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Abstract

This special project presented the study and designed of electric capacitance

changing effect to sense the position of an object place on the flat XY plate sensing

array formed by 6x6 1 Cr” square pad was made from double layers printed circuit

broad. The 6 pads that are wired together along the diagonal direction from one

electrode, the distance between each pad is 0.2 Cm. There are 12 electrodes, 6 are

arranged consequencively in the X direction (COLUMN, C) and the other 6 are arranged

in the Y direction (ROW, R). MPR121 module is used in conjunction with the Arduino

nano for detecting the changes in electrode capacitance caused by placing cylindrical

glass bottle on ROW-COLUMN intersection position of the XY plate. The experimental

results showed that position resolution of the system is around 1.3 Cm and the change

in capacitance value was also depended on the type of fluid filled in the bottle.

Keywords: Position, Capacitive, Sensor



a

AANSTUUTZNA

Inssnuftevatuiduioqasluldmes ilownanmasnganuazawsauiiees
YNV VOYRUNTTAN 3r1.8YNeA aseUszan Aireeliiiiuinuguastslndda ualmn
‘zhaLwﬁaLLuxﬁwﬁﬁ’luﬂWiﬂ%’uﬂqq%a‘unwéaa’lumsﬁﬂﬂiwwﬁLﬁml,amammm
AuznIsuNIdeUlastuiiay A as.aywa lvaunselnn as.netlyyr grssngly way
o.qfuni Jundsriand AlideAniunasiuuzsihdromdelunsvinlassufieslsdite
galumed

VeTUAN WILBYES Yy Teeslimmushamiouurthinlnenasndiusitiauou
Tasaaufiveil

vevauRainslfiinns MERL uasiialutaunnaeniineslimiudiomdouass e
AvazaINlunMvillaswuiiaslsdusalumed

zgmﬁwﬁé’%’mﬁw@ﬂuauwwqm Ten-unsan MldFunisine naoMIUABLIAEIRUAL

o

susudedounazliuiidsladuusdniulunisilassnufimdidiSagdasluldmed

= 4 = Mo Yo o ' &
Tuiuioun uaryaradug alildnann Namvinlasaveraugailuedrsgaun u lenadl

gWIIE Nantiun

g iwed



a15U8y

unAngan1wing
UNAREDNIIDING Y
ARANTSUUITZNA
a5y
ansUsunm
undl 1 umin
1.1 anulusnuaganndiAgvesnuidy
1.2 19U seainvasuive
1.3 VOULUATONIUINY
1.4 Uslgmiifinnnitaelasu
1.5 fuppunsAiidunisy
undl 2 wqwﬁuaxmu%%’aﬁﬁm%’m
2.1 wouiiugruvesn WG induses
2.1.1. Armmabiusswiuiniguuiy (Capacitance of Parallel plate)
g.02 %ﬁ&ﬁﬂimmuwssmu (Coplanar Electrode)
2.1.3. anrainiduesonsise
2.2 MInTIRUNMIWAsLIReRI AR i
238 Iu@a MPR121 (Proximity Capacitive Touch Sensor Controller)
2.2.1. 1995 Multiplexer (MUX)
2.2.2. masulasdynrusuidenduddnea
2.3.3. 193n599A 0
2.3.4. msaelayarmesguu 1C Bus
undi 3 AEdufluenuise
3.1, NISANRUNITIATINILITY
3.2. gunsaifldlumsiandimduesuuvandisd
3.3, fumpumseanuuuLazmsiwsiy PCB Wiluahdfinduised

wuueisise Tu 2 Ia

o N W W

11
11
13
14

Le
18
21



#1508y (sio)

3.4. Bnsnsiaduntswdsundasaanuglni

3.5, YUABULAEIGNITNAADY

2
Y

3.5.1. MsvnasaiionsivinAauginivestadidninsaluned
galuiiingurdudaiunrdiniguees

3.5.2. maveaauiieAnwnsiasunUasosaiugwigled
nsdudavesinglusuinieg vuadivduses

3.5.3. mavassailafnensidsuniasesannnug wih
detinnswasuriinvesounan

3.5.4. svmapaiteAnwnsilasuiasaug i
deiinswasuriinvasing

35, ﬂ'mnmaamﬁ'aﬁﬂmmiLU%'auLLanaammmﬂw%

Welinsiiudminvasing

= a a
UMY 4 {an1538Lagn1sandsgna

4.1, NENMINAABUNTSN5ITUTaghushuniasneuuahIfniguiaes

LUUDISLSE)
c!' ! s 1 q’:' a o 1 n’j
4.1.1 HaannsmaasaiansavduAiaug i vetasianivsaudasan

4.1.2 wavnnisnadeuiumisnlglinisnsisduinganadfividuges

4.2, AR INNIFANYINITESINTUMTURBRMasAATug Indadialinisiuday

YUAUBIVD IR

4.3, nanMsAnvINsilBguwUaauglih

Welmsifgurunusaing
1 A 4 A o v
4.3.1. nsmuansenaugliimiudsusUadludetivinui
MUY 0.65 LEURLIAS
4.3.2. n:muansiAuR i iasuuUaduidiodviaum
dldQJ = 1 s a
niSmlvosuInviiu 1.00 WwuRluns
4.3.3. nmuanAtAuR iU asunUaduidioviaui
d‘de} = 1 s =
niSAlu0vINWIU 1.50 WuRlunaS
4.3.4. nyuanataugiiih fidieundaduiletheanuio

o ol

NISALYDIVIAWINAY 2.00 WURLUAT

25
24

24

24

25

26

27

28

28

25

48

50

51

52

95

54



#15Usy (6i0)

