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1. Coordinator wthifidecs uazifenlvaniov1s 531319 End Device I Router
#1398 Coordinator 11 Coordinator A281 130 Coordinator 1 Router fNHUA address 1911
device finglurunioshe iazdanaidums routing (fien14f1 Full Function Device (FFD)

2. End Device ifugilnsailarems fimiisudwaiamin Sensor Aikarems Tay
(1o 181U Reduced Function Device: (RFD) #39 FED i'fuagjﬁ’n Sensor 1199114

3. Router il Sudadeya lumSovis nSvuaiiou FFD

2.2.3 misamlisianoa Zigbee
£4 [
15 Tanea Zigbee eunsadsmldiilu 2 gUunudleduie ginsaliouds uaz
gunseidlarems Tasginssiigeudoveslilslanea Zighee 1Huginsaltszinn FFD fisau

o ° & o o
msiauves s Taneadmaumn degunseilaensannsaiiulésis FFD uay RFD



2.2.4 1AT0VIBUVVAMS (Star Network)
wiovsuuuamilszneudiegaieuse s Tanea 1 3 uazaunsadounedy
gunsailmemsIdifuswaunnluniedrsunuans Tau Coordinator szdimvii lunsda

1 ¥
toyalildaginsaidarene Tavgunsehlaemaimihisudeyamniu

&

9 ®
& ©

Caoordinator

-

o End Device

35U 2.4 dnvaznovsuuvams
2.2.5 1n3eneuudulsl (Cluster Tree)
T Y ar 1 2 o
wsevoilszianiguniailaienisszannsasunagdsdoyatuaionin 18 dusi

d o { s o 4 o A ] ]
WosNIMINN 2 Anuazdleiy Ao mus iy Tuadoudouuins oV 181as e 10vLIA YD

@

- '
IATDUY

®

Coardinatos

P ’
A u End Device
@ o Router

1 2.5 inFevrouundu 1



2.2.6 1A30NBUULINY (Mesh Network)

wsetonuumyldtunioneuuudulfonduginseitszian FFD aunsadedoya

Tdagunsaitszinn FED 8u18Taonse TidesrimTnssadredn 'l doyafideludqunsel
) 1 A ]

szian RFD azdesruginsaiilszinn RED Asunth dedvesmisieudenvumsie an

fnsIANNEaITIvaINsaazdiumMsmun Ui den sz

317 2.6 w30 BHULINY
A 1) 3) A ﬂ W W 1 g 1
wiedwnuudu IuazinSeteuuvmsiudavaziniedisiuunaiogn (Multi-hop) a9y

A J Mk |1 = 5
Lﬂi'é)‘ll’lﬂu‘u‘ljﬂﬂ1‘5!‘ﬂmﬂiﬂmmmﬂﬂﬂlﬂm (single-hop)

2.3 Microcontroller

2.3.1 lulnsneulnsaaesiues PICISFA5K20

PIC18F45K20 il luTnsnew Insaiaesvuin 8 fin vosduan Microchip Technology inc.
Tavamilasnssuuuy PICIS 1 wiilszaninmgegalungu 8 dindloiu uaziiguauiia
ifoadusi

2.3.2 pRuaNla

AuiertiA PICISFASK20 TiRail

1) Hamilaenssuuuy RISC (Reduced Instruction Set Computing)

2) Mnudeeadainined18qeqa 64 Mz

3) useduiildan 1.8v - 3.6v

4) e Tsunsy Flash Memory ¥11A 32 Kbyte

5) Hniaeanuivoyauy SRAM 1536 byte



6) ivasAu§1YANUY EEPROM 256 byte
7) M3FANISHAINUA Nano Watt XLP Technology
« Sleep mode 1108AT1 100 nA 71 1.8V
» Watchdog Timer 1408131 800 nA 1.8V
» Timerl Oscillator ¥88N71 800 nA 32 kHz Uag 1.8V
8) ﬁiug;a CCP(Compare/Capture/Pwm) 1 %09
9) rusaidenunasdyanauniini ldvats Tnua XT RC uazooadammosnasaiud
10) 1 Tu@a Time/Counter Warun 3 én
11) #§Tuga Analog to Digital Converter AMAZIBEA 10 Tn 14 o4
12) finein VO $1uan s uazudaz Tnszuadenuazaeia ldgaqa 25 ma
13) ﬁiuﬁaﬁ oI YNITUNYY USART  (Universal Synchronous Asynchronous Receiver

Transmitter)

2.4 Analog to Digital Converter
[y Qs =y ar d:id 1 drl = Gi
anvazdygralaolafwiiudyapanianudeiiomisna uazlimsnldeunlas
i ' y o Y, ) =1 ar ' [ o =
addaiilos Sondyanuiihdyaguennden (Analog signal) sndantay doyanaudes
s w9 9 1 as o 3 g ]
dayana i lugduuvvesnszuanazus sdudud i dyanaemdonunuisduud
LY 4 { ar =§ ﬂ' L} o
TuilhgiunTesilenasginssivisdssianiidesiddganadngduuumiteii liannsea
o a P o =] 4 L4 .
Fygrasuynidudygrueurdenldlaoasedauiuginssiszinn  microprocessor,
] - ]
microcontroller MAOIMIsFIMIUTILVATARAMNTIMEI T s zuranaTaduiludedl

2esutlasdyapanisedendludyanauniaineaioniensdindiiniems ADC

Voltage
reference
Dighal
output
————— DO
AmlkglaDiglal —— D1 111!
v Canvaner D2
Analog (ADC) _ o8
input -, BTy "%

7 2.7 maudasahdgyanasinewrdenitiudyaudsaoa



10

-4 ¥
nanmatiiesduvesmsulasdygrannemndenduduguaineauans lddsil

input
analog \tef

comparator

+ MSB
R1 3

4
-
-
|

ENCODER

3

LSB

g‘ﬂﬁ 2.8 Analog to Digital 1411 flash

sEAURYQ I 1599 Analog Input 3zgnnfSeriivuduassdudads (v,,,) iy
1971981 Input Y897993 Comparator H3829951U30RenLs W@ U 1A15 96U Tnput Haaros
W Output vos 995 Svuieussmuidy 1 uad liwhdusziiauhdy o Fufuszdy
deynun19ataoa 1a81993 Encoder gnldlunsGosdrduvesdyananindaulssuiou s
aglugilsiaauginaes Tavaunsonts ADC eonaums 1#am ldnas3sdaefugsd

2.4.1 Dual-Slope (Integrating) ADC

iiu ADC #ilFannnatunsesiiesaninniiinaesmelutlsznoudaonsesiu

auaenuazAYABAIIWNYey Y loda R i

analog

In‘_rgu'[ switch cantro contro
- G ST A ¢ - cireuity
3]

counter

'( / g voltage w”tml
‘ = . Comparatar binany
- . countef

E,ef | integrator J—f llll

d binary
CLOCK output

3191 2.9 Block diagram 499 ADC 1111 Dual-Slope
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Y ;

max 4

analog / \\\_

input / _ ™y
v T / E \\
; *
- >
W et1 // t2
“mir 4 fixed Slope
3 4
A ;
analog Fa N S
input // “ W
vwAHA ps \.\\
/ ~
» 0

U 2.10 daygyrau Ramps (HAnuduan) 71183710995 Integrator Y949 Analog Input
iioflowdayana Analog Input Tugaaa1 t1 1611183 ADC H1w2993 Integrator M9 Output
=] ) o Y I'd =l = =
¥892993 Integrator WiANTuauAI0us LA IioninnvesseslSeudouiiu <17 34
9 o @ A 9 ) 3 [ ] ] o s d
TaszdqulienivSuduiviu ndndudienn a udnnmvquegimanies

o

2995tunaz Ml euBunnues993 Integrator oAUz 18U B TIIEELATY
Tmisunseiiaewiynueaass Integrator anaufiuguifgaiteninnvenssafiouidion
naoiiu <07 %wﬂﬁ’qwsﬁ’wqﬂmﬁtytymﬁ%eaﬁﬁ’ﬂﬁ'ﬂ%qﬂﬁwﬁymmuﬁ’w Analog
Input Md318A5 1015 Integrated azﬁuagﬁummﬂunﬁuﬁuuﬂ

2.4.2 Successive Approximation ADC

dlu ADC numlszanamideiiles deilsznoudauies/ieuifiounssiuiaes
S9A1AP31UY Successive Approximation Register (SAR) #1191 uAmaannmavszina
FoyanaudunnisudmiTasases SAR winnugy 3 ndendyarsEuuiaan
ndgaavenumsulasimazndyapannimdmiuasugunszuiumsulaaluud

avsouuazsulaadygaalneailudyanaeutnen (Digitl to Analog Converter)
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CLOCK o
———  control circuity e

output register

DAC e
+ /,vrjltage

-~

~" cornparator

Ln]

1 0 analog input

gﬂﬁ 2.11 Block diagram ADC U1 successive approximation

DAC

output

voltage 1111 {: H:,
N L0 .

15 | / AR

14 L8 om o/ 1110 1100

13 =) F=1""" 1101 inal value) T 1011 & 1011

12 |BB_ ==F 7 el 1010

e 1100 100

n start / 1001 1001

g | » 0000 —=1000 ;

s [A1-2 Jo0f ‘ -kl 4

E L fm 10 (: 0101

e i 0101 < 5100

: b =R 0011

3 L 0011 < 3874

2 | ‘o010 ﬁg;?
L S LILILY

. Ry 0001 <3 gpon

(n) (V)

31 2.12 () Ao Tmues DAC (1) MmsTTuTu-asvag register
91zl 2.12 1flu ADC vu7a 4 ﬁmw:mﬂzgulmﬁ'wﬂﬁ'lé’ﬁugﬂtmmmﬁ%‘ﬁﬂmzﬁszﬁ’u
doyanaiogluzag 0000-1111 wieunudrogmdufinsaiy o -15 auydl? Analog Input i
wiriuusedu 13 Toad doyaiar Clock grusngadelilliaens SAR Sunszuaumsulasm
Fudumsifud Output ¥84 SAR 23U 1000 mm‘fmmﬁunﬁ DAC wzitlasmldmidy 8
Taad ud i lunfSoufoususinig Analog Input AN Analog Input Saiidnnnnd1 ved
dyaal Clock gndalilfiaees SAR s lddsduoniyniiiuminiiiivddysesaundn

1Ay 1100 Mt TAan DAC sefiswiiy 12 Wevih IS vuifiousy Analog Input Adi 18970
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- "o

10191 DAC Saflirfounidayana clock gnialugndsluiiaes SAR 8n Output 7114010
SAR wiitwiiafifitiod gaosnaandnidiu 1110 it I01niemign DAC sxfauniniy 14 e
isuifoufiuaImae Analog Input 1dR1M13 DAC fifunnndeyana Clock gnéalufidaly
2993 SAR Brudseinnii 18ez Liitudafihiudfysesanndaudezanduduaslyl 1 &5

o 1 1

o/ 1 dl 1 W é T o \
Afiwndy 1101 wiomfe1Wiyn DAC 1Ay 13 FurFusmia Analog Input mifieniym

.

mavsnfSoudouiiiu 1 damiliaes SAR waszvaumsilasdudadredinsifugaie 3
o o Y a w 1 & ¢ dyny
NEIMYNYDI993 SAR udmmandssamstiylinimsizaziuaueninain ldnnas
td
wlasmves ADC nuvdisiauniiiy 1101
2.4.3 Flash ADC
Wugduuy Ape  fifinnudafigalunmisudasirlaednyasnis i ld
or = = J a 4 o s =3 as
Comparator H30AsuiisuapvIUiuNeINsIlasdyuewdenltiiudsasasin
o a g A l ] o/ o g = ai ’ s = 1 Y]
U 213 dadumunnesgzud s sfunnussudraBananaseudls sufisuudas i
o o o a = ' @ A A 4 Vvaro o
dygraewiunidnlSvuiisuudazdesfiauilu 0 uie 1 Yuegiuf1usad Analog Input
ffSoudioy Tuamvessans Encoder szshminiiiudiosdiavvesdyanueinda

= e Ay v w A W A
Llr;ﬂUlﬂU“]Jla'lﬂwwvlulﬂ'ﬂglﬂuzﬂHUU"U'EN5Hﬁla‘“i_TUﬂENHiﬂﬁiHmeﬂﬁﬂﬂa

analog
Eaer nput

RS

Re w7 pnonty
= encoder = outpul

3111 2.13 Block diagram Y89 ADC (111 flash
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2.4.4 MmaduavenIulasdaanaendendufineases MCP3201
ndunaveNesulasdyanaewdeniiudiaoanioly MCP3201 uaasdiuaees

auyalugin 2.14

Sampling
Swilch
........ ;EV]=0.BV
Res ' CHx l 185 Rg=1kQ
[ =y T AT 1
- : Comme
‘f\’A\ . Con 7L V=08V \;I'-f-“"f“- = DAC capacitance
/ TTPF L \,}/11m =20 pF
= b b l Vss
LEGEND B
VA = Signal Source
Ry;; = Source Impedance
CHx = Input Channcl Pad
Cew = Input Pin Capacitance
V= Threshold Voltage
leakace = Leakage Current At The Pin
Due To Various Junctions
§S = Sampling Swilch
R; = Sampling Switch Resistor

Sample/hold Capacitance

CSAMFLE

UM 2.14 Bunavensvsuasdyanaemdenitudsneaniesluy MCP3201
1 s :‘ s d o { d
Usgnoudisneesguunzifudaygne (Sample and Hold) Aidaufiuilizy 20 pF dhmdhiify
userumaduna LliduasesulasdineaduoudenuaziessnlSsuisunislunie ¢,
cg @ a d 1 ° o o
Tumslasiiudesseld ¢, Uszqussiudunyaliidunouianzildnadnia lgino
A _ ﬂl. 1 g
gndes dadiinisanannmeesauyadlugii 2.14 sziuldinasmeluuenan ¢, udais
o w9 a o A ' g ¥ o v A ¥ T
wmmumudn 2 @ fnadernaildlumanuisey fufe anuduniuvesumdesie
TRYANUNWUBN NTB RGUazaIuMUMUvBsaIndquiaya i nis R,

aumsildmamalumsifulszyio

VioLp = Vggr X1 — e RCHoLp

TR Viggr, 70 i5sduvesiaivilszg ¢, melu Smizui Taad (v)

Vi 710 U5sAUB198 3 W 0 nmaauveausaduiin (v,,,,) fuw (v, Tniiae
dlu Taad (v)

T, Ap a lumsdszqusesduvesdufiulsey C,, imboduiund

R A0 MANE UMY INYeIn Nuiumuveauvasedayaaniouen, Ay
r.é’fmmum&l“lmqnmﬂmﬁ‘ﬂgﬂgmﬂu1§aﬂsfluﬁ%‘ﬂannsﬁzﬂ31nﬁ1uwmmmﬁ%‘mcﬁdnﬁ’tymm
139 RyrRHimiauiluTevu (Q)

Cuorp® ANz dayana miruiluvhia ()

Tummﬂmf‘r”fgfgmfhuiaﬁ'uﬁuuﬂéhqﬂmﬂﬂwﬁuﬂmﬁ’tyfgmamﬁamﬂuﬁﬁmm
Fanavansldethgndestiulisuvindy

v V VREF
HOLD ™~ Y REF oRe solution+1
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2.5 M31997% RealTimeClock 478 DS1307

szuugna Wudsidgiounsai U1 lugdnsefBidn Insiind 1 duarnna
melululasnouTnsamesed Inwesiieldlumssuna nioh I 1dfugnmeield
Wiy udiioannluTnsneu Insmedaunsavhon Iddedie Ild@sariniu fufuns19ln
wesveslulasaeuTnsames afregiuna1niaiely muzanlumaelnandy

DS1307 1l IC JIUNANVOR AR TIADUANADS (Dallas Semiconductor) HiTaTUd
doyauuy r'c Fufluunn 2 wire awnsodeas1d 2 firm (bi-direction bus) LRITELRUGN
DS1307 ﬁummsmﬁm’faga Sunf, wid, 21w, Su, Sudt, dou uagd 18 szuunaraansa
i Tnuagiluuy 24 $2Tus wie 12 $2Tue AMPM 714 mofiszuunsae suundssield
Tasdunasiielwndngndald Ds1307 annsaadad 114 I Wnnuuames uaziaude i
Tavfidaaunsoinudoyal¥1d Tnseadrefivinanua s ngsuanalugld 2.15 uasd

v
FIWALBYANININUYDINIAT ) A1)

X1 1~ 8 [ Vee
¥k * [ sQw/ouT
Vaar ] 3 6 LJscL
GND 4 5 [ SDA

U7 2.15 dumisvivesled RTC DS1307

vee : idos +sv

GND : 15174

VBAT : uupines 3V iffesnunsvrans Tunsaii s Ini@vade
SDA : M3uddeyaduszuntia 12¢

SCL : nidggnanimdmsvmssudsdeyadloszuutia 12
SQW/OUT : Y10 AWARRya I8 Square Wave auisaidionaannd 14

X1, X2 : #0fUATANDAANNANINGTFIY 32.768 kHz tipad19g e lisy IC

as @ ; a o a
szvutindeyauuy I°C (inter IC Communication) 'légaannaiu Tasu5inilayd
(Phillips) msFuasdoyaldmedygyrauiivnn 2 #u Ao modyanadoya SDA (Serial Data
line) tazModryaIMUIAN1 SCL (Serial Clock line) IM391911E14111) Master, Slave Taw

e o { & T
qunsalimiifidlu Master (TuTasneuInsaines) szarugumssudadoya wazaiuqu
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9
dygrauiEnuu SCL daugunsal Slave (DS1307) Wuszinunioldmsaiuguues
L4
Qﬂﬂ‘a’ﬂ! Master

msldnuswdylylnsaeuInsameidszuuta e awsadhldlaoded
9 [ = Ay L @ o W =]
AU Pull up samaasluglil 2.16 lunsdindesnmsdesauiuginsel Slave nateda f
annsnildlasdogunsal Slave vuudull nsdndedemsssniieginsel Master fiu

T LY o P i o @
Slave uAnzAIQALONIAY Address ¥09QUnsal Slave Wavzgaaaningunsal Master 11
ginsal Slave AouiGumssudsdoya

Yee \ili
Vo I
./ 8
= \ Ve 1
5;, j,z ;:;- DS1307 3—::5
; % crpstal
RPU |RPU |R1 5] SDa
5 [~ .
MicroController f SCE
71 saw/nur :l___—'
RPU = /Ce, T—[—
GND
Lo 4

117 2.16 masweude DS1307 1WhAu TuInsneu Insamesdreszuiauuy e

mssudsdeyauny re fidedmuany 2 szmsdasiude

o PN S oo 2
Ly mi‘inm%’ﬂy‘awﬁwumauﬁﬁﬁmumNmmu
' A o ot i aF o Y ' a 1 P =
2. ¥ahimsTuaeveyn audyy i SDA dodlinlasuaoius lugaeh scL Taoue

Wuaedn “17 §1sDA Imswfouaoiuzluaei scL $uassn «17 sxfotuiiu
dygunvgumsiudidoya
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aouzvesmsiudedoyauu I'c ansaurieen @iy 5 anue dwanlugii 2.17 3

= o d”
TUDTIDYANIY

1. @239 (Bus not busy): dayay 1o SDA uag SCL fiszAudayanauily High

2. L’éndaﬁaya (Start data transfer): fimsn/foussfudyanaves SDA 110 High i
Low Tuwaizfl scL fiszdudayanaudiu High #1913

3. wyadadoya (Stop data transfer): fimsuldoussAudayanaves SDA 910 Low iy

High Tuuaizi SCL fiszAudayanauily High Aa'l3

e 1

4. Fudsdeya (Data valid): imsSudsdoyarimmodaa u spA Tasdoyaudasiiney

v ] ¥
gnaslugaeh scL Hszduiily High Taeluaaed scr famuziiiu High ogiiu SDA

o o

9 ra :}
wdos luiAamsnlaeuseaudyaia

[ as

] 1 9
SDA vnlavuszAuvesdygn luyaed scL Hszdudayananilu Low mniu
Y

waspumsasdoya uuy I'c daunsodsdeyadisnnuddyanunniinigega 100 kHz @
THuAMINITUBITUAT UAZ 400 kKHz 1 IMNAMIMINUUUS? uadImSy DS1307 @14750

v
mauldluTnuasssuaunniu

@ el @ a AL o
ABUTY (Acknowledge): iadumaIMNNimsSudedoyansuuds Taoginsal Master doa

