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ABSTRACT

The objectives of thesis are design and build prototype about sound transmitter by using
wireless technology and embedded system. We combined them to reduce the limited of sound
communication by wire. In the past, the people are used wire for communication that not
comfortable because it's fixed range but this process is breakout for used wire communication
so change to wireless technology it's portable and more comfortable than before .In progress,
we divide into 2 part are sender and receiver modules. In part of sender, it used Arduino
microcontroller and nRF24L01 to control a data flow and data rate between sender and
receiver and in part of receiver, the nRF24L01 establish connection between 2 module. While
found the signal from sender, receiver send the signal to Arduino and use amplifier to gain the

signal.
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dinnsefiadannneuenidudeusardnuniin 10 vewwesn wisiflonuasananusaideon
siofiuueinlatal (Shield) Ussiavisnag 1u Tuga Xoee, Tugatdus, Tugiiad, Tugalaisa,GPRS
Shield \Judiu sndeuivuesauuuesn Arduino udadeulusunsuiaudsldias

2.2 vasalulasnaulnsaaas Arduino UNO R3

vose lulasmeulnsatasd Arduino UNO R3 L‘UU‘UB‘iﬂlulﬂiﬂﬁ)ui%iﬁLaE)ﬂuLﬂiyﬂa
Arduino 983U3E% Arduino muaimmaanlﬂﬂuTﬂsﬂaqusaLaa's lUBS Atmega328 1R 28
1 Tngluveda Arduino UNO R3 i sifunislénunsmennsvesialalasaeulnsaiansios
Huwndn Faaziimaderidyaan 1/0 sonundadedliduness iitaasnansenisldom wiay
Fanadndmiumanilvanlusunsuuenainiealfifiu 2595 Line Driver RS-232 Wnludediely
annsolfrnmnaiunesneynsu RS-232 laie uavazanbely

2.2.1 Auauda

usesiulnivieen 5V

usenulvi v (wugid) 712V
usasilwihandhitsule (qeam) 6-20 V

Digital I/O Pins 14 91 wazil PWM 6 21
Analog Input Pins 6

DC Current per /O Pin 40 Jaduanuys

DC Current for 3.3V Pin 50 fiaduauuus



Flash Memory 32 KB 14 0.5 KB dm¥uniu Bootloader

SRAM 2 KB (Atmega328)
EEPROM 1 KB (Atmega328)
Clock Speed 16 MHz

2.2.2 laseadreuadn

3wedn ICSP : dandyu USB interface

1wofr USE  [—> 88

10.MCU : Atmegal6U2

5.n0dn ICSP : Atmega328

I .404 Power Jack 7-12V | SHCU ; Atmega328

™,
A

/" Y.
e |

Ag{12C} SDA
AS{12CT sCL

U7 2.1 Tassaiauasnlulasnoulnsaiaes Arduino UNO R3

1. USB woin lddmSusefunauiiames wedulnanlusunsuidn lulasreulvsaiaes was
ellvituveda

2. Reset Button Julu Reset MinaulafesnslililasreulnsataesGunmshonim

3. ICSP wasnves Atmega16U2 \uwedniildlusunsu Visual Com port vy Atmega16U2

4. 1/0 woin A3nea I/O fausva DO fe D13 uenand UNRLIEYMEAs Y [udndae
Wi w0, 1 1uw Tx, Rx a1 Serial 3,5, 6, 9, 10 way 11 Wuwn PWM

5. ICSP wosn Atmega328 ilunesafildlusunsy Bootloader

6. lulnsmaulnsaiaes Atmega328 Wi lulasraulnsames flduuuada Arduino

7.1/0 wesn wenvnazudinea 1/0 uddavdsuuressudyainoundendausion  AC-A5
8. Power Port IWiAsavasvedniledosnissrelnlifulsasateuen Usnaudasen
nideq +3.3 V, +5V, GND, Vin

9. Power Jack $ulvann Adapter Tneflusediuagszming 7-12 v

10. lulpsnaulnsalansvos Atmegal6U2 1u lulasaaulnsaiaas iviantaiidu USB to
Serial 1ne Atmega328 asfndafiunanfinnasiity Atmegal6U2



2.2.3 JunM Lag lo1ANA
uagAineafiuie 14 11 uaruuvesalulasaeulnsaiass Arduino UNO
mmsn’L‘z’f‘LﬁLﬁuﬁy’qﬁuwmﬁaLmﬁwm annsaldviailaidu pinMode(), disitalWrite() waz
digitalRead() W19l 5 V wdazen Each mmmiu“l,maaam 40 aduonuys LLﬁullﬂ’J’]ll
funuussisiunelu FansdeuselasrniGud) 20-50 Alaleviu uenaintunsunfiss
fiter i 1wy
- Serial : 0 (RX) and 1 (TX) ’Liﬁw"mﬁummu (RX) waziluniads (TX) maua

2 '

wuvBYNTY TTL vundriasidondefunninsefues ATmega8U2 USB e
TTL 8YnsunIs

- Interrupts 3INAIBUBN : U1 2 UaT 3 AnunsafuRAIfavSenTaTmnyie
Wb auiidadnls fardy attachinterrupt()

- PWM: w1l 3, 5, 6,9, 10 uay 11 IiAnewinadu 8-bit PwM Tagldileridu
analogWrite()

- SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK) iilunrdm3uld nrsdeansuuu
spl Tneildf laund spl

2.2.4 lassaiednlulasnoulnsaiaes Atmega32s

ATmega328 Pin Mapping
Arduing funcdon Arduino functien
et (PCHTIARESET) PCAL] PCS(ADCSHCUPCINTIY)  analog inoet §
digital pin © (RX) (PCINTIENXD) POOC] [ PCA (ACCASOMYCINTIZ)  anaig input 4
digitalpin§ X (pCwT1R0) PO1C GO (ADCIPCINT11) anuicg inout 3
digital pin 2 (PCINT18ANTO) PO2C] 0 PC2 (ACCPCINTIO anmlog inpit 2
digial pin 3 (PWM)  (PCINTISOC2848T1) POI(] PC1 (ADCUPCINTS) snmiog inpot 1
dhgilat pin { (PCINT20HCKITO) PO4| D PCa (ADcoPCiNT) analog fopit
o vee jJaro GNO

OND GO ] AREF analog referenca
crysta (PCINTEXTALITOSC 1) B8] AVCC yeo
crystal (PCINTIACTALATOSCE) POTL] |1 P85 (SCRACINTS) digital pin 13
dhgital pin 3 (PWM) {PCINT21I0000T1) POST 1) P4 (ISOPCINTA) digital pin 12
digitat pin & FAM)  (PCNT220CoMAING) POS (] [ P83 (MOSUOCIAPCINTS cigtal pin 11 (Pl
dyitatpin? (PCIT2IAIN) PO
dhgital pin § (PCHTOCLKOACP 1) PO L]

[ P2 (SSOCIAPCINTS  diytsl pin 10 (PIM]
P81 (OCIAPCINTY) diginal pln © (FWM)

egital Pins 11,1213 06 vaed by the (TP Baneat 190 MSQ,
MO, GCK comnectiona [Aimegn 1k pint 17, 1§ & 19), Aveid lows
Impedascn boade os fhece pine when ushrg the K282 header.

Ui 2.2 Tassasrednlalnsmorlnsaiaes Atrega32s

2.3 Wgasu-dedaysyradl3ae nRF24L01

nRF24L01 iulugadu-dedygauvulianedegludiuninud 2.4 GHz lnelugawes
NRF24L01 Usznaudiedudiiediifiaaud 2.4 GHz uazvianiingiluu-dedygrauuy
wawuus nRF24L01 lasuniseenuuuilufiavdmiunisldauldaofldndanusi Tnglsd
ponkuudmiuldnudmsuauduuy 1M Imaau’Luahummﬁ 2.400 - 2.4835 GHz Wayadl
McU (lulpspoulnsaiasd) Wudiuusenauwuy External Passive ElﬂVNIllﬂa nRF240)1 2zfed
fnshernazldarung Serial Peripheral Interface (SPI) ln® Interface (SPI) Usynausae
SCK, MOsI, MISO wa¥ CSN



s é o o
AAANWENEAALY
1 1

1. gmud 2.4 GHz vialan 14i0ma 1sM Fadiuwuulueganems

2. ifldnngedn 2 Mbps Yoeiunissunau n1susu GFSK SUszansam fimanu
wmngaudmiumsldnunisaivaugeamngsy
il 125 Channel fivzneuauainsdoasvaeauazauinslng
§In5 Modulation wuu GFSK

=l

fl crC ardauasldlunisnsiaaeudelinnain uaziinisaruauileglunig
Rnnodeans

6. usadus 1.9 - 3.6 v luwheldndaanuiisn noléluue anue 7 fadueud
nasuanaundoies 1 lulasuaud
\@197n¢ PCB 2.4GHz vu1aidn Ussuna 24 mm x 24 mm (laisauiaannie)
Tugawevdursfiannsaddifiay Aeguletndosarldsudoya scm annsa
\Foudelagnse Tneldarumarnmansvesnisi@oulusunsurenduisosaznan
10