L
N

4.4. HaanMIAnwINsiUisuwasuaAInNg il
WelinsinsvinYeaIng 55

a a v v
un¥l 5 d5UuNan1sIvguazYalaUBLUY

5.1 agunanisive 59
5.2 Jevauniuz 60
RHGRFDERGR 61
AANUIN 62
Aenuan n AanLgliinInnsveasy 63

A1ANUIN U Data sheet MPR121 69



2:2
2.3
24
25
2.6
L

2.8

2.9

2.10
211
2.12
213
2.14
215

2.1
3.2
3.3
3.4
3.5
3.6
B.f

3.8
3.9

#15Uey 5y

Srnsdosurasinfuyseqlwih
AndnunizduAudszauiauiufthduuuiteunireduedud
Fringing Field wassitivdsyguiiauduiniivuu
nsmlnudnuazvesladidnninuanien k. ifld1 £=4.5

=3

yinvasadianinse
FogrendidninsanuussuuihlddmsunsTasumidy 2 33
(a) Msumuvasaulnilndlefinnsdudandasevivaniu
(b) W xy Miduanssdldnaevivaniy

Wana block diagram FunouMTHILYBY MPR121
nsinAAuglnHlag MPR121

2197 Multiplexer wag 1935 Demultiplexer
ﬁﬁsumauﬂml,ﬂaaé’zymﬂm A/D

NI UVD 993 Simple and Hold
TAsasenieluved Sigma-Delta ADC
wanidnuazlasad N sdeussiuy 12C Bus

(n) wansaEn I FudLaTgATaINIH BRI 12C

(v) drwazn1sTudslndayaues 12C

TunaunTsAREUNUYsERYgAU T Sueesdmiunsisaeumumisuasing

Wiy PCB (Print Circuit Board)

Arduino Nano

Iuﬂa Proximity Capacitive Touch Sensor Controller (MPR121)
yoavaiildlumveans

viuiillunmeass

(n) JUuuviBEnTsaildvdunudiindumes

(1) sUnuutBEninaildvhidundfinduses
nadousetadiiningn Tuga MPR121 ua ARduino nano

Flowchart va3lusunsy Arduino MPR121_test

10
10
11
11
12
15
14

15
17
18
18
19
19
20

21

22
23



Ui

€al

3.11
3.12
313
a.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
418
4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26

#15Uay5U(s0)

Aurteeine lun1seing
YBUVAINITLUNISNAADY

2 J )
PIUMTUInR RN lslun1Tvnass

mwgunsallunsveasimafeudmidnuesing

[

wansAeugliihwesingidnTnsalundnil 1-6

uansrnaugliiivesiasidninselunad 1-6

nswuansAn LRl AURsua Lo Ingslusus C1R1
nsmuansringliihidsuulassiodringdludumis C1R2
fmwLgamQﬂ'mmmﬂw‘ﬁwﬁmsﬂuLLUa\‘JLﬁaﬂﬁ'mqma’LuﬁwLmu'q C1R3
nsmuansAr gl Asu Aot ingdudumis C1Ra
A mtdnsrna gl iuAsuiUaadothingdlusaumis C1R5
AR sl Asuasdievr Tmga1dlusduvids C1R6

' e ) o '
nWuanrInuR i nlUAsuLUasdehingndusiumia C2R1

o

nsmansaMug i URsuLauilevr Tnnsludumiis C2R1
nsMLARAAglinAaBuwAailothingelusdumis C2R3
e glwihuAsuUansatiiagdluduls C2Ra
nsluansaa LI iluAsuwassle iagandlusumis C2R5

nymaneaug I Rsuwauiledring1elusmumls C2R6

o

nsMnanirnug i ioudaasiou Tngnaludumug C3R1

Qs

N3 MkanIA1ATNY I IEBuLUaadiar Tag slusiiumus C3R2

9

n3mkaneA1ANY T WEELLYandiedi Tagslusiums C3R3

b |

nymuansranugininisuwlaadioi ingnadusiumus C3R4

Qs

nsmuansrANR T iUGsuuUasdethingndlusumia C3R5

|

a

nsmuansAAnug i idsunUandieingneludums C3R6

q

1 o 4 A o w ° '
nsmluansruglwihiludsuulaaioiringnslusumis C4R1

q
nymiuanarnALg i i Asuaadethinganddusumds Car2
namiansiAaiiihiReundasiiodingndlusuns Cars
Asmuansrin g liihasuuaadlothingndusiumis Cara
AsmuanAr gl iAsuuandiothingdusums C4Rs

nenuansr1nug i iasuuUaudieu ingnslusuvs C4R6

N
25
26
26
27
28
29
30
30
31
31
32
32
33
33
34
34
35
35
36
36
37
a7
38
38
39
39
a0
40
41
41



