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Tém tit:

Mang Photodiode (PhotoDiode Array) duoc tao thanh tir mot mang cic du ghi nhan
dugc xép song song voi nhau, cac dau ghi nhin nay 13 cac Photodiode duoc ché tao dé c6 thé
hoat dong & ché do thac lii giéng nhu trong éng dém Geiger Muller goi 1a cac APD
(Avalanche Photodiode). Cong nghé sir dung mang photodiode da duoc tng dung rat nhiéu
hién nay cho céc thiét bi birc xa trong cong nghiép, y té. Tuy nhién ¢ trong nudc hién tai chua
c6 mot nghién ctru cu thé nao vé cong nghé nay. Trong nghién ctru nay ching toi sir dung mot
Module MPPC — C12680 dugc cau tao chinh tir cac mang photodiode két hop véi bo xur 1y tin
hiéu C12884 dé ghi nhan vi tri di vao tuong tac clia cac photon. Vi tri twong tac va cuong do
tuong tac trén cac vi tri dugce xur ly béng phﬁn mém dé tao thanh mot hinh anh c6 d6 dam nhat
khac nhau. Myc dich 13 dan lam chu cong nghé, sau d6 c6 thé tng dung san xuét céac thiét bi
hat nhan vé sau.

Két qua da ghi nhan dugc hinh anh phong xa rd nét véi cac diém hinh anh twong tGng
véi vi tri ma bire xa di vao trén mang MPPC. M¢ ra kha ning ung dung cong nghé nay trong
cac thiét bi do dac hat nhan trong nudc.

Tir khéa: Ghi nhdn hinh anh phong xa, Mdng photodiode, Bé dém photon nhiéu kénh
MPPC

I: MO PAU

Ghi nhan hinh anh la mdt trong nhitng k¥ thuat ing dung cuia nganh nang luong nguyén
tir: kiém tra khong pha huy — NDT (Non-Destructive Testing), chup cat 16p - CT (Computed
Tomography), chup X-quang, PET/CT (Positron Emission Tomography), SPECT (Single
Photon Emission Computed Tomography), xa hinh Gamma Camera. Hinh dnh ghi nhén dugc
¢6 chinh xéc va sic nét hay khong phu thudc rit nhiéu vao hé dau do ghi nhan va phan xir ly
hinh anh. C6 nhitng cong nghé két hop tinh thé nhip nhay véi dng nhan quang dién PMT, c6
nhitng cong nghé két hop tinh thé nhap nhdy v6i mang Photodiode lam dau ghi nhan tuy
nhién viéc str dung mang Photodiode so voi ong nhan quang dién s€ don gian, gon nhe hon vi
khong phai st dung dén ngudn nudi cao ap, ma chat lwong hinh anh rat tot.

O nudc ta, viée str dung dau do ghi nhan birc xa bang Photodiode d3 dugc nghién ctru,
song tng dung Photodiode dé ghi nhan hinh anh phéng xa la mot khai niém méi va chua c6
mot cong trinh nao da ting nghién ctru va ché tao thiét bi. Mot sd dé tai co st dung loai dau
ghi nay nhung chi dé phat hién buc xa nhu: Dé tai “Nghién ctru va phat trién hé thong quan 1y
va gidm sat tir xa cac ngudn phong xa theo thoi gian thuc” do Tién si Tran Quang Vinh — Dai
hoc Bach Khoa Ha N¢i chu nhiém, dé tai “Nghién ctru, thiét ké mach do suét liéu cao sir dung
PIN- Photodiode PBW34” do Ctr nhan Phan Luong Tuin — Trung tdm Chiéu xa Ha Noi chu
nhiém...

Noi dung cua bao cdo nay la mot phan trong dé tai “Nghién ctru ghép ndi Module
MPPC véi khoi xur 1y tin hi¢u d€ ghi nhén hinh anh phong xa”. Muc tiéu la ghép noi thanh
cong Module MPPC — C12680 két hop voi bd xur ly tin hi¢u C12884 dé ghi nhan hinh anh
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phong xa bang phan mém mau tir nha cung cap thiét bi, danh gia dugc dic tinh va kha ning
ung dung cua bo thiét bi nay.

Phuong phap nghién curu:

- Nghién clru, tim hiéq nhirng dac tinh ctia Photodide thac 1ii (Avalanche Photodiode)

- Nghién clru sy két n6i tao thanh cac mang photodiode trong MPPC

- Ghép nd61 Module MPPC v6i khoi xtr 1y tin hi¢u thu nhan tin hi¢u hinh anh phéng
Xa.

II: NOI DUNG
2.1 Ddc tinh ciia mang Photodiode

Mang Photodiode (PhotoDiode Array) dugc cdu tao chinh tir mot ma tran cac dau ghi
nhan dugc xép song song voi nhau. Cac dau ghi nay 1a cac Photodiode duoc ché tao dé c6 thé
hoat dong & ché do thac lii gidng nhu trong dng dém Geiger Muller va dugc goi 1a cac APD
(Avalanche Photodiode), chinh vi thé APD c6 kha ning ghi nhan photon t6t hon cac
Photodiode thong thudng, ngay ca cac photon c¢6 cuong do yéu.

Khi cung cdp mot dién ap phan cuc nguoc thap cic APD nay hoat dong nhu cac
Photodiode binh thudng: Photon khi dén viing nghéo giita 16p tiép giap P-N gay ra hién tuong
ion hoa tao ra mét e- va mot 16 trong,dum tac dung cua dién truong phén cuc ngugc, e- di
chuyén vé phia cuc N va 15 tréng di chuyén vé phia cyc P. Tuy nhién, khi ting dién ap dit vao
hai cyc N-P (c& vai chuc v6n), dién truong tang lén, lam tang nang lugng cua cac e- trén
duong di chuyén vé cuc N do do ching c6 du nang luong dé gay 1én hién tuong ion hoa thu
cap tao ra cac cap e- va 15 trong tiép theo. Nhu vay khi vé tdi cuc N céc e- dd duoc nhan Ién
dang ké, ¢& 10° dén 10° 1an.
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Qua trinh thac It xay ra trén 1 APD [1]

Bit ké s6 luong photon duoc hip thu trong mot APD cung mat luc, s€ tao ra mot tin
hi¢u khong khac gi mot photon don I¢. Dé tang tdc do phat hién photon cua APD, mét dién
trg dap tit duoc thém vao, noi mdi APD voéi cuc duong ciia ngudn phan cyc. Méi mot don vi
doc 1ap APD va dién trg dap tat goi 1a mot microcell hay mot pixel trén mang Photodiode.
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Mot mang Photodiode (4x4mm) dugc hinh thanh tur nhiéu microcell (pixcell)[6]

(a) Pixel pitch: 25 pm (b) Pixel pitch: 50 um (c) Pixel pitch: 75 pym

——

Kich thuéc mdi microcell tir 25um dén 75um ciia hing Hamamatsu [3]

Khi Photon di vao mdt microcell, qua trinh thac 1 bit dau, sinh ra mot dong dién
quang. Dong dién nay tao ra mot sut ap trén dién tr6' dap tat, do d6 lam giam do léch dién ap
xuong dudi mirc ma qua trinh thac 1 co thé tiép tuc xay ra. Khi dong dién quang da dugc dap
tat dién ap trén APD dugc nap lai va san sang cho qua trinh tiép theo. Trong qué trinh thac 1,
tat ca cac microcell khac van duoc nap day dién 4p va sin sang phat hién cac photon. Nhu
Vay, mdi qué trinh thac 1d s& tvong ng v6i mot microcell duy nhat. Tong tat ca tin hiéu tu
moi microcell riéng 1é dugce dua ra mot ddu ra chung do d6 c6 kha ning cung cip thong tin vé
cuong do cua photon tai mot thoi diém.

Mit khéc, cac danh gia ciing chi ra cho thiy, Photodiode thuc chit chi nhay véi budc
song trong ving cuc tim, c6 thé dat toi hiéu suat lugng tir 1€n to1 trén 70% trong vung bude
song ~420nm. V&i budce séng trong gamma hiu suét ghi nhan chi 1a rat nho (<1%). Do do,
viéc gin cac tinh thé nhip nhay (Nal, BGO, FL...) 1én bé mit cac Photodiode s& ting dang ké
kha nang phat hién buc xa.[7]
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Hiéu suit ghi nhan photon phu thudc theo budc song [7]
2.2 B dém photon nhiéu kénh C12680

Pay 1a mot khdi do luong quang c6 kha ning phat hién anh sang nhap nhay. Khdi nay
bao gdm mot mang 8x8 kénh Photodiode véi kich thudc mdi kénh 13 3x3 mm, dai budc song
ghi nhan 13 320 nm dén 900 nm, budc soéng c6 kha ning ghi nhan cao nhat 1a 500 nm; mot
mach tién khuéch dai; mot mang ludi phan chia dién trd; mét mach nguén cung cép dién cao
ap; va mot mach bu nhiét.[4] So dd khéi cua bd dém (MPPC) nay nhu sau:
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So dd khéi MPPC C12680[3]

IC khuéch dai Khéi dién trd chia Khéi cao ap

Module MPPC C12680 khi chua c¢6 tinh thé

Khéi nay hoat dong khi cung cdp ngudn dién mot chiéu £5VDC va +1,65VDC. Trén
thyc té tinh thé nhip nhay LFS duogc gan 1én trén bé mat mang ludi cac mang photodiode. Khi
mot photon di vao tinh thé nhdp nhay, ching twong tic voi cac nguyén tir va phat ra cic
photon c6 budc song dai hon, cac photon nay dugc ghi nhan khi di vao cac APD tao ra cac tin
hiéu dién. Tin hiéu nay dugc truyén vé bang hé cap 64 dudng truyén riéng biét twong tng véi
64 kénh. Sau d6 tin hiéu duoc khuéch dai (Khéi AMP- Amplifier) va di vao hé thong dién tro
chia ndi voi timg kénh. Tai dau ra cia module MPPC ¢6 5 duong tin hiéu analog bao gom 4
tin hiéu A,B,C,D va mét tin hiéu tong (A+B+C+D).
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Mang ludi dién tré va dang xung tin hiéu tai cac dau ra A,B,C,D [4]
2.3 Khoi xiv Iy tin higu C12884
La mot khéi xir 1y tin hiu di kém cung Module MPPC C12680 véi cong két ndi
Ethernet. Stir dung lgét hop véi C12680, khoi xtr 1y co thé, thu nhan duoc ghépg t@n vi tri, th(‘g’i
gian va thong tin vé nang luong cua photon t6i. Mot khoi C12884 co the két noi voi 4 khoi
MPPC C12680, bang cach str dung nhiéu khoi két hop c6 thé tao thanh hé dau do cua thiét bi
chup anh PET.[5]
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Khdi xir 1y tin hiéu C12884 gém 4 khéi chinh:

- Khbi xir Iy tin hiéu xung — analog: Nhan tin hiéu tir mot trong 4 Module MPPC
C12860 dugc ghép ndi vao, xir 1y tao dang xung va truyén sang khéi xir 1y s6 —
digital. Tin hiéu SUM duoc tach lam hai duong, mot vé khdi xur 1y s6 dé xac dinh
dac tinh vi tri ciia photon tuong tac trén mang photodiode, mdt dua qua bd so sanh
s6 nham xéc dinh thoi gian dién ra trong tac trén.



- Khéi xtr 1y s6 - digital: Chuyén d6i tin hiéu sang dang sé nham tinh toan cic tham
s6 vé vi tri, cudong do, thoi gian cua photon twong tac trén mang photodiode, dong
6i diru liéu va truyén sang khdi Ethernet. Qua trinh tinh toan vi tri duoc dya trén
phuong trinh sau:
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Trong do: X, Y 1a vi tri tuong ddi trén hé truc toa do tir 0 dén 1 (64 diém tuong
duong 64 kénh)

A, B, C, D 1a cudng d6 cac dudng tin hiéu (theo dang sd)

- Khdi giao tiép Ethernet: Nhan goi dir lidu tir khdi xir 1y s6, giao tiép v6i may tinh
thong qua phan mém két ndi, giri gbi dir liéu 1én may tinh theo duong Ethernet.
- Khéi nguén: Cung cip ngudn mot chiéu cho toan bd khdi xir Iy va Module MPPC
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Khéi xtr Iy C12884[4]
Cong tin hiéu xung ddng bd gém hai tin hiéu 13 Clock va Start, tin hiéu Start phai dugc dua
vao khi str dung tir 2 Module MPPC tr¢ Ién (xung 500Hz), tin hiéu Clock 1a tin hiu xung
vuong 40Mhz cung cap cho bd chuyén doi TDC (Time digital converter).
2.4 Thiét ké ché tao mach tao xung Clock va Start

Mach tao xung du’(yg thi,ét ké,dé tao ra tin hiéu xung déng bd cép vao cho khdi xir 1y C12884,
do mai thuc hién két noi khoi XU Iy véi 1 Module MPPC C12680 nén xung Start chua duogc
st dung. So d6 nguyén 1y cua khoi tao xung nhu sau:
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So d6 nguyén 1y khdi tao xung
Mach nay bao gdm:

- Khéi ngudn: Chuyén d6i ngudn tir 24DVC xudng 5VDC va 3.3VDC cho thach anh dao

dong va IC. Gom 2 IC 1a LM2575 chuyén tir 24VDC xudng 5VDC va IC ASM1117 chuyén
tir 5VDC xudng 3.3VDC

- Khéi tao xung: Gom mot thach anh 40 Mhz va mot IC so sanh téc do cao tao ra xung vudng
40Mhz, ngoai ra con khoi tao xung Start S00Hz str dung IC NES5S55.

Mach tao xung
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2.5 Ghép néi Module MPPC 12680 véi khoi xir Iy tin higu C12884
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2. Két nbi C12884 véi may tinh qua duong Ethernet
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3. Nbi cap tin hiéu tir MPPC C12680 vé C1884
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5. Cap ngudn 24V
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2.6 Két qua

Sau khi két ndi hoan hién, mot phén mém s& diéu khién hoat dong cua khéi xir 1y tin hi¢u tir
may tinh thong qua dudng ethernet. Nhitng thong s6 dugc xuét ra dudi tén thu muyc data.dll.
Nhu vay, ching ta ¢ thé phat trién mot phan mém riéng dé diéu khién viéc nhan va xir Iy cac
thong tin tir bo xir 1y tin hiéu C12884 va hién thi 1én mot hinh anh mé ta duoc cuong do va vi
tri cac diém ma photon di vao. Vi tri nao c6 cuong d6 cang 1on thi d sang cang 1, vi tri co
cuong d6 photon thip s& md hon. Mot sb thong s xuét ra tir bo xtr 1y tin hiéu dé phan mém
mau xu 1y:

Théng so Pac trung
Ch Thir ty kénh xuat hién sy kién (0-3 kénh)
Second Timer | Thoi gian xuét hién su kién (d6 phén giai lus)
Y ADC Thoéng s6 giup xéac dinh vi tri btc xa di vao trén MPPC
X_ADC Thong s6 giup xac dinh vi tri bt xa di vao trén MPPC
Z ADC Thong so gitp xéac dinh vi tri buc xa di vao trén MPPC
Energy Cuong do photon tdi

File falder
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Phan mém mau dugc hang cung cap
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III: KET LUAN
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Hinh anh phéng xa dugc hién thi bang phan mém mau.

Két qué thu dugc cho thay Module MPPC C12680 da két ni dugc voi khdi xi Iy tin
hi¢u C12884. Hinh anh phong xa da dugc thé hién, tuy nhién muc ti€u cudi cung la mot phan
mém tyu phat trién, di€u khién viéc két noi va hién thi hinh anh thi chua dugc hoan thanh.

Trong qué trinh nghién ciru tim hiéu tic gia ciing gap nhiéu khé khan khi day 1a mot
cong nghé méi, thiét bi méi. Tinh twong thich voi hé théng mdy tinh khong cao do d6 kho
khan trong khau két ndi, mot sé dic tinh cua photodiode nhu nhiéu doi hoi Module MPPC
phai cang kin sang cang tbt, tin hiéu xung tc d6 cao ciing doi hoi phai chdng nhiéu tbt.

