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Electric Bill Estimation using Web Server

Academic Year 2014
By Project Report Advisor
Mr. Panuwat Benjapathomrong Mr. Arkhom Moungkhaodaeng
Mr. Ruksin Sangrugee
ABSTRACT

The main objective of this engineering project is to show electricity consumption in power
unit and estimated expense. Besides, it can show the usage history of electrical appliances by
electricity measurement with Hall sensor. The Hall sensor will send the information in the voltage
form to IC for converting analog signal to digital signal. The result will be processed by Raspberry
Pi model B. Raspberry Pi model B is the controller to process digital data , and displays estimated

expense on web browser.

In the experiment took the electrical appliances sample for tested 7 machines. The
experiment took 5 time. Beside it get average of electricity consumption and standard deviation
for electrical appliances sample. The system got disrupt the average 45.71% with all hardware in

system.

Keyword : Hall sensor / converting analog signal to digital signal / Raspberry Pi model B /
Web Server
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DUIABINTIADT UBNITNUUUIUN @Jlu’m’lﬂﬂ'liaﬂﬂ'lluuﬂ’liwmu'lllaUﬁTﬁC]NG]f')ﬂ@’lu')ﬂﬂ'ﬂll
Y 1 1 < [ = a g’/ A a Y

T;TZ@'Jﬂlu@’lu@’l\? ) Iﬂﬂilzmﬂl,l,wﬂugﬂLL‘.IJ‘UGU’ENLLW?]Lﬂi]mﬁ 9 G]Nmmmﬂﬂmmumullﬂaﬂ
£y Y = o 3 A A~ o a Y [ '

A8 qANIY NO ﬂTH'IVlWTI@u‘V]'N'IHLTJV]qﬂLiJfJLﬂEJ‘]Jﬂ'UﬂTH'lﬁﬂﬁﬂ@ﬂ?ﬂﬂu ¥4 PHP, JSP, ASP

1 9 o Ay Y ES o Y

i]’lﬂﬂﬂlﬂuuagﬂjn\lLTiﬂJ'lgﬁiJell@\'iﬂTH'lulW‘Vlf)u‘lu(l’ia'lﬂg]ﬂ’lu@\‘i‘ﬂ]lﬂﬂa'nll'luu ‘Vl’ll'l’iﬂ’l]%lflw

o Y A [ ' [ 3 ci‘
nougni i lsen 1150051911915 90A Raspberry Pi model B TuTasauil

1.4.6. 2.3.2. dawlsluamw lwneu
Y
Twnoulusuiludesdsemasinlsnouldiiu ensammuasiiuuinas

[

Y ! Y
Fonl¥ldiui Taomsae¥edaulsvesniu Innoudouilulilamngeail

Y ¥ o oo &

2 |

—  UVUAUAIYAIDNHIANLA 1 3611u”l°1J
(3 Y a1 1

— Al sHINNFeIIN
9 = (% dAa ]

— MUNTYANHANABIYY £,2.9,...

@ Yo A 3 Aa o 1A J @ ..
- muﬂﬂ%mwwmaﬂwmwimy UANUNNIEN19NU (Case-sensitive)



drog19msdszmaaiuals luniu lnneu

1 counter = 100
2 miles =1000.0

3 name ="John"

v
=

@ @ I ) < 4 1 T @
Tuussian 1 dszmadaualsithuaus I u@ude counter HAUNINU 100

o { @ I a 4 1 1T W
luussnan 2 dsgmadalsitlaunation¥s miles YAUNINU 1000.0

@ { @ I~ a a 1 [
luvussnah 3 Usgmeaalsdlustiaaase HAunN1HY "John"

2.3.3. ﬁ1ﬁ\‘1’3u1uﬂ1‘]§1]‘1‘w1ﬂ’6u

AU (Reserved Word) ﬁJuﬁmwwﬁWﬁmmﬁum il s Taomme
GT;QleﬁEl‘uI‘]J‘i!l,ﬂiiJUliJ"L“fHJﬁﬂﬁHJﬂ%}Lﬂu§@ (Identifiers) 130 Tdauinii Tl uaauls
(Variables) 'I& fraraTunmn limowiuazalsznoulildremdaso 1 and, as, assert, break,
class, continue, def, del, elif, else, except, exec, finally, for, from, global, if, import, in, is,
lambda, not, or, pass, print, raise, return, try, while, with, yield

Y 9
= 2 [

a 9 a 9 1 a {
2.3.4. viladoyaved Innou luneuiistiadoyaiiugiuogniua 5 siaaall

a3

@ 4 93 9 @
— uUe3 (Numbers) I udoyaday

9 v o

a = 9
—  @A39 (String) 19NUVOUAAIDNYT

U

a J . Y I3 9 9 1 1 o A A 1
— daa (List) lnudeyalduinit 1 a1lu 1 @auals w3eNisena1 Compound
type
a I 1 1 o o v 3 o w
— quita (Tuple) ldnudeya ldunat 1 a1lu 1 daudls IddmSunuday wie
da
NE3YNIT Sequence type
a o ] .. < J 1 o 1 o {
—  @nFuuTs (Dictionary) lHnudeyalauindt 1 a1lu 1 Aaualsisuny wieh
{38031 Table type then 1anUAA5 Array lu PHP

1.4.7. 2.3.5. M3eUADTU1Y

= o a o A = < A
NISWIUAIDTUIY ( Comments )ﬂ']'i’l’]N"IusUﬁNI‘]JﬁLLﬂﬁiJVILi"ILGUEJuHJULi’EN

o & 4 o a ' Y o a o {
DRISEYETRT) LﬁfNfﬂWﬂﬂTt‘J‘ﬁ‘]_l"lfJﬁTN15GGI)"JfJ‘Uuﬁﬂ‘ﬁ}ﬂﬁ;]jalla$ﬂ1ﬁ]‘ﬁﬂ18ﬂ13ﬂ1\11uﬂlﬂxﬂﬂﬁLlﬂﬁmﬁ

v YA

a9 Mivedluse Temiduddiou T sunsweaazdiazii Tusunsy hilimuide ms

9

S o a o 2 (% A
LGUEJ“L!ﬂTO‘ﬁ‘LHEJGI,uﬂWEﬂW‘I/I’e)uﬁ’Nﬂimmulﬂ 2 aNHUTAD



ax A A 1 ° a Ay = PRI} =
95N 1 Iﬂﬂifﬂﬂi@\i‘l’ilﬂﬂ # ﬂﬂuﬂ1?)‘51J18Tl@]6\1ﬂ15Lﬂlﬂuiuﬂ’imﬂ@]@ﬂﬂ"ﬁwﬂu

ADTLNUNIUTTNARAED

Qdd‘ 1 d' 1 o a d‘ 9 = U d' = g}.:
759 2 Taeldnsoeriuie " neumeTUIeNineamseuLas ldnseanue " BNASY

A o a oA Y = o a o
WeILMeT LY TunsaNAoINIIeumosUIgHaIeuIsHNa

1 #This is a comment in Python language

2 print "Hello World" #This is also a comment in Python
3 """ This is an example of a multiline

4 comment that spans multiple lines

5 you can type any text inside these lines

6 e

) { I o a J . o
Tuvssnan 1 WunsAeua195U1891 "This is a comment in Python language"
y guag
@ { I o a 1 . H
lupssnan 2 WlumsAeua1951U1891 "This is also a comment in Python"
y

o A I o a ' .. o
Tuussnan 3-6 Wums@eum1o5u1e91 "This is an example of a multiline comment that spans

multiple lines you can type any text inside these lines"
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2.4. Raspberry Pi model B

IOE https://www.raspberrypi.org/

J < J a J a < [ Y a J
U837 Raspberry Pi model B L‘]Juﬂ'f]iﬂﬂf]ll’ll‘l')m@i 32 UAVUIALANVUIANINULATANNITA
@ a oa . A o _ | A [ v A
ifNi‘]JiZ‘]J‘]JTJJ;]‘UGIﬂ15 Linux ﬂWW‘HWIﬂﬂ Raspberry Pi Foundation Vl%')\‘]&ﬁﬂﬁ')\?'ﬂﬂ%ﬁhﬂﬂuﬁf)
=t = a ?o v I vy g s A '
NITLTYUNITDU f‘ﬂﬁ!ﬂlEluIﬂﬁ!tﬂiuﬂﬂﬂﬂﬁm@ﬁﬁ']ﬂﬁﬂlﬂﬂ‘] memﬂuumﬂmmﬂmzm
) ] A A @ s A ) v YA 9 o Yy Aa 1 1
Un 61‘]5\1']14\1']8111]@L1’]EJ‘]Jﬂ‘]J‘U@5ﬂ@UG] L‘Vi‘iﬂ‘éﬁﬁTﬁ31JﬁlﬁﬂJ@lu‘ﬂ'ﬂ‘ﬁLﬂuﬂuﬂﬂJlLWﬁﬁﬁWﬂquﬂﬂﬁ

m llegnesiaia
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2.4.1. auauiamamaiin
— 153 SoC Broadcom BCM2835 %43 CPU GPU 112z SDRAM ogluFnen
AN
— wuledszurananan (CPU) 700MHz ARM11 ARMI1176JZF-S core
— wulelszuranwanIn (GPU) Broadcom VideoCore IV,OpenGL ES
2.0,0penVG 1080p30 H.264 high-profile encode/decode
—  #U28A11U1 SDRAM 512 MB

9
CR

— 99619 USB 2.0 117U 2 Wo3a

I
ee

1w g ] A Y 1 &
VRO TYANUNWNIDULIA RCA tiag HDMI (don lgeg13lang1aniie)

1 @ =) Y & A ] 14
Yaodyananasdlaslduin 3.5 mm HI0MIUNNNETA HDMI

I
ee

— WFousod 1M UFONADOUNN (GPIO) , SPI (GPIO lieunsasuusiau
duwn 5 vDC 1@ gagaua 3.3 VDC 1 iu )
— szuudfiiamsvesueinvziiaiuriu SD CARD
— %9270 LAN 10/100 Mbps
dy J 1 Y
— IWidsuesa s VDC nszudeg1aioy 700 mA

¢
—  UVHIAUDIUDTA 85.0 X 56.0 mm

[

1.4.8. 2.4.2. @311 32NOUUBIUBTA Raspberry Pi model B 83118 1daa1l

511 2.4 uaasdutlsznouveIUBTA Raspberry Pi model B

N https://www.raspberrypi.org/
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— yneEY 1 ¥u¥eude SD CARD
Y] d‘l 1 o [ d' 1T Aa 4 [ d’
— Moy 2 Wikouasd M UIFo AR UNNIOIMYY (GPIO) Adlugili 2.5

[

— ey 3 HareuaonUdyY U IWIUD RCA d145UIToUADA UYWAY

v
o/

U RCA 154 Tnsvieni
% d‘ 1 [ [ =) Y
— Wy 4 Hreuaenudyaade laelsian 3.5 mm
1 14
— Hung@aY 5 LED UaadanIueag ) Uadueia Raspberry Pi model B
—  WUY@Y 6 HuFOUAD USB 2.0 311U 2 nosa
— ey 7 Hreuas LAN 10/100 Mbps 81115 UiFeuaenUIsUUIAT U0
o A 1 ) o A 1 v Y
— vy 8 Haveuae CSI dmiurouaeny Tugandoq
—  W11818%Y 9 LAN Controller
— WeaY 10 ¥useuae HDMI d1viudeuaedyqIanIntazidodine
A Vo Aad ' o d A a s
IRUABNUIDNNNLV UL HDMI 15U INsniau 130 210u0ilnos
— %iW191a% 11 FW SoC Broadcom BCM2835 @41} CPU GPU 11ag SDRAM oglu
a v A v
FNAUAGINU
— oY 12 Wadouao DSI A5 UIFOUADNUIONN

o A 1 ] ) [ dy 9 4
— 1YY 13 HU¥eNNd Micro USB ﬁ'lﬁﬁﬂﬁ]']ﬂhlwlaﬂ\‘ﬂﬂﬂﬂﬁﬂ

left
bottom top
P1-01 P1-02
3V3 Power IE ° 5V Power

NSO @ @ e
RO @ @ amn
crexn @ () worsmm
Growd @) (o) 015 w0y
o @ @ Z2E
nes @ @
wou @ @ won
T
o 10mosy @) @) Grouna
GPIO 9 (MISO) ° ° GPIO 25
GPIO 11 (SCLK) o ° GPIO 8 (CEO)
cons @) @ cro7ecen

P1-25 P1-26
bottom  top
R1:Revision1  right
R2: Revision 2

d' o A ' ) [ A 1A 4
sUn 2.5 UAPNUUFONADTINIULTONADDUN VD INNN (GPIO)

L'

N https://www.raspberrypi.org/
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2.5. Secure Shell Protocol