Ui

Cafl

4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40

4.41

4.42

4.43

4.44

4.45
4.46

4.47
4.48

4.49

#15Uny3U(sa)

nymluansdnNg i AsuuUaaiiothiagadlusdumis C5R1
nymluansn gl iAsuwUaiiodingudlusiumis C5R2
nymluansitnug i AsuuUaudlothingandlusumis C5R3
nymuanaarg i AsuwUaadiadringnsludumis C5Ra
nymluanser i AsuwUandiedingansludumis C5R5
ArmansimR i AAsuuUasiisiinganslusdumis C5R6
nmlanseug liiiluRsundaudiatndngaslusiunds CeRr1
Atansrgliih lAsuadotringadusdumis C6R2
nsmuansA Ly iluasuwasiietringandlusumis C6R3
nsMLERdAPLg NThUAsuUa e iagaadlusumis C6Ra
nsmtEnsragliihiiuAsulUaniodvingadlusdums C6R5
nsmilansrm g MRz uwUasoth inaslusduiis C6R6
sUnmiEnsen ARl iR sulUdlesinisdudaainuanuiian
sunmuansrnaug i iAsuludednnsdudaninaanuin
fimeluussyhiuity

sunmuansmeuglwih wasuludlodmedudasn
WauiIfingluussquy
sUnmuansntAslulihfasuldlefinisdudann
aufiinrgluussypind
sunmuansieuglwihiivdouludedinsditan
vanufineluusspindnau

nsmilansA g i AAsuLUas Wesaaufaiid
Saiiveaviawiniu 0.65 ludiwmsinduda

LULBITUUUYBINTINT 4.44
nymuansAA I URsuLas Wesvaauiidl
Saflvaavningu 1.00 wudiwng

LULBIFUULYINSINT 4.46
nsMuanAIn g I Asundas Weflviauiiid
SailupevIntiniu 1.50 ANT1TURUAS

UL IUUUTDINTINT 4.48

3

i
42
42
43
43
44
44
45
45
46
a6
a7
a7
48

a9

49

50

50

L
52

52
53

53
54



4.50

4.51
4.52
4.53
4.54
4.55
4.56

815Uy 3U(50)

i P | = v ool
nivluanAug N miURsuwUas Wellvinuing
§adluaw Iy 2.00 wuRuns

% <
HYUNDINTUUUVDINTING 4.50

v
av

' P P H w o X Y
nsmkansrAug N asuLUas Wetngliumdnidiindy 10 ndy

v
s o

I & = P = @t - dy a
nsmuanraug iiiisuwdas Wetnguwidnifiudu 20 ndu

2
sl

i P P 5 - o
nsmluanarin gl UAsuLUa e Tagidminidindu 30 n¥u

1 i dl d el 'O) t QI E‘; s
nsmuansrrmuglnasLLUas WieTngiihmdnifiudu 40 ndu

v

' A I d o ad o oA & )
nsmluansrnug i iiudeuiUas dedngiuminiiaau 50 ndu

=

2/
“uI

54
55
56
56
57
5T
58



UNN1

UNUI

[od

1.1 ﬂ’J’]iJLﬂU%ﬂLLﬁ%ﬂ’ﬂué’lﬁﬁU

Tutaqtu walulaga U dingugesidandunumiuiiaszarureasnuiiuiu
110 lidzduasuiames wientvelnsdwiilledie uusznovulumenunsainiurdiv
= & w wea o ] £ 2 @
Wulwes Mmuauaudfvesiufvdszyluiranisauszyndldavlunisasiadunis

as

< [ o = o i i
wWasuudasmanuglild lngerdenisilasundasaunlviiiainnisnseyisieg us

=

Lﬁaqmnmm%ﬁwL%uwﬁa'ﬂﬂmﬁwﬁﬁanw%aﬂauﬁ'gma%ﬁy’uﬁmmmﬁmmmwmqq ERIEY
annsodnlioiunsesaduingifvunelugld snfotiatu nszdesimdovami e
efwnfnlunmsussivgenidildumeuuvefiseftvualngiy ioriuuszgnslily
nsasradusuntieesingiifivunalug lnserdendnmsvosenudinidues
Tnssnuiifafnunienfumseonuuuaniu i@ uwosuuueiisd Mgaunsansiadu

o 1) ot A ) 1 = oal 2/ s s Aﬁl
GﬂLL“v‘iuxi‘UEN'}G]Q‘W"J’NQQUULLNUQWUW%ﬂWL%ULﬁaflﬂ LAEdaNdIIATIVIUINYVUVUIALLRE

q

P o o | [ T I o
vaamavsgneluingiuansieiulsodnawaiug

1.2 InQUseaAYa99UIL
1) AnwgduvurasaU@indumeiuastiadeiitinadamanug i iudsundasy
2) Anwnlassaauasudnmsyawosnudfimdugefuvuefisd evmesnuuy
Tranuasaldsaiurnsasandudyaaula
3) AnwgusuunsinaasteiazinnusendldiussuunsIRsuduitve inguuy

ATV Ues

1.3 YBULINVEIIUIRY

b

1) annsathgunsalamh@indugesiuseavgiu Wldlunsmsnduiundmesing?

tunauA U SRG usasile

2) syuvainsaasivasulainringiuneguudrislavuduees

& i [ as
1.4 Uselevdnaininazlasu
1) sruvanunsavaniuiivasingiuunnele
2) AU5000NLUUEUIDS LA DN UUNITDIANNTOINALA

