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ABTRACT

‘Drone Technology' or 'Unmanned Arial Vehicle' has more influence in real life.
Because of mobility, small size and anywhere going, IT can rapidly reach to the disaster
area. Qbjective of this project is developed drone technology for carrier. System for carry
the supply Such as food, medicine, radio communication and necessary devices for
rescue people in disaster area. Operator can survey terrain area for find out the number

of victims by camera drone, IT also has another devices for rescue support, too.
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%E)E;Uﬂ‘itﬁ Naza M lite
fslamanyne MC:4.8V~5.5V
(WusthunLiPo 2-6 Laad) VU:7.2V~26.0V

BMNIINSLTNAI9Y

MAX:1.5W (0.3A@5V)
Normal:0.6W (0.12A@5V)

1 ad o v
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-10 °C~50=C
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Windows XP sp3 /7./8

AL lulnasedy (ulwua GPS)

Vertical = +0.8m

Horizental £2.5m

LULDYIGER 45°
ausleisedu / ansgau +6m/s
vl MC:25¢
VU:20g
GPS:21.3¢
NAvesluga MC: 45.5mim x 31.5mm x 18.5mm

VU:32.2mm x 21.1mm-x 7.7mm
GPS & Compass:46mm x 9mm
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A ATUALNTVHWAY (F18/927)
E AUANNSLTR/NAT
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R AIUALIUED
U AUANNSIEDNETING
X1 For gimbal pitch control-Or for gain tuning
X2 For D-Bus (S-Bus compatible) Or for gain tuning Or for IOC switch
X3 For voltage monitor (Connect with VU V-SEN port)
M1 To #1 rotor
M2 To #2 rotor
M3 To #3 rotor
Md To #4 rotor
M5 To #5 rotor
Mé To #6 rotor
FiL | To gimbal roll servo
F2 To gimbal pitch servo
LED port for LED wire connection from Versatile Unit
EXP For GPS module wire connection.
(In three-pin ports, pins near the nicks are signal pins.)
V-SEN To MC X3 port, for monitoring battery voltage and supplying
power
Orange wire (signal wire) output: +3.3V
Red wire (power wire) output: 4A@5V
LED LED wire, to MC LED port.
Micro-B USB | PC connection for configuration and firmware upgrades
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2.4 lulpsaoulnsasassd Arduino Nano 3.0

Microcontroller

Digital Pins

GND RXD
lRST lT)iD

SMD Cystal

(ATMEGA328P)

T H %mm

USB i
Jack ‘ | _
L

Mini-B

Analog
Reference

BRGHRGNOGGERTF

07 Dsl‘us D4 D3 D2GNO RSTRXO TXI
' L BS

(16MHz)

e TX LED(White)

.2

RX LED(Red)

Power(Blue)
= Pin13 LED
(Yellow)

P oW INCdY

Analog Input Pins

RESET Button
RST Vin (150gf)

5Uit 2.7 lulasmeulnsaiaas Arduing Nano 3.0 [3]

Wy Arduino 7ilviisuszananauuy ATmega328P lilaspoulnsaiaosiitqauiud
3 al s & a | ' v 1 I ]
PIALEN ANTNINTHUFIUATU dansaiaseny USB port 16 Ssaliuwatagzdofenisdnm

Sou3 mungd msudisusuding 4

Y

geian1sUszanaldiumngg

= wa o .
AT NN 2.3 AnaNnURNUgILes Arduino Nano 3.0

Microcontroller

Operating Voltage

Input Voltage (Recommend)
Input Voltage (Limits)

Digital I/O Pins

Analog Input Pins

DC Current per I/0O pin

DC Current Out for 3.3 V pin
Flash Memory

SRAM

EEPRCM

Clock Speed

ATmega328P

5V

7-12°V

6-20 V

14 (6 of its Provide PWM Output )
8

40 mA

50 mA

32 KB (Atmega328)
2 KB (Atmega328)
1 KB (Atmega328)
16 MHz




(PCINT19/0C2B/INT1) PD3
(PCINT20/XCK/TO0) PD4
GND

vcce

GND

vce
(PCINTB/XTAL1/TOSC1) PB6
(PCINT7/XTAL2/TOSC2) PB7
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8588383388
o aoaaaaoc o
32 31 30 29 28 27 26 25
1 24
2 23
3 22
4 21
5 20
6 19
7 18
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9 10 1112 1314 1516
8580383
. a o @ a oo o
S~ T = = =
ey
St g, =
0 =2 T2 £ 5 aw
O 8B P X - & E
= Q = B oo E
"C:EU—NQ-'
N = —_— = O
»—NUﬂnEmn
S\dld 5 A/E/B B
S\BIT/2 o =z
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PC1 (ADC1/PCINTS)
PCO (ADCO/PCINTB)
ADC7

GND

AREF

ADCB

AVCC

PBS (SCK/IPCINTS)

5U# 2.8 MCU : ATmega88P[d]

AT 2.4 ﬂmauﬂﬁﬁugﬂwm MCU : ATmega328P
PUBANL
nEANT LAY 32 kb
MU8AIUYT EEPROM 1024 byte
WIeANNTITBYA SRAM 2048 byte
Genreal Purpose Registers 32 byte

Timers/Counters

Timer/Counters (8 Un)

Watchdog Timer lu Chip Oscillator
Real Time Counter

Timer/Counter (16 Us)

Pulse Width Modulator

Analog Comparator

Analog-to-Digital Converter (10 U)

Analog-to-Digital Converter (8 Un)

2




5197 2.4 AnETRfiugIuTes MCU : ATmega328P(sio)

11

mmﬁﬁ’m@mmﬁm

Supply Voltage

1nun Sleep

Software Programmableclock divider
Hardware Multiplier

2 /O

On Chip Oscillator

Interrupts

Interrupts Y1N8UBDN

Interrupt 58 wake up ‘Uﬁ"U’] Charge
Brown-Out Detecter

Power-on reget

Fully Static Operetipm

Debug WIRE On-chip debug system

0-20 MGHz
1.8-5.5V
5

8

1o

23

1o

26

26

T

1o

WaInaUNIU 1/O

In-System Programming Via Wosm SPI
High Voltage Parallel Programming (12 V)
Self-Programming via On-Chip Boot

Program

Self-Programming

91Ul Flash Tai
Heyanuwalusyinen
Signature Byte le 92 05
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2.4.1 A5V NDINVDIATMega328P