3 ) [ A I a S A
Secure Shell Protocol (SSH) L'IJL!IW?T‘V]ﬂi’JﬂﬁTﬂiULﬂii’J"U"IfJﬂ@iJW’JLG]’EJi IGRISINIEE
Lﬁﬁ]cl, L"U"IﬂxillﬂfNLﬂﬁENﬂEHJW’Jm@ﬁLﬂ5@\‘1@1! q tag AWITONNIUA 9 uumimuu"lﬂ SSH
¥ gy 9 A Y Y ) v
uu]lﬂ@@ﬂll,ﬂﬂ3J"IGI,‘]5\‘1"IHLWE]‘V]¢]LL‘V]Hﬂ"lﬁl"ll"l’sjﬁgﬂﬂﬂ:lﬂ rlogin , Telnet LAY rsh AIYLVIANA
k) [ A [ 1 3, (=1 9 ] 9 =
1/]1\1@']‘14?]7]’]3Jﬂﬁ'0ﬂﬂEJL‘L!ENiHﬂI‘WiI‘ﬂﬂ'ﬁ]ﬂﬂ\‘lﬂﬂTJ‘L!‘L!llililﬂ1ilﬂl1iﬁﬁﬂlﬂﬂﬂlﬂyjﬂiﬁilllﬂﬂ\‘l
@ ] A 1 di 1 9 di o d' 1 9 3}_,
ﬁwamummmumsamaam’;aﬂumiﬁway’a lll@‘l/l1ﬂ1il“]f@llﬁ’f]1ﬂfl SSH {aduu U
9 ' A v (% . . ya 9 @
VCADINIUNITIUIUTSUAIAU (Authentication) Tﬂﬂﬂ%iﬂﬂ‘ﬁﬂ’limﬂi‘ﬂﬂllﬂﬂ RSA lag DSA

1 A o . & A 1 Y 9 = . = 9
NRUNDILTLYAIAUUDY client FUNORIUUAINVZAWNT0 15311 TA81IN15 Encryption B9 1%

M3 IDEA,DES 1ag Blowfish

2.6. MSN1UUVDI Web Server

v &

9 H 9 !
Web Server ﬁulﬂdjuIﬂil,Lﬂi3J‘171i’J"Ui’JSJﬂT’E)SJaﬁﬂﬂmﬂL’Eﬂ]l’ﬁuqi’ﬂLLUUﬂIE)QL’dJUh],G]SG{Lﬁ’EJGlﬁ} {4

U

y3 9 ¥ A Yo Y
"lﬂmmja aﬂJ@QﬂTiﬂNﬂllﬂJmﬂﬂﬁa@ﬂL’J’s’n L“W’é)‘i@ iyi}}ﬂﬂ!iﬂﬁﬂl@ﬂl@ﬁ ClientLiJthlﬂ'i‘Uﬂﬁ‘i@Q

J w Yo Y o 9 o @ Yo &
vordadaa iy ced 180T Tavagmhiinsiaundn 188

Yy < 1 Aa 1w YA o Y Ao

2.6.1. Web Server Huiiluaiunaaneny Web Browser mm;ﬁwmwummmi Request

1@ NINT Response

9/
2.6.2. Web Application Server nJuﬁaﬂiwmawa‘wmmuﬁmmmmﬂ Client Side @uiiA0
1 A o =)
drfihmsBonTdsunsy
o Y A 3 o 9 Ay Yo X A o @

2.6.3. Database Server ﬂWWNWﬂiuﬂﬁLﬂ'lJﬁﬂ‘HT’ll@iJ“aTIUlﬂﬂﬁﬂﬂ Client H39NMIN1TINY

doyanvziaainaoon 11/de Client
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2.7. mamdasdanaemdenliiluduanafdnead e IC MCP3208

U g D]

[ a o [ 14 I o %)
yauduynnmeuendviululnsneuInsames orniludyaauuuouidon

v
(Y

wiwieIenunsmiliszunanadne laaae luTInsnouInsameswienouiiuaessuuy

4 o & @ ) I @ aa ..
ould sufluszdeslimsmlasnndygmeuiaeniludyg aainoa (Analog-to-Digital

[ 1

Conversion : ADC) Aau Tagnallu'luTasnouInsames aziineasniviinaanard wu lu

%) a <

4 . v Y 9 o Id Y
193 Arduino A1W13081UTOYANVIOUIABNDUNN Tae A 19 analogRead() 11 uAY

Q

[l < J 2 E AN Yo ] ' A 2 =
E]EJNlliﬂG]’liJﬂWﬂﬁanﬂ%L@EIﬂle@\isUE]iJﬁ‘ﬂulﬂ m%zag“luma 0-1023 nIonINasiogndyn 10

k)

D.

a 3 3’; & 1 = = A o o Yy Y1 A Y ' o A v
UAINIUU “lfx‘llli\lazl,@ﬁlm‘wEJQWE]VI%$H13JW]1H’J‘H!1‘HLI@W1WIQﬂG]ENLLiJ“LAEH IUDIIINTEAUN

11001 10 Ta 3918111 Ted McP3208 11511 TaT 9911

2.7.1. ﬂT@qu,aT]Nmﬂﬁmﬁﬂ’JfTﬂ MCP3208

— YuIAUBUBYA (bit resolution): 12 1ia (fhﬁdm"l,ﬁ’agj“lwﬁw 0 — 4095 52A)

— 1eu1aendunn 1aen 1HU single-ended 30 pseudo-differential pair

— 91U 8 ¥OI U MCP3208

= Lﬁ'f}amimmu SPI T1iua 0,0 139 1,1 (SPI Mode 0 or 3)

— Wuseiulfhnszuansadiuiideslugng 2.7v 81 5.5v

- % wﬁﬂﬂﬁuﬂmﬂi}m‘g’ag’%jﬂ (max. sampling rate, ksps = 1000 Samples-per-
second): 100 ksps @Vdd=5V, 50 ksps @Vdd=2.7V

- ﬂ’Jma'GU’eN CLK (max. clock frequency): MCP3208: 2.0MHz @Vdd=5V,
0.9MHz @Vdd=2.7V

v v A I A Y A 9
— @209 8 ¥1 1wy PDIP, SOIC tazous 1viaen 14

— 13} ADC 111 SAR (Succesive-Approximative Register)



CHo O1 ™~ 16 Vpp

CH1 O2 150 Vrer
CH2 3 = 14[0AGND
CH3 4 Q 13[CLK
CH4 5 & 120Doyr
CH5Os  11Dn
CH6 7 10 CS/SHDN
CH7 8 9 [1DGND

31U 2.6 uAAIINWUD PDIP-16 Lazu1vee lod MCP3208

N : %’agaﬂmﬁﬂymzmwmm MCP3208

2.7.2. w04 lod MCP3208 sanaaalugili 2.6 FsaTu1elaeail

— Pin 1: CHO (Judumm “ﬂmﬁmamé”aﬂ*ﬁmﬁ 0 (Analog Input, Channel 0)

q 9

a

, i~
— Pin2: CH1 AJUDUNN

q

ANAUOUIABNYFOIN 1 (Analog Input, Channel 1)

9

D

— Pin3: CH2 Lﬂuauww ﬂlu1ﬂ!@u1gﬂﬂ“ﬁ’flx‘l‘1?12(Analog Input, Channel 2)

D

— Pin 4: CH3 ifudunndynnaeu1aon¥eii 3 (Analog Input, Channel 3)

D

— Pin 5: CH4 iHuduwndynaieu1aonyehi 4 (Analog Input, Channel 4)

a

. <
— Pin 6: CH5 Wlupunn

oy
oy
oy
oy
“ﬂgﬂpm@mé’aﬂ*ﬁmﬁ 5 (Analog Input, Channel 5)
oy

— Pin 7: CH6 1uduwndaynaieu1aen¥03h 6 (Analog Input, Channel 6)

[

— Pin 8: CH7 L‘?Juﬁuwwﬁmuﬂpm@mgaﬂﬁﬁmﬁ 7 (Analog Input, Channel 7)
—  Pin 9: DGND Hundmiudesy Gnd ¥09321U (2495A9A00)

— Pin 10: #CS/SHDN (iludayanaidunm Chip Select (active-low)

— Pin 11: DIN iluBunnainead 1y SPI (Serial Data In)

— Pin 12: DOUT Wuo1innavaead 1Sy SPI (Serial Data Out)

— Pin 13: CLK Wludunndmiudayanal CLK (Serial Clock) 1151 SPI
—  Pin 14: AGND w5 uaeny Gnd ¥99521U (24950U180N)

— Pin 15: Vref iHunsasusneds

— Pin 16: Vdd L?Jul,mﬁ’u"lv\lﬂ”mimﬁmq 2.7V -5.5V)
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A
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M5190 2.1 naasmsivuadaiodonldvodunyndiulod McP3208

Control Bit Selections Input Channel
Single/Diff D2 D1 DO Configuration Selection
1 0 0 0 Single-ended CHO
1 0 0 1 Single-ended CHI
1 0 1 0 Single-ended CH2
1 0 1 1 Single-ended CH3
1 1 0 0 Single-ended CH4
1 1 0 1 Single-ended CHS
1 1 1 0 Single-ended CH6
1 1 1 1 Single-ended CH7
CHO = IN+
0 0 0 0 Differential
CH1=1IN -
CHO=1IN -
0 0 0 1 Differential
CH1=IN+
CH2=IN+
0 0 1 0 Differential
CH3=1IN-
CH2=1IN -
0 0 1 1 Differential
CH3=IN+
CH4=1IN+
0 1 0 0 Differential
CH5=1IN -
CH4=1IN -
0 1 0 1 Differential
CH5=1IN+
CH6=1IN +
0 1 1 0 Differential
CH7=1IN -
CH6=1IN -
0 1 1 1 Differential

CH7=IN+
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2.8. NIN19HVD9 Current sensor ACS712

(2

<3 J A dy 9 v o J 3 4 Y A v 9 a A <
mumaﬁﬂmﬂui%mﬂmunnwmuu FI0AALEULBDT umﬂwummwuﬂmmmﬂfu

v 1
[ KX o Y v o A

a < < 2 o A A 3 a 3 o
]l’é]"]f ﬂﬁWﬂLﬂul%uL%@i@]i’mﬂﬂﬂi31,!,@'1/]11 ﬂyngﬂu“lacmmm mﬂmmmﬂuaﬂymz

[

1% ' o 9y 9y A A o A A Ao A A [ Yo 9
@Nﬂa”I’J‘VIﬂ‘Vi‘JJ"‘IJi’JﬂGluLi’ENGUE’NﬂiﬂQ‘V]Q’ﬂJULﬁEJ‘VIG]”IiﬂﬂLiJﬂl%ﬁlﬂﬂﬂﬂ”li‘l%ﬁ’;@iu‘niulmzLLEJﬂ

wanums liihesufavia

o

4 < P &
11 2.8 anvazmeluveuguresns1IUATLA

o

IOE http://www .thaieasyelec.com/products/sensors/acs712

v < J @ ' = A A dy a < 1%
aﬂ‘Hmﬁ.ﬂmclu"llfNL“I)’M!,GIﬁJiGIi’Ji]i]“Uﬂigllﬁlugﬂﬂiqﬂm 8 U1 FUANAWURI (SMD) HJL!@N

A Ao ag @ o o ol @ . v
gﬂ‘ﬂ 2.8 HDNVINU \'111!,6]51!!,6]5'6‘5Gl‘i’J%%Uﬂ'ﬁguﬁiugﬂﬂﬁﬂiﬂﬁi‘lﬂiﬂiﬂﬁiﬂﬂi%!tﬁhlﬂﬁNWuhlﬂ

2
A o

2 o & ' A < v A g ¥
wnu Tasriutluupumesaanivnadnweaunlsalevandnuuii vazainlunis
Y 1o & 9 9 ! o Y oA '
159 Tae Lisuiludesldauswnuunumes lsaniivunalna)

) [ < J @ A 1 v o A A ! a 4
ﬁ’l?‘iﬁ'lll“])'uL“B@iﬁﬁ?%%'ﬂﬂigllﬁﬂﬂgiugﬂllﬂﬂﬂﬂﬂ\i SOIC8 %uﬂmﬁummai ACS712

o A &

o q ¥ ' o ay v | @ % )
auwnsorm Idnszualuariuaa lodlageds + 30 uenil Tasaraanihnidunesuasdamiudn
@ A 9 a A J 4 o w Y { < o Y a
1luar Tedlanudumuiszum 1.5 Hadlevin iwelimasgadoriosnganvz i lvineg
y X g o v o ' Y A < 7w ¢
anwFeudulosa 1 dmsudmisazninNves udumesTunTIAII0T ACSTI2 9%
{ < g y '
ueraaluzd 2.9 wazvaenlaezunsnvesrsasmeluiuasgy 2.10 Wie lutinszua lvave I