3) anunsamanmsuagngueU@ininyssanaldludinusedriula



1.5 Yuaaun1saiudIuiIe

5 . wHUN SR TN
TunpuMIANTLY
WA | na.
Anwvoyauay
NANNFINUVRS

capacitive sensor

Anwidoya F5n15im
o |
AsLlasuLUaean

ANgluih

Useiug Capacitive

sensor

DANLLUUNITNNADI

LAVINNISNAGaDY

AATIZHANITNAADY

Lagasuug




Una 2
s

= A o A A v
Ne)e WugﬂuLLawaﬂmsw LAYV

Tuunilazgnanimguilesuiieitesriuau@induses laswasefiugiunay
o o o oal = 1 = LY [¥] ! ao s 1
aNNSINUYBIn a3 sulutimannsinAtauglnii uagdsnisesiadudn
ANuUglilag38nnseneg Mmhudssynaldlulasenud
a a2 q
2.1 NOYLWUFIUVBIAUTNNWLIULY DT
as & 3 s o o 9 = i
ATUBANLEULEDS (Capacitive sensor) YiTaulaga1dunisasiadunisiudsundasan
AUl AU RN uesiauwiudunfigadniudugesiuivimun (Usznaume
WulwasinA1A1uf1uNIu (Resistive sensor) wazldulgesinni15imilenya (Inductive
< < w el ) a [ €= o O e v =
sensor) ) lunnsuiudtmu@iniduresienulilunisnevauesgs Snvslilaseasneg
Seudie dunuiiazinuantilunisnssdusuulisesdudsls ardiwdugesalng
L ] d” - = .
Aosnsnudanuy - gaumll uwazmsiUasunlasvasaiuyindiuels (stray capacitance)
wazluunisenunsaysyAngluainuny PCB (Print Circuit Board) wSeilsadlululasuls

a s (4 [} 1 L] © ; o - = s
ﬂ']ﬂ']‘lmwL%um@'ﬁﬁﬂ'ﬁ‘Vﬂ\ﬂU@EJ'NLLQJHEJ’ﬂ,Uﬂ'ﬁWﬂT\]”UUﬂ'ﬁLﬂﬁEJ UV ATTIAAITUNUNTDY

g
s

NUK? SEAUUILALDNSINIS VA TALTIAY TReIAUSENaUNINALYRIE1S NIaulinTen

aeihilovasusazyana 1UUAY

2.1.1 Annuyinrivsswsiuaingauiu (Capacitance of Parallel plate)
e mAnvssiiuUssglindowuesuiglagimualifhin A, fuseqlin
(+Q) wagsi A, Tuszalnin (-Q) nszarevhtuRamih Tasdunuseisansdanviaiy
way @anneianneuseunnilliivseglnihlagediay nasiuusyalwihvesssuulsiiAwindy

Aud awnllni (Electric Field) fifimmavaindaua A, Wéda Ay flaguit 2.1

Electric field

JUM 2.1 dnvaslesiuaesiiuusegluih 1]



L

senineinivisaealiAianusdndwiniu ¥V Ardiugliiivesasssiiiien

s

wiriudndiuresruianasiiusyaliiviinuevudnilusdazidovuinaiiudedng

1 s a L= A
FEWIWNAIUT AN 2.1

(@
Il
<O
S

Weo  C AeaAugliin (F)
0 feusEalnihiinsEaeuuRvedii (C)

v aeanusedndsewingiin (V)

'
o o

' Y a a @ & da | - o w
A Q ‘Mﬂ@’ﬂ’mﬂﬁauwm‘w (lntegratE) Waﬂ‘tj{lWﬂ'lﬁanuV}N’JWJUW A1V Andiunmoy

o ° o d! A J gj v/  as ﬂ{ = 1
nsgvilunsihuszuandtuiunielsey wdeunandaauludeiuin aumsi 2.1 Jeulwd

Tendu

' 8

= = < a;q o o 2
We S Aefufifngati (m )
E deaulnirsenitsini (Y / m)
A M ag - a e S
¢ AomnlaBidnasnvosiansenindnivians (F/m)
L feszugnanusequiniaioud (m)

o YV o & 1 ' aa 2 <y v § A s (% =
ﬁ?ﬂﬂ?ﬁﬂﬂlﬁ@?ﬂ?L‘I.J‘L!LLUULLNU@?JU’]UV]?JFTNNWT]GL“LJ'L,!E]‘U‘L!@] UIzEEMUINY d (FNEUVI 2.2

—00 400

Conductor
surface

=3l

t+++ttttttttrtttttt Z=0
AN N N A N N N Y

JUN 2.2 andnungiifuussgudausiuiguunuififuniaduetiud (1]



o L3 ! @ o v 1 o a o d. ! o/ ] i e W d‘ =l
AvualiLruA ARt Z =0 waswdudidiuuudnied Z =4

& & da o o & | as ' 1w o
Uszgliihnszaevniiunfuudniviaeaiiiu o, aunsvesaunulnfiisswirauiugag

as

fAwinfu

E=boy (2.3)
&

dls p, Aed szl winssaneianuia (C/md)

AUANNANG RTINS L UIUUULAESSUN VAR

Vs j E.dZ:—T&dz 224 (2.4)
v £ y,

aw v v & Vv W R | 2 @ o
nndldndlinusidnduiuiuiaidaiundraduetud Usyafinszaneuy
& oa od v owhel g & ~— ) 4 W\ Ene Mo ¥ 1 o o ad Ao a1 w
WurNuHum A wduetudguRe iy astuaosfmunldurudahdnunsnawindy S
1= L b2 1 1 1 L7 o A AJ =Y
willdauddrruindasinniiauinesuiudni d winweaualsiiendnidesnisiin
. 3 i a @ v e SA\Jel . P 1 | ar 1
Fringing Field lagagafungluiadedaly Ussguuiuniizidewingy 0= p,S Aarg