9. Tugasedlduuassnelul 3.3v muauusewivl awiiusediu 5v, 3.3v

10. annsoiu-dedeyanas losvazniegedn 80m

2.3.1 Block diagram

RF Transmilter Baseband
[ | I 1 't H—= CSN
F T GFSK ‘LLI TX FIFOs }1-—’
& Fiter  [*]  Modulator —% SCK
<SPl
s -m MISO
Enhanced ShockBurst -—-m MOSI
RF Receiver Badaband Erging “ > '
ANT1 el ™ T IRQ
RX GFSK
?" Fiter ] De : il | o FE
ANT2 n— ﬁvl—l.[ 1 P
RX FIFOs ;
. NS
XC1 »
RF Synthesiser ” Power Management l L Radio Control H
XC2 = l l l l J_ v
. o
& § b o g
> x 2 §

3Tl 2.3 nw Block diagram wesluga nRF24L01



2.3.2 anweuzw13U nRF24L01

CE D. E VDD
CSN I @:‘ Vss
4101
nRF24L0 @_ _—
QFN20 4%4 N

MOSI

(7] no

MISO 11| VDD_PA

B,
e [3)
ot
&

U 2.4 AnunizenU nRF24L01

2.4 ANTFIUNDINDUNTUUUY RS-232

3UM 2.5 wosnounsu RS-232 o USB

RS-232 ¢8379n Recommended Standard - 232 L{‘Jummsgﬂumﬂ%aum’aﬁauﬂauuu
auNsY (Serial Port) @unsafunavdedayals wiauiu (Full-duplex) 14lun1sdeans
5¥WI1990d099A Nmunlae auiangaanssudinynselind (Electronic Industries
Association : EIA) limennsguififeifaniudn BIA RS-232 wasgiflutausnesld

rouuAmofiiuluy DB-25 fidrsedudyarnidaus 3 V fe -12 v wanaiddeya
(Mark) wagAnsgaudyaos +3 V 8 +12 V uameindutesing (Space)

9



¥ o ¢ o ' L2 "

NINTFIU RS-232 1mmwumgﬂwwmqﬂnsmwaumama;&a (Data Terminal
Equipment : DTE) fU243578yavaneviy (Data Circuit Terminating : DCE) 1591 DTE

v & cada B ¢ A a ¢ =
zroulugunsaindmsuszananalududu lulasreulvsaees vise lulasneufiumes &
-l ¥/ 14 2/ 1 L3 o 2/ AJ o s
fimwasnsalumsafrsdayauuveynsuld drugunsaluuy DCE agvimiidudafu
£ a @ v i X oo
Tayaidwn9In DTE wihndu Tasnisdsdoyaszninegunsalisaesaziiiuninsgiu RS -
232 Younnsiresywinagunsal DTE uaz DCE A apuiuAwosyes DTE auidudg diuves
DCE azifudufly Ganesnounsuvesneuianeiiildfiuegiluaziduwuy DTE diuseuy

¢a 1al o &

wamesegnluauvziluwuy DCE

WM3g1U RS-232 $1ianisdedeyaiiszey 50 Wa (Uszana 15 wns) Juegiu viinves
aedygn sseev wae Ui dygrnsuniuuasnsinnmuitlunisddoyageanl
a aT A P Y 2 o et
Wi 20 Aladn fuuy 9 91 (DBY) uasuuy 25 v1 (DB25) wissannlaswuilld DB luiiiiss
v2na13tla DBY LileoEuFe?

=l v o v v | v A oA
3UN 2.6 DBY sutwRefg (Male) dausnuvinfefadly (Female)

WosnBYNsUYBa PC (DTE) aulupeuiummasuuy DBY &t (Male)
weosnoynsuvesgUnsalnenen (OCE) vxdunsuummosuuy DBY Muda(Female)

A v VY L
JUN 2.7 DBY Aarm U

Pin Description Type
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD) Input
3 Transmitted Data (TXD) Output
4 Data Terminal Ready (DTR) Output
5 Signal Ground (GND) Input
6 Data Set Ready (DSR) Input
7 Requests to Send (RTS) Output

10



Clear to Send (CTS) Input
Ring Indicator (RI) Input

= o :
2.4.1 vihiimsiaulundazyrveswesnaynsy RS-232
o ' . & . oA |
DCD %5901998138n71 Carrier Detect : CD 91113% Active bDUNTENFEY e
wiinngunsaldemsteyariuliniu dmsunisldeuund vleghignldaumnn

@
un
s 2/ [ =

RXD villifudyaraeynsudundmesiunasinohdeyaiswldiiulilu

R
&

FReawnos Triwes

™D WdstoyasenaneesiameSaetirdeyafiivegluimesdmivddeya
dwwanlu

DTR L‘T‘Jumé’:yzymﬁeiwaﬂmnﬂauﬁdmaﬂﬁa'lﬁqﬂﬂmiﬂmama%’uiﬁ
FesnsAnsadaedenn DTR deoadeuriaiur DSR Y23gUnIniUaEyNg

GND N513095UY

DSR w1fivgldigiuen DTR iemsaedeuntsifeudefuvosraufiamed fu
gunsafateynedenn DSR ﬁﬁwLflumei’w%’wﬁ’auuaMﬂmsman%"agneiqmmn‘m
DTR

RTS hundwivdsdygrnfesvelinigunsaivaremedstoyanduiimis
AouR UMDl SUdeyad RTS fievn CTS Tunsallémsideusonuy Null
Modemn 3 @neazfondensaun RTS uay CTS vosdfutonddne fuitoaslsing
Suuardsdoyaannsaiiniuldnaoniian

CTS wilazansfudyginaine RTS Lﬁa%’uﬁ’mrg’nm‘lﬁ‘ifugaﬁ‘m TXD 2ggn
daganiy ﬁqﬁumwﬁﬁagn'L‘?j'Lﬁam'i'maaUqﬂnsmim'aWaadnw%’auﬁw%’wﬁaa\;aﬁa‘lﬂ

Rl [duansanuedynmdonaninsdmivnilunisdearsineialdaneiazll
gnlfau sxldnufdedofinisifoudetuluiy warlusunsufinisnsavasy
Syaeufivindu

A 1
2.4.2 M7\ YousiaE1Y DBY
msiieusiaany DBY Inevialuuusliiu 3 wuusagy

17



TX — ~TX X ™

RX ' RX RX ' RX
RTS RTS RTS RTS
CTS « cTS CTS + CTS
DTR — DTR DTR —DTR
DSR DSR DSR L» psR
GNID - scsasinmees (SN R .
NULL Modem 3 Wire

TX TX

RX 4y BX

RTS RTS

CTS CTS

DTR DTR

DSR DSR

GND=————————GND

3Wire None Flow control

= < i
UM 2.8 JUnuuMsivausiedy DB

Y

2.5 msdeansteyasynsuriiuluga UART

UART d8u131n1 /191 Universal Asynchronous Receiver Transmitter My 4

uasalilvimiiiisunazdedoyauuuaydalania (Asynchronous) Fafudiunislunisdoans
BUNTY LU axdslasila
msfomseynsuuuy sxddlasifa umsdsteyaitlidedddyaynuuuniin uidy

imundameznisfudsdoyaus 1438Amua Juuuy msudstayafuuiuny wasendonis
AmupAnuSvemsiunardsiiviniuiileunasileds dedvasnasly exddlasiafoannsn
doansuuy Full Duplex Aemssunardsteyalalunanfeaiu ud sxddastaillenaidoya
wgymevnizIudveye vie SuddeyaRawaraldunnduuu alasida

ayund1afle UART munefle guuuunmsdsdeya fignimundusifieldsudsdayauuy
oxddlasfa Tnafiguuuudaguil 2.9

START DATA STOP

A o 1 el ] L%
JUN 2.9 msfudetayauuy exdalasia

Buduain Start 9n By Logic 0 91ntfuszauday Data fisnds wavzgnlasiiay
sToP U (Ju Logic 1 Inemthiivanuas UART fie vimihfluasdoyaieglusuuuvauiuan
reufiumeslveglugunuueunsuuuy esddlasia wddeenly wasvimiiudasdoyeyio
aynsuuuy exdalasifa Atouidunds UART Ihdunuvmuneufissdaudrnonfinnes 4.
uana N UART adsdeyaludinenfiumesiidy duhnsuduioyadu Ineufumesnsiude
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[

W dnsanudalunisiudedoya, suuuumsdedoyanarauinwatnfiiintu szuinanis

U U
£
£

aevendeya (Ranarnainwiad isudeya uay Tonessu) (udu

2.6 mmwmwaﬁ“wﬁ'amiﬁama

nsdeans fie nsvuIuASaEaN LLanLUaauwaua vIenszuIumsivddayatnans
mmmwuﬂﬂawwuq wsasvmwwawam‘lﬂwwswaua Imamumamnmﬂumssuaafm%v
Juinanaiialafdly T,ﬂEJ‘U’e)lJﬁ‘uumfﬂﬁ]"LU‘LﬂuiULLUU’UEN‘Uaﬂ’J’lﬁJ U (e maaiyaﬂwm
#1199 Aideen1sdioaniy msaami‘[ﬂwnm} Lﬂﬂ‘UU‘iuWJNEUﬂimaaa’]i Feoravuifu
i3eslnsdimt indedlnsans Lmaqaﬁuaﬂgzymwa vi3aiA3pInau RS usdeAdstulY
m‘saami-uauaw,ﬂunmm mmmiawnmi 'ﬂcmLUaﬂu‘lﬁLﬂaalusﬂmaaammmuuu
amaaﬂ (Analog) #30 A3mea (Digital) nwaﬂﬂumum‘iaﬂuwmiaaﬁnimauammui uu

thuq W

3 FanNans w5 'UENETEUEQWN

5 A N?UWE‘BLﬂ?EJ\'i‘iU
DRI G 'uaua L

sy 2.10 ufenlnozunsuvesnisdoans

e

2.7 wqwﬁms%mﬂ%&w
Luaamﬂm'saamsuuuaUassﬂmusuavmeww‘Lnanu:uwnsm’mwma'ml,aumuaﬁ
mauumumswrﬁuuﬂﬁmmavmﬂw‘lwuq deandndrflususiaeg youmsdons dmduri
svuudeanslimeiy Ieanalymsauindasnansivmnduaadilisdudeddans uiiins
diewedauayisnsidiandaetumsihmdeyatnansiusinansitliannsouesiuld

2.7.1 94AUsEnaVRITzULA a5 1Sans
safusEnovTessEuLADans|daetiu Tanvasuietuasrlssneulaeialy
vasszuuMseansynuseLmlaeiivaeiu 4 dau daguit 2.11

Toyarinas = Toyat1ImT
v —.[ Yeadeyeun =[ AINA [ sudtygno
J

[ dayeyasunIuy }

U 2.11 dsznaussuudeansliane
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AadedtynyInd (Transmitter)
) a a sa 4 o o 1 v
wdsdygn Ae 29sBidnnseiindfignesnuuuaienasulasdayatnanstiidy

s dl d 1 o 1 at v 1 L3 1 a

Fynaunannsofiaszdeeeniulumnativiedesdyaa loun gunsaifldlunisdsdye e
4 a a | a o

aawAnglalasion indesdsinenseaiedos \udu

fAodananavietesdasts (Communication Channel)
dumnansilidyayradidnmseindaunsaiunsananudifinisinlugedn
aouiinilsld dananslussuumsdeansldaneiuldun ﬂﬁu‘iwq wiludananaiiildauviley
Fyaragnanvouadlulidumnile

sy IMIUNIU (Noise)

Wudygrauveandaugluuunieg ffgnwasliuveuidiuisuniulu
seuufioans iasumudygatoyaiigndanlutesdeans luurnddygrasunuen
Antulunssvesisudyanaily dmiussuvdeasliaedy dyaausuniuilegialuly
81MFt WU dryniatnusingnisaifiiay Wudu

Aafudtyeyrad (Receiver)
- < l'n‘ v s A 1 1 o
Whinasdilinnsedndngnesnuuuliiudynynigndsesnumisdesdeansuasii
nmswlasdrygradindulueglusyuuungdsuvaemsaansadilale

2.7.2 RANaN998455UUNI5HDENS
ﬁ 1] yﬁ & W P d a o ' w o
lussuunisaeansisane selddeneminansussnvaduanudvsefiSondt “ady
wg” lumsiudimsimussennia Tegieiu 2 suuuy fe ssuviildaauingidunme
" g v o - )
(Radio Carrier) uay svuuTildpaunaadunme (Light Carrier)

=)

2.7.2.1 szuuitldaduingliunne (Radio Carrier)
oud ssuulnsdwiindoud seuvdsaariunaiion svuvivgnszarodss
vuunaulalasian uarszuuuanlians gawiuvesssuudegiinsiivnsguiivensuld
Favunefsanunsaldusuduls uaziduninsgaunansiidmualag IEEE 3115919
sUnuuliiudeiulaiduet e Tasiamzisesmsinuiaruuaonduvssndudye i
onagninile nsddfignsidewa nsadrssruudusiudeya nsliuinsmsld
o uazmsquadnu e ateildireniwuuldaeun fadinsizsruuldsunas
sonuuuIliiduuuudaluiRuasnsinaeuiuld Ineeduinganunsnudsesnidunas
Launwd Faazdinnuaenndestuanuenadu fuansumsaunniumiuies
AAuINgd1eaei
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2.7.2.2 szvuildaduuaadunmy (Light Carrier)
A‘ 9/ 1 - t:l o £ ] =l
syuudnansvoyanuuadunsusanirluUssendld Wy ssuulaneaueisy
e 2/ dl 1 £ a
inAsn(Local Area Network: LAN) 1§a1s szuvdeaisiiuiawaddunsisa ans
al ' ¥ o ¥ i
goansuuloumiiuas (Fiber Optic)

2.8 Msfudedoyavesnisioasliane
ARUANALAY (Narrowband)
sfvdsteyalasudanduursdasaunnduvesndundimdnlni Bonqd
ISM(ndustrial/ Scientific/ Medical) Aflanuduwuaidu 3 429 18un 902 - 928 MHz,
2.14 - 2.484 GHz uag 5.725 - 5.850 GHz lagn1sldnusiesfinisvesygyinneuann
89ANS FCC (Federal Communication Committee)

ﬂﬁumwﬁ"‘amtwuawsmaLﬂnm%'u (Spread Spectrum)

qu5mquaauLuJaaammm°uauaLwa‘l‘mﬂsauﬂauwuwmmn'mamﬂn'nmm
fioanns iiedlasfundusunauuaznisdnit Tnowernudeanidu 2 42 18un 902 -
928 MHz Uay 2.14 - 2.484 GHz -mlummlmsuauty'mmn FCC uaznisauuvalsn
mﬂnmuﬁ’[wnuimam‘lﬂuaa 2 WUU fie

ﬂgummau‘uu Frequency Hopping Spread Spectrum (FHSS)

Frequency Hoppmg Spread Spectrum miaqasycyﬁmiﬂLLuuuav'lwﬂ'aﬂunwwwv
Wiesaudiiien m“:um'iLUaauLuJaalﬂmamqmal,uaa'luaﬂwmmsmuLmumﬂuw
L‘uﬂwimuixmwmaqﬂumu Luamamuwamumw WIseviuUsEauiulaug,

um’tmﬁmsﬁaI.Luuuﬂaqnuargzymiumumnmmnmma‘mmmlmLUuamm
uaﬂmnuuumgﬂwamaaﬁuhssmNgamucﬁunmmmmzﬂiuLﬂaﬂulﬂlﬂ
aaeanaviliifinanuuasnivvesdoyag

ARUATINAULY Direct Sequence Spread Spectrum (DSSS)

Direct Sequence Spread Spectrum 3gl4n1519159%a Iﬂﬂﬂ?‘SLLﬂmLa’Uﬁ’]uaauLm
avdnludeyaidnilazds "LU'lﬁaEJlu'sﬂLLUULammuaaamummmmwumﬂw
meg1uty deyalargiuass 1 envazgnuiaaiy 0010010101 wardeya 0 a¥gn
wlaaluduiiesa (Inverse) vas 1 A#91101101010 LLﬁ?“ﬁﬂuaﬁLLUadLLﬁ’Jﬁ‘\]uﬂﬂﬁdlﬂ
wiouq Au ludnwausauiu ‘mnmummsm}ﬂmiﬂuwmiLLanaualmﬂﬂvlmu
Joyadidaly Tmuwﬁmmmsumu"lma']mmm'f,wuauaLaww‘lﬂ'lwsamniﬂLL‘UU%
mlﬂmﬂwﬂwmﬂ mashasunmmsnms'hﬁmﬂurﬂ“[umqammLwaqﬂagaﬂawum‘tm
nensidenldaunuudesnisuseansnimazlduuu DSSS urddaan1saiunasle
shudasiiunadnuazsiatliune Wl Wnda Ansidonuuy FHSS
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ﬂé‘um’m?i%qﬁcymuﬂmﬁuwmm
§uwimmLﬂudauwﬁ'wmaL'1Jnm%’uu,aJmﬁﬂiﬂﬂwﬁaq’mﬁaﬂﬁuf‘mquaxﬁm'jwLLaa'ﬁ'

ey uasdunsusaansalddsdeyaldiauliinnisdwsgndriali dunundunssd

wdalAdesfidiiify wsesfuninseiniownenfnediedecduilouandsutoyald

Taednsuuuldany

2.9 1889
Lammmmnmsaumanmn deundsiuiladoaiansdu whliluanaonimdunia
Tude Imaummnmwnum‘sawaamemmmam AsEUBIEI1N AL AN SIS 95
vadluanauwnnaeluainiiy mamLmu\ﬂmaqaﬁuaqmmﬂazmaaum‘lﬂaqwmmmnumnw
Fonidide visiumiduianavesemasvegisunntudenivises Jamduues
nMsduazukponlusou uvasiiinidss
ﬁ’aﬂguﬂﬁm?!aﬁuffuﬂﬁ'umua'nmeuimanawaammmﬁu‘luﬁaLﬁmﬁ’uﬁmﬁlﬁm
wwdeudily desendusnanslunisiadeud AuauTRvendudumioundunnusenns
miLUaaummmummmummmLﬂaaumlﬂﬂmwmaumwaa mﬁam'[‘lﬂmaumm m'mm
°uaatﬁmwuuaanu'mmﬂwmmsau(uauﬂaaﬂ) fwonvagrunidesasiann eaduides
LmUWNL‘U']ﬂ'i“’MULEJ@LLﬂ’JM msLUaEmf'mmummﬂuamWinmaauwiﬂmwmmwawﬁa
m'lmwmmwmwﬁaau nsduasulanunssuaszamdaludsauns AINUNARAUEILNTD
Imamamlumammn 20 Hz 19 20,000 Hz
HosfausanansaldBunsazdssenamiousumionnnmeiy Tuagfunndnunses
Lﬁﬂﬁaﬁad 3 9o fip
1.A294A9 (Loundness) 1u1884 muﬁﬁrﬂ,mawaauuummamnmuau ﬂmmu
Uinaiilideaindendesdielng 1dlnonse anudafisfuniuamdundes AwEAniAeaiu
anusazdudadiulnenseusefuanududes 919na1191 AnueRAeseRuAIdIE
yueseuaansoudsliswialosiignie 0 dB uavaniigaiie 120 dB
2, ﬂmmwwaamm (quality) wneila grudnwzraudesitldty Wetanaswinig
aunIIviiaty eSpsauns nnvlineziduwaniaiu widitsazannsousnlddn desiildtudy
wanaunsUszanla Wy wanhledu nieWelu Wudunisilansousndnunsveadeals
uuwau’nﬂamﬁmmammmmwmmLﬁmmqnu ﬂmmwwaalﬁﬂwuaanu Iuulanesinu
Afnnundariuiadeiug uanmnuﬂmmwmmLamaa‘uunu mmwmauamaﬂma
3. sEAuLdBs (pitch) munefia @esiilauenaduazauineiy Tngdeedis
Anuiigensilsyiudssgedudssiinuishodssduido
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2.9.1 a1lwg
d1lna (loudspeaker/speaker) {Wugunsaflwidsnasenamils imdhfiuyas

Syl lidwdes Sfmefunatsuuy

1. a1lWeluu Magnetic-diaphragm vunnaLan
- diaphragm wuulane Wdssfaundianudumiusi desiivsudanestedusng
Wil
- diaphragm wuUYAAIA LazwiMENA13s seflvurndnlissiudecg udseey
Fosnlaidond
- diaphragm wuunarafin dilwswuuiieglisesuidaslemiy

2. alwsuuudele (Piezo)

- famiunugiannsasenululasroulvsaaeslalaanse
uiugtnswuudlelefinuant@detouussdiulniitesiliifnnsdnsaluuviily
ey
AuaAvesdsstuagfunnvasiiu Piezo agndessamat (resonance box)

3. Ueigas (Buzzer)

= o [l @ =} =iy AIAI o = = & 1 s
Aedlwanuuwimdnuie wuuleleffiaasiiiaaaud (oscillator) agnelusa
= Y 7 5% @ | o = = W
Wedsuussmuausanuiadeslameies wildauisowdsunuivoude e

2.10 1995U5luA

gunsaindnivimifAsundseudsndudygralniide Tulasing Tureesd
wliiufivdsvausadonit reuduweslulasinule lud sxduswivesnludaiion ves
ledoounoudviminivens dyarandediiissfudygraifuiuddulasaeulnsaiass
goruateyaldeslneslnisulasdyyinvineurdonidufdnealalusivesvedn
Tulnsmeulnsaiaes Arduino tosld Tneideumdasusle
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dusaudseanulife
2.11.1 29sulasdyyraufdneadudynyinourden (DAC)

[ Vaer

Micro- Data :> 8-bit —= 8-bit - Low-pass v
computer | bus latch —{ DAC converter filter but

QUT PORT

=
3UN 2.14 vdanlapzunsunswlasdyguidneacduaundan

uamedadulsEnUNdnUaesEUY DAC Tagialy Lulasaaufinmesezdionsinn
Wuarluuls 2asuandduarlvunfidrndfiedeluds DAC 'lmwmv'l,-ﬁl,maammm
USIAUNID nsvuamwLwaawmlum'ﬂ.t,ﬂaq'uaua “Lumsmui"munmm AON19LT999
wlas nnssualuseAunsesnu (Current- to-vottage Converter) &4 Uﬂmau'l'n maam
ammnmamaanw‘[mmmu 95 Low-pass Filter Lwamaﬂammmmnmaaw wrlvegly
azyzywrumnnawwm

T WA .
TE XV, | ik 3
68 x v;_:_- B

58 x\,,
4 x ¥,

Analog output
~

3B x| v

28 x VW, i
BV,

4
s

000 g0 010 01t 100 101 110 111

Binary input

5U 2.15 Transfer Curve lugaunfvas DAC 3 O

v =2 o o & ' (3 P = v oA s & aa
ﬂ‘i’]wlﬂLLHﬂQﬂGﬂ?’]ﬁJﬁNWUﬁiS‘H?W\? mewmwLUuamaaﬂﬂuaummUummaa"umﬂ

3 Umifundn transfer curve Fanmindledunaluuniiindu erdnneuidenasifin lu
Snunztutiulavunaveudazduey wildan
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Stepsize = Vi / (1)
zn

dJ o o o 3
el Vi f1D S2AULTIAUEHAGIER
n Ao Annudnvesduyn
maammmmwmmaa DAC 9zifundutuy iﬂﬂauammmwlmmn DAC Fsflanweuzlal

L"?aummamq'[.umLLammﬁtym;lmlﬂziuwaswmn DAC
v &

+0V -

+5V

k2

oy t

sU7 2.16 Aduleifiadeann DAC

dufinsrurudn arwazidenues DAC WLﬁu*ﬁu vy 1ile 19 DAC 12 9n uas VFS = 5.0 V
F]’]’]iJﬁ”LEJEJﬂﬂB 5.0 V/ 4096 = 1.22 mW 8as axldeAnI1 DAC 8 Jnils 16 1 mmnnmm
w84 DAC muaaﬂwmaam
- Quantization error DAC Um VFS = 5.0 V ia1dnmaziinwaziden 19.53 mw
f1doannsiodinm 4.00 V DAC axliiedinaldlndidvs fignfio 4.04 v (19.53 mw x 205)
Aanan 4 mw Tnevialuanfin wannaswiniu +/- 0.5 LSB (least significant bit) AoeaLtuy
DAC 8 Un A uiawatnavidu 1 Ty 512 #S0 +/- 0.195 %
- Offset and gain errors Wiedunaluundiviiy 0 usiiwaves DAC i o
138N 91 offset error LATDIUANTINAY gain error AWAANAIAMET Haevinly transfer
curve luguft 2 Tedu vdeas Suedifumnaliaunadnnely DAC ethilsh A offset error
wae gain error AzunlalagldAumy muﬂ%’udﬂﬁﬁaﬁmauaﬂ
- Nontmearlty ﬂammmﬂmﬂmaauaaﬁmm Trcurve LMEJUﬂULﬁum\iﬁJ’mﬂmﬂuﬂ
LaLAEIAn m%wuuaenummwmwmmwmmuﬂsuﬂa‘uma Tu DAC lu data sheet w84
.=

DAC azsryhuesidudifiouivargegn vise seuiluirwaiuves LB (aevialufie +/- 0.5
LSB)

20



- Settling time AotasanifuusliBurmaunseia DAC W wovinn Yaiileiondun
flfRamarnatnaraia doendh 0.5 LSB Awailenatfornin 100 ns dm3u DAC A 157
g9 ua¥e1aUINNI1 100 us §1M5U DAC 51A1GN

2.11.2 9asn1sasinasiviudygineunden

’msﬁ”a%’N*‘?J'pumﬁ'aﬁﬂﬁéhi'ua'q‘ﬁ’aa@Lﬁ‘maanmﬁ’unm Tngiinisasa
Triesosnuiitesesiudyarnainises wasdyaandneafusurden vinlansa
detoyasanleviuiian

2.11.3 29950599AUEA (Low pass Filter)

wuneia 2asizeenlidy g nauERwd 0 Hz eruditdvuasiulule
a";ummﬁ%@ﬁﬁmumqa“ﬁﬁlﬂﬁaa 7 azaameulumudiy Shvmgvenasiinaunsiuiy
uileduly fagy

A -E_ ‘. ') ‘L Whe 4
R ETEITATE (Pt

" » | - ) ’1." N ,W.'!' LA ‘]'l'lﬁ'r L +

¥ "

leh 1AL 3

U 2.17 29956URY 1 2 uay 3
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gﬂ‘n 2.18 NINUEAIINIIVYELTINULIAIUD (dB)

Mnguesdlevhnstioumudindnes @ C guiidn XC g9 alkawisilvaniou R 78
Frmuiumuiosnd XC ldasain seivdygm osine Jeiuldinn wildeanuigend
fifmun A1 XC szanas vinliarud Wruwnaanldanasuradiudiinululdfiasgn C feag
N3 seAudayeyIas wrne Sailéitiorun

Tumanguireesnsesmidazeoulidygiale Afaudsus 0 Hz ufanudi
Avuadudendt anudifves wie arudveuiun (Cutoff Frequency) #1ulUlalaglifinng
aaneuvesdygin wasianudvesdyyradridniuitmunll fygusenmsaiidniiv
aud uilumsufoRlianunsasiduiuly Lﬁaqmﬂmsmauaumé’cgfgmﬁmmﬁvmf] D9
gunsaivssnnmadn sxdunwuuresdursslulinGoundasiuiiviile duiunailadadiu &
3UT 27 Aeiledyaaiienmitgsiurssirandyanuadu@ony sunsviwsanadusnsasd
Al
FuRDUNISALINITNTBIAINAGN

didesionsunduiidvdiniuniseenuuuiansiamodulinnsesrmdsnus
Ao Aewimeen w. fidanisldeu Ssmndsnoorivildainaunis

1
We= oo=2mfe ————0
Tned we Smthedy  sWeusedundl (rad/s)

fo fwmbodu F3nd (Hz)

R fwhedu Toviu (ohm)

C ey WS ()

o = s dl I3 |7 £ 1 3 ¥
TuviieaAgatuilamvun w, 1iud dosn1sazwian R Aaglimdu
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w.c 27f.c

2.11.4 299suauuiInsiens (Amplifier)
295v818ANLDLEEN (Audio Amplifier) Tnevie TaglddmSurensuseiu diu
2IWIBTUBNUFLNS (Power Amplifier) 1Hureasvenedynrauvuinlng (Large-signal
amplifier) Fsagldvenedyyroiorinaliliidnnasenlvan 1995veremderadnluuean
alunaa A Jadunislukeanninasesdulvan viednluneanana B dudunsley
luueaiigadnee wienata AB daluneawiiegndneevidniios Inusensiudaines 2 &
ABTINMUTINNTTVIBUUUNTWA (Push-pull amplifier)
- | a ¢ (Y] y A
MsWonnedygraiemnaliiuivan enldnsunawesdila (Transformer
coupled) AmUrBawmaidUilavielaindilanld 1vaslnidndulassiiguandtdluns
mawama:yzymmmwamLmmaa'l:uLmaqmamamuaawma +VCC
2.11.4.1 1A5VHIENARAE A
& o s ok a ¢ ol b 24 1 a
Wwsveemanilueansudanesininarsveaduluan 3aliidn
mwmwauwmﬁm:yw Lualu{lauaaytyﬂcummmmé’amuaml,ﬁwmwwﬂmmai
iesniinszudlnaumsdanesnasnna lissavgnwlunisvees
- MneiierdrEnignueesieanTteemds wavansuene
= o v AAn v & o a o Y o w a o a4 ¢
Wasumaeidbiilumduednluan vasiiaddunaiiiiafuvuiedyn
ERUGHITGEH wsauumumvnauau‘uamw'mawmaa mﬁm'ﬂ,mnmn'ﬁamlﬁa
fdilnan dafuusednsnim (Eficency) Jeinfsnnandfivesasveslunms

wWasudRFsuns A dushsmuiaiedillnan

2.11.4.2 2ITU88NNG9AANE B

asluleansudanesvenisasvevaaa A Wuranailiiussansam
Tuniseeneuinidn Lﬁmmmﬁmﬁwﬁ’aawuﬁmuﬁaﬁmw%ama% fawgdinazlafinag
ﬂauammﬂmwauwmnmu muumn'mum'l.wmwamasmmummﬂmaaw 58N
nsE8iiNAa B Ima’[,ﬁ‘lﬂLLaawﬁwaLmaimmmaaw wluuni“ualwam
nsndamefiledlitoudyyiu FliiRamdnugadsiinsudames 2asvene
AaNd B HuszaAnSamunnninieasueignaa A

- dolifdyaadumn vsudawmesiaassaliiuluueaeen il

dsgeydedugud uandelidygralennedouiivngugivomsuanes wes

o

Mimsudamesinsesassivaudssmdaosninneastengaaa A
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2.11.4.3 29959818NA9AAE AB
é{’mmmﬁmmﬂgugﬁ%gnmﬁmﬁﬂﬂﬁLmﬁwmamwwmaﬂma B
lﬁLﬁugﬂﬁﬁmmwmlﬁﬁﬁaugsd desnninanuiisuresdyyiuiisosse
Suninsealaiesfanasdu (Cross over distortion) iesammsudamesasdilsl
Uinszud aunNdgygradunnazinliusssiuiua-afiamesiinUssinu 0.7V
fannhlinsudaneslésuluweasaned suniuseuduwaiidnnning Ssaevi
Tisudameslasuluueassy dufifdnmsdnulanasiiiumsusoama AB
ATVYIEAAE AB Tuunmunsireneadyyianewned 2 wuude wuuldn
sudpsmesiulatuwuulilivsudresivessuda

2.11.4.4.2935UUa9N52UEEAY (DC offset)

DC offset fia n1suFuussussiufigneandIndliifuqudlunsgau
AR wiluna fURBelGRTaevnlnsldBeilin251Au 100 mWidle current Ao
nsrualden ndensruddsy 'U%’uL'ﬁaammmLﬁauszwdwsaaﬁa‘;:wiwﬁﬁwm
Fnuaniuinau
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und 3
1AS9851999952UULAZNITDALUY

3.1 Uni
TuunflagdunisnanIfenInsIunsinunsseuy S1vasdunusazdiuadlnsadig
Tuseuu wagdSoanuuu

3.2 In59a¥1990953UU

Tulassouilfiauansalunisdeansuuulfans (Wireless communication) 411
‘lJiuUﬂmﬂl‘ﬂﬂuﬂUﬂ’l‘iﬁ@ﬁﬁLLUUﬂJﬁ’lﬂ Tnunmsnlassairvesszuuazuanasiogy 3.1 4 szuy
uﬁ]vLsuwmuLuamﬂauauwmmﬂuamzymmmL’u"ﬂ,ﬂawmsvauwmammmﬁmmm‘mm

"nnwmsazyrmmlwummLm‘uuimum:-m'm (Amplifier) Lwam"LUmmmUaaﬂmmwm

sunfionidupinea (ADC) 'ﬂaquu Lulaspeulnsaans Arduine  UNO  dsdauiiazvinnns
Sampling é’fyzymt,ﬁaaﬁuwwaanmLLé’?LLUaaészrmmﬁuafmﬂué’zurgnmﬁ%maa
lulpsnoulnsaiaes Arduino UNO 92 LUUﬂ’JﬂWMum‘iULLUU‘UENLN‘SM’UE}ZJ?&UHWHJLLﬁ"ﬂ’JUﬂiJ
w1 §iaeg vanuaidu snsndalunisde msmwaa‘uwwsm Y&y Anun
Coordinate, Router %50 End device voaa3ate Liudu ndwinfiruussiasanunuds
Arduino - UNO  9savdioyaluda - nRF24L01 Tnewdsaniiteyaidsiidiuddnoaidauima
NRF24L01 deyaynasazgnadludia Arduino UNO anussdsdryanalluaiu DAC aasiasiiy
msuﬂaqamﬁym LUum'iLLUmazyzymLﬁmmﬂuﬁuauammaa‘lwLUaauLﬂutﬂuammmﬁmuw
amaanmﬂuuﬂmammmL'ﬁ’uammummﬂaqlﬂ’umaafyfymﬁm sy nmAvey iledeieaen
nadlm Aoy srudsszuulaeruasuiadudndug g W 2 dau Ao daunasyeuvesniada
dyan way dumsvinuvsaneiudtyyin

Spaaker

Microphone

N il Tranclever Reciever
Nicrecontroller Microcontraller

A 1
JU# 3.1 gunmlassasraningu
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3.2.1 daunsvirnuvesniadedayen

L]

NANNITNUTRIN AT YRy 0

1.

o

lilasreulnsataes Arduino UNO 92A7UANn1shaAInTs¥inaives nRF24L01
d4 10ansvina wavdreiideauly Tngfmualiidulvuanisdedyyio
wouviansI19deU Register

farh Address fadslinsafiusn Address ffufideuserululasraulnsaiaos
Arduino UNO

e Buffer vo4 nRF24L01

suANBuNAy I dsuUBUNGen Lay wasdnnnaudsadufinea
AMMUATRTINSAY UALATIIABUNNTABIINITINITEY Jumper Lilormun
Madannsas

[Weudeyaas Buffer ilawuumiaudmiuds

dvdiyagnesnaind nRF24L01 Tusuuuumsdeanslianedeanud 2.4 GHz

aunsalnndsdRya o

luAdsdynyinndes

4

lulaspeulnsiaas

Arduino Ussuana

4

gunsnideans
(W nRF24L01)

o v & |
JUM 3.2 lassasnavesgunsalnadsdyae
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gﬂ'ﬁ 3.3 Flow Chart msyinuvasnnasdnyeye
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e
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28



gﬂﬁ 3.5 Flow Chart mMsyauveanasudygyinu
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3.3.2 MIPRNUUUNRTBUNAYaYA
dmfuniseenuuureasdunadeyaty szeenuuuliiiaeesinisdunn
dyyrandoudimailud ndeonduldinsversdygrauuy (Non-investing
amplifier) warensEAUFYYIULUUNGHDINST (DC offset) unsuiudyananiiol
Fynaiidililaseeulnsamesianzdnuinesilidilid uesalulasnoulnsaiaes
a
10K

100K
o AN

OP-AMP LF351

Vec

Out
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' Vi
— A< {
9V \
4 (AN e
_"'_ MIC \
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= | - ¢ ' ) ) . .
JUN 3.7 JUdwUSlaA way dwasasvewdya i Non-investing amplifier

DC offset

> 100K

<

$100K

SUTl 3.8 drunsasiidu DC offset
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document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms
and conditions of version 3 of the GNU General Public License, supplementad

by the additional permissions listed below, o

Cancel ; Mullsort Install System w2, 45
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@ Arduino Setup: Installation Options - O

S

W& Check the components you want to install and uncheck the components
o0 you don't want to install, Click Next to continue,

install Arduho software
Install USB driver
Create Start Menu shortcut
Create Desktop shortcut
Assodiate .ino files

Select components to install:

Space required: 254,5MB

Cancel I pallsoff'Tnistall System w2 46 < Back ] MNext = l

o o =
Li'lJ‘V] NS LLEWNW?Lﬁaﬂtﬂiil‘ﬂaﬂiﬂﬂmiu

A £ - n‘:’ o« ”
dan T,Wal,_mafﬂmEm'mwmaqm‘swmmmﬂﬂmnsu Waana “Install
@ Arduino Setup: Installation Folder

“%, Setup willinstall Arduine in the following folder, To installin 2 differant
.2 folder, dick Browse and select another folder. Click Install to start the
installation,

.~ Destination Folder |

\Proaram Biles. (8 Browse... l r

Space required: 254.5MB
Space gyailabler 47.8GB

Cancel i rlallsertinstal Systen ¥2. 46 < Back “ Install |

Bt 9 ey
UM n.4 Wawesuargnnafinesnsasinaalusunsy

< a & v a O
1NN 5 adumsindalusunsy Wisosunsinduade
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Arduino Setup: Installing - O]

g Extract: pnwer_,chCkS_“b' c
.E it

Show details

Plullseft Install Seskan w2 e Bk

AN\ oS
3UN n.5 UAnIN1SAnAY

) a v = ) = o A w
LLEY)R]%HWU’IG]’NUT]ﬂ{]‘UuﬂJ’]NEﬂ'ﬂ .6 LUUﬂ"Ii’U’EJﬂ’]ﬁEJ‘I.JEIUTT\'IL’ﬁ\‘I
Arduino USB Driver
[35] Windows Security

Would you like to install this device software?

MName: Arduine USB Driver

S Publisher: Arduine LLC

(L] Always trust software from "Arduino LLC", = | Install

' You should only install driver software from publizhers you trust, How can |
decide which device software is safe to install?

| @ . ' .
3U# n.6 Budunisas Arduino USB Driver

2 o a a‘j v =3 d: o - n‘: 3 2 o
Tivinssededalusunsuliiase wazdiovinnisinsaasaudd WhaAnwIgy
d' 15 o ” A =Y 1 1 - 5 L7 ‘:
7 2.7 1@5uann “Close” iatauiinang veenisinaadusuiaiaiy
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Arduino Setup: Completed - O P
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Show details
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@ sketch_mar24a | Arduino 1,0.5-r2 - =
File Edit Sketch Tools Help

sketch_marz4a

Arduine Uno on COMS

U .10 Buwasiandnueslusunsy

=Y &J -] L2 d
a%'ms’l'z'ﬂUiLm'su'luLuaqﬁuwmmsnwmu‘lﬁ’ﬂﬂamgﬂw 9.11

New sketch_mar24a | Arduino 1.0.5-é2 ial 2 "_E’
Fie Edt SkeagffTools Help L =E0E MOnioL,

:

Upload
program

Compile

Arduine Uno on COM3

'
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= o aa Y
U7 n.11 lenduiduimesinanan
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[File|Edit Sketch Tools Help
' New Ctrl+N

| Open... Ctrl+0 |
| Sketchbook 8 ‘
‘ . Examples e e 01,Basics 3 o |
:‘ Close Ctrl+W | 02 Digital ’
Save Ctrl+S [ 03.Analog L¢
Save As.., Ctrl+Shift+S I 04,Communication »
Upload Ctrl+lU 05.Control 4
Upload Using Programmer  Ctrl+ Shift+U | 06.5ensors »
Page Setup CHIFSHITES B O Py a4
Print Ctrl+P Ll !
09,UsB 3
| Preferences Ctrl+Comma | 10.5tarterkit >
i Quit Ctrl+Q : Y uinalst
G eI el e Ty ]
Esplora » I
Ethernet »
Firmata 3 g i
! ‘ 6SM s
e, LiquidCiystal  »
Robot_Control 3 .
{ Robot Motor 2
SD 4 *
Servo r
SoftwareSerial &
[ 1 1i5Pl » |
; Stepper &
‘ TFT Py
WiFi 3 .‘

R
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3.35n5199u Tugal¥ane nRF24L01
nsldenlugaliany nRF24L01 dauansluguil v.14 Wunsuansds viild
AvuANsYiuLadluga nRF24L01

= v oo v
UM ©.14 Tassafunglulugauasaniifvunlily

A13799 1.2 11984 nRF24L01 SAldeaidiy lulasmoulnsatans Arduino UNO

Arduino UNO nRF24L01
GND on Board 1 GND
3.3V pin 2VCC
Digital pin 8 5.0
Digital pin 10 4.CSN
Digital pin 13 5.5CK
Digital pin 11 6.MOSI
Digital pin 12 7.MISO
Not use 8.IRQ

winpaTisemdaiy el Tupaldans nRF24L01 ansnsoldanld
laann v ldmmunliudailesudyanaein Wlaseoulvsaiaes dwmsulsly
AnsoBetunasiu
1. GND
2.vCC Twides 3.3 Volt
3. CE vudenld fvunidieduda
4.CSN wliden Amuaiiieds vhen/mganisineu
5.5CK  9dge auuing
6.MOS | 11&M5¥a1u Master out Slave in
7.MISO 913UN5%91U Master in Slave out
8IRQ v MUA Interrupt
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4.Source Code
Transmitter code

#include <SPl.h>
#include <nRF24L01p.h>

int incomingAudio;
nRF24L01p transmitter(10,8);//CSN,CE

void setup(void){

Serial.begin(9600);

digitalWrite(SS, HIGH); // Setting for disable mode
SPl.begin(); // use SPI mode
SPl.setBitOrder(MSBFIRST);

transmitter.channel(90);  //setting channel
transmitter.TXaddress("Artur");  /// setting address
transmitter.init();

cli();//disable interrupts
//set up continuous sampling of analog pin 0

//clear ADCSRA and ADCSRB registers
ADCSRA = 0;
ADCSRB = 0,

ADMUX |= (1 << REFS0); //set reference voltage
ADMUX |= (1 << ADLAR); //left align the ADC value- so we can read highest 8 bits
from ADCH register only

ADCSRA |= (1 << ADPS2) | (1 << ADPS0)| (1 << ADPS1) ; //set ADC clock with 32
prescaler- 16mHz/32=500kHz

ADCSRA |= (1 <<ADATE); //enabble auto trigger

ADCSRA |= (1 << ADIE); //enable interrupts when measurement complete

ADCSRA |= (1 << ADEN); //enable ADC

ADCSRA [= (1 << ADSC); //start ADC measurements
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sei();//enable interrupts

}
ISR(ADC_vect) {//when new ADC value ready

incomingAudio = ADCH;//update the variable incomingAudio with new value from
A0 (between 0 and 255)

transmitter.txPL(incomingAudio); // sendding signal

void loop(void)
transmitter.send(FAST); // set speed for chanel
Serial.println(incomingAudio);  // print on Serial monitor
}
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Receiver code

#include <SPL.h>
#tinclude <nRF24L01p.h>

nRF24L01p receiver(10,8);//CSN,CE
int incomingAudio ,

void setup(){

for (int i=0; i<8; i++)X  /////////Setting output digital port pin D(0 - 7) for use DAC

pinMode(i, OUTPUT);
}
Serial.begin(9600); //Setting baudrate is 9600/seconds
SPI.begin(); // start use SPI mode
SPl.setBitOrder(MSBFIRST); //setting Most significant bit first

LITHTTTHTTLL T LT LT LT 1T LT L LD 111171 setup nif26101

receiver.channel(20);
receiver.dataRate(2000000000);
receiver.RXaddress("send");
receiver.init();

I 1T 1077417177777/ set interrupt
cli()y//disable interrupts
//set timerQ interrupt at 40kHz
TCCROA = 0;// set entire TCCROA register to 0
TCCROB = 0;// same for TCCROB
TCNTO = 0;//initialize counter value to 0
// set compare match register for 40khz increments
OCROA = 49;// = (16*1016) / (2000*8) - 1 (must be &lt;256)
// turn on CTC mode
TCCROA |= (1 << WGMO1);
// Set CS11 bit for 8 prescaler
TCCROB |= (1 << C502); // Aeumshiflunuld (1 << cs11);
// enable timer compare interrupt
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TIMSKO |= (1 << OCIEOA);
sei();//enable interrupts

}
I H7111777777717/71/7 interrupt part
ISR(TIMERO_COMPA_vect){ //40kHz interrupt routine

receiver.read();

receiver.rxPL(incomingAudio); // receiver data from transmitter
PORTD = incomingAudio ; // sent data to DAC port

}

void loop(}
//delay(20);
if(receiver.available())

{

Serial.println(incomingAudio);
}
}
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1. Pin Configurations
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1 Pin diagrams
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Product Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a
USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC
adapter or battery to get started. The Uno differs from all preceding boards in that it does not use the FTDI
USB-to-serial driver chip. Instead, it features the AtmegaBU2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version
1.0 will be the reference versions of Arduno, moving forward. The Uno is the latest in a series of USB
Arduino boards, and the reference model for the Arduino platform; for a comparison with previous versions,

see the index of Arduino boards.
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Technical Specification

EAGLE files: arduine-duemilanove-uno-design.zip Schematic: arduino:uno:schematic.pdf

_ Summar
Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital IO Pins 14 (of which 6 provide PWM output)
Analog Input Fins 6
DC Current per /O Pin 40 mA
DC Current for 3.3V Pin 50 mA
32 KB of which 0.5 KB used b
Flash Memory bootioader ?
SRAM 2KB
EEPROM 1KB
Clock Speed 16 MHz
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Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

*  VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to
5 volts from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it through this pin.

* 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

* 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

* GND. Ground pins.

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

' Input and Oufput

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and
has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

*  Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

* External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.

* PWM: 3,5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

* SPL 10 (8S), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPl communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

* LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.



The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the AREF pin and the analogReference() function. Additionally, some pins have specialized
functionality:

» I’C: 4(SDA) and 5 (SCL). Support I°C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and Atmega328 ports.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, ancther Arduino, or other
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on
digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, an *.inf file is required..

The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the
Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerfal library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also support 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation for details. To use the SPI communication,
please see the ATmega328 datasheet.

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno w/
ATmega328" from the Tools > Board menu (according to the microcontroller on your board). For details,

see the reference and tuforials.

The ATmega328 on the Arduino Uno comes preburned with a bootioader that allows you to upload new code
to it without the use of an external hardware programmer. It communicates using the original STK500

protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the IGSP (In-Circuit Serial
Programming) header; see these instructions for details.

The ATmegaBU2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of ltaly) and

then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac

0S8 X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer
(overwriting the DFU bootloader).
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Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a
way that allows it to be reset by software running on a connected computer. One of the hardware flow control
lines (DTR) of the ATmegaBU2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The
Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the
Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR
can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
so, the bootloader is running on the Uno. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

: USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If mere than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.
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How to use Arduino S

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controfhng Ilghts motors, and other actuators. The microcontroller on the board is

programmed using the (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
0OS. Check on the Arduino site for the latest instructions. http./arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to “burn” your
first program on the arduino board. To
select “blink led”, the physical translation

Bl ounk | Arduino 0017 - O

'F'“(EJ"T-; Bl &

of the well known programming “hello
world”, select

st ledPin = 132 APOLED commected to digital pin
File>sketchbook> ‘r« The eetup() Sethnd.zuny once, whenoghs sketch stacks :
Arduino-0017>Examples> woid wetup() (- |
Digital>B|ink A7 drdvlslige the dlglval pir e an sutput: |

pintode(ledPin, OUTHUT); |
) |

Once you have your skecth you'll YA RN e o i
see something very close to the '
wold hoopd)

screenshot on the right. ;
digiralWiive (LedPin, HIGH) ;
delay(1000) 2

digicalvcite {ledPin, LOW)$
ds1ay(1000) §

In Tools>Board select

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

° Done comp|l ng. “n -{-ﬁ
.:s

Press Compile button
{to check for errors) Upload TX RX Flashing

Blinking Led!

Wireless Transceiver Module nRF24L01
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nRF24L01+ Product Specification N 0 R D

SEMICONDUCTOR

1 Introduction

The nRF24L01+ is a single chip 2.4GHz transceiver with an embedded baseband protocol engine
(Enhanced ShockBurst™), suitable for ultra low power wireless applications. The nRF24L01+ is designed
for operation in the world wide ISM frequency band at 2.400 - 2.4835GHz.

To design a radio system with the nRF24L01+, you simply need an MCU (microcontrolier) and a few exter-
nal passive components.

You can operate and configure the nRF24L01+ through a Serial Peripheral Interface (SPI). The register
map, which is accessible through the SPI, contains all configuration registers in the nRF24L01+ and is
accessible in all operation modes of the chip.

The embedded baseband protocol engine (Enhanced ShackBurst™) is based on packet communication
and supports various modes from manual operation to advanced autonomous protocol operation. Internal
FIFOs ensure a smooth data flow between the radio front end and the system's MCU. Enhanced Shock-
Burst™ reduces system cost by handling all the high speed link layer operations.

The radio front end uses GFSK modulation. It has user configurable parameters like frequency channel,
output power and air data rate. nRF24L01+ supports an air data rate of 250 kbps, 1 Mbps and 2Mbps. The
high air data rate combined with two power saving modes make the nRF24L01+ very suitable for ultra low
power designs.

nRF24L01+ is drop-in compatible with nRF24L01 and on-air compatible with nRF2401A, nRF2402,
nRF24E1 and nRF24E2. Intermodulation and wideband blocking values in nRF24L01+ are much
improved in comparison to the nRF24L01 and the addition of internal filtering to nRF24L01+ has improved
the margins for meeting RF regulatory standards.

Internal voltage regulators ensure a high Power Supply Rejection Ratio (PSRR) and a wide power supply
range.
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SEMICONDUCTOR

1.1 Features

Features of the nRF24L01+ include;

* Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX interface
» GFSK modulation
» 250kbps, 1 and 2Mbps air data rate
» 1MHz non-overlapping channel spacing at 1Mbps
» 2MHz non-overlapping channel spacing at 2Mbps
*  Transmitter
» Programmable output power: 0, -6, -12 or -18dBm
» 11.3mA at 0dBm output power
= Receiver
» Fast AGC for improved dynamic range
» Integrated channel filters
» 13.5mA at 2Mbps
» -82dBm sensitivity at 2Mbps
» -85dBm sensitivity at 1Mbps
» -94dBm sensitivity at 250kbps
* RF Synthesizer
» Fully integrated synthesizer
» No external lcop filer, VCO varactor diode or resonator
» Accepts low cost +60ppm 16MHz crystal
* Enhanced ShockBurst™
» 1 to 32 bytes dynamic payload length
» Automatic packet handling
» Auto packet transaction handling
» B data pipe MultiCeiver™ for 1:6 star networks
» Power Management
» Integrated voltage regulator
» 1.9 to 3.6V supply range
» Idle modes with fast start-up times for advanced power management
» 26A Standby-l mode, 900nA power down mode
» Max 1.5ms start-up from power down mode
» Max 130us start-up from standby-I mode
* Host Interface
» 4-pin hardware SP|
» Max 10Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
* Compact 20-pin 4x4mm QFN package
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1.2 Block diagram
RF Transmitter Baseband
+ B, 4 —a CSN
™ GFSK u TX FIFOs
Y Filter ¥ Modulator L J*—' & SCK
> SPI
P ™ —a MISO
e Enhanced ShockBurst +—a MO
RF Receiver el nd Engine > —= MOSI
ANT1 me| |- hilg = |[RQ
o GFSK a s CE
Demodulator : g
ANT2 & —»H L |eplilts
| Rxros 7 B
XC1 &
j RF Synthesiser I Power Management Radio Control R
XC2 g : v
b
0 <
B8 Lact
> [ 2= D;
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Figure 1. nRF24L01+ block diagram

2
2.1

Pin Information

Pin assignment
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Figure 2. nRF24L01+ pin assignment (top view) for the QFN20 4x4 package
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2.2 Pin functions

Pin Name Pin function Description
1 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 Input | SPI Slave Data Input
] MISO Digital Output |SPI Slave Data Output, with tri-state option
[] IRQ Digital Output |Maskable interrupt pin. Active low
7 VDD Power Power Supply (+1.9V - +3.6V DC)
8 vss Power Ground (0V)
9 Xc2 Analog Output | Crystal Pin 2
10 ¥ei Analog Input | Crystal Pin 1
1 VDD_PA Power Output |Power Supply Output (+1.8V) for the internal
nRF24L01+ Power Amplifier. Must be connected
to ANT1 and ANT2 as shown in Figure 32
12 ANT1 RF Antenna interface 1
18 ANT2 RF Antenna interface 2
14 vss Power Ground (0V)
15 VDD Power Power Supply (+1.9V - +3.6V DC)
16 IREF Analog Input  |Reference current. Connect a 22kQ} resistor to
ground. See Figure 32,
17 vss Power Ground (0V)
18 VDD Power Power Supply (+1.9V - +3.6V DC)
19 DVDD Power Output |Internal digital supply output for de-coupling pur-
poses, See Figure 32,
20 vss Power Ground (0V)

Table 1. nRF24L01+ pin function
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3 Absolute maximum ratings

Note: Exceeding one or more of the limiting values may cause permanent damage to nRF24L01+.

Operating conditions | Minimum | Maximum | Units
Supply voltages
VDD -0.3 3.6 v
vss 0 Vv
Input voltage
Vi ] -0.3 | 5.25 [ v
Output voltage
Vo | vsstovbp [ vsstovpp |
Total Power Dissipation
Pp (Ta=85°C) [ | 60 ] mw
Temperatures
Operating Temperature -40 +85 °C
Storage Temperature -40 +125 °C

Table 2. Absolute maximum ratings

4 Operating conditions

Symbol Parameter (condition) Notes| Min. | Typ. [ Max. [Units
vDD | Supply voltage 1.9 3.0 3.6 \'
vDD | Supply voltage if input signals >3.6V 25 3.0 3.3 3

TEMP | Operating Temperature -40 +27 | +85 | °C

Table 3. Operating conditions

6 Radio Control

This chapter describes the nRF24L01+ radio transceiver’s operating modes and the parameters used to
control the radio.

The nRF24L01+ has a built-in state machine that controls the transitions between the chip's operating
modes. The state machine takes input from user defined register values and internal signals.

6.1 Operational Modes

You can configure the nRF24L01+ in power down, standby, RX or TX mode. This section describes these
modes in detail.

6.1.1 State diagram

The state diagram in Eigure 4. shows the operating modes and how they function. There are three types of
distinct states highlighted in the state diagram:

* Recommended operating mode: is a recommended state used during normal operation.
* Possible operating mode: is a possible operating state, but is not used during normal operation.
« Transition state: is a time limited state used during start up of the oscillator and settling of the PLL.

When the vDD reaches 1.9V or higher nRF24L.01+ enters the Power on reset state where it remains in
reset until entering the Power Down mode.
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Figure 4. Radio control state diagram
6.1.2 Power Down Mode

In power down mode nRF24L01+ is disabled using minimal current consumption. All register values avail-
able are maintained and the SPI is kept active, enabling change of configuration and the uploading/down-

loading of data registers. For start up times see Table 16, on page 24. Power down mode is entered by
setting the PWR_UP bit in the CONFIG register low.

6.1.3 Standby Modes
6.1.3.1 Standby-I mode

By setting the PWR_UP bit in the CONF1G register to 1, the device enters standby-l mode. Standby-l mode is
used to minimize average current consumption while maintaining short start up times. In this mode only
part of the crystal oscillator is active. Change to active modes only happens if g Is set high and when c&
is set low, the nRF24L01 returns to standby-| mode from both the TX and RX modes.
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6.1.3.2 Standby-Il mode

In standby-Il mode extra clock buffers are active and more current is used compared to standby-l mode.
nRF24L01+ enters standby-Il mode if CE is held high on a PTX device with an empty TX FIFO. If a new
packet is uploaded to the TX FIFO, the PLL immediately starts and the packet is transmitted after the nor-
mal PLL settling delay (130us).

Register values are maintained and the SPI can be activated during both standby modes. For start up

times see Table 16. on page 24.
6.1.4 RX mode

The RX mode is an active mode where the nRF24L01+ radio is used as a receiver. To enter this mode, the
nRF24L01+ must have the PWR_UP bit, PRIM_RX bit and the CE pin set high.

In RX mode the receiver demodulates the signals from the RF channel, constantly presenting the demodu-
lated data to the baseband protocol engine. The baseband protocol engine constantly searches for a valid
packet. If a valid packet is found (by a matching address and a valid CRC) the payload of the packet is pre-
sented in a vacant slot in the RX FIFOs. If the RX FIFOs are full, the received packet is discarded.

The nRF24L01+ remains in RX mode until the MCU configures it to standby-1 mode or power down mode.
However, if the automatic protocol features (Enhanced ShockBurst™ ) in the baseband protocol engine are
enabled, the nRF24L01+ can enter other modes in order to execute the protocol.

In RX mode a Received Power Detector (RPD) signal is available. The RPD is a signal that is set high
when a RF signal higher than -84 dBm is detected inside the receiving frequency channel. The internal
RPD signal is filtered before presented to the RPD register. The RF signal must be present for at least 40us
before the RPD is set high. How to use the RPD is described in Section 6.4 on page 25.

6.1.5 TX mode

The TX mode is an active mode for transmitting packets. To enter this mode, the nRF24L01+ must have
the PWR_UP bit set high, PRIM_RX bit set low, a payload in the TX FIFO and a high pulse on the c& for
more than 10ps.

The nRF24L01+ stays in TX maode until it finishes transmitting a packet. If ¢E = 0, nRF24L01+ returns to
standby-l mede. If CE = 1, the status of the TX FIFO determines the next action. If the TX FIFO is not
empty the nRF24L01+ remains in TX mode and transmits the next packet. If the TX FIFO is ampty the
nRF24L01+ goes into standby-Il mode. The nRF24L01+ transmitter PLL operates in open loop when in TX
mode. It is important never to keep the nRF24L01+ in TX mode for more than 4ms at a time. If the
Enhanced ShockBurst™ features are enabled, nRF24L01+ is never in TX mode longer than 4ms.
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6.1.6 Operational modes configuration

The following table (Table 15.) describes how fo configure the operational modes.
. Mode ::LRIQT: P;;?:E:f CE input pin FIFO state
RX mode 1 1 1 -
TX mode 1 0 1 Data in TX FIFOs. Will empty all
levels in TX FIFOs?,
TX mode 1 0 Minimum 10ps [ Data in TX FIFOs.Will empty one
high pulse |jgvel in TX FIFOs®.
Standby-I| 1 0 1 TX FIFO empty.
Standby-1 1 B 0 No ongoing packet transmission.
Power Down 0 - - -

a. If CE is held high all TX FIFOs are emptied and all necessary ACK and possible retransmits are car-
ried out. The transmission continues as long as the TX FIFO is refilled. If the TX FIFO is empty when
the CE is still high, nRF24L01+ enters standby-Il mode. In this mode the transmission of a packet is
started as soon as the CSN is set high after an upload (UL) of a packet to TX FIFO.

b. This operating mode pulses the CE high for at least 10ps. This allows one packet to be transmitied.
This is the normal operating mode. After the packet is transmitted, the nRF24L01+ enters standby-]
mode.

Table 15. nRF24L01+ main modes
6.1.7 Timing Information
The timing information in this section relates to the transitions between modes and the timing for the c=

pin. The transition from TX mode to RX mode or vice versa is the same as the transition from the standby
modes to TX mode or RX mode (max. 130ps), as described in Table 16.

Name | _NRF24L01+ = INotes| Max. | Min. ~ . Comments
150ps With external clock
1.5ms External crystal, Ls < 30mH
Tpd2stby |Power Down = Standby mode a 3ms External crystal, Ls = 60mH
4.5ms External crystal, Ls = 90mH
Tstby2a |Standby modes = TX/RX mode 130ps
Thee  [Minimum ¢E high 10us
Tpece2csn| Delay from CE positive edge to csN 4us
low

a. See Table 11. on page 19 for crystal specifications.
Table 16. Operational timing of nRF24L01+
For nRF24L01+ to go from power down mode to TX or RX mode it must first pass through stand-by mode.
There must be a delay of Tpd2stby (see Table 16.) after the nRF24L01+ leaves power down mode before
the CE is set high.

Note: If vDD is turned off the register value is lost and you must configure nRF24L01+ before enter-
ing the TX or RX modes.
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