SR UDIINNATIN ISP ILHEIY

1P+ vee
1P+ VIouT
IP- [6] FILTER
IP- GND

" o [} { J < 4 o
iﬂﬁ 2.9 ﬂH!fﬁuqGlJf’NGU']LlazWﬁj']ﬁ"’ll@QLlﬂﬁgﬂJTﬂlﬂQLGﬂUL“ﬁaﬁ@ﬁjﬂﬂﬂﬂﬁgllﬁ

Y

N http://www.thaieasyelec.com/products/sensors/acs712
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a

A 1 dy Y o <3 4 Y] 4 1Y) 4 =
oo i@ ldnuiduseins1990nTzIMU05 ACS712 n59aueIMNNInAIz0gN
é & U U ] d' U dy S v W 4 1Y '3 a S
dszanansanilaiasnie W wu lete Iidesledminy 5 Thad ussauemiwninasziin
[ Y s d o ' a = A o A ]
iy 2.5 Taaa suiluuseauemwninaves logumznds lulinszua lvaruoinan 1,2 14
[ < 4 o Y o d A dzl A
§991 3.4 FUERs AT UNTzuaz 1T I HanaI1n 2.5 12ad aIUILINVUYUYIoaAaININ

9y = 2 "o A ] v 3 4
doariioslayuegnuiSunanszuai lnamuaudumes

1P+
(Pin 1)

1P+
(Pin 2)

Signal
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Output Voltage versus Sensed Current
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medalsunsuluarumsinnuvesmsuilasmdyanaemndeniludygandnea

#!/usr/bin/python

import spidev

import time

import datetime

import json

import numpy as np

# Open SPI bus

spi = spidev.SpiDev()

spi.open(0,0)

10. # Function to read SPI data from MCP3008 chip
11. # Channel must be an integer 0-7

12. def ReadChannel(channel):

13. r = spi.xfer2([4 | 2 |(channel>>2), (channel &3) << 6,0])
14. adc_out = ((r[1]&15) << 8) + r[2]

15. return adc_out

16. # Function to convert data to voltage level,
17. #rounded to specified number of decimal places.
18. def ConvertVolts(data,places):

19. volts = (data * 3300) / float(4095)

20. volts =round(volts,places)

21. return volts

22. data =]

23. whilerun =1

24. tl = datetime.datetime.now()

25. while whilerun == 1:

26. t2 =datetime.datetime.now()

27. ValueTime = (t2-t1).microseconds

28. if (ValueTime >= 0):

29. amplevel = ReadChannel(0)

30. ampvolt = (ConvertVolts(amplevel,3))

31. data.append([ValueTime,ampvolt])

32. # microseconds

33. if (ValueTime >= 999000):

34. whilerun =0

35. #print(data);

36. #print("12");

37. print(json.dumps(data));
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13.
14.
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31.
32.
33.

<script type="text/javascript" src="highcharts.js"></script>
<?php
$json = shell_exec("sudo python /var/www/3208aiai.py");

$obj = json_decode($json);

?>

<script>
var arr_from_json = JSON.parse('<?php echo json_encode($obj); ?>');
console.log(arr_from_json)

$(function () {
$('#container').highcharts({
credits: {
text: ' Electric bill estimation '

h
chart: {
type: 'spline’,
b
title: {
text: false
h
rangeSelector : {
selected : 1,
inputEnabled: $(#container').width() > 480
h
yAXis: {
type: 'logarithmic'
h
series:

[{
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data: arr_from_json,
name: 'Electric Load'
}
1,
plotOptions: {
series: {
lineWidth: 2,
marker: {
enabled: false

}
}
}
9k

var get = arr_from_json.map(function(v) { return v[1] });

var max = Math.max.apply(null,get);
var min = Math.min.apply(null,get);

var vpp = max-min ;

var vrms = vpp* (Math.SQRT2/ 2) ;

var vimsget = vrms - (0.05 * vrms) ;
var irms =vrmsget / 185 ;

var pow = vrmsget*irms ;

var kw = pow/1000 ;

var unit = kw ;

var cost = unit* 1.75;

var getx = arr_from_json.map(function(v) { return v[0] });
var setx = getx ;

console.log(setx);

var gety = arr_from_json.map(function(v) { return v[1] });
var sety = gety ;

console.log(sety);

document.getElementByld("vrmsget").innerHTML= vrmsget;
document.getElementByld("irms").innerHTML= irms;
document.getElementByld("kw").innerHTML= kw;
document.getElementByld("unit").innerHTML= unit;
document.getElementByld("cost").innerHTML= cost;

document.getElementByld("svrms").value = vrmsget;
document.getElementByld("sirms").value= irms;
document.getElementByld("skw").value= kw;
document.getElementByld("sunit").value= unit;
document.getElementByld("scost").value= cost;

i

</script>
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1. <I/DOCTYPE html>

2. <html>

3. <head>

4. <title>Electric Load</title>

5. <meta http-equiv="Content-Type" content="text/html;charset=utf-8" >

6. <meta name="viewport" content="width=device-width, initial-scale=1">

7.  <script type="text/javascript" src="jquery-1.11.2.min.js"></script>

8. <link rel ="stylesheet" type="text/css" href="css/bootstrap.min.css">

9. <link rel ="stylesheet" type="text/css" href="css/css.css">

10. <script type="text/javascript" src="js/bootstrap.min.js"></script>

11. </head>

12. <body>

13. <div id="header" style="width: 80%; margin: 2% 10% 3% 10%; height: 103px;"
>

14. <div>

15. <img src="img/swu_logo.png" style="width: 10%; float: left;" >
16. </div>

17. <div>

18. <img src="img/eg_logo.png" style="width: 10%; float: right;">
19. </div>

20. <h4 style="text-align: center; padding-top: 2%;">
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<h4 style="text-align: center; padding-top: 2%;">

Electric Bill Estimation using Raspberry Pi

</h4>

</div>

<div id="container" style="height: 600px;"></div>

<h?2 class="text-center">nsmuaasmsldlhluna 1 ni</h2>

<div class="container">

<form method="post" name="form1" action="#" >

<div class="form-input-ele">

<div class="text-ele">

<label for="name-ele">somi0d¥ih</label>

</div>

<div class="textbox-input">

<input type="name" name="eleload" class="form-control" id="seleload"
placeholder="in3041#lsi / Load electric">

</div>

</div>

<div class="text-value">

<label for="name-value">mi’¢ / Measurement Value</label>

</div>

<div class = "value" style="margin: 3% 9% 3% 10%;" >

<div class="col-xs-6 col-sm-3">

<span class="hidden-md label label-primary">Vrms =

<span id="vrmsget"> </span>

mV

</span>

</div>

<div class="col-xs-6 col-sm-3">

<span class="hidden-md label label-primary">lrms =

<span id="irms"> </span>

A

</span>

</div>

<div class="clearfix visible-xs-block"></div>

<div class="col-xs-6 col-sm-3">

<span class="hidden-md label label-primary">Power =

<span id="kw"> </span>

W

</span>

</div>

<div class="col-xs-6 col-sm-3">

<span class="hidden-md label label-primary">Unit =

<span id="unit"> </span>

per 1 hour

</span>

</div>

<div class="col-xs-6 col-sm-3">



68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

81.
82.
83.
84.
85.

86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.

99

100.
101.
102.
108.
104.

105.
106.
107.
108.
109.

110.

<span class="hidden-md label label-primary">Cost =

<span id="cost"> </span>

Baths

</span>

</div>

</div>

<input name="vrms" id="svrms" type="hidden" value="1">

<input name="irms" id="sirms" type="hidden" value="1">

<input name="kw" id="skw" type="hidden" value="1">

<input name="unit" id="sunit" type="hidden" value="1">

<input name="cost" id="scost" type="hidden" value="1">

<div class="button-save">

<button type="submit"id="insert" class="btn btn-success">SAVE
VALUE</button>

</div>

</form>

</div>

<?php

if (I(empty($_POST['eleload) |lempty($_POST['vrms']) ||
empty($_POST['irms") || empty($_POST['kw']) || empty($_POST['unit]) ||
empty($_POST['cost])))

{

$link = mysql_connect("localhost","root","1234");
if (1$link)

{

die('could not connet:' . mysql_error());

}

$eleload = $_POST['eleload?;

$vrms =$_POST['vrms'];

$irms =$_POST['irms';

$kw = $_POST[Kw];

$unit =$_POST['unit'];

$cost =$_POST['cost];

$SQL ="INSERT INTO ‘project’. project” ('ID" ,"Name’” ,’Vrms™ ,’ Irms’
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, Power™ ,"Unit" ,"Cost’)VALUES (NULL , ".$eleload.”, ".$vrms.", ".$irms.",

"$kw.", ".$unit.”, ".$cost.");";
$objQuery = mysql_query($SQL);
/Imysql_query($link, $SQL);
mysql_close($link);

/linform section

echo '<script language="javascript">';

echo 'alert("vuiind3a")";

echo '</script>";

}

elseif (empty($_POST['eleload]){

echo '<script language="javascript">';

echo 'alert("njmnsentermiedldifuitetuiinasgmdeyadaoaiul ")

echo '</script>";
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111. }

112. else{

113. return null;
114. }

115. 7>

116. </body>
117. </html>
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Y 3
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PC (Power
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Electric Bill Estimation using Raspberry Pi
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits

= Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 us output rise time in response to step input current
= 80 kHz bandwidth

= Total output error 1.5% at T,= 25°C

= Small footprint, low-profile SOIC8 package

= 1.2 mQ internal conductor resistance

= 2.1 KVRMS minimum isolation voltage from pins 1-4 to pins 5-8
= 5.0 V, single supply operation

= 66 to 185 mV/A output sensitivity

= Output voltage proportional to AC or DC currents

= Factory-trimmed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage

ﬂ TUV America @
TV Certificate Number:
W usv 060554214010 us
c Us

Package: 8 Lead SOIC (suffix LC)

Approximate Scale 1:1

Description

The Allegro™ ACS712 provides economical and precise
solutions forACorDC current sensing inindustrial, commercial,
and communications systems. The device package allows for
casy implementation by the customer. Typical applications
include motor control, load detectionand management, switch-
mode power supplies, and overcurrent fault protection. The
device is not intended for automotive applications.

The device consists of a precise, low-offset, linear Hall circuit
with a copper conduction path located near the surface of the
die. Applied current flowing through this copper conduction
path generates a magnetic field which the Hall IC converts into a
proportional voltage. Device accuracy is optimized throughthe
close proximity of the magnetic signal to the Hall transducer.
A precise, proportional voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Viour(q)
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2. to pins 3 and 4), which is
the path used for current sampling. The internal resistance of
this conductive path is 1.2 mQ typical. providing low power
loss. The thickness of the copper conductor allows survival of

Continued on the next page...

Typical Application

IP+ VIOUT

lp] ACST712
3| |p_ FILTER
s

GND

8
s VCC

Application 1. The ACS712 outputs an analog signal, VqyT.
that varies linearly with the uni- or bi-directional AC or DC
primary sampled current, I, within the range specified. C
is recommended for noise management, with values that

depend on the application.

ACS712-DS, Rev. 15
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Description (continued)

the device at up to 5% overcurrent conditions. The terminals of the ~ The ACS712 is provided ina small, surface mount SOIC8 package.
conductive path are electrically isolated from the signal leads (pins ~ The leadframe is plated with 100% matte tin, which is compatible
5 through 8). This allows the ACS712 to be used in applications ~ Withstandardlead (Pb) free printed circuitboard assembly processes.

requiring electrical isolation without the use of opto-isolators or ~ Internally, thedeviceis Pb-free, exceptfor flip-chip high-temperature
other costly isolation techniques. Pb-based solder balls, currently exempt from RoHS. The device is

fully calibrated prior to shipment from the factory.

Selection Guide

Part Number Packing* (Ié) Optlmlze&;? ange, Ip Se(r}:’gl)v(lrtx\,i‘:)ns
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 +5 185
ACS712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40 to 85 +30 66
*Contact Allegro for additional packing options.

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units

Supply Voltage Vee 8 \
Reverse Supply Voltage Vkee -0.1 \
Output Voltage ViouT 8 \"
Reverse Output Voltage VRriout -0.1 \"
Output Current Source liouT(Source) 3 mA
Output Current Sink liouT(sink 10 mA
Overcurrent Transient Tolerance Ip 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature T Range E -40to 85 °C
Maximum Junction Temperature T,(max) 165 T
Storage Temperature Tsig —651t0 170 °C

Isolation Characteristics

Characteristic Symbol Notes Rating Unit

Dielectric Strength Test Voltage* Wi Cfes':gflé’;?j'é%ggg_?qi? el 2100 VAC
Working Violtage for Basic Isolation Vst gg;;’gii’c SR R, SOktion, pey UL standia 354 VDC or V,
Working Voltage for Reinforced Isolation VWwERI gg;g%i-r;f’o;(z(é((ﬁt(i)::le) igglation per Ul standan 184 VDC or V¢

* Allegro does not conduct 60-second testing. It is done only during the UL certification process.