A v U thsEUUTUIUAD

= == wt = — (25)

91ndun13h 2.5 WuitA1Aug i ( Capacitance) ¥aeiAvyseqlunig

2
= ) U

nunwduduadiulady 3 Usenishe

Y

v 1 1
= = 1 =

1. Wufiduideuiuueaususiul (S) Wuthisnildlunissimuaauinvesri
¥ @ o v Y =4 1 LY [ [ -4 ;2 %
ALY WnudumgouiuALLHuAAUUsEIRATausaiul sl launn daminang

=3

weudni lideuduiaeiuiuuszafavannsaiiulseginihlddosas viodnusznmswils i
& o 1w o = s o v & =3 v a
wunvewsuinhiivuadnfagiliduiuussaamsanuuszglnihlades Tunemsetu
£ v A A ' - | 12 ° Yo oa = v v
11y uivesuiumhiivnalrgfiasilidiunudssganunsaiiuuszginiilaunee

2. 53Eevisendnauiudni (d) aslinaneufisersenineududnivass lng
wnuHuAniaelssegvineias ssviliiaa gl ifiuuniu uamnidouunudatine

aedlillszesvieiumnniuasdanalidianuglwididanag



o o L3

= - = -J L] v o a 1 # G 0
3. gilavadladidnvsniiviunldidaiudsey a1 permittivity ( ydnwel € )

Il
= 1 1

a a a = & wa o a g a & o o

199a715Ladiann3n Jedunuandfianeivesasiadiannin i udnleadenieniinadon
as i 7 = a aa S -3 1 e [
Augliivesiiudsey dldansladidnnindifian permittivity 1n Aazdewalidaiiu
= o o i I ' P a & a &

Usgadirnaiiuguinaae Taevnaluen permittivity asuanuuludtasiladidnvinfedn
permittivity Y8ea1siigURUA1 permittivity 1840101

dafivysyyrllaududihduunuvininisesnwuuliininuniing uagaue1Ives

1w o = = [ - vl =3 ' ' &

wuiniwsaisendnegeintidianingg (Electrode) Milluunmannitseugving (d) veatn
a = = P . . LV | [ U P E7 &
BdNNTALINT HatawLAe Fringing Field Llwdnduduainugluiiviviiaiieuain

Amgufinugui 2.3

v
O

/—— Electrode
: Fringing Ficld

JUT 2.3 Fringing Field vesaiiudszqulausuinivuny [1]

ngUesurelaitledtsussdulndudnfividianinse waauiulniiniely
a o A g = ] =
sidninsanluguuuumunguijvesnisnszarguszaiuuusyniagiauulninuvey
wiulanzuonyusunsvesdibnlnsaduSonauruliiinseiiin Fringing Field aunulwia
[ 1 & (Y | a o (Y] c{'gj P d v a a
AnanIuegiuAladidnninvesiantuna1edneiy Apualniivesiafivlseaiiinan
HANSENUYBIAN Fringing Field ladn1senddlumisde [2] MwualiinAianugliiive sy

TangrUIUAaNLIEANETAYINAY

C w
— =gk, — (2.6)
[ d
= = v [
We  w AeAMNNITNLNUBIaNINTA (m)

I Feanuemunudidninga (m)

d Foszusinaseninedidninen (m)

k, AofuUsiutuveA1nLglwiien Fringing Field autdinvasladidnnsn



a

= = 1 w i ' & | w 1 Y
laaiAn &, Yuetiu F wagdAminna 1 dulusdimin ] < 1 Aok, Yseanaumnnul

Fringing Factor, Key
o

4,
w

4 o = = 1 d‘ 1
JUM 24 nswimaidnunizaedlaBianainuania ke e e =4.5 [1]

2.1.2 973N INSALUUSEUIUSAY (Coplanar Electrode)
[ a oA = ¢ a I i
N19%1919903A ST I uwe STl N2 81 AnINTALUUSEUIUTHIN (Coplanar

Electrode) ag191uvunugrmuauiulniives Fringing field lun1sinaranuglii a

2

wRnA9NTRANNTIBE s T uEufIl uuLIY (Parallel Plate Electrode) Mvineu

vundnn1svesdalfiuusey Asun 2.5

\d

(b) Co-planar E[lecn'ode

(a) Overlapping Electrode

sUit 25 wlinvesthBidnlnsn
(ﬁu’]:http:// 1.bp.blogspot.com/8tjCrXAydX8/UwDy7Q9QV2I /CapElectrodes.pne)



&
v =

Wuweidmiuanadutaggnairedulasldtadidninsadunuindusni i

wasaniinmsdouanuiisdndifieriinisifiudsyuds msmedssyasiinduynasadeiing
= oW f A aw o« v o 4w e = a = ' ' o =
Wouseunsne Weilingnidudnhlwiwieingirailndianninuansisanainedilag

ot

dnvsnvaseniedilndiutndidninse Avauglwinazfinsidsunadly fsusdinis

=

a | | a v ' = ] Y o f w «
wWasudraugliiezlidudadu winiswisunlamwesimnuginihduivildiduses

gianTaduingld Wedensliiduweinsaduingtngifvuialagi@u tsawnsoui
Snudidninindasevats g iaBianinsala

