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ABSTRACT
This project presents an application of radio helicopter mounted webcam
camera. The camera captures an image, then the presented object position data will
be calculated by compute using image processing and detected object location.
Microtroller (PIC) is used to control and send radio signal to digital potentiometer for
controlling the helicopter to track the object.
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2.1.1 Tas9a5199849 PIC
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Tusunsu
ﬁo'lﬁﬂ V
miwlszanananany S wai‘mﬁuvgm-l.ﬂ'm'vgﬂ
g N
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U 2.1 Taseadslagiialunes PIC

Tog PIC woi 18F452 1 \{ululasmsulvsa@esauin 40 91 laseasenielu
¥ s :
Usgnaunie Al

Program Memory Type Flash

Program Memory (KB} 32

CPU Speed (MIPS) 10

RAM Byles 1536

Data EEPROM (bytes) 256

Digital Communication Peripherals 1-AEAJSART, 1-MSSP(SPIN2C)
Capture/Compare/FWM Peripherals 2CCF

Timers 1 x 8-bit, 3 x 16-bit
ADC 8 ¢h, 10-bit
Temperature Range (C) -40t0 125
Operating Voltage Range (V) 2t0 5.5

Pin Count 40
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RAVANG +—e] 2 38 [ =~—e RASPGEC
RATANT -—=[]3 32 [J =— RES/PGM
RAIANZVRES e ]2 37[J +— R34
RAIANIVAEF+ w—[]5 3¢ [] =—= RBICCPZ"
RAATOCK =—=[]6 35 [] »—w RB2INTZ
RAEANGSSILVDIN »—=[]7 34 [ =—= RB/INT?
REORDANS =——e[8 g &  33[0 = R3OINTO
RE!/WR/ANE =~—[] 0 E = 32[]e— Voo
RE2/CS/ANT =—=[]10 o« % 31 [J »—Vss
Voo —e Q1§ G 20— ROTPSA7
Vs — w12 F F  20[]~— RDEPSPS
OSC1/CLKl e ] 12 23 [] =—=» RDEPSPS
OSCUCLKCIRAE w—r(] 14 27 [] = RD4/PSP4
RCOT1OSOITICK! =— [ 15 26 [] =— RCT/RX/DT
RC1T1OSYCCP2" w18 25 [] a——n RCETXICK
RC2CCP1 a—e[] 17 24 [] =—e RCHSDO
RCABCK/GCL =[] 18 23 [] =—e RC4/SDUSDA
RODO/PSPO w—= ] 18 220 =— ROAPSP3
RDYPSP1 =—w [} 20 21 [] =—= RD2/PSP2

J d‘ 1}
U 2.3 wihfivewsasainiglu PIC

2.1.2 Tasead9veanuauidn
migAuI1ves PIC18F452  wiseandu wiiemusilusunsy  (Program
1 o & 1 o i J
memory) wagymitgaudteya (Data memory) Fellswaseavosnie dwelull

2.1.2.1 wdssauanluiuny
PIC lumszga 18F452 weillusunsuimmiinesounm 21 On fafu 3a
annsaduenasavesniemudlusunsuliniiands 2 Moytes uAtdoimmienid
Tsunsuitilagludn PIC18FA52 fivurnufiequs 32 Kbytes sty Seannsndrauennsaldou
000H vufls 7FFFH wintiu dauueminsasaust B000H ufla 1FFFFFH ssguldiviaiu 0 dou
wannsafianulidmIuAmesNTBURDSIWA Ao WoALmsA 0008H WAL 0018H

2.1.2.2 miwaruindeya
PIV18F452 Hlenedayayinitaya (Data Bus) uia 12 Un vilviaunsaa
uenuasavesmirsmdfeyaldis akbytes Falaavirluudrszuiaeniiiu 16 uuad uuaday
256 Bytes uiillfigaud 6 LusAaaaiiuignldey Jaiild PIvIsFas2 fmienaudrtoya
Vauue 1536 Bytes daliiiudsameilduiialy dnislameieiduniiasazednielu 128 Bytes
YBILUIAUUGR

. z
2.1.3 msglviaee

o ) acd 1 o ° ' > Vo a o
PIC18F452 arusavinaulamuundfsadls vinisdelndediiudnivn VoD

v a ] .’i ] =t =II o v o -1
wag VSS aaussnulwirlugreiud 4.2 quia 5.5 V faagvinli PIC aunsavinaunainuss
ar P} Y o w o & ° -
doyqyranninigegan 40 MHz walifedninfe vuzndngliides 2.0 V PIC vanansnyiaud
=1 o P ] .’i a dy d III P oar d
AT FYAIUIRNIEEAT 4 MHz Wity wazanindubes 9 unseviawiniu 40 MHz 7

TWiaee 4.2 vV Juld Teenaluisuindnelwideelinu PIC fuseiu +5 V
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971 OSC1 wag OSC2 984 PIC %‘4uuﬁ¢ﬁ1Lﬁmé’fusg'lmmﬁmﬂv’uﬁwmasULLUU Taelunsinuandsil
-"l-mmmmLumﬁ’mmmmﬁmmnﬂiamaa nislwslindleiunes lasnislduniansa
poataawmestustiiieenitiu 3 Tuum TnsasSesdwuaneiansanuimauiissaneaniud
g4 g LP (low-power), XT, HS (high-speed) ) eluntsldauiu m’n:dumsmaqmamu.nuﬂ'iw C
'smnumamaammmammmmﬁmmaan 2 ¢ Tnedredyarauinidifian 0SC1 uag 0SC2

9849 PIC Servaad C ‘m'uuuauur-muﬁ’uwuﬁﬂUmmmmmﬂiﬁmaauu‘]
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JUNl 2.4 wsiulladygrauniininnaianes

2.2 A15 Burn PIC18F452 aanlusunsy PICkit2
Tunisasnslusunsuae PIC tiuagldlusunsy PiCkit2 iWusndrslunisilusunsuideu

Fuunihluldly pPIc Teevinisasaslusunsy Pickit2 Aoy 21niuAvin sialusunsuduan

Hepecofanky oo, Jods leh
Mrdrange Configurshon
Devicwr  NoDivice Fourd Confguabiors. 0000
Usst 10z FFFFFFIF
Chackeum:  FC00
PICKil 2 found and connected. 5 ﬁ\Mm
I ] VDb PCE2
= CJon 50 -
. (i) (ot ) -0 b 505
Progeam Memory
Sowee: None EmpiWErssed)
EEPROM Data
{PICKit™ 2

Tuminmm PICKIT2

U 2.5 wiisinausnueslusunsa PICKit2
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1. Yu READ 81utayadn Device

{ul Erase audayaviavun

Usi Blank Check ns73@8u71 Device T1tagwioki

U Auto Import Hex + Write Device vin1381u Hex IWaudalaulaednluid

U Read Device + Export Hex File 81udayaain Device udituiinilu Hex Ind

oroE e N

DR IUNR
5 d 1 1 L7 ol - L3 v v
ntiullansanunsilendesewiniuesalusunsy PIC Aursufimeiuds Winsieaesu
« a o . .
was IC PIC 9nlusunsu lngadniiluy Tools > Check Communication

U yarget VDD Source ’
| Calibrate VDD & Sat Unit ID....

| Use ¥PP First Program Entry

‘v | Fast Programming

' UART Tool...
" Logic Tool...

Check Communication
Troubleshoot...

.\

Download PICkit 2 Operating System

iy Tools Check Communication

¢

P ¢
JUN 2.6 mInTIRdeulUes IC PIC nluswnsy

I‘j N o l'al d 1 o ara v
MnulUuATN PICKt2 sgrin1snsavdaugunsainideusialilnednluiivienanssey
Device fpt1ai9u ABen1slUsunT PIC16F628 TUsunau PICKit2 agvinmsnTinasuaunsaliie
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PICkit ? Programmer

Ble  QevicoFamly  Programmer ook el
Midranga Configuration
Device: PIC16FE20 Configuation: 3061
UseriDs:  FFFFFFFF
Checksum:  33A3 3
Reading device: conti.. oone. "0 MICROCHIP
| Program Memory... EE... UserlDs... Config... Done.
(FieRmrRRnANANERNRRRARAAAARERS N asasns] VDD PICKt2 i
[ on (B0 =
[[Resd | [ wite | [ Vedy | [ Erase | [ Blank Check | ] MCLR Bl |
Progeam Memoy —
Enabled [HexOny | Source: [Read hom PIC16F628
o000 3000 00BA 2819 o000 aoz2 o084 osoo 1903 5
008 2818 3001 OOF8  OLF7 OBF? 280C OBF8  280B
o010 304k  O00OF7  OBF7 2812 0000 0000  0B80 2809
oi8 3400 ols4 301F 0583 3007 009F 30F0 0065
0z0 1603 1005 1283 1405 3002 ODAL  30FA  OOAZ
oze 2004 OBAL 2626 1683 1005 1283 1005 3002
030 00AL 30FA DOAZ 2004 0BAL 2031 2820 0063
038 3FFF  3FFF  3FFF  3FFF  3FFF  3FFF  3FFF  3FFF
040 3FFF IFFF 3FFF IFFF IFFF IFFF 3FFF 3FFF
048 3FFF  3FFF  3FFF  3FFF  3FFF  3FFF  3FFF  3FFF
0so 3FFF 3FFF 3IFFF 3rrFF 3FFF 3FFF 3FFF 3IFFF
058 3FFF  3FFF _ 3FFF _ 3FFF _ 3FFF __ 3FFF _ 3FFF  QFFF
EEPROM Data
i S50 Auto Import Hex
Ertiod sty %]
00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF & Read Device +
10 FF ¥F FF FF FF FF FF FF FF FF FF FF FF FF FF FF Export Hex File
20 FF FF FF FF FF FF FF FF FF FF FF FF F¥ FF FF FF e
30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF & PICKit™ 2

UM 2.7 Tusunsu PICKit2 asivaeugunsailasSnlulii

dlelusunsy PICKit2 maawugunsal (afues IC PIC) 9antiuth HEX Id (Msiunns
Aaulwaldn) WY File 1@on Import HEX

Import Hex Chrl41

"u’ﬁ Export Hex Ctri+E

g Exit CtrHQ
L File

sU 2.8 1Fon HEX nd 9anTusunsy PICkit2

P —— [ v o 5 " . "
deadeniadauad Tunthanalusunsa PICKit2 asuenin HEX file successfully import
Tinuivhnmsnady Write Taalusunsuasinnisideulilngdnludd

2.3 mslgaulusunsu MikroC for PIC

1. vhmsiemilusunsy Tasamvanlndaasslusunsuann www.mikroe.com wiaida
TWaRnsalusunsuanuEuEsa

2. Weldenilusunsu mikioC for PIC 16 Tagluflay Start > Al Programs >
Mikroelektronika > mikroC for PIC wiiasuidananlflanaunatlusunsufieguunthaendnils
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3. ¥msadilusienlml Taeliluiiay Project > New Project fagusnguiising

New Project

¥ — - 4
[ New Project ettty AN [
FTWNW Testi M/ ¥ . LA
Project Path:
Descriplion:
Device:
Clock:
| ~DevicaFlags:— —
1 ps
| [ _oscs_ow_1# = sooor EJ i
_OSCS_OFF_1H = $00FF |
i _LP_OSC_1H = $00F8 I ]
| | i Txr_osc_1n = soors {;:ﬁ:sﬂm i =l
| |¥ _Hs_0sC_iH = $00FA stdmtmdadNﬁmﬁn::[ E
_RC_0SC_1H = $00FB : f |
~EpioEC 1k = $00XC | Disfautk ssitings are as folows: i
| |- ZecTo_osc_iu = saorn | High Speed Dscilator (HS} enabled |
—J _HSPLL_OSC_1H = $00FE | ‘Watch Dog Timer (WDT}- disabled i
RCIO OSC 1H = $QOFF | - Low Vohage Programming [LVP)- disabl | |
i _BOR_ON_2ZL = $00FF | _"
| | _BOR_OFF_2L = #00FD | elault Cloar All |
| || _PWRT_OFF 2L = $00FF ®if- EP‘ - b |
R L= e ——— i ——— e et - i
[~

5UA 2.10 wihdna New Project

. < = v o Al ¢
Project Name Ao Fovaslusianiisnazadne luililtslng Testt



Project Path Ao lasavesiidlunmsiiulndlusias Susianansandn Browse
iavhnsmdwdsiigeanisiiulwdlusianle

Description e femnuvdeneasduaiuiy Reafulusian dusasld
wiolildnla

Device Ao wefues PIC fexldlulusianid laoidenld PIC18F452
= -J [ Ve : = 1
Clock Ao audvesdyanauimisidtu PIC Tadluidisndenty

Fyarannitnadl 4.000 MHz
a. \dlevhmsnsenseasidunaunsund Tiedniidy Default was OK mwddy fedn
WHunsiafadunisadreiuainelml wdmnadn OK wér asusingwiisne Code Editor i
W Tasiideveslvdldnlusunsuniwnd (0 Whideifefudelusiandald wieudwiudeuldn
Wsunsu
5. lemadnldelusunsiaiaund el devimstAudoya  9nifupdnd
Project > Build Project ilopoxlwdlusunsuiinidirsdudngnaziidaniuuenit Success us
fndl Error favduvendwssinlmile Adpwnduluuilelwisnsaunis Taeynedeiiing
noulwalusunsiy mikroC asvhmaewividldnuaslusunsalimnass Tag mikioC azairadu
Wd hex sanu Fannsodneiluvinisiusunsuiu PIC sl

24 nssleudayawuuIZUY USART

Usart ¢8:191nA197 Universal Asynchronous Receiver Transmitter Mgt qﬂﬂirﬁﬁ
vhuihidunarvdeieyauwuuasdddania  (Asynchronous) Wuduniislumsdeansuuueynsu
WU Asynchronous n'ﬁa'amﬁuuuaqnwwuﬂuflu 2 yUluu Ae

2.4.1 msfemIruwaimaynsuwuy Synchronous
LﬂuﬁﬂLw'uﬁ'l-ﬁ‘%‘ﬁ'nﬁz{q{l’agﬂﬂﬂwﬁfymm Clock wniusAmundamznisiuas
faya mssudsayauuuiifunsiudeireutszivssdviam femaiideyaszgamesewing
nsdaties uAlidadede Wunnsdeasuuy Half Duplex fio fdwwazisuliannsnardeans
fulalunandeaiy

2.4.2 msfeasrmuwasReYNIULUY Asynchronous
Hunsdedayaitlisodddygn Clock udusdmusdomznsdedoya udld
st muagUuuy Format nisiudeayaiuanuny uasendenisimunauiveinsiuda
whituiaildwuasiieu deflvesmsdeansuuu Asynchronous Hufle annsodeansuuy Full
Duplex foamnsndsuasiudayalilunaninty uinsdwuuiilomaiitoyaszgymeovas
fudwdayalauinni viseiautiawaialadieniuuu Synchronous
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lsmer DATA S0P

g'dﬁ 2.11 Asynchronous

2.5 msdedutayauuu SPI

SPI gou131n Serial Peripheral Interface Lﬂuﬁﬁnﬁsﬁaaﬁgumeﬁam{ﬁumsé’lami
fugunsal seghatu wiwmes ndasdnegy indssaunuiues uardu 4 Snuinany daudtins
deansves USB Aififlaridunisvieuiinnnd udnisdeansluguuuy SPI Aidagnldnuiuetie
WHIVAe

sPl vhawluguuuuiligunsalfmilaiiilidu Master uazvniziisnsamiaimii
\Ju Slave uavdsdoyalulvun Full Duplex Sswaneanain dyanaannsodaniuldseing
Master uag Slave Ifethssiaiilos lunisdoansuuy spl Slildfunsguiitwmuame drdeye
fidamAutiuazegluguuuy uied format uuulvu uidumsda Protocal Tunsdeansiuien
w1 Tnelulvn SpI desldmuBunaiansing samun 4 U Uszneulude