Parameter Specification
CAN/CSA-C22.2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

= Allegro MicroSystems, LLC 2
/ lle 0"‘. 115 Northeast Cutoff
’ : Worcester, Massachusetts 01615-0036 U.S.A.
[ ]

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

1P+
(Pin 1)
1

1P+ |
(Pin 2)

IP-

Functional Block Diagram

(Pin 3)
|

IP-
(Pin 4)

BV
1 !
! |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
Sense Temperature :
Coefficient Trim :
I —~ |
: &o= 2 AAA- :
| o= Signal g A MW ; 1 VIOUT
i E g > Recovery A I B l : (Pin7)
1 >0 e !
| o b 1
‘ 1 ’
i Trim = ! 0.1uF
0 Ampere | —
: Offset Adjust :
: !
] =3 |
! 1
FILTERI
(Pin 6)
1
Pin-out Diagram
1P+ [1] [8] vce
1P+ [2] [7] viouT
IP- 3] [6] FILTER
IP- [4] [5] GND
Terminal List Table
Number Name Description
1and 2 1P+ Terminals for current being sampled; fused internally
3and 4 1P- Terminals for current being sampled; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
8 VCC Device power supply terminal

Allegro MicroSystems, LLC
115 Northeast Cutoff

Allegro-

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS over full range of T4, C = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic | symbol Test Conditions | Min. [ Typ. | Max. | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 4.5 5.0 5.5 Vv
Supply Current lce Ve = 5.0V, output open - 10 13 mA
Output Capacitance Load Cioap |VIOUT to GND - - 10 nF
Output Resistive Load Rioap | VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rpgimary | Ta =25°C - 1.2 - mQ
Rise Time t: Ip= Ip(max), T = 25°C, Coyt = open - 3.5 - Hs
Frequency Bandwidth f -3dB, T, =25°C; Ip is 10 A peak-to-peak - 80 - kHz
Nonlinearity ELin Over full range of Ip - 1.5 - %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Viout(q) |Bidirectional; Io=0A, Ty =25°C - Vg%x - \
Power-On Time g Output reaches 90% of steady-state level, T;=25°C, 20 A present _ 35 _ us

on leadframe

Magnetic Coupling? - 12 - G/A
Internal Filter Resistance? Reonm 1.7 kQ

1Device may be operated at higher primary current levels, |5, and ambient, T4, and internal leadframe temperatures, Ty, provided that the Maximum
Junction Temperature, T j(max), is not exceeded.

21G=0.1mT.

3RF(,NT) forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Max. Units

Operating Internal Leadframe Temperature [ Ty ]E range —40 - 85 °C
Value Units
Junction-to-Lead Thermal Resistance2 Rgy. |Mounted on the Allegro ASEK 712 evaluation board 5 °C/W
unshon-io:Riblenk Thenmal Besistsnse R zlllﬂlt:g(tjegyotrr\] (tahsol-;lrl:gro 85-0322 evaluation board, includes the power con- 23 /W

1Additional thermal information is available on the Allegro website.
2The Allegro evaluation board has 1500 mm?2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked

Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-

tion section of this datasheet.

Allegro-

MicroSystems, LLC

Allegro MicroSystems, LLC

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

1.508.853.5000; www.allegromicro.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor I1C
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS? T, =—40°C t0 85°C, C- = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - ) A
Sensitivity Sens Over full range of Ip Ty = 25°C 180 185 190 mV/A

: Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity,
Rake VNOISEPP) |, = 47 nF, Cyyy = open, 2 kHz bandwidth - 2 - L
Tp=-40°C to 25°C - -0.26 - mV/°C
Zero Current Output Slope AVout@
Tp=25°C to 150°C - -0.08 - mV/°C
- Tp=-40°C to 25°C - 0.054 - mV/A/°C
Sensitivity Slope ASens
Tao=25°C to 150°C - -0.008 - mV/A/°C
Total Output Error2 Etor lp=%5A, Ty =25°C - #1.5 - %

1Device may be operated at higher primary current levels, |, and ambient temperatures, T,, provided that the Maximum Junction Temperature, T y(max)»

is not exceeded.

2Percentage of Ip, with Ip = 5 A. Output filtered.

x20A PERFORMANCE CHARACTERISTICS? T, = -40°C to 85°C, C = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -20 - 20 A
Sensitivity Sens Over full range of Ip Ty =25°C 96 100 104 mV/A

’ Peak-to-peak, T, = 25°C, 100 mV/A programmed Sensitivity, _ _
Notse VNOISEPP) |G, = 47 nF, Cyy = Open, 2 kHz bandwidth L my
Tp=-40°C to 25°C - -0.34 - mV/°C
Zero Current Output Slope AVout@ T =950 — =
A= 0 150°C - -0.07 - mV/°C
. Tp=—-40°C to 25°C - 0.017 - mV/A/°C
Sensitivity Slope ASens T =55°G1 = =
A= 0 150°C - -0.004 - mV/A/°C
Total Output Error2 Etor Ip =420 A, T, = 25°C - +1.5 - %

1Device may be operated at higher primary current levels, I, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,

T,(max), is not exceeded.

2percentage of Ip, with | = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS' T, = —40°C to 85°C, C¢ = 1 nF, and V. = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -30 - 30 A
Sensitivity Sens Over full range of Ip, Ty = 25°C 63 66 69 mV/A

. Peak-to-peak, T, = 25°C, 66 mV/A programmed Sensitivity, _ _
L VNOISEPP) |, = 47 nF, Coyyy = open, 2 kHz bandwidth ¥ L
Tp=-40°C to 25°C - -0.35 - mV/°C
Zero Current Output Slope AVour(q) T.=25°C1 = —
A= 0 150°C - -0.08 - mv/°C
. Tp=-40°C to 25°C - 0.007 - mV/A/°C
Sensitivity Slope ASens T.—25°C1 = ~
A= 0 150°C - -0.002 - mV/A/°C
Total Output Error2 Eror Ip=%30A, Ty=25°C - 1.5 - %

1Device may be operated at higher primary current levels, |, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,

T, (max), is not exceeded.

2percentage of Ip, with I = 30 A. Output filtered.

MicroSystems, LLC

Allegro MicroSystems, LLC

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip =5 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip =20 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature
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ACST71

2

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

low (MA)

Mean Igc (mA)

Characteristic Performance
Ip =30 A, unless otherwise specified
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor I1C
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the lincar
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyoisg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (Ep ;). The degree to which the voltage output from
the IC varies in direct proportion to the primary current through
its full-scale amplitude. Nonlinearity in the output can be attrib-
uted to the saturation of the flux concentrator approaching the
full-scale current. The following equation is used to derive the
linearity:

100 {1-

A gain X % sat (Viout_full-scale amperes — V1oUT(Q)) ] :
2 (VIOUT_half—scale amperes — VIOUT(Q) )

where oyt full-scale amperes = the output voltage (V) when the
sampled current approximates full-scale +Ip.

Symmetry (Egyyy). The degree to which the absolute voltage
output from the IC varies in proportion to either a positive or
negative full-scale primary current. The following formula is
used to derive symmetry:

i Viout + full-scale amperes — V1ouT(Q)

Viour@) —Viout_—full-scale amperes

Quiescent output voltage (Vioyr(q)- The output of the device
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at Vo¢/2. Thus, Ve = 5 V translates into
Viout(q) = 2.5 V. Variation in Vi) can be attributed to the
resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Electrical offset voltage (V). The deviation of the device out-
put from its ideal quiescent value of V/ 2 due to nonmagnetic
causes. To convert this voltage to amperes, divide by the device
sensitivity, Sens.

Accuracy (Epgr). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total output error. The accuracy is illustrated graphically in
the output voltage versus current chart at right.

Accuracy is divided into four areas:
e 0 A at 25°C. Accuracy at the zero current flow at 25°C, with-
out the effects of temperature.

e 0 A over A temperature. Accuracy at the zero current flow
including temperature effects.

e Full-scale current at 25°C. Accuracy at the the full-scale current
at 25°C, without the effects of temperature.

o Full-scale current over A temperature. Accuracy at the full-
scale current flow including temperature effects.

Ratiometry. The ratiometric feature means that its 0 A output,

ViouT(q)- (nominally equal to Vi/2) and sensitivity, Sens, are

proportional to its supply voltage. Vc. The following formula is

used to derive the ratiometric change in 0 A output voltage,

AViourQprar (%0)-

. ( Vioutyvee / Vi IOUT(Q)SV)
Vec/5V

The ratiometric change in sensitivity, ASensg ot (%), is defined as:

SL’I’ISVCC / SGHSSV
S ar—— —
e/ 5V

Output Voltage versus Sampled Current
Accuracy at 0 A and at Full-Scale Current

Increasing V, (V)

— Accuracy
/ Over ATemp erature

Accuracy
25°C Only

Average
Vour

Accuracy ——
Over ATemp erature ‘\

Accuracy.
25°C Only

Ip(min)

Sllegro

-1, (A) : H, (A)
Full Scale T
Ip(max)
- > Accuracy
«———  25°conly

\

\

- Accuracy

Over ATemp erature
v Decreasing V,,,4(V)
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Definitions of Dynamic Response Characteristics

Power-On Time (tpg). When the supply is ramped to its operat-
ing voltage. the device requires a finite time to power its internal

components before responding to an input magnetic field.
Power-On Time, tp , is defined as the time it takes for the output

voltage to settle within +10% of its steady state value under an
applied magnetic field, after the power supply has reached its
minimum specified operating voltage. Vc(min). as shown in the

chart at right.

V
V
Veceltyp.)— - — —- ce —
! Vour
90% Vot —|— — 4 — —
H
I
1
!
1]
1
i
Vee(min,) —— f
i tpo

t;= time at which power supply reaches

minimum specified operating voltage

t,= time at which output voltage settles
within £10% of its steady state value
under an applied magnetic field

0 +
Rise time (t,). The time interval between a) when the device A - Py curon
reaches 10% of its full scale value, and b) when it reaches 90% -
of its full scale value. The rise time to a step response is used to I
; ; - : |
derive the bandwidth of the device, in which f(-3 dB) = 0.35/t.. I
Both t, and trggponsg are detrimentally affected by eddy current o ! Jansucer utput
losses observed in the conductive IC ground plane. 0 "
}<—>!— Rise Time, t !
Power on Time versus External Filter Capacitance Step Response
fgg ™ Ta=25°C
160 i} ! | LS V L
140 | —— ~— e
3 120 /
p=0A | ]
Output (mV)
0 10 20 30 40 50
Cr (nF) P
Noise vs. Filter Cap e -
Noise versus External Filter Capacitance | I5A
10000 ————————— e ‘ o :
= Excitation Signal ]
it f |
E T el el 3y |
M 4.0ps 125MSs & 0nspt
e+t
1
0.01 0.1 10 100 1000
Cr (nF)
Rise Time versus External Filter Capacitance Rise Time versus External Filter Capacitance
1200 180
Cr (nF t, (us
_ Vil F (nF) r (us) 128 3
/ Open 3.5 /
__ 800 1 5.8 _ 120 7
[} )
Z 600 —— Expanded in chart at right 4.7 17.5 2 100 4
= 22 735 = 80 i
JPIr================== 47 88.2 60
! : / 100 2913 40 7~
2001 220 623 20 e
/
o, - e | 470 1120 0
0.1 1 10 100 1000 0.1 1 10 100
Cr (nF) Cr (nF)
" Allegro MicroSystems, LLC 10
lk 0"‘. 115 Northeast Cutoff
’ Worcester, Massachusetts 01615-0036 U.S.A.
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Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is
used to minimize the offset voltage of a Hall clement and an asso-
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza-
tion technique that nearly eliminates Hall IC output drift induced
by temperature or package stress effects. This offset reduction
technique is based on a signal modulation-demodulation process.
Modulation is used to separate the undesired DC offset signal
from the magnetically induced signal in the frequency domain.
Then, using a low-pass filter. the modulated DC offset is sup-
pressed while the magnetically induced signal passes through

the filter. As a result of this chopper stabilization approach, the
output voltage from the Hall IC is desensitized to the effects

of temperature and mechanical stress. This technique produces
devices that have an extremely stable Electrical Offset Voltage,
are immune to thermal stress, and have precise recoverability
after temperature cycling.

This technique is made possible through the use of a BICMOS
process that allows the use of low-offset and low-noise amplifiers
in combination with high-density logic integration and sample
and hold circuits.