L <

é‘j a = 1 1 o § o L%
mmanimwagumzmm’m (Coplanar Electrode) @usuldultassings19y

v
v a &

= 1 = - g i = 1 1 3 ot
m'mJaaumﬂawaﬂmmwmﬂw% Q24 Fringing Field magﬁxmwmmanTwmmaawaum

° ' a = . : 3 1 1 = '
AMUAAT Mutual Capacitance 991195UNIY Fringing Field JsainanallasulUaInIAImg
Wi andregratrdidninsatuussunu s lddmiudumestnduvysly 2 97 dledl
o s a a =y [} cal ) I o/ ny i
ashflguandinialadianvsnuriesninisuyvindwansenusenisiuuas (Coupling) 184

a d

aurnlninsgudnetdidnivse szdsnalviag Aauglniivesudasdadianinsaiinag
=
Wasuwlaaly

g

2.1.3 AU us S LuUa15LSE

[
o/

AUGiwdumesamnsoviaBianTnsaLyUTELINUT (Coplanar Electrode) 11
InGsaduonsisddahlugmuiidudoumndu arwinmihagnluaamnssudidnnseting
= LY o u a sl < ] =3 @ 1 -7 aa [ s
WAeau9ass i i @induwesivuiadn sndree1inslidaumndividuises

wuuasisdagiedigfe minsraduaieihile uaswitaesivaniu (touch screen) sy

*——b—
x-displacement

y-displacement

[

JUN 2.6 fedrenBidninsauuussuruiidhlddmsunsiadumialu 2 7 (3]



(b) Trace along the x-axis
(a) ity
7 E " -:‘-u " e : 23

X E \\‘j Streen Trace along  Brmeim
= ; the y-axis e '::q_ .;E? R

Glass ;5-.%%&.# S S

SR HR ;
.
B e e
x=y trace (array) : e : s.!.t. 2

: 2 :

x-y trace array

JUN 27 (a) msumuvasaunliiledinsdudantaseviveaniu

(b) 1du xy Nduersisdldviiaevivansy

SUM 2.7 wdneinag19n5Ig81annsauuuansisdlavintnvauuiaansu §4

u

vihaedudauuurivaniulagerdanisnannisivaeuaiaduglii dodeuSouvesniuad
a0 ¢ ¢ & a i v A I
Mldugesuuvefisdheiinilalunisnevanessonissumunisaduiaivanluiuaz

ESD F9m0a1i8n15lun13amnissuniuanndanladaudsasnanasluiidenanly

2.2 m‘ﬁﬂﬁﬂmmqlwﬁ’l (Capacitive measurement)

2.2.1 MPR121 (Proximity Capacitive Touch Sensor Controller)
MPR121 (usyuunasiadaaainglniia Usgnausedadianinsailalunns

) | - v Y] - ) ' '
ATIIdUITeNAanuBUNAYRY MPR121 1o MPR121 ldn1sdeansiumheUssunananu 1C

s L3

Bus way Interrupt dyey aioinn n19n5aTnvianaadl 13 channel @aUsznaunisdunm

s

d117UN15ATIIVANYULNINI8AIN 12 channel wag channel 9113 fia multiplexed

dmiunisesiaduiagiilng Je multiplexer 3vgnsanegluaidugnving deluis 13

channel azgnldlumsiamudisiu naantuarnnugliiigniald asidhuinsesnud

wagrhmuaanuggndudavisla
usnmilonnmInsandunisdudanas MPR121 anunsadunldluaugnamnysy
Inoludwiunisasniunmsivdeusdasiianugiih Teedeyadygyranendwa 10 9n

ansnhnldaulumsindauglihndanuduiusiunisindmisfinesaineg wu

sgauih Mmaafeui iensdsuwlaweding



10

i
-
N CC/ Charge current & || Clock Gen
N time control Power control To
12 channels 12C A
.- Multiplex # 10bit ADC { Filter H o
CapCb:~10pf | \* o9IG
background | | LED auto configure,
Stray on input GPI (’} il baseline tracking,
. touch/release detection
| |
| C1: ~100pf,Stray =
(K4 capregnD I

Cap Cx:~0.01pf

—r E C2:10~100pf,Str;
inducedbyfinger prROfey G

to GND, or shortto GND
Common Ground directly

JUM 2.8 wana block diagram fumauntsvitues MPR121

myiafiaugliveudaydunaidu formmnugluiwisvanlugnsie eae
silufiar Parasitic capacitance (C,) uagaugiviainnsdudavesialignsnd ()
= 1 - = e "o = ¢
49n31nflarna1iia Common ground \Wieaunsaliieuranuivasiiih uaznaniansg
199 MPR121 \ilegunsaiiflaiidessorsvsiniindn dwiunisyaiulaeialy ¢, 9199
ATUsEIA 10 PF wag C, 8199861097 1 pF FeAvisassiionvaviiariesndiaiiiussylu
o ot » = + Lo
wuanal Yeagmadldlaluniseenuuuiliued1ids
MPR121 Tanszualwiinszuanss dmiviadnaauqlvily uiazduwmae charge
way discharge Usgqluthasgnsidiluszegq thaTaf1auglnila fasuil 2.10 Suwys

