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Abstract

This project is about how to “Monitor Temperature™. It can check temperature in a room
by using IC “DS1820”. It shows temperature by 7-segment then create network between
transmitter and receiver and then send wireless signal ( radio frequency) to transfer data to
receiver by RF module. The receiver is connect with computer by serial port. Computer will
show temperature as graph in time and temperature by using the written in programm Visual

Basic.NET and then save data to database ( Microsoft Access)
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Tavlu 8 dausneziilusiaszynszna (family code) 1-Wireyoe DS 1820 (DS 1820 Hswaniiu
10H) uazBn 48 linsiounDuduszyoynsuduay (serial number) unzdn 8 i gamefodau
1iu#in CRC wes 56 Tausn AaarasmsuisdanI3ugudl 2.10 missanussonsuin 64 fin
unzdunguilssFuseuiiszuenld Ds1820 awnseiuiiugunsaldumediauuy  1-
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@19 7 Y99 DS 1820 Nazautsadifela

8-BIT CR(C CODE 48-BIT SERIAL NUMBER §-BIT FAMILY CODE(10H)

719 2.10 mantaulunisaNudITeY 64 R

2.2.6 Mmidanunasoiein

Tugald 2.11 Junsde ps 1820 Saufululas Tulswmaes ifonisnIuguein
szoz'lne szdunadnfiviiy IWiAoiwes VDD 4pa DS 1820 ﬁuwgﬂ@ia"l’iﬁumnﬁusiw
1850 Widvan1mnen vo Joyalunu 1-wire 1InszvVRIVQUUAn Ty Ins Tdssamaosuny
Fe33 Tz 19dm3unsnanauszezInauaz lidessanmumassi nnsuen1sifu Ds 1820
Tgsnmsizlumsdumefideuuy 1-Wire flazennsa lfmunnsyinan (Power on)
voelo1dnndidaveslulas Tswasoste lidudesidwazsnduludnumzas
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nszRuurdene Tidrs osfiiludufulszgmeoluled ¥ e lUidssses lud Teduny
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i 2.1 msTanmundasioifea Iy Ds1820 Tuse 1-Wire

+ »

d
dmlugy 2.2 funsdaundssroiifesnouen iy Ds 1820 o gafinaalfang

uazmsdamsonlulses lswamesadeiinu 1 dmilouduuazamisofioy

o '

#fiFiRD DS 1820

as 9 - 4 ] o . o Y 9/ o = o s
wmnuhu‘l‘nmmumanﬂﬁmuua 1-Wire Lﬂﬂ']ﬂu1ﬂ1ﬁﬁ1ﬂﬂ’]1ﬂﬂ1’lmﬂ’) ‘ils‘ll“r‘iiJ'lZﬂ‘lJl‘ﬂUﬂ'l‘i

a3 dngungiifnugy ldvinszos Inarkuszunlulns Wswmsef

nP

CSiaac

v

TQ OTE=X 1WIRE
=V CES

v
—EI——————) EXTERNAL <5V SUPPLY

= ot yoot = L4 g ar ar .
U 2.12 msvaunase Idmeuenuaznsdumesivas 1 DS1820 nawduuDH 1-Wire

2.3 n1dwnedmorumad i

& 4 - = o 3 LY o
mMigeunensemsdumaiiMaszniglnlnsnouInsaaeifugunsalneuen Tng

'1*1’3’5114’Jumuf‘f’muﬂgm'lﬁﬁauﬁqﬂ‘1¢’1’ﬁmsﬁ'wmmad1wimﬁmmnwmun?ﬁmﬁnﬁﬂ (FU A5

ieusingUnsaiAeWIULOYNSY (Serial Peripheral Interface , SPI) 1u'ly InsnouInsames

A ] e o« ol ¥ Py
68HC11 ¥83 Motorolla Msi¥anaeuyy SPI fiyauli lulasaouTnsamesuanalavudoyadiuy

o [ =Y [ ) o [ Y]
gunseidenaeldawnniaie 1 Srudadedunit Taoldmosudsdyaraniies 3 nie 4 Ju

Qs ot
siUmIens o mdy
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= T 1 o e o 1 ot = vow y
Thilyszuuianlddnaumodesiiqa fmusoldaanesugunselau 4 msz
ar .Q 9 ] 1
szVumuuY 1° C bus AiflowlsluluInsnouInsamesnszga s0s1 annsedeiudonaly
WU 2 NAMS (bidirectional data flow) Taoldmodayann 2 iufunsudsmdunie
o ¥ o 8 | 3 o T
Dogiiu Wiiszuudadeyauvumeoduion (1-Wrie bus) nmivayumsvuaedeya
= 9 at & -] a o = a’
uuy 2 Hisma o l¥medyanamidadudmiviiuadyyaninua fyapadeyauas
L =] ' n‘:
Mwniaen 1 idwnniy
o & 1 J 4 at
quUnsai¥enAouUY 1-Wire bus i ezifuiSosmsilszgnaldauludunisinuinam
[ 9 . -] =) ] . . ar [
Unoadvvesdioyn (data security) unagms§uungilnsaiviianig 9 Gdentification) oAFIDE1S
' = P o o_ o
wu F1 DS 1990A Fuilugunsefussnunoauyszs1da13%191u (Touch Serial Number
. 1 ] ¥ o & = o_ ar .
device) Tnvazilyilsrendn q nszquTanzidn o Fafivuioavisz$1da (Serial Number) 9117
[ ¥ ¥
48 Um nlgnivlns Bnelu manoaumailennsausnandumeindeonilu 2 du ud

' o ] L3 o @
axauesimhidumensuduazmodoyamudny

v X
2.3.1 nANNMTAUGIM
il o o = ot e Y A e
gunsainmivayussvuimdwdorssfimeofios 2 idumniufeaonsiduay
ar A L r d.y ar i W : a’ as
aodyann ¥5unBNe019Nme DATA awilssSanmsifuifuisdyanndeyanas doyam
1 ¥ ¥ »
wiamfldimsuana/foudeyn a0 DATA fivzilluwiia open-drain Fatiulumsesnuuy
3/ ¥y o Y s csv 4 o .
29935 gAnseonuuy IAAMun UL INadHaIs DATA Tid10 munseasgUnsal I-Wire
.. Y o o oo q.’ 5 v oAy o ¥
divice lAUNUTaE 1AnINNTWMAdeIN15 11 DATA voelulnsaeu Insamesdouiluuuy 2
=3 - < .
WA (bidirectional) LLHZNIOIAYALUL open-drain
H ] 2 ar ol . N
msuanavudoyassnnalulnsneuInsawesdugdnsoiily 1-wire bus 711314
L
910 9 mdpunsTudesdoyar1unIetia SPT i1z luszuy 1-Wire bus WUa10 DATA 12d09

]
o = ot ar

IANISIABINLIINIZINT (timing), SSAVAYYIU (evel), LAZHANI (direction) ﬂumi’faya

L] 1 ar

o a o o m o Sy m
NINuA VI111‘17115l“UUu‘]fﬂﬂLnﬁﬂlﬁ]qvlniﬂﬁﬂﬂulﬂ'iﬂlﬁEJTYIﬂﬂﬂﬂﬂu@ﬂﬂﬁmwgﬂuﬂﬂqnﬂq'ln

Re

ar 3

J . o W o=t ' ar ar ] ¥

FUFoUNINVYY 8619 1sAawdlinseenuuulesedeselase Jaudy smuisaau'ld
e o ] 1 -
du5v1aw ludsadouTUsunsuvualugjewiuly

S oa ] & g Felg 3 ar . 1 ] =) Y

deiianlsediamilande gunsalhldiauy 1-Wire bus daulngiez luflndggia

& = ar  ar s [ 1 & o ' 4
DATA dsnAssavanadnivu Wifivs (vee) oguda annsadionszua Iiugdnsaiinaid

1dedrafivawaszrnanisiauaulnd
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Tuan1zin (quiescent state) gunsaliildTanuy 1-wire bus 9z1%u1 DATA ogly
o 4 yd. Y] L [V o & = @ 1
N128a00 (float) M 1A NIRRUTIR WA ULs A uRadnFIUnARAD 5 Taadiues dau
ul -I 'I od o [} EY) P4 A Ye 1 e e Y
ulasaouInsamesiniziassIvyueranadilddadoiuyn DATA Hluanzarudiuniu
. . ¥ o 4 a‘:g = q' J U
@9 (hight-impedance state) 11U iilogU nsalvsmeariaiitldesfan DATA efluaniozasy
d’ [ a o 1 Qs ar @ a:y o ¥ ar A Vo .
Unnuaumuyaswiszaeinuszaunssiu I ldiugyasal i 19T auny 1-wire
dy U ; o s ay [ o
bus 11 THednasivanemnzgunsailFtauuy 1-Wire bus fozldndaaulunsinudon
UIn
P [ [ o o & .
TumsuandoudeyaiululnsnouInsamesuasgdnsanifiauuy 1-Wire bus
»
szAeRNduMIg1eszinse s audduduneulumsitldoie DATA Taesnilu Low
v ar - = ar @ (L=
Yasuldas DATA ndunfiaemilu HIGH uazaisasnniumsasuivnnglnsaidndiu
lé ' @ dl ; [) o o
nig ¥dsmaznam ldlunizuiumsiizgnimualasdedimualasdesmuammwizuns
dyé (== U lﬁl ar
LUV 1-Wire bus H FaaB9ns199aovanumusavesszuvidfifoneunes Iszuuiauun
1-Wire bus
o ¥ - Y 4 £ ~ 2
Mnaneindsdunsuanldoudeyaszisuiudlromisi lulasnouInsanns
a =i A o o _ =
N3EMINIEUIUNITI A (RESET sequence) 39v1 18 Taumsvii liaw DATA fasdn Low 1u
»
) = L] Qs r = s é
na1eg1etios 480 Tulnsiuifl udiBedaesldndumegluaniiz HIGH Bnadanils Idg

urugiinaluglh 213 dszneuda

Tulrsnoulnsamesmawndien ™0 DATA nAITRD SN * high”
(wyusgnioy 480 TuTnsiui) (uwediion 15 Tu s iuif)
< > |‘__> marsuiuvingUnsed
+5VDC ($3m1tiound1 60 Tulas Ty
:
1
1
]
]
'
Gnd Leeee

51 2.13 Samaznmlumsihinszuumsasaeyiiigunselaguusa
iegUnsaildia 1-Wire bus fimsaamuan1ae RESET fifszmeuauesdiomsds
FadnduliteuentluTnsneuInsamesdhumeniatifigUnisiuua 1-Wire device M4
wueglaeginsel 1-Wire device szildouliaiw DATA ogiuaein HIGH ethaties 15
TuTas3und uslidiu 60 TuTas3uti vimfuiufesiiiais DATA awnilaein Low

Tugrsumdszing 60-240 Tulasium udRdeslvindu ldliaede HIGH WAL ¥r99a1
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» [ »
- a = T 1 =y =y L\ =4 ] ] L
WETHNAUHRIWTOIT U TILIAUTUARAD(Initalization) ﬂ?ﬂl‘iﬂﬂ'}’]‘]ﬂﬂ?ﬁ"lﬂ53%ﬂﬂﬂ'ﬂuﬂﬂﬂﬁﬂj

v
=t

ﬁaginuﬂ'ﬁ wnsely (presence detect )
ar 4 . . 1 ¥ or i =) ¥
H899nQunIal 1-Wire device 1donleris DATA nduwregluassn HiGHIEA
o W [] ] - ¥ L] -
luTnsnonTnsamefezdenidosain DaTA egluasiniiuoiedon 240 Tulnsiud
] g; n=' { 9 ) 3
PENNIITNNIZUIUMsUani]Aeudoya (data exchange) Al 91n1ulu Insaou Tnsame s
L] v ¥ e a & o @ ‘;’
VAT UIUAY (initial command) vure 1 Tus lFagunsel 1-Wire bus FemrFaiioronziih
o = 3»‘-! g o o qw
Mo 13f 1diuogidesninuiigUnsal 1-Wire device %1025 gunsal 1-Wire device 92
[ » 1
sesfuyaiidaiuennly Taumadeuaniusvosaio DATA ndunduurlevaouusnez 1
WMuasin LOW ud5sndvuniiu HIGH mus1989MIza1fimuiz ay ¥IUIDTUIUN
o o W = = ar I e =
Tulnsneulnsawesiiliears DATA Taosn Low wifusuenuesaiialvuisassn
=Y =t =y o 9 =y - as = ~ M A oy
it 1 T Tnuilaesmiiu o Tgurupiianfuaastsznar lumsieniia 1 vSeRouiia o
Tugil# 2.14 dsznaudae
- o Fd - oy ° W = o
Tusaeansa lulnsneuInsamesezSuaou laun13v1¥ia1o DATA Jaesn LOW
= 1 .ﬂ' LY g1 ] 9 a =1 -
idonou Wedela 1 Julnseeulnsamesfezdaoslvais DATA nduwiiansn HIGH nelu
F=9 = o Iy -y r=l - ] 9 1 F-%
1-15 lulnsdurfindinnvirldeais DATA  SaednLow  uddideanisezdeila o
TulasneuTnsanesnizdenstaoelfeais DATA asflansn Low delihilunaiuiueds
You 60-120 TuIas3ud
] 1 = a [ o o b =\
F1a15eu N9 15-120 TuInsdurdindannlulnsnou Insamosviildee DATA
»
a99n LOW  lumenusnil 92i5on193miseuaniuzsindeya (sampling  window)
¥ »
TulasnouIninmosezdessnussAuandInueIais DATA 1¥Hnshnanata9ia1iling e
as =y 1 ; ar oa [] ::4 dv = P - W oo 1 nﬂ' =
sgauaotnluTrsnaandudivenhiad ideiiiiiude 1 wieda o I¥dunaiuioszivou
¥
o 4 qs S ]
1in 1 asvuaw DATA 1 luinsaouInsaneiazliao DATA nduuliassn HIGH 1uv

3 ¥ ] = =3 o o ¥ = Py ] (" [N
nalanlaseznng 1-15 TulasTunndinvirliaio DATA Jae9n LOW uduaass luinu

15 TuIns3um
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TulnsrouInsnmediitl¥eu DATA

Hnodn “low" stiales 151 ulas3ud

4 . . . . ,
Worada “1" nduwn pUnseluuiasAnnlsoeWemo

+5VDC DATA ndvunfinedn “high” niaemn 15 lulas3ud

medin 0" luTnsnou InsmoesazdeiIWe s DATA :‘maﬁlw

Gnd “Jow™ 06191100 60 10 tn3 T ua iy 120 T lnsiud

s lums@uudndn 60 8 120 10 Ins3ud

{ ar 1 [y a =% ar ar
1% 2.4 fomznand Ty TasaeuTnsames 1douiindeya o wie 1 ludigunsaiuusa
[ ' o o o o . . o
nasnaIide lUdsgunsel 1-Wire device 1 luInsaou Tnsaieifvzdessons
ar 1 L= 9 o ] 4 ] ¥ é ) s
aouiu Ingmssmwaradeyafiaziialusrmfndueuamils mudesmusvesiauuy

1-Wire bus Taeldquangiinarlumssuiia oude 1 vingui 2.15

TuTninouinsameivin oo DATA
finnda * low” nd1atiow 15 Tulnsium
A 1 - - * 2 » ) »
wWipgia <1 ndbu gilnsaiuuimesdoslneomo

DATA navwdinedn “high™ nfavin 15 lulasiun

+5VDC

Tuniseaiia “0” ndwn milnsaivultmezdoaild

Gnd 0 tTtTrTSo RS mStT oo m T mo T

L
Cat

¥20m lumsemdoyndie 60 Ba 120 TulasTund

= ar o o &' T =gl el
319 2.15 Samznadmivle TasnouInsaaes lumsewmiadoya 0 vie 1 910
a o
gunsaiuua
" oA - . o« o

Tumsemiiadoyauuniia 1-Wire bus aouusn luTasnou Insamesszdasirliae

DATA #0930 L0Q Wurarulaiifiu 15 Tulnsiuid udrSedldesiens DATA nduundl
= ] = : o o [ =)

2930 HIGH iwuifin 91nug1nsal 1-Wire device Nzidaugume DATA unu lasezdaiin
0 Tavezilfeo DATA flaednflu Low uazdsiin 1 Tauddeuldais DATA nduind
a9In HIGH maidy

dli [ ar o et 3 9 a ar Inl; J

iodsdeyaoenldislulnsneuInsawesiFouioondd wlimiinegsrvmenils

5 ] g = o o
9INTiugUNIel 1-Wire device 9z1/asunnsniunueinaio DATA Wiiludass uazsefusids
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' ¥ @ 1 L4 =) )
nseveyanissie 1l d1gunsel 1-Wire device deiin 0 von'ld TuTnsnouInsamesios
» ¥ +
quaAsNaegATUgAvesiin 0 I1Ai10 q ins1zmie DATA vznduinegiiassn HIGH
»
= "y =y L= ar
ATUAN UADINITASIVEADUYATUGAVOINISEITiA | ¥099UNSHT 1-Wire device 9vfDld
14 b4 [l
WALANINATIE W18 DATA Hivzegiiaedn HIGH oguda
g:yﬂ T g vl a ' = g 7 ﬂ A oo w - 1
unlumgrani luvamznalunssndeudeyaduuiseaiddyuin ez
= o . . o [ e -
1 1 91nQUNT9l 1-Wire device TulasnouInsamesezAenimusrsaiiuansluumigd
naediunsaaia wosdeslidinisguasinda sundrmezriu ldudec1edon 60