Regulator I
'- T Tl TRy g t—" I
|
| : =1 Clock/Logic —+
I g & Low-Pass
Hall Element ;| ~ \«g------ ssagpsssksobes | < ;
| i s Filter
H c
| *— - > %o —
1 X | A’"> 82| |~
e |— >
' 'SLE o "3
..... L

Concept of Chopper Stabilization Technique

iAllegro-
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Typical Applications

V,
_-I[: o’/ PEAK
Ceyp
0.1 uF | VRESET
= at
2N7002
: 1P+ vee -
2lip+ VIOUT
b} ACST712
3| p_ FILTER
4
"= enp
Application 2. Peak Detecting Circuit
+5V
Cayp
0.1 uF
@i i T : Riaaasw
2 7 Vour A-to-D
P+ VIOUT O arine

|,,} ACST712
6
3l\p_ FILTER

P~ &N

Application 4. Rectified Output. 3.3 V scaling and rectification application
for A-to-D converters. Replaces current transformer solutions with simpler
ACS circuit. C1 is a function of the load resistance and filtering desired.
R1 can be omitted if the full range is desired.

+5V
&

0TE a
1 I

R2
100 kQ
; 8
ps  VCC - ==
2l\ps VIOUT A
Re
Ip ACS712 1kQ
6
3| p_ FILTER

IP— GND 5

Application 3. This configuration increases gain to 610 mV/A
(tested using the ACS712ELC-05A).

+5V
PS " & .
CBYP i
R1
T 33kQ
- Rpy
R2 100 kQ
100 kQ
y 8
. 7 oy 4
2ip+ ViOUT ou, i R
%)
lp ACS712 3|+ AT
3 6 LMV7235
2 p- FLTERE—) L
1nF
P
anop P
- D1
3 1N914

Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
powered down.

s Allegro-

Allegro MicroSystems, LLC 12
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Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the device. Such a low-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the device output signal. However, the addition of
an RC filter to the output of a sensor IC can result in undesirable
device output attenuation — even for DC signals.

Signal attenuation, AV rr, is a result of the resistive divider
effect between the resistance of the external filter, Ry (see
Application 6), and the input impedance and resistance of the
customer interface circuit, Ryyrre. The transfer function of this
resistive divider is given by:

Rintrc

AVgrT = I'IOUT(—RF * Rl

Even if R and Rpyppc are designed to match, the two individual
resistance values will most likely drift by different amounts over

®yV

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Rintre» of a typical analog-to-digital converter (ADC) can be as
low as 10 kQ.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, Cg (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV pr. Therefore, the
ACS712 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

Application 6. When a low pass filter is constructed
externally to a standard Hall effect device, a resistive
divider may exist between the filter resistor, R and
the resistance of the customer interface circuit, Ryytrc.
This resistive divider will cause excessive attenuation,
as given by the transfer function for AVyrq.

0.4 F

vcc
Pin 8

Allegro ACS706

Resistive Divider

§ 5 Input
Py § Application
E g Interface
&6 Circuit
s
L S
<
1nF~TN 2 Rinrre

_____

Application 7. Using the FILTER pin
provided on the ACS712 eliminates the
attenuation effects of the resistor divider

1
1
1
1
I
1
A < 1
between R and Rytrc, shown in Appli- et !
cation 6. :
PV'P; 5 Buffer Amplifier !
LU 25 s and Resistor :
01 uF| ! 9= Signal LA 1 ViouT
—_ H E8 Recovery RRK A Pin 7 ;
\ S s vV T Input
Pl a2 e 1 ‘Application
Pin 3 3 ! Interface
! T : Circuit
ip-! H
Pin 4 0 Ampere A
H Offset Adjust | 4
1 2
1
H | S Rintee
1 1
' J
FILTER
Pin6
T 1nF
Allegro MicroSystems, LLC 13
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Package LC,

4.90 +0.10

390 +0.10 | 6.00+0.20
Branded Face
8X — C
_L SEATING -
E PLANE

051 A.I — 1.75 MAX
031 0.25

0.10
1.27 BSC

For Reference Only; not for tooling use (reference MS-012AA)
Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
A Terminal #1 mark area
A Branding scale and appearance at supplier discretion

A Reference land pattem layout (reference IPC7351
SO0IC127P600X175-8M); all pads a minimum of 0.20 mm from all
adjacent pads; adjust as necessary to meet application process
requirements and PCB layout tolerances

{

8-pin SOIC

104 REF
1
| 127
] 0.40
— 025BSC
1
SEATING PLANE
N cauGE PLANE

065—». e 1 |-—127

1.75 * H_H

/O\ PCB Layout Reference View

NNNNNNN
TPP-AAA
LLLLL

L

N = Device part number

T = Device temperature range
P = Package Designator

A= Amperage

L = Lot number

Belly Brand = Country of Origin

MncroSyslems LLC

Allegro MicroSystems, LLC 14
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com
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Revision History
Revision Revision Date Description of Revision

Update rise time and isolation, It reference data,

Rev. 15 November 16, 2012 patents

Copyright ©2006-2013, Allegro MicroSystems, LLC

The products described herein are protected by U.S. patents: 5.621,319: 7.598.601: and 7,709,754.

Allegro MicroSystems, LLC reserves the right to make, from time to time, such departures from the detail specifications as may be required to
permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that
the information being relied upon is current.

Allegro’s products are not to be used in life support devices or systems. if a failure of an Allegro product can reasonably be expected to cause the
failure of that life support device or system. or to affect the safety or effectiveness of that device or system.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
www.allegromicro.com

pr D o Allegro MicroSystems, LLC 15
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MCP3204/3208

2.7V 4-Channel/8-Channel 12-Bit A/D Converters
with SPI Serial Interface

Features

+ 12-bit resolution

+ +1LSB max DNL

» +1LSB max INL (MCP3204/3208-B)

» +2 LSB max INL (MCP3204/3208-C)

* 4 (MCP3204) or 8 (MCP3208) input channels

» Analog inputs programmable as single-ended or
pseudo-differential pairs

» On-chip sample and hold
» SPI serial interface (modes 0,0 and 1,1)
» Single supply operation: 2.7V - 5.5V
» 100 ksps max. sampling rate at Vpp = 5V
» 50 ksps max. sampling rate at Vpp = 2.7V
* Low power CMOS technology:
- 500 nA typical standby current, 2 yA max.
- 400 pA max. active current at 5V
* Industrial temp range: -40°C to +85°C
» Available in PDIP, SOIC and TSSOP packages

Applications

» Sensor Interface
» Process Control
» Data Acquisition
» Battery Operated Systems

Functional Block Diagram

Vop Vss

VRer

12-Bit SAR

Shift
Register

I

I

I

| Control Logic [—*
L

CS/SHDND)y CLK Doyt

* Note: Channels 5-7 available on MCP3208 Only

- F T

Description

The Microchip Technology Inc. MCP3204/3208
devices are successive approximation 12-bit Analog-
to-Digital (A/D) Converters with on-board sample and
hold circuitry. The MCP3204 is programmable to
provide two pseudo-differential input pairs or four
single-ended inputs. The MCP3208 is programmable
to provide four pseudo-differential input pairs or eight
single-ended inputs. Differential Nonlinearity (DNL) is
specified at £1 LSB, while Integral Nonlinearity (INL) is
offered in +1 LSB (MCP3204/3208-B) and +2 LSB
(MCP3204/3208-C) versions.

Communication with the devices is accomplished using
a simple serial interface compatible with the SPI
protocol. The devices are capable of conversion rates
of up to 100 ksps. The MCP3204/3208 devices operate
over a broad voltage range (2.7V - 5.5V). Low current
design permits operation with typical standby and
active currents of only 500nA and 320 pA,
respectively. The MCP3204 is offered in 14-pin PDIP,
150 mil SOIC and TSSOP packages. The MCP3208 is
offered in 16-pin PDIP and SOIC packages.

Package Types
PDIP, SOIC, TSSOP
cHo1 ™~ 140 vpp
CHIC2 = 130 Veer
CH2O3 © 12[0 AGND
cH3g4 & 1pcLK
NCO5 B 100 Doyr
NCje * 9[Dy
DGND [ 7 8[1 CS/SHDN
PDIP, SOIC
cHoO1 ~ 16[0Vpp
CH1 2 15 VRer
CH2O3 = 14[0AGND
cH3gs § 13pcLk
CH4O5 & 120 Dgyr
CH5Oe & 110D
CHs6 7 101 CS/SHDN
CH7 8 91 DGND

© 2008 Microchip Technology Inc.
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1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratingst

e 7.0V
-0.6V to Vpp +0.6V
...... -65°C to +150°C

All inputs and outputs w.r.t. Vgg

Storage temperature

Ambient temp. with power applied
Soldering temperature of leads (10 seconds)
ESD protection on all pins...........ccccoiviniinnieiniiennien >4 kV

ELECTRICAL SPECIFICATIONS

tNotice: Stresses above those listed under "Maximum
Ratings" may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
device reliability.

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vgg = 0V, Vgegr = 5V,
TA =-40°C to +85°C’fSAMPLE =100 kSpS and fCLK = 20*fSAMPLE
Parameters I Sym I Min I Typ J Max [ Units l Conditions
Conversion Rate
Conversion Time tconv — — 12 clock
cycles
Analog Input Sample Time tsAMPLE S clock
cycles

Throughput Rate fSAMPLE e — 100 ksps VDD = VREF =5V

— —s 50 ksps VDD = VREF =27V
DC Accuracy
Resolution 12 bits
Integral Nonlinearity INL — +0.75 +1 LSB | MCP3204/3208-B

— +1.0 +2 MCP3204/3208-C
Differential Nonlinearity DNL — +0.5 +1 LSB | No missing codes

over-temperature

Offset Error — +1.25 +3 LSB
Gain Error — +1.25 +5 LSB
Dynamic Performance
Total Harmonic Distortion — -82 — dB |V|y=0.1Vto 4.9V@1 kHz
Signal to Noise and Distortion — 72 — dB |V|y=0.1Vto 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic — 86 — dB |V|y=0.1Vto 4.9V@1 kHz
Range
Reference Input
Voltage Range 0.25 —_ Vpp V  |Note 2
Current Drain —_ 100 150 MA |

— 0.001 3.0 MA |[CS =Vpp =5V
Analog Inputs
Input Voltage Range for CHO- Vss — VRer \%
CH7 in Single-Ended Mode
Input Voltage Range for IN+ in IN- — VRreg+IN-
pseudo-differential Mode

Note 1:

This parameter is established by characterization and not 100% tested.

2: See graphs that relate linearity performance to Vigg levels.

3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, particularly at elevated temperatures. See Section 6.2 “Maintaining Minimum Clock
Speed”, “Maintaining Minimum Clock Speed”, for more information.

DS21298E-page 2

© 2008 Microchip Technology Inc.
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ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vgg = 0V, VRegr = 5V,

TA =-40°C to +85°CYfSAMPLE =100 ksps and fCLK = 20*fSAMPLE

Parameters Sym Min Typ Max Units Conditions
Input Voltage Range for IN- in Vgs-100 — Vgs+100 mV
pseudo-differential Mode
Leakage Current — 0.001 +1 pA
Switch Resistance — 1000 — Q See Figure 4-1
Sample Capacitor — 20 — pF | See Figure 4-1
Digital Input/Output
Data Coding Format Straight Binary
High Level Input Voltage Vin 0.7 Vpp — — \%
Low Level Input Voltage VL — — 0.3 Vpp \%
High Level Output Voltage Von 41 — — V  |log=-1mA, Vpp = 4.5V
Low Level Output Voltage VoL — — 0.4 \% loL =1 mA, Vpp = 4.5V
Input Leakage Current I -10 — 10 MA | V|N=VssorVpp
Output Leakage Current Lo -10 — 10 MA |[Voyut = Vss Or Vpp
Pin Capacitance Cin:Cout — — 10 pF | Vpp =5.0V (Note 1)
(All Inputs/Outputs) Ta=25°C,f=1 MHz
Timing Parameters
Clock Frequency foLk — — 2.0 MHz |Vpp = 5V (Note 3)
— — 1.0 MHz |Vpp = 2.7V (Note 3)
Clock High Time th 250 — —_ ns
Clock Low Time tLo 250 — — ns
CS Fall To First Rising CLK tsucs 100 — — ns
Edge
Data Input Setup Time tsu 50 — — ns
Data Input Hold Time tvp 50 — — ns
CLK Fall To Output Data Valid tbo —— — 200 ns |See Figures 1-2 and 1-3
CLK Fall To Output Enable ten — — 200 ns |See Figures 1-2 and 1-3
CS Rise To Output Disable tpis — — 100 ns |See Figures 1-2 and 1-3
CS Disable Time tesy 500 3 =g ns
Dour Rise Time tr — — 100 ns |See Figures 1-2 and 1-3 (Note 1)
Doyt Fall Time te — —_ 100 ns |See Figures 1-2 and 1-3 (Note 1)
Power Requirements
Operating Voltage Vbbb 2.7 — 5.5 Vv
Operating Current lop — 320 400 HA | Vpp=VRer = 5V, Doyt unloaded
— 225 — Vpp=VRer = 2.7V, Doyt unloaded
Standby Current Ibbs — 0.5 20 MA |CS= Vpp = 5.0V

Note 1:

2: See graphs that relate linearity performance to Vg levels.
3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, particularly at elevated temperatures. See Section 6.2 “Maintaining Minimum Clock

Speed”, “Maintaining Minimum Clock Speed”, for more information.

This parameter is established by characterization and not 100% tested.
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TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Vgege = 5V

Parameters | Sym | Min I Typ I Max l Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °c
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 —_ +150 °C
Thermal Package Resistances
Thermal Resistance, 14L-PDIP CATN — 70 — °C/W
Thermal Resistance, 14L-SOIC 04a — 95.3 — °C/W
Thermal Resistance, 14L-TSSOP CAN — 100 — °C/W
Thermal Resistance, 16L-PDIP (CATN — 70 — °C/W
Thermal Resistance, 16L-SOIC O4A — 86.1 — °C/W

tcsH
& /// ///I
tsucs

CLK l ‘\_/_//_\ /_ W /_\_/_\_
Din MSB IN :Z:) ( X ’///L_X

' tpo tr te tois

EN e — [4— , - —
> 7

Dout 7/ * Null Bit /I MSB OUT 8 I LSB

FIGURE 1-1: Serial Interface Timing.
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1.4V Test Point
Vop
tpis Waveform 2
3ka Test Point 3kQ Vpp/2 pis
Dout I O Dout O——— tgny Waveform
l C_ =100 pF

100 pF tpis Waveform 1
= Vss
Voltage Waveforms for tg, t¢

Voltage Waveforms for tgy
—————— -Von
Dour —— |~~~ 7~~~ -Vou
- -— Cs N
tr te
CLK 1 2 3 4
Voltage Waveforms for tpo |
DouT .|: £ B11
CLK ten
too
Voltage Waveforms for tpg
Dout
cs ViH
FIGURE 1-2: Load Circuit for tg, tg tpo Dour N 90%
Waveform 1* J \_
Tois ~—

Waveform 2+

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

+ Waveform 2 is for an output with internal
conditions such that the output is low,
unless disabled by the output control.

FIGURE 1-3: Load circuit for tp;s and tgy.
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2.0 TYPICAL PERFORMANCE CHARACTERISTICS

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, VDD = VREF = 5V, VSS = OV, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLE7 TA = +25°C.
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02+ | | | _
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06 T —'7
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-1.0 - -
0 25 50 75 100 125 150
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FIGURE 2-1:
vs. Sample Rate.
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=
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FIGURE 2-4: Integral Nonlinearity (INL)

vs. Sample Rate (Vpp = 2.7V).
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FIGURE 2-2: Integral Nonlinearity (INL)
VS. VHEF'
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FIGURE 2-3: Integral Nonlinearity (INL)
vs. Code (Representative Part).

FIGURE 2-5: Integral Nonlinearity (INL)
VS. VFt'EF (VDD = 2. 7V)
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FIGURE 2-6: Integral Nonlinearity (INL)
vs. Code (Representative Part, Vpp= 2.7V).
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Note: Unless otherwise indicated, VDD = VREF =5V, VSS =0V, fSAMPLE =100 kSpS, fCLK = 20* fSAMF’LE’ TA =+25°C.

1.0
0.8 T
0.6 |
0.4 |
0.2 |
= 0.0 |
= 02 ! I Negative INL
-0.4 |
-0.6
-0.8 1
-1.0 + r : : : : ]
-50 -25 0 25 50 75 100
Temperature (°C)

Positive INL

LSB)

1.0 T
og | Voo =Vaer =27V
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FIGURE 2-7:
vs. Temperature.

Integral Nonlinearity (INL)

FIGURE 2-10: Integral Nonlinearity (INL)
vs. Temperature (Vpp = 2.7V).
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FIGURE 2-11: Differential Nonlinearity

(DNL) vs. Sample Rate (Vpp = 2.7V).
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FIGURE 2-12: Differential Nonlinearity
(DNL) VS. VREF (VDD =2 7V)
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Note: Unless otherwise indicated, VDD = VREF =5V, Vss =0V, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLEv TA =+25°C.
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FIGURE 2-13: Differential Nonlinearity
(DNL) vs. Code (Representative Part).
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FIGURE 2-16: Differential Nonlinearity
(DNL) vs. Code (Representative Part,
Vpp=2.7V).
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FIGURE 2-14: Differential Nonlinearity
(DNL) vs. Temperature.
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FIGURE 2-17: Differential Nonlinearity
(DNL) vs. Temperature (Vpp= 2.7V).
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FIGURE 2-15: Gain Error vs. Vger.

FIGURE 2-18: Offset Error vs. Vggr.
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Note: Unless otherwise indicated, VDD = VREF =5V, Vss =0V, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLEv TA =+25°C.
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FIGURE 2-19:

Gain Error vs. Temperature.
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Note: Unless otherwise indicated, VDD = VREF =5V, VSS =0V, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLE' TA =+25°C.
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Note: Unless otherwise indicated, VDD = VREF =5V, VSS =0V, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLE' TA =+25°C.
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FIGURE 2-32: Ipp vs. Clock Frequency.
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Note: Unless otherwise indicated, VDD = VREF = 5V, VSS = OV, fSAMPLE =100 kSpS, fCLK = 20* fSAMPLE' TA =+25°C.
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FIGURE 2-39: Analog Input Leakage
Current vs. Temperature.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
MCP3204 MCP3208
PDIP, SOIC, Symbol Definition
TSSOP PDIP, SOIC
1 1 CHO Analog Input
2 2 CHA1 Analog Input
3 3 CH2 Analog Input
4 4 CH3 Analog Input
— 5 CH4 Analog Input
— 6 CH5 Analog Input
— 74 CH6 Analog Input
— 8 CH7 Analog Input
T 9 DGND Digital Ground
8 10 CS/SHDN Chip Select/Shutdown Input
9 " Din Serial Data In
10 12 DouT Serial Data Out
1" 13 CLK Serial Clock
12 14 AGND Analog Ground
13 15 VREF Reference Voltage Input
14 16 Vbbb +2.7V to 5.5V Power Supply
5,6 — NC No Connection
3.1 Digital Ground (DGND) 3.5 Serial Data Input (D,,)
Digital ground connection to internal digital circuitry. The SPI port serial data input pin is used to load
channel configuration data into the device.
3.2 Analog Ground (AGND)
Analog ground connection to internal analog circuitry. 3.6 Serial Data Output (DOUT)

3.3 Analog Inputs (CHO - CH7)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change

Analog inputs for channels 0 - 7 for the multiplexed
inputs. Each pair of channels can be programmed to be
used as two independent channels in single-ended
mode or as a single pseudo-differential input, where
one channel is IN+ and one channel is IN. See
Section 4.1 “Analog Inputs”, “Analog Inputs”, and
Section 5.0 “Serial communications”, “Serial Com-
munications”, for information on programming the
channel configuration.

34 Serial Clock (CLK)

The SPI clock pin is used to initiate a conversion and
clock out each bit of the conversion as it takes place.
See Section 6.2 “Maintaining Minimum Clock
Speed”, “Maintaining Minimum Clock Speed”, for con-
straints on clock speed.

on the falling edge of each clock as the conversion
takes place.

3.7  Chip Select/Shutdown (CS/SHDN)

The CS/SHDN pin is used to initiate communication
with the device when pulled low and will end a
conversion and put the device in low power standby
when pulled high. The CS/SHDN pin must be pulled
high between conversions.

© 2008 Microchip Technology Inc.
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4.0 DEVICE OPERATION

The MCP3204/3208 A/D converters employ a
conventional SAR architecture. With this architecture,
a sample is acquired on an internal sample/hold
capacitor for 1.5 clock cycles starting on the fourth
rising edge ofthe serial clock afterthe start bit has been
received. Following this sample time, the device uses
the collected charge on the internal sample/hold
capacitor to produce a serial 12-bit digital output code.
Conversion rates of 100 ksps are possible on the
MCP3204/3208. See Section 6.2 “Maintaining Mini-
mum Clock Speed”, “Maintaining Minimum Clock
Speed”, for information on minimum clock rates.
Communication with the device is accomplished using
a 4-wire SPIl-compatible interface.

4.1 Analog Inputs

The MCP3204/3208 devices offer the choice of using
the analog input channels configured as single-ended
inputs or pseudo-differential pairs. The MCP3204 can
be configured to provide two pseudo-differential input
pairs or four single-ended inputs, while the MCP3208
can be configured to provide four pseudo-differential
input pairs or eight single-ended inputs. Configuration
is done as part of the serial command before each
conversion begins. When used in the pseudo-
differential mode, each channel pair (i.e., CHO and
CH1, CH2 and CHS3 etc.) is programmed to be the IN+
and IN- inputs as part of the command string transmit-
ted to the device. The IN+ input can range from IN- to
(Vrgg + IN-). The IN- input is limited to £100 mV from
the Vgg rail. The IN- input can be used to cancel small
signal common-mode noise which is present on both
the IN+ and IN- inputs.

When operating in the pseudo-differential mode, if the
voltage level of IN+ is equal to or less than IN-, the
resultant code will be 000h. Ifthe voltage at IN+ is equal
to or greater than {[Vgrgr + (IN-)] - 1 LSB}, then the
output code will be FFFh. If the voltage level at IN- is
more than 1 LSB below Vgg, the voltage level at the
IN+ input will have to go below Vgg to see the 000h
output code. Conversely, if IN- is more than 1 LSB
above Vgg, then the FFFh code will not be seen unless
the IN+ input level goes above Vrgg level.

For the A/D converter to meet specification, the charge
holding capacitor (CgampLe) must be given enough
time to acquire a 12-bit accurate voltage level during
the 1.5 clock cycle sampling period. The analog input
model is shown in Figure 4-1.

This diagram illustrates that the source impedance (Rg)
adds to the internal sampling switch (Rgs) impedance,
directly effecting the time that is required to charge the
capacitor (CgampLe)- Consequently, larger source
impedances increase the offset, gain and integral
linearity errors of the conversion (see Figure 4-2).

4.2 Reference Input

For each device in the family, the reference input
(Vrer) determines the analog input voltage range. As
the reference input is reduced, the LSB size is reduced
accordingly. The theoretical digital output code pro-
duced by the A/D converter is a function of the analog
input signal and the reference input, as shown below.

EQUATION 4-1:

4096 x V5
Digital Output Code = ————
VrEF
Where:
Vi = analog input voltage
Veer =  reference voltage

When using an external voltage reference device, the
system designer should always refer to the
manufacturer’s recommendations for circuit layout.
Any instability in the operation of the reference device
will have a direct effect on the operation of the A/D
converter.

© 2008 Microchip Technology Inc.
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5.0 SERIAL COMMUNICATIONS

Communication with the MCP3204/3208 devices is
accomplished using a standard SPI-compatible serial
interface. Initiating communication with either device is
done by bringing the CS line low (see Figure 5-1). If the
device was powered up with the CS pin low, it must be
brought high and back low to initiate communication.
The first clock received with CS low and Dy high will
constitute a start bit. The SGL/DIFF bit follows the start
bit and will determine if the conversion will be done
using single-ended or differential input mode. The next
three bits (DO, D1 and D2) are used to select the input
channel configuration. Table 5-1 and Table 5-2 show
the configuration bits for the MCP3204 and MCP3208,
respectively. The device will begin to sample the
analog input on the fourth rising edge of the clock after
the start bit has been received. The sample period will
end on the falling edge of the fifth clock following the
start bit.

Once the DO bit is input, one more clock is required to
complete the sample and hold period (D, is a “don’t
care” for this clock). On the falling edge of the next
clock, the device will output a low null bit. The next 12
clocks will output the result of the conversion with MSB
first, as shown in Figure 5-1. Data is always output from
the device on the falling edge of the clock. If all 12 data
bits have been transmitted and the device continues to
receive clocks while the CS is held low, the device will
output the conversion result LSB first, as shown in
Figure 5-2. If more clocks are provided to the device
while CS is still low (after the LSB first data has been
transmitted), the device will clock out zeros indefinitely.

If necessary, it is possible to bring CS low and clock in
leading zeros on the Dy line before the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 “Using the MCP3204/3208 with Micro-
controller (MCU) SPI Ports” for more details on using
the MCP3204/3208 devices with hardware SPI ports.