mnuaduazgninauainy Wadunanilsegluns charge/discharge uddunndusgazgn

U

dn2493a9gNns 10
A
Electrode voltage measured here
1| P

Q [
o [
q [
= i
Q [
% |
e |
° l
0 Electrode i
° Charging ;
o ]
w I

I

- >
Electrode Charge Tme T Electrode Discharge Tme 2T

U 2.9 msTanaaglwililas MPR121



11

MPR121 @runsanimuadiuiudsgalada (Q aldidrluldannnisiivun

d % .
nszualvii () waziaanluns Charge (1) lead78idnInsngn charge gagvanvosdndluiia
(v) Aagnafiaugnlunis charge Ynlay ADC Count 10 dnaelusgunsal Ardndluihide

1 o 1 el = D’j at ¢J
drunduresnauginih Q) vesnsasaduludunadudsaunisy 2.7

e Q_IXI L Q_IxT
v cC C

2.2.2 7939 Multiplexer (MUX)

2995 Multiplexer (MUX) %30 2493 (Data Selectors) Apasasidendaya Tdlunydl

niidoyarsasidneanais g9 Ta wazdeanisidenanizfaladandeunldou Taonisld
dynruasdniludidinundidunisidendoyanisineures MUX adnefuaindiden

(Selector Switch) gia5uU

ﬁfﬂnl‘ﬂ!ﬁf e S Eﬂé‘

gtl‘fr’i 2.10 29395 Multiplexer way 33395 Demultiplexer

2.2.3 29vsudasdyayrieunaeniluflnea (Analog to Digital converter)
lunsinaiauglnihdndusoadasuuasdygrnuiioudasdrnaugluing

Wasuluiduaausefnglnin (Voltage) A58 (Frequency) siad (Pulse-width) n3e

@t g

o & | P ' o W P ° v
nszud (Current) Setiuagiudynmuering Fudasrasiasunndreiuuduagnazilld

Y
Feludueiusidadedidyaraeodnndudygraniseadswndenhlubudunmes
Microcomputer lagnse luvsnsdlianadnnludygrusundeniuiouluaudiunams

a nl: o as @ v < 2 as - 5 £y = v
nMenaw asdumsindygaeudenunldlliudunaliiu Microcomputer tuazAaaUdeuli

= 1

Duteyaiineadarou Ineldeas Analog to digital convertor (A/D)

Sensor I:'.‘.‘.:} Amplifier :> Sample :> A/D I:> Microcontroller

and Hole Conversion

2
@

JUN 211 dunsumsuuasdygnn A/D



12

a =y

nssuAmdygranisunalusunden Wewindyyrunuiaingunsalnigusn

Qs

1 o [ = s = W o as ﬁ‘j 1 i e s
W uees anallszaumunisnasdyyratuluaeienau laanisld Amplifier nda1n
5 5/ = o s 4 s o & o
tusesdnisulasdygrunenaludiay Wwelilulasreulnsiaesaunsndrlulsesnana
16 drenisTd Abcdnludasruieas Sample and Hole Aoutiielwdyyruisziunad
JuAIIMsHUas ADC azia398u fAazesunonaluil

Wosndygruanidugesdiulugflounaidnuin Ssdesinnveneaie

' ' = ] v d o < £ 1
1995vN8UsENNANI g nouTRzausaudulela Wedyginaniduwesinutesee
o = %) ' d' as aa a &% O o

ulsvuamngaNLal naunazinisulasdygineundoniduidneaiintudu dynu
1 i £ 1 o @t =3 = < 1
ABILIULINI995 Sample and Hole fiau tasandyyiaauideniinisilasullasesna
aoilay wanswlasdyyrueudentiuiineatu deldiiaruuneaunisiagvneiulas

} 3 1

gaResnsidSeuisuatiwlasladuarassluvnziu aswnaasa luvztuliseninemns

a

wUas Faieaiinnsldaa9s Sample and Hole Wna14ae Tneeasay Sample dyanadiguias

L2 4 1 s -dl 5/ 1 -4 A 1 =
LATAWAUVDIIINTABANUDIA U IUABUN Sample WU LaEAaEAIN IunI1aLiinag

sample asslmi

BUFEER
INPUT SIGNAL /r [\l/’\ TOADC
P \C.E
EL oA
SAMPLE/HOLD CONTROL — — — — — o I LOLDCRRAATOR

INPUT SIGMAL //

OUTPUT VOLTAGE / -

SAMPLE/HOLD CONTROL l
(0=SAMPLE 1 =HOLD) ‘

UM 212 msvheweansas Sample and Hole

v o a fu a a & a ¢ o |
2935 Sample and Hole i duainddayqraemndenuuudiannsedng wenisgu

v W
s <

dyraeurden waziiudAlaliludaiiiudssg 99ntu A/D Convertor agviinnsudasan

<

Andlviihiiueglituaeuluegluguuvuvesdygafines Tulunsduganisuas

[ = & aa <1 A o v ol o =] = 1
aTUasay g aewdenitunInealuasivimhinlasdyaueundenies

= [

TugUvesussdunienszuanilasuwlashidudygrnidneaiedeludidiuussananaild

<



i5

2995AInea WU lulaslusieawes vislulasreniiunes ADC uravvinazilyanugndon
wansneiuly glddnduseadenldliinunzaniudnvaezau