Trong thoi gian to1, nghién ciru s& tiép tuc véi viéc phan tich nhimg s liéu thu duoc tir
phan meém va viét riéng mot phan mém giao dién bang LabView diéu khién viéc thu nhan dix
liu gtri veé tir bo xtr Iy C12884 va hién thi hinh anh.
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CONNECTION OF MPPC WITH SIGNAL PROCESSING UNIT TO
RECORDING RADIATION IMAGE
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Abstract:

Radiation image recording is one of the atomic energy applications: non-destructive
testing - NDT, CT (Computed Tomography), X-ray, PET/CT (Positron Emission
Tomography), SPECT (Single Photon Emission Computed Tomography, Gamma Camera.
The recorded image is accurate and sharp depending on the recording sensor system and
image processing. There are scintillator crystal combined with PMT photomultiplier tubes,
there are selected scintillator crystal combined with Photodiode array. The use of Photodiode
array compared to photomultiplier tubes will be simpler and more compact because do not
have to use high voltage, but the image quality is very good.

Photodiode array is a matrix of sensors that are arranged parallel to each other. These
detectors are Photodiodes made to be able to operate in avalanche mode as in Geiger Muller
counter tubes called APDs (Avalanche Photodiode). Today, this technology has been used a
lot in industrial and medical devices. However, there is no specific study in our country at
present. In this study, we use a MPPC - C12680 Module combined with the C12884 signal
processing to recording radiation image. The first step is to master the technology, then be
able to produce nuclear devices later

The result is a clear radioactive image with image points corresponding to the position
where the photon enters on the MPPC array. Open the possibility of applying this technology
in nuclear measuring devices

Keyword: Recording radiation image, Multi Pixel Photon Count, MPPC
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GHEP NOI MODULE MPPC VOI KHOI XU LY TiN HIEU PE GHI
NHAN HINH ANH PHONG XA
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Tém tit:

Ghi nhan hinh anh 1a mdt trong nhitng k¥ thuat ing dung cuia nganh nang luong nguyén
tir: kiém tra khong pha hity — NDT (Non-Destructive Testing), chup cat 16p - CT (Computed
Tomography), chup X-quang, PET/CT (Positron Emission Tomography), SPECT (Single
Photon Emission Computed Tomography), xa hinh Gamma Camera. Hinh anh ghi nhan dugc
c¢6 chinh x4c va sac nét hay khong phu thudc rat nhiéu vao hé dau do ghi nhan va phan xir ly
hinh anh. C6 nhitng cong nghé két hop tinh thé nhip nhay véi dng nhan quang dién PMT, c6
nhimg cong nghé két hop tinh thé nhip nhdy v6i mang Photodiode lam dau ghi nhan tuy
nhién viéc sir dung mang Photodiode so vo1 6ng nhan quang dién s€ don gian, gon nhe hon vi
khong phai str dung dén ngudn nudi cao ap, ma chat luong hinh anh rat tot.

Mang Photodiode (PhotoDiode Array) dugc cAu tao chinh tir mot ma tran cac dau ghi
nhan dugc xép song song v4i nhau, cic dau ghi nay 1a cac Photodiode dugc ché tao dé c6 thé
hoat dong & ché do thac lii gidng nhu trong dng dém Geiger Muller va dugc goi 1a cac APD
(Avalanche Photodiode). Cong ngh¢ sur dung mang photodiode dd dugc mg dung rat nhiéu
hién nay trong céc thiét bi cong nghiép, y té. Tuy nhién & trong nudc hién tai van chua c6 mot
nghién ctru cu thé ndo vé cong nghé nay. Trong nghién ctru nay chung t6i st dung mot
Module MPPC — C12680 duoc cau tao chinh tir cac mang photodiode két hop véi b xir 1y tin
hiéu C12884 dé ghi nhan hinh anh phong xa. Budc dau dé 1am chu cong nghé, sau d6 co thé
mg dung san xuat cac thiét bi hat nhan vé sau.

Két qua thu dugc khi ghép ndi Module MPPC véi khéi xir 1y tin hiéu da ghi nhan duoc
mot hinh anh phong xa 1& nét véi cac diém hinh anh twong tmg véi vi tri ma bic xa di vao
trén mang photodiode. M ra kha niang ung dung rong rii cong nghé nay trong céc thiét bi do
dac hat nhan trong nudc.

Tw khoéa: Ghi nhdn hinh anh phong xa, Mang photodiode, MPPC,
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