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This project designed and built the caution device for the leaving home area of children
and elder people by utilizing the Wireless Technology and the Embedded Linux System. For the
purpose of keeping children and elder in the housing area or the designated location, the caretaker
will receive the alarm signal through the LED light and speaker on the reception installed at
home. Moreover, the user will be able to monitor the status in case of children and elder leaving

the area and receive emergency alarm signal in Real time, or track back the data via web

application.
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2.3 iBoard
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gﬂﬁ 2.12  Buzzer L1 diaphragm -Piezo

2.5 My PHP
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- string
- boolean
- array

- object
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2 STATISTICS =
DATE ¥ufvairdt 10 aunwiug 2009 TIME :otoinw

SeectDete D: 09 v M: Febuay v Y:i2008 v

09/02/2009 08:24 user2 S0OS
09/02/200908:30 userl y OUT
“09/02/2009 08:33 user2’” OuTl
09/02/2009 08:56 userl QUT
09/02/2009'09:12 uSer2 JOUT
'99402/2009 09:30 useri”. . S05
09/02/2009 0958 usert ouT
09/02/200910:01 user?’ ouT
09/02/2009 10:23 Userl ouT
08/02/2009 10:30 userz SOS
09/02/2009 10:35 user2 ouT

n:; Y v .. 9 9/ @ o Ad A -4
?l‘i.l"ﬂ .8 HHUINN Statistics LL’CTﬁQ'U’E]i‘J.ﬁﬁﬂTUZUﬂuWﬁﬂﬂ'llJ%u‘i’l‘i’llﬁ’ﬂﬂ‘l’J

4. Click Logout 1ef 199 1uA8 4015990 9INTZUY

J 2 = Y o [ £4 - = 3 1 ¥ o v L% v
nansiiluenansianulidmiumsldnuiions@nwiviniu lleugelviluldusslevdsunisen

Lidnnsdllag vivdu SnviamuiilvaniUasilonuazfeeg1sddadivesenarsnnasaninisunluley
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2. msdadalilsunsa
awsautilsunsufiferdeslunmaduasianszun1d 3 wuy
2.1 TWsunsadwduldsunsasmdasyaluga DCBT-24AX
Tun1s Tusunsudrdeasgaluga DCBT-24AX 1219 115un33 AVRPROG

v 9
Wunanuues Atmel nsaadsazfadandausuTsunsy AVR Studio
AV AYRprog.exe
PRIEG - L

gl n9 Temeulisunsu AVREROG

LALDEROE ST

misAaesTilsunssl AVR Studio
aetune T 14h s AaARss VY §HAns Window ME 4310
1,/ Double Click # l1&AnAaes 11/5iins i AVR Studio
2. 'nﬁ'\i‘D1ﬂ1ful,i’l"l’cj°riﬁ’l?‘h\miﬂ‘\lﬂ\‘lﬂ’liﬁﬂgﬁ AVR Studio fig3) Y% Click fitlas

Next

G e O el i WL e T AV e

BT A R P e

. et - Carem

e — — i

51 n.10 whawSumsAads AVR Studio

g gy o1 g A a a & £ 2 = a va
3. mqwmmwaﬁﬂmwau"lmawms,l,azmﬂﬂmu FIVWWNITWASLBYAAUTNUAVDI
A a 4 a va { Y ]
ATDNABUNIUADT u,az'szuuﬂ;]ummsﬁmmsmmmmsmamvm AVR Studio 5”3‘1.1‘1‘115»3
A Aav Y a A 9 A 1 i o’:
FRUTHNAWAALLAZDU Taslvidenyes 1 accept the terms of the license agreement 31NUU

Click #11J3 Next
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AVRS Uadiort  drwt sl f W Loard

vonie Apesmant

ol e 10 AVI Shade bom dtve Connesion

AP 080 & 2 Dawmioonent Tsck b B &V fady of oo crboiors The AV Trats o
R B R R e L kL B S e S

?,r L0405 rustiod U o 13 Wy SOl RS OF o oo T AV b-Cacl
Srbre s

Tt ee ot G0 T bades fewe Tof Cumdshn S0R Sl sagent sner e el
e e 8 Ansorntly vt C e s ame atvansbim) uth B ioven { ageraier + ehated
AR Seoodion o tunh s o judy werubu

RPH S s vl Vol Wenkow( % Widtws S Wedime B Mook
Windew AN wdd Wiesbun P

: , e
sl a1 A sdeanavtou lvAuinsuaznis 9o

bl ' x v ¥
4. Whgwihesnsdedsludridudald Auaacde lasnned lunisaadsTasunsy

9 [ 3 i H
AVR Studio gaadsa s oiaenlasnnes 14 Taw Click 1tja Change udasinualaisnnes

9

H - v
TviNdeens 9Inu Click N1jas Next

o o N g ST LN>

¥
A

sl ni12 wﬁ’m'mmm"lﬁt,'snﬂaimﬁﬂﬂﬂst,mm

Y q’: 1 1 o -4 { ] 4
5. wdsnmbwdgwienisdningalaswes 19 Click N1u Next wiu'lal iifegein
o 1 1 o
lasnesasnan lufinms demlanduyge Tuga DCBT-24AX

3 k4
6. WhgnihaaSumsaadslisunsy 19 Click J Install

v v Ed ] 4

7. NA9VINUUISTUNTLUINNITAAAS 1USUATN AVR Studio 59IUNTENINITAAAD
3 o
s veruysal

4 a & ] G4 U .. Y 3 2 a o
8. ensAnduadauysel 1 Click 1Ju Finish (Hudwadadumsdadelsunsy
AVR Studio

wnansiluenansianulidgwiumsldanuienisfinvimintu Weygraliilldussleviiunisdn

<

lakinsdllag visdu Snvisnuilvidaulauiomuaziossdedadweenamnasaidnisun Ll
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msldsunsumasasyaliga DCBT-24AX
1. WaweiHins AVGPROG
o o T 1 1 ¥ 2
2. dmsunsainluldae I Tdsunsvazideudn “luamisoasranuaseslisunsy
v o~ o r o a o
18” 9zdee91g IR uns995 luTasaeuInsames AVR wazdomiodiiuasunaes 19
= 9 1 9
Fouseunoulyau
o 13 A 9 o o
3. dmsuTsunsy AVGPROG sanuuuntamiziiie lFnudululasneu Insaaes

4& = A :!' 1
AVR Gafimyanafildaudie

Hex file

D:\Work2006\... \defaut\LEDOThex

Biowse,.. l Exit.. |:

~Flash
Program Verity Read
- EEPROM
Program Y erify Read
=Device
| 4Tmegals >] |/ Advanced..

g1 013 whansagynis 19 ldsunsy AVRPROG

v H ¥ L4 E4
4. 15uAuzABY Click N1jy Advanced 1fatignisdsa oy Tuaseae lal'ly
o 9 o Tt 4’4 9
iufludeaimuaniidieg idn dszneudn
- fmualnualuns Lock Bit iflu Mode 1 a5l lidesnstlossuniss mdeya
9 [ A o = 9 Y o ' v A o
foundsnniiviims ldsunsuSsudesudr@nnsosmuas naitivedloaiuy

myon1d)
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- 1A®N¥09 SPI Enable (figyun Huudeneen mizeziild luTasaeulnsa-
d o 3 T o o 1
rasaiulieusodins Tsunsuluaeseq 1a'ld)

o { a 4
- fmualnuanudvesessdaawes iUy Bxt XTAL. High frequency

Advanced e xi

F Lock bits

[E ~] [ptBOMode1 <] [BLBTModet +]|

]
1
|
|
|
]

|

No program lock features

~Fuserbits

(I7.-SP1 Enable 7 OCD Enable

T BOOTRST [~ 4TAE Enable %
I_EESAVE I~ Fullamplitude i

}

j |Est XTAL. High frequency ~] |
| Startup’ 1K CK & |
 [NoBaD tuaction . = [Boct block 1024 words _~] |
{ }

Read ] Wike J Chip Erase |
Device sionatwe  1E 94 03
T srget board BAVRISP

Targst SWev. 3.8
Calibrationbyte | A7~ Close

1 9
31 n.14 AN sAAIAY

1 A LY { - U 4
5. natju Write ihadudingLuuufidmuals fléemiannsonaily Chip Erase tioau
¥ o 4 1 A a’:’
Toyalumizvarw i lsunsuneluluTnsneuTnsames udanatju Close tvesudunou
9
MsAanHLer
., ,
6. 3unlWldunana hex Taw Click 1l Browse...
U 4 o J o '
7. natju Program tive TlsunsudeyaludelulnsneuTnsames Irduasludumus
4 a ' ' s 2 =
Busy vaua3eqllsunsusz@aainaaundinis Isunsueziasedu luvaziuauuaasaniie

o :,’ 1 < Ay
szpaasnamsmau ludussuaieg lums Tdsunsuawadoqu
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2.2 Nlsunsudrvsul¥au iBoard
Ensmsasunsenonlinenlnaly iBoard 1Wanla

Taslumsldanuaseil 1814 Ubuntu 8.10 uudludaldnulasdes install unainavaiii

i $ sudo apt-get install libc6-dev i
E $ sudo apt-get install libncurses5-dev E
i $ sudo apt-get install pmake !
i $ sudo apt-get install zliblg-dev

E $ sudo apt-get install flex

y $ sudo apt-get install bison

S $ sudo apt-get install subversion :

anil InaaludnldlunisnenIna eris-dist 1.63-1 i386.deb Ud9i 1509

Tdsunsuldisousey
$ su
Password: your root password
# dpkg ~i cris-dist 1.63-1 i386.deb

o o a J - B g
anit Tnaadaansya WS 719 un 1509 0s 49987 iBoard I e as padrauuiaeg

¥

a o @ o Y w Y da
aeuuaes 1d Tauanati Inandail cinstall svn sdksh uwdalsuddensiiaslumesivea

# wget
http://www.acmesystems.it/download/install svn_sdk.sh

v A

finssulndasil

f # chmod +x install svn_sdk.sh s
. # ./install svn_sdk.sh !



o v Y Y ﬁ A 4 9 Vo o
ﬂaﬁ%Tﬂiuuaaﬁ@ﬁiﬂL‘unaiiuﬂ1saﬁumuﬁi%uaa%zqﬂ U

| ### Selected product: "fox" ### S
. etraxl00boot must be run by root. '
E To make this easier (but less secure) you can make 5
i etraxl00boot setuid root. '
E Do you want to make etraxl00boot setuid root now [yn]? :
' {(default n): E

msmrﬁ‘mi‘f{ vlrmsd foxserve 1ﬁﬁliboard

$4
1. fmya$n fimage vou IWdvunneulng
\ # ./configure
S ### Selected product: "fox" ###
! * Using previously fetched packages... done
i * Using compiler "/usr/local/cris/bin/cris-axis-linux-
E gnu-gcc" (revision "R63").
! * Using previously fetched packages... done
i * Generating "Makefile”... done
E Creating init_env... ETC...

# ./make

E cd /home/kanta (/home/kanta is my path to the patch, E
, replace it with your own) .
! tar xzvf xspatch.tar.gz E

o @ 1w lmy
3. udaihmsifuamdnvesdd Buazaslid Indaeil

cp .config .config orig E
cp kernelconfig-2.6 kernelconfig-2.6_orig .
cp /PATH_TO_THE_PATCH/.config ;
cp /PATH_TO THE_PATCH/kernelconfig-2.6 '

# ./configure
### Selected product: "fox" ###
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* Using previously fetched packages... done

* Using compiler "/usr/local/cris/bin/cris-axis-linux-
gnu—-gcc" (revision "R63").

* Using previously fetched packages... done

* Generating "Makefile"... done
Creating init_env... ETC...

cp /PATH TO THE PATCH/appfoxserve.tar.gz
tar xzvf appfoxserve.tar.gz

cp /PATH_TO THE PATCH/Makefile .

E cp Makefile Makefile.orig

o o I 1 4 { v
8. tuneugaiwih il 181 aslu iboard Tavee lda P a5 shiluawsnie

192.168.0.96

Fimsasszuul fiinnsinellyiun iboard

111170 laus anes ... /devboard-R2 01/ Aeuudrldds
3 # . init _env E
E # boot linux ~F -i image filename E

A o oy 2, W ¥ Yo = a ¢ ¢ o . v
mesutm’mwumﬁﬁmuﬂmmﬂﬂmmsr’l_laﬂua’m% 11935 3 49997 iBoard a4LLa

@ovae 1idhda iBoard
E Using internal boot loader: INTERNAL NW - Network boot
: {default).

2 Starting boot...

! We're doing a flash write, this may take up to a few

¢ minutes...
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o ' v, Qs 1 = @ dy
‘V]’]ﬂ’lii]'lE!"ML"U'] iboard IBHKNAFISVNITIUAIU

0x80360000: Writing
0x80370000: Writing
0x80380000: No need
0x80390000: No need

0x00010000 bytes
0x00010000 bytes
to write
to write
0x00010000 bytes

0x80000000: Verifying...OK

JUMP
0x00000000
END

1 0x803a0000: Writing
. Exiting with code O

o P A d w Aa 9 =t 4 T 3 g/
nsulasuaIagnduniANLas M nns @Qiﬂl‘ﬁjuﬂluﬂ@uq@ﬂ'lﬂ

2.3 TilsupsudwmsuansSuuennamau
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o o <} a Y Y
Talsunsudmwmsuainduewnaaduluszuud Uszaeudls 2 Tusunsy As

T1lsun353 Dreamweaver 8 tiaz 115Un5y Appsery

1. Tﬂsgmw Dreamweaver 8

) g 9o @ 9 < =S
Macromedia Dreamweaver 8 194 T/sunsuR g msuadnduma tazusnis

] { f = N @ as 4 sy
duladn 1dsunudiougega lunqullsunsulszianfead luilegiiu e inguausa

{ v dar A o s
yoslilsunsundnawazarnsenis i Isnduni 198 1Fawsodanesdeniu gilam

¢ ad = ¢ A 2 ¥ 1 P Y
ATT N ﬂ’é]’iil ’JﬂI?J S’JﬂJﬂ\ii’J\iﬂﬂigﬂ@U@u 9 ﬂ']ﬂsluLQ‘UL‘W‘illlﬁ’e]fJNﬁ’JEN']SJﬂHJ‘V]m"])'ﬂ?Nﬂ'ﬁ

1 a g o 1
Taolides ¥ manSuangsenndudeuniounon

Msnanilifsunsy Dreamweaver 8

1. lauruaasey Tasunsy Dreamweaver 8 1111l lu'lasn@dson

2. Tlsunsuazisuiheu Taode Iuda #seduilad 119 lasAFasen Double Click

flonou Setup Talsunsy

3. wuaamiaudennas@nims 199 (License Agreement) 1880 Taccept ... &2

Click 1J3 Next
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19 Maxcromedia Droamweare: 8 - ImtaliShield Wirard

Lemse Agreemend

Meme 1l tte ' obowrs; eree oz remerd oot by
UACROMEDWD SOF TWARE END USER UCENSE AGREEMERT &
AVIENTION: YOU MAY NEED TO SCRCLL DOWN T0 THE E50 OF TS

LA BEF CRE YOU CAN AGREL TO THE EULA AND CONTINVUE WiTw
THE SO TWARL INSTALLATION

IMPORTANT: T SEEMENT (00 TEULAT) 15 A LLGAL AGRELMENT
AF WEES T .'. (s '.w-,mv OR ORGANIZATION THAT HAS
UCENSED THes "'-'“VUL-lM-..

‘IA ROMED U\ UV_‘~>&L¢ > AND T™E SOF IWASE,

OT AT N v A AT B A PWT YA Sl Y S

v

¢} gieegt B terrs Ve Kerss dyeenert fyre
180 7 arcegt ™he terms 1 e karse syoenert

o

gl n.15 nidwdeanasdnimeldau

4. henlalsAneIRABINTS 1% C:\Program File ... adesmalaou laisane’ Click

fi1fas Change idaimualaisnnes luufidens 99014 Click A1Tju Next

Destinstine: Fables sred Shantosts K b mag 1o e
N0 2y O e d0 relal B2 5 o pef Fuliher

AR A B R vt T e g e

—d\.‘hlﬂﬁ'ﬂ*"w*hwk

1 hoase the shoriots fu vresie
i Crewa Capdlaingt r ecn & Fos e o Uag it
¥ Crvaty Sentold uh Cadt o e ) Lomrd,

<ol A Tpe> 4 ot _j

3 [} { <
gilfints udhwudenlasnnesidesmsinulilsunsa

¥ ¥
5. taenyiauedldsunsuNes l959un1 Dreamweaver (Default Editor) 81ABNIY

nuaudananifu Select All 4@ Click 1ju Next

Dl tler b
M A § el ot Eond e SRR Al rr'o Mﬂo

W sctwe Sarve bage (e ¥ Swealcrut (n)
 Spvs Savees Pages (0) ¥ Cmiaden Rve Doty (s
¥ Coumon (dm, o W Titarabin Markp Langusgs (et
o AN ALY (mg ) W % Ryl aewts (¥, ok}

I (phe. she). phet)

St 44 Dewamioct &

o ] e

51 017 wheadenTusunsuidesnts 45w

&z = ¥ o [ v = = 3 1 2 o ¥ L% v
enansiiluenansnanulidmiunisldanuienisfinwvinngu ey nbnihluliussloviaunis

Lidnnsdllag vivdu SnviamuiilvaniUasilonuazfeeg1sddadivesenarsnnasaninisunluley



76

6. Click 1Ju Tnstall tNoARAsTUsHNTY

Y Macromedua Dreamwesre: £ ImtalShield Wizard

Ready 1o Imtall the Frogram

“or w2 2w redy 12 begrs wat ot

Ok freball 12 begh D pat dater

T you wart 10 1evi o hangs Wy of o st alaton seetnge, ek Sack. Ok Canonl s
ot the vowrd

31 n.18 wlwadenlysinsuideantsidsan

A L8 4 < d 1
7. 5uAaRe T sunsuaslmasoavuad vauysal Click 1ju Finish

W Macrane®is rramweeret 8 initallShiald Wi o

P talShich] Wirard Completed

%

Tra T Tk Now f bt Srvesd . 1z e Macr ieacia
’ lrpatmgrer & AV io eyt hemiad
>

7 Lwaed 1 gwedhs Crewrow e !

5 e e e B

§ v »

- ' alva g 2
31 n.19 wlwhan1sAedsldsunsued i

2. -lalsunssAppSery
AppServ: fin T1/51nsuN5IUF2UL01 Open Soutce Software Ma18e] 819N
N M-S o T "
520U Taull Package HanAsH Apache, PHP MySQL, phpMyAdmin liteaaduaneun1sands
o 9 a : 1 sy Y v 91 2 I 2 n’; o ) “]:j
Mlinsaadsldsunsuateg i lenatnu i s tazsias 1 dedeausarilddu

Yo A

Web Server 159 Database Server Tatun

mMsfanaldsunsy AppServ
o < 4
1. amilvaalusunsy AppServ 91030 190 htp://www.appservnetwork.com

¥ ) 9
2. Double Click #1 appserv-win32-x.x.x.exe li@i1n15AaA sv1lsnguiineausl
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ﬂ AppSery 2.5.7 Setup

1o xi|

Welcome to the AppSery 2.5.7
Setup Wizard

This wizard will guide you through the installation of AppServ
25.2.

It is recommended that you close all other apphcations
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

M ¥ k-
31 020 Tupounsaadalilsunsy AppServ

b4 »
3. Whgiuaswieulunislaem Talsunsy TauTalsunsy AppServ: 18uani1slu
. a ¥ % 4 ’ g £ - .
511U GNU License wingandsewioulua1ee tadaduudr maveususeulvld Click
1 k4 v 3 )
Next (i 1gmsdadsluduae l uanndiliseniuden T 1%na Cancel 1o 800910773

¥
a o

ands [sunsy AppServ Aegildaatneh 2

Pleasa review the kcense terms before instaling AppServ 2.5.7.

Press Page Down to see the rest of the agreement.

GNU LESSER GENERAL PUBLIC LICENSE ‘;J
Yersion 2.1, February 1999

Copyright (C) 1991, 1399 Free Software Foundation, Inc,
59 Temple Place, Suke 330, Boston, MA 02111-1307 USA
Everyone is permicted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.
This is the first released version of the Lesser GPL, It also counts
as the successor of the GNU Library Public License, version 2, hence
the version number 2,1.] :j

1F you accept the terms of the agraement, click I Agree to continue. You must accept the
agresment to install AppSery 2.5.7.

219

<Back 1Agree Cancel |

g n21 swazpeaRenlunis GNU License

v
Y A { g

9 1 =
4. mqwﬂﬂumsm@ﬂﬂawmwm

a

a ; kY d' ‘=i q’a’
29M13AAAS MnABINIstlasulatenisnaads

{ 4 g 2 U
T¥na Browse udaifientlatonisidesnts Weidentatoniaad vdule Click 1 Next iierdn

¥

L
glunounsaadsiuse 11
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A d9 a3 v A 9 2 v A
5. 139N Package Components NABINITAAAY Tasansudauiluzlvidenasnn
' r9q Y v A 3 & Yy A9
Package UANINIIA IFIUABINITIABNAURANIZUN Package NeNITnLd0na D NABINg
80 [{0111N1518080 Package Fousouida 1 Click Next lavs1oazi8uauany Package idatl
Apache HTTP Server fe Tils unsuiimduiy Web Server
MySQL Database Ao Tusunsuivimiiuiu Database Server
PHP Hypertext Preprocessor an Tdsunsuilszutananisiiauvesne PHP
i a o v g 4
phpMyAdmin fie Tilsunsuf1Flunsuinis Sansgmdeya MySQL Wi lad
6. Amuan1neuTlnues Apache Web Server Hogdauiusianua 3 dau fe
Server Name ﬁe%mﬁau%y’a% Web Server (¥} www.appservnetwork.com
1 9 [ d t
Admin Email fevesdwiuilonduiddquasyuy 9iroot@appservnetwork.com

HTTP Port  Aoveedmiusyy Port Nvwi3on 1991 Apache Web Server

\ Pleass enter your server's information.

Server Hame (2.9, www, appsarvnetwork.com)

{locaihost

Administr ator's Emal Address (e.g. webmaster@gmail.com)
! root@appservnetwork.com

Apache HTTP Port {Defauk : 90}

[

<ook [IMet> | concel |

t Yost m 19 e\ S o

310 n.22 SavaaIneuANAT Apache Web Server

9
7. fimuasinoulnues MySQL Database Jog@auiuiianua 3 dau fie

Root Password Aovosdmsutlon sianminisidnldaugudeyaves Root 3o
] S 4 vau 3 o & ] v A
dauaszuunnasiiidildousmdeyaludnuasifiudauassuy 1952y user Ao root

° 1 =q 9 v g g a °o_ v 9

Character Sets 1% lunssmuaaszuuaw i lFlumssanugmdeya, Svedrdugrudoya,

v o a 1 o
Import §1U%Y8YA, Export §MY0y0, AnAegudoya

e = Y v Y da 1

Old Password lunsfififlgnufeadunis1dan PHP fu MySQL API 1205 911

Tiidenludauves Old Password
b4
Enable InnoDB ¥1nAs3n13 150 1ugmdeyalugiuny mnodB Iiden luduil
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™ appServ 2.5.7 Setup 25 ,I:lﬁl

Configure the MySQL Server instance.

m MySQL Server Configuration

My ol

Pleass enter Root password for MySQL Server.
Enter root password
[......
Re-enter root password

l eeesse

[~ MySQL Server Setting |
| Character Sets and Collations |
| JurF-8 Unicode =]

| ¥ Okd Password Support (PHP MySQL AP function.)
| I~ Enable InnoDB

ot [ NN et |

gl n.23 A muasineuAdnyes MySQL Database

e b : 4 b4 9
8. dugatunsun1sand Iusunsi AppSery dmsniuasuganeieilliidenin
[ 3 ¥ £ 4
Aean1sdaIRiin1s§u Apache Az MySQL #uiisise Tl 93nsin Click 1y Finish iveraS 1y

msanAe Talsunsi AppServ

A\ AppSery 2.5.7 Setup e Ts] sl 3“]
Completing the AppSery 2.5.7 Setup
Wizard
i AappSery 2.5.7 has been installed on your computer,
: Click Fiish o close this wizard,
[\ Re
i" ¥ Start Apache
- ¥ start
MySQL
A
=5
¥ @ :
N\ Mygs
M.‘appservnemrk. =
< Bac} l_ﬁish—l Cancel ]

. Vv 3 ¥
30 n.24 wihvedumeuduganisandslsunsy AppServ

&z = ¥ o [ v = = 3 1 2 o ¥ L% v
enansiiluenansnanulidmiunisldanuienisfinwvinngu ey nbnihluliussloviaunis

Lidnnsdllag vivdu SnviamuiilvaniUasilonuazfeeg1sddadivesenarsnnasaninisunluley
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A Y A & a a 9/ 23
AUTNTAVBITZU VUMD UN 150N UBNANUN VI NAULIUVBIANUAZAUYT)
1. awsouiudeulandoaazlvvin LED #indesniafudoga Wefinuay
¥ ]
auzsteanuenfiuiusnatwdidyaausanganiu
1 ~ o A 4 { a
2. awnsoudaudeurumaduuenndmdu Wefinuazauysesnusniuiusim
Thudsdaanausanggniu
ar 1 < a W & o
3. awseasaendeyadounds ldiuniiuuennindu iienssaeufuuay
A d A A 9/ s = o A& o aa
namdnuazaurseenusaiuinsuiuesdeyavggnidu uazdudedss lowliduada

@ @ { g ] 3 =]
TUNAIULLDY L’Ja’]ﬁlﬁﬂua&’ AUYT 'lclﬁj\?'lﬂﬁﬂﬂ'ﬁﬂ?'ﬂﬂn@LLﬁLﬁﬂlLa%ﬂuﬂfs 1



tﬂy 1 d’ Y o U 24 tﬂ' = I 5 1 Y o ¥ ¢ Y ¥
wnanstluenashanulidmiunislidnuienisfinuwinuu eugrelnhluldusslovdmunisdn

laidnsdilag nedu Snvievhuiilvidauwdasiomuazdosdnedisdivesenalsynasaninisluly



1L

Lo

vee  SW?

X1
X

DVDD
VDD_PA

VDD2
Vss

v G

AT
A

B FCS i O 9N

v

PN

¢ éég
ol a0 152
[ = B N P S

IC)

DIp32
PBOICP) vee
PBLHOC1A) vee
PBXSS OC1B) AVCC
PBIMOSLOCY) AREF
PBAMISO)
PB3(SCK) PCO(ADCO)

PCI{ADCY)

PDORXDY PC2(ADCY)
PDI(TXD) PC3(ADC3)

PDIINTO} 2CHADCHSDA)
PDIINTYY PCHADCS SCL)
PD4ECK T0) ADCS

5(T5) ADCT
PDB(AIND)
FDT(AIND)
PCSRESET)
PBG(CTALL TOSCT)

Fro ol
PBTQGTALITOSCY) G &5

sifia.l eenuuinsssmadedaglioe

1%
3

165

£8



|
I

Ade ot

ANT2 |

ANTI

®EF

RrQJ

CcE
CSN

MOSI
MISO

o)1
TEC Avee
1CY
DIP3)
v) --
" -1 BoKs) vee |
iT 31— PBIOCIA) Ve |—s
7 BB2(ES OCIE; AVC
3 —7a— FBIGMOSIOCH AREF
i PBAQISO) .
~— (PBISCE) PCOADCO) |55
- FCI(ADC1) i3 Tee
T PDUESD) FCADCY) 5 P
DD—e— PDLTXD) PC3(ADC3) f—F=—
PO ¥DIINTO) PCHADC4SDA) (=3
PP PDINTY) PCA(ADCS SCLy 3 7
= m‘C\"C‘KTO; ﬁf i ?] W
R I N
ST PDSADN)
PDTADNND) 23
PCERESET) f—
PB6(YTAL! TOSCL) 286 L2
s PBTTAL2 TOSCD) VO TTTe_sErRAMIC
Bm.zmt C_SERAMIC

4
s a2 eenUUUNITAA

Teyanaliao

78



—
— _ U6 ——C’f}_ ==§1§F
y 2
_EC- e L LN .
; | ; CL =
FEMALE HEADER 8X1 B3 I3 e EE bem. ) (o™
LuF Ih (R RXD2 2 0
i ey PO T 9 RIS 7 1O
TOOTOOOD Vod), & T e S VI TXDZ2 3 .
P12 L T OV YT CTs2 8
o RIS = TN 30U e o]
RTS2 s </ 3 3 O n 3510
’ . € v ) 44 s g,
L o,
ATDCD2 oS : 3oa 8 0> 2 RIOUT - RIN +—3 L st
PAG DSR2 m—mms L o 10 [ R2OUT | R2IN f—= =
g @ Baow It J4v b LY haONY INRBIR 0 . mh/ioddwgyszq
PAS R - 15 16 ——— R50UT,) N RSN = GTEX
MAILE HEADER 8X2 238 (o] 0w é SHON 22
o MAX3241

Wy
o

: £ _
g a3 eenuunITNME¥enAsmMAsUdya MY iBoard

S8



t:li 1 Y
g‘ll"ﬂ .4 a]ﬂldi)iﬂ'lﬂﬁ@ﬁﬂgﬂﬂﬂ!\lﬁﬁlﬂ

ni [ Y
g‘lh’l .5 ﬁ1ﬂ]&ﬂ§ﬂ1ﬂﬁﬁﬁﬁluﬂl”1m1§ﬁ1ﬂ

86



e = Y o 1Y v ~ = Y ' Y o v ¢ v 5%
wnansiluenansnanulidmsumsldmuienistnwvintu leugslmhluldussleviaunism

Laidnsdilag Medu Snviehuiilvidauwdasiomuazdosdnddisdiveaenarsynasaninisluly



~ & o -

- e & N

original size

GND

1/0 PC6 (Reset)
1/0 PB4 (MISO)
1/0 PB5 (SCK)

S oW

output power
antenna

weight

size

MCU

LDO
transceiver IC
power supply

active supply current

idle supply current

frequency

modulation
data rate
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-82 dBm at 2 Mbps
-85 dBm at 1 Mbps

SPI (Decibit command set)

available
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Introduction

Thank you for your interest in Decibit transceiver modules.

You probably know Atmel's tiny AVR family, those MCU's with 8 pins. Think of Decibit modules being of
same magnitude, 8 pins, similar pin functions, but with larger memory, more peripherals and of course RF
capable. Decibit module series combines Atmel Corporation's ATmegal68 AVR 8-bit RISC MCU with
Nordic Semiconductor's latest nRF24L01 transceiver, together with wide range RF output power
amplification options.

Module firmware provides a complete and very easy to use set of system functions and has three main
features:

1) Easy Transmit / Receive functions to send data from one module to another.
2) Direct access to entire nRF24L01 register map and functions.
3) AVR and module specific system functions.

At the transmitting module, data to be sent is placed in SRAM buffer and D_TX system function is called.
Similarly, on other end with receiving module, D_RX system function is called to receive a data packet to

SRAM. Entire transmission is done for each direction using one single call instruction. Currently supported
data length is 1..248 bytes in one go.

It is having an AVR MCU with direct RF connection to another AVR MCU, by a single system function
CALL instruction. It can't get any simpler than this.

A sophisticated protocol is executed by firmware to have a fast, safe, complete and glitch free data exchange
involving Nordic's Enhanced ShockBurst(TM) embedded baseband protocol engine. The total required
amount of block transfers and acknowledgments will vary depending on RF environment and can not be
predicted. These details are mentioned only for your information and do mot matter while using these

functions. Flexible timeout handling while TX (16 ms to 8 s) and RX (128 ms to 32 s) is provided for the
case of a broken RF link.

Example code, sending module:

1di rl6,WD int 2048 ;timeout 2 seconds

call D _WDT ;watchdog timer control

1di yh, high (IOBUF) ;pointer to start of data in SRAM
1di yl, low (IOBUF)

1di rl6,248 ;length of data, 1..248 bytes
call D_TIX ;transmit data

cpi rl6,X WDT ;watchdog interrupt occurred ?
breq _1labl :;branch if timed out

idi rl6,WD_off ;disable WDT

call D_WDT ;watchdog timer control

_lab0:
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Example code, receiving module:

1di yh, high (IOBUF) ;pointer to start of data in SRAM

14i yl, low (IOBUF)

;clr  rilé ;0: no timeout

1di rle, 8 ;1..255: timeout after n/8 seconds (1/8..32)
;in this example timeout is 1 sec

call D RX ;system call to receive data block

breq _iabl ;branch if timed out

_labl:

Any watchdog setting is canceled while D_RX function call. WDT is turned off at function return and needs
to re-enabled in case. As example:

lab2:
1di  rlé,WD_2048 ;watchdog reset in 2 seconds
call D WDT ;watchdog timer control

Simple, isn't it ?

Not yet mentioned is that some initialization has to be done before these functions are used. This is setting up
desired RF channel, TX/RX addresses and few other settings like data rate and radio output power. Details
can be seen from example source codes free to download from web and from development kit CD.

More information about the Development Kit can be found at link on page 29.

Although the above D_TX / D_RX functions cover most, if not all wireless data transmission needs, one
might want to control the nRF24L01 directly and take the control 100% in own hands. The firmware
provides all functions to do just that, with simple system function calls. As example it takes only two lines of
code to set RF channel. The desired channel number goes in register R16 followed by the system call.

1di  rle,70 ;2.470 GHz
call W _RF_CH ;Write RF Channel

It's only one line of code to read RF channel into register R16.

call R RF_CH ;Read RF Channel

System functions for previously hidden but then unveiled features of nRF24L01 are also implemented.
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Summary Of All Functions

1) Easy Transmit / Rece

ive functions to send data from one module to another.

Transmit data block
Receive data block

2) Direct access to entire nRF24L01 register map and functions.

R_RX PAYLOAD
R_] RX PL_WID
W | TX_PAYLOAD

W_TX_PAYLOAD_NO_ACK

W_ACK_PAYLOAD_
W_ACK_PAYLOAD_
W_ACK_PAYLOAD_
W ACK_PAYLORD_

W_ACK_PAYLOAD_
W_ACK_PAYLOAD_
N_FLUSH_TX
N_FLUSH_RX
N_REUSE_TX_PL
N_NOOP
N_ACTIVATE
R_CONFIG

R EN_AA
R_EN_RXADDR
R_SETUP_AW
R_SETUP_RETR
R_RF_CH
R_RF_SETUP
R_STATUS
R_OBSERVE_TX
R_CDETECT
R_RX_ADDR_PO

DYNPD
EATURE

'11

PO
Pl
P2
P3
P4
P5

W_CONFIG

W_EN_AA

W] EN RXADDR
SETUP AW

W SETUP RETR

W RF ! cH

W] RF "~ SETUP

W STATUS

_ADDR_PO
_ADDR_P1
"ADDR_P2
_ADDR_P3
_ADDR_P4
_ADDR_P5
ADDR
_PW_PO
“PW_P1
X_PW_P2
 RX_PW_P3
RX_PW_P4

W W
x x N

= 2 2 S 2 = S = S

X
RX
RX
TX
R
| RX
R

E S 2

=
Izz
g
S
"U
(8]

|

W_EN_DYNPD
W | FEATURE

Read RX Payload

Read RX Payload Width
Write TX Payload

Write TX Payload No ACK
Write ACK Payload PO
Write ACK Payload Pl
Write ACK Payload P2
Write ACK Payload P3
Write ACK Payload P4
Write ACK Payload P53
Flush TX FIFO

Flush RX FIFO

Reuse Last Sent Payload
No Operation

Activate hidden features

Read / Write Configuration Register
Read / Write Enable Auto Acknowledgment Function
Read / Write Enabled RX Addresses
Read / Write Setup Of Address Widths
Read / Write Setup Of Automatic Retransmission
Read / Write RF Channel

Read / Write RF Setup Register

Read / Write Status Register

Read Transmit Observe Register

Read Carrier Detect

Read / Write Receive Address PO

Read / Write Receive Address Pl

Read / Write Receive Address P2

Read / Write Receive Address P3

Read / Write Receive Address P4

Read / Write Receive Address P35

Read / Write Transmit Address

Read / Write Receive Payload Width PO
Read / Write Receive Payload Width Pl
Read / Write Receive Payload Width P2
Read / Write Receive Payload Width P3
Read / Write Receive Payload Width P4
Read / Write Receive Payload Width P5
Read FIFO Status Register

Read
Read

/ Write Enable Dynamic Payload Length
/ Write Feature Register

3) AVR and module specific system functions.

D _CLK_OUT
D_WDT
D_DELAY
D _FW_ID
D W_PAGE
D_LDO_ON
D_LDO_OFF
D_ERASE

Copyright © 2007-2008 Decibit Co., Lid.

Clock output control on CLK_OUT pin

Watchdog timer control

Short delay (1000 cycles)

Read firmware ID

Erase and write flash memory page

Turn on LDO and enable 3V TRX power supply

Turn off LDO and shut down TRX section

Erase user code (then can load new user code via SPI again)



How It Works

At power on or after a reset, system firmware is executed from $1C00 and general initialization is made (port
pins, AVR T/O registers, stack) and user code is checked for validity. If found valid, then user code is run by
a jump to $0000, else system firmware awaits new user code to be downloaded via SPL.

Entire SRAM  ($100-4FF) is available for user code, except 32 bytes named RFBUF ($100-$11F) are
reserved while nRF24L01 related function calls. :

REFBUF:

¢ 1L 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ;RFBUF([n]

HL ;1 byte payload
Hx XL ;2 byte payload

»“p ¢ B T 0" ;5 byte payload
Hx XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX xx xL ;32 byte payload

Stack is set to RAMEND ( ..$4FF) by firmware and is shared with user code. Maximum of 24 bytes might be
pushed to stack while system function calls.

Interrupt vectors are placed in user code section. Interrupts can be used in user code as usual but are
automatically disabled by AVR hardware when system functions are executing from system firmware code
section. Global interrupt enable and sleep instructions are placed in user code section, which is needed for
interrupt response while accessing the aRF241.01 transceiver. Thus user code interrupts are not blocked
while RF data transfer or nRF24L01 register access, since most of the time the AVR will be in idle mode
waiting for the nRF24L.01 to complete it's job.

'r

INT_JMP: ;placed within user code section
sei ;set global interrupt flag
sleep ;wait for interrupt
ret

System function calls do not modify any registers. RO to R31 are untouched, except that register R16 holds
the resulting byte for most function calls. For those nRF241.01 commands with no data bytes, the nRF 24L01
STATUS byte is returned in R16 and RFBUF is not modified. nRF24L.01 commands with one or more bytes
data reading or writing result the last data byte in R16 and always modify RFBUF in same amount of bytes.
As example for one byte data reading, R16 and first location of RFBUF contain the same resulting byte.
D_TX and D_RX functions modify RFBUF. Status code for D _TX is in R16. Interrupt routines used by
system function calls (PC_INT1, WDT_INT and USART_RXC) do not modify any registers or the SREG.

Last EEPROM location ($1FF) is used to validate user code. If this location has byte $FF, then user code is
not existent. Tn this case (after a reset or jump to $1C00) system firmware takes over and awaits for new user
code to be downloaded via SPL. All other EEPROM locations are available for user code. Even location
$1FF can be used if the stored value is in range $00..$FE and not $FF. User code validity is checked at each
reset of module (watchdog, brown out, external, power on).

Flash program memory is divided in two sections, user code section $0000-31BFF (112 pages) and system
code section $1CO0-$1FFF (16 pages). Page size is 128 bytes or 64 code words. User program code can
erase and write all user program memory pages by using D_W_PAGE system function call. Reading
program memory is done with LPM instruction. System code section is not read / write accessible. It is
advised not to accidentally erase active user program code, thus locking up the module, unless if EEPROM

location $1FF is $FF. At the end of system program memory is the location of jump table for system
function calls.
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There is no LPM instruction used within system code. Instead, it is placed within user code.

LPM _JMP: ;placed within user code section
lpm rl6,z ;LPM instruction executed from user code
ret

/O port pins (PB1, PB3, PB4, PBS, PB6) are initially and after each reset high-Z inputs. (PB7) is read
only. (PC6) is the RESET pin and not an Y/O port pin on the modules with configuration option "C" and
"D". Do not access or modify any other port pins. It will cause excessive current flow when a pin tied to
GND is set as push pull high output. (PB2) is tied to GND, which is SPI slave select pin (1SS).

These ATmegal68 petipherals and interrupts are not usable due to module design:

jmp I_VOiD ; IRQ0 Handler (n/a)
jmp  I_VOID ;IRQ1 Handler (n/a)
jmp I_VOID ;PCINT2 Handler (n/a)
jmp I _VOiD ;USART, RX Complete Handler (*) (n/a)
jmp I_VOID ;USART, UDR Empty Handler (n/a)
jmp I_VOID ;USART, TX Complete Handler (n/a)
jmp I_VOiD ;ADC Conversion Complete Handler (n/a)
jmp I _VOID ;Analog Comparator Handler (n/a)
jmp I_VOID ;2-wire Serial Interface Handler (n/a)
jmp I _VOiD :Store Program Memory Ready Handler (n/a)

These peripherals and interrupts can be used:

jmp I_PCINTO ; PCINTO Handler
; (use only for PBl,PBB,PB4,PBS,PB6,PB7)
Jmp J PCINT1 ;PCINT1 Handler (%) (use only for PC6)
jmp J_WDT :Watchdog Timer Handler (**)
Jmp I_TIM2_COMPA ;Timer2 Compare A Handler
Jmp I_TIM2_ COMPB ;Timer2 Compare B Handler
jmp I _TIM2 OVF ;Timer2 Overflow Handler
jmp I_TIM1_ CAPT ;Timerl Capture Handler
jmp I _TIM1_COMPA ;Timerl Compare A Handlerx
Jmp I _TIM1_COMPB :Timerl Compare B Handler
jmp I_TIM1_OVF ;Timerl Overflow Handler
jmp I_TIMO_COMPA ;Timer0 Compare A Handler
jmp I_TIMO_COMPB ;Timer0 Compare B Handler
jmp I_TIMO_OVF ;Timer0 Overflow Handler
Jjmp I_SPI_STC ;SPI Transfer Complete Handler
jmp I_EE_RDY ;EEPROM Ready Handler

(*) used by firmware while nRF24101 is accessed
(**) used while D_RX system function call.
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Transceiver Power Supply Control

LDO output can be disabled and thus power supply to TRX section on module completely shut off by calling
system function D_LDO_OFF. To turn on LDO output and allow power supply to TRX section, call system
function D_LDO_ON. LDO output is turned off by default at reset or start up and nRF 24101 registers need to
be re-initialized.

call D _LDO_OFF ;shut down TRX section
call D _LDO_ON ;enable 3V TRX power supply

Power down of nRF24L01 alone consumes 900 nA typical. Using LDO to shut down TRX part reduces this
virtually to zero. Only left is AVR power down current <1 pA typ. @ 3 V for DCBT-24R6 with BOD
(brown out detector) disabled. All other modules have BOD enabled at 2.7V and consume more power while
in power down mode.

Reading LDO Status

If (PB7) is HIGH, then LDO is regulating and TRX section voltage is the LDO output voltage. If (PB7) is
LOW, then LDO is not regulating, but letting input voltage through to TRX section (voltage follower), which
is below nominal LDO output level, down to until 2.5 V. LDO can not function below 2.5 V. '

label:
sbis pinb,pinb7 ;LDO error ?
rjmp label ;yes
;wait until output level is 3 ox 3.3 Volt

DCBT-24R6 has different type LDO, which lets coin cell voltage through down to 1.8 V and (PB7) is
permanently tied to GND.
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Clock Output Function

The output signal is push pull output of 50:50 square wave. A reset will cancel this function and the pin will
be high-Z input.

ldi rl6,DIV_4 ;system clock / 4

call D_CLK_OUT ;clock output control
;if system clock is 8 MHz
;then CLK OUT is 2 MHz signal

1di rle,DIV_0 ;disabled
call D _CLK_OUT ;clock output control
;PB1 is high-Z input

Ready defined divisors are as follows:

DIV_0 ;clock output disabled
DIV_2 ;system clock / 2
DIV_4 ;system clock / 4
DIV_6 ;system clock / 6
DIV_24 ;system clock / 24

Mote division can be achieved by formula:

1di rl6,n ssystem clock / ((n+l)*2)
;n can not be 255
;only valid for for 0..254
call D _CLK_OUT ;clock output control
;a value of 249 will result as
;8 MHz / 500 = 16 KHz

Clocking Options

External oscillator up to 20 MHz

Internal RC oscillator @ 8 MHz
- SW tunable typically from 3 MHz to 19 MHz (not recommended by Atmel)
- Eliminating need for external oscillator

The AVR System Clock Prescaler can be invoked to reduce system clock up to 1/256 in real time.

Modules do not allow usage of quartz and crystals.

Copyright © 2007-2008 Decibit Co., Ltd. 8



Pin Function Options

Modules are available with these pin function options.
Option "A"

- 6 general purpose I/O pins
- module runs with internal RC oscillator (8 MHz)

GND

1/0 PB6

1/0 PC6

1/0 PBl1 (CLOCK OUT)
I/0 PB4 (MISO)

I/0 PB3 (MOSI)

I/0 PB5 (SCK)

vCe

0~ oy s W N

Option "B"

- 5 general purpose I/O pins
- clock input pin, module runs with external clock signal

GND

XTALL

1/0 PC6

I/0 PB1 (CLOCK OUT)
1/0 PB4 (MISO)

I/0 PB3 (MOSI)

I/0 PB5 ({SCK)

vce

0~ o WN

Option "C"

- 5 general purpose I/O pins
- active low reset pin
- module runs with internal RC oscillator (8 MHz)

GND

1/0 PB6

IRESET

I/0 PB1L (CLOCK OUT)
I/0 PB4 (MISO)

I/0 PB3 (MOSI)

1/0 PB5 (SCK)

vCce

W -1 Ui WN

Option "D"

- 4 general purpose /O pins
- active low reset pin
- clock input pin, module runs with external clock signal

GND

XTAL1

!RESET

1/0 PB1 (CLOCK OUT)
I/0 PB4 (MISO)

I/0 PB3 (MOSI)

1/0 PB5 (SCK)

vece

W=l W
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Memory Programming Using Serial Peripheral Interface (SPI)

A regular AVR is programmed via SPI and in system with RESET pin pulled to GND using Atmel SPI
command set. Decibit modules are programmed similar, through same serial interface, but under control of
system firmware using different set of SPI commands. RESET pin must be left unconnected or pulled HIGH
for configuration options "C" and "D". The module is a SPI slave. Pin PB2 (IS8, slave select) is tied to GND
on the modules.

SERIAL DATA INPUT MSB LSB
{(MOSI)

SERIAL DATAO\(J“TAE%T) [ M%g?( x )( f )( X X7|.SB L

SERAL CLOCK INPUT H H l_l ‘_l H ﬂ H r\
SAMPLE T T T T T 1‘ T T

Both EEPROM and user program code memories are read and written under firmware control using Decibit
SPI command set. There are eight SPI commands.

$p7 53 00 00 ; programming enable
S5AA D7 53 00 ; response

This command must be executed initially for synchronization and to enable memory programming. A
maximum of 32 tries is needed to synchronize SPI clock. Add one extra clock pulse between each try.
Correct reading will be a $53 while issuing the 3rd command byte. All four command bytes have to be sent
completely, even if not yet synchronized.

$D1 XX HH LL ;load code word to temporary SRAM buffer
$AA D1 XX HH ; response

XX  Code word index ($00..$3F) within a page (64 code words, 128 bytes).
HHLL Code word itself.

Empty code word locations ($FFFF) do not have to be loaded to temporary page buffer.

$D2 00 00 PP ;write page to flash memory
$AA D2 00 00 ; response

PP Page ($00..$6F) within user program memory (112 pages).

Copyright © 2007-2008 Decibit Co., Ltd. 10



$D5 00 00 PP ;select flash memory page for read
S5AA D5 00 00 ; response

PP Page ($00..$6F) in flash memory.

SDB XX 00 00 ;read code word
SAA DB HH LL ; response

XX Code word index ($00..$3F) within a page (64 code words, 128 bytes).
HHLL Code word itself.

$D3 0X XX 00 ; read EEPROM
SAA D3 0X Z2 ; response

XXX EEPROM address ($000..$1FF).
7z Data byte read from EEPROM.

$D4 00X XX YY ;write EEPROM
SAA D4 OX XX jresponse

XXX EEPROM address ($000..$1FF).
YY  Data byte to be written to EEPROM.

After successful download of user program code, the last EEPROM location must be written with a data byte
other than $FF to enable and execute user code at next reset or power up.

D0 00 00 00 ;no operation
SAA DO 00 0O ;response

While memory is being written, polling with the "no operation” command will detect end of a write
operation. Every SPI command will echo $AA while issuing the 1st command byte. If a different value was
received, then the issued command was not executed by firmware, because a write operation is in progress.
In such case, retry the same command.
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unsigned long int dcbt_SPI (unsigned long int); //4 byte data exchange via SPI

int decbt wE() //Write FLASH Pages

{
unsigned int i, 3;

for (i = 0; i < 112; i++)

{
for (j = 0; j < 64; j++)

while (((dcbt_SPI(LOAD_PAGE | (3 << 16} | (PMEM[i*64+3]1 & OxFFFF)) >> 24) & OxFF) i= 0xAA) {}

}
while (((dcbt_SPI(WRITE_PAGE | i) >> 24) & OxFF) 1= 0xAR) {}
while (((dcbt_SPI(NO_OPERATION) >> 24) & OxFF) != O0xAn) {}

int debt_rf() //Read FLASH Pages

{
unsigned int i, J;
unsigned long int k;

for (i = 0; 1 < 112; i++)
while ((({(dcbt SPI(SET_PAGE | i) >> 24) & OxFF) != OxAA) {}

for (§ = 0; 3 < 64; Jjt+t)
{
do

k = dcbt_ SPI(RERD_WORD | (3 << 16))7

}
while ({(k >> 24) & OxFF) != OxAR);

printf("%04X ", k & OxFFFF) ;

int dcbt _we() //Write EEPROM

{
unsigned int i;

for (i = 0; i < Ox1FF; i++)

while (((dcbt_SPI(WRITE_EEPROM | (i << 8) | (EMEM{i] & 0xFF)) >> 24) & O0xFF) != 0xAR) {}
while (((dcbt_SPI(NO_OPERATION) >> 24) & 0xFF) != 0xARA) {}
}
}

int dcbt_re() //Read EEPROM

{
unsigned int i;
unsigned long int j;

for (i = 0; i < Ox1FF; i++)
{

do

{

4 = dcbt_SPI(READ_EEPROM | (i << 8));
}
while ({(3 >> 24) & OxFF) = OxAR);
printf ("$02X ", 3 & OXFF);

}
}
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Tips Regarding User Code Erasure

During code development, a front door needs to be kept open to be able to download new user code into
module, even if user code fails.

Easiest method is to call D ERASE system function right at beginning of user code. This way, user code can
run until a reset or as long as power is applied to module. After a restart, new code can be downloaded right
away. The catch is, that a spurious reset, as example removing module from programmer socket, will
invalidate user code. Only configuration options "C" and "D" are affected from being reset prematurely,
options "A" and "B" do not have a RESET pin. To prevent this, USB plug must be carefully removed from
programmer before module is removed. Keep reset button pressed while inserting module in the hand held
tester. Or, batteries from hand tester need to be removed before inserting module to it's socket. And finally
battery insertion must be done carefully, so that module does not startup more then once.

If user code must be kept and guaranteed to be valid after a reset or power on, then a possibility could be
using a trigger to execute D_ERASE system function with a level change on an I/O pin. As example, if a
pulled up pin is pushed to GND. User code would check at beginning if the given 1/O pin is HIGH and then
would invalidate itself if detected as LOW. All example user codes found on Development Kit CD make use
of this type trigger while using the hand-held-tester. See DDK documentation for details.

To achieve the same resuit without using /O pins, an EEPROM counter could be used. At each startup, the
counter is incremented. After reaching a certain number, user code would invalidate itself.

Once code development has reached final phase, then more convenient methods would be to send a special
command or even perform a PIN code check within user application.

If user application is final and does not require an update option, then this system function call can be
removed completely from user code.

D_ERASE system function erases last EEPROM location to be $FF.

Transmission Duration

Using ShockBurst(TM), transferring 1 byte payload @ 2 Mbps takes 0.17 ms time, with acknowledgment
0.33 ms. Transfer time for 32 bytes is 0.29 s, with acknowledgment 0.45 ms.

Final Note

Spread the word around please, this is THE solution to add wireless link capability to a product. Other RF
products and solutions may be just too complex, expensive, bigger size, power hungry or based on older

technology. No manufacturer other than Decibit is currently providing this level of function and ease of use
for a wireless link for the 2.4 GHz ISM band.

The user codes are very short and thus easy to understand. It takes no more than 10 minutes to unpack DDK,
install the software, install the USB driver, load codes on modules and get a working link between two hand-
held-testers. In contrary to performance and ease of use, DDK is offered for 45 EUR as cheapest on the
market than any other competitor, ideal for universities, schools and the hobbyist.

Remember, your code runs in the MCU that is on the module!

Copyright © 2007-2008 Decibit Co., Lid. 13



‘eatures
High Performance, Low Power AVR® 8-Bit Microcontroller
Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
-~ Fully Static Operation
— Up to 20 MIPS Throughput at 20 MHz
— On-chip 2-cycle Multiplier
Non-volatile Program and Data Memories
— 4/8/16K Bytes of In-System Self-Programmable Flash (ATmega48/86/168)
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 256/512/512 Bytes EEPROM (ATmega48/88/168)
Endurance: 100,000 Write/Erase Cycles
— 512/1K/1K Byte internal SRAM (ATmega48/88/168)
— Programming Lock for Software Security
Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
~ Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFN/MLF package
— 6-channel 10-bit ADC in PDIP Package
— Programmable Serial USART
— Master/Siave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
= Interrupt and Wake-up on Pin Change
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal interrupt Sources
- Five Sleep Modes: ldle, ADC Noise Reduction, Power-save, Power-down, and
Standby
/O and Packages
— 23 Programmable /O Lines
— 28-pin PDIP, 32-lead TQFP and 32-pad QFN/MLF
Operating Voltage:
— 1.8-5.5V for ATmegad8V/88Vv/168V
— 2.7 - 5.5V for ATmega48/88/168
Temperature Range:
~ -40°C to 85°C
Speed Grade:
— ATmegad8V/88V/168V: 0-4 MHz @ 1.8 -5.5V,0- 10 MHz @ 2.7 - 5.5V
— ATmegad8/88/168: 0~ 10 MHz @ 2.7 -5.5V,0-20 MHz @ 4.5 - 5.5V

AlmEL

8-bit AVR"
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

ATmega48/V
ATmega88/V *
ATmegal68/V *

* Preliminary

Rev. 2545FS~-AVR-06/05

‘ImlEl Note: This is a summary document. A complete document
A is available on our Web site at www.atmel.com.
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ATMEL

' Low Power Consumption
- Active Mode:
1 MHz, 1.8V: 240pA
32 kHz, 1.8V: 15A (including Oscillator)
~ Power-down Mode:
0.1pA at 1.8V

1. Pin Configurations

“igure 1-1.  Pinout ATmega48/88/168
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e e ATmega48/88/168

1.1 Disclaimer

Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values

will be available after the device is characterized.

4. Overview

The ATmega48/88/168 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
ful instructions in a single clock cycle, the
hing 1 MIPS per MHz allowing the system

RISC architecture. By executing power
ATmega48/88/168 achieves throughputs approac

designer to optimize power consumption versus processing speed.

21  Block Diagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega48/88/168 provides the following features: 4K/8K/16K bytes of In-System Program-
mable Flash with Read-While-Write capabilities, 256/512/512 bytes EEPROM, 512/1K/1K bytes
SRAM, 23 general purpose I/O lines, 32 general purpose working registers, three flexible
Timer/Counters with compare modes, internal and external interrupts, a serial programmable
USART, a byte-oriented 2-wire Serial Interface, an SPi serial port, a 6-channel 10-bit ADC (8
channels in TQFP and QFN/MLF packages), a programmable Watchdog Timer with internal
Oscillator, and five software selectable power saving modes. The Idle mode stops the CPU
while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Interface, SPI port, and inter-
rupt system to continue functioning. The Power-down mode saves the register contents but
freezes the Oscillator, disabling all other chip functions until the next interrupt or hardware reset.
In Power-save mode, the asynchronous timer continues to run, allowing the user to maintain a
timer base while the rest of the device is sieeping. The ADC Noise Reduction mode stops the
CPU and all /O modules except asynchronous timer and ADC, to minimize switching noise dur-
ing ADC conversions. In Standby mode, the crystal/resonator Oscillator is running while the rest
of the device is sleeping. This allows very fast start-up combined with low power consumption.

The device is manufactured using Atmel’s high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot pro-
gram running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Flash section will
continue to run while the Application Flash section is updated, providing true Read-While-Write
operation. By combining an 8-bit RISC CPU with in-System Self-Programmable Flash on a
monolithic chip, the Atmel ATmega48/88/168 is a powerful microcontrolier that provides a highly
flexible and cost effective solution to many embedded control applications.

The ATmega48/88/168 AVR is supported with a full suite of program and system development
tools including: C Compilers, Macro Assemblers, Program Debugger/Simulators, In-Circuit Emu-
lators, and Evaluation kits.

Comparison Between ATmega48, ATmega8s, and ATmegai68

The ATmega48, ATmega88 and ATmega168 differ only in memory sizes, boot loader support,
and interrupt vector sizes. Table 2-1 summarizes the different memory and interrupt vector sizes
for the three devices.

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM interrupt Vector Size
ATmegad8 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmega88 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmegai68 16K Byltes 512 Bytes 1K Bytes 2 instruction words/vector

ATmega88 and ATmega168 support a real Read-While-Write Self-Programming mechanism.
There is a separate Boot Loader Section, and the SPM instruction can only execute from there.

ATMegad8/88/168 mum—————————————————
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e ATmega48/88/168

In ATmega48, there is no Read-While-Write support and no separate Boot Loader Section. The
SPM instruction can execute from the entire Flash.

Digital supply voltage.

Ground.

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

if the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in "Alternate Functions of Port B” on page
76 and "System Clock and Clock Options” on page 25.

Port C is a 7-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
PC5..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port G pins that are externally pulled low will source current if the puill-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC8 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table -1 on page 44. Shorter pulses are not guaranteed
to generate a Reset.

The various special features of Port C are elaborated in “Alternate Functions of Port C” on page

Port D is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up

i

2.3 Pin Desctriptions
231 vce

23.2 GND

33

234 Port C (PC5:0)
1235 PC6/RESET

80.

2.3.6 Port D (PD7:0)
2545 FS-AVR-06/05
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2.3.7

?.3.8

2.3.9

,3 Resources

6

resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

The various special features of Port D are elaborated in "Alternate Functions of Port D" on page

83.
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to Vg, even if the ADC is not used. If the ADC is used, it should be connected to Ve
through a low-pass filter. Note that PCS6..4 use digital supply voltage, Vcc.

AREF

AREF is the analog reference pin for the A/D Converter.

ADC7:6 (TQFP and QFN/MLF Package Only)
in the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

A comprehensive set of development tools, application notes and datasheets are available for
download on hitp://www.atmel.com/avr.

ATmega48/88/168
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.3 ATmegal68

Speed (MHz)(?) Power Supply Ordering Code Package!" Operational Range
ATmega168V-10Al 32A
ATmega168V-10PI 28P3
ATmega168V-10Mi 32M1-A Industrial
10 1.8-55
ATmega168V-10AU@ 32A (-40°C to 85°C)
ATmega168V-10PUR 28P3
ATmega168V-10MU®@ 32M1-A
ATmega168-20Al 32A
ATmega168-20P!I 28P3
20 57.55 ATmega168-20MI 32M1-A Industrial
' ATmega168-20AU® 32A (-40°C to 85°C)
ATmega168-20PU®@ 28P3
ATmega168-20MU? 32M1-A

lote: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.

2. Pb-free packaging alternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-
tive).Also Halide free and fully Green.
3. See Figure 27-2 on page 303 and Figure 27-3 on page 303.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28P3 28-lead, 0.300” Wide, Plastic Duat Inline Package (PDIP)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

6 ATmega48/88/168 mu——————————
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NRF24L01
Single Chip 2.4GHz Transceiver

Product Specification

Key Features

® & & & o & & e e 5 o ° o o

Worldwide 2.4GHz ISM band operation
Up to 2Mbps on air data rate

Ultra low power operation

11.3mA TX at 0dBm output power
12.3mA RX at 2Mbps air data rate
900nA in power down

22pA in standby-I

On chip voltage regulator

1.9 to 3.6V supply range

Enhanced ShockBurst™

Automatic packet handling

Auto packet transaction handling

6 data pipe MultiCeiver™

Air compatible with nRF2401A, 02, E1 and
E2

Low cost BOM

+60ppm 16MHz crystal

5V tolerant inputs

Compact 20-pin 4x4mm QFN package

Applications

Wireless PC Peripherals

Mouse, keyboards and remotes
3-in-one desktop bundles

Advanced Media center remote controls
VolIP headsets

Game controllers

Sports watches and sensors

RF remote controls for consumer electronics
Home and commercial automation

Ultra low power sensor networks

Active RFID

Asset tracing systems

Toys

All rights reserved.
Reproduction in whole or in part is prohibited without the prior written permission of the copyright holder.

July 2007



NRF24L01 Product Specification

Liability disclaimer

Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out
of the application or use of any product or circuits described herein.

All application information is advisory and does not form part of the specification.
Limiting values

Stress above one or more of the limiting values may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or at any other conditions above those given in the
specifications are not implied. Exposure to limiting values for extended periods may affect device reliability.

Life support applications

These products are not designed for use in life support appliances, devices, or systems where malfunction
of these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA cus-
tomers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Nordic Semiconductor ASA for any damages resulting from such improper use or sale.

Data sheetstat 7
Objective product specification | This product specification contains target specifications for product
development.

Preliminary product specification | This product specification contains preliminary data; supplementary
data may be published from Nordic Semiconductor ASA later.
Product specification This product specification contains final product specifications. Nordic
Semiconductor ASA reserves the right to make changes at any time

without notice in order to improve design and supply the best possible
product.

Contact details

Visit www.nordicsemi.no for Nordic_: Semiconductor sales offices and distributors worldwide

Main office:

Otto Nielsens vei 12
7004 Trondheim
Phone: +47 72 89 89 00
Fax: +47 72 89 89 89
www.hordicsemi.no

DN s
M 503

NS-EN ISQ 8001 CERTIFICATEDFIRM

Revision 2.0 Page 2 0of 74



nRF24L01 Product Specification

Writing Conventions

This product specification follows a set of typographic rules that makes the document consistent and easy
to read. The following writing conventions are used:

Commands, bit state conditions, and register names are written in Courier.

Pin names and pin signal conditions are written in Courier bold.

Cross references are underlined and hightighted in blue.

Revision History

July 2007 Restructured layout in a new template

*  Added details of the following features:
» Dynamic Payload Length (DPL)
» Acknowledgement Payload (ACK_PLD)
» Feature register
» ACTIVATE SP! command
» Selective Auto Acknowledgement (NO_ACK)

Revision 2.0 Page 3 of 74



nRF24L.01 Product Specification

1 Introduction

The nRF24L01 is a single chip 2.4GHz transceiver with an embedded baseband protocol engine
(Enhanced ShockBurst™), designed for ultra low power wireless applications. The nRF24L.01 is designed
for operation in the world wide ISM frequency band at 2.400 - 2.4835GHz. An MCU (microcontroller) and
very few external passive components are needed to design a radio system with the nRF24L01.

The nRF24L01 is configured and operated through a Serial Peripheral Interface (SP1.) Through this inter-

face the register map is avaitable. The register map 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. Intemal
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.

The air data rate supported by the nRF241.01 is configurable to 2Mbps. The high air data rate combined
with two power saving modes makes the nRF24L01 very suitable for ultra low power designs.

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

Revision 2.0 Page 7 of 74



nRF24L01 Product Specification

1.1 Features

Features of the nRF24L01 include:

* Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX pins
» GFSK modulation
» 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
» Integrated channel filters
» 12.3mA at 2Mbps
» -82dBm sensitivity at 2Mbps
» -85dBm sensitivity at 1Mbps
» Programmable LNA gain
* RF Synthesizer
» Fully integrated synthesizer
» No external loop filer, VCO varactor diode or resonator
» Accepts low cost +60ppm 16MHz crystal
* Enhanced ShockBurst™
» 1to 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
» Idle modes with fast start-up times for advanced power management
» 22uA Standby-I 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 SP|
» Max 8Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
* Compact 20-pin 4x4mm QFN package

Revision 2.0 Page 8 of 74



nNRF24L01 Product Specification

1.2 Block diagram

RF Transmitter Baseband
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Figure 1. nRF241.01 block diagram
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NRF24L01 Product Specification

2 Pin Information

2.1 Pin assignment
4] é [a] L2 E
2 A 5 g A
i20] 119l 18] {17] Tie]

CE 1/\. (15| vop
csN | 2) (14| vss
- - nRF24L.01 b
SCK |3} 13| anT2
QFN20 4X4
-~ -_|
MOSI | 4} {12] anT1
MISO | 5) (1_1 vDD_PA
y A, AR N W=
AR BEAN B F
(o} a ] o )
= g > ® %

Figure 2. nRF24L01 pin assignment (top view) for the QFN20 4x4 package
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nRF24L.01 Product Specification

2.2

Pin functions

h funct
tal Inpu

i

-1 CE Digi 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 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 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 30.

12 ANT1 RF Antenna interface 1

13 ANT2 RF Antenna interface 2

14 VsSs 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 30.

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 30.

20 VSs Power Ground (0V)

Table 1. nRF24L.01 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.

Supply voltages

VDD -0.3 3.6 \Y
Vss 0 \'
Input voltage

V, | -0.3 | 5.25 [ \Y
Output voltage

Vo | vsstovpop | vsstovop |

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
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The register values are maintained during standby modes and the SPI may be activated. For start up time
see Jable 13. on page 22.

6.1.4 RX mode

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

In this mode the receiver demodulates the signals from the RF channel, constantly presenting the demod-
ulated 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 presented in a vacant slot in the RX FIFO. If the RX FIFO is full, the received packet is discarded.

The nRF24L01 remains in RX mode until the MCU configures it to standby-I mode or power down mode. 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 carrier detect signal is avaliable. The carrier detect is a signal that is set high when a RF sig-
nal is detected inside the receiving frequency channel. The signal must be FSK modulated for a secure
detection. Other signals can also be detected. The Carrier Detect (cD) is set high when an RF signal is
detected in RX mode, otherwise CD is low. The internal cD signal is filtered before presented to cD register.
The RF signal must be present for at least 128us before the CD is set high. How to use the ¢D is described

in Appendix E on page 74.
6.1.5 TX mode

The TX mode is an active mode where the nRF241.01 transmits a packet. 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 CE for more than 10ps.

The nRF24L01 stays in TX mode until it finishes transmitting a current packet. if CE = 0 nRF24L01 returns
to standby-I mode. If CE = 1, the next action is determined by the status of the TX FIFO. If the TX FIFO is
not empty the nRF24L01 remains in TX mode, transmitting the next packet. If the TX FIFO is empty the
nRF24L01 goes into standby-ll mode.The nRF24L01 transmitter PLL operates in open loop when in TX
mode. It is important to never keep the nRF24L01 in TX mode for more than dms at a time. If the auto
retransmit is enabled, the nRF24L01 is never in TX mode long enough to disobey this rule.

6.1.6 Operational modes configuration

The following table (Table 12.) describes how to configure the operational modes.

1 1 -
1 0 Data in TX FIFO. Will empty all lev-
els in TX FIFO3,
TX mode 1 0 minimum 10us| Data in TX FIFO.Will empty one
high pulse  |jevel in TX FIFOP.
Standby-il 1 0 1 TX FIFO empty
Standby-I 1 - 0 No ongoing packet transmission
Power Down 0 - - -
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a. In this operating mode if the CE is held high the TX FIFO is emptied and all necessary ACK and pos-
sible retransmits are carried out. The transmission continues as long as the TX FIFQO is refilled. If the
TX FIFO is empty when the CE s still high, nRF241.01 enters standby-il mode. In this mode the trans-
mission of a packet is started as soon as the CSN is set high after a upload (UL) of a packet to TX
FIFO.

b. This operating mode pulses the CE high for at least 10us. This allows one packet to be transmitted.

This is the normal operating mode. After the packet is transmittet, the nRF24L01 enters standby-I
mode.

Table 12. nRF24L01 main modes
6.1.7 Timing Information

The timing information in this section is related 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 standby-I to
TX mode or RX mode, Tstby2a.

_Na

Tpd2stby Power Down = Standby mode 1.5ms Internal crystal
oscillator
Tpd2stby Power Down <» Standby mode 150us With external
clock
Tstby2a Standby modes 2 TX/RX mode 130us
Thece Minimum CE high 10ps
Tpece2csn Delay from CE pos. edge to CSN low 4yus

Table 13. Operational timing of nRF24L01
When nRF241L01 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 150us, see Table 13. on page 22. The settling time must
be controlled by the MCU.

Note: The register value is lost if VDD is turned off. In this case, nRF24L01 must be configured
before entering the TX or RX modes.

6.2 Air data rate

The air data rate is the modulated signaling rate the nRF24L01 uses when transmitting and receiving data.

The air data rate can be 1Mbps or 2Mbps. The 1Mbps data rate gives 3dB better receiver sensitivity com-

pared to 2Mbps. High air data rate means lower average current consumption and reduced probability 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 be able to communicate
with each other.

For compatibility with nRF2401A, nRF24E1, nRF2402 and nRF24E2 the air data rate must be set to
1Mbps.
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6.3 RF channel frequency

The RF channel frequency determines the center of the channel used by the nRF24L01. The channel
occupies a bandwidth of IMHz at 1Mbps and 2MHz at 2Mbps. nRF24L.01 can operate on frequencies from
2.400GHz to 2.525GHz. The resolution 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 mode, the channel spacing must be 2MHz or more. At
1Mbps the channel bandwidth is the same as the resolution of the RF frequency setting.

The RF channel frequency is set by the RF_CH register according to the following formula:

Fo= 2400 + RF_CH [MHz]

A transmitter and a receiver must be programmed with the same RF channel frequency to be able to com-
municate with each other.

6.4 PA control

The PA control is used to set the output power from the nRF24L01 power amplifier (PA). in TX mode PA
control has four programmable steps, see Table 14.

The PA control is set by the RF_PWR bits in the RF_SETUP register.

1 0dBm 11.3mA
10 -6dBm 9.0mA
01 -12dBm 7.5mA
00 -18dBm 7.0mA

Conditions: vDD = 3.0V, vss = 0V, Ty = 27°C, Load impedance = 15Q+{88.
Table 14. RF output power setting for the nRF24L01

6.5 LNA gain

The gain in the Low Noise Amplifier (LNA) in the nRF24L01 receiver is controlled by the LNA gain setting.
The LNA gain makes it possible to reduce the current consumption in RX mode with 0.8mA at the cost of
1.6dB reduction in receiver sensitivity.

The LNA gain has two steps and is set by the LNA_HCURR bit in the RF_SETUP register.
6.6 RX/TX control

The RX/TX control is set by PRIM_RX bit in the CONFIG register and sets the nRF24L01 in transmit/
receive.
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; E
Appendix A - Enhanced ShockBurst™ - Configuration and Communi-
cation Example

Enhanced ShockBurst™ Transmitting Payload

1.
2.

6.

7.

The configuration bit PRIM_RX has to be low.
When the application MCU has data to transmit, the address for the receiving node (TX_ADDR)
and payload data (TX_PLD) has to be clocked into nRF24L01 through the SPI. The width of TX-
payload is counted from number of bytes written into the TX FIFO from the MCU. TX_PLD must
be written continuously while holding SN low. TX_ADDR does not have to be rewritten if it is
unchanged from last transmit. If the PTX device shall receive acknowledge, data pipe 0 has to be
configured to receive the ACK packet. The RX address for data pipe 0 (RX_ADDR_P0) has to be
equal to the TX address (TX_ADDR) in the PTX device. For the example in Figure 12. on page 37
the following address settings have to be performed for the TX5 device and the RX device:

TX5 device: TX_ADDR = 0xB3B4B5B605

TX5 device: RX_ADDR_P0 = 0xB3B4B5B605

RX device: RX_ADDR_PS5 = 0xB3B4B5B605
A high pulse on CE starts the transmission. The minimum pulse width on CE is 10ps.

nRF24L01 ShockBurst™:

» Radio is powered up.

» 16MHz internal clock is started.

» RF packet is completed (see the packet description).

» Data is transmitted at high speed (1Mbps or 2Mbps configured by MCU).

If auto acknowiedgement is activated (ENAA_P0=1) the radio goes into RX mode immediately,
unless the NO_ACK bit is set in the received packet. If a valid packet has been received in the
valid acknowledgement time window, the transmission is considered a success. The TX_DS bitin
the STATUS register is set high and the payload is removed from TX FIFO. If a valid ACK packet
is not received in the specified time window, the payload is retransmitted (if auto retransmit is
enabled). If the auto retransmit counter (ARC_CNT) exceeds the programmed maximum limit
(ARC), the MaxX_RT bit in the STATUS register is set high. The payload in TX FIFO is NOT
removed. The IRQ pin is active when MAX RT or TX_DS is high. To turn off the TRQ pin, the inter-
rupt source must be reset by writing to the STATUS register (see Interrupt chapter). If no ACK
packet is received for a packet after the maximum number of retransmits, no further packets can
be transmitted before the MAX_RT interrupt is cleared. The packet loss counter (PLOS_CNT) is
incremented at each MAX_RT interrupt. That is, ARC_CNT counts the number of retransmits that
was required to get a single packet through. P1.OS_CNT counts the number of packets that did not
get through after maximum number of retransmits.
nRF24L01 goes into standby-l mode if CE is low. Otherwise next payload in TX FIFO is transmit-
ted. f TXFIFO is empty and CE is still high, nRF24L01 enters standby-ll mode.
If nRF24L01 is in standby-ll mode, it goes to standby-| mode immediately if CE is set low.

Enhanced ShockBurst™ Receive Payload

1.

HpON

RX is selected by setting the PRIM_RX bit in the CONFIG register to high. All data pipes that
receive data must be enabled (EN_RXADDR register), auto acknowledgement for all pipes running
Enhanced ShockBurst™ has to be enabled (EN_aa register), and the correct payload widths
must be set (RX_PW_Px registers). Addresses have to be set up as described in item 2 in the
Enhanced ShockBurst™ transmit payload chapter above.

Active RX mode is started by setting CE high.

After 130ps nRF24L01 is monitoring the air for incoming communication.

When a valid packet has been received (matching address and correct CRC), the payload is
stored in the RX-FIFO, and the RX_DR bit in STATUS register is set high. The IRQ pin is active
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when RX_DR is high.
received in.
5. If auto acknowledgement is enabled, an ACK packet is transmitted back, unless the NO_ACK bit
is set in the received packet. if there is a payload in the TX_PLD FIFOQ, this payload is added to
the ACK packet.
MCU sets the CE pin low to enter standby-l mode (low current mode).
MCU can clock out the payload data at a suitable rate through the SPI.
nRF24L01 is now ready for entering TX or RX mode or power down mode.

_P_NOin STATUS register indicates what data pipe the payload has been

o N
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Appendix B - Configuration for compatibility with nRF24XX
How to setup nRF24L01 to receive from an nRF2401/nRF2402/nRF24E1/nRF24E2:

Use the same CRC configuration as the nRF2401/nRF2402/nRF24E1/MRF24E2

Set the PWR_UP and PRIM_ RX bit to 1

Disable auto acknowledgement on the data pipe that is addressed

Use the same address width as the PTX device

Use the same frequency channel as the PTX device

Select data rate 1Mbps on both nRF24L01 and nRF2401/nRF2402/nRF24E1/nRF24E2
Set correct payload width on the data pipe that is addressed

Set CE high

PN~ WN S

How to setup nRF24L01 to transmit to an nRF2401/nRF24E1:

Use the same CRC configuration as the nRF2401/nRF2402/nRF24E1/nRF24E2

Set the PRIM_RX bit to 0

Set the Auto Retransmit Count to 0 to disable the auto retransmit functionality

Use the same address width as the nRF2401/nRF2402/nRF24E1/nRF24E2 uses

Use the same frequency channel as the nRF2401/nRF2402/nRF24E1/nRF24E2 uses

Select data rate 1Mbps on both nRF24L01 and nRF2401/nRF2402/nRF24E1/nRF24E2

Set PWR_UP high :

Clock in a payload that has the same length as the nRF2401/nRF2402/nRF24E1/nRF24E2 is
configured to receive

Pulse CE to transmit the packet

PN RWN

©
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Appendix C - Carrier wave output power

The output power of a radio is a critical factor for achieving wanted range. Output power is also the first test
criteria needed to qualify for all telecommunication regulations.

Configuration

1.  Set PWR_UP = 1 in the CONFIG register

2. Wait 1.5ms PWR_UP->standby

3. Clear the PRIM_RX in the CONFIG register

4.  Set all auto acknowledgement functionality in the EN_AA register and the SETUP_RETR register
toQ

5.  Set output power

6. SetpPLL LOCKto1

7. Configure TX address as 5 bytes with all OxFF

8. Fill the TX payload with 32 bytes of OxFF

9. Turnoff CRC

10. Set the wanted RF channel

11. Transmit the packet by pulsing CE (minimum 10ps)

12.  Wait until the transmission ends (indicated by IRQ going active, a fixed delay of 1ms can also be
used)

13. Set ¢E high

14.  Use the SPI command for re-use of last sent packet (REUSE_TX_PL)

15.  Keep CE high as long as the carrier is needed

The nRF24L01 should now output a carrier.

Note: This is not a clean carrier but is slightly modulated by the preamble.
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Appendix D - Application example

nRF24L.01 with single ended matching network crystal, bias resistor, and decoupling capacitors.
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Figure 30. nRF24L01 schematic for RF layouts with single ended 5002 RF output

22pF C1 0402 NPO, +/- 2%
22pF2 c2 0402 NPO, +/- 2%
2.2nF C3 0402 X7R, +/- 10%
4.7pF C4 0402 NPO, +/- 0.25pF
1.5pF C5 0402 NPO, +/- 0.1pF
1,0pF b C6 0402 NPO, +/- 0.1pF
33nF C7 0402 X7R, +-10%
1nF C8 0402 X7R, +/- 10%
10nF C9 0402 X7R, +/- 10%
8,2nH L1 0402 chip inductor +/- 5%
2.7nH L2 0402 chip inductor +/- 5%
3,9nH L3 0402 chip inductor +/- 5%
TMQ R1 0402 +-10%
22kQ2 R2 0402 +-1%
nRF24L01 U1 QFN20 4x4
16MHz X1 +/-60ppm, C, =12pF

a. C1and C2 must have values that match the crystals load capacitance, C,_

Table 26. Recommended components (BOM) in nRF24L01 with antenna matching network
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EMICONDUCTOR
PCB layout examples

Figure 31. on page 70, Figure 32. on page 71 and Eigure 33. on page 71 show a PCB layout example for
the application schematic in Figure 30. on page 69.

A double-sided FR-4 board of 1.6mm thickness is used. This PCB has a ground plane on the bottom layer.
Additionally, there are ground areas on the component side of the board to ensure sufficient grounding of
critical components. A large number of via holes connect the top layer ground areas to the bottom layer
ground plane.
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Figure 31. Top overlay (nRF24L01 RF layout with single ended connection to PCB antenna and 0402 size
passive components)
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Figure 32. Top layer (nRF24L01 RF layout with single ended connection to PCB antenna and 0402 size
passive components)

s 33.1089 (mm) = \l,

15.0622 Cmm)

A

Figure 33. Bottom layer (nRF24L01 RF layout with single ended connection to PCB antenna and 0402
size passive components

The nest figure (Eigure 34. on page 72, Figure 35. on page 72 and Figure 36. on page 73) is for the SMA

output to have a board for direct measurements at a 50Q SMA connector.
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Figure 36. Bottom Layer (Module with OFM crystal and SMA connector)
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