@ o

@ A g o o
aiedayano Clock u SCL indngn gunsainidludasudoyazdeseaudayanaun SDA
Tl Low iiveliiadesudidnsu Idsudoyansunda

I
Start condition ! Data Vahd Acky! Stop condition

SDA |

]

]

]

1 ] ]
: MSB LSB \ :
1

bl | l H T
| ! | | | - ) > i -

I
|
1
1
1

77t 2.17 s fudedoyaruia i
Tumsiudsdeyarmta I°c gunsal Master szifludarsdayana Clock Uy SDA
waziludnuguanIue Start Az Stop LﬁaﬂauQuﬂwﬁudq%’agaﬁmuﬂ
msdsdoya’lildaginsal Ds1307 Raaaslugyii 2.18 luTasneu Insamesdosatae
AAIE Start o MNTUABIAS Address ¥9IDS1307 ¥a 7 Tadadiduiiu 1101000 iazay
dudaszyiemevostoyn lunsdifidlumsifoudeyans Ds1307 sedouiiu “or mimiy

lulasaouInsmesszdesdedumus Address moluSsanesuns DS1307 Nideemsi@en
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¥

oyan uderesdoudeyans Taslumsdadoyaudas ludrzdessedin Ack 91n DS1307

2e

¢ A ¥ 2 ¥ A o '
ﬂﬂNhJﬂ LUDEIIUATULAI DNIS T NTNIIY Stop manauqffmumw

Slave Address Register Address Data(n) Data(n+1) Data{n+X)
[s] 1101000 Jo[AT xxxwoxx JAT xxxxooox JA] xxooxwox JA] w.. [ xooooox JAP]
S-START
A-ACKNOWLEDGE
P-STOP SLAVE ADDRESS = DOH

o o T o
31 2.18 MmaReudoyagilnsal Slave Wi I'c
o g 4 o = 2 7y ¥
mssuveyanngUnsal Slave Awaaslugin 219 SuusnlulnsneuInsamesdosadrs
Ed

1 o L _ é =)

AN Start ABY NNUUADIAT Address Y99 DS1307 WA 7 Tadadianily 1101000 uazaty
] 4

Awdasgirmavesdoya lunsdindiumssudoyann DS1307 vedoailu «17 1imius
' @ g d a o o A 9 .:3‘ o o 1 Aaa o
AveiuteynINgUnsal Slave finzlud Tasdwmisienudnnasivegiudumissiames
¢ @ 4 o Y 2 9o a oy ¥ A4 9 ' ¢
wowiiwed  desmiudumishegad ldhmsdoudeyald  ilesmdeyansuusas lud
qUnsal Master Aoadts Acknowledge finndu 11/1¥gulnsal Stave #2v lunsdifilu ludgahe

Qﬂﬂiﬂj Master AD994 “Not Acknowledge” naul

Slave Address Data(n) Data{n+1) Data(n+2) Data(n+X)
Ls] 1101000 [ 1TA] oomuxx JAT wocxooox JA] xooooox AL was [ oo JATP]
S-START
A-ACKNOWLEDGE
P-STOP SLAVE ADDRESS = D1H

711 2.19 msewdeyaningilnsal Slave Mnifa I'c
Ada o Y3 g 4 a Py

mulu DS1307 Evameimululfinudeyaninna 7 lud 00B-06H Fauaaslugii 2.20
Yoyaduaan uazTunsggaiiveglugilvouavgiu 10 annsadon1dh I¥maumy 12
%319 130 24 ¥2lua Tassmuaniian 6 Rusaasa 020 Tasdudly “1” sxdlums il

[ ¥ v 1 v
Trwa 12 $2 1 wazilodonuuy 12 ¥2Twe Aida s luueamsa 028 uezlduaasa

Y = qy & d-:: u'a = c:’ 9/ 1
AM/PM Tasthilatiidly “17 silu PM Tunsdifiuaaauuy 24 42 1ue Saiiazldlunsuaa e

vosranauluveanileda lusde

| = | SNl &m0 |
ooH| CH 10 SECONDS SECONDS 00-50
0 10 MINUTES MINUTES 00-50
o | LBATHOEE] onr HOURS g
0 0 0 0 0 DAY 1-7
0 0 10 DATE DATE
0 0 T MONTH 01-12
10 YEAR YEAR 00-99
ou| out | o I 0 ISQ\\'E 0 | o | ms1 ] RSO

UM 2.20 S¥amesnieluledigunal Ds1307
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¥ v
feawsa 07H T damesniugumsinuues SQW/OUT Tasiiswaziduadail
9 4
OUT (Out control) : 1¥A1uANEIANA
9

SQWE (Square Wave Enable) : 19nuguesadammoinelu DS1307 Tasdrdaiily

«1” suflumsidlaeeadaames
RS (Rate Select) : 19A7uAuAILAYDY Square Wave tioidlanmsiianuluaiuves

soadanes lasersalsunldouniudld 4 anuddlssusaansluasen 2.1

RS1 RSO SQW OUTPUT FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
1 0 8.192 kHz
1 1 32.768 kHz

M39N 2.1 MIAIUuANNIDeaTaames AN 1siwaiin RS1,RSO

2.6 RS232

2.6.1 1131v93 RS232

1 A '

6911910 Recommended - Standard-232 (fluanasgulumsivoudedeyauuuoynsy

: 4 o 4 o o
(Serial Port) ¥4A1%UA 1AY Electronics Industry Association (EIA) @13130N191ULUY Full-
duplex 130 Half-duplex  $1an 11819109 50 Wa nTdszana 15 was dMsun1sd
] ¥ i
dyguiinuda 19,200 bps  lagfinnusnivesmszdesduns d1desmsdedrsdiy
d &4 &

ANUISINGIVY

T 1y msdedeyaa Digital Tainsadeiumeniszezma’lna’ld msizifa
msgadvszavdygaluas Samolinnueing seduvesdyanafiztiaadias Jeiins

ar A o Qs Qs { 3 4 1

ahaesulawssiuondumedaiiudygiu TIL Wiszdunssfuiigaiuiovde 181y

n{ 3 1 g s ar s
szuzmaf lnadu uazmedudhosunzdosinaaulassedunssdulumoldnguuniiy
Y d o A 9 g 4 g Y Y o o 4 & 5
dyygya TTL Baasmils idesmsszes lnainnvuneisezdesldssduns sduiiqeiiu udd

¥ ] ¥
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v A
o, ) . l
G TTL ’
1 11
-1 Rs232

31N 221 MmudAs Y TTL uag RS232
- 3 ﬂ'. o 4 1 1
RS232  inAuNI9NANd0InIshazimuaniasgiulumsieudessning
=) o o Y 3 3 a da o a o [ w = 2 a
Aauwanesnuglnsalluadon lasmnandndnginsaldidnnsetindursansyomsn dadl
] v Ed
Auawtiangnimua IAifluinasgudstusianue 4 Wade dail
1. puaviama Ithvesdyam
2. AUANTANNNAYDINSIHONAD
] o/ & 3y
3. mahnwvesisssdmiunanaloudoya

4. ns¥eudedIMTUITLUADMSIMWIZ DY

Half-Duplex

U 2.22 msfunazasdoyauuueynsuNLY Half-Duplex Ua¢ Full-Duplex
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Pin 3
Transmit
Pin2 Data fTD:I
Receive Data Pin 4
Pin 1 {RD) Data Terminal
Data Carrier Ready {DTR}
Detect (DCD) {not used)
{not used)
Py Pin 5
{ Giound
\. 28
,\
S ) \
Pin 6 LS { i
Data Set e ) @ o
Ready (DSR) .
g e Pin 9
L Ringing Indicator (RIj
Fin7 - fnot used)
Requestto
‘ Clear fo Send
= )
end (RTS) (cT2)

771 2.23 N9 Connector YD RS232
TX = a0y
RX = v15udoya
RTS = nifidaanuz ldaiasu hdesmsdadoya iledasmsdedeya vz O 1
nseiects Data 8NN TX WUAS9399 OFF
CTS =nifisefuaniug 110 RTS vosginsaiinoogda
DTR = anfiananninz Port tudaoguiel
DSR = 171143 29i¥n d01ug DTR vosginsaifideudengda
GND = Signal Ground
2.6.2 3ﬂssuunn§eammummm
dm3u Rs232 sz iieg@aufuienun 2 uuuAe Synchronous 1Ay Asynchronous

2.6.2.1 Synchronous

P Yasa 1

MIABA150YNIUUYY Synchronous  Wlugiluuun1Fisdedoyalanld
4

4]

1
=

dayanal Clock ifummuaianazmssudadoya medsdoyauvuiifumssudan

T 9 1 a = =1 :iy ] [}
Aoudeiiguamuazdalananudige Ilomaiidoyarzgavwsznhamsdaios

L L L LA LA L L
1 i 0 i 1|0

Data —| 0 :

1 1
] ]
I ]
] I
I ]
1 L

U1 2.24 Tavzunsuuamagidyanalumsdadeyauny Synchronous
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2.6.2.2 Asynchronous

M3 8D A150NTUNLY Asynchronous iumsdadoyaii hideslddya
Clock wuifudsmunaiimazmssudadeyaudse 1435 s muagiiuy Format ms
%’fudq%eagaifumtmuuaxmﬁun1'5ﬁmuﬂmmﬁwmmﬁmmgfia*ﬁwhﬁ'u Fuflu
uuumnasgmlumsdadoyafifond’ UART( Universal Asynchronous Receiver
Transmitter ) YoAveems ¥ Asynchronous ﬁﬂmmsaéamsnmu Full Duplex 51 (48
del8lunauaiu us Asynchronous Il Temaiideyaregamvvaziudsdoya nio

Fudadeyaranain 1dunaduwy Synchronous

]

WAIT STAGE 'START: DO 1 DI 1 D2 + D3 + D4 | D5 + D6 :+ D7 1 STOP
v BIT ; : i 3 ' i VOBITY

B TR W%
o
=
=
>
r
"~
—
(4]
[N)

3Ui 2.25 lavzunsuuaasgildamalumsdadeyauuy Asynchronous
suunudeyauuy Asynchronous 1/5znauda 4 daufe
1. Dasudy (Start bit): uuat fin
2. diadoya (Data): Hvna 5,6,7 vie 8 1
3. mnaaum'%'?r(lﬁarity bit): Huua 1 danieludl

4. 1Uanya (Stop bit): A 1, 1.5, 2 1in
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mianiunuInssnuiseunsesiuindoyaniugueiu Zigbee Hvunsuluns

¥

o

AUTUMIANYWAZNISITORT]

9
s

uaouil 1 mIvenuuvuazmsad1unseiufindoya (Data Logger)

> = Y A o =2 oy
dupeui 2 mildnTesiunndoyalunisnanes

) d' o 8L Y
3.1 ﬂ'l'i'é)ﬂﬂl!i]‘l]i!ﬁgﬂ'ﬁﬁ‘i'ﬁlﬂ5?)\11]1ﬂlﬂ1lﬂi_:|ﬁ (Data Logger)

3.1.1 2993562849

| 2\ [/ttt AT~
o e m—— | oo e — 90 B
by T [ ) . | J
] [ | . T r

g e

:

‘ il

|

|
L

L

'_-.:\
L .
= |
5 .
15
Lo, o e i

3UM 3.1 2993@ e e eye)Ial (Transmitter Circuit)
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FU
Tagmunsoutiamsmaueessesaids laasil

DI §1 W =33V
3 : /s L ux vour 1—:{3
4 " o 4 4 — VIV Vi "
| _L SW.SPST Jta o tes |t o
Diode IN4001 470U 01U | ! 10U
GND ]
L T™ T | el 7w T,
. —Battery | | MCPIT02330ET0 || |
b RS GND
100k
U8 IM940CT-50 3
Veheck 1 2 3 ¥
N OUT = '
” ty +09
R GND Tmﬂt ‘|*01u
b sk
1 a
!
-
= GND
GND

;ﬂa‘r’i 3.22993970 1 +5 Taad uag +3 1204 (Power supply +3.3V and +5V)

12993910 +5 Toad ung +33Taad Tauludifelduunnedd 24 4 Aoy
UMAINIENAINY  HIN95n5 09 TWAIA RISy (Capacitor) C4,05 uazismd led5nun
Us9A U7 (Voltage Regulator)  +3.3 Taad e Mcp1702 ilkussduordnneeniinadi
+33V Fafuwiia Low Dropout favinifuszdidaiiuiszy co uay c7 1 4331204 #
eonTuY IsuReaRY TodTnuius siu Us wes LM2940 vinlius sdumidyanennaedi +5
Taad mmfuﬁ’mﬁuﬂszq csuaz o ozlWld +5 Taad eenurFon Tasdauilezian
Fumiu 2 daus sy nnuuaness +6 1aad maelssina 43 Toag Whgnsuilag

suraeniluAsanadely

Pl

Ul

]

+
=
-2

8V
+8Y

+5V ‘

VLC
VDD

= b o de Ln A -3 BB

Analog input =

2 107
106
05
04
103
102

1 VCC

HCC4051BF

. &
: G 2

GND
7 SRS SR9 RI0 JRII IRI2 JRI3
SKe SOKE SOKE 100K2 100KP S00KE S0K m

R4

A3 5
Al Al -

LR17 RIS
* SOKE S0K

N

Et

Al
—

R20

100K

e

Vin

)

.

8

1 ¢ ACR)
N+ DOUT - 6 ACS2

| IN-

ACSI1 §
o

= ACS3 7 ,
GND \T;.-'_""DC > CLK

CS/SHDN

VREF
VDD vss
| — |

MCP3201-BI’P =

GND

317 3.3 29959U109NBUNA (Analog input circuit)
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9
2. 1IseuIREndUNAziivesdy g uoudenianun 7 veedyyia uuily
Yoadyanainsedu +20 Taad 2909 +10 Taad 2 %09 +5 Taad 3 ¥oe Taunngesssgnuys
Y 3 4 d Y =1 o v a o o . o
useauldimae +3.317ad L‘*\l1’511‘6]°1)"El1-.l‘lﬁﬂﬂ1laﬁmﬁ°lﬂ°]fﬂﬁ(Analog multiplexer) Ul 11197 4051
é y =) s o o 4 ! =
Hal41iaee 3.3 Tl TauleFourfendadmadiaes sxvmsidendyanuildidhgled

Fd v
wlasdygaemndendiuainen us wes Mcp3201 141WiHes +3.3Thad Tauleddiiiai

a .& 3.3V a o d 1 {
azdalunisuilas 12 TadeeziinnvaziBon =5~ 0856 Uada lhan aemasnlasuuias 1
i
P2
P3 Us P
+2v 21 22 |regperg ' ¢
e I v 0 mr
H2vl 2RI 2008 ] 3ol e o | RDI ‘4’
+H2V| 0 4| RA2RT GNDD 47} "~ 13 GND RB0
3 2N —— ¢ OUT4 = 5
) VDD 5> ING - OUTS 127 RBI
- GNDD GNDD 6|/ o "\~ BND RIOK
1 _——-TD IN6  OUT6 BIETN
— — N7 oUTT
Digital input
GNDD 8} o L9 [ GND
LTV847

111 3.4 2993ATMABUNA( Digital input circuit )
¥
3. 2995ANRERdUNA I FOIT Y IMATARaN IR 4 Fosnoidiy lodooll Tn To Tams
4& o o A 1 s I 1
103 ( Optoisolator ) 103 US e LTV847 daelddmiumadeunodygyiuszninadau
o ar L] Qs aa =i & o [ 32
vo4'luInsneuInsmesiuduvesdyanudineanidnn deeunsosuusen1dae +12
o g 1 1 { o @ sy = o { ' , a o
1206 119 4 909 Taogead 1 dmSudamanudansaiannudlug 1- 10000 F5adHZ)

%049 2 3 dmTuiamaoiuzvesdyg i tazrosgaiie ¥oid dwmsuiaswaniad
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R1 R2
+3.3% +3.3V
e Ui o
| RDA | _RscILK
+3.3V Q1 Q2
BS170 BS170
.5y R3 R4 LSV
1 n +5V
10K 10K
RS
10k
u2
%1 scL vee 23V IBTl B
& F== SDA VBAT | | I o
- XA Lt e
==l 2o X2 sQW/OUT 2 Battery] —H— o
| | 4 | GND LEDO < 330K

| DS1307

71071 3.5 2993311190195 ¢ ( Real Time Clock )
4. :Nm‘la%iﬁmunaﬂuﬁf’:%z'l%"la%ﬁmnm (Real time clock) U2 11185 DS1307 92
imsaadedomaduluTasaouTnsames iy £C Fandluumil 2 Tavesiigesidoudo
g ledgmnadululnsneulnsames  §rv2995 lu'lasnsuana(BiDirectional

Level Shift ) Auuoaaudungiiua (Mosfet n-channel)

vee
< R27
F 10k
\VEC U6 RESXbee |
L lee ADO/DION —2
XbeeTXD 3 { 15
XbeeRXD R26 18K 3 | D SOt & 18
2 VR 2 R AD2DIO2 [ 1
et DIOI2 AD3/DIO3 i
——— Rew RTS/DIOS —12 +
S~ RSSIPWM/DIOL0 ASS/DIOS (—1=
— Dol VREF 3
S RESERVED ON/STEEP (—2
———5— DIR/SLEEP_RQDIOS  CTSDIO7 (—1=
—Z_——| GND DIO4 ——
= Xbee " @ ORE O — > GND

GND

JUN 3.6 Tugaaldadayga (Zigbee module coordinator)
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¥ (1
5. 20930 dvezlsznauldae Tuga Zigbee Us 19 1WiA0e +3.3Thad Tauiyoudeun

- @ 1 @ J
TX wagv1 RX vealugadndd ludaduderdifue RX uaza X vos'lulnsnenInsaaes

MUAINY

g

RSCLK

Sfrofr ool

el
o)

il UL

VDD
\DD

RAQ ANO C12INO-
RAVANLCL2INL-

RA2AN2VREF- CVREF C2IN+

Vss
VSS

RA3 AN3I VREF-CIIN-
RA4TOCKICIOUT

RAS AN4/SS HLVDIN C20UT

RDO PSPQ
RD1 PSP1
RDIPSP2
RD3 PSP3
RD4 PSP4
RD3/PSP5/P1B
RDEPSP6 PIC

1 RD7PSPTPID

REDRD ANS
REL WR ANG
RE2TS AN7
MCLR VPP RE3

0SC2 CLKOUT RA6
OSCICLKINRA?

RBOINTOFLTO ANI2
RBIINTL'AN10 C12IN3-
RB2INT2 ANB

RBI'ANG C12IN2- CCP2
RB4 KBI0 AN1L
RB3XBIL PGM
RBERBI2PGC
RB7KBI3 PGD

RCOT1050 T13CKI
RC1TLOSICCP2
RC2CCPIPIA

RC3 SCK.SCL

RC4 SDISDA

RC3 SDO
RCETXCK
RCTRXDT

PICISF45K20-1 P

311 3.7 Miaw1l52umWa ( Processing Unit )

T OsCl
3 OSC
33 RE0
o CO:]
55 RBI
6 ACSI
7 ACS
& __ACS3
B I
10__PcD
nl
s
7 ACCE
I8 sk
R__eni
BT 00
25 XbeeRXD

P4

—to s de
4
8

ICSP Diode 1N4148

VPP

05C1 052
*c3

30pF 30pF

|
|

3

(3
ERl

: "R\ O
6. MU0 550IMa ( Processing  wnit ¥ IunHz ¥ lulnsneu Insanesives

[ v
18£45k20 A Tu Tadun TuIndidnaiieai ( Nano watt xlp technology ) 9119 1Wiiee +3.3Toad

Tavldooadiames 4 wnzidsad Aamsldnuvesteadionlnmes ( Watchdog Timer ) Ve

a 8 o a
n1saslvaeuANAanalavedinlasnoulnsaans uazldduiunisign

o 4 J o o
luTnsnouTnsaaes luvaiznay (Sleep mode) IWANANINIOY  Wansdimuanis 1y

o' A — ; ° 1A 9 o -
WITUITNUDINILYH ( Brown-out reset ) maﬂsm"lﬂmmmmmmﬂuﬂ"l’afnzmmﬁﬂw

lulnsaouInsames

53
SW-PB
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3.1.2  2999A250

aql

311 3.8 2995A95 DT RYR IR (Receiver Circuit)

¥
Tavansautamsmaueseesaasu lanedl

) D6 Ui veC A

12 5 - 3 3 I R10
N— N OUT gt ﬁ
ol R RN O\ s a7 g 0

Diads 1N4001 T_ﬂsﬂr 1y Tc-r‘ﬂ- 1d GXD —a70aT 16V

Y el

s LIMHLTT-3.3

517 3.9 2995910 +3.3 Taad (Power supply +3.3V)

] Y L R L4 ]

1. 2995901 +3.3T0ad Taslundiseldundenelweneunilmes 6-1210ad fiu
¥ ¥ ]
laToaflosiulWaviidedads Miuasesnsesd daromidufuiszy o506 1417 lodsnun
[ o ° Ll cv o ~ ¢ & =Y

usIAY U4 wes LM1117T i ldussdueranneenuinai +3.310ad duiluwila Low

Qr g ot o 4 é 1 -
Dropout fiatiuvzlidunulsey c7 uay c8 vl +3.312ad fioonnGoy Fenreliled ua

ng]’cl Zigbee



2. INﬂaZigbee

29

1) |
e e - -
—— CT80i07  DTRSLEEP_RQDIOE “om
— wiE SEERVED I
— Diol e i
o AR U EWMD:010 : I 2
| KT8D06 g EAe .
—7] ADIDIOS Dol — - i B
— Adii2 RO ot Jo e —w——H—
< ADLDIO] D i . G
= ADODIO vee i L 2 ¥
3 {i
- RS 1
e - ; 0T 1—--—%»—"—“——4
14 s 00k
36k g | .
‘u e . B
10 “_i—lc o
= sie Ay
FED B 1 -
1508 - 2
13335

12

7
o

77 3.10 TugadaFudsysy 1o ( Zigbee module end device)

U3 Tasw1# 15 sgdmuanisiiaudiiaueguioe lidae

1 1 { Al - A g
TaTeanlasnes D1 dauwii 6 deidh lodnSe1iien (Comparator) U2 1105 TM339 dsuifing

¥
AruefuIsIvasdyanaesnin luglnuuveussiy Tasesiimssmuausfusde 1

dussannniue hifesndr +2.621ad uaasihsydudyanauvesdasudidseglusi 40

a3 laTeanldaas D2,03,D4 vzdn uayfszRudamnannnn e lideend +2.06 Toad

uaaesnsEAUdyg INveIdIfuaadegluge sowas lalealduias D3,D4 wAnuazd

szavdgenaunaniwd lidesndi +1.5 Tiaduaashiszdudygravesdifudadeeg T

120 was laTeanlasuas D4 9@n

|“‘Cl

U3 v_?_c
—r— 1 16 i
- cl+ VCC ™=
|_azouF T6v : AT e |2 +H 'IIl-GNT)
2+ ) »
=3 iy 4 470uF 16V bl
Tnu 16V _é [
out 11 14
™ > 1 T oo iy
CTS 10 M 7 7 b
= = i 10
DIN 12 . 13 | 8 b z
9 < 1
e
RIS 9 | /I 3 ved
4 . i _Oo
15 Fe LS __r_"""—_)
= D Connector 9
e MAX3232CPE :Lm GND
GND

+| 470uF 16V

GND

3UM 3.11 2995RS-232 ( RS-232 circuit )
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3. IUYBINVIMSI¥ONGD Tuga Zigbee U3 fiu RS-232 1inazlddanaramsivoude
dwleduassedudyan U2 wes max 3232 iiorlfunsaduvues Rs232 1eglusedu
TTL 0120 69 3.3Taad oz lumendudufzdfunssduan TTL 1Woglusedy Rs232 —15

o g Qs
Trad da+15Tadunu
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nufuninhaw

Dansisau Comparator Module
Sanwlrsm ADC Module
tDanvsTEim Soft_TC Module
DA 1L Uant Modube
a0 Hader

!

GanmidmBnmoius Taner 0, RED Capture mode
shnmdinn Overflow i 50 ms
Avwmunen Frequency, T0.Y,v1.Count i 0
s TOmwiy 5

-

4 Bae ¥ iy TO wdnlats

w=0
amanan Read_Adc

|

s2tuadnuie 'S vndduata

A4

wesnEuEas Timer O
* Chose process for setting *
Send U'Set wterval samphg bme
Send "1'Set Date and Time

5 st

*Select interval sampling e’

!

send et
Y v
. “Flease aput value Date and Time”
=am= Send 0"~ Tume: 2 00000 Tnke et
“Date. 00 X0 Dte
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Y
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Wanvinnlurudumad g Tmert

O
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uardsmiaantihi Uart
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Tevta taau s tactadodamad 4051 voml 0 was
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ahtasa0antui vat vhdd v gaa 7
Wnvamarkinsa
Teeahn g s aindaatls Freqoesty
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l

ey Y1 wiviu 20 wdntatly

Vet BT COR T
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cap =0
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3.1.3 M3A9A1 Zigbee UUY Point To Point
9/ . v oW o 9 A . o A o Yy
‘U%‘ﬂizﬂﬂ'ﬂﬂ'}ﬂ Zigbee 281 muinmmmi‘lu Coordinator node HASAINTBINIHUIMN
. i S v L4 A
1)1 Router/End Device node AAAY11)51A5Y X-CTU L’Jﬂi‘iﬂﬂﬂ1f§ﬂ%1ﬂl%ﬂ1%ﬁ www.digi.com
MIAIM Zigbee : Coordinator node
9 [ (1
1. m3AnAsTuga Zigbee Coordinator nodeUUIBIAITY LiBYMII¥oudBnOUNIADS
] ] 3 1 a o ' =
GIEIHY LED 114?]‘]&11’11«!\1 USB A@ Uag@Anvuy ASS NTENIUY

4 o o ! o 4 [ o ar
2. emmatlaldsunsy X-CTU d@ennasaiiimsidoude simuasasiueasaiiy

9600, Data 8 i, Parity lailin3asaeaeu Stop iy 1 1ia

(88 x-cTy > N W)
| About o dl : |
PC Settings | Range Test | Teminal | Modem Configuration | |
| Com Poit Setup i
Select Com Port s = b Y|
i LiSB Seiial Port (COM2 Baud 19600 - |
B —
Data Bits 18 hd

‘ i Flow Control [NONE  +|
|
[
i

|

|
Pai MONE =] ‘
[ i Slop Bits Toc] w Tl |

| J Test / Query | ]

Host Setup \' User Com Ports | Network Intertace |

AP Reponse Timeout

11 Bt}
1 Enable API At [ 1000 !

AT command Selup
ASCH Hex

I e r
Command Charsetes (CC) |+ | 28

Guard Time Before [BT) rr 1000 ‘

Modem Flach Update {
7 Mo baud change l :
||

K1 S ANATA I ~» 4

317 3.13 msasen Talsunsy X-CTU

3. NA1JY Test tNoHINMSIFONAD XBee iU X-CTU
0,: o Y o 1
4. nNUURINMIAGUUNY Modem Configuration 1@3n@A1fy Read 11N59U Modem
Yl A . A o o

Parametres and firmware 921/51ngYeya¥ejuvedluga Zigbee Folsndunineay
Harduvossonuay

5. MmstlasuninoulgisTuves Zigbee Tauis19es1Mua Zigbee Aausniily

o ]
Coordinator node 91nWUIJA8U Firmware Function set : ZIGBEE COORDINATOR
= . = 0‘: =1 ar 3 , = = =

AT UaZIA0NNA White aznA Read 9nA5I 180nHIT0 Serial interfacing ARNLADN

¥
155%A BD Interface Data Rate 1Aonodns1uaaisallu 9600 danoiuafi 9 1niu@en
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Networking 13111 PAN ID/Personal Area Network ID M 1@iavia3e11e a1ansnfmue
i¥lu1 0X0000 i3 OXFFFF FFFF FFFF fnuamiilu 0 fvua sC-scan fnuaifiy
OXFFFF

6. (A0N3Ta1M0S DH 1ag DL (Destination Address High/Low) fnuausainsavesluga

" ¥
2 Taglunilisreedmumilu SH/SL veeluga Zigbee 499 Router/End Device

¥
node 91NUUNIMINA white 9214 Zigbee: Coordinator node Wioau ¢ 911

- - e e : e
BB [com2) x-cTU (=] )
fem Parameter F;n:;hfe Remote Ca.nfl-g-urat;-o-n... Ver:aoﬁs:..
[ { FC Settings | Range Test| Teminal Modem Conhigueation |
| Modem Patameter and Firmware Patameter View  Profile Versions |
Read { Wnleiﬁj Restore | _Cl_g.a! Stf:reenl ~ Save : Downloadnewi :
| T Always Update Fitmwate Show Defauls|  Load | . it
i tMndem XBEE Function Set Version .
B e OOV L o o RRSOR
Il Ixg24z8 _'.:‘ |ZIGBEE COORDINATOR AT ] 2088, “ur]
!
T i) N

B (010 - PANID

‘ B (FFFF)SC -Sean Channel:

B (315D« Scan Duration

B (0125 - ZigBee Stack Protile

B (FFINJ - Node Join Time .

| [ (57CE9FEASEESDIDE) OP - Operating PAN 1D !

| & (5E40) 01 - Operating 16:bit PAN 1D If

| B (B) CH - Operating Channel

[ B (2] NC - Number of Remamning Childien I

| = A Addressing |

I B (128200) SH - Senal Mumber High 1‘

i B (40624838) SL - Senal Number Low

| B (0) MY - 16:bit Network Address

| B (134200} OH - Destination Address High |

| B (405D7EEB) DL - Destination Address Lo |

| B () NI - Node Identifer |

| B (1E] NH - Maximue Hops

i B 01 BH - Bioadeast Radwas [

| Bamec ) AR Sl T i Beh ol Dreleria 1 T "

|| Change networking settings ‘
|

' 9/
31/ 3.14 M3¢ar Zigbee 11T Coordinator node

MIAIM Zigbee : End Devicenode

1.1 ﬂ'l‘iaﬂgﬂll@.ﬁ Zighee:Fnd Devicenode ¥09103ad231 uazihmsifeude PC aziiiy
LED lusiuniia USB @a uazduimia ASS asgnsu

1.2 1319 Tuga Zigbee : End Device node Taulallsunsy X-CTU Tagvimaiden
wosafivamadeude Sasrwemsaiiu 9600, Data 8 1, Parity 1ilinN13@329501

uaz Stop i 11n
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r P Ty
BB x-cTU =

[ About 1

} PC Setlings | Range Test | Terminal | Modem Configuration | ‘
|

| Com Port Setup
Select Com Poit

I USE Seiial Port (COM2 Baud [seo0 ]

| |
| —— |
! Flow Control | NONE Bald

‘ Data Bits |2 _'i

} Parity EFIEFTE B3

‘ ’ Stop Bits =] |
] |
|| Test / Query ]

! Host Setup l User Com Poits | Network Interface |

! APl Reponse Timeout |
| [ Enable AP

Timeout 1000 | '

—

AT command Setup
ASCIH Hex

Command Chatacter (CC) [ + .r‘)B

l Guard Time Before (BT) I 1000

1

I

Modem Flash Update ‘
™ Mobaud change I
f

J

iL_gd=— S/ 8/W 7/ 0 \\ WA\  — )

" ¥ 1 )
31 3.15 msdsnnieeudonuTilsunsy X-CTU

1.3 nALW Test tNavinsifonde Zigbee 1 X-CTU

1.4 nmiuiimsaduuiiModen Configuration 18901y Read lunso1 Modem
Parameters and firmware 31l51ng doyadoguunaluga Zigbee SoRndummamuiladau
vosxoning

1.5 ﬁmmﬂ%‘uuﬁmau%xﬁumm Zigbee Taufmua Zigbee 11U End Device node
9 n1ui/3en Firmware Function' set : ZIGBEE END DEVICE AT lazionna white
1aznA Read BAsa idontiate Serial interfacing AANIAON1T39A BD Interface Data Rate
@ondasweasailu 9600 TadeIuif mimiudEenuniiiade Networking 1800 PAN
ID/Personal Area Network ID HINgamaAIo1w 81130 1A ld 0X0000 89 OXFFFF
FFFF FFFF viuam 1%y 0 18en SC-scan 4ilu OXFFEF

1.6 1HonABnINA3scines DH 1182 DL (Destination Address High/Low) fHuauoaase
vosTugadada Taosmuaiiu SH/SL vesTuga Zigbee Y89 Coordinator node 1A

11507 white 92 14 Zigbee: End Device node #éou 19411
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BB [COMS) X-CTU (=l )
;7 l;a;a;eter Profile Remote énﬁ}l-guration... Versi;.-: ]
| PCSettngs | Range Test| Teminal Modem Configuration | ‘
Modem Parameter and Firmware Patameter View  Profile Versions |
Read i Wiite E Restare 1 Clear Screen Save Download new|
[ Always Update Fimware Show Defaults Load versions
| Modem XBEE Function Set Version !
[<B24z8 ~| [ZIGEEE END DEVICE AT ~l[2887 =] |
- s [ g

B @D -PaN 1D

B (FFFF) SC - Scan Channels

ﬂ (3} 5D - Scan Duration

B 025 . ZigRea Stact Prafle

B (FFINJ - Rejon Policy

B (01N - Join Notific ation

& (0) OP - Operating F&N 1D

[ (FFFF) 01 - Operating 16-bit PAN 1D

{ B (0] CH - Operating Channel

| = Addressing

B (1248200) SH - Senal Number High

B (4050 7EEB) SL - Senal Number Low

B (FFFE)MY - 16:bit Network Addiess

B (FFFE)MP - 16-bit Parent &ddress

B (134200) DH - Destination Address High
3 (40524838) DL - Destination Address Low

|

{

|

[

{14 - Hode dderddet i

B (E) NH -Maximum Hops I

B (Ve Remsde ned B aduin

Change networking settings h
4

{COMS 9600 8N-1 FLOWNONE XB24ZB Ver2847 |

] v
31/#1 3.16 M3A3AN Zigbee 1111 End Device node

3.2 YA HUAZITNSNAADY
v ¥
1. 41 Hex code #1a01nmswou Tilsunsudresdu Tesunsuasuuvesadaas 9y
WlaTysunsy Mikroc for pic iaon11és Tool uazidon Usart Terminal

2. ¥M5LH9 Com Port ANMSIHOUABYDIARISY, Baud rate: 9600 bps, Stop bit : One

@73;1 fepest sand ) |

|
Repeatdndingdvers |

., ag0end New Line 45 0 sendascnl

Stog Bas aWhisecerds
Fagtyi Se-dfromfite i

Check Farty
Dats bty Eight - Cles= Add Tee ‘
Buffersae: 1024 - |
Flow cantral: fiene - :
Data Format Hew Lre Setrg 1
| ® ascu o N |
|

0] *

|
Commpnds Raceive |
atte |
7 Cleas add Tore / Apperd to end of fle |
Meszage dast |

D DS’

317 3.17 maFeudevasadaFuiyu Com Port
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¥
3. v lidoslWiuuesadids semsdadeymndiuesafisy dagl 3.18

Mikrofiektronika Usart Terminal

=

Qom Ferty
Eaud rate:
Stop Bits:
Papty:

DQata bits:
Buffer size:
Flow contrel:
Data Farmat
@ Ascn
HEX
DEC
EIN

Commands

Messages

Clear

COM Pert Settings

Ping

Connected RI
o o
RTS CT5
@ @

Send

+ Supgert ASCIL [

Send as typing

Append New Line

Send from file

Clear Add Time

New Line Settings
CRLF (00D + OxDA)

LF (Ox0a)
9 CR(CxCD)

Receive

Disconnect Log tafile

Auto Connect

Clear Add Time

Send

Send ASCII

+ Append to end of file

Repeat serding

Repeat sending every

1000 1 miliseconds

ime,CHL, CHI,CH3,CH4, CHa, CHE, Terparas

1 13,0€.97.30,0038,0038,0035,0,0088,023 14
11/03/13,06.07.35,4.932,0832,0932,0,0832,2932,0932,5 D.H

VB

Tug, STatus, Fluse
1, 1, 1

Cennectad to COMLS

RxD - TxD

@ o

DTR DCD OSR
e o e

{ 1 @ A ' r_-iy
UM 3.18 madedeyardnunda Tl sunsuidiofiniasie Iwides

v £
4. mivimsaanm laon1saeadnys S 1uyes Send 9315109 90A210 Chose you

n’;‘ ¥ @&k 4 [ n,.: ar = J
for Setting 9INUUMIANITAIOAYS 1 WOIMIAITTY azavzitea UL nily Time

¥ ¥
Ivhmslddamudall XX:XX:XXTime #azna Send 91miuazaliing Date

¥
Aail XX/XX/XXDate Aagll 3.19

tesane

fmuaiun

MikroEiektronika Usart Terminal |

LomPert:
Baud rata:
Step Bits:
| Pecitys

Data bits:
Buffer size:

Flaw cantrel:

Cata Farmat
2 asCn
HEX
DEC
EIN

Commands

Messages

Clear

COM Fort Settings

Cennected to COM15

Fins

Connected RI
@ o
RTS CTS
@ P

lbperd New Line 65

+ Suppeort ASCII
Send as typing

Send from file

2

Add Time
l!:OSLQ‘.‘ 33:50Timall 03/ lS:A:.I

Clear

New Line Settings
CR4LF {CxCD + Ox0A)

Aute Cennect

Send AscIL

LF (0xDA)
@ CA(ox0D)
Receive
Disconnect Log tadile
Clear Add Time: 7 Append to end cf file
11/03/13,06.20.14, 4

a&,deu EE‘ Q!E
,:Ei-l,'J #e4,002
23 52

11/03/13,0€.20.19,¢.
1L/03/13,08.20.34,4
11/03/13,0€.20.29, ¢
’JS'.S 0€.29.3¢,4

/13,08.20.39,4.

su,cau
B84, 0884,0
54, 0084,

403/ 13,06.20.44,4
11/03/13,0€.20.45,4.

val unp.u.-; tizal

0834, 0,088 1,0!51,:;3‘ 4.
lii oRse, ﬂiii 0,0094¢,0804,0384,4.
, 0384, 0884,0884,4.

PR

923,14 .1

$33,1
923, 1

31,14,
923,14
983, 14.
323,14
95L,14.
323, 14.

i}
Repeat sending

Repeat sanding every

1000 © mihseconds
13 1; 1 .
1, 1, 1
1, 1, !
1, L 1
1, £ E:
1, 1, 1
1, 1, 1
1, x; &
1, 1, L

3% 3.19 msdsama

and Tize
RxD TxP
@ @ e Date and Iize 3
DTR DCD DSR
“ ] a a
T e v
i 2 41 Y o =) a/
SAUN MNULA

=2

o

a

FIDIUUNNUDYD (Data Logger)
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5. ennamsquinudeyn Tavdadnws s Tuzes Send 921l510990A213 Chose for

o 3 o 1 s 1] U 3 1 1
Setting dAVIMINIIMIdIduaY 0 wilsingsrea lumsguinudoyaium naaseden

daav 0 ieiimsidudeyanng 5 Juniidegal 3.20

MikroElektronika Usart Terminal SEIS el
COM Fort Settings Send
Com Pert: B 2 Send Repeat sending
Baud ratel 7 SupsB@ ASCIL  Agpend New Line 651 Send ASCl Repsat sanding every
Stop Bas: Send as typing 1000 © miliseconds
Pagity: Send frem file
Deta bitg Clear AdaTiece
Buffer size: ]
Flow centrol:
Data Fermat- . New Line Settings
@ ASCH CR+LF (0x0D + 0x04)
HEX LF (0x0A)
DEC
BIN @ CR (0x00)
Commands Receive
Disconnect Log to file
Auto Connect
Clear Add Time + Append to end of file
Messages
o Y1
tear aazpling cime l
Cornected to COM1S
amplisg Lice
13 sag =mmem 1
1 min emean 3
5 min memes 3
© 10 min mewss 4
- | 30 min memes g
" L Rour mesws £ -
Connected RI RxD  TXD The time has been selacced 4t 5 vacandi UL 00T J
> * 19 11/08/13,08.45.2€,4.338, 0835, 0938, 0, 0835, 0935, 0833, 4 .341, 4423, &, 1, by
11/93/13,06.43.31, 4,838, 0035, 0835, 0,0835, 0835, 0835, ¢ .93, 14.12, 1, 1, ¥
"3 o DTR BCO. OSR §31/03/13,06:43. 36, 4 1835, 0835, 0335,0, 0835, 035,085, 4 936, 14,02, 3, | 1, 1
2 9 @ @ o .

