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ABSTRACT

This thesis is a study and analysis of electrical load behavior in the Burapha
University Hospital. The objective is measuring an energy consumption considering
ambient temperature. The collected data in normal condition considered as a base
line of the energy consumption are used to compare with the energy consumption at
different time intervals. Energy monitoring devices, which are designed and built for
the energy monitoring system in hospital, are be able to measure 3-phase electrical
parameters. All of data is collected into the MicroSD Card and send to the cloud
database in the “ThingSpeak” platform, which can be remotely monitoring, via the
Internet of Things (loT) technology. By comparison of load behavior at normal
condition with measurement data, it can present the abnormal energy consumption
and system faults for improving the efficiency and stabilization of hospital building

electrical system.
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d: U | L2
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2.1 lulaspoulnsatass (Microcontroller)
¢ Pe al °
lﬂﬂiﬂauimaLaanﬂuqﬂnsm’ummL§n'nﬁ']m’mmmulﬁ'lugﬂl,t,uwaq
ABUNILMDS T,mUﬁmﬁfaua'quﬂiznawé’nﬂmsswﬂauﬁaLﬂ@%L%’ﬁlﬂquﬂifﬁﬁaLﬁmﬁ’u Ao
ity mhearuduaznesndililuimlulasroulnsaass uansetslulasaoulnsaaes
v oo EJ
ladagui 2.1

o .
sUn 2.1 lulasaeulvsaiaes
(gUan www.turbofuture.com/misc/What-is-an-Arduino-Programming-

Microcontrollers)

vcc
bao

CPU

&20 ;
GND 5 H

sUil 2.2 dudsznevvadhilasreulnsaiaes
(3Ua7n www.elprojects.blogspot.com/2010/06/microcontroller-at89s52-

description.html)



1n3UTl 2.2 uansdrulsznovvesilasroulvsaiaed Ml

1. wiguszatanananean3edfly (Central Processing Unit w3e CPU) 4l
wihihindeyanngunsaifiudsfayauvhauluszuu ndeuianisuszananadeyanuns
sonuuureslsunsuidouliifiofuids uardwmadndoanludmihouania Jauaaldin
Figiduaudnaesszuuiofiaghmamuauszuuiomeluiareufnes

2. wiauAuT (Memory) @1unsauteeaniu 2 d1u Aenilsainuii
wwwzdmsuinua1nlusinsuman (Program Memory) eniaeinay Flash Memory Tag
sUwuumaienuvemheausiiunheanudifieuuwazdoulddeszuulni an
Snwaznisviauauisaiouldfueniafadveueiesnoufiames lnsauandives
ginnaniuansafazinwdeyalilussuumannusiarlifimsdnglmdsdiundgunsaif
gty

wﬂmmmﬁwgﬂuuuﬁﬂaaﬁamﬂwmmﬁﬂ‘ﬁ’aya (Data Memory) 2%
WisuiadoumsmanszawyeanisAuanluszuy wanduiiindinsvedeyaiileszsuud
M5y Fsegarafumizemnudwuuimidasiierliannsaiduioyalilsudetoyass
molUluvnedlifiiaes adeadstumiasaanususa (RAM) luiaiosnoufiaines us
dsululasreulvsaaosyelnl wiheauddoyaannsaiiisdidumhsmwdusiuas
9-9wseu (Erasable Electrically Read-Only Memory #38158037 EEPROM) %d%’a;&aﬁtﬂu
mhormsususmgluidolifiibes widdwseuannsnfudeyaldudiludividosian
Feluofmdumieamudlusunsuuuy EPROM wiemiagnrmsfiannsognausisues

3. daufndenugunssinisusnviolsuniiwesa (Port) wuseanidu 2
anwnefo WosnauNA (Input Port) uazwesndedyaamionasneIdng (Output Port)
Tan 2 Snvazdeshluldlumsdensofugunsninuen Fadudiudrdyunndndiunils
wasndunnzvhuihilunmsfudygraiiotluussinanauasdaieluuansuaine o
LD1ANA

' '

Al

4, fpaniafuresdyyramiaiseniita (BUS) Wugandnisuaniudeu

doyoyrnuvestoyasening 3 d1uvdn Ae Iy miteaudwarnesn Jaarildnuugyod
aedyyrudvunnegneluiilulasreulvsaass lnsuvstommaduiu 3 va fs
Uateya (Data Bus) Ualeainsa (Address Bus) uagvaniunu (Control Bus)

5. 1299sifiadyaauing Tuiduduusenoviidrduuindndiunis
Hosnnsinuiideduiinstwuelituegfunsimusdengluilbilasreulnsaees
nsvhaRgdinsvheniiitudedyanunfiniiieuiiias waninisfidhaunsaiosiinng
novaustnmmigdliimmlumsUssnanaiigeiudmivlilnsneulnsanediai



2.2 Arduino

Arduino \Juvesalulasreulnsataadnsznga AVR fignWauIuuy Open
Source Fsaunsaadurslidn In1sidawedoyanadiu Hardware waz Software Tagsia
uaiaArduino 1 gneenuuuiiidresiensldnuiuiiugunsalfimnzandmiugiGudnw
Tudiosdy Tnglddnudugldauifnduinuuniafuglénudesdufiausasauyas
duduileimunsesenlusunsuiiniuauuesneigluldmeigldnues fldmuamis
Waunesnnmsieudegunsaivionasdidnnseiindanareuenatrsaraaninesiunis
rolenirAugaTivBunakazieing teidunsussgndlddueiadntiunis

UAUYDIUDTA Arduino
1. giuiuanansadnunldnuld semsmvaussuudimaudenddsunsunazuese
- - 1 1 ar CJd 1
2. Arduino Community #nausauiauninnumisiuuunazudause
° v ° & . v bl Wy FY

3. Open Hardware ‘mﬂmﬂ%&nummmmuaiﬂ Arduino 1%1WULwamaﬂaﬂlﬂwangLmU
4. Cross Platform anunsainlumunlusunsuvasszuuufiiinig 0S Tadla

I € '
5. \Dugunsaindsiniliunsg

15 feullsunsuuy Arduino

awildiTeulusunsuues Arduino fanuadnoadsiunisn Cr ey
awidedenisiissiluinnndesenuasdlinu laeillusunsuitadredudmsudldanis
nswa i ldldlaglindlddiola q Falddelusunsuia Arduino IDE Feaunsald
ffu Arduino letrsunniu saufisdaiilausns (library) snnuneiirludszneunisresonves
Fldrunugluuuigldaudeanis sndogradu msiadmdsaulnin fazdlausii
W¥aNAD EnergyMonitor ¥11l#n13 Sampling s3enisfseniatedoyaiulvagnedng
shegrBumaiinavestusunsy Arduino IDE uandlsifssuil 2.3

@ Blink | Arduine 1.6.13 - ] %
File Edit Sketch Tock Help

2.3 duwasiavedlusunsy Arduino IDE

Ui

€



2.2.1 Arduino Nano
. o 1 Y ap d ! A
Arduino Nano A1uANaNgvasA1dn Nano waa3edaladn Arduino Nano
) . A =1 ] =l W e [ @ oo I
\Uu Arduino willvinadnuazsimliuns Inefidnwagasivnduguuuudgsuau 22 91 18y
i ¢ ° = ) o 2
Digital Input/Output way 8 vy Analog Input Faududrwrunwanzauiunisuiluldau
o Y W 7 | Y] € ]
wagansniluldseru PCB lalnenss Tnsldanedidaunieasduoiroseninagnans
99 dnvisdvazaanlunisusendaiuiuazanunsaldnion o duldvarefuszneududu
) 1 . i v <
SEUUMILABING M887 Arduino Nano wiau Pin Layout uansléisaguil 2.4

GND RXD
lRST lTXD

'

Microcontroller
(ATMEGA328P)

LEEXY

Mini-B X o

X0 h
ot = Y
use . i : RX LED(Red)
Jack w ¥ AL _

Analog

Digital Pins SMD Cystal

(16MHz)

Reference U3 REF A3 A4 AS A6 ..;;.,‘;..
Digital Pin 13 ' R R R R R R EE N R NN

3.3V Qutput RESET Button

RST Vin  (150g1)
UM 2.4 Pin Layout 489 Arduino Nano

(g‘Umﬂ www.robotinc.asia/Arduino/ArduinoNANO. html)

Analog Input Pins

AMANUGAYRY Arduino Nano

Microcontroller : ATmega328
Architecture : AVR

Operating Voltage I W

Flash Memory . 32 KB of which 2 KB used by bootloader
SRAM : 2 KB

Clock Speed : 16 MHz

Analog IN Pins : 8

EEPROM : 1 KB

DC Current per I/0O Pins : 40 mA (I/0 Pins)

Input Voltage D712V

Digital I/O Pins : 22 (6 of which are PWM)
PWM Output : B

Power Consumption ;19 mA

PCB Size : 18 x 45 mm

Weight :Tg



2.3 Single Phase Voltage Sensor Module
LﬂuiuaaﬁgﬂaanLmumLﬁai’mmﬁulwﬁ'ln'ﬁsuaaé’v 0-250 V Bilana

L2 d d] 1 L= a [ 73
wanaladsgun 2.5 lnsaranunsadouseiuflulasreulnsamesidlaglifodhwsaieuen
n' 4 = (¥ s v 1 ] n| u
vin WWeseniinsasaglulunisuvasussdunszuaadulioglugae 0-5 v fid
lulasroulnsaansaiuisaldauls

31]17'1 2.5 Single Phase Voltage Sensor Module
(3Ua1n www.arduitronics.com/product/1457/single-phase-voltage-sensor-module)

Immwsma’iuuammiﬂw 2.6 mﬂﬁuﬂa'umammmumwmmaamaam
WIIRUBUNA ntuazkuviTeuUausedu ZMPT1018 7 Tumn Ratio Ay 1 ifeuen
1smsiauaraesiidesnainfunasiinisonseiuussuliiigaEuduviaiy 2.5 vde
warsursasaavauLssTuie liussdiusaniwenliiiu 5 V iieflaztilud euse fus

L3
lulasroulnsaians
vce
s0v
R10
S10K0
R11 I, -
L i émm
{ 5.0V 7
vee
R3 T 5.0V <+ b 4 ! u3s
L : 5 s Output
>10KQ | .RSA y 4 g i
? U3A ‘ VA — T |
r s + | 1uF  10kO LM3IS8AD
R4 S .
820k 1 L > - |
1 Z10K | ! | —
PO 4y R2 1 I LMISEAD 5727 ey = A | 0.01uF |
/2 RGN Wb PN ! | ‘ 4" 100k0 =
() 38 $1000 - ! s 1 ! ~AAA-
L | c1 | Te2 ‘ 100k0
2oy RS -
somm' ’—5 4"7 —ANA— . —-“— . =
o 1uF 10k 0.01uF . T "
| Re | haiEasyElec
T, & S— enable your design

U7 2.6 1993melues Single Phase Voltage Sensor Module

u

(3U37n www.thaieasyelec.com/products/sensors/single-phase-voltage-sensor-1552-
detail.html)



2.4 nifaulasnszua (Current Transformer)

wifaudasnszua (Current transformer) 3aSendn & (CT) Wunslouuasi
LU‘%EJULaﬁauméaaﬁai’m‘[magﬂaaﬂLLuumLﬁ'@lﬁa%’qeﬂizLLalwﬁwfuﬁ@iumﬂmﬁaqﬁ‘[mms
dudadiutuiunszuanmasiulgugdl wdnnisveandioulasnszuaszadreadetuiunie
uwasussiu Inewnaindudgugiluasanaiadum Rogieziiswouseuiiduasganudis
whmsaamaunszuaUsugiawnienlinsruaudniludidinnszuaniononiivosle
st waeadlagaslidndivemiouvainssuaudasaiaiiomuzunnnilvld annse
wlandautasnszualaidu 3 Useinvndn  fe

1. Wound Current Transformer — az1fudnwuznsldonsidiueaniie
wUasnszwd w3e Tumn Ratio Auueaiasuyfegd w%auﬁg\iﬁammmmé’mﬂguﬂuﬁauﬂim‘z’h
fusnhilsdeansindnseua

2. Toroidal Current Transformer - wifouUasnszuasiiniaslisnhnszua
fifesnsinuaenrtuzemiouanskaUUasoLs Tagoghiflunannfaugugll Feuns
silnavanunsanenunumdnyesesnls uansdenisiianuisainalalaglifesinisaee
awcﬁ‘aﬁwLamﬁaﬁmxmaaﬂmuguwﬁ"ﬂﬂ Faguit 2.7

3. Bar-Type Current Transformer — ﬁummmﬂgugﬁﬁm%wﬁaumawﬁmﬁ
wldimhitdesnsinnszuanndududgugiiuny dewalidouseuveasugiiisiiy
wila

Main Primary Main Primary
Conductor Conductor

Hollow Core lﬂl
Is
Ammeter
T Secpndary
Winding

Primary
Current

: Circuit

Construction Symbol

JUN 2.7 nifoudasnssuanuunesess

(E‘U’mn www.electronics-tutorials.ws/transformer/current-transformer.html)

nshavsilinssuanisinuugugidunszuaniuyf sgdduiusiulei
whedldasiusyneviianzan Tnsunumanidanududaduves B-H Curve ga uazli

i ]
= v A

dudfinssuaiinasgnidenunliifussduszneuiniosfiefilundoutainszua uansds
anudrelunmsusuandelinmuduiusidudaduiumszunumdniimngay ety
'Lugtlﬁ' 2.8 ﬁﬂLLwﬂqﬁlmﬁu@mﬁ 2 (Knee point) LLazlajﬁi"m'jwﬂﬁ 1 (Angle point) 18u
dumdsiinasldvdautasnsyuadiin
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3 Saturation

2 Knee point

1 Angle point

JUN 2.8 B-H Curve veaunuwanaflanily

(3U31n www.nongcom-electrical.blogspot.com/2015/08/current-transformer-ct.html)

TunrsAruunszuavesniisulasnseuatagldaunisifenfusiunionlad
a | -~
Wi DU 9 NAe

Turn Ratio = -2 = Is (2.1)
ng Ip

MTuIzaINTIMUINMINTELEN I UYRNiTlaRaTl

L (2.2)

Ng

FevzuiuldinAnszuamsiunisgidusannsaiuuaranlddaenis
Wabudwiuseuvise Tum Ratio vasvsioudas TnsmifoutasnssuaiidamsseYalunisldi
Ao vunisasmisinuniegiienld iWesanagilindfouvasnssuadudraurinliiie
WSIAUEINATUYREL
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2.5 nMadeudendoudasnszuaidaiu Arduino

194911 Analog Input Port 84 Arduino Suwsssiulvisinle 0-5 v dstumn
ABINISTUAINTEIAIINULaLUaInTELAIE AR N SWasnseuaanusiaulasnse uaidu
wsasiulugu 0-5 v ifielilulasreulnsamesanunsasuiludszananald Tngaaaslung
LL'lJﬁx‘lﬂ"]ﬂiSLLﬁ‘U@GWﬁBLLﬂmﬂ‘i:ﬁLL’ﬂLﬁULLidﬁUQSLﬂulﬂmﬂugﬂﬁl 2.9

Voltage
....... :
L h " outpul I 75 mA
Mains T 1\ LN - — —— 7
Con | B G |
N \ Aduino5Vde 5| |
' P fs ¢ | [ Arduino input |
' | ' | E
' [‘ k: R1
] I /| |Burden | [10k- 470k
— ! | 1\ 10
Load L : ) < Mmid-point | o
0 T
L — L
Current Transformer J—: R2
c1 =R1 1
T !
Arduino GND I

75 mA

d s
JUN 2.9 29swdasdypainszuannnlioudasnssualudy
I539uBUIADAAMIU Arduino
(3U31n www.learn.openenergymonitor.org/electricity-monitoring/ct-sensors/interface-

with-arduino)

TagasasaginmsulasAnsziaidunsatumadisuniuueiieu (Burden
Resistor) %’!wsﬁﬁhﬁuagﬁ’uﬁﬁmﬂszLLamawﬁaLLUaansmmlWﬁw Tnoussiuilisdoanis
wwmpnglugu 0-5 V Fnemmidedldmiumuiiilidinssuaansentiwonuyas
ponuldl 5 V Sswnldmiouvasnssuaifiufiie szannsomunmAfiuuUesEuld
o
giadl

Secondary Current (Peak to Peak) = 2 x RMS Current X /2 (2.3)

MNNYUaaleiuazlaii

5 5
Burden Resistor = = 2.4
Secondary Current (Peak to Peak) 2%RMS Current X2 (2.4
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2.6 MicroSD Card

MicroSD Card #a gunsaflumsdeufiudesauuy NAND Flash Memory 7]
nmahlldauswivgunsaididnnselindvatsetne 1y ndesidnea Insdwitledie (Jusu
MicroSD Card azfisnendideudregn Weifsuiumiiesnrudidu q uadluilogtiudsdinns
Wi MicroSD Card Wity Tnsianisluiiesvesnnudilunsdudin

Tu MicroSD Card %ﬂimauﬁwdauﬁwﬁmﬁ’qgﬂﬁ 2.10 fail

1. Interface Driver - astfuqailidousiatursasnisuen viuihitnernlnue
AmnzauuasimsuusmussunzansiuluRimig q Aigesnslunisidouss

2. Card Interface Controller - yiwthituszananadsiigldvihnisdadaly
WaLYIINITEIUNIDTEUAIASL Memory Core W11 Memory Core Interface

3. Memory Core — Lﬂuduuﬁlﬁu%’mgalmﬁ Tnaunfiaziu NAND Flash

AL

I DAEz CMD CLK
D/DAT3 Interface driver
CRoamo Jed

interface

DSR[15:0] controller g
CSD[1274 reset (= 3
§
i
a.