1. Delta-Sigma Humsuiasdyganiaiuazdengs Wunisuasiideindu
2auAR (Ideal) LLawTW]ulﬁﬁmaEhummﬁﬁgal,wiﬁmumgm DC TWaufiandn MHz n15vieu
294 Delta-Sigma ADC &ynudunnazgn Oversample 1agda Modulator waIntuaz
Fyaunsednd Lﬁ@lﬁlé’ﬁwﬁgﬂﬁaqmn%ﬂﬂa Digital Filter 3e¥ilviléian ADC fifiany

= =

= A=I o 2 é 1 " o s
aveyAgs an31 Sampling A1 11271 Delta-Sigma 1111 Oversample &Yy UNA

q

'
o

ilvladyyiuiiSeuiiu (Anti-aliasing) wagluagasdau Digital Filter azildiunuiidiini

b

Analog Filter lagUn@iudininuazidungeainnisulasuuy Delta-Sigma azldlusuy

windlledn umvadlugnangsy

E e
/=
1 ‘/’n '/
g /
povd Ea : i
e - ' —0
¢ 3
‘g ' :
N
¢ i S

sUit 213 Tassadamelues Sigma-Delta ADC

2.2.4 2995N599AUA (Filter circuit)

a = 2/ a s 1 U ] @
wWasnFoemURdu g s lim e sd sl ulau s Tee

]
2/ 1

ﬁmamﬁguﬂ%gﬂawaw% dnoanluiielildauindesnisviniu Taureesnsasninud
T wiseondu 4 UL 1995n589A N ARHAY ( Low Pass Filter Circuit, LPF) , 2999
ﬂﬁaqmm?{qqmu (High Pass Filter Circuit, HPF) , 2993n50edayey1aut29a2ud (Band Pass
Filter Circuit, BPF) Ltama%amwaué’iyﬁg']mﬂtiu\‘lmmﬁ' (Band Reject Filter Circuit, BRF)
1.2993n584AARAENY ( Low Pass Filter Circuit, LPF) funsasisenlidyana

[
Y

AuRILA 0 Hz sufsruiniimvunduldla lnevianudganintuasgnasneulumudisu

b

22923N5IANUDGINY (High Pass Filter Circuit, HPF) 1wasnuenlidygyru

Y
i '

nudgenihenudnimuailule lnefienudinannitduasgnasveuluaudisu



14

3.2995N509d QY ITI9AUA (Band Pass Filter Circuit, BPF) 1Uuasasnoaul

a

Prdyananuiniusiull Tneemudfililfeglutisismunazgnanneuly

4. 1995anMaudynateAd (Band Reject Filter Circuit, BRF) iunsasiinnda

Fyauanudnliseinisutstweanly

2.2.5 mMsdetayadiaszuy 1°C Bus

I2C fi® 12C Bus 6931970 Inter Integrate Circuit Bus (IIC) Lflum‘iﬁaa'riagﬂiu
wuu Balasda(Synchronous) iisldlunisindedearsseninalulasaeulnsiass (MCU) fu
gunsalnteuen Feldanedyyianiios 2 Wuuinduie Seral data (SDA) uazany Serial
clock (SCL) Fsanunsaiiieusiagunsaidturuvatsgdadndneiuld vild McU wesmites 2
Wosmi

1.msideudaiuu 12C Bus aldanedaar 2 @uile SCL uax SDA dwsuiafy
guUnsaluuy 2 Aevne Tneflerdyaiontians wedesdafusfiumuuuy Pull-Up Wiitels
aonuzvesalusoidulignldou fansdudatnmde “17 vag iesanieninmiidnuae

p P o - 1w W )
Wuu Open Darin w3altluuuu Open Collector titelilordiwmidousdaiuldvaiysia

+Voo

Pull-Up
SCL Resistors
(Serial Clock Ling)

Rp| [Rp

Master SDL
-1 {Serial Data Line)

Slave 1| | Slave'2 Slave 3

sUN 214 uassanwaglassasiimsifousawuy 12C Bus

2. m3¥udsdayauuy PC Bus azisududianisiaieaniizidudiu (start
condition) ilauaninisyelda mﬂﬁ?u%'u%fumieiaiﬁammu (Control Byte) §sUsznause
sWauszddgunsel (Device ID) tileldszymumisioninsarasigunsaiiifiasnisaziinde
e Tngsianuauazlvung 8 9ads 7 Sausn (3uain MsB) audurmumioninsares
fgn daulindis (LSB) antfulngaineveslurilddmivssufinmevestoyalunisiuds
(RAW) Tnedayavzvhmsiudinaas 1 1uvi (8 Tn) uaslinihedeyavesarluvidednuans

N1sMBUIU (Acknowledge Bit) Inadnwuzlassasnawss Control Byte U4



15

=l ooy

gunsal I°C fsiail

"—%——— Control Byte —————
7 6 5 4 3 2 1 0
lsmm‘ I | I | I | I ‘Az |A1|A[} |Wlacx|a|d[d|a|a|a|d|a ACK|STOP|

‘4—- DEVICE lD—u-|4—-- ADDRESS —»| MODE | |-o— DATA ——

U 2.15  wanslssairavas Control Byte

14

) s = = as " a a1 w « v Vv =
dmivlunsdinfuddesnisinreiugunsaivate9da fudadresaