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# # 5670389621 : MAJOR NUCLEAR TECHNOLOGY

KEYWORDS: GAMMA RADIATION / RADIOISOTOPE IDENTIFIER DEVICE / NUCLEAR

INSTRUMENT
WEERAWAT PORNROONGRUENGCHOK: DEVELOPMENT OF A PORTABLE
ISOTOPES IDENTIFIER DEVICE. ADVISOR: DECHO THONG-ARAM, CO-ADVISOR:
ASST. PROF. SUVIT PUNNACHAIYA, 117 pp.

A portable Radioisotope Identifier Device (RIID) was developed as a nuclear
instrument for radioisotopes identification by analyzing the energy spectrum of
gamma emitted from radioactive materials. The design and construction were mainly
used local available components and materials for ease of maintenance. This gamma
spectroscopic system consisted of a 10x10 mm’ Csl (TY crystal coupled with PIN
photodiode detector in conjunction with 22 mV/MeV charge sensitive preamplifier.
The measured pulse output from the front-end stage was fed to a pulse amplifier
circuit. Amplified signal was then sent to a single channel analyzer circuit which was
controlled by a microcontroller. The differential discriminated logic was coupled with
a ratemeter circuit in order to convert the count rate to the average voltage
signal. The gamma analyzed spectrum was displayed on the 4.3 inches LCD display
screen. After energy calibration, isotope identification could be performed by the
search library program by moving cursor was along the mid photopeak location in

range of + 21 keV.

The measurement results indicated that the gamma energy spectrum of Co-
57 (122 keV), Cs-137 (662 keV) and Co-60 (1173 keV and 1332 keV) could be
measured satisfactory and all these three radioisotopes were correctly identified. The

total measurement time was 92 second.

Department: Nuclear Engineering Student's Signature

Field of Study: Nuclear Technology Advisor's Signature

Academic Year: 2016 Co-Advisor's Signature
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1.5 Uselavunaininazlasu

Ingunsaldmsussyrlialelelnyusdnasmndenisldau  annisuidieiediionn

fnaUsene tazltuseloviluaunisinsidunazn1siseunisasu

1.6 LONAISHAZIUILTLN IV

1. ¥ 2554 Ygwn vouyinia , Al Nede3 Iy wag aIng Yuudoes yinisimuiwng
ynaninsiwasineldinsaaaunuiuunnng  nglseanwuuszuuliaiunsadenlnunnig
ulanalnuaInaUnasuSIdnLnNLI NS a AR EUNA SUNS I UkaE LA TATR S IUS U

SYELUULATOIEI959E TANUAIUNITOLINLIINANIL 12.9% ANAINUSIFLNULT 662 keV



Y94 Cs-137 waglulnunindniUSunadadaansaindnsduisdlogen 10 keps uazin
gnsnanlmyesiguin x1, x0.1 wag x0.01 daueAainedou 5.1%, 3.9% uway 4.7%
ALEIRY

2. U 2556 waY Jauniiy, 0Ly 18991 uay asTans Avsadud vinswan

5 % 2 v A o ! (% 3 IS C d‘
wserinUSNUSERNNI YT Aua SN Ieelignsinsiusadgegal 10 keps
aasingnaUSunasadlalugie 0 - 300 mR/hr Han INAFEUNTINSRTIUTINNSENN
¥ o a v A a A oA ! ! 1 a v
FuALinSsdunsgudiden-137  wuhddwanadeanauesgulihy = 7 % uasdd
o [ v 14 g a Y & A

anunsananaUnasundsnuvesidwnuiniauiassyvlinveslelglnulmdunuimela

3. U 2547 F3810500 wewogn, LY V09091 way §Ing Yuudues viinisiaun
szuutetimeifedunuunyiandoudelandonlowneifea  Fassuuannsouananalugy
YRIAUNATUNSINU ANMULTITE  niauviaunusiiinvasduiuasidunis  lagandunis
hwedlilasraulnsameisiuiupeuiimesawiannmvialidy  deanuaainniou
yosiinafiinldaindunisersdadu +1.69 me , -1.63 mN Tuszuufidn UTM

4. Y 2552 Kwang Hyun Kim, In Sub Jun wag Ho-SikYoo lasiaunssuuslelinesin
Swnuniismgn weldlunusuanudasadedmivianiauedes tagldida Csl (TY
Usznuiu Inlalaleawliafiu wwim 1 x 1 @u. v9usudu DAS with low-noise
preamplifier, shaping amplifier, discriminator &g multi control unit (MCU) Iﬂﬂ%@;ﬁﬁ%
gnasrudyanadaaa fnnud 400 MHz

5. U 2547 oAsny¥ aesum war e33ans dvsgiud lowwunlusunsudiasient

v v A < @ aAdA o U a ¢ v v A Ay v [ [V
awUnesusadunuunuuieniinfidgdniviwmaenanasusdunuanilaannsinlegldinin
WosuHENUIANSaY  aunTasudeuaalUnnSuINATRYIATIEING UL UNAEYBIYRY
Canberra Series 35 Plus ua¥ 10 Plus lolagmsavisesudeyaanasunduiinlily

1 o 3 < aa A 4 o v (% 4 3 [ aa

MANUTIVURBNANTEVIENSAANNTUSIuanEUnaSu ULV 0 BB NLANTIE
lsunsufiimunuannsanganananeiin - mIwuidusimesiin . miuiianSlaiin
UsEnauA1A11n 319 Bl AUVTeATInilaueInugeiin mnaanuYesiin Tauiansusuliiey
nauLazn1sszyriavasielalny

6. U 2547 L. Pibida, M. Unterweger, kg L. R. Karam laviin1svaaeuin3adsey
yialelglnuseddnua 4 vesusenildludandlyd auunsgIuees American National
Standards Institute (ANSI) l¥auinlingsduinsgiu 11 sialunisvegeu laud Co-57, Co-
60, Cd-109, I-125, Ba-133, Cs-137, Eu-152, Bi-207, Th-228, Pu-239, uag Natural

Uranium wuiniiderana1negil 47% laeilannain
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2.1 snfudunsed

Wel Af. 1896 %D WA, 2439 999U 9993 wUMnELa  (Antoine

Henri Becquerel) tinfi@ndunansuma lorunuindeiuwsiuiiduaeguiiusenssanviem
Liffuansusenauveandegisillen  Wawsslidnuasvilougnuas  uasillevinisvaassiu

Av A 1

arsUsznowvesgsidonydedy 9 Aldnawuieniu  Faguinesdsdunesnunainss

a (G

3 93 (Marie Curie) ladunuinsiawelaiiiey

Y

gisilonsionn Tuas Q35 (Pierre Curie) uagan
T = < Y av v a [y 4 VP T= PN §
SWen wasvelten  AawnsowkSedlawuideddy UsingmisaludSaEiinduies
(spontaneous) hAufuadedindey Wy gumvnll AUTY AMNAY SENUTINGNIT0IN
s ssEldiesegwailionduiiin Ausiunnwied Jadunsidsunlasneluiiundos
vadlolalnuinliiatesuasionsianiaudfiwuiin sinudunsed founsnnainese
(Rutherford)  loAnwniuduwaziansliiiuinfdiuneonunansiniudunssdoraniuied

d ) A a wa ! [ Y- a
AN UMINTBWANLT [1] NUANUALANAINUAY ANTNN 2.1
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M13199 2.1 audRnugiuvessadiean a1 wazwnuan

1Y

yilnveased nwal GRRVEITIORN

2°

woavh A vie sHe | Juoumaiuszneudelusneuiasinsouedisoy 2
aun1n  duszglidh +2 dawwna 4 H91wnaneq
Ngaeun TdansasuuunsEA s lang U 9

1o Weauuluauulninlaguugimigiay

Umn Bwie Je |Huoumeifivszqluih -1 Swawhiumaves

q

Bdnmseu Tewavegrzaigandnsdueariiia 100
Wi Sedtnmdanugeanansaruwiulanzug o W
uiupzivn 1 mm vieusiuezgiideavn 5 mm
anuslndiAssnnausiuas Wesuuluauslilag

WU IUIN

AN Y Durduwdmaninihideueneduduun  Lifiuseq
wazlifiyng  wAouiceANS Y TANNAILNTe

NEGNEAWGUINANTONLGN WU UAZAINUT 8 mm

WronulHuARunInuWT 9 e ldidssuuluaunulii

'
v v a A

uanNldlsdvinou o NlautRLanaeiuly iy

o Tndnsou(57) dndnuaiie e
o lUsweu (p) dydnualie 1H
e Fuvosou (D) dydnuaife TH
o viviou (1) dydnuaifie TH

o fhnsou (n) dydnwaifie §n
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wilusssunAlTagilonanunsaaefves I iuduned Ninsused

v a
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2.2 M3EAN8AIURITIANNSTIUATE

msaanesivessnuunisdidunsasuulasneluinndvaiiousuaunagnanie
i@desvessmiuduniad (Nuclear transformation) lnenisuanddsessduwoanmzessd@in
aezmeuiiUBsuulasiliAnsglnity - udminmsaaefilisduearviosdtaug
mnszfundsnuvesliuedeadsliasgseduiiu (Ground level) azfimsansedundsnulng
UanUasonauusmdnlnivdelnmeudunisui$dunuan  Prenansaanelngadunusnii
toonin 10 Fund lufiwadelavinaaviavesmenvedlelslnuiu nsuanuaosssdunsan
onivanetumeutuegfurialelalnuTeililésdunummarendany

TAueas-60 (Co-60) was@ideou-137 (Cs-137) WJulelalnutusunsdmduduinie
yoedadunuin Fetimsihuldusylendmaneiagiuinndesialusunisunmd  nsinuas
uavgmamnssy auduiduey lag Co-60 amefilvi¥idlinmdsem 0.318 MeV (udn
Tnggiasuduinia-60* (Ni-60%) Viﬁ’smﬁaaé’ﬂﬁizﬁuwé’wuqa mﬂﬁ?umgjamuzﬁuimami
UaosSadunuungany 1.173 uaz 1.332 MeV wWasuduinifa-60 (Ni-60) dadulelelny
w@des Tne Co-60 flma3edinuszana 5.3 U luvazil Cs-137 fidn3eiinusyana 30.17 T
Uszannd 95% aanesilpenisUandassSsddnnaseiu 0.512 MeV wasuduuuEeu-137m
(Ba-137m) Fadulelelnuinaties (Meta-stable) udr3saanaslvsedunuundsny 0.662
MeV asgnnziaiios dwdn 5% aaneslaenssluidu Ba-137 Fadulolelnuiadios dwsy
Nsaa1efives Co-60 way Cs-137 anunsaeulusuvesisnisaanssy (Decay scheme) o
iugﬂﬁ 2.1

[

= ! v a 5 aa U
L‘UEN“\]']ﬂﬂ’]iﬂaﬂﬂﬁEJEJ5%‘1LLﬂlIll'T‘i]']ﬂﬂ'W53@78@?%@@1@I%IWU5Q3M3 ULhUULAZIEAY

NANUANIETWLA 9 AITUIINAMTNYULAINGIIATERBATITIANGINUVDITIELNUNNT

a o

nuauziundesinaunasusadunuan (Gamma Spectrometer) @ansaldlun1siiasies
510409AMNIN (Qualitative analysis) Wieszyviinvaslolalnyly Jagiuiiniswmuigunsal

Taanasudunuunaiannnifisyyriavestelsinl dmiuldnsiassyviialoleinylunu

NIAALNYN LU TUATUALNAdRNLaEAUANNTUAIUaeATY LTudu
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27 CO
5.272 a 2 505 4+
2.158 2+
11732 MeV y
! 1.332 2+
1.3325 MeV y
e o
55CS137
30.17 a
56g4137m
2.55m ?'766
11/2-
0.6617 MeV y
568a137 0302+

stable

JUN 2.1 uruan1saangdives Co-60 uag Cs-137
111 www.wanda.fiu.edu

2.3 DUASNIYIVBISIFBNUNN

Sdunuudlondeuniiusinansla o aenedunsisen (nteraction) fufinans
wazaadendanuivagneuiinaidle 3 wuu [2] e

1.1 Usingnsallnladidnnin (Photoelectric effect) FsAunumnTndsms
N1 200 keV Lﬁamum’fﬂﬂluﬁaﬂawﬁiamaqqﬁ%ﬁmmimamwé’wuﬁgmmiﬁﬁuawau
fianand mﬂwé’muﬁmsJmiﬁqmdﬁwé’wuﬁmmﬁmmm%tﬁﬂmauiu%uimaﬁgu SEAURIN
BLANATOUTDIDLMDURINANNANBONIINDZADY éﬁ’agﬂﬁ 2.2 Saﬂ&ﬁﬂmauﬁmmaaﬂmﬁdﬂ
Tlndiannsau (Photoelectron) Tnefindsnuaaiivindunasiwaandsanulnaouiundsay
Fanilen Fandseusadveddnlndidnnseussianfivi uioniuivedinouiingu

aa

Usngnisallladidnnint Memadietuldundiivneundsnusvhdunsiseiuaansind
aveznanal WeolWlndidnaseutdinuaudfiferivaynindnivgroenainesneunas ne
nsleesludludinarsinglessu dmsusdunuunindinugs lndidnnsouasiie

o =t = U u v oA o Y = - v A o
M19n15AfaulunInfIfuAUTIE wazasiyuiukuINIsiAfeuvefidunuuiiiod

NAIUAT


http://www.wanda.fiu.edu/

Photoelectron

¢t (@)% s

Incident | A M L /

1
=i

JUT 2.2 Usingnsallnlladidnyan
11 : Bushberg JT. The Essential Physics of Medical Imaging: Lippincott Williams &
Wilkins; 2002

1.2 Usingnisainisnszidaraudsiu (Compton scattering) LilasedLnuuvu
fUEABUAINANLUUEANEY AaEmMNFIUNgIuduliiuaenauaIfInale vinlv
a a [ 1Y « A a v [ d'
diinnseunaneenanezmeululufianevhyuiunmsindouliduvefsdunuun degun 2.3
o8 a3 =i ] f U a & A v o
Senddnaseunivianoentuin reudaudiannseu (Compton electron) AMUENIAAUYBISIE

LNUNNNINTZR908N U NLTURAUAIYUN TR Asauns

h
AA= — (1 =cOSD) oo (1)

die A A e mnugninduvesssdunuandiiiniu (Compton wavelength)
h #e AAsiveINdn
m fe 1avedlannTou
& <
C A9 AILTIVDILLES

@ Ao Amunszifewesddunmumn
Tnendsnufisnomlifinaisasiian faus 0 Sandsnuvedadunuaniiday
Tngsnaziinfusadunusniiingsanu 0.1-10 MeV wazazifintulamiloSsdunuaniingsay
Tut9 0.5-3.5 MeV fr¥adunuuniinszidseenluindssmannnedeiaiausingmsailnle

Sidnnsnlasieludn
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Ejected
Electron

e

0@ angle of deflection

Incident \W‘-- .
Photon
-e

Scattered A
Photon 2

A<h,

JUN 2.3 Usingmsainisnszidemendsiu
11 : Bushberg JT. The Essential Physics of Medical Imaging: Lippincott Williams &
Wilkins; 2002

'3 L) . . Id [y aa Aa a
1.3 Usingmsalunslusindu (Pair production) «Judunsiseninisaeu
Y v & v o - a o aa Xy Ao i
WASUTDITIAUNUNNTUING  SIFLNUNINAZLNADUATATIIUADILNAIIUGINI 1.02 MeV
(wasnuiuinsaaeaati (rest mass) vesdidnaseu-Indnseu =1.02 MeV) 1llosan
dunsiseIvefidunuuindsnugeusnalndduafsatiundinuazsasuluiluuianes

SANATOULALINANTOU  AUNSIUVDITIFUNULNTNA DL T UNT I UVDIBLANATOULAY

1% (%
= tY [ 1

wdnsou Inansouiintutiundinisatendsnulvdinalsuadlszsiudiiudidnnsoudass
naeLdUSIALNLLN 2 F1 wearIindswvingu 0.511 MeV 158171 Annihilation radiation
Aagui 2.4 Usingnisalunsiusantuilenmaiinlaanniu Wielvneuindsnug@unin 1.02

MeV wagyidunsiseniuaansiiliavernougs
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=1.02 MeV
Fhaoton

Heawvy
Mucleus

0.51 MeV Photen

0.51 MeV Photon
U7 2.4 Usingmsaiunslusendu
#i111 : Radiation type, Instrumentation and Control
WANUVDISIAUNUNLALLATVOL AN VDIAANT Juladuddgresnisiin
Usngmaaiinladidnnin Ymngnisainisnssidereudsiu wazusingmsniunlusdndu 2

WAnIANENITUSIARTIUN 2.5

« TTITRN + b TETTH LT errnm | LB
120F -
100~  Photosiectric effect Pair production

. - dominant dominant -

£ 8 .

£ - -
4

| -} w— —

‘6 - —
X

A0 Compton sffect m

- dominant ]

20_- =

D'_ RN 1 P T Eyrysg e .
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Ay In Mey

a

JUN 2.5 Anuduiussenindavernay naUYeITIERNLIN Lardunsiseviaany

fi1n - Advanced Laboratory, Physics 407 University of Wisconsin, 1999
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2.4 N15U9NUBUNSI8RINSIF

o 1w a

AnSsavsetaedes enadumAivateaunInng? sulbssnainuansenulunisau

A9 9 MATU NIINN59esziTnTIdeeElsTn wazured Tussasiulanasen 2 n1sszidn

vodlsslihdmdesiweslulda  wazargaannlsslihiuedesniuglady  MihliAeay

= | oA = v 3 v ¢ o I3

deoveegaumena dailisanazeniuiy Auinywdgliussleviainsadegnaunnunefiny
= 1% o Y a wa v a o ) A 1Y) A =X o & v A
ieliupraniluuasuiiaumessd danuduladindanuvasndeanssd Fedndudesd
Wlavaninaaulasadeiidivun - wseunsiwlgualunsliduasufuiRnunieideiu

SedeliAnuselovigaan [1]

2.4.1 psAnsiAedestunistesiudunseninsd laun

1. AMENIIUITNITIENINUIENARIUNITUBINUSIE The International Commission
on Radiation Protection (ICRP) ICRP \Hussdnsmaingnmansiudass lifufusua
VOIVIALA rosstwilel A 1928 Tneanaudsd@imensswineUssne (Interational
Society of Radiology) Tupauusniidodn The International X-ray and Radium Protection
committee  Bslutanmtulsssuiienuifendewuadldsusunmennisdionduazsy
ey ICRP umhenudeswiufifuingeulunistiostuldlviufcRoldusunsenn
Sedwanidu 1wl ae. 1950 wihiirusuRaseuves ICRP Iivensveunsenly Tnewioides
futlymlmal q Adstuanedesufnsaitandefuaranesinslml q fadremuan Suusi
1WUWANITIUYes  ICRP  lasulufsamnuvasndelunisihsduazduniindsdluly
Uselomifluanssudng 4 fae Jagdu ICRP Tnemsvhausufusswiaininemansanni
mevenuazelussdnsdifiuimideientunsiesiudunseanieddafeadastu
Usev1vU LLazﬁﬂﬁﬁamuma%’ﬁﬁwm 10 A1 usnIINMIANLRALUzILALTUNS

Jasnudupsiganssdlaenmilunal ICRP  galadnynawusinennunistaaiusunsieann

FealuavanIznIewng q ey Asunmg funnssy witleaus [Wudu

2. AMENIINNTTENINUTEIMAAIUAIILUAOAABN19SIE  The  Inter-Agency
Committee on Radiation Safety (ACRS) léinasatuulull a.e. 1990 Wioatuayuuas
sgadulifinnihdomsdesiudunneannid@lutssgndld  auznssunisvotesdnsiiunan
wwnaiveuddgEensosiusunseandsd wagldsiuiudah The International
Basic Safety Standards for Protection Against lonizing Radiation and for the Safety of

Radiation Source w3a3aniuluwiy Basic Safety Standards (BSS) %qﬁfmqﬂizamﬁlumi
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Fovhdermuniiefunmsaduayuludnuusvesiuunivdownufiafazyililasinis
nsteaaiudunsisainssdussqinguazasd Inedenuzinves BSS azusenaulumennsgiu
e q  wdnnsdesdulumsiosiudunseanidddanumdniuuzthves ICRP wasld
nanAuUasnfun1eiledusued International Nuclear Safety Advisory Group (INSAG)
Fadunguiidnsh Nuclear Safety Standards ifiglddmsunmsldusslovimaiuadesidudd

