t qua thi nghiém va
tinh todn d6i véi cdc vach gamma 1173 keV va 1332 keV ciia ngudn “Co, gid tri bé day
16p germanium bat hoat hién nay 1a 1,16 = 0,07 mm. Gid tri nay khd phil hgp véi bé day
1,1 mm nhén dudc dua trén hiéu @ng gidm thé tich cda tinh thé germanium hoat ddng.

Khodng cdch detector-ngudn S5cm 10 cm 15cm

Ning lugng tia gamma (keV) 117‘3 1332 11/a 1332 K173 1332

Hiéu suat thuc nghiém x 107 3,25 2.87 1,17 1,02 0,58 | 0,51

Hiéu sud't tinh todn x 107

d=0,35 mm 3,82 3,30 1,34 1,16 0,68 0,58
d=1,0 mm 3,40 2,94 1,20 1,04 0,60 0,52
d=1,5mm 3,10 2,68 by 0,95 0,55 0,48
d=2,0 mm 2,83 2,45 1,00 0,87 0,51 0,44
d=2,5mm 251 2,22 0,91 0,79 0,46 0,40
d=3,0mm 2,34 2,02 0,83 0,72 0,42 0,36

B& day 16p germanium bit
hoat suy ti so sdnh giffa tinh 123 1;13 1,13 1,07 1,26 1,15
toan va thuc nghiém (mm)

Bang 3. Hiéu sudt thyc nghiém va tinh todn cla detector HPGe GC1518 ddi vdi cdc quang
dinh 1173 keV va 1332 keV clia ngudn %Co dit & d6 cao 5 cm, 10 cm va 15 cm. Trong tinh
toan chon cdc bé day d clia 16p germanium b4t hoat biing 0,35; 1,0; 1,5; 2,0; 2,5 va 3,0 mm.

Nhu di néi & trén, su ting bé day 16p germanium bt hoat mdt mit lam gidm do
cao cdc quang dinh, din dén sy gidm hiéu sudt detector, mit khdc lam ting s& gamma tdn
xa Compton trong mién ning lugng dudi vach ning lugng clia quang dinh. Hi€u ing nay.
dudc st dung dé gidi thich sy khdc biét giita tinh todn va thyc nghi€m trong cng trinh [12],
trong d6 cdc phd gamma ciia cdc ngudn *'Cs va “Co duge mé phdng bing chuong trinh
MCNP4C2. Cic phd gamma tinh todn dugdc so sinh vdi cic phd thuc nghiém bing cédch
chuin cdc quang dinh tinh todn theo cic quang dinh thuc nghiém d&i vdi dinh 662 keV
(**'Cs) va 1332 keV (®°Co). Cic tinh todn trong cong trinh [12] dugc thuc hién véi gid tri
d = 0,35 mm ciia bé day 16p germanium bat hoat, khi d6 cdc phd gamma tinh todn thdp hon
cdc ph6 thyc nghiém mot it. Trén hinh 5 din ra cdc ph6 gamma tinh todn véi d = 1,16 mm.
Ta thdy ring cdc phd gamma ndy dudc ning cao 1én va tring véi cdc phd thic nghiém
trong mién ning lugng 0,2 - 0,6 MeV ddi véi *'Cs va 0,25 - 1,10 MeV dsi véi “Co.
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Hinh 4. Sy phu thudc hiéu suit tinh todn ctia detector vao bé day 16p germanium
ba't hoat.

— DPudng lam khdép tinh todn;  -----. So sdnh vdi thuc nghiém

a) Khodng cdch detector-nguén h = 5 cm, E, = 1173 keV; b) h = 5 cm, E, = 1332
keV;c)h=10cm, E, = 1173 keV;d) h=10cm, E, = 1332 keV;e) h=15cm, E, :
=1173keV; f)h =15 cm, E, = 1332 keV.

Nhu vdy viéc sit dung bé day germanium bat hoat 1,16 mm dé tinh todn theo
chudng trinh MCNP ¢6 thé gidi thich dugc hién trgng gidm hiéu suit ¢3 8% clia detector tir
nam 1999 dén nay va lam phd hgp hon giita phd gamma tinh todn va thuc nghiém d&i véi
cdc ngudn phéng xa "*'Cs va “Co.
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Hinh 5. Cic phd gamma clia cdc ngudn phéng xa: a) Ngudn 137Cs d6 cao 5 cm; b) Ngudn
137Cs d6 cao 10 cm; ¢) Ngudn “Co d6 cao 5 cm; d) Ngudn ®Co d6 cao 10 cm. Cic phd
tinh todn dudc chuin theo cdc phd thuc nghiém tai cic quang dinh 662 keV (*'Cs) va
1332 keV (*°Co).

4. KET LUAN

Trong cong trinh ndy s dung chuong trinh MCNP dé xdc dinh bé day 16p
germanium bat hoat hién nay cia detector HPGe GC1518 tai Trung tim Hat nhan TP Hb
Chi Minh. Cic k&t qué tinh todn va thyc nghiém d&i véi ngudn ®Co cho thiy bé day
germanium bat hoat da ting tif 0,35 mm ndm 1996 dén 1,16 + 0,07 mm vao thing 11/2005.
Su ting bé day 16p germanium bat hoat d6 c6 thé coi 1a nguyén nhin chinh d€ gidi thich sy
gidm hiéu suat detector khodng 8% tir thdng 10/1999 d€n thdang 11/2005. Tinh todn theo
chuong trinh MCNP4C2 véi bé day 16p germanium bt hoat 1,16 mm cho k&t qud vé phd
gamma ciia cdc ngudn phéng xa *’Cs va ®Co phd hgp véi thuc nghiém hon k&t qua néu
trong cong trinh [12], dudc tinh vdi bé day 0,35 mm. Tuy nhién vin cdn sy khdc biét giita
phd gamma tinh todn so vdi thuc nghiém trong mién ning lugng dudi dinh tdn xa ngugc
200-250 ke V.

Cam on: Cdc tdc gid bay té su cdm on chdn thanh dén CN Nguyén Vdn Mai,
TS Trdn Vin Luyén, Th.S Thdi My Phé va cdc ddng nghiép trong Phong An toan Bitc xa va
Moéi truomg thuéc Trung tdm Hat nhdn TP H6 Chi Minh da tao diéu kién thudn lgi trong
vigc do dac trén hé phé ké gamma va cdc y kién thdo ludn bé ich.
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STUDY ON THE INCREASE OF INACTIVE GERMANIUM LAYER

IN A HIGH PURITY GERMANIUM DETECTOR APPLYING MCNP CODE

Ngo Quang Huy ’, Do Quang Binh ), Vo Xuan An @
(1) Center for Nuclear Techniques Ho Chi Minh City
(2) University of Industry Ho Chi Minh City

ABSTRACT: In this paper the MCNP4C2 code was applied to investigate the effect

of increase of the inactive germanium layer of the GC1518 HPGe detector at the Center for
Nuclear Techniques Ho Chi Minh City. The calculation and experimental results showed
that the inactive germanium layer of this detector was determined to be 1,16 + 0,07 mm at
present compared to the initial value of 0.35 mm in 1996. The increase of inactive
germanium layer can be considered as a main reason for decreasing detector efficiency of
about 8% from October 1999 to November 2005. The calculation results of gamma spectra
of ¥7Cs and ®“Co sources based on MCNP4C2 code with the inactive germanium layer of
1.16 mm were in agreement with experimental spectra better than those performed with the
inactive germanium layer of 0.35 mm, published in our previous work.
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