- SDO (Serial Data Output) [Huaglunisldadsioya

- SDI (Serial Data Input) tuselunisldiudeya

- SCK (Serial Clock) 1iuanedlaslosdayananiiing wWevins Synchronize

- 85 (Slave Select) Mlumsidengunsaififesmsuaziinnssedy Master

2.6 msderutayartu RS-232

WumsdwdayarnasuitumesTaglinesnoynsu RS-232 Suddayarinililpsraulvsaians
Felaeuniwednoynsy RS-232 wwaunsademslivn 50 v Tnevswanae Jupgiuviinves
e, seaen, WasUiiaudygrusuniu

PC COMPUTER MCU BOARD

= | 1 ' a s
Uil 2.12 nsi¥eusesEViReNImes way RS-232



11

1 23465
| |

u' I

o Y

[ J
6 789

d ol o 1 1 s 1
JUN 2.13 anwalsmUMNaN 9 9831Ine RS-232
- ":' ar 1 o 1 A&’
13U 2.13 8a3085UILYIN 9 VIUBINIAD RS-232 laram1s1e Aelull

A1519% 2.1 Warle RS-232

Pin Description Type
1. Data Carrier Detect (DCD) Input
2. Receive Data (RXD) Input
3. Transmitted Data (TXD) Output
4. Data Terminal Ready (DTR) Output
5. Signal Ground (GND) Input
6. Data Set Ready (DSR) Input
7. Request To Send (RTS) Output
8. Clear To Send (CTS) Input
9. Ring Indicator (RI) Input

2.7 sfiadiuauAUNIULUUAIRBa (Digital Potentiometer)

fufumunuiuuAisea e gunsailddunamslwihdadun Weusudiau
aumuniely Tegansadlussldiugunsalang q 10 uavanunsausulats 256 szdu wasly
doyeyres SPI a7 PIC Wusmauaunisusud



Block Diagram

RS SHDN
Ve O—» E] E‘EI
VesO—» v 1PBO
W : Resistor
Cfntro) Reigpi:{er ‘:‘ Array 0
G +——¢OPAD
‘ 0 PWO
ED"‘ ™1 wiper |Resistor e
16-8it | 'birecister] Array 17+ PAT
SI[» _shift 1 PW1
SCK [T Register|
S0
*Potentiometer P1 is only available on the duai
MCP42XXX version.

JUN 2.14 JUMUUNSYINIUTEIIUTURINAUNTULUUATINBA

12

o w w1 2 aa o v o w1 [y
ﬂ']MTUW]UTUﬂ']ﬂ'J']1]WWUW']ULLUUﬂQﬂﬁﬂ'ﬂl.ﬁaﬂll'ﬂﬂiu ﬁa AIUSUAIAINATUNIULUL

fdmeaviin MCPa2XXX dailog] 2 LUV Ao single port WAz dual port

2.7.1 wuu single port

mnefesneludn MCPA2XXX axdidiniuanuiuniuwuuaineasgnalu 1

wazldannsalysmiuvans 9 mla

PDIP/SOIC

Cs [
SCK[]
sif]
Ve[

B o =

DX Ly DN

[ Voo

—]PBO
1 Pwo
] PAO

o » =~

Ul 2.15 Single Port Digital Potentiometer

2.7.2 wuu dual port

neienieluda MCPA2XXX asiiiliuanuiunuwuuiineasgaiely 2 i

wazamsalasuiulevaty q da
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GSCT ™ 140vy
sck[]2 g 13[s0
siC]3 Q 12[JSHDN
Ve[ ]4 & 11[]RS
PEi[]5 gmjpao
PW1[ s [ JPWO
PAT[]7 8[_1PAO

E'IJ‘I'?Il 2.16 Dual Port Digital Potentiometer

2.8 Tusunsu Hyper Terminal

TWsunsulewaes wesfiuea Wulusunsuilddmiusudyninangunsaising q Aldvin
Fuitedarefunreyiiamesiulilasaeulnsaaes

Tuns@nldamlusunsniy Wodafuinesdedinsidasisne q luges Bits per second
Tngazidonidu 9600 Favinfumuilunsdearsieyaiild tufie 9600 Bits per second

e D il et ik
% New Connection - HyperTerminal (Unlicensed)

Fie Edt View Cal Trensfer Help

e &3 089 &

Rl ige i, e i) [
Howsconnected Auto detect  Auto detect S i f

‘E‘Uﬁ' 2.17 wihanlusunsu Hyper Terminal

flusunsu Hyper Terminal Wvhnisideusedululasresinsaians (PIC) shudeyeyias
daensdayauuueynsu USART ufiGoutesudn iednglidsdsiiuies donrmiidvualily
TUsunsufiazuaneviui Imuﬁﬁagafﬂﬂaﬁaﬁﬂu PIC waguanedygruuianmavulusungy
Hyper Terminal lasazamisasuruaztouainig 9 lanulusunsy
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£0M1 Properties A 3|

Pert Settnos |

T
pates s ¥
Ealty. | None >

step s, N - |

Flow cankol: | Nons =

Hesiore Dsfouks |
e e

< ° 1 od '
JUN 2,18 LdAINISAINUAANTONAD

2.9 nsuszaananIwAInaa (Digital Image Processmg)

Tagvialuudn fran Digital Image Processing Tumneds msUssnaranmAIneades
fiflagldneninmes wise1asmnuiansUssnananidneavesdayageuiila 4 Tnevly
annsawteenidutsuavilvg q Idasssuanie  arsUszaanan msedus  (Low-Level
Image Processing) WarMsUsLANANaNNIEAUEY (High-Level Image Processing) Feon99y
ausnesUEENmUARRITBINSUsEIIARA @R wUU e Kadl

2.9.1 msUstanananmluszium
wdunmsussnananaiiauifeuivmn Weldswishulse q wesune
foyanm TasastduuamarinldlunsUssnandlussiugesioly Tnevhlunisuszananaly
susfusn asdsznaulude MIMVBULIATBNIREG  MIMANFYINTUNIY ANANTATDININ
Judu

2.9.2 miuszurananInlussiiugs
& o o ¢ A e v w o =4 <
wdumsiwadwsvsefuusilaannsussunanalusesus WAAUNID
a & dow a fVw v o & & ! '
Ussanasadni ielineuiieesidnuastnlanimanngsly. FannuuanaeseninnsUsvnana
& & v 4B v v oa
visaeUszianil Aie msUsznananmluszaumiuszldamiaysyananaluszauiinea (A
aivean) dunisdssananmlusydugeavUsvananaluguvesdydnual iy vuinves
g 3UIN mnuduiussenineingiunn
galulassnuiionazdninduiinsussananandlussdumuargy  Ineludnuue
a s ar J o L] a
nM3UsElanaILyinswen ingiuRundswesnn wazihmanmsueninguesnwlumya
s A o 1 1
fudnanvasing tievienildlulilumsdssnanadeld
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2.10 awAInea (Digital Image)

nmiadmeatiu Wunmilgnulasnaneuiaen Tasnmeuiasngnuiaiufuiidmass
\dn q AFendrfinea Tnsluusasfiniga EQNILYMILAUIMNATABDIAA (x , ¥) uasAIEAU
aduuavesineai q Fragndmlan nAdnea el feiduanuduuasaeddi f (x , y)
Toawiien x uag y unuiifassasyna (Spatial Coordinate) wageuen f ﬁqm‘lﬁ 9 (x ,y)

ar 1 o 1 4 I’:
E’fﬂﬁ'}Uf'tUﬂ’ﬂuﬂ'l’N‘UENﬂ'MWﬂ‘ﬂuu |

ar a2 8 aa
2.10.1 dnwuzmsinudayavesnmiinea
) v aa v & ' it 1ala oY) '
Tnsnluuainmadneassiimnudunaus 2 seaviuly wanieuldiuuin fa A
k2 Y nl 1 a al a' o L ) 1 1 A’
ANMduYBIRnEaYNY 256 sziu deasiAinwasglugia (0 - 255) Tneldidloflunis
I ¢ - a o ar P ar v W -
Wiudayaruin 1 T vie 8 dn dmiudeya 1 Anwwa (256 s3v) udddesnisnmitiiaa
v v oo | A e v o allo Gl | a '
Wntungandnd Fenpsmsinnutadmiuiudeyaninndt 8 On Ingaunsauenanuuansi
1 L 4 v 1 at Y o A:
YpannuiagUssanimiiulaegtetaauls aell
1) A 2 sedu fis dRnweduniuasdawini Insurasfinieavsiivuindoya
Wiy 1 On
Y < 1 - ol 2/ 1 e - J
2) aw 16 sz A luusiasiingasziinnadagaviniu 4 Oe Fanunsouans
waudle 16 4
3) A 256 sEdu Ae Tuusiasinwasvilvwintoyawiniu 8 Un davitlvauise
wansmulavianun 256 svau laglulaseliasssunimatnndaaiiunin
o o ad da v a - a1 1 e o
AINEE PILUBVILAUTBYLATUIN 8 UA AB NTNUBIATWALGAIIVNA 256
SEAU

2.11 uuuidnaasd (Color Model)

wuud1aesd (Color model) iudsdditldlunisdredediading q dmiulureufiumes
neghiliuuudasidy Analytical model wilpufuillflumedivgimans dd438nsTnegluy
JUreamdwanativanail  Wwissiduiuy Empirical model  AldFummdiniuduaseiild
Sedeiula q nmsfnumeassdifimsiuiueansdunindes Jawudasidiiseiumane
wuu Tnglulassnuifavasunsuuuinaesdild fo wuudaesd RGB uazuuUs1a0sd HSV

2.11.1 wuuidnaasd RGB (RGB Color Model)
Wuwuudaesdilfionsianzasivensufamed ieswin RGB Model 1évin
maas e q Sulasuvdsiudauwasiuau 3 3 16un Red @Euav), Blue @iEy), Green @
W) MAnnnansBeauadiifinaniniuandeiunudiiu Tasiiaudeshivhiu Tusgiv
gunsal uaz RGB agluszuufiitamildeu (Cartesian Coordinate System) Samnsauansdag
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o L3 = ) | o
wuudaesgaurAl RGB 1AMgujnisunuiives Young Avesdunumedfiialy RGB space

= 1 < o o
InenignvanvesgnuIAfiAewd (Red Blue waw Green) warivedwasduiiasy (Secondary -
Cyan Magenta wag Yellow)

Blue o
(0.0,255) cyan
{0.255.255)
s ozss b wie
\ | wesassizse)
(‘m.‘?"?ﬁ) ///
// {r.Q0)
by
Gt 3 a
1000} P
'} (Duzf;'inﬂ)
9
Red A Y asson ez
o < o
JUN 2.19 uanszuanuni RGB UM 2.20 laavunsuvavuitaesduuu RGB

2.11.2 wyudaesd HSV (HSV Color Model)
> ° < ° o e - ad & - =
Wunuuiaamislutuudtased Museuaiiougnldlasau waldumaden @
-~ . . . P ! 1 a
HSV fa szuuluiiiansinszuen (Cylindrical Coordinate System) lneidlananafedang q Tuids
Il P i e - P ) [ 4 - - 3 - ot
Aavy Wi Wendnfdilslumdausaziianuuandniy WeRansandlegeu STeun 1
' z ] s 4 5 - 5 ‘J ! o o L <4
wiavdtulANuANAIeiY Agnudmndtu Afeddeatues innnunssssiuade vie
Q‘ ot o I’j o 2/, IJ 1 a s H
ANuBIs Mty dluiuuinaed HSV Aauidnitilainanindmivaged Jalseneume
fuay 3 du Av
= o - - - fl . P al -
H wieile Hue viedfumnansiulymuaufiveuas Wy didu @ mdes
& ues 1 Judu
S vunefia Saturation W3oAUBNMYEY Hue W 19U Auns uazddy AAoduns
FuneuddduiiauBuiTeenn
= < 1 ! = a1 o o < o A =
V vunedis Value visaA1Amainevesd lneiiAn Value mngnfie dan lidneed
= : | 1 ed 1 = A =l = & »oa o
Hue %38 Saturation Wlnsnmu wazA1 Value gegafe dv11 Yulur1ainngaues Hue
%38 Saturation 1y 9
J o v o o
Toglulassonil ssunmanndsndunuuiaesduuy RGB wazkuudassd
o Ilj 1 s s : o V¥
wuu HSV azgmhluldludunsunisuisingiuiundsienisuend
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gﬂﬁ 2.21 gﬂwnmﬁﬂu HSV ;:;1!171' 2.22 lppzunsuedanuuinaasduuy HSV

2.12 msademwluuns (Binary Image)

nsasenluuniduansavile Taldnelianisvimselaa (Threshold Technique)
TngRsaniinealadudes Anwaladuds wagesnseyilaenmsiuSaudisussninsiinea
yoanmiBnduiuAasiivilaidend “esalea” Tnsluwadadeldtunnlunsdideyaves
amiduiidnvasiunneey sewiredng (Object) uayumas (Background) Furrfiniwavaann
1o q fildunanimdeniiurmsdlea sxgniAsudiudd viagam

Tunsadenmlvulaglimaiansimsdlea  Welwldnadwsimunzauuaszian
auta Awidrdniian Ao Aunstlea esmindAmstlealifinruomngan (Auvssleaiiinn
wniiuluviedesiuly) amildesnnemavainaiuly viellafuly wieeraasiin noise
@esumu) Aatu suduraivilinmluundnldeenulimeny fofu Jammsadnenmluuss
fia A3rmuarvstlealimngan dwmsunmildesmsszdunyinmluund SeliEiuansnadu
sanly Tnglulpsenudldldiinsmaunsdlea As msmAwseleasnAinaty (Mid-range
Threshold Value) &1 msmAnseleasindinans (Mid-range Threshold Value) 1y 1funism
Avstlaalagsnlul® laglinesligladugdimun TasnswiAamseleadnt [Hunsmaunsy
TeashenssuaunsvadniuiesnsAtede wisAmnanr (Mean) Ao mwstlaaiiruaaldan
Arfnanlagssninassiummidigign  (Maximum — Level)  AuAnszdummidiusingn
(Minimum Level) 9830w dlaviimsemnadliudafiansnsoadranwluudle

2.13 n5uenn1n (Image Segmentation)

nsuenATN azanansauennmeaniudau 7 Twanansauennwaaunilsainaaudill
foansld dawialuudranunsaudansuennmeenidud q iy 3 ndu fe Amplitude
Segmentation Method Region Segmentation Method tay Edge Segmentation Method 1ae
28na1I0e Amplitude Segmentation Method (undn
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NISHBAAIMKUY Amplitude Segmentation Method \Wuisnsmsusnasdusznaues
am TnsgananuiloutuvesnuasiFingansluiuiiiesetaien Sedeiiveditnisi e i
funsulunisvhauliigesn uaglidudeu vauldnng uwiteds fe lisunsaldfunming
dyaasuniunn wienmiidaruaindliaiaueiy

Tnehilasanuil 1$38uuu Amplitude Seementation Method lumnsutausnam Tagld
& Ao wsnamvesingeanainituvuds Taetngiidesnisimualiduden  uarfmdntone
sl dudd Sadumsudasnwuuuluus

2.14 asvaagudnansvasingalelusmd (To Find The Centroid with Moment)

2.14.1 gruveslnuua
Tuwiud 3o Moment Wuilswmasnmw fix , y) Ae

I
My (m,m) = ) i(x)m )" F&xy)

x=1 y=1

11M31307 Zero-Order Moment 1519¢l@91 Zero-Order Moment #ie wasau
I a v 2 ° 4 a & oA
VSAMNALLAYBINTIN A1ATWTUNINY1IAN (Binary) Zero-Order Moment fia Wu
First-Order row Moment @8

M(1,0) = El_zl: ix F(x,y)
y=1

x=1

(La¥ First-Order Column Moment fAa

)
MO =5 3 ¥

x=1 y=1

2.14.2 Centroid ¥83a9
NBRSI@UBN First-Order Moment fiu Zero-Order Moment aggnilenudn
0 Centroid wesa1m 3 Centroid e AAUINANUBALTIUNGN (Center of gravity) ¥Ban W
fx, y) viondaaves fix, y) ﬁaejmﬁa 1§ d1e vrvesnwiidwiiu Ae

x = M(1,0/M(0,0) uwag y = M(0,1)/M(0,0)
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luunilasnanieddmsantuan  waznisujimeulunisvinlasesny  visludiuves
nMIaTIITuLasAan I Ing  uasnsindeseninaeuRunesuazilunaeulnsa  eniuay
\ednauines

3.1 MIATIRIVUASAAAINIAG
MsUsEIARANIN (Image Processing) 1eviIN13N150TI9duLasAan 1 inguy laly
i -=" A o s v = fAn'l 1o, -4
Intel OpenCV Library Fufiulavsi3dmsvaumuasufiunesidu (Computer Vision) @4
NAUTULAEUTIW Intel waswaunsiildaulans Tdlunsussananadyanunwiduidiun
NNNFRY wavdwanlinnnszuunsibinmsmuauednedwes laeumawesaaynsy
4 2 - fel 1 = val 7 al -1
(Serial Port) sadlA3asnaNRImesBndonil laalaiinasldamlunis@eulusunsy wail

W] Micesol ¥ 3l Vg [ddowmsate) % O e P o o g

- at Mb . ‘.f'i i

Wew Piam Relll Telwe Tiae Ted Wk kg o
e = . S : STa T Voward: 77

SR ey dhemrde. du IR mes naWesal 5 s g AN Fl g T ITEIYA AT 11T g e S b A a
[P = UpporH: TBO e |

- [ ——
ce
Lowcit: 135

Gl # U I
EL I §
iy Uppe18: 256 . - - |
Hru
& L Bl e

oL fi TSR R S
e

Uy i B 2 B |

"wh VEuTESI W e
Wa (57
LA hite
S TR (273
. W (74
N bk
e ()

l:‘ a at
JU# 3.1 Tsunsumsesiaduing

3.1.1 MSIUAMIINNADY
lumsvilasseniflildndoatuuny Web caM) Tumssumwingeeufiuned
wievimsdsznana mdsildlunisfunmanndesiuuey Ao cvCapture (Hudaves
OpenCVLibrary) TmUmwﬁ%'w.ll,ﬁmﬁfngn%’mﬁu‘lugmmuﬁ RGB
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#include<cv.h>
#include<highgui.h>
int main()
{
CvCapture* capture = cvCaptureFromCAM(0);
iflcapture)retum 1;
cvNamedWindow("Webcam");
while(1)
IpUmage* frame = cvQueryFrame(capture);
if('frame)break;
cvShowlmage("Webcam", frame);
int ¢ = cvWaitKey(40);
iflichar)c==27)break;
}
}
cvDestroyWindow(“Webcam”) ;
cvReleaseCapture(&capture) ;
return 0 ;

= | o v
JUM 3.2 amnsuannnaes
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3.1.2 n1svinauraslusunsy

wdnvinisindefundesievinisiunmuda Wsunsufiedunssuiuns
Tunsuszanananw tievimsasradusasmidumisiag ievinisianudely Ssaunse
wianszuaunsvhaueendudiusig « e

A19ULUaIsEUUN RGB (Red, Green, Blue) Wu HSV (Hue, Saturation,
Value Space) Tusunsuasmsulasnmlussuu RGB Widunwlussuu Hsv  iiteldly
nIgUIUMsNsLUsdunweely esmnamlusyuu HsV tussimnumnzalunsdunld
slumsilassuifinnndawlussuy ReR Wesmnasyihliainsausnmuuaninseing
Taquazdunadonuinaiundsladany sdaiflflunsinmsulas fe

cvCvtColor (src image, dst image, CV_BGR2HSV );

Tsunsy 3.2 wlasnw RGB tWunw HSV

#include<cv.h>
#include<highgui.h>
int main ()
{
CvCapture* capture = cvCaptureFromCAM(O) ;
ifllcapture) return 1 ;
cvNamedWindow("Webcam") ;
cvNamedWindow("HSV") ;
while(1) {
Iplimage* frame = cvQueryFrame(capture) ;
if(fframe) break ;
frame = cvClonelmage(frame) ;
Iplimage® imgHSV = cvCreatelmage(cvGetSize(frame),
IPL_DEPTH_8U, 3);
cvCvtColor(frame,imgHSV,CV _BGR2HSV) ;
cvShowlmage("Webcam", frame) ;
cvShowlmage("HSV",imgHSV) ;
int ¢ = cvWaitKey(40) ;
if(char)c==2T7) break ;
cvReleaselmage(&imgHSV);
cvReleaselmage(&frame) ;
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TUsunsu 3.2 (sa)

cvDestroyWindow("Webcam");
cvDestroyWindow("HSV")
cvReleaseCapture(&capture);
return 0;

U7 3.3 7w RGB Lunm HSV

3.1.3 N1TULUSEUNIN (Segmentation)
nARIAALEINISWUaIN AN RGB 1Wunw HSV udar Avwvinisuusdiu

A o o IJ o/ - v I
amierimuaveulntasingisaInsassiumeluvinunw  awsaiuanuuaneng
lan & d o . | o [ i
ffatuiothlulssnanaludusiely uitdlaldismslunmsususmseleas (Thresholding

- = [v) | 5 2 o v 1 &V o &
technique) #amsuiuAwmstlaanvasnn HSV wu favimsuiuarmstlaanmenuimun
3 A1 laun Hue (Inud), Saturation (Aud), Value (Aulia/a319) Tunisveasetiuagla
o 2 [ (4 < ar 1 =Y L3 5
MN13a39uNnNUT3 (Trackbar) tieldlunisusuamisimesyiaany



Wsunsy 3.3 nsusuAmstlaasnueanIn HSV

#include<cv.h>
#include<highgui.h>
int lowerH=0,lowerS=0,lowerV=0,upperH=256,upperS=256,upperV=256 ;
Iplimage* GetThresholdedimage(lplimage* imgHSV) {
Iplimage*
imgThresh=cvCreatelmage(cvGetSize(imgHSV),IPL_DEPTH_8U, 1);
cvinRangeS(imgHSV,cvScalar(lowerH,lowerS,lowerV),cvScalar(upperH,
upperS
,upperV), imgThresh);
return imgThresh;
}
void setwindowsetting(){
cvNamedWindow("Webcam™);
cvNamedWindow("ThresholdHSV");
cvNamedWindow("Trackbar");
cvCreateTrackbar("LowerH", "Trackbar", & owerH, 256, NULL);
cvCreateTrackbar("UpperH', "Trackbar", &upperH, 256, NULL);
cvCreateTrackbar("LowerS', "Trackbar", &lowerS, 256, NULL) ;
cvCreateTrackbar("UpperS", "Trackbar", &upperS, 256, NULL);
cvCreateTrackbar("LowerV", "Trackbar", &owerV, 256, NULL) ;
cvCreateTrackbar("UpperV", "Trackbar”, &upperV, 256, NULL);
b
int main() {
CvCapture* capture = cvCaptureFromCAM(0);
ifllcapture) return -1 ;
setwindowsetting();
while(1){
Iplimage* frame = cvQueryFrame(capture);
ifliframe) break ;
frame = cvClonelmage(frame);
cvSmooth(frame, frame, CV_GAUSSIAN,3,3);




Wsunsu 3.3 (sv)

Iplimage* img = cvCreatelmage(cvGetSize(frame),
IPL_DEPTH_8U, 1);

IpUmage* imgHSV = cvCreatelmage(cvGetSize(frame),

IPL_DEPTH_8U,3);

cvCvtColor(frame,imgHSV,CV_BGR2HSV);

Iplimage* imgThresh = GetThresholdedimage(imgHSV);

cvSmooth(imgThresh, imgThresh, CV_GAUSSIAN,3,3);

cvShowlmage("Webcam", frame);

cvShowlmage("ThresholdHSV",imgThresh);

cvShowlmage("Trackbar",img);

int ¢ = cvWaitKey(40);

if((char)c==27)

break;

}

cvReleaselmage(&imgHSV);

cvReleaselmage(& mgThresh);

cvReleaselmage(&frame);

cvReleaselmage(&img);

cvDestroyWindow("Webcam");
cvDestroyWindow("ThresholdHSV");
cvDestroyWindow( Trackbar");
cvReleaseCapture(&capture);
return 0;
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Luwer'y; 133 ————
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Uppery; 256

) ! WA Smbcstlos
) < g o s s 4
JUN 3.4 uinunidwmiudiuen
3.1.4 myandndingiglaiud (Object Recognition with Moment)
Tudulasunswshungeagudnansvestng e nsinnulagludiuves

Wsunsuazdonhmsiiuifesiduges Jeldlumsdnnugagudnaradrluanisunsud 3.3

= J 1 a
TUsunsudt 3.4 msAmn AL UA

void trackObject(lplimage* imgThresh) {

CvMoments *moments = (CvMoments*)malloc(sizeof(CvMoments));
cvMoments(imgThresh, moments, 1);
double moment10 = cvGetSpatialMoment(moments, 1, 0);
double moment01 = cvGetSpatialMoment(moments, 0, 1);
double area = cvGetCentralMoment(moments, 0, 0);
iftarea>1000)

int posX = moment10/area;

int posY = moment01/area;

printf("x=9%d y=%d\r",posX,posY);
}

free(moments);
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void main()

{

unsigned char t[]="Start Program by INS 32";
unsigned char i;

unsigned char receive;

short clearbuff;

int upsignal=0,rotate=125head=130,tilt=116;

int k;

int runu[3],runr[3],runh[3],runt[3];

int recu,recr,rech,rect;
VL L T T i

Usart_Init(9600);

Spi_Init();

TRISB=0; //open port b to output

TRISD=0; //open port ¢ to test receive and transmition

PORTB=0; //clear port B

PORTD=0; //clear status for receive and transmition,set Bit RD1 for run

TRISE=0; // Standard configuration for USE CS at PORT E

PORTE=0; ///

ADCON1=0x0F; ///change to digital
VL L T T L L T

for(i=0;i<23;i++)Usart_Write(t[il);

Usart_Write(\n");

Usart_Write('\n');

Usart_Write('\r');

clearbuff=Usart_Read();

while(1)
{

PORTD.F0O=1; // PORT RDO SET When Program run (RED LED)

117707777 USART FORM RS232 /711111 1111117111111111111117/

if(Usart_Data_Ready())

{

PORTD.F3=1; // if usart data ready , Green LED at RD3 'on'
delay_ms(100);

PORTD.F2=0; // Yellow LED to off

delay_ms(100);

receive=Usart_Read();

if((receive=="w')||(receive=="s")||(receive=="")||(receive=="]")



[[(receive=='0")||(receive=="l")||(receive=="e")||(receive=="q")
[|(receive=='c")||(receive=='b")
{

if(receive=="'w'") // up

{ // increase signal to control
upsignal+=4;
PORTD.Fa=1; ////// LED 1 on

1

if(receive=='"s") // down

{

// decrease signal to control
upsignal-=4;
PORTD.F5=1; //// LED 2 on
PORTD.F4=0; //// LED 1 off

if(receive=="T") // left
{

rotate+=112;

if(receive=="1") //right
{
rotate-=112;

if(receive=='0") //forward
{
head+=121;
PORTD.F6=1; ////LED 3 on
PORTD.F5=0; ///// LED 2 off

}
if(receive=='l") //back
{
head-=121;
PORTD.F7=1; //////// LED 4 on
PORTD.F6=0; //1//// LED 3 off
}
if(receive=='e") //>>>

{



tilt+=123;

}
if(receive=='q") //<<<
{

tilt-=123;

}
if(receive=="'c") // stop all and clear
{
upsignal=0;
rotate=125;
head=130;
tilt=116;
PORTD.F7=0; //// LED 4 off
}
if(receive=="'b") // HOLD Helicopter when Helicopter is flying
{
rotate=0;
head=255;
tilt=10;
}
VL L L L L L T L T L T i
LHTHIT777/177 set range at control signal ///////1//11/11111/
T L U T L L L

if(upsignal>255)upsignal=255;
if(upsignal<0)upsignal=0;
if(rotate>237)rotate=23T;
if(rotate<13)rotate=13;
if(head>251)head=251;
if(head<9)head=9;
if(tilt>239)tilt=239;
if(tilt<Mtilt=7;

/f/Convert Integral to Hyperterminal  //////////////

recu=upsignal; // Convert at upsignal

runul3]=(recu%10)+48; //for Unit
runu[2]=(((recu%100)-(recu%10))/10)+48; //for Ten
runu[1]=(((recu%1000)-(recu%100))/100)+48; //for Hundred

VT T T T T i
recr=rotate; // Convert at rotate



runr[3]=(recr%10)+48; //for Unit

runr[2]=(((recr%100)-(recr%10))/10)+48; //for Ten

runr[1]=({(recr%1000)-(recr%100))/100)+48; //for Hundred
LI TTTTE LT LTE LT 111181 A1 11

rech=head; // Convert at head

runh[3]=(rech%10)+48; //for Unit

runh[2]=(((rech%100)-(rech%10))/10)+48; //for Ten

runh[1]=(((rech%1000)-(rech%100))/100)+48; //for Hundred
i

rect=tilt; // Convert at tilt

runt[3]=(rect%10)+48; //for Unit

runt[2]=(((rect%100)-(rect%10))/10)+48; //for Ten

runt[1]=(((rect%1000)-(rect%100))/100)+48; //for Hundred
////Show output to Hyperterminal's display /1111111117701 1171/

Usart_Write('U");

Usart_Write('=");

Usart_Write(' ");
for(k=1;k<=3;k++)Usart_Write(runulkl);
Usart_Write(' );

Usart_Write('R);

Usart_Write('=");

Usart_Write(' *);
for(k=1;k<=3;k++)Usart_Write(runr[k]);
Usart_Write(' ");

Usart_Write('"H');

Usart_Write('=");

Usart_Write("' );
for(k=1;k<=3;k++)Usart_Write(runh[k]);
Usart_Write(' );

Usart_Write('T");

Usart_Write('=");

Usart_Write(' ');
for(k=1;k<=3;k++)Usart_Write(runt[k]);
Usart_Write(' );
for(k=1;k<=7;k++)Usart_Write("\t"); // repair Bug
for(k=1;k<=15;k++)Usart_Write(' '); // repair Bug
Usart_Write((rect%10)+48);

Usart_Write(\n');



Usart_Write('\r');

VL
/117717777 Sent to Potentiometer ////////111111 1111111/
VT T i

PORTE.F2 = 0 ;// select CS to low

Spi_Write(0x12); //select poten 1 for IC 1
Spi_Write(tilt); //Write to data register
Spi_Write(0x12); //select poten 1 for IC 2
Spi_Write(rotate);

PORTE.F2 = 1; // select CS to high

delay _ms(50);

PORTE.F2 = 0; // deselect CS to low
Spi_Write(0x11); //select poten 0 for IC 1
Spi_Write(head);

Spi_Write(0x11); //select poten 0 for IC 2
Spi_Write(upsignal);

PORTE.F2 = 1 ;// deselect CS to low

T TT1117 77177717 Nothing USART FORM RS 232 ///////

if(lUsart_Data_Ready())
{

PORTD.F3=0; // if nothing usart data ready , Green LED at RD3 [OFF ]
PORTD.F2=1; // yellow [ON]at RD2



MICROCHIP

MCP41XXX/42XXX

Single/Dual Digital Potentiometer with SPI " Interface

Features

« 256 taps for each potentiometer

* Potentiometer values for 10 kQ, 50 kQ and
100 kQ

 Single and dual versions

+ SPI™ serial interface (mode 0,0 and 1,1)

* +1LSB max INL & DNL

* Low power CMOS technology

* 1 pA maximum supply current in static operation

* Multiple devices can be daisy-chained together
(MCP42XXX only)

« Shutdown feature open circuits of all resistors for
maximum power savings

« Hardware shutdown pin available on MCP42XXX
only

« Single supply operation (2.7V - 5.5V)
* Industrial temperature range: -40°C to +85°C
+ Extended temperature range: -40°C to +125°C

Block Diagram

RS SHDN
Voo (> E‘ [5]
Ves [ SRR PBO
Wiper § Resistor
| f ™
Cfgé{g Register [¢ Array 0
+——«PAO
‘ <] PWO
vy 0 PB1
CSO A& Wiper |Resistor
16-Bit Reglster Array 1*‘—‘:] PA1
SI[» Shift <0 PW1
Register
SCK[ . _F%I
S0
*Potentiometer P1 is only available on the dual
MCP42XXX version.

Description

The MCP41XXX and MCP42XXX devices are 256-
position, digital potentiometers available in 10 kQ,
50k and 100kQ resistance versions. The
MCP41XXX is a single-channel device and is offered in
an 8-pin PDIP or SOIC package. The MCP42XXX con-
tains two independent channels in a 14-pin PDIP, SOIC
or TSSOP package. The wiper position of the
MCP41XXX/42XXX varies linearly and is controlled via
an industry-standard SPI interface. The devices con-
sume <1 pA during static operation. A software shut-
down feature is provided that disconnects the “A"
terminal from the resistor stack and simultaneously con-
nects the wiper to the “B” terminal. In addition, the dual
MCP42XXX has a SHDN pin that performs the same
function in hardware. During shutdown mode, the con-
tents of the wiper register can be changed and the
potentiometer returns from shutdown to the new value.
The wiper is reset to the mid-scale position (80h) upon
power-up. The RS (reset) pin implements a hardware
reset and also returns the wiper to mid-scale. The
MCP42XXX SPI interface includes both the Sl and SO
pins, allowing daisy-chaining of multiple devices. Chan-
nel-to-channel resistance matching on the MCP42XXX
varies by less than 1%. These devices operate from a
single 2.7 - 5.5V supply and are specified over the
extended and industrial temperature ranges.

Package Types
PDIP/SOIC
CS[]1 2 8[JVw
SCK[|2 § 7[7]PBO
SI[]3 2 6 ]PWO
Vss[T]4 s 5[] PAO
PDIP/SOIC/TSSOP
cs[|1 ™ 14[Jv,,
ScK[]2 g 13[Js0
si]3 Q 12[JSHDN
Ves[|4 & 11[JRS
PB1[]5 S 10[7]PBO
PW1[|6 9[]PWO
PA1[]7 8[1PAD

© 2003 Microchip Technology Inc.

DS11195C-page 1



MCP41XXX/42XXX

1.0

ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS: 10 kQ VERSION

Electrical Characteristics: Unless otherwise indicated, Vpp = +2.7V to 5.5V, T4 = -40°C to +85°C (TSSOP devices are only specified at +25°C and
+85°C). Typical specifications represent values for Vpp = 5V, Vgg = 0V, Vg = 0V, T = +25°C.

Parameters I Sym | Min l Typ I Max I Units | Conditions
Rheostat Mode
Nominal Resistance R 8 10 12 ka2 Ta = +25°C (Note 1)
Rheostat Differential Non Linearity R-DNL -1 +1/4 +1 LSB | Note 2
Rheostat Integral Non Linearity R-INL -1 +1/4 +1 LSB | Note 2
Rheostat Tempco ARAg/AT — 800 — ppm/°C
Wiper Resistance Ry — 52 100 Q Vpp = 5.5V, Iy = 1 mA, code 00h
Rw — 73 125 Q [Vpp=27V, Iy=1mA, code 00h
Wiper Current hw -1 —_ +1 mA
Nominal Resistance Match ARR —_ 0.2 1 % MCP42010 only, P0 to P1; Ty = +25°C
Potentiometer Divider
Resolution N 8 — — Bits
Monotonicity N 8 — — Bits
Differential Non-Linearity DNL -1 +1/4 +1 LSB | Note 3
Integral Non-Linearity INL -1 +1/4 +1 LSB |Note3
Voltage Divider Tempco AVWAT — 1 — ppm/°C | Code 80h
Full Scale Error ViwrsE 2 0.7 0 LSB | Code FFh, Vpp = 5V, see Figure 2-25
Viwrse -2 0.7 0 LSB | Code FFh, Vpp = 3V, see Figure 2-25
Zero Scale Eror Vinzse 0 +0.7 +2 LSB | Code 00h, Vpp, = 5V, see Figure 2-25
Vwzse 0 +0.7 +2 LSB | Code 00h, Vpp = 3V, see Figure 2-25
Resistor Terminals
Voltage Range Vapw 0 — Vob Note 4
Capacitance (Ca or Cg) = 15 S pF  |f=1MHz, Code = 80h, see Figure 2-30
Capacitance Cw — 56 —_ pF f=1 MHz, Code = 80h, see Figure 2-30
Dynamic Characteristics (All dynamic characteristics use Vpp = §V)
Bandwidth -3dB BW - 1 —_ MHz | Vg =0V, Measured at Code 80h,
2 Output Load = 30 PF
Settling Time tg — 2 — WS | Va=Vpp,Ve = 0V, 1% Error Band, Transition
from Code 00h to Code 80h, Output Load = 30 pF
Resistor Noise Voltage e - 9 — nVAHz |V, = Open, Code 80h, f =1 kHz
Crosstalk Cr - -95 — | dB [Va=Vpp, Vg=0V (Note5)
Digital Inputs/Qutputs (CS, SCK, Sl, SO) See Figure 2-12 for RS and SHDN pin operation
Schmitt Trigger High-Level Input Voltage Vin 0.7Vpp — h— v
Schmitt Trigger Low-Level Input Voltage ViL — — 0.3Vpp v
Hysteresis of Schmitt Trigger Inputs Vhys — 0.05Vpp -
Low-Level Output Voltage VoL = a 0.40 V  |loL=21mA, Vgp =5V
High-Level Output Voltage Vou |Vop-05] — — V| lon =-400 pA, Vpp =5V
Input Leakage Current I - — +1 pA | CS=Vpp, Vin = Vs of Vpp, includes Va SHDN=0
Pin Capacitance (All inputs/outputs) Cin: Cout — 10 — pF Vpp = 5.0V, Ty = +25°C, f; = 1 MHz
Power Requirements
Operating Voltage Range Voo 2 — 55 Vv
Supply Current, Active lopa - 340 500 PA | Vpp =55V, CS = Vgg, fgok = 10 MHz,
SO = Open, Code FFh (Note 6)
Supply Current, Static Ipos — 0.01 1 pA | TS, SHDN, RS = Vpp = 5.5V, SO = Open (Note 6)
Power Supply Sensitivity PSS — 0.0015 | 00035 | %/% |Vpp=4.5V-5.5V, V= 4.5V, Code 80h
PSS — 0.0015 | 0.0035 %% | Vpp =2.7V-3.3V, V4 = 2.7V, Code 80h
Note 1: Vug=Vpp, no connection on wiper.

2:  Rheostat position non-linearity R-INL is the deviation from an ideal value measured between the maximum resistance and the minimum
resistance wiper positions. R-DNL measures the relative step change from the ideal between successive tap positions. Iy, = 50 pA for
Vpp = 3V and lyy = 400 pA for Vpp = 5V for 10 k2 version. See Figure 2-26 for test circuit.

3:  INL and DNL are measured at V\y with the device configured in the voltage divider or potentiometer mode. Vs = Vpp and Vg = 0V. DNL
specification limits of 1 LSB max are specified monotonic operating conditions. See Figure 2-25 for test circuit.

using Figure 2-25,

am .

Measured at Vyy, pin where the voltage on the adjacent V) pin is swinging full-scale.
Supply current is independent of current through the potentiometers.

Resistor terminals A,B and W have no restrictions on polarity with respect to each other. Full-scale and zero-scale error were measured

DS11195C-page 2
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MCP41XXX/42XXX

DC CHARACTERISTICS: 50 kQQ VERSION

Electrical Characteristics: Unless otherwise indicated, Vpp = +2.7V to 5.5V, T, = -40°C to +85°C (TSSOP devices are only specified at +25°C and
+85°C). Typical specifications represent values for Vpp = 5V, Vgg = 0V, Vg = 0V, T4 = +25°C.

Parameters I Sym Min | Typ | Max I Units I Conditions
Rheostat Mode
Nominal Resistance R 35 50 65 kQ2 Ta = +25°C (Note 1)
Rheostat Differential Non-Linearity R-DNL -1 +1/4 +1 LSB | Note 2
Rheostat Integral Non-Linearity R-INL -1 +1/4 +1 LSB | Note 2
Rheostat Tempco ARpg/AT —_ 800 — ppm/°C
Wiper Resistance Rw — 125 175 Q | Vpp=55V,ly=1mA, code 00h
Rw - 175 250 Q  |Vpp=27V,ly=1mA, code 00h
Wiper Current Iw -1 — +1 mA
Nominal Resistance Match AR/R — 0.2 1 % MCP42060 only, PO to P1;T, = +25°C
Potentiometer Divider
Resolution N 8 — — Bits
Monotonicity N 8 — — Bits
Differential Non-Linearity DNL =1 +1/4 +1 LSB | Note 3
Integral Non-Linearity INL -1 +1/4 +1 LSB [ Note 3
Voltage Divider Tempco AVWAT — 1 - ppm/°C | Code 80h
Full-Scale Error VWFsE -1 -0.25 0 LSB | Code FFh, Vpp = 5V, see Figure 2-25
ViwFsE -1 -0.35 0 LSB | Code FFh, Vpp = 3V, see Figure 2-25
Zero-Scale Error Vizse 0 +0.25 +1 LSB | Code 00h, Vpp = 5V, see Figure 2-25
Viwzse 0 +0.35 +1 LSB | Code 00h, Vpp = 3V, see Figure 2-25
Resistor Terminals
Voltage Range Vasw 0 e Voo Note 4
Capacitance (Cp or Cg) — 1 — pF f =1 MHz, Code = 80h, see Figure 2-30
Capacitance Cw _ 56 —_ pF f=1 MHz, Code = 80h, see Figure 2-30
Dynamic Characteristics (All dynamic characteristics use Vpp = 5V)
Bandwidth -3dB BW —_ 280 — MHz | Vg =0V, Measured at Code 80h,
Output Load = 30 PF
Settling Time tg - 8 — WS | Va=Vpp,Vg = 0V, £1% Error Band, Transition
from Code 00h to Code 80h, Output Load = 30 pF
Resistor Noise Voltage enne - 20 —_ nV/Hz |V, = Open, Code 80h, f =1 kHz
Crosstalk Cr e -95 a dB | Va=Vpp Vg =0V (Note 5)
Digital Inputs/Outputs (CS, SCK, SI, SO) See Figure 2-12 for RS andmpln operation.
Schmitt Trigger High-Level Input Voltage Vin 0.7Vpp - - \
Schmitt Trigger Low-Level Input Voltage ViL e — 0.3Vpp \4
Hysteresis of Schmitt Trigger Inputs Vs - 0.05Vpp —
Low-Level Output Voltage VoL - — 0.40 v loL = 2.1 mA, Vpp =5V
High-Level Output Voltage Vou |Vop-05| — i, V| lon =400 A, Vpp = 5V
Input Leakage Current Iy -1 ZA +1 pA | CS=Vpp, Vi = Vss or Vpp, includes V, SHDN=0
Pin Capacitance (All inputs/outputs) Cin. Cour — 10 - pF | Vpp=5.0V, Ty = +25°C, f, = 1 MHz
Power Requirements
Operating Voltage Range Vop 27 - 5.5 \'
Supply Current, Active Iopa - 340 500 pA | Vpp=5.5V, CS = Vgg, fsck = 10 MHz,
SO = Open, Code FFh (Note 6)
Supply Current, Static IbDs - 0.01 1 pA | CS, SHDN, RS = Vpp = 5.5V, SO = Open (Note 6)
Power Supply Sensitivity PSS -_— 0.0015 0.0035 %I% | Vpp=4.5V-5.5V, V, = 4.5V, Code 80h
PSS — 0.0015 | 0.0035 | %/% |Vpp=27V-3.3V,V, =27V, Code 80h
Note 1: Vupg=Vpp, no connection on wiper.

2:  Rheostat position non-linearity R-INL is the deviation from an ideal value measured between the maximum resistance and the minimum
resistance wiper positions, R-DNL measures the relative step change from the ideal between successive tap positions. lyy = Vpp/R for
+3V or +5V for 50 k2 version. See Figure 2-26 for test circuit.

3:  INL and DNL are measured at Vyy with the device configured in the voltage divider or potentiometer mode. V, = Vpp and Vg = 0V. DNL
specification limits of +1 LSB max are specified monotonic operating conditions. See Figure 2-25 for test circuit.

4:  Resistor terminals A,B and W have no restrictions on polarity with respect to each other. Full-scale and zero-scale error were measured

5: :'seu;gfr:eg: r; \2/V2\,5ﬁin where the voltage on the adjacent Vy pin is swinging full scale.

6:  Supply current is independent of current through the potentiometers.

© 2003 Microchip Technology Inc.
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DC CHARACTERISTICS: 100 k2 VERSION

Electrical Characteristics: Unless otherwise indicated, Vpp = +2.7V to 5.5V, Ty = -40°C to +85°C (TSSOP devices are only specified at +25°C and
+85°C). Typical specifications represent values for Vpg = 5V, Vgg = 0V, Vg =0V, Ty = +25°C.

Parameters l Sym ] Min l Typ | Max I Units I Conditions
Rheostat Mode
Nominal Resistance R 70 100 130 kQ | Tp = +25°C (Note 1)
Rheostat Differential Non-Linearity R-DNL -1 +1/4 +1 LSB | Note 2
Rheostat Integral Non-Linearity R-INL -1 +1/4 +1 LSB |Note 2
Rheostat Tempco ARp/AT — 800 — ppm/°C
Wiper Resistance Rw —_ 125 175 Q Vpp = 5.5V, Iy =1 mA, code 00h
Ry - 175 250 Q Vpp = 2.7V, Iy = 1 mA, code 00h
Wiper Current lwy -1 — +1 mA
Nominal Resistance Match ARIR — 0.2 1 % MCP42010 only, PO to P1,T, = +25°C
Potentiometer Divider
Resolution N 8 e — Bits
Monotonicity N 8 — — Bits
Differential Non-Linearity DNL -1 +1/4 +1 LSB | Note 3
Integral Non-Linearity INL -1 +1/4 +1 LSB | Note 3
Voltage Divider Tempco AVWAT -— 1 — ppm/°C | Code 80h
Full-Scale Error VWFSE -1 -0.25 0 LSB | Code FFh, Vpp = 5V, see Figure 2-25
VwFse -1 -0.35 0 LSB | Code FFh, Vpp = 3V, see Figure 2-25
Zero-Scale Error Viazse 0 +0.25 +1 LSB | Code 00h, Vpp = 5V, see Figure 2-25
Vzse 0 +0.35 +1 LSB | Code 00h, Vpp = 3V, see Figure 2-25
Resistor Terminals
Voltage Range Vasw 0 — Voo Note 4
Capacitance (Ca or CB) — 11 — pF f=1 MHz, Code = 80h, see Figure 2-30
Capacitance Cw — 5.6 — pF | f=1MHz, Code = 80h, see Figure 2-30
Dynamic Characteristics (All dynamic characteristics use Vpp = 5V.)
Bandwidth -3dB BW — 145 — MHz | Vg =0V, Measured at Code 80h,
Output Load = 30 PF
Settling Time ts - 18 —_ WS | Va=Vpp,Vp =0V, 1% Error Band, Transition
from Code 00h to Code 80h, Output Load = 30 pF
Resistor Noise Voltage enwB — 29 — nViWHz | V4 = Open, Code 80h, f =1 kHz
Crosstalk Cr — -95 —_ dB | Va=Vpp, Vg=0V (Note 5)
Digital Inputs/Outputs (CS, SCK, Sl, SO) See Figure 2-12 for RS and SHDN pin operation.
Schmitt Trigger High-Level Input Voltage Viy 0.7Vpp — — vV
Schmitt Trigger Low-Level Input Voltage ViL - — 0.3Vpp v
Hysteresis of Schmitt Trigger Inputs Vhys — 0.05Vpp —
Low-Level Output Voltage VoL —_ —_ 0.40 A loL =21 mA, Vpp =5V
High-Level Output Voltage Vou Vpp - 0.5 — - \ lon =-400 YA, Vpp = 5V
Input Leakage Current Iy -1 — +1 HA [ CS=Vpp, Vin = Vss of Vpp, includes V, SHDN=0
Pin Capacitance (All inputs/outputs) Cin: Cout —_ 10 — pF | Vpp =5.0V, Ty = +25°C, f, = 1 MHz
Power Requirements
Operating Voltage Range Voo 27 —_ 5.5 v
Supply Current, Active lopa — 340 500 PA | Vpp =55V, CS = Vgg, fack = 10 MHz,
SO = Open, Code FFh (Note 6)
Supply Current, Static Iops — 0.01 1 pA | CS, SHDN, RS = Vpp = 5.5V, SO = Open (Note 8)
Power Supply Sensitivity PSS —_ 0.0015 0.0035 %/% | Vpp = 4.5V - 5.5V, V = 4.5V, Code 80h
PSS — 0.0015 | 0.0035 %l% | Vpp =27V -3.3V, V4 = 2.7V, Code 80h

Note 1: Vag=Vpp, no connection on wiper.

2:  Rheostat position non-linearity R-INL is the deviation from an ideal value measured between the maximum resistance and the minimum
resistance wiper positions. R-DNL measures the relative step change from the ideal between successive tap positions. Iy = 50 pA for
Vpp = 3V and Iy, = 400 pA for Vpp = 5V for 10 kQ version. See Figure 2-26 for test circuit.

INL and DNL are measured at Vyy, with the device configured in the voltage divider or potentiometer mode. V, = Vpp and Vg = 0V. DNL
specification limits of +1 LSB max are specified monotonic operating conditions. See Figure 2-25 for test circuit.

Resistor terminals A,B and W have no restrictions on polarity with respect to each other. Full-scale and zero-scale error were measured
using Figure 2-25.

Measured at Vyy pin where the voltage on the adjacent Vi pin is swinging full-scale.

Supply current is independent of current through the potentiometers.

oo e o
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MCP41XXX/42XXX

Absolute Maximum Ratings 1

T St OV
All inputs and outputs w.r.t. Vgg -0.6V to Vpp +1.0V
Storage temperature................cccececeeeinanen....=60°C to +150°C
Ambient temp. with power applied ................ -60°C to +125°C
ESD protection on all pins............cccocoereeereereeecenrecr e 2 2 KV

AC TIMING CHARACTERISTICS

1 Notice: Stresses above those listed under “maximum rat-
ings” 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
operational listings of this specification is not implied. Expo-
sure to maximum rating conditions for extended periods may
affect device reliability.

Electrical Characteristics: Unless otherwise indicated, Vpp = +2.7V 10 5.5V, T, = -40°C to +85°C.
Parameter Sym Min. Typ. Max. Units Conditions
Clock Frequency Fok — —_ 10 MHz | Vpp =5V (Note 1)
Clock High Time th 40 — — ns
Clock Low Time to 40 —_ = ns
CS Fall to First Rising CLK Edge tessr 40 - — ns
Data Input Setup Time tsu 40 — —_ ns
Data Input Hold Time to 10 — —_ ns
SCK Fall to SO Valid Propagation Delay tbo —_ 80 ns Cy = 30 pF (Note 2)
SCK Rise to CS Rise Hold Time tcHs 30 — — ns
SCK Rise to CS Fall Delay {ceg 10 . — ns
CS Rise to CLK Rise Hold tost 100 — — ns
CS High Time tesH 40 — — ns
Reset Pulse Width trs 150 - - ns  |Note2
RS Rising to C3 Falling Delay Time thscs 150 — — ns | Note2
TS rising to RS or SHDN falling delay time [ 40 4 — | ns |Note3
CS low time tesL 100 - -+ ns | Note3
Shutdown Pulse Width tsn 150 — —_ ns Note 3

Note 1:

When using the device in the daisy-chain configuration, maximum clock frequency is determined by a combination of propagation delay

time (tpo) and data input setup time (g, ;). Max. clock frequency is therefore ~ 5.8 MHz based on SCK rise and fall times of 5 ns, ty, =

40 ns, tpho = 80 ns and tgy = 40 ns.
2:  Applies only to the MCP42XXX devices.

3:  Applies only when using hardware pins to exit software shutdown mode, MCP42XXX only.

© 2003 Microchip Technology Inc.
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SO (First 16 bits out are always zeros;,/, /< X‘
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+1% Error Band _]
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FIGURE 1-1: Detailed Serial interface Timing.

Wiper position is changed to Code 80N is latehsd

mid-scale (80h) if RS is held on rising edge of RS
low for 150 ns 25 \ /
cs \ '
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FIGURE 1-2: Reset Timing.
fest,
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fse
= " trs
RS
tse
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SHDN
FIGURE 1-3: Software Shutdown Exit Timing.
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MCP41XXX/42XXX

2.0 TYPICAL PERFORMANCE CURVES

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, curve represents 10 k€, 50 kQ and 100 kS devices, Vpp = 5V, Vgs = 0V, Ty = +25°C,
Vg = 0V.
1 3 T g 14
g Vpp = +3V to +5V 1 2,
3 08 \\ e 2 e e i
c @ —1
E N e g1
2 06 ~ 5 § s ik
& >< K] Code = 80h
T 04 xS
%l Rws / \ Ruwa .g 4
E 02 < SN s
S L~ ~N z2
= 0 o MCP41010, MCP42010 (10 kQ pmm‘lomut.eu)
0 32 64 96 128 160 192 224 256 -40 -25 10 5 20 35 50 65 80 95 110 125
Code (Decimal) Temperature (°C)
FIGURE 2-1: Normalized Wiper to End FIGURE 2-4: Nominal Resistance 10 kQ
Terminal Resistance vs. Code. vs. Temperature.
g ) T, = -40°C to +85°C A o
3 04 Refer to Figure 2-25 | g e
5 0.3 - R
& 0.2 g 50
o 04 8 4
4 0 |t AN RAN 4 o =
= e ) .
£ 01 o -
E 0.2 g 2 Code=80h
§ 0.3 E 2%
£ 04 2 MCP41050, MCP42050 (50 kQ potentionaters)
o 05 0 b
0 32 64 96 128 160 192 224 256 40 25 10 5 20 35 50 65 8 95 110 125
Code (Decimal) Temperature (°C)
FIGURE 2-2: Potentiometer INL Error vs. FIGURE 2-5: Nominal Resistance 50 kQ
Code. vs. Temperature.
Q " To= 40°C to +85°C w
‘é. 60 Va=3v g 120 s s
2 50 8 100 i
3G 40 £ |
Oc \ £ 8 Res
E E 30 2 Code=280
*EE " \ : 60 (Coce ™
,E 10 -E 0
% 0 2 » MCP41100, MCP42100 (100 k& potentiometers)
& 40 0 —
0 32 64 96 128 160 192 224 256 40 25 10 5 20 35 50 65 80 95 110 125
Code (Decimal) Temperature (°C)
FIGURE 2-3: Potentiometer Mode FIGURE 2-6: Nominal Resistance 100 kQQ
Tempco vs. Code. vs. Temperature.
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MCP41XXX/42XXX

Note: Unless otherwise indicated, curve represents 10 k€, 50 kQ and 100 k< devices, Vpp = 5V, Vgs = 0V, T = +25°C,

Vg = 0V.
08 Refer to Fi
& 0.4 o Figure 2-27
g 03
» 0.2
g Ta=+85°C |
. LN
% 041 1 N .r/ /]
§ 0.2 f—i [
2 0.3 Ta =-40°C
£
X 04
0.5
0 32 64 96 128 160 192 224 256
Code (Decimal)
FIGURE 2-7: Rheostat INL Error vs.
Code.
3000 . .
Ta =-40°C to +85°C,
=] 2500 Vi =no connect, _|
% Ryg measured
E 2000
L)
E:. 1500
gg 1000 1—
500
F )
[
0
0 32 64 96 128 160 192 224 258
Code (Decimal)
FIGURE 2-8: Rheostat Mode Tempco vs.
Code.
1000 —1—1—r——1
g- 100 4= S
E e~ = _/' —
=
o
§ 10 = == == == = _f
w == = -_— C -
1
-40 -25 10 5 20 35 50 65 80 95 11 12
0s
Temperature (“C)
FIGURE 2-9; Static Current vs.
Temperature.

280
S b ——
= 230 Voo = 5V Fewk =3 MHz —
E Code = FFh
3 180
2
g 130
]
[
£ & Voo = 3V
< |
30 |
40 25 10 5 20 35 50 65 80 95 110125
Temperature (°C)
FIGURE 2-10: Active Supply Current vs.
Temperature.
o0 T A Vo 55V, Code = AR T T
T 900 p.y . =33V, Code=AAh
E 800 1-C.Vy =55V, Code = FFh
£ 700 4-D-Voo=3.3V, Code = FFh B
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S 500
& 400 A
@ 300 ‘ Afle
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FIGURE 2-11: Active Supply Current vs.
Clock Frequency.
1
ot Vo = 5.5V
Lice 7
E A
g P
5 -2
S b
NG 7
n 4
z /
2 5
7] -
g\
2 7 . .
(] R 4 6
RS & SHDN Pin Voltage (V)
FIGURE 2-12: Reset & Shutdown Pins

Current vs. Voltage.
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MCP41XXX/42XXX

Note: Unless otherwise indicated, curve represents 10 kQ, 50 kQ and 100 k< devices, Vpp = 5V, Vgg = 0V, Ty = +25°C,

Vg = 0V.
. 1 m; 200V/dv gf%;z}'&lsmwm ﬁg}POFﬂ
. 160 ggj:lmtncmm -, CL =27 pF |
§ 140 | Sample Size = 400 i il
E i | Vout i FFh RSN SR, SN L
g 100 ! -
(o]
s 80 P
g 60— i T 00h | !
E 1 T ‘ i
2 :g ol l N S S
0 - cS H { 7 ﬂ ! H
47 4B 49 50 51 52 53 54 55 56 57 58 59 | |
Wiper Resistance (Q) _ E X
FIGURE 2-13: 10 kQ Device Wiper FIGURE 2-16: Full-Scale Settling Time.
Resistance Histogram.
TR
140 MCP41050, MCP41100, I Cl=27pF |
@ 120 || MCP42050, MCP42100 i
g Code = 00h, Code = 80h
g 100 == Size = 796 I
§ 80 ‘ UOU - _i uw .
% 60 L Jrae s ’ A J\l{\.v%.‘\n"\v)‘ »-A".Ag‘l\ (R
- | ;
z 20 S N S N S— -‘_ - . = .
S A | [FRMA 6S T
115 117 119 121 123 125 127 129 131 133 | | |
Wiper Resistance () : ’-”“i'mﬁﬁwiiﬂw:ﬁfm_" @’}.. ]
FIGURE 2-14: 50 k<, 100 k&2 Device Wiper FIGURE 2-17: Digital Feed through vs.
Resistance Histogram. Time.
- = )1 s i
i Cy=17 pF : i 5
| ?o'.'"_;m I
SRS PRS-t Wi, W, A - 5 .G | 12 + N
1 . ks’ NN
Oh - g 2 S BUITITTNN
s § ST
mE ™
E, e -36 ﬁ"aa'_‘ &d “'\
: -+ T e ¥ IS
! 48 T T - | \
i i C, = 30pF, Refer to Figure 2-20
| A o (o)
! 5 i I ! 'wma 1k 10k 100k M 10M
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FIGURE 2-15: One Position Settling Time. FIGURE 2-18: Gain vs. Frequency for
10 kQ Potentiometer.
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Note: Unless otherwise indicated, curve represents 10 k<, 50 kQ and 100 k< devices, Vpp = 5V, Vgg = 0V, Ty = +25°C,

Vg =0V
: é"ﬁr”'" 40 il vm-4.:vmw 55V,
T 3 Code = 80h,
8 m-m" 36 \ s TH]_ / Cy = 27 pF,
Code = 40h M~ 30 -~ Va=4Vv
12 Falmn3 ~N 4 Refer to Figure 2-28
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54 4 Cu= 30pF, Referto Figure 2.20 kil 5 Hﬂ-
504 MCP41050, MCP42050 SSOkﬂ pmprﬁorrmursa 0
100 1K 10K 100k T 10M ik 10k 100k M 10M
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FIGURE 2-19: Gain vs. Frequency for FIGURE 2-22: Power Supply Rejection
50k Potentiometer. Ratio vs. Frequency.
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FIGURE 2-20: Gain vs. Frequency for FIGURE 2-23: 10 kQ Wiper Resistance vs.
100k Potentiometer. Voltage.
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FIGURE 2-21: -3 dB Bandwidths. FIGURE 2-24: 50 kQ & 100 kQ Wiper
Resistance vs. Voltage.
(=8 e

DS11195C-page 10

© 2003 Microchip Technology Inc.