TABLE 5-1: CONFIGURATION BITS FOR
THE MCP3204
Control Bit
Selections Input Channel
; Configuration | Selection
Single/| 5. | b1 | Do
Diff
1 X | 0| 0 | single-ended CHO
1 X 0 1 single-ended CH1
1 X 1 0 single-ended CH2
1 X 1 1 single-ended CH3
0 X|0]| o0 differential CHO = IN+
CH1 = IN-
0 X101 differential CHO = IN-
CH1 = IN+
0 X |1 0 differential CH2 = IN+
CH3 = IN-
0 X |1 1 differential CH2 = IN-
CH3 = IN+

*D2 is a “don’t care” for MCP3204

TABLE 5-2: CONFIGURATION BITS FOR
THE MCP3208
Control Bit
Selections Input Channel
P Configuration | Selection
Single| | by | po
/Diff

1 0 0 0 single-ended CHO
1 0 ol single-ended CH1
1 0 1 0 single-ended CH2
1 0 3 1 single-ended CH3
1 1 0 0 single-ended CH4
1 1 0 1 single-ended CH5
1 1 1 0 single-ended CH6
1 1 1 1 single-ended CH7

0 0 0 0 differential CHO = IN+

CH1 = IN-

0 0 0| 1 differential CHO = IN-

CH1 = IN+

0 0 1 0 differential CH2 = IN+

CH3 = IN-

0 0 1 1 differential CH2 = IN-

CH3 = IN+

0 1 0 0 differential CH4 = IN+

CHS5 = IN-

0 1 0| 1 differential CH4 = IN-

CHS5 = IN+

0 1 1 0 differential CH6 = IN+

CH7 = IN-

0 1 i 1 differential CHS6 = IN-

CH7 = IN+

© 2008 Microchip Technology Inc.
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on  [lserS 02] 1[0 start[53] D2

HI-Z
Dout
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tconv | |

t ! i
SAMPLE DATA

* After completing the data transfer, if further clocks are applied with CS low, the A/D converter will output LSB
first data, followed by zeros indefinitely (see Figure 5-2 below).

** toata: during this time, the bias current and the comparator power down while the reference input becomes
a high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

FIGURE 5-1: Communication with the MCP3204 or MCP3208.
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Dour Hi-Z WB11B1q Bo) B8 B7)B6) BS|B4) B3| B2| B1) Bo| B1) B2| B3| B4 BS| B6| B7) B8| BB 1dB11 HEZ
(MSB) |
t tcony toaTa ™ |
SAMPLE

* After completing the data transfer, if further clocks are applied with CS low, the A/D converter will output zeros
indefinitely.

** tpata: During this time, the bias circuit and the comparator power down while the reference input becomes a
high impedance node, leaving the CLK running to clock out LSB first data or zeroes.

FIGURE 5-2: Communication with MCP3204 or MCP3208 in LSB First Format.
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6.0 APPLICATIONS INFORMATION

6.1 Using the MCP3204/3208 with
Microcontroller (MCU) SPI Ports

With most microcontroller SPI ports, it is required to
send groups of eight bits. It is also required that the
microcontroller SPI port be configured to clock out data
on the falling edge of clock and latch data in on the
rising edge. Because communication with the
MCP3204/3208 devices may not need multiples of
eight clocks, it will be necessary to provide more clocks
than are required. This is usually done by sending
‘leading zeros’ before the start bit. As an example,
Figure 6-1 and Figure 6-2 illustrate how the MCP3204/
3208 can be interfaced to a MCU with a hardware SPI
port. Figure 6-1 depicts the operation shown in SPI
Mode 0,0, which requires that the SCLK from the MCU
idles in the ‘low’ state, while Figure 6-2 shows the
similar case of SPI Mode 1,1, where the clock idles in
the ‘high’ state.

As is shown in Figure 6-1, the first byte transmitted to
the A/D converter contains five leading zeros before
the start bit. Arranging the leading zeros this way
allows the output 12 bits to fall in positions easily
manipulated by the MCU. The MSB is clocked out of
the A/D converter on the falling edge of clock number
12. Once the second eight clocks have been sent to the
device, the MCU'’s receive buffer will contain three
unknown bits (the output is at high impedance for the
first two clocks), the null bit and the highest order four
bits of the conversion. Once the third byte has been
sent to the device, the receive register will contain the
lowest order eight bits of the conversion results.
Employing this method ensures simpler manipulation
of the converted data.

Figure 6-2 shows the same thing in SPI Mode 1,1,
which requires that the clock idles in the high state. As
with mode 0,0, the A/D converter outputs data on the
falling edge of the clock and the MCU latches data from
the A/D converter in on the rising edge of the clock.

cs

MCU latches data from A/D

converter on rising edges of SCLK
SCLK 1 12 |3]| (4] |5| (6] |7| |8 9

Data is clocked out of A/D

converter on falling edges

Din
HI-Z
Dout
Start
MCU Transmitted Data Bit

@GO OEEN00 00000

(Aligned with falling

[D1]oo] x [ x [ x [ x[ x] x]

IXIx[x[x] x| x[x]x]

edge of clock) [ofofofo] °|TE%LFI|'32|
MCU Received Data

e IR I N ) A A

[2] 2] 2 [n]B11B1q B[ BS]

[B7[B6][B5]B4[B3]B2]B1[BO]|

|

Data stored into MCU receive

. register after transmission of first
X ="Don’t Care” Bits g pits

Data stored into MCU receive
register after transmission of

Data stored into MCU receive
register after transmission of last

second 8 bits

8 bits

FIGURE 6-1:

SPI Communication using 8-bit segments (Mode 0,0: SCLK idles low).
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MCU latches data from A/D converter

on rising edges of SCLK l * ‘ ‘ ‘ ‘ ‘ ‘ * ¢ * * ‘ ‘
SCLK 1 |2 |3| |4| |5| |6] |7 8 9 11 3| 16 17 (14 21 23 (24
Data is clocked out of A/D 1
converter on falling edges
Din Stan D2 ﬂ@
- 12 o)) e oo e e )
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MCU Transmitted Data Bit
iatdooy e [0Jofofofo]1 2] [orfoof x[x[x]x]x[x] [X[x[x[x[x[x[x][x]

MCU Received Data

(Aignedwithrising [ 2 [ 2 [2[2[2]2]2]2]

[2]2]2 [ oyB11]B10] B9 [ BS |

[B7]Bs[B5[B4[B3]B2[B1]BO]

edge of clock)

L g™

|1 |

Data stored into MCU receive
register after transmission of first
X =*Don’t Care” Bits 8 bits

Data stored into MCU receive
register after transmission of
second 8 bits

Data stored into MCU receive
register after transmission of last
8 bits

FIGURE 6-2:

6.2 Maintaining Minimum Clock Speed

When the MCP3204/3208 initiates the sample period,
charge is stored on the sample capacitor. When the
sample period is complete, the device converts one bit
for each clock that is received. It is important for the
user to note that a slow clock rate will allow charge to
bleed off the sample capacitor while the conversion is
taking place. At 85°C (worst case condition), the part
will maintain proper charge on the sample capacitor for
at least 1.2 ms after the sample period has ended. This
means that the time between the end of the sample
period and the time that all 12 data bits have been
clocked out must not exceed 1.2 ms (effective clock
frequency of 10 kHz). Failure to meet this criterion may
introduce linearity errors into the conversion outside
the rated specifications. It should be noted that during
the entire conversion cycle, the A/D converter does not
require a constant clock speed or duty cycle, as long as
all timing specifications are met.

SPI Communication using 8-bit segments (Mode 1,1: SCLK idles high).

6.3 Buffering/Filtering the Analog

Inputs

If the signal source for the A/D converter is not a low
impedance source, it will have to be buffered or inaccu-
rate conversion results may occur (see Figure 4-2). Itis
also recommended that a filter be used to eliminate any
signals that may be aliased back into the conversion
results, as is illustrated in Figure 6-3, where an op amp
is used to drive the analog input of the MCP3204/3208.
This amplifier provides a low impedance source for the
converter input, and a low pass filter, which eliminates
unwanted high frequency noise.

Low-pass (anti-aliasing) filters can be designed using
Microchip’s free interactive FilterLab® software. Filter-
Lab will calculate capacitor and resistor values, as well
as determine the number of poles that are required for
the application. For more information on filtering
signals, see AN699, “Anti-Aliasing Analog Filters for
Data Acquisition Systems”.

DS21298E-page 22
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Vbp
10 uF
4.096V |
Reference '
]_—{’
0.1 yF 1 uF —
MCP1541 i
I_ L 1 pF
= - *——
INt* " Veer
T MCP3204 -
C IN>

Rj 1 MCP601

FIGURE 6-3:

6.4 Layout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device, placed as close as
possible to the device pin. A bypass capacitor value of
1 uF is recommended.

Digital and analog traces should be separated as much
as possible on the board, with no traces running
underneath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals (such as clock lines) as far as
possible from analog traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing Vpp connections to
devices in a “star” configuration can also reduce noise
by eliminating return current paths and associated
errors (see Figure 6-4). For more information on layout
tips when using A/D converters, refer to AN688,
“Layout Tips for 12-Bit A/D converter Applications”.

The MCP601 Operational Amplifier is used to implement a second order anti-aliasing
filter for the signal being converted by the MCP3204.

VDD
Connection

bl 1 Device 4

Device 3

Device 2

FIGURE 6-4: Vpp traces arranged in a
‘Star’ configuration in order to reduce errors
caused by current return paths.
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6.5 Utilizing the Digital and Analog
Ground Pins

The MCP3204/3208 devices provide both digital and
analog ground connections to provide another means
of noise reduction. As shown in Figure 6-5, the analog
and digital circuitry is separated internal to the device.
This reduces noise from the digital portion of the device
being coupled into the analog portion of the device. The
two grounds are connected internally through the
substrate, which has a resistance of 5 -10Q.

If no ground plane is utilized, then both grounds must
be connected to Vgg on the board. If a ground plane is
available, both digital and analog ground pins should
be connected to the analog ground plane. If both an
analog and a digital ground plane are available, both
the digital and the analog ground pins should be
connected to the analog ground plane. Following these
steps will reduce the amount of digital noise from the
rest of the board being coupled into the A/D converter.

VDD
‘ol o — Ty - R 1
/ I MCP3204/08 | |
// Digital Side Analog Side :
-SPI Interface -Sample Cap
-Shift Register -Capacitor Array| |
\ -Control Logic -Comparator |
\ Substrate |
\ Wy |
5-10Q
i ] s it et il B |
DGND AGND
OF=F ==
© @ O
Analog Ground Plane

FIGURE 6-5: Separation of Analog and
Digital Ground Pins.
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7.0 PACKAGING INFORMATION

7.1 Package Marking Information

14-Lead PDIP (300 mil) (MCP3204)

iR el B i Wl e

XXXXXXXXXXXXXX
XXXXXXXXXXXXXX

o R YYWWNNN

e e P P e

14-Lead SOIC (150 mil) (MCP3204)

ININININININ

XXXXXXXXXXX
XXXXXXXXXXX

O R YYWWNNN
IRIRIRIRIRIN

14-Lead TSSOP (4.4mm)* (MCP3204)

INTNEINIIN

XXXXXXXX

R Yyww
(O NN
IR

Example:
M o
MCP3204-B
I/P 3

o Q) 0819256
Ll L bl Ll Ll Ll L

Example:

ININININININ

MCP3204-B
I/SL €3

O R 0819256
INIRINIRININ

Example:

IRINAIIEIN

3204-C

R\ 0819
() 256
IR

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
Y'Y Year code (last 2 digits of calendar year)
WwW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
(€3) Pb-free JEDEC designator for Matte Tin (Sn)
A This package is Pb-free. The Pb-free JEDEC designator (e3))
can be found on the outer packaging for this package. N

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2008 Microchip Technology Inc.
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Package Marking Information (Continued)

16-Lead PDIP (300 mil) (MCP3208)

e e Y o s W

]

XXXXXXXXXXXXXX
XXXXXXXXXXXXXX

R\ YYWWNNN

L] I LI LA LT R T L]

16-Lead SOIC (150 mil) (MCP3208)

ININININININ

XXXXXXXXXXXXX
XXXXXXXXXXXXX

O A\ YYWWNNN

IRIRINIRIRINY

Example:

i e e e o s W

MCP3208-BI/P 3

o A\ 0819258
AL R L LT L

Example:

ININININININ

MCP3208-B
I/SLe3

O R\ 0819256
INIRININIRIE
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14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:

http://www.microchip.com/packaging

For the most current package drawings, please see the Microchip Packaging Specification located at

e I ol s il

NOTE 1 7
\ :

20N
NN EE:

-

'LEALEALLAHALLA

D

L
Ay

4

A2

I eB
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 .118 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width =1 .240 .250 .280
Overall Length D 735 .750 A5
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:

1. Pin 1 visual index feature may vary, but must be located with the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-005B
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14-Lead Plastic Small Outline (SL) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

NOTE 1—— | z

?&

—| | 1 |—

Units MILLIMETERS

Dimension Limits MIN NOM I MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width En 3.90 BSC
Overall Length D 8.65 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 127
Footprint L1 1.04 REF
Foot Angle b 0° - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 52 - 15
Mold Draft Angle Bottom B o° - 15°

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-065B
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

LN

(==

L1-<—

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e 0.65 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.80 1.00 1.05
Standoff A1 0.05 - 0.15
Overall Width E 6.40 BSC
Molded Package Width E1 4.30 4.40 4.50
Molded Package Length D 4.90 5.00 5.10
Foot Length [ 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.09 - 0.20
Lead Width b 0.19 - 0.30

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-087B
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16-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

NOTE 1
N

$

M

]
[

ALl

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

|
i
>
N

e | eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 16
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 170 30 .195
Base to Seating Plane A1 .015 - —
Shoulder to Shoulder Width = .290 310 325
Molded Package Width =1 .240 .250 .280
Overall Length D 735 .755 TT5
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - .430

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y 14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-017B

© 2008 Microchip Technology Inc.
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16-Lead Plastic Small Outline (SL) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N0000000
!
775577257777 B B
7
- wal
|
vore— || [ U 'L U 1 L
1 2 3
e
b
t
A g
A1] B
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 16
Pitch e 1.27 BSC
Overall Height A - - 175
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 9.90 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L. 0.40 - 127
Footprint L1 1.04 REF
Foot Angle ) 0° - 8°
Lead Thickness e 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y 14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-108B
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16-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

——‘ ’<— Gx

—ogJUOdUoL

c SILK
G ~~ SCREEN

oI n0n00n
L T

L Y

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits MIN | NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width X 0.60
Contact Pad Length Y 1.50
Distance Between Pads Gx 0.67
Distance Between Pads G 3.90

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2108A
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APPENDIX A: REVISION HISTORY

Revision E (September 2008)

The following is the list of modifications:

1. Updated package outline drawings
Section 7.0 “Packaging Information”.

Revision D (January 2007)

The following is the list of modifications:
1. Undocumented changes

Revision C (May 2002)

The following is the list of modifications:
1. Undocumented changes

Revision B (August 1999)

The following is the list of modifications:
1. Undocumented changes

Revision A (November 1998)

« Initial release of this document.

®© 2008 Microchip Technology Inc.
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PRODUCT IDENTIFIC

ATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

MCP3208:
MCP3208T.

Grade: B +1 LS

+2 LS

(¢]
o

Temperature Range |

Package P
SL
ST

oo

PART NO. :lx X XX
Device Grade Temperature Package
Range
Device MCP3204: 4-Channel 12-Bit Serial A/D Converter

MCP3204T: 4-Channel 12-Bit Serial A/D Converter

(Tape and Reel)
8-Channel 12-Bit Serial A/D Converter
8-Channel 12-Bit Serial A/D Converter
(Tape and Reel)

B INL
B INL

-40°C to +85°C (Industrial)

Plastic DIP (300 mil Body), 14-lead, 16-lead
Plastic SOIC (150 mil Body), 14-lead, 16-lead
Plastic TSSOP (4.4mm), 14-lead

Examples:

a)

b)

c)

a)

b)

)

MCP3204-BI/P:

MCP3204-BI/SL:

MCP3204-CI/ST.

MCP3208-BI/P:

MCP3208-BI/SL:

MCP3208-CI/ST.

+1 LSB INL,

Industrial Temperature,
PDIP package.

+1 LSB INL,

Industrial Temperature,
SOIC package.

+2 LSB INL,

Industrial Temperature,
TSSOP package.

+1 LSB INL,

Industrial Temperature,
PDIP package.

+1 LSB INL,

Industrial Temperature,
SOIC package.

+2 LSB INL,

Industrial Temperature,
TSSOP package.

© 2008 Microchip Technology Inc.
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#!/usr/bin/python

import spidev

import time

import datetime
import json

import numpy as np
# Open SPI bus

spi = spidev.SpiDev()
spi.open(0,0)

# Function to read SPI data from MCP3008 chip

# Channel must be an integer 0-7

def ReadChannel(channel):
r = spi.xfer2([4 | 2 |(channel>>2), (channel &3) << 6,0])
adc_out = ((r[1]&15) << 8) +r[2]
return adc_out

# Function to convert data to voltage level,
#rounded to specified number of decimal places.
def ConvertVolts(data,places):

volts = (data * 3300) / float(4095)

volts = round(volts,places)

return volts

data =[]

whilerun =1

tl = datetime.datetime.now()

while whilerun == 1:
t2 = datetime.datetime.now()
ValueTime = (t2-t1).microseconds
if (ValueTime >= 0):
amplevel = ReadChannel(0)
ampvolt = (ConvertVolts(amplevel,3))
data.append([ValueTime,ampvolt])

# microseconds
if (ValueTime >=999000):
whilerun =0

#print(data);
#print("12");
print(json.dumps(data));

100
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<head>

<meta http-equiv="Content-Type" content="text/html;charset=utf-8" >
<meta name="viewport" content="width=device-width, initial-scale=1">
<script type="text/javascript" src="jquery-1.11.2.min.js"></script>
<link rel ="stylesheet" type="text/css" href="css/bootstrap.min.css">
<link rel ="stylesheet" type="text/css" href="css/css.css">
<script type="text/javascript" src="js/bootstrap.min.js"></script>

<title>wihusn - Electric bill Estimation Project</title>

<style media="screen" type="text/css">

html, body, .container{
height: 100%;

}

.container{
display: table;
vertical-align: middle;
padding-top: 50px;

}

.vertical-center-row{
display: table-cell;
vertical-align: middle;

}

</style>
</head>
<body>
<div class="container">
<div class="row">
<l-- <div class="col-md-6">
<img src="img/swu_logo.png" class="img-circle">
</div> -->

<img src="img/eg_logo.png" class="img-circle img-responsive center-
block">
</div>
<h3 class="text-center">Electric bill estimation using Raspberry Pi</h3>
<h3 class="text-center" >mslszanamlihuazuanwariumaiusvnes</h 3>
<div class="well center-block" style="max-width: 400px;" >
<a href="project.php" class="btn btn-primary btn-lg btn-block">start
measurement</a>
<a href="logs.php" class="btn btn-default btn-lg btn-block">History</a>
</div>
</div>
</body>
</html>
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project

<IDOCTYPE html>
<html>
<head>
<title>Electric Load</title>
<meta http-equiv="Content-Type" content="text/html;charset=utf-8" >
<meta name="viewport" content="width=device-width, initial-scale=1">
<script type="text/javascript" src="jquery-1.11.2.min.js" ></script>
<link rel ="stylesheet" type="text/css" href="css/bootstrap.min.css">
<link rel ="stylesheet" type="text/css" href="css/css.css">
<script type="text/javascript" src="js/bootstrap.min.js"></script>
</head>
<body>
<div id="header" style="width: 80%; margin: 2% 10% 3% 10%; height: 103px;"
>
<div >
<img src="img/swu_logo.png" style="width: 10%; float: left;" >
</div>
<div >
<img src="img/eg_logo.png" style="width: 10%; float: right;">
</div>
<h4 style="text-align: center; padding-top: 2%;">
masznam lhuazuaawariumaiudines</h 4>
<h4 style="text-align: center; padding-top: 2%;">
Electric bill estimation using Raspberry Pi
</h4>
</div>
<div id="container" style="height: 600px;" ></div>

<h2 class="text-center" >anuaaimsl¥ilunar 1 Smni</h2>
<?php

mb_internal_encoding("UTF-8");
header('Content-Type: text/html; charset=utf-8');

error_reporting(E_ALL);
ini_set("display_errors", 1);

?>

<script type="text/javascript" src="highcharts.js"></script>
<?php

$json = shell_exec("sudo python /var/www/3208aiai.py");
$obj = json_decode($json);

?>



<script>

var arr_from_json = JSON.parse('<?php echo json_encode($obj); ?>");

console.log(arr_from_json)

$(function () {
$(#container').highcharts({
credits: {
text: ' Electric bill estimation '

inputEnabled: $('#container').width() > 480

|3
chart: {
type: 'spline’,
|3
title: {
text: false
|3
rangeSelector : {
selected : 1,
|3
yAXis: {
type: 'logarithmic’
|3
series:
[{
data: arr_from_json,
name: 'Electric Load'
}
1
plotOptions: {
series: {
lineWidth: 2,
marker: {
enabled: false
}
}
}
D

var get = arr_from_json.map(function(v) { return v[1] });

var max = Math.max.apply(null,get);
var min = Math.min.apply(null,get);

var vpp = max-min ;

var vims = vpp* (Math.SQRT2/ 2) ;

var vrmsget = vrms - 50 - (0.03 * vims) ;
var irms =vrmsget / 185 ;

var pow =vrmsget*irms ;

var kw = pow/1000 ;

var unit = kw ;

var cost = unit* 1.75 ;
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var getx = arr_from_json.map(function(v) { return v[0] });
var setx = getx ;

console.log(setx);

var gety = arr_from_json.map(function(v) { return v[1] });
var sety = gety ;

console.log(sety);

document.getElementByld("vrmsget").innerHTML= vrmsget;
document.getElementByld("irms").innerHTML= irms;
document.getElementByld("kw").innerHTML= kw;
document.getElementByld("unit").innerHTML= unit;
document.getElementByld("cost").innerHTML= cost;

document.getElementByld("svrms").value = vrmsget;
document.getElementByld("sirms").value= irms;
document.getElementByld("skw").value= kw;
document.getElementByld("sunit").value= unit;
document.getElementByld("scost").value= cost;

Ok

</script>
<div class="container">
<form method="post" action="#">
<div class="form-input-ele">
<div class="text-ele">
<label for="name-ele" >Jonjodiliih</label>
</div>
<div class="textbox-input">
<input type="name" name="eleload" class="form-control"
id="seleload" placeholder="n3ed#ish / Load electric">
</div>
</div>
<div class="text-value">
<label for="name-value">miisl4 / Measurement Value</label>
</div>

<div class = "value" style="margin: 3% 9% 3% 10%;" >
<div class="col-xs-6 col-sm-3">
<span class="hidden-md label label-primary">Vrms =
<span id="vrmsget"> </span>
mV
</span>
</div>

<div class="col-xs-6 col-sm-3">
<span class="hidden-md label label-primary">Irms =
<span id="irms"> </span>
A
</span>
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</div>

<div class="clearfix visible-xs-block" ></div>
<div class="col-xs-6 col-sm-3">
<span class="hidden-md label label-primary">Power =
<span id="kw"> </span>
kw
</span>
</div>
<div class="col-xs-6 col-sm-3">
<span class="hidden-md label label-primary">Unit =
<span id="unit"> </span>
per 1 hour
</span>
</div>
<div class="col-xs-6 col-sm-3">
<span class="hidden-md label label-primary">Cost =
<span id="cost"> </span>
Baths
</span>
</div>
</div>

<input name="vrms" id="svrms" type="hidden" value="1">
<input name="irms" id="sirms" type="hidden" value="1">
<input name="kw" id="skw" type="hidden" value="1">
<input name="unit" id="sunit" type="hidden" value="1">
<input name="cost" id="scost" type="hidden" value="1">

<div class="button-save">
<button type="submit" id="insert" class="btn btn-success">SAVE
VALUE</button>
</div>
</form>
</div>
<?php

if (I(empty($_POST['eleload’]) |lempty($_POST['vrms']) || empty($_POST['irms'])
[| empty($_POST['kw']) || empty($_POST['unit’]) || empty($_POST['cost'])))
{

$link = mysql_connect("localhost","root","1234");
if (1$link)
{

die('could not connet:' . mysql_error());

}

$eleload =$_POST['eleload'];
$vrms =$_POST['vrms'];
$irms =$_POST['irms'];

$kw =$ _POST['kw'];

$unit =$_POST['unit'];
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$cost =$ _POST['cost'];

$SQL ="INSERT INTO ‘“project’.’project’ ('ID" ,'Name™ ,"Vrms™ ,’Irms’
, Power™ ,"Unit’ ,"Cost’)VALUES (NULL , ".$eleload."’, " .$vrms."", " .$irms."",
"ekw., M $unit.", ".$cost."");";

$objQuery = mysql_query($SQL);
/Imysql_query($link, $SQL);
mysql_close($link);

/linform section
echo '<script language="javascript">";

echo 'alert("uiindusa")";
echo '</script>';

}

elseif (empty($_POST['eleload'])}
echo '<script language="javascript">";
echo 'alert(" agannsenseniediliifuiteihifinasgndonadasnsul 1")';
echo '</script>';

}

else{
return null;
}

?>

</body>
</html
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