Memory

DATO
DAT

SCR[63:0
SSR{S11:0]
CSRI3L0] et

E Memary core interface maci!‘———

3

Memory core

SUT 2.10 dwsznenlu MicroSD Card
(3Ua7n www.vishnumaiea.in/projects/hardware/interfacing-catalex-micro-sd-card-

module)
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2.7 MicroSD Card Module
WugunsalivhlAlulaseeulvsataesaunsaidousdsluds MicroSD Card
Idelusiameauuy Serial Peripheral Interface (SP) uanafaguil 2.1

-
-
-
-
-
-
-
-

E‘Uﬁ 2.11 MicroSD Card Module
(3U27n www.vishnumaiea.in/projects/hardware/interfacine-catalex-micro-sd-card-

module)

Py o v o
1993177939507 Tuv9 MicroSD Card 98¥191Uf18U590Y 3.3 V 1493
neluTssenausmie 5 to 3.3 V Logic Shifter lunisanseduusaiuanlulasaoulnsaiaes
v o =
Winda 3.3 V uanadagun 2.12
A
| éj’uo

5 oS
+3.3v A 1
I 74ABT125PW —‘

'L b | % o % [ “33v
Nz TN ] =
" ; 9. Not Used
D 8 [ oar

ICiP

§ Rz I‘\&:B ¥ 1. Not Used
2 : —— =] - et 2. Chip Select
Sv1 r ]
BGND []¢ 33K L Tuerisw 3.MOSI
svee | & c 4.vDD
amso | HA—1—— — 5. CLOCK
3MosI | 5 6 GND
3 ggn 4EEs 7. MISO
8. Not Used
Header Pins
&ko e 4

1000k Mo |

Hio 2
1D - y |
e 78 W MISO
TARBT125PW A

3U17'i 2.12 199508lures MicroSD Card Module

(3Ua7n www.vishnumaiea.in/projects/hardware/interfacing-catalex-micro-sd-card-

module)
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2.8 Real Time Clock Module (RTC)
Real Time Clock (RTC) Lﬂuaﬂnifﬁﬁ‘lﬁwé’ﬂmﬁuﬁmmmmﬁmﬁlﬁ%’um

o
el ;73

90 Crystal Iagldanandilaunegs q wsauﬂuaﬂﬂmw‘l{ﬂumsuuwn*uauammmmnu
mamalsﬂmalumaamnaw’meuaamrwamamalﬂmnmwammalmam \lesansigunsad
wmm'ﬁmﬂmmauamulﬂé’ﬂu’umdﬂmmiﬂﬂ’nm RTC Tneluga RTC sufusgadslunis
Jufinian (Time Stamp) Immul‘mﬁmimwauawlmulﬂmiuiﬂmauimmaaé‘[mam@ma
lslameauuy I°C suamugmwunﬁawwagawlmwLﬂthLuamamﬂugml,wau wAdin2
LL:J‘L;ETWLLazgnﬁawaa‘ﬁ’agaﬁlﬁﬁm*rs%’ua"q gnegay SD Card wisgunsal Data Logger
k@A Real Time Clock Module ﬁdg‘dﬁ 713

3Ui 2.13 Real Time Clock Module DS3231
(3U27n www.potentiallabs.com/cart/buy-ds3231-rtc-module-hyderabad-
online-india)
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2.9 NodeMCU

NodeMCU Aauwanwesunilafildaglunisadralusian Internet of Things
(IoT) Msznaulusae Development Kit (§Auadm) way Firmware (Software ULuUDsn) 7
\u Open Source awnsndeulusunsusnoniw Lau 16 vlwldauldinety smdausu
Tuma Wi-Fi (ESP8266) mLUum'I,ﬂa'lﬂm‘lumﬂm"uaumaﬂ‘uaumaimm lnedluga ESP8266
‘uuuaammwaww Fauseidunsnidy ESP-01 qufagUuilfis ESP-12 uanssagud
2.14

sU#l 2.14 NodeMCU
(3Ua7n www.amazon.com/HiLetgo-Internet-Development-Wireless-
Micropython/dp/B01001G1ES)

NodeMCU ufidnuaizadieiu Arduino assiiinesn Input uas Output 7
gninsenlus aunsadisulusunsumaunugunsal 170 Ielnelidiowugunsniau 4 uay
deldununidAtinwaniiannsaviili Arduino IDE Tusaniu NodeMcU g Favilvild
191 C/C++ Tunis@eulusunsuld anunsaldauldvainwatouindsiu NodeMcU 3
aunsathuihnsvawseldelasniziSesiliiertesiu loT ludragidunisyvin Web
Server auInin MsmuAunsUnTnlvsiu Wi-Fi uazdu q Snannuie gﬂﬁ' 2.15 Wa@nd Pin
Layout 984 NodeMCU

gﬂ‘ﬁ 2.15 Pin Layout 989 NodeMCU
(3U21n www.iotbytes.wordpress.com/nodemcu-pinout/)



AuANTR09 NodeMCU

e Wi-Fi Module — ESP-12E module similar to ESP-12 module but with 6 extra
GPIOs.

» USB - micro USB port for power, programming and debugging

e Headers - 2x 2.54mm 15-pin header with access to GPIOs, SPI, UART, ADC, and
power pins

» Misc — Reset and Flash buttons

¢ Power — 5V via micro USB port

e Dimensions — 49 x 24.5 x 13 mm

16
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2.10 ThingSpeak

i = Y oa - ai" A 4 2/ 1 1 1
ThingSpeak Ao l#uIn1T Cloud ¥ianil Moy nligldaunsadeaising

= & 4 s a v a aa ¢ 1 v |
9 FuielUiivlunuivuduledndaliglduinng Tnsazddumadinaniia q Wldau
v [ [ 2/ vooa ¥ Y £ VA v @ ¢
nsuanaayalluns v Wudu uardalalvanansadiddeyamailannivusniees
viald aduilumsidrisdeyaluguuuu 10T (ntemet of Things) uanslaasunsueduienis

YN9UBDITEUY 10T fae8 ThingSpeak ﬁqgﬂﬁ 2.16

ALGORITHM DEVELOPMENT
SENSOR ANALYTICS

=
S

— DATA AGGREGATION
L) AND ANALYTICS
- CJIThingSpeak ¥
3 MATLAB
= o N N |
= - ) y || A2 I ‘
- T ¢ > -1l
-? SMART CONNECTED DEVICES g é
-

5UM 2.16 lapsunsueSunenisvhanueesszuy IoT fe ThingSpeak
(§Ua1n www.thingspeak.com/pages/learn_m)

A RTidAnyuas ThingSpeak

eenisialiaunsaifoyaluda Thingspeak funsldlusianea IoT Mdufiiex
wanardoyaiildFuinangunsaiing 4 TunaiSealval (Real-Time)

- ansanusmdeyairontsanyanadianld

- anwnsald MATLAB lumsimsgsideya loT 18

. aunsofAnisiinssitoyadeluiRnunssaaiamenisaling o 1§

- anunsaldauseuu o Wlaglifenhnsseiidinaesuionsaiiaiules

. ansadamsfivdeyauazdoasiuuinmsvesynaafianuity Twitter 1§

N oA W N e



18

2.11 msdedayansguuuu I°C

Inter-Integrated Circuit ¥3afi3unius 12C ldmulunanvansgunsal i
iw3estuiinides Insdwidlefle saufmianaiusietne EEPROM Tnofitmuneiteidy
sULuunssudedoyasening Arduino Tngasfiainurfimunzandiniuauiideanis
AruSalunsdseyaligunnuien q Tnegasiuvesnsdsdoyauuu C fio annsald
mﬂﬁzyfy'imLﬁEmaaaLﬁu'[umﬁuﬁqifaa#aﬁﬁawiaﬁ'uLi‘Ju'iniW'j'Nﬁ'alﬁluﬁ'lmuﬁmn
uanslifagut 2.17 silinmssudedeyaluguuvuiiiuifenduegrsnnannsiiannsa
apanedynuazunasls dnldlusyuvauosnailedudn o

spA 1 spA
;

scL b———F scL
(Master-1) j (Slave-1)

SDA <t —F>] SDA

|

scL |« f sCL

(Master-2) (Slave-2)

gﬂﬁ 2.17 I’C Interface Diagram
(FUan www.rfwireless-world.com/Terminology/UART-vs-SPl-vs-12C.html)

'
=5

dedwineauluy Bidirectional Open-drain line #ignltlunisdoans 1C 3s

ansaiudetoyalaluiduiieaiuy S1uu 2 9 fie Serial Data Line (SDA) dvinntiiida
foyauas Serial Clock Line (SCL) yiwmtifidsdeyayasuniing Tneaafvesdyaianniing
Tu scL azinasaauiilunisiudedoya

NANNITVINIUTE Limu‘lmaaﬂnm Master 9zvimsUszananaliiaszyd
maqmimmmuﬁuauamaswauawmaﬂmm Slave lae Address 7 iau3e 10 Un N
dnnldlunisszygunsal Slave wmaqmﬁ]“aami Fearimunuuaduudaludnvaraes
ama fio 52yl Datasheet vosffindn uay nuualaggldueddagauisaninuale

‘VN Hardware %58 Software anuithvnig



19

+Voo

Pull-Up R R
Resistors P P

SCL
(Serial Clock Line)

Master SDL
(Serial Data Line)

sUT 2.18 nsi@ensiogunsniuuy /C Ud
(3Uan Www.aimagin.com/btog/mﬂ‘ffmuwa%mﬁaaﬁ—iZC/?Langzth)

n1sdeansuuy PC fUnuudsgud 2.18 uaziidrdunisineu (Timing
Diagram) ﬁ’agﬂﬁ 2.19 feil

1. gunseimniluszuuesiussiuseiugadediliGuviany

2. \ilossuuFmihauadstoa SCL fe¥nunseiuusefuiisienganie H og
s SDA %amaq‘lﬂﬁssﬁmﬁqﬁuﬁﬁﬁﬂquéﬁ%‘a L &1 SCL vzénait H 1dunan 0.6 lulasiundl
(tupsta : Hold Time to Start Condition) Master a2in1583n159d 191N AnNAvDI5EMY
usasuiind i Toedlesudasafinaalu Master azdaszuy Tnglingiuinds slave
Inunsze1ae Slave narefsisatjuula

3. Ygueiiu SCL andlﬂﬁlﬁﬂﬂUé‘lﬁ%B L 31 SDA agyhmsivuad1ausn
Tnerivualy Master dsprdnusnlundoududyaia Clock wiawsia IC Fiflu Slave vula
fuamhnaisusuatludongiivas s wasumussunduludu H Tasmsyiaudausn
984 SDA zi3uvhenlutiesswineiisodumnautuves Clock usn 1.3 lulasiuid

a. neszuvanfuuiiludes q suiadnil 7 §a 7 Saideluunisduite
darn Address ¥e1 IC Adesnsazinsodin uasilafsindeludsiodnil 8 wiMITTYIY
d4lof Slave sedds Tnenfunssvulaunisdaie SDA 71 H y3ousIRUgI0vrTOBUA
dunan Slave nmaniladaduniseiudiszyalag SDA 9 L duilausesush (Read seyen
lne SDA (Ju L)

5. M3nauiuan Slave Wulndl 9 Fa9edl Address nsefudni Master
sl Tneidlefinisnausumdsman Slave dadendn Acknowledge Fafunismousurunis
sdryaras SDA asiiens L fvsneanalleddngl Slave wienasdoanssny usdmin SDA 1
fanadudniigavde H axmnealedn il Slave Mlnfinfeuasdemsiius Master wio

d
A

1561791 Not Acknowledge

6. MNMsidnsmeuiuiiazdearsuss Slave wia Acknowledge uda N
weafutaananil scL gndsliiuaguandusi L ifudranandu warazgnUaeying oy
\Anriouil Slave fifndefeasSudsndnusnuss SDA

7. awnﬁuﬁmmnmuuma SDA %gﬂ@'mﬁiﬂﬂamiﬁﬁ’mmm SCL 211

oo

i [} - 1 ) | o v &
Master 9gUdpgaanin ludamed SCL iluAussdugs H uazazSudnsos « ideyansuis
8 JausnlaailudenzvesdyaimuscL
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v oo | a Po P % =
8. Master agmavauadlanalid1ing Slave Nazdnasaiunie

=t as 1 a ol :T v =l all 2/ @
Acknowledge Iﬂamazy,zynmﬂummmum L LWaLAAININITY Master wiausasuns

d' = = 1 di =Y [ 4 & as [ 92/ da 5
d@ean3a7n Slave 8n 8 UndsludleRinnsaunirdeyaiilasuanain Slave Wudoyanivianun
16 Un
s 5 s 1 2 -l 5 o v a‘ 1 v ai as =)
9. waennuuaznauluemdoyadnasaiten 6 Invazdudeyanlaiuaudl
FIUIUATU 9 019 16 UM
1 o 1 ¥ 1 dl o 1 4 = o 4
10. Slave azlsvinnsdedoyadeudailiontsfudeyansufislaf 9 990013
P o a = | al
Acknowledge (lasunaniitayansu 16 Tauda lagae SDA azgnivdsuandu H 1ile
Slave laifin1snevauadase
1 L A J 5 1 7]
11. msdsdygrauniduniuluais SDA srmsmsdsdynaluany scL
nl 1 [ 1 Y] [ & o s Y] v 4] - v
gnudsuAndudusedugs H laeunisasnemdninds Master ivgailasanidoya
AsU 16 Taua291ntiu 39fa Stop bit Famaneadudindsdeyansuluviusn 910 Address 7
Master #aan1sanasiusiSlave

w7\ LN K R R O < N
| MsB acknowledgement acknowledgement |  Sr|
| | signai from slave signal from receiver | |
st lsorsr | et \L7 D¢ O e Rale 1\/2\ /308 \ /o Ls:uxpl
b ACK R |
START or _I I__ i STOP or

repeated START byte complete, clock fine held LOW repeated START
j interrupt within siave while interrupts are serviced condition