MCP41XXX/42XXX

21 Parametric Test Circuits

V+ = VDD
1LSB = V+/256

@ ‘
V+
;"‘ W
B
but Vmeas”

—

*Assume infinite input impedance

FIGURE 2-25: Potentiometer Divider Non-
Linearity Error Test Circuit (DNL, INL).

No Connection
o

A

2 5
4_
5 W
DUT i
VMEAs

*Assume infinite input impedance

ON A

DUT Vpeas®

L L =

V4= VDD +10%

PSRR (dB) = 20LOG ( g-\\/ﬁl?_)
MEAS

PSS (%/%) = AVpp
AVyeas
*Assume infinite input impedance

FIGURE 2-26: Resistor Position Non-
Linearity Error Test Circuit (Rheostat operation
DNL, INL).

(o} Rsw =0.1V
A Isw
W Code = 00h
DUT §<_
< +
o— o)
VSS =0to VDD
FIGURE 2-27: Wiper Resistance Test

Circuit.

FIGURE 2-28: Power Supply Sensitivity
Test Circuit (PSS, PSRR).

Vin

OFFSET
GND

FIGURE 2-29: Gain vs. Frequency Test
Circuit.

Vout

MCP601

2.5vDC I g

Offset

i
i

FIGURE 2-30: Capacitance Test Circuit.
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3.0 PIN DESCRIPTIONS

3.1 PAO, PA1

Potentiometer Terminal A Connection.

3.2 PBO,PB1

Potentiometer Terminal B Connection.

3.3 PWO, PW1

Potentiometer Wiper Connection.

3.4  Chip Select (CS)

This is the SPI port chip select pin and is used to exe-
cute a new command after it has been loaded into the
shift register. This pin has a Schmitt Trigger input.

3.5  Serial Clock (SCK)

This is the SPI port clock pin and is used to clock-in
new register data. Data is clocked into the Sl pin on the
rising edge of the clock and out the SO pin on the falling
edge of the clock. This pin is gated to the CS pin (i.e.,
the device will not draw any more current if the SCK pin
is toggling when the CS pin is high). This pin has a
Schmitt Trigger input.

3.6 Serial Data Input (SI)

This is the SPI port serial data input pin. The command
and data bytes are clocked into the shift register using
this pin. This pin is gated to the CS pin (i.e., the device
will not draw any more current if the Sl pin is toggling
when the CS pin is high). This pin has a Schmitt Trigger
input.

3.7 Serial Data Output (SO)
(MCP42XXX devices only)

This is the SPI port serial data output pin used for
daisy-chaining more than one device. Data is clocked
out of the SO pin on the falling edge of clock. This is a
push-pull output and does not go to a high-impedance
state when CS is high. It will drive a logic-low when CS
is high.

3.8 Reset (RS)
(MCP42XXX devices only)

The Reset pin will set all potentiometers to mid-scale
(Code 80h) if this pin is brought low for at least 150 ns.
This pin should not be toggled low when the CS pin is
low. It is possible to toggle this pin when the SHDN pin
is low. In order to minimize power consumption, this pin
has an active pull-up circuit. The performance of this
circuit is shown in Figure 2-12. This pin will draw negli-
gible current at logic level ‘0’ and logic level ‘1’. Do not
leave this pin floating.

3.9 Shutdown (SHDN)
(MCP42XXX devices only)

The Shutdown pin has a Schmitt Trigger input. Pulling
this pin low will put the device in a power-saving mode
where A terminal is opened and the B and W terminals
are connected for all potentiometers. This pin should
not be toggled low when the CS pin is low. In order to
minimize power consumption, this pin has an active
pull-up circuit. The performance of this circuit is shown
in Figure 2-12. This pin will draw negligible current at
logic level ‘0’ and logic level ‘1’. Do not leave this pin
floating.

TABLE 3-1: MCP41XXX Pins
Pin # | Name Function

1 CS |Chip Select
2 SCK | Serial Clock
3 S| | Serial Data Input
“ Vss | Ground
5 PAO | Terminal A Connection For Pot 0
6 PWO | Wiper Connection For Pot 0
7 PBO | Terminal B Connection For Pot 0
8 Vpp | Power

TABLE 3-2: MCP42XXX Pins

Pin # | Name Function

1 CS |Chip Select
2 SCK | Serial Clock
3 S| | Serial Data Input
4 Vss | Ground
§ PB1 | Terminal B Connection For Pot 1
6 PW1 | Wiper Connection For Pot 1
7 PA1 | Terminal A Connection For Pot 1
8 PAQO | Terminal A Connection For Pot 0
9 PWO | Wiper Connection For Pot 0
10 PBO | Terminal B Connection For Pot 0
11 RS |Reset Input
12 | SHDN | Shutdown Input
13 SO | Data Out for Daisy-Chaining
14 Voo | Power

DS11195C-page 12
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4.0 APPLICATIONS INFORMATION

The MCP41XXX/42XXX devices are 256 position
single and dual digital potentiometers that can be used
in place of standard mechanical pots. Resistance val-
ues of 10 k€, 50 kQ and 100 kQ are available. As
shown in Figure 4-1, each potentiometer is made up of
a variable resistor and an 8-bit (256 position) data reg-
ister that determines the wiper position. There is a
nominal wiper resistance of 52 for the 10 kQ version,
1254 for the 50 k2 and 100 k< versions. For the dual
devices, the channel-to-channel matching variation is
less than 1%. The resistance between the wiper and
either of the resistor endpoints varies linearly according
to the value stored in the data register. Code 00h
effectively connects the wiper to the B terminal. At

power-up, all data registers will automatically be loaded
with the mid-scale value (80h). The serial interface pro-
vides the means for loading data into the shift register,
which is then transferred to the data registers. The
serial interface also provides the means to place indi-
vidual potentiometers in the shutdown mode for maxi-
mum power savings. The SHDN pin can also be used
to put all potentiometers in shutdown mode and the RS
pin is provided to set all potentiometers to mid-scale
(80h).

PWO P
PAO— " —PBOPA1— "' —PB1

NN

W1

N

RDAC1 *l RDAC2
(LT HHHHT
Data Register 0 Data Register 1

o7 [[[[{[{{no

pr({[{{{{[po

o |

Logic

Decode
D7| DO

[ : }> 16-bit Shift Register

SCK

Sl

[

SO SHDN

FIGURE 4-1:

Block diagram showing the MCP42XXX dual digital potentiometer. Data register 0 and

data register 1 are 8-bit registers allowing 256 positions for each wiper. Standard SPI pins are used with
the addition of the Shutdown (SHDN) and Reset (RS) pins. As shown, reset affects the data register and
wipers, bringing them to mid-scale. Shutdown disconnects the A terminal and connects the wiper to B,

without changing the state of the data registers.

Vop
0.1 uF
o g 0.1 uF
B —
HC g B
Data Lines E .._ﬂ
2 an i’
=l To Application
B Circuit

When laying out the circuit for your digital potentiome-
ter, bypass capacitors should be used. These capaci-
tors should be placed as close as possible to the device
pin. A bypass capacitor value of 0.1 uF is recom-
mended. Digital and analog traces should be separated
as much as possible on the board, with no traces run-
ning 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.

© 2003 Microchip Technology Inc.
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4.1 Modes of Operation

Digital potentiometer applications can be divided into
two categories: rheostat mode and potentiometer, or
voltage divider, mode.

4.11 RHEOSTAT MODE

In the rheostat mode, the potentiometer is used as a
two-terminal resistive element. The unused terminal
should be tied to the wiper, as shown in Figure 4-2.
Note that reversing the polarity of the A and B terminals
will not affect operation.

MCP4XXXX Resistor

FIGURE 4-2: Two-terminal or rheostat
configuration for the digital potentiometer. Acting
as a resistive element in the circuit, resistance is
controlled by changing the wiper setting.

Using the device in this mode allows control of the total
resistance between the two nodes. The total measured
resistance would be the least at code 00h, where the
wiper is tied to the B terminal. The resistance at this
code is equal to the wiper resistance, typically 52€ for
the 10 kQ MCP4X010 devices, 125Q for the 50 kQ
(MCP4X050), and 100 kQ (MCP4X100) devices. For
the 10 kQ device, the LSB size would be 39.0625Q
(assuming 10 kQ total resistance). The resistance
would then increase with this LSB size until the total
measured resistance at code FFh would be 9985.94Q.
The wiper will never directly connect to the A terminal
of the resistor stack.

In the O0h state, the total resistance is the wiper resis-
tance. To avoid damage to the internal wiper circuitry in
this configuration, care should be taken to ensure the
current flow never exceeds 1 mA.

For dual devices, the variation of channel-to-channel
matching of the total resistance from A to B is less than
1%. The device-to-device matching, however, can vary
up to 30%. In the rheostat mode, the resistance has a
positive temperature coefficient. The change in wiper-
to-end terminal resistance over temperature is shown
in Figure 2-8. The most variation over temperature will
occur in the first 6% of codes (code 00h to OFh) due to
the wiper resistance coefficient affecting the total resis-
tance. The remaining codes are dominated by the total
resistance tempco Rpg, typically 800 ppm/°C.

41.2 POTENTIOMETER MODE

In the potentiometer mode, all three terminals of the
device are tied to different nodes in the circuit. This
allows the potentiometer to output a voltage propor-
tional to the input voltage. This mode is sometimes
called voltage divider mode. The potentiometer is used
to provide a variable voltage by adjusting the wiper
position between the two endpoints as shown in
Figure 4-3. Note that reversing the polarity of the A and
B terminals will not affect operation.

FIGURE 4-3:
divider mode.

Three terminal or voltage

In this configuration, the ratio of the internal resistance
defines the temperature coefficient of the device. The
resistor matching of the Ryyg resistor to the Rag resistor
performs with a typical temperature coefficient of
1 ppm/°C (measured at code 80h). At lower codes, the
wiper resistance temperature coefficient will dominate.
Figure 2-3 shows the effect of the wiper. Above the
lower codes, this figure shows that 70% of the states
will typically have a temperature coefficient of less than
5 ppm/°C. 30% of the states will typically have a
ppm/°C of less than 1.

DS11195C-page 14
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4.2 Typical Applications

4.2.1 PROGRAMMABLE SINGLE-ENDED
AMPLIFIERS

Potentiometers are often used to adjust system refer-
ence levels or gain. Programmable gain circuits using
digital potentiometers can be realized in a number of
different ways. An example of a single-supply, inverting
gain amplifier is shown in Figure 4-4. Due to the high
input impedance of the amplifier, the wiper resistance
is not included in the transfer function. For a single-sup-
ply, non-inverting gain configuration, the circuit in
Figure 4-5 can be used.

P — -

1MCP41010,

R R
Vour = “Vrm(ﬁf)* VREF(1 +’_?f)

Where:
_ Rap(256-D,) _ RagD,
A 256 B 256

Rag = Total Resistance of pot
D, = Wiper setting forD,, = 0 to 255

FIGURE 4-4: Single-supply,
programmable, inverting gain amplifier using a
digital potentiometer.

. R45(256-D,) _ RagD,
A 256 B 256

Rapg = Total Resistance of pot
D, = Wiper setting forD, = 0 to 255

FIGURE 4-5: Single-supply,
programmable, non-inverting gain amplifier.

In order for these circuits to work properly, care must be
taken in a few areas. For linear operation, the analog
input and output signals must be in the range of Vgg to
Vpp for the potentiometer and input and output rails of
the op-amp. The circuit in Figure 4-4 requires a virtual
ground or reference input to the non-inverting input of
the amplifier. Refer to Application Note 682, “Using
Single-Supply Operational Amplifiers in Embedded
Systems” (DS00682), for more details. At power-up or
reset (RS), the resistance is set to mid-scale, with Ry
and Rg matching. Based on the transfer function for the
circuit, the gain is -1 V/V. As the code is increased and
the wiper moves towards the A terminal, the gain
increases. Conversely, when the wiper is moved
towards the B terminal, the gain decreases. Figure 4-6
shows this relationship. Notice the pseudo-logarithmic
gain around decimal code 128. As the wiper
approaches either terminal, the step size in the gain
calculation increases dramatically. Due to the
mismatched ratio of R4 and Rg at the extreme high and
low codes, small increments in wiper position can
dramatically affect the gain. As shown in Figure 4-3,
recommended gains lie between 0.1 and 10 V/V.

10 +
lll

3

£

é "

g ==

: =

< i

il
0 64 128 192 256
Decimal code (0-255)

FIGURE 4-6: Gain vs. Code for inverting

and differential amplifier circuits.

422 PROGRAMMABLE DIFFERENTIAL
AMPLIFIER

An example of a differential input amplifier using digital
potentiometers is shown in Figure 4-7. For the transfer
function to hold, both pots must be programmed to the
same code. The resistor-matching from channel-to-
channel within a dual device can be used as an advan-
tage in this circuit. This circuit will also show stable
operation over temperature due to the low potentiome-
ter temperature coefficient. Figure 4-6 also shows the
relationship between gain and code for this circuit. As
the wiper approaches either terminal, the step size in
the gain calculation increases dramatically. This circuit
is recommended for gains between 0.1 and 10 V/V.

© 2003 Microchip Technology Inc.
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TR
1 MCP42010 !
B I 1
o—- AN
(SIG-) ! | ! Vop
—_—— —— *
Va -IN
r----1 | MCP§01 —oVour

(SIG +),

o
o
=3 L
1 Q -
P = R
o Vour = (Va-Valg-
VRer A
Where:
r - Rag(266-D,) #RagD,
A 256 & 256

Rapg = Total Resistance of pot
D, = Wiper setting forD,, = 0 to 255

NOTE: Potentiometer values must be equal

FIGURE 4-7: Single Supply
programmable differential amplifier using digital
potentiometers.

4.2.3 PROGRAMMABLE OFFSET TRIM

For applications requiring only a programmable voltage
reference, the circuit in Figure 4-8 can be used. This
circuit shows the device used in the potentiometer
mode along with two resistors and a buffered output.
This creates a circuit with a linear relationship between
voltage-out and programmed code. Resistors R and
R, can be used to increase or decrease the output volt-
age step size. The potentiometer in this mode is stable
over temperature. The operation of this circuit over
temperature is shown in Figure 2-3. The worst perfor-
mance over temperature will occur at the lower codes
due to the dominating wiper resistance. R, and R, can
also be used to affect the boundary voltages, thereby
eliminating the use of these lower codes.

VoD

1 A

=

]

e A ouT  °
5 :

I

EREE

FIGURE 4-8: By changing the values of
Ry and Ry, the voltage output resolution of this
programmable voltage reference circuit is
affected.

4.3 Calculating Resistances

When programming the digital potentiometer settings,
the following equations can be used to calculate the
resistances. Programming code 00h effectively brings
the wiper to the B terminal, leaving only the wiper resis-
tance. Programming higher codes will bring the wiper
closer to the A terminal of the potentiometer. The equa-
tions in Figure 4-9 can be used to calculate the terminal
resistances. Figure 4-10 shows an example calculation
using a 10 kQ potentiometer.

