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Cooperative Title: Experiment damaged of hard disk drive from external
Magnet and Real-time gauss meter show data via Internet of things
Student intern name:  Miss.Pimchanok Chomtaku

Faculty: Engineering  Department: Electronics Engineering
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ABSTRACT

Experiment damaged of hard disk drive from external magnet and Real-time gauss
meter show data via IOT was intended to measure magnetic field values each position on
hard disk drive to provide useful information to the company. And measure magnetic field
values of drive at the time of operation before any external magnetic field interference and
while there are external magnetic disturbances. By the way the initiative was noted when
hard drive was deployed in close proximity with high external magnetic device and many
drives are damaged. Accordingly, this project has come up to support assumption by using
a real-time Gauss meter measure magnetic field of hard disk before and while Disturbances
and compare the results experiment. Then display real-time data and graphs via Internet of

Things.

Keywords : magnetic field , Hard disk drives are often damaged , Internet of Things system
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2.3 avuiluifeafululasaeulnsaaes ( Microcontroller ) [3], [41,[5]

4 = € = ) a v =
lulaspoulvsaiaas (MCU) flo gunsalmuauawiadn dwssyauanunsaiindiends

] o

Ausruunaunmes Wnenelululasaaulnsaaeslasindie viigauen wazwese duly

U

°o a

duszneuvdnddyressruvaeniamefdilichedu Snvilmumneveslulasroulnsaaes
Ao szuunsuiwesvumdniianunsmiuuszgndldenilivainuans Tngsuniseanuuuiesli
WNZAUAUUANNE LLaggﬂﬁﬁwﬁiﬂIU‘iLLﬂ‘iﬁJﬁ'}ﬁbdLﬁ@ﬂ'wﬂmﬂ Input / Output Lﬁ@é’amulﬂmuau
gunsaleneg el %aﬁudwL‘fluix‘uuﬁamwmﬁﬂmﬂizqﬂm"l,’i’fmulﬁwmﬂwmﬂ Wamnssu Digital uay
Analog BniteszuulalnsaeulnsaiaeslugailagiuainsarhnisSouseiussuy Network ves
Aeuinmafly viSefiSundn Internet of Things ¥lnrsdsaudalalduaminunaisas usmduns

aIJ I I =) i a s a 1 = s 1
duegnnairhueietiedunesiin Medrmiwedilasaeulnsameslutogiu i

Arduino , Raspberry Pi

Raspberry Pi {uiafesnsuiianesvuadniiinisly Controller mszna ARM wazaunse
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37U Raspberry Pi leiviud

ATl 2.2 Raspberry Pi Microcontroller

(i ; https://www.raspberrypi.org/products/raspberry-pi-2-model-b/ )
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2.4 Anuimluineatumsilsulusunsudszulana [6]
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LYY d . s £ a df @ nl
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v 9 - &, < - v & - =
nisrnslutagiu Wewnilunwniausadeuslide 957 suuuunsdeulusunsudina
nszvindn way TUTEAvEnmgInmMseInn e vasnTwdue unduiugnilunis
Wansegantlies Insaudagn Benindunwidvaenszuiuviend vie waneyuues (Multi-

paradigm languages) FauTunisHasaUT IO MNIANNAR UM TRAILTBNAWISLUUANSY 1Wald

1 % [ v s
muriuldeglusivesinsey
ey ]
AuaNUAAuYRIN YT lnsu

24.1 IU";‘meﬁuaﬂ’Uﬁqﬂv‘ﬁau*ﬁuﬁwmwﬂwsaumm'iﬂﬁqlﬂﬂ'ismamalﬁﬁ’wma
53UUU§jURN1S (Portable/Cross platform/Platform independent) 1t Unix, Linux, Microsoft-
windows (NT, 2000, 2003, 2008, 2012, 95, 98, ME, XP, 7, 8, 8.1), Amiga , Macintosh, AIX ,

AROS, AS/400,VMS, QNX, MS-DOS, 05/390 uag Palm OS 1{usu

a i | = £y g al W
2.4.2 mwlwsouluniiasny Sesonaiiews ( Readability ) 1eulusunsuls
n3zdu (Writability) tesniniilassairsvesnwilidudewdilaing WumwinfiauBavgugs

(Flexibility) wazdimnuiaiesnw (Reliability)
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2.4.3 Iwseufimuanunsalunisdanmanuieniuddnlusii ( Garbage collection )
= L d’l‘ AJ ] o AGL’J : W dl v o v 1 = a a
Au1sUsMITInNIsRUInUsANT Al uwuuliseiloslianunsavinaulnegeiiuszdnsnm

o & vy A | v o - o & | o A v 4 =
MigideulusunsuldsosinangriunshiumbeanudrAulviuseuuimilouniwnd

AT 2.3 dyanualniwlwoouy

( i - https://www.python.org/community/logos/ )

2.5 n’n’mﬁfi”ﬂﬂﬁmﬁ"uwuu Internet of Things [7]

= o o o

Internet of Things 38 IOT HAdAyass ABA1I “Internet” Ap STUUATDUE
a 5 1 | o a | = v - a4 vy
AaNmaIvUIA N ML oNrBuLaz AoansanasuawmesiAs ol LU niasoanilald wieain
b= ] - ¢ o o = = 1 ] ¢ o 2L o 1 &« " 9 5 = a
\n3evspsuRInesuisludidniniateasuRamasuiala daud1dn “Thing” UuMLNBiy @ssnad
[l at A - € 1 - at ar La ) [ dy - dlll 8
Vnog e Tngriedaves gunsaliie 4 iy in3esdiuenia nsvied 1he 1118 Yinn Auae dern

S2UN 8"

Rajkumar Buyya, Amir Vahid Dastjerdi (2016) a5ungifigniu Internet of Things agula
1 Wunszuawimi (35Aa FBUJURGMLUY JULUU nsaULIANAR WAy WWannensainy ) i
v ° fa & a ¢ v v - W v ) v &
men1sgunsaiBiannseiinduildusslevilvanunsaensenuuyedly lngendelassaiiaiugu
- 4 a ¢ & - v € @ v a v
mansdemnsinsauuAuvsedumesid wenislivsylevinnniwensiiinanuduaggn

2/ 1

FIVINITUINIUaETNAS AU T InUDINYEE (WU gUnsaivinenIsunme Ay ndesdeniw

| o | b e o ) ° | v ¢ a
uay Wuweseng q Meukuaietedumeiidn ¥ nsyuiwimilsstlugnisaiassauinnssy

wag Fraieufduiussendnedering q dunywdlanunsaviladetu uay againtu

Padraig Scully, Knud Lasse Luet (2016) 25u1871 laghugIuuas Intemet of Things

= i a - I e LYY I I = &
ﬁa LWIALAATIES UMY NTITaNme (Connectlng) ﬂU’JWQWWQﬂWHﬂ’]WIﬁ] % NWULF"I%@%HEJE)ULW@‘JLUW
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ﬁfl q' 1 o/ o/ 1 1 dﬁy 1 o o at £ 2 = € o A
Fensieusaiuinging 4 wuil dwansenudglunisinnisteya vsegunsaldnuiumnunen
9 ) = Y - | o @ v & . = °
AoaUiulasulianunsowensoniadoasiule sy Intermet of Things Jalunisuigunsel

Siannseindunilsliludasig q

L g

Brstildmdmsunsujiuiusivmelulagnouiiunes dufensiwensegunsal

| § A a ¢ Y w d‘ a ¢ o v av o |
W wnd vie utuiud WhiuieTesreniawes asgnuvuimegUiuunmsudduiusluguuuulng

a &

lnglisunigvesuyudlunmsufduiusinenss wu nsdulantinee nisujduiusieeisivees
3198 ¥30 N1sUAuiusen1suanwitie 1Wusiu ( Andrew Manches, Pauline Duncan, Lydia

Plowman, and Shari Sabeti, 2015 )

Tom Bradicich (2015) leSurenannisdifigyves Internet of Things e “doya” &4

'
s

Led i a o 1 s =l = i =l ) o
Toyalunil inefadendegnilusouy dust doglusssun @ iy uas Fosgamglussiulni

3
a A v -

e A s 1 { 1
Weyaing AT nsduaziiounIuiian nMsedeuln 8n3se aynia Aduwiman W

8/ 13
Cl" 2/ 1 £

AN LAUAZANIUT 181 Tetayamaifieginuaunin fwddntayamariazgnuesinidudeya
& o ol a o 1 & £ ao w o o/ a W 1ol o W =t
wugumlunsisuuue wituluenunmenddgdmivmaluladadelud Ngdivayamani
v aa aa 1A i v i My & = = -
wliegluguvesiineanilegifiusairl 0 wag 1 Ingtoyase 4 Nlauuiinisivousione

as 1 1 d 1] A =
UseaunuegnasaiiiomannnalkiusyuuniIsaeans iussuudumasiin

d s s I3 -
NINN 2.4 @gyanwid Internet of Things

(i https://europe.hughes.com/solutions/connectivity/internet-things )
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ATaiiun1s3Y

3.1 n3esfiefldlunsaniiunside
1) lulaspaulnsatass Raspberry Pi model B
2) vaeduna Raspberry Pi Touch wuna 7 i
3) Hall Effect sensor Ju 1301
4) ADC Converter 34 MCP3008
5) fiudszariawsnia 220 uF
6) yaanelnuuin 18 AWG
7) uwiwdnussgeillolaflonvuin 20 fadiuns x 5 dadiuns
8) wiwanussgeillolaflonvuin 10 Jadwes x 10 dadwns
9) uiwdnussgsilloladflonuun 10 fadwms x 1 daduns
10) g13nRanlasnueauIemM Seagate technology
11) wnesdunaigauin 5 las
12) wmnesdwnatguuin 12 1aan
13) inSesdnuandnveavnauiey

14) lsussyiauwuvaziden

2 1A589

1 1A504
2

1 1304

19U
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v = A o a o
3.2 nsdsapsasdenlalun1side

4 5 o &
3.2.1 N5 sulUsknsuivad@enis Microcontroller Taaldnitwnlnsaulunisdsnis

fle Ede Fymat Bun Qptions Window Lel

Python code

Language

MWA 3.1 YaAAslUsunIuienIsUsEINEaNS

3.2.2 panwuuasesaiannseiing laeldlusunsuy Altium Designer

coclJoooc0 00OOQoOD00Q OO0 0

h
000000 oﬂ!°°°°°°°° BAUSS PCB

AT 3.2 1993BlAnNsatind

3.2.3 QEJﬂLL‘UUEULLUUﬂ’I'SLLﬁm’EIJEl%ﬁ‘UHL‘?J%WL’JE}{ (Cayenne App)

XL 4

mm W e

AMW# 3.3 N1599NLUU Dashboard on server internet of things

13
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3.2.4 pRnuuuwiAnIvagunsal teeldlusunsy Solid Work

o ] 'z ’
27 3.4 mspenwuulianIgunsalsnelusunsy Solid work

d o ! =i L3
3.2.5 NMNAYIILTDUATBI TAAUINLY LMéﬂlV‘]ﬁWLLUULiUﬁlWN

2NN 3.5 MnsauAserinauuwivanniwuuSealngl



3.2.6 waanwsMaluuuntnee uagsyuu Intemet of Things lulnsfnwvdleie

B overview S0ata SHOWDATA g
Live
— A
&38.2 f =
£ &
5
New
VOUT_VALUE (volt) Volts_GRAPH
m
— A0y
£ Vo
075

14:50
HALL_PROJECT

HALL GRAPH
8834000
882 7000

82081 sazoen 82061 sa208M 88105
882 0000 @iy r————e——)
881 3000
880.6000

02:55 1D2:59:11 025912 02:59:112:59:14

Temperature HALL_VALUE VOLT_VALUE,

s 476 @&ss21 7 1.3

Shutdown Reboot

@

dashboard

=

= v & v v e
A 3.7 waangnaluuuminvelnidnwiiiene (Cayenne App)
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v o ad A o & v d A o &
3.3 ﬂ'\i’)ﬂl‘lﬂﬂ‘uLﬂ'a'i".l-ﬂﬂ.laQﬂﬂuquLLﬁJLﬂﬁﬂﬂﬂﬂfﬂ'ﬂﬂﬁaﬂ LLﬁSLﬂiﬂQNB?ﬂﬂuqﬁJLLNLﬁﬁﬂﬂJ']ﬁ'iﬁqu

Sensor 5180 meter
Distance (Gauss) (Gauss) HERROR
1.5mm 803 800 0.375%
2mm 741 723 2.43%
2.5mm 662 604 8.76%
3mm 578 510 11.76%
3.5mm 454 430 14.88%
dmm 432 374 1295%
4.5mm 312 324 12.90%
S5mm 324 290 10.49%
5.5mm 252 273 7.69%
émm 206 215 8.33%
6.5mm 188 193 2.66%
7 150 146 2.66%
8mm 132 124 6.06%
8.5mm 117 105 10.25%
omm 96 85 11.46%
10mm 63 74 17.46%

a15799 3.1 Asisunensiaveasesioinauuudinanuevaaes wazipein

AU IMANATE Y
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GRAPH compare accuracy between Gauss meter DIY and 5180 Gauss Meter

900 — i e = e

e=gem Sensor (Gauss)
empus 5180 meter (Gauss)

Magnetic Field (Gauss)

R — = i ST

15mm 2mm 25mm 3mm 35mm 4mm 45mm S5mm S55mm 6mm 65mm 7mm 8mm B85mm 9mm 10mm

Distance

= = @/ d‘ = . ] ] £ = o
AN 3.8 ﬂiwlms‘uwam'mmaqmiaeummaumLLaJmaﬂ‘uaacdwmaaa AT LATRNIA

awmwiwinuasgu (Wimdnildlunisieuiluiamiai 5 adwes x 5 Tadues x 1 Taduns)

@ | d @ 1 % = Y] |
f\l’mﬂ’lwlﬂaa‘uLﬁ&lU’)ﬂizﬁ’)’l»&Lﬂ%adﬁE}’lﬂammm L‘Hgﬂ‘U@QHWﬂﬁ@q L LﬂsaQ?ﬂﬁuqﬂLLﬂJLﬂgﬂ

= =

' Aa 1 a 2 a = a = - & W 1 =3
1ATFIU WU TEEENTEm AnwanatosaauariiusyAnsmninanvesaieleTaauuwivan
YDIEVAADY Aosvey 1.5 Nadwas esnndmindifesiuamiedasinauiuidmaninasgninld

=
dNNEn

3.4 35n15AHUN15INWRATNAADY
d (%] 1 1 I 1 ] 1 & = 3
3.4.1 N1IAARYN 1 NSIAAAUILWIMANLAaYALYUaULaTsaRantasyl
3.4.1.1 ¥NNSIIATDIAITHIUIA 7 WO7D 5 AAUS AIUULHUNAERN LA

3.4.1.2 MauHunanadnlaasuugsapaniaswyisile Top cover surface wag Base

bottom surface 91nuwyMIsREUEsIuLARLTEY WeTnaumLLlugn o 9auuY
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= = ¢ = L3 ] =]
3.4.2 NMINAADIN 2 ﬂ’TiWﬂﬁ’e]Uﬂ'T]llLﬁ&lﬁ’]ﬂ‘ﬂﬁ]ﬁﬁﬁﬂﬂﬁfﬂﬂ‘iw?\ﬂﬂLLQJL‘Maﬂﬂﬁﬁluaﬂ

(Y] 1 1 =3 P P ' @ 1 1l 1 -]
3.4.2.1 I0AAUIHLLLARN £ ANUNTIILAFDUNTUTDINIDIU mmxluuammmmaﬂ

AMYUDNTUMU UL AIUITOATITUAIALILLIMENLAMAAY 4 1nd fanw 3.9

i ) | ol = i o i I i
ﬂ'lw:ﬁ 3.9 ﬂr]'i"lﬂaquJLLﬂJLWgﬂ tu "iq)ﬂ”ﬂl]ﬂ'ﬁLﬂﬁ@uNWUTI@QW’J@']UGUWQLNJJ?{UWMLLNLﬂﬁﬂﬂqﬂuaﬂ

3.4.2.2 thasadantaswean wazidndmanidleladoudia 3 suiedoudniy ULy

= I [ at
EALNLAANLUUNLU ANOTW 3.10

:‘ 1 I = 1
NN 3.10 wilivandlaladleukayuiudaualivan

3.4.2.2 wyuangas ieliwivdndleladiey dszasviniudueesiuseey 24

TaAWIAT NUINTUWBSALNTONTITUANELILWIWANIAWINTY 651 1Nd fanw 3.11
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d s 1 d‘ = =
AN 3.11 mmmammmmﬁﬂmwww 24 UaaLung

3.4.2.3 7mansadantasnauin 2.5 91 neldudwdniileladey Tnelvseesnis

o ¢ ] a a P
LSUUL‘?iE]'SLLaﬁLLQJLWﬁﬁﬁI@I@LNUNﬂJiS HENNAIN

o o, 17 Y & L4 s | 1 @ £ = Ch
3.4.2.4 ¥nsiansiauasanantasyl waginmaununiian vuzasanantas

asjmalﬁmﬂ.wﬁﬂ WUINT U TAIUITONTIVTUATAUINLLIAN LAMAAY 480 LA fanTw 3.12

IJ s 1 | a o £ a &
NINWN 3.12 ﬂ?i?ﬂﬂUTNLLMLﬁﬁﬂﬁiSUZWN 24 Uaglumg ‘Uﬂ.l%ﬁfj'ﬁﬂﬂﬁfﬂﬂﬁw

3.4.2.5 THlUsLATURNIEN19U0IUT ey danslivauiinisiedauiiduinan 10 ui
wasINuuesafantasilunaaauAua@ItnsalunIsiturdIn1sveaad nelaluswnsuueanie

LbUN

3.4.2.6 ynneaeednase Iagldeansadanlasvslul uagvinmsmyuans il
svgenalnaasanantasnunduidiussey 23 Dadlns NUIEURIAILITaNTIATUAN

aAuULan naurnesafanlasulawindu 718 tnd sanw 3.13
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AT 3.13 MITRauINLMaNAsTaE1e 23 Tadung

3.4.2.7 ¥nsianisidausnsafantasy way Jadtauuuilivan vaedansanantasw
WU URSAILNTOMTIDIUAIAUILLILAN LWITY 562 1nd FedlAnamnniinisveaslusses 24

HadNAT A9NIN 3.14

< W ' = a a o fe b=
NN 3.14 nﬁmaumumwﬁﬂmwzma 23 Uaallng ‘umxumsmaﬁlméw

3.4.2.8 THUTLNTURWIEN19URIUTEN dn1simnenulinisedouiiduign 5 ui
wasnuunesanantasulunaaaumnaiunsalunisldaunainisvaass laslsluswnsuuadane

NN
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NAN15398

d s 1 1 1 o L] =
4.1 wan1aasm 1 ﬂ'l‘i'.lﬂﬂ'IﬂU’ISJLLS\Il‘WaﬂLLﬂﬂ3ﬂ1LL“UQUUﬂﬂ‘i!ﬂﬂﬁﬁ‘lﬂ‘gw

Top cover surface Base Bottom surface
Max = 280 G Max =274 G

d ] 1 o 1 € a ﬂl’
AR 4.1 @unwivdnuaaziumiauuesafaniasnuia 2.5 99
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d = 1
4.2 HaN1INAABIN 2 ﬂ"l'i‘lflGI’E{E]UH".}"ISJLaEI‘Iﬂ'lﬂﬂﬂ\?ﬂﬂ‘gﬂﬂﬂﬂﬁﬂéﬂﬂ’lﬂﬁU’mLLSJL‘Ir‘Iaﬂ.ﬂ'IEJuElﬂ

4.2.1 2 AEAUINRLWENINAU 650 1n1d (SzEne 24 Tadunsanduiasaiudn

A1LUDN)

=] s § o L3 @ £
AN 4.3 Uou QJJEUUWﬂJ‘UE)\‘lﬁ']iﬂﬂﬁﬂrlﬂiﬂﬁﬂﬂﬁi“ﬂﬁlaﬂ\'i LLﬁWQﬂ'ﬁ‘W']EJI‘U“U@Q’UE]Ha
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AN 4.5 Gain YawHufanudInIsvaassiivuaasuluwinnu 80
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4.2.2 o AEUINWIMANYVINAY 720 1NNd (Szagnd 23 Tadasanduiasoawdvan

ABUDN)

o s = L & 1
MW 4.6 uaudyauunivesgnsafaniainiounsvaaes

o [ § a '3 s £ [ a v
AINN 4.7 Loy E]JufyﬂEIJ‘UBﬂﬁjiﬂﬂﬂﬂﬂlﬁﬁWWaﬁﬂWiV}ﬂﬂaﬂ LLHﬂﬂﬂTiW'lFJl‘LJ‘UBQ‘UE];&ﬂLﬁuUﬁL’Jﬂiﬂ?']ﬂ

24



= . 1 a ) a Y]
NNA 4.9 Gain YadukuRaindIntsnaasaivwadsuluwindu 180
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UNA 5

ajUNaNITITeuasUaLaUBLUL

5.1 a3UNan1sIaY

o =l s

a a ¢ o~ | ° = a
eimusatuiilinguszasdlun1sveast 2 N1IMAaEY N15AEIN 1 N15UILATENIR
FuLLmanLuUSpalydil daeauuudmanluwsazsiuniuuasafaniaswua 2.5 97 1w
Teyaluliusslemnilunursunun Laznsymaassil 2 nsvadoumudsmeTasgsaAailaInein
1 o d] [V 1 -l o‘:'i.I o s 1
N135UNNYasAuILLlmanNguen TngtesarinawLliudniuuSealnid u1vinisinan
| 3 € o « = P P | al i 3 7]
AUILLMANYBIESARENLAsH iiarSeuisunanisneasInaulauuLdvannisusndnusuNIU

LLﬁB“UmﬁﬁﬁU’lﬂJLLﬂkﬁﬁﬂﬂ?ﬁuﬂﬂL‘ﬁ"lNW‘iUﬂ?u

o
WAN1TNAGADIN 1

nl 241 (] 1 £ a & 1 24
nnMseaean 1 awnsaagdldauuwimanusiazgauuaninfantaninazinaanudy
| - i w 2 | Aa m' § a it
gaauIuivanuanaeiu Tnsauduvesaunuwivanififmnigavesensanailasvvun
2.5 17 NlFuuuABNRNIABINAN #1U Top cover surface AU 280 (Nd wagAINTNTDT

I adal = 3 ) «
aummmﬁﬂﬂummnmqm AU Base bottom surface WNny 274 1N

=
WAN1INAADIN 2

P~ P & a ¢ v
INMIMAaeIN 2 @unsoagulean enseiadlaswaunsalasuanudeniean
AUNLUIMENTUNIUABUDNASY WATALTULSIVRIAUEEMELTUDYTUSEBE NI AUVguiues
Magnetic Inverse Square law N5YAaBIATILNIIUNEINISARANLASHATLIA 2.5 17 @msany

aunnwiwangeanlivingu 400 1n1d ndudlavhnsiuimdnonsauussgeiloladeuniing
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Raspberry Pi

Raspberry Pi 2, Model B

Product Name

Product Description

Specifications
Chip

Core architecture
CPU

GPU

Memory
Operating System
Dimensions

Power

Connectors:
Ethernet
Video Output

Audio Output
UsB
GPIO Connector

Camera Connector
JTAG

Display Connector

Memory Card Slot

Raspberry Pi 2, Model B

The Raspberry Pi 2 delivers 6 times the processing capacity of previous
models. This second generation Raspberry Pi has an upgraded Broadcom
BCM2836 processor, which is a powerful ARM Cortex-A7 based quad-core
processor that runs at 900MHz. The board also features an increase in
memory capacity fo 1Gbyte.

Broadcom BCM2836 SoC
Quad-core ARM Cortex-A7
900 MHz

Dual Core VideoCore IV® Multimedia Co-Processor

Provides Open GL ES 2.0, hardware-accelerated OpenVG, and 1080p30
H.264 high-profile decode

Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture filtering and
DMA infrastructure

1GB LPDDR2

Boots from Micro SD card, running a version of the Linux operafing system
85 x 56 x 17mm

Micro USB socket 5V, 2A

10/100 BaseT Ethernet socket
HDMI (rev 1.3 & 1.4)

3.5rmm jack, HDMI

4 x USB 2.0 Connector

A0-pin 2.54 mm (100 mil) expansion header: 2x20 strip

Providing 27 GPIO pins as well as +3.3 V, +5 V and GND supply lines
15-pin MIPI Camera Serial Interface (CSI-2)

Not populated

Display Serial Interface (DSI) 15 way flat flex cable connector

with two data lanes and a clock lane

Micro SDIO
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensor ICs

FEATURES AND BENEFITS

»  Low-noise output

» Fast power-on time

« Ratiometric rail-to-rail output
+ 4.5 t0 6.0V operation

» Solid-state reliability

+ Factory-programmed at end-of-line for optimum

performance
»  Robust ESD performance

Packages:

3-Pin SOT23W (suffix LH)

3-Pin SIP (suffix UA)

DESCRIPTION

The A1301 and A1302 are continuous-time, ratiometric, linear
Hall-effect sensor ICs. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options
are provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typical for the A1302.

The Hall-effect integrated circuit included in each device
includes a Hall circuit, a linear amplifier, and a CMOS Class A
output structure. Integrating the Hall circuit and the amplifier
on a single chip minimizes many of the problems normally
associated with low voltage level analog signals.

High precision in output levels is obtained by internal gain
and offset trim adjustments made at end-of-line during the
manufacturing process.

These features make the A1301 and A1302 ideal for use in
position sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from ~40°C
el 258 CH

Two device package types are available: LH, a 3-pin SOT23W

kW
\,\ AL N type for surface mount, and UA, a 3-pin ultramini SIP for
ARAY through-hole mount. They are lead (Pb) free (suffix, -7) with
Not to scale \\\ h 100% matte tin plated leadframes.
A
V+
RV g & R E8W)T T ~ & i
vee | !
4 To all subcircuits |
| 1
| |
| |
| |
: A n p > vouT
| H |
| |
+ | :
;:\— : Gain Offset :
CBYPASS | | I
| Trim I
| Control |
| |
| I Y o S ——— -
GND

Functional Block Diagram

A1301-DS, Rev. 22

November 30, 2016



A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

SPECIFICATIONS
Selection Guide
Part Number Packing* Package Ambient, Ty Sensitivity (Typical)
A1301EUA-T Bulk, 500 pieces/bag SIP —40°C to 85°C
A1301KLHLT-T 7-in. reel, 3000 pieces/reel Surface Mount 26 mVIG
A1301KLHLX-T 13-in. reel, 10000 pieces/reel Surface Mount —40°C to 125°C
A1301KUA-T Bulk, 500 pieces/bag SIP
A1302ELHLT-T 7-in. reel, 3000 pieces/reel Surface Mount
. : —40°C to 85°C
A1302ELHLX-T 13-in. reel, 10000 pieces/reel Surface Mount
A1302KLHLT-T 7-in. reel, 3000 pieces/reel Surface Mount 1.3 mV/IG
A1302KLHLX-T 13-in. reel, 10000 pieces/reel Surface Mount —40°C to 125°C
A1302KUA-T Bulk, 500 pieces/bag SIP
*Contact Allegro™ for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 V'
Output Voltage Vout 8 v
Reverse Supply Voltage VRee -0.1 \"
Reverse Output Voltage Vrout 01 v
Output Sink Current lour 10 mA
. Range E —40to 85 °C
Operating Ambient Temperature Ta
Range K —40 to 125 °C
Maximum Junction Temperature Ty(max) 165 °C
Storage Temperature Tstg -65to 170 °C

1l L] L

Package LH SOT23W Pin-out Diagram Package UA, 3-Pin SIP Pin-out Diagram

Terminal List

Number i
symbol Package LH Package UA Dascription
VCC 1 1 Connects power supply to chip
VOUT 2 3 Output from circuit
GND 3 2z Ground

Allegro MicroSystems, LLC

115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853,5000; www.allegromicro.com
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

DEVICE CHARACTERISTICS over operating temperature range, T, and Vgc =5V, unless otherwise noted

Characteristic | Symbol l Test Conditions | Min. | Typ. | Max. | Units
Electrical Characteristics
Supply Voltage Vee Running, T,<165°C 45 - 6 \"
Supply Current lec Output open - - 1 mA
V ; | =1 mA, Sens = nominal 4.65 47 - A"
Output Voltage OUT(High) SOURCE :
Voutow |lsink =1 mA, Sens = nominal - 0.2 0.25 \
Output Bandwidth BW - 20 - kHz
4 . VCC(mln) t0 0.95 VOUT B = +1400 G
Powor-0n Time tro Slew rate = 4.5 V/ys to 4.5 /100 ns - < 2 -
Output Resistance Royr lsink S 1 mMA, lsource =2 -1 MA - 2 5 Q
) : External output low pass filter < 10 kHz;
Wide Band Output Noise, rms VouTn Sembes Mocical - 150 pv
Ratiometry
Quiescent Output Voltage Error with L2 5
reSpeCt to AVCC1 AVOUTO(V) TA_ Feis] C X - +3.0 /t)
Magnetic Sensitivity Error with N =
respect o AVc? ASensyy |Ta= 25°C - - 3.0 %o
Output
Linearity Lin Tp= 25°C - - 2.5 %
Symmetry Sym Ta= 25°C - - +3.0 %
Magnetic Characteristics
Quiescent Output Voltage Vauta B=0G; To= 25°C 2.4 2.5 26 v
Quiescent Output Voltage over 5
Operating Temperature Range Vourat, (B=06 2. ) 26 v
Magnetic Sensitivit ol A1301; Ty = 25°C 1 2.0 25 3.0 mV/G
nsitivi
» ¥ A1302, To= 25°C 10 13 16 | mviG
Magnetic Sensitivity over Operating A1301 1.8 - 3.2 mV/G
Sens 1,
Temperature Range Al A1302 0.85 - 175 | mviG
Refer to equation (4) in Ratiometric section on page 4.
2Refer to equation (5) in Ratiometric section on page 4.
='," I Allegro MicroSystems, LLC 3
EEX ...

115 Northeast Cutoff

P ll‘e(g Worcester, Massachusetts 01615-0036 U.S.A,
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

CHARACTERISTIC DEFINITIONS

Quiescent Output Voltage

In the quiescent state (no significant magnetic field: B = 0),

the output, Vot equals one half of the supply voltage, Ve,
throughout the entire operating ranges of V- and ambient
temperature, T4. Due to internal component tolerances and ther-
mal considerations, there is a tolerance on the quiescent output
voltage, AVq1q, Which is a function of both AVic and ATy. For
purposcs of specification, the quiescent output voltage as a func-
tion of temperature, AVqyroat, ) 1S defined as:

Voutqr,) — Voute@s)

N 25°C

AVourgaty) = (D)
SG”SQST-)

where Sens is in mV/G, and the result is the device equivalent

accuracy, in gauss (G), applicable over the entire operating tem-

perature range.

Sensitivity

The presence of a south-polarity (+B) magnetic field, perpen-
dicular to the branded face of the device package, increases the
output voltage, Vo7, in proportion to the magnetic field applied,
from Vot toward the Ve rail. Conversely, the application

of a north polarity (-B) magnetic {ield, in the same orientation,

Ratiometric

The A1301 and A1302 feature a ratiometric output. This means
that the quiescent voltage output, Vo 1q, and the magnetic sen-
sitivity, Sens, are proportional to the supply voltage, V-c.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Voutqvee) / Youtasv)

Vcc/SV

and the ratiometric change (%) in sensitivity is defined as:

AVourgav) = x 100% 4)

Senspyee Senssy
o) / Semsisv) % 100% (%)
Vee / 5V

Linearity and Symmetry

ASensiavy =

The on-chip output stage is designed to provide linear output at
a supply voltage of 5 V. Although the application of very high
magnetic fields does not damage these devices, it does force
their output into a nonlinear region. Linearity in percent is mea-
sured and defined as:

Vout+g) — Voutq

: ’ § Lint = % 100%
proportionally decreases the output voltage from its quiescent Wowtat tvolrd) 9 (6)
value. This proportionality is specified as the magnetic sensitiv-
ity of the device and is delined as:

X Vouts) — Vouro
VOUT{—B} - VOUT(+B) 2 Lin—-.= x 100% (7)
Sens = = (2) 2(Vout-aw) — Voutq)
The stability of the device magnetic sensitivity as a function of and/@tpSoey mmttay as:
ambient temperature, ASens (a7, (%) is defined as:
Sens(r,) — Sens(sec) Vour+e) ~ Vourg
ASenss,)= A % 100% (3) Svm = x 100% (8)
Sensasec) Vourq — Youte-s)
Allegro MicroSystems, LLC 4
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

TYPICAL CHARACTERISTICS

(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature

1302 Device Sensitivity vs. Temperature

Supply Voltage (V)

265 1.40
1.38 =
2.60  — . UA F'ackagy'/
% UA PackagV'/ =~ 1
o)
S 285 > 134 e
Z 250 2 Y82 A~
3 = I ol
-‘;2 545 LH Package a 1.30 / /s-———_._______,
A O LH Package
3 / “ 128 d
2.40 1.26 '//
I v
2.35 4 : 1.24
-50 -25 0 25 460¢ 75 <100 125~150 50 -25 O 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Vgyrq vs. Ambient Temperature 1302 Device Vgytq Vs. Ambient Temperature
2.60 2.60
& 2585 = &5
S 2501 = g S 250 _—
2 3
3 =
O 245 O 245
2.40 r 240 - -
-50 -25 0 25 50 75 (400 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Vollage
35 Al
\ /‘,‘|
i = L o 15
= >
E &4 /
z 25 2z /
Z Z 13
(?3 2.0 3 L
1.1
1.5 1.0
45 5.0 55 6.0 45 5.0 5.5 6.0

Supply Voltage (V)

Continued on the next page...
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor I1Cs

TYPICAL CHARACTERISTICS CONTINUED

(30 pieces, 3 fabrication lots)

1301 Device Voyrq vs- Supply Voltage 1302 Device Voytq vs. Supply Voltage
3.5 3.5
S 30 S 30
@D Q
o o
g 2
S 25 S 25
e B2
= =
© 20 @ a2l
15 15
45 5.0 5.5 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device LIN+ and LIN-vs. Supply Voltage 1302 Device LIN+ and LIN- vs. Supply Voltage
100.4 100.0
100.3 z 14 LIN+ /
LV \ 99.9 —
100.2
.‘%1 100.1 z %98 byt
© g LIN-
£ 1000 £
99.9
99.6 o
99'2.5 50 55 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs. Supply Voltage
100.0 100.5
99.9 100.4
99.8 100.3
. 997 -— . 100-2'—75\_—«
£ 996 // I % 100.1 o i
% 99.5 = 1000
E 994 E o9
@ 993 @ 99.8
99.2 99.7
99.1 99.6
99. . 99.5
04.5 5.0 556 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)

Allegro MicroSystems, LLC 6
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

CUSTOMER OUTLINE DRAWINGS

For Reference Only - Not for Tooling Use
(Reference DWG-2840)
Dimensions in milimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

4———2‘95':3.‘&?_———»
43—
4140 |
3[ Ar * / 1
jjuy : 015070020 |
1 —1"’J I

. da T' |
s —55&—'—"_* NI NN | 20
| IRN¢ |

‘ HoA . |
LEJ ‘: = L> b IE__-_._ _[1]
A

2

055 REF—»I > o i
0,25 BSC =P

Seating Plane
Gauge Plane

Branded Face
/'\ 8X 10° REF [
nl

|

| \ ?
m

! 1,00 £0.13

+0.10 u u
0.05 . .
J L L -0.08 A\ Standard Branding Reference View
0.95BSC > 0.40 £0.10 N = Last three digits of device part number
/B\ Active Area Depth, 0.28 mm

& Reference land pattem layout
All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary
to meet application process requirements and PCB layout tolerances

& Branding scale and appearance at supplier discrelion
A'}_\ Hall elements, not to scale

PCB Layout Reference View

NNN

Figure 1: Package LH, 3-Pin; (SOT-23W)
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor I1Cs

For Reference Only — Not for Tooling Use
(Reference DWG-9065)
Dimensions in millimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

Na—

2X45
v
008
f— 408" e —— — oy 1522005 |d—
—>
r—2.06—P & »

A 3X10°
1 44A A /—'—A r/ R Mold Ejector
+0.08 * fa > ! | Pin Indent
302 g5 V7 Ay &
-'}_- Branded _/V 45°
Face
y v Ll I\ WA~
A 1.02 MAX L ! -
: 051 MAX i
. N
l 0.79 REF — <—
|
1 2 | 3
[ +0.05 +0,03
1 —»| €08l —»| (€041 e
|
il
l L 1.27 NOM
. > A
l | NNN
1 |
14.99 £0.25 | |
!
| 1 u U
! ,’Zl = Supplier emblem
l N = Last three digits of device part number
i
|
l A Dambar removal protrusion (6X)
1
| Gale and tie bar burr area
i A Active Area Depth, 0.50 mm REF
H & Branding scale and appearance at supplier discretion
Y || U_ L] | | A Hall element, not o scale

Figure 2: Package UA, 3-Pin SIP

Allegro MicroSystems, LLC
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

Revision History

Revision Revision Date Description of Revision
18 April 26, 2013 Update UA package drawing
19 January 1, 2015 Add LX option to Selection Guide
20 July 13, 2015 Corrected LH package Active Area Depth value
21 December 1, 2015 | Updated product status to “Not for New Design”
22 December 5, 2016 Updated product status to "Last Time Buy”

Copyright ©2005-2016, Allegro MicroSystems, LLC

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
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MICROCHIP

MCP3004/3008

2.7V 4-Channel/8-Channel 10-Bit A/D Converters
with SPI™ Serial Interface

Features

« 10-bit resolution

« +1LSB max DNL

« +1LSB max INL

+ 4 (MCP3004) or 8 (MCP3008) 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

+ 200 ksps max. sampling rate at Vpp = 5V

+ 75 ksps max. sampling rate at Vipp = 2.7V

« Low power CMOS technology

+ 5 nA typical standby current, 2 yA max.

+ 500 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

Package Types
PDIP, SOIC, TSSOP
cHo1 “~14bVvpp
CH1QO2 = 13]VREF
CH203 © 120 AGND
CH3g4 J 11pCLK
NC 5 8 10]DOUT
NCe *+ 9pDy
DGND 7 8 CS/SHDN
PDIP, SOIC
cHo 1~ 18P Vpp
CH1 g2 150 Vger
CH2 O3 = 14Q0AGND
CH3g4 § 13pCLK
CH4 5 & 120Dgyr
CH5 6 & 110D
CH6 O7 103 CS/SHDN
CH7 T8 DGND

Description

The Microchip Technology Inc. MCP3004/3008
devices are successive approximation 10-bit Analog-
to-Digital (A/D) converters with on-board sample and
hold circuitry. The MCP3004 is programmable to pro-
vide two pseudo-differential input pairs or four single-
ended inputs. The MCP3008 is programmable to pro-
vide four pseudo-differential input pairs or eight single-
ended inputs. Differential Nonlinearity (DNL) and Inte-
gral Nonlinearity (INL) are specified at #1 LSB. Com-
munication 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
200 ksps. The MCP3004/3008 devices operate over a
broad voltage range (2.7V - 5.5V). Low current design
permits operation with typical standby currents of only
5nA and typical active currents of 320 pA. The
MCP3004 is offered in 14-pin PDIP, 150 mil SOIC and
TSSOP packages, while the MCP3008 is offered in 16-
pin PDIP and SOIC packages.

Functional Block Diagram

Vop Vss

vl || 7]

Shift
Register

Control Logic +—

CS/ISHDN Dy CLK Dour

* Note: Channels 4-7 available on MCP3008 Only

© 2007 Microchip Technology Inc.
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MCP3004/3008

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings*

L T P T s T L 7.0V
All inputs and outputs w.r.t. Vss .....-0.6V to Vpp +0.6V
Storage temperature ..........occoeeeeiiis -65°C to +150°C
Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) .. +300°C
ESD protection:on:all PiNS...omssssmsvmmmsmmnsns >4 kV

*Notice: Stresses above those listed under "Maximum
Ratings" may cause permanent damage to the device. This is
a stress rating only and functional operation of 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 SPECIFICATIONS

PIN FUNCTION TABLE

Name Function
Vbp +2.7V to 5.5V Power Supply
DGND Digital Ground
AGND Analog Ground
CHO-CH7 Analog Inputs
CLK Serial Clock
Dy Serial Data In
Dout Serial Data Out
CS/SHDN Chip Select/Shutdown Input
VREF Reference Voltage Input

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vggg = 5V,
Tamp = -40°C to +85°C, fgampLe = 200 ksps and fe k = 18*fsampLe- Unless otherwise noted, typical values apply for
VDD = 5V, TAMB =25/ Q0
Parameter l Sym | Min | Typ | Max \ Units | Conditions

Conversion Rate
Conversion Time tconv | — — 10 clock

cycles
Analog Input Sample Time tsAMPLE 15 clock

cycles
Throughput Rate fSAMPLE _ o 200 ksps VDD = VREF =5V

75 ksps VDD =VRgfr= 2.7V
DC Accuracy
Resolution 10 bits
Integral Nonlinearity INL — 0.5 &1 LSB
Differential Nonlinearity DNL — +0.25 *1 LSB |No missing codes over
temperature
Offset Error — — .6 LSB
Gain Error — — +1.0 LSB
Dynamic Performance
Total Harmonic Distortion —= -76 dB |Vin=0.1Vto 4.9V@1 kHz
Signal to Noise and Distortion — 61 dB |Vny=0.1Vto 4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range — 78 dB  |Viy=0.1Vto 4.9V@1 kHz
Reference Input
Voltage Range 0.25 — Voo V Note 2
Current Drain — 100 150 MA |
0.001 3 pA |CS =Vpp=5VY

Note 1:

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

for more information.

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

DS21295C-page 2
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MCP3004/3008

ELECTRICAL SPECIFICATIONS (CONTINUED)

VDD = SV, TAMB =25°C.

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vggr = 5V,
Tame = -40°C to +85°C, fgampLe = 200 ksps and fg k = 18*fsampLe- Unless otherwise noted, typical values apply for

Parameter Sym Min Typ Max Units Conditions

Analog Inputs

Input Voltage Range for CHO or Vss —_ VREF \

CH1 in Single-Ended Mode

Input Voltage Range for IN+ in IN- — VReptIN-

pseudo-differential mode

Input Voltage Range for IN- in Vgg-100 — Vgst100 | mV

pseudo-differential mode

Leakage Current — 0.001 £ MA

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 Vi 0.7 Vpp — — V

Low Level Input Voltage ViL — 0.3 Vpp Vv

High Level Output Voltage Vou 4.1 — — \Y lon = -1 mA, Vpp = 4.5V

Low Level Output Voltage VoL — —_ 04 V loL =1 mA, Vpp = 4.5V

Input Leakage Current I -10 — 10 HA |V |y =VssorVpp

Output Leakage Current Lo -10 -+ 10 A | Vout =VssorVpp

Pin Capacitance Cins —— s 10 pF  |Vpp =5.0V (Note 1)

(All Inputs/Outputs) Cout Tame = 25°C, f= 1 MHz

Timing Parameters

Clock Frequency folk — — 3.6 MHz |Vpp =5V (Note 3)
1.35 MHz |Vpp =2.7V (Note 3)

Clock High Time th 125 — — ns

Clock Low Time tLo 125 —_ == ns

CS Fall To First Rising CLK Edge | tsycs 100 — — ns

CS Fall To Falling CLK Edge tcso — — 0 ns

Data Input Setup Time tsu —_— — 50 ns

Data Input Hold Time thp — = 50 ns

CLK Fall To Output Data Valid tho — — 125 ns |Vpp=5Y, See Figure 1-2
200 ns Vpp = 2.7V, See Figure 1-2

CLK Fall To Output Enable ten — —_ 125 ns |Vpp=>5V, See Figure 1-2
200 ns |Vpp=2.7V, See Figure 1-2

CS Rise To Output Disable tois — — 100 ns |See Test Circuits, Figure 1-2

CS Disable Time tosh 270 — — ns

Dgyr Rise Time tr — — 100 ns |See Test Circuits, Figure 1-2

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

(Note 1)

Note 1:

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

for more information.

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

© 2007 Microchip Technology Inc.
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MCP3004/3008

ELECTRICAL SPECIFICATIONS (CONTINUED)

VDD = 5V, TAMB =25°C.

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vggg =5V,
Tamg = -40°C to +85°C, fgampLe = 200 ksps and fg k = 18*fsampLe. Unless otherwise noted, typical values apply for

Parameter Sym Min Typ Max Units Conditions

Power Requirements

Operating Voltage Vop 27 —_ 5.5 \

Operating Current lop - 425 550 MA | Vpp = VRer =5V,

225 Doyt unloaded

Vop = Vger = 2.7V,
Doyt unloaded

Standby Current IoDs — 0.005 2 WA |CS=Vpp=5.0V

Temperature Ranges

Specified Temperature Range Ta -40 —_ +85 °C

Operating Temperature Range Ta -40 - +85 °C

Storage Temperature Range Ta -65 — +150 e

Thermal Package Resistance

Thermal Resistance, 14L-PDIP Bua — 70 — *C/W

Thermal Resistance, 14L-SOIC Ba — 108 — ‘CW

Thermal Resistance, 14L-TSSOP 0a — 100 — *C/W

Thermal Resistance, 16L-PDIP BJa — 70 = ‘C/W

Thermal Resistance, 16L-SOIC 0a — 90 s ‘C/W

Note 1:

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

for more information.

This parameter is established by characterization and not 100% tested.
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A 7
Too Tr Te Tois
Tey) — -l || s |
Dout 7/ FJ_ULL BIT { MSBOUT >< ’I 88 B
7
FIGURE 1-1:  Serial Interface Timing.
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1.4V

3kQ  Test Point
0

Dout

C_ = 100 pF

IH-eAMW-0

Voltage Waveforms for tg, tp

—————— -Vou
Dour —1~~~77° -Vou

Voltage Waveforms for tpg

CLK

Dout

FIGURE 1-2:  Load Circuit for tg, tg tpo.

Test Point

Voo
tpis Waveform 2
3kQ Vpp/2

DOUT o— tEN Waveform

:I:' 00 pF toig Waveform 1
= Vss

Voltage Waveforms for tgy

[#13 \

CLK | 1 2 3 4
Dout _IAIE A B9
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Voltage Waveforms for tpg

Cs ViH

Dout
90%
Waveform 1* —j °
Tois
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Waveform 2t

-

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

1 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, Vpp = Vger = 5V, fo ik = 18* fsampLe: Ta = 25°C.
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FIGURE 2-1:  Integral Nonlinearity (INL) vs.
Sample Rate.

FIGURE 2-4: Integral Nonlinearity (INL) vs.

Sample Rate (Vpp = 2.7V).
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FIGURE 2-5: Integrél Nonlinearity (INL) vs.
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Code (Representative Part, Vpp = 2.7V).

DS21295C-page 6

© 2007 Microchip Technology Inc.



MCP3004/3008

Note: Unless otherwise indicated, VDD = VREF = 5V, fCLK =18* fSAMPLE’ TA =25°C.
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FIGURE 2-7: Integral Nonlinearity (INL) vs.
Temperature.
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Note: Unless otherwise indicated, VDD = VREF = 5V, fCLK =18* fSAMF‘LE! TA =25°C.
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Note: Unless otherwise indicated, VDD = VREF =5V, fCLK =18* fSAMPLE' TA = 25°C.
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80 : . . S—
70 4 _ VNop=Veer=5V Voo =Vrer =5V
fsampLe = 200 ksps 70 1 g 1 fsampie = 200 ksps |
60 - \ ~ 60 - / —
- | —_ | |
g 5 z < — & s - m
E 40 | 0 40— Vpp = Veegr = 2.7V -
Voo = Vrgr =27V |
Y RRY . § A el | T G = fsameie = 75 ksps
7}
20 | = |
il —R1 i 10 l
0 ] ' 0 !
1 ig 140 1 10 100
Input Frequency (kHz) Input Frequency (kHz)
FIGURE 2-20: Signal to Noise (SNR) vs. Input FIGURE 2-23: Signal to Noise and Distortion
Frequency. (SINAD) vs. Input Frequency.
Rk PN ] - T AT g 70
-10 [
.20 60 _—
=30 4 e TN = 50 4 Vpp=VRrer =5V
= Voo = Vags =2.7 V = S
% ~40 f::,,,,_E :E;S ksps i % 40 4 'STWP'TE o 209 kaps -
o 50 — N ~ a
E 60 4 Y ‘,\'\ 230. | e £
<70 1 & P 20 P Vo = Ve =27V
80 : Voo =Vaee =5V fsampLe = 75 ksps
80 | fsapie = 200 ksps ik &
100 ‘ ' 0 ‘ - ‘ . ‘ :
1 10 100 40 35 30 25 20 15 10 5 0
Input Frequency (kHz) Input Signal Level (dB)
FIGURE 2-21: Total Harmonic Distortion (THD) FIGURE 2-24: Signal to Noise and Distortion
vs. Input Frequency. (SINAD) vs. Input Signal Level.

® 2007 Microchip Technology Inc. DS21295C-page 9



MCP3004/3008

Note: Unless otherwise indicated, VDD = VREF = 5V, fCLK =18* fSAMPLE’ TA = 25°C.
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Note:

Unless otherwise indicated, VDD o VREF =5V, fCLK =18~ fSAMPLEl TA =25°C,
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Note: Unless otherwise indicated, Vpp = Vger =5V, fo ik = 18* fsampLe: Ta = 25°C.
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3.0 PIN DESCRIPTIONS

TABLE 3-1: PIN FUNCTION TABLE
Name Function

Vop +2.7V to 5.5V Power Supply

DGND Digital Ground

AGND Analog Ground

CHO-CH7 Analog Inputs

CLK Serial Clock

Din Serial Data In

DouTt Serial Data Out

CS/SHDN Chip Select/Shutdown Input

VREF Reference Voltage Input

3.1 DGND

Digital ground connection to internal digital circuitry.

3.2 AGND

Analog ground connection to internal analog circuitry.

3.3 CHO - CH7

Analog inputs for channels 0 - 7, respectively, for the
multiplexed inputs. Each pair of channels can be pro-
grammed 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 Section4.1, “Analog Inputs”, and Section 5.0,
“Serial Communication”, for information  on
programming the channel configuration.

3.4 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”,
for constraints on clock speed.

3.5  Serial Data Input (D)y)

The SPI port serial data input pin is used to load
channel configuration data into the device.

3.6 Serial Data Output (Doyt)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

37  Chip Select/Shutdown (CS/SHDN)

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

4.0 DEVICE OPERATION

The MCP3004/3008 A/D converters employ a conven-
tional SAR architecture. With this architecture, a sam-
ple is acquired on an internal sample/hold capacitor for
1.5 clock cycles starting on the first rising edge of the
serial clock once CS has been pulled low. Following
this sample time, the device uses the collected charge
on the internal sample and hold capacitor to produce a
serial 10-bit digital output code. Conversion rates of
100 ksps are possible on the MCP3004/3008. See
Section 6.2, “Maintaining Minimum Clock Speed”, for
information on minimum clock rates. Communication
with the device is accomplished using a 4-wire SPI-
compatible interface.

4.1 Analog Inputs

The MCP3004/3008 devices offer the choice of using
the analog input channels configured as single-ended
inputs or pseudo-differential pairs. The MCP3004 can
be configured to provide two pseudo-differential input
pairs or four single-ended inputs. The MCP3008 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 con-
version begins. When used in the pseudo-differential
mode, each channel pair (i.e., CHO and CH1, CH2 and
CH3 etc.) are programmed as the IN+ and IN- inputs as
part of the command string transmitted to the device.
The IN+ input can range from IN- to (Vggr + 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. If the voltage at IN+ is
equal to or greater than {[Vgrgg + (IN-)] - 1 LSB}, then
the output code will be 3FFh. 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, the 2FFh code will not be seen unless the
IN+ input level goes above Vigp level.

For the A/D converter to meet specification, the charge
holding capacitor (CgaypLe) Must be given enough
time to acquire a 10-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 (Rgg) impedance,
directly affecting the time that is required to charge the
capacitor (CgampLe). Consequently, larger source
impedances increase the offset, gain and integral lin-
earity errors of the conversion (see Figure 4-2).

@© 2007 Microchip Technology Inc.
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4.2 Reference Input

For each device in the family, the reference input
(Vgreg) determines the analog input voltage range. As
the reference input is reduced, the LSB size is reduced
accordingly.

EQUATION

VREF'

LSB Size = 7024

The theoretical digital output code produced by the A/D
converter is a function of the analog input signal and the
reference input, as shown below.

EQUATION

1024 XV
Digital Output Code = ————
VRer

Vv = analog input voltage
Vippp = reference voltage

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

V
e Sampling
Switch
........ V;=0.6V
' Res ' CHX ' 8S  Rg=1kQ
W ? ° o >f oA —
: : l c e ' CsampLe
: @ : BN V.= 0.6V LEAKAGE = DAC capacitance
N TTPF - +1 nA T:zopp
- ¥ 1 Ve
Legend
VA = Signal Source lLeakaGe = Leakage Current At The Pin
Due To Various Junctions
Rgg = Source Impedance SS = sampling switch
CHx = Input Channel Pad Rg = sampling switch resistor
Cpiy = Input Pin Capacitance CgampLe = sample/hold capacitance
V1 = Threshold Voltage

FIGURE 4-1:  Analog Input Model.
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FIGURE 4-2: Maximum Clock Frequency vs.
Input resistance (Rg) to maintain less than a
0.1 LSB deviation in INL from nominal
conditions.
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5.0 SERIAL COMMUNICATION

Communication with the MCP3004/3008 devices is
accomplished using a standard SPl-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 MCP3004 and MCP3008,
respectively. The device will begin to sample the ana-
log 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 (Dyy is @ “don’t
care” for this clock). On the falling edge of the next
clock, the device will output a low null bit. The next 10
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 10 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 is 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 MCP3004/3008 with Microcon-
troller (MCU) SPI Ports”, for more details on using the
MCP3004/3008 devices with hardware SPI ports.

TABLE 5-1: CONFIGURE BITS FOR THE
MCP3004
Control Bit
Selections Input Channel
; Configuration | Selection
Single/ | nov | pq | 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|10(0 differential CHO = IN+
CH1 = IN-
0 X101 differential CHO = IN-
CH1 = IN+
0 g1 | O differential CH2 = IN+
CH3 = IN-
0 X | TR differential CH2 = IN-
CH3 = IN+

* D2 is “don’t care” for MCP3004

TABLE 5-2: CONFIGURE BITS FOR THE
MCP3008
Control Bit
Selections Input Channel
: Configuration | Selection
Sindle| 1, 1 b1 | Do
IDiff
1 0 | 0 | 0| single-ended CHO
1 0 DR 1 single-ended CH1
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 CH®6
1 1 1 1 single-ended CH7
0 0 0 0 differential CHO = IN+
CH1 = IN-
0 0 01 A differential CHO = IN-
CH1 = IN+
0 0 1 0 differential CH2 = IN+
CH3 = IN-
0 0 1 1 differential CH2 = IN-
CH3 = IN+
0 1 010 differential CH4 = IN+
CH5 = IN-
0 1 0 1 differential CH4 = IN-
CHS5 = IN+
0 1 1 0 differential CH6 = IN+
CH7 = IN-
0 1 1 1 differential CHB6 = IN-
CH7 = IN+

®© 2007 Microchip Technology Inc.
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teve teve

ow [lset [02[D1]00 [ " Don'tCare I
SGL
DIFF
L
tcony ! L
tsampLE 'DATA

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

** toata: during this time, the bias current and the comparator powers down while the reference input becomes
a high impedance node.

FIGURE 5-1: Communication with the MCP3004 or MCP3008.

‘ teve :
R | —
cs il CSH
—“l ;‘—‘tSUCS | Power Down _I
I 1
CLK I _
Start
on W [ [p2[p1]og
SGL/
DIFF
D HI-Z Null e Y a7\ 5oy BsY 54y B3y 82Y 51} 80| 51Y B2Y B3| 84Y B5{ B6Y 87| B8Y BS}-Z
ouT Bit
(MSB) |
tcony tpaTa ™ l

tsampLE

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

** toata: During this time, the bias circuit and the comparator powers 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 MCP3004 or MCP3008 in LSB First Format.
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6.0 APPLICATIONS INFORMATION

6.1 Using the MCP3004/3008 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 ris-
ing edge. Because communication with the MCP3004/
3008 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 shows how the MCP3004/3008 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 seven leading zeros before
the start bit. Arranging the leading zeros this way
induces the 10 data bits to fall in positions easily manip-
ulated by the MCU. The MSB is clocked out of the A/D
converter on the falling edge of clock number 14. Once
the second eight clocks have been sent to the device,
the MCU receive buffer will contain five unknown bits
(the output is at high impedance for the first two
clocks), the null bit and the highest order 2 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.

® 2007 Microchip Technology Inc.
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cs MCU latches data from A/D
converter on rising edges of SCLK I I
SCLK 1| 2| |3] (4] |5] [6] |7] |8 9 11 f 1
Data is clocked out of
AJD converter on falling edges 1 T T t S T ! T T

Din
; Start
MCU Transmitted Data Bit
(Aligned with fallin

a0 ToToTo o o o v] Bfoe[oroolx[x[x[x] [X[X[X]X[X[X]x]x]
MCU Rgcqiveq Data
ey 2 [r [z [ [v[2[7]2] [[7]7]2[7]vifee[es] [e7]ec]es[e4[ea]be]et|eo]

| | gl | | b
Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive

® , e register after transmission of first register after transmission of register after transmission of last
X="PonCare"Bis. g hiis second 8 bits 8 bits

FIGURE 6-1: SPI Communication with the MCP3004/3008 using 8-bit segments (Mode 0,0: SCLK idles low).

cs MCU latches data from A/D converter )

on rising edges of SCLK Jl l' L i ‘ 1 'l' N VA4 * T I 7T W% 1
SCLK 1] |2 (3] |4] |5] |6] |7 8 9 11 16 1 24
Data is clocked out of A/D } {
converter on falling ed|

- e
a5 GEERNCEREE0E
I\L(_)U T:jangtrﬁifﬁﬁq Data SBt‘?tn
cdgs ot cock) 0] 0] 0] 0] oo o] 1] [ pe[oeolx[x[x[x] [XX[X[XTX[X[X]x]
MOU Recelved Datar o T T [ 7 [ 7 [ 7] 2] 7] [7 171712 |7 leo]ee] [67]B6]Bs] e4]Bs[B21]60]
edge of clock) | | [
Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
register after transmission of first register after transmission of register after transmission of last
X ="Don't Care" Bits 8 bits

second 8 bits 8 bits

FIGURE 6-2: SPI Communication with the MCP3004/3008 using 8-bit segments (Mode 1,1: SCLK idles high).
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6.2 Maintaining Minimum Clock
Speed

When the MCP3004/3008 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 10 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.