1. Voltage Common Current,VCC ussnulnwinnssuaninea

2. GND vn3179

3. wosn B (PB7:0) (Huneinduwn/ionwinn vuin 8 Jadlddadunlniuuuie
nizua@nNeluIees i::wﬁ’wLwaﬁ?maqwas‘mLmﬁwwﬁﬂmﬁﬂwmzﬁwmur'fuﬁgafhu‘uaa High
Sink uaz Source Capability luduvosdunm ddadumulwihuuufsnssuagnnsedu vives
wosn B Midunuufsnssuaninaeusnaglisdinnseualniin wi & yaasuninmagldvinau
veswesa B fazilu Tri-Stated Woiteulrfidaasuiuuoniiv

PB6 ’L%'Lﬁuw’ﬁ)u“rgwlﬂé’a Inverting Oscillator Amplifier Lag Internal Clock Operating
Cireuit du PB7 1diuniomiynain Inverting Oscillator Amplifier Tnevisgtuiunisiesnns
Wendynyinuniing windinsaSiumanelu RC Oscillator aelHifududtyaramniing PB7.6 oy
T#Tu TOSC2..1 Bunmdymerdalasila Timer/Counter2 Tapiitn AS2 Fifwuslay ASSR

4. woin C (PC5:0) 1Tumoindunm /e mivm Aldm I umIwuUiinszuaaniesnely
szuuivinlasveaevinyvest PC.05 Iaudnuasivuiuiuisdauves High Sink uas Source
Capability ludauvasduwn fsimumuianszuagnnszdu avemesa € Iduuuuinszua
NnMeuanaziialnii

5. PC6/RESET 11 RSTDISBL Fuse gnlvsinsu PC6 awgnltidunivesdunwnuazionvinm
warAndnvuZBdnvsatndosunnaislunne duresmasa C

61 RSTDISBL Fuse laflaigniusuns PC6 axgnldidumvesdunmension tnee low w09
U ﬁam'mmaﬁmﬂﬂ'ﬁqﬁaﬁﬁﬁﬂﬁqm windyauwRntagluvhanuianu

6. woin D (PD7.0) Wumaindunn/tewin AldFaiumuluuiinssuannisesansly
syuudilinesveaonvinnueann PC5.0 dandnuasiivuiuiuiediuged Hish Sink uay Source
Capability luduvesduyn ddrdumuinssgnassdu vivemwosn D Mduuvunseuaan
Myuenawimuanszualwih

7. AVce fip vssnudmsu A/D Converter, PC3:0 ay ADC 7:6 wgmﬁ?;@wiamwaﬂ
d vee wiidn ADC aglildgnldfinnu &1 ADC grldnusiufiozideuneluds Low Pass Filter

8. AREF 1uvéradedyannendendmiu A/D Converter

9. ADC 7:6 (TQFP wag QFN/MLF Package Only) Tuufininnued TQFP wag QFN/MLF
ADC 7:6 axidyqraudunneunden 1Uda A/D Converter mfﬁﬁ%’uwé‘qmummﬂﬂu'@aﬁtymuwm

ADC LuU 10 Un
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2.5 gunsalSudedygyininauing nRF24L01

'
1 s <

gﬂﬁ 2.9 gunsalsudadtyaninauing nRF24L01(5]

7 o

€as 1o d a bd = < = 1 b
nRF24LO1 \ugunsnisudsdyaneduingliasinnud 2.4 GHz fsulugasiagald
TunsfudadeyauazivaBunesimalinaeiu laseing szlunsfiedanuy spl dsldwdaa

M1 Asguudanisteya 1w s, msuilumuinnanavesoys

13
w4

1519 2.5 AruanTRnugIUUes mMRF24LOT

Module nRF24L01 Wireless Transceiver
Frequency Range 2.4 GHz - 2.5 GHz

High-rate Transmission(Air Transmission) |2 Mbps

Band Type ISM (Industrial Sciences Medicine)
Output Power 0 dBm

Operating Voltage 19V - 3.6V

Interface SPI (Serieal Peripheral Interface)
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2.6 Gaussian frequency-shift keying (GFSK)

Tun15 Modulation Wuu GFSK (Gaussian frequency-shift keying) %sﬁﬁﬂwmsnﬂaﬂ’lﬂ
willouriuiu FSK (frequency-shift keying) #309191380791 GFSK LﬂUﬂwsanLamUSanwwﬁqwad
ANUBRLAAUUY FSK Fan15109IanlUUGFSK dnldlunsuideidevesnisuegianuuy FSK
fluvnzoyawdsuan 0t 1 wde 1180 0 avinnsdoumaes carrer sgasinddais
waviliaLd carrier Weganimdesnning 10 3o f1 Midsmualy wdreeiinaly Bandwidth

-1
AINUVU

v U aa Y ' o o a v & i
AsiAvandaymsend annsanlalaglvinsidsuudaesdygradeyaiuiuudens

@

v
= <A v

& | =l [T . & & addy vo I o 8§ val

Uu w3e A as lnedlmulanluluy Gaussian pulse G luisnladandonudriviilsd uay
- . 9 1Al o ° Y = o

AR (bandwidth) wauladiAssA1ndeinis dsaunsavialdlasnsidyaniivsinisueg

[ O 2 : 4 | - ° v al v oa &

Lan Uuy FSK IUK1u6an 509 Gaussian (Gaussian fitter) Aputayialy pulse Aildi3ouTunay

4 4 o W . o

\WDYI9EAINA spectral width YesdyIn

N3NTBLUUY Gaussian [udnuils3sluinsmnsguildlunisan spectral width 3o7i

138171 Pulse shaping

0.8
0.6
04

3

31J°7'i 2.10 N1INIDIUY Gaussian(6]

oA

Gaussian filter An ANlYdmTvanaundie spectral width vasdeysyrns 3119 -1
Wushumiadmsu fc - fd uavl dwsu fc +fd, Waisufinanain -1 1 1 vieandannt da -1 A
wifiansidsuulasguuuureseduediad fuswdsuaniiazos A 91n 1108 0.98,
0.98, 0.97 Yunsevisis -1 waztiiuran -1 e -0.99, -0.98,-0.97, auda 1 ﬁ%ﬁﬂﬁgﬂm?{uﬁlﬁ
fimnusuideuiunindu dmsuludnidsiangn aglaild Grsk ilesnasdunsueguaniils)

é\’aamimmﬁawm Pulse unin
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2.7 anusidesduingafiunasnoynsy

[

nJ 4 = o 1 ] < s 1 8 1
ﬂ'l‘i'i'UﬁQ"UBlJﬁﬁ]']ﬂLﬂ'ﬁ@xﬁﬂ'@ll“ﬂi'lLG]E)ﬂ‘L]EJQQUﬂ‘ﬁﬂjﬂE]W?dﬂ'WUu@ﬂﬂ'ﬁ@‘iUﬂ\‘l“ﬂﬁgﬁ‘ig‘lﬁl’N

U
o v v al

qunselSudedaynae il 2 juuuufe SuddfeyauuuruuuasSuddoyauuveynsy

L7 )

msivdedeyauuvrwnudunsiusazdedeyansiay 4-8 falunandenii virldns

o 1

Sudedoyaiinmmuisags udsnauaenldlunsddfeyaiinainfuswutnvestoyaiiosyinns

=

feven venmntudailaneddmiunsmuautasnsnaounisiudsteyade Ssoravilides

¥ ety 2 whveadwaudndeyald

i | msﬁaa'm’iayauw%ﬂmﬁa

' s 1 at [

mﬁﬁaﬁﬁ“ﬁa;ﬂaLLUU%aTﬂiﬁamsﬁE’mmwmmﬁmnmuaaﬁvmﬁu warddyadia0gng

U

1t ¢ ¢ a ¢ ot =

P3N TENUVFlasuE leunAtdussavatanuiimes devstanoduniaduaievssuniind du

[
a ot s

anedndunilssnilivasvesdoya fdumsindenvuddlastatazseddaslunisideouseati
v o [ Y - v ¢ < v d E s
usehiga 3 idfufe dyqrauiiing, Yoga warnsna U 2.11 waadbiviuisnnsdeasieyauuy

Felasua

1) Synchrenous Transmisston: -

Transmitter sends bits on faling edge of the clock
Receiver reads bits on nising edge of the clock

Y
Clock —

Data I | | | |
61
G615 Bit7 | | | | | | BstO
[

1 L ; 0 ‘ 0 ! 0

| |
| |
I [ | | | i |
I |
| |

Bits 0

!
|
|
| Note: - Many synchronous protocols send MSB first
|

JUT 2.11 nsEeasteyauuudalasial7)

Y
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2.7.2 msAesnstoyauuuasdslasia

msdeansteyauvveislasia Aonssuuavdsdoyalaslaisuduseadidyaramunding

1

SIUAE LLmﬂﬁmiﬁwuﬂé’mwmﬂm%‘lumﬁ%’uLLasaaﬂa;daTﬁﬁﬁWLviwﬁu Fasundnsinsusail

\3n318ns1uen (Baud Rate) AmtheifudaseTunil uuvvvesdoyaililunisiudaiuves

Falauausenauime 4 daueiuie

1) UmiSue (Start Bit)
2) Dndoyauuveynsy dvun 5, 6, 7 3o 8 Ua
3) Unms29@UnI5A (Parity Bit) fauna 1 Iavseliiite

4) OnUavinevisednnyn (Stop Bit) dlwuia 1, 1.5 30 2 dn

2) Asynchronous Transmission -
Transnutter uses an infemnal clock whento determune when to send each bit

Recerver detects the falling edge of the start bit and then uses its intermal
clock to read the following bits

| | |

|
|
|
|
|
|

!

|

|

| I
Data [

BLH)

| |
I I
v | | |
| |
|
IStantwit | B | | I I | |
| | | | | | |
Bits 1 0 0 0 ] pey _ 1 °%
I [ I I i I | ; |
i i i

| Bit7 stop bit

I Nate: - Asynchronous protacols send LSB first

‘Uﬁ 2.12 LLﬁ@IQEﬂLLUU‘UBx‘l’UBNﬁ@MﬂSNLL“UUE)"‘NIQS‘UE‘% (7]

w
a1

ileldfinasdedoya 1 Data seflanuzaednidu “17 Senaamiin anwngase
(Waiting State) n1siaiudedoynazisuainnisien Data aednidu “07 fedieszeziian 1 On

Senaiiininsuiu andudndeyaszgndseonlulaeiiuandnfiiisddrysiiian (Least

L7

Significant Bit, LSB)iou Yoyafifednisdeoailinuau-s, 6,7 nie 8 Unfld santiumiusae
Wikt eldlumsasaseuauiinnainafiifistuannsddioyn uaslnaavinereufiaedeiie
a o Es 4 a a o v &l < waqp = & v i
UnUaving wiodnunge lagagilunisvilivn Data fanuzasdn “17 Snasaiesvuziiaiogng
viow 1,1.5 wie 2 On ieilumsuansidugedeyaud

mifﬂiwawwf‘"mmiﬂﬁmumf}uuwﬁ (Odd) wipuuue (Even) ialiliinisnsivaeu

qd’i’ 4:’ < -] < « ) 5 £ 4! £ w 1 1
WSARLE WiSHavT N SH Auansfiagauaedn “1” vimunnelutoyaiidsly 1 lud dedrauty

URH ﬁmmmsaammm 8 Um fAvIAU 99H %3 100110018 wiuireyaluluaniiasin

o
4

wam o v o g |vn‘./’ ° ! ad o 1o ada v a & T
17 fisny 47 ‘ENLIJULE‘UQ QHUQ’]ﬂW“ﬂNﬂﬂ’]WW'ﬁﬂLUU@J ANMBINTIIRTRIzADlandInlu “0
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Y o ada & = ada v oa a & P | 2 3 ¢ O a
LADINIAUANTAUALUUAIA ANUDINITAUMEADIHA@RINLUY “1 LW@IW‘U@HElUVIi?NWQ‘U@

WunI3h

3,

[
o oal

Dan1sag nmwwummmﬂawauamm UART (Universal Asynchronous Receiver
Transmitter) mqmmuaxma&mwumamammmim'maauwwsmwmanu'l.'n 1AEATIAOUNTH
d a ad . w o i o & v o ad v d o
Al VIDWIHA Taen9tiudauaedn “17 Namansiunannsitedie mmwumwwsﬁhmuf}mmu
ar a A ] ol 8/ e ¥ 2/ as
aavlunisdueenuudua mumﬂwamamwamwamaaﬂuﬂwﬂmwiw ATEUIUNT

v

ﬁaﬂa'nLﬂu‘i%mimwaaummE'mwmmﬁl.ﬁmﬁulums%’uﬁa’uamﬁdwﬁam R T:RERET)

U
14

G]i’)ﬁ]ﬁ@lllﬂtll@ F\’}’]MN@W&’)@U@LWB’JLWTUH ki auawmmfmuuwwmwmmmﬂnm 190 M3

u
=1

nsrvaeumsiFiezlilana dmsunssmasatndu None turininfutasniadaarlaiiinns

MNIIVFADUNSA

2.8 Inter-IC Communication ,12C

I2C %38 Inter-IC Communication ' Manefsnnsansedoansssninsled lnada 12C 163y
nsaulag WaUd (Philips) Megaysmnendnde fesnshiledvialugaaiunsafiose daam
waz muauaeliFyyIaiies 2 du duniafe medyaiauninaildinuasanglunig
vhenuazdnduvilfeseteyn figuil 213 nssiosauiumssaunsaiuuda kC shianaunsovile
Lignn Tngvimssesedeyauasaedyaraniinivesntnsniutaziuruiuiy mniudeimun
fumds dwiuinseiugunisiudazsi Ineld siawazmstmusaniigladnfivisundanes

gunsnlusdazs



18

Vcc ' 9 Py .

SDA &

SCL l @ 9 .

GND T I T
Master Slave Slave Slave
(RasPi) (DAC) (ADC) (Arduino)

LA WP

Al 2.13 Diagram of 12C [8]

anetoyauula 2C T 2 vialiun

1) eetayaeynsy (Serial Data Line ,SDA)

2) @nedyIUIRENIBYNSH (Serial Clock Line ,SCL)

=t kg o

a0 SDA uay SCL 1uanadanial 2 #ania (bi-directional lne) §9d03vinl%ae1l

anuziluladngslurusnhidnisindeldau Tnanasredmasniuuseiu +5v 15

Qs

naeaa Wetosfudyaansunauiionaduluean sdya 295LemAvBIUNTOl
Aoaguula 12C desldnwuziduieesinsuitln (Open-drain) w38 Aoaldnmadida
(Open-collector) iglsunseualiogaion

onsnsdeeyauuda iC auiiafia 100 Kb/s lulninuni uavgeeniia 400 kb/s Tu

RETEL PRGN

gunsalfisiesuuuda 12C agfasdaugluihsufiiintussninaedeoyaounsuuay

dredygraudnieynsuladiiu 400 pF ansadifisgunssiuudd 2C Frenssyyiieg

Y

(addressing) wuu 7 bit %39 10 bit

8/
v @ 1

gunsaluula 12C anansaluldvisisunazinds visguasalanansavihmihilduAsuegis
b= I 1 a Q ‘J a 1 1
wen usiayliligunsallauuda 12C vhwhildushdeedaiien

gunsaliilugadeloyaviedeoya Sonin fads (Transmitter)

U
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2/ =l '

¢al v v W ;
gunsaiiliugiutoya Send1 M3u (Receiver)

Y
Ld

Unsaliivhwihfiaaupunisinsieuutd 12C 1Sondn inawmed (Master)

=0

s

Unsalignauuviegunsnifideniseguuta 12C 5unan daw (Slave)

U q

2

o))

Jafmunddty 2 UsznsvesmsinRouuda 12C fie
(1) mseventeyarsiintuladliovainavinguy
I 1 o < =l -
(2) Tusgwdramsdemeadeya Welatmufiaedoyaeynsu Tanurlaings anedoya
L 4 al L3 1 4 8 = -:I o/ :J = -:f( o
Aoefnwideyall drdeyaiinnisiasunas dyauiiietuagldiunisua
anuvsneudyanamuauuny
o a & v P =t
anmenifintuuula 12C 8 5 anmeasd
Y] a oA a W @
(1) ua313 (Bus not busy) LiaLila A01ULRDINUUANEVDYADUNTN Uasa8dy I8
wiineynsy fladngaviag anhsaisunsaienaadoyale
) ] v Py, O N v P
(2) unun1sIENEAYaya (Start data transfer) Linduldleanedoyasynsy dn1s
=i a o a LY - < e = =l ; &
Wasuwaaladnangaluen vaenaudygyaninieynsu Tanugiluladngs Benanizdin
anizisusy (Start)
(3) Foyaeguulia (Data Valid) aniziiintususdagainisaionen Weaodyyin
) = = } 7 v = = cd' A v 2/ @ i
wiimoaynsy Jladngs medeynoynsudesiladnesi tioldlidoyafinauiasuudas mn
v a = ¢ ¢ =l ' v 2
voyaiiansivasuulas gunsalnianesnmvaunisieveateyassiamnumneduanig
wgaveLiuRy Y desaivhnisonevoafinwain

(4) Sugteya (Acknowledge) LinTunasaInMsnIenendoyaurifiafuiinduses

Y

W

auysal lngdodsagrinisaedenain 1 Dnisend Tnsu3 (Acknowledge bit) fanuzidulaings

drugunsniuameiasvinnisdsiygimsuiiaudduiusiudyyinuiing ilenavauss

gunsalfimainsomeiialimaudilasudeyaua

L " |
a oA

(5) ngansauvandeya (Stop data transfer) iRetulloaatayaoynsuiinig
Lﬂﬁ'auwmmnia%ﬂmﬂﬁ‘fﬂﬂqﬂ ”Lu‘umxﬁmaﬁ’fymﬂmmﬁmayﬂsu flanugladngs Bonanned
T anmenen (Stop)

NSYIuULUE 12C

msiddsgunsaiuuda 12C agldmsidiiauuy 7 wie 10 Inlunsdinfgunsaiuutala

wn msiifieuuy 7 dafifisame ndsnindetugunsaliseuiesud Aasisunisainevendaya
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v et . . i v ¢ d o S o P v
NISLNDRLUY 7 bit (7-bit addressing) mauﬂa‘lvmmwLﬂﬂmuwmmﬂamqsﬁmu e

\Wudoyanaiagunsaifidesnisiinse fuanduguil 2.14

7 address bits B data bits

SDA

Start condition: 1°- Master is requesting data, * + ACK/NACK A 1 in this position i Stop condition.