— PA
___PB
(Rag)(256-D,)

256

(Rag)(Dp)
Rug(Dp) = —pe-+ Ry

Rwa(Dp) = + Ry

Where:

PA is the A terminal

PB is the B terminal

PW is the wiper terminal

Rwa is resistance between Terminal A and wiper

Rwp is resistance between Terminal B and Wiper

Rag Is overall resistance for pot (10 ke, 50 k2 or 100 ko)
Ryy is wiper resistance

D, is 8-bit value in data register for pot number n

FIGURE 4-9: Potentiometer resistances
are a function of code. It should be noted that,
when using these equations for most feedback
amplifier circuits (see Figure 4-4 and Figure 4-5),
the wiper resistance can be omitted due to the
high impedance input of the amplifier.

L pA Example:

R=10kQ
10 kQ g_ PW Code = COh = 192d
L PB
(Rag)(256-D,)

Riva@r) = ==z * Ry
Rya(COh) = (10k!2)(225566- 192) +520
Rya(COh) = 25520
_ (Rag)(Dy)
Ruwe(Dp) = —5e—=+ Ry

Rws(Con) = THLNI9D) 4 550

Note: All values shown are typical and
actual results will vary.

FIGURE 4-10: Example Resistance
calculations.
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5.0 SERIAL INTERFACE

Communications from the controller to the
MCP41XXX/42XXX digital potentiometers is accom-
plished using the SPI serial interface. This interface
allows three commands:

1. Write a new value to the potentiometer data
register(s).

2. Cause a channel to enter low power shutdown
mode.

3. NOP (No Operation) command.

Executing any command is accomplished by setting
CS low and then clocking-in a command byte followed
by a data byte into the 16-bit shift register. The com-
mand is executed when CS is raised. Data is clocked-
in on the rising edge of clock and out the SO pin on the
falling edge of the clock (see Figure 5-1). The device
will track the number of clocks (rising edges) while CS
is low and will abort all commands if the number of
clocks is not a multiple of 16.

5.1 Command Byte

The first byte sent is always the command byte, fol-
lowed by the data byte. The command byte contains
two command select bits and two potentiometer select
bits. Unused bits are ‘don’t care' bits. The command
select bits are summarized in Figure 5-2. The com-
mand select bits C1 and CO (bits 4:5) of the command
byte determine which command will be executed. If the
command bits are both 0's or 1’s, then a NOP com-
mand will be executed once all 16 bits have been
loaded. This command is useful when using the daisy-
chain configuration. When the command bits are 0,1, a
write command will be executed with the 8 bits sent in
the data byte. The data will be written to the potentiom-
eter(s) determined by the potentiometer select bits. If
the command bits are 1,0, then a shutdown command
will be executed on the potentiometers determined by
the potentiometer select bits.

For the MCP42XXX devices, the potentiometer select
bits P1 and PO (bits 0:1) determine which potentiome-
ters are to be acted upon by the command. A corre-
sponding ‘1’ in the position signifies that the command
for that potentiometer will get executed, while a ‘0’ sig-
nifies that the command will not effect that
potentiometer (see Figure 5-2).

5.2  Writing Data Into Data Registers

When new data is written into one or more of the poten-
tiometer data registers, the write command is followed
by the data byte for the new value. The command
select bits C1, CO are set to 0,1. The potentiometer
selection bits P1 and PO allow new values to be written
to potentiometer 0, potentiometer 1 (or both) with a sin-
gle command. A ‘1’ for either P1 or PO will cause the
data to be written to the respective data register and a
‘0’ for P1 or PO will cause no change. See Figure 5-2
for the command format summary.

5.3 Using The Shutdown Command

The shutdown command allows the user to put the
application circuit into a power-saving mode. In this
mode, the A terminal is open-circuited and the B and W
terminals are shorted together. The command select
bits C1, CO are set to 1,0. The potentiometer selection
bits P1 and PO allow each potentiometer to be shut-
down independently. If either P1 or PO are high, the
respective potentiometer will enter shutdown mode. A
‘0’ for P1 or PO will have no effect. The eight data bits
following the command byte still need to be transmitted
for the shutdown command, but they are ‘don’t care’
bits. See Figure 5-2 for command format summary.
Once a particular potentiometer has entered the shut-
down mode, it will remain in this mode until:

« Anew value is written to the potentiometer data
register, provided that the SHDN pin is high. The
device will remain in the shutdown mode until the
rising edge of the CS is detected, at which time
the device will come out of shutdown mode and
the new value will be written to the data regis-
ter(s). If the SHDN pin is low when the new value
is received, the registers will still be set to the new
value, but the device will remain in shutdown
mode. This scenario assumes that a valid com-
mand was received. If an invalid command was
received, the command will be ignored and the
device will remain in the shutdown mode.

It is also possible to use the hardware shutdown pin
and reset pin to remove a device from software shut-
down. To do this, a low pulse on the chip select line

must first be sent. For multiple devices, sharing a single

SHDN or RESET line allows you to pick an individual
device on that chain to remove from software shutdown
mode. See Figure 1-3 for timing. With a preceding chip
select pulse, either of these situations will also remove
a device from software shutdown:

+ A falling edge is seen on the RS pin and held low
for at least 150 ns, provided that the SHDN pin is
high. If the SHDN pin is low, the registers will still
be set to mid-scale, but the device will remain in_
shutdown mode. This condition assumes that CS
is high, as bringing the RS pin low while CS is low
is an invalid state and results are indeterminate.

= Arising edge on the SHDN pin is seen after being
low for at least 100 ns, provided that the CS pin is
high. Toggling the SHDN pin low while CS is low
is an invalid state and results are indeterminate.

* The device is powered-down and back up.

Note: The hardware SHDN pin will always put
the device in shutdown regardless of
whether a potentiometer has already been
put in the shutdown mode using the

software command.

® 2003 Microchip Technology Inc.
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Data is always latched
in on the rising edge
of SCK.

Data is always clocked out
of the SO pin after the
falling edge of SCK.

Data Registers are
loaded on rising

edge of CS. Shift
register is loaded

with zeros at this time.

9 10 11 12 13 14 15 16

SCK
COMMAND Byte

Data Byte

lﬁ Don't Channel

on't
%ir: oraﬁnc} Care | ——— New Register Data —=}

s X I@IIE@@@@@I@

SO pin will always
drive low when CS

so% i‘_— First 16 bits shifted out will always be zeros % goes high.
T There must always be multiples of 16 clocks while CS is low or commands will abort.
I The serial data out pin (SO) is only available on the MCP42XXX device.
*P1 is a ‘don’t care’ bit for the MCP41XXX.
FIGURE 5-1: Timing Diagram for Writing Instructions or Data to a Digital Potentiometer.
COMMAND BYTE
| x [ x]e1]co] x| x [P1{po]
Command Potentiometer
Selection Selection
| Bits | | Bits |
] I_l
C1 | Co0 | Command Command Summary P1* | PO Potentiometer Selections
0 | 0 [None No Command will be executed. 0 | 0 |Dummy Code: Neither Potentiometer
0 | 1 |Write Data |Write the data contained in Data Byte to the affected.
potentiometer(s) determined by the potenti- 0 | 1 | Command executed on
ometer selection bits. Potentiometer 0.
1 | 0 [Shutdown |Potentiometer(s) determined by potentiome- 1 | 0 | Command executed on
ter selection bits will enter Shutdown Mode. Potentiometer 1.
Data bits for this command are ‘don’t cares’. 1 1 | Command executed on both
1| 1 |None No Command will be executed. Potentiometers.
FIGURE 5-2: Command Byte Format.
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5.4  Daisy-Chain Configuration

Multiple MCP42XXX devices can be connected in a
daisy-chain configuration, as shown in Figure 5-4, by
connecting the SO pin from one device to the Sl pin on
the next device. The data on the SO pin is the output of
the 16-bit shift register. The daisy-chain configuration
allows the system designer to communicate with sev-
eral devices without using a separate CS line for each
device. The example shows a daisy-chain configura-
tion with three devices, although any number of
devices (with or without the same resistor values) can
be configured this way. While it is not possible to use a
MCP41XXX at the beginning or middle of a daisy-chain
(because it does not provide the serial data out (SO)
pin), it is possible to use the device at the end of a
chain. As shown in the timing diagram in Figure 5-3,
data will be clocked-out of the SO pin on the falling
edge of the clock. The SO pin has a CMOS push-pull
output and will drive low when CS goes high. SO will
not go to a high-impedance state when CS is held high.

When using the daisy-chain configuration, the maxi-
mum clock speed possible is reduced to ~5.8 MHz,
because of the propagation delay of the data coming
out of the SO pin.

When using the daisy-chain configuration, keep in mind
that the shift register of each device is automatically
loaded with zeros whenever a command is executed
(CS = high). Because of this, the first 16 bits that come
out of the SO pin once the CS line goes low will always
be zeros. This means that when the first command is
being loaded into a device, it will always shift a NOP
command into the next device on the chain because
the command bits (and all the other bits) will be zeros.
This feature makes it necessary only to send command
and data bytes to the device farthest down the chain
that needs a new command. For example, if there were
three devices on the chain and it was desired to send a
command to the device in the middle, only 32 bytes of
data need to be transmitted. The last device on the
chain will have a NOP loaded from the previous device
so no registers will be affected when the CS pin is
raised to execute the command. The user must
always ensure that multiples of 16 clocks are
always provided (while CS is low), as all commands
will abort if the number of clocks provided is not a
multiple of 16.

csi

Data Registers for all

devices are loaded
on Rising Edge of G5~/

8CK

12345678 910111213141516 123 456 7 8 910111213141516 12 3 4 5 6 7 8 910111213141516

Command Byte Data Byte
for Device 3 for Device 3

Command Byte
for Device 2

s X[xlcleixIPlPleteielelelefelel_xIxielcbdkdr FRlfRlelolefel XIelchFirlllplofelol

Data Byte Command Byte - Data Byte
for Device 2 for Device 1 for Device 1

Command and Dat?':og Device 3
First 16 bits shifted out ! start shifting out after t rst 16 clocks ‘
0 - G- XK FPER R XX ENFFRERREERER

¥ There must always be multiples of 16 clocks while TS is low or commands will abort.
% The serial data out pin (SO) is only available on the MCP42XXX device.

Command and Data for Device 2
start shifting out after the first 32 clocks,

FIGURE 5-3:

Timing Diagram for Daisy-Chain Configuration.
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cs

SCK

SO

Microcontroller

SCK

EXAMPLE:

in the chain.

If you want to load the following
command/data into each part

k»

@

Start by setting CS low and
clocking in the command and
data that will end up in Device
3 (16 clocks).

| Device 1
|[XX10XX11 11001100

Device 1

@

Clock-In the command and
data for Device 2 (16 more
clocks). The data that was pre-
viously loaded gets shifted to
the next device on the chain.

Device 1

XX01XX10 11110000

sl SO
I — SCK
Device 1 S| SO

Device 2

—— SCK
Sl

Device 2

XX01XX10 11110000

Device 3 will both have all

zeros clocked in from the

previous part's shift register.
Device 2

XX10XX00 10101010_‘...

00000000 00000000

the data previously loaded
into Device 1 and Device 3
gets 16 more zeros.

Device 2

®

Clock-In the data for Device 1
(16 more clocks). The data that
was previously loaded into
Device 1 gets shifted into
Device 2 and Device 3 contains
the first byte loaded. Raise the
CS line to execute the com-
mands for all 3 devices at the
same time.

XX10XX00 10101010

After 48 clocks, all 3 devices
have the proper command/
data loaded into their shift
registers,
Device 1
XX10XX11 110011°°|_L, Device 2

XX01XX10 11110000

—CS

Device 3*

Device 3
XX10XX0010101010

After 16 clocks, Device 2 and

Device 3
00000000 00000000

After 32 clocks, Device 2 has

Device 3 |
"L50000000 00000000

Device 3
L[ XX10%%00 10101010

* Last device on a daisy-chain may be a single channel MCP41XXX device.

FIGURE 5-4:

Daisy-Chain Configuration.
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5.5 Reset (%) Pin Operation

The Reset pin (RS) will automatically set all potentiom-
eter data latches to mid-scale (Code 80h) when pulled
low (provided that the pin is held low at least 150 ns
and CS is high). The reset will execute regardless of
the position of the SCK, SHDN and Sl pins. It is possi-
ble to toggle RS low and back high while SHDN is low.
In this case, the potentiometer registers will reset to
mid-scale, but the potentiometer will remain in
shutdown mode until the SHDN pin is raised.

Bringing the RS pin low while the CS pin is
low constitutes an invalid operating state
and will result in_indeterminate results
when RS and/or CS are brought high.

Note:

5.6  Shutdown (SHDN) Pin Operation

When held low, the shutdown pin causes the applica-
tion circuit to go into a power-saving mode by open-cir-
cuiting the A terminal and shorting the B and W
terminals for all potentiometers. Data register contents
are not affected by entering shutdown mode (i.e., when
the SHDN pin is raised, the data register contents are
the same as before the shutdown mode was entered).

While in shutdown mode, it is still possible to clock in
new values for the data registers, as well as toggling
the RS pin to cause all data registers to go to mid-scale.
The new values will take affect when the SHDN pin is
raised.

If the device is powered-up with the SHDN pin held low,
it will power-up in the shutdown mode with the data reg-
isters set to mid-scale.

Bringing the SHDN pin low while the CS
pin is low constitutes an invalid operating
state and will result in_indeterminate
results when SHDN and/or CS are brought
high.

Note:

5.7

When the device is powered on, the data registers will
be set to mid-scale (80h). A power-on reset circuit is
utilized to ensure that the device powers up in this
known state.

Power-up Considerations

TABLE 5-1:

TRUTH TABLE FOR LOGIC
INPUTS

SCK

SHDN

Action

H

Communication is initiated with
device. Device comes out of
standby mode.

No action. Device is waiting for
data to be clocked into shift
register or CS to go high to
execute command.

Shift one bit into shift register.
The shift register can be loaded
while the SHDN pin is low.

Shift one bit out of shift register
on the SO pin. The SO pin is
active while the SHDN pin is
low.

Based on command bits, either
load data from shift register into
data latches or execute shut-
down command. Neither com-
mand executed unless
multiples of 16 clocks have
been entered while CS is low.
SO0 pin goes to a logic low.

Static Operation.

All data registers set and
latched to code 80h.

All data registers set and
latched to code 80h. Device is
in hardware shutdown mode
and will remain in this mode.

All potentiometers put into
hardware shutdown mode;
terminal A is open and Wis
shorted to B.

All potentiometers exit hard-
ware shutdown mode. Potenti-
ometers will also exit software
shutdown mode if this rising
edge occurs after a low pulse
on CS. Contents of data
latches are restored.

© 2003 Microchip Technology Inc.
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58  Using the MCP41XXX/42XXX in
SPI Mode 1,1

It is possible to operate the devices in SPI modes 0,0
and 1,1. The only difference between these two modes
is that, when using mode 1,1, the clock idles in the high
state, while in mode 0,0, the clock idles in the low state.
In both modes, data is clocked into the devices on the
rising edge of SCK and data is clocked out the SO pin
once the falling edge of SCK. Operations using mode
0,0 are shown in Figure 5-1. The example in
Figure 5-5 shows mode 1,1.

Data is always latched in Data is always clocked out the SO :
on the rising edge of SCK. pin after the falling edge of SCK. Diata Reglsters are
b loaded on rising
Cst \ edge of CS. Shift

register is loaded
with zeros at this time.