002sacBE

sU7 2.19 SdunsvieueanIsaeanswuy 2C (Timing Diagram)
(3U97n www.arduitronics.com/article/47/i2c-communication-case-study-of-gy-30-

ambient-light-sensor)
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2.12 n1suwanuauuUni

nsUINUIUUYUNRA (Normal Distribution) i3endnagewilein msuanuas
LUUNIEM3BMSULANURILUUINAIREY (Gaussian Distribution) udiunisuanuasmnuives
Afaduund m‘iLLf\mLmLLUUﬁﬁﬂﬂiﬁﬂlﬂ‘l‘ﬁ'uwﬂﬁejm‘[umﬁmmi*ﬁauuaLﬁmﬁﬁ%mww
aﬁﬁﬁuﬁaga%ﬁmdmﬁm Wy nanzuuy 51916 Lagthanavesdering 4 1Judu esen

v |

- a Y 1 -~ | oal < ' o ' o
Tayanaiilpsesierin 9 ainanil dwlvgjaziiaiadeegnan q lneddunulldiniiiags

=

) o 4 o 1 & v v da 1
wsalimendnAnan q Wedwrvismualuidsuainsm aldiduiniyeaeanegnsinas Tag

= 3

v & v v o v 4 o a v s v a o a
MLHUIﬂQWQaBQ‘U’NﬁqﬂaQ ﬂa']EJﬂUEUi&@Nﬂ?'] ‘?NL?Uﬂ')']LaUIﬂQUﬂ@ (Normal Curve) NiLna
'ﬂ"lﬂﬂa%aﬂuﬂ’ﬁuﬁ]ﬂLLﬂQLLUUﬂﬂm @NEU'V] 2.20

"Bell Curve"
Standard Normal
Distribution

19.1% 19.1%

&7 1 1
Z{Egora.—4 B 5Esmest Mol T1Rgs 0Je reae .03 BE 4

Standard _ = A -,
Deviation - —49 30 20 1o 0 +10 +20 +30 +40

) O

Imulative

3U°?i 2.20 dulpaund
(EU’iﬂﬂ www.mathsisfun.com/data/standard-normal-distribution.html)
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2. fiduadowiniu u warAndsuunass i o

3. uiildidulAsunduiniu 1 vide 100%

4. Auadoiavadn Tougiu wazguleniiAvinfulazegnsainanvens

5. Uangmaisaesdrsvesidsuniesdlndunuueu urvglisaunuuey wasuitsyuing
unuueufiuduldwng ssiidlndauditleaginaaneiaisaadinluinng
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2.13 NM5BATITNISAN0RY
N153LA31ENN190AN08 (Linear Regression) Lun1sfnwiminuduius

senIemndIann 2 MTuly Felaundiuszununis (Predictor,X) LagfinouauDs
(Response,Y) InaidupruduiusuuuiBadu (Linear) viailutumnaunisii Regression fioq
=l o o 4 o t s

fin1siiuduau Sample Space S1unuIAne Wethuwaunisauduiug Tag

Bo = AAAKNY
B, = ANUTUTDLAUATS
e = error

v

P = & a a ] e =
nnsnluzun 2.21 asdulddniigavanegn dufie gadivsuandt e X i
Auunis szdawalyt Y fardwaunils datu S1uaugedsiinadifgysienisvih Regression

l -
/ ® Data ®

=== | inear Regression

0 B 4 6 8 10

3‘Uﬁ 2.21 Linear Regression
(3U31n www.medium.com/coinmonks/linear-regression-with-tensorflow-canned-
estimators-6ccaffddd14f)
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2s
@/

YURBUNITHI Linear Regression
- v 1 4:]2) [ ° =1 s 1 1 =il
1. w3sndeya XY lae arfinesnismaziludneulusuianfadiudseny Y diueii
df % o = at }7
Tuaunis (Model) tivaliitiuAnauAsfLUSHu
2. dhdaya XY 4win1s Scatter plot agvilinudinisiiusdivesyadeyaianvusidu

oL s

WA kazkwavasyatuiinuduiyuiuunuy X snwedszana waneindudseavsvesd
wUsAudiAannndt 0 (Audu>0) Feunsafigarisieg Regression analysis 6l
3. MAWATIN ANLRAY WA NATINVBINITANAUVBIRILUTAULALAILUIAIY WAz N

[

fodld

MMAEDIVOIR MU TAU

4. AMurumarsiivazArdulsyandveasaudsduluaunis Tnathadilaandes 3. ldlu
AUNNT 2.6 WAy 2.7 #1uaT6Y

TXYY

2 XY-—
B = ——zxz_n(;)z (2.6)

Bo=Y—-Db(X) (2.7)
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U UHUN WIS 1a1%N13
. Juns-wawaus 09.00-16.00
AUSLARNRIUN y
N N3 09.00-12.00
AUFUAIMANG W5-WeWeluf 13.00-15.30
NUUINMSTaLRN Juns-Ang 08.00-16.00
MuUiEIMewaYmEaRS
B NI 08.00-16.00
UILARYS (X-ray) '
X euen ey, 08.00-16.00
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fnnen NN 08.00-23.00
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uLIaLEULNe —
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U WNUA UinIg LIAIMINTT
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Ingvifoulanszuaguilasfidmsfineseing q fail

® Rated Input: 400 A

® Max Input 480 A

® Rated Output : 0.1A

® Turns Ratio : 1:4000

® Accuracy 0.5/1 %
® |inearity < 0.2%
® Phase Error : +0.5+0.5°
® \Weight : 204 ¢
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wazazdl Volt-Ampere Characteristic 1A1A116 UMY Burden fing 9 uAnILIgUN 3.9
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gﬂﬁ 3.9 Volt-Ampere Characteristic

= K =i A L :
| ra ' SCTO024TS—400A: 100mAF G115 IR EHFHE
| 10000 et —

i >

4

i B

| 1000 t =

=10 Ohn
50 Gha
w100 Ohm

BARE (0

1000

Tnsloninpvomsloutamssuatu agldoonudulninsuuaaduiiioun
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" 2xRMS Current xv2
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] prvscs o) N— 1 R2A R3A 10 :
[R— . 10kQ 10kQ .!

& " '
1 I \

— | I Current B
. c2 R1B ol 4 .
_______ s ouul 10pF \ |+ 33Q |I Terminal |
Kang” el 132 ! T by .
g =< ] 10k 10kQ K I
< - AMWW——t » -
'l"“"—_< I |; |
. g h ! !
! - R1C ) Current C
Voltage , 12C Pin Header: (l:gpF = 330 | Terminal |
Lo o /] h—) l.—q \ i | O I
pia—y I M |
. R2C R3C b .
I 10kQ 10k Ii |
. —WW—-AN———] ! -
: + PRI

o 97 . “
3UM 3.11 Schematic Diagram ¥993935ludILU0IN15 TR

mﬂ'gﬂﬁ' 3.11 Tursasdruiindaiuseifu Pin Header dwdusanssening
Ud I°C (v1 Ad doidriuta SDA wazwn A5 dewiafuta SCL wazwn A3, A6 way A7 1y
\Fousaiudyymuseiuain Single Phase Voltage Sensor)

Tuduilaesfionaslunsudasrnszuadildsuunonmsioutanssualiiiy
W54y 0-5 V fianunsadewd1fuet Analog Input Port 484 Arduino 339sUsynaudes
Funurunaiiu 2 @ (R2 uag R3) iefissuauseiu 5 v Wiy 2.5 v wasiiffiudse
sovuulanaseduuswiulii 2.5 v aanduassdereusum Burden 7Hlddunmg
fugausediu 2.5 V ilefirlfidunseiugneds Searlddyanauswuiidunssuaaduiiie
yonBYTENIng 0-5 V thdgaivivideuderdfua Analog Input Port (A0-A2) 184
Arduino

1 o [ a al' v o [ - 1 2/ [2
‘[umuwmmsLﬂumauuaaﬂﬂjawwmaumamﬂmnwmamen'ml,aw'lg
AMUAIUNIY Burden
PINUUYIINITATINUHUNSAUN (Printed Circuit Board : PCB) Tnaunu199s

PCB ﬁlﬁﬂsznaua%’wﬁu%LLaﬂﬂﬁﬁagﬂﬁ 2.19
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TRl

— 1 1 s
5UM 3.12 U995 PCB Tudhuveanisin

3.3.3 m'saanm.nJdquwaanﬂiﬁams'swi’ua'LuTﬂsﬂauImaLaa%LLamﬁuﬁaya
Tuduvesnsdeansseninslulasroulnsataesiivazihasludiuvesnisia
52995 (5 Slave) wag193slud1uveINsdoans 1 2995 (1 Master) Tngnsasludgiureansin
JwdsvayaduIg 12 M FeazUsenauae ﬁﬁLLiaﬁ’uIWﬁwmﬁaamwa, Ansenalninves
wzdamLWH, fdalnihesutwetaia uasemuszneufaweaianuiva %éwmﬂuﬁm&a
wamﬁwm%’mmgm IEEE 754 Floating Point (Single Precision) §19¢l4vuin 32 On
%30 4 lun ﬁﬁﬁgu'aws'luei'm‘naarmﬁ"aaﬁiﬂséfaa%’u%’ayamﬂ'ﬁufﬁhwaamﬁ'ﬂﬁ”’wmL"'ﬂu
$1uau 240 Tudt Tnsezdoaldaldifununamweinsiivieya dsnsiudeyatasiv
doyayn 9 100 ms FuiuSsdendenldguuvunisdeasitiionudaufivime wazamnso
doanstayadrunuunnldedisgnies Tnenasdeasdoyasendng Arduino Jzilogauuwuy
wdin 9 Ao UART, 12C uag SPI Insnsdeansusavuuuiasidenazdadounndrsiusoniy
Fefeudenismsdeansliimumunsanivnuiideans dslevinnsnaasudilaunasd
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s ] r_'i 2/
3.3.3.1 PIBENNARDINTTEREATVDYRIUY UART

Uoya : fuaunAdien 12 A1 (48 bytes) m’mﬁam‘ﬁumidq%’aya : 115200 baud
o I} ! & £ [ <
N3USUARINN 9 uazAugnApsvesteyaliulumuniugun 3.13

slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

e <SoftwareSerial.h slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
SoftwareSerial mySerial(10, 11); // RX, TX Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.5,10.0,11.1,12.2

setup() ( Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.5,10.0,11.1,12.2
Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Serial.be (115200) ; Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
kwﬁerial..—:.‘[llSQDO);l Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
Slayvel. :1.1,2.2,303,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

} glavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2
; abe; Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
sop() { // run owver and over Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

1£f (mySerial.avai 1= ()>0) { Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
‘¢ p = (byts*) &data; Slavel :}.1,2.2;3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

t i =0; i< sizeof data; i++) Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

‘pt+ = mySerial.read(); Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

8lavel :1.1,2.2;3:3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2

1 8lavel 22,1,2.2,3,3,4.4,5.85, 696;7.7,8.8,9.9,10.0,11.1,12.2
. "Slavel :"); 8lavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
i=0pi<=11;i++){ Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

print (datafi],1); Slayel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.59,10.0,11.1,12.2

8lavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

rial .pript (", "): Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9:5,10.0,11.1,12.2

} Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.5,10.0,11.1,12.2
sexial .println (") ; Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.5,10.0,11.1,12.2
v(100); Slavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2

} &layvel 1.4,2.2,3.3,4.4,505;6.6,7.7,8.8,9.9,10.0,11.1,12.2
8lavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Slave) 31.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Siavel :1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

3Ul 3.13 Wsunailunsieasdoyauasmiingg Serial Monitor (12 f, 115200 baud)

wuleyaiainugnees 100% Wiedpyad NI 12 A1 MeAINLST
115200 baud wazld Logic Analyzer TaAiandildlunsdevionunaylddeguin 3.14

U 3.14 L’Jaﬂﬁkl“r’ﬂum'iéa‘ﬁazéawxwmi'mmn Logic Analyzer (12 @1, 115200 baud)

NNUA 3.14 wudlledetoyadiuiu 12 A1 seauss 115200 baud 9gldiaan
4.35 ms
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s 1 A v
3.3.3.2 PIBENNIINAARINITHDANTUBYAUUY SPI

Slave : 5 uuteya : 12 A1 (48 bytes) Delay : 12 s
n1UTuAae q wazanugndewesdeyaluluauniugui 3.15

1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
Slavel
1.12,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
Slave2
1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
e a Slave3
1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
I%PI.'»'"E ckDi .:w:(??fi“L‘,K”IETG);I slaved
: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
- " . " Slave5
byte W const byte
g Trauaberinanest. § Fea. what) 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
Slavel
- S - Sl POl 2sR,3.3, 4 %5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
I' . ““');I Slave2
y e 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
Slave3
1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
Slaved
: 1.1,2.2,3:374.4,5,5,6+v6,7.7,8.8,9.9,10.0,11.1,11.2,
t slavereceive (char var){ SlaveS
: . 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
first union{ slavel
loat £:
4 g 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,11.2,
anss Y, 2.2,9.3,. 9.4, 575,606, 7. 16.8,9.9,19.9,11.1,11.2,
< Slave3
trangFerFantuait (gms) dednz.e o o 4. 58 w606 g gle, 9.9, 100 001.1,11. 2,
transferAndWait ("a");
2 i - - Slave4
ta. 0 = t Wai i ¥ 7 -
mtal B OInld Tr R e Ak /T 1.1,2.2,3:3,4.4,5.5,6.6,7.7,8:8,5.59,10.0,11.1,11.2,
data.b[l] = transferAndwait ('c');
4 o & ¥ c SlaveS
[: ta. 2 = t Andw ‘da' ; -
aty-Fl23 “ A Ak MED (W)t T A02. 2, 3.3, a0, 5 ST6 567772076, 9.9,10.0,11.1,11.2,
data.b[3] = transferAndwWwait (0): T L
[] Autescroll [ ] Show timestamp

n data.f;

sU# 3.15 Wsunsulunsdearsdeyauazmiigs Serial Monitor
(5 Slave, 12 @1, CLK 4 MHz, Delay 12 ps)

wuinteyaiinnugneey 100% Wedwdayadiuau 12 d1 990 5 Slave fae
Clock : 4 MHz, Delay 12 ps uazld Logic Analyzer Tadianiildlumsdaiunaylasagy
P
" 3.16

sU#l 3.16 aviildlunsdedenavismainain Logic Analyzer
(5 Slave, 12 fn, CLK 4 MHz, Delay 12 ps)

913U 3.16 wuindledsteyaduiu 12 A1 390 5 Slave faw Clock : 4
MHz , Delay 12 ps agldlia1 5.1833 ms
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3.3.3.3 Modrmsdeansvayauuy I°C

Slave : 5 Tuaudeya : 12 A1 (48 bytes) AW Clock : 400 kHz
n1sUfusane 9 wazaugnieswasdayaiiulunumugui 3.17

ay(100); slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.59,10.0,11.1,12.2
dlave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

Wire.requastFrom(10,48); Slave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
uhile (Wire.available{)) | Slave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.5,10.0,11.1,12.2
I2C_readAnything (data); Slave 5: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

} slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2
T (9, 48) ; slave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2

le (W ilable(}) { slave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
I2C_readhnything (datal); Slave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

} Slave 5: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
=stFrom(8, 48) ; slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

while (Wire.available()) { slave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
I2C_readAnything (data2); 8lave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

} Slave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
stFzcm(7,48); slave 5: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

while (Wire.available()) slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
I2C_readAnything (data3); slave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2

! slave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
(€, 48) ; Slave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

(Wire.anfilgFle()) | Slave 5: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2
12C_readAnything (data4); Slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

) Slave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
dlave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,5.9,10.0,11.1,12.2

dataprint (0) ; glave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,0.8,9,9,10.0,11.1,12.2
dataprint(1); Slave 53 1.1,2.2,3,3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
dataprint (2); Slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.59,10.0,11.1,12.2
dataprint(3); Slave 2: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
dataprint (4); Slave 3: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
Slave 4: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2

} Slave 5: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9,10.0,11.1,12.2
slave 1: 1.1,2.2,3.3,4.4,5.5,6.6,7.7,8.8,9,9,10.0,11.1,12.2

id dataprint (int a){ [] Autoscroll [] Show timestamp Hewline v 115200 ¢

1 (a==0) { A SIS — - - o

rint("Slave/ 1: ™);

i=0;i<=11;i++)1{

3t 3.17 Wsunsulunisdeanstoyauazmiingg Serial Monitor
(5 Slave, 12 A1, CLK 400 kHz)

1 £ = v d 1 o 1 1 3
wudeyailnugnaes 100% Liledateyadauau 12 A1 210 5 Slave e
D Clock : 400 kHz uazld Logic Analyzer Jadiarfildlunisdaisnunazldfgun
3.18

311“71' 3.18 nmﬁ"l"t'r'lumsﬁa%’a;ujaﬁwm’?@mn Logic Analyzer
(5 Slave, 12 @1, CLK 400 kHz)

93U 3.18 wuindedstayadiuau 12 A1 910 5 Slave #w Clock 400
kHz 9¢l47a1 8.854 ms
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NNHANIMAADIINAY ansanTeudfisunaiildlunisdadeyadivau 12
' E ] =l < v Yo < -1
A1 vesnsdeanslunsazuuuiisnanuasdeyagndedldfimisnd 3.2 deil

IJ = =l ¥ v A 1
A15199 3.2 Wivuigunatlunislddsdeyaresnisdoansuusaziuy

$1uu Slave | sUwuumsdeans | nandild (ms)
UART 4.358
1 Slave SPI 1.027
12C 1.468
SPI 5.183
5 Slave
12C 8.854

wuhmsdeansteyauuy sl sgldalunisdideyatiosiian sesauniiu
2C waynsdsdoyauuy UART axthilan uavdsteyaldifiss 1 Slave

uanniiuds eAnwsuuuunsdeansdeyauuy UART iauidu wuida
Winansnaaeadulumumisan 3.3

i ) 1 U E 2 d
A19799 3.3 nmmﬂuﬂ'l'iﬂ&“i’fauval,t,azﬂ’rmgﬂmawawayja’[umiaammw UART

A A
UART baud rate nm‘m‘?ﬁ (ms) oy
QNADY
: 57600 8.575 Good
1267
115200 4.358 Good
24a0 115200 8.729 Bad

= | i o 1 o @ o o =
NNMTNA 3.3 wuhmiildnisdsteyavzudsdunssivitnuteyaiign
dauaz baud rate ildlunisdedaya wardeyavziinuranatnuintudledduiudoyauin
U

=f

WefinwgUuuunisdeansteyauuy SPI iy wudldkanisnaass

=

Wulumnunnsed 3.4



=] | v v =
M5197 3.4 nanililunsdedeyauazaugnifeswesdeyalunisdoasuuu Sp

g A Delay | wanfilé .
AUDNADY
Clock (us) (ms) - ¥
6 0.739 Bad
2 MHz
12 1.138 Good
, 6 0.595 Bad
1 Slave 12 A 4 MHz
12 1.027 Good
6 N/A N/A
8 MHz
12 N/A N/A
1 Slave 24 A1 4 MHz e 2.05 Good
6 3.734 Bad
2 MHz
12 5.902 Good
: 6 3.01 Bad
5 Slave 12 A 4 MHz
12 5. 18535 Good
6 N/A N/A
8 MHz
12 N/A N/A

a0

9NN 3.4 wuin parildnsdaeyassulsiunsaiudnudeyaiign
dq, Delay wag 31w Slave Mlilunisdatoys urssuUmniuiunanud Clock laedoyavs
fautanaianinly Delay Tunisds 6 ps warliawisalduaruddyyiuuiinii 8

MHz 19

dlafinwgduuunisieanstoyanuy °C vmdn wuinldnanisvaasaduly

ANUAITNN 3.5

M15199 3.5 Landildlunsdsdeyanazanugnreivestoyalunisdeansiuy IC

0 aud | ey | avu
Clock | (ms) | gnees

1 Slave 12 A1 | 100kHz | 4.758 Good
400kHz | 1.468 | Good

1 Slave 24 A1 | 400kHz | 2.903 | Good
5Slave 12 A1 | 100kHz | 24.349 | Good
400kHz | 8.854 | Good




a1

d 1 k74 [} o s o b A
31NA15197 3.5 WU nmﬁl‘dmiaq%‘amaﬂvwiwumaﬂummu‘uauamm
dwarduau Slave ﬁ'lﬂumsawaua uAvzLUsHNAUAUAINE Clock meauaﬁlﬂmﬂmi
AUy I1°C '{)”ﬂﬂmaamwm lumuaaﬂumLLﬂﬂﬂ 9

mnmamimamm*:ﬁams%’aagauuuc-fm q Ui nsdeasLUY UART 1
laimm'm'l’ﬁ'mulﬁl.ﬁmmnmmsm%amsﬁaa&mw’mﬁ’ulﬁLﬁm 2 ¢ usnnsBeansuuu SPI
wag 1°C ﬁummsﬂﬁmﬂ%ﬁmwwmmﬁﬁamsﬁﬁﬁaamiﬁam5%’@3@@1’1LaWﬂﬁEm SialVell
12 A1 970 5 Slave Tmarﬁ]’aaﬂﬁﬂ'amiﬁuﬂmﬁu-ﬁ’aya 10 Adsdaund (Auan 100 ms) 3
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Lighting Load (Tuesdays)
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Temperature vs Lighting Load (LP1A)
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Baseline at Different Temperature
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Abstract

This article describes a study and analysis of electrical
load behavior in the Burapha University Hospital. The objective
is measuring an energy consumption considering ambient
The collected data
considered as a base line of the energy consumption are used

temperature. in normal condition
to compare with the energy consumption at different time
intervals. Energy monitoring devices, which are designed and
built for the energy monitoring system in hospital, are be able
to measure 3-phase electrical parameters. All measured data
are collected into the MicroSD Card and send to the cloud
database in the “ThingSpeak” platform, which can be remotely
monitoring, via the Internet of Things (loT) technology. By
comparison of load behavior at normal condition with
measured data, it can present the abnormal energy
consumption and system faults for improving the efficiency and

stabilization of hospital building electrical system.
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This thesis is a study and analysis of clectrical load behavior in the Relationships of load behavior and related factor are shown in the figure below
Burapha University Hospital. The objective is measuring an energy Case I : Random Pattern Load Case Il - Depend on Time Toad
consumption dering ambient ure. The collected data in L' .
normal condition considered as a base line of the energy consumption are
used to compare with the energy consumption at different time intervals.
Energy monitoring devices, which are designed and built for the energy
monitoring system in hospital, arc be able to measure 3-phase clectrical 1
paramcters. All of data is collected into the MicroSD Card and send to the - — =
cloud databasc in the “ThingSpeak™ platform, which can be remotely - 3 R+ e - .
monitoring. via the Internet of Things (10T) technology. By comparison of Figure 7CT Scans Load Avernge Power Figure 8 Lighting | cad Average Power
load behavior at normal condition with measurement data, it can present Case Il : Depend on Temperature Load
the abnormal energy consumption and system faults for improving the v g -

4 -i@":'fﬁérf f LY Ve

efficiency and stabilization of hospital building electrical system. - - A

Ini ucti

The hospital has high energy consumption and requires high stability
of clectrical system. Therefore, installation of encrgy moniloring systems
can be used to gather and analyze energy consumplion data 1o increase an
efficiency of electrical system in hospital.

This thesis is a study of electrical load behavior with an environmental
factors for create a base line of the energy consumption, which are used to
compare with the energy consumption at different time intervals to present
the abnormal energy consumption and system faults for improving the
efficiency and stabilization of hospital building electrical system.

Methodo
1. Create the encrgy monitoring device as shown.in the figure 1 and 2.

Pigure 2 Inergy Mounovig Device Figiere 3 Lovaion of ntalation.

Figore | Sacture of the Device

2 Install the device at MDB in electrical room as shown in figure 3 then
gather data from SD Card as shown in figure 4 and 5 and show the data in
real time from Thingspeak database as shown in figure 6.

i - o LIRSS
ma 5 e

"

Figere s Fiot of Duts bom SO Card Figure & Data o ThingSpuak
3. Amalyze the data of load behavior with related factors, such as
temperature, working hours of the hospital, days of the week, etc, and
create the bascline of load from these factors.

E-mail : plampoom.sa@kmitlac.th, pichit.lui@ kmitl.ac.th

Figure ¥ 3 Floor Load Average Power Figure 10 Temperature in Thunsdays
Base line from analyzing load with temperature is shown in figure 11

Figure 11 Base ling of 5% Floor Load

sion

* 'The first casc, Encrgy consumption is random because these loads such
as X-ray, CT Scans are randomly use. So it cannot create base line from
Joad behavior but it can use the peak of load for creating upper bound to
detect ive energy Pl

* The second case, lighting loads energy consumption are depend on
working hours of the hospital. Therefore, bascline of these loads is the
same on the same day of the week.

* The Third case, Energy consumption is depend on temperature by the

load that relate to temy such as ai diti Sao the bascline of

these load arc varied on temperature.

Created baseline in figure 10 can be used for detecting abnormal energy

consumption. 1f loads arc higher than upper bound or lower than lower

bound it can alert to technicians in the hospital to examine the problem.
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41 TN 42




98

LP 1B %y 1
1 Woaulaas 2 Wsu
3 waaulAas q ERHY
5 WaaulAas 6 W15U (Woe X-ray A19Waw)
7 WnaulAas 8 was (Meeing)
9 naaulaas 10 115U (szidseunun OPD)
11 WoaulAs 12 M
13 W03 (ieaWnuwwne OPD) 14 WSU (Meeen)
15 WaaulAas 16 L5V (Weeen)
17 TOH 18 119
19 wos 20 19
21 Wos 22 14
23 uos 24 WasABNA
25 was (X-ray) 26 119
i o3 (X-ray) 28 winsulsedn, 918nane
29 wes 30 WISUlSeEn, 98nang
31 wos Unsl 32
33 was Uns2 34 Jurdminde
35 wes (Zone X-ray) 36
37 wos 38
39 wes (A$7,e1) 40 Humdndde
a1 42
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LP1C 41
1 2
3 0 4
L5 6
g 8
9 was (¥09 LAB) 10 was (Vieen)
11 12
15 14
15 IGH 16 uas (Afee)
17 18
19 wos 20
21 uos 22 was
23 TGH 24
25 26
o7 was 28 wos (Moududu,d1unana)
29 30
31 32 uas
33 o3 34 w3
35 36 wos
37 38 was
39 wos 40 W3
41 42
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LP 1G %u 1
1 WASAIN 2 WASATINS
3 WA 4 WA
5 TGAGRRN 6 TGNGeRN
r UENETIN 8 WANEIN
9 TGAG RN 10 WASEINS
11 WASATIN 12 LAIaINg
13 IGAGPRN 14 ATM
15 TGN eRN 16 ATM
17 TGN eRs 18 TGN RN
19 WA 20 Wel9E14
21 WENEI 22 WENATIN
23 TGRGRRE 24 WAIEINg
25 weNaIenives LAB 26 A4
27 TGAGRRY 28 TGN RN
29 Fire Alarm Control Panel 30 LEIEIN
31 LENAINI58UDIANT 32 ]
33 uas 3a | T %m@mﬁu
35 wos 36 | J
ol 1GH 38 Alarm Pipeline
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1 Waau g 1N
3 waa 4 LaNaIN
5 WAAL 6 WASAIN
7 CRRNY 8 TGEGERN
9 wes 10 IGRGRRL
11 wos 12 et
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LP 2A 4u 2
I Wy ICU 2 LasaieviRgLUIALNDS
3 1N 4 UASATN
5 LW15U ICU 6 M
7 WN5U (Mumnssu) 8 TGN eRN
9 WAISU (MURANTIU, VDIHAR) 10 WaedINe | Neau
11 N 12 LASAD
13 WI5U 14 LaNaINe | eau
15 WIS 16 114
17 Wsu 18 TGRGeRN
19 WaaNaARINTA 20 TGEG RN
¥ WS 22 WA |, Weaw
23 TGH 24 TGEGRAN
25 aunsalvinily (Hunnssu) 26 WAEINa
27 uas 28 WAIEI
29 WaSWNUN LAY 30 GG eRS
31 IGH 32 WAIEI4
33 wesvoelng 34 WAIEINg
35 36 Naaulaas
crdl 38 | ]
39 WasuUMNTIU 40 g LOSTUANTTU
41 o 42 J
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LP 28 4y 2
1 WhaugAeINIA 2 WAANAARINA
3 WAALAABINIA 4 WnaugneINIA
5 Winaugae1nA ICU 6 wos
7 i 8 WAANAADINA
9 L1815 (iumnssy) 10 WAaLRADINIA
11 i i WAaNYADINA
13 GH 14 uasn1sLiu
15 uos 16 LoTDWIUANTTH
17 was B
19 TGH 20 - TGH
21 22 A
23 IGH 24
25 uas 26 ]
27 WOIY0I3INT3 28 was 36000 BTU
29 WSMB4INT3 30 4
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LP 2G u 2
1 W5 2 LasaINavtuEUn OR
3 Wsusioam 4 WA
5 W1SuU 6 TGN RAN
7 W5 8 WESEIN
9 WU 10 WASAIN
11 WaE19 12 LASAIN
13 NOITNNAUHNGIR 14 WENETY NS UTR I
15 wanaing ICU 16 TGRG AR
17 WaNA19 ICU 18 TGEGRS
19 @319 OR 20 wasaineule
g1 Wasd37e OR 22 Wnsuviesity
23 WASAINMILHUN OR 24 gunsadiniluves 4
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LP 3A 4 3
1 TGAGRRN g WASAINN (iosnaen)
3 WAIETI 4 WA (Mosnaen)
5 TENGeRN 6 WaNa319 (304)
7 uasaing (Wenh 303) 8 WeasaI4 (304)
9 WEEINe (MI9LAL) 10 WasaIe (304)
11 WeNEIe counter (303) 12 WASEIN (osnaan)
13 WANEI14 (303) 14 WA (osnaan)
15 UWAEIN (M NATSA) 16 1
17 WAIEINY (WRsHnAssSA) 18 LA9A79 counter (304)
19 WEEI1e (ViesAaen) 20 waaing, Wnaw (304)
21 ueNad (Mospaan) 22 1N
23 WaseI N () 24 1N
25 UA9EINe (Viodmaem) 26 4
27 1N 28 b
29 TN 30 LW5U
31 UENADN 32 Wsu
33 WSU (304) 34 W5u
35 WISU (304) 36 LA15U 303
37 W15 38 1N
39 13U 40 W3V (Aespaen)
41 WU 42 W13U (Mosmaen)
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LP 3B 4 3
1 2 was (vioanaon)
3 wos (Voaldin,303) q WhaugnaNA (Miesnaen)
5 6 WnaNARDINIA (Faauin)
7 ues (oadin) 8 WARLAANDINTA (FBaLfiN)
9 wes (Moahin) 10 WAAUAARINTA (VININATIS)
11 wos (Woudn) 12 WaaNAAeINA (Hosnaen)
13 Las (iaaifin) 14 Waaulaas (303)
15 wo$ (Woufn) 16 Wnaulavs (304)
i uo3 (Viowlinassn) 18 waaulpas (Vesraen)
19 was (vasrnAssa) vi B
21 ues (MowlinAssa) 22 |+ avdeuves (iewnaan)
23 a3 (MawrInAsss) 24 | |
25 L3 (o IINATIA) 260,17
27 uos (Viomann) 28 {3098 19muau BEP PAN (fa4
4 AaDA)
29 w03 (Viosraen) 30 ]
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LP 3C % 3
1 WnaugneIne (Vieanaen) 2
3 414 q was (iesAaen)
5 was (iosraan) 6
7 WU (Vieauseag) 8
9 wa$ (eauszyw) 10 wo§ (Mesnaen)
11 wes (Mosusyan) 12
13 wes (vionaan) 14 was (Miosraan)
15 was (Vesmans) 16 Los (Vinsnanm)
17 was (iesnaem) 18 uas (Vesnaon)
19 wes (Moraan) 20 ues (Mesnaen)
21 uas (Mospaon) 22 was (Mesnaan)
23 24 wos (Mosmaen)
25 (Fudniaav) 26 Las (Mesnanm)
27 (AUENHNSLAY) 28
29 (FUENNITLI) 30
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LP 3G 4u 3
1 WU (303) 2 WaENEIN (Mosnaen)
3 WU (Vinspaen) 4 WAREINN (Modnaen)
5 W3V (Meemaen) 6 WAIETIN (Foeraon)
7 W3V (counter 304) 8 Wwaa31e (304)
9 W1SU (Vieenaen) 10 WeA119 (Veamann)
11 Alarm pipeline 12 WAIAIN (WouLmSauen 304)
18 a9 304 14 WA9AI N (303)
15 1N 16 LAIEIN (ViDsAaen)
i W13U (eadinidn) 18 WagaIe (NICU)
19 (ICU #n) 20 WASAINS (MUl Lift)
21 (379) 22 WEIEIN (VDenaen)
23 (319) 24 W1SU (Mosnaon)




