Tap chi Khoa hoc va Cong nghé, Sé 434, 2020

NGHIEN CUU HIEU UNG THE TiCH VA HIEU UNG CAN XA CUA BE DAY
LOP LITHIUM KHUECH TAN TRONG PAU DO HPGe LOAI p

VO XUAN AN
Trueong Pai hoc Cong nghiép Tp. Ho Chi Minh;
voxuanan@jiuh.edu.vn

Tém tit. Dau do germanium siéu tinh khiét (HPGe), gidng nhu mot diode c6 céu trac gdm 3 ving P, I va
N 1am viéc & ché do phén cuc nghich, trong d6 ving I nhay véi cac birc xa ion hoa, dac biét 1a tia gamma
va tia X. Trong qué trinh hoat dong cac nguyén tir lithium ciia 16p n™ (16p lithium khuéch tan n”, ving P)
tiép tuc khuéch tan vao sau bén trong tinh thé lam cho bé day cua 16p nay ting 1én dang ké, do dé, lam
giam hi¢u suat ghi ctia dau do. Su ting bé day 16p chét khong nhitng 1am giam thé tich ving nhay (hiéu
{rng thé tich) ma con lam ting quing dudng tan xa cla tia gamma di vao dau do (hiéu tng can Xa). Két
qua nghién ciru trén dau do HPGe GC1518 cho thiy ring dong gop anh hudéng cta hiéu Gmg thé tich va
hiéu g can xa vao sy giam hi¢u suat ghi cta dau do 1an lugt 1a 82% va 18%.

Tir khoa. Hiéu tng thé tich, hiéu ing can xa, dau do, 16p lithium khuéch tan, hiéu suit, MCNP5

A STUDY OF THE VOLUME AND RADIATION CONTRAST EFFECTS OF THE
DIFFUSED LITHIUM LAYER THICKNESS OF p-TYPE HPGe DETECTORS

Abstract. The high purity germanium (HPGe) detector, like a giant semiconductor diode operated under
reverse bias, has a P-I-N structure in which the intrinsic (I) region is sensitive to ionizing radiation,
particularly X rays and gamma rays. In operation, the continuous diffusion of the lithium atoms inside the
germanium crystal leads to that the diffused lithium layer thickness considerably increases and causes that
the HPGe detector efficiency decreases. An increase of the diffused lithium layer thickness leads to not
only reducing the sensitive volume (called the volume effect) but also increasing the interactive range of
gamma rays (called the radiation contrast effect). The results showed that a contribution of the volume
and radiation contrast effects on a decrease of the detector efficiency was 82% and 18%, respectively.
Keywords. Volume effect, radiation contrast effect, detector, diffused lithium layer, efficiency, MCNP5

1 MODAU

Nhiing nim gan day da cé nhiéu cong trinh nghién ciru lién quan dén 16p lithium khuéch tan n* ciia dau
do HPGe nhu xéc dinh tinh ddng nhit cia 16p n* & mit trén dau do HPGe [1], dic trung tin hiéu do cac
dién tich tao thanh gin 16p n* ctia dau do HPGe loai p [2], anh hudng cua bé day 16p n” 1én hiéu suat ghi
nhan ciia dau do HPGe [3]. Cong trinh [3] cho thdy ring c¢6 su khac biét giita hiéu suat tinh toan bang
phuong phap Monte Carlo va hiéu suat do dac thuc nghiém. Két qua nghién ciru truée dy cua chung toi
cho théy ré‘lng bé day 16p n” ting theo thoi gian hoat dong, tir 0,35 mm nim 1996 1én dén 1,16 mm nim
2005 [4]. Pay 1a nguyén nhan chinh 1am giam hiéu suat ghi nhan ctia dau do. Tuy nhién, anh hudng cua
cac hiéu ung vat 1y dong gop do sy ting bé day 16p n" chua dwoc nghién ctru chi tiét. That vy, khi bé day
16p n” ting, thé tich ving nhay ctia ddu do giam va kha ning ghi nhan tia gamma giam theo, goi 1a hiéu
trng thé tich. Mit khac, khi bé day 16p n” ting thi sb lwong tia gamma bi hap thu & ving nay trude khi di
vao vung nhay cua dau do ting theo, goi 13 hiéu tng can xa. Do d6, trong cong trinh nay, chung ti
nghién ctru sy dong goép anh hudng cta hiéu tng thé tich va hiéu ing can xa vao sy giam hiéu suét ghi
nhan cua dau do do su ting bé day 16p chét dwa vao thuc nghiém do phd gamma va tinh toan bing
chuong trinh MCNPS5.
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2 PHUONG PHAP NGHIEN CUU

2.1 Chwong trinh MCNP5

Cho dén nay da c6 nhiéu chuong trinh may tinh dang tin cdy ap dung phuong phap Monte Carlo dé
nghién ctru cac tinh chét dic trung cia hé phd ké gamma nhu EGS [5], GEANT [6], GESPECOR [7],
DETEFF [8], MCNP [9] ... Trong cong trinh nay, chuong trinh may tinh MCNP phién ban 5 (goi tat 1a
MCNP5) duoc Iya chon sir dung dé mé phong phd gamma ghi nhan tir hé phd ké gamma phong thap
dung dau do HPGe GC1518. MCNP5 1a chuong trinh may tinh da muyc dich duoc phat trién béi nhom X5,
Phong thi nghiém Los Alamos, Hoa Ky, cho phép mo6 phong tuong tac cua electron, neutron, photon vdi
vat chat bang phuwong phap Monte Carlo. Mot trong nhitng dic tinh wu viét cia MCNPS5 1a cho phép thiét
ké nhimg thi nghiém mo6 phong ma trong thuc té rat kho hodc khong thé bé tri duoc. Trong do, hé pho ké
gamma dugc mo hinh hoa théng qua viéc mé ta cac thong sé lién quan nhu: kich thude hinh hoc, thanh
phan vt liéu, ning luong tia gamma... trong mot input chuan cia MCNP5 va két qua phd gamma md
phong duge xac dinh thong qua két qua phan bd do cao xung theo ning lwong duge truy xuit bang thé F8.
Trén co s& phd gamma mo phong ndy, hiéu sut tinh toan cia dau do dbi véi ting vach niang lugng tia
gamma s& duoc xac dinh. Trong md phong MCNP5, dé dam bao tinh thong ké sé dém tich luy voi sai sb
thong ké nho hon 1% déng gop trong dinh ning lugng toan phan va can dbi voi thoi gian mo phong co
thé chdp nhan dugc, sb su kién gamma phat ra tir ngudn duoc chon bang 1.600.000. Chuong trinh mé
phong dugc thuc hién trén may tinh ca nhan voi b vi xt ly Intel Core 17.

2.2 Hé phé ké gamma

Hé phé ké gamma phong thap dit tai Trung tdm Hat nhan Thanh phd H6 Chi Minh sir dung dau do
germanium siéu tinh khiét loai p (HPGe - High Purity Germanium) GC1518 cia hing Mirion
Technologies (Canberra), Hoa Hy gom budng chi, dau do, ngudén phong xa va hé thong dién tir. Tuy
nhién, khi tién hanh mé hinh hoa hé pho ké thi ¢ thé bé qua nhiing phan khéng gian dong gop khong
dang ké vao phd gamma mo phong. Do d6, chi can mé ta cdu triic hinh hoc va thanh phan vat liéu cia
budng chi, dau do va ngudn phong xa nhu trong Hinh 1.

€— Sit

Ngubdn phéng xa
Chi
Thiéc

Paraffin

Piu do HPGe GC1518

Pong

Hinh 1. Mat cit ding ctia budng chi, dau do HPGe GC1518 va ngudn phong xa cua hé phé ké gamma phéng thip
dat tai Trung tdm Hat nhan Thanh pho HO6 Chi Minh dugc vé bang chuong trinh MCNP5.
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2.3 Piu do germanium siéu tinh khiét HPGe GC1518

Pau do HPGe GC1518 duoc ché tao tir tinh thé Ge dang hinh tru tron c¢6 do tinh khiét cao (< 10° cm™),
gidng nhu mot diode c6 cau trac gdm 3 ving P - I - N 1am viéc & ché do phan cuc nghich nhu minh hoa &
Hinh 2a. Vung I (intrinsic) hay con goi 1a viing nghéo hodc ving nhay chiém gan nhu toan bo thé tich cia
dau do, nhay vai birc xa ion hoa, dic biét 1a tia X va tia gamma. Ving N (negative) 1a phan thé tich ¢ mat
trén va mat bén cta tinh thé Ge dugc ché tao bang cach khuéch tan cac nguyén tir lithium (Li) tao thanh
16p n* v6i bé day 0,35 mm. Ving P (positive) 1 phan thé tich & bé mit hoc khoan bén trong tinh thé Ge
duogc ché tao bang cach cdy cac ion boron (B) tao thanh 16p p* véi bé day 0,3 pm [10]. Khi tia gamma
hoic tia X xuyén qua dau do, cac cip hat electron () va 15 tréng (h") duogc tao thanh trong ving I s& duoc
thu gom vé céc dién cuc va tao thanh xung dién & ngod ra cla dau do dugc minh hoa & Hinh 2b.

n’, Ving N Ving I p’, Vung P "
.
L§ trong, h*
™ Q]
~
/ Ge loai p
a) b)

Hinh 2. Céu trac ciia ddu do germanium siéu tinh khiét HPGe loai p dién hinh gidng nhu mot diode gdm 3 ving P - I
- N (a) va minh hoa sy thu gom céc dién tich e-, h+ vé céac dién cuc (b).

2.4 B tri thi nghiém trong tinh toan mé phong

Trong cong trinh nay, viéc st dung cac nguon phéng xa va cach bb tri hinh hoc do tuong tu nhu trong
cong trinh [4], cu thé nhu sau: ¢6 4 ngudn phong xa véi 6 vach ning luong gdm **Na (511 keV va 1274
keV), P1Cs (662 keV) *Mn (834 keV) va “Co (1173 keV va 1332 keV) day 1a cac ngudn phong xa
chuan, kich thudc ngudn khong dang ké so voi khoang cach nguodn - dau do va dugc xem nhu nguén
diém; ngudn phong xa dugc bé tri doc theo truc ciia dau do véi khoang cach ngudn - dau do 13 15 cm.

Dé nghién ctru sy dong gop anh hudng cua hidu tng thé tich va hiéu tng can xa vao sy giam hiéu suat
ghi nhan cua dau do do sy ting bé day 16p lithium khuéch tan n', input cta chuong trinh MCNP5 dugc
chuan bi véi cac thong s6 vat 1y dugc thay doi gom bé day va thanh phan vat liéu 16p n”. Ddi véi bé day
16p n*, c6 hai gia tri duoc lwa chon dé tinh toan MCNP5 gdm 0,35 mm, day 1a bé day 16p lithium khuéch
tan khi dau do méi dua vao hoat dong va 1,16 mm, day 1a bé day 16p lithium khuéch tan khi dau do da
dua vao hoat dong sau 9 nim. DPbi v6i thanh phan vat liéu 16p n”, input cia chwong trinh MCNP5 duoc
chuan bi cho 2 truong hop sau day:

Trudng hop thir nhit, input ctia chuong trinh MCNP5 dwoc md ta véi thanh phan vét liéu cia 16p n*
nhu thyc té, d6 1a 16p lithium dugc khuéch tan vao mit ngoai tinh thé germanium nhu trong Hinh 3a.
Trong trudng hop nay dong gop anh hudng ciia hiéu tng thé tich va hiéu (ng can xa xdy ra dong thoi do
su ting bé day 16p n”, din dén lam thu hep thé tich ving I (ving nhay véi cic tia gamma hodc tia X) va
lam mo rong ving N (16p lithium khuéch tan n"), ¢6 nghia 1a 1am ting kha ning can xa tia gamma hodc
tia X & vung nay.

Trudng hop thir hai, mdt input ctia chuwong trinh MCNP5 tuong ty nhu truong hop thir nhét duge xay
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dung, trong d6 chi ¢ thanh phan vat liéu 16p lithium khuéch tan n™ duoc thay thé bang chan khéng nhu
trong Hinh 3b. Trong truong hop nay thanh phan vat liéu 16p n” 1a chan khong nén khong xay ra hiéu ing
can xa ddi voi tia gamma hodc tia X va chi xay ra hi¢u ung thé tich khi thé tich vung [ bi thu hep do su
ting bé day 16p n".

Lép lithium
khuéch tan, n*

Lép lithium khuéch
tan, n” dwogc thay
bang chin khéng

a) b)

Hinh 3. Mt cét dimg ctia diu do HPGe GC1518 v6i 16p lithium khuéch tan n+ nhu thyc té (a) va v6i 16p lithium
khuéch tan n+ dugc thay bang chan khong (b) duoc vé bang chuong trinh MCNP5.

3 KET QUA VA THAO LUAN

Hiéu suat tinh toan bang chuong trinh MCNP5 cho 4 trudng hop bé day 16p lithium khuéch tan 0,35 mm

v6i thanh phan vat liéu duge mé ta nhu thyc té va 1,16 mm v6i thanh phan vat lidu duoc thay thé bang

chan khong dbi voi 6 vach nang lugng 511, 662, 834, 1173, 1274 va 1332 keV duogc trinh bay & Bang 1.
Bang 1. Hi¢u sudt tinh toan bang chuong trinh MCNPS5 va ty 1¢ dong gop anh huong ciia hi¢u img thé tich va

hiéu ing can xa vao sy giam hi€u suat ghi nhan cta dau do do bé day 16p lithium khuéch tan n+ tang theo thoi gian

hoat dong.

Nang 0.35 mm 1.16 mm Hiéu tng the tich va hiéu ing | Chi c6 hiéu tmg | Chi c6 hiéu tmg
lugng ’ i can xa dong thoi thé tich can xa
tia
gam . R Tyl¢ A
Chan Chan ; effyss. | Tyl¢
ma Ge khong Ge khong eff0,35-1,16(1) eff0,35-1,16(2) gg;g L166) dong gop
(keV)
511 0,00 | 0,0015 | 0,00 | 0,0013 o 0,00 o
151 4 132 P 0,00020 0,00016 | 81% 004 19%
662 0,00 | 0,0011 | 0,00 | 0,0010 o 0,00 o
115 6 010 4 0,00015 0,00012 | 82% 003 18%
834 0,00 | 0,0009 | 0,00 [ 0,0008 o 0,00 N
090 1 079 1 0,00012 0,00010 | 82% 002 18%
1173 | 0,00 | 0,0006 | 0,00 | 0,0006 o 0,00 N
068 9 058 ) 0,00010 0,00008 | 84% 002 16%
1274 | 0,00 | 0,0006 | 0,00 | 0,0005 o 0,00 N
061 5 053 P 0,00008 0,00006 | 81% 002 19%
1332 | 0,00 | 0,0005 | 0,00 | 0,0005 o 0,00 N
058 9 051 5 0,00008 0,00007 | 84% 001 16%
Trungbinh  82% 18%
D¢ léch chuan 2% 2%
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Trong do, éqh hudng cia hiéu Gng thé tich va hiéu ng can xa (prqc xac dinh theo do giam hi¢u sgét khi bé day
16p lithium khuéch tan tang tir 0,35 mm 1én 1,16 mm v&i thanh phan vat liéu duge mo ta nhu thuc té va duge tinh
theo cong thire (1):

. effy3s.1,1601) = €ffo35; Ge - effl,ls; Ge , . (1)

Anh hudng cua hi¢u ung thé tich dugc xéac dinh theo do gidm hi€u suat khi bé day 16p lithium khuéch
tan tang tir 0,35 mm 1én 1,16 mm v&i thanh phéan vét lidu duoc thay thé biang chan khéng va duoc tinh
theo cong thire (2) sau day:

effo35.1,1602) = ffo.35; Chan khong = €fT1,16; Chan khong (2)
Khi d6 anh huong cua hiéu ing can xa dugc xac dinh boi cong thure (3):
?ff0,35-1,16(3) = effo3s.1,1601) - ffo3s-1,160) 3)

Chang han, tai vach ning luong 662 keV, d6 giam hiéu suat do bé day 16p lithium khuéch tan n* voi
thanh phan vat liéu duoc md ta nhu thyc té ting tir 0,35 mm 1én 1,16 mm 14 0,00015, khi d6 anh huong
clia hiéu tmg thé tich va hiéu img can xa xay ra déng thoi; do giam hiéu sut do bé day 16p lithium khuéch
tan n* v6i thanh phan vat liéu dugc thay thé bang chan khong tang tir 0,35 mm 1én 1,16 mm 1a 0,00012
tuong ung voi ty 1& dong gop la 82%, khi d6 chi c6 anh huong cua hiéu ing thé tich xay ra; do giam hiéu
suat khi chi co anh huong ctia hidu ing can xa xay ra la 0,00003 twong tng véi ty 1¢ dong gop 1a 18%.
Tinh trung binh ddi voi 6 vach niang luong dd khao sat & trén, ty 1& dong gop anh huong do hiéu ung thé
tich va hiéu g can xa lan lugt 1a 82% va 18% duoc trinh bay ¢ dong thir 9 Bang 1. Dé thdy rang, mirc
d6 anh hudng do hiéu tng thé tich 16n gap 4,5 1an so voi hidu tmg can xa.

4 KETLUAN

Viéc str dung chuong trinh MCNP5 d cho phép thiét ké thi nghiém thay thé thanh phan vat liéu 16p
lithium khuéch tan n* bang chan khong dé nghién ctru sy dong gép anh huong cia hidu tng thé tich va
hi€u trng can xa do su ting bé day 16p n*, mot cong viéc khong thé thuc hién trong thuc té thi nghiém. Két
qua nghién ctru trén dau do HPGe GC1518 da chi ra rang, khi ting bé day 16p n', sy dong gop anh huong
vao sur giam hiéu suat ciia hiéu tng thé tich (82%) 16n hon hiéu tmg can xa (18%). Diéu nay ching to
hiéu suét ghi nhan cua dau do phu thudc manh vao thé tich cta no.

PHULUC
Mot input chuén ciia MCNP5:

Problem - A study of the volume and radiation contrast effects of the diffused lithium layer thickness of
p-type HPGe detectors

¢ Cell cards

1 6-8.94 (-1 -2321):(-1 -21 90) imp:p,e=1 $ loi Cu dan tin hieu

2 1-5.35(-55-64 22)#1#34 imp:p=1 imp:e=0 $ cell detector

3 3-0.00129 (1 -2 -22 21)#1#(-96 -22 21) imp:p,e=1

4 2-2.6989(2-87-8382):(2-3-8483):(2-87-8584) &

(2 -3 -86 85):(2 -87 -24 86):(2 -3 -82 21):((92 -3 -21 20)#(-95 -21 20)) &
:(92 -93 -20 89):(91 -93 -89 88) imp:p,e=1

5 3-0.00129 (-4 -25 57):(87 -4 -57 86):(3 -4 -86 85):(87 -4 -85 84) &
:(3 -4 -84 83):(87 -4 -83 82):(3 -4 -82 20):(-4 -20 16)#(-93 -20 88)#(-95 -20 90) imp:p,e=1
6 2-2.6989 (-5 -26 25):(4 -5 -25 16):(-5 -16 15) imp:p,e=1

11 3-0.00129((-13 -31 30):(-11 -30 26):(5 -9 -26 19)#45#46 imp:p,e=1
12 6-8.949-10 -26 19 imp:p,e=1

13 7-0.88 (11 -12-30 26):(10 -12 -26 19) imp:p,e=1

14 8-7.28 12 -13 -30 19 imp:p,e=1

15 9-11.34 (13 -14 -31 17):(5 -14 -17 16) imp:p,e=1

16 3-0.00129 (-13 -3231):(13 -14 -34 31) imp:p,e=1

17 8-7.28 -13 -33 32 imp:p,e=1

18 6-8.94 -13 -34 33 imp:p,e=1

19 10-7.86 13 -14 -35 34 imp:p,e=1

20 9 -11.34 (-14 -36 35):(-13 -35 34) imp:p,e=1
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24
34
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36
45
46
47
48
49
50
51
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10-7.86 5-14 -16 15 imp:p,e=1

8-7.28 5-13 -18 17 imp:p,e=1

6-8.94 5-13 -19 18 imp:p,e=1

0 14:36:-15 imp:p,e=0

15-2.31 (1 -54 -23 22):(-54 -56 23) imp:p,e=1 $ dien cuc cay ion B

17 -5.05 (-55 -24 64):(55 -2 -24 22) imp:p.,e=1 § dien cuc khuech tan Li
18 -1.435 -87 -81 24 imp:p,e=1 $ cua so IR mylar

11 -0.0899 -76 -79 78 imp:p,e=1 $ nguon Cs

13 -1.15 (-77 -80 78)#45 imp:p,e=1 $ holder epoxy

20 -1.11 -87 -57 81 imp:p,e=1 $ cua so IR kapton
21-22(1-92-2190):(-92 -90 89) imp:p,e=1 $ teflon

3-0.00129 -91 -89 88 imp:p,e=1 $ ranh khong khi cua coc Al

3-0.00129 -94 -22 90 imp:p,e=1 $ ranh khong khi cua vo boc PE

4 -0.92 (94 -96 -22 21):(94 -95 -21 20):(94 -95 -20 90) imp:p,e=1 $ vo boc PE

¢ Surface cards

O N B W=

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
30
31
32
33
34
35
36
54
55
56
57
64
76
77

cz 0.35

cz2.7

cz 2.776

cz 3.66

cz 3.81

cz 7.35

cz 7.95

¢z 9.45

cz 14.2

cz 15.0

cz25.0

pz 0.0

pz 1.6

pz 10.0

pz 10.8

pz11.6

pz 19.742

pz20.062

pz20.815

pz22.515

pz24.015

pz 24.55

pz24.7

pz 35.8

pz43.6

pz44.1

pz44.5

pz44.6

pz46.2

pz54.2

¢z 0.3503 $ dien cuc khuech tan Li
¢z 2.584 $ dien cuc khuech tan Li
pz22.5153 $ dien cuc loi B
pz 24.026 $ cua so IR

pz 23.899 $ dien cuc cua so Li
¢z 0.05 $ hinh hoc nguon Cs
¢z 1.27 $ hinh hoc nguon Cs

59
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78 pz39.7 $ hinh hoc nguon Cs

79 pz39.8 $ hinh hoc nguon Cs

80 pz40.34 $ hinh hoc nguon Cs

81 pz24.016 $ split mylar and kapton
82 pz21.255 $ split the detector holder
83 pz22.115 § split the detector holder
84 pz22.415 § split the detector holder
85 pz23.275 $ split the detector holder
86 pz23.715 $ split the detector holder
87 ¢z2.97 § split the detector holder
88 pz 17.536 $ split the detector holder
89 pz 18.696 $ split the detector holder
90 pz19.042 $ split the detector holder
91 ¢z 0.13 § split the detector holder
92 ¢z 0.88 $ split the detector holder
93 ¢z 1.546 $ split the detector holder
94 ¢/z0-2.20.18$ day dan in/out

95 ¢/z0-2.20.2 $ day dan in/out

96 ¢/z0-2.20.49 $ day dan in/out

¢ Data cards

mode p

ml 32000 -1.0 § Ge

m2 13000 -1.0 $ Al

m3 7000 -0.755 8000 -0.232 18000 -0.013 $ Atmosphere

m4 1000 -0.14372 6000 -0.85628 $ Polyethylene

m6 29000 -1.0§ Cu

m7 1000 -0.1549 6000 -0.8451 $ Paraffin CoH,

m8 50000 -1.0$ Sn

m9 82000 -1.0$ Pb

ml0 26000 -1.0 $ Fe

mll 1000 -1.0 § Cs

ml13 1000 -0.06 6000 -0.721 8000 -0.219 $ Epoxy

ml5 5000-1.0$ B

m17 32000 -0.9999 3000 -0.0001 $ Ge Li - dien cuc khuech tan Li
ml8 1000 -0.053 6000 -0.526 8000 -0.421 § Mylar C;,H;,0¢
m20 1000 -0.028 6000 -0.720 7000 -0.077 8000 -0.175 $ Kapton C,H;oN2O4
m21 6000 -0.24 9000 -0.76 $ Teflon (C,H,),

sdef cel=45 pos=0 0 0 axs=0 0 1 ext=d1 rad=d2 erg=0.66166 par=2 wgt=10
ft8 geb 0.00071 0.00075 0.46493

sil h39.739.8

spld-210

si2h 0.0 0.05

sp2 -21 1

f8:p 2

€8 0.0001 .005471 8190i 1.942341

phys:p $ produce bremsstrahlung radiations

phys:e

cut:p 2j 0 0 $ because of taking a tally of pulse height distributions
cut:e

nps 1600000

ctme 120

© 2020 Trudong Pai hoc Cong nghiép Thanh phd H6 Chi Minh



NGHIEN CUU HIEU UNG THE TiCH VA HIEU UNG CAN XA CUA BE DAY 61
LOP LITHIUM KHUECH TAN TRONG PAU DO HPGe LOAI p

TAI LIEU THAM KHAO

[1] Mikael Hult et al. (1981), Determination of homogeneity of the top surface deadlayer in an old HPGe detector,
Applied Radiation and Isotopes, 147 182-188.

[2] E. Aguayo et al. (2013), Characteristics of signals originating near the lithium-diffused n+ contact of high purity
germanium p-type point contact detectors, Nuclear Instruments and Methods in Physics Research A, 701 176-185.
[3]J. Rédenas et al. (2003), Analysis of the influence of germanium dead layer on detector calibration simulation for
environmental radioactive samples using the Monte Carlo method, Nuclear Instruments and Methods in Physics
Research A, 496 390-399.

[4] N. Q. Huy et al. (2003), Study on the increase of inactive germanium layer in a high-purity germanium detector
after a long time operation applying MCNP code, Nuclear Instruments and Methods in Physics Research A, 573
384-388.

[5] Canada National Research Council (2018), EGSnrc: software tool to model radiation transport, www.nrc-
cnre.ge.ca.

[6] J. Allison et al. (2016), Geant4 toolkit for the simulation of the passage of particles through matter, Nuclear
Instruments and Methods in Physics Research A, 835 186-225.

[7] O. Sima, D. Arnold, C. Dovlete (2001), GESPECOR: A versatile tool in gamma-ray spectrometry, Journal of
Radioanalytical and Nuclear Chemistry, 248 359-364.

[8] N. Cornejo Diaz, M. Jurad Vargas (2008), DETEFF: An improved Monte Carlo computer program for
evaluatingthe efficiency in coaxial gamma-raydetectors, Nuclear Instruments and Methods in Physics Research A,
586 204-210.

[9] X-5 Monte Carlo Team (2003), MCNP - A General Purpose Monte Carlo N-Particle Transport Code, Version 5,
Volume I: Overview and Theory, mcnp.lanl.gov/pdf files/la-ur-03-1987.pdf.

[10] Mirion Technologies (Canberra), Inc. (2019), Germanium Detectors - User's Manual,

www.mirion.com/products/germanium-detectors.

Ngay nhan bai: 08/11/2019
Ngay chdp nhdn dang: 07/01/2020

© 2020 Trudng Pai hoc Cong nghiép Thanh phd H6 Chi Minh