SDA goes low before SCL Q' - Master is sending data * indicates that the addressed slave - ~ SDA goes high after 5CL
did not respond or was unable to
process the request.

SUM 2.14 7-bit addressing[8]

1hinfioguesgunsaaiananiBeanuy Least Significant Bit,LSB Insazitau Jndmun
fioeail(Fix address bit)iwu 4 bit dlianmsowaduuatld Snaudnannsauslals Tay
Jldnunsdosimunaniugladnliiuian A0-AL vaseunsalfifinasideudauuua 12C daudalu
LsB agldimunnisdrunieifsudeyarugunsniaawiaduq Tastminds LB 1Ju “0”
winefafoansilvudogaludeunsddy fudu «1” wiumseudeyaningunsal aaniu
Toyaluluvisiesndia dayarmuau (control byte) doyaluluridennia Joyafiiinmsdnenenais
(Data) vdnanmsieendeyaluudasiud gunsalaianiildsunsinsesosdidyyiniuiney
AFULMNASS

naidaiisuuy 10 bit (10-bit addressing) axiidayaiiudunnandos Taslulusiusn

RAIINENNMIUSUAY FoIn1MUA LA 5 ﬁmuu%’aa&mﬂu 11110 d7udn 2 ngeuntudnuenasa

oy a

' < £ s s & o i 8/ 1 <4
ﬂﬂﬂ@ﬂﬂiﬂéﬂﬁ@ﬂﬂ’ﬁﬁ@@@ IMUG] LSB wawa:&alummnmmmumsm‘wumw ABDINTITRIUNITD

as

= v & s d'll - 1 v k3 & 1 ca kg Fﬂs
WyneyanuguniniaawAInneensindeny deyaluiidouiiudeyausianiasaluluyin 2

9

| Y

q " £ 6 s =& & o 17 (Y e =1 i a
vesgunsnivinasmsinsieniy deyaluvidnluIaudeyarmuan doyandsnnilfiezduteyaat

ldlunsiiese Wudeiulumsdiiuuy 7 Sandminmsaienondeya

2.9 Wwashh

WaNM5¥aUYes Re servo AomsivdsuddeiiludyaalwihansdwnesTmduns

]
Ve 1

< - P a v s al ' P e
induTvelweeshy dlaeuniumaedyanvesseshivudoulinvedatomilivesigniie
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rLGU JAUFIUANNVDILATDIUU AIUULAINTITLAADUN “U@\'lL‘ﬁaﬁﬁﬂ@’ﬂuaﬂﬂUﬂqﬁLﬂﬁauwwaqamﬂ“ﬂ

Y

s

AN

o

Output Spline\ Drive Gears

w/

Servo Case

Control Circuit

Potentiometer” : Motor

= ¢ @
5UN 2.15 a9aUsenaumanvaasosiagg]

£
L

penUsEneunanYRaas hlnsvinlUudvedduUseneundndatie
1.Serve Case Feeulngrzvinnainnaiain
2.Motor Faudanlimasiunismyuusaiaesia

3.Control Cireuit iwdlunisnensiadygiamivauaanidndedaniuuuy Pwm

@ [

LLaseiamimuaulﬂﬁam‘sﬁ'mummuamaﬂﬁmumwmLsuaﬂﬂ:viaa’luﬁ?’nmﬁaﬁlﬁmamﬁam

Y

2/ @

i = ] A:J ot a 1 & 1 o
4.Potentiometer AodunngIATnd T asLvasluazdsdyyranduluds Control

Circuit WauAlusuwddlvigndowmudygaiiladall
5.Drive Gear fipgavindouaINNsvyuvosainosifellsisedaigs

6.0utput Spline fAndiunosfunisidendszning Servo Case Uag Output shaft §4

]
(=) =l

919ltguUnIniUsEIAN Baring iietuanlsadeamiuia
: = a v o a & a @ b P
7.Servo wire ﬂama"l,w"umt,szjaﬂmsmaqamLaumasmmﬂuﬁmmmﬂu FIVLLNUINAD
v o | < ) “ Vel s
- @un 1 elwnseua + DC ‘lNLLiGﬂuﬂiﬂﬁl%EJQﬂ 5-6 1av
- i 2 1uany Ground wsawuda - DC

- wdui 3 WWuanedygiu Tnensavavdsdygrudnuug on/off pulsed
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Gear system

i Output
shaft

B rani =,
viwwieambpedgde  gg.Lom

k
= -, meter
A A signal I l | I
PWMito V -
converter
PWM

b5 control I/P

SUN 2:16 szuumsinnuweaesialg]

v AJ o ‘Jdﬂ! 1 L7
AUNINATUVUTIUEAS L UUNI YRR aD s L lnefisdnerdedyyimunisaivny
Aunsvearailludedan Control Circuit wenwaslalnadyauidunos Judyyiauuy

PWM(Pule Width Modulation) 31nww Control Circuit 9znensiadayayins PWM A&y

Qs @

sumdseawaslhngnaedlaeiuisuiisudiumistioqTufudyaunduain Potentiometer

©

uidedausaiulihludameimestilunyulUluiemafiogvinlidumiaves Potentiometer 3

- =l

1 :1' L4 1 s 1 ‘1‘ 1 4 o dl dﬂ. 3 ) dd‘ 1 al
Arngnaesiiduiildnensiani Fsvusivemesnyufszililosiiludeduunuves
al @ k4 E 4 v

Potentiometer(Usniiazagluunuifisdafu output shaft) sesatdunszurunisiagiinugny
IUNIIAYBY Potentiometer asfiAvintunisnensiadyg uildsunian3dnnisinaues
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5U# 2.19 Digital RC Servo Operation[9)]
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nRF24L01+ Preliminary Product Specification

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 (microcontroller) 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 ShockBurst™) 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 nRF24L.01 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.

Revision 1.0 Page 7 of 75
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1A Features

Features of the nRF24L01+ include:

* Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX interface
» GFSK modulalion
» 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 loop 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
» 6 data pipe MultiCeiver™ for 1:6 star networks
* Power Management
» Integrated voltage regulator
» 1.9 to 3.6V supply range
» ldle modes with fast start-up times for advanced power management
» 26pA Standby-l mode, 900nA power down mode
» Max 1.5ms start-up from power down mode
» Max 130us start-up from standby-l mode
+ Host Interface
» 4-pin hardware SPI
» Max 10Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
+  Compact 20-pin 4x4mm QFN package

¥y vy
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1.2 Block diagram

RF Transmitter Baseband |
wl] 2 1 = CSN
Ep 4 GFSK TX FIFOs P
Fiter [|  Modulator = SCK
4> SPI
il : +—a MISO
RF Receiver Enhanced ShockBurst il H MOSI
Baseband Engine
ANT1 .J,,, Pl ™ IRQ
RX | GFSK a s CE
Lty @’ Filter ™| Demodulator y g
ANT2 m—e ——»L - «» B
RX FIFOs < P> g’
— G
XC1 1
RF Synthesiser Power Management Radio Control >
XC2 l l v
7 J000 am I W 8 R
» O w oo
o Bl AN
(]
>

Figure 1. nRF24L01+ block diagram
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2 Pin Information

2.1 Pin assignment

w0 E =] 1] E
2 A g 5 =
) L ] LR
1) (15
=@ i
CSN |2} 14
...... nRF24L01+
SCK | 3 ) {13
...... \-._...
QFN20 4X4
MOSI | 4 12
----- N
MISO |5} {11
...... 4 \‘....
bl PO /(R0 \ € N [
RELGRY/ B0 \ B/
= g > » »

VSs

ANT2

ANT1

VDD_PA

Figure 2. nRF24L01+ pin assignment (fop view) for the QFN20 4x4 package
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nRF24L01+ Preliminary Product Specification

2.2 Pin functions
T Pin [ Name  ['Pinfunction: | 2 Description. "1

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

5 MISO Digital Output | SPI Slave Data Output, with tri-state option

6 IRQ Digilal Output | Maskable interrupt pin. Active low

7 VDD Power Power Supply (+1.9V - +3.6V DC)

8 VSss Power Ground (0V)

9 XC2 Analog Output | Crystal Pin 2

10 XC1 Analog Input | Crystal Pin 1

11 VDD_PA Power Output |Power Supply Output (+1.8V) for the internal
nRF24L01+ Power Amplifier. Must be con-
nected to ANT1 and ANT2 as shown in Fig-
ure 29.

12 ANT1 RF Antenna interface 1

13 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 22k resistor
to ground. See Figure 29.

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
purposes. See Figure 29.

20 ves 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+.
__ Operatingconditons | Minimum | Maximum | Units
Supply voltages
VDD -0.3 3.6 \%
vss 0 vV
Input voltage
\ | -0.3 | 5.25 | \
Output voltage
Vo | vsstovpp [ vsstovpp |
Total Power Dissipation
PD (TA=85°C) I [ 60 | mwW
Temperatures
Operating Temperature -40 +85 %%
Storage Temperature -40 +125 °C

Table 2. Absolute maximum ratings
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NRF24L01+ Preliminary Product Specification

4 Operating conditions

Symbol ; Parameter (condition) iy Notes| Min. | Typ. | Max. |Units
vDD | Supply voltage 1.9 3.0 3.6 V
vDD | Supply voltage if input signals >3.6V 2.7 3.0 3.3 V
TEMP | Operating Temperature -40 +27 | 485 | °C
Table 3. Operating conditions
Revision 1.0 Page 13 of 75
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SEMICONDUCTOR

5 Electrical specifications

Conditions: VDD = +3V, vss = 0V, Tp = - 40°C to + 85°C

51 Power consumption
 Symbol | Parameter (condition) =~ | Notes | Min.
Idle modes
lvpbp PD Supply current in power down 900 nA
lvop sT4 Supply current in standby-l mode a 26 pA
lvpp_st2 | Supply current in standby-Il mode 320 pA
lvpp su Average current during 1.5ms crystal 400 pA
- oscillator startup
Transmit
lvob_txo | Supply current @ 0dBm output power b 11.3 mA
lvop Txs | Supply current @ -6dBm output b 9.0 mA
B power
lvpp Tx12 | Supply current @ -12dBm output b 7.5 mA
- power
Ilvop Tx18 | Supply current @ -18dBm output b 7.0 mA
h power
lvop avg |Average Supply current @ -6dBm out c 0.12 mA
- put power, ShockBurst™
lypp Txs |Average current during TX settling d 8.0 mA
Receive 7
lvbo 2m Supply current 2Mbps 13,5 mA
lvop_1m Supply current 1Mbps 131 mA
lvbp_250 | Supply current 250kbps 12.6 mA
lvbp_rxs |Average current during RX settling e 8.9 mA

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

b. Antenna load impedance = 15Q+j880..

c. Antenna load impedance = 15Q+8802. Average data rate 10kbps and max. payload length packets.

d. Average current consumption during TX startup (130us) and when changing mode from RX to TX
(130us).

e. Average current consumption during RX startup (130us) and when changing mode from TX to RX
(130ups).

Table 4. Power consumption
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8.2 General RF conditions
- Symbol | Parameter (condition) [ Notes| Min. | Typ. [Max.| Units
fop Operating frequency a 2400 2525 MHz
PLL;es [PLL Programming resolution 1 MHz
fxTAL Crystal frequency 16 MHz
Afogg Frequency deviation @ 250kbps +160 kHz
Afim Frequency deviation @ 1Mbps +160 kHz
Afopm Frequency deviation @ 2Mbps +320 kHz
RGFSK Air Data rate b 250 2000 kbps
FeranneL 1m| Non-overlapping channel spacing @ 250kbps c 1 MHz
1Mbps
FCHANNEL 2M Non-poveriapping channel spacing @ 2Mbps c T 2 MHz

a. Regulatory standards determine the band range you can use.
b. Data rate in each burst on-air
¢. The minimum channel spacing is 1MHz

Table 5. General RF conditions

5.3 Transmitter operation
Mammum Output Power dBm
Prrc | RF Power Control Range 16 18 20 dB
Prrcr | RF Power Accuracy +4 dB
Pewz |20dB Bandwidth for Modulated Carrier (2Mbps) 1800 | 2000 kHz
Pewi [20dB Bandwidth for Modulated Carrier (TMbps) 900 | 1000 kHz
Pewzso |20dB Bandwidth for Modulated Carrier (250kbps) 700 800 kHz
Prr1.2 |15t Adjacent Channel Transmit Power 2MHz 20 | dBc
(2Mbps)
Prrz22 |2 Adjacent Channel Transmit Power 4MHz -50 | dBc
(2Mbps)
PRrF1.1 |15t Adjacent Channel Transmit Power 1MHz -20 | dBc
(1Mbps)
PrF2.1 2" Adjacent Channel Transmit Power 2MHz -45 | dBc
(1Mbps)
PRF1.250 |15t Adjacent Channel Transmit Power 1MHz -30 | dBe
(250kbps)
PrF2.250 2" Adjacent Channel Transmit Power 2MHz -45 | dBc
(250kbps)

a. Antenna load impedance = 15Q+j88Q

Table 6. Transmitter operation
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5.4 Receiver operation

Datarate] Symbol |~ Parameter (condition)  |Notes| Min. | Typ. | Max. | Units
RXmax Maximum received signal at <0.1% BER 0 dBm
2Mbps RXgens | Sensitivity (0.1%BER) @2Mbps 82 dBm
1Mbps RXsens Sensitivity (0.1%BER) @1Mbps -85 dBm
250kbps RXsens Sensitivity (0.1%BER) @250kbps -94 dBm

Table 7. RX Sensitivity
Datarate ﬁmﬁfgﬁk _ Parameter (condition) __|Notes| Min. | Typ. | Max. |Units
2Mbps | Cllcg |C/l Co-channel 7 dBc
CllysT | 15t ACS (Adjacent Channel Selectivity) C/l 2MHz 3 dBc
Cllonp |27 ACS C/l 4MHz A7 dBc
Cllzrp |3 ACS C/l BMHz 21 dBc
Cllnth |N™ ACS CII, f, > 12MHz -40 dBc
Clnen [Nt ACS CHI, fi> 36MHz a -48 dBc
TMbps | Cllcg |C/I Co-channel 9 dBc
CllisT [1StACS C/l iMHZ ) 8 dBc
Cllonp |29 ACS C/l 2MHz 20 dBc
Cllsrp |3 ACS C/l 3MHz 30 dBc
Clintn [Nt ACS CHl, ;> 6MHz -40 dBc
Clin [Nt ACS CAl, ;> 25MHz a -47 dBc
250kbps| Cllgg |C/I Co-channel 12 dBc
CllysT |15t ACS C/l 1MHz 18 dBc
Cllonp [2M ACS C/l 2MHz 33 dBc
Cllzrp |3 ACS C/l 3MHz -38 dBc
Clintn [N ACS C/I, f; > BMHz -50 dBc
Clingn [N ACS C/I, f; > 25MHz a -60 dBc

a. Narrow Band (In Band) Blocking measurements:
0 to +40MHz; 1MHz step size
For Interferer frequency offsets n*2*fxtal, blocking performance is degraded by approximately 5dB com-
pared to adjacent figures.

Table 8. RX selectivity according to ETSI EN 300 440-1 V1.3.1 (2001-09) page 27
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Datarate| Symbol | _Parameter (condition) =~ [Notes| Min. [ Typ. | Max. [ Units
2Mbps i C}ICd ' C/I Co-channel (Modulated carner) ! T 1 ' dBc
Cllist  [1StACS C/l 2MHz 4 dBc

Cllonp  |2M ACS C/l 4AMHz -18 dBc

Cllarp |3 ACS C/l 6MHz 24 dBc

Clnm [N ACS CI, f.> 12MHz -40 dBc

Clintn [Nt ACS CI, f;> 36MHz a -48 dBc

1Mbps Cllco  |C/l Co-channel 12 dBc
Clligt |15t ACS C/l 1MHz 8 dBc

Clong  |2" ACS C/l 2MHz 21 dBc

Cllsrp |39 ACS C/I 3MHz 30 [ dBc

Clne [Nt ACS C, £, > 6MHZ -40 dBc

Clnt N ACS CII, f,> 25MHz a -50 dBc

250kbps Cllgp | C/l Co-channel 7 dBc
Clist |15t ACS C/ 1IMHZ -12 dBc

Cllonp |27 ACS €/l 2MHz -34 dBc

Cllsrp |3 ACS C/I 3MHz -39 dBc

Clnt [N ACS €, f>6MHz -50 dBc

Clnn [Nt ACS CII, £, >25MHz a -60 dBc

a. Narrow Band (In Band) Blocking measurements:
0 to £40MHz; 1MHz step size
Wide Band Blocking measurements:
30MHz to 2000MHz; 10MHz step size
2000MHz to 2399MHz; 3MHz step size
2484MHz to 3000MHz; 3MHz step size
3GHz to 12.75GHz; 25MHz step size
Wanted signal for wideband blocking measurements:
-67dBm in 1Mbps and 2Mbps mode
-77dBm in 250kbps mode
For Interferer frequency offsets n*2*fxtal, blocking performance are degraded by approximately 5dB
compared to adjacent figures.
If the wanted signal is 3dB or more above the sensitivity level then, the carrier/interferer ratio is indepen-
dent of the wanted signal level for a given frequency offset.

Table 9. RX selectivity with nRF24L.01+ equal modulation on interfering signal. Measured using
Pin = -67dBm for wanted signal.
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Datarate| Symbol | ~ Parameter (condition) NotesMin.| Typ. |Max. Units
2Mbps | P_IM(6 Input power of IM interferers at 6 and 12|V|Hz offset -42 dBm
from wanted signal
P_IM(8) | Input power of IM interferers at 8 and 16MHz offset -38 dBm
from wanted signal
P_IM(10) | Input power of IM interferers at 10 and 20MHz offset -37 dBm
from wanted signal
1Mbps | P_IM(3) |Input power of IM interferers at 3 and 6MHz offset -36 dBm
from wanted signal
P_IM(4) |Input power of IM interferers at 4 and 8MHz offset -36 dBm
from wanted signal
P_IM(5) [Input power of IM interferers at 5 and 10MHz offset -36 dBm
from wanted signal
250kbps| P_IM(3) |Input power of IM interferers at 3 and 6MHz offset -36 dBm
from wanted signal
P_IM(4) [Input power of IM interferers at 4 and 8MHz offset -36 dBm
from wanted signal
P_IM(5) [Input power of IM interferers at 5 and 10MHz offset -36 dBm
from wanted signal

Note: Wanted signal level at Pin

= -64 dBm. Two interferers with equal input power are used. The

interferer closest in frequency is unmodulated, the other interferer is modulated equal with the
wanted signal. The input power of interferers where the sensitivity equals BER = 0.1% is pre-

sented.

Table 10. RX intermodulation test performed according to Bluetooth Specification version 2.0
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8.5 Crystal specifications
‘Symbol| ~ Parameter (condition) =~ [ Notes [ Min. [ Typ. [ Max. | Units
Fxo Crystal Frequency 16 MHz
AF Tolerance ah +60 ppm
Co Equivalent parallel capacitance 1.5 7.0 pF
C_L |Load capacitance 8 12 16 pF
ESR |Equivalent Series Resistance 100 Q

a. Frequency accuracy including; tolerance at 25°C, temperature drift, aging and crystal loading.

b. Frequency regulations in certain regions set tighter requirements for frequency tolerance (For
example, Japan and South Korea specify max. +/- 50ppm)

Table 11. Crystal specifications

5.6 DC characteristics

| [ /|/Notes | Min.". | p. | Max. | Units
0.7vDD 5253 V

HIGH level mput'voltage BN
Vi [LOW evel input voltage ' vss

a. If the input signal >3.6V, the VDD of the nRF24L01+ must be between 2.7V and 3.3V (3.0V+10%)

Table 12. Digital input pin

neter (condition) =7 77 [Nofes ||

HIGH Ievel output voltage (lop=-0.25mA)
VoL LOW level output voltage (I, =0.25mA) 0.3 \

Table 13. Digital output pin

T § Power on reset

(iSymbol | N\ ParametsE(cpr
Teup Power ramp up tlme a
Tpor Power on reset b 1

a. From 0V to 1.9V.
b. Measured from when the VDD reaches 1.9V to when the reset finishes.

Table 14. Power on reset
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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 Figure 3. 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 nRF24L01+ enters the Power on reset state where it remains in
reset until entering the Power Down mode.
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Legend:
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Figure 3. 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 23. Power down mode is entered by
setting the PWR_UP bit in the CONFIG register low.

6.1.3 Standby Modes
8.1.3 Standby-l mode

By setting the PWR_UP bit in the CONFIG register to 1, the device enters standby-I 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 cE is set high and when cE
is set low, the nRF24L01 returns to standby-l mode from both the TX and RX modes.
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6.1.3.2 Standby-ll mode

In standby-Il mode extra clock buffers are active and more current is used compared to standby-I mode.
nRF24L01+ enters standby-ll 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 23.

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 moede 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 -64 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 40ps
before the RPD is set high. How to use the RPD is described in Section 6.4 on page 24.

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 FIFQ and a high pulse on the cE for
more than 10ps.

The nRF24L01+ stays in TX mode until it finishes transmitting a packet. If c& = 0, nRF24L01+ returns to
standby-l mode. 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 empty 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 to configure the operational modes.

RX mode i
TX mode 1 1 Data in TX FIFOs. Will empty all
levels in 1X FIFOs?.

TX mode 1 0 Minimum 10ps | Data in TX FIFOs.Will empty one
high pulse | |evel in TX FIFOs®.

Standby-II 1 0 1 TX FIFO empty.

Standby-| 1 - 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 transmitted.
This is the normal operating mode. After the packet is transmitted, the nRF24L01+ enters standby-I
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 cE
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.

giName O {§ & AR Max,” 7" | nents |

Tpd25tby Power Down > Standby mode 1.5ms Internal crystal
oscillator

Tpd2stby Power Down = Standby mode 150us With external
clock

Tstby2a Standby modes = TX/RX mode 130us
Thce Minimum CE high 10us
Tpece2csn Delay from CE positive edge to csN 4pus
low

Table 16. Operational timing of nRF24L01+

When nRF24L01+ is in power down mode it must settle for 1.5ms before it can enter the TX or RX modes.
If an external clock is used this delay is reduced to 150ps, see Table 16.. The settling time must be con-
trolled by the MCU.

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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6.2 Air data rate

The air data rate is the modulated signaling rate the nRF24L01+ uses when transmitting and receiving
data. It can be 250kbps, 1Mbps or 2Mbps. Using lower air data rate gives better receiver sensitivity than
higher air data rate. But, high air data rate gives lower average current consumption and reduced probabil-
ity of on-air collisions.

The air data rate is set by the RF_DR bit in the RF_SETUP register. A transmitter and a receiver must be
programmed with the same air data rate to communicale with each olher.

nRF24L01+ is fully compatible with nRF24L01. For compatibility with nRF2401A, nRF2402, nRF24E1, and
nNRF24E2 the air data rate must be set to 250kbps or 1Mbps.

8.3 RF channel frequency

The RF channel frequency determines the center of the channel used by the nRF24L01+. The channel
occupies a bandwidth of less than 1MHz at 250kbps and 1Mbps and a bandwidth of less than 2MHz at
2Mbps. nRF24L01+ can operate on frequencies from 2.400GHz to 2.525GHz. The programming resolu-
tion of the RF channel frequency setting is 1MHz.

At 2Mbps the channel occupies a bandwidth wider than the resolution of the RF channel frequency setting.
To ensure non-overlapping channels in 2Mbps maode, the channel spacing must be 2MHz or more. At
1Mbps and 250kbps the channel bandwidth is the same or lower than the resolution of the RF frequency.

The RF channel frequency is set by the RF_CH register according to the following formula:
Fp= 2400 + RF cH [MHz]

You must program a transmitter and a receiver with the same RF channel frequency to communicate with
each other.

6.4 Received Power Detector measurements

Received Power Detector (RPD), located in register 09, bit 0, triggers at received power levels above -64
dBm that are present in the RF channel you receive on. If the received power is less than -84 dBm,
RDP = 0.

The RPD can be read out at any time while nRF24L01+ is in receive mode. This offers a snapshot of the
current received power level in the channel. The RPD status is latched when a valid packet is received
which then indicates signal strength from your own transmitter. If no packets are received the RPD is
latched at the end of a receive period as a result of host MCU setting CE low or RX time out controlled by
Enhanced ShockBurst™.

The status of RPD is correct when RX mode is enabled and after a wait time of Tstby2a +Tdelay_AGC=
130us + 40us. The RX gain varies over temperature which means that the RPD threshold also varies over
temperature. The RPD threshold value is reduced by - 5dB at T = -40°C and increased by + 5dB at 85°C.
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