A.A. 1985 mann13Ndnvilaeg INSAG azgauiulunduinilinssduasiesosinindd@ussinndu
‘l

3. ANYNTINNBNITENINUTEImMANIUNTIANAEIEInSsd  The International
Commission on Radiological Unit and Measurements (ICRU) ﬁa&gﬂeﬁﬂuﬂ A.A.1925 91N
nsUszgusadEmensevinlseina  Tingussasavantunislvmuusiluiig YSunauay
Mmeuesdsd uardufunnmisd Bmanneinddimnzauuaysussgndldusanusdl

UATUFN

4. NUNMINAEUUTINYIENINNUSEINA  The  International  Atomic  Energy

'
=Y

Agency (IAEA) 1Hussdnsnilivesanyszenund (United Nation) nesstudied a.e.1957 il

duasunisldndsnuiuadeslunduaneendenmuntasiauawnujiinuaulasnsey

a s

v a o o ~ Y Y v a & G4
NNFNEN WA UL UIVBY  ICRP L‘W@F’YJ’]QJ‘U&E]ﬂﬂEII‘I,Jﬂ’]ﬂGUWﬁNWUU’JLﬂﬁEﬁ LLﬁ%LUu@uUﬂaN

Y

Anuuilelusuiiades Tdinnulngjegingalsuw Yssinaosainse

2.4.2 AANN1SUDINUDUATI8NTIE

v a

n1slesusediludenanidedddly egrdesnyudnnauialasusidainsssueid

a wa

ICRP  louusUszinnueenislasusedll 3 Ussanfe 1) nslasusedannnisuisnu

(Occupational  Exposure) #9aziiloniasuseduinniiyanaiiald  2)  nislasusednig

[ aa o v a

NSUWNE (Medical  Exposure) 119 3 @19179 5987194y $985nw Lazigeransinaes
sudnslesdend 3) nstasussdveauszsunily (Public Exposure) aniannoasi

v o & @ v o & oA v a Y] v o = ¢
91115 wazsadaniulan usu deduieliinanulasnieaindsd ICRP  FaauoLnud

[

AN133UUTUSSELU ICRP Publication atu#l 103 FslinandAty 3 Uszn15me


https://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B8%99%E0%B8%B4%E0%B8%A7%E0%B9%80%E0%B8%84%E0%B8%A5%E0%B8%B5%E0%B8%A2%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A7%E0%B8%B5%E0%B8%A2%E0%B8%99%E0%B8%99%E0%B8%B2
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1. mM3sfimeraduas (ustification)

o

dloassasinisdnaulevensuniewiidnislug q uld ne@idsnisuionis
fudunsty o denudssiigldsusunseandd wsdesdinmsdieuiiteuicUssloviiioy
$ufuanuidswosdunsefasindudonoui lVinafidua unninrandesiioaiin
Amsdemesioguam 1wy nsfuiidifiensiaidaduniafunzids desiiansanliiuin

TasuUsElevtiaInN15n57IRIBLUINNIIANULELS L8991 TINS5 UTIFALTUIINAITNTID

I
LYY

AR

2. mstesfuiiunzan (Optimization)

[V
v a v o =

WAL RAITUINAIINTIASUSEAS It 9 Anafuinninadound Usunu

v aa

$yEnuemalasu IuuaunlasusdETunuInvesUsiIusEnlasuannsUfuRunig

3

v a vV ]

$edazdosdandnufuiinavdeslasuedvesian uwidesrmdteladeniuasygia dany

N15:889980AUTDNYNUIEAIN 9 998 FINNWNENNTT ALARA (As Low As Reasonably

v

Achievable)  #ugAIuIIN1saziunlgdaUselovivaesednaransnutuns @ uuLhog

o a Y aa I N o § YY A wa Yo v Ay oA | Ya o |
AunsmeIsmsle q AeunviliujiRnulasusddesngauaslineliiindunsiey wu

v v o %Y o v a wva A 5% o Yo U o 8 o ]
WmthianeSedlituauld azdesufuminelvdatesiduazgSusedlasusedangn uiussg
TrgusvasAvaanIsaneSedluasau

3. NsNAUSUNSIENASU (Limitation)

'
v aa

wiinuywdaylianunsavdnidaesnislasusadlauniaunsadinuiunnseda

Sulaueldlviindunsiesaguain ICRP  lakugirinUsuiusdnuanalasuasdoaliiv

9

a o w a Yo v o . . = < ' [ a v a v A
UnTinUIu1un1slasused (Dose  Limit) Badudrinungeanvesusunnsaddmanse

o w [

Ysunauadauya neeulviyaraiulaainnisauiufianssusng o n1e5ed Iadninusunused

gnivualidmiuyena 2 nguvan A JUfURnunesduaryaranil IadinuSunased
1 ICRP wauawuglilu Publication atu#l 103 AmualvguuRausiused lasudsunsed

ad acf |

wa wagliiiu 20 1addsasel Tuszeziian 5 Udaasaiu lasusazddadlasuluiu 50

e

aa@ise/A dmsuunnaily isuusuaussddmalinu 1 1853350/ viewaslu 5 U

)

a

fosliiiu 1 DadTI$e/A V9NTaUSUIUSIEN ICRP w@UBLUY LAAILUANTIN 2.2
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AN 2.2 BAINNAYUSUIUSIEN ICRP vausLuglu Publication atuf 103

IRIENAVRERET ynAavialy

USuneuseddama wagliiiu 20 Jaddisasal Tu 1 Jaddasn/A
segean 5 URnsany nauwsasy

soalasuluiiy 50 Tadisn/Al

USunaudsdanyaiiauden | whslidiiu 20 $ad835edeU Ty | 15 §88%350/U
srewlaan 5 Underiu lneusasy

soalesuluiiy 50 Tadd3sn/A

USunauadauya v 500 flad@ise/A 50 Hadw3isn/U

USunausedauyanilouazivin 500 adT1350/1 -

2.4.3 NN5UINUDUNTIUNISIANLARIN LA TIE

Yo v A Y 1a vua v a Yo v a Y oo Yo v a

n15lasuadvesuuRnuneTdaunsalasused 2 e loud nslasudeduuy
ABUBNIINTY (External Exposure) wagnslasusaduuuidngsnenie (intemal Exposure)

nsldvseufURnuiuunasiuinsidnisuensremesinduunassudasdvinle
Wiln (Sealed source) NaARTaRfUTUNTIEI UMY gnvioueeelinga uaiUaniina1ds
v [ P P [y Y] YY) v a ) 2/ v v a
migdaniudanse tion1stdesiunisiilvavesansiudunsed Inemluasidunistesiused
wnEan Sediend warihnseu Wesndanuannsanzanalgddunisauauaulasnsdy
NNstasuTedneuensenieg gUjiRnumsdandan ALARA (As Low As Reasonably

Achievable) fotdungiiugiunisandunisle g MiliussgingUszasaniliflszaussdden

€

Aanwintazidululy ﬁmimﬂizﬂaﬂumiﬂﬁﬁ’amummﬁmﬁugmmimmmé’umwsmﬂmu
ﬁﬂLﬁﬂ%ﬂﬁﬁagjmauaﬂﬁNm& (Controlling the external radiation hazard) fif18iu 3 35A
nsRasaluEewes 1an (Time), s¥8¥n19 (Distance) LazLA3oars (Shielding)
1381 (Time)
msmuauailunsufiRnuivarsiediuitnsddglunisanuiinasednioy
a5y nMsannattunsyhouivansidvsedudaiuanssed fastevhlifudiRnuldsussd
ffoas MsAmnanafimnzaudmiumsuftRnuivased ansodunildangns

D=RXT e (2)
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R vnefa dnsUSunaused
T v nafeygnaliviienls
fouanslFsuTaddmaniniy 20 Tadtdsied drdusnanslésusiiasandl
yhandlelu 1 Fuidlednsuinadidgegaiseliduldnedaluaviiiy wiiu 10 lulasdiise
siodalus eAnnavihausotufie 8 42lus dafushsUiusdgean (Dose limit) Asuld
Tu 1 Jufanleann
uwnudnges windu D = 10 lulas@idsesodalus x 8 dalug
= 80 lulas@ise

1HoNIIUAT Dy, 7 Weaunsad I minzand miuUuRauiuiadlanngns

o . . dnsUTunauSdgegn
NAMEBNTAVINULN = ————————— 3)
DNIIUTNIUTIE U UIIUUU

=

A TandsufuRRe
- R wiSsugUnIal Leseellennd o wasUSnwnualmthnawdn lUusINSE

- MuegeIsnaziiuseansaam

5282119 (Distance)

MImUANIEErieIEnI U TRnuivanssd Judnisuidunisandunsieain

W@negnreusnsnaniy Mngudiuaiuisaitnulaiiainduiiliefedlvunign

Y

afle

UATRunazlasusddoniign

e

ANMUFUNUS TENINORTINTIASUSIFNUT8UN9NAUN L TR SIFdU150
Awnilanngitdeaaennidu  (Inverse square law’s) ieegnsannuvasiiiindedly

Wine USunusadnlasuaranaunde 1 Tu 4 il

T o e (a)
Toe9 | nunede 9nsusSuused
d N8N STULPIINAUN LIRS IE
k oD Arsigsazlasulumusinuaaduniinsed
Tunsdinuiuiilindsdulinfeaiu m k aglideundas dslugns Inverse
, a M Y &
square law’s aunsaidisulumiladu

|1d12 = |2d22 ............................................. (5)
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N o

Ql' =% o a v = i Y o a = 2
Taef |, nunens sns1Usunasdidevieanduiiiadedilusseenna d,

<

Y a v oA Y o a wa 2
I, vianede 8ns1USIuTElevieInaui e Ssdusseene d,
d; M8 SEeErieInNAuUnLIngeE o 909 1

d, Mneia sregveanaunLinded o 9a7 2

aunisianadldlagndesiuduindassduuuan (Point source) Wity mnidusiy

|3

Audiafisunsauuudu 9 wu @ (ine) 5enszuen (cylinder) wisnuufar (disc) azdosd
syognduiuiafsdninndt 10 whvssauniisgegavesiuiniaiediu Inedne
USinadeafldsutuegiu sliavesded fufunnindsd seosne wosndanu Kafiog19dng
UinaussaunuanvedlelelyuSsdunsuiingt ICRP Iewuztinlu Publication atiufl 38 Tumsng
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A5 2.3 nsUsunassdunuanveslelelnuidiuduanin 10 MBqg Nisyee 1 1wns

Tolalnd R3UTUIUSIE (USv/h)
Na-22 3.65
Cr-51 0.05
Fe-59 1.98
Co-57 0.21
Co-60 4.17
[-125 0.07
-131 0.63

(%
v o 14 wa A

Aatiu TarsUNUR Ap

- esuiRnulageginsnunasiniinFadunige
- Idgunsalmuauszeylnagieyieu
- sendgseuURau Iegluusuniiensnusunnsedn
El o W v o . .
bATDINTULS9E (Shielding)

U o0 = =

A5LARN LU RALATEINITISIE AeIA1TaNs

1. ANULIISIEVRIAUNLTASIE
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2. YUAVDITIF/NAUSIE LU FedunuLn iqaumwamum NE‘!‘UG]’]‘W&N"]‘NG]’] @

LLaan

v a1 I a

3. AfeuTulandInd1ueTean1desed wu ArwenliguiuiRausulalusening

U UReu

'
a wva o Y a ¥ o v o

nsedanla o sevineunasiniadadduduiRauagvimdnduiinmyds vilvas

o

YSunusedas lnessdueangnaanaulainedelaiidymlunisiite Seddaaadidunanegy

@ = =

ngadegandtueani wasileSaddnafoundnlVluaansiiiiavevnaugs W1uusiIn

awuwiminuazauulningawesiuedeaniivszauan aggnviinianuiins uasidequy

#irn19 wieuiuldessadiendeanun Sandt Sedusudunsnge (Bremsstrahlung radiation)

v aa

Fadndudedlddimvessdnaunsadesiusidinuaziusudonsige  lugui 2.6  uans

ANNANNTILUNTVEg VTN U TAR YRS ENF 1 inny

o , aluminium |ead concrete
ALPHA { —
__________ f( N

B l {

BETA i !

JUN 2.6 ¥ilvesdedigaddrunaneaneaisingiu

i http://galileo.phys.virginia.edu

dmsunismvruaudasadeniesdvenislasusadnnglusienieg annisdng

Y

Fumevein1sldasiuiunssdnlilatonin ddnvaziluvounar arsszme du i Judu

Y

AufURMudesszdnseislilianssididigsnane Jawdseendu 4 ysedu leun s
Au mamgla msBuifmds Msdvmeuiawna MIesianissesidouniediddadu

a o & 4 Yo v Y | v
6‘1\‘1"\]’1L‘U‘L!‘Vl"\]3@G]I@ﬂﬂﬂﬂ’]il@iUi\‘iﬁL‘?ﬂ@ﬂ’]EJELUiNﬂ’]ElVLﬂ

2.5 1A58919In59F
15U U UNT1891NSIE S dudDIeFELASeto TS AN aY LASeItld NSy

v v A 1 ) 1 [%
ATIINSIERUATU 2 nquUsENaUAIY
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1. insesiiedndmsunistesiussdnisusnsienie (External exposure) lon

LA30IINEMTIUSHISIE (Dose rate meters, uae mR/hr, MSv/hr) Wuasesiafiannsald

v v

In3edfisinnuanssanzanzalsgs o wnuunuazdon dwsuimsouazidueiosinany
LLazLﬂ'%laﬁmﬂ'%mm%’aﬁﬂszﬁwé’mﬂﬂa (Personal monitoring, %128 HSV) WoTauSunased
avaunsamelisu gnesnuuulildeusensiluinysediyaravuzyihny

2. Lﬂ‘%'aaﬁai’mﬁ’m%'umiﬂaﬁu%’aﬁLﬂﬁflgis"mma (Internal exposure) lAun
sawmvEoumssondowneid Wy wiestanrusesidounedsd  (Portable

Contamination monitors) d@niuinn1sisesidounisssduunuiile q dulngeeniuu

v aa

Yo v o a W v o | 2 o ' a ° X
I inssduoan vdaindidinila dwheduy By/m” Medransesdrsiansisesilou
mefduandduzy 27 0 wasesewinnisisesileunnsdadlueinia  (Airbormne

Contamination monitors) d1iuinUsunanisiuilounieiedlueinia loun duavess du

v o A

LY v a & v v a o 3 = 1 I
ANUUNINEG  LhNe 195&‘1/18 ﬂ’]i’Jﬂi\‘iﬂ‘i/]’]‘lﬁﬁﬂEJﬂ’]iLﬂ'U’eJ’]ﬂ’]ﬂLLﬁSﬂﬂ UNMINgay dnuedu

o o

3 U 1 ‘ﬁl o ‘&J U a 3 ‘ﬁ. o 1
Bg/cm sUMBE1ATRINTITInNSIUTeEoun1essdluenniALuuinsnui LW@’]W»!‘IJ

o

Y
avopsfednlinszarglueIniAvesu3um Canberra su CAM100G uanslugy 2.7 .

)

JUN 2.7 . 1eesd1siaanUsesilaunnasadiuunnm

I
v

5 (% d’lj U X a a
2. 139 InnsiUsezounssidlusniAuuuAnAsiufl

fisn http://www.hko.gov.hk/m/article_e.htm?title=ele 00339

v v a v v v v v a

a = [ J v aa J [ (Y Id
A3l indidninanasldiiinsed@nuana1eiu aunsanusiainsedenndu 4

!
v v v A a A s v v v A =

Uszian taud 1. Windeduuuussaig 2. iinsaduvudufiaames 3. Winseduuuis
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11 4. Winsediiinseu laeswnsesinsedunasiasesazlivinindedussinvla Yuediu
yaUszasivaansidnunsesinddyinty 9 wsesinmariiliannsassysinvaslelylny

S9dle

2.5.1 NNSAIVINTIE

v o

2.5.1.1 ¥I0 980T unala Ty

v
v a s (% va

A1SN19IUVBIRITASIETHAN DAy AANY

9

AUTURNINTIE NaAeLlaUITUANNSIANNNTENUNANUIRaNsUNTRARa U VLR nTufila

a L3

WAUNUNINYIAIAASAUNUY

Oee

= 4

< ' a £ a =~y =
ALLAUNTLUAILANLNAYU U UTLIUNTIFNTETNU LiEJﬂUi’]ﬂQﬂ'ﬁm

] v a

471N156309594

[

(Scintillation) Inanszuiunisizesssdaziinduiiolassadandnlasusad naudidnnseuly

[y

Wusylasaieanindanulugie valence band aglisunisgandundanuLazenseiuNiy

forbidden gap TulUMsedundsau conduction band uaznduasnegluuTiauiuan
BldnnseuUsIM forbidden gap @suSiaed Trapping state Hagdilamzarsiasasla

wihty) vnlidianasewinaniie excitation nqudianassuazenszaviuldunniesiiiadla

[ (%
= [y [ v

uAUNSIU0I5IE ntunquBdnaseuIransERuNdIugseauunseuUanyaesl

. A v ] Y] Y] a La & Y]
mouwas (light photon) Niiauduuandudndruiunasany luaisuiavsdidnnseuazndu

(%
v A

dannzUnfnseRuiuuian valence band Tnnauwasiiiuasesninenviiniue1inaulings
funisnavaussvesgunsalivdsusadluiludyaralii dniudielilalnounaiifianiig

Y1IAAUNNNNADINITAIRDUT AT NN LU 1S8n1 activators ddunnnaziduanse

'
[y [ o

a6 Y a a LYY A a . N ! v 5 =~
UN3E NOIANUSLIUAUANUDIENSIIDUIII forbidden gap MITEAUNAIUAINIT AetiULile

[
v A

BLlinmIouAnITAUNANILIZIITNTIUSMAUANa ST eneugdsyduiiu (activator  ground

(%
a

state) viTlWmauuasiaNeIRAURNTY AigURl 2.8 wannsiduiugiuvesnszuiunis
1389598 (4]
i ——
Conduction band

Activator excited state

hv

Activator ground state
Valence band

JUN 2.8 MalUdanasvaananansotiunsd
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a

arsefunddnteltluiintesdidinduasnduueanlowslad (Alkali  halide)
U Nal, Csl insneiluseans nmdinlunisiasuas wﬁﬂu'%qwésuaq Nal aglvuasfidnuena
AAuUsTINQ 200 nm wasileduanside TU Wy activator agliuasdifinaueadulssan
400 nm st Nal (TU) fifaidefeidundnlsernuiu uansinde lidensidsuudasgumai

LATAINNSDU

A a 1 J a{' " ) vad o o
summmmm’maulmwLﬂaqaaﬂuazmmmwLmeUaauuLﬂuqmamwm [3{RN

(%

NANTUNALALaS ALY TdINasas uIuvadlnlndldnnsau (Photoelectron) MARTY
<

Ushusessisvedlnlalalonviiniiu Feavgnulasdumiugeuesdyaaiad Asiuteyanis

2 = o o & A A Y ' v = a
ADUAUBDIAINNYNIAFULAIIINAIININUULNDNALIUANUTENINNAINAND

v
Y

a I3 =
uValaLlas (Nan
1599598) wavilnlalalonvdafuiwmunyay awnasuwasiiuasaanuiann Nal (TU, Csl (TU),

BGO waznsmevaussvestaneufiulnlnlalen uandusuil 2.9

Csl (T0) iundniifiamnuvunuiy 4.51x10° ke/m’ waziliaveznenganin Nal viilwdl
Usgansamlunsindsdununnléfind Ussavs amnisidsunaswes Csl (T fiAdsvanm
45% w4 Nal (T) 1 gaumgiivies igamaiilulasiauman (77K) Csl azliianandunasoonan
winfuves Nal (T) flgamaiivies wazArasiinisaaesawiniu 10° 3undl uasiivdesain Csl
(T) fimnueneduATEUAqNYIT 420 f 600 uluwng Jamnzuinsreies (Coupling)
Auganeuiulnlalalen

sl (1)) ldresganinutiy iedy faanuadrowarafinannnds Nal (T0) laid

Inunal@eudueg a1nsanuien1snsesunn n1sdu n1siasuwlatumglegrsdunaulag
(5]

100
| TV Sucowmorooione |
e " i " 8
é " Nal (To) (332 ‘.BOO.CII(TI) o §
z [
: N :
S

T
a / ': -l_ X204 600um
« = \

. i\ N Th .

200 400 600 800 1000 1200

WAVELENGTH (nm)

gﬂﬁ 2.9 alnp$unes Nal (T0, Csl (T, BGO fUMIAOUALDIATINEIARULANYDS
Fanauiulnlalalen

#i111 : Hamamatsu Si Photodiode selection guide, 2017
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2.5.1.2 lWlplalanvidaniy

Wlalalenvfinfiu wie Aulnlalealen (p-in photodiode) Ae lalenliuasfifisossa

a . P o ' a ] & & NS .
wiin p-i-n Feillaseasnwnna1eninlalalonsssuAINSINTEIINNTU p waztu n 9EdTY |

'
[ 1

Auey T i UnungiaduasisiiiininisiauaigaisilevumsUsinatesuinauiiou

a

U3q (intrinsic) dnwaisiduesivlnlnlalen Ao annsiifdu | Suildeiaruglnihes
5980 (junction  capacitance) fftfes [6] Mnlwldmnudunasilunisiudsudu
nszualnlihdadiannalinasgs wasdamnuiwossdsuulasasganniessduilniuni
(ps) Tealdlunsfudyarauasdmviunsieasiidunmaduletuas fudnnsiau fe
dlowasiinnnsznuiindenuuinniviowifundsnussevinauay (band-gab energy) v
anstesihusnasesse Tinoulasazyhsunsisefuezneuin Secondary electron 399z
SundsuanlrinouuaznenislessludiliAnymagdidnnsounaslsanionms sz
Base mmfuaumi%lﬁwmmLﬁquaﬂwaaé’auﬂé’u (Reverse bias) filuu3iiauUasaning
ailiszquenaonainiu tiamslnavesnszualiinlusesludaduuenuagiuasu
é’zyapmﬁaémaﬁulw%ﬁﬁmmmmmqqﬁaﬁﬂuﬁ’mdauﬁ’ummLsﬁmLLaa NARRYINIATIES

vosvasinlnlalenviiafiunandusy 2.10

ANTIREFLECTIVE SOATING

Pt

U 2.10 madavnavestnlnlelonuindiu
#i111 : SEMICONDUCTOR MATERIAL AND DEVICE PROPERTIES, Integrated

Publishing, Inc.
2.5.2 MIBATIEAAUNATUSTIFLNLLN

nMylasziaUnasunasuYesidunui Wunmsdadonaugeuesdyguiadn

flouadudadiuiundanu leuaniainisnszarevunnugudeadnluguvesdalasunsy
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(Pulse height histogram distribution) wafian1sitasizsinuady 2 ¥da Ao n1sIAs1eh
WAIULUULD9LAYY (Single Channel Analyzer; SCA) LazN1TIATIZANAIULUUNAIDYD
(Multichannel Analyzer; MCA) szuuilasIzvneanuuudislaziisimUsendn Ae seuu

ATILANSINUBUUTDUREN

2.5.2.1 SEUVIATIEHNANIULUYYDUALT (Single Channel Analyzer)

(4 v 1

mMalasziaugweaiadingldounsalimssindsnusuutenneandunisiden

A0S Tedanigseauaugauesdyy uiadiaedes Farugauesdyyiuiad

'
v aa v v A

fuadesaziluafuansdamdinuressidnannsenuiiindduazegludndsuiiden

Tneuannistunisideninauianadiindesnlauianeinnuesgunsalvenedyyadu

q 9

ca o ]

d’lJ % o v a aa s . . . = o
Wasiu anunsavilalagldaunsalisendt faasiiumes (Discriminator) #3015vNUeS

v fa U

gunsaifansiiiumes Suandledyarauiadilundesnlasudiuniissduanuaesdyyiu

[%
Y Y v

wnnIseAunsalaan (Theshold level) Mignasanly gunsalfansiiunesaglvdyyuiad

<

@ 1 v eaa [y

2930 (Logic pulse) MaWinm Adtugun 2.11 wiuhdyaaiadniseaudiniissaumsa

leanazlifndygruiadasin dudyarunadngininssaumsaleanaziin

Y

o

ARINIGE

o

ee@

[ a v

aednievinvvesgunsalfiansinimes lneddnwaensiiedyginaediniadiintunveu

2,

A

WU (Leading  edge) vosdygraiadianmies uallosannarlunisifnwadasdnazidu
Handuresvundygiad (Amplitude) wazlsdlnl (Rise time) wosdyganadiindysnd
o = ¢ . . Aa ca aa ¢ = & Y a
sUdys ufamd@dieu (Semi-Gaussian)  Bunnvesgunsalfansiiiumes Julunaliiin
(Time walk) A33U#1 2.13 Msvirnuvesgunsalfgasiumesmidentusednivuindyayio
Wadgufusedufansiiiumasseauiiedil 1Sendn duiinfafaniiiiuimes (Integral
discriminator) M3AALaandygIaiadiioilUassaunasundssnunuuduiinsaazununly

Baszilunsujualaaiuan [7]
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Discriminator Level
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'
1
A

.,

JUN 2.11 msiinaedniadvesduiinianansiiumes

Discriminator Output

—j_-qp__--

fi1 : Ortec. n.d. Modular Pulse-Processing Electronics Catalog
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JUN 2.12 nMsiindya1aiaeIniiaduedsyuuinsenanuaeueiadLuuyaumen
(a) Hyey 1D MNFIINIITVE Y YU

(b) uﬁqJJ mmmwmmnsvumLﬂiwv‘wmmawaﬂwaal,wwaame

FalAdin15a$19nIEUIUNTIATIENAIINGVRINAAUUUARLABNAUA1ITEA UV DS

mumammmwaa 3unI1 ANelsuITsafdansSiiuLnes (Differential discriminator)

'
a aa s (% o

Usenaumiugunsal AaAsSTLWARS 2 S¥AU AR AaAslwmeiIeiudl  (Lower  level

[y [

discriminator : LLD) hazfan3iliumasszaug 314 (Upper level discriminator : ULD) wag@n

LLEJﬂL“ZNaEJﬁ]ﬂ‘U@\'iﬂiUiU’]m 2 iu(ﬂ'U‘VlEJEJIUGU’NMU’]WN%ENWGNWU (AE = ULD - LLD) el § "?N

SN “YINATIEANGNIU” mimmuﬁumiz‘ummewmmqawaawmﬁﬂugﬂuwﬂﬁ
¢ A o

M9IUTDITZUVIATIZANAIIULUUTBLAYY szuvaslidygruaedniadillodyyiuWad

g7

Y A U

Tuadesnlasulisziuanuawesdygineglugiasenitansalaanis 2 seau lagnisiin
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'
s a v v

oy uaeIniadaziinuiiavouvias (Falling edge) wosdyguiadinnissndaiu

L v 6

szAufaasinesiuAdandlugui 2.11 Faanguazuansliviuinfiiiesdyyiaiad

fupdes I Agnasraludygramedniad wadvinnsususaagedlinseinguges

seRuRansilluesiseRuansandyaiadinndes Il szuvlzaidyynneiniadues

(% v 6 a s

dyanuiadtLaaes Il eanun

A

FTUUTATIZRANNEeIRaduUUYaLAg I U udnva Udoudyaiaaein

wunla 2 ¥ia Ae ueulniifia SCA (Non timing SCA) wag nsifis SCA (Timing SCA) Tunns

6 a =

ik uuneulndifis SCA  Udyaaiadiandeswuugilnans (Unipolar) NignAnidenty

1 a o s o o

1997LAT129 Wz UanudgyiaasInNadiusinuvsuvIas Uty 1aiadiaindusianiu

'
v a o [

sEAURansiiunesau deanslugui 213 Fansyihnuwuuiasdawaliialndiede

dmsumavhnuuuulngda SCA (Timing  SCA)  dyaauiadiuafesignanienluges

ca o |

AT laedyyinaeiIniadidunusanig Wy Inaeanvasdyaio (Peak) ndn

s

Aud (Zero crossover) nsdinaduuululwans (Bipolar pulse) uwazwnsnduinInua

Y

(Constant fraction) N15¥9uuUlNIITa SCA FamunziuszuuImsIziaUnasuian

ULD

LLD

pyd A

Output From B

I Output From A
ﬁ.‘ (—

Time walk

JUN 2.13 szuvineninnugeasiaduuuteafsauuuueulniis SCA

WANINUEIANTAUUIMHANTYINUYBITTUUATIEVIAUG W BITRA LU UYRY

Reuanwurn1Tvinuls 4 True [8] lawn

1. numduiinga (Integral mode)

N19UTRITEUUIATIEYIANNgUesiaduuutsungdlulvualazuudsaves
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v a aa ¢ v Y & 1 (% I~ [ o/ a aa s
ITAUATAINLULADINTUEN (ULD) IMLUUV’HQ\TQW HAZANLABDNEUIUNIYATATULULABDITEAUN
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(LLD) ta3sitAg deyiauaninaztinveueifiu Idnwazn191iauad1enasiun1srineu

=
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2. nuaund (Normal mode)
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WALNEAUNS IALATIEAALUNATUNS 19U

3. Tnuaiula?d (Window mode)
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AouRmETAT0Y 1B 9 eFaamils flanunsofuszuu Linux I8lui Sufiveneianisfessu
#19 9 tteanldaulu board shlianuazaanuinmszd 05 Linux vhenlviuuegidn
pEYUNTAARBUTEUY Network N13AARBAUTEUUIBAIN NTAARBITUULELS Naanlu
mMsAnsefuszuunsiAuteyaiiu SO Card  @samsavildnsuuazaseungy e
sxUUUFoRns Linux fifusguusiueda Raspberry Pi

6. PIC U3®M Microchip Technology Wuiaswuaznan PIC Wululaspaulnsaass

| A v = = < & 4 a = y < &
gadauflasuAuleugednnsnanils Awsednutelagtu lulasreulnsaiaesnsegail
IS (% dg ¥ o VY a I s 1
fimsiawinalulagdulunniu lilasuanuisunilulaseeulnsamesgani insigly

dldil

SesvasgUnIainenlniitey Usenauiuiviieaaiudn EEPROM lusa evilvidresdenis

=3 v |

JUANLALIANUTDNA @11U1508980NULTIIUNBUBN LA LALATS TNTEhALAZLIIAUINAND

Y

WG wasdnAINa NNt A9 @1u150lUSkNSUAI Boot  Loader 191 buTudn

lulasmaulnsaaashs davilrielunisiuantusensuitnllanneeuiimeasinexIunig Serial

[y

Port waznaly Reset Wiggagafedlifanisinsaalusunsy IC Wiady sgeidasliiussuy

lulaspeulvsataosjuLitegnes MCS-51 [11]

[

Adnuaealuvedilasraulnsamesnsea PIC IAsil



N) YUAYBINUILAIININ

- mhemusuusiay [sunsukarvaulivatsade

- mhearusuuuldsunsuldadadien OTP (One Time Programmable)
~ 181151 ROM (Read Only Memory) asnsalusunsunazauldvanonss
) TMUIUVIBUNA — LN

- funuvndaust 4 91 auiisnnnda 120 91

A) Aaantsy o veslilasreulnsaiaes

S idesldfous +3 v fe 5.5 v

_ ansasdendmsasiiindyananniinilslunanednvas feil

1. EC Todyeyrauuniiniannnnausn

2. ER To@asunu

3. INTRC TdddumuazmiBimessaiudygiauRninigly PIC o
a. LP MHnsameandsnum anudgegalsiti 200 kHz

5. XT l¥3anaa Auiidaus 100 kHz - geanlsiAu 4 kHz

6. HS dfp3anoanuiganlaiiu 20 MHz

- fdnea 1/O wese

- I¥9spUNaBNdUNA

- TlugallSeuiguusanuauaen

- flmuesngluda

- pevausaIrlnnsBumesUR (Interrupt) Iéanelusaznieuen
- fhendhenlniues (WDT)

- fiwedn USB Wewsiogunsainieuen

- ﬁimaa PWM (Pulse Width Modulator)

- fugadeanstoyaoynsy USART

lulasreulnsaaesnszga PIC wuseandu 4 Ju fie

'
[

- Juiifigasndsuun 12 99 wostududie PICL2CEXXX, 16C5X
- Jufifigasndsun 14 O wostudude PICLEFSX, 16F87X
- Juiifigasndsuunn 16 O wostududie PICL7CTXX, 18C2XX
- uiifiynsndauunn 32 Jn wostududie  PIC32MX3XX/aXX

37
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'
s [

Lulaspoulnsanesidenldlunisiauigunsalseyvlinlelelnusadineinnisain

(Sweep) 18329953LAT LAY IMUUTERALY WusW ChipKIT UNO 32 Aiflitugiuiediu

Arduino  wagtinUsEanSA mnNvineueeg PIC32 fuimiuRudyaiamie 9 Aegui 2.18

FeudeTusunsy MPIDE

(o) ? ; 3

|0
E )| 94V qa GUERLLY

LT El

57 2.18 lalasneulnsatans ChipkIT UNO32

903Ut 2.18 lulasmeulnsaiaes ChipkIT UNO32 wisnsus i

1. wedn USB dwiudeusiefunsuiianediiiedslmdsdivesawasiusunsy
2. Debug tool dnSulUTUNTUATIABUIAUNNT O

3. wosnamsuwnasnglnihauia 7 89 15 1ad

4. gunsaiuSunssiulniilviivuin 3.3 Taad 500 Taduwoududs

5. Power Jumper

o BYP ldunasnelnihaeuenineliniugunsaiusunssiulngi lag

uwasdnglneuendesdiuswiugegaliiiu 6 Tiad

o REG 14lnidss 5 Tasriugunsaiuunssdulii

6. gunsaiuSuwssiulnilydivwn 5 Taad 800 Hadueudus
7. Power Connector i Judunsvseiondnnvesumasinel

8. lulasmaulnsalaas PIC32MX320F128H iunihglsyunanananvauasail
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9. wasm ADC ldlunssunavdsdaya

10. JUMPER \dondya)ies aundondumavide I°C

11. wosndmsunisilousowuy Serial Peripheral Interface (SPI)
12. JUMPER \don Master %30 Slave dwiunmsieusewuy SPI
13. LED 2 4 sifudiyanafdneatisiedu Pin 7 13 wax 43

14. wasndwmiudyarurdnealdlunsfunardoya

[ o

15. JUMPER Laondeya1an19vin91utuy pulse width modulator (PWM) %38 SPI

A

16. wasndmivdyanufinealdlunisfukardiioya
17. wasndwsunisdeusewiia I'C

18. aen LED wansanuzn1sidousaiu USB

19. U3l Reset

2.9 MmsuaasaUnasunasseyytialolelnused

Tnevhluudgunsaifiasnsauansanaiunazssyvialelalnuiedld  sinldluau
AIATITAAUNASUNS 99U SYUUNSYNNUA T USEUUTATIEANE SN ULUUNA 8T
(Multichannal Analyzer, MCA) saideudnfussuutn §9 MCA fRamnuaansasluay
ANIGY  NMsNUTayanNazBEnvreINISHARTEAUNAINY  dnansatudindeyadiuiuied
wazsEiungay  Aannsznuiiialilaedaludh i uansaunasuiivenana  Tagll

Idudeshdoyaluileunsin MCA fdwmusznoufidfyuantlunini 2.19

OUTPUT PULSES
FROM AMPLIFIER

00000 -

£ 20000

m
me
¥

Z
m
X,
@
<

JUN 2.19 nadnMsvineuvegunsalinssinasnuluuaieyes
11 Pulse height analyzer, PHY232 Nuclear Medicine Instrumentation,

Charles Sturt University.
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[

Tnedyguiadoniinisdfiinaseedygiana  wwdudygraiadniad

o

mamwuﬂﬁlwﬁ’ﬁgmmamé‘aﬂL‘fJu 10uAINoa (Analog to digital Converter; ADC) A1
awosdyanuedenazgnanainazidsulusiaeninsavesmennud uddsdeya
TU§nsasionsunises (Channel address register) ifiasdonsuntsaddumniieninus
Tinssiuruadyaiadynaaifimadenduninios misanusagshnmsfadeyaru

19sdufinteya (Data register) lngagyimthiduiinduiuaswesdyaaiiindulunsiay

¥ =

go9  Ueyafieglumnumieanuinvzgnadliuaninaduaunasundanusidnasniand

wsevinuey  uwavenuanwaludgunsalnwenlesiussuuu  aTesiiad  iSeadey

AN

naMAeNLIELaY Channel Y9N U IUAUNEIIUVDITIALNLN AIALNTT

WD E L UNAINUUDISIFLNLNN
C WNUMUIELaY Channel ASIALALINAIIAN
a LNUAIAST

Ay MnFeNNANUTRsSIELNNINE AT Eilaganda 2000 keV & DAC wu1n

10 Un138 1024 Channel ¥NABaNsIANNGIIU 2000 keV m3aiu Channel 91 950 A1 a
w087 2000 keV /950 = 2.1 keV #la Channel [12]

lngilutunewds  (Algorithm) vesgunsalszyvinlelelnulunsdumsiumiadin

U = ¥ ¥ a Yaa U = U U o ¥

wasusazdvAudeyasyyvialelelny awldisn1susuiisundsnuiudiuiu Channel win

USuusiadeyauuaiunasy wigagenvesiin windunianaisiineg? Channel 1o Avziily

Wigueuiuteyadneds  wazkanendsny o sl dannessiuteyalelelnyly

library uaafazuansualelelniiusenun
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Peak data Nucllde Detgctor
library efficiency

A4 y v

Compare peaks with library to find
component nuclides
Energy test
For up to two associative gammas
Associative gamma energy test
Associative gamma intensity test

Nuclide
pass Report
tests?
Calculate relative strengths
N
Report

Y

Report nuclides

Uil 2.20 Algorithm wesgunsniszyviinlelelnudl Michael T. Batdorf et al. siamuiy

3
111 Isotope Identification in the GammaTracker Handheld Radioisotope Identifier

Michael T. Batdorf, et al, 2009

#eens Algorithm dwiugunsaiszyviialelalnuil Michael T. Batdorf et
al. Wantunandlusuil 220 deldSuamunatuuds asil Library wedlolelmiuazdeya
UsgavdnmuesiindadifianSoudoundenu ANTLYBITELAZINITAUIIAIL
Aevann vnoglutisiieensulifiazuaninasenin

pgnalsiny laaunasunasueessidarlaunnignsinmuYess Uy
ATALUUIAIYDY (MCA) ¥ SxUUATIeikuLTeaien (SCA) dwwas Algorithm 1u

nsseyviiavasielelnyuisdsmileuniu
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N5 HUIUIRY

¥

3.1 dayanugiulunisesnuuunazaiegunsalszyaiialelelny
3.1.1 Yeyaniuguvesgunsalseyvinlelelny

gUnsnlseyionaslelelnussdiianndud  BonldvhinsdfideuleloladiFovn
sheiaidsrinuiuiussuulinngindsnuuuutesfeddinasevdn  wiilesnn
dodldinailumsta  szuuldgneenuuulifiowiengitnin i  wavasmnauiese
ddou  aansafeanndundanuvesidunuuazszyviaveslolslnuidlaluaios
ety iileanmsldeninuag (Hardware) Fsondonsvhauveshilasreulnaiaes wieu

W lusinsumuaunsinuLasUsylateyaansyuuingd

[ v 6 v v o

dygruiadaniiindediiuiasvengdiunmiisvgnddissuvveteuazueagy

6

iRty ndudygruiadnlasunisveredygyiusvdeudigraasinsei

[

NAWULUUYBURET TenruaumTviuiieaunualunafundsumelulasaoulnsaiaes

a 1Y a e . 2 [ a o 1
lnefnsiedayauuuaunsy vl Inter Integrate Circuit Bus (I°C) dryayiauaedniadazgnds
19 a s o vy o = ¢ o =
1W99sLIelneshazasvesussruliinladivuadyan 0 81 3.3 ladaudadiuniiud
vouiad neudaddnisulasdyaraewiasnilufidnea (ADC) vuuesalulaspoulnsaiaes

diethlUuansmaanasuvunthaenmdndmsainasidusarainnsaszyviavedlelalny

'
=

v A v Y tﬂl U dﬁl o ! v = o
Sedlasrenisiioudidsumie (Cursor) Tudagaianatseddlafin waunImnIsvineues

gunsalszyviinvadlolelnudednimundusandusui 3.1

Pre-Amp. &

Detector Ratemeter

Amplifier

Microcontroller Voltage Amp.

JUN 3.1 wnunmnisyianuvesgunsalssyviinveslolglnuSsdnimuyy
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3.1.2 dayaiiugudmiuszuuindiumin

aa A

sh¥assadenldlugunsnissyrinlelelnud Wukindestidusannadnedunid
¥iin@idoulololadIoviaidon (Csl (TY) vuin 1 auw. Beuserudaneulnilalalonviindiu
waza9asvevduniinlineussguiouasuszdunssiulniiveausen Hamamatsu
$u H4083 TaeTnlnlalonviiafiuduvesui¥m Hamamatsu $u H3590-08 Tislnmuasd@lase
nsmevAuDILAs Tanuaiosgeuasifiuiilafouas  (Photosensitive area) 2u1n 10x10
fadwns dyananerdnaildaindaneulsilslalesviafiuilusaseussfulnin 12 Thad
Audeasulasyseiunssiulninddnsivens 10 mv/Mev G320 mv/MeV  Tnewasie
widsdgliirvesszvuindiunindonldulin DBY A1y UnsAmuasunisvise
Lméaﬁhsﬂmﬁ’agﬂﬁ 3.2 dygruiadainsvuuindiuninaggnddlurcasveedygruiad

sald

+12 hag

G — -24 Tad

+24 Tha

9 12 Tan

[ 1w !

U7 3.2 visie DBY fiuesiinssddssaduundsnglihtvmnausadulniising

3.1.3 Yeyaniugudmiudiulszananauazianiua

drudsznadeyaidentdlulasaoulnsaaesiu ChipkT UNO 32 Gawdnlnguem
DILIGENT Tun1smuaumsuusivasusssuusadulifiives LLD Tunaasiinssindsnuuuy
Foufen Felusunsy Multi-Platform Integrated Development Environment (MPIDE)

[ Ly <

wazsudyaaussiusndendunegian 3.3 Lad  9msasvesnssiulniiuasian

o

Uszananagu  PIC32MX320F128H  vesuitmlslasdmlumieuszananandn i@euseriy

PUNDWEAINALDATAVUIA 4.3 T3 1)1 10.1 9. 8717 6.2 3.
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3.2 Mseanuuukazaiisgunsalszyvtinlolylnuied
3.2.1 MsfmdenyIndsuveuinladdunuunamisossyvialolalnusedle

NVBYATDIBIANTTITeTATYSUMaNTIUElsU (The European Organization for
Nuclear Research) %38 @3u (CERN) #ineunslunmisda Introduction to Radiation

Protection w83 Grupen, Claus wulelglvussdniaanemlissdunuuwagldnuegiiu

'
v

Uszdnilan Iviadu 47 lelelny aseunquluyiandsanu 0.006 63 1.6 MeV

NTeyadudnavayanuiliAfesvee Korea Atomic Energy Research Institute
(KAERI) Uszmaninatd wulin annbalelnussdnamun lolelnusdnaanasisedwnuunid
ATITINLINNTT 1 U hazdwaaanuuinnin 2 MeV wige 2 lelalnUfe 95.Reu-188 way

a o

Ugaun-208

PdumIUsENeUMSaaud¥n Radiation Biology wadlusinawas Peter Siegel
nMMAENg unninenasuedneillvaen wamada wuiilelelnusedaanadlusdunuun
wazdindsnuinnnin 2 MeV i 3 lolalnufe uvaldou-208 leunen-24 uaglulnsiau-16

waran library vaslUsunsy MAESTRO 1eddu 7.01 vesudem ORTEC dufu
TWsunsufildognaunsvatelusugiu Gamma was Alpha spectroscopy wuinlelalnusedi

=

a1 lASIFnuNT NINSIUUINNTT 2 MeV LaziiUosuAuadsaghnuuIaINnIsaanusi

[
o w = a

IALuUiidudAy dnsdu 4 Telglny Ae loRen-24 1aueas-56 ASUADU-88 LazAaDIU-38
MEMAHARINEINITETATONYIMEINUTRTIFuNLINEUNTasEYYinlelelny
$edle lifiu 2 Mev Bnviaiialimsuaninaalnasuuuniinrevesgunsaiiinutniau was

dinUsganannlunisseysiinlelelnused

3.2.2 NN598NLUULMAIINe LT

unastnglwiidududdnuesgunsaliuuadouil MnunuAMGUR 3.1 gunsalszy
siinlelalnuSediinmuiy QﬂaaﬂLLUUiﬁﬁdauﬂizﬂaUIuﬂWiﬁwqmﬁiﬁij’mmmLmé’ulw%
ASTUARSIUANANITUSE

1. ¥1ased Csl (T) 2asveneduni wag 19asveedygiaiad Toussiulni
+12 e

2. MasiaTsindsnunuutenion Muswulni 6 Taad

3. 2995:503L0935 Tonssaulndn 5 Thas


https://www.kaeri.re.kr/english/

a5

4. llaspoulnsaaas Tussiulniy 12 Tad

TurmAdeidenlduunineiaifenloseusinnsadnld aum 3.7 Taad desunsy 3
wad WHuwastfalidi Fadevdudursduseiulnifouas 4.2 Tad Fafluseiulaih
591 12.6 Tad wusanelidiuusznaung o Ao

wunmeIieeynsl 2 wadusndsdiusedulnihey 84 Taad  deduleTaiuny
wsaulndn (Voltage Regulator) tua$ 7806 wiaususzauussiuliivde 6 Taad 91elviu
MATIATIINEIULUUTLAEY wazsainAuled AMS1117 isuduseduussiumde 5
Tran Deluiuisesisnilnes

wunmeidooynsy 3 wadduluswiulihgn 12,6 Taed delilulaseeulvsaians
ChipKIT UNO32 @slnlidswaslilnsreulnsamasaranglwliiunteonansuanioly Snam
wimzisLUassRulninssuanss (DC/DC converter) ldusadulviiih +15 Toad

dwnulediues 7812 war 7912 lowsesuludn +12 Tqas deladuiminsed Csl (TV

2995veneusulnih wag dasveedyanaiad daanduununmnsinnugun 3.3

DC/DC Converter

Amplifier
Detector
MCU Base on Voltage Amp.
3.7V Display

AMS1117
5V
3.7V ——
Ratemeter
3.7V —=

JUN 3.3 unun1mn13eu st ulniigeasing 9 anuunnes

v

3.2.3 19958 dWad (Pulse Amplifier)

WR991nvuInANgIe sy aiadiinduainiiinSedasdesuSuiisulv

o

a9nAA0INUTEAUNSIUTadlalelnUs @ umasainlunssulunI SIASIERAIUAST U Nl

U g
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Wad (Pulse height analysis) 3ldpenuuuisasvenedyaaiadivusyneuiasveneaIuusn
(First stage amplifier) Laz1995VLUFY1UNAN (Main amplifier) 2995V UF Y 1WA
Tuadesiinmuty tddumelulad SMD (Surface Mount Device) wWhunldemuiioanauia
YDIUHUTUNIDT (Printed circuit board: PCB) agmindenisdeutrsanszaansameslva

Tudszimanaunule lneillassasranmsvihausandusuin 3.4

rEpmp

15t stage 2" stage Active Filter 3" stage
Buffer Amp. 4th stage Active Filter

£
o

= o o sa a s =
E‘U‘V] 3.4 LNUATNAITVINIUYDINATVLNY QUEUNUNAFAUILAAYINWRIUIVU

nveedyauiadiuafeiinutuiandusun 3.5 eenuuulvldusadulnih
w1 +12 1ad Jansivaeudyginluwdazdiueeas (TP1-TP6) wHuNNIRsivwn
N9 6.5 gy, 813 4.5 gy, wanslugun 3.6 fddsznaukaznsinauluusiasdiuuedias

=
PNU

LY

1. dUNITVYUFYQYIUEIULIN

Jusasvenedyanuiieenuuulvilivesdunmdudfiuaud (input impedance) ved
2993uuUnT (Matched) fuAne1dnmBufiuaus (Output impedance) ¥83395dIUNTNVES
WindeduarnsuTusudey pranbostuiletielildsandyaasedyaiasuni (Signal
to Noise ratio) qnﬁaﬂa%mmau@m’lm (Operational Amplifier: OP-AMP) ﬁﬁ”iy,igﬂm
sUNIWAN (low noise) wa$ TLE2071 (U1) Inedl R1 wag C2 \usfvunsnsinisaenswas
Apsnaesdyn aene @ P1 IddmiuUiuuirusiduseisniiondmavesesy
uon

o v 6

2. @nssuTuussgudaaiad

A

(Pulse shaping circuit)

LY

Wesdygraiadanerdnavensasveediumiiidnvasiludygruninisaans
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wuusdnlmisudeatianlsdlng Rise time) fiduannUszanas 5100 wludundt uazidne
nMsaanevesdnyal (Decay time) fieniuszana 20-500 lulasiund Fliivunzauseonis
as1vinvuInAugdygIaad Suindudetandainisaasvesdyyinmiiei99sens
FarllesisuTiewmed (RC  Differentiator) n¥outarsasyaiwerlna-gls (pole-zero

compensating  circuit) LilaUsuuAAlaLIa3Yn (Overshoot) wavduinasyn (Undershoot)

o v

VIR Y YIUTLANTUIINHANITVNIUTD919959715FAN WD TUT LMo T uaZ Ty QY UWaE

a

AUDgs Fevstudiuiilunisvihausiuiuees P2 C3 R4 way R5 vililadygiinien

o

o/ (% s

A saangvesdygIiduaundeUszuin 3 lulasiunit lunisusuudegudyriad

T o

al

~ Yo YA ¢ = & . . ~ v
Welvladyaaiadioinaiuuuianddeu (Semi-Gaussian) kazdvuInAINNIUBS

'
o 6 al

e iadnLAasMInEaNiUNIRTIRInvUIAAINgedaiad Tun1seenuuuills

o

9 4 Ao

deonnsussgUudaaiaduuu CRRO) ffidasdivenian (G) Wu 1 lulasiund laed

1AS9A5197892995 CR LANRIN9ATAYLNBSLIUTLaLHDT lUAIUYBILNE-TLS ABANUBY C3 WAy
1 v 4 a -3 1 v v [y U

R5 @ulA5985190892995 RC LARTUINNMAI8EIUYD95UTENBUNAR8AUAD RS U C5,

R11 Au C6, R12 nu C7 waz R21 AU C10 anua1ay

3. dwveedygiu

[

azyﬁgﬁngﬂsumsflﬁﬁsuumﬁlmﬁuﬁamwammaé’aujaunmﬁaﬁﬁﬂszmauéﬁ511@% u2
waz U3 FaduleTuenedyanadifidyyaniudives TLE2072 inneluled 1 @il OP-AMP
U3990¢ 2 ¢ (Dual OP-AMP) Tae U2:A Wuasasvenedyaamuulinduina (Non-Inverting
Amplifier) 18n310159878 2 W1 @IU9959878 U2:B 9019959818 d ey 1adkuunauine
(Inverting Amplifier) fi§nsn1sveneidu 10 wi WA YT YNV LFYQYIULUUNG
waTannsausumsasnisegldfus 2 59 10 wh desidumusuuusuaild Ps Bn

Aswneled U3:B
4. dunnasusunngudyaundugaud (Baseline Restoration: BLR)

Jynnilandnifnduaunsalvenedypyraiadiandoshonisiiadussduluii

[y

N3EUANSI9IN OP-AMP N33nfuludousaiuoenion (Voltage offset) lundazaIuv991993

(%

auzinnukazkssiulninszuanseiinaInnsIns@NlmILLIININ 9 AuhenIsiutau

vasdyeyas (Pile-up) Fedamalviindiussduluiinszuansieonluierfnnvoaraasueny

v [

fyaaiadiamdeiuagyilvissuunsinsesianugedyainiadyinauianain daunle
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lasagrsasusuungudyaunaugaudnusenauais C13 D1 D2 R14 R15 wag P4 lagd

a &

lo@ U3:A  iuthiiduisastnines (Buffer amp) @9193598911n15U5UseAuLsenuli

o

nszwansINdugaudod1adnluda vwinuas Ufygnudunawazdygyuednnvesgunsal

[ AgY) q

UYY

OUTPUT

v ¢ sa o =

JUN 3.5 1asvenedaraiadindesiiaudu

JUN 3.6 UruiLeasvenedoya o

3.2.0 1ATIUATITVNANIULUUYDLAYT (Single channel analyzer)

[ Y- v €

WATUATIEANSIULUVTBUAY It ASUd Y aiaddumdes 21019959878

o

L% [ v 6

Fyaauiad  wndeneianuaesdyaanasilisusudyauiad

U A7}

Tmdes udydnual
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LUUTBWALIUTENBUMEY  2995USULSIAUDN9DY 29958930 9astuluawda  sakanslu

WHUNNFUT 3.7

IINIWTIATILANGIURUUTRNAlUTUN 3.8 loTuas ADR365 simtiiasis
wseAulnne198e (Voltage reference) ilauiatiosas vua 5 Madsdeitniue 2 vesled
Wasudyanaundneadudygyaeundon (DAC) wes 47FEB12 aunsalusunsumunuel

@ ¥ & 1 d | a 2 i
L59aulsfnve LLD wag ULD mglulasaaulnsaaastiunsiisumavis 1'C 91 5 wag 6

=

\WnaTioananled D/A flvn 4 @ ULD wagan 3 Ae LLD wuim 10 9a viilviaiades
Aasgvdyanld 1024 Yee dygaiadezgnivseuiisuiuseaunssiulniives LLD uay
ULD 14ng NAND Gate vadled 74HC00 (U2) waz Dual JK FLIP FLOP vasled 74107 (U3)

wagloBluluawila wed 4538 (U4) vhwthiadwdygaiadiundesifianuaaes

dyey1auegsendng LLD wag ULD (window) fimmuaiviniu

DACO : ULD
Microcontroller

Control logic

DACI : LLD

OuTPUT

JUN 3.7 WHUATNNITINUTDINATIATISING UL UL D77

NMFIATIEANNEIvRINadSHINd Y IuANgwesiad  (nput  Signal) 910

o

wWasvedaanduidunavetled  TLE2072  (U1) asazgnLlIguiieuiy

iy

wsaulingneBa ULD 7 21 6 289 U1 wazusedulniing1ads LLD fivn 3 vee UL an1iznns
Ansgsiavduly 2 nsdl Ae

nsdiusnidle LLD < Input Signal < ULD wsesulnliihiinisesndaanmmes UL ae

Waguanaedn "1" 10y '0" Waunaew U3 axgniwelyl Q Wuaedn "1 Mvilvidyn

nsoonves U2C Wasuduaedn "0" washiluanida ULA gnnszdulivinanuseveusias

Y94 U2C Mlnladygraiaduinauinanuning 500 uiluiduifinvisesndygiaues U2D
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Tuvaugiieniy UdB vihauliilalanasuwaafnainsdumasanniululuawda UdA agnaud

Y

anwiiy A1 Q va UAA wWieuain'1" W "0" vilvindunaen U3 azgniian

nsdifigesile LLD < Input Signal > ULD Tugaewiandl Input Signal > LLD m190en
foynaves UTA azifuasin 0" Waunaen U3 axgnieslyl Q Wuaedn "1 warlutaed
Input Signal > ULD nveandwysyiaiwes U1B 1Wuasdn "0" wWauraew gn3dvlv Q 1Ju

asdn "0" AeuNdmaaneenYes UIA wasuainasdn "0" 1Uu "1" Tudranaiidmane

a

dune < LLD vilnkifiniswdsuidasnniseandyaaves U2D Fslufinmsnseaulvluluas

\Ua wae U2B v Astiuiivnesendyaiaves U2D sslivsngduaiauiadeanty

INMIVUAnaIdsusaensdl  aulainnisinauvennsinsgiaiy

'
=Y

gweaadezlvidyaaiadeanuilinrafiedyauiadaininsvensiiniugunnnii

[y

srAuLsIulning198s LLD wsidosninusssulniiegnsds ULD wagluanmzuonmileliain
Q’lj a o £ s a d’jQJ 14 ¥ ] a I3 Yal
Hazliddyaiadasinlavenun  wenanldildeenuuuliunuiniigaslidnisien
nINAsEIINE MU eN U MAINea BENINTULNBYITARSYIMSUNIY LAy
Tmalulad SMD 1NOaAUUIATDILNUANNINATUULABINUISTVI ST Y10 WNUNNNISAS

a ¢ o | = A o & o Y a
WATIEHNANTULLUUYDIAYINWRIUNYUUVUIAN NI 6 Y. 817 4 . LLﬂ@QIUEUV] 3.9

+V£

I

74HC00 = 74HCO00

OUTPUT

+6V D3 T"‘V 0B +VA :
_— 2 c28 12
1 N M — 1
SI= 1% i .—L. .L © 74HC00
IC15
o 1 TT

UT 3.8 2995 IATIZINEIIULU UL DAL IMNAIUITU

CaNl
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= I a s a ¢ o ! = A o X
EU‘V] 3.9 LRUNUNINATUATIEUNAIN UL UUYDIAYINWEUUIYU

3.2.5 19955005 az199598 N85 IR Wl
1995L5ATLADSUIBITTUDNITITIARAEY VNN UAIUIASIHUSIF I UNUI891UIY

o

TfuseFund (Count per second, cps) uussiulniiadefiulsiunsetusnsiused e
wsesdlihiindulUldniludiunisuaniadnnsu msvhnurenwsseiinesivanty
UseNouAI8193snan fAe 1) 19astfafmand (Multiplexers)  v3e399sidandeya (Data
selector)  laidendqyyudunnainuarsdunaiigndeuidranliosnluiiiendneaiiios
dyaannen 2) wasluluamdaiafliusmes (Monostable multivibrator) d1%5uaing
Fynaiadiuun wazsodniuisesveneussiy (Voltage Amplifier) Lﬁaiﬁﬁt,wwﬁ’uqqqmﬁ
Avszanas 3.3 Tad Taeflusunmnisiendusuil 3.10

el

Monostable Current O/P

multivibrato mirror

Voltage Amp.
4 Range

selectors Ratemeter

JUN 3.10 WNUATMNITVINUTDIATINTIMDTTINAURTUE B et UL
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Yo

NIVNNUTENINATLIAT TR TWINIUlae  WelasudygiaansaTieszi

A o Y A& 4‘

WANULUUYDURY FyeyrasazIunsuTanes Q3 Nvuiidulrsastes Weodyyiu

[y

HIW RS waw C8 avassdayaamisniiveuvduvesdyaaiiad hgledluluawda wes

(% s a 3 . IS

4538 leaedygaiadiuedesudniniminenieduaia Fassesnai
”zgzgmaw?wmaﬂﬂuaLmﬁaLU%'auLLﬂaaﬁuLﬁmmﬂmiﬁmummmﬁmm JGCRRRE S0
fumu Re Avusdivesnseuafilvaiudauivussy €7 Tumsldsseznainisifiuiseg
Fenaudde Selector switch fisadniuledtafnanives wes 4052 Tngldwuniu
wUsAnld P1-Pa uazdufiuuszy C1-Ca erimundsauing 4 2 fendwnvedlaluan
Javzsedniuisasasiieunssua (Current mirror) Jagdnenseualniinudyaauety
Tuandalyifuduiuusey  C6  leflanuniwesdyaaiaduiniazdedionssualiin
Inn msdenszudlvinniosagilyiussiulwih dgufvussquandsiulude 299550
fimesiianntutiannsanuaumadentisnnudld 4 9asfe 0-100 0-1000 0-10000 uaz
0-100000 18304 @slumsvszneudidugunsaiseyriinlelelnuuuunnmduasdoddnu
fuwuanes leglduunmesivun 3.7 Tad Jednduiesdiivassnwussiulninlagld lod
AMS1117 Usuusssulndnlifawe 5 Ladifiewndelituinssaiwes wasisniines

wanslugud 3.11

OUTPUT

JUT 3.11 29a5150ilmes
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Wesnussiulningaaaiordnnvesniiwesiunngiunisindal 100 Jadliadis
) [~3 2 1 Y v d" QI v ] d‘ val
Idudesiadniuiasvensusiuliiiemuwsaiulninlunnganudladvungean
Uszana 3.3 Liadivenisldanuludiunivaunisuandsa

2995081859 U N ANunTula g lediuas  TLE2071  AawuUN9sS9818UUNaU
W& (Inverting Amplifier) %13 2 939 9943n9RTW818TUAU R1 Way R4 Laza1usausu
Faswenelasld RV USuwsssuaaniwslagld RV2 wazdramdadursastvimes 199svens

wserulniihillduseiu +12 Taad Tunislusea dawandlugun 3.12

-12v +12v

R4 R8

J\ Tt
2

TLE2071

/P

I§

I§

r\.ﬂn

U7 3.12 2sasveneusasiulaiii

3.2.6 d@rundnsnalazlusins

{99910 DAC flvua 10 On w38 1024 Y09 wazaugavesdyauiadasgadu 5

Y 9
Tad faty 1 Ye93sdvuns 4.8875 faalad aunsawusdamunisawnulatiialdanuunnvag
I a 3 (% . | = Id . [
PRWATIZUNANU  (window) 1 WU Mn@enaedidy 10 uIAYee window  ELnINU
10x4.8875 = 48.875 Hadllad satiuaziaAiinlevianun 5000/48.875 = 102 A1 \udu
FHINUMNANAUAAIALAUNITALNUNINTUIUINVDY window AINUALLIUA MUNITINILANAILAY

o

Trnumwlasdynusunaendudynuiineaszanas

TUSUNIUALNUYDIIITIATIEINA I URUUYBBREIAUANlaTWUad a1 uRTnea

1d [ < 1% ¢ A 1 1 2 1 [ v A
Judygraeudenmelulasroulnsaaeiiioudeniu 1'C Bus Tdaedygia 2 1du Ao

o

serial data (SDA) Ao UNesn ANG wazay serial clock (SCL) @otdnfunase AN5 lag
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Weulsunsuimvunaaiugsusy  (Start  Condition)  Liiewaninisveldda  sviamuny

(Control  byte) udl#Suar LLD, ULD, Window (A\E), uway 13a1lun1sawnuain

a

lulaseeulnsaesyuin 10 Ja  tdunssulviivune 0-5 Tad  iieliduwsaiu

1

Wisuisuivdygraiadiedes

o [ ) LY aa [ v a g 1 v [
%UULLﬂaaaﬁgzywamaamﬂu EUEUEURN AR DA m‘mmwLﬂumuﬂssma%gamim

[

%98 Tneuvaawsasuldrflaanisasseaiiwesuazkiunisvensuwsssulniile 3.3 Tiad 1Hu

(Y v v

auAInea  iekantayanudveINindy aiadlaedesneRunaanuYessed

€

o\t

wnEIINasiudunded  leesoodnnainisasvenewsaiuliididunesn  ANO  ves
lulasmoulnsaaes
gUnsalssyvinlelelmudiimuntuliaindiomn 6 u dedhiululasneulnsaaes
Lo
1. dwiuda-daedouiiomuaunisivavesnszualvlinanuunineifilsosusly
te 3.2.2
2. AUANVDIVBLAAIHATEE Tact Switch 4 Uy Usenausie
1. U3 START dwsuisudunsauny seithifumesm AN10
2. Ju EXIT dwsusenainnistdauluniuwgn dewdifiuness D2
3. u LEFT dwiduideushisuntslumaedng sawdhiunesn D8
4. U3 RIGHT dmsuidoushisumislumen sadfunesn D35
3. AUNVBIIBUARINAAEE Tact Switch 1 Jufie Ju STOP dwsunganisauny
Aowdiunesn D7
fupoumsviendlassuie  vdniidmuedaousdudures DAC udh T
fmuadn LLD, AAE, S1iuainutensauny uags uiuseutensauny wiidserimun
s ngindsnuuuudesisniiotadudansmud wiaiuly sndudhguiisyndn
Sonan  Start  WsunsuagBuviensensaunusneendimmual i siudlendnaiaay
wansaiUnasimfeudvsdsunds Fufledeususddunisddmainasedlafin 9
wandlelalnusduagndany dsldimsuiuieundanuiudiuiu Channel Tfauns ¥ =
21.613X + 56.839 \ilp Y unundsamuvesisdunuinuay X wnu $119u Channel uwwufanns

nuvedusunsulugunsalszyriinlelelnuSsdniaudunandluun 3.13-3.15
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AMAUAANSUAUYDI DAC

fuunal LLD, Z\E

SuAn LLD, ULD usag

Step U SCA ifia¥aeh

Stepg, = Stepset1 ; 8 uAIIRULNA191N Ratemeter 100 ASS

WRASALALAUAT

Background Measuring

3.13 uudsnshnuedlusunsulugunsalsyyviinlolalny

[

S9ENN

a o

AU

¥

=
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U

Stepg, = 1023/ /\E

Ty €

Display Lanauiuumnan
Y

START

=
N

W <

Step = Step + 1 ; suALsadulii19IN Ratemeter 100 A3 1A

wdmasnaUnasuAfinle - A1 Background

laflaf

Step = 1023/ /A\E

3.14 urudsnmsinuedusunsulugunsalsyyviinlolalnUSsd@niauniu (se)
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Display wansaiunasua1iinlaainnisiade 3 Arfiaaiu wisu Cursor

LUsunsuseusuvis Channel wagnigansnanafinmen1snatuusu Cursor

WSHULNE UL
Channel 913AAsNA19#N

f1u Library #1nnseiu

UAISYINGIU

wananalelalny vanavgveslelglnuuasndsny

JUN 3.15 wudansvitueslusunsulugunsalsyuviinlelelnusadnimunau (o)

3.2.7 msUsznavgunsalssyviialolglnusa@nimunyy

o

NAINODNUUULALNAGDUNITVININUVDIEIUUIZNOUANS & Adflana1uIlal 399

nsusEnevBudunmuaieiuiensesldauas gunsaiszyviialelelnysedn

(%
g

W Fuilawianing 20.5 gy, 813 13 @3, w1 6.5 2. dnwazAdendeiiesy 1uRg
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dmiuinvgunsal dwwandlugui 3.16 dundsiiveuanmauazluna dauanduguin 3.17
aelugunsaluvadu 2 diu dwsnuszneulmelulasreulnsaaes nivouaning uaz
wusees anduUsznoulume WTnsid 19asenedyann MNITUATIERNAINULUUTDY

Wgd 19t sniilnesuazIasvenedaain daandluun 3.18 uay 3.19

U7 fl3.17 E]‘Uﬂ’iiuiuU%uﬂlaI%IVIﬂVIWGNHWGUUEjWE]LLﬁmNaWi@NLLﬁm‘UﬁJﬂﬂ
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199505 Uszsunsssulninsenansadu 6 Thad

LURLHIBDS

lulaspaulnsaiaas

JUN 3.18 meluaunsaiszyviinlelelnuTadnimundutlaonanina

pNanlfursduunsulnia

aannedtyganindantef nrzuannilu £12 Taasl gRinge

selector

]

L \h e | NN

NAzAlnefuas

5 4
WA ULLLTeNALY neartnsuNAUIN

' ' ¥
v aa v v v v v

JUN 3.19 aelugunsaiszyriinlelelvnuTaaniauduiainingad
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N1INAFDUFNITOAUSUVDITSUY

1askavdulsznauieantuukazimunIwielfdudiuuszneulugunsalszysila
Lolalnd naudsznauldvinismaaeuaussauznIsyinnunndIl wagaunsainaslsenauudn

lvhnsnaaeunsyinulaesurissyuuvesgunsal Al

4.1 ASNAFBUNIINSIE

v ad A

nsneaeuiinsdddedlalalanusenauiulnlalalonsiniunsouleasvenediu
v Ingldiuiuinisdunsgudiden-137 uway lavean-60 vinmmeaeulnedngunsalds

UM 4.1 dunewin JUSesdya iiiietuese  Wissenuwuuiswsdidnnsedndludi
dnld

Detector Oscilloscope

NIM supply

al

JUN 4.1 unun1mn1singunsainaaeuivinged
4.1.1 Lﬂ%aaﬁaLLazqﬂﬂiai
1. Winssdvdenanduiialawes Csl (T Usznounulnlalalonsiiniiu ves
USEN Hamamatsu U H3590-08

2. @539FRIFIUTDEN-137 uaz 1AUaR-60

[

3. Lﬂ%qémgﬂafgﬁymmwmww (Handheld Oscilloscope) UBUTEW
Siglent Ju SHS810

4. NIM Supply
4.1.2 Supounsvazou

[y

1. dngunsninnaeudaguil 4.1
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v A v v

2. elnihan NIM Tiduasasvenedyarudiuninluniminddin inged

aNANTURaLaLmas Csl (TV)

=)

U

v @

3. IFEULNUININANTTENINIFIUBREN-137 waz  1AUead-60 WwAYIn

[
[

NATUINLATOID MU YR IUUUUNAN

[y

Ty AATIA

a

HANIINATAY
L3 U & a = [ v v v a a = a a [ U
waiadlunfesaniiinidviiandnduiiawes Csl (T)  Usznaudulila
lalonvtaiurIuesveedunin  Weininsinssdunuunainasssdunnspiudideu-137

uay laueas-60 WuIdeygIadiAvmisuan wagzdl DC offset ntuUszanu 10 dadliad

WevN15InSIdwnuNNINasEInIgIudden-137  dygiaiadiauin  10-20

faalad danainsaatediussunn 125 lulasiuni

Y]

A o/ (s
LLE’I‘“LllE]‘Vﬂﬂ’ﬁ')(ﬂiflaLLﬂlliﬂf\ﬂﬂﬁﬂiiﬂﬁﬂ?ﬁﬁﬁﬁﬂiﬂl@ﬁ@l 60 dugnNagNYuUIn  20-

30 fiadlian dAainsaanesuszau 125 tulasiund

'
a1

sUdaneuldlierinsinsedunuunanasSiduinsgunsaes wandlugui 4.2

Ay 4.3 AIUAIRAU

CH1z 1El E’lmUE I 25!3].!5 I:Hl IS? 2mU
M Po=@.68p=

’WiLl‘Wﬁﬁ“L!’JLﬂﬁﬂiﬁﬂﬂ‘lﬂ?'ﬂﬂiﬂﬁ%ﬂﬂN’ﬁﬂsﬁu%malﬁ]@’i Csl (TU) V) Usznaudulule

o

iﬂw 4.2 &y

lmiaﬂﬂjumwumﬂuaaﬁ]imEﬂUehwmLaJaﬁwmﬁm%’aaLLmJam]’mmi%’ﬂammg’mL%u—l37
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CH1= 18,8ml) I 258p CH1 F37.2ml)
M Pos@.60p=

sU 4.3 duananadiedssainiinssdulananduiaiamas Csl (T UYsznaunulule

U g7}

Ialonvlinfiuk1uwiaasvengdiunindlierinnsinsadunuananansssduinsgulauead-60

[

4.2 N1INAHIUVINRTVYNY uﬁ‘giy’]ﬂ,& A

Do

' v
v A o =<

nMnegeUNITUEedyuadIiRwTY  Tdnguszasdivenaaeugudyan
@INR  ANAIIYDLIAUTUNAITUAY 1 (Shaping time) &R3INMTVLIEYDINATVEY

AgY]

[

doya pwliidudeduresdnsinisvenauuududinda (ntegral Non-linearity) wagju

1Y) .:4'

doyaaudiefansSedunnsgu Inednaunsalnegun 4.4

Developed

Oscilloscope
Amp.

DC-DC DC Power

converter

JUN 4.4 uiun1MN13IngUNSAINARBUANTIOULYDINITV Ay 10T

4.2.1 3esilouargunsal

v

1. o uindygunedi@sunuuiiingad (Pulser) ¥a3U3EM CANBERRA
JU 814FP

[
v Ly

2. WISV Y UNAGNWRAIUNTY
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[

3. msesdugUdyIuUUNA  (Handheld  Oscilloscope)  ¥BauTEm

<

Siglent §u SHS810
4. wasdnglninseuanss veauTem Hewlett Packard Ju 62368

5. 81359311059 U Teu-137 waz lauead-60

N T

6. WyinSedvlanandunaawmas Csl (TY) Uszneunulilslalenwiniu ves
UM Hamamatsu $u H3590-08 Wag19asvengadiumii

7. 1995U5unsanulnAnsans

4.2.2 TURBUNINAADY
1. Ingunsalvedeunsun 4.4
2. Tinsed Csl (T) Indeygrandsainiiuisasaeiedygia Usuiey

v '
Y v v )

NAIUYDEN5TIE TTeu-137 Tl 1.65 1ad wareaonsnvenemsnuuly wseudu

o v €

Ufunasymelnadls waz DC Offset ligudnyaasiadidunuuinmddounse
InaAgand@geunniige
3. Jaudygadunauin  (Positive input)  a1nweIesniindyayouiad
Beuwuuiinsdiniuissveedyg aiad ity Wevunvesdyyindunm
d‘ Y v = ‘:‘IQJ !
Waruluudduiinua nageuidnsivens 50 waz 250 i

4. yegeuaulildudaduvesdnsinisvensuuuduiinda (Integral Non-

linearity) lapAsdnsvetenAInils  Weoruinvesdygradunsasuly  Juiin

q

undyaane1snm wisumanuliilududuresdnsinmsvensuuuduiina

NAN1NAGBU
lvhnsneaeudseansninnisinnuvesgunsalvenedyaaniaway - Tudwui
Dudoyamanediaiddy  loun  enuduiusidadussninadyaadunnwasdygyin

wiane anuliiludaduresdnsinsvensdyain
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4.2.3  MsnedaeUAUasSFInsgIu

' (%
U aa o =

gunsnlszyriialelalnusdniaunduaiunsossysinlelelnusdnindsa
LaiiAu 2 Mev 3dl9ans5sdunnsgudifen-137 Wiy 0.662 MeV uazlausan-60

NAI9U 1.17 hag 1.33 MeV

MNTUSUBUIUINURIA 18N IR SA LT opUN S TRNe I8l WU

ARy IadiloeasTidunsgune 2 sllauurininded danuuaneig

¥
(% v aa v \'Lﬁl
#

Y au150Un A1 RS ENAI LN TORANLIINA U $A991NUSUDBRI 19818

INLTIVUINANNEIV BT UTAGINTBeN-137 egiiuszana 1.6 Taduay

Fye1uanlauean-60 agﬁﬂszmm 3 Thad SnideSuifiousasenefundenu
megunsalinTgrinasnukuuangdes Ingldmnugeesdyginiadain pulser
5 Thad WisuiulelglnuTad@ndsnu 2 MeV wunldsnsivensuseana 170 win Wa

ﬂ’liﬁﬂﬂﬁ@ULLﬂﬂﬂiugﬂﬁ 4.5-4.7

HeUQU10da7N

v v v aAa
NAININEA

SRR RE

‘NYIVYY

deuauned

CHiw 28.8mY  CHZ= LEEUE M 188ps CHZz £1.z2aU
M Posi-32.88p=s

TryanauiadiaedesiiaundulienageuivansSedunsgu
a
G

WFeu-137 warlauoan-60
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5 Maestro - ADMIN PC Easy MCA Bk SN 152013 =T
File Acquire Calculate Services ROl Displyy Window
=& & ©[b | ¥ Loo| 4 | [E8Z] @] 2| it [0001 ADMINC Essy-MCABC SN T+
Fukse Ht Analysis
3 Mcb(1) - ADMIN-PC Easy-MCA-8k SN 15201373 = [ ) P

8/8/2560
Reat 407.24
Live: ez
Dead: K
Preset Limits
Live:  600.00

%

ﬂ ROI ﬂ
& Peak |
| by ]

7D0RTEC
16:14:29
wi.  8/6/2560

E‘Uﬁ 4 6 ﬁLUﬂGﬁNGUE’]\TSZILGUEIM 137uavlauean-60 ﬁ]’maﬂmmmevwwadmmwwmmm

‘VIa\‘i‘{l’]ﬂ‘Ui‘ULV]EJU@G]S’]GUEJ’]EJE!QJ,QJI’]QJ

IR RN Y (AN N NN RN NN

I:Hl 2!3 E’lmUE EHZ lE’lEIUE M 5 E’IE’IJ.IE I:H2 A Eml)
M Po=si1.280p=s

PN % (3 Y v a a sa o g [
E‘U‘Vl a.7 YLD IANAINININATVYIYEY Y TUNAAUINAGYINNRAIUITUTUIRN 5 1an

4.2.4  nsNeAUANNFUNUSITAdUTEINd Yy IMBUNALas dy MR ANe

lagaensenen 170 vinsUeudmyaadunauin (Positive input) 21N1A384

a o

Aiadyarauiadifeunuuiiinged (Pulser) ¥8IU3Em Canberra Ju 814FP fanusausu

' [
o N v

PURRY YIRS 1AUsTIEedy g uiadiimuTy tazlouusiu =12 Taad 910

[
U Y]

wasae i veausEm Hewlett Packard Ju 62368 iiuleasvenedyaaiadnimuny

(%

NIN1930 ”zyzywmmmwmmalmaqmmﬂa UIULUUNANT (Handheld Oscilloscope) ¥4
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USUM Siglent U SHS810 uanwaguil 4.8-4.10 dzwiuldidanudaduifun wanis
VAFBUNITANUATYIVEITNTIVE1EN 50 170 Uag 200 Wi wandlugun 4.11, 4.12 uag 4.13

AU NUIDRIIVENERANANEeY 50 170 wag 200 w1 dAdu 49.27 169.67 was

200 ANUAIRU

M5197 4.1 wansvadeuaududadurensasveedyauisnsnvens 50

VUYL IUBUNR YUINFYEY DB IANS 5
NIV
(Hadlaas) (han)

10 0.50 50

30 1.44 48

50 2.46 49.2

70 3.36 48
90 4.44 49.33
110 5.44 49.45
Snsveneiad 49.27
drudeauunnsgiu 0.82

[

M99 4.2 nansvadeuANUTUTadureRTIsedy ons 1w 170

VUNAHEYQYIUDUNR YUINFYEYIDDIANS 5
NIV
(Hedliad) (had)
5 0.84 168
10 1.68 168
15 2.54 169.33
20 3.40 170
25 4.28 171.2
30 5.12 170.67
Snsvenede 169.67
ahmf‘ismmummgm 1.34




A [ a ¥ [y o
A9199 4.3 HaNISNAABUAINULUULTILEUYDIINRTVYNY fUIUNBRINvY1e 200

VUYL IUBUNR YA Y YU ANS 3
. . NIV
(Hadliad) (Thad)

a4 0.8 200
8 1.64 205
12 2.48 206.67
16 3.20 200
20 4.00 200
24 4.76 198.33
Sasveeiade 200
drudeauunnsgiu 3.33
6 -

y =0.0494x-0.0257

= 5 R?=0.9995

&=

[

= 1

=

b;,

g 3

€

g,

E

g,

O T 1

JUN 4.8 Anuduiusuosd

100

BUNALa U NAT

1Y

120

579818 50 111
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y=0.1718x-0.0293
= O RZ=1

n (1nan
o

@

BRI W
w

=
=
= 1 4

0 T T T T T T 1
0 5 10 15 20 25 30 35

o = & &, -
UIUAUNA (HAR1IAA)

JUN 4.9 Anuduiusvesdyiadunniasdya e danannsiveny 170 i

5 A y=0.1971x+ 0.0533
R?=0.9994

n (Taan)
I
1

=
&

uia

Ea
x

25 30

= o U s o a .7 (3 d' Y |
JUN 4.10 AUAUNUSVOIFY IO UNALAZHYQYI1ULDINNANENTIVEE 200 1911
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80

I
Ea

T

30

[AATIULUE

s

20 -

10

0 T T T T T 1
0 20 40 60 80 100 120

o = & &, -
UIUAUNG (NARIIAA)

JUN 4.11 anuduiusseninedyanadunnuazsnsivenedyyia 50 i

200
180 -

c 160 -
Ea
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[AATIULUE
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UIUAUNG (NARLIAR)
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JUN 4.13 Anuduiusseninedyanadunnuarsnsivengdyaia 200 i

e a ¥ [ a a o

425 msnegeuaNlildudsduresdnsvesuuuduiinga
ndeyavenswluguin 4.11, 4.12 uay 4.13 annsadananandliidudadu
YR9ORTINTVENBRUUBUANSA (Integral Non-linearity) 21naun1s (1) Fanan1sulasidus

vosandliilududurednsinmsvenguuuduiinsananslunisied 1

L v 100% (1)

INL = |

max

dl' [ a o/ [ a a o
WB INL ﬂ']'mlllLiJUL‘EJQLﬁu‘UEJQEJGﬁ’]ﬂW?UEJ’]‘c’JLL‘U‘UEJ‘LWlﬂia

(% v 6

G unu Amnugwasdyaaiadainnsvndantesuugegn

(% v 6

G wnu ﬂ’J’]SJQQ‘UENﬁﬂJmﬂmwaﬁﬂﬂﬂﬂ‘i’]WLﬁumﬁ\‘i

o
o v ¢ s PN

Giax 11U mmqwaaammﬂmwammmwmqqqmﬂé’mﬂmnw

g7 q

#5199 4.4 anulidudaduresdnsinisvenenuuduindaisnsivens 50, 170 waz200

DMNINVYNY 50 170 200

INL (%) 0.30 0.17 1.29
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4.2 ANSNAFBUINIITIATIZUWAIULUUT LAY

nmegeulaesudygraiadiindssanurainitdanadilonado uaussaugy

o

SPUUTATIRRANEgITadLUUTRIATIasauUady g 1uiadlundesli dudygnaeidn
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Wadnewdgrassniines

Oscilloscope

Developed Developed
Computer

Amp.

DC Power
Microcontroller

supply

= Y} s a ¢ o | = A o X
Eﬂ‘ﬂ 4.14 ﬂqiﬂﬂQUﬂimWﬂﬁ@Uﬁ\TﬂijLﬂﬁqgﬁ‘wa\"]\ﬂULLUUéﬁ@\‘]LﬂEJ'J‘V]W@Ju’VUu

4.3.1 \p3esilouargunsal

v

1. insesniadygunadideuluuiinged (Pulser) ¥93U3¥n CANBERRA

JU 814FP

o v 6

2. MASVY AU IUNAFN WU U

T

6 v 1

3. 1T HATIEANA I UV UTDIALINNAILITY

[

4. 3o ugUdIuUUNATY  (Handheld  Oscilloscope)  ¥Bau3Em

A

Siglent §1 SHS810

5. wnasdnelninseuanss YeIUIEY Hewlett Packard Ju 62368

4.3.2 JURDUNISNAEDU

L4 v

1. dngunsaiveaeudsgun 4.14

2. VAU IO NATDINITIATISINGINULUUYBARALINH AU TY

niouUsuAunTevesd g aliian 500 uluiund
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3. nageuauudadurossswiulniiensds LLD uay ULD fenismnemn
doriinnevianugsmelilasreulvsaiaesi 48.875 Uadlad (anuU=10) Uy
seauusaiuliing19ds LD uaveugeesdyanaimiadounn  waduiin

wsafulni181939 LLD war ULD i shuvisiivia Half triggering

Nan1INndaau

3

Namsmaaué@mﬂmmmwmamwﬁmswﬁwé’mmwuﬁmLﬁmﬁﬂ’mmﬁu LAn
Tyanaaeiniadiveutnawesduyg aiaduesisasveneduya o PUINAITUNI NV
FygadiAl 500 unlwiung é'fmamlugﬂﬁ 57 wanmaeuAnuluBaduvesussiuli
§1989 LLD uaz ULD o Sunisiiin Half trigeering wanslumisnadi 12-13 LLangﬁ 4.15-

a.17

AN

SUUEIUUN SUUUS SUPY SUPPE RPN W 1TV YY1

21 ey QU1041N2999

r2

PIGEREAVGTaTata

CH1= 1,881} CHZw 288l I SEEn, CHZ %1521
M Pos=:-5068.80s

LUUTBILAEN

JUN 4.15 SUSaa i nAaIN N TIATISINA I UL UUT LA I INAUITY



A15799 4.5 nanaasuAUtdudaduveusasuliig19ds LLD

P
]

U

AAansiiumesszdus (had) | arwgeesdynnaniad (had)
0.486 0.496
0.974 0.98
1.461 1.54
1.949 2.04
2.438 2.56
2.926 3.04
3.414 3.52
3.903 4.16
4.392 a.64
4.880 5.12

(Taa8)

o

AIMNAIURIR U LU UNAR

v
w
1

U

y =1.0582x - 0.0289
R?=0.9995

1 a aa I o o I
AAAATNLULARTTEALRN (T'Jam)

1l
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4.16 ANUAUTUEVR IS ULNT1971984 LLD wag Yeslnendya niuaiugaves

dyauiadinades
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P
L

U

ARansiiumesseauas (iad) | Anugavesdyaaiiad (aad)

0.5435 0.496
1.033 0.98
1.522 1.54
2.011 2.04
2.501 2.56

2.99 3.04
3.479 352
3.968 4.16
4.457 4.64
4.945 512

7

ANNGITD
[EEY
1

y =1.0564x - 0.0902
R?=0.9995

1 a aa 4 Qs 4
ARaATHLIUIARSsEALEY (1aaF)
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4.3.1 MINAFDUTUINYDNILATIZA QY8

[

nadeuNSIdenvWInYelATERdy g anlunsvadeuinAIsidenuuinunges
Anszidugn Sunainsialusiazadmsiiaiila Wlonsuiananiigunsaiiay
fvusldvsanuiveasaiinesuagniusuinsvesanady NTALNUYDINATIATIZN
wasnuuuutonfedannlilasaeulnsames
4.3.1.2 Yumeunisvageu
1. vhnsdngunsalnaaeusisgud 4.14

2. dmusawdlunisawny  naldlunisawnuwsas  window e
Tulasmaaulnsaeas duiinaidalenasAiulana I fldlunsawnunarualaeiIuNIsiause

WY Serial Communication

3. AIANTUIATENILATITRR Y ITEIAT ISR ML UUTR B Re IR en]d

USuseau LLD Tegluswnsuenululasaaulnsaass duiinsgsu LLD wag ULD tiauniAiny

\d@nesvad window Llasysu LLD wasuly

Nan1InNn§aau

AN5199 4.7 Ladglunsannuiavuln window #ineiu

. nalalunis nanlalunis
UM Window Y
Gl ALNULAAY ALNUNIVUA

({adlan) _ -4
window (A N)

1 102
10 48.875 10 1,020
12 1,224

1 93

11 53.763 10 930
12 1,116

1 85

12 58.65 10 850
12 1,020




1 78
13 63.54 10 780
12 936
1200
1000
800
Eé 600
(=]
()
400
200
0 N\
30 40 50 60 80 90 100 110

Channel
JUN 4.18 awnnSuvesans3ad@ngeu-137 Nanuindu 10 uagldiig 1 3und

awnuluusaz window

1200
1000
800

600

Counts

400

200

30 50 70 90 110 130

Channel

window
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800
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JUN 4.20 awUnesuvesanssedlauean-60 Namuviiiu 12 wagldinan 1 Junil
awnuluusag window
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800
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JUN 4.21 awneSuvesanssedlauead-60 Namuviiiv 15 uagldinan 1 Juni

awnuluwsaz window

INAITNA 14 WUIAISITIAMTIUNTARNULAAE window Usswazalnasuiils

AoslsUTeANRIzUENALLANAale FuFenvuiateriinsisvidyann 48.875 fadliad

759 10 dwU lneuwsarawUlanardn 10 $aad3un? 100 sou 9k04an 13U Tunisawnu 1

window



M15797 4.8 SEeu LLD, ULD wag Window 910 SCA

ARAASHLUADS | ANPAASTLULADS | VUIAURIILATIZN
seiun (ad) | seduga (Tad) dae @adlan)
0.486 0.546 60
0.974 1.035 61
1.461 1.522 61
1.949 2.011 62
2.438 2.501 63
2.926 2.99 64
3.414 3.479 65
3.903 3.968 65
4.392 4.457 65
4.88 4.945 65
Aade 63.1

100
90
80
70
60
50
40
30
20
10

ar

I3

AUIATRIILATIZENRIY

(RAALIA6)

1 a aa '4 o 4
ANRAASNLULARsTEALAN (19aR)

JUN 4.22 anudusiussendng window fu LLD Wiesediu LLD wWaeuld

ﬂ]’]ﬂgﬂ‘ﬁl 4.22 @159 Differential Non-Linearity laainaunis (2)

DNL(%) = (52) + 100

w
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15a DNL Aa wasigusanulududaduludnsveonuuineisudoa

1 1
a

A . . A A o -
AVW AR ATAANNLANFNNYRY window WNWﬂW@ﬂLL@zu@HW@‘ﬂ (I"J@ﬂ)

V,, Aa Anaated window (Taas)

6 DNL(%) = (=) * 100

= 71.92 %.

4.5 NMSNAADUNITLIAALNDSUAZI9ATVEBUSIAULNAN

WIadty ey 10N AR DNIAZARNUAININATHATULUUY DAL INLLIF 995150

a s

P I3 o = v o a s & | a v
NLW@?LW@LL‘U@\TLﬂULLiﬂﬂubLWWWLQaEJ 191'1/]'1ﬂ'ﬁﬂ/]ﬂﬁ@'U'Nﬁ]iLimlleEliV]\‘i 4 YPNAMUALALMNDLU

YUr9asvenenssulnifianaasurududsdure s lniieanainiasiass lag

[

ngUnsaldsguT 4.23

Function :
Ratemeter Multimeter

generator

DC Power

supply

U7l 4.23 uuamnsingunsainaaeulasisaiinesiazisasveneusaiuliiin
4.5.1 \n3esilonazqunsal
1. 2993L50dmes
2. 19959818 39Ul
3. wnasaelninnszuanse U89U3EW Hewlett Packard Ju 62368
4. \iesiuilanudl (Function generator) ¥eau3®¥m GWinstek u
GFG3015

%

5. dafTwmes vuTEN sanwa 1 PC5000

4.5.2 JURDUNISNAADU
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1. UeudyaauBunalulvun TTL 91nwsesinidnninud laeimunaiud
91191 9 (Control) kag 10 (Selector) vadla@uas 4052 Tur99stsaiinasNAUA

fraaudly

2. euswuliin 5 Tad Tmssseimesuar +12 Tad Tieasveney
wsesruluidln

3. Suiinvwausssulnin i tusesaitimes vadleruiasisaiineiuas
295veeusaiuliih wienusuussiuiiendnnveasaiweslidu 100 fadlad

warUFugnsnsveneusaiulriednaivung 3.3 Taad

HAN1INAHBY
nan1snageuaulududurenasniinesuazissvensussiuliidedisuiu
AR dewdnlung 4 9e uanslunisnean 16-17 uazgun 67-69
= P a v a 3 9 |
15199 4.9 wan1snaaeumlududurennssnilvesuazieasvengusaiulninlugg

ANUA X1 uay X10

X1 X10
arwd | wsesulnd | wseulniugle | el | wseiulnih | wsesulvidiugle
(F5pd) | MNLIeRes | WIWNITVY | (Fsad) | NIREN0T | HIWNIIVEIY
@aaliad) | wiesu (ad) @aalhas) | wsenu (1aad)
10 10.25 0.3297 100 10.37 0.3866
20 20.48 0.7058 200 20.66 0.7252
30 30.68 1.0505 300 30.91 1.0635
40 40.77 1.3510 400 41.03 1.3965
50 50.41 1.6427 500 50.69 1.7147
60 59.95 1.9454 600 60.24 2.0262
70 69.80 2.2628 700 69.98 2.3089
80 79.90 2.5923 800 79.96 2.6391
90 90.29 2.9421 900 90.11 2.9740
100 100.47 3.3067 1000 100.10 3.3012
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A & a v a s 9 '
M15199 4.10 NaNITNAABUANLTULTYS LausﬂaﬂfN"ﬂ'ﬁLimﬂJLfﬂaiLLa3')@%37]&1']8&33@“17\]%']1“%3\7

AAE X100 wag X1000

Pl
QU

X100 X1000
AE w5aa Ul wsanulalsin AR wsanuladln | wsesulaldin
(B5ad) | nLsadines dlonu (Bsed) | nisedees | dleri1u
(Hadlan) 1YTVYNY (Hadlan) 1IVYNY
w5 (1as) w5y (1ad)
1000 10.30 0.3742 10000 10.12 0.3283
2000 20.56 0.7077 20000 20.13 0.6554
3000 30.83 1.0409 30000 30.38 0.9800
4000 41.08 1.3194 40000 40.50 1.3182
5000 50.89 1.6363 50000 50.77 1.6357
6000 60.53 1.9898 60000 61.17 1.9829
7000 70.34 2.3046 70000 71.55 2.3256
8000 80.15 2.6303 80000 82.14 2.6685
9000 90.75 2.9625 90000 92.79 3.0101
10000 100.05 3.2935 100000 103.58 3.3680
120
100
v y =0.996x + 0.5207 y =0.0991x + 0.8927
E 80 R? =0.9999 R2 = 0.9999
(&
&
- 60
A}s @ Range x1
=
g 40 M Range x10
&
Y
0 T T T T T 1
0 200 400 600 800 1000 1200
ANMND (1F90)

U7 4.24 anuduiusseninsauduazussulnihainsedimeslutag Range x1 wag x10
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120

y=0.01x +0.778 y =0.001x - 0.7573
R? = 0.9999 X R?=0.9999

- %A /
/ X Rangex1000

A Rangex100

o]
o

(o))
o
|

wsanuliiy (Radlaas)

N B
o o
|

<

0 T T T T T T 1
0 20000 40000 60000 80000 100000 120000

a , a
ANMND (135md)

JUN 4.25 anuduiusseninanuduazissiuliinanisninesluiig Range x100 way

x1000
3.5
y =0.0322x + 0.0398 y =0.0032x + 0.0903
3 R*=0.999 R? = (0.9997
— 2.5 -
vs
&
< 2 -
=
P
% 1.5 @ Range x10
p]
% 1 'f // M Range x1
0.5 &
O T T T T T T 1
0 200 400 600 800 1000 1200
ANND (Fend)

JUN 4.26 Anuduiusseninanudvazissiuliinnnlasverewssiiulniilugis Range

x1 ey x10
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4 y=0.0003%x+0.0488——————————————y=3F-05x - 0.0278
R2 = 0.9997 2
35 \/ R*=0.9998
: f pd
e 25
(94
< 4; /
£ - L e A Rangex100
angex
= 15
> f / X Rangex1000
S 1
0.5 15 X/)/\
O T T T T T T 1
0 20000 40000 60000 80000 100000 120000
ANND (Fend)

JUN d.27anuduiusseninmnuduazusadulnihainiaasvengusaiulniinluge Range

x100 way x1000

Wemnsaliwesaunsainnulaly 4 Yasenudusigunsalszyviinlelalnusedn
LY 4’ Y1 a a = ! 1 aa I ! |
W UuLliY9RNAReT F99INNINAGRUNUTITRANUDTWINEaNRRYIN X1 Ingsia)
9 uay 9110 vadlaBiues 4052 a3 ground INUUAYYINALLTIE ADC YDIEIUAIVANNTT

wanINanaly

4.6 MinagaugunIalszyviialolylnuSednnmuivy

o ¢ 1 U oay Yy v Y o 4
waannvedeugunsaline - 9 dsildnanuudmdeniudeulisunsudenles

a
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WHeu-137 Anunse 0.48 lulasas uazlauead-60 AuuTe 7.56 Lulasas laeslinivin
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$98 WaUamesldiiarinan Background 92 unil anntududngniiiuyvean fsguin 4.28

Y
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v A o I

Wae 4.29 Mua1nU LenA Start WUIMEIANTUANSAWAY 92 TUNT WaLLIBLADUF TR LA
lufageanananvednlafinanunassusialolalniuasndsnuns 3 lelalnudainanlaeeng

gNAas NaNIIMAARULEAIlUFUN 4.30-4.32 AuA1GU
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Photosensitive area 10 x 10 mm
Number of elements 1
Package Ceramic
Reverse voltage (max.) 100V

Spectral response
340 to 1100 nm
range

Peak sensitivity
960 nm
wavelength (typ.)

Photosensitivity (typ.)  0.66 A/W
Dark current (max.) 6000 pA
Cutoff frequency (typ.) 40 MHz

Terminal capacitance

40 pF
(typ.)

Ta=25 OC, Typ., unless otherwise noted,
Measurement Photosensitivity: )\:)\p, Dark current: Vg=70
condition V, Cutoff frequency: Vz=70 V, Terminal

capacitance: Vg=70V, f=1 MHz
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Charge amplifier
H4083

For radiation and high energy particle detection

H4083 iz a low-noise hybrid charge amplifier designed for a wide range of spectrometric applications including soft X-ray and low to high energy
gamma-ray spectromatry. The first stage of this amplifier uses a low-neise junction type FET, which exhibits excellent performance when used
with a photodiode having a large junction capacitance. H4083 is especially suited for use with Hamamatsu S3580/33204 series, etc. Si PIN
photadiodes. S3590 series phetodiodes ean be direetly mounted on the backside of H4083, so there will be no increase in stray capacitance.
H4083 is compact and lightweight, making detector design and development more flexible.

Applications
® Low noise ® Detection of X-rays, radiation, high energy particles

® Compact and lightweight
@ Easy handling

Parameter Specification
Amplification method Charge-sensitive type
_Inputioutput polarity Inverted
. 0.5 V/pC
Charge gain 22 mViMeV (S1)
Moise characteristic 550 electrons/FWHM
Megative feedback constant 50 M2 pF
Power supply +12V
Power consumption 150 mW
Configuration 9-pin, single line type
Dimensional outline 24 (W) * 19 (H) x4 (T) mm
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Gamma Energy Nuclide Half-Life Percent Yield per
(KeV) decay
8 Er-169 9.4 days 0.3
22 Sm-151 87 years 4
24 Sn-199m 250 days 16
30 Ba-140 12.8 days 11
31 Mg-28 21 hours 96
35 1-125 60 days 7
35 Te-125m 58 days 7
37 Br-80m 4.38 hours 36
40 Rh-103m 57 minutes 0.4
40 1-129 1.7x10" years 9
47 Pb-210 21 years 4
51 Rh-104m 4.41 minutes 47
53 Te-132 78 hours 17
58 Gd-159 18.0 hours 3
58 Dy-159 144 days 4
59 Te-127m 109 days 0.19
60 Am-241 458 years 36
63 Yb-169 32 days 45
63 Th-234 24.1 days 3.5
68 Ta-182 115 days 42
68 Ti-44 48 hours 90
70 Sm-153 47 hours 54
77 Pt-197 18 hours 20
77 Hg-197 65 hours 18
78 Ti-44 48 hours 98
80 Ba-133 10.51 years 36
81 Ho-166 26.9 hours 5.4
81 Xe-133 5.27 days 37
84 Tm-170 130 days 3.3
84 Th-228 1.90 years 1.6
87 Eu-155 1.81 years 32
88 Pd-109 / Ag-109m 13.47 hours / 40 5
seconds

88 Cd-109 / Ag-109m 453 days / 40 seconds 5
88 Lu-176m 3.7 hours 10
91 Nd-147 11.1 days 28
93 Th-234 24.1 days 4
95 Dy-165 139.2 minutes 4
99 Gd-153 242 days 55
99 Au-195 183 days 10
100 Pa-234 6.75 hours 50
103 Sm-153 47 hours 28
104 Sm-155 23 minutes 73
105 Eu-155 1.81 years 20
113 Lu-177 6.7 days 2.8
122 Co-57 270 days 87
122 Eu-152 12 years 37




Gamma Energy Nuclide Half-Life Percent Yield per
(KeV) decay

123 Eu-154 16 years 38
124 Ba-131 12 days 28
128 Cs-134m 2.9 hours 14
129 0s-191 15 days 25
133 Hf-181 42.5 days 48
134 Ce-144 284 days 11
136 Hg-197m 24 hours 42
137 Re-186 90 hours 9

140 Tc-99m 6 hours 90
143 U-235 7.1 x 10° years 11
145 Ce-141 33 days 48
147 Ta-182m 16.5 minutes 40
150 Te-131 25 minutes 68
150 Cd-111m 48.6 minutes 30
150 Kr-85m 4.4 hours 74
155 Re-188 16.7 hours 10
158 Au-199 75.6 hours 37
163 Ba-140 12.8 days 6

164 Xe-131m 11.8 days 2

166 Ba-139 82.9 minutes 23
172 Ta-182m 16.5 minutes 40
185 U-235 7.1 x 10° years 54
186 Ra-226 1602 years 4

191 Mo-101 14.6 minutes 25
191 Pt-197 18 hours 6

192 In-114m 50.0 days 17
198 Yb-169 32 days 35
208 Lu-177 6.7 days 6.1
210 Ge-77 11.3 hours 61
215 Hf-180m 5.5 hours 82
215 Ru-97 2.9 days 91
230 Te-132 78 hours 90
233 Xe-133m 2.26 days 14
239 Pb-212 10.64 hours 47
239 As-77 38.7 hours 2.5
246 Sm-155 23 minutes 4

247 Cd-111m 48.6 minutes 94
250 Xe-135 9.2 hours 91
255 Sn-133 115 days 1.8
263 Ge-77 11.3 hours 45
265 Ge-75 82 minutes 11
265 Se-75 120.4 days 60
279 Hg-203 46.9 days 77
284 1-131 8.05 days 5.4
286 Pm-149 53.1 hours 2

293 Ce-143 33 hours 46
295 Pb-214 26.8 minutes 19
299 Th-160 72.1 days 30
305 Kr-85m 4.4 hours 13
307 Tc-101 14.0 minutes 91
308 Er-171 7.52 hours 63
310 Pa-233 27.0 days 44
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Gamma Energy Nuclide Half-Life Percent Yield per
(KeV) decay

317 Ir-192 74.2 days 81
319 Nd-147 11.1 days 3
320 Cr-51 27.8 days 9
325 Sn-125m 9.7 minutes 97
328 Ir-194 17.4 hours 10
333 Hf-180m 5.5 hours 93
335 Cd-115/1In-115m 53.5 hours / 4.5 hours 50
342 Ag-111 7.5 days 6
344 Eu-152 12 years 27
351 Bi-211 2.15 minutes 14
352 Pb-214 26.8 minutes 36
356 Ba-133 10.51 years 69
360 Se-83 25 minutes 69
362 Pd-103 17 days 0.06
363 Gd-159 18.0 hours 9
364 1-131 8.05 days 82
368 Ni-65 2.56 hours 45
388 Sr-87m 2.83 hours 80
393 Sn-113 115 days 64
393 In-133m 100 minutes 64
403 Kr-87 76 minutes 84
405 Pb-211 36.1 minutes 3.4
412 Au-198 2.698 days 95
427 Sh-125 2.7 years 31
439 Zn-69m 13.8 hours 95
441 1-128 25.0 minutes 14
444 Hf-180m 5.5 hours 80
468 Ir-192 74.2 days 49
477 Be-7 53 days 10.3
479 W-187 23.9 hours 23
482 Hf-181 42.5 hours 81
487 La-140 40.22 hours 40
490 Cd-115 53.5 hours 10
496 Ba-131 12 days 48
497 Ru-103 39.6 days 88
511 Cu-64 12.8 hours 38
511 Ga-68 68.3 minutes 176
511 As-74 17.9 days 59
511.0034 Na-22 2.60 years 180
512 Ru-106 / Rh-106 367 days / 30 seconds 21
514 Sr-85 64 days 100
514 Kr-85 10.76 years 0.41
520 Se083 25 minutes 59
527 Xe-135m 15.6 minutes 80
530 1-133 21 hours 90
530 Cd-115 53.5 hours 26
533 Nd-147 11.1 days 13
537 Ba-140 12.8 days 34
538 1-130 12.4 hours 99
554 Br-82 35.34 hours 66
559 As-76 26.5 hours 43
564 Sh-122 67 hours 66
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Gamma Energy Nuclide Half-Life Percent Yield per
(KeV) decay

570 Bi-207 30 years 98
583 TI-208 3.10 minutes 86
596 As-74 17.9 days 61
599 Sh-125 2.7 years 24
603 Sh-125 60 days 97
605 Cs-134 2.05 years 98
609 Bi-214 19.7 minutes 47
619 Br-82 35.34 hours 41
622 Ru-106 / Rh-106 367 days / 30 seconds 11
637 1-131 8.05 days 6.8
658 Ag-110m 253 days 96
658 Ag-110 24.4 seconds 4.5
661.64 Cs-137 / Ba-137m 30 years / 2.55 minutes | 85
669 1-130 12.4 hours 100
670 1-132 2.3 hours 144
686 W-187 23.9 hours 27
695 Pr-144 17.3 minutes 1.5
697 Te-129m 34 days 6
724 Zr-95 65 days 49
726 Ru-105 4.44 hours 48
727 Bi-212 60.6 minutes 7
740 Mo-99 67 hours 12
743 1-130 12.4 hours 87
747 Zr-97 / Nb-97m 17.0 hours / 60 seconds | 92
748 Sr-91 9.67 hours 27
756 Zr-95 65 days 49
765 Nb-95 35 days 100
773 1-132 2.3 hours 89
777 Br-82 35.34 hours 83
780 Te-131m 30 hours 60
796 Cs-134 2.05 years 99
810 Co-58 71.3 days 99
832 Pb-211 36.1 minutes 3.4
835 Ga-72 14.10 hours 96
834.827 Mn-54 303 days 100
837 Mn-56 2.58 hours 99
850 Te-131m 30 hours 31
879 Th-160 72.1 days 31
885 Ag-110m 253 days 71
889 Sc-46 83.9 days 100
898 Rb-88 17.8 minutes 13
900 Pa-234 6.75 hours 70
935 Cd-115m 43 days 1.9
966 Th-160 72.1 days 31
1020 Mo-101 14.6 minutes 25
1025 Sr-91 9.67 hours 30
1063 Bi-207 30 years 77
1078 Ba-68 68.3 minutes 3.5
1095 Fe-59 45 days 56
1115 Zn-65 245 days 49
1115 Ni-65 2.56 hours 16
1120 Sc-46 83.9 days 100
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Gamma Energy Nuclide Half-Life Percent Yield per
(KeV) decay

1120 Bi-214 19.7 minutes 17
1122 Ta-182 115 days 34
1140 1-135 6.7 hours 37
1173.2 Co-60 5.26 years 100
1210 Y-91 58.8 days 0.3
12745 Na-22 2.60 years 100
1278 Eu-154 16 years 37
1280 1-135 6.7 hours 34
1292 Fe-59 45 days 44
1293 In-116m 54.0 minutes 80
1293 Ar-41 1.83 hours 99
1308 Ca-47 4.53 days 74
1332.5 Co-60 5.26 years 100
1350 Mg-28 21 hours 70
1369 Na-24 15.0 hours 100
1380 Ho-166 26.9 minutes 0.9
1408 Eu-152 12 years 22
1426 Cs-138 32.2 minutes 73
1434 V-52 3.76 minutes 100
1460 K-40 1.29 x 10° years 11
1481 Ni-65 2.56 hours 25
1524 K-42 12.4 hours 18
1570 Pr-142 19.2 hours 3.7
1596 La-140 40.22 hours 96
1600 ClI-38 37.3 minutes 38
1692 Sh-124 60 days 50
1764 Bi-214 19.7 minutes 17
1780 Al-28 2.31 minutes 100
1811 Mn-56 2.58 hours 29
2614 TI-208 3.10 minutes 100
2754 Na-24 15.0 hours 100
6130 N-16 7.2 seconds 69
7110 N-16 7.2 seconds 5
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Overview

The chipKIT Uno32 is a microcontroller board
based on the Microchip PIC32MX320F128H, a
member of the 32-bit PIC32 microcontroller
family. The chipKIT boards are compatible with
the popular Arduino™ microcontroller board
shields.

The Uno32 is designed to be easy to use and
suitable for use by anyone from beginners to
advanced users for experimenting with
electronics and embedded control systems.
The Uno32 is intended to be used with the
Multi-Platform IDE, (modified Arduino IDE),
MPIDE, and contains everything needed to
start developing embedded applications.

The Uno32 provides 42 I/O pins that support a
number of peripheral functions, such as UART,
SPI and I°C™ ports and pulse width modulated
outputs. Twelve of the /O pins can be used as
analog inputs or as digital inputs and outputs.

The Uno32 can be powered via USB, an
external AC-DC power adapter, or batteries.

Specifications:

Microcontroller: PIC32MX320F128H
Flash Memory: 128K

RAM Memory: 16K

Operating Voltage: 3.3V

Operating Frequency: 80Mhz

Typical operating current: 75SmA

Input Voltage (recommended): 7V to 15V
Input Voltage (maximum): 20V

1/O Pins: 42 total

Analog Inputs: 12

Analog input voltage range: 0V to 3.3V
DC Current per pin: +/-18mA

Doc: 502-209 page 1 of 17
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chipKIT Uno32 Hardware Overview

The Uno32 has the following hardware features:

28 2
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1) USB Connector for USB Serial Converter

This connects to a USB port on the PC to provide the communications port for the MPIDE
to talk to the Uno32 board. This can also be used to power the Uno32 board when
connected to the PC.

2) JP3 — Microchip Debug Tool Connector

This connector is used to connect Microchip programmer/debugger tools, such as the
PICKit™3. This allows the Uno32 board to be used as a traditional microcontroller
development board using the Microchip MPLAB® IDE.

www.digilentinc.com page 2 of 17
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3) J4 — External Power Connector

This is used to power the Uno32 board from an external power supply. This is a 5.5mm x
2.1mm barrel connector. It is wired with the center terminal as the positive supply voltage.
The power supply voltage must be in the range 7V to 15V.

4) Power Supply — 3.3V regulator

Voltage regulator for the 3.3V power supply. This power supply can provide up to 500mA
of current.

5) JP2 - Power Select Jumper

This jumper is used to route power from the external power connector through the on-
board 5V voltage regulator or to bypass the 5V regulator. The REG position routes power
through the 5V regulator. The BYP position bypasses the on-board 5V regulator. With this
jumper in the BYP position the maximum input voltage that can be applied at the external
power connector is 6V.

6) Power Supply — 5V regulator

On-Board 5V voltage regulator. This regulates the input voltage applied at the external
power connector to 5V. This is used to power the 3.3V regulator and to provide 5V power
to shields. This regulator can provide up to 800mA of current.

7) J2 — Shield Power Connector
This connector provides power to /O expansion shields connected to the board.
8) PIC32 Microcontroller
This is the PIC32MX320F128H microcontroller that is the main processor for the board.
9) J7 — Analog Signal Connector
This connector provides access to analog/digital /O pins on the microcontroller.
10) JP6/JP7 — A4/A5 Signal Select Jumpers

These jumpers are used to switch pins 9 & 11 on connector J7 between analog inputs A4
and A5 or the I°C signals SDA and SCL

11) J8 — SPI Signal Connector

This connector provides alternative access to the SPI signals. This is used by some
shields for access to the SPI bus.

12) JP5/JP7 — SPI Master/Slave Select Jumpers

These jumpers are used to switch the SPI signals for use of the Uno32 board as an SPI
master device or as an SPI slave device. Both jumpers should be switched together. Place
the shorting blocks in the MASTER position for master operation and in the SLAVE
position for slave operation. Normally, these jumpers are in the MASTER position.

13) User LEDs

Two LEDs connected to digital signal pins 13 and 43.
14) J6 — Digital Signal Connector

This connector provides access to digital I/O pins on the microcontroller.
15) JP4 — Pin 10 Signal Select Jumper

www.digilentinc.com page 3 of 17

Copyright Digilent, Inc. All rights reserved. Other product and company names ioned may be of their respective owners.



103

ohipKIT Unod2 Reference Manua /ADIGILENT
www.digilentinc.com

This jumper is used to switch connector J5 pin 5 (digital signal 10) between pulse width
modulator (PWM) operation and SPI operation. The jumper is placed in the RD4 position
for PWM output and in the RG9 position for SPI operation.

16) J5 — Digital Signal Connector

This connector provides access to digital I/O pins on the microcontroller.
17) Communications Status LEDs

These LEDs indicate activity on the USB serial interface.
18) Reset Button

This button can be used to reset the microcontroller, restarting operation from the boot
loader.

www.digilentinc.com page 4 of 17
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chipKIT Uno32 Jumper Settings

The chipKIT™ Development Platforms use a Microchip PIC32 Microcontroller. These are 32-bit
products that bring unprecedented features to the Arduino™ community. In order to maintain
compatibility with existing hardware/software while maintaining user accessibility to these
advanced features, additional jumpers and row headers are provided. This document describes the
functionality of the jumpers listed in figure 1.

Pin 10
JP4 @O

Figure 1: chipKIT™ UNO32 Jumpers

yn |:!—.|

MASTER

s 5. Eﬁ
rPIC -

JP5 SLMJP7
s Uno32

SELE!

POWER JP6 JP8
Bp R SVPIN
zoeS mmmm
Jumper Function
JP2 POWER SELECT: Used to connect/bypass on-board 5V regulator when using an
external power supply connected to J4
BYP_REG BYP REG
< ol g
J4 supply is regulated (i.e. 5V will be J4 supply bypasses regulator (i.e.
present on 5V pin) Supply voltage will be present on 5V
pin)

Note: A 3.3V on-board regulator will always be enable regardless of JP2 settings
to protect the PIC32 MCU

Not sure what this does? Play it safe and keep JP2 on the two right-most pins.
(i.e. J4 supply is regulated)

JP4 PWM/DIGITAL SELECT: Configures pin 10 on J5 to be used as a PWM output or
a Digital Input/Output.
P4 G JP4 QD
Pin 10 configured as a Digital Pin 10 configured as a PWM output
Input/Output
www.digilentinc.com page 5 of 17
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JP5/JP7 SPI SELECT: Used to configure the chipKIT™ as either a Master or Slave when
using the SPI (Serial Peripheral Interface). The chipKIT™ board can be
connected to another device or even another chipKIT™ through the SPI
connector (J8).

bmsmn Data IN J8
= —_>
“g . SCLK —> Data OUT
JPS JP7 SS GND
SLAVE
chipKIT™ configured as a SPI Master
g Data ouT Y8
55. SCLK <€— DataIN
JPS JP7 SS GND
SLAVE

chipKIT™ configured as a SPI Slave

For more information on SPI, please visit Wikipedia’s SP| page at:
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus#Mode_Numbers

JP6/JP8 I°C/ANALOG PIN SELECT: Used to configure A4 and A5 for functionality as an
Analog input or to be used as I°C communication pins.
2 2 2 2
P JPS JP6 JP8
A4 and A5 on J7 are configured to A4 and A5 are configured to be used as
be used as analog inputs 12C communication lines (A4 — SDA, A5 —
SCL)

For more information on I°C, please visit Wikipedia's 12C page at:
http:/en.wikipedia.org/wiki/l2C

www.digilentinc.com page 6 of 17
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chipKIT Uno32 Hardware Description

MPIDE and USB Serial Communications

The Uno32 board is designed to be used with
the Multi-Platform IDE (MPIDE). The MPIDE
development platform was produced by
modifying the Arduino™ IDE and is fully
backward compatible with the Arduino IDE.

The MPIDE uses a serial communications port
to communicate with a boot loader running in
the Uno32 board. The serial port on the Uno32
board is implemented using an FTDI FT232R
USB serial converter. Before attempting to use
the MPIDE to communicate with the Uno32,
the appropriate USB device driver must be
installed.

The Uno32 board uses a standard mini-USB
connector for connection to a USB port on the
PC.

When the MPIDE needs to communicate with
the Uno32 board, the board is reset and starts
running the boot loader. The MPIDE then
establishes communications with the boot
loader and downloads the program to the
board.

When the MPIDE opens the serial
communications connection on the PC, the
DTR pin on the FT232R chip is driven low.
This pin is coupled through a capacitor to the
MCLR pin on the PIC32 microcontroller.
Driving the MCLR line low resets the
microcontroller, restarting execution with the
boot loader.

This automatic reset action when the serial
communications connection is opened can be
disabled. To disable this operation, there is a
cut-able trace on the bottom of the board
between the pins of JP1. JP1 is normally not
loaded. If the trace between the pins on JP1
has been cut, the automatic reset operation
can be restored by loading JP1 and inserting a
shorting block across it.

Two red LEDs (LD1 and LD2) will blink when
data is being sent or received between the
Uno32 and the PC over the serial connection.

The header connector J3 provides access to
the other serial handshaking signals provided
by the FT232R. Connector J3 is not loaded at
the factory and can be installed by the user to
access these signals.

Power Supply

The Uno32 is designed to be powered either
from USB or from an external power supply.
There is an automatic switchover circuit that
causes the external supply to be used if both
supplies are present.

The power supply section in the Uno32 uses
two voltage regulators. The first regulates the
external voltage to 5V to power the VCC5V0
bus. The second regulates the VCC5VO0 bus to
3.3V to provide power to the VCC3V3 bus that
powers the PIC32 microcontroller.

The 5V voltage regulator is normally an
NCP1117. The board is designed to be able to
also use an LM1117, but the NCP1117 is the
part normally used. The NCP1117 is rated for
an output current of 1A (the LM1117 is rated
for 800mA). The dropout voltage of the
NCP1117 is a maximum of 1.2V at the rated
output current (1.3V for the LM1117). There is
a reverse polarity protection diode in the
external power supply circuit. Considering the
diode drop plus the forward drop across the
regulator, the minimum input voltage to the
regulator should be 7V to produce a reliable 5V
output. The absolute maximum input voltage of
both the NCP1117 and the LM1117 is 20V.
The recommended maximum operating
voltage is 15V. For input voltages above 9V,
the regulator will get extremely hot when
drawing high currents. Both the NCP1117 and
the LM1117 have output short circuit protection
and internal thermal protection and will shut
down automatically to prevent damage.

www.digilentinc.com
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The 3.3V regulator is a Microchip MCP1725.
This regulator is rated for a maximum output
current of 500mA. The absolute maximum
input voltage for the MCP1725 is 6V. This
regulator has internal short circuit protection
and thermal protection. It will get noticeably
warm when the current consumed by the
VCC3V3 bus is close to the 500mA maximum.

The 5V power bus, VCC5V0 can be powered
from one of three sources: 1) The USB5V0 bus
when the board is operating under USB power;
2) The output of the on-board 5V regulator
when operating from an external 7V — 15V
supply; or 3) Directly from the external supply
when operating from a regulated 5V external
supply and jumper JP2 is in the BYP position.

Switchover from USB power to external power
is done automatically and the external supply
will be used if both are present.

Jumper JP2 is used to route the external
power supply voltage through the on-board 5V
regulator or directly to the VCC5VO0 bus,
bypassing the on-board 5V regulator.
Normally, JP2 should be in the REG position.
This routes the external supply through the 5V
regulator. Operation from an externally
regulated 5V supply is provided by placing the
jumper in the BYP position.

The forward drop across the MCP1725 is
typically 210mV (350mV max) at 500mA
output. With JP2 in the BYP position, this will
allow correct operation of the 3.3V power
supply from an input voltage down to 3.5V.
This allows powering the board from batteries
and other lower voltage power sources. In this
case, the VCC5V0 power bus will not be
powered at 5V.

NOTE: It is extremely important to observe the
MCP1725 maximum input voltage rating of 6V
when JP2 is in the BYP position. Applying
more than 6V to the external power input with
the jumper in the BYP position can destroy the
3.3V regulator and possibly the PIC32
microcontroller as well.

The PIC32 microcontroller is rated to use a
maximum of 75mA of current when operating
at 80Mhz. This allows up to 425mA from the
VCC3V3 bus and up to 925mA from the
VCC5VO0 bus to power external devices.

The POWER connector, J2, is used to provide
power to shields connected to the Uno32
board. The following pins are provided on this
connector:

P32_RST (pin 1): This connects to the MCLR
pin on the PIC32 microcontroller and can be
used to reset the PIC32.

VCC3V3 (pin 2): This routes the 3.3V power
bus to shields. This pin can provide ~425mA.

VCC5VO0 (pin 3): This routes the 5V power
bus to shields. This pin can provide up to
~900maA to shields, however to total provided
by pins 2 and 3 shouldn’t exceed 925mA.

GND (pin 4, 5): This provides a common
ground connection between the Uno32 and
the shields.

VIN (pin 6): This connects to the voltage
provided at the external power supply
connector. This can be used to provide
unregulated input power to the shield. It can
also be used to power the Uno32 board from
the shield instead of from the external power
connector.

5V Compatibility

The PIC32 microcontroller operates at 3.3V.
The original Arduino boards operate at 5V, and
many Arduino shields are designed to operate
at5V.

There are two issues to consider when dealing
with 5V compatibility for 3.3V logic. The first is
protection of 3.3V inputs from damage caused
by 5V signals. The second is whether the 3.3V
output is high enough to be recognized as a
logic high value by a 5V input.

The digital I/O pins on the PIC32
microcontroller are 5V tolerant. The analog
capable I/O pins are not 5V tolerant. To
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provide 5V tolerance on those pins, the Uno32
contains clamp diodes and current limiting
resistors to protect them from 5V input
voltages.

The fact that all I/O pins are 5V tolerant means
that it is safe to apply 5V logic levels to any
pins on the board without risk of damaging the
PIC32 microcontroller.

The minimum output high voltage of the PIC32
microcontroller is rated at 2.4V when sourcing
12mA of current. When driving a high
impedance input (typical of CMOS logic) the
output high voltage will be close to 3.3V. Some
5V devices will recognize this voltage as a
logic high input, and some won't. Many 5V
logic devices will work reliably with 3.3V inputs.

Input/Output Connections

The Uno32 board provides 42 of the 1/O pins
from the PIC32 microcontroller to pins on the
input/output connectors, J5, J6, and J7.

The PIC32 microcontroller can source or sink a
maximum of 18mA on all digital I/O pins.
However, to keep the output voltage within the
specified voltage range (Vo 0.4V, Voy 2.4V)
the pin current must be restricted to +7/-12mA.
The maximum current that can be sourced or
sunk across all I/O pins simultaneously is +/-
200mA. The maximum voltage that can be
applied to any /O pin is 5.5V. For more
detailed specifications, refer to the
PIC32MX3XX/4XX Data Sheet available from
the Microchip web site.

Connectors J5 and J6 are 2x8 female pin
header connectors that provide digital I/O
signals. The outer row (closer to the board
edge) of pins on these connectors corresponds
to the I/O connector pins on an Arduino Uno or
Duemilanove board. The inner row of pins
provides access to the extra I/O signals
provided by the PIC32 microcontroller.

Connector J7 is a 2x6 female pin header
connector that provides access to the analog
input pins on the microcontroller. The outer row

of pins corresponds to the six analog pins on
an Arduino Uno or Duemilanove. The inner row
of pins are the additional I/O signals provided
by the PIC32 microcontroller. The analog pins
on J7 can also be used as digital I/O pins.

The chipKIT/Arduino system uses logical pin
numbers to identify digital I/O pins on the
connectors. The logical pin numbers for the 1/0
pins on the Uno32 are 0 — 43. These pin
numbers are labeled in the silk screen on the
board.

Pin numbers 0 — 13 are the outer row of pins
on J6 and J5, going from right to left. Pin
numbers 14 — 19 are the outer row of pins on
J7 going left to right. Pins 20 — 25 are the inner
row of pins on J7 going left to right. Pin
numbers 26 — 41 are the inner row of pins on
J6 and J5 going right to left. Pin 42 is the pin
labeled A on J5. This pin is normally the
reference voltage for the microcontroller's A/D
converter, but can also be used as a digital I/O

pin.

In addition to the connector pin, Pin 13 also
connects to the user LED LD4. Pin 43
connects to user LED LD5. Pin 43 pin does not
go to any connector.

The analog inputs on connector J7 are
assigned pin numbers. The outer row of pins
on J7 are analog inputs A0 — A5. The inner row
of pins are A6 — A11. These pins are also
assigned digital pin numbers: A0 — A5 are
digital pins 14 — 19, and A6 — A11 are 20 — 25..

Peripheral I/0 Functions

The PIC32 microcontroller on the Uno32 board
provides a number of peripheral functions. The
following peripherals are provided:

UART port 1: Asynchronous serial port. Pin 0
(RX), Pin 1 (TX). These pins are connected to
1/0 connector J6 and are also connected to the
FT232R USB serial converter. It is possible to
use these pins to connect to an external serial
device when not using the USB serial
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interface. This uses UART1 (U1RX, U1TX) on
the PIC32 microcontroller.

UART port 2: Asynchronous serial port. Pin 39
(RX), Pin 40 (TX). This uses UART2 (U2RX,
U2TX) on the PIC32 microcontroller.

SPI: Synchronous serial port. Pin 10 (SS), Pin
11 (MOSI), Pin 12 (MISO), Pin 13 (SCK).
These signals also appear on connector J8.
Jumpers JP5 and JP7 are used to select
whether the Uno32 operates as a Master
(transmit on MOSI, receive on MISO) or a
Slave (transmit on MISO, receive on MOSI)
device. The shorting blocks on JP5 and JP7
are normally placed in the Master position for
the Uno32 to function as an SP| master.
Additionally, jumper JP4 is used to select PWM
output or the SPI SS function on pin 10. The
jumper on JP4 should be in the RD4 position to
select PWM output. It should be in the RG9
position to select the SPI SS function. This
uses SPI2 (SS2, SDI2, SDO2, SCK2) on the
PIC32 microcontroller.

I?C: Synchronous serial interface. The PIC32
microcontroller shares analog pins A4 and A5
with the two 1°C signals SDA and SCL.
Jumpers JP6 and JP8 are used to select
whether the analog pin functions or the I°C pin
functions are being used. The shorting blocks
are placed in the A4/A5 position to select the
analog input function or general digital I/O.
They are placed in the RG3/RG2 position to
use the pins for I°C operation. This uses 12C1
(SDA1, SCL1) on the PIC32 microcontroller.

Note: The 12C bus uses open collector drivers
to allow multiple devices to drive the bus
signals. This means that pull-up resistors must
be provided to supply the logic high state for
the signals. These pull-up resistors are not on
the Uno32 board and must be provided
externally. The resistance of the pull-up
resistor to use depends on the total number of
devices on the bus, the length of wire, and the
clock speed being used. It essentially depends
on distributed capacitance on the bus. The
higher the distributed capacitance and the
faster the clock speed, the smaller the

resistance should be. Values typically used are
in the range of 2K to 10K ohms.

PWM: Pulse width modulated output. Pins 3
(OC1), 5 (0C2), 6 (OC3), 9 (OC4), and 10
(OC5).

External Interrupts: Pin 38 (INTO), Pin 2
(INT1), Pin 7 (INT2), Pin 8 (INT3), Pin 35
(INT4)

User LEDs: Pin 13 (LD4), Pin 43 (LD5). Pin 13
is shared between a connector pin and the
LED. Pin 43 only goes to the LED and not any
connector pin. Driving the pin high turns the
LED on, driving it low turns it off.

A/D Converter Reference: Labeled A, the left-
most outer pin on connector J5. This is used to
provide an external voltage reference to
determine the input voltage range of the
analog pins. The maximum voltage that can be
applied to this pin is 3.3V. This pin can also be
used as digital pin 42.

RTCC: Real Time Clock Calendar. The PIC32
microcontroller contains an RTCC circuit that
can be used to maintain time and date
information. The operation of the RTCC
requires a 32.768Khz frequency source.
Crystal X2 (not loaded), just above and to the
right of the PIC32 microcontroller IC is
provided for the user to solder in a 32Khz
watch crystal. The Citizen CFS206-
32.768KDZF-UB is a crystal part that can be
used in this location.

RESET: A reset button is at the upper left
corner of the board. Pressing this button will
reset the PIC32 microcontroller.

Microchip Development Tool
Compatibility

In addition to being used with the MPIDE, the
Uno32 board can be used as a more traditional
microcontroller development board using
Microchip Development Tools.
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Unloaded connector JP3 on the left side of the
board is used to connect to a Microchip
development tool, such as the PICkit™3. The
holes for JP3 are staggered so that a standard,
100mil spaced, 6-pin header can be press fit to
the board without the need to solder it in place.
Any Microchip development tool that supports
the PIC32 microcontroller family, and can be
connected via the same 6-pin interface as the
PICkit3 can be used.

Typically, a right angle male connector will be
used in JP3 so that a PICkit3 can be attached
coplanar with the Uno32 board. If the
connector is loaded from the top, the PICkit3
will be upright (button and LEDs visible).
Alternatively, the connector can be loaded from
the bottom. In this case, the PICkit3 will be
upside down.

If JP3 is loaded from the top, the PICkit3 will
interfere with the USB connector and the
external power connector. A short six-wire
cable can be used between the PICkit3 and
the Uno32. If JP3 is loaded from the bottom,
the PICkit3 won't interfere with the USB and
external power connectors.

Digilent has a kit available (PICkit3
Programming Cable Kit) that includes all
necessary connectors and cable for connecting
a PICkit3 to the Uno32.

The Microchip MPLAB® IDE or the MPLAB® X
IDE can be used to program and debug code
running on the Uno32 board. These programs
can be downloaded from the Microchip web
site.

Using the Microchip development tools to
program the Uno32 board will cause the boot
loader to be erased. To use the board with the
MPIDE again, it is necessary to program the
boot loader back onto the board. The boot
loader source code and compiled image can
be found in the MPIDE software download.
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Pinout Table by Logical Pin Number

chipKIT Pin|Connector|PIC32 Pin #|PIC32 Signal Notes
# Pin #
0 J6-01 34 U1RX/SDI1/RF2
1 J6-03 33 U1TX/SDO1/RF3
2 J6-05 42 IC1/RTCC/INT1/RD8
3 J6-07 46 (OC1/RDO
4 J6-09 59 RF1
5 J6-11 49 OC2/RD1
6 J6-13 50 OC3/RD2
7 J6-15 43 IC2/U1CTS/INT2/RD9
8 J5-01 44 IC3/PMCS2/PMA15/INT3/RD10
9 J5-03 51 OC4/RD3
10 J5-05 520r8 |(PMWR/OCS5/IC5/CN13/RD4) or (SS2/PMA2/CN11/RG9)  [selected by JP4, also on J8-6
1" J5-07 6or5 |(SDO2/PMA3/CN10/RG8) or (SDI2/PMAS/CN8/RG7) selected by JP5, also on J8-1
12 J5-09 50r6 |(SDI2/PMAS/CN8/RG7) or (SDO2/PMA3/CN10/RG8) selected by JP7, also on J8-4
13 J5-11 4 SCK2/PMA5/CN8/RG6 also on J8-3, User LED LD4r
14/A0  |J7-01 14 (C2IN-/AN2/SS1/CN4/RB2
15/A1  |J7-03 12 C1IN-/AN4/CN6/RB4
16/A2  |J7-05 21 U2CTS/C10UT/AN8/RB8
17/A3  [J7-07 23 ITMS/CVREFOUT/PMA13/AN10/RB10
18/A4  [J7-09 27 or36 |(TCK/PMA11/AN12/RB12) or (SDA1/RG3) selected by JP6
19/A5  [J7-11 29 or 37 |(PMALH/PMA1/U2RTS/AN14/RB14) or (SCL1/RG2) selected by JP8
20/A6 |J7-02 13 (C2IN+/AN3/CN5/RB3
21/A7 |J7-03 1 (C1IN+/AN5/CN7/RBS
22/A8 J7-06 22 PMA7/C20UT/ANS/RB9
23/A9 (J7-08 24 TDO/PMA12/AN11/RB11
24/A10 J7-10 28 ITDI/PMA10/AN13/RB13
25/A11 |J7-12 30 PMALL/PMAO/AN15/0CFB/CN12/RB15
26 J6-02 60 PMDO/REO
27 J6-04 61 PMD1/RE1
28 J6-06 62 PMD2/RE2
29 J6-08 63 PMD3/RE3
30 J6-10 64 PMD4/RE4
31 J6-12 1 PMD5/RE5
32 J6-14 2 PMD6/RE6
33 J6-16 3 PMD7/RE7
34 J5-02 53 PMRD/CN14/RD5
35 J5-04 45 IC4/PMCS1/PMA14/INT4/RD11
36 J5-06 54 CN15/RD6
37 J5-08 55 ICN16/RD7
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38 J5-10
39 J5-12
40 J5-14
41 J5-16
42 J5-15
43

35
31
32
15
16
58

U1RTS/BCLK1/SCK1/INTO/RF6

PMA9/U2RX/SDA2/CN17/RF4

PMAB8/U2TX/SCL2/CN18/RF5

PGC1/AN1/VREF-/CVREF-/CN3/RB1
PGED1/PMA6/ANO/VREF+/CVREF+/CN2/RBO

RFO User LED LD5S
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Pinout Table By Shield Connector Pin

Connector | chipKIT [PIC32 Pin #|PIC32 Signal Notes
Pin # Pin #
15-01 8 44 IC3/PMCS2/PMA15/INT3/RD10
1J5-02 34 53 PMRD/CN14/RD5
1J5-03 9 51 (OC4/RD3
1J5-04 35 45 IC4/PMCS1/PMA14/INT4/RD11
1J5-05 10 520r8 |(PMWR/OCS5/IC5/CN13/RD4) or (SS2/PMA2/CN11/RG9) selected by JP4, also on J8-6
1J5-06 36 54 ICN15/RD6
|J5-07 1 6or5 |(SDO2/PMA3/CN10/RG8) or (SDI2/PMAS/CN8/RG7) selected by JPS5, also on J8-1
1J5-08 37 55 CN16/RD7
1J5-09 12 50r6 |(SDI2/PMAS/CN8/RG7) or (SDO2/PMA3/CN10/RG8) selected by JP7, also on J8-4
W5-10 38 35 U1RTS/BCLK1/SCK1/INTO/RF6
15-11 13 4 SCK2/PMAS/CN8/RG6 also on J8-3, user LED LD4
15-12 39 31 PMA9/U2RX/SDA2/CN17/RF4
1J5-13 GND
1J5-14 40 32 PMA8/U2TX/SCL2/CN18/RF5
1J5-15 42 16 PGED1/PMA6/ANO/VREF+/CVREF+/CN2/RBO
1J5-16 41 15 PGC1/AN1/VREF-/CVREF-/CN3/RB1
1e-01 0 34 U1RX/SDI1/RF2
1J6-02 26 60 PMDO/REO
1J6-03 1 33 U1TX/SDO1/RF3
1J6-04 27 61 PMD1/RE1
1J6-05 2 42 IC1/RTCC/INT1/RD8
1J6-06 28 62 PMD2/RE2
1J6-07 3 46 (OC1/RDO
1J6-08 29 63 PMD3/RE3
1J6-09 4 59 RF1
1J6-10 30 64 PMD4/RE4
1e-11 5 49 OC2/RD1
16-12 31 1 PMD5/RES
1J6-13 6 50 (OC3/RD2
1J6-14 32 2 PMD6/RE6
1J6-15 74 43 IC2/U1CTS/INT2/RD9
1J6-16 33 3 PMD7/RE7
K7-01 A00/14 14 C2IN-/AN2/SS1/CN4/RB2
N7-02 A06/20 13 (C2IN+/AN3/CN5/RB3
1J7-03 A01/15 12 C1IN-/AN4/CN6/RB4
1J7-03 A07/21 1 C1IN+/AN5/CN7/RB5
J7-05 A02/16 21 U2CTS/C10UT/AN8/RB8
1J7-06 A08/22 22 PMA7/C20UT/ANS/RB9
N7-07 A03/17 23 ITMS/CVREFOUT/PMA13/AN10/RB10
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7-08 A09/23 24 [TDO/PMA12/AN11/RB11
7-09 A04/18 | 270r36 |(TCK/PMA11/AN12/RB12) or (SDA1/RG3) selected by JP6
7-10 A10/24 28 [TDIPMA10/AN13/RB13
7-11 A05/19 | 290r37 |(PMALH/PMA1/U2RTS/AN14/RB14) or (SCL1/RG2) selected by JP8
7-12 A11/25 30 |PMALL/PMAO/AN1S/OCFB/CN12/RB15
www.digilentinc.com page 15 of 17
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Pinout Table by PIC32 Microcontroller Pin

PIC32 | Connector Pin # | chipKIT Pin|PIC32 Signal Notes
Pin # #
1 J6-12 31 PMD5/RE5
2 J6-14 32 PMD6/RE6
3 J6-16 33 PMD7/RE7
4 J5-11 13 SCK2/PMAS/CN8/RG6 also on J8-3, User LED LD4
5 J5-09 or J5-07 12 SDI2/PMAS/CN8/RG7 selected by JP7/JP5, also on J8-1
6 J5-07 or J5-09 11 SDO2/PMA3/CN10/RG8 selected by JP5/JP7, also on J8-4
7 JP3-01 MCLR PIC32 reset, ICSP signal
8 J5-05 SS2/PMA2/CN11/RG9 [selected by JP4, also on J8-6
9 VSS
10 VDD
1 J7-03 A07/21 |C1IN+/ANS/CN7/RB5
12 J7-03 A01/15 |C1IN-/AN4/CN6/RB4
13 J7-02 A06/20 |C2IN+/AN3/CN5/RB3
14 J7-01 A00/14 |C2IN-/AN2/SS1/CN4/RB2
15 |J5-16 41 PGC1/AN1/VREF-/CVREF-/CN3/RB1
16 J5-15 42 PGED1/PMA6/ANO/VREF +/CVREF+/CN2/RBO
17 |JP3-05 PGEC2/AN8/OCFARB6 ICSP signal
18 |JP3-04 PGED2/AN7/RB7 ICSP signal
19 AVDD
20 AVSS
21 J7-05 A02/16 |U2CTS/C10UT/AN8/RB8
22 J7-06 A08/22 [PMA7/C20UT/ANS/RB9
23 707 A03/17 |TMS/CVREFOUT/PMA13/AN10/RB10
24 J7-08 A09/23 |TDO/PMA12/AN11/RB11
25 VSS
26 VDD
27 J7-09 A04/18 |TCK/PMA11/AN12/RB12 [selected by JP6
28 J7-10 A10/24 |TDI/PMA10/AN13/RB13
29 711 A05/19 |PMALH/PMA1/U2RTS/AN14/RB14 [selected by JP8
30 712 A11/25 |PMALL/PMAO/AN15/0CFB/CN12/RB15
31 J5-12 39 PMA9/U2RX/SDA2/CN17/RF4
32 J5-14 40 PMAB/U2TX/SCL2/CN18/RF5
33 [J6-03 1 U1TX/SDO1/RF3
34  {6-01 0 U1RX/SDI1/RF2
35 [5-10 38 U1RTS/BCLK1/SCK1/INTO/RF6
36 [J7-09 SDA1/RG3 [selected by JP6
37 711 SCL1/RG2 selected by JP8
38 VDD
39 [OSC1/CLKI/RC12 X1, system clock oscillator

www.digilentinc.com

Copyright Digilent, Inc. All rights reserved. Other product and company names

page 16 of 17

d may be of their

owners.



chipKIT Uno32 Reference Manual

40
4

42 605
43 615
44 U501
45  |J5-04
46 N6-07
47

48

49 611
50  |J6-13
51 |J5-03
52 |J5:05
53 |J5-02
54 |J5-06
55  |J5-08
56

57

58

59 |J6-09
60 |J6-02
61 |J6-04
62 |J6-06
63  |J6-08
64 J6-10

34
36
37

43

26
27
28
29
30

OSC2/CLKO/RC15

VSS

IC1/RTCC/INT1/RD8
IC2/U1CTS/INT2/RD9
IC3/PMCS2/PMA15/INT3/RD10
IC4/PMCS1/PMA14/INT4/RD11
OC1/RDO
SOSCI/CN1/RC13
SOSCO/T1CK/CNO/RC14
OC2/RD1

OC3/RD2

OC4/RD3
PMWR/OCS/IC5/CN13/RD4
PMRD/CN14/RD5
CN15/RD6

CN16/RD7

VCAP/VDDcore

ENVREG

RFO

RF1

PMDO/REO

PMD1/RE1

PMD2/RE2

PMD3/RE3

PMD4/RE4

X1, system clock oscillator

X2, secondary oscillator

X2, secondary oscillator

selected by JP4

User LED LD5
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