TuTas3un

24 TRW
Mode of operation (Iﬁnﬂﬂo”ll.‘ﬁu n13)
2.4.1 Overview

' w ' o a1 o & o .
ILUVBBLUDT nRF2401 nsavaeylu Inuandn lddasie 1uil Tnoesiuiu 3 pins naugu

Mode PWR_UP CE CS
Active 1 1 0
Configuration 1 0 1
Stand by 1 0 0
Power down 0 X X

msnﬁ 2.3 nRF2401 subsystem main modes
2.42 Active modes
S¥UVOBY nRF2401 I 2 Active 1@ ( TX /Rx ) :
- Shock Burst
- Direct Mode ( not supported by nRF24E1 )
RadFumsirnuvesgunseluTnuniiBenas thon1ve9 Configuration word oy

Configuration word 3¢herad ludIuves Configuration
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2.4.3 Shock Burst

wnlnTad Shock Burst 1HuwFy FIFO ifedunardeyaiisnsdoyaduasdiien

ar

a

gns1deyaganIn ﬁ’)umﬂﬁvﬂzﬁ'liﬂ‘iaﬁﬂﬁlﬁﬂﬂﬁaﬂﬂﬂuﬂﬂﬁﬁ1ﬁaﬁﬁ1ﬂ e ufiumaszuy
to0 nRF2401 1u Shock Burst 1319218803 1doyagagn (1 Mbps) 1a8 band 2.4 GHz Taelyi
Avami luTnsaeuTnsamesamudigauazrimgs (McU) dmSumsduiumsnedeya

Tagnislamsdssuianadeyananniags fuWussu RF Protocol YUl nRF24E1 3
sz Tom] fofi

- anms NSz

- syuwdifismgn (1o ldswdm$u microcontrolter 31071 Talims )

- andasinsidssvesnissudulueime ifiosninmsdadyanlugisnmdug

18awn
5$UVEBY nRF 2401 a1u15011sunsulaeld a1o interface ﬁ'yujm 3 1fu §adasves

a ] oy . . 4 1 4 o
doyavzifonlaonuda CPU TavvauiuduAtnoauss application (N9 run ARG IF

ar s

WeNOATWoYAaLM RF Link NAUWNGIQA 1¥ua Shock Burst szaantslynszuaiolu

=

application

2.4.3.1 HANNI5989 Shock Burst

WOSTUUUDY nRF 2401 11R5951914 Shock Burst AITUIUMST Tx WA UHUMS

>
famo 11l AI0819 10 kbps

[ —
8-bit Contdruous 13kbps nRF2401 __I___I_ _D—

LT
Mcu R ShackBurst™  1Mbps

51l 2.16 furadeyalae CPU delaumnTuTab Shock Burst




Without ShockBursi™, running al speed dictated by 10Kbs MCU

“ 10mA periode >
P74 10mA period  10Kbs MCU with ShockBurst™
20 40 60 80 100 120 140 160 180 200 220
Time mS

11 2.17 ms 1¥nszua RF Tavlduas lildima TuTad Shock Busst

Data content of registers:

uoonTaler
Loadirg ADDR
ard FAYLOAD ADDR EAYLOAD
aa%s
Mam}[n 258 bits.
v
' Ty
NRF2421
Calculatinp DAS ADDOR FAYLOAD CRE
CE~LCw?
nRF2ETY
Adding Prearmae Pre- ADDR FAYLOAD CRC
amnmbe

h 4

nRF2E0t

gerdrg
anocrdustY

Sackage

(253 or *0CCkEPSE)

nput FIFC rot Eoty

3U# 2.18 Flow Chart ShockBurst 113 099893311098 nRF2401

240

25

=
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2.4.3.2 N15949 Shock Burst

CPU interface pins ;: CE, CLK1, DATA
1.1ffe cPU fidoynfiozes set CE high fie nszdu nRF2401 Ialszanannunveda
2. UBANTAYDI IMUATY (Rx) 10 payload Yoyaszduinuingsvisnassuudos
nRF2401 protocol #38 CPU feauiinlaun 1 Mbps
3. CPU #1 CE low 0 N3ZAMNI3E9 Shock Burst
4, Shock Burst

ao o 4 &
- RF front end 92UN1QUWHYU

a

- RF Package 92o1u1)i4

- [~ ]
- doyauQneaRinMMG 1 (250 bps W30 1Mbps udmAd 1)




Data content of registers:

ARFAN
Detecis
PREAMELE ard Fre-
incomrg Sata ambie

|

ADDR SAY.SAD CRC

ADJOR FAYLZAD CRC

aRFAN
Reczver Jal3

are ADIR PAY_CAD CRC
Checking CAD

ADDR PAYLOAD CRG

nRF2At

Zes Dot Ready
(DR1ZHE QR FAYLOAG

vCeroler
Clacks oun

PFAYLOAD

ARFI4
beed 2el3 Daia Ready
DAL} low Cpul Reghter Emony

UM 2.19 Flow Cart ShockBurst M33US UG08 nRF2401
2.4.3.3 M35V Shock Burst

CPU interface pins : CE, DRT, CLK1, DATA (1 $0951U Rx)
1. LOAIATTONADIUATYUIAVOI payload YD RF package NA119% set fiaszuugon

nRF 2401 1811754519994 Shock Burst Rx
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2. 1ilonszgu Rx ; sct CE high

3. W899INE1 200us nRF 2401 913 NnavuoMadmiuns femshozdn

4. 10 package igndvagni3unin (LBAATAYNADAIATHY CRC ) nRF 2401 981ms
heumiuweamsauaziin CRC

5. INViUsELGRU nRF 2401 9 interrupt CPU TA0M384 DRI high

6. CPU 9% set CE low Lﬁ"eﬂmﬁ’u RF front end (Tmmﬁmzuﬂé’h)

7.CPU axﬁunmﬁwqﬂ payload data ASAT ML AT

8. tiie payload data ﬁwmgnﬁtmm nRF 2401 set DR1 low Snass uazwdoudmsy
deyaiozidun #1 CE 8 high 5213197 download Yoy 1 CE set low 138181 start

up Tusiszeninsaisu1d gansied 2.4

RF CH# RXEN
7lei sl 432711 0

A15199 2.4 FOIAPIUOLANT set Rx

2.4.4 DUOCiever Simultaneous two channel Recelve mode
TuTnua Shock Burst 494 nRF 24E1 @11505095UR WA 2channel Avuufiuag
Hudszaefiu Aisasdoyageqe 1azainlunaidivssu Fammeanui
- RF 2401 sunsndudoyavinniosds 2 1nfoe A1 Mbps uaz 8 MHz Fu 1 enenms
- Output 310 2 Fosdyanudoyn oxtlon Iy 2 interface pins Husnendiy
- Data Channel 1: CLK1, DATA, DRI
- Data Channel 2: CLK2, DATAZ2, DR2
maTuTlad DUOCiever 1% 2 Fosdnyaudoyafineniuetiasidsndmiv Rx uaz

ABUAUBINIIUABINITAD 2 chammel TABTTZUVS RS

nRF2401
e )

nRF2401 C::>

Tx/Rx
<: nRF240 1
Tx/Rx

21]‘71 2.20 Simultaneous 2 channel receiver on nRF24E1
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#
ar

d MU nRF24E] dxatsoiuitesdyamdayagead 2 18y amdves Yoy

[

2

Avseggeniiey 8 MHz AnwAvesyesdaa mdoya nRE2401 @93 program iwasudeyad

= [ o = ) 3 . . A g fa o ¥o o .
ANuavarosTyauil Lilimsldiiar mtiplexing Wovifedsuildd s Ty Direct

1

¥V a Far 1 a v ] ar Qs
Mode diiu lifudaldnionfusznin 2 ¥eadganudoya cpU dosmuisoiansdoa

Cr]

dhamdouiuld @iy Shock Burst arwisndii 1 cpu ngadunaoyaseile uazh i

INANIYYITY package Yoyauas liandssdninmuns CPU

—
Clock ADDR, [—| DRI
Fzz. [——™ Recovery. (= CRC [—m| CLKI Data(Fsq.)
DataSlicer Check |l DATA j
-
Clock ADDR, [ DR2 :
Far™Frey*8MHZ | ——=  Recovery. = CRC [ CLK2 > Data(F,.)
DataSlicer Check | DOUT2 j

o - = ' w o A g
U7 221 DUOCiever Taedl 2 Yosdymnusudoyaidudassaany

2.4.5 Device conflguration

Configuration “ﬁdﬂuﬂﬂm‘i:ﬁﬂmjﬂﬂ nRF2401 2@ 1U150WIHIUNIG 3-wire interface
¥9aMsARdedoms ( CS, CLK1, DATA ) U register He7 Tag configuration word #141501)
1494 18 bytes ﬁﬂuconﬁguration bit ( DATA ) 92dnaduranlae clocked ( CLK1 ) 19 msb 111
fouumzf €5 = 1 Tt 18 bytes 219gna1Y Inan

2.45.1 Configuration for ShockBurst operation (Configuration @IM5U NMIAUHUNS

ShockBurst)

Configuration word 1 Shock Burst #11¥351U808 nRF2401 a111303an15 84 RE
protocol T4 110 protocol a3y3eh unz Tnanlisyuuges nRE2401 o 1 byte :bit[7:0] Suilu
fzdea update ARBAY TR U
Configuration block Tavazidoa dmsy Shock Burst ﬁﬂﬁy

- A1 319904 payload: s21H11uIMUBATA payload T RF package Fatiuin sy
g0y nRF2401 musautimonsznhadioya payload iaz CRC bytes g3y package 14

- AN address: set $S1uTiafinenasaldly RE package Faiiuil¥szuudon

nRF2401 aansausiaensernitaueamsauazdoya package 18
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- LOAATE (Rx HDI 1 1Az 2 ) : ﬁmummmmﬁf‘?m%’u%ya

- CRC : a1130%1 17 on-chip CRC generate uaznonasield
Configuration Block i Tasniseniiy CRC 1=0zBuad M5y package F952UU
nRF2401 fi9z31Tu Inun Tx CPU 204 generate DA LAZAN payload IHHINEALTLLY
foy nRF2401 tovgSudeynidieldszuuton nkr2e01 on-chip JUlUUY CRC Apanilah

g ¥l =1 o 3 o
crC 1Hu1F 1 Auar 19 nnum wdeaiuagUnsel Tx uas Rx

PRE-AMBLE | ADDRESS PAYLOAD CRC

g‘l_"ﬁ 2.22 DATA package set-up

2.4.5.2 Configuration for Direct Mode operation {Configuration d 1H'§'umsﬁuﬁumﬂu Direct

Mode)

o s o = 3 o . i A 1
d1m301U Direct mode v2Auiiumsifsmaly 2 ludusnuag Configuration word flNe1D4

Bit | Number Name Function
position| of bits

c 143128 o T=5T Razetved for terming
"_-'-: 119142 3 DATAZI W neth of data payload section BX channs] 2
5, 11,104 ] DATAI W Langth or data payload section K% channe] 1
": (L4 40 ADDR2 Up to 3 byta address for R chan=el 2
3 5 % |ADDE. Tp to 3 byte addves for KX chansel 1
.:2 RER [ ADDE,_W Mumber of addre:s birs (hoth B4 ckannels).
2 17 1 (RC_L Sor 6u CRC
iy
%
=
’ 16 1 |¢erC =N Enable on-ctip CRC zenaation checking
15 1 P32 _EXN Enable nwo chammel 1ecsive mode

£ 14 1o Comnnnicaties riode (Direct or ShockBurst™
=
-
E
i?'j i5 1 RFDE. 5B BF data sate {1IMbp: tegquize: 16MHz ervcta]y
5
5
B 1210 3 MQF Crem! frequency
-
3
= 93 2 KT PWR RF autput power
2
.2
- > 1 7 RT CHé Fracuency zhanne
d 1 FOEN P2\ or TX cpetazion

715199 2.5 M1319999 Configuration word
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- [ » v
Configuration word 9 shift MSB flou#l clock 49U¥1IM configuration Inysziiafiveu1a

VDICS

2.4.6 Configuration Word Detailed Description (95111051002180a%09 configuration word)

N Qs =Y = F
aF1uHaiFuune 144 1ia ( Ja 143 = MSB ) H414 configure 5201 nRE2401
Configuration Qﬂﬂiﬂfﬁ’ﬂﬂ: bit [15:0]
Configuration Shock Burst: bit [119:0]

Test Configuration: bit [143:120]

.58 TEST
D43 [ Di42 [ Di4: | Did0 [ Di39 | Di38 | D137 | DI3é
Reserved for rezting

I E [ | ’3_1 a l i I i i i I aq Tafzlt |

#7135 1M 2.6 Configuration data word

MiE TE5T
T T T [t [t [ er e I EE e [ el e oo [ o= |t o=
Reserved for secting Clew PLL = TX
o 1o Jeo To T¢ e ja fo Ta Jo o 1 j31 Jt R Tafuds |
DATAY W
Dilg | D18 | DI17 | Bilé { Bils | DHl4 | Di13 | DL
Datz width channel=d in ® of bits excluding addr cre
Lo T v T e [0 ol a1« Teal |
ITALW
Dil: [ DI10 [ Dio2 | DiéS | DOV | IH DI0> | DI
Datz wicth channe’=] m # of bit: axcluding addr ore
[ Telrds |
ADDR2
DO [DI0T [ Did: | ... [ Dil DO | D& | D& [ Der [ D& [ D& [ Do
Channal=2 Address RN (up o 40bsd
0 [ 9 T o T ... 1T 1 1 [V 1 9 1748 { 1 | B | 1 | Esi=ie |
ADDRI
D&3 [ pa [pal | ... [Di1 [pw [D» Ipx | Dif DM [D¥ DM
Chanral=] Address RN {up to J0bi
a | o o [T 7 T 1 17T 17 1 o1 o 1 1 T & 1 ¢t [ Bek|
ADDR
D3 [0 [ Dl | D% | DB | DS
Addvez: width m # of itz (both channe o)
T ] 0] 1 ] 0] @ ]9 SEE ]
CRC
DI? D12
CRC Aode ] = LA {=8bnt LAC = enable: d=dizable |
] i Teneal:
Fr-Progmammme 55
DS B4 5L [ DI (DN [ Dl |09 [ Ds | D | D6 D5 D= bs | D2 D[ D%
TwaCh BLF 0D N0 Frequaney Bt Power € haune; zelection PAEN
g g 0 Jo [t [: [T JT [3 [&a (3 Jo [0 [t % 3 EEET|
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1At MSB bit A23929n 1909 g configuration register (S U ULS N
Default Configuration word: h8E08.1C20.2000.0000.00E7.0000.0000.E721.0F04.
2.4.6.1_Shock Burst configuration:

¥290% [119:16] Us2noUA0 segments o8 9aziBoauos configuration register 11)¢3
protocol N15¥191UUB3 Shock Burst 1151503 120 Tinsa shift 157D switch 351719 Rx
e Tx

2.4.6.1.1 PLL_CTRL

PLL CTRL
D121 | D120 PLL
g § Open TX:Closed RX
0 : Open TN Open RX
: ¢ Closed TX -Closed RX
i Closed TX Open BX

ﬂ'l'a'%‘l'ﬁ 2.7 PLL setting
Bit 121-120:
PLL_CTRL #0515 set 84 PLL T Tx vz lsifiamsifoauy dm5uinua
auiTumsUnd 2 Tafidoudiu bit low

2.6.6.1.2 DATAx W

DATA2 W
119 ] a8 |7 e [ 115 [iia i3 e

DATAlI W
1ie [ 10 [i0e o8 107 jiee [:05 [ o4

a151971 2.8 $amveaiialy payload

Bit 119-112:

DATA2_W 714817 package 484 RF payload A1M5Ud 01904 2
Bit 111-104:

DATAI_W fu817 package Y84 RF payload 914 %"uﬁ'tytym‘ﬁm 1
NOTE:

$uandiavanualy Shock Burst RE package 819 ifiu 256! ANUEIFIgATBIAIY
payload ¥113910 DATAx_W (bits) = 256 — ADDR_W - CRC
Ty ADD W: AU UDALIATaUDY Rx ‘ﬁ set 14 configuration word Bit[23:1§]

CRC: Check sum 8 #39 16 a fidnlu configuration word Bi[17)]




= é r L=
PRE: Preamble 8-1ia% 957409 1usaA

A S
UBAIATALAZCRC ATUAY 92 1NN MTY payload data win3y

2.4.6.1.3 ADDRx
i ADDR?
EN R RN CER R DR W[ &8 | e | 6 [ &€ [ &6 [ &
ADDRI
K CE N TN IR Y T I A S T 3
A13197 2.9 UDAATAUDIAISY 1 LAz 2
Bit 103-64:

A23U ADDR2 u8RIATY channel2 & 1404 40 Tia
Bit 63-24:

#3371 ADDRI LOAIA5E channell 1 1404 40 Ta
NOTE:

= ' Y A & A o

finlu ADDRx 1100310103187 set 1 ADDR_W atlannuiuWiazauiso set
u logic 0 4

2.4.6.1.4 ADDR_W & CRC

33

ADDR W CRC L [ CRC EN

EET I A F S N T S T 7 i5

]

a13197 2.10 §unufinfideans idmiy RX address + CRC setting
Bit 23-18:
ADDR_W -$1uauiinfidesaan|3dmsunenasa Rx Tu Shock Burst
NOTE: §wuilaueamsagagadio 40 fa (5 lud ) arftunndi 40 i ADDR_ W vg'la)
aunsolfla

Bit 17:
CRC_L: A713672 CRC AiezA1u2n1u Shock Burst
Logic 0: 8 bit CRC
Logic 1: 16 bit CRC

Bit 16:
CRC_EN: #11% CRC on-chip Tx uaz Rx 1414
Logic 0: on-chip CRC generation / checking disable

Logic 1: on-chip CRC generation / checking enable
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NOTE: {in 8 CRC 019(W1§1149 payload 11 Shock Burst TRudszaaniumysalvesszuuag

2.4.6.2 General RF configuration

General RT configuration 484 configuration word WAIUAY RF UaY WIS 1iRB A
dl o o
tneInugYnsel

2.4.6.2.1 Modes

RX2? EN CAM | RFDR SB XO F RF PWR
.3 = .3 S N

<3

)
el

(=]

m‘mﬁ 2.11 RF operational setting
Bit 15: Rx2_EN
Logic 0: Channel 1 §U
Logic 1: Channel 2 51
NOTE: Tusfa$uta 2 channel nRF 24E1 $us 2 channel uunmmﬁmmimﬁmmmﬁuﬁ
ANUBVBIFITY channel 1 92 set Tuiia [7-1] 493 configuration word #7351 channel 2 9X1H1I®
#1250 channel 1 B{J: 8 channel
(8 MHz)
Bit 14:
Communication Mode:
Logic 0: 52110088 nRF 2401 A11n15 11 Direct Mode
Logic 1: ¥ U190 nRF 2401 #1115 14 Shock Burst Mode
Bit 13:
RF Data Rate:
Logic 0: 250 kbps
Logic 1: | Mbps
NOTE: 14/ 250 kbps 11t 1 Mbps 92%201/511)74 sensitivity 4996250 10 db 1Mbps
#0914 crystal 16 MHz
Bit 12-10:

P - P 1Y
XO_F: 180nn2140 crystal Nz 14
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XOFREQUENCY SELECTION
D}l D10 Crvstal Frequency [N[Hz]

bt =

[ ]

2
oo

£

- olealen <;:nc::E
[

I+ I =1

e
calen]i.

5
¢ 2

M1519% 2.12 crystal frequency setting
Bit 9-8:

RF_PWR set nRF 24E1 RF f1daveuominnlu Tnuanisds

RE OUTPUT POWER
D9 DS P {dBm]
g 20

= . -
S .

Tel
o -3
~
o

@159 2.13 RF output power setting

2.6.6.2.2 RF channel & direction

RF_CH# RXEN
HEAEREYENERE 0

A1519 2.14 TBININA UAT N1 set Rx / Tx
Bit 7-1:
RF_CH# Aenmufigns foygmund nRF 24E1 I uiiunisanutivessesdyanty
mMsdala lae
Channel RF = 2400 MHz + RF_CH#*1.0 MHz
RF_CH#: 01999 13581319 2400 MHz Liag 2527 MHz
NOTE: $3afunn 83 musnldldifeun lueanvnfiu 1o 14
m111?;=ﬁimﬁ'tytywm1wﬁaai’fay,a2 RNCAtY
Channel RF = 2400 MHz + RE_CH#*1.0 MHz + 8 MHz ( U7 PIN#4 )
RF_CH#: 19811352119 2400 MHz ua 2527 MHz
Bit O
Active Mode
Logic O: transmit mode Tnuads

Logic 1: receive mode Tvuasy




2.4.7 Data package Description

36

PRE-AMBLE

ADDRESS PAYLOAD CRC

'g‘l_lﬁ 2.23 Data package Diagram

9} -y ar 4 ] 4 af nr:‘lN
‘]gﬂ‘tlﬁ]ial,aﬁ‘lﬂ'i‘l_lﬂﬁﬁﬂﬂﬁiu Shock Burst mode U@ig Direct mode ‘ilzu‘l.ldlﬁu 4 991 AN

1. PREMBLE

- preamble #0893 1u Shock Burst mode 1oy Direct mode
- Preamble 11210617 8 fiauas Fufufiausnvosomasa
PREAMBLE 1" ADDR_BIT
01010101 0
10101010 1
- Preamble vx 111 luyndeya Tausn TutAunasdaiugafifi e

@115 payload % Direct mode MCU GT?Nﬂ‘:I‘Uﬂ'.IJ preamble

1 ShockBurst mode Rx preamble 92 gndua1niutioyammyn 1 Dircet

mode preamble 3ty Iadasud mTudeyaevivym

2. ADDRESS

- dveeansadoall1u ShockBurst 1¥uA LAZ Direct THUA
- ANNYTI 80 — 40 19
- upaasaozgninu Tauda TuiAenyn31 lu ShockBurst mode 14 Direct

mode MCU ABSAIUANUOAIATH

3. PAYLOAD

- dayagnas
- 11 ShockBurst Tiu# payload ivunaviesiign 256 1in ( LoAATT 8-40
iln +CRC 815016 iin

- T4 Direct mode AYTUE1ININGATINSY | Mbps A8 4000 1

4. CRC

- CRC 2z180n 1814 ShockBurst Trua waz 121414 Direct Tvua

- AN 8 M50 16 1A

- ShockBurst Rx CRC 98 gninusinsutoyaenvinm

#1519% 2.15 500180AYD4 Data package
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2.4.8 Configuration mode timing

d’l < I=] T o 0 &; nﬂl
19 1 1A ¥50 11001 1 T T4 configuration word SuTufisgdeanlAouulas 5192 llald
L

70 timing
L)
o
l' IR_UF I l '
|
s — .
|
| —
CE | |
— e
okt iy AN - AN
T Ty
DATA  HAE oDoC - - - - 0

i — [Lmn Taun Y e
| Tl :1
[

d N T
\ T
\ -
!
s b i
CE
) )

NI e W an W
CLKY [r I | !
DATA /A MEB X X

m Ts Th
m
&
n
o

gﬂﬁ 2.24 Timing Diagram 91451 configuration 52UUYBY nRF240161 configuration mode 191

11910 power down CS @11130 set high #9910 Tpd2sby




2.4.9 ShockBurst Mode Timing

ShockBurst TX:
i=4
P
PR UP |
o |
ce 4+ F
oo W TR
DATA M_PDPI ----- 0000
ANT1/ANT2 I T
| T
TN T~ YN8 Toa
N ~ .
\ -
N ~

71/# 2.25 Timing Y99 ShockBurst 1u TX

38

@ a R &
aruesadeyauazdas1deyaiily delay Toa (Time on air : 11 lueIMA) Fewans

- o o a - LSNP
Tuauns dadeyasziluwastuvesiafisumngiin CRC uazdn preamble Feor0fnTy

Toa = 1/data rate*(#databits+1)




39

ShockBurst Rx:
1=9
| I
PiR_JP | |
[ i
s t :
cs T
N N _
DRY:2 | .. __ ]/ | L —
| |
nanas AN val
CLK12 - _l[_;r ¥ , IJ U - - ;—:r _qt
DATA/DCOLT2 WA S8 5§ SIS LA

ANT1IANT2 :hm

l
!
- I
Tg Tsbya - i

- AN
- - g \
[ ]
CEl o
|, _
DR122 |4 i T

...‘

[=%
Tdr2zik

k2data I

T3

g‘ﬂﬁ 2.26 Timing Y®4 ShockBurst 14 Rx
CE 81dansaaiug high $asiimand Inandeya useesinlfimsldnszuagand (19ma) i

wailsz Towifie 1901 start-up Y08 (200us) 1o DRI a3

2.5 m3seulisunsu@ane Sertal Port

Af 24 - Y o 3 = = 4

‘wugmmsﬁﬂmssmuaqnsu‘lumsmﬂﬂuw’Jma‘munwnmmss's‘lumsﬁ‘amsm
ATV UYUIY mum‘wsu:nmsmaauﬁ'wwummmqn'smﬂumsawauaﬂwm 119 ua
wmﬂﬂumuuuﬁmwaawana"lﬂﬂsm MDY 9 Uandouny mma‘lwmsﬁamwaymmu
ﬂqnsnnmmmmnmmwmu

. v oW 2 a ] ' 1w -

uﬂ'nmsﬁwaummumgmnuuwamﬂuammﬁﬁwaummmmﬂa MIAIWISE

dedeya1dluszuzmadi Inanduuvvuiy aﬂmmuammmw“lwmuﬂﬂﬂ'ﬂﬂﬁﬁwana

LHUUYHIUBNA Y m‘sﬁ‘amsufuuaqnsummsmmmaﬂ‘lmﬁu 3 gﬂuuuﬂau
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. . Y ¥ 1 oA ) A a
L. Simplex  mnsadedoyaldeiiufo dluasdemsuuumiaie?
2. Half-Duplex eunsadsdoya lldalaremuazawisasudoyasindaremald
IR a ' o 9 9/ = a
ud [ esoinmsdaaziudoyald lunaudady
3. Full-Duplex  enansofusazdedoyaldlunanfsaiy
2.5.1 IATIGIH RS-232C
=1 Mo A A o ¥ o ) '
a3 RS-232¢ ihuasiguilafumseenuuuuiedasinldainaiden
nguanssiursahiaus wiuld viesigiu Rs-232¢ Uszmalasmnaugaamns sy
didnnsolind (Electronic Industries Association : EIA)
' o
WIA51g14 RS-232C Tdutisginsaloaniiu 2 Uszinndo
o . . o o L L o
1. gUnsel DTE (Data Terminal Equipment) iluginsaidmivdsdoya Gornym)
o . . . o o o o W
2. Q‘lJﬂ‘im DCE (Data Communication Egquipment) Lﬂuqﬂﬂﬁmﬂ1ﬁ5U‘§Uﬁlﬂgﬂ
(@unn)
] o o o W =] o
AWNINTIFIU RS-232C ndnomtinmosves DTE wiiludag diunoutinmeives
] »
DCE sziiludaudls Aiffouldfusgezidiuziia D-Type uuv 9 91 nazuuw 25 91 lavezAadsog

1 =5

AUMAUATDINOUNUADS TEAVUSIAUVLIAITLHIG -3 §14 -15 V § M5 UaDIn High Uag Low
velisefuuseduszning +3 83 +15 v annsedvdedeyaldiniunivesmodyanugaga
A t 9 9 3 ar S LI ar o 9/
50 WA 130 150 AT uanusIdeInsnIsAearsdugilnsaldunegrisiuning issuiludes
o ' ' o
Idqunsalou q $aou mslsludy dudu
J
2.5.2 dnvalzyeIndulnIAGSIIY D-Type
as ] a 4 4 = o q’: '
#asouny D-Type N 1§ un1s@omisuvveynsuveuniosnouiunestiniiog 2
o 0"/ =1 ’ é ot L] Qy) =y =1
ANHUTAB LUV 9 1IMAT 25 U1 V1IRTUTNI DB uaz DB25 FevarAensdnaviaeeil

dnyazmsiavvesdysouriloudu uanssasee lumilounu

1 O~+—Data carrier detect

6Ot Data set ready
20—1—Receive data

T Orrecmmete ReqUEST to SEQA
30—+ Transmit data

8 &————— Clear to send
40— Data termingl ready

4 O——1— Ring indicstor

50— Signeal ground

Protective ground

1% 2.27 DBY




4]

/o—-\— Protective ground

14O0——— Transmt data (2)
20—+ Trensmi data
150——— Transmifter ciock (DCE)
30—+ Receive data
160——— Receive data (2
4O—+1—Reguest to sen
17— Receiver clock
50— Clear to send

6O—1— Data set ready
190——1— Renuest to send (2)

T10~1— S»gnd ound
200———Data te%_inal reag?'
20—+ Data carrier dete
21 o—~——0_—‘£ignal_quamy detector

10C—— Tesl pin
2 30— Data signal rate detector

Z240—— Tiransmitter clockchTEJ
12 Gt Data carrier detect (2)

0"_‘_‘
wo_/m—— Clegr to send (2)

31 2.28 DB25

Qs w o’

D-Type 25 Pin D-Type 9 Pin wanyal Sododnual

o

Pin 3 Pin 3 TD Transmit Data

Pin 3 Pin2 RD Receive Data

Pin 4 Pin 7 RTS Request To Send

Pin 5 Pin 8 CTS Clear To Send

Pin 6 Pin 6 DSR Data Set Ready

Pin 7 Pin 5 5G Signal Ground

Pin 8 Pin 1 CD Carrier Detect

Pin 20 Pin 4 DTR Data Terminal Ready

Pin 22 Pin9 RI Ring Indicator

1 o a o 4 as
M15199 2.16 uaasdrydnyoinay Fodyanives Connector LU C-Type

TuadoAveITIUTYY I

Transmit Data: TD l¥dmiudsdoyasynsusonsin
= L
AONWUADS

Receive Data: RD WdwmSusudoyaeynsudunds

AOUALADS
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Request To Send: RTS I¥dmsudadoyaTudigunsaldaema iedes

3 tgr s
volvlmensdsdeyandum

Clear To Send: CTS 1¥dmivasnasuigUnsafiFeudeduniouns

o B

Tuveyanse'hi Inovzneviudynia RTS idenn

' o o '
pdnnioufezihimsdedoyasennisn D

Data Set Ready: DSR dmsuasnasumsiFounsusening

a

ay o o ¥
AounuAesNugilnsailalems v ldgiuw DTR

Signal Ground: SG dunsdvesssuu
. - o . A o 1 e . d
Carrier Detect: CD VIU Active 1IDUMTHIT QLI Carrier 310 TUIAY
o o o o 1
Data Terminal Ready: DTR I¥dmsvuenldgilnseiaemsiuindesns

» )
Ansonl8 1Ay DTR HABUFoUADRLY1 DSR 109

gunsaidaruni

a

» .
R . =1 \ o w -4
Ring Indicator: R vtz Active e Tuan 1asudagnuGondion

o o
e Insenn

253 paihizneuveamaudadoyauvueyniu

¥

Y oo w = < o ]
nisdearsuvuoynsuidonidiuneuinuaesin Wunsdeasfeyauvues

' v W ] r
Helasdmiiufe desldmodyaradufoahmbhinidsduidudoye uasdiudls

4 o 3 4 ' ] - 1 W [
mvgunsdadoya Auiudoyafisn Wudazdnvinmsdumvoynsy Sedesgnuonuozinle

) o ar o ] [
dmfuingszasdla Taosreusouwiald 4 doufe

1.

. = - a B P oy 1l a ! d‘ Ed) ar 1
Start Bit nsovasuau sziivuin 1 s ezlanyasuduievenginsalthosun

s o o =

Toyaf1as9zuIig
M a oy =1 = e oy [ ﬂ ]

Data Character W3a1ia0ya 1110 7 50 8 U nisdsdndoyazdaiiungu q

. . = ) qcr =S S L4 W A 1

Parity Bit n501aN130 via 1 in 15Tunisaseasunnugndesvesdeyaids
» » »

g ladawsad Tl usviedsuuasddeszdeainsetunldwishuoy iy

1 - s o - Qdy o Y
msdadoyn Famannmislumssmuadamsaimaouvudei

vV
Qddé

t 4
®  W13Af (Even Parity) Aveswisaiiilesuiunn q davesdoyaud9sdos

-~ o 2 a:' '
iinoudeiduavt dhuave

4 o -

Qﬁyﬂﬂ' . 1 dedv 3/ 1y =)
®  W1TARA (Odd Parity) ﬂ'l“lJENWTiﬂuLiJﬂi’Jllﬂ'lJ‘lgﬂ 19 fIJG}‘IJEN‘IJﬂiq.]mLﬁJ'J‘i]SﬂENM

suiiamiluay 1 §umvd
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¥ » » ¥
® LufiniSh (None) &1Fam13msin None namasuuazmaasee lidingg
¥
ATIVADULANISA

4. Stop Bit w3nilavy v 1 w3e 2 il Hudnamudeya

2.5.4 smndlumsivdedoyamueyn

1 ' = T : [y n‘: a ar d ' w &
msfigunsal 2 edevzAndedomsiulfiy szdeariiaudasas S uriity 2

o A = @ t - 1 = (Y a4
sasusr lumsdemsunuesdalasiade s1uoase (Baud Rate) finuraduiindoSuf 4
é’mu%'ﬁumiﬁammuuwﬂsuﬁuﬁl‘ﬁﬁqﬁ 110, 150, 300, 600, 1200, 2400, 4800, 9600 LA

19200 Dans I H
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unn 3

4 o
ﬂ'li!lﬂﬂll‘l.l'llllﬂ:n’ﬁﬂ#lilﬁiNﬂ.l - m"?oqu'q RF

A o 4
3.1 miesnuvuugsmsadraunIesiu-naTeads

+3.3V
s
+3.3V
; 0ur 'AT8984051 j
S [N
Tx 3 18 DR1 4
33pFAa1.
F105924 17 DATA <
[ i |
LT s 16 | _CLK1 g
1 6 15— 0
7 14 |—CE_| o
8 13
9 12
10 11
sw _I
+5V T
10UF 3, ;{ATB984051j> 74HCS41j> Sl b
1 20 1 20 B C D IE|F G_Fn:
2 19 2 19 | [
3 18 3 18 al
33 F I‘_I1 .0592 4 17 4 17
—Js 16 5 16
6 15 6 15
7 14 7 14
8 13 8 13
9 12 8 12
f10 11 L +5valio 11
= DS1820 j
= 4.7k i

31041 3.1 2995829 SENSOR DS 1820
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3.1.1 MIMIIUY9$)907 Thermal Sensor

Start

r

gy gil

0 DS1820

A 4

waanuily

Ay

v

UTAINANN

7-segment

Y

dadoyan
Serial port

Eﬂ‘ﬁ 3.2 Flow Chart 4@A99UADUNITHI91VE9 Thermal Sensor
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3.1.2 MIM9IUY8d Transmitter
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DS 1820

DPC

DP

DGI1

DG10
ONEWIRE

DGI1_BUF
DGI10_BUF
ONEWIRE_DATA
ONEWIRE_CNT
TEMP

INITIAL:

MAIN:

EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

EQU

ORG
JMP

SETB
SETB
SETB
SETB

MOV
MOV
MOV
MOV
SETB

P3.2
P3.3
P34
P3.5
P3.7

030H
031H
032H
EQU
034H

0000H

033H

INITIAL

P3.2
P33
P3.4
P3.5

TR1

SCON #50H
TMOD#21H
TH1,#0FDH
TL1,#0FDH

ACALLDS1820_TEMP_RD

MOV
IMP

R1,#250

MAIN




" DISPLAY: DEC Rl

MOV R2#100

DISPLAY 1: DEC R2
MOV A TEMP
MOV B#2
DIV AB
MOV RO,B
CINE RO#0,SHOW DP
JMP  SHOW 0

SHOW_DP: ACALLLOOP
MOV Pl #6DH
CLR DP
SETB DP
IMP  DG_LOOP

SHOW 0: ACALLLOOP
MOV P1#3FH
CLR DP
SETB DP
JMP  DG_LOOP

DG_LOOP: MOV ADGI_BUF
MOV DPTR#SEG
MOVC A,@A+DPTR
ORL  A#10000000B
MOV Pl,A
CLR DGl
SETB DGt




MOV  ADGI0 BUF
MOV DPTR#SEG
MOVC A,@A+DPTR
MOV P1,A
CLR DGI0
SETB DGI0

MOV  P1#00111001B
CLR DPC
SETB DPC

CINE R2#0.DISPLAY_1
CINE RI1,#0,DISPLAY

RET
LOOP: MOV  B#I10
DIV AB

MOV DGI_BUF,B
MOV DG10_BUF,A

b4

;DS1820 TEMP READ

DS1820 TEMP_RD: ACALLDS1820 RST
ACALLDS1820_PRES

MOV ONEWIRE _DATA #0CCH
ACALLDS1820_WR

MOV ONEWIRE_DATA #044H
ACALLDSI1820_WR




DS1820_TEMP_CLR:

SETB ONEWIRE
ACALLDISPLAY

ACALLDS1820 RST

ACALLDS1820 PRES

MOV ONEWIRE DATA#0CCH
ACALLDS1820_WR
MOV ONEWIRE DATA #0BEH
ACALLDS1820 WR

ACALLDS1820_RD
TEMP,ONEWIRE _DATA

MOV SBUF,TEMP
JNB TLS
CLR TI

ACALLDS1820_RST
ACALLDS1820_PRES
RET

bl

;DS1820 DATA READ

DS1820 RD:

DS1820_RD_LOOP:

MOV ONEWIRE_CNT#8
CLR A

CLR ONEWIRE
NOP
SETB ONEWIRE




NOP
NOP

MOV C,ONEWIRE

ACALLONEWIRE DELAY

RRC A

SETB ONEWIRE

DINZ ONEWIRE_CNT,DS1820 RD LOOP
MOV ONEWIRE DATA A

RET

?

;DS1820 DATA WRITE

3

DS1820 WR: MOV ONEWIRE_CNT,#8
MOV A,ONEWIRE_DATA

DS1820 WR_LOOP: RRC A
INC  DSI820 WR_L
CLR ONEWIRE
NOP
NOP
SETB ONEWIRE
ACALLONEWIRE DELAY
JMP  DSI1820 WR_NX

DS1820 WR_L: CLR ONEWIRE
ACALLONEWIRE_DELAY
SETB ONEWIRE
NOP
NOP




DS1820 WR_NX: DINZ ONEWIRE_CNT,DS1820 WR_LOOP
RET

H

;DS1820 RESET

DS1820 RST: CLR ONEWIRE
ACALLDELAY_750US
SETB ONEWIRE
MOV ONEWIRE_CNT,#22
DINZ ONEWIRE_CNT,$
RET

?

;DS1820 RECIEVE PRESENCE PULSE

¥

DS1820 PRES: MOV ONEWIRE CNT#110

DS1820_PRES 1: JNB  ONEWIRE,DS1820_PRES 2
DINZ ONEWIRE_CNT,DS1820 PRES 1

RET
DS1820_PRES 2: MOV ONEWIRE_CNT,#110
DS1820 PRES_3: JB ONEWIRE_CNT,DS1820_PRES 4

DINZ ONEWIRE_CNT,DS1820 PRES 3

DS1820_PRES 4: SETB ONEWIRE
ACALLONEWIRE DELAY
RET




;DELAY TIME

’

ONEWIRE_DELAY: MOV R4,#012H
ONEWIRE_DELAY_1: NOP
NOP

DINZ R4,ONEWIRE_DELAY 1

RET
DELAY_IS: MOV R4,#100
DELAY_1S_1: ACALLDELAY 10MS

DINZ R4,DELAY_1S 1

RET
DELAY_10MS: MOV  RS#10
DELAY 10MS_I: MOV R6#0EGH
DELAY 10MS _2: NOP

NOP

DINZ R6,DELAY_10MS 2
DINZ RS5.DELAY JOMS_1

RET
DELAY_750US: MOV  R4,#250
DELAY_750US_1: NOP

DINZ R4.DELAY_750US_1

RET
;SEGMENT
SEG: DB 3FH
DB O6H
DB 5BH

DB 4FH




END

DB
DB
DB
DB
DB

DB

66H
6DH
7DH
07H
7FH

6FH




SLAVE 1

CE
Cs
DAT
CLK
DRI1

BIT P1.2
BIT P1.3
BIT P1.5
BIT P1.4
BIT P1.6
ORG 0000H

sk Rk ko ok ok ok ok kR ko ko kR ok ko ok ok kR
L]

INIT:

MOV TMOD,#021H
MOV  THI,#0FDH
MOV TL1,#0FDH
MOV SCON,#050H
SETB TRI1

sddkcdkd ok ko kR ok ok d ke dk Ak kohok ek k ok kR kg dk A Rk Rk ok Rk kR Kok kR kR R
H

CLR CE
CLR CS
CLR DAT
CLR CLK

w30 2 sk o o ok ol ok ok o4 e ok o e ol ok ook e ok e ok s ool o ol sk o el ol ol ok sk s ol sk ool o ool ok ol o o o ok o ol sk ok e ok o ok ke
]

MAIN:

CHECK:
A

CALL SETMOCDE_RX
JNB DRIL.S
CALL READ TRW24

CINE A #01000001B,MAIN ;CHECK RECIEVE

CALL SETMODE_TX
JNE RIS

CLR RI

MOV A, SBUF




SEND:

CALL SEND_TRW
JMP  MAIN

.!*#*t*‘**‘**t**t***#t#*#*t#***********t***#t#*##*#****t*********
2

;SSETMODE FOR RECIVER

sk Rk ko ko ke kkok kR Rkok ok k ok kkkkkk ke kR Rk kR RN Rk
3

SETMODE_RX:

SETMODE_0 RX;

CLR CE
SETB CS
CLR A
MOV RI1#18
MOV DPTRM#CONFIG TEST RX
PUSH ACC
MOVC A,@A+DPTR
CALL WRITE_TRW24
POP ACC
INC A
DINZ RI1,SETMODE_0_RX
SETB DAT
SETB DRI
SETB CE
CLR CS
RET

-

TR R R R KRR Rk R Rk kAR R R R R AR R AR AR KRRk Rk R
¥

;SETMODE FOF. TRANCEIVER

ATt L2 e P P 22 2R 2 s a2 22 s R b2 R R iR R Y
]

SETMODE_TX:

SETMODE_0_TX:

CLR CE
SETB CS§
CLR A
MOV RI1,#18
MOV DPTRA#CONFIG_TEST _TX
PUSH ACC




MOVC A,@A+DPTR

CALL WRITE_TRW24

POP ACC

INC A

DJNZ RI,SETMODE_0 TX
SETB DAT

SETB DRI

SETB CE

CLR CS

RET

sk ok ok ko kok ok kR kR kB kR kR Rk Rk ok okok ko Rk Rk kR ek Rk k
L]

;SEND DATA FROM TRW

~ 300 2 ol ook oo ok o ok o ok ol ke o o i 3 e e o ok ol ok ok ok ke el ke ol s e sl o ok oK ke ok o Rk ok ko o I R R O

SEND_TRW:

SEND_TRW 0:

CALL DELAY lms
CLR CS

SETB CE

PUSH ACC

CLR A

MOV  RI#5

MOV DPTR#CONFIG ADDR1_TX
PUSH ACC

MOVC A,@A+DPTR
CALL WRITE_TRW24
POP ACC

INC A

DINZ RI,SEND_TRW 0
POP ACC

CALL WRITE_TRW24
CLR CLK

CLR CE



CLR DAT
RET

sl Rk ek ok ek ook Sk kol kR kR kR kR kR Rk ek ok ko kk ok ak ko ek ok ok kR kK
]

:CLOCK

% 3303 2 e ok ok e e ol 2k ok o ok ok ok o 3 K 3 ok 3k s e ook ol ok e ale ok ol e ok ol ook o o ke ol o ok ok ok e ek ok o ok ok ok ok e Xk

CLK_TRW: CLR CILK
NOP
SETB CLK
NOP
RET

sdedcde e e ek ok ok b Ak o ok kK Ok R ok k ke kR ak e ok ok e e ek ek ok e kb ok ok kol ek e ek ek ok ok ki kK ok ok
]

;WRITE DATA FROM TRW

LA A R B o e R ok ok oK e o o o o oo ok e o o ok O Ok

WRITE TRW24: MOV RO#8
WRITE_TRW24_0: 1B ACC.7,WRITE1
CLR DAT

JMP  WRITE_TRW?2

WRITEL: SETB DAT
WRITE TRW2: CALL CLK _TRW
RL A

DINZ RO,WRITE_TRW24 0
RET

ok kR Rk Rk kR ko kR kR Rk kR Rk Rk R kA Rk kKRR
]

;READ DATA FROM TRW

o33 3 e 2 e ok ok o 2 o o ke ok 3 ke o ok e o ol ke i ol ok ok ke ke ok i ok o e i ok e ok 3l ok e ok sk ok ook ok ok ok ke ok ok sk ek

READ _TRW24: CLR A
MOV RO#8

READ TRW24 0: RL A
SETB CLK

NOP




IB DAT,READ |
CLR ACC.oO
JMP  READ TRW24 1
READ 1: SETB ACC.0
READ TRW24 1: CLR (LK
NOP
DINZ ROREAD_TRW24 0
RET
;DELAY TIME
DELAY 1ms: MOV  R6,#0E6H ; Each loop =1 ms
DELAY_lms_1: NOP
NOP
DINZ R6,DELAY 1ms 1
RET
DELAY 100ms: MOV R7,#100; Do 100 times
DELAY _100ms 1: MOV R6#OE6H ; Each loop =1 ms
DELAY_100ms_2: NOP
NOP
DINZ R6,DELAY_100ms 2
DINZ R7,DELAY_100ms_1
RET

~ e 3 e ok o o 3k ok s s sk e e 3 ok sk ok sk o ok ok ok e i e e ol ok ook e ok e ok e ok e ok ok ki ok ok ook ok o ke ok ok ok ok ek ok ok K R ik kK Rk
3

:CONFIG MODE TRW

cdedede e ek e g ek R R Rk A kA R ok kR Rk ok ok Rk kR Rk ko Rk kg ke kxR kR
H

CONFIG_TEST_RX:
CONFIG_LEN2_RX:
CONFIG_LENI RX:

DB 8EH,08H,1CH

DB 08H
DB 08H



CONFIG_ADDR2_RX:
CONFIG_ADDR1_RX:
CONFIG_ NUMADDR_RX:
CONFIG_RF_RX:
;CONFIG CH_TX:
CONFIG_CH_RX:

CONFIG TEST_TX:
CONFIG_LEN2_TX:
CONFIG_LEN]_TX:
CONFIG ADDR2 TX:
CONFIG_ADDRI1 _TX:
CONFIG NUMADDR_TX:
CONFIG RF TX:
CONFIG_CH_TX:
;CONFIG_CH RX:

END

DB 0COH,0AAH,55H,0AAH,55H
DB 0AAH,55H,0AAH,55H,0AAH
DB 0A3H

DB 6FH

DB 0AH ;TX

DB 0BH ;RX

DB 8EH,08H,1CH

DB 08H

DB 08H

DB 0COH,0AAH,55H,0AAH,55H
DB 0AAH,55H,0AAH,55H,0AAH
DB 0A3H

DB 6FH

DB 0AH ;TX

DB 0BH ;RX



SLAVE 2

CE
Ccs
DAT
CLK
DR1

BIT P1.2
BIT P1.3
BIT PL.5
BIT P1.4
BIT Pl.6

ORG 0000H

- s 3k 20 s e i o 2 o o e o ok o o ok o ol e o ok e ol e ok e i e s o ok o o ot ok i o o ol o o ol o o o o o o o o o o o ok ok ok ok ok ko ok ook
s

INIT:

MOV  TMOD#021H
MOV THI1 #0FDH
MOV TL1#0FDH
MOV  SCON, #050H
SETB TRI

« 2o e e o b ok ok oo ol oo o o 3 2 o A oK 3 3 0 o 3 3k 33 3 ok 3R 3k ok 3 3k o ok 3 ok ok ook ok oK 3K 3 oo 3 2K 3 Kk Rk ROR R Kok o
3

CLR CE
CLR CS
CLR DAT
CLR (LK

SRR R R KRR AR KRR R AR R R R R A NOR Rk R Rk Rk kR ke kK
E

MAIN:

CHECK:
AN

CALL SETMODE _RX
JNB  DRIS
CALL READ TRW24

CINE A#01000010B,MAIN ;CHECK RECIEVE

CALL SETMODE TX

JNB RIS

CLR RI



MOV A SBUF

SEND: CALL SEND_TRW
JMP  MAIN

< e e e e e ok ok ol ik ek ok ke ok o ok e R kR ke kR ke ok ok kR ok ok kR Rk kKR kR kR R R RN KR
s .

:SETMODE FOR RECIVER

» 303 e 2k 0 3ok ok ok Aok ok o o ok 3k ke 3k ok ok ok ok ok ol e bk ok o ok o o o okl ol 0l ok kO ok sl ok ol ko kol ok ol ol ok ok ol ol s ok ok R ke ok
]

SETMODE RX: CLR CE
SETB CS
CLR A
MOV R1#18
SETMODE_0_RX: MOV  DPTR#CONFIG_TEST RX
PUSH ACC

MOVC A,@A+DPTR
CALL WRITE TRW24
POP ACC

INC A

DINZ RI,SETMODE 0 RX

SETB DAT
SETB DRI
SETB CE
CLR CS
RET

Ak A R e sk ke sk bk ek ke kR ok R R ok R ok kR Rk Rk kR Rk ki kkkok ko kK
3

;SSETMODE FOR TRANCEIVER

~dede ek ok ok ke ke ke kg Rk Rk ke okok R R kR Rk ok ok kR ok kR kR kR kR Rk E R
’

SETMODE_TX: CLR CE
SETB CS
CLR A

MOV R1#18




SETMODE 0 TX:

MOV DPTR#CONFIG TEST TX
PUSH ACC

MOVC A,@A+DPTR

CALL WRITE_TRW24
POP ACC

INC A

DINZ RI1,SETMODE 0 TX
SETB DAT

SETB DRI

SETB CE

CLR CS

RET

AL LIRS ST PR 22 R I IR 2 N P Y Y S R 1L
’

;SEND DATA FROM TRW

rde kR ok R Ok R ke ok ok ok kR ok Rk Rk kR kA Rk ok ek ok ok ok kR sk Rk kR ok ok k

SEND_TRW:

SEND_TRW_0:

CALL DELAY 1ms
CLR CS

SETB CE

PUSH ACC

CLR A

MOV RI#5

MOV DPTR,CONFIG ADDRI_TX
PUSH ACC

MOVC A,@A+DPTR
CALL WRITE_TRW24
POP ACC

INC A

DINZ RI1,SEND TRW 0
POP  ACC

CALL WRITE_TRW24



CLR CLK

CLR CE
CLR DAT
RET

Sk kokkkokakokokkkkkkok ok Rk Rk kk ko kkkkkk ok kk ok kk ok ko ek K koK kR Kk kK
)

:CLOCK

- 3% % 3 3 2 3 o a3 3k 3 ok k3 ok ok o ok ok ok ok o sk ok o ok sk ki ok 3 3 ok ok o ok ok o ok ok ok o ok ok ok ok ok o ale ok ok ok ok ok ol e ok o ok ok K

CLK_TRW: CLR C(CLK
NOP
SETB (LK
NOP
RET

EEE IR I RS Rt RS R RSt R R RIS R LSRR R E RS NSNS 2
’

;WRITE DATA FROM TRW

3 20 0 K 3 I o K ok 3 K 7 o 3k o ok ok o ok ok ok e e o ok e 3 ok o ok ok ok sk ok o ok ok ok ok oK oK ok ok e ok ok ok K ke

WRITE_TRW24: MOV RO#8
WRITE TRW24 0. JB ACC.7,WRITE1
CLR DAT

JMP  WRITE TRW2

WRITEL: SETB DAT
WRITE TRW2: CALL CLK_TRW
RL A

DINZ RO,WRITE_TRW24 0
RET

sdkRkk kR kR ke kR Rk ko Rk Rk R kR kR kR kR kR kR kR
»

;-READ DATA FROM TRW
:****t******tt*#tt#*t#t*tt*************tiit*t*#t*#*****tt**!tit
READ TRW24: CLR A

MOV RO#8
READ TRW24 0: RL A




SETB CLK
NOP
B DAT,READ 1
CLR ACCO
JMP READ TRW24 1
READ 1: SETB ACC.0
READ TRW24 1: CLR CLK
NOP
DINZ RO READ _TRW24 0
RET
;DELAY TIME
DELAY_1lms: MOV  R6,#0E6H ; Each loop = 1 ms
DELAY Ims I: NOP
NOP
DINZ R6,DELAY Ims 1
RET
DELAY 100ms: MOV R7,#100 ; Do 100 times
DELAY_100ms _1: MOV  R6,#0E6H ; Each loop =1 ms
DELAY_100ms_2: NOP
NOPp
DINZ R6,DELAY_100ms_2
DJNZ R7,DELAY_100ms 1
RET

SEEEF R Rk kR ko ko k ok ok kR kR kR IR Rk k kok ok ok ke dkk ok ok kR ok sk R ko ko ok
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;CONFIG MODE TRW
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CONFIG_TEST RX:

DB 8EH,08H,1CH



CONFIG_LEN2_RX:
CONFIG_LEN1_RX:
CONFIG_ADDR2_RX:
CONFIG_ADDRI_RX:
CONFIG_NUMADDR_RX:
CONFIG_RF_RX:

;CONFIG CH TX:
CONFIG_CH_RX:

CONFIG_TEST TX:
CONFIG_LEN2 TX:
CONFIG_LEN1_TX:
CONFIG_ADDR2_TX:
CONFIG_ADDRI1_TX:
CONFIG_NUMADDR_TX:
CONFIG_RF_TX:
CONFIG_CH_TX:
.CONFIG_CH_RX:

END

DB 08H

DB 08H

DB 0COH,0AAH,55H,0AAH,55H
DB 0AAH,55H,0AAH,55H,0AAH
DB 0A3H

DB 6FH

DB 0AH ;TX

DB 0BH ;RX

DB 8EH,08H,1CH

DB 08H

DB 08H

DB 0COH,0AAH,55H,0AAH,55H
DB 0AAH,55H,0AAH,55H,0AAH
DB 0A3H

DB 6FH

DB 0AH ;TX

DB 0BH :RX



MASTER

CE BIT P1.2

cs BIT P1.3

DAT BIT P1.5

CLK BIT P1.4

DRI BITP1.6

BITTIM EQU 45;(((11059200/9600)/12) - 5) / 2

SUBTIMER EQU 30H

BUFFER EQU 31H

CHK EQU 32H

STRING10 EQU 33H

STRINGI EQU 34H
ORG 0000H
JMP  INIT
ORG 000BH

AJMP TFO0_SUB
T U,
INIT: MOV  IE#10010010B

MOV  TMOD,#00100001B

MOV PCON,#00H

MOV  SCON#50H

MOV THI1#0FDH

MOV  THO,#176 9.9 ;175 10.05

MOV  TLO#176 9.9

MOV SUBTIMER,#0

SETB TRO

o M e ook o o e 3o o ok e e 3o o ok e ok ok s ol ok o ok ok ok o o o ok ok e S ok oK ok ok o R A K K o o ok ok ok ok ook ok ok ok
?



CLR CE

CLR CS

CLR DAT

CLR (LK

CLR DRI
i e T e

MOV CHK#1
MAIN: SETB TRO

JNB DRIS

CLR TRO

CALL READ_TRW24

MOV BUFFER,A

CHK_RO_1: CINE RO#1,CHK_RO 2
MOV  A,BUFFER
CALL DATA_TO STRING
MOV  A#41H
CALL TX TO COM
MOV AR2
CALL TX_TO_COM
MOV AR3
CALL TX_TO COM
MOV CHK,#2
IMP  MAIN

CHK_RO_2: CINE RO #2MAIN
MOV  A,BUFFER
CALL DATA TO_STRING
MOV A #42H



TX_TO_COM:

PUTCI:

DATA TO_STRING:

CALL
MOV
CALL
MOV
CALL
MOV
IMP

CLR

MOV
DINZ
MOV

MOV
MOV
DINZ
DINZ
SETB

MOV
DJNZ

MOV
DIV

MOV
MOV
MOV
MOV

TX_TO_COM
AR2
TX_TO_COM
AR3
TX_TO_COM
CHK, #1
MAIN

P31 ;Drop line for start bit
ROHBITTIM  ;Wait full bit-time
RO,3  ;For START bit

R1,4#8 ;Send 8 bits
;Move next bit into carry

P3.1,C ;Write next bit

ROABITTIM  ;Wait full bit-time
RO,$ ;For DATA bit
R1,PUTCI ;write 8 bits

P3.1 ;Set line high

A ;:Restore ACC contents
ROABITTIM  ;Wait full bit-time
RO,$ ;For STOP bit
B,#10

AB

STRING10,A

STRING1,B

A,STRINGIO

DPTR#STRING 0

MOVC A,@A+DPTR



MOV R2,A

MOV A STRINGI
MOV DPTR#STRING 0
MOVC A,@A+DPTR
MOV R3,A

RET
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;SETMODE RECIEVER

AR Ek R AR R R ARk R R REE BB R E R RN R AR R R RN R R Rk Rk R R R R R Rk
>

SETMODE_RX: CLR CE
SETB CS
CLR A
MOV RI1#18
SETMODE_0: MOV DPTR#CONFIG TEST_RX
PUSH ACC

MOVC A,@A+DPTR
CALL WRITE_TRW24

POP  ACC 5
INC A |
DINZ R1,SETMODE 0

SETB DAT
SETB DRI
SETB CE
CLR CS§
RET

;***1t‘*t‘*tt*1**1*itt‘*“*‘*‘*1t***‘ti‘**‘*1**1*1**‘**‘**‘*1**1*

;SETMODE TRANCIEVER

kb L L T e N
SETMODE_TX: CLR CE

SETB CS



CLR A
MOV RI1#I8
SETMODE_1: MOV DPTR#CONFIG_TEST TX
PUSH ACC
MOVC A,@A+DPTR
CALL WRITE_TRW24
POP ACC
INC A
DINZ R1,SETMODE_I
SETB DAT
SETB DRI
SETB CE
cs
RET

REIEELESEESEELEE SRR 22 R R R RS LA R R EER SRR 2R 2R 2Rt L LY
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;SEND DATA FROM TRW
PN G P
SEND_TRW: CALL DELAY_Ims

CLR CS

SETB CE

PUSH ACC

CLR A

MOV RI#S
SEND_TRW_0: MOV DPTRH#CONFIG_ADDRI_TX

PUSH ACC

MOVC A,@A+DPTR

CALL WRITE_TRW24

POP  ACC

INC A

DINZ RI1,SEND TRW_0



POP  ACC
CALL WRITE_TRW24

CLR CLK
CLR CE
CLR DAT
RET
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;CLOCK
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CLK_TRW: CLR CLK
NOP
SETB CLK
NOP
RET
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’

;WRITE DATA FROM TRW

.**1*****t*‘****1*1**1****‘t‘*‘********l**t**tt‘tt**t****tti*tt*
y

WRITE_TRW24: MOV R4,#8
WRITE_TRW24 0: JB ACC.7,WRITEI1
CLR DAT

JMP  WRITE_TRW2

WRITEL: SETB DAT
WRITE_TRW2: CALL CLK_TRW
RL A

DINZ R4,WRITE_TRW24 0
RET

-t**t*****i*t‘***1***t‘*t****tt*tt*‘*1***tt‘*******tttt‘*******
L]

;READ DATA FROM TRW

;******1****‘*********t****t*t*********ti*t*******t*!****t*****

READ TRW?24: CLR A




READ TRW24 0:

READ 1:

READ TRW24_I:

MOV

SETB
NOP
IB
CLR
IMP
SETB
CLR
NOP
DINZ
RET

R5,#E

CLK

DAT,READ 1
ACC.0

READ TRW24 1
ACC.0

CLK

RS5,READ TRW24 0

ool ok e ok ol e e e ke ok ol o o e ol ok ok ok ok sk sl e o ok o ek ok ok R e kol ko ke ok R ke Rk kK
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;TIMMER 0 INTERRUPT TRO

sk ki koo k ko koakk bk ko ko kb krk ok kkkkkkkk
]

TFO_SUB:

SEND I

PUSH
PUSH
INC

MOV
CINE
MOV
MOV
CINE

CALL
MOV
CALL
CALL
MOV

PSW
ACC

SUBTIMER

A#20
A,SUBTIMER,TFO_EXIT
SUBTIMER,#0

RO,CHK

RO,#1,SEND 2

SETMODE_TX
A#01000001B
SEND_TRW
SETMODE_RX
CHK.#2

TFO_EXIT




SEND 2:

TFO_EXIT:

CALL
MOV
CALL
CALL
MOV
JMP

POP
POP
RETI

SETMODE_TX
A,#01000010B
SEND_TRW
SETMODE_RX
CHK #1
TFO_EXIT

ACC
PSW

;*tt***l*********i**tt“‘*‘*********i**t**ttt‘*it******#ti*tt*t*‘t***

;DELAY TIME
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DELAY_Ims:

DELAY ims_1:

DELAY 100ms:
DELAY 100ms 1:
DELAY _100ms_2:

MOV
NOP
NOP
DINZ
RET

MOV
MOV
NOP
NOP
DINZ
DINZ
RET

R6,#0E6H ; Each loop = 1 ms

R6,DELAY Ims_1

R7,#100 ; Do 100 times
R6#0E6H ; Each loop =1 ms

R6,DELAY_100ms_2
R7,DELAY_100ms_l

i it R L RS SR 2R R R R R RS A RS R R R EEEE R RS LR 2]
L]

;CONFIG MODE TRW

vk nokckdokokox ko ko ko kokok Rk Rk Rk kR Rk kR ek kk Rk kR kk kR kxkkkkk
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CONFIG_TEST TX:

DB SEH,08H,ICH




CONFIG_LEN2 TX: DB 08H

CONFIG_LEN1_TX: DB 08H
CONFIG_ADDR2_TX: DB 0COH,0AAH,55H,0AAH,55H
CONFIG_ADDR] TX: - DB 0AAH,55H,0AAH,55H,0AAH

CONFIG_NUMADDR_TX: DB 0A3H

CONFIG_RF_TX: DB 6FH

CONFIG_CH_TX: DB 0AH STX
;CONFIG_CH: DB 0BH RX
CONFIG_TEST RX: DB 8EH,08H,1CH
CONFIG_LEN2_RX: DB 08H

CONFIG_LEN1 RX: DB 08H

CONFIG_ADDR2_RX: DB 0COH,0AAH,55H,0AAH,55H
CONFIG_ADDRI1_RX: DB 0AAH,55H,0AAH,55H,0AAH

CONFIG NUMADDR_RX: DB 0A3H

CONFIG_RF_RX: DB 6FH
:CONFIG_CH_TX: DB 0AH ;TX

CONFIG_CH_RX: DB 0BH ;RX

AR SRR RS AR OR AR SRS RS SRR RS ERE AR R R ERRR RS AR AR
;STRING 0-9

S sk sk okl e ok e e Rk ok ke ok R ok ol sk ok ke sk ok ok Rk e ok ek ke ek ek ok sk ke ke kR ek Ok R R kR X
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STRING_0: DB 30H
STRING I: DB 31H
STRING 2: DB 32H
STRING_3: DB 33H
STRING_4: DB 34H
STRING_5: DB 35H
STRING_6: DB 36H

STRING 7: DB 37H




STRING 8: DB 38H
STRING 9 DB 39H

END




VB.NET

Option Explicit On
Imports System.Data

Imports System.Data.OleDb

Public Class Form1

Inherits System.Windows.Forms.Form

Public G As Graphics

Public Obrush As New SolidBrush(Color.DarkOrange)
Public Bbrush As New SolidBrush{Color.White)
Public Rbrush As New SolidBrush{Color.Red)

Public Gbrush As New SolidBrush(Color.Green)
Public YP As New Pen(Color.Yellow, 3)

Public OP As New Pen(Color.Orange, 3)

Public RP As New Pen(Color.Red, 2)

Public GP As New Pen(Color.Green, 1)

Public fm As New FontFamily("Microsoft Sans Serif")
Public ft As New Font{fm, 10, FontStyle.Bold, GraphicsUnit.Pixel)
Public fi2 As New Font({fim, 15, FontStyle.Bold, GraphicsUnit.Pixel)

Public ft3 As New Font{fm, 12, FontStyle.Bold, GraphicsUnit.Pixel)

Public x As Single

Public x0 As Single
Public x1 As Single
Public count(2) As Integer
Public y1 As Single
Public ¥2 As Single



Public Rxd As String
Public tem1 As Single

Public tem2 As Single

Public DT1 As DataTable
Public DT2 As DataTable
Public DR1 As DataRow
Public DR2 As DataRow

Private Sub Btnconnect_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Binconnect.Click
If AxMSComm1.PortOpen = False Then
AxMSComml.CommPort = Val(Combol.Text)
AXMSComml.Settings = "9600,n,8,1"
AxMSComm1.PortOpen = True
Btnconnect.BackColor = Color.LightGreen
End If
End Sub

Private Sub Timerl_Tick(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Timerl.Tick

Ibltt. Text = Now.ToLongTimeString

Dim myDateTime As DateTime = DateTime.Now

Dim a As Single

Dim b As Single

Dim ¢ As Single

a = myDateTime.Hour * 60 * 60

b = myDateTime.Minute * 60

¢ = myDateTime.Second

x = MyFunctionl(a, b, ¢)




Select Case x

Case 0 To 14399

G.DrawString("0:30", ft, Obrush, 90, 10)

G.DrawString("1:00", ft, Obrush, 180, 10)
G.DrawString("1:30", ft, Obrush, 270, 10)
G.DrawString("2:00", ft, Obrush, 360, 10)
G.DrawString("2:30", ft, Obrush, 450, 10)
G.DrawString("3:00", ft, Obrush, 540, 10)
G.DrawString("3:30", ft, Obrush, 630, 10)

Case 14400 To 28799
G.DrawString("4:30", ft, Obrush, 90, 10)
G.DrawString("5:00", ft, Obrush, 180, 10)
G.DrawString("5:30", ft, Obrush, 270, 10)
G.DrawString("6:00", ft, Obrush, 360, 10)
G.DrawString("6:30", fi, Obrush, 450, 10)
G.DrawString("7:00", ft, Obrush, 540, 10)

G.DrawString("7:30", ft, Obrush, 630, 10)

Case 28800 To 43199
G.DrawString("8:30", ft, Obrush, 90, 10)
G .DrawString("9:00", fi, Obrush, 180, 10)
G.DrawString("9:30", ft, Obrush, 270, 10)
G.DrawString("10:00", f, Obrush, 360, 10)
G.DrawString("10:30", ft, Obrush, 450, 10)
G.DrawString("11:00", ft, Obrush, 540, 10)
G.DrawString("11:30", ft, Obrush, 630, 10)
Case 43200 To 57599
G.DrawString("12:30", ft, Obrush, 90, 10)




G.Dl'aaning("IB:GO", ft, Obrush, 180, 10)
G.DrawString("13:30", ft, Obrush, 270, 10)
G.DrawString("14:00", ft, Obrush, 360, 10)
G.DrawString("14:30", ft, Obrush, 450, 10)
G.DrawString("15:00", ft, Obrush, 540, 10)
G.DrawString("15:30", ft, Obrush, 630, 10)

Case 57600 To 71999
G.DrawString("16:30", ft, Obrush, 90, 10)
G.DrawString("17:00", ft, Obrush, 180, 10)
G.DrawString("17:30", fi, Obrush, 270, 10)
G.DrawString("18:00", ft, Obrush, 360, 10)
G.DrawString("18:30", ft, Obrush, 450, 10)
G.DrawString("19:00", ft, Obrush, 540, 10)

G.DrawString("19:30", ft, Obrush, 630, 10)

Case 72000 To 86399
G.DrawString("20:30", ft, Obrush, 90, 10)
G.DrawString("21:00", ft, Obrush, 180, 10)
G.DrawSiring("21:30", ft, Obrush, 270, 10)
G.DrawString("22:00", ft, Obrush, 360, 10)
G.DrawString("22:30", ft, Obrush, 450, 10)
G.DrawString("23:00", ft, Obrush, 540, 10)

G.DrawString("23:30", ft, Obrush, 630, 10)

End Select
End Sub
Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load
Ibldate. Text = Now.ToLongDateString



txtbox1.Text =""
txtbox2. Text=""

End Sub

Private Sub Form1_Paint(ByVal sender As Object, ByVal e As
System.Windows.Forms.PaintEventArgs) Handles MyBase.Paint
G = Me.CreateGraphics
G.TranslateTransform(280, 600)
G.FillRectangle(Bbrush, -25, -520, 750, 550)
G.DrawLine(OP, -25, -520, 725, -520)
G.DrawLine(OP, -25, -520, -25, 30)
G.DrawLine(OP, -25, 30, 725, 30)

G.DrawLine(OP, 725, -520, 725, 30)

G.DrawLine(YP, 0, 0, 0, -450)
G.DrawLine(YP, 0, 0, 720, 0)
Dim intX As Integer

Dim intY As Integer

Do
intX = intX + 90
G.DrawLine(YP, intX, -4, intX, 4)

Loop Until intX = 720

Do
intY = intY - 90
G.DrawLine(YP, 4, intY, -4, intY)

Loop Until intY = -450

For intY = 10 To 50 Step 10



G.DrawString(intY, ft, Obrush, -20, -intY * 9)

Next intY

G.DrawString("0", ft, Obrush, -20, 10)

G.DrawString("n3MuaasmuTNRLT 1znINnA ez gumMgi”, f2, Obrush, 200,
-495)

G.DrawString("Sensor 1", ft3, Rbrush, 650, -490)

G.DrawString("Sensor 2", i3, Gbrush, 650, -470)
End Sub

Private Sub AxMSComm1_OnComm(ByVal sender As System.Object, ByVal ¢ As

System.EventArgs) Handles AXMSComm1.OnComm

Static Dim index As Byte = 1
Static Dim buff{3) As Byte
Dim i1 As Byte

Dim size As Byte

Dim ch As Char

If AxMSComml.CommEvent = 2 Then
Rxd = AxMSComm].1nput
txtbox3. AppendText(Rxd)
size = Len(Rxd)
Fori=1 To size
ch = Mid(Rxd, i, 1)
Ifch="A" Orch="B" Then
mdex = 1
buff{index) = Asc(ch)
Else

buff{index) = Mid(Rxd, i, 1)



End If
If index = 3 Then
Ifbuff(1} = Asc(*A™) Then

txtbox1.Text = (buff{2) * 10 + buff(3)) / 2

ternl = txtbox1.Text

y1 = MyFunction2(tem1)

count(1) = count(1) + 1

Elself buff(1} = Asc("B"} Then
txtbox2.Text = (buff(2) * 10 + buff(3))/ 2

tem2 = txtbox2.Text

y2 = MyFunction3({tem2)

count(2) = count(2) + 1

End If
End If

index = {index Mod 3} + 1

Nexti
End If
End Sub

Private Sub Timer2_Tick(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Timer2.Tick
If count(1) > 0 Then

count{1)=0




Dim myDateTime As DateTime = DateTime.Now
Dim h As Single
Dim m As Single

Dim s As Single

h = myDateTime.Hour * 60 * 60

m = myDateTime.Minute * 60

s = myDateTime,Second

x0 = MyFunctionl(h, m, s)

Select Case x0

Case 0 To 14399
x1 = Myfunctiond(x0)

Case 14400 To 28799

x1 = MyFunction5(x0)

Case 28800 To 43199

x1 = MyFunction6(x0)

Case 43200 To 57599

x1 = MyFunction7{x0)

Case 57600 To 71999

x1 = MyFunction8(x0)

Case 72000 To 86399
x1 = MyFunction9(x0)




End Select
Ibltermnpi.Text = teml
Ibltimel.Text =x1

G.DrawEllipse(RP, x1, y1, 2, 2)

OleDbDataAdapter] .Fill(DataSetl1, "Tablel")

DRI = DataSetl 1.Tables("Table1").NewRow()
DRI1("Temperature") = tem1

DR1("day") = DateTime.Now.Day
DR1("month") = DateTime.Now.Month
DRI1("year") = DateTime.Now.Year
DRI1("Hour") = DateTime.Now.Hour
DR1{("Minute") = DateTime.Now.Minute

DataSetl1.Tables("Tablel").Rows. Add(DR1)

Dim commandbuild As New OleDbCommandBuilder{OleDbDataAdapteri)

commandbuild = New OleDbCommandBuilder{QleDbDataAdapterl)

OleDbDataAdapterl .Update(DataSet11, "Tablel")

DataSetl1.AcceptChanges()

End If
End Sub

Private Sub bingo_Click(ByVal sender As System.Objeet, ByVal e As System.EventArgs)
Handles btngo.Click
Dim newform As New Form2

newform.Show()




End Sub
Private Sub Timer3_Tick(ByVal sender As System.Object, ByVal ¢ As

System.EventArgs) Handles Timer3.Tick

If eount(2) > 0 Then

eount(2)=10

Dim myDateTime As DateTime = DateTime.Now

Dim h As Single
Dim m As Single

Dim s As Single
h = myDateTime.Hour * 60 * 60
m = myDateTime.Minute * 60
s = myDateTime.Second
x0 = MyFunctionl(h, m, s)
Select Case x0

Case 0 To 14399

x1 = Myfunetiond(x0)

Case 14400 To 28799

x1 = MyFunction5(x0)

Case 28800 To 43199

x1 = MyFunction6(x0)

Case 43200 To 57599



x1 = MyFunction7(x0)
Case 57600 To 71999

x1 = MyFunction8(x0)

Case 72000 To 86399

x1 == MyFunction9(x0)

End Select
Ibltemp2.Text = tem2
Ibltime2. Text = x1

G.DrawEllipse(GP, x1, y2, 2, 2)

OleDbDataAdapter2.Fill(DataSet11, "Table2™")
DR2 = DataSet11.Tables("Table2"). NewRow()
DR2("Temperature") = tem2

DR2("day") = DateTime.Now.Day
DR2("month") = DateTime.Now.Month
DR2{("year") = DateTime.Now.Year
DR2("Hour") = DateTime.Now.Hour
DR2("Minute") = DateTime Now Minute

DataSet11.Tables("Table2").Rows. Add(DR2)

Dim commandbuild As New OleDbCommandBuilder(OleDbDataAdapter2)
commandbuild = New OleDbCommandBuilder(OleDbDataAdapter2)
OleDbDataAdapter2.Update(DataSet11, "Table2")

DataSet11.AcceptChanges()

End If
End Sub
End Class



Module Modulel
Public Function MyFunction1(ByVal X As Single, ByVal Y As Single, ByVal Z As
Single) '

MyFunctionl = (X + Y + 7)

End Function

Public Function MyFunction2(ByVal A As Single)
MyFunction2 = A * -9

End Function

Public Function MyFunction3(ByVal B As Single)
MyFunction3 =B * -9

End Function

Public Function Myfunctiond(ByVal X1)
Myfunctiond4 = X1/ 20

End Function

Public Function MyFunction5(ByVal X2)

MyFunction5 = (X2 - 14400) / 20

End Function

Public Function MyFunction6(ByVal X3)
MyFunction6 = (X3 - 28800) / 2

End Function

Public Function MyFunction7(ByVal X4)
MyFunction7 = (X4 - 43200) / 20

End Function

Public Function MyFunction8(ByVal X5)
MyFunction8 = (X5 - 57600) / 20

End Function

Public Function MyFunction9(ByVal X6)
MyFunction9 = (X6 - 72000) / 20

End Function

End Module



Public Class Form2

Inherits System.Windows.Forms.Form

Private Sub btnsearch_Click(ByVal sender As System.Object, ByVal e As

System.EventArgs) Handles btnsearch.Click

Dim myRowView As DataRowView
Dim totalRec As Integer
Dim j As Date

Dim dvm As New DataViewManager

DataViewl = DataSet14.Tables("Table1").DefaultView

dvm.DataSet = DataSet14

Dim dvs As DataViewSetting

dvs = dvm.DataViewSeitings("Tablel™)

j = Convert.ToString(Convert. ToDateTime(comboday.Text + " "' & combomonth.Text
& " " & comboyear.Text))

Label6. Text=j

DataViewl RowFilter = "day=" & comboday.Text And "month=" &

combomonth.Text And "year=" & comboyear.Text

With DataGrid]
.AllowNavigation = False
.ReadOnly = True
.DataSource = dvm
.DataMember = "Tablel"
End With
totalRec = DataView1.Count()
DataGrid1.CaptionText = totalRec & " " & "Records”
End Sub




Private Sub Form2_Load(ByVal sender As System.Object, ByVal ¢ As System EventArgs)
Handles MyBase.Load

adaptertablel.Fill(DataSet14, "Tablel")

DataGridl.CaptionText = DataView].Count & " " & "Records"”

adaptertable2 Fill(DataSet14, "Table3")

DataGrid2.CaptionText = DataView2.Count & " " & "Records”

End Sub

End Class



DALLAS

SEMICONDUCTOR

DS1820

DS1820
1-Wire™ Digital Thermometer

FEATURES

* Unigue 1-Wire™ interface requires only one port pin
for communication

* Multidrop capability simplifies distributed temperature
sensing applications

® Requires no extemal components
¢ Can be powered from data line
e Zero standby power required

® Measures temperatures from ~55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is —67°F to
+257°F in 0.9°F increments

® Temperature is read as a 9-bit digital value.
s Converts temperature to digitat word in 200 ms {typ.)

¢ User—definable, nonvolatile temperature alarm set-
tings

e Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition}

* Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, sothat only one wire (and ground}needs tobe
connected from a central microprocessorto a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data fine itself with
no need for an external power source,

PIN ASSIGNMENT

DALLAS
DS1820

BOTTOM VIEW
NG = 1 16 F— NC
NC = 2 15— NC
NC = 3 14 F= NC
NC = 4 13 NC
NC— & 12/ NC
NC =4 & 11— NC
VoD = 7 10— NC
Da=8 9 = GND
D51820 DS518205
PRA5 PACKAGE 16—PIN 550P
See Mech. Drawings See Mech. Dawings
Section Section

PIN DESCRIPTION

GND - Ground

DQ — Data InfOut
VDD - Optional VDD
NC — No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1~-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control,

SCapyrighl 1995 b}DaNas Semiconducior Corporation.
Mﬁig'ns." . For inft ion regarding
patents and other intellectual property rights, pleasc refer o
Dafas Sermiconductor dala books.
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DETAILED PIN DESCRIPTION

PIN PIN
16—PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DG Data Input/Output pin. For 1-Wire operation; Open drain, (See
“Parasite Power” section.)}
7 3 Voo Optional Vpp pin. See “Parasite Power™ section for details of
connection,

DS18208S (16—pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
retums high toreplenish the parasite {capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communication to the DS1820is via a 1—Wire port. With
the 1-Wire port, the memory and control functions will
not be available before the ROM function protocol has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2} Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64—bit
lasered ROM portion of each device and can single out

DS51820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. After a ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement, The result of this
measurement will be placed in the DS1820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. ¥riting TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

- 64-8IT ROM
AND
1-WIRE PORT

INTERNAL Vpo

POWER,
SUPPLY
SENSE

Voo

- MEMORY AND
CONTROL LOGIC
]
TEMPERATURE SENSOR
SCRATCHPAD
-— HIGH TEMPERATURE
TRIGGER, TH
1 LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR
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PARASITE POWER

The block diagram {Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
I/0 or Vpp pins are high. /O will provide sufficient power
as long as the specified timing and voltage require-
ments are met {see the section titled “1-Wire Bus Sys-
tem’). The advantages of parasite power are two—fold:
1} by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided over the /O line when atemperature conversionis
taking place, Since the operating current of the DS 1820
is up to 1 mA, the /O line will not have sufficient drive
due to the 5K pull-up resistor, This problem is particu-
larly acute if several DS1820's are on the same VO and
attempting to convert simultaneously.

There are two ways to assure that the DS 1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong puli-=up on the /O line
whenever temperature conversions or copies to the E?
memaory are taking place. This may be accomplished by
using a MOSFET to pull the /O line directly to the power
supply as shown in Figure 2. The /O line must be
switched over to the strang pull-up within 10 ps maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiales temperature conversions.
When using the parasite power mode, the Vpp pin must
be tied to ground. :

Another method of supplying current to the DS1820 is
through the use of an extemal power supply tied to the

Vpp pin, as shown in Figure 3. The advantage to this is
thatthe strong pull-up is not required on the I/Cline, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any number of DS1820's may be placed on the
1-Wire bus, and if they all use extemna! power, they may
all simuitaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the extemal
power supply is active, the GND pin may not be floating.

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures. For applications in
which such temperatures are likely, itis strongly recom-
mended that Vg be applied to the DS1820.

For situations where the bus master does not know
whether the DS51820's on the bus are parasite powered
or supplied with exiernal Vpp, a provision is made in the
D51820 to signal the power supply scheme used. The
bus master can determine if any DS1820’s are on the
bus which require the strong pull-up by sending a Skip
ROM protocol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0"
on the 1-Wire bus if it is parasite powered; it will send
back a “1" if it is powered from the Vpp pin. Ifthe master
receives a 0", it knows that it must supply the strong
pull-up on the I/C line during temperature conversions:
Sea “Memory Command Functions” section for more
detail on this command protocol.

STRONG PULL-UP FFOR SUPPLYING DS1820 DURING TEMPERATURE CONVERSION Figure 2

+3V

D51820

4.7
uP

4L

Guo‘é? 6 Voo

110
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TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE AGGUMULATOR
PRESET COMPARE
SET/CLEAR
TE TURE PRESET
COEPPICIENT O8I ATOR COUNTER LS8
INC
=0 TEMPERATURE REGISTER
]
H TEMPERATURE
COEFPICIENT OSCILATOR - COUNTER
o LsTop
TEMPERATURE/DATA RELATIONSHIPS Table 1
DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE {Binary) (Hex)

+125°C 00000000 11111010 00FA

+25°C 00000000 00110010 0032h
+12C 00000000 00000001 0001h

+0°C 00000000 00000000 0000h
—”2°C 11111911 1111111 FFFFh
-25°C 11111111 11001110 FFCEh
—55°C 11111111 10010010 .FFQZh

OPERATION — ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly comresponds to
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As long as the alarm flag is set, the DS1820 will
respond to the alarm search command. This aliows
many DS 1820s to be connected in parallet doing sirmul-
taneous temperature rmeasurements. If somewhere the
temperature exceeds the limits, the alarming device(s)
can be identified and read immediately without having to
read non—alarming devices.
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1-WIRE BUS SYSTEM

The 1-Wire bus is a system which has a single bus mas-
ter and one or more slaves. The DS1820 behaves as a
slave. The discussion of this bus system is broken down
into three topics: hardware configuration, transaction
sequence, and 1-Wire signaling (signal types and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able to drive it

HARDWARE CONFIGURATION Figure 9

v
BUS MASTER
4.7K

at the appropriate time. To facilitate this, each device
attached to the 1-Wire bus must have open drain or
J-state outputs. The 1-wire port of the DS1820 (/O
pin) is open drain with an internal circuit equivalent to
that shown in Figure 9. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1-Wire
bus requires a pullup resistor of approximately SK(.

DS1820 1-WIRE PORT

%

Ry = RECEIVE
Tx = TRANSMIT

Theidle state forthe 1-Wire bus is high. Iffor any reason
atransaction needs to be suspended, the bus MUST be
leftinthe idle state ifthe transactionis to resume. Infinite
recovery time can occur between bits so long as the
1-Wire bus is in the inactive {high) state during the re-
covery period. If this does not occur and the bus is left
low for more than 480 us, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS 1820 via the 1-Wire
port is as follows:

* Initialization
* ROM Function Command
* Memory Function Command

# Transaction/Data

i >O Ry
?_I-'-A
¥p. | TE
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus begin with an initial-
ization sequence. The initialization sequence consists
of a reset pulse transmitted by the bus master followed
by presence pulse(s) transmitted by the slave(s).

The presence pulse lets the bus master know that the
DS1820is on the bus and is ready to operate. For more
details, see the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it ¢can
issue one of the five ROM function commands. Alt ROM
function commands are 8-bits long. Alist of these com-
mands follows (refer to flowchart in Figure 6):
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Read ROM [33h]

This command allows the bus master to read the
DS1820's 8-bit family code, unique 48-bit serial num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all slaves try to transmit at the same time (open
drain will produce a wirec AND result).

Match ROM [55h]

The match ROM command, followed by a 64-bit ROM
sequence, afllows the bus master to address a specific
DS1820 on a multidrop bus. Only the DS1820 that
exactly matches the 64-bit ROM sequence will respond
to the following memory function command, All slaves
that do not match the 64-bit ROM sequence will wait for
aresel pulse. This command can be used with a single
or multiple devices on the bus.

Skip ROM [CCh]
This command can save lime in a single drop bus sys-
temn by allowing the bus master to access the memory
functions without providing the 64-bit ROM code. If
more than one slave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as multiple slaves
transmit simultaneously {open drain pulldowns will pro-
duce a wired AND result).

Search ROM [FOh]

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or their 64—bit ROM codes. The search ROM com-
mand allows the bus master to use a process of elimina-
tion to identify the 64—bit ROM codes of all slave devices
on the bus.

Alarm Search [ECh]

The flowchart of this command is identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition has been
encountered at the last temperature measurement. An
alarm condition is defined as a temperature higher than
THorlowerthan TL. The alarm conditionremains set as
long as the DS 1820 is powered up, or until another tem-
perature measurement reveals a nor—alarming value,
For alamming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion should be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repetition of a simple
3—step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3—step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four different devices are connected to the
same 1-Wire bus, The ROM data of the four devices is
as shown;

ROM1  00110101...
ROM2  10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. Thebus masterbegins theinitialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each device will respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus. ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1-Wire bus by allowing the line to
stay high. The resultis the logical AND of all devices
on the line, therefore the bus master sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being executed, all of the
devices on the 1-Wire bus respond to this-second
read by placing the complement of the first bit of their
respective ROM data onto the 1-Wire bus. ROM1
and ROM4 will place a 1 onto the 1-Wire, allowing
the line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled low. The bus
master again observes a 0 for the complementofthe
first ROM data bit. The bus master has determined
that there are some devices on the 1-Wire bus that
have a Qin the first position and others that have a 1.
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The data obtained from the two reads of the 3-step
routine have the following interpretations:

00 There are still devices attached which have
conflicting bits in this position.

01 All devices stilt coupled have a O=bit in this
bit position.

10  All devices stili coupled have a 1-bit in this
bit position.

11 There are no devices attached to the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROM3 for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus,

5. The bus master performs two more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

6. The bus master then writes a () to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two O=bits. This indicates that both 1-bits and 0-bits
exist as the third bit of the ROM data of the attached
devices.

8. Thebusmaster writes a 0-bit. This deselects ROM1
leaving ROM4 as the only device still connected.

9. The bus master reads the remainder of the ROM bits
for ROM4 and continues to access the part if
desired. This completes the first pass and uniquely
identifies one part on the 1-Wire bus.

10. The bus master starts a new ROM search sequence
by repeating steps 1 through 7.

11. The bus master writes a 1-hit. This decouples
ROM4, leaving only ROM1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which another of the ROMs was found.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselects
ROM1 and ROM4 for the remainder of this search
pass, leaving onty ROM2 and ROM3 coupled to the
system.

15. The bus master executes two read time slots and
receives two zeros.

16.The bus master writes a 0-bit. This decouples
ROM3, and leaving anty ROM2.

17. The bus master reads the remainder of the ROM bits
for ROM2 and communicates to the underlying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit. This decouples
ROMZ2, leaving only ROM3,

20. The bus rmaster reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desired. This completes the fourth ROM search
pass, in which another of the ROMs was found.

Note the following:

The bus masterleamns the unique |ID number (ROMdata
pattern) of one 1-Wire device on each ROM Search
operation. The time required to derive the part's unigue
ROM code is:

9%G0pus+(8+3x64)61us=13.16 ms

The bus master is therefore capable ofidentifying 75 dif-
ferent 1-Wire devices per second.

110 SIGNALING

Tha DS1820 requires strict protocols to insure data
integrity. The protocol consists of several types of
signaling on oneline: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence pulse, are initiated by the
bus master.

The initialization sequence required to begin any com-
munication with the DS1820 is shown in Figure 11. A
reset pulse followed by a presence pulse indicates the
DS1820 is ready to send or receive data given the cor-
rect ROM command and memory function command.,

The bus master transmits {TX) a reset pulse {a low sig-
nal for a minimum of 480 us). The bus master then
releases the line and goes into a receive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecting the rising edge on the
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/O pin, the DS 1820 waits 15-60 ps and then transmits
the presence pulse (a low signal for 60-240 ps).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the fiowchart of Figure 10.

Wirite Scratchpad [4Eh]

This command writes to the scratchpad of the DS1820,
starting at address 2, The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated at any point by issuing
a reset.
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

MODES OF OPERATION

Overview

The nRF2401 can be set in the following main modes depending on three control
pins:

Mode PWR_UP CE CS
Active (RX/TX) 1 1 0
Configuration 1 0 1
Stand by 1 0 0
Power down 0 X X

Table 6 nRF2401 main modes

For a complete overview of the nRF2401 I/O pins in the different modes please refer
to Table 8.

Active modes -
The nRF2401 has two active (RX/TX) modes:

¢ ShockBurst™
e Direct Mode

The device functionality in these modes is decided by the content of a configuration
word. This configuration word is presented in configuration section.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway -  Phone +4772808000 -  Fax +4772898989
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

ShockBurst™

The ShockBurst™ technology uses on-chip FIFO to clock in data at a low data rate
and transmit at a very high rate thus enabling extremely power reduction.

When operating the nRF2401 in ShockBurst™, you gain access to the high data rates
(1 Mbps) offered by the 2.4 GHz band without the need of a costly, high-speed micro
controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocol on-chip, the
nRF2401 offers the following benefits:

e Highly reduced current consumption
e Lower system cost (facilitates use of less expensive micro controller)
e (reatly reduced risk of ‘on-air’ collisions due to short transmission time

The nRF2401 can be programmed using a simple 3-wire interface where the data rate
is decided by the speed of the micro controller.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF link, the nRF ShockBurst™ mode reduces the average current
consumption in applications considerably.

ShockBurst™ principle

When the nRF2401 is configured in ShockBurst™, TX or RX operation is conducted
in the following way (10 kbps for the example only).

E/ [ —
Continuous 10kbps
8-bit nRF2401 l I | |

MCU HINRRNERRLER FIFO
(AT

ShockBurst™  1Mbps

Figure 5 Clocking in data with MCU and sending with ShockBurst™ technology

Without ShockBurst™, running at speed dictated by 10Kbs MCU

‘ < 10mA periode >

—j—"— 10mA period  10Kbs MCU with ShockBurst™

0 20 40 60 80 100 120 140 160 180 200 220 240
Time mS

Figure 6 Current consumption with & without ShockBurst™ technology
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

nRF2
ShockBurst™

TX (CE=hi)2

YES
Data content of registers:

uController
Loading ADDR

and PAYLOAD ADDR PAYLOAD
data

Maximum 256 bi
’ axlmi ts

nRF2401
Calculating CRC ADDR PAYLOAD CRC

CE=Low?

YES

nRF2401

Adding Preamble Pre- ADDR PAYLOAD CRC
amble

F
nRF2401
Sending
ShockBurst™
Package
{250 or 1000kbps)

Input FIFO not Empty

YES

Sending
completead?

Figure 7 Flow Chart ShockBurst™ Transmit of nRF2401

nRF2401 ShockBurst™ Transmit:
MCU interface pins: CE, CLK1, DATA

1. When the application MCU has data to send, set CE high. This activates
nRF2401 on-board data processing.

2. The address of the receiving node (RX address) and payload data is
clocked into the nRF2401. The application protocol or MCU sets the speed
<1Mbps (ex: 10kbps).

3. MCU sets CE low, this activates a nRF2401 ShockBurst™ transmission.

4. nRF2401 ShockBurst™:

e RF front end is powered up

¢ RF package is completed (preamble added, CRC calculated)

¢ Data is transmitted at high speed (250 kbps or 1 Mbps configured
by user).

e nRF2401 return to stand-by when finished

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772808000 -  Fax +4772898989
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

RF2401 in
ShockBurst™
RX?

Data content of registers:

nRF2401
o Detects o
PREAMBLE and re ADDR PAYLOAD R
Incoming Data amble CRC
ADDR PAYLOAD CRC
nRF2401
Receives Data
and ADDR PAYLOAD CRC
Checking CRC
ADDR PAYLOAD CRC
nRF2401
Set Data Ready
(DR1/2) high PAYLOAD
4
uController
Clocks out
Payload PAYLOAD
Register
Empty?
YES
nRF2401
Sets Data Ready .
(DR1/2) low Output Register Empty
Figure 8 Flow Chart ShockBurst™ Receive of nRF2401
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

nRF2401 ShockBurst™ Receive:
MCU interface pins: CE, DR1, CLK1 and DATA (one RX channel receive)
1. Correct address and size of payload of incoming RF packages are set when
nRF2401 is configured to ShockBurst™ RX.
2. To activate RX, set CE high.
3. After 200 us settling, nRF2401 is monitoring the air for incoming
communication.
4. When a valid package has been received (correct address and CRC found),
nRF2401 removes the preamble, address and CRC bits.

nRF2401 then notifies (interrupts) the MCU by setting the DR1 pin high.

6. MCU may (or may not} set the CE low to disable the RF front end (low
current mode).

7. The MCU will clock out just the payload data at a suitable rate (ex. 10
kbps).

8. When all payload data is retrieved nRF2401 sets DR1 low again, and is
ready for new incoming data package if CE is kept high during data
download. If the CE was set low, a new start up sequence can begin, see
Figure 17.

Lh

Direct Mode

In direct mode the nRF2401 works like a traditional RF device. Data must be at
1Mbps £200ppm, or 250kbps £200ppm at low data rate setting, for the receiver to
detect the signals.

Direct Mode Transmit:
MCU interface pins: CE, DATA
1. When application MCU has data to send, set CE high
2. The nRF2401 RF front end is now immediately activated, and after 200 us
settling time, data will modulate the carrier directly.
3. All RF protocol parts must hence be implemented in MCU firmware
{preamble, address and CRC).

Direct Mode Receive:
MCU interface pins: CE, CLK1, and DATA

1. Once the nRF2401 is configured and powered up (CE high) in direct RX
mode, DATA will start to toggle due to noise present on the air.

2. CLK1 will also start to toggle as nRF2401 is trying to lock on to the
incoming data stream.

3. Once a valid preamble arrives, CLK1 and DATA will lock on to the
incoming signal and the RF package will appear at the DATA pin with the
same speed as it is transmitted.

4. To enable the demodulator to re-generate the clock, the preamble must be
8 bits toggling hi-low, starting with low if the first data bit is low.

5. In this mode no data ready (DR) signals s available. Address and
checksum verification must also be done in the receiving MCU.
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst™ & direct modes the nRF2401 can facilitate simultaneous
reception of two parallel independent frequency channels at the maximum data rate.
This means:

¢ nRF240] can receive data from two 1 Mbps transmitters (ex: nRF2401 or

nRF2402) 8 MHz (8 frequency channels) apart through one antenna
interface.

e The output from the two data channels is fed to two separate MCU
interfaces.

e Data channe] 1: CLK1, DATA, and DR1

e Data channel 2: CLK2, DOUT?2, and DR2

e DRI and DR2 are available only in ShockBurst™.
The nRF2401 DuoCeiver™ technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.

nRF2401
(3| Toms

nRF2401 — >

Tx/Rx
<:| nRF240 1
Tx/Rx

Figure 9 Simultaneous 2 channel receive on nRF2401

There is one absolute requirement for using the second data channel. For the nRF2401
to be able to receive at the second data channel the frequency channel must be 8MHz
higher than the frequency of data channel 1. The nRF2401 must be programmed to
receive at the frequency of data channel 1. No time multiplexing is used in nRF2401
to fulfil this function. In direct mode the MCU must be able to handle two
simultaneously incoming data packets if it is not multiplexing between the two data
channels. In ShockBurst™ it is possible for the MCU to clock out one data channel at
a time while data on the other data channel waits for MCU availability, without any
lost data packets, and by doing so reduce the needed performance of the MCU.

Clock ADDR, [ DR1
Ferr ——®4 Recovery, ! CRC || CLKi1 Data(Fge,)
DataSticer Check [ DATA
Clock ADDR, 1 DR2
Fopa=Frp¥8MHZ  ——m1  Recovery, H»{ CRC —»| CLK2 Data(F..,)
DataSlicer Check | DOUTZ

Figure 10 DuoCeiver'™ with two simultaneously independent receive channels.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

Configuration Mode

In configuration mode a configuration word of up to 15 bytes is downloaded to
nRF2401. This is done through a simple 3-wire interface (CS, CLK1 and DATA). For
more information on configuration please refer to the nRF2401 Device configuration
chapter on pagel7.

Stand-By Mode

Stand by mode is used to minimize average current consumption while maintaining
short start up times. In this mode, part of the crystal oscillator is active. Current
consumption is dependent on crystal frequency (Ex: 12 nA @ 4 MHz, 32 pA @ 16
MHz). The configuration word content is maintained during stand by.

Power Down Mode

In power down the nRF2401 is disabled with minimal current consumption, typically
less than 1pA. Entering this mode when the device is not active minimizes average
current consumption, maximizing battery lifetime. The configuration word content is
maintained during power down.
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

DEVICE CONFIGURATION

All configuration of the nRF2401 is done via a 3-wire interface to a single
configuration register. The configuration word can be up to 15 bytes long for
ShockBurst™ use and up to 2 bytes long for direct mode.

Configuration for ShockBurst™ operation

The configuration word in ShockBurst™ enables the nRF2401 to handle the RF
protocol. Once the protocol is completed and loaded into nRF2401 only one byte,
bit[7:0], needs to be updated during actual operation.

The configuration blocks dedicated to ShockBurst™ is as follows:

» Payload section width: Specifies the number of payload bits in a RF package.
This enables the nRF2401 to distinguish between payload data and the CRC
bytes in a received package.

* Address width: Sets the number of bits used for address in the RF package.
This enables the nRF240! to distinguish between address and payload data.

s Address (RX Channel 1 and 2): Destination address for received data.

e CRC: Enables nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks, with the exception of the CRC, are dedicated for the
packages that a nRF2401 is to receive.

In TX mode, the MCU must generate an address and a payload section that fits the
configuration of the nRF2401 that is to receive the data.

When using the nRF2401 on-chip CRC feature ensure that CRC is enabled and uses
the same length for both the TX and RX devices.

PRE-AMBLE | ADDRESS PAYLOAD CRC
Figure 11 Data packet set-up

Configuration for Direct Mode operation
For direct mode operation only the two first bytes (bit[15:0]) of the configuring word
are relevant.
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

Configuration Word overview

Bit | Number Name Function
position| of bits

= 143:120 24 TEST Reserved for testing
S
'ﬁ 119:112 8 DATA2 W Length of data payload section RX channel 2
T
3 111:104 8 DATAI_W Length of data payload section RX channel 1
= 103:64 40  |ADDR2 Up to 5 byte address for RX channel 2
=
; 63:24 40 ADDRI Up to 5 byte address for RX channel 1
‘i;_; 7318 6 |ADDRW Number of address bits (both RX channels).
é 17 { CRC L 8 or 16 bit CRC
3,
=
7

16 i CRC EN Enable on-chip CRC gencration/checking.

5 1 RX2 EN Enable two channel receive mode
E 14 1 CM Communication mode (Direct or ShockBurst™)
=
=
é" 13 1 RFDR _SB RF data rate (1Mbps requires 16MHz crystal)
g
o
.g 12:10 3 XO F Crystal frequency
B .
=)
E 9:8 2 RF PWR RF output power
=
W
O 7:1 7 RF CH# Frequency channel

0 1 RXEN RX or TX operation

Table 9 Table of configuration words.

The configuration word is shifted in MSB first on positive CLK 1 edges. New
configuration is enabled on the falling edge of CS.

NOTE.

On the falling edge of CS, the nRF240! updates the number of bits actually shifted in
during the last configuration.

Ex:

If the nRF2401 is to be configured for 2 channel RX in ShockBurst™, a total of 120
bits must be shified in during the first configuration after VDD is applied.

Once the wanted protocol, modus and RF channel are set, only one bit (RXEN) is
shifted in to switch between RX and TX.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone 4772868600 -  Fax +4772898989
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

Configuration Word Detailed Description

The following describes the function of the 144 bits (bit 143 = MSB) that is used to

configure the nRF2401.

General Device Configuration: bit[15:0]
ShockBurst™ Configuration: bit[119:16]
Test Configuration: bit[143:120]

MSB TEST

D143 D142 | Di4l | DI40 [ D139 | D138 | Di37 [ D136

Reserved for testing

1 I 0 I 0 I 0 I 1 ] l 1 1 I ] Default l
MSB | TEST
D135 | D134 D@3 [ DIz | D131 | D130 | DI29 | DI28 | Di27 | Diz6 | Dizs | Di2a | D123 | Di22 D121 | Di20
Reserved for testin Close PLL in TX
0 Jo Jo Jo Tr To To Jo 0 Jo Jo 1 _ Ji1_ J1 0 J]0 Defaut |
DATA2 W
Di19 | D11g [ D117 | D116 | D115 { D114 | D113 [ D112
Data width channel#2 in # of bits excluding addr/crc
0 | o | 1 | 0 | 6 ] o ] o | o Default 1
DATA] W
D111 [ DI0 [ DI0Y | D108 | D107 | D106 | D105 | D104
Data width channel#1 in # of bits excluding addr/cre
0 l 0 I 1 I 0 I [} I 0 I 1] l 1} Default
ADDR2
Di03 | D02 [ D101 [ ... [ D/l | D0 | D& | D68 | D6/ D6 | D65 |Dod
Channel#2 Address RX (up to 40bit)
0o 1 o | o | . T 1+ T 1 1T 1 T o I o J 1 T 1 T 71T T pefaur]
ADDRI
D63 | D62 61 ... IDp3t D30 D29 D28 [ D27 jD26 | D25 [ D24
Channel#1 Address RX (up to 40bit)
o [ o | o { .. | 1 1 ] 1 T o T o T 1 F 1 T 1 ] pefunt |
ADDR W
D23 | D2 | D21 | D20 [ D19 | DI8
Address width in # of bits (both channels)
0 I ) I | I 0 [ 0 [ 0 Default j
CRC
D17 D16
CRC Mode 1 = 16bit, 0 = Ebit CRC 1 = enable; 0 = disable
0 ] Defaul ]
RF-Programming LSB
D15 Di4 DI3 [Di2Z [ DIT JDI0 [ DY | D8 DI D6 [ D5 D4 D3 [ D2 [DI| D0
Two Ch. BUF oD XO Frequency RF Power Channe! selection RXEN
i 0 0 01 J1 T__J1 0 10 Jo Jo fo J1 [0 0 Defealt |
Table 10 Configuration data word
The MSB bit should be loaded first into the configuration register.
Default configuration word: h8E08.1C20.2000.0000.00E7.0000.0000.E721.0F04.
Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
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PRODUCT SPECIFICATION

nRF2401 Single Chip 2.4 GHz Radio Transceiver

ShockBurst™ configuration:

The section bit[119:16] contains the segments of the configuration register dedicated
to ShockBurst™ operational protocol. After VDD is turned on ShockBurst™
configuration is done once and remains set whilst VDD is present. During operation
only the first byte for frequency channel and RX/TX switching need to be changed.

PLL_CTRL
PLL. CTRL
D121 | D120 PLL
0 0 Open TX/Closed RX
0 ) Open TX/Open RX
1 0 Closed TX/Closed RX
1 i Closed TX/Open RX
Table 11 PLL setting.
Bit 121-120:

PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLL in TX no deviation will be present. For normal operational
mode these two bits must both be low.

DATAx_W
DATA2 W
119 |1 {117 [1e (115 | i14 |3 | 112
DATA1 W
11 [ 1o {109 [rog o7 [ 106 105 | 104
Table 12 Number of bits in payload.
Bit119-112:

DATA2_ W: Length of RF package payload section for receive-channel 2.

Bit 111 - 104:
DATA1_W: Length of RF package payload section for receive-channel 1.

NOTE:
The total number of bits in a ShockBurst™ RF package may not exceed 256!
Maximum length of payload section is hence given by:

DATAx W (bitsy=256— ADDR W - CRC
Where:
ADDR_W: length of RX address set in configuration word B[23:18]
CRC: check sum, 8 or 16 bits set in configuration word B[17]
PRE: preamble, 8 bits are automaticaily included
Shorter address and CRC leaves more room for payload data in each package.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

ADDRx
ADDR2
103 | 102 101 | ... ] 71 [ 70 [ 69 | 68 T 67 ] 66 [ 65 [ 64
ADDRI
63 | 62 [ 61 [ ... I 31t [ 30 ] 29 7 28 J 27 [ 26 | 25 | 24
Table 13 Address of receiver #2 and receiver #1.
Bit 103 — 64:

ADDR2: Receiver address channel 2, up to 40 bit.

Bit 63 - 24: ADDRI
ADDRI1: Receiver address channel 1, up to 40 bit.

NOTE!
Bits in ADDRx exceeding the address width set in ADDR_W are redundant
and can be set to logic 0.

ADDR_W & CRC

ADDR W CRC L | CRC EN

23 ] 22 ] 21 | 20 ] 19 ] 18 17 16

Table 14 Number of bits reserved for RX address + CRC setting.

Bit23 - 18:
ADDR_W: Number of bits reserved for RX address in ShockBurst™
packages.

NOTE:

Maximum number of address bits is 40 (5 bytes). Values over 40 in
ADDR_W are not valid.

Bit 17:
CRC_L: CRC length to be calculated by nRF2401 in ShockBurst™,
Logic 0: 8 bit CRC
Logic 1: 16 bit CRC

Bit: 16:
CRC_EN: Enables on-chip CRC generation (TX) and verification (RX).
Logic 0: On-chip CRC generation/checking disabled
Logic 1: On-chip CRC generation/checking enabled

NOTE:
An 8 bit CRC will increase the number of payload bits possible in each
ShockBurst™ data packet, but will also reduce the system integrity.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

General device configuration:

This section of the configuration word handles RF and device related parameters.

Modes:
RX2 EN CM RFDR _SB XOF RF PWR
15 14 13 12 | 1} | 10 9 [ 8
Table 15 RF operational settings.
Bit 15:
RX2_EN:
Logic 0: One channel receive
Logic 1: Two channels receive
NOTE:
In two channels receive, the nRF2401 receives on two, separate
frequency channels simultaneously. The frequency of receive channel
1 is set in the configuration word bit[7-1], receive channel 2 is always
8 channels (8 MHz) above receive channel 1.
Bit 14:

Communication Mode:
Logic 0: nRF2401 operates in direct mode.
Logic 1: nRF2401 operates in ShockBurst™ mode

Bit 13:
RF Data Rate:
Logic 0: 250 kbps
Logic 1: 1 Mbps
NOTE:
Utilizing 250 kbps instead of 1Mbps will improve the receiver
sensitivity by 10 dB. 1Mbps requires 16MHz crystal.
Bit 12-10:
XO F: Selects the nRF2401 crystal frequency to be used:
X0 FREQUENCY SELECTION
D12 D11 D10 Crystal Frequency [MHz]
0 1] 0 4
0 1 8
0 1 0 12
0 1 1 16
] 0 0 20
Table 16 Crystal frequency setting.
Nordic Scmiconductor ABA - Vestre Rosten 81, N-7075 Tiller, Norway -  Phone +4772898900 - TFax +477289898%
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

Bit 9-8:
RF_PWR: Sets nRF2401 RF output power in transmit mode:

RF OUTPUT POWER
D9 | DS P [dBm]
0 0 -20
0 1 -10
1 [1] -5
1 1 0

Table 17 RF output power setting.

RF channel & direction

RF CH# RXEN
7le[sTal3l2]1 0

Table 18 Frequency channel and RX / TX setting.

Bit 7-1:
RF_CH#: Sets the frequency channel the nRF2401 operates on.

The channel frequency in transmit is given by:

Channel . = 2400 MHz + RF _CH#-1.0 MHz

RF_CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 is given by:

Channel . = 2400 MHz + RF _CH#-1.0 MHz (Receive at PIN#8)

RF_CH #: between 2400MHz and 2524MHz may be set.

NOTE:
The channels above 83 can only be utilized in certain territories {ex: Japan)

The channel frequency in data channel 2 is given by:

Channel . = 2400 MHz + RF _CH# 1.0 MHz +8MHz (Receive at PIN#4)

RF_CH #: between 2408MHz and 2524MHz may be set.
Bit 0:
Set active mode:
Logic 0: transmit mode
Logic 1: receive mode

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772808900 - Fax +4772898989
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 12 Data Package Diagram

The data packet for both ShockBurst™ mode and direct mode communication is
divided into 4 sections. These are:

1. PREAMBLE ¢  The preamble field is required in ShockBurst™ and Direct modes.
e Preamble is 8 bits in length and is dependent of the first data bit in direct
mode,
PREAMBLE 1" ADDR-BIT
01010101 0
10101010 1

¢  Preamble is automatically added to the data packet in ShockBurst™ and
thereby gives extra space for payload. In Direct mode MCU must handle
preamble.
In ShockBurst™ mode RX, the preamble is removed from the received
output data, in direct mode the preamble is transparent to the output data,

2 ADDRESS «  The address field is required in ShockBurst™ mode.'

* B to 40 bits length.

e Address automatically removed from received packet in ShockBursi™
mode. In Direct mode MCU must handle address.

3 PAYLOAD e  The data to be transmitted

*  In ShockBurst™ mode payload size is 256 bits minus the following:
(Address: 8 to 40 bits. + CRC 8 or 16 bits).

»  In Direct mode the maximum packet size (length} is for IMbps 4000 bits
(4ms).

4 CRC s  The CRC is optional in ShockBurst™ mode, and is not used in Direct
mode.

+ 8 or 16 bits length
The CRC is removed from the received output data in ShockBurst™ RX.

Table 19 Data package description

! Suggestions for the use of addresses in ShockBurst™: In general more bits in the address gives less

false detection, which in the end may give lower data packet loss.

A. The address made by (5, 4, 3, or 2) equal bytes are ngt recommended because it in general will
make the packet-error-rate increase.

B. Addresses where the level shift only one time (i.e. 000FFFFFFF) could often be detected in noise
that may give a false detection, which again may give raised packet-error-rate.

Direct mode will be dependent on the seftware used in the MCU, but it is recommended to have the

same restrictions on addresses for this mode.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway -  Phone +4772898900 -  Fax +4772898989
Revision: 1.1 Page 24 of 39 June 2004




PRODUCT SPECIFICATION
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IMPORTANT TIMING DATA

The following timing applies for operation of nRF2401.

nRF2401 Timing Information

nRF2401 timing Max. | Min. Name
PWR_DWN =» Configuration mode 3ms Tpd2cigm
PWR_DWN < Active mode (RX/TX) 3ms Tpd2a
ST_BY =» TX ShockBurst™ 195us Tsby2txSB
ST_BY =» TX Direct Mode 202us Tsby2xDM
ST BY =» RX mode 202us Tsby2rx
Minimum delay from CS to data. 5ps Tcs2data
Minimum delay from CE to data. 5us Tce2data
Minimum delay from DR1/2 to clk. 50ns Tdr2clk
Maximum delay from clk to data. 30ns Tclk2data
Delay between edges 50ns Td
Setup time 500ns Ts
Hold time 500ns Th
Delay to finish internal GFSK data l/data rate | Tfd
Minimum input clock high 500ns Thmin
Set-up of data in Direct Mode 50ns Tsdm
Minimum clock high in Direct Mode 300ns Thdm
Minimum clock low in Direct Mode 230ns Tldm
Time on air, TX Direct mode 4ms ToaDM

Table 20 Operational timing of nRF2401

When the nRF2401 is in power down it must always settle in stand by for 3ms before
it can enter configuration or one of the active modes.

PWR UP _ f
CS
CE
CLK1 AO00C00C00000CC
DATA X000000000000CC

Figure 13 Timing diagram for power down (or VDD off) to configuration mode

Tpd2cfgm

for nRF2401.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

PWR_UP _/}
CS
CE f
CLK1 A000000000000C
DATA

Tpd2a

Figure 14 Power down {or VDD off) to active mode

Note that the configuration word will be lost when VDD is turned off and that the
device then must be configured before going to one of the active modes. If the device

is configured one can go directly from power down to the wanted active mode.
Note:

CE and CS may not be high at the same time. Setting one or the other decides
whether configuration or active mode is entered.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the

following timing apply.

| I
PWR_UP | |
| }
cs __( | AN
CE | |
I !
et W ANV MANA__
DATA M_IVJDPDC ----- |66 6 5
L- T
N T —
A .
cs i
CE Thmin I
CLK1 /_\:r\__ﬁ_
- ) 3 !
DATA [ X M1>B_>i( X
I |
s Ts Th
o]
o
k]
8

Figure 15 Timing diagram for configuration of nRF2401

If configuration mode is entered from power down, CS can be set high after Tpd2sby

as shown in Figure 13.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

ShockBurst™ Mode timing

ShockBurst™ TX:

t=0
{ |
PWR_UP [
| !
cs \
—1
CE Voo
[ A Al
T\ AVAVAVAVARL SRR
DATA m_pD(IDDC """
ANT1/ANT2 1 M
Td ' —~— - Tsby2xSB  Toa
N -~
N ~—
AN -~
| |
csi |
i |
CE |/ T i |
CLK1 | /ﬂl
Y . !
DATA | j( X {
g s Th
8
-

Figure 16 Timing of ShockBurst™ in TX

The package length and the data rate give the delay Toa (time on air), as shown in the
equation.

1, =1/ datarate - (# databits +1)
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

ShockBurst™ RX:
t=0
| I
PWR_UP | |
I
cs TN : I
cE ___1 4 : \ :
DR1/2 L/ | \
I |
CLKA/2 : f\f\f‘}/\./ """ JAVAVAVAVANER
DATA/DOUT2 WASE 66 G OO0 —
I |
ANT1/ANT2 hﬂ 1
: | |
Td Tsby2rx e N
- N
- - N
[ )
cel \ J
DR1’2I/‘ ?Thmln % |
CLK1/2 :__/“ L_/{’_\I\_/_—\:
DATA/ X X |
DOUT2i I
x I
T ®
-l N o
IR
l,_

Figure 17 Timing of ShockBurst™ in RX

The CE may be kept high during downloading of data, but the cost is higher current
consumption (18mA) and the benefit is short start-up time (200us) when DR1 goes

low.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

Direct Mode

Direct Mode TX:

PWR_UP

CS

CE / ‘1\_

CLKA1

DATA 2050 EIIEE 000
ANT1/ANT2 |8 8.8 5 EIIE OO0

- P P

Td  Tsby2txDM ToabM Tfd

Figure 18 Timing of direct mode TX

In TX direct mode the input data will be sampled by nRF2401 and therefore no clock
is needed. The clock must be stable at low level during transmission due to noise
considerations. The exact delay Twy2ipm 1S given by the equation:

Tospreone = 194us +1/ Fy, - 14 +2.25us

The maximum length of a package (ToaDM) over all voltages and temperatures is
4ms. This is limited by frequency drift in the transmitter and is independent of data
rate and frequency channel.
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nRF2401 Single Chip 2.4 GHz Radio Transceiver

Direct Mode RX:
t=0
I |
PWR_UP J I
CS ! |
| |
CE - I I \_

DATA/DOUT2

ez TR LAV VR AN
_

ANT1/ANT2 - - - 00000

Td Tsby2rx / ™
~ s
e e
CE | T 1 Vg ! I
CLKA1/2 :_/_W
paTADouT2 L X X X
! T;Em !

Figure 19 Timing of direct mode RX

Tsby2rx describes the delay from the positive edge of CE to start detection of
(demodulating) incoming data.
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