15

1 12 16

13 14

SCK
COMMAND BYTE DATA BYTE
C on't & 3 Con'i Channei
Sare org;r;an are | Select |+——  New Register Data ——|

s o e el oo oo oo o)
/ SO pin will always
i ] ! ’ drive low when CS
- |+——————First 16 bits Shifted out will always be zeros x it roly

t There must always be multiples of 16 clocks while CS is low or commands will abort.
*The serial data out pin (SO) is only available on the MCP42XXX device,

FIGURE 5-5: Timing Diagram for SPI Mode 1,1 Operation.
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

8-Lead PDIP (300 mil)
(1071 107

KEXXXXXX
KXXXXXNNN

o yvmw
LI LTLI
8-Lead SOIC (150 mil)

0007

XXXXXXXX
XXXXYYWW

oD mw

14-Lead PDIP (300 mil)

o e I e O s

XXXXKXXXXXXXXX
XXX XXEXXXXXXKX

o R yywiwn

LN S S N B 5 B A
14-Lead SOIC (150 mil)

ININISISISE

KAXXXXXXXXX
):9.9.0.9.9.9.9.9.0.0.4

O R YYHWNKN
IRIEIRINIE

14-Lead TSSOP (4.4mm) *

(NIRRT

R\ vy
ONNN
IR

Example:
M

MCP41010
I1/P256

oPo313
[ LILIL]

Example:

1000

MCP41050
I/SN0313

o 256

IRININI
Example:

e

MCP42010
1/P
o R 0313256

LA L LRI LT L]

Example:

0000

42050ISL

O R 0313256
IRIRINIRINI

Example:

N0

421001

A\ 0313
O 256
I

Legend: XX..X Customer specific information*
Y Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01")
NNN  Alphanumeric traceability code

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.

*  Standard marking consists of Microchip part number, year code, week code, facility code, mask revi#,

and assembly code.

® 2003 Microchip Technology Inc.
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8-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

D
2
n O 1
|
{ / : \L]
A
[ £ Al
B
eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch P 100 2.54
Top to Seating Plane A .140 .155 170 3.56 3.94 4.32
Molded Package Thickness A2 115 130 145 2.92 3.30 3.68
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 313 .325 7.62 7.94 8.26
Molded Package Width = .240 .250 .260 6.10 6.35 6.60
Overall Length D .360 373 .385 9.14 9.46 9.78
Tip to Seating Plane E 125 .130 135 3.18 3.30 3.43
Lead Thickness c .008 012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § | eB .310 370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 o 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010" (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-018
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8-Lead Plastic Small Outline (SN) — Narrow, 150 mil (SOIC)

——

L ——

]2

w)

7

L
=

B

i 61 PN 2

A2

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P .050 1.27

Overall Height A .053 .061 089 1.35 1.55 5575
Molded Package Thickness A2 .052 056 .061 1.32 1.42 .55
Standofi  § A1 .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 237 244 5.79 6.02 6.20
Molded Package Width E1 146 154 157 3.71 3.91 3.99
Overall Length D .189 193 197 4.80 4.90 5.00
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L .019 .025 .030 0.48 0.62 0.76
Foot Angle 0 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .013 017 .020 0.33 0.42 0.51
Mold Draft Angle Top o 0 2 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold fiash or protrusions shall not exceed
.010" (0.254mm) per side.
JEDEC Equivalent: MS-012

Drawing No. C04-057

® 2003 Microchip Technology Inc.
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14-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

|t— E | —

N

3
-

0 P Y
LTI LTI

"N

(e PN

B P
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14
Pitch p .100 254
Top to Seating Plane A .140 166 170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 145 2.92 3.30 3.68
Base to Seating Plane A1l 015 0.38
Shoulder to Shoulder Width E ; .300 313 . .325 7.62 7.94 8.26
Molded Package Width E1 .240 .250 .260 6.10 6.35 6.60
Overall Length D 740 750 760 18.80 19.05 19.30
Tip to Seating Plane L 125 -130 135 3.18 3.30 3.43
Lead Thickness c .008 012 015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 146 1.78
Lower Lead Width B 014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB 310 370 430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-001

Drawing No. C04-005

DS11195C-page 26 © 2003 Microchip Technology Inc.



MCP41XXX/42XXX

14-Lead Plastic Small Outline (SL) — Narrow, 150 mil (SOIC)

|—4—E1——~I—r

INIRININIRINE

Units INCHES* MILLIMETERS

Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 14 14
Pitch P .050 1.27
Qverall Height A .053 061 .069 1.35 1.55 L]
Molded Package Thickness A2 .052 .056 .061 1.32 1.42 1.55
Standofi § A1 .004 .007 .010 0.10 0.18 0.25
QOverall Width E 228 .236 244 579 5.99 6.20
Molded Package Width E1 150 .154 157 3.81 3.90 3.99
Overall Length D 337 342 .347 8.56 8.69 8.81
Chamfer Distance h .010 015 .020 0.25 0.38 0.51
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle [ 0 4 8 0] 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15
* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010" (0.254mm) per side.

JEDEC Equivalent: MS-012

Drawing No. C04-065

Mold flash or protrusions shall not exceed

© 2003 Microchip Technology Inc.
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm (TSSOP)

G € "
e E1 ————=f
J:

A S |

== ==

==l =] D

* == =t
s O = 2
n ] i § |
B
[ a
r A
. i
A/ 1
: NG A dEr = Yalnlnln
f S\ ¥
A1— A2
(. f— L
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14] 14
Pitch P .026 0.65
Overall Height A .043 1.10
Molded Package Thickness A2 .033 .035 .037 0.85 0.90 0.95
Standoff § A1 .002 .004 .006 0.05 0.10 0.15
Overall Width E .246 .251 .256 6.25 6.38 6.50
Molded Package Width E1 169 173 ML 4.30 4.40 4.50
Molded Package Length D 193 197 .201 4.90 5.00 5.10
Foot Length = .020 .024 .028 0.50 0.60 0.70
Foot Angle o] 0 4 8 0 4 8
Lead Thickness c .004 .008 .008 0.09 0.15 0.20
Lead Width B .007 .010 .012 0.19 0.25 0.30
Mold Draft Angle Top [ 0 5 10 0| 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.005" (0.127mm) per side.
JEDEC Equivalent: MO-153
Drawing No. C04-087

Mold flash or protrusions shall not exceed
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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.

Device Temperature

Range

Package

Device: MCP41010: Single Digital Potentiometer (10 k<)

MCP41010T: Single Digital Potentiometer (10 k<)
(Tape and Reel)

MCP41050: Single Digital Potentiometer (50 k)
(Tape and Reel)

MCP41050T: Single Digital Potentiometer (50 k€2)

MCP41100: Single Digital Potentiometer (100 k)
(Tape and Reel)

MCP41100T: Single Digital Potentiometer (100 kQ)

MCP42010: Dual Digital Potentiometer (10 kQ)

MCP42010T: Dual Digital Potentiometer (10 kQ)
(Tape and Reel)

MCP42050: Dual Digital Potentiometer (50 kQ)

MCP42050T: Dual Digital Potentiometer (50 k)
(Tape and Reel)

MCP42100: Dual Digital Potentiometer (100 k£2)

MCP42100T: Dual Digital Potentiometer (100 k€2)
(Tape and Reel)

-40°C to +85°C
-40°C to +125°C

Temperature Range: |
E

Package: P = Plastic DIP (300 mil Body), 8-lead, 14-lead
SN = Plastic SOIC (150 mil Body), 8-lead
SL = Plastic SOIC (150 mil Body), 14-lead
ST = TSSOP (4.4mm Body), 14-iead

Examples:

a)  MCP41010-/SN:
b)  MCP41010-E/P:
c)  MCP41010T-lI/SN:
d) MCP41050-E/SN:
e)  MCP41050-I/P:

f) MCP41050-E/SN:
g)  MCP41100-1/SN:
h)  MCP41100-E/P:
i) MCP41100T-I/SN:
a) MCP42010-E/P:
b)  MCP42010-I/SL:
c) MCP42010-E/ST:
d)  MCP42010T-I/ST:
e)  MCP42050-E/P:

f)  MCP42050T-I/SL:
g)  MCP42050-E/SL:
h)  MCP42050-I/ST:

i) MCP42050T-I/SL:
i) MCP42050T-I/ST:
k)  MCP42100-E/P:

1) MCP42100-I/SL:
m) MCP42100-E/ST:
n)  MCP42100T-I/SL:
0)  MCP42100T-I/ST:

I-Temp., 8LD SOIC pkg.
E-Temp., 8LD PDIP pkg.
Tape and Reel, I-Temp.,
8LD SOIC pkg.

E-Temp., 8LD SOIC pkg.
|-Temp., 8LD PDIP pkg.
E-Temp., 8LD SOIC pkg.
|-Temp., 8LD SOIC
package.

E-Temp., 8LD PDIP pkg.
I-Temp., 8LD SOIC pkg.

E-Temp., 14LD PDIP pkg.
I-Temp., 14LD SOIC pkg.
E-Temp., 14LD TSSOP
pkg.

Tape and Reel, I-Temp.,
14LD TSSOP pkg.
E-Temp., 14LD PDIP pkg.
Tape and Reel, I-Temp.,
14LD SOIC pkg.
E-Temp., 14LD SOIC pkg.
|-Temp., 14LD TSSOP
pkg.

Tape and Reel, I-Temp.,
14LD SOIC pkg.

Tape and Reel, I-Temp.,
14LD TSSOP pkg.
E-Temp., 14LD PDIP pkg.
I-Temp., 14LD SOIC pkg.
E-Temp., 14LD TSSOP
pkg.

Tape and Reel, I-Temp.,
14LD SOIC pkg.

Tape and Reel, I-Temp.,
14LD TSSOP pkg.

Sales and Support

Data Sheets

1. Your local Microchip sales office

3. The Microchip Worldwide Site (www.microchip.com)

Customer Notification System

2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

Register on our web site (www.microchip.comicn) to receive the most current information on our products.

© 2003 Microchip Technology Inc.
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NOTES:
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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 concemed 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 intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitly or otherwise, under any intellectual
property rights.

The

ANSI-RAB
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1SO 9001 / QS-9000
REGISTERED FIRM

DNV MSC
Netherlands
Accredited by the RvA

DN (
o

Trademarks

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

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

Accuron, Application Maestro, dsPICDEM, dsPICDEM.net,
ECONOMONITOR, FanSense, FlexROM, fuzzylLAB, In-
Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memaory, MPASM, MPLIB, MPLINK, MPSIM,
PICC, PICkit, PICDEM, PICDEM.net, PowerCal, Powerinfo,
PowerMate, PowerTool, rfiLAB, rfPIC, Select Mode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

Serialized Quick Turn Programming (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.

© 2003, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

Q Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999
and Mountain View, California in March 2002.
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELoQ® code hopping
devices, Serial EEPROMSs, micropenpherals,
non-volalile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 certified.

© 2003 Microchip Technology Inc.
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MICROCHIP

-

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Bivd.

Chandler, AZ 85224-6199

Tel: 480-792-7200

Fax: 480-792-7277

Technical Support: 480-792-7627

Web Address: http://www.microchip.com

Atlanta

3780 Mansell Road, Suite 130
Alpharetta, GA 30022

Tel: 770-640-0034

Fax: 770-640-0307

Boston

2 Lan Drive, Suite 120
Westford, MA 01886
Tel: 978-692-3848
Fax: 978-692-3821

Chicago

333 Pierce Road, Suite 180
ltasca, IL 60143

Tel: 630-285-0071

Fax: 630-285-0075

Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423

Fax: 972-818-2924

Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, Ml 48324

Tel: 248-538-2250

Fax: 248-538-2260

Kokomo

2767 S. Albright Road
Kokomo, IN 46902
Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles

18201 Von Karman, Suite 1090
Irvine, CA 92612

Tel: 949-263-1888

Fax: 849-263-1338

Phoenix

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7966

Fax: 480-792-4338

San Jose

2107 North First Street, Suite 590
San Jose, CA 95131

Tel: 408-436-7950

Fax: 408-436-7955

Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699

Fax: 905-673-6509

ASIA/PACIFIC

Australia

Suite 22, 41 Rawson Street

Epping 2121, NSW

Australia

Tel: 61-2-9868-6733

Fax: 61-2-9868-6755

China - Beijing

Unit 915

Bei Hai Wan Tai Bldg.

No. 6 Chacyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100

Fax: 86-10-85282104

China - Chengdu

Rm. 2401-2402, 24th Floor,

Ming Xing Financial Tower

No. 88 TIDU Street

Chengdu 610016, China

Tel: 86-28-86766200

Fax; 86-28-86766599

China - Fuzhou

Unit 28F, World Trade Plaza

No. 71 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7503506

Fax; 86-591-7503521

China - Hong Kong SAR

Unit 901-8, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200

Fax: 852-2401-3431

China - Shanghai

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700

Fax: 86-21-6275-5060

China - Shenzhen

Rm. 1812, 18/F, Building A, United Plaza
No. 5022 Binhe Road, Futian District
Shenzhen 518033, China

Tel: 86-755-82901380

Fax: 86-755-8295-1393

China - Shunde

Room 401, Hongjian Building

No. 2 Fengxiangnan Road, Ronggui Town
Shunde City, Guangdong 528303, China
Tel: 86-765-8395507 Fax: 86-765-8395571
China - Qingdao

Rm. B505A, Fullhope Plaza,

No. 12 Hong Kong Central Rd.

Qingdao 266071, China

Tel: 86-532-5027355 Fax: 86-532-5027205
India

Divyasree Chambers

1 Floor, Wing A (A3/Ad)

No. 11, O'Shaugnessey Road
Bangalore, 560 025, India

Tel: 91-80-2290061 Fax: 91-80-2290062
Japan

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Korea

168-1, Youngbo Bidg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: B2-2-558-5932 or
82-2-558-5934

Singapore

200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-6334-8870 Fax: 65-6334-8850
Taiwan

Kaohsiung Branch

30F -1 No. 8

Min Chuan 2nd Road

Kaohsiung 806, Taiwan

Tel: B86-7-536-4818

Fax: 886-7-536-4803

Taiwan

Taiwan Branch

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Austria

Durisolstrasse 2

A-4600 Wels

Austria

Tel: 43-7242-2244-399

Fax: 43-7242-2244-393
Denmark

Regus Business Centre
Lautrup hoj 1-3

Ballerup DK-2750 Denmark
Tel: 45-4420-9895 Fax: 45-4420-9910
France

Parc d’Activite du Moulin de Massy
43 Rue du Saule Trapu
Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20

Fax: 33-1-69-30-90-79
Germany

Steinheilstrasse 10

D-85737 Ismaning, Germany
Tel: 49-89-627-144-0

Fax: 49-89-627-144-44

Italy

Via Quasimodo, 12

20025 Legnano (M1)

Milan, Italy

Tel: 39-0331-742611

Fax: 39-0331-466781
Netherlands

P. A. De Biesbosch 14
NL-5152 SC Drunen, Netherlands
Tel: 31-416-690399

Fax: 31-416-690340

United Kingdom

505 Eskdale Road

Winnersh Triangle
Wokingham

Berkshire, England RG41 5TU
Tel: 44-118-921-5869

Fax: 44-118-921-5820

07/28/03
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.





