NsRLITavuEUARULUUAMTUTEUMLTIAUA LA SsEwNLLN

YIYALIU NAUKNAN

unAngauasuiiudoyaatuiinvaineinusaauntnisfing 2554 liusnisluadatdyaign (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

¥ <

"31/1mﬁwuéﬁmud'swﬁwmmiﬁmanmmé’ﬂgmﬂ%mmﬁmmsumamumﬁ’msﬁm
grumndainaesvalulad AadwiaInITuiAaes
ANIEIAINTIUAIANT THIAINTAIUNTINESY
UmsAnw 2560

AUANSIRIRIAINTAlININGSY



FWIAINTAUNNIINY 1Y
CHuLALONGKORN UNIVERSITY



DEVELOPMENT OF A PROTOTYPE OF A MOBILE ROBOTIC CAR

FOR GAMMA SOURCE LOCATION

Mr. Tawan Klinpaka

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Nuclear Technology
Department of Nuclear Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2017

Copyright of Chulalongkorn University



FWIAINTAUNNIINY 1Y
CHuLALONGKORN UNIVERSITY



eI nug N13WAUITaYUBUAA UL VU MTUTEUAULTLIAY

AIATIFLNLLN
Tng Y1BNLTU NAUNAT
AU Tedesmalulad

219158NUSNYINeTNUSHEN  ©19158 1LY 199851U

AMYIMINTIUANENS Paansaluviviendy eyliRliivine dnusatuilidudi

nilavesnmsAnuinunangnsusayaunUndin

AMUAAMLAAINTSUAIENT

(599A1871513758 A5, anall wyIsFuana)

ARIENTIUNTADUANGIRNUS

UY5¢51UNIIUNIS

cal =2 a a s o
919159NUINWIINYIUNUT VAN

A3IUNTT

NTIUANTAYUDNUNIINEAY

1 L

(Hemmans19158 gind Ynudeus)



pgfu ndusn - MaasnusuAFuLUUA ST YR Easadunun
(DEVELOPMENT OF A PROTOTYPE OF A MOBILE ROBOTIC CARFOR GAMMA

SOURCE LOCATION) .9iUSnwineniinusudn: o. wly nesesiw, win.

Y ]

Pagtuldtinnsldnuasiuiunsadedaunsvnate \Wumgliilenaing Uumnni

(%
Y o v

Fednsen1sUwleounieadvuls Asduguidfaunisinuiddnidunszdeadilunsiam

Aunissuiniindsd Wwevmsiiudsuiidasidlunends il iRanumeiusedlasu
v a wva v A o & = Y a [ I a Yo v 1o @
feEnnmsUJURnig dsluieliifnauvasadeuasnanidesnislasuiedlaglidndy

'
a ! o L

YR UHURMUNIaA1uTeE IdediuurAnnagyinnisvauisaueudauLuud miussy

3

a wa ¥

AuwvaiuninSedunuandy eyl fiAnuneinusdainsoegiiainumaaniiie

v o

FeAvauEnTIIMALTUIR UL EASIERNNNY BIs0YuEUAAULUUTIDBNLUUkAE LN TUTLY
NSNNI5UYBIFBLUULUAIYY (Mecanum wheel) M lWisauguAduLUUaILTOLAROUT

levianefiania (Omni directional) agldsiadldnisauaudduiterdomiliousaiing T

N159M9UVBITOUEUANULUUTINAAIUANNITYINY 2 Inunfe TnuarIuANAIE

'
= 1

AUNIUNIRRYARN wazlnunAUANSRLULR F9ve 2 Inundgsiauriunisgunsaluds

AFUANEELAND 2.4 Anzidsad nsvirulutuusnagyiauluinuenIuAumeAUEIuN

2

a | 5 v v A v o & Addy Y &
Jowain IngsayusudsuLuuIzgnAIuANIitAfe Ui lUSaiiunnfenis ndeaintug
muAuaziUdsulnansihnulvlulneauausnluli® ddulnuniasdunisiausuiy
seninlulaspeulnsaaesnuszvuInsdunuun alisovueudnsiandunuduniiie

S9ELNULN

' | c v Ny o PPN

HAIINNISVAFEUYIING ITAvusudsuLuuiSaintuaulalng 60 lwns Ingldiids
ARYI19 AUNTAAABUNULIUIIUMEANNSIEER 2.12 Nu/Flae Sregaineulssua
15 U9 LedeunlasrugnaianuaUszannd 530 wns AUkiuglun13nsamien1end

v I 1 [ ¥ o a v a
ﬂ')’]iJLLiQ?QﬁQQE‘j@EJEAiHGU’N +10 83N Imaaqmw’mmumLumﬂamemmszizmm 30

LYUFLUNT

A Armnssudaedes aelevendn
a a A ¢ = AN A A e )

a3 duedusivmalulad a1eilade 9. MUSnwMEn

Unsfinwn 2560



# # 5770418221 : MAJOR NUCLEAR TECHNOLOGY

KEYWORDS: savjugus, suniiassdunuan, ROBOTIC CAR, GAMMA SOURCE LOCATION
TAWAN KLINPAKA: DEVELOPMENT OF A PROTOTYPE OF A MOBILE ROBOTIC
CARFOR GAMMA SOURCE LOCATION. ADVISOR: DECHO THONG-ARAM, pp.

Radioactive materials are widely used today. There is a potential for radiation
accidents or radiation contamination. Therefore, radiation workers need to investigate
the location of the radiation source. To recover the source of radiation later. Cause
radiation operator are exposed to radiation from there duties. To achieve safety and
avoid unnecessary radiation exposure Researchers have ideas, to develop a prototype
a mobile robotic car for locating the source of the gamma rays. which can positioning
the location of gamma source to help radiation operator stay away from gamma source
while working. The development of a mobile robotic car has been designed to used
Mecanum wheel which make a mobile robotic car can be move in omni directions

without having to steer the wheel.

The prototype robot car has two modes of operation: Manually controlled
mode via joystick. And automatic control mode. Both of two modes working through
wireless 2.4 GHz module. First operating by manual to control a mobile robotic car to
the position, after that the radiation operator will change mode to automatic mode.
Automatic mode a mobile robotic car will working by cooperate between
microcontroller and gamma radiation detector. A mobile robotic car will scan for the

gamma source location.

The result of the research shown that a mobile robotic car can performed at
ranges up to 60 meters without obstacle, maximum speed is 2.12 km/hr., 15 minutes
operating time, moving distance around 530 meters, the effective angle of highest

activity detection +10 degree and close to the gamma source around 30 centimeters.
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1. loan Doroftei, Victor Grosu and Veaceslav Spinu [1] lalvdofntfiutelian
"Omnidirectional vehicles have great advantages over conventional (non-holonomic)

platforms"
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2.1 $98unuun (Gamma Radiation, )

2.1.1 S9@knuLN

LYY v a A a Y v

s fudunssdniellaadiuiiunssd (Radioactive Nuclide) [5] usaiilaiiadies

v o [

Aansaanelanusssu® WesaiuiupisdinanisaaneiivanUaesssdudisznateiu
sl lunsainiluedeavessninddidndsnudiniuviedasonitegluaniusnszdu
a I 2 Y P 'l d’lj [ v dyq a 1
Tundvazanszaundsnuivelieganiueiu lumsaassiundanuililueivaazvandaes
Y] | a = RN e . 9 X oq v
wasudAueanulugUvemauulmaniii (Electromagnetic Wave) mgianaiivinli
SeAunuININAUgEwIn AnNeIRautesndt 107 m dauaudilunisnzadiuingled

wazdlnaantivinliaasunnsalulszrioleasluedu (lonization)

2.1.2 9unINI819935981NNN1 (Gamma Ray Interaction)

2.1.2.1 Photoelectric Effect 1iudsingnisalissdunuuiannsznuiv
a ) Y v A = [ & Y a x & o 4
awnasaulutuidlaasuaifadunuanaydendanunualiiusidnnsoutiug vinly
a ] a = [ [ (%) v a
ALANNTOUNANDDNUIAINTUIILADT LALBLANATRUNNS 1NN AUNTIIUYD959E

wnuLauMenasudamilotvedianaseulutuicdaasiue

v

2.1.2.2 Compton Scattering dmSussdunuuniindsnugaiiennnsenuiu
diannseululdlaas udrareleundeuuisdrulidudidnnseu Sedunuuiazd
wasuanas wazillaannsgnududidanaseulunalaasudiszgyidenduliizon
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2.1.2.3 Pair Production 1Juus1ngnsaifindssugnivdsuluifuuna
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Usingmisalilaeiindulndiuuinaiiieisavatosnon Wasedwnuuinnnssnuiu

& <

Jupdea Saaunuunzldsududidnasounarlndnsou waziilesaniedannsou
warlnInsaus19AtuIaMmviAuAe 0.511 MeV  fatun1snssdunuuazvinlyiin
Usngnisalunslusandulaagdesdingeaiuaindt 1.022 MeV isiinusingnisad

[
Y [

wnslUsenTu Indnseuninduassuiudiannsaundldalsulansauvvanssa

AN

L3

WANLINEIU 0.511 MeV Tufin1ensatudnudueanun  Usingni1sadilisenidn

[

waudsiatu (Annihilation) LasSIALANLINSNIY 0.511 MeV MAATUAISENIN Loy

48LaTULSALeTU (Annihilation radiation)

2.1.3 g ian1959a

v a A

2.1.3.1 AuguanIn (Activity) n39A200LTIV0IANTAUTUNTIE AoUTUUN
Y] Y o @ v a ! I3 a . . = <
LEASORIINTAAEAIYeEsNNTUATE ey a3 (Curie, Ci) w39 WniABLTA

(Becquerel, Bg) 1y
1 G = 3.7 x 10" disintegration per second (dps)
1Bg = 1 disintegration per second (dps)

2.1.3.2 Bndlnes (Exposure) AoUsunaveauszqluihiiintuiiowinig

A a N v

wansatuuseq (lonization) MAndulue1n1ANInsgIY (standard air) 1l ed

& v s A a & N I3 a ¢
LANHINIDIELDNYLARDUNINTUBDINTIAUU 9 UL LIUALNY (Roentgen, R) I@EJ

1R 2.58 x 10-4 coulomb per kilogram (C/kg)

1 C/kg 3881 R

2.1.3.3 USu1au3edganiu (Absorbed dose) ABUITUIUNRIIUUBITIET
mnanslasuiisuiuiminvesiinaraiy o duuaeidu uie (radiation absorbed

dose, rad) 50 1058 (Gray, Gy) lng

lrad = 100 erg/g



0.01 J/kg

1 Gy

1 J/ke

100 rad

2.1.3.4 USunauSsdauya (Dose equivalent) ApUTinundsnuvessdganiu

Y

a & A a ada Yo P U a a v = ! Y] o & e
Milolivesdlldinlasy Hosnsdunazialinan1e@innuana1eiu Aatuds
fostinsiutaden1etanin (Radiation Weighting factor, Wg) #11a15709% 1-1 1iie

= A a £ o 1 < I . . <
LAAIHANINTININALNAVULNUIBLUY 158 (radiation equivalent man, rem) %58

acs

F35m (Sievert,Sv) lag

H (rem)= D (rad) x Wg

H(Sv) = D (Gy) x Wx

#7599 1 - 1 tadem19Fa0m (Radiation Weighting Factor, Wp)

Radiation Type and Energy

Radiation Weighting Factor, Wy

X-rays and Y rays, all energy

1

Electrons Positrons and Muons, all energy

1

Neutrons
< 10 keV 5
10 keV to 100 keV 10
> 100 keV to 2 MeV 20
> 2 MeV to 20 MeV 10
> 20 MeV 5
Protons, energy > 2 MeV 5
O particles, Fission fragments, Heavy nuclei 20




2.1.4 mnuUasnNgn1esad

2.1.4.1 NANSENUVDISIFNI9TININ

Non-stochastic effects (Deterministic effects) WUNANIENUNILLER

91M13:0319N8uYudlaTUTIETWUTINUMEAY (threshold) Was1aNEULaASRINNT

e 81N15ATINNTTeURE LY TUUTUMTENLATY

Stochastic effects Junansenunflenaiinfusisnieuyed lnefisnanie

pRaziinansznuseliifinansevule q 3nsdasila

2.1.4.2 ManANUUABANINI9TIE

o s
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LUy deterministic effects LaZWUY stochastic effects F1NEUYBIAINTATY
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2.2 $3UUATI9TAT9EWNUNT (Gamma Ray Detection System)
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2.2.1 duairdoyanen1singsd (Data Production)
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2.2.1.1 Wrinssdunuunviiniariniiessed (Scintillation Detector) #annns
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WiaFedunuuvibiinusingnisal Photoelectric Effect %38 Compton Scattering

VinliAnlnla8idnaseu (Photo Electrons) ngneenun TWladianaseuazaewm
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Conduction band #uduaa1usnszAu NEIINUUBIANATOUIZANTEAUNSINIUDIN
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975799 2 - 1 Aaautfvewanlndeulalalad (Nal(TU, Nal)

Scintillator Specific gravity | Wavelength of | Decay time Relative light
maximum constant light output for
emission Y-rays

(Angstrom) (Second)

Nal(Tl) 0.1% 3.67 4130 0.23 x 10° 230

crystal

Nal pure at 3.67 3030 0.06 x 10°° 440

77 °K
crystal

2212 naeaninudiannsou (Photo Multiplier Tube, PMT) VN9
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Ina (Photocathode) Au3tamuduniirveanasnaniqudidnnsou sirlkiin
Usangnisal Wlediann3n (Photoelectric Effect) vinliiilnlndiannsou (Photo
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2.2.2 @udnnsdeygam1en1sInged (Signal Processing)

v A o v

ddnnsdyinmensiasedviminndnnissusuudyaaliihnlaaindiudeya

Y

nan1sinfadlimunzausenisiluimsgrideyaniesed Feunsadnssuuinlaviaiuy
¥ UUNUTIN (Integral counting system) WagIzUUTALUULINLAINGI91U (Differential

counting system ) Taga@iudnn1sdye un1an1sindsdusznaunig

v o [

2.2.2.1 duasdndgausumulasiiasdygraourdontmndudygiu

[

Wadgalanwazilugudyganuueimdde
2.2.2.2 @995 ey i minivenevunavesd s raiadvieglu
sEAUTINTaNAUNTIATIE T YR Fevuinvesdygraiadavidudadiunu
. d' Y 1 v a
wasnuilasunisanelouaInisad

v 6

2.2.2.3 drunatiansviauavesdygiaiad laun 2asiinsedygia
WUUTRLAET (Single Channel Analyzer, SCA) WazNATIATIZAA Y IUMUUNAY
¥89 (Multi-Channel Analyzer, MCA) Tagvia1uves SCA agyiMsIATIERANES
ﬁuaﬂé’agﬁymiuszmﬁﬁmmiﬂ%’jaawﬁqsdaﬁﬂwhﬁ?u Jafesinisawnuiionaay

(% v 6

gavesdyauiad dau MCA agimsliasiziauasvesdyaaiadnsaus qu lu

U o

1%
[ o 1 v

NYeein Joyadnnddnnsdyiaunnmsindiaiazgndadidiulssinanatoya

[ Ag]

NUNTINTIALATAIULENINAsRD U

2.2.3 druusvananadeyanieanisinfeduazdiulanina (Data Processing and
Display)

duvszinanateyaniinsinfiduazdrunanina Usenausediunsasiviineing
adetoyasuautuiidiisuiung fkuumtuisduuulieg s mdsnurientsiy
YeAnuurasAndaay nieuanisuanina 1dun 19958U3ed (Counter/Scaler) uagagas

150ies (Ratemeter) WUy
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2.3 lulasaaulnsataas (Micro Controller Unit, MCU)

2.3.1 lulasmoulnsaans

lulasaeulnsaiaesiluisassidnnsedndsiu (Integrated Circuit, IC) Aig1115a
TWswnsunsyinuanmiild wisuiadeunsufinnesvuiaian naulaenissudsdoya

[ & 1 1 v

(Data) NUgUNTaUNBNI958UVNY (Peripheral) 1u§°dLLUU%@qé’auJﬁmmamé‘aﬂLLazé’zyaunm

]

'
o v al

Adnea ntufaziideyanlaludszuranannlusunsuilifvuaionly udqdsteya

Y

[

(Output) eonIntugUdyaIuAInea muuandvedlilasaoulnsameiiuneuiiinosAe

lulaspaulnsaiaeignesnwuuitmitnuanizets luvaefineuiianesaiunsavinemu

ae winlunanfeiula lnelassasrmanvewedlulasaeulnsaaesussnaunie

2.3.1.1 nuU18UTEUIARANA19M T 8% WY (Central Processing Unit, CPU)
Wisuiailoudvanesvaslulaspeulnsaaes siniiuseuianadindeyailaniy

TUSWASUARNUA A AT

2.3.1.2 ¥U8AUT7 (Memory) #8AUANE 2 d7U ADNUIEAIINTINEN
° Y a & av Yoo Y | o v
vimnhnulusunsualdfimuateald (Program memory) Wagniieauintaya

(Data memory)

2.3.1.3 daufinsianudeyanieiuuen (I/0 Port) Usgneusiy drufuteys
dumnm (Input port) WazdiuRnsaiiedslayatandnm (Output port)

v

2.3.1.4 ¥ aiuvesdyy1ansova (Bus) Astdunisanideudygio

D.

14 % 14 1 [ ¥

Toyasening iy wiheenuduazdiufneiutoyanisusn wialudyaiadoya

Y Y

(Data Bus) Usuoniasa (Address Bus) uavdaysyrauniuay (Control Bus)

2.3.1.5 2sasnuiladygiauning wWisuailoumilowialalunisinnuves

lulaseaulnsaans 1He991nn115919uvelulasAoulnsaas ey uAIUTINNg

b4

Fyeauuin olifidygraunint lulaseeulnsaeesagliaunsavionulaiag
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2.3.2 Arduino Mega 2560

vesalulasmoulnsaass Arduino Mega 2560 [8] {ululasmeulnsaaesiivhauuy
Nug1ues CPU ATmega2560 TUsinsusu USB Port Tagldlusunsa Arduino IDE 3418y
gonflIsamSTulsulusinsuntw C vasalulasneulnsalass Arduino Mega 2560 Lana

Tuguin 2-3 Aadnuaizvesuainlulasreulnsawes Arduino Mega 2560 wandlun1sei 2-2

.

N o e
923232%% 29333333

5U7 2 - 3 vasalulasaeulnsaiaas Arduino Mega 2560

M15999 2 - 2 padanwalzvesvesnlulasreulnsaaes Arduino Mega 2560

Microcontroller ATmega2560
Operating Voltage 5V

Input Voltage 7-12V

Limit Input Voltage 6-20 V

Digital I/O Pins

54 Pins (15 Pins PWM Output)

Analog Input Pins 16 Pins
DC Current per I/O Pin 20 mA
DC Current for 3.3 V Pin 50 mA

Flash Memory

256 KB (8 KB used by Bootloader)

SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
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2.3.3 Arduino Uno R3

vesalulasaaulnsaiass Arduino Uno R3 [8] Wululaseeulnsaiaesfivhaiuuy
flugnures CPU ATmega328P annsalusunsukiu USB Port Tagldlusinsy Arduino IDE
Iaruneinuivuesalulasneulnsaiass Arduino Mega 2560 ussalulasnaulnsaiass
Arduino Uno R3 wansluguil 2-4 arudnuwaizvesuesalilasaeulnsaiass Arduino Uno R3

LAASIUAITIIN 2-3

gijﬁ 2 - 4 vasalulaseeulnsatass Arduino Uno R3

m15999 2 - 3 palanvalzvesvesnlulpsneaulysaiaes Arduino Uno R3

Microcontroller ATmega328P
Operating Voltage 5V

Input Voltage 7-12V

Limit Input Voltage 6-20 V

Digital I/O Pins

14 Pins (6 Pins PWM Output)

Analog Input Pins 6 Pins
DC Current per I/0 Pin 20 mA
DC Current for 3.3 V Pin 50 mA

Flash Memory

32 KB (0.5 KB used by Bootloader)

SRAM 2 KB
EEPROM 1 KB
Clock Speed 16 MHz
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2.4 n1saedswuuliane (Wireless Communication)

2.4.1 nsaeanskuulsany

nsdeansuuuliaefenisiudsdyanudoya (Data) szminagunsalsineg Taglald
il lunsdednyanadoyaudlishnanidug lunsdsdyanaudeyaunu wu nisliedu
Fosvidenauuwiimanluindusinandunisdsdyandoua aduwsimanlniirfiimn iy
mnandlunisdsdyyndeys o1aunduing edulilasion uasduwisaviouasaimesils

Tuegfiuanuminzanveanisldau lunmsifeildaduinaduinardunisdsdyaradeya

d‘ ¥ 3 a vV ¥ a 1 d‘ ¥ A [ a

nsdearsuuuliastuiivelaiisuniinisdearsuuuldarefalifeiinasing
anvdyaalussuulassieg inluagansdenslidey ansaduinyagunsalladielagll
Tududpsinseaedynyiauessyuuaiedie uateldede nisdeaisuuuliaevayldau
91adlldyarusuniuintuiuszuulauinnia viliussansninuasaunnvesdygyiaain

cs' Y ° i = v ' 3 a o < o Yo
nsdeasuuuliaemniinsdeasuuulaany egslsinin nsdeansuuulianendenslasu
a I 1 = = a | = v
Anutlvuduegiann esanilaanazaintunisdeasuinnitseuunisaeaisiuuldans
dwsugunsainisdeansuuuliateninisldanuludiaussiniulivareUseinn Fea1uise
Tuunifugunsalnmsdearsuuulfaneildanuluszeslng loun STundldnivaugunsalaneg
| a v ¢ a « o a s & v | ¢ =

iy Sluninsviad SlunesesdSueinie wae Slunsosud Wudu dugunsalnisdeansiuy
Wangildalusvezlng laun Insénriiadioun inIesseydunisiiiadeaniiiey (GPS)

M o 1 a < v
LLa%Lﬁi@ﬂiUﬁﬁ‘wq [usu

2.4.2 lugasudiniuinggumnun 2.4 GHz

'
| A

gunsalnsdeansuuulianeildlunissudedygrindoya llugasudinduing
Nordic Semiconductor nRF24101 81uaud 2.4 GHz Wugunsallugaildlavsiunazds

91AE1UAIILA 2.400-2.4835 GHz 911911 Serial Peripheral Interface (SPI)

e

1 [

Yoadya1adng iU 126 Fesdyins anunsosuddyanlalnanigaussann 100 wes

T U

Tugafudsnduing Nordic Semiconductor nRF24101 g1uaafl 2.4 GHz wanslugud 2-5
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g‘L/ﬁi 2-5 Zy@afuddﬂﬁuﬁwg Nordic Semiconductor nRF24101

dm3uluga Nordic Semiconductor nRF24101 d5a3Uazdszneusieagunsalnonas

dusuldanu 31U 8 U1 PUANSIN 2-4

915N 2 - 4 %7@1/05511%021/@@%5’0@5%1@ Nordic Semiconductor nRF24(01

VCC 33V

GND Ground

CSN SPI chip selected

CE Chip enable activates RX or TX mode

MOSI SPI slave data input

SCK SPI clock

MISO SPI slave data output, with ftri-state
option

IRQ Maskable interrupt pin. Active low

2.5 113AWANNTTINNUVBINBLARS LIRSS (DC Motor Control)

wawasliinszuansienduaines (DC Motor) LugUnsalluifiuuasnd sy
Tl dundanuna leeandengniswdetiveshsued Jadednssualnilnariudai

Iraziindunsau wianuagilaid@uussslinaniuai il daduaunuusl Lﬁﬁﬂ’ﬂzLﬁﬂLLiﬂNéjﬂ
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v o o

Audlniingue Aensveausmanaziinaungiiedisveavaniis Jaunnd1aseninengile
24 A a A A 24 a Y o U I A
Feuazngiovinvennanisie ngledevaunandslddmivuawmasivin diungiievin

YaaNaulaldd NS UL UBLSHBS

wawaslnihnszuanse dlassaianelulsznausmigassdiundany lauwn vnaineg

[y 1 <

AUNYI oAND1I5TWIMTNTTY aLmes (Stator) LazvnalInPAoUNYIalsneas (Rotor)

(%
v a

1NN TFTITLUTIEU (Brush) vimtnfdnensewalniiannwrasanewinnieusnidnluds
wlanesiumereuiiuames (Commutator) Fudududiulavenfnegiulsimes Aowlaum
WaSYNUTNASUNTERa AN nLUsIaULAdIsansekaliin LU nanlsmes dudsenau

vowamaslnihnssuanss wandlugun 2-6

SUT 2 - 6 dutsenauyasuainasiwilnssuansa

v

A wiwidna1rsuseanes (Stator), B unaImeaouimsalsmes (Rotor), C uUs9a1 (Brush), D mauiam

1was (Commutator)

wianseaabiiluaniudssauludimauiinmnes nsswalninaglvanuanalnuu

¥ '
s a S

TswwesviliAnauuntwmdnuulsees  auiukiivdniaziinnismdelinfuaunukiién
nanasyiliaawsidatuuulsimesudnanlvlsimesuyy elsinasnyusiiuluds

(%
[

Tnandndn AsulnesasiintInnduianianisinavesnszualiindenalv
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auuudianuulsiwesnduiia aussdntuvulsnesaeiissinliuewmasuyuinausely

\Say9 vanmaviinuvesewesliinssuanse wandugun 2-7

U7 2 - 7 wannIsvinIuesiemas win szuan s

dmiuniseugunsinuestemaiininnsswansdaeiily asvinisaiuaxly
d1Ur09AU5IUBLNO3 (Speed Control) fiFn19N 139y ULBINBLA DS ( Direction Control)
wazusidnuosuanes (Torque Control) #4lun13AIVANAIISIVOIDINDINTERANTITUYN
Ialnensusuaussiulnihadelitutewes dussiuluihidelifunewesgemnusily

s % 1% Y L v o s o <
nsvyuYesnameiivggmuluiieg fussiuliinndrglidurewmesmanuiilunisvyu
YDIUBMasNITHININ drunseuauiianisnisuguansavhlalaenisadutunasatgliii
a 4 ! & o (% a o A v
Migliunuewmes dmsunisaiuauusedavitlaenisauaunsewaliiniiiunainvewils
I3 o aa s = v Vo

was wazvaalnawmeslunsaiawmwmefiduiuurnain Fdgnseualwihlviuunaie

s a I3 U U 1% 1 LR a @ v 1%
wnuawosisetnnazannlazlunsnaduiuiiaenssualiitlmissussdnnaglesniuliaie

widmsunsdlvesawesiiiinszuansafilduivdnansiluamenes szmuauusadalaen

Uaqiu nsmuauauswewawesindeuldnisaivan  Ingerdendnnisves

v ea U

Waddsuegiatu (Pulse Width Modulation, PWM) Aaagldigangluilvfunewmesidudieg
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< !

MINAMUANIMUATUTENIT Duty cycle Favibivwinvasussiuliiiadenldlunisaiugy

v =

& ca 1 a Y o ea 1 aa | o § v
ﬂ')']llLi']GU'ENlIE]Lﬁ]aillﬂ']L‘UaEJ‘ULL‘UaQG]']iIGUU']ﬂﬂ'J']@Jﬂ'J']\‘iGUENW'ﬁaW‘U']EJI‘V] ‘UQQSUQS%UHWWIW
2

[
o

Mdsaaydeiinvuluszuuanas Pulse Width Modulation, PWM uanslugui 2-8

5V
10% Duty cycle
AnalogWrite (25)
ov
5V
25% Duty cycle
AnalogWrite (64)
ov
5V
50% Duty cycle
AnalogWrite (127)
ov
5V
75% Duty cycle
AnalogWrite (191)
ov
5V
100% Duty cycle
AnalogWrite (255)
ov

3‘1/77 2 - 8 Pulse Width Modulation, PWM

luniseuauiianiesnsinauvesuemediniinszuanse dwulvgazorfersasdu

=4

wolnasuomesliinszuansawuy H-Bridge kansluguf 2-9 Fa1935Usenaunie
N3UTALM 03 (Transistor) Msouadane (MOS-FET) ivimthiiluaindilaln 117U 4 90

(Q1-Q4) IN13ATUANTANIINITNYUVDINDADTAINITAYILARILAITAIVANNITNANIINT

[

lyavoinszuaminiuluies wu Wedsdugyinniuanlingudanes Q1 uwaz Q4 viau

LazlAN15VNUYRImIIUTames Q2 wag Q3 nsvuavzlnaainyn A lugn B asvinlviuewnes

-

SunyulUluiianmiludidlodidygnnivaulinsudamss Q2 uay Q3 vi1au wasle
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N15YNMUVRINIUTARDS QL way Q4 nIzuadzlnasinga B luge A asviliuaimesnyu

naufiFn1e vesamuRuuaimesiniinssuanss H-Bridge Luy 4 ¥aane uandlugud 2-10

+Vee

~Gnd

+Vee

“Gnd

U7 2 - 9 wvsdunamasiniinseuansauy H-Bridge
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U7 2 - 10 vasamvpuuaiwesnilnszuanss H-Bridge Uy 4 ¥99m9

2.6 douuuKiAIYN (Mecanum Wheel)

AELUUKLALLENERNLUUlAEUTEN WAL (Mecanum Company) Useimnaaiiny

I
a Y 1%

175985197098 0UUULUATLNITUTENBUAIBEDNEN (Wheel) FaRnRafuLnUMYY wazdoian

(Roller) Aindiavinys 45 aarn fudendn lassasiavesdowuuwimyuLandlugun 2-11

3/—@
®)

U 2 - 11 [A598571990980UUVUIATL

A davian (Wheel), B aaidn (Roller)
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@ = A Y - a ] v & 1 sy vy
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wepninaesuunill  lesinmaedeunluunafianiy  usiinseviluusazaeagdomingns
fueiiebianunsawmdeunluluiienisiisanisld  nswdeunlumunthuaziunaasd
Uszavsnnannniinsiedeuiilunisenudne — egnlsianudesvesnisindounlaednedase
& a I o a Y 4' A o9 vy a v
Uit Ianuudug liflyuduvenisieioun vilddewuuwiayuiinnuminzauwasly

Yal o | i3
NulaRfusuEu

&)

msfAnssdetusavusuiazinsulugaaug Aws 4-6-8 daiduduly Weswnlunis
Nehwisdevziiendnualiamglulsagae /n1InTIRaeuANgNdovedelaeluvila
TnefanedsnNFAIUUL WAL 45 BIANTBIRBLANITINTODNINLUIAUINNTBITNUEUF
mstunnelavddiesdeastuaindsluvaleesuandeyudeuugadunineey 1 yu
< 1% ! < ' <
ynvugaduvaneay 2 yudeasaaiduniieay 3 wasinenaaaldunineay 4

AINEIAU JURUUNSAARIRDRUULIALY wanslugun 2-12

nsauaunsiedeuntUluiianieing saudimmguiise ilalagenfenisvieu
Sufuresdazde dalumsadeunluluiianiwiieg deudazduagyinnulugliuuanizyes

Mied JULUUNsYIuYesdeduiusiunsindeudn uansluguin 2-13
Wevhmsesemisauaumedumiual  Iduiusiuiunsinfsunvessaviueus
Tluiiamasngg vilildusuainanuduiuslunisiaureswsasdelfiguiunsaiuauain

Juaunu wanslugun 2-14
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U 2 - 12 JULUUNISARFIABUYUMLIA 1Y

mMsmwnfianwasnsindounvessarueuduenesndunsindeuiludunsdy

WUALAY X WA Y wagnisuuseulny Z laeduiunsvyuresudazaeusznauiu any

aunis (1)
Vy 1 ! ! . :
[v ] ) R 1 -1 -1 1| |® (1)
y = 4| 1 1 . 1 1 3
@y L+l L+l L+l L+l Wy

g9l R SAfvesas (Wheel radius)
@
V, ANHSIULLILAY X

Vv, AnuFaluwuunu Y
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L, Wag |, ADT¥EENINANYAAUINANTYDIROAULLILAY Y hag X AU

Front

KOO ;

Front

LEE ]

Forward Left

D

s <

Forward

i@

Lo
:{m

Front

&
%

|
2

Forward Rignht

Front

el

Left

Front

HC A

Rignt

Front

&
% I

Front

Backward Left

(o

Backwarag

Front

O

Backward Right

Front
]

8
I

%

&
9
8

Turn Left

8
W
e |

Front

&
|

Turn Right

@%

FUT 2 - 13 JULUUNISYININYeIaaTiauius TUnIsinaowi
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JUT 2 - 14 UNUNINAIUEUNUSIUNISIININYOIUAAL DI UTUNTTAIUANDINYNAIUAL

2.7 M3InszEzN1ne9ansalaidn (Ultrasonic Range Finder)

nN3inszaznemedansilain lduannisasnouratraulds 1e1a1nANuL52994
raudsdluenietiennd o gaumaiileq Aiudsaansaihaiudsanldlunsinsseenisld
TAgyinN15TUNaITEnININIsUassAauLdeaeantualnnIAds AUNSENIRaULAINTENULY AU
Tmgudrasiounduidiundiniadu anuiivesndudsuldsuwlasnugumngiivesainie
A v & A Yo [y [V a’.’/ o = v
szazian Nl dussazanNlainseeen1sbundu AauulunISAILINMITEILNI9IABINNS
v a o

gosmeiaue dmsunisinszezneifeinsanuudugigs Snduiazdediszuuingungll

Yoo ATiBIAwINAIAINSveRdwdsdigndesududiie wilunsdifdenis
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AMULLUGIUIUNA arunTanuaaIAuSantsliduaaudslaas n1sAIuINMN

szozmadulumuannisi )

SZ? (2)

I S szegnisenilugadanslalindudsnaving (m)
U anusvesndudssluainia (m/s)
t 995282128158 1MN9N5UARYAAULEEIIUNTENIAAULAR AL NDUNAU (5)

lugainszeen1eniedansaleiin luga Ultrasonic Sensor HY-SRFO5 ldmauides
AMudasUsEIIn 40 kHz Feaunsadaszesnialalugag 0.02-4.50 +0.002 was luga

Ultrasonic Sensor HY-SRF05 LLaﬂﬂugﬂﬁ 015

3‘1/77 2-15 leg)a Ultrasonic Sensor HY-SRF05

luga Ultrasonic Sensor HY-SRFO5 Usgnausmevidmiusienaiialdaudiuiu 5 11 a1y

AN 2-6

9ITNTA 2 - 5 ?/7@Uf75{ﬁ°?/mz;tlg)a Ultrasonic Sensor HY-SRFO5

VCC 5V

Trig Input Pin
Echo Output Pin
Out -

GND Ground
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Tun136e3935015191uveeluga Ultrasonic Sensor HY-SRFO5 vinlanian13me
wrasgliirusesiuuin 5 V idlunen Vee wagsew Gnd hiutdaau 1 Trig Luwfse
duanangunsalmuauiiiedslinlugadansileinUassadudsseenty 91 Echo azluvf
g d‘ = dl v L% ¥ o U dd’l i Y £ %4
Surduidsnagviounauitun dmsuvn out Tunsalilldlatnisldau

n15vi1euvesluga Ultrasonic Sensor HY-SRFO5 az1dun 1591191153/ use ning
lugadansleiinuazaunsalniuny Inefigunsalaiunuazdsdyaalilunadansiletinisy
depdudsseanlianaindamiauduisuiinistunan Weadudssnsenuidniuinguan
agvisunduidnundeniaiu dygrailaazdaisludigunsalaivauiiianganisduiiag

(% :.: L4 o 1 ) o d‘ [} ! (Y [
nanugunsalnluanazigasIandulalduin emszeeiiesseninedng iy
lupadansilefin lunsainedudeansenuingudindudegnandurseasiourduduseanty
gy liiinaueraaedeuainnsinld aelulunisinsseznisiedansilaindsdnlun

zdosiasandemnumunganlunisilulgause
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aunsalddy

3.1 nMseanuuukaraissavusudduLuuimiuszyduiiadedunsn

3.1.1 NFPONLUULALHAILTAVULUARAUKUY

wwafnlunisesnuuukaziausaviusudduwuy lanmualisoyueusdiiaule 2
lyun Ao InuAAIUANAIEAUNIUNIITBLARN (Manual Mode) wazlrunniunusnlugdi
(Automatic Mode) Tumsvhemuduusnasfulnmuaudsauriiunisaesain deuasdy
druauliisarusudindeuiiluog o dumisiidiosnis TunsmuauseauruIoYadn

lulasreulnsaiaesvesaseafnazsuAIdyaIueudonNUuAmIuANTILI 2 40 Lase1

- a

Ay IAIReaInalndie fmualnuanI vy neduauauyawsnazlddmsumuny

A

nswndeuiinuuloavuiusiuressausus Juarupuyadazeuadygyiaeuidonain 2
LAY AB WU Xq) WAZWNY Y kathantalumuinieniuaunisindounuuulaavedse

ueud Juamuauyanaenzldd msuauaunsnyuueIsaviueud Yuauaugailazaiue

[ <

dyaaeundenamnunu Xy, et ludmuadmsuamuauiiamauazanusilunisyuves

A
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gasaviueud dunislugasudiniuing Wesavueudlasudyyimun1IaIuaNINTeLasn

[
v 14 o

Hunslugasudnauivg wdathteyanunluyssaianaiiorimunfiamsuazaiusily

v v W

N1snyuYeLhsards duRusAuAUNITAIUANIINUNAIVANTY 2 YA LazlloAIUANTD

Vugualungnag o funteineanIsuad §aruauzsudasuluinnisinauuedsarueuRain

v a

uamuaumeauRunvegainldulnuadnlud® &9 a dundadssuuindsdunuund
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Y 1% 1 1 [ A I

ARRIUUITAYUEUA FEA1UNT081UAIAINLITITIEIAgeNdA1AMTsSedNundmseLlu
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Tulnundnludfdsniueuiazshnisaunuinfedlaesouifiomiianieiiiuiunsa
a9an ndsntusnjuesusiagideuiludratmuiianisdu wioutindduasnsaduas
Anvane savusudvzngaiadoudiiefegafiusunnsidinligianvieiledasfiavinsey
sunthaeluszesfifmuanenld wwunwnsieuvessaRnuArsaUBUARLLUULAR

Tugui 3-1 wag 3-2 Mua1eu

—o\e— Switch
~\
I 20 Button stick 1
o3
238
==
Button stick 2

Battery
Module

FUT 3 - 1 UNUNIMNITYI9ILY09908aAN

JUT 3 - 2 UNUNINNI TN IO U UAR UL UY
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3.1.1.1 MI9DNLULLAEIRILLATITOVUEUA

1598519180950 UBUALUAIUTABINITAIURTIRTIDSTINTUIINWE

Y
v = [

sgilifloudnTugUuazdrunlidndusewduswnniniasyianuiuezadan wasly

v
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A uiifoInIsANuLLug1aLlEIsARTUsUMELATDY CNC router

Y
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#199 hanwlsueglidenuazuiusgillenduagudn Tngvuadidueuen ning

x819x@s Useanad 185x300x110 adiuns dduuwnuaevinainegiiiieunun 6
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Taduwns dnduguniewnses CNC router @ mSudndaluuniAIyy Lazuoines

Y

Iifnszuansevuin 12 V ety dokvusiaiyuivuindusiaugnalsaenan

10 wuAns Tulsazaonanazdsznaumeantan 9 ao

lunsdeauvein Azt U daM ALY Tausavyndedtiiunuaedes
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Y
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U1 3 - 5 9aeainAuuy

FUT 3 - 6 208aAnA AN

A vosalulpsmoulnsalass Arduino Mega 2560, B Zﬂ@afﬂﬁdﬁﬁﬂ?ﬂfj Nordic Semiconductor nRF24(01
1PN 2.4 GHz, C Yumuguamsuniuaumsndeuiiuules, D YumauauamsunIugunIsTL, £
a3nida-On, F adntidenlenIsviny, G @881, H USB port, | uku3aassmsusaidon, J nuans
a0z dn-0, K IWuanaluunnisia, L Tody, M uuawess
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wiasanglninvesassainldwunwesaseulooauwsenuluin 8.4 V wazane

nszualiilaasan 1300 mAh siensvsaniienss lumsvihuveaesainlduein

) 1%

lulaspeulnsaiaes Arduino Mega 2560 vinnthndsdaudeyaainyalugasuds

AAuANY Nordic Semiconductor nRF24101 81uAMA 2.4 GHz

lunsdsdyyraainvsgadinludisarueud [9] vesalulasraulnsaiaes
Arduino Mega 2560 428 1udgyay1addneaanaing 1 4n e1ur1dgyyIaouiden

[ o

NYNAIUANTY 2 Y dyRdneasnadndenudygiuiualnnnisiinu

A A}

(3 1

Yossaruud Adgarnoudeniitiainduaiuaugail 1 azsruateutdonusawny

Xy WagwnU Yy ndsanniuasihludnnawlaniueiall (R) wasayuese (Theta)

'
% L3 = o

Fe¥n1ngaaudnana X, Y, Ardggiuoudonaintumiuauyail 1 dazinlld
Fundmiunuaunandeuiinuuloauuiiusuressarueud Adya ueuen
NNUNAIUANYAT 2 B IUAIEYAIUDUNEDNVBIUNY Xy WnufEd Afilsaztinly
AurauUasududn PWM (Pulse Width Modulation) d1v§unyuisasiueus ya
foyafideainvesainde lnunnisvie A3l (R) Auesen (Theta) uazA PWM
(Pulse Width Modulation) n¥afiiazamesalddmiunisindouiiuuulaadaue
PWM Tdfdnuvsusasavusus s 4 Arazsandudeyayaieinda Tedaludsn
viugus sinuvnalugaiudsaduing Nordie Semiconductor nRF24101 guadnad 2.4
GHz Tumsdsdoyavansq ga Wedeyadiumamnniy masuilomaiilésudoyals
AsUfIu Lilesainvugfintadeinisdetona a vasamils e dululéa
Praatuneiuidsihnisussnadeyainnisdstoyanianeuney vilideya
el dlinmsinuressnjusudfianann fsdudniufiesdesudeyaiuye

eIl sdateya
3.1.1.3 N1590NLUULAEIAILAIUAIUANTOVIUEUA

drumruausausudUsznaumevesalulasAaulnsaaas Arduino Mega
2560 foneiuyalugasudsaduing Nordic Semiconductor nRF24101 Uaguasn

AIUANNBLADS InUATALIAIEAUMIELNI99T Lnelldiulsenaugosiiuiude

=l & o U a a '3
WHI9ATILREEIUAIUANNTIUA-Unuasguntel
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[ Y] v

vesalulasnaulnsaiass Arduino Mega 2560 viutinfisu audaYaIN
yalugasudsnduing Nordic Semiconductor nRF24101 g1uAmA 2.4 GHz Wi
N13UsTEaNaLardId Yy 1UATINEAAIUANTANIINITYYUVBINBIA DS WAty ey 10
PWM (Pulse Width Modulation) lUfisuasnaiuauueines ueninduudadsiy
Yoyadiurunistuisdainszuuinfsdunuuisiunig Serial Port tilotunl4
U53inanadniuAIuANNITINUVBITAVUIUA AIUATUANTIVUEUARULUY Lang

Tugui 3-7

O
®
®

U9 3 - 7 daumvAusarueus

A vasalulaspeulnsaiaes Arduino Mega 2560, B lugasuainaune Nordic Semiconductor nRF24(01
§1UANE 2.4 GHz, C vasanIvaulawmasininssuanss uuy 4 ¥4, D a1¢81n78, E USB port, F 8397
{Un-TUn, G Siadamsuiln-Un, H UKLNISTIISULTOUAD, | POULLANSSAINTUNDAULUIADSS, J AOULLA

wmasavsuTIen szl e s
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3.1.1.4 MIBONLUULATHRILEIUATIIVANAVIUNBAAAAI T UTOUEUA

n1305193udsinveldlunaTaszornismedansilelin luga Ultrasonic
Sensor HY-SRFO5 gl 4 9A50UOVUEUA NHIINTUUIWIINITNADUAIUKIUE
lunsinssegnuaznaaeumyuUssavina (Effective angle) ¥045¥UUNIATIATV

aafnve wethluldmuaunisiauressayugudsuwuusialy
3.1.1.5 wyaednglnihdmsusarueudfuwuy

uwnasrglwihdmiusavusudduiuy Wuunnoiaenloosunsasulwi
12.6 V wazsonszualiiiliaegn 13.6 Ah undednelwiiuszneufenumnine3a
Beonlosauwseiulnil 4.2V Aauuuauiy 2 9a uLazdeaynsy 3 90 @1u15091Y
A wsssuvuIn 4.2, 8.4, 12.6 V améiy’ﬂw%auimaaﬁm%’usm%ﬂwmemaéﬁn%w

wiasdglihdmsusarueuiauLuy wandlugun 3-8

U 3 - 8 unasrelniha msusoyueusdiuuuy

A wusmosaiseulosau 6 oy, B uaNIITFMSUMITIN, C pauuAmasdmsuTenlvaunIURLse
yueud, D paumwasamsuaiglnbivesnlulpsmeulnsaiaes Arduino Mega 2560, E a18813Usa9159
In
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3.1.1.6 S0YUBUARULUY

a b4

sofusuAsuLuuiloUsznauasasauion nieudwmsuiilufnsiszuuin

¥ o a ol

o = ° v o v v v = a'
iﬂﬁLLﬂilll']ﬁ']VﬁUu’]‘anL‘Umi'lf\nfﬂiﬂal,lﬁgigu UNIUAIIFLLNNUN LLﬁﬂ\ﬂUEU‘W 3-9

o
a o/ v o

U7 3 - 9 sayugrdiuuuneuhlUiaAIs UYInTadunuL

¥
& A o v a v v v

A 908aAn, B s0yugUARULUY, C NA8IUsIsyUUIATIE, D MuNg1mIuanaaiainseaunus)

3.1.2 NN59DNBLUULAZAS 19T EUUINTIAWNLLN

szuuinsadunuufinsyiinisiaun Usenaudienaesine Tudiudanisdyayio
9M153n39d (Signal processing) warduuszananatoyan1amMsinded laud 2asvenediu
w1 2995veedyruNadiaeies salives wavunaidtelniusaduas druiiinded
wnua Al duratngesdsd (Scntillation Detector) ¥inlwifauleloladiiofewaidey
Nal(TU) iielwiimaula (Sensitivity) Tun15m5793R5a@WANLT WHLANTEUUTAS RN

wamalugud 3-10
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Source Photomultiplier -
| RliRe Nal(TI) tube Preamplifier | _| piccriminator || Ratemeter
Detecto (PMT) /Amplifier

HV

power supply [~ Power supply

U 3 - 10 WU IMsruUIRTIauna

2.1.2.1 ¥ IS 9@ kNULN

inSdwnuuN IR iiniseased (Scintillation Detector) latiaulalalan

v v v v o & Y A

Waseadey Nal(Tl)  a1suidasedlulalunismaniamnuwsessdsndudod

'
duvﬁLyv [

ARAALULABS (Collimator) tiadeAulnsednazyinnisnsiatad u1dsitnsedla

1% '
v o

v v LYY 1 g.J/ = av A v [~4 a 4 &
RNILANUNTIVBIRIALYIUY FeluauddeilaneNvindunsaduwas lnaiald

[ [ £%

LY =~ al ! IS a a Aa ! v v A I o
Gszme‘mamﬁaﬂmy%wizammwmLLazm’mhqwamimNa A NUURDY

= A

ldavadiumosndvuianluguasiuintdnuinduaie lunisidenvuinmiiniay

Jrunlranulaedefausz@ansnmlunisinssd@nazinuniymnunzaunulasiasnaved
| ¢ A a =~ % = ) Py Yo v v A L da

soyuun WealTyuiguteyanunised 3-1 Falaidenldiaindadvuin 2 99l
a 6§ o Y Q:I a a 5 v v v a o LY 2

ADAALILABDSYINAENZMNUIUTELNA 3 Taawns 2 Tu Fdnsedvinnsiudanie s

L3RG 900 V Wiinssdnusyneuasaieuiosud uandlugu 3-11

7157991 3 - 1 919 1USIUTIEUTAYOIFEY0T TN TIFUNUNIYING 1)

YUIAVBIRYINSIF AN Usegansnn thwinuesneadiunes
AN A wold | fAun f | Toldle
1 0 0
2 i 0 0
3 i 0 0
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U 3 - 11 ¥93059dunu

A iinssdlunsuleleladidomeviaiden vuim 27 ussgnelunsaudannznimg 3 uu., B AouULUAIADT

v o o a

amsumalnilussiugs, C poualnasaIgaga 1001530398, D g1dmsuEniaingid, £ areau

3.1.2.2 @uIAN1TdYIaNINN1TINGSE (Signal processing)

Tudrudanisdygraun1enisingsd Tdussa NELab CU fn3a5n18lu

o

Usznaumediu Preamp wagdiu Amp laglavinnisesnuuunayiauiludiuues

2435 Discriminator 1iisifislngld Operational Amplifier lua$ LM311 viwiiidu

@

Discriminator tiladayay1augnéniionsie Discriminator wed dayayiaazgnassioluds

vosalulasaaulnsatass Arduino Uno R3 fevinutinimduisaiiinessaly Tunis

[

Jansdyarunienisindadludiuvesuesa NELab CU ladinsususudyanalaed

ALY

o

115U5U Pole Zero hagUsu Base Line naufazinisentaonduialuieas

[ g

S d‘

Discriminator #sviuiindndygraiiinaindyaiusuniueonly LHUnAWEIUIANIS
U U v d‘ 1 U U U v a
doyeyraumnanisinded uanslugun 3-12 drudansdygramanisined wanalugy

i 3-13 uay 3-14
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Source -
. - Preamplifier AN
[Amplifier —— Discriminator
T T T i
SISV 1 H1sv . |
LV : :
power supply : |
—_ 1 |
| S — [ 1
!
power supply

JU7 3 - 13 @1dnnsaye1an19n15Insia

A 299959AN 1588184979598 NElab CU, B Discriminator, C 29578l van-av Diiueasinnisni
598, D vosalulasneulnsalaes Arduino Uno R3, E aindiln-Tn, F pouluatnesamsusuagag al
M3InseF0INNIInTia, G pouunmesdmsuaTayani1vinseFludivesalulasneulnsaass Arduino
Mega 2560, H USB port, | Aouuamesamsusulmineinuummeslisvisesdmsuselni vin-av, J

pauuAmasaIvsusulnihansumweslynuvesalulnsaeulnsaiaas Arduino Uno R3
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U1 3 - 14 Na0IUsT9aINIANITAYY 1IN NNITINTIA

A naesegiides, B pouualgesa MU UA g 18n15InTIF0IMTIIA5IE, C USB port, D pauluaines
FmsvaidoyanisinieFludivesalulnsaaulnsaiass Arduino Mega 2560, E AouIUAINBTAIMTUTY
Inionuuseeshiiunesamsuaiglnin vin-au, H Aeutuatnesa1msusulninnuunineslaiu

vasnlulnsmaulnsaiaas Arduino Uno R3

3.1.2.3 unasdngluiusasiuge

wassreliifiusadugs vivhiludaluiussiugdiiuiindsdunuan 14
Tugauvaslifiussfugedisagy Tnoianindiuvesisasiiauua (Feedback) dmsu
muAusziuLssiuliiiliag Tugaudadlwihussfugsdnsaguyinause IC 555
wlaslrlihnszuanssliduliinssuaaduiundoudassnsdiudseunn 40 wi
wd TS afinussuliiinge Voltage Multiplier 8n 6 Wi diognelwilhusety 8
V aglalwihuseiuasussan 2 kv daumuauussiulndinldvsiugames PNP wues
B8A47 saifuduaasTiauuadild IC Operational Amplifier wwes TLC272 viwihil
Jua9as buffer wazrsasiisuussiuliihusenvedlugautadlniliusadiugalaese
fgumusuueynsuiieanuswiuliiihastivaeUszana 5 v Tuduises buffer

n1ssedamumulTualaiininusuussdulnirvesunasingluinussiugs
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wnunmvasunastgliiuseiugs uanslusui 3-15 uavunasdngliiusadugs

namslugud 3-16

= HV Board
T 117 L7

AAA,
LARAS
||

]
& 1]

JUT 3 - 15 UEUNINYBIUnaIT el sadiugs

JUT 3 - 16 unasarelniiusedige

A lugautaslnihusdugeansogy, B PNP vsudawasimihiniveuusiulnih, C wesilauue, D o9
SIS IaUT S UsaL A UaUAnLUA, E Ga87umnilsumlaamsudsusseaulnil, F s
sFmsunagevaggalnihusedugy, G eeuummasamsUTUIWIhTINLUNES, H AoUUAWETIO NN

Inihusedug, | naesussedanaleneedegiideuiiioandqa1asuniu
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2.1.2.4 yyasaeliindmsuszuuinssdwnuun

wrasarelnindrnsuszuuinsedunuun Tdwumwesaiseulaoaunsasulndn
12.6 V uagdronseualniinlagegn 13.6 Ah wnasangliiiusznaumisuunnesa

Bouloosuuseiuliin 4.2 V sieuuuvuiu 2 ¥ uazseaynsy 3 ¥a 1113037y

<

Inifuseduvuin 4.2, 8.4, 12.6 V AndanSeslugadmivursaliuuaneidusagy

Y

wrraganeluinennisanensewalnii tnewsssulndi 12.6 vV anglndlvduye

q

wiasdelriiussiugauazlugadngliiussiuidmivaindanisdyy 1unienis

v v

9598 dnsunsasuluin 8.4 v azarelnihlvduuesalulaseaulnsaiass Arduino

v a

Uno R3 ?ﬁﬂLﬂuluimﬂauimaLaaﬁfv‘fmﬁwﬁLi‘;Jua"suﬂizmawaﬁagamqmﬁmqa

wrasinglwihdmiussuuinsedunuun wandlugun 3-17

JUT 3 - 17 wnasarelnihamsusyuuinsadunuu

Auusipasaifeulooay 6 Ao, B uneaIgsaInsverIsalu, C powiumnasaivsuarglnlvvese
lulaspoulnsataes Arduino Uno R3, D neulummesamsuaenliuvasarelwiiusediuge, £ pouiin

wasamsuiglnliainnsaya 1amnsingd, F arwamsunersali
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3.1.2.5 diuussinanatoyanensingd

dulssananadeyan1einsinad Muesalulasaeulvsaiaes Arduino Uno
R3 vt idusediwes Tnesudyarasiuiudidandiudanisdyaiamianisia
§9d drunuszarauatdruiutusidseniionian (counts per second) Tunis
inulusaiimesvesvesalulasaeulnsaass Arduino Uno R3 avSudyau
M19N153959FN9018UNe D5 %a%ﬁwmaﬁfué’@mmm%u dnsun1snIuatean
Tunstudyau asmuualaenslddyaruuinivesinusinlulasroulnsaaes
waluunasiuiedygia Interrupt vosalulasaoulnsatass Arduino Uno R3 14
FyauinIunn 16 MHz Wewlsanatsendu 128 way 125 anugdidu vl
Franadildlunsiudayaiaifie 1000 Hz w3a 1 ms wWetharsuuiuildifisudu
Praadyen Interrupt sililaarduautusddean vdrniuAsuuTuSed
senafildardalufavesnlulasasulngalass Arduino Mega 2560 UusAsUEUA
NUMe Serial Port ArsuauTuile i duas oy Wiked91NNA ey IR

114 Serial Port fidadnrintusinunisdsteya tdawisadaduduiuauls dauds

faavinnsulasarnuiudutulmduaidnusenaurinnisadaiuniae Serial Port siald

(%
Y |

nanuuUeialulashaulnsalass Arduino Mega 2560 NIRAAIULINYUUATIDL

o 1w ] [y [ o @ U a = 1 o CA A B & ¥
MWﬂWiLLU@QﬂW@ﬂ%i%UUﬂ@‘UlﬂL‘LJ‘IJ’%]’TIJ’JULG]JJ@QLfﬂll FaAuuusidneiatilagly

[ [

Judeyadmsunismuaunisinuvessarusudsell dmsudiudszunanatoya

£ %
v 1

nan15in5ed il lavinnasfndesiududvdrudanisdarunianisinsadlmdu

L3 a U
UNTUYALAYINY

3.1.3 SOUEUARULUUAMSUTEYAALAUALEnSad LN

[

soyusuAsuLUudmusTuAundsiuindasdunuun Welsznouiasauysal

wSaudmsululuswnsudnsuldau LLamﬁﬂugUﬁ 3-18, 3-19, 3-20 way 3-21
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JUT 3 - 19 SOYUgUARULUY YUNBIDINAINYI)
A soyugudauLUY, B aInsedunuu, C naesusseszuvIntg, D douvuuuaIuy, £ uawasinih
nyzuans, F lugaiaszegniaigdanylailn, G alndide-Un srvumveusayueus, H aindite-Un

yUUInea, | anndnUnuvasnrelniusduge, J Aeuuawesamsumsauumees, K aIndiin-Un

syuvTUAAauUTOYUEs, L a1891n7A, M @1elnihuseaugs, N aredye aseuuinsid
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QOO
©

JUT 3 - 21 SOYUgUSRULUY YUNBIDINAIUNA

A soyuguddukuy, B Iafiaunuw, C naoausyTzuuIAia, D deuvvuua, £ uawasiiin
nyzuans, F lugaiaszegniaigdanylailn, G alndide-Un svvumveusayueus, H aindite-Un

yUUInea, | anndnUnuvasnrelniusduge, J Aeuuawesamsumsauumees, K aIndiin-Un

syuUTUAdeusaUEUs, L 1809m8, M aglnihusedugy, N agdye asruuinsed
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3.2 TWsunIuAIUANNSIUTasIausudduluudniUsTyAusiunninSedunuan

3.2.1 TWSNIUAIUANNISYINTUYRIRDLARN

N13vUveIRBARNLINAN IAssuunsdeansisaeegluantusnioudetaya

wasnuulusunsuasiudeyanlianadaduazduaunuiiassyn waniluuszaiana vin

a1

nstufindayauidsdiloyasanludesavusudsuuuy Joyandseantufie Inunn1sieu

Y

A3FE (R) Anssesr (Theta) Lagen PWM

Tumsawnmensaiuazaguesm du lsnseudygraeudenainuaiuau

& &

4 2 unu AeuanuUanduridnealeglugag -255 fv 255 vaeanduazulasiiinea
1 2 unulvieanuneglufiinasideu (Cartesian Coordinate System) WA33IAILINMIAN
SafluazAyuomdelUiiinAil@eureIiIneatiuuesvesuniuay wanslugun 3-22

IadysntunaunsianuredUsunsuvesvseadn wanslugun 3-23

255

X1.Y1) {X1,Y1)

Tot 3<5/

A
/5-<
.
¢
e Tetha
- \
\
\

255 X 255 @ 0 i

Tetha

{ Tetha+45 255 X

PWM 184 = R sin(Tetha+45) PWM 2&3 = R sin(Tetha-45)

JU7 3 - 22 WNAMTITeuYeRanaailiiuesvesunIuny
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Radio
stop listening

Joystick
Input Signal

Process

® Aefayarumia
Tupaiuganiuing

U7 3 - 23 Iladosatunaun)sviniuyedlusunsuvedaogain

Swilch
Button stick 1
Button stick 2

3.2.2 TWSWNIUAIUANNTYINUYBITNY UL UAAULUY

TUsunsumshauvessajusudfuLuuEuan Tszuunsdeanslavogluaniuy
wiansudeya TWsunsuazimssudeyaainvesafnuazanszuuindsdunuuiwainnisiv
Foyaenly ludrudeyaiifuunanvesaiinie Tuunnisianu Asasl (R) Amesr (Theta)
uazAn PWM edmiluazymosanlddmsunsindeuiinuuloadiudn PwM Tddmiumgussn

Yuud

niulUsunsuazaTdeulnuansvinauignimualy dudulnusaiuaudieau
LUsunsuagyiNsUsERIanavasensall ALNesrLazA1 PWM naudgdsdygindayaluds
s s A o = ' 6 1 v & o wa °
UasARIUANLBIM BT IaTULARRUsuEudsaly D lulnunaiuaudnlul® lUswnsuagsi

N a i U aay v v o a = a PV v adou vy
ﬂ'ﬁLUaUULVIEJUﬂ']ﬂ'J']ZJLLiﬂﬁ\iﬂ‘Vﬂ@"iﬂﬂﬁzU‘Uﬁﬂiﬂa I@]'EJL'lJiEJcULWSUﬂUﬂWﬂUqNLLiﬂﬁ\TaW’JWIW

1 v

Aountidl d1AuLseTaERuuIlduiNTY JUsWNTUAEMUALASAYUgUANIUAIN L AAN S

v Aaa

WUADUNUNT WAOIAULTISIAT LU TUanasdInINA1InnIUa b TUskNsuaEiuualise

[
Y A

Wugudnyunduianeanfuneunind Wesarueuduszanaudiinfianiaiiluiianiedd

[

wwaltuvesAuusaSedaanuarininenuntvessaiugud savusudazyinsadeunty

(%
Y |

AUNTNUTENI 5-10 WUAWAT Ya9INUUIaYuEURIISuTuRulavIvIn SaVUEURTY

v a 1%

NYALLRAINNTONTIINAANINLAMLLITFGIgALazAUNTN TN UEUATINIIM19INGNA

Y 9
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YINUBYNTT 30 LwuAlaT Wady1sndunaun1ivinauvedlusunIuvessajueuinuwuy

nandlugudl 3-24

Fudieyarumig
Tumafusandiuing

fudayauisn
FELIATIH

’_l_‘

U7 3 - 24 Iadrrsadunaunisviiuyaalusunsuvessoyueud ALy

3.2.3 TWsNIuAIUANNISTNAUYITE UL InSadunuan

Tsunsueuaumsvieuvessyuuinsdunuun i idwselives Suaindudu
foyarauuiin InsunasiudadaygrauRnivihmenmdu Interrupt Tiunstuduaused

auganaflanualiarmd dslulasreulnsaiaes Arduino Uno R3 lddyaiauniing
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YUIA 16 MHz Wanuarianataamdy 128 way 125 auaiau vinlianaiildlunistu

fygy1adfo 1000 Hz %39 1 ms

% a

WeLSuAUd Yy IR VIBuNRIsSuTuT WA MW Taen3ndayanamn

YU 1iloATU 1 ms wadyayad interrupt AengAnTHUTIE Weothdwiudyyianlavsie

A7}

v A =

Pranafagladiuiuiusednenan @afife counts per second, cps Inatvrsadunaunis

auvedlusunsuvesnilines uandluguin 3-25

Timer 2 start
Timer 1 start count
Fudtyayoanan Counts
LA IATYRI I O '
NIN1TTATIR Input Signal
Timer 2 stop

1

Counts / Time

!

int convert to chr

defayasalilds

O uafnlulaspaulnsaiaad
Arduinc Mega 2560
KIUNI serial port

U7 3 - 25 Wladnsatunaun)sieiuyedlusunsuveusaiines
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unii 4

ATAHUIUIYRASNANITIVY

4.1 5 TUUUIWY

4.1.1 MInaaeulassaviueus

VAFEUNISINIIUAZANNLTISITelATIASIaIsaviuEusd adeussuulTasnild

v v
Y a = LY U =

ARl 1ipT19anLSINTEUTNLAZLIIduasIDuAnTuAUMIs SaudelaTesauuy

Rocker-Bogie Aildithaluiiuguluniseenwuulasesase

4.1.2 MINAFBUNISIARBUTIVBIRBHUUKIATLY

VAFBUNITARDUNYDIRDUUULUAILY VAFBUNITAIUANKAZNITYINIUNITUNTS
waeulUMEuM nMsiadeuntunwudng nsefeunivluiiemadeuaznisvyueed

FTnUUA

4.1.3 m'imﬂaamzuuﬁugm

4.1.3.1 egeunsvhauTinseninaesaindusauewd [Wunsmegeunis

AIUANIAYLEUAMEIDLARN LIDANIINBUALDINBNITAIUANIINIDLERN

4.1.3.2 mavageun1smunuszeglng Wunsmegeuiiienssesmslnaiign
- ] % A = ] s al
Ma1u150AIUANTAUEUALY MadeUlagN1IAIUANNISIARBUTIYBITAYULUATIT

G]I’]\‘i""] LLéJ'J@ﬂ’l’iﬁlE]Uﬂuaﬂﬁiaﬂ’]iﬂ’JUﬂlﬁﬂﬂ?\]E]EJaaﬂ
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4.1.4 miwmaa‘tﬂu@a Ultrasonic Sensor HY-SRF05

NeFaUAINRIUEMATLNUTEANSNG (Effective Angle) vaaluaa Ultrasonic
Sensor HY-SRFO5 Lileusgiliulsyansnimuazainuiiieiievesssuunsiadudaia
2719 Wi walaluuseliusinlunisimuasduuunisvinnueedusunsueedss

Vusudisoly

4.1.4.1 nsnageuaNUdug luwnIniunts lngnsnslluusagaiu
VBITAYUHUADYVNNIINHTINIUTEEEAIY) AINUUTIBIUAITLYENININKNTITN

luga Ultrasonic Sensor HY-SRF05 a1ule

4.1.4.2 MnedeunIyNUseansna (Effective angle) lnanisanalvianumdi
VDITAVULUA IBE19NNTL 20 LuRuns Ineviyusavugudlivingueie) dun

MNUUTI WA TEEEMINRINNTITIRS Ultrasonic Sensor HY-SRFO5 a1uls

4.1.5 NMINAFBUTTUUIASIALNLLN

v v a

4.1.5.1 minaaeuminfedunuun naaeulagnisdelniiusediugeain HY

C [ [ 1

NIM module teludaliiuiainsadunuun auie 2 42 vinsindygiaainaiss

doyraiindedunuuniiegnddyyrusuniuiazidyyraninainnisined

T o e

inlilagly Oscilloscope Fanmaaulalaen15119unasnuidnged Cs-137 Lidunis
199 LaIguadnSvesdyy191n Oscilloscope Tunisnageuililunisvaasy

UewuiensivaeugiininSsdanunsavihaulanudsnaviely

4.1.5.2 NMSNAEDUAIUTANITAYIUNINITINSIE nagoulaun1sneiaia

[ '
a =

$edunuun vuae 2 47 deludaludiiusesdugsann HY NIM module Tagin

a0 Y v [ [ v v a

anedy NNt insd@snodudIuTnn sy 1nenN1TInsiE  vinisina

[y

sULUUYQ10u798naINdIU Preamp kagdiu Amp a1ud1iu duilevinnisusu
Pole Zero U5U Base Line hazU5u Gain Tnunzaunardsudygranlaliaaidn
ffu Discriminator sialU Tun1suSuA Voltage Reference Tu Discriminator Aliesn

ANTHUtAnaINdusunIu TanstuiiiadulndAssiua1a3e Fansnegaeu
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Tudruiidunsasansuaulviudiudnnisdyuiannisinged esandlefinng

sruvindadunuudniusaviusudsuwuusdliaunsausuannaila

4.1.5.3 nsnaasuunasdtelifiiusediugs ilenaasuUszansainues
unassngluliussiugs Tasududussiuludihi 800, 850, 900, 950, 1000, 1050 V
wEimsdnglldlnaniissdusiien Budaus 2MQ WU 20 Mo wdsarniutaci
ussiulwihfidsuudasly udnhunduismnnssualnihdunassieliiusediugs

a1u1503ele

4.1.5.4 N InaaeudIuUsTIaNadayan1InTInged naasuA1IN1Tu
AATUTBUAUAITY TINAIAINITHUTLANINF Y QYIUTUNIU RA9NTUTIVAdDU

nydsdayalugedumunusasiueus

4.1.6 MINAFDUITIVUEUALIBARATTEUUTATIAUNLLILE

4.1.6.1 N1INAaBUYIITTEEIAIlUN1TYINNIY Nadeulagn1TIuLaINTe
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4.2.4.2 naNsNAdRUMLNUIEENSHA (Effective angle)

M50 4 - 3 HaNIINAFOUMNNUIEaNEHA (Effective Angle)

NayuAURs a9 AszEEiinle (cm)
0 831 20 cm
15 89An 22 cm
30 837 27 cm
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40 99F 117 cm
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159991 4 - 4 HANISNATOULNAIT I WA T U

wsamulnin 2 il 6 8 10 12 14 16 18 20
MQ | MQ | MQ | MQ | MQ | MQ | MQ | MQ | MQ | MQ

800V 7978 | 798.7 | 799.2 799.8 | 800.3 800.5 800.8 | 800.9 800.9 801.1

0.399 0.200 0.133 0.100 0.080 0.067 0.057 0.050 0.044 0.040
mA

850V 806.7 847.7 849.3 850.1 850.2 850.3 850.3 850.5 850.7 850.9

0.403 0.212 0.142 0.106 0.085 0.071 0.061 0.053 0.047 0.043
mA

200V 817.4 896.0 897.8 898.5 898.5 899.1 899.5 899.3 899.5 899.6
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0.409 0.224 0.150 0.112 0.090 0.075 0.064 0.056 0.050 0.045
mA

950V 818.4 | 947.0 | 94838 949.2 | 949.3 949.7 949.9 950.2 | 950.5 950.6

0.409 0.237 0.158 0.119 0.095 0.079 0.068 0.059 0.053 0.048
mA

1000V 824.9 997.8 | 9985 999.8 | 999.0 999.4 | 9995 999.9 | 1000.0 | 1000.0

0.412 0.249 0.166 0.125 0.100 0.083 0.071 0.062 0.056 0.050
mA

1050V 831.8 | 1047.1 | 1051.2 | 1050.9 | 1051.8 | 1048.8 | 1053.3 | 1052.9 | 1052.4 | 1053.3

0.416 0.262 0.175 0.131 0.105 0.087 0.075 0.066 0.058 0.053
mA
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mwmsﬂumimaauw

v =

| W

v mwm%aﬁuaﬂiavjuauﬁﬁmwu (m/s)
S 529z 1 1Wes (m)

t d95zzan U lunISiAaoun (s)

_1(m)
YT170)

v=0.59m/s
v=212 km/hr

v & & a | 3 41' = %
ATl SzEEnivtaRsavueudaninsanieuilule

Tnen

N =T

S szpgnInsousudansandountuld (m)
V Au5I993s0vusudsuL Uy (km/hr)

T %raszaznaviarunuusewios (min)
B 2.12(km/hr) X 15(min) X 1000(m/km)
5= 60(min/hr)
s =530m
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M15799] 4 - 5 HANISNAFUNITINTIFTIY
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839711 X cps c X+G | X+2G | X+3G | 8N X cps c X+G | X+2G | X+30
0 1140 34 1174 1208 1242 180 | 182 13 195 208 221
1106 1072 1038 169 156 143

10 1036 32 1068 1100 1132 190 | 196 14 210 224 238
1004 972 940 182 168 154

20 948 31 979 1010 1041 200 | 214 15 229 244 259
917 886 855 199 184 169

30 764 28 792 820 848 210 | 216 15 231 246 261
736 708 680 201 186 171

40 678 26 704 730 756 220 | 298 17 315 332 349
652 626 600 281 264 247

50 562 24 586 610 634 230 | 296 17 313 330 347
538 514 490 279 262 245

60 468 22 490 512 534 240 | 304 17 321 338 355
446 424 402 287 270 253

70 456 21 ar7 498 519 250 | 340 18 358 376 394
435 414 393 322 304 286

80 432 21 453 474 495 260 | 346 19 365 384 403
a11 390 369 327 308 289

90 380 19 399 418 437 270 | 352 19 371 390 409
361 342 323 333 314 295

100 340 18 358 376 394 280 | 426 21 aa7 468 489
322 304 286 405 384 363

110 348 19 367 386 405 290 | 432 21 453 474 495
329 310 291 411 390 369

120 330 18 348 366 384 300 | 492 22 514 536 558
312 294 276 470 448 426

130 296 17 313 330 347 310 | 544 23 567 590 613
279 262 245 521 498 a75

140 288 17 305 322 339 320 | 648 25 673 698 723
271 254 237 623 598 573

150 270 16 286 302 318 330 | 746 27 773 800 827
254 238 222 719 692 665

160 248 16 264 280 296 340 | 894 30 924 954 984
232 216 200 864 834 804

170 190 14 204 218 232 350 | 1038 32 1070 1102 1134
176 162 148 1006 974 942
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Arduino Mega 2560 Schematic
Arduino” MEGA 2560
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Reference Designs ARE PROVIDED "AS 1S” AND "WITH ALL FAULTS. Arduino DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,

REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
Arduino may make changes fo specifications and product descriptions at any time, without notice. The Customer must not
rely on the absence or characteristics of any features or instructions marked "reserved” or "undefined.” Arduino reserves
these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

The product information on the Web Site or Materials is subject to change without notice. Do not finalize a design with this information.

ARDUINO is a registered trademark.
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Arduino Uno R3 Schematic
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Nordic Semiconductor nRF24101

PRELIMINARY PRODUCT SPECIFICATION N NORD

> SEMICONDUCTOR

Single chip 2.4 GHz Transceiver

nRF241.01

FEATURES

True single chip GFSK transceiver

APPLICATIONS

Wireless mouse, keyboard, joystick

¢ Complete OSI Link Layer in hardware * Keyless entry

¢ Enhanced ShockBurst™ ¢  Wireless data communication
¢ Auto ACK & retransmit ¢ Alarm and security systems

¢ Address and CRC computation ¢ Home automation

e On the air data rate 1 or 2Mbps e Surveillance

¢ Digital interface (SPI) speed 0-8 Mbps ¢ Automotive

¢ 125 RF channel operation o Telemetry

¢ Short switching time enable frequency hopping e Intelligent sports equipment
e Fully RF compatible with nRF24XX e Industrial sensors

¢ 5V tolerant signal input pads

e 20-pin package (QFN20 4x4mm)

¢ Uses ultra low cost +/- 60 ppm crystal

e Uses low cost chip inductors and 2-layer PCB
¢ Power supply range: 1.9t0 3.6 V

Toys

GENERAL DESCRIPTION

nRF241L01 is a single chip radio transceiver for the world wide 2.4 - 2.5 GHz ISM
band. The transceiver consists of a fully integrated frequency synthesizer, a power
amplifier, a crystal oscillator, a demodulator, modulator and Enhanced ShockBurst™
protocol engine. Output power, frequency channels, and protocol setup are easily
programmable through a SPI interface. Current consumption is very low, only 9.0mA
at an output power of -6dBm and 12.3mA in RX mode. Built-in Power Down and
Standby modes makes power saving easily realizable.

QUICK REFERENCE DATA

Parameter Value Unit
Minimum supply voltage 1.9 v
Maximum output power 0 dBm
Maximum data rate 2000 kbps
Supply current in TX mode @ 0dBm output power 11.3 mA
Supply current in RX mode @ 2000 kbps 12.3 mA
Temperature range -40 to +85 °C
Sensitivity @ 1000 kbps -85 dBm
Supply current in Power Down mode 900 nA

Table 1 nRF24L01 quick reference data

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway -
Revision: 1.2

Phone +4772898900 Fax +4772898989

March 2006



PRELIMINARY PRODUCT SPECIFICATION

nRF24L01 Single Chip 2.4 GHz Radio Transceiver

78

>

Type Number Description Version
nRF241L.01 20 pin QFN 4x4, RoHS & SS-00259 compliant D
nRF24L01 IC Bare Dice D
nRF241L01-EVKIT Evaluation kit (2 test PCB, 2 configuration PCB, SW) 1.0

Table 2 nRF24L01 ordering information

BLOCK DIAGRAM
= = >
8 8 8 8 &4 4
2y St > Sy D @By 8
=8 =
XG1 T
VSS=0V _]_ I I
Enhanced —]
ShockBurst™ XC2 T
1f 1l
DEMOD = VDD_PA=18V
CE
Clock
Recovery, M
DataSlicer
ADDR
IRQ Decode
CRC Frequency
Code/Decode Synthesiser
FIFO
CSN In/Out
ANT1
SCK
¢ arex PA 1004{175 @
MISO ter ANT2
[t
MOSI IREF I
22kQ
Figure 1 nRF24L01 with external components.
Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989

Revision: 1.2

March 2006



PRELIMINARY PRODUCT SPECIFICATION

nRF241.01 Single Chip 2.4 GHz Radio Transceiver >
PIN FUNCTIONS
Pin | Name Pin function | Description
| CE Digital Input Chip Enable Activates RX or TX mode
2 CSN Digital Input SPI Chip Select
3 SCK Digital Input SPI Clock
4 MOSI Digital [nput SPI Slave Data Input
5 MISO Digital OQutput SPI Slave Data Output, with tri-state option
6 IRQ Digital Output Maskable interrupt pin
7 VDD Power Power Supply (+3V DC)
8 VSS Power Ground (0V)
9 XC2 Analog Output Crystal Pin 2
10 XCl1 Analog Input Crystal Pin |
11 VDD_PA | Power Quiput Power Supply (+1.8V) 1o Power Amplifier
12 ANT] RF Antenna interface |
13 ANT2 RE Antenna interface 2
14 VSS Power Ground (0V)
15 VDD Power Power Supply (+3V DC)
16 IREF Analog Input Reference current
17 VSS Power Ground (0V)
18 VDD Power Power Supply (+3V DC)
19 DVDD Power Output Positive Digital Supply output for de-coupling purposes
20 VSS Power Ground (0V)
Table 3 nRF24L01 pin function
PIN ASSIGNMENT
VSS DVDD VDD VS§S IREF
200 19 (18 17| 16|
CE 1 [ ] 15 VDD
nRF241.01
CSN 2 14 VSS
QEN20 4x4
sck | 3 13 ANT2
most | 4 > ‘ 12 ANTI
Miso | 5 11 vpp_pa
6 7.8 9 10
[IRQ VDD VSS XC2 XCl1
Figure 2 nRF24L01 pin assignment (top view) for a QFN20 4x4 package.
Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989

Revision: 1.2 March 2006




PRELIMINARY PRODUCT SPECIFICATION

nRF241.01 Single Chip 2.4 GHz Radio Transceiver

ELECTRICAL SPECIFICATIONS

Conditions: VDD = +3V, VSS =0V, T, =-40°C to + 85°C

Symbol [Parameter (condition) | Notes | Min. | Typ. | Max. | Units
Operating conditions
VDD Supply voltage 1.9 3.0 3.6 v
TEMP  |Operating Temperature -40 +27 +85 °C
Digital input pin
Vi HIGH level input voltage 0.7VDD 5.25 v
Vi LOW level input voltage VSS 0.3VDD vV
Digital output pin
Von HIGH level output voltage (Igy=-0.25mA) VDD- 0.3 VDD v
VoL LOW level output voltage (I =0.25mA) VSS 0.3 A%
General RF conditions
fop Operating frequency 2400 2525 MHz
fyrar Crystal frequency 16 MHz
Al Frequency deviation @ 1000kbps +160 kHz
Afyyg Frequency deviation @ 2000kbps +320 kHz
Rorsk Data rate ShockBurst™ >0 2000 kbps
Fepanngr,  |Channel spacing @ 1000kbps 1 MHz
Fopauner  [Channel spacing @ 2000kbps 2 MHz
Transmitter operation
Prp Maximum Qutput Power 0 +4 dBm
Prrc RF Power Control Range 16 18 20 dB
Prrcr RF Power Accuracy +4 dB
Ppw 20dB Bandwidth for Modulated Carrier 1800 2000 kHz
(2000kbps)
Prey 1* Adjacent Channel Transmit Power 2MHz -20 dBm
Prps 2™ Adjacent Channel Transmit Power 4MHz -50 dBm
Ivpp Supply current @ OdBm output power 11.3 mA
Ivop Supply current @ -18dBm output power 7.0 mA
Lypp Average Supply current @ -6dBm output 0.05 mA
power. Enhanced ShockBurst™
Tvpp Supply current in Standby-I mode 32 LA
Lypp Supply current in power down 900 nA

LAl digital inputs handle up to 5.25V signal inputs. Keep in mind that the VDD of the nRF241L.01 must match the
Vi of the driving device for output pins.

? Usable band is determined by local regulations

* Antenna load impedance = 15Q+j88(2

* Antenna load impedance = 15€+{88Q. Effective data rate 1000kbps or 2000 kbps
* Antenna load impedance = 150+{88Q. Effective data rate 10kbps and full packets

® Given for a 12pF crystal. Current when using external clock is dependent on signal swing.

Nordic Semiconductor ASA
Revision: 1.2

- Vestre Rosten 81, N-7075 Tiller, Norway

- Phone +4772898900

- Fax +4772898989
March 2006
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PRELIMINARY PRODUCT SPECIFICATION

nRF241.01 Single Chip 2.4 GHz Radio Transceiver

Receiver operation

Lypp Supply current one channel 2000kbps 12.3 mA

Iypp Supply current one channel 1000kbps 11.8 mA
RXgens  [Sensitivity at 0.1%BER (@ 2000kbps) -82 dBm
RXgpns  |Sensitivity at 0. 1%BER (@ 1000kbps) -85 dBm
C/lco__|C/ Co-channel (@2000kbps) 7 75117 dB
Cllys 1¥ Adjacent Channel Selectivity C/1 2MHz 1/4 dB
[ Adjacent Channel Selectivity C/T 4MHz -21/-20 dB
Cllygp _ |3™ Adjacent Channel Selectivity C/I 6MHz -27/-27 dB
Clleo |G/ Co-channel (@ 1000kbps) 0 91/127 dB
Cllist 1¥ Adjacent Channel Selectivity C/I IMHz 8/8 dB
Cllanp 2™ Adjacent Channel Selectivity C/I 2MHz -22/-21 dB
Cllgp |3 Adjacent Channel Selectivity C/I 3MHz -30/-30 dB

Table 4 nRF24L01 RF specifications

¥ Data rate is 2000kbps for the following C/I measurements

¥ According to ETSI EN 300 440-1 V1.3.1 (2001-09) page 27
* nRF241.01 equal modulation on interfering signal

1 Data rate is 1000kbps for the following C/I measurements

" According to ETSI EN 300 440-1 V1.3.1 (2001-09) page 27
'2 nRF24L01 equal modulation on interfering signal

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898000 - Fax +4772898989
Revision: 1.2 March 2006



Ch4 current
Ch4 direction
Ch4 PWM
Gnd

Ch3 current

Ch3 direction |

Ch3 PWM
Gnd

Ch2 current
Ch2 direction
Ch2 PWM
Gnd

Ch1 current
Ch1 direction
Ch1 PWM
Gnd

AMANUIN 9

4 Channel
Motor Control Unit

Designed originally for the Rover 5 chassis this driver PCB is ideal for any small robot
using either Omni or Mecanum wheels. Current sensing for each motor allows the
processor to determine if a motor has stalled or is under excessive load.

Motor 3
Output

n[ll!“llé

= . .. .
Vil
R3]

DIR

) = b .
mEEE =g

g (LR msm}g
D 5{ )

Motor 1
Output

Features include:

Motor 4

Output

Motor 2
Output

e 4xlow resistance FET “H” bridges.

e Each channel rated for 4A stall current.
+ Easy to use control logic.
e Current monitoring for each channel.
¢ Quadrature encoder mixing circuitry.

+5V input

Gnd

Gnd

Encoder output A
Encoder output B
Interrupt output

Gnd

Encoder output A
Encoder output B
Interrupt output

Gnd

Encoder output A
Encoder output B
Interrupt output

Gnd

Encoder output A
Encoder output B
Interrupt output

Gnd
Encoder input A
Encoder input B
+5V

Gnd
Encoder input A
Encoder input B
+5V

Gnd
Encoder input A
Encoder input B
+5V

Gnd
Encoder input A
Encoder input B
+5V

Motor Suppy 4.5V - 12V

Gnd
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Power connectors:

The PCB has two power connectors. One is +5V for logic (Vcc) and one for the motor
power supply. The motor power supply should not be connected without first
connecting the +5V for logic. This device is rated for a maximum motor supply voltage
of 12V. Exceeding this voltage may permanently damage the device.

The encoder mixing circuit:

Unlike most motor controllers this PCB includes 4 mixing circuits for use with up to 4
quadrature encoders. The mixing circuit takes the 2 inputs from a quadrature encoder
and mixes them into a single output. Note that the interrupt output changes state when
either input changes.

*5V e . -

Encoder
Input A
Encode )
I:pm Ar' t T !
CD40308 = |nox:.~‘rmot
XOR tput
Encoder, | | ‘ Encoder
put B ) Input B
| 2 Encoder
Output A
Eicodet Interrupt
* Output B Output
Gnd o . * Gnd

This allows a single interrupt pin to monitor both inputs of a quadrature encoder.
Because the interrupt output is twice the frequency of either input it also allows speed
and distance to be measured with twice the resolution.

Current output:

Each channel has a current sensing circuit. The output of this circuit is approximately
1V for each amp the motor draws (5V maximum). This output can be connected
directly to the analog input of any 5V micro controller.

Control logic:

The built in control logic allows each motor to be controlled by 2 pins. Driving the
direction pin high or low will cause the motor to run forward or reverse. The PWM pin
is used to control the motor speed. When this pin is low, the motor is off. When this pin
is high the motor is at full power. To vary the speed of the motor this pin must be Pulse
Width Modulated.

Motor output:

Each channel has a motor output socket. Connect any 4.5V —12V DC motor with a stall
current of less than 4.5A to these pins. Exceeding 4.5A on these pins may permanently
damage this device.
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 — REVISED AUGUST 2003

® Fast Response Times ® Can Operate From Single 5-V Supply
® Strobe Capability ® Available in Q-Temp Automotive
® Maximum Input Bias Current . . . 300 nA — High-Reliability Automotive Applications
. — Configuration Control/Print Support
Maximum Input et Current 70nA - Qualification to Automotive Standards
LM111 ... JG PACKAGE LM111 ... FK PACKAGE
LM211...D, P, OR PW PACKAGE (TOP VIEW)
LM311...D, P, PS, OR PW PACKAGE -
(TOP VIEW) =
o
= +
EMIT OUT [] 1 Y 8] Vees 0s0 3o
IN+ ] 2 7[] coL ouT zW=z>=
IN-] 3 &[] BAL/STRB
Vee- [l 4 5[] BALANCE NC NC
IN+ COL OUT
NC NC
IN— BAL/STRB
NC NC
I,
24989
< =
<
-
<
o

NC - No internal connection

description/ordering information

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to
operate from a wide range of power-supply voltages, including £15-V supplies for operational amplifiers and
5-V supplies for logic systems. The output levels are compatible with most TTL and MOS circuits. These
comparators are capable of driving lamps or relays and switching voltages up to 50 V at 50 mA. All inputs and
outputs can be isolated from system ground. The outputs can drive loads referenced to ground, Voo+ or Vee-.
Offset balancing and strobe capabilities are available, and the outputs can be wire-OR connected. If the strobe
is low, the output is in the off state, regardless of the differential input.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet

PRODUCTION DATA information is current as of publication date. Copyright @ 2003, Texas Instruments Incorporated

Products canform to specifications per the terms af Texas Instruments i On products compliant Lo MIL-PRF -38535, all paramelers are lested
standard warranty. Production processing does not necessarily include ¢ TEXAS ..ms;; .,.hm.;},’ noted. On all other pﬁuum, production

testing of all parameters. pracessing does not necessarily include tesling of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 1
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 - REVISED AUGUST 2003

description/ordering information

ORDERING INFORMATION

Vio max ORDERABLE TOP_SIDE
Ta AT 25°C PACKAGET PART NUMBER MARKING
PDIP (P) Tube of 50 M3 1P [M311P
Tube of 75 LM311D
sol¢ (D) LM311
Reel o 2500 | LM311DR
~0°C to 70°C 75mv
SOP (PS) Reelof 2000 | LM311PSR 311
Reelof 150 | LM311PW
TSSOP (PW) Late
Tube of 2000 | LM31IPWR
POIP (P) Tube of 50 LMz1ip [M211P
Tube of 75 LM211D
sol¢ (D) LM211
—40°C to 85°C 3mv Reel o 2500 | LM211DR
Reelof 150 | LM211PW
TSSOP (PW) L2t
Reelof 2000 | LM211PWR
Tube of 75 Lmz11aD
—40°C to 125°C amv | solc @) LM211Q
Reelof 2500 | LM211QDR
CDIP (JG) Tubeof50 | LMI11JG LM111JG
_55°C to 125°C 3mv
LCCC (FK) Tube of 55 | LMITIFK LMITFK

t Package drawings, slandard packing guantities, thermal data, symbolization, and PCB design guidelines are available at
www. ti.com/sc/package.

functional block diagram

BALANCE

BAL/STRB
IN+ CoL ouT
IN- EMIT OUT

*? TeExas
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 — REVISED AUGUST 2003

schematic

BAL/STRB BALANCE

450 O

All resistor values shown are nominal.

Component Count
Resistors 20
Diodes 2
EPIFET 1
Transistors 22
Veo+
4 kO
coL out
130 O
<
600 0
“H ]
250 Q -
2kQ 40
EMIT OUT
L * * - Vee-

*9 TexAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 - REVISED AUGUST 2003

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage: Vs (see Note 1) ..
Vee- (see Note 1) ..

Vec+=Vee= i

Differential input voltage, V|p (see Note 2)
Input voltage, V| (either input, see Notes 1and 3) ... ... .. . . i +15V
Voltage from emitter output to Vig oo ..o oo 30V
Voltage from collector output to Voo LM oo 50V
LM211 50V
LM211Q 50V
LM T 40V
Duration of output short circuit (see Note 4) .. ... ... ... .. 10s
Package thermal impedance, 0 a (see Notes 5and 6): Dpackage ............................ 97°C/W
Ppackage .................... o ol 85°C/W
PSpackage ........................... 95°C/W
PWpackage ......................... 149°C/W
Package thermal impedance, 0, (see Notes 7 and 8): FK package ......................... 5.61°C/W
JGpackage .............. ... 14.5°C/W
Operating virtual junction temperature, Ty ........ ... ... oL 150°C
Case temperature for 60 seconds: FKpackage ............coovieiiiiin... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J or JG package ...... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, P, PS, or PW package ........ 260°C
Storage temperature range, Tgtg . ... ... —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanentdamage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, unless otherwise noled, are with respect to the midpoint between Voc+ and Voo—.

2. Differential voltages are at IN+ with respect to IN-.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 V, whichever is less.

4. The output may be shorted to ground or either power supply.

5. Maximum power dissipation is a function of Tj(max), a, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta)/0 4. Operating at the absolute maximum T j of 150°C can affect reliability.

6. The package thermal impedance is calculated in accordance with JESD 51-7.

7. Maximum power dissipation is a function of T j(max), 0 jc, and T. The maximum allowable power dissipation at any allowable case

temperature is Pp = (T (max) - Tc)/B o. Operating at the absolute maximum T of 150°C can affect reliability.
8. The package thermal impedance is calculated in accordance with MIL-STD-883.

recommended operating conditions

MIN MAX | UNIT
Vec+-Veoo-  Supply voltage 35 30 Vv
7 Input voltage (Vo €15 V) Vee-+05  Veg+=1.5 v
LM111 -55 125
LM211 —40 85
TA Operating free-air temperature range “iC
LM211Q —40 125
LM311 a 70
3 1
EXAS
INSTRUMENTS
4 POST GFFICE BOX 655303 ® DALLAS, TEXAS 75265

87



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 — REVISED AUGUST 2003

electrical characteristics at specified free-air temperature, Vg = +15 V (unless otherwise noted)

LM111
Lm211 LM311
PARAMETER TEST CONDITIONS Tat LM211Q UNIT
MIN TYPE MAX | MIN TYPE MAX
25°C 0.7 3 2 75
Vio Input offset voltage | See Note 6 mv
Full range 4 10
25°C 4 10 6 50
o Input offset current | See Note 6 nA
Full range 20 70
. 25°C 75 100 100 250
]z Input bias current Vop=1Vto 14V nA
Full range 150 300
Low-level
lis) strobe current Vistrobe) =03V, Vip=-10mV 25°C -3 -3 mA
(see Note 7)
Common-mode 13 138 13 138
VICR input voltage range Full range to to to to Vv
P gerand -145 -14.7 —145 147
Large-signal
Ayp  differential voltage Vpo=5V135V, R_=1kQ 25°C 40 200 40 200 VimV
amplification
z'::gll‘le-:iﬁ; I(strobe) = -3 MA, Von =35V, 25°C 0.2 10 nA
Vip=5mV
loH output leakage D Full range 05 LA
current Vip=5mvy, VoH =35V 25°C 02 50| nA
Vip =-5mV 25°C 075 15
loL =50 mA
Low-level Vip=-10mV 25°C 0.75 1.5
VoL  (collector-to-emitter) [, —45V . A
=45V, Vip =-6mV Full 0.23 0.4
output voltage Vggi =0 D 3 it
oL =8 mA Vip =-10 mV | Full range 0.23 0.4
Supply current
lcc+  from Vs Vip=-10mV, No load 25°C 5.1 8 5.1 75| mA
output low
Supply current
lcc-  from Voe— Vip=10mV, No load 25°C —4.1 -5 —4.1 -5 mA
output high

T Unless otherwise noted, all characieristics are measured with BALANCE and BAL/STRB open and EMIT OUT grounded.

Full range for LM111 is —=55°C to 125°C, for LM211 is —40°C to 85°C, for LM211Q is —40°C to 125°C, and for LM311 is 0°C to 70°C

Tl typical values are at Tp = 25°C.

NOTES: 9.

The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to

1V with a pullup resistor of 7.5 kQ to Vi +. These parameters actually define an error band and take into account the worst-case
effects of voltage gain and input impedance.
10. The strobe should not be shorted to ground; it should be current driven at -3 mA to -5 mA (see Figures 13 and 27).

switching characteristics, Voot =415V, T = 25°C

PARAMETER

TEST CONDITIONS

LM111
LM211
LM211Q
LM311

TYP

UNIT

Response time, low-to-high-level output

Response time, high-to-low-level output

RC=5000Q1t05V,

CL =5pF,

See Note 8

15

ns

165

ns

NOTE 11: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the
instant when the output crosses 1.4 V.
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TLC272, TLC272A, TLC272B, TLC272Y, TLC217
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS0916 - OCTOBER 1987 — REVISED AUGUST 1994

¢ Trimmed Offset Voltage: D, JG, P, OR PW PACKAGE
TLC277 . ..500 uV Max at 25°C, (TOP VIEW)
Vpp=5V W)
® [nput Offset Voltage Drift . . . Typically 1331 E ; : %\;85’”
0.1 uV/Month, Including the First 30 Days N+ 3 sfl2in-
® Wide Range of Supply Voltages Over GND [] 4 5[ 2N+
Specified Temperature Range:

0°C to 70°C ... 3V to 16 V e acraGE
—40°C 10 85°C ... 4 V10 16 V
-55°Ct0 125°C ... 4Vto 16 V (TOP VIEW)

® Single-Supply Operation
® Common-Mode Input Voltage Range

Q
=z

Extends Below the Negative Rail (C-Suffix, 2 1 2019
I-Suffix types) NC []4 18[] NC
® Low Noise .. . Typically 25 nV/VHz at IN-T1s 17[] 2007
f=1kHz NC []s 16[] NC
2IN-
® Output Voltage Range Includes Negative 1IN+ 7 150}
; NC []s 14[| NC
Rail 10 11 12 13

® High Input impedance . .. 1012 O Typ

® ESD-Protection Circuitry

® Small-Outline Package Option Also
Available in Tape and Reel

® Designed-in Latch-Up Immunity DISTRIBUTION OF TLC277
INPUT OFFSET VOLTAGE

£222
=
[CI

Q
=

NC - No internal connection

description 30 T T T \ \ T
473 Units Tested From 2 Wafer Lots
The TLC272 and TLC277 precision dual VDI:_)= ﬁV
operational amplifiers combine a wide range of 25 [~ Ta=26C

P P:

input offset voltage grades with low offset voltage
drift, high inputimpedance, low noise, and speeds
approaching that of general-purpose BIFET
devices.

20

These devices use Texas instruments silicon-gate
LinCMOS™ technology, which provides offset
voltage stability far exceeding the stability 10
available with conventional metal-gate pro- J— L

Cesses. l_r -l
5

The extremely high input impedance, low bias I_,--J L

Percentage of Units - %

currents, and high slew rates make these cost-
effective devices ideal for applications which have
previously been reserved for BIFET and NFET
products. Four offset voltage grades are available
(C-suffix and I-suffix types), ranging from the
low-cost TLC272 (10 mV) to the high-precision TLC277 (500 uV). These advantages, in combination with good
common-mode rejection and supply voltage rejection, make these devices a good choice for new
state-of-the-art designs as well as for upgrading existing designs.

0
-800 -400 0 400 800
Vio - Input Offset Voltage - uV

AnCMOS is a rademark of Texas Instruments Incorpora_led,

PRODUCTION DATA information is current as of publication date. Copyright & 1994, Texas Instruments Incorporated
Products canform ta specifications per the terms of Texas Instruments ’

mnd:rd warranty. Production processing does not necessarily include TEXAS
INSTRUMENTS

testing of all parameters.
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS021B — OCTOBER 1987 — REVISED AUGUST 1994

AVAILABLE OPTIONS

PACKAGED DEVICES i
Vigmax | SMALL CHIP CERAMIC | PLASTIC
T FORM
A AT 25°C OUTLINE CARRIER DIP DIP T(SPS\NO)P m
(D) (FK) {JG) (P)
900 pV [ TLC277CD — — TLC277CP — —
2mv | TLC2728CD — — TLC2728GP - —
e 070"
OCtoT0% smv |TLC272ACD — - TLC272ACP - -
10mv | TLC272CD —_ —_ TLC272CP TLC272CPW TLC272Y
500 uV [ TLC2771D —_ —_ TLC277IP —_ —_
o . 2mV | TLC272BID —_ —_ TLC272BIP —_ —_
—A0C1ESC | ooy [ Ticar2aD _ _ TLC272AIP — _
1amv | TLC2721D — - TLC272IP - —
55°C to 125°C 500V | TLC277MD TLC277MFK | TLC277MJG | TLC277MP — —
-55°Cto 1omv |TLC272MD | TLc272MFK | TLc272mMue |TLC272MP - -

The D package is available taped and reeled. Add R suffix lo the device type (e.g., TLC277CDR).

description (continued)

Ingeneral, many features associated with bipolar technology are available on LinCMOS™ operational amplifiers
without the power penalties of bipolar technology. General applications such as transducer interfacing, analog
calculations, amplifier blocks, active filters, and signal buffering are easily designed with the TLC272 and
TLC277. The devices also exhibit low voltage single-supply operation, making them ideally suited for remote
and inaccessible battery-powered applications. The common-mode input voltage range includes the negative
rail.

Awide range of packaging options is available, including small-outline and chip carrier versions for high-density
system applications.

The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latch-up.

The TLC272and TLC277 incorporate internal ESD-protection circuits that prevent functional failures at voltages
up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling
these devices as exposure to ESD may result in the degradation of the device parametric performance.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —-55°C to 125°C.

"ff TeExAs
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS0918 - OCTOBER 1987 — REVISED AUGUST 1994

equivalent schematic (each amplifier)

[
: : Rl
c1
RS
.
— ouT
J e
‘4{ o
o N3 ! — [
i | | L‘ :!
N1 N2 i N4 NG N7
R3 D1 SRe| A D2 R7
- - . * - T Y
GND

TLC272Y chip information

This chip, when properly assembled, displays characteristics similar to the TLC272C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

»
P

@
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v

BONDING PAD ASSIGNMENTS

TN

AR

o =

™
[

73 >
|I

Vbp
®)
1IN+ @ m
@) 10UT
1IN-
" B e
20UT ®)
2IN-
(4)
GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax =150°C

TOLERANCES ARE £10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

{'? TeEXAS
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B - OCTOBER 1987 — REVISED AUGUST 1994

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (S88 NOtE 1) ... .. e 18V
Differential input voltage, Vip (see Note 2) ... ... .. ... . i +Vpp
Input voltage range, V| (any input) ........ ... . . -0.3VtoVpp
Input cuImeNt, || .. +5 mA
output current, lg (each output) ... ... +30 mA
Total cUrrent iNtO VDD .« .o et e 45 mA
Total current out Of GND .. ... 45 mA
Duration of short-circuit current at (or below) 25°C (seeNote 3) .............................. unlimited
Continuous total dissipation . ...... ... ... See Dissipation Rating Table
Operating free-air temperature, Ta: Csuffix ... ... . . i 0°C to 70°C

Isuffix ... . =40°C to 85°C

Msuffix ... -55°C to 125°C
Storage temperature range . ...t —-65°C to 150°C
Case temperature for 60 seconds: FKpackage .............. ...ttt 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at IN+ with respect to IN—.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section).

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR Tao=70°C Tp=85C Ta=125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWERRATING POWER RATING
D 725 mW 5.8 mW/<C 464 mW 377 mW N/A
FK 1375 mW 11 mW/°C 880 mwW 715 mwW 275 mW
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mw
P 1000 mW 8.0 mWriC 640 mW 520 mW N/A
PW 525 mW 4.2 mW/°C 336 mW N/A N/A

recommended operating conditions

C SUFFIX | SUFFIX M SUFFIX UNIT
MIN  MAX MIN  MAX MIN  MAX
Supply voltage, Vpp 3 16 4 16 4 16 \
. Vpp=5V -0.2 35| -0.2 3.5 0 35
Common-mode input voltage, V|c \
Vpp=10V -02 85| -02 85 0 85
Operating free-air temperature, Ta 0 70 -40 85| -55 125 °C

Q’ TeExAS
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS0918 - OCTOBER 1987 - REVISED AUGUST 1994

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLC272C, TLC272AC,
PARAMETER TEST CONDITIONS Tat TLC272BC, TLC277C | yniT
MIN TYP MAX
Vo=14V, Vic=0, 25°C 1.1 10
TLC272C i,
Rg =504, R_ =10k | Full range 12 v
m
Vo=14V, Vic=0, 25°C 0.9 5
TLC272AC
Rg =500 RL=10KkQ | Full range 6.5
Vio Input offset voltage
Vo=14V Vic=0 25°C 230 2000
TLC272BC ! .
Rg =500 RL=10KQ | Full range 3000 v
u
Vo=14V, Vic=0, 25°C 200 500
TLC277C -
Rg =500, R =10k | Full range 1500
. . 25°Cto .
Gyjo  Temperature coefficient of input offset voltage 70°C 18 uvree
1 Input offset t (see Note 4) Vo =25V, Vic=25V 25°C o1 A
nput offset current (see Note =25V, =
[[s] p o] Ic 700 7 0] P
[ Input bi t Note 4 Vo=25V, v 25V 25 o8 A
nput bias current (see Note =29V, =2.
B P ( ) o] IC 700 20 600 P
-02 -03
25°C to to \
Common-mode input voltage range 4 4.2
VicrR (see Note 5) ? 2 4
-02
Full range to \"
35
25°C 3.2 3.8
VgH  High-level output voltage Vip =100 mV, R =10k 0°C 3 3.8 vV
70°C 3 3.8
25°C 0 50
VoL Low-level output voltage Vip=-100 mV, loL =0 0°C 0 50 mV
70°C 0 50
25°C 5 23
AyD Large-signal differential voltage amplification |Vgp=025Vto2V, R =10k 0°C 4 27 Vimv
70°C 4 20
25°C 65 80
CMRR Common-mode rejection ratio V¢ = Vicrmin 0°C 60 84 dB8
70°C 60 85
25°C 65 95
Supply-vollage rejection ratio - o —
k Vpp=5V1o 10V, Vp=14V 0°C 60 94 dB8
SVR  (avpp/avio) DD B
70°C 60 96
25°C 14 32
Ipp  Supply current (two amplifiers) :00‘;3255 X Vic= 5. 0°C 16 36| mA
70°C 12 26
TFull range is 0°C to 70°C
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
b TEXAS
INSTRUMENTS
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