LP 4A u 4

1 WAIAIN4 ) wasealm

8 WENET il wasainslusiesth 406
5 WEETN 6 T4

7 19 8 waEaa M
9 WAIEI19 403 10 wasaINmtinvies 406
11 wasanunllu 403 s et

13 uasaanalaetinving 403 14 LAIAIN9YD 406
15 WEATN 16 WANAI19DY 406
17 WAIEIUTae 401 18 uasHRILIA

19 WANAINY 20 WosHBIUIN

21 14 22 LasVRIUIn

23 IGEGPRN 24 LasHRIUIN

25 WANETY 26

27 waverinsluvineaiuny 404 28

29 TGRG RN 30 WENEA219YDe 406
i) 14 32 114

33 1N 34 1

35 1N 36 ek}

37 N 38 wasvitgeny
39 14 40 weseagieny
41 79 42 waivioeatay
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LP 4B du 4
1| ] 2
3 s OH q was
5 I 6
7 | ] 8
9 - TGH 10 TOH
1 i 12
13 wos 14 LA35U
15 uas 16 Wy
17 uas 18 LAY
19 wos 20 GREY
21 Wnanlaas 22 W5U
23 Waaulaas 24 15U
25 Waaulaas 26 WU
o7 \A3pedmsTauay 28 A5y
29 Winaulaas 30 WSy
31 | veaulaes (venUiedaunssuwe) | 32 W5U
33 W5 34 W5
35 WSy 36 WU
37 15U 38 WISU 406 NMUAIN
39 W15 40 REY
41 W5U 42 LAy
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LP 4G % 4
1 WA 2 WASEIIVRLALADS 404
3 UaNa319 401 il IGEG RN
5 WAsdd14 406 6 TGEGERR
7 WeNaIaRanINANg 403 8 TGN RS
9 TGN eRY 10 GG PRt
11 WASEINIMINANS 12 TGAGRRN
13 wniuaniduanines 403 14 WaAgAdNg
15 TGRGeRS 16 IGEG PN
17 TGAG RN 18 LAIAIN
19 WASATN4 20 UEIAI1
21 TGAGRRK) 22 TGN RRY
23 TGAGeRN 24 TGN kN
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LP 5 4 4

1 IGRG RN 2 WLaeaaI1e, Wnay
3 WENETINa q WaNaI1e, Wea
5 Waaa19, Waau 6 LEIaNg, Naa
7 Lea9,Waaw 512 8 a9, Naau
9 WEdIs, WA e 10 WG GRRRILGY
11 WaNa19, WnaL 12 WaNaI1, Weay
13 waaaI1e Waay 14 WISV 506-509
15 | 13U 510-513, Wmauwweu 501 | 16 LasvioaUssyuy
17 WASaIs, Waau 18 TGAGERN
19 wasnienInuun 20 GRGeRY
21 WasNEANUIUA 22 NG ekN
23 WASEI1N 504-505 24 WU
25 TGNGPRN 26 W15U
27 TGAGRRN 28 Bniueaaiadle
29 WU 502-507 30 RV L R R TGP R

AR
31 W3U 514-517 39
33 W$iN3U 519 34 wo3 520
35 WIS 36 Was IMAeSNEIUIA
37 IGH 38 IGH
39 uas VIP 501 40 Lo3
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LP 5G %u 5

1 WERAINNTIARE TUAN 2 WAIEINIVBINAUPNLADS
3 WaAEINg 4 WAIEINNURILAY 501-509
5 WASAINULNANA 6 LUDDN

7 WAEI TN TDIRLAY 515-516 8 TGEGRRE

9 TGRAGEPRN 10 119
il 1 12 WASEINAILN DS

New Load Center ’f?’;u b

1 wos (Veg 510) 2 wos (ioe 502)

3 a3 (Woe 511) 4 ues (o4 503)

5 uas (1194 512) 6 was (Wes 504)

7 uas (Mos 513) 8 ues (Wee 505)

9 uas (o4 514) 10 was (o1 506)

i was (¥ioq 515) 12 Los (93 507)

13 uas (#e4 516) 14 uas (o3 508)

15 w3 (a4 517) 16 wes (¥oe 509)

17 et Soundumyines 18 Alarm pipeline
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LP 6 4u 6
1 TGEGRAN 4 Wsu
3 WASEINg il Wsu
5 uas (AYLMBSNEIUIE) 6 W5 613
7 WASEI, Whau 8 WISU 614
9 WEsAIN9, WRaw 10 W5U
11 WaNE719, W el 12 W5u
13 WaNA319,WmaN 610 14 WAISUYRINNLAY 601
15 AN, WaaL 16 LUUDDALTIANYIUIA
17 WA 617 18 W3U (ward 6)
19 d1509 20 WI5u
21 WEgaIng 22 wasiAvimas
23 WA 24 oH
25 GG PRNRTTIRH 26 LWANSURD LAY
27 WASEI19, Waaw 28 TOH
29 WASAIN, WAAL 30 was
31 WENES, WAAY 32 ﬁmau@ﬁmmﬂﬁaqﬁﬂ
33 WAEI 34 o3 601
35 WaNaINg 36 #1994
37 d1904 38 d1509
39 #1904 40 d1904
41 WSUeng 42 GLAVGE
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LP 6G % 6

1 WAREI1N (LAVILARS) 2 d1909 (mana)
3 WAIEI1 (MENANR) 4 d1909

5 WEIEI19 (Ma9tna) 6 d1994

7 WENEINY (MiniesviAny Juen) 8 d1904

9 WENEI1e (Miinefiany Jumn) 10 d1509

11 WENAIN 12 d1904

New Load Center %’u 6

1 uos (Wee 610) 2 wos (Yhes 602)
3 was (Wod 611) 4 uos (o3 603)
5 uos (Vioq 612) 6 wos (We3 604)
i wos (o4 613) 8 L3 (109 605)
9 was (Mas 614) 10 uas (o9 606)
11 was (o9 615) 12 ues (1104 607)
13 o3 (Wns 616) 14 wos (Y384 608)
15 was (1es 617) 16 wos (o3 609)
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Technical Specification

Arduino Nano 3.0 (ATmega328): schematic, Eagle files.

Arduino Nano 2.3 (ATmega168): manual (pdf), Eagle files. Note: since the free version of
Eagle does not handle more than 2 layers, and this version of the Nano is 4 layers, it is
published here unrouted, so users can open and use it in the free version of Eagle.

Microcontroller Atmel ATmega168 or ATmega328
Operating Voltage (logic 5V

level)

ki I~

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 8

DC Current per /O Pin 40 mA
16 KB (ATmega168) or 32 KB (ATmega328) of which 2 KB used by

Flash Memory bootloador

SRAM 1KB (ATmega168) or 2 KB (ATmega328)
EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328)
Clock Speed 16 MHz

Dimensions 0.73"x1.70"

- 3 the board

AROUING
NANO 5
va.e K37 %

o SRAUITCCH.us

-

\analog pins|

E] RS ~radiospares Rabionics \4’-..4.;
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The Arduino Nano can be powered via the Mini-B USB connection, 6-20V unregulated external power supply
(pin 30), or 5V regulated external power supply (pin 27). The power source is automatically selected to the
highest voltage source.

The FTDI FT232RL chip on the Nano is only powered if the board is being powered over USB. As a result,
when running on extemal (non-USB) power, the 3.3V output (which is supplied by the FTDI chip) is not
available and the RX and TX LEDs will flicker if digital pins 0 or 1 are high.

The ATmega168 has 16 KB of flash memory for storing code (of which 2 KB is used for the bootloader); the
ATmega328 has 32 KB, (also with 2 KB used for the bootloader). The ATmega168 has 1 KB of SRAM and
512 bytes of EEPROM (which can be read and written with the EEPROM library): the ATmega328 has 2 KB
of SRAM and 1 KB of EEPROM.

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

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

» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.
PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (S5), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

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

The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the analogReference() function. Additionally, some pins have specialized functionality:

» I'C: 4(SDA)and 5 (SCL). Support 'C (TWI) communication using the Wire library (documentation
on the Wiring website).

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

See also the mapping between Arduino pins and ATmega168 porls.

G Rs Radiospares RADIONICS -A,
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Communication

The Arduino Nano has a number of facilities for communicating with a computer. another Arduino, or other
microcontrollers. The ATmega168 and ATmega328 provide UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An FTDI FT232RL on the board channels this serial
communication over USB and the FTDI drivers (included with the Arduino software) provide a virtual com
port to software on the computer. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is
being transmitted via the FTDI chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Nano's digital pins.

The ATmega168 and ATmega328 also support I2C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the I2C bus; see the documentation for details. To use the SPI
communication, please see the ATmega168 or ATmega328 datasheet.

The Arduino Nano can be programmed with the Arduino software (download). Select "Arduino Diecimila,
Duemilanove, or Nano w/ ATmega168" or “Arduino Duemilanove or Nano w/ ATmega328" from the Tools >
Board menu (according to the microcontroller on your board). For details, see the reference and tutorials

The ATmega168 or ATmega328 on the Arduino Nano comes preburmed with a bootloader that allows you to
upload new code to it without the use of an external hardware programmer. It communicates using the

original STK500 protocol (reference, C header files).

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

\ Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Nano is designed in
a way that allows it to be reset by software running on a connected computer. One of the hardware flow
control lines (DTR) of the FT232RL is connected to the reset line of the ATmega168 or ATmega328 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Nano is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
s0, the bootloader is running on the Nano. While it is programmed to ignore malformed data (i e anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

B RS ~radiospanes rabionics A
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP)

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

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you'll need to install the FTDI Drivers to let
your PC talk to the board. First Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to "burn” your
first program on the arduino board. To
select “blink led”, the physical translation
of the well known programming “hello
world", select

File>Sketchbook>
Arduino-0017>Examples> "t
Digital>Blink e

Once you have your skecth you'll
see something very close to the
screenshot on the right

In Tools>Board select Arduino ; PETT
NANO and with the AtMEGA you're -
using (probably 328)

Now you have to go to
Tools>SerialPort

and select the right senal port, the
one arduino is attached to

Uone compiling

(! RS radiospares nrapionics

s
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Dimensioned Drawing

il NNANE I

i i |

B RS ~radiospares Rabionics A_



ZMPT101B VOLTAGE TRANSFORMER

Applications

% Scnsing Overload Current
% Ground fault detection

%k Metering

% Analog to Digital Circuits

Electrical Specification

I Primary Current

2mA

Secondary Current 2mA
Turns Ratio 1000: 1000
Phase Angle Error =20°(3000)
Current Range 0~ 3mA
Linearity 0.1%
Accuracy Class 0.2
Rated Burden =200
| Frequency Range 50~ 60Uz
Diglectric Level | _ OOVAC/min
DC Resisnce w 20C | __iten |

Mechanical Specification

122

Product Hlustration

Output Characteristic

Cup PRT
Encapsulunt Fpoxy
Terminals Pin &0.50mm |
Tulg;gnqi 0.2 mm
Approx. Weight 13g
Case Carton
__ Enviry, 3 W
Storage Temperature 3
| Insulation Resistance [ =100 M0 L

Dimensions (mm)

Description:

'ﬂ‘ /
2 pn =
™ >, ]
31 :
;: o El
<5 > A S )
2F, / * i
2 |
L4 e —
- : p——
LR W) 5= _ma-—
Qe 1
= P |
0.0
Lo % 4 Le et b d an ¢ "
::\g
P—
L3 Lo an 7.0 ¢

Micro Precision Voltage Transformers,

with low price, small size and ecasy PCB mounting. are mainly used
inelectrical energy meters, houschold electrical equipment, industrial
apparatuses, electrical testing equipment and relay protection, widely

Sane Polarity *
i e 1o W
ol or e
= am | %S
E‘- 3 YL
| | < J0.0) T ge0.8
) 19.5
FRONT VIEW BOTTOM VIEW
Label
i TrmBrme
! RATIOmi dmh

acclaimed as well.



Split core current transformer 4/ UCH
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Model: SCT024TS

Characteristic:
Hanging installation, Crimping terminal output,mechanical strength:
Open and closed time not less than 1000(test when 25T).

Technical indicators:
Hanging installation, Crimping terminal output
Material of core: Silicon steel sheet
Fire resistance property: UL94-V0 Charactenistic curve in different load volt-ampere:
Work voltage:660V
Work temperature:-25C ~+60'C
Storage temperature:-30'C ~+90°C
Frequency range: 50Hz~60Hz
Dielectric strength:3.5KV 50Hz 1min

Electric parameter:

‘Rated input(rms) 400 SUONOA
MaxInpst 7 480 iy g . .
Rt otpatd T 0.d ¢ A

- wl . : , Winng diagram-

Tums ratio | 11 4pokf =

M3 screw

Accuraty ' 0.5/1 487, K x
[ 7T A R { W N T
Phavestror | +0.520.6°

s Samplngresistasce bl W87 N2} 1 M3 screw

Outline size diagram(in mm): TVS: Transient voltage suppressor, Current output type

Crimping terminal output
Front view Side view

www.yhdc.com  Email: yhdc@yhdc.com
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DS3231

General Description

The DS3231 is a low-cost, extremely accurate 12C
real-time clock (RTC) with an integrated temperature-
compensated crystal oscillator (TCXO) and crystal.
The device incorporates a battery input, and maintains
accurate timekeeping when main power to the device
is interrupted. The integration of the crystal resonator
enhances the long-term accuracy of the device as well
as reduces the piece-part count in a manufacturing line
The DS3231 is available in commercial and industrial
temperature ranges, and is offered in a 16-pin, 300-mil
SO package.

The RTC maintains seconds, minutes, hours, day, date,
month, and year information. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The
clock operates in either the 24-hour or 12-hour format
with an AM/PM indicator. Two programmable time-of-day
alarms and a programmable square-wave output are
provided. Address and data are transferred serially
through an I12C bidirectional bus.

A precision temperature-compensated voltage reference
and comparator circuit monitors the status of Voo to
detect power failures, to provide a reset output, and to
automatically switch to the backup supply when necessary.
Additionally, the RST pin is monitored as a pushbutton
input for generating a pP reset.