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 in to the conversion
results, as is illustrated in Figure 6-3, where an op amp
is used to drive, filter and gain the analog input of the
MCP3004/3008. This amplifier provides a low imped-
ance source for the converter input, plus 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 resistors values, as
well as determine the number of poles that are required
for the application. For more information on filtering sig-
nals, see ANB99, “Anti-Aliasing Analog Filters for Data
Acquisition Systems”.

4.096V M

Reference "L
0.1 pF% a 1 uF =
-MCP1541
= L

= 1
=1L
IN®Vrer

1L Cy MCP601
§ MCP3004

Ry

FIGURE 6-3: The MCP601 Operational
Amplifier is used fo implement a second order
anti-aliasing filter for the signal being converted
by the MCP3004.

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 and should be placed
as close as possible to the device pin. A bypass capac-
itor value of 1 uF is recommended.

Digital and analog traces should be separated as much
as possible on the board, with no traces running under-
neath the device or bypass capacitor. Extra precau-
tions should be taken to keep traces with high
frequency signals (such as clock lines) as far as possi-
ble 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, “Lay-
out Tips for 12-Bit A/D Converter Applications”.

Voo
Connection

FIGURE 6-4: Vpp traces arranged in a ‘Star’
configuration in order to reduce errors caused by
current return paths.

® 2007 Microchip Technology Inc.
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6.5 Utilizing the Digital and Analog
Ground Pins

The MCP3004/3008 devices provide both digital and
analog ground connections to provide additional
means of noise reduction. As is 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 -10€Q.

If no ground plane is utilized, 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 con-
nected 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
i aal e sy £ ARt v L B
/ MCP3004/08 |
II Digital Side Analog Side II
-SPI Interface -Sample Cap
{ -Shift Register -Capacitor Array| |
\ | -Control Logic -Comparator |
\ Substrate |
\ Ay |
5-10Q
L —|—R 8 _p ' A g |
DGND AGND
8 TR
—JE
Analog Ground Plane

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

Package Marking Information

14-Lead PDIP (300 mil)

1 1 0 4 e s s e B

POV G.00.0.0.0.0.90.9.00.4
) 0.9.0.9.0.0.0.¢.0.0.0.6.04¢

o R\ YYWWNNN

[T LT LI L L G

14-Lead SOIC (150 mil)

000000

) 9.0.9.9.9.0.9.0.9.0.4
P9.0.0.0.0.9,0.0.9,04

O AR YYWWNNN
IR

14-Lead TSSOP (4.4mm) *

MO0

XXXKXKXXK

A yyww
() NN
IRRINRIRIEI

Example:

0k B Pk il

g MCP3004-1/P &3

o R 0712027

R LT

Example:

000007

MCP3004ISLE3

O R\ 0712027
IRIRIRINININE

Example:

IRIEIRINIRTEN

3004 &3

R\ 0712
Q) o
IR

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01")
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@
can be found on the outer packaging for this package.

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.
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Package Marking Information (Continued)

16-Lead PDIP (300 mil) (MCP3308)

[ I

# SOOOOOODRK,

XOXOOKXXKX XXX
o R YYWWNNN

A T

16-Lead SOIC (150 mil) (MCP3308)

Hﬂﬂﬂﬂﬂﬂ

1, 0.9.0.9.9.9.0.0.9.0.9.9.4
$9.9.9.9.9.9.0.9.0..9.04

O A YYWWNNN
INIRINIRIpt Rt

Example:

Y i O B

MCP3008-I/P &3

T

o R 0712030
LL# P I I I W B

Example:

IO 00000

MCP3008-1/SL &3

O R\ 0712030
RN

DS21295C-page 22

© 2007 Microchip Technology Inc.



MCP3004/3008

14-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
N
NOTE 1 7 ?
\%’Z/{% E1
" '
1 2 3
D
b [ | =)
Al— *
b e
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 315 130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Qverall Length D 735 .750 pr75
Tip to Seating Plane o 15 .130 150
Lead Thickness c .008 .010 L5
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:

1.
2
<
4. Dimensioning and tolerancing per ASME Y 14.5M.

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

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

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.

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

D

ﬁﬂﬂmﬂﬂﬂ

L1 el
Units MILLMETERS

DimensionLimits| ~ MIN [ NOM | MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1y
Molded Package Thickness A2 1.25 - —
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90BSC
Overall Length D 8.65 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Foot Angle [0} 0° - 8°
Lead Thickness G 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o B’ - 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 C04-0658
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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 s

Lnonnna

E1

NOTE 1 -

e

Nl e :
A1 LA f— L
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
Qverall Width e 6.40 BSC
Molded Package Width Ed 4.30 4.40 4.50
Molded Package Length D 4.90 5.00 5.10
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [0} 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
hitp://www.microchip.com/packaging

NOTE 1

M ™ L

L —s— C
i |
— — 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 N 130 .195
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E 290 310 825
Molded Package Width Ed 240 .250 .280
Overall Length D .735 755 25
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 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 .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M,

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

Microchip Technology Drawing C04-017B
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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
0 000,000
|
7 L
’/,;7—/////;///// - E1
0005000 4
|
vore =" [ [[ J ' U U [ :
1 2 3
e |——-—
b—e |—-—
/ M~ — | l-——h
| /2 i r C
44 | TV ==
i IR \\!
f—
Al ke -2 I
Units MILLMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 16
Pitch e 1.27 BSC
Overall Height A - - 1.8
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 040 - 123
Footprint L1 1.04 REF
Foot Angle [} 0 - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o ar - 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. Mald 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 C04-108B
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APPENDIX A: REVISION HISTORY

Revision C (January 2007)

This revision includes updates to the packaging
diagrams.
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PRODUCT IDENTIFICATION SYSTEM

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

PART NO. X XX Examples:
i I 5N A
Device Temperature Package a) MCP3004-I/P: Industrial Temperature, PDIP
Range package.

b) MCP3004-I/SL: Industrial Temperature,
SOIC package.

¢) MCP3004-l/ST: Industrial Temperature,

Device: MCP3004: 4-Channel 10-Bit Serial A/D Converter
MCP3004T: 4-Channel 10-Bit Serial A/D Converter

(Tape and Reel) TSSOP package.
MCP2008: 8-Channel 10-Bit Serial A/D Converter d) MCP3004T-lIST: Industrial Temperature,
MCP3008T: 8-Channel 10-Bit Serial A/D Converter TSSOP package, Tape and Reel.

(Tape and Reel)
a) MCP3008-I/P: Industrial Temperature, PDIP
-40°C to +85°C package.

b) MCP3008-I/SL: Industrial Temperature,
SOIC package.

Temperature Range: |

Package: P = Plastic DIP (300 mil Body), 14-lead, 16-lead
SL = Plastic SOIC (150 mil Body), 14-lead, 16-lead
ST = Plastic TSSOP (4.4mm), 14-lead
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DS21295C-page 32 2007 Microchip Technology Inc.



Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

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

intended manner and under normal conditions.

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

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

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

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

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

==I150/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEeLoq, microlD, MPLAB, PIC, PICmicro, PICSTART,
PRO MATE, PowerSmart, rfPIC, and SmartShunt are
registered trademarks of Microchip Technology Incorporated
in the U.S.A. and other countries.

Amplab, FilterLab, Migratable Memory, MXDEV, MXLAB,
SEEVAL, SmartSensor and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, ECAN,
ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, Linear Active
Thermistor, Mindi, MiWi, MPASM, MPLIB, MPLINK, PICKit,
PICDEM, PICDEM.net, PICLAB, PICtail, PowerCal,
Powerinfo, PowerMate, PowerTool, REAL ICE, rfLAB,
rfPICDEM, Select Mode, Smart Serial, SmartTel, Total
Endurance, UNI/O, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2007, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

{2 Printed on recycled paper.

Microchip received ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona, Gresham, Qregon and Mountain View, California. The
Company's quality system processes and procedures are for its PIC*
MCUSs and dsPIC DSCs, KEELOQ* code hopping devices, Serial
EEPROMs, micropetipherals, nonvolatile memory and analog
products. In addition, Microchip’s quality system for the design and
manufacture of development systems is ISO 9001:2000 certified.
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