] v
317 3.20 msdsmmsifutiudindoya

L4 ¥ ¥ ¥
6. 91017111113 Disconnect 1103 Save dmsuiuiindoyaiunuu1ld Taviidunoudai

Win1sad1e1Wdse Data.csv Mniuannel idlen Usart Terminal 4az11n15 Log to file A

¥ ¥
Start Logging 9IN111101531%A CPU 1agi1m3 Connect 1Ag4onuanuasziunnasuy

M4 Data.CSV fag1l

3.21

Ldn Gt - Massoh Excel L

] e i v
A ¥ 1 Wy AU A E Ry
- BITAS EREG A0 g i A A
7 A EE Bl i j+ L e

i [oate me CH CH HY
2 U3 T3 785 785
W30 ras 47307 3
V0 7264 1T m 7
765 47 ]

5 QUi
6

: e,

~

1

P
Crnenas 8
2 @ @ 9
s o 38
L @ @ a

e Resan iy

Aesti sende; ey

U7 3.21 Fmstiuiindeyaeuansralugiuuuves Ididnmad (csv)
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{ o & & w1 a A o
MsnAaBuAsatiuTindelya (Data Logger) 5198y naassiamgangiiodaunag

s { { ~ ] ) a d LY
anyuzinlasunlasldvesgungiluusazsnawesiu Taslumsuiufindeyavzidiu

' T ¥
deyamandounlasquugiliuwsh 6 Huny 2556 Taufudoyanng 5 il Jaud 6.00-

<3 o A & o oo = o o
18.00 w. isueimidonin 1 lumsnanes Aoduimes agungil wes LM 35 Wudmaaoy

] 3
2 A1 ez 1ANaNIINARDININAITIN 4.1 ATl

AN 4.1 LAAIAIGUNY

o a9

nifuiinlaninmiesiuiindayaluiui 6 fiuian 2556

Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) (V) (Hz) 1 2
6/3/2013 | 6:00:02 24.29 25.51 5.802 -9.04 1 1 1
6/3/2013 | 6:05:42 24.29 25.39 5.794 -9.04 1 1 1
6/3/2013 | 6:10:12 24.29 : 25.39 5.781 -9.04 1 1 1
6/3/2013 | 6:15:32 24.29 25.39 5.776 -9.04 1 1 1
6/3/2013 | 6:20:22 24.42 25 50 5.769 -9.04 1 1 1
6/3/2013 | 6:25:12 24.42 25.51 5.761 -9.04 1 1 1
6/3/2013 | 6:30:52 24.42 25.64 5.749 -9.04 1 1 1
6/3/2013 | 6:35:32 24.54 25.64 5.747 -9.04 1 1 1
6/3/2013 | 6:40:12 24.42 25.64 5.736 -9.04 1 1 1
6/3/2013 | 6:45:32 24.42 25.51 5.729 -9.04 1 1 1
6/3/2013 | 6:50:22 24.54 25.64 5.719 -9.04 1 1 1
6/3/2013 | 6:55:12 24.54 25.76 5.718 -9.04 1 1 1
6/3/2013 | 7:00:12 24.66 25.76 5711 -9.04 1 1 1
6/3/2013 | 7:05:12 24.78 25.88 5.703 -9.04 1 1 1
6/3/2013 | 7:10:12 24.9 26 5.697 -9.04 1 1 |
6/3/2013 | 7:15:02 25.03 26.25 5.687 -9.04 1 1 1
6/3/2013 | 7:20:02 25.03 26.25 5.686 -9.04 1 1 1
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Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) V) (Hz) 1 2
6/3/2013 | 7:25:02 25.15 26.37 5.678 -9.04 1 1 1
6/3/2013 | 7:30:02 2515 26.37 5.673 -9.04 1 1 1
6/3/2013 | 7:35:32 24,78 26 5.67 -9.04 1 1 1
6/3/2013 | 7:40:32 249 26.12 5.663 -9.04 1 1 1
6/3/2013 | 7:45:52 25.03 26.25 5.655 -9.04 1 1 1
6/3/2013 | 7:50:52 25,54 26.61 5.65 -9.04 1 1 1
6/3/2013 | 7:55:22 25.76 26.98 5.65 -9.04 1 1 1
6/3/2013 | 8:00:22 25.88 26.98 5.645 -9.04 1 1 1
6/3/2013 | 8:05:52 25.88 27.1 5.642 -9.04 1 1 1
6/3/2013 | 8:10:52 26 26.98 5.642 -9.04 1 1 1
6/3/2013 | 8:15:22 26.12 27.22 5.628 -9.04 1 1 1
6/3/2013 | 8:20:22 26 21.2} 5.626 -9.04 1 1 1
6/3/2013 | 8:25:22 26.49 27.71 5.624 -9.04 1 1 1
6/3/2013 | 8:30:52 Zne 28.44 5.615 -9.04 1 1 1
6/3/2013 | 8:35:22 27.96 29.3 5.615 -9.04 1 1 1
6/3/2013 | 8:40:22 28.93 30.4 5.61 -9.04 1 1 1
6/3/2013 | 8:45:22 29.18 30.64 5.61 -9.04 1 1 1
6/3/2013 | 8:50:22 28.44 2979 5.607 -9.04 1 1 1
6/3/2013 | 8:55:22 28.44 29.67 5.603 -9.04 1 1 1
6/3/2013 | 9:00:22 2759 29.05 5.599 -9.04 1 1 1
6/3/2013 | 9:05:52 28.69 29.67 5.599 -9.04 1 1 1
6/3/2013 | 9:10:22 28.2 29.3 5.597 -9.04 1 1 1
6/3/2013 | 9:15:22 27.47 28.81 5.592 -9.04 1 1 1
6/3/2013 | 9:20:22 28.08 29.3 5.591 -9.04 1 1 1
6/3/2013 | 9:25:52 28.2 29.3 5.589 -9.04 1 1 1
6/3/2013 | 9:30:42 27.96 29.05 5.583 -9.04 1 1 1
6/3/2013 | 9:35:12 28.69 29.67 5.581 -9.04 1 | 1
6/3/2013 | 9:40:12 28.81 29.79 5.579 -9.04 1 1 1




ad o

M3190 4.1 uaasmgamgiintiuin ldninmiestiufindeyaluiun 6 Turau 2556 (fe)

41

Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) V) (Hz) 1 2
6/3/2013 | 9:45:42 29.05 30.15 5.574 -9.04 1 1 1
6/3/2013 | 9:50:12 29.18 30.28 5.573 -9.04 1 1 1
6/3/2013 | 9:55:42 29.91 30.89 5.568 -9.04 1 1 1
6/3/2013 | 10:00:12 29.3 30.28 5.563 -9.04 1 1 1
6/3/2013 | 10:05:42 29.67 30.64 5.574 -9.04 1 1 1
6/3/2013 | 10:10:42 29.79 30.76 5.56 -9.04 1 1 1
6/3/2013 | 10:15:42 30.15 30.89 5,857 -9.04 1 1 1
6/3/2013 | 10:20:12 304 31.25 5.555 -9.04 1 1 1
6/3/2013 | 10:24:42 30.15 31.13 5.55 -9.04 1 1 1
6/3/2013 | 10:30:12 30.28 31.13 5.55 -9.04 1 1 1
6/3/2013 | 10:35:42 29.91 30.89 5.549 -9.04 1 1 1
6/3/2013 | 10:40:12 30.03 31.01 5.544 -9.04 1 1 1
6/3/2013 | 10:45:12 30.76 315 5.541 -9.04 1 1 1
6/3/2013 | 10:50:42 30.76 31.62 5.536 -9.04 1 1 1
6/3/2013 | 10:55:42 30.52 31.62 5.534 -9.04 1 1 1
6/3/2013 | 11:00:42 31.01 31.99 331 -9.04 1 1 1
6/3/2013 | 11:05:42 30.64 31.62 5.526 -9.04 1 1 1
6/3/2013 | 11:10:12 30.76 31.86 5.524 -9.04 1 1 1
6/3/2013 | 11:15:12 31,93 32.23 5.523 -9.04 1 1 1
6/3/2013 | 11:20:12 31.62 32.47 5.518 -9.04 1 1 1
6/3/2013 | 11:25:42 32.11 32.96 5.516 -9.04 1 1 1
6/3/2013 | 11:30:12 32.11 32.84 5512 -9.04 1 1 1
6/3/2013 | 11:35:12 3137 32.23 5.515 -9.04 1 1 1
6/3/2013 | 11:40:12 31.37 32.35 5512 -9.04 1 1 1
6/3/2013 | 11:45:42 33.82 34.43 5:3 -9.04 1 1 1
6/3/2013 | 11:50:42 32,11 33.08 5.502 -9.04 1 1 1
6/3/2013 | 11:55:42 31.74 32.72 5.5 -9.04 1 7 1 1
6/3/2013 | 12:00:12 33.08 33.82 5.497 -9.04 1 1 1
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Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) V) (Hz) 1 2
6/3/2013 | 12:05:02 32.84 33.33 5.497 -9.04 1 1 1
6/3/2013 | 12:10:02 32.47 33.33 5.494 -9.04 1 1 1
6/3/2013 | 12:15:32 32.84 33.57 5.491 -9.04 1 1 1
6/3/2013 | 12:20:32 33.08 33.69 5.487 -9.04 1 1 1
6/3/2013 | 12:25:02 33.69 34.18 5.486 -9.04 1 1 1
6/3/2013 | 12:30:32 3214 32.72 5.483 -9.04 1 1 1
6/3/2013 | 12:35:02 32.47 33\33 5.481 -9.04 1 1 1
6/3/2013 | 12:40:32 32.72 33.33 5.476 -9.04 1 1 1
6/3/2013 | 12:45:32 33.21 33.82 5.471 -9.04 1 1 1
6/3/2013 | 12:50:32 33.45 33.94 5.471 -9.04 1 1 1
6/3/2013 | 12:55:32 33.45 33.94 5.473 -9.04 1 1 1
6/3/2013 | 13:00:32 34.06 34.55 5.466 -9.04 1 1 1
6/3/2013 | 13:05:32 A1 33.94 5.465 -9.04 1 1 1
6/3/2013 | 13:10:32 33.69 34.31 5.462 -9.04 1 1 1
6/3/2013 | 13:15:02 33.82 34.43 5.46 -9.04 1 1 1
6/3/2013 | 13:20:02 33.94 34.55 5.47575 -9.04 1 1 1
6/3/2013 | 13:25:32 34.18 34.55 5.458 —9.04 1 1 1
6/3/2013 | 13:30:02 gN72 3345 5.454 -9.04 1 1 1
6/3/2013 | 13:35:02 34.43 34.92 5.447 -9.04 1 1 1
6/3/2013 | 13:40:32 INa/ 34.31 5.447 -9.04 1 1 1
6/3/2013 | 13:45:32 34.43 34.92 5.442 -9.04 1 1 1
6/3/2013 | 13:50:02 34.55 35.28 5.441 -9.04 1 1 1
6/3/2013 | 13:56:02 34.55 35.28 5.436 -9.04 1 1 1
6/3/2013 | 14:00:32 34.18 34.92 5.433 -9.04 1 1 1
6/3/2013 | 14:05:02 33.69 34.67 5.434 -9.04 1 1 1
6/3/2013 | 14:10:02 .o ke 34.31 5.425 -9.04 1 1 1
6/3/2013 | 14:15:02 33.82 34.67 5.429 -9.04 1 1 1
6/3/2013 | 14:20:32 33.45 34.55 5.428 -9.04 1 1 1
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Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) V) (Hz) 1 2
6/3/2013 | 14:25:32 35.16 35.89 5.425 -9.04 1 1 1
6/3/2013 | 14:30:32 34.67 35.4 5.42 -9.04 1 1 1
6/3/2013 | 14:35:02 34.79 354 5.418 -9.04 1 1 1
6/3/2013 | 14:40:02 34.55 35.53 5.415 -9.04 1 1 1
6/3/2013 | 14:45:32 33.45 34.43 5.416 -9.04 1 1 1
6/3/2013 | 14:50:02 34.31 35.04 5.412 -9.04 1 1 1
6/3/2013 | 14:55:32 33.69 34.55 5.413 -9.04 1 1 1
6/3/2013 | 15:00:02 33.69 34.43 5.41 -9.04 1 | 1
6/3/2013 | 15:05:32 33.94 34,79 5.404 -9.04 1 1 1
6/3/2013 | 15:10:32 34.79 35.28 5.404 -9.04 1 1 1
6/3/2013 | 15:15:32 34.67 35.16 5.399 -9.04 1 1 1
6/3/2013 | 15:20:02 3443 35.28 5.4 7 -9.04 1 1 1
6/3/2013 | 15:25:02 34.55 35.28 5.394 -9.04 1 1 1
6/3/2013 | 15:30:32 33.69 34.67 5.399 -9.04 1 1 1
6/3/2013 | 15:35:02 33.82 34.79 5.381 -9.04 1 1 1
6/3/2013 | 15:40:32 33287 3443 5.371 -9.04 1 1 1
6/3/2013 | 15:45:32 33.69 34.43 5.386 -9.04 1 1 1
6/3/2013 | 15:50:02 33.69 34.67 5.381 -9.04 1 1 |
6/3/2013 | 15:55:02 33.33 34.31 5.381 -9.04 1 1 1
6/3/2013 | 16:01:02 IR 34.43 5.383 -9.04 1 1 1
6/3/2013 | 16:05:32 33.33 34.31 5.376 -9.04 1 1 1
6/3/2013 | 16:10:02 33.08 34.18 3378 -9.04 1 1 1
6/3/2013 | 16:15:02 33.94 34.79 5.371 -9.04 1 1 1
6/3/2013 | 16:20:32 33.08 34.18 537 -9.04 1 1 1
6/3/2013 | 16:25:32 33.21 34.18 5.363 -9.04 1 1 1
6/3/2013 | 16:30:32 32.96 34.06 5.363 -9.04 1 1 1
6/3/2013 | 16:35:32 33.21 34.18 5.362 -9.04 1 1 1
6/3/2013 | 16:40:02 32,72 33.69 5.36 -9.04 1 1 1
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Date Time | Temperature | Temperature | Voltbatt | Frequency | Status | Status | Pulse
CH6(°C) CH7(°C) V) (Hz) l 2
6/3/2013 | 16:45:32 32.84 33.82 5.357 -9.04 1 1
6/3/2013 | 16:50:02 32.72 33.69 5.349 -9.04 1 1
6/3/2013 | 16:55:02 32.84 33.82 5.35 -9.04 1 1
6/3/2013 | 17:00:32 32.84 33.69 5.349 -9.04 1 1
6/3/2013 | 17:05:02 32.6 33.57 5.346 -0.04 | 1
6/3/2013 | 17:10:32 32.6 33.57 5.344 -9.04 1 |
6/3/2013 | 17:15:02 32.72 3357 5.342 -9.04 1 1
6/3/2013 | 17:20:32 32.23 33.08 5.339 -9.04 1 1
6/3/2013 | 17:25:32 32.35 33.21 5.328 -9.04 1 1
6/3/2013 | 17:30:32 3285 33.21 $.351 -9.04 1 1
6/3/2013 | 17:35:02 32.11 32.96 5.341 -9.04 | 1
6/3/2013 | 17:40:02 31.99 32.96 5.336 -9.04 1 1
6/3/2013 | 17:45:02 31.86 L¥AT ] 5.325 -9.04 1 1
6/3/2013 | 17:50:02 31.86 B 8805 -9.04 l 1
6/3/2013 | 17:55:32 31.62 3247 5.321 -9.04 1 1
6/3/2013 | 18:00:32 31.5 32.47 5313 -9.04 1 1
Temperature
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Date Time Pﬁmometer Irradiance | Frequency | Statusl | Status2 | Pulse
CH4(V) | (lkwm’) | ~(HZ)
6/3/2013 6:00:02 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 6:05:42 1.803419 | 353.61157 -9.04 1 1 1
6/3/2013 6:10:12 1.803419 | 353.61157 -9.04 1 1 1
6/3/2013 6:15:32 1.800977 | 353.13275 -9.04 1 1 1
6/3/2013 6:20:22 1.800977 | 353.13275 -9.04 1 1 1
6/3/2013 6:25:12 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 6:30:52 1.796093 352.1751 -9.04 1 1 1
6/3/2013 6:35:32 1.796093 352.1751 -9.04 1 1 1
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 | Pulse
CH4(V) V) (HZ)
6/3/2013 | 6:40:12 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 6:45:32 1.793651 | 351.69627 -9.04 1 1 1
6/3/2013 | 6:50:22 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 6:55:12 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:00:12 1.793651 | 351.69627 -9.04 1 1 1
6/3/2013 | 7:05:12 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 | 7:10:12 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:15:02 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:20:02 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:25:02 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 | 7:30:02 1.796093 $52. 9951 -9.04 1 1 1
6/3/2013 | 7:35:32 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:40:32 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:45:52 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 7:50:52 1.796093 352.1781 -9.04 1 1 1
6/3/2013 |\ \:58%22 1.798535 | 352.65392 -9.04 | 1 1
6/3/2013 | 8:00:22 1.796093 352.1751 -9.04 1 1 1
6/3/2013 | 8:05:52 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 | 8:10:52 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 8:15:22 1.798535 | 352.65392 -9.04 1 1 1
6/3/2013 | 8:20:22 1.803419 | 353.61157 -9.04 1 1 1
6/3/2013 8:25:22 1.803419 | 353.61157 -9.04 1 1 1
6/3/2013 | 8:30:52 1.805861 | 354.09039 -9.04 1 1 1
6/3/2013 | 8:35:22 1.805861 | 354.09039 -9.04 1 | 1
6/3/2013 | 8:40:22 1.805861 354.09039 -9.04 1 1 1
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 | Pulse
CHA4(V) (V) (HZ)
6/3/2013 | 8:45:22 1.810745 | 355.04804 -9.04 1 1 1
6/3/2013 | 8:50:22 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 8:55:22 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:00:22 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:05:52 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:10:22 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:15:22 1.805861 | 354.09039 -9.04 1 1 1
6/3/2013 | 9:20:22 1.808303 | 354.56922 -9.04 - 1 H 1 " 1-
6/3/2013 J 49:25:52 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:30:42 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:35:12 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:40:12 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:45:42 1.808303 | 354.56922 -9.04 1 1 1
6/3/2013 | 9:50:12 1.813187 | 355.52686 -9.04 1 1 1
6/3/2013 | 9:55:42 1.818071 | 356.48451 -9.04 | 1 1 1
6/3/2013 | 10:00:12 1.818071 | 356.48451 -9.04 1 1 1
6/3/2013 | 10:05:42 1.818071 | 356.48451 -9.04 1 1 1
6/3/2013 | 10:10:42 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 10:15:42 1.822955 | 357.44216 -9.04 | | 1
6/3/2013 | 10:20:12 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 10:25:42 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 10:30:12 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 10:35:42 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 10:40:12 1.844933 | 361.75157 -9.04 1 1 1
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 | Pulse
CH4(V) (V) (HZ)
6/3/2013 | 10:45:12 1.852259 | 363.18804 -9.04 1 1 1
6/3/2013 | 10:50:42 1.881563 | 368.93392 -9.04 1 1 1
6/3/2013 | 10:55:42 1.886447 | 369.89157 -9.04 1 1 1
6/3/2013 | 11:00:42 1.927961 | 378.03157 -9.04 1 1 |
6/3/2013 | 11:05:42 1.927961 | 378.03157 -9.04 1 1 1
6/3/2013 | 11:10:12 1.964591 | 385.21392 -9.04 1 1 1
6/3/2013 | 11:15:12 1.971917 | 386.65039 -9.04 1 1 1
6/3/2013 | 11:20:12 1.942613 | 380.90451 -9.04 1 1 1
6/3/2013 | 11:25:42 2.018314 | 395.74784 -9.04 1 1 1
6/3/2013 | 11:30:12 2.003662 392.8749 -9.04 1 1 1
6/3/2013 | 11:35:12 2.040292 | 400.05725 -9.04 1 1 1
6/3/2013 | 11:40:12 2.045176 401.0149 -9.04 1 1 1
6/3/2013 | 11:45:42 2.035408 | 399.09961 -9.04 1 1 1
6/3/2013 | 11:50:42 2.067155 | 405.32451 -9.04 1 1 1
6/3/2013 | 11:55:42 2.069597 | 405.80333 -9.04 1 1 1
6/3/2013 | 12:00:12 2.040292 | 400.05725 -9.04 1 1 1
6/3/2013 | 12:05:02 2.042734 | 400.53608 -9.04 1 1 1
6/3/2013 | 12:10:02 2.054944 402.9302 -9.04 1 1 1
6/3/2013 | 12:15:32 2.035408 | 399.09961 -9.04 1 1 1
6/3/2013 | 12:20:32 2.091575 | 410.11275 -9.04 1 1 1
6/3/2013 | 12:25:02 2.094017 | 410.59157 -9.04 1 1 1
6/3/2013 | 12:30:32 2.091575 | 410.11275 -9.04 1 1 1
6/3/2013 | 12:35:02 2.103785 | 412.50686 -9.04 1 1 1
6/3/2013 | 12:40:32 2.101343 | 412.02804 -9.04 1 1 1
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 Pulse
CH4(V) (HZ)
6/3/2013 | 12:45:32 2.123321 | 416.33745 -9.04 1 1 1
6/3/2013 | 12:50:32 2.086691 409.1551 -9.04 1 1 1
6/3/2013 | 12:55:32 2.135531 | 418.73157 -9.04 1 1 1
6/3/2013 | 13:00:32 2.072039 | 406.28216 -9.04 1 1 1
6/3/2013 | 13:05:32 2.089133 | 409.63392 -9.04 1 1 1
6/3/2013 | 13:10:32 2.072039 | 406.28216 -9.04 1 1 1
6/3/2013 | 13:15:02 2.06227 404.36667 -9.04 1 1 1
6/3/2013 | 13:20:02 2.042734 | 400.53608 -9.64 1 1 1
6/3/2013 4 f3:25:32 2.02564 397.18431 -9.04 1 1 1
6/3/2013 | 13:30:02 2.01343 394.7902 -9.04 1 1 1
6/3/2013 | 13:35:02 1.964591 | 385.21392 -9.04 1 1 1
6/3/2013 | 13:40:32 1.947497 | 381.86216 -9.04 1 1 1
6/3/2013 | 13:45:32 1.971917 386.65039 -9.04 1 1 1
6/3/2013 | 13:50:02 1.940171 | 380.42569 -9.04 1 1 1
6/3/2013 | 13:55:02 1.874237 | 367.49745 -9.04 1 1 1
6/3/2013 | 14:00:32 1.871795 | 367.01863 -9.04 1 1 1
6/3/2013 | 14:05:02 1.901099 | 372.76451 -9.04 1 1 1
6/3/2013 | 14:10:02 1.842491 | 361.27275 -9.04 1 1 1
6/3/2013 | 14:15:02 1.847375 | 362.23039 -9.04 1 1 1
6/3/2013 | 14:20:32 1.832723 | 359.35745 -9.04 1 1 1
6/3/2013 | 14:25:32 1.835165 | 359.83627 -9.04 1 1 1
6/3/2013 | 14:30:32 1.832723 | 359.35745 -9.04 1 1 1
6/3/2013 | 14:35:02 1.835165 | 359.83627 -9.04 1 1 1
6/3/2013 | 14:40:02 1.835165 | 359.83627 -9.04 1 1 1
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 | Pulse
CH4(V) 4%] (HZ)
6/3/2013 | 14:45:32 1.832723 | 359.35745 -9.04 1 1 1
6/3/2013 | 14:50:02 1.832723 | 359.35745 -9.04 1 1 1
6/3/2013 | 14:55:32 1.832723 | 359.35745 -9.04 1 1 1
6/3/2013 | 15:00:02 1.827839 358.3998 -9.04 1 | 1
6/3/2013 | 15:05:32 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 15:10:32 1.820513 | 356.96333 -9.04 I 1 1
6/3/2013 | 15:15:32 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 15:20:02 1.825397 357.92098 -9.04 1 1 1
6/3/2013 | 15:25:02 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 15:30:32 1.827839 358.3998 -9.04 1 1 1
6/3/2013 | 15:35:02 1.822955 | 357.44216 -9;04 1 1 1
6/3/2013 | 15:40:32 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 15:45:32 1.827839 358.3998 -9.04 1 1 1
6/3/2013 | 15:50:02 1.825397 | 357.92098 -9.04 1 | 1
6/3/2013 | 15:55:02 1.827839 358.3998 -9.04 1 1 1
6/3/2013 | 16:00:02 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:05:32 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:10:02 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:15:02 1.827839 358.3998 -9.04 1 1 1
6/3/2013 | 16:20:32 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:25:32 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:30:32 1.825397 | 357.92098 -9.04 1 1 1
6/3/2013 | 16:35:32 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 16:40:02 357.44216 -9.04 1 1 1

1.822955
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Date Time Pyranometer | Voltbatt | Frequency | Statusl | Status2 | Pulse
CH4(V) V) (HZ)
6/3/2013 | 16:45:32 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 16:50:02 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 16:56:02 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 17:00:32 1.822955 | 357.44216 -9.04 1 | 1
6/3/2013 | 17:06:02 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 17:10:32 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 17:15:02 1.822955 | 357.44216 -9.04 1 1 1
6/3/2013 | 17:20:32 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 17:25:32 1.818071 | 356.48451 -9.04 1 1 1
6/3/2013 | 17:30:32 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 17:35:02 1.820513 | 356.96333 -9.04 1 | 1
6/3/2013 | 17:40:02 1.820513 | 356.96333 -9.04 1 1 1
6/3/2013 | 17:45:02 1.818071 | 356.48451 -9.04 1 1 1
6/3/2013 | 17:50:02 1.818071 | 356.48451 -9.04 1 | 1
6/3/2013 | 17:55:32 1.813187 | 355.52686 -9.04 1 1 1
6/3/2013 | 18:00:32 1.818071 | 356.48451 -9.04 1 | 1
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sbit Soft 12C Scl at RA3 bit;

sbit Soft 12C Sda at RA2 bit;

sbit Soft 12C Scl Direction at TRISA3 bit;
sbit Soft_[2C_Sda_Direction at TRISA2_ bit;
sbit CS11 at RB3 bit;

sbit OUT at RB4 bit;

sbit CLK at RBS5_bit;

int i,as,set,flag;

int k,cap,Count,m,y=0 Y

float temp ;

int couter =0,*name;

bit check_bit ;

char t;

char output1[15],output3[15],output2[7];

int Shour,Smin,Ssec,Cday,Sday,Smonth,Syear;
unsigned int long To;

unsigned char sec ;

unsigned char minute;

unsigned char hour;

unsigned char day;

unsigned char datee;

unsigned char month;

unsigned char year;

unsigned char dat;

unsigned char word1[5];



unsigned char word|[5];
unsigned char TEM[7];
unsigned char TEM1[7];
void Interrupt(){
if(PIR1.CCP1IF)
{
if (cap==0)
{
TMR1H =0;
TMR1L =0;
CCP1CON = 0x05;
PIR1.CCP1IF = 0;
TICON.TMRION =1 ;

cap =1;

St

else

T1ICON.TMRION =0 ;
CCP1CON=0_
PIR1.CCP1IF =
Count = CCPR1;
CCP1CON = 0x05;

cap =0;



iftINTCON.INTOIF)
{
INTCON.INTOIF = 0;
couter= couter+1;
}
if (TMROIF _bit){
TMROIF bit = 0;
TMROH =0x3C;
TMROL = 0xAE;
if(ly1>=20)
{
XU

y1=0;

o

W 1=%1s11

——

int mep3202(){
811 =1
CLK =0 ;

CS11=1;

for(i=1;i<=15;i++)

{



CLK =0 ;
CS11=0;

CLK =1 ;
k<<=1;
iflOUT) {k |= 1;}

else k &=~1;

CS11=1;

return k&O0xfff;

void Check day(){
if(Sday=1|Sday==3|Sday==5(|Sday==7]|Sday==8||Sday==10][Sday==12)
{
Cday=31;
h
clse if(Sday==4||Sday==6||Sday==9/|Sday==11)
{
Cday=30;
}
else if(Sday==2)
{
if(((2000+Syear)%4)==0)
{

Cday=29;



j

else if (((2000+Syear)%4)>0)

{

Cday=28;

}

void set_Time(unsigned char dat,unsigned char address)
{

soft 12C_Start();

soft_12C_ Write(0xdo);
soft_I2C_Write(address);
soft_12C_Write(dat);

soft 12C_Stop();

}

void bedtodec(unsigned char time)

d

word[0]=(bcd2dec(time)/10)+0x30;

word[ 1]=(bed2dec(time)%10)+0x30;

unsigned char read_ds1307(unsigned char address)

{
Soft 12C Start();

Soft 12C_Write(0xd0);



Soft_12C_Write(address);

Soft 12C_Start();

Soft 12C Write(0xd1);

dat = Soft 12C Read(0);

Soft 12C_Stop();

return(dat);

}

void Header() {
UART!_Write Text("Date");
UART!1 Write(44);
UART!1_Write Text("Time");
UARTI1_Write(44);
UART1_Write Text("CH1");
UART1_Write(44);
UARTI1 Write Text("CH2");
UARTI1 Write(44);
UART1 Write Text("CH3");
UART1_ Write(44);
UARTI1_Write Text("CH4"),
UART1_ Write(44);
UARTI Write Text("CH5");
UARTI1_ Write(44);
UART1_ Write Text("CH6");
UART1_ Write(44);

UART1 Write Text("Temparature");



UARTI1_Write(44);
UART1_Write Text("VBatt");
UARTI1_Write(44);
UARTI1_Write_Text("Frequency");
UART1_Write(44);
UART1_ Write Text("Status1");
UARTI1_Write(44);
UARTI1_Write Text("Status2 ");
UART1 Write(44);
UART1 Write_ Text("Pluse");
UART1_ Write(13);
}
void Read Time(){
year = read_ds1307(6);
month= read ds1307(5);
datee = read ds1307(4);
day =read ds1307(3);
hour = read ds1307(2);
minute = read_ds1307(1);
sec =read ds1307(0);
bedtodec(datee);
UART1_Werite(word[0]);
UART1_ Write(word[1]);
UARTI Write(/):

bedtodec(month);



UART1_Write(word[0]);
UART1_Write(word[1]);
UART1_ Write('/);
bedtodec(year);
UART1_Write(word[0]);
UART1_Write(word[1]);
UART1_Write(44);
bedtodec(hour);
UART1_Write(word[0]);
UART1_Write(word[1]);
UART1_ Write(":");
bedtodec(minute);
UART1_Write(word[0]);
UARTI1_Write(word[1]);
UART1_Write(":");
bedtodec(sec);
UART!1_Write(word[0]);
UARTI1_Write(word[1]);
UART!1 Write(44):
LATD = 0x80; /ICH1
delay ms(4);
temp =((mep3202()*20.00)/4095) :
sprintf{TEM,"%0.4f" temp);
UARTI1_Write Text(TEM);

UART!1 Write(44);



LATD = 0x40; /ICH2
delay ms(4);
temp =((mcp3202()*20.00)/4095) ;
sprintf{TEM,"%0.4{",temp);
UART1_Write Text(TEM):
UART1_ Write(44);
LATD = 0xCo; //CH3
delay ms(4);
temp =((mep3202()*10.00)/4095) ;
sprintf{TEM,"%0.4{" temp):
UART1_Write_ Text(TEM);
UART1 Write(44);
LATD = 0x20; //CH4
delay ms(4);

temp =((mcp3202()*10.00)/4095.0) :

sprintflTEM,"%0.4f" temp);
UARTI1_Write Text(TEM);
UART1_Write(44);

LATD = 0xA0; //CHS

delay ms(4);

temp =((mep3202()*5.000)/4095.0) :

sprintf(TEM,"%0.4f" temp);
UARTI1_Write Text(TEM);
UARTI1_ Write(44);

LATD = 0x60; //CH6 Tem



delay ms(4);
temp =((mep3202()*5.0)/4095.0) :
sprintf{TEM,"%0.4{" temp);
UARTI1_Write Text(TEM);
UART!1_ Write(44);
LATD = 0xEQ0; //ICH7 Tem
delay ms(4);
temp =((mep3202()*5.0)/4095)*1 :
sprintf{TEM,"%0.4f" temp);
UARTI1_Write Text(TEM);
UARTI1_Write(44);
LATD = 0x00; /lvbatt CHO
delay ms(4);
temp =((mcp3202()*6.6)/4095) :
sprintf{TEM,"%0.4f",temp);
UARTI_Write Text(TEM);
UART!_Write(44):
inttostr(1/(Count*0.000004),word):
UART1_Write Text(word);
UART1_Write(44);
check_bit = RA4 bit ;
wordtostr(check bit,word):
for(t=0;t<5;t++)
{

UART1_Write(word[t]);



}

UART1_ Write(44):
check_bit =RBI1 bit ;
wordtostr(check_bit,word);
for(t=0;t<5;t++)
{
UART1_Write(word[t]);
]
UART1_Write(44):
inttostr(couter-1,word);
UARTI1_Write Text(word);
UARTI_ Write(13):

}

void InitTimer0(){

ToCON = 0x80;

TMROH = @36

TMROL = 0xAE;

GIE bit =1

TMROIE_bit =1;
H

void Send_Time(){
set_Time(Dec2Bcd(Syear),6):
set_Time(Dec2Bcd(Smonth),5);
set_Time(Dec2Bcd(Sday),4);

set_Time(Dec2Bcd(Shour),2):



set_Time(Dec2Bcd(Smin),1):
set_Time(Dec2Bed(Ssec),0);
h
void main()
{
Trisa=0x10;
Trisc=0;
Trisb = 0x12;
Trisd = 0x00;
adconl1 = 0x0f;
cmcon = 0x07;
Portd = 0x20;
Soft_I2C TInit();
set_Time(0x90,7);
UART1_Init(9600);

Delay ms(100);

Header();
cap = 0;
Trisb |=0x01;
TRISC |= 0x04;

INTCON.GIE = 1;
INTCON.PEIE = 1;
T1CON = 0xBo;
InitTimer0();

PIE1.CCP1IE = 1;



PIR1.CCPIIF = 0:
CCP1CON = 0x05;

PIR1.CCPIIF = 0;

couter=0;
TO=5;
while(1)
{
if(y>=To)
1

Read Time();

y=0;

if (UART1_Data Ready()) {
if (UART1_Read()=='S") {
TOCON = 0x00;
UART1_Write Text("Select number for setting");
UART!1 Write(10);
UART1 Write(13);
UART1_Write_Text("Send '0'Set interval sampling time ");
UART1_Write(10);
UART!1_ Write(13);
UART1_Write_Text("Send '1'Set Date and Time");

UART1 Write(10);



i

UART!1_ Write(13);
UARTI1_Write_Text("Send '2'Exit ");

UART1_ Write(10);

UART1_ Write(13);
while(!UART1_Data_Ready());

while(UART1_Read() !="'0'&&UART1_Read() != "T'&&UART1 Read() =

if(lUART1_Read() =="0")
{
UART1_Write_Text("Select interval sampling time") ;
UART1_ Write(10);

UART!1_ Write(13);

UARTlﬁWrite_Text(" 5 sec = Send !Am) :
UART!1_ Write(10);

UARTI1 Write(13);

UARTI1_Write Text("10 sec =Send 'B") ;
UART1 Write(10);
UART1_Write(13);

UARTI1_Write_Text(" 1 min=Send 'C") ;
UART1 Write(10);

UART! Write(13);

UART1_Write_Text(" 5 min=Send 'D") ;

UART1_Write(10);



UART1 Write(13);
UART1_Write_Text("10 min=Send 'E")
UART1_ Write(10);
UART1_Write(13);
UART1_Write Text("30 min = Send 'F' ") :
UART!1_Write(10);
UART1 Write(13);
UART1_Write_Text(" 1 hour = Send 'G'")  ;
UART1_ Write(10):
UART1_Write(13);
UART1 Write(10);
UART1 Write(13);
while(!UART1_Data Ready());
while(UART1_Read() !='A'&«&UART!_Read() I=
B'&&UART1_Read() 1= 'C&&UARTI1_Read() I='D'&&UART! Read() 1=
'E'&«&UART1 Read() |= 'F'&&UART1 Read() !='G) :
iflTUART1_Read()=="'A")
{

To0 =5;

}

else ifUART! Read() =='B')

{

To=10;



else iflTUART1 Read()=='C")
{
T0 = 60;
}
else iffTUART1 Read() =='D")
f

1

TO = 300;

name = "The time has been selected at 5 minute!!!111111111111 "
1
clse ifUART1 Read() =='E")
{

T0 =600;

}
else iffTUART1 Read() =='F')
{
TO = 1800;
h
else iflTUART1 Read() =='G")

{

T0 =3600;



name = "The time has been selected at 1 hour !!!!!111111111111":
}
UARTI_Write Text(name);
UART1 Write(10);
UART1 Write(13);
h
iflUART1 Read()=="1")

{

UART1_Write_Text("Please input value Date and Time") ;
UART1 Write(10);
UART1 Write(13);
UART1_Write Text("Time:::::") ;
do{
while(UART1_Data_Ready());
UARTI_Read Text(outputl,"Time",12):
Shour = (outputi[0]-48)*10;
Shour = (outputl[1]-48)+Shour;
Smin = (output1[3]-48)*10:;
Smin = (output1[4]-48)+Smin;
Ssec = (output1[6]-48)*10;
Ssec = (output1[7]-48)+Ssec;
}
while((Shour<0||Shour>23)||(output1[2]!=0x 3A)||(Smin<0||Smin>59)|(output1[5]!=0x

3A)||(Ssec<0||Ssec>59));



UARTI1_Write Text(outputl);
UART1 Write(10);

UART1 Write(13);

do{
while(UART1_Data_Ready());
UART1_Read Text(output3,"Date",12);
Sday = (output3[0]-48)*10;
Sday = (output3[1]-48)+Sday:;
Smonth = (output3[3]-48)*10;
Smonth = (output3[4]-48)+Smonth;
Syear = (output3[6]-48)*10;
Syear = (output3[7]-48)+Syear;
Check_day();

}
while((Sday<1||Sday>Cday)||(output3[2]!=0x2F )|[(Smonth<0||Smonth>12)||(output3[5]
I=0x2F)||(Syear<0||Syear>99));

UART1_Write_Text(output3);
UART1 Write(10);
UART1_ Write(13);
Send Time();
}
UARTI1 Write(10);
UART1_ Write(13);

Header();



InitTimer0();
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1. Overview

This manual describes the operation of the XBee/XBee-PRO ZB RF module, which
consists of ZigBee firmware loaded onto XBee S2 and S2B hardware, models:
XBEE2, XBEEPRO2 and PRO S2B. The XBee/XBee-PRO ZB RF Modules are
designed to operate within the ZigBee protocol and support the unique needs of
low-cost, low-power wireless sensor networks. The modules require minimal
power and provide reliable delivery of data between remote devices.

The modules operate within the ISM 2.4 GHz frequency band and are compatible
with the following:
eXBee RS-232 Adapter
XBee RS-485 Adapter
*XBee Analog 1/0O Adapter
+XBee Digital I/O Adapter
*XBee Sensor
eXBee USB Adapter
oXStick
eConnectPort X Gateways
*XBee Wall Router.

The XBee/XBee-PRO ZB firmware release can be installed on XBee ZNet or ZB modules. The XBee ZB firmware is based
on the EmberZNet 3.x ZigBee PRO Feature Set mesh networking stack, while the XBee ZNet 2.5 firmware is based on
Ember's proprietary "designed for ZigBee" mesh stack (EmberZNet 2.5.x). ZB and ZNet 2.5 firmware are similar in
nature, but not over-the-air compatible. Devices running ZNet 2.5 firmware cannot talk to devices running the ZB firm-
ware.

What's New in 2x7x

Firmware

XBee/XBee-PRO ZB firmware includes the following new features (compared with 2x6x):

*Using Ember stack version 3.4.1.

eSupport for the PRO S2B with temperature compensation and an overvoltage check. Within 15 seconds of
the supply voltage exceeding 3.9V, the API will emit a 0x08 modem status (Overvoltage) message, and
then the AT/API versions will do a watchdog reset.

*ZDO pass-through added. If AO=3, then ZDO requests which are not supported by the stack will be
passed out the UART.

*An attempt to send an oversized packet (256+ bytes) will result in a Tx Status message with a status code
of 0x74.

*End devices have two speed polling. 7.5 seconds is the slow rate, which switches to the fast rate to trans-
act with its parent. When transactions are done, it switches back to the slow rate.

*A new receive option bit (0x40) indicates if the packet came from an end device.

eAdded extended timeout option since end devices need more time than routers to ack their packets.

*An option bit (0x01) was added to disable APS retries.

oIf an end device has not had its polls answered for 5 secs, it will leave and attempt to rejoin the network.

*XBee S2B has a new TP command which returns the temperature compensation sensor reading in units of
Celsius degrees.

*The PP command returns the power dBm setting when PL4 is selected.

*The PO command sets the slow polling rate on end devices. Range is 1-0x1770 in units of 10 msec (10
msec to 60 sec). Default is 0 which invokes a 100 msec delay.

*Rejoining now can proceed without a NR or NRO command after a Mgmt_Leave_req is processed.
sCommand ranges were changed for the SC, IR, and LT commands.
*A PAN ID corruption problem was fixed.

See the 2x7x release notes for a complete list of new features and bug fixes at www.digi.com/support.

O 2010 Digi International, Inc. 6



XBee®/Xbee-PRO® ZB RF Module

The XBee/XBee-PRO/S2B ZB 2x7x manual includes the following corrections over the 2x6x manual:

eDescriptions and specification for the PRO S2B.

*SIF Header Interface, pin 8 relabeled as pin 10.

*Pin mappings for pins 22 and 24 updated.

«New modem status codes were added.

eCorrections to the ZigBee Receive Packet description.

eDescription changes for the SC, PL, PP, AO, IR, %V, and PO commands.
eUpdates to Appendix B.

2010 Digi International, Inc.
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Bee@/ X Bee-PROX

2B RF Modules

Key Features

High Performance, Low Cost

XBee
¢ Indoor/Urban: up to 133’ (40 m)
¢ Qutdoor line-of-sight: up to 400’ (120 m)
e Transmit Power: 2 mW (3 dBm)
e Receiver Sensitivity: -96 dBm
XBee-PRO (S2)

» Indoor/Urban: up to 300’ (90 m), 200' (60
m) for International variant

e Qutdoor line-of-sight: up to 2 miles (3200
m), 5000' (1500 m) for International variant

e Transmit Power: 50mW (17dBm), 10mW
(10dBm) for International variant

e Receiver Sensitivity: -102 dBm
XBee-PRO (S2B)

e Indoor/Urban: up to 300’ (90 m), 200' (60
m) for International variant

» Qutdoor line-of-sight: up to 2 miles (3200
m), 5000' (1500 m) for International variant

¢ Transmit Power: 63mW (18dBm), 10mwW
(10dBm) for International variant

¢ Receiver Sensitivity: -102 dBm
Advanced Networking & Security
Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channel has over
65,000 unique network addresses available

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Self-routing, self-healing and fault-tolerant
mesh networking

Worldwide Acceptance

Low Power
XBee
e TX Peak Current: 40 mA (@3.3 V)
e RX Current: 40 mA (@3.3 V)
¢ Power-down Current: < 1 pA
XBee-PRO (S2)

¢ TX Peak Current: 295mA (170mA for
international variant)

¢ RX Current: 45 mA (@3.3 V)

e Power-down Current: 3.5 pA typical
@ 25 degrees C

XBee-PRO (S2B)

e TX Peak Current: 205mA (117mA for
international variant)

e RX Current: 47 mA (@3.3 V)

* Power-down Current: 3.5 pA typical
@ 25 degrees C

Easy-to-Use

No configuration necessary for out-of box
RF communications

AT and API Command Modes for
configuring module parameters

Small form factor
Extensive command set

Free X-CTU Software
(Testing and configuration software)

Free & Unlimited Technical Support

FCC Approval (USA) Refer to Appendix A for FCC Requirements. Systems that contain XBee®/

XBee-PRO® ZB RF Modules inherit Digi Certifications.

ISM (Induslrial, Scienlific & Medical) 2.4 GHz frequency band

Manufactured under ISO 9001:2000 registered standards

XBee®/XBee-PRO® ZB RF Modules are optimized for use in US, Canada, Europe, Australia, and

Japan (contact Digi for complete list of agency approvals).

2010 Digt International, i
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XBeeW/XBee-PROU

Specifications

ZB RF Modules

Specifications of the XBee®/XBee-PRO® ZB RF Module

Specification

| XBee-PRO (S2)

i XBee-PRO (S2B)

Performance
Up to 300 ft. (90 m), up to 200 ft (60 m) Up to 300 ft. (90 m), up to 200 ft (60 m)
Indoor/Urban Range upto 133 . (40 m) intemnational variant international variant
Outdoor RF line-of-sight up to 400 ft, (120 m) Up fo 2 miles (3200 m), up to 5000t Up to 2 miles (3200 m), up to 5000 ft (1500
Range P ' (1500 m) international variant m) international variant
) 2mW (+3dBm), boost mode enabled  50mW (+17 dBm) 63mW (+18 dBm)
Transonit Power Qutput ;ggggg (+1dBm), boost mode :gnma‘xt{ﬂ 0 dBm) for International 10mW (+10 dBm) for Inteational variant
RF Data Rate 250,000 bps 250,000 bps 250,000 bps
Data Throughput up to 35000 bps (see chapter 4) up to 35000 bps (see chapter 4) up to 35000 bps (see chapter 4)
; 1200 bps - 1 Mbps 1200 bps - 1 Mbps
Serial Interface Data Rate 1200 bps - 1 Mbps
(software selectable) gm)gr'tae'gam baud rates als gweﬁam baud rates also (non-standard baud rates also supported)
Recelver Sensity ~o¢ o boustmodeenabled 10, g, 102 dBm
Power Requirements
Supply Voltage 21-36V 30-34V 27-36V
: 40mA (@ 3.3 V, boost mode 205mA, up to 220 mA with programmable
gprgr':fn"ig %‘gx'eg‘l}mm enabled) 295mA (@33 V) variant (@3.3 V)
' 35mA (@ 3.3 V, boost mode 170mA (@3.3 V) international variant  117mA, up to 132 mA with programmable
power)
disabled) variant (@3.3 V), International variant
40mA (@ 3.3 V, boost mode
Operating Current enabled) 45 mA (@33 V) 47 mA, up to 62 mA with programmable
(Receive)) 38mA (@ 3.3 V, boost mode ¢ variant (@3.3 V)
disabled)
Idle Current (Receiver off) 15mA 15mA 15mA
Power-down Current <1uh@25°C 3.5 pA typical @ 25°C 3.5 A typical @ 25°C
General
Qpersiing Froquench\ \, iz 1SM 2.4 GHz 1SM 24 GHz
Dimensions 0.960" x 1.087" (2.438cm x 2.761cm) 0.960 x 1.297 (2.438cm x 3.294cm) 0.960 x 1.297 (2.438cm x 3.294cm)
Operating Temperature ~ -40 to 85° C (industrial) -40 to 85° C (industrial) -40 to 85° C (industrial)
. Integrated Whip, Chip, RPSMA, or  Integrated Whip, Chip, RPSMA, or U.FL  Integrated Whip,PCB Embedded Trace,
Antenna Options U.FL Connector Connector RPSMA, or U.FL Connector
Netwarking & Security
Supported Network Point-to-point, Point-to-multipoint, Paint-to-point, Point-to-multipoint, Peer-  Point-to-point, Point-to-multipoint, Peer-to-
Topologies Peer-to-peer, and Mesh to-peer, and Mesh peer, and Mesh
Number of Channels 16 Direct Sequence Channels 14 Direct Sequence Channels 15 Direct Sequence Channels
Channels 11t026 Mto24 1to25
Addressing Options PAN ID and Addresses, Cluster IDs ~ PAN ID and Addresses, Cluster IDsand PAN ID and Addresses, Cluster IDs and
gup and Endpoints (optional) Endpoints (optional) Endpoints (optional)
Agency Approvals
%’;gi‘;f'a‘es (FCCPatt ot b QUR-XBEE? FCC ID: MCQ-XBEEPRO2 FCC ID: MCQ-PROS2B
Industry Canada (IC) IC: 4214A-XBEE2 IC: 1846A-XBEEPRO2 IC: 1846A-PROS2B
Europe (CE) ETSI ETSI (International variant) ETSI (10 mW max)

2010 Diei International, Inc.




XBee®/XBee-PROW ZB RF Modules

Specifications of the XBee®/XBee-PRO® ZB RF Module

Specification | XBee-PRO (S2) | XBee-PRO (S2B)

Australia C-Tick C-Tick C-Tick

Japan R2OIWWO7215215 53,?%‘”08215”2 (international R201WW10215062 (international variant)

RoHS Compliant Compliant Compliant

Hardware Specs for Programmable Variant

The following specifications need to be added to the current measurement of the previous table if the module
has the programmable secondary processor. For example, if the secondary processor is running and
constantly collecting DIO samples at a rate while having the RF portion of the XBEE sleeping the new current
will be I total = I, + Ig. Where I is the runtime current of the secondary processor and I, is the sleep current
of the RF portion of the module of the XBEE-PRO (S2B) listed in the table below.

Specifications of the programmable secondary processor

( These numbers add to S2B specifications

Optional Secondary Processor Specification : (Add to RX, TX, and sleep currents depending on
: mode of operation)

Runtime current for 32k running at 20MHz +14mA
Runtime current for 32k running at 1MHz +1mA
Sleep current +0.5uA typical
For additional specmcatio&s; :ﬁ:lFreacale Datasheet and MCISOBQE32
Minimum Reset low pulse time for EM250 +50 nS (additional resistor increases minimum time)
VREF Range 1.8YDC to VCC

Mechanical Drawings

Mechanical drawings of the XBee®/XBee-PRO® ZB RF Modules (antenna options not shown)

XBee XBee-PRO XBee & XBea-PRO
{top view) {lop view) (Sido views)
- - )
i . i
11 1 - = e i = T 2 |

2010 Digi International, Inc. 10
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MICROCHIP

PIC18F23K20/24K20/25K20/26K20/
43K20/44K20/45K20/46K20
Data Sheet

28/40/44-Pin Flash Microcontrollers
with nanoWatt XLLP Technology




Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

O There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
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MICROCHIP

PIC18F2XK20/4XK20

28/40/44-Pin Flash Microcontrollers
with nanoWatt XLP Technology

High-Performance RISC CPU:

+ C Compiler Optimized Architecture:

- Optional extended instruction set designed to

optimize re-entrant code

+ Up to 1024 bytes Data EEPROM
» Up to 64 Kbytes Linear Program Memory
Addressing
Up to 3936 bytes Linear Data Memory Addressing
* Up to 16 MIPS Operation
+ 16-bit Wide Instructions, 8-bit Wide Data Path
Priority Levels for Interrupts
+ 31-Level, Software Accessible Hardware Stack

+ 8 x 8 Single-Cycle Hardware Multiplier

Flexible Oscillator Structure:

« Precision 16 MHz Internal Oscillator Block:
- Factory calibrated to + 1%
- Software selectable frequencies range of
31 kHz to 16 MHz
- 64 MHz performance available using PLL —
no external components required
* Four Crystal modes up to 64 MHz
» Two External Clock modes up to 64 MHz
+ 4X Phase Lock Loop (PLL)
Secondary Oscillator using Timer1 @ 32 kHz
Fail-Safe Clock Monitor:
- Allows for safe shutdown if peripheral clock
stops
- Two-Speed Oscillator Start-up

.

Special Microcontroller Features:

* Operating Voltage Range: 1.8V to 3.6V
+ Self-Programmable under Software Control
* Programmable 16-Level High/Low-Voltage
Detection (HLVD) module:
- Interrupt on High/Low-Voltage Detection
* Programmable Brown-out Reset (BOR):
- With software enable option
* Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
Single-Supply 3V In-Circuit Serial
Programming™ (ICSP™) via Two Pins
* In-Circuit Debug (ICD) via Two Pins

Extreme Low-Power Management
with nanoWatt XLP:

» Sleep mode: < 100 nA @ 1.8V
* Watchdog Timer: < 800 nA @ 1.8V
= Timer1 Oscillator: <800 nA @ 32 kHz and 1.8V

Analog Features:

+ Analog-to-Digital Converter (ADC) module:
- 10-bit resolution, 13 External Channels
- Auto-acquisition capability
- Canversion available during Sleep
- 1.2V Fixed Voltage Reference (FVR) channel
- Independent input multiplexing
* Analog Comparator module:
- Two rail-to-rail analog comparators
- Independent input multiplexing
* Voltage Reference (CVREF) module

- Programmable (% VDD), 16 steps
- Two 16-level voltage ranges using VREF pins

Peripheral Highlights:

* Up to 35 I/O Pins plus 1 Input-only Pin:
- High-Current Sink/Source 25 mA/25 mA
- Three programmable external interrupts
- Four programmable interrupt-on-change
- Eight programmable weak pull-ups
- Programmable slew rate
« Capture/Compare/PWM (CCP) module
= Enhanced CCP (ECCP) module:
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-Shutdown and Auto-Restart
+ Master Synchronous Serial Port (MSSP) module
- 3-wire SPI (supports all 4 modes)
- I2C™ Master and Slave modes with address
mask
+ Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module:
- Supports RS-485, RS-232 and LIN
- RS8-232 operation using internal oscillator
- Auto-Wake-up on Break
- Auto-Baud Detect

© 2010 Microchip Technology Inc.
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PIC18F2XK20/4XK20

Program Memory Data Memory 10-bit | CCP/ MsSP = .
Device | Flash |#Single-Word | SRAM|EEPROM |0 AID | ECCP Master| & | Comp.|gmers
(bytes) | Instructions |(bytes)| (bytes) ch@ | ;pwm) | SPL | j2m o
PIC18F23K20| 8K 4096 512 256 | 25 11 17 Y Y 1 2 113
PIC18F24K20| 16K 3192 768 | 256 | 25 11 1 Y Y 1 2 13
PIC18F25K20| 32K 16384 1536 | 256 | 25 11 11 Y Y 1 2 13
PIC18F26K20| 64k 32768 3036 | 1024 |25 | 11 | 1 Y Y 1 2 13
PIC18F43K20| 8K 4096 512 256 | 36 14 1M Y Y 1 2 13
PIC18F44K20| 16K 3192 768 256 | 36 14 11 Y Y 1 2 13
PIC18F45K20| 32K 16384 1536 | 256 | 36 14 111 Y Y 1 2 173
IPIC18F46K20| 64k 32768 3936 | 1024 | 36 14 11 Y Y 1 2 13

Note 1: One pinis input only.
2:  Channel count includes internal fixed voltage reference channel.

DS41303G-page 4 ® 2010 Microchip Technology Inc.



PIC18F2XK20/4XK20

Pin Diagrams

28-pin PDIP, SOIC, SSOP

RA2/IAN2/VREF-ICVREF/C2IN+ <«—n
RA3/AN3/VREFHCTIN+ «—s
RA4/TOCKI/C1OUT =—a
RAS/AN4/SS/HLVDIN/C20UT w—s
VSS —

OBC1/CLEIN/RAT —»

1
2
3
4
5
8
OSC2/CLKOUT/RAS «— | 7

L ]
PIC18F23K20
PIC18F24K20
PIC18F25K20
PIC18F26K20

[o-]

1011121314

MCLR/VPR/RE3 —=[]°1 N 28| ] =—= RB7/KBI3/PGD
RAO/ANO/C12INO- =—=[] 2 27[7] =—= RB6//KBI2IPGC
RATAN1/C12INT- =—=[] 3 26[ ] =—= RB5/KBI1/PGM

RA2/AN2/VREF-/CVREF/C2IN+ =[] 4 25[ ] =—= RB4/KBIO/AN11/P1D
RAVANINVRes+CIIN® =—=[] 5 & & & & 24[] = RBIANI/ICI12IN2-/COP2(1)
RA4TOCKICIOUT =[] 6 5 X £ ¥ 2300 < RB2INTZANSP1B
RAS/AN4/SS/HLVDIN/C20UT =[] 7 ﬁ ﬁ E m 22[] == RB1/INT1/AN10/C12IN3-/P1C
vss—=[] 8 @ © o & 21[] = RBOINTO/FLTO/AN12
byl i, e
OSC1/CLKINIRA7 =—=[] 9 O O O O 20 ] =<—Vop
OSC2/CLKOUTIRAG =—=[]10 B @ @ & 19[J = Vss
RCOM10SOM13CKI =—=[]11 18[] =—= RCT/RX/DT
RcAmiosycep2) «— |12 177] = RC&/TX/CK
RC2/CCP1/P1A =—= |13 16[] =— RC5/SDO
RC3/SCKISCL =—= |14 15[] =—= RC4/SDIISDA
40-pin PDIP

MCLR/VPPIRE3 —— ] 1 \_/ 40 <~— RB7KBI3PGD
RAO/ANO/C12INO- =— [] 2 39 [] =—= RB6/KBI2/IPGC
RAT/AN1/C12IN1- =—[] 3 ag [] =—= RB5/KBI1/PGM

RA2/AN2/VREF-ICVREF/C2IN+* <— ] 4 37 [] =—= RB4/KBIO/AN11
RAJ/AN3/VREFHC 1IN+ <[] 5 36 [[] =~—= RB3/ANS/C12IN2-/cCP2(!)
RA4/TOCKIIC1OUT =[] 6 35 [] <— RB2/INT2/ANS
RAS/AN4/SS/HLVDIN/C20UT <—[] 7 34 [] =— RBA/INT1/AN10/C12IN3-
REO/RD/ANS =—=[18 o o o © 33[]=—= RBU/INTO/FLTO/AN12
REVWRIANG ~—=9 LY YL 320 voo
RE2ICSIANT <——=[]10 @ F B ® 310 +—Vss
VDD — [ 11 L W W W 30[]=—= RD7/PSP7/P1ID
vss — o1z PR 2L 2000~ RDEPSPEIPIC
OSC1/CLKINIRA7 =——=] 13 © © O O 28] =+ RD5/PSP5/P1B
OSC2/CLKOUT/RA6 « -] 14 O O O O 7] «—w RD4/PSP4
RCO/T10SO/M13CKl «— ] 15 26 [] «<—= RC7/RX/IDT
rRcimiosicer2® <« 16 25 [] =—+= RCBITX/CK
RC2/CCP1/PIA ~——=[] 17 24 [] ~— RC5/SDO
RC3/SCK/SCL -—=[] 18 23 [] =——= RC4/SDI/SDA
RDO/PSPO0 ~—[] 19 22 [1 —— RD3/PSP3
RD1/PSP1 =—s [] 20 21 [] =— RD2/PSP2
[a]
>g &
£ Dnoos=sC
28-pin QFN/UQFN(?) SSEgQdZ
=6 EmAa=05
=\ Z 5 mmomoo
TIEExxX
z5 ]d s823
é § =X oo
2827 2625242322

<— RB3/AN9/C12IN2-/cCP2(1)
<— RB2/INT2/ANE/P1B

<—= RB1/INT1/AN10/C12IN3-/P1C
<— RBO/INTO/FLTO/AN12

-— VDD

- V55

<—= RC7/RX/DT

Note 1:
vl

RB3 is the alternate pin for CCP2 multiplexing

RCOM10SOM13CK] =—»
RC1T10slcep2!!) -—
RC3/SCK/SCL =—»
RC4/SDI/SDA —=—
RC5/SD0O —-—»
RCBTX/CK =—=

UQFN package availability applies only to PIC18F23K20.

© 2010 Microchip Technology Inc.
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PIC18F2XK20/4XK20

Pin Diagrams (Cont.’d)

44-pin TQFP

44-pin QFN

Note 1:

RC7/RX/IDT
RD4/PSP4
RDS/PSP5/P1B
RDB/PSP&/P1C
RD7/PSPTIP1D

RBO/INTO/FLTO/AN12
RB1/INT1/AN10/C12IN3-
RB2/INT2/ANS
RB3/ANS/C12IN2-/CCP2lM

RC7/RX/DT
RD4/PSP4
RDS5/PSP5/P1B
RD6/PSP6/P1C
RD7/PSP7/P1D

RBO/INTO/FLTO/AN12
ROV/INT1/AN10/C12IN3-
RB2/INT2/AN8

~— RC1T108IICCP2(!)
NC

—— RCB/TX/CK
-— RC5/SDO
~—= RC4/SDI/SDA
~—" RD3/PSP3
-=— RD2/PSP2
=—+= RC3/SCK/SCL
~—= RC2/CCP1/P1A

~— RD1/PSP1
-— RDO/PSPO

%

RB3 is the alternate pin for CCP2 multiplexing.

TON—ODOMNSOWY
T TTOONOONMN
-—[TII1 O 3301
- [IT] 2 32 <~—=
-1 3 310 -—»
-—r1r4 PIC18F43K20 30 -—
~—+=CI05  PIC18F44K20 290 ~—
—r1 6 281 ~—
o ; PIC18F45K20 2710 =-—s-
-— 18 PIC18F46K20 260 ~—=
- [1T] 9 251134—-
-—=[IT] 10 241 =—+
~—s 1] 11 23T =—>
FPRIRRER IR
i = oam L RA
zzE%(_’)O%%zZZ
<002 =JINS
288 PR 9
e
SB8hlgzz0s
REEEZS gD
2582
28
<
g
oo
LG~
AR 595
NON—Q —Ww
Qo= 2a
Z0n66BBool0
EOQLL0LA0
OO TON—OMON~QO
sXeRsYalalayaRsRSRENS)
FEFFEXEEEEE
:32¢;$%$;3£gw
R -—
-—]2 =
=13 KN B v
o =+—9 5 PIC18F44K20 281
. W
i Sl FIGHIFEskI06N 20
VDD — 8 PIC18F46K20 26] =—=
—= 19 25—
-1 10 24y * "
HI11N 23) =—=
gogstE2l o
%2:53080gzzz2
& zada k358 =
8 ScS2855%9
g 289%3s:-¢8h
2 IOBRISZE0S
— P "k
) Crrr gél:lrzj
5 e
g 5%
5 ze
m
. 3

NC
RCO/T10S0IT13CKI
08C2/CLKOUT/RAG
OSC1/CLKIN/RA7
Vss

Voo
RE2/CS/ANT
RE1/WR/ANG
REO/RD/ANS
RAS/AN4/SS/HLVDIN/C20UT
RA4/TOCKIC10UT

OSC2/CLKQUT/RAB
OSCA/CLKIN/RAT
Vss

Vss

Voo

Voo
RE2/CS/ANT
RE1/WRIANG
REO/RD/ANS
RAS/AN4/3S/HLVDIN/C20UT
RA4/TOCKIC10UT

DS41303G-page 6
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PIC18F2XK20/4XK20

TABLE 1 PIC18F4XK20 PIN SUMMARY
S ®
IS E| o | 8|5 (5| |B|al€ || 8 |2| 3
= u i = £ =3 5 O o ®» E B E 2 E
o <] 51 < E ;u:'; w 5 = [ “ £ a
(]
2 19 | 19 RAO ANO | C12INO- | — - o — — — — - —
3 20 | 20 RA1 AN1 | C12IN1- | — - — — — — — — —
4 21 21 RA2 AN2 C2IN+ | VREF-/ | — — — — — — — —
CVREF

20 | o2 RA3 AN3 C1IN+ | VREF+ | — — — —_ — — — —

23 | 23 | RA4 ciout | — - — — | TOCKI — — — —

24 | 24 RAS AN4 | C20UT |HLVDIN| — — 55 — = = — ==
14 | 3 33 RA6 - — - — e — e e — - oscz/

CLKOUT
13 | 30 | 32 RA7 — — — - — — — — — — | OSC1/CLKIN
33 8 9 RBO AN12 — — FLTO — — — — INTO Yes —
34 9 10 RB1 AN10 | C12IN3- | — o - — — — INT1 Yes —_
35 10 11 RB2 ANS — — —_ — — - — INT2 Yes —
36 11 12 RB3 AN9 [ C12IN2- | — [ccp2| — — — — S Yes —
37 14 14 RB4 AN — — — — - — - KBIO Yes —
38 15 15 | RBS — — - — — — - - KBI1 Yes PGM
39 16 16 | RB6 e — — — — — — — KBI2 Yes PGC
40 17 17 | RB7 — — — — — —_ — - KBI3 Yes PGD
15 | 32 | 34 | RCO — — — - — — | 11080/ | — — — -
T13CKI
16 35 35 RC1 — - — Jcep2d| — — | T108I - - — — —
17 | 36 | 36 | RC2 — — — | cerPi/ | — — — - — i —
P1A
18 | 37 | 37 RC3 — — —_ — — | scK — s — —_ -
SCL
23 | 42 | 42 | Rc4 — — — — — | sow — — — — —
SDA
24 | 43 | 43 | Recs — — — — — | sbo — o — - —
25 | 44 | 44 | Rce — — — — |™xek| — — — — — s
26 1 1 RC7 — - S — |[RxDT| — — e — - —
19 | 38 | 38 RDO — — — — — — — PSPO - —_ —
20 | 39 [ 39 | RD1 — — —_ S — - —_ PSP1 - — —
21 40 | 40 | RD2 — — —_ _— s —_— - PSP2 — e —
22 | 41 41 RD3 — — — — — S — PSP3 — — e
27 2 2 RD4 — — — —_ - — —_ PSP4 — — -
28 3 3 RD5 — - — P1B - -~ - PSP5 - - — —
29 4 RD6 e — — P1C — — — PSP6 — e e
30 5 5 RD7 - - — P1D — - — PSP7 — - —
8 25 | 25 | REO ANS A — — — — — RD > - =
9 26 26 RE1 ANG —~ —% < = g = WR - - ==
10 27 27 RE2 AN7 = — — o = = Cs = _ ==
1 18 | 18 | RE3® - = = — = = = — = — MCLR/VPP
11 7 7 — — — - — — — —_ — - —_ VoD
32 | 28 | =28 —_ — — — —- - — —— — — e VoD
12 6 6 — —_ — — — — — — — —_ — Vss
31 29 | 30 — — — — —_ — — — — — — Vss
- NC 8 — — — — — — — e — - e VoD
- NC | 29 — — — — — — — — — — — VoD
— | NCc | 31 — — e - — — — —_ — — — Vss
Note 1: CCP2 multiplexed with RB3 when CONFIG3H<0> = 0

2:
3

CCP2 multiplexed with RC1 when CONFIG3H<0> = 1

Input-only.

© 2010 Microchip Technology Inc.
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PIC18F2XK20/4XK20

TABLE 2 PIC18F2XK20 PIN SUMMARY
a 3 @
= < 2 © 2 o & o 2 [ g. . 0
a a3 (=] = « @ o < 7 o > 3 3 2
= =] = [ a @ 5] 0 %] £ 8 £ = @
& £ < E T w 2 = i- 2 £ [y m
o o 4 w =
(8]
2 27 RAQ ANO | C12INO-
3 28 RA1 AN1 C12IN1-
4 1 RA2 AN2 C2IN+ VREF-/
CVREF
5 2 RA3 AN3 C1IN+ VREF+
6 3 RA4 C10UT TOCKI
7 4 RAS5 AN4 C20UT | HLVDIN ES
10 7 RAB oscz/
CLKOUT
9 6 RA7 osc1/
CLKIN
21 18 RBO | AN12 FLTO INTO Yes
22 19 RB1 | AN10 | C12IN3- P1C INT1 Yes
23 20 RB2 ANS8 P1B INT2 Yes
24 21 RB3 AN9 C12IN2- ccpzll Yes
25 22 RB4 | AN P1D KBIo Yes
26 23 RB5 KBI1 Yes PGM
27 24 RB6 KBI2 Yes PGC
28 25 RB7 KBI3 Yes PGD
1 8 RCO T10S0/
T13CKI
12 9 RCA cep2td T108I
13 10 RC2 CCP1/
P1A
14 11 RC3 SCK/
SCL
15 12 RC4 so
SDA
16 13 RC5 sSDo
17 14 RC6E TX/CK
18 15 RC7 RX/DT
1 26 | RE3() MCLR/
Vep
8 5 Vss
19 16 Vss
20 17 VDD

Note 1: CCP2 multiplexed with RB3 when CONFIG3H<0> =0
2: CCP2 multiplexed with RC1 when CONFIG3H<0> = 1
3:  Input-only

DS41303G-page 8 © 2010 Microchip Technolegy Inc.



MICROCHIP

MCP3201

2.7V 12-Bit A/D Converter with SPT"" Serial Interface

Features

* 12-bit resolution

* +1LSB max DNL

* +1 LSB max INL (MCP3201-B)

+ +2 LSB max INL (MCP3201-C)

* On-chip sample and hold

+ SPI™ serial interface (modes 0,0 and 1,1)
* Single supply operation: 2.7V - 5.5V

* 100ksps max. sampling rate at Vo, = 5V

* 50ksps max. sampling rate at V, = 2.7V
* Low power CMOS technology

* 500 nA typical standby current, 2 pA max.
* 400 pA max. active current at 5V

* Industrial temp range: -40°C to +85°C

* 8-pin MSOP, PDIP, SOIC and TSSOP packages

Applications

+ Sensor Interface
* Process Control
+ Data Acquisition
* Battery Operated Systems

Description

The Microchip Technology Inc. MCP3201 is a succes-
sive approximation 12-bit Analog-to-Digital (A/D) Con-
verter with on-board sample and hold circuitry. The
device provides a single pseudo-differential input. Dif-
ferential Nonlinearity (DNL) is specified at +1 LSB, and
Integral Nonlinearity (INL) is offered in +1 LSB
(MCP3201-B) and #2LSB (MCP3201-C) versions.
Communication with the device is done using a simple
serial interface compatible with the SPI protocol. The
device is capable of sample rates of up to 100 ksps at
a clock rate of 1.6 MHz. The MCP3201 operates over
a broad voltage range {2.7V - 5.5V). Low current
design permits operation with typical standby and
active currenls of only 500 nA and 300 HA, respec-
tively. The device is offered in 8-pin MSOP, PDIP,
TSSOP and 150 mil SOIC packages.

Package Types

MSOP, PDIP, SOIC, TSSOP

N o/
VREF E 1 8 VDD
=
IN+[] 2 % 7[]CLK
IN-C]3 8 60Dey
Ves [ 4 5[] CS/SHDN
Functional Block Diagram
v Vnu V\\
V..l eeeeed 1Y A\ AT — il
| I
DAC |«
| l
| |
IN+ |
N :
[
| Shift
i Control Logic |—» Register ’
A A G TP Y ¥ 4_ =5
CSISHDN ~ CLK Dour

N

© 2001 Microchip Technology Inc.
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MCP3201

1.0 ELECTRICAL

CHARACTERISTICS
1:1 Maximum Ratings*
T 7.0V
Allinputs and outputs w.r.t, Veg...... -0.6V to Vp +0.6V
Storage temperature .........ccocoovvvvnio, -65°C to +150°C

Ambient temp. with power applied .....-65°C to +125°C
ESD protection on all pins (HBM)....................... >4 kv

*Notice: Stresses above those listed under “Maximum ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of lhe device at those or any other conditions
above those indicated in the operational listings of this specification is
notimplied. Exposure to maximum rating conditions for extended peri-
ods may affect device reliability.

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE

Name Function
Voo +2.7V to 5.5V Power Supply
Vss Ground
IN+ Positive Analog Input
IN- Negative Analog Input
CLK Serial Clock
Dy Serial Data Out
CS/SHDN Chip Select/Shutdown Input
Vrer Reference Voltage Input

unless otherwise noted.

All parameters apply at Vi, = 5V, Vss = 0V, Ve = BV, Ty = 40°C to +85°C,

sampee = 100 ksps, and g = 16*f5ap.e

Parameter l Sym J Min l Typ l Max ‘ Units ! Conditions
Conversion Rate:
Conversion Time oo - —— I 12 clock
cycles
Analog Input Sample Time tsampLe 1.5 clock
cycles
Throughput Rate faiiplE — — 100 ksps | Vpp = Vper =5V
50 ksps | v =Vp, =27V
DC Accuracy:
Resolution 12 bits
Integral Nonlinearity INL — +0.75 3 LSB | MCP3201-B
N 1 *2 LSB | mcP3201-C
Differential Nonlinearity DNL — +0.5 +1 LSB | No missing codes over
temperature
Offset Error — .26 +3 LSB
Gain Error — +1.25 £5 LSB
Dynamic Performance:
Total Harmonic Distortion THD — -82 — dB Viy = 0.1V to 4.9V@1 kHz
Signal to Noise and Distortion SINAD —_ 72 — dB Vin=0.1Vto 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFDR —- 86 — dB Vi, = 0.1V t0 4.9V@1 kHz
Reference Input:
Voltage Range 0.25 — Vog v Note 2
Current Drain - 100 160 A
— .001 3 HA CS = Vpp = 5V
Analog Inputs:
Input Voltage Range (IN+) IN+ IN- — Vier+IN- \
Input Voltage Range (IN-) IN- Vgg-100 Vg +100 mv
Leakage Current — 0.001 +1 HA
Switch Resistance Rss — 1K — W See Figure 4-1
Sample Capacitor CsampLe — 20 — pF See Figure 4-1

Note 1:  This parameter is established by characterization and not 100% tested.
2:  See graph that relates linearity performance to Vier level.

3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity performance,

especially at elevated temperatures. See Section 6.2 for more information.

DS21290C-page 2
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MCP3201

ELECTRICAL CHARACTERISTICS (CONTINUED)

All parameters apply at Vpp = 5V, Vigg = 0V, Vg = 5V, Ty = ~40°C to +85°C, fyaype = 100 ksps, and fq = 16 im0
unless otherwise noted.
Parameter Sym i Min | Typ | Max ’ Units | Conditions

Digital Input/Output:

Data Coding Format Straight Binary

High Level Input Voltage Vin 0.7 Vpp —_— — Vv

Low Level Input Voltage Vi e — 0.3 Vpp vV

High Level Qutput Voltage Vou 4.1 — — \% loy =-1mA, V, = 4.5V

Low Level Output Voltage Voo — — 0.4 \ lop = 1mA, Vyp, =4.5V

Input Leakage Current Iy -10 - 10 HA Vi = Vgs 0r Vo

Output Leakage Current o -10 — 10 MA Vour = Vg 0r Vi

Pin Capacitance Civ» Cour —_ — 10 pF Vpp = 5.0V (Note 1)

(all inputs/outputs) Tawg = 25°C, f=1MHz

Timing Parameters:

Clock Frequency foik = — 1143 MHz |V, =5V (Note 3)

- = 0.8 MHz | v, =27V (Note 3)

Clock High Time o 312 — — ns

Clock Low Time tin 312 — -_ ns

CS Fall To First Rising CLK Edge A 100 A S — ns

CLK Fall To Output Data Valid too — — 200 ns See Test Circuits, Figure 1-2

CLK Fall To Output Enable e — — 200 ns See Test Circuits, Figure 1-2

CS Rise To Output Disable s — — 100 ns See Test Circuits, Figure 1-2
(Note 1)

CS Disable Time Ll 625 — — ns

Doyr Rise Time tr s — 100 ns See Test Circuits, Figure 1-2
(Note 1)

Doyr Fall Time te — — 100 ns See Test Circuits, Figure 1-2
(Note 1)

Power Requirements:

Operating Voltage Voo 26 — 5.5 \%

Operating Current > 7= 3(1)8 4EJ Eg Vb fS.OV, Dgyr unloaded
Vop = 2.7V, Dyy; unloaded

Standby Current Isss — 0.5 2 PA | CS =V, =50V

Temperature Ranges:

Specified Temperature Range T -40 — +85 °C

Operating Temperature Range Ty -40 — +85 °C

Storage Temperature Range T, -65 — +150 c

Thermal Package Resistance:

Thermal Resistance, 8L-PDIP Qa — 85 — “C/W

Thermal Resistance, 8L-SOIC Qi i 163 — °‘C/w

Thermal Resistance, 8L-MSOP Qua = 206 — “C/w

Thermal Resistance, 8L-TSSOP Qa — 124 —_ ‘C/w

Note 1:  This parameter is established by characterization and not 100% tested.
2:  See graph that relates linearity performance to Vi level.
3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity performance,
especially at elevated temperatures. See Section 6.2 for more information.

© 2001 Microchip Technology Inc. DS21290C-page 3
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tCSH
Cs L
tSUCS
CLK \ m_ —
t
2.1
e
—-
Dour Hl-Z —\ NULL BIT { MSB OUT )3 [ s p—HZ
FIGURE 1-1:  Serial Timing.
Load circuit for t, tr, th, Load circuit for ty,g and tg
1.4V Test Point
e tn,s Wavefi 2
rm
3kQ  Test Point P ST S LR |
Doyr l O Doyt O——— tgy Waveform
T C=30pF 130 pF WOIS Waveform 1
—_— = S8
Voltage Waveforms for tp, t, Voltage Waveforms for t,,
______ _VSH
Douyr ——f]=77~-- o CS \
N\ - CLK
Dour HE /< B9
tEN
Voltage Waveforms for t;,, Voltage Waveforms for tp,g

cs Vi

CSs
CLK
s Dour 90%
Waveform 1*

o S

tDIS -,
Dour

DOUT 10%
Waveform 2+

* Waveform 1 is for an output with internal condi-
tions such that the output is high, unless disabled
by the output control.

T Waveform 2 is for an output with internal condi-
tions such that the output is low, unless disabled
by the output control.

FIGURE 1-2: Test Circuits.

DS21290C-page 4 © 2001 Microchip Technology Inc.



“,{i TeExas
INSTRUMENTS

CD4051B, CD4052B, CD4053B

Data sheeé acquired from Harris Semiconductor August 1998 - Revised October 2003

SCHS047

Features

» Wide Range of Digital and Analog Signal Levels
-Digital ......... . 3V to 20V
= ANAIOG: s v 8w v e wan e s S <20Vpp

= Low ON Resistance, 125Q (Typ) Over 15Vp_p Signal Input
Range for Vpp-VEg = 18V

* High OFF Resistance, Channel Leakage of +100pA (Typ)
at Vpp-Veg = 18V
* Logic-Level Conversion for Digital Addressing Signals of

3V to 20V (Vpp-Vss = 3V to 20V) to Switch Analog
Signals to 20Vp_p (Vpp-VEg = 20V)

* Matched Switch Characteristics, ron = 5Q (Typ) for
Vpp-Veg = 15V
* Very Low Quiescent Power Dissipation Under All Digital-

Control Input and Supply Conditions, 0.2uW (Typ) at
Vpbp-Vss = Vpp-VEg = 10V

« Binary Address Decoding on Chip
» 5V, 10V, and 15V Parametric Ratings
* 100% Tested for Quiescent Current at 20V

* Maximum Input Current of 1uA at 18V Over Full Package
Temperature Range, 100nA at 18V and 25°C

* Break-Before-Make Switching Eliminates Channel
Overlap

Applications

* Analog and Digital Multiplexing and Demultiplexing
* A/D and D/A Conversion

* Signal Gating

CMOS Analog Multiplexers/Demultiplexers
with Logic Level Conversion

The CD4051B, CD4052B, and CD4053B analog multiplexers
are digitally-controlled analog switches having low ON
impedance and very low OFF leakage current. Control of
analog signals up to 20Vp_p can be achieved by digital
signal amplitudes of 4.5V to 20V (if Vpp-Vgg = 3V, a
Vpp-VEE of up to 13V can be controlled; for Vpp-VEgEg level
differences above 13V, a Vpp-Vgg of at least 4.5V is
required). For example, if Vpp = +4.5V, Vgg = 0V, and
Ve = -13.5Y, analog signals from -13.5V to +4.5V can be
controlled by digital inputs of 0V to 5V. These multiplexer
circuits dissipate extremely low quiescent power over the
full Vpp-Vgs and Vpp-VEEg supply-voltage ranges,
independent of the logic state of the control signals. When
a logic “1" is present at the inhibit input terminal, all
channels are off.

The CD4051B is a single 8-Channel multiplexer having three
binary control inputs; A, B, and C, and an inhibit input. The
three binary signals select 1 of 8 channels to be turned on,
and connect one of the 8 inputs to the output.

The CD4052B is a differential 4-Channel multiplexer having
two binary control inputs, A and B, and an inhibit input. The
two binary input signals select 1 of 4 pairs of channels to be
turned on and connect the analog inputs to the outputs.

The CD4053B is a triple 2-Channel multiplexer having three
separate digital control inputs, A, B, and C, and an inhibit
input. Each control input selects one of a pair of channels
which are connected in a single-pole, double-throw
configuration.

When these devices are used as demultiplexers, the
“CHANNEL IN/OUT" terminals are the outputs and the
“COMMON OUT/IN" terminals are the inputs.

Ordering Information

TEMP. RANGE
PART NUMBER (°c) PACKAGE

CD4051BF3A, CD4052BF3A, -56 to 125 16 Ld CERAMIC
CD4053BF3A DIP

16 Ld PDIP

CD4051BE, CD4052BE, -65to 125
CD4053BE

CD4051BM, CD4051BMT, -55to 126 16 Ld SOIC
CD4051BM96
CD4052BM, CD4052BMT,
CD4052BM96
CDA4053BM, CD4053BMT,

CD4053BM986

CD4051BNSR, CD4052BNSR, -55t0 125 16 Ld SOP
CD4053BNSR

CD4051BPW, CD4051BPWR, -55 to 125 16 Ld TSSOP
CD4052BPW, CD4052BPWR

CD4053BPW, CD4053BPWR

NOTE: When ordering, use the entire part number. The suffixes 96
and R denote tape and reel. The suffix T denotes a small-quantity
reel of 250.

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © 2003, Texas Instruments Incorporated



CD4051B, CD4052B, CD4053B

TRUTH TABLES
INPUT STATES
INHBIT | ¢ | B | A “ON” CHANNEL(S)
CD4051B
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 X X X None
CD4052B
INHIBIT B A
0 0 0 0x, Oy
0 0 1 1x, 1y
0 1 0 2x, 2y
0 1 1 3x, 3y
1 X X None
CD4053B
INHIBIT AORBORC
0 0 ax or bx or cx
0 1 ay or by or cy
1 X None
X = Don't Care




CD4051B, CD4052B, CD4053B

Absolute Maximum Ratings

Supply Voltage (V+ to V-)

Voltages Referenced to Vgg Terminal ........... -0.5V to 20V
DC InputVoltageRange .................. -0.5V to Vpp +0.5V
DC Input Current, Any One Input. .. ................... +10mA
Operating Conditions
Tomporature RANGA . ..« « cawevie vs % vo vavwins -55°C to 125°C

Thermal Information
Package Thermal Impedance, 64 (see Note 1):

E (PDIP) PACKAGE. . -+« e eeeeeee e e 67°C/W
M (SOICY PEEKADES v i v s s v e Saseass i 73°C/W
NS (SOP)package. . ......ooviiieie i, 64°C/W
PW{TSSOP)package:: - w sowssimsss a vo momewvs ¢ 108°C/W
Maximum Junction Temperature (Ceramic Package) . ........ 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range.......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s) ............. 265°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

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

Electrical Specifications Common Conditions Here: If Whole Table is For the Full Temp. Range, Vguppry = 5V, Ay = +1,

Ry = 1008, Unless Otherwise Specified (Note 3)
CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
25
PARAMETER Vis(V) |Vee(V)|Vss(V) |Vop(V)| 55 | 40 | 85 | 125 | MIN | TYP | MAX | UNITS
SIGNAL INPUTS (Vi) AND OUTPUTS (Vgs)
Quiescent Device - - - 5 5 B, 150 150 - 0.04 5 HA
SOHEnL. oo R : ! ] 10 | 10 | 10 | 300 | 300 | - | 004 | 10 uA
- - - 15 20 20 600 600 - 0.04 20 A
- - - 20 100 100 | 3000 | 3000 - 0.08 100 MA
Drain to Source ON - 0] 0 5 800 850 | 1200 | 1300 - 470 1050 Q
?Zs\i,s::';csgg” Max : 0 0 10 | 310 [ 3% |52 |50 | - | 180 | 400 | @
- 0 0 15 200 210 300 320 - 125 240 Q
Chapge in ON - 0 0 3} - - - - - 15 - Q
o WA oS eI PR [ e pJ| - | a
AroN - 0 0 15 - - . - - 5 - Q
OFF Channel Leakage - 0 0 18 +100 (Note 2) | £1000 (Note 2) - +0.01 +£100 nA
Current: Any Channel (Note 2)
OFF (Max) or ALL
Channels OFF (Common
OUT/IN) (Max)
Capacitance: - -5 5- 5
Input, Cjs - - - - - 5 - pF
Output, Cos
CD4051 - - - - - 30 = pF
CD4052 2 " : . . 18 . pF
CD4053 ; ; - - - 9 - oF
Feedthrough
Cios - - - - - 0.2 - pF
F'rppagation Delay Time Vpp Ry =200kQ, 5 - - - - - 30 60 ns
(Signal Input to Output I a_t;sgg'i; "0 - i - - i 1% 20 i
15 - - - - - 10 20 ns




CD4051B, CD4052B, CD4053B

Electrical Specifications Common Conditions Here: If Whole Table is For the Full Temp. Range, VgppLy = 5V, Ay = +1,

R =100%, Unless Otherwise Specified (Continued) (Note 3)

CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
25
PARAMETER Vis(V) | VEe(V)|Vss(V)|Vpp (V)| -55 -40 85 125 MIN | TYP | MAX UNITS
CONTROL (ADDRESS OR INHIBIT), V¢
Input Low Voltage, V)., [ViL=Vpp |VEe =Vss, 5 1.5 1.5 1.5 1.5 - - 1.5 v
Max through R = 1kQto Vgg,
1kQ; lis < 2uA on Al 10 3 3 3 3 - - 3 v
Vi =Vpp | OFF Channels 15 4 4 4 4 - - 4 Vv
through
Input High Voltage, V|4, | 1kQ 5 3.5 35 3.5 35 35 - - \"
- 10 7 7 7 7 7 : i v
15 11 11 1" 11 11 - - v
Input Current, ljy (Max) |[V|y=0,18 18 L0/ £0A +1 +1 - +10°° +0.1 UA
Propagation Delay Time:
Address-to-Signal tr, t = 20ns, 0 0 5 B - - - - 450 720 ns
QUT (Channels ONor | C|_ = 50pF,
OFF) See Figures 10, |R_ = 10ka | © 0 10 ] - : s : ge0 | 0 na
1,14 0 0 15 - - - - - 120 240 ns
-5 0 5 - - - - - 225 450 ns
Propagation Delay Time:
Inhibit-to-Signal OUT  |t;, t; = 20ns, 0 0 5 - - - - - 400 720 ns
(Channel Turning ON) | Ci_ = 50pF,
See Figure 11 Ry = 1kQ ¢ B 19 7 - : - - DORg 90 s
0 0 15 - B - - - 120 240 ns
-10 0 5 A . - A - | 200 | 400 ns
Propagation Delay Time:
Inhibit-to-Signal OUT  |t,, t¢ = 20ns, 0 0 5 - - - - - 200 450 ns
(Channel Turning C_ =50pF,
OFF) See Figure 15 |R_ = 10k@ | © 9 10 : ; : ; - % 210 ns
0 0 15 - - - - - 70 160 ns
-10 0 5 - - - - B 130 300 ns
Input Capacitance, Cy - - - - - 5 7.5 pF
(Any Address or Inhibit
Input)
NOTE:
2. Determined by minimum feasible leakage measurement for automatic testing.
Electrical Specifications
TEST CONDITIONS LIMITS
PARAMETER Vis(V) | Vpp (V) | Ry (kQ) TYP UNITS
Cutoff (-3dB) Frequency Chan- | 5 (Note 3) 10 1 Vos at Common OUT/IN CD4053 30 MHz
| ;
nel ON (Sine Wave Input) VeE = Vss, CD4052 25 Mz
Vos CD4051 20 MHz
20Logv—= -3dB
IS Vos at Any Channel 60 MHz




CD4051B, CD4052B, CD4053B

Electrical Specifications

| TEST CONDITIONS LIMITS
PARAMETER Vis(V) | Vop (V) | R (kQ) TYP UNITS
Total Harmonic Distortion, THD | 2 (Note 3) 5 10 0.3 %
3 (Note 3) 10 0.2 %
5 (Note 3) 15 0.12 %
VEE = Vsg, fig = 1kHz Sine Wave %
-40dB Feedthrough Frequency | 5 (Note 3) | 10 ’ 1 Vos at Common OUT/IN CD4053 8 MHz
(All Channels OFF) Ve =Vez, CD4052 10 Mhz
20Log\$= _40dB CD4051 12 MHz
18 Vos at Any Channel 8 MHz
-40dB Signal Crosstalk 5 (Note 3) ] 10 | 1 Between Any 2 Channels 3 MHz
F
Rueney VEE = Vss, Between Sections, Measured on Common 6 MHz
CD4052 Onl
20LOQYVO—S= —40dB i) Measured on Any Chan- 10 MHz
1S nel
Between Any Two In Pin 2, Out Pin 14 25 MHz
Sections, CD4053
Oily'ons In Pin 15, Out Pin 14 6 MHz
Address-or-Inhibit-to-Signal - 10 10 65 mVpEAK
Crosstalk (Note 4)
VEg =0, Vgs =0, t, ty=20ns, Ve 65 mVpEAK
= Vpp - Vgs (Square Wave)
NOTES:
3. Peak-to-Peak voltage symmetrical about Vop-VEE
2
4, Both ends of channel.
Typical Performance Curves
600 - ; 300 T T
- Voo - Vee = 5V Voo - Vee =10V
g A g
w 500 w250
2 <
& 400 A / \ \ B 200 A Ta=125°C
i / /\ ‘\\\ : N
Z 00 / AN Tp=125°C __| z 150 “\
3 / \\ N TL = 25Jc m il Ta= Ts“c
g 200 - \ ' —— S 100 N —
Ta = -55C
5 N\ Tp = -55°C % 4
5 100 I:a'- 50
0 0
-4 -3 -2 -1 0 1 2 3 4 5 -10 -1.5 -5 -2.5 0 25 5 7.5 10
Vis, INPUT SIGNAL VOLTAGE (V) Vis, INPUT SIGNAL VOLTAGE (V)
FIGURE 1. CHANNEL ON RESISTANCE vs INPUT SIGNAL FIGURE 2. CHANNEL ON RESISTANCE vs INPUT SIGNAL
VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES)




LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
" Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of £14°C
at room temperature and £%°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear oulpul, and precise inherenl calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air, The LM35 is
rated to operate over a -55" to +150°C temperature range,
while the LM35C is rated for a ~40" to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

ﬂNational Semiconductor

Precision Centigrade Temperature Sensors

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/'C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55" to +150°C range
Suitable for remote applications

Low cost due to wafer-level timming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £%4°C typical

Low impedance output, 0.1 € for 1 mA load

Typical Applications

+Vs
(4V T0 20V)

OUTPUT

M35 1™ 0 mi -+ 10.0 mv/oc

1

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+Vs

LM35

J_ R1

Vour

—Vs
DS005516-4
Choose Ry = -Vg/50 pA
V our=+1,500 mV at +150'C
= +250 mV at +25°C
= -550 mV al -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation DS005516
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Absolute Maximum Ratings (note 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +35V to -0.2V
Output Voltage +6V fo -1.0V
Output Current 10 mA

TO-92 and TO-220 Package,

(Soldering, 10 seconds) 260°C

SO Package (Note 12)
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 2500V

Specified Operating Temperature Range: Tyyn t0 T pmax
(Note 2)

Storage Temp.; LM35, LM35A -55°C to +150°C
TO-46 Package, ~60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
S0-8 Package, =-65°C to +150°C
TO-220 Package, -65°C to +150°C

Lead Temp.:

TO-46 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)

Accuracy T A=+25'C 0.2 05 +0.2 0.5 ‘C

(Note 7) T a=-10C 0.3 +0.3 £1.0 'C
T a=Tuax +0.4 +1.0 +0.4 +1.0 e
T A= +0.4 =TI 0.4 & C

Nonlinearity T minST a5 Tax +0.18 +0.35 +0.15 t ‘C

(Note 8)

Sensor Gain T minETaSTiax +10.0 +9.9, +10.0 +9.9, mV/'C

(Average Slope) +10.1 +10.1

Load Regulation T A=%25°C +0.4 +1.0 +0.4 +1.0 mV/mA

(Note 3) 0=l <1 mA T minSTaA=Tax 0.5 3.0 0.5 3.0 mV/mA

Line Regulation T A=+25C +0.01 +0.05 +0.01 +0.05 mv/V

(Note 3) 4VV =30V +0.02 0.1 +0.02 0.1 mV/V

Quiescent Current V g=+5V, +25°C 56 67 56 67 uA

(Note 9) V g=+5V 105 e 91 114 pA
V g=+30V, +25°C 56.2 68 56.2 68 pA
V g=+30V 105.5 133 91.5 116 HA

Change of 4V=Vg<30V, +25°C 0.2 1.0 0.2 1.0 pA

Quiescent Current 4VsV =30V 0.5 2.0 0.5 2.0 HA

(Note 3)

Temperature +0.39 +0.5 +0.39 +0.5 UAI'C

Coefficient of

Quiescent Current

Minimum Temperature | In circuit of +1.5 +2.0 1.5 +2.0 'C

for Rated Accuracy Figure 1, 1_=0

Long Term Stability T ;= Tmax. for +0.08 +0.08 ‘C

1000 hours

www.national.com
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LM35

Electrical Characteristics

(Notes 1, 8)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25C 0.4 +1.0 +0.4 1.0 ‘C
LM35, LM35C T A==10°C +0.5 +0.5 1.5 C
(Note 7) T a=Twax 0.8 7.5 +0.8 1.5 ‘C
T a=Tuin 0.8 +1.5 +0.8 +2.0 C
Accuracy, LM35D T A=+25C +0.6 15 ‘C
(Note 7) Tl +0.9 ‘C
Ta2Tiam +0.9 ‘
Nonlinearity T vinSTasTax +0.3 0.5 +0.2 - ‘C
(Note 8)
Sensor Gain T MinSTAS T max +10.0 +9.8, +10.0 +9.8, mV/I'C
(Average Slope) +10.2 +10.2
I oad Regulation T A=+25C +0.4 2.0 +0.4 2.0 mV/mA
(Note 3) 0=l <1 mA T MinSTasTiAx 0.5 5.0 $0.5 +5.0 mV/mA
Line Regulation T A=+25'C +0.01 +0.1 +0.01 +0.1 mV/V
(Note 3) 4V<V <30V +0.02 0.2 +0.02 t0.2 mvVi/v
Quiescent Current V g=+5V, +25°C 56 80 56 80 MA
(Note 9) V g=+5V 105 158 91 138 pA
V g=+30V, +25'C 56.2 82 56.2 82 PA
V g=+30V 105.5 161 91.5 141 WA
Change of 4V=Vg=30V, +25°C 0.2 2.0 02 2.0 HA
Quiescent Current 4V=V 430V 0.5 3.0 0.5 3.0 KA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 HAIC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of Hlal +2.0 AR +2.0 'C
for Rated Accuracy Figure 1,1, =0
Long Term Stability T ,=Tuax, for +0.08 +0.08 G
1000 hours

Note 1: Unless otherwise noted, these specifications apply: =55°C<T=+150°C for the LM35 and LM35A; -40'<T <+110°C for the LM35C and LM35CA: and
0'sT=+100°C for the LM35D. Vg=+5Vdc and | gap=50 pA, in the circuit of Figure 2. These specificalions also apply from +2°C lo Tyax in the circuit of Figure 1.
Specifications in boldface apply over the full rated temperalture range.

Note 2: Thermal resislance of the TO-46 package is 400°C/W, junclion to ambient, and 24°C/W junction fo case. Thermal resistance of the TO-92 package is
180°C/W junction to ambient. Thermal resistance of the small oulline molded package is 220°C/W junction lo ambient. Thermal resistance of the TO-220 package
is 90°C/W junction to ambienl. For additional thermal resistance informalion see table in the Applications section.

Note 3: Regulation is measured at constant junction lemperature, using pulse lesting with a low duty cycle. Changes in output due lo heating effecls can be
compuled by mulliplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limils are guaranleed (but not 100% produclion tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculale outgoing quality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error belween the output voltage and 10mv/’C times the device's case temperature, al specified conditions of voltage, current,
and lemperature (expressed in "C).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device's raled temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate limits beyond which damage lo the device may occur. DC and AC electrical specifications do nol apply when operating
the device beyond ils rated operating conditions. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 k< resistor.

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled "Surface Mount” found in a current Nalional
Semiconductor Linear Data Book for other methods of soldering surface mount devices.,

www.national.com 4



CM11 Pyranometer

CM11 Features & Benefits

low dome thermal offset error

excellent cosine/directional response
excellent long term stability of sensitivity
excellent linearity performance

CM11 Pyranometer Specifications:

For high accuracy solar
radiation measurement

research ...

The CM11 pyranometer is intended for high
accuracy total global, or diffuse sky, solar radiation
measurement research on a plane/level surface.

The CM11 is fully compliant with the 1SO-9060
Secondary Standard pyranometer performance
category (highest ISO performance criteria for a
pyranometer). Instrument cosine response and
temperature dependence are verified and
documented upon instrument manufacture.
Extremely high mechanical tolerances are
maintained during manufacture to ensure optimal
measurement performance in the field.

The CM11 houses a second built-in complimentary
sensing element (temperature compensation
element), in addition to the black receiving
element/detector. Calibrated to identical sensitivity
as the receiving detector, the compensation
element is connected in anti-series to the receiving
detector. Instrument output signal is measured
across the entire anti-series circuit. Any change in
body temperature, due to thermal shock or
temperature gradient effect, are quickly detected by
the built-in compensation element, and an offset
correction signal is applied to the instrument output

The receiving element is coated with a highly
stable carbon based non-organic coating,
which delivers excellent spectral absorption
and long term stability characteristics. The
sensing element is housed under two
concentric fitting Schott K5 glass domes.

Additional CM11 features include an integrated
built-in bubble level, reusable desiccant drying
cartridge, white sunscreen, and a permanently
attached shielded output signal cable.

The CM11 can be used in conjunction with the
optional Kipp & Zonen CV2 ventilation system,
for enhanced measurement performance and
overall reduced instrument maintenance.

305 - 2800 nm

Spectral range (50% points)
Sensitivity 4 -6 pVW/m*
Impedance (nominal) 700 - 1500 Q
Response time (95%) 15 sec. signal.
Non-linearity < +0.6% (<1000 W/m?)
Temp. dependence of o
sensitivity <+ 1% (-10 to +40°C)

it <+ 10 W/m*
Directional error (beam 1000 W/m?)
Tilt error None
Zero-offset due to < +2 W/m*at 5 K/h temp.
temp. changes change
Operating temperature | -40°C to +80°C
1ISO-9060 Class Secondary Standard
Dimensions W xH 150.0 mm x 91.5 mm
Weight 850 grams
Cable length 10m
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