Typical Operating Circuit

Extremely Accurate 12C-Integrated
RTC/TCXOICrystal

Benefits and Features
* Highly Accurate RTC Completely Manages All
Timekeeping Functions
+ Real-Time Clock Counts Seconds, Minutes, Hours,
Date of the Month, Month, Day of the Week, and
Year, with Leap-Year Compensation Valid Up to 2100
Accuracy +2ppm from 0°C to +40°C
Accuracy +3.5ppm from -40°C to +85°C
Digital Temp Sensor Output: +3°C Accuracy
Register for Aging Trim
RST Output/Pushbutton Reset Debounce Input
Two Time-of-Day Alarms
+ Programmable Square-Wave Output Signal
» Simple Serial Interface Connects to Most
Microcontrollers
+ Fast (400kHz) 12C Interface
» Battery-Backup Input for Continuous Timekeeping
* Low Power Operation Extends Battery-Backup
Run Time
+ 3.3V Operation
e Operating Temperature Ranges: Commercial
(0°C to +70°C) and Industrial (-40°C to +85°C)

* Underwriters Laboratories® (UL) Recognized

Applications
e Servers » Utility Power Meters
e Telematics « GPS

Ordering information and Pin Configurafion appear at end of data
sheet.

Vee Ver
. R = WICs qr.
Veo L
Fey LT ==
Yoo < -
oL ¥ = 5CL Wso 3 -
p SOA[= #1504 oz -
FEET |- FET Ds32y VBT,
PUSHBUTTON l ——{NC. NCh— =
s i NC NC I
NC. NC =
NC [els] NC.
F 8
7S
Underwniters Laboratories is a registered certification mark of
Underwniters Laboratories inc.
maxim
integrated

19-5170; Rev 10 215
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DS3231

Absolute Maximum Ratings

Voltage Range on Any Pin Relative to Ground...-0.3V fo +6.0V
Junction-to-Ambient Thermal Resistance (64) (Note 1)73°CW
Junction-to-Case Thermal Resistance (8,c) (Note 1)...23°C/W
Operating Temperature Range

el G 104+T0°C

ol ek - D —
DS32M8N.......cccrrciimrinrriinnrinarisssemsenneaas. ~40"C 10 485°C

Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Storage Temperature Range ........................-40°C to +85'C

Lead Temperature (soldering, 108)......................+260°C

Soldering Temperature (reflow, 2 times max) ... .+260°C
(see the Handling, PCB Layout, and Assembiy section)

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial
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Recommended Operating Conditions
(TA = T"m to TMAKl uniess otherwise noted.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MN  TYP  MAX | UNITS
s 23 a3 55 | V
s S 233055 | v
0 7 X Vcc +
Logic 1 Input SDA, SCL Vi e ee
Logic 0 Input SDA, SCL Vit 03 ':,2: v

Electrical Characteristics

(Vee = 23V 1o 5.5V, Ve = Active Supply (see Table 1), Ta = Tayn 1o Taax, uniess otherwise noted ) (Typical values are at Vee =
3.3V, Vgar = 3.0V, and Ta = +25°C, unless otherwise noted ) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Vcc = 383V ZW
Active Supply Current leca | (Notes 4, 5) Voo S 557 300 WA
12C bus inactive, 32kHz Ve = 363V 10
Standby Supply Current legs  |output on, SQW output off WA
(Note 5) Vee =55V 170
12C bus inactive, 32kHz Ve =363V 575
Tm‘um Conversion Current lccscow OtﬂDUlOﬂ. SawW m oft Vcc ZE5v 850 HA
Power-Fail Voltage Ver 245 25715 270 Vv
;%g: 0 Output, 32z, INTISQW, |\, [\ g 04 v
Logic 0 Output, RST VoL |loL=1mA 04 \
Output Leakage Current 32kHz, o
INT/SQW, SDA o Output high impedance 1 0 +1 YA
M‘ Leakage SCL Iy ¥ o -1 +1 HA
RST Pin I/O Leakage log RST high impedance (Note 6) -200 +10 WA
VBAT Leakage Current
(Vg Active) IBaTLKG 25 100 nA

www.maximintegrated com
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Electrical Characteristics (continued)

Vec = 23V 10 5.5V, Vg = Active Supply (see Table 1), Ta = Ty 10 Tyyax, unless otherwise noted.) (Typical values are at Veg =
3.3V, Vgar = 3.0V, and T, = +25°C, unless otherwise noted.) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Output Frequency four  [Vec=33VorVgar=3.3V 32.768 kHz
Frequency Stability vs. At &;c :—353;\/“ 0"Clo +40°C 2
Temperature (Commercial) OUT | VBAT = 3.9V, N ppm
aging offset = 00h >40°C to +70°C +35
- Vee =33Vor -40°C to <0°C +35
Frequency Stability vs. CC ~ =
e ﬂnd"gm) Mour |Vear=33V, 0°Clo +40°C 2 | pom
aging offset = 00h >40°C to +85°C +35
Frequency Stability vs. Voltage AV 1 ppmV
-40°C 07
Trim Register Frequency ) ) +25°C 0.1
Sensitivity per LSB AfLSB | Specified at: T0C 0a ppm
+85°C 08
Temperature Accuracy Temp [Veg=33VorVear=3.3V -3 +3 C
) After reflow, First year 10
Crystal Aging Ao ot production tested  [0-10 years 50 P
Electrical Characteristics
(Ve =0V, Vgar = 2.3V 10 5.5V, Ta = Tpain 10 Thuax, Unless otherwise noted.) (Note 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
) EOSC=0,BBSQW=0, |Vasr=363V 70
Active BRIy Girent 'BATA | SCL = 400KHz (Note 5) vg “5ov w | "
el G0, \\ (| aarks 509V 084 . 30
Timekeeping Battery Current lBaTT  (gey = SDR:iw o - pA
Sc[_:sm.:vm’_ (Note 5) VBAT:E’SV 10 35
EGSC =0, BBSQW =0, Vgar = 3.63V 575
Temperalure Conversion Curent | lgarre | SCL=SDA=0Vor WA
SCL = SDA= Vgur Vgar =55V 650
Data-Retention Current lgatTor | EOSC =1, SCL = SDA= OV, +25°C 100 nA
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

AC Electrical Characteristics
Voe = Veoming o Veemax) OF Vaar = Vearming 10 Vaaraax). Vaar * Vee. Ta = T 10 Tyax, unless otherwise noted.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Fast mode 100 400
SCL Clock Frequency facL A 100 kHz
Bus Free Time Between STOP e Fast mode 13 -
and START Conditions U [Standard mode 47
Hold Time (Repeated) START Fast mode 06
Condition (Note 7) HDSTA [ o dard mode 40 s
) Fast mode 13
' . Fast mode 0.6
High Period of SCL Clock o = us
Fast mode 0 09
Data Hold Time (Notes 8, 9) tHD DAT 0 0.9 us
Fast mode 100
D 1 t
ota Setp Tima (Nogfily SUDAT  I'Standard mode 250 "
Fast mode 06
START Setup Time tsusTa Standard mode 47 ps
Rise Time of Both SDA and SCL Fast mode } 20+ 300 =
Signals (Note 11) % [Standard mode 01Cg 1000
Fall Time of Both SDA and SCL Fast mode 20+ 300 e
Signals (Note 11) e Standard mode O‘flCB 300
] Fast mode 06
Setup Time for STOP Condition iSU'STO a7 Us
E:l;acrllve Load for Each Bus Cs (Note 11) 400 pE
Capacitance for SDA, SCL Cyo 10 pF
Pulse Width of Spikes That Must ts 0 i
Be Suppressed by the Input Filter 5
Pushbutton Debounce PBpg 250 ms
Reset Active Time frst 250 ms
Oscillator Stop Flag (OSF) Delay tose (Note 12) 100 ms
Temperature Conversion Time tcony 125 200 ms
Power-Switch Characteristics
(Ta = Than to Tiax)
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
Ve Fall Time; Vermax) to 300
VRE(MIN) Wveer £2
Ve Rise Time; V, t
Recovery at Power-Up fgec [ (Note 13) 250 300 ms

www.maximintegrated com Maxim Integrated | 4
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Pushbutton Reset Timing

1 T

PEoe L
Power-Switch Timing
VEr m—— e
Veriuax)
Vep Ver
Virpang ‘/
ber 4 toon
)
™
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Data Transfer on I2C Serial Bus

S e —
1 |
SDA
J / [ X, \
or [ tpsn b
fonw %
= - B L‘
™ bosma susma o o
— L s tsusTo
sTOR START r— tsuoer RFE‘SWED
HDpaT

WARNING: Negative undershoots below -0.3V while the part is in battery-backed mode may cause loss of data.

Note 2:  Limits at -40°C are guaranteed by design and not production tested

Note 3:  All voltages are referenced to ground.

Note 4:  |oc,—SCL clocking at max frequency = 400kHz.

Note 5: Current is the averaged input current, which includes the temperature conversion current.

Note 6: The RST pin has an intemal 50kQ (nominal) pullup resistor to Ve

Note 7:  After this period, the first clock pulse is generated.

Note 8: Adevicenwslinternallyprowueanddﬁrnedatieaﬂmfuﬂmmm(refenedbmevmmm,ofmeSCLsg-
nal) to bridge the undefined region of the falling edge of SCL:

Note 9:  The maximum tp.pat Needs only to be met if the device does not stretch the low period (i ow) of the SCL signal.

Note 10: A fast-mode device can be used in a standard-mode system, but the requirement tsy pat = 250ns must then be met. This
is automatically the case if the device does not stretch the low period of the SCL signal. If such a device does stretch the
|0Wpeﬂoddm%me‘nmﬂmmfmmmmmSDAIImtR{W)+tsumT=1m‘250=12m
before the SCL line is released.

Note 11: Cg—total capacitance of one bus line in pF.

Note 12: The parameter togr is the period of ime the oscillator must be stopped for the OSF flag 1o be set over the voltage range
OfO.WSVccSVCC MAX MZWSVBAT‘&N

Note 13: This delay applies yif#neascillamrismﬂedarﬂmming,IHneEUSCbtlisangEclsbypasseddeSTnmm—
ately goes high. The state of RST does not affect the I2C interface, RTC, or TCXO.

Maxim Integrated | 6

www.maximintegrated com



130

DS3231 Extremely Accurate |12C-Integrated
RTC/TCXO/Crystal
Typical Operating Characteristics
(Vee =+3.3V, Ta = +25°C, unless otherwise noted.)
STANDBY SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE va. SUPPLY VOLTAGE
- BSY =0, SCL = S0A =Vpe il L Voo =0V, BSY =0, H
125 Ll § () P e (R :
a—t—FTacme | A | ‘
w -4 Wi 10 //
ENGAHz =1
e 5 0
o0 / EN3DHz=0
® N -
2% 07 /_._.-—/
0 06
20 2% 30 35 40 45 50 58 23 a3 43 53
Vec V) Vest (V)
SUPPLY GURRENT FREQUENCY DEVIATION
vs. TEMPERATURE va. TEMPERATURE va. AGING VALUE
y Voo =0, EN32KHz = 1, BSY =0, § & { i
SO = SCL = Vigay ORGND ‘ A _lm &
1) =
é ) \ \\
i / i x P 7
T oa = a
@ Lot %°
/ '/ é 4
=10
07 . \32 N
1z
-30
0% 40
40 45 . B3 & 48 4 45 W B 0 8
TEMPERATURE (*C) TEMPERATURE (°C)
DELTA TIME AND FREQUENCY
va. TEMPERA’
20 = - TR et
: B :
20 {cRvsTa Ll A, { AT
E ) 4&!»..,/ ‘I!' V1. : o g"
= o Lk rvecar crysTaL
UNCOMPENSATED i
0 |t - 40
e dansanni i
i e v
< 120 —-tﬁ CRGTIAL ACCURACY. 0 X
g 10 BANO g
160 Hff 0
480 F
20 400
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DS3231

Block Diagram

Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Voo

&

OSCILLATOR AND
CAPACITOR ARRAY

7

CONTROL LOGIC!

INT/SQW CONTROL

[SQUARE WAVE BUFFER,

Vear

_|

DS3231

TEMPERATURE o ALARM STATUS AND
GND i PESGERTROL SENSOR CONTROL REGISTERS
' 7
= CLOCK AND CALENDAR
REGISTERS
scL
C INTERFACE AND
ADDRESS REGISTER
SOA DEcope USER BUFFER
(7 BYTES)
VOLTAGE REFERENCE.

_.|

T
-

I3 s
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Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

DS3231

Pin Description
PIN | NAME

1 32kHz

FUNCTION
32kHz Output. This open-drain pin requires an external pullup resistor. When enabled, the output operates on
either power supply. It may be left open if not used.
DC Power Pin for Primary Power Supply. This pin should be decoupled using a 0.1pF to 1.0uF capacitor.
If not used, connect to ground.

Active-Low Interrupt or Square-Wave Output. This open-drain pin requires an extemnal pullup resistor connected
to a supply at 5.5V or less. This multifunction pin is determined by the state of the INTCN bit in the Control
Register (OEh). When INTCN is set to logic 0, this pin outputs a square wave and its frequency is determined by
3 INTISQW RS2 and RS1 bits. When INTCN is set to logic 1, then a match between the timekeeping registers and either of
the alarm registers activates the INT/SQW pin (i the alarm is enabled). Because the INTCN bit is set to logic 1
when power is first applied, the pin defaults fo an interrupt output with alarms disabled. The pullup voltage can
be up to 5.5V, regardless of the voltage on V. If not used, this pin can be left unconnected.

2 Vcc

Active-Low Reset. This pin is an open-drain inputioutput. It indicates the status of Vi relative to the
VPF specification. ASVCC falls baOWVPF,ﬁH RSTpln is driven low. WVCC EKEGG."SVPF, htRST: the
RST pin is pulled high by the intemal pullup resistor. The active-low, open-drain output is combined with a

’ RST debounced pushbutton input function. This pin can be activated by a pushbution reset request It has an internal
50k nominal value pullup resistor to V.. No extemal pullup resistors should be connected. If the oscillator is
disabled, iz ¢ is bypassed and RST immediately goes high.

512 N.C. | No Connection. Must be connected to ground.

13 GND | Ground
Backup Power-Supply Input. When using the device with the Vgt input as the primary power source, this pin
snouldbedecomedusingao.qum1.0uFbw-leakagecmior.\Mmusmmdewcenimmvanmn

14 Vear | as the backup power source, the capacitor is not required. If Vig+7 is not used, connect to ground. The device is
UL recognized to ensure against reverse charging when used with a primary lithium battery.

Go to www.maximintegrated.com/ga/info/ul. -

15 SDA Serial Data Input/Output. This pin is the data input/output for the 12C serial interface. This open-drain pin
reqmresmexternarpumlpresistor.mmvonagecmbeuptoﬁﬁ\{regarclasufmevomgeonvcc.

1% scL Serial Clock Input. This pin is the clock input for the 12C serial interface and is used to synchronize data

mavement on the senial interface. Up to 5.5V can be used for this pin, regardless of the voltage on Ve

Detailed Description

The DS3231 is a serial RTC driven by a temperature-
compensated 32kHz crystal oscillator. The TCXO provides
a stable and accurate reference clock, and maintains the
RTC to within £2 minutes per year accuracy from -40°C
to +85°C. The TCXO frequency output is available at the
32kHz pin. The RTC is a low-power clock/calendar with
two programmable time-of-day alarms and a programma-
ble square-wave output. The INT/SQW provides either an
interrupt signal due to alarm conditions or a square-wave
output. The clockicalendar provides seconds. minutes,
hours, day, date, month, and year information. The date at
the end of the month is automatically adjusted for months
with fewer than 31 days, including corrections for leap

www.maximintegrated com

year. The clock operates in either the 24-hour or 12-hour
format with an AM/PM indicator. The internal registers are
accessible though an 12C bus interface.

A temperature-compensated voltage reference and com-
parator circuit monitors the level of Vo to detect power fail-
ures and to automatically switch to the backup supply when
necessary. The RST pin provides an extemal pushbutton
function and acts as an indicator of a power-fail event.

Operation

The block diagram shows the main elements of the
DS3231. The eight blocks can be grouped into four func-
tional groups: TCXO, power control, pushbutton function,
and RTC. Their operations are described separately in the
following sections.

Maam integrated | 9
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32kHz TCXO

The temperature sensor, oscillator, and control logic form
the TCXO. The controller reads the output of the on-chip
temperature sensor and uses a lookup table to determine
the capacitance required, adds the aging correction in
AGE register, and then sets the capacitance selection reg-
isters. New values, including changes to the AGE register,
are loaded only when a change in the temperature value
occurs, or when a user-initiated temperature conversion
is completed. Temperature conversion occurs on initial
application of Vo and once every 64 seconds afterwards.

Power Control

This function is provided by a temperature-compensated
voltage reference and a comparator circuit that monitors
the Ve level. When Viog is greater than Vpg, the part is
powered by Voo, When Vg is less than Vpg but greater
than Vgar, the DS3231 is powered by Voo, If Vg is less
than Vg and is less than Vgar, the device is powered by
VgaT. See Table 1.

Table 1. Power Control

SUPPLY CONDITION ACTIVE SUPPLY
Vee < Vee, Vec < Vear Vaar
Vee <Ver, Vec > Vear Vec
Vee * Ve Vec < Vear Ve
Vee > Ver, Vec > Vear Vee

To preserve the battery, the first ime VBar is applied
to the device, the oscillator will not start up until Vo
exceeds Vpg, or until a valid 12C address is written to
the part. Typical oscillator startup time is less than one
second. Approximately 2 seconds after Ve is applied,
or a valid |2C address is written, the device makes a
temperature measurement and applies the calculated
correction to the oscillator. Once the oscillator is running,
it continues to run as long as a valid power source is avail-
able (Vcc or VgaT), and the device continues to measure
the temperature and correct the oscillator frequency every
64 seconds.

On the first application of power (Vce) or when a valid 12C
address is written to the part (Vgar), the time and date
registers are reset to 01/01/00 01 00:00:00 (DD/MM/YY
DOW HH:MM:SS).

VBAT Operation

There are several modes of operation that affect the
amount of Vgar current that is drawn. While the device

www maximintegrated com

Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

is powered by VBAT and the senal interface is active,
active battery current, Igaga, is drawn. When the seri-
al interface is inactive, timekeeping current (IgarT),
which includes the averaged temperature conversion
current, IgaTTC. is used (refer to Application Note 3644
Power Considerations for Accurate Real-Time Clocks
for details). Temperature conversion current, IBATTC. is
specified since the system must be able to support the
periodic higher current pulse and still maintain a valid volt-
age level. Data retention current, IBATTDR, is the current
drawn by the part when the oscillator is stopped (EOSC
= 1). This mode can be used to minimize battery require-
ments for times when maintaining time and date informa-
tion is not necessary, e.g., while the end system is waiting
to be shipped to a customer

Pushbutton Reset Function

The DS3231 provides for a pushbutton switch to be con-
nected to the RST output pin. When the DS3231 is not in
a reset cycle, it continuously monitors the RST signal for
a low going edge. If an edge transition is detected, the
DS3231 debounces the switch by pulling the RST low.
After the internal timer has expired (PBpg), the DS3231
continues to monitor the RST line. If the line is still low,
the DS3231 continuously monitors the line looking for a
nsing edge. Upon detecting release, the DS3231 forces
the RST pin low and holds it low for tgT

RST is also used to indicate a power-fail condition. When
Vee 18 lower than Vpg, an intemal power-fail signal is
generated, which forces the RST pin low. When Vg
retums to a level above Vpg, the RST pin is held low for
approximately 250ms (tRec) to allow the power supply
to stabilize. If the oscillator is not running (see the Power
Control section) when Vg is applied, treg is bypassed
and RST immediately goes high. Assertion of the RST
output, whether by pushbutton or power-fail detection,
does not affect the internal operation of the DS3231

Real-Time Clock

With the clock source from the TCXO, the RTC provides
seconds, minutes, hours, day, date, month, and year
information. The date at the end of the month is automati-
cally adjusted for months with fewer than 31 days, includ-
ing corrections for leap year The clock operates in either
the 24-hour or 12-hour format with an AM/PM indicator.

The clock provides two programmable time-of-day alarms
and a programmable square-wave output. The INT/SQW
pin either generates an interrupt due to alarm condition
or outputs a square-wave signal and the selection is con-
trolled by the bit INTCN

Maxim Integrated | 10
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal
ADDRESS 3;; BIT6 | BIT5S | BT4 | BIT3 | BIT2 | BIT1 ‘fs'; FUNCTION RANGE
00h 0 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59
AMPM 1-12 + AWPM
02h 0 12124 20 Hour 10 Hour Hour Hours 00-23
03h 0 0 0 0 0 | Day Day 1-7
04h 0 0 10 Date Date Date 01-31
05h Century 0 0 10 Month Month 01-12 + Century
Century
06h 10 Year Year Year 00-99
07h AIM1 10 Seconds Seconds Alarm 1 Seconds 00-59
08h AIM2 10 Minutes Minutes Alarm 1 Minutes 00-59
AMPM 1-12 + AMPM
08h ATM3 12/24 50 10 Hour Hour Alarm 1 Hours 00-23
Day Alarm 1 Day 1-7
0Ah AIM4 | DY/OT 10 Date K o e
0Bh AIM2 10 Minutes Minutes Alarm 2 Minutes 00-59
AMPM 1-12 + AMPM
o0ch A2M3 | 12/24 i o 10 Hour Hour Alarm 2 Hours 00-23
Day Alarm 2 Day 1-7
0Dh A2M4 | DY/DT 10 Date . Ry T
OEh EOSC |BBSQW | CONV | RS2 RS1 |INTCN| A2E | A1E Control —
OFh OSF 0 0 0 EN32kHz | BSY | A2F | A1F | ControlStatus -
10h SIGN | DATA | DATA | DATA DATA | DATA | DATA | DATA | Aging Offset =
11h SIGN | DATA | DATA. | DATA DATA | DATA | DATA | DATA | MSB of Temp —
12h DATA | DATA 0 0 0 0 g/ 1y LSB of Temp —

Figure 1. Timekeeping Registers

Norte: Unless otherwise specified, the registers’ state is not defined when power is first applied.

Address Map

Figure 1 shows the address map for the DS3231 time-
keeping registers. During a multibyte access, when the
address pointer reaches the end of the register space
(12h), it wraps around to location 00h. On an 12C START
or address pointer incrementing to location 00h, the cur-
rent time is transferred to a second set of registers. The
time information is read from these secondary registers,
while the clock may continue to run. This eliminates the
need to reread the registers in case the main registers
update during a read.

I12C Interface

The 12C interface is accessible whenever either Ve or
VBAT is at a valid level. If a microcontroller connected

www maximintegrated com

to the DS3231 resets because of a loss of Vg or other
event, it is possible that the microcontroller and DS3231
12C communications could become unsynchronized, e g ,
the microcontroller resets while reading data from the
DS3231. When the microcontroller resets, the DS3231
12C interface may be placed into a known state by tog-
gling SCL until SDA is observed to be at a high level At
that point the microcontroller should pull SDA low while
SCL is high, generating a START condition.

Clock and Calendar

The time and calendar information is obtained by reading
the appropriate register bytes. Figure 1 illustrates the RTC
registers. The time and calendar data are set or initialized
by writing the appropriate register bytes. The contents of
the time and calendar registers are in the binary-coded

Maxim Integrated | 11
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decimal (BCD) format. The DS3231 can be run in either
12-hour or 24-hour mode. Bit 6 of the hours register is
defined as the 12- or 24-hour mode select bit. When high,
the 12-hour mode is selected. In the 12-hour mode, bit 5
is the AM/PM bit with logic-high being PM. In the 24-hour
mode, bit 5 is the 20-hour bit (20-23 hours). The century
bit (bit 7 of the month register) is toggled when the years
register overflows from 99 to 00.

The day-of-week register increments at midnight. Values
that correspond to the day of week are user-defined but
must be sequential (i.e., if 1 equals Sunday, then 2 equals
Monday, and so on). lllogical time and date entries result
in undefined operation.

When reading or writing the time and date registers, sec-
ondary (user) buffers are used to prevent errors when the
internal registers update. When reading the time and date
registers, the user buffers are synchronized to the intemal
registers on any START and when the register pointer
rolls over to zero. The time information is read from these
secondary registers, while the clock continues to run. This
eliminates the need to reread the registers in case the
main registers update during a read.

The countdown chain is reset whenever the seconds
register is written. Write transfers occur on the acknowl-
edge from the DS3231. Once the countdown chain is
reset, to avoid rollover issues the remaining time and
date registers must be written within 1 second. The 1Hz
square-wave output, if enabled, transitions high 500ms
after the seconds data transfer, provided the oscillator is
already running.

Table 2. Alarm Mask Bits

Extremely Accurate |2C-Integrated
RTC/TCXO/Crystal

Alarms

The DS3231 contains two time-of-day/date alarms.
Alarm 1 can be set by writing to registers 07h to 0Ah.
Alarm 2 can be set by writing to registers 0Bh to ODh.
The alarms can be programmed (by the alarm enable
and INTCN bits of the control register) to activate the
INT/SQW output on an alarm match condition. Bit 7 of
each of the time-of-day/date alarm registers are mask
bits (Table 2). When all the mask bits for each alarm
are logic 0, an alarm only occurs when the values in
the timekeeping registers match the corresponding val-
ues stored in the time-of-day/date alarm registers. The
alarms can also be programmed to repeat every second,
minute, hour, day. or date. Table 2 shows the possible
settings. Configurations not listed in the table will result
in illogical operation.

The DY/DT bits (bit 6 of the alarm day/date registers)
control whether the alarm value stored in bits 0 to 5 of
that register reflects the day of the week or the date of
the month. If DY/DT is written to logic 0, the alarm will be
the result of a match with date of the month. If DY/DT is
written to logic 1, the alarm will be the result of a match
with day of the week.

When the RTC register values match alarm register set-
tings, the comesponding Alarm Flag ‘A1F’ or ‘A2F" bit is
set to logic 1. If the corresponding Alarm Interrupt Enable
‘ATIE’ or "A2IE’ is also set to logic 1 and the INTCN bit
is set to logic 1, the alarm condition will activate the
INT/SQW signal. The match is tested on the once-per-
second update of the time and date registers

ALARM 1 REGISTER MASK BITS (BIT 7)
vy A1M4 A1M3 A1M2 A1V R AIE
X 1 1 1 1 Alarm once per second
X 1 1 1 0 Alarm when seconds match
X 1 1 0 0 Alarm when minutes and seconds match
X 1 0 0 0 Alarm when hours, minutes, and seconds match
0 0 0 0 0 Alarm when date, hours, minutes, and seconds match
1 0 0 0 0 Alarm when day, hours, minutes, and seconds match
ALARM 2 REGISTER MASK BITS (BIT7)
DY/DT A2V A3 AT ALARM RATE
X 1 1 ) Alarm once per minute (00 seconds of every minute)
X 1 1 0 Alarm when minutes match
X 1 0 0 Alarm when hours and minutes match
0 0 0 0 Alarm when date, hours, and minutes match
1 0 0 0 Alarm when day, hours, and minutes match

www.maximintegrated.com
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DS3231 Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal
Control Register (OEh)
BIT7 BIT 6 BITS BIT4 BIT 3 BIT2 BIT 1 BITO
NAME: EOSC BBSQW CONV RS1 INTCN A2IE AllE
POR: 0 0 0 1 1 0 0

Special-Purpose Registers

The DS3231 has two additional registers (control and sta-
tus) that control the real-time clock, alarms, and square-
wave output.

Control Register (OEh)

Bit 7: Enable Oscillator (EOSC). When set to logic 0,
the oscillator is started. When set to logic 1, the oscillator
is stopped when the DS3231 switches to Vgat. This bit
is clear (logic 0) when power is first applied When the
DS3231 is powered by Vg, the oscillator is always on
regardless of the status of the EOSC bit. When EOSC is
disabled, all register data is static

Bit 6: Battery-Backed Square-Wave Enable (BBSQW).
When set to logic 1 with INTCN = 0 and Vo < Vpg, this
bit enables the square wave. When BBSQW is logic 0,
the INT/SQW pin goes high impedance when Ve < Vpr.
This bit is disabled (logic 0) when power is first applied.
Bit 5: Convert Temperature (CONV). Setting this bit to
1 forces the temperature sensor to convert the tempera-
ture into digital code and execute the TCXO algorithm to
update the capacitance array to the oscillator. This can
only happen when a conversion is not already in prog-
ress. The user should check the status bit BSY before
forcing the controller to start a new TCXO execution. A
user-initiated temperature conversion does not affect the
internal 64-second update cycle.

A user-initiated temperature conversion does not affect
the BSY bit for approximately 2ms. The CONV bit remains
at a 1 from the time it is written until the conversion is
finished, at which time both CONV and BSY go to 0. The
CONV bit should be used when monitoring the status of a
user-initiated conversion

Bits 4 and 3: Rate Select (RS2 and RS1). These bits
control the frequency of the square-wave output when

www.maximintegrated com

the square wave has been enabled. The following table
shows the square-wave frequencies that can be selected
with the RS bits. These bits are both set to logic 1

(8.192kHz) when power is first applied.
SQUARE-WAVE OUTPUT FREQUENCY
SQUARE-WAVE OUTPUT
. - FREQUENCY

0 0 1Hz

0 1 1.024kHz

1 0 4.096kHz

1 1 8. 192kHz

Bit 2: Interrupt Control (INTCN). This bit controls the
INT/SQW signal. When the INTCN bit is set to logic 0,
a square wave is output on the INT/SQW pin. When the
INTCN bit is set to logic 1, then a match between the time-
keeping registers and either of the alarm registers acti-
vates the INT/SQW output (if the alarm is also enabled).
The corresponding alarm flag is always set regardless of
the state of the INTCN bit. The INTCN bit is set to logic 1
when power is first applied.

Bit 1: Alarm 2 Interrupt Enable (A2IE). When set to
logic 1. this bit permits the alarm 2 flag (A2F) bit in the
status register to assert INT/SQW (when INTCN = 1)
When the A2IE bit is set to logic 0 or INTCN is set to logic
0, the A2F bit does not initiate an interrupt signal. The
A2IE bit is disabled (logic 0) when power is first applied

Bit 0: Alarm 1 Interrupt Enable (A1IE). When set to
logic 1, this bit permits the alarm 1 flag (A1F) bit in the
status register to assert INT/SQW (when INTCN = 1)
When the A1IE bit is set to logic 0 or INTCN is set to logic
0, the A1F bit does not initiate the INT/SQW signal. The
A1IE bit 1s disabled (logic 0) when power is first applied

Maxim integrated | 13
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Status Register (OFh)
BIT7 BIT 6 BIT 5 BIT4 BIT3 BT 2 BT 1 BIT O
NAME: OSF 0 0 0 EN32KHz | BSY AF ATF
POR: 1 0 0 0 1 X X X

Status Register (OFh)

Bit 7: Oscillator Stop Flag (OSF). Alogic 1 in this bit indi-
cates that the oscillator either is stopped or was stopped
for some period and may be used to judge the validity of
the timekeeping data. This bit is set to logic 1 any time
that the oscillator stops. The following are examples of
conditions that can cause the OSF bit to be set:

1) The first time power is applied.

2) The voltages present on both Voe and Vgar are insuf-
ficient to support oscillation,

3) The EOSC bit is turned off in battery-backed mode.

4) External influences on the crystal (i.e., noise, leakage,
etc.).
This bit remains at logic 1 until written to logic 0.
Bit 3: Enable 32kHz Output (EN32kHz). This bit con-
trols the status of the 32kHz pin. When set to logic 1, the
32kHz pin is enabled and outputs a 32.768kHz square-
wave signal. When set to logic 0, the 32kHz pin goes to a
high-impedance state. The initial power-up state of this bit
is logic 1, and a 32.768kHz square-wave signal appears
at the 32kHz pin after a power source is applied to the
D83231 (if the oscillator is running).
Bit 2: Busy (BSY). This bit indicates the device is busy
executing TCXO functions. It goes to logic 1 when the con-
version signal to the temperature sensor is asserted and
then is cleared when the device is in the 1-minute idle state.
Bit 1: Alarm 2 Flag (A2F), A logic 1 in the alarm 2 flag bit
indicates that the time matched the alarm 2 registers. If the
A2IE bit is logic 1 and the INTCN bit is set to logic 1, the
INT/SQW pin is also asserted. A2F is cleared when written
to logic 0. This bit can only be written to logic 0. Attempting
to write to logic 1 leaves the value unchanged
Bit 0: Alarm 1 Flag (A1F). A logic 1 in the alarm 1 flag bit
indicates that the time matched the alarm 1 registers. If the

Aging Offset (10h)

A1IE bit is logic 1 and the INTCN bit is set to logic 1, the
INT/SQW pin is also asserted. A1F is cleared when written
to logic 0. This bit can only be written to logic 0. Attempting
to write to logic 1 leaves the value unchanged.

Aging Offset

The aging offset register takes a user-provided value to
add to or subtract from the codes in the capacitance array
registers. The code is encoded in two's complement, with
bit 7 representing the sign bit. One LSB represents one
small capacitor to be switched in or out of the capacitance
array at the crystal pins. The aging offset register capaci-
tance value is added or subtracted from the capacitance
value that the device calculates for each temperature
compensation. The offset register is added to the capaci-
tance array during a normal temperature conversion, if
the temperature changes from the previous conversion, or
during a manual user conversion (setting the CONV bit).
To see the effects of the aging register on the 32kHz out-
put frequency immediately, a manual conversion should
be started after each aging register change.

Positive aging values add capacitance to the array, slow-
ing the oscillator frequency. Negative values remove
capacitance from the array, increasing the oscillator
frequency.

The change in ppm per LSB is different at different tem-
peratures. The frequency vs. temperature curve is shifted
by the values used in this register. At +25°C, one LSB
typically provides about 0.1ppm change in frequency
Use of the aging register is not needed to achieve the
accuracy as defined in the EC tables, but could be used
to help compensate for aging at a given temperature.
See the Typical Operating Charactenstics section for a
graph showing the effect of the register on accuracy over

temperature

BIT7 BIT6 BIT 5 BIT 4 BIT3 BIT 2 BIT 1 BITO
NAME: Sign Data Data Data Data Data Data Data
POR: 0 0 0 0 0 0 0 0

www.maximintegrated com
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Temperature Register (Upper Byte) (11h)
BIT7 BIT 6 BIT5 BIT4 BIT 3 BIT 2 BIT 1 BIT 0
NAME: Sign Data Data Data Data Data Data Data
POR: 0 0 0 0 0 0 0 0
Temperature Register (Lower Byte) (12h)
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITD
NAME: Data Data 0 0 0 0 0 0
POR: [} 0 0 0 0 0 0 0

Temperature Registers (11h—-12h)
Temperature is represented as a 10-bit code with a
resolution of 0.25°C and is accessible at location 11h and
12h. The temperature is encoded in two's complement
format. The upper 8 bits, the integer portion, are at loca-
tion 11h and the lower 2 bits, the fractional portion, are in
the upper nibble at location 12h. For example, 00011001
01b = +25.25°C. Upon power reset, the registers are set
to a default temperature of 0°C and the controller starts
a temperature conversion. The temperature is read on
initial application of Viz¢ or 12C access on Vgat and once
every 64 seconds afterwards. The temperature registers
are updated after each user-initiated conversion and on
every 64-second conversion. The temperature registers
are read-only.

I12C Serial Data Bus

The D83231 supports a bidirectional 12C bus and data
transmission protocol. A device that sends data onto the
bus is defined as a transmitter and a device receiving data
is defined as a receiver. The device that controls the mes-
sage is called a master. The devices that are controlled
by the master are slaves. The bus must be controlled by
a master device that generates the senal clock (SCL),
controls the bus access, and generates the START and
STOP conditions. The DS3231 operates as a slave on the
I2C bus. Connections to the bus are made through the
SCL input and open-drain SDA I/O lines. Within the bus
specifications, a standard mode (100kHz maximum clock
rate) and a fast mode (400kHz maximum clock rate) are
defined. The DS3231 works in both modes.

The following bus protocol has been defined (Figure 2):

e Data transfer may be initiated only when the bus is not
busy.

e During data transfer, the data line must remain stable
whenever the clock line is high. Changes in the data
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line while the clock line is high are interpreted as con-
trol signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock fines remain high.

START data transfer: A change in the state of the
data line from high to low, while the clock line is high,
defines a START condition.

STOP data transfer: A change in the state of the
data line from low to high, while the clock line is high,
defines a STOP condition.

Data valid: The state of the data line represents valid
data when, after a START condition, the data line is
stable for the duration of the high period of the clock
signal. The data on the line must be changed during
the low period of the clock signal. There is one clock
pulse per bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number
of data bytes transferred between the START and the
STOP conditions is not limited, and is determined by
the master device. The information is transferred byte-
wise and each receiver acknowledges with a ninth bit.
Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge
after the reception of each byte. The master device
must generate an extra clock pulse, which is associ-
ated with this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable low during the high period of
the acknowledge-related clock pulse. Of course, setup
and hold times must be taken into account. A master
must signal an end of data to the slave by not generat-
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Figure 2. 12C Data Transfer Overview

ing an acknowledge bit on the last byte that has been
clocked out of the slave, In this case, the slave must
leave the data line high to enable the master to genar-
ate the STOP condition.
Figures 3 and 4 detail how data transfer is accomplished
on the I4C bus. Depending upon the state of the R/W bit,
two types of data transfer are possible:
Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master

is the slave address. Next follows a number of data
bytes. The slave returns an acknowledge bit after each
received byte. Data is transferrad with the most signifi-
cant bit (MSB) first.

Data transfer from a slave transmitter to a master
receiver. The first byte (the slave address) is transmit-
ted by the master. The slave then returns an acknowl-
edge bit. Next follows a number of data bytes transmit-
ted by the slave to the master. The master retums an
acknowledge bit after all received bytes other than the

(s oo ]olal oo Ta xe

i mmmmm SLAVE TO MASTER . MASTER TO SAVE

P.STOP DATA TRANGRERRED
R.'W READWRITE OR DIRECTION BIY ADDRESS {X+1 BYTES + ACKNOWLEDGE)
Figure 3. Data White—Siave Receiver Mode
<SLAVE
ADORESS» <R <DATA [n> <ORTA{n & 1 SDATA (4 2p DATA(n + X3
NN | oo [ oworor [T oo [ <[ e
| ] MASTERTOSLMVE SLAVE TO MASTER
" { T
i.srw . D 1
p.gTee (X 1BYTES » ACKNOWLEDGE)
X.NOT (NACK) NOTE LAST DATA BYTE 15 FIXLOWED BYA NACK.
RN - READWVRITE OR DIRECTION BIT ADORESS

Figure 4. Data Read—Slave Transmitier Mode
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ST

WSTERTOSUAVE || SUAVE TOMASTER

DATA TRANSFERRED
{X+1BYTES + ACKNOWLEDGE)
NOTE: LAST DATA BYTE 1S FOLLOWED BY ANACK

last byte. At the end of the last received byte, a not
acknowledge is returmed.

The master device generates all the senal clock pulses
and the START and STOP conditions. A transfer
is ended with a STOP condition or with a repeated
START condition. Since a repeated START condition
is also the beginning of the next serial transfer, the bus
will not be released. Data is transferred with the most
significant bit (MSB) first.

The DS3231 can operate in the following two modes:

Slave receiver mode {DS3231 write mode): Serial
data and clock are received through SDA and SCL.
After each byte is received, an acknowledge bit is
transmitted. START and STOP conditions are recog-
mzedaslhebegmmngandendufaseualwansfer
Address recognition is performed by hardware after
reception of the slave address and direction bit. The
slave address byte is the first byte received after the
master generates the START condition. The slave
address byte contains the 7-bit DS3231 address,
which is 1101000, followed by the direction bit (RIW),
which is 0 for a write. After receiving and decoding the
slave address byte, the DS3231 outputs an acknowl-
edge on SDA. After the DS3231 acknowledges the
slave address + write bit, the master transmits a word
address to the DS3231. This sets the register pointer
on the DS3231, with the DS3231 acknowledging the

www.maximintegrated com

Figure 5. Data Wite/Read (White Pointer, Then Read)—Slave Receive and Transmit

transfer. The master may then transmit zero or more
bytes of data, with the DS3231 acknowledging each
byte received. The register pointer increments after
each daia byte is transferred. The master generates a
STOP condition fo terminate the data write.

Slave transmitter mode {DS3231 read mode): The
first byte is received and handled as in the slave
receiver mode. However, in this mode, the direction
bit indicates that the transfer direction is reversed.
Senal data is transmitted on SDA by the DS3231 while
the senal clock is input on SCL. START and STOP
conditions are recognized as the beginning and end
of a senal transfer. Address recognition 15 performed
by hardware after reception of the siave address and
direction bit. The slave address byte is the first byte
received after the master generates a START condi-
tion. The slave address byte contains the 7-bit DS3231
address, which is 1101000, followed by the direction
bit (R/W), which is 1 for a read After receiving and
decoding the slave address byte, the DS3231 outputs
an acknowledge on SDA. The DS3231 then begins fo
to by the register pointer. If the register pointer is not
written to before the initiation of a read mode, the first
address that is read is the last one stored in the regis-
ter pointer. The DS3231 must receive a not acknowl-
edge 1o end a read.

Maxim Integrated | 17



141

DS3231

Handling, PCB Layout, and Assembly
The D$3231 package contains a quartz tuning-fork
crystal. Pick-and-place equipment can be used, but
precautions should be taken to ensure that
excessiveshocksareavoided. Ultrasonic cleaningshould be
avoided to prevent damage to the crystal,

Avoid running signal traces under the package, unless
a ground plane is placed between the package and the

Pin Configuration

TOP VIEW

e [1] 18] sct

vee [2] 15 soa

wnsaw 3] 1] veur

Eicas |_1_‘ Ds3231 i3] o

ne [5] 12] nC

ne [g] [11] nc

ne [7] T

ne e BEL

SO

Chip Information
SUBSTRATE CONNECTED TO GROUND
PROCESS: CMOS
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Extremely Accurate 12C-Integrated
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signal line. All N.C. (no connect) pins must be connected
to ground.

Moisture-sensitive packages are shipped from the
factory dry packed. Handling instructions listed on the
package label must be followed to prevent damage during
reflow. Refer to the IPC/JEDEC J-STD-020 standard for
moisture-sensitive device (MSD) classifications and reflow
profiles. Exposure to reflow is limited to 2 times maximum.

Ordering Information

PART TEMP RANGE PIN-PACKAGE
DS3a2315# 0°C to +70°C 16 SO
DS3231SN# -40°C to +85°C 16 SO

#Denotes an RoHS-compliant device that may include lead
(Pb) that is exempt under RoHS requirements. The lead finish
is JESDI7 category €3, and is compatible with both lead-based
and lead-free soldering processes A *#" anywhere on the fop
mark denotes an RoHS-compliant device.

Package Information

For the latest package outline information and land pattems
(footprints). go to www.maximintegrated.comipackages. Note
that a “+", *#, or *-" in the package code indicates RoHS status
only. Package drawings may show a different suffix character, but
the drawing pertains to the package regardiess of RoHS status

PACKAGE | PACKAGE | OUTLINE LAND
TYPE CODE NO. PATTERN NO.
16 80 Wie#H2 21.0042 200107
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RTC/TCXO/Crystal
Revision History
REVISION | REVISION PAGES
NUMBER | DATE HENRIION CHANGED
0 1/05 Initial release. -
Changed Digital Temp Sensor Output from <2°C 10 +3°C. 1.3
1 2105 Updated Typical Operating Circuit. 1
Changed T = -40°C 10 +85°C 10 Ta = Ty 10 Tatax. 244
Updated Block Diagram 8

Added “UL Recognized" to Features, added lead-free packages and removed S from top
mark info in Ordering Information table; added ground connections to the N.C. pin in the
Typical Operating Circuit.

Added “noncondensing” to operating temperature range; changed Ve MIN from 2 35V to
245V

Added aging offset specification.

Relabeled TOC4.

Added arrow showing input on X1 in the Block Diagram.

Updated pin descriptions for Ve me'g-. 7

Added the I2C Interface section.

Figure 1: Added sign bit to aging and temperature registers; added MSB and LSB.

Correcled title for rate select bits frequency table.

Added note that frequency stability over temperature spec is with aging offset register =
00h; changed bit 7 from Data to Sign (Crystal Aging Offset Register)

Changed bit 7 from Data to Sign (Temperature Register); correct pin definitions in 2C
Serial Data Bus section.

Modified the Handing, FC Board Layout, and Assembly section 1o refer to
J-STD-020 for reflow profiles for lead-free and leaded packages.

11/05

Changed lead-free packages to RoHS-tompliant packages.

Changed RST and UL bullets in Features.

Changed EC condition "Vcc > w'm\’cc=km Supply (see Table 1)."

ModiuedNol'eﬁ:ocmectlﬂggmﬁon

Added various conditions text to TOCs 1, 2, and 3.

Added text to pin descriptions for 32kHz, Vi, and RST

1006

Table 1: Changed column heading “Powered By” to “Active Supply”; changed “applied” to
‘exceeds Vpg" in the Power Control section

Indicated BBSQW applies to both SQW and interrupts, simplified temp convert
description (bit 5), added “output” to INT/SQW (bit 2).

Changed the Crystal Aging section to the Aging Offsef section, changed “this bit
Indicates” to “this bit controls” for the enable 32kHz output bit

Added Warning note 1o EC table notes; updated Note 12.

Updated the Typical Operating Characten'stics graphs.

4108

In the Power Control section, added information about the POR state of the time and date
registers; in the Real-Time Clock section, added to the description of the RST function

In Figure 1, corrected the months date range for 04h from 00-21 to 01-31
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Revision History (continued)

REVISION | REVISION PAGES
NUMBER | DATE HESOUTON CHANGED
Updated the Typical Operating Circuft. 1

Removed the Vi, parameter from the Recommended DC Operating Conditions table
and added verbiage about the pullup to the Pin Description table for INT/SQW, SDA, and 2.9
SCL.

Added the Delta Time and Frequency vs. Temperature graph in the Typical Operating -
5 10008 Characteristics section.
Updated the Block Diagram. 8
Added the Vgar Operation section, improved some sections of text for the 32kHz TCXO 10
and Pushbutton Reset Function sections.
Added the register bit POR values to the register tables. 13, 14, 15
Updated the Aging Offset and Temperature Registers (11h-12h) sections. 14, 15
Updated the I2C timing diagrams (Figures 3, 4, and 5). 16, 17
Removed the “S” from the top mark in the Ordering Information table and the Pin
Configuration to match the packaging engineering marking specification.

Updated the Typical Operating Circuit, removed the “Top Mark” column from the Ordering
Information; in the Absolute Maximum Ratings section, added the theta-JA and theta-

JC thermal resistances and Note 1, and changed the soldering temperature to +260°C 123460
8 710 (lead(Pb)-free) and +240°C (leaded); updated the functional description of the Va7 pin 1'1 ‘12‘ 1'3 '18'
in the Pin Description; changed the timekeeping registers 02h, 09h, and OCh to “20 Hour” e
in Bit 5 of Figure 1, updated the BBSQW bit description in the Control Register (0Eh)
section; added the land pattern no. to the Package Information table.

a 113 Updated Absolute Maximum Ratings, and last paragraph in Power Control section 2,10
10 3Ns Revised Benefits and Features section. 1

7 310 1,18

For pricing, delivery. and crdering information, please contact Maxim Direct st 1-888-820-4842_ or visit Meoam Integrated's website at www maximintegrated com
mmwmmmmhuudmymmmmmmmammm No circust patent bcenses
are implied mm@mmxmdﬁfbmmhmwwm&mmmafwm The parametric values (min and max limis)
shown in the Electrical Ch tenistics fable are gu d Other par ic values quofed in this data sheet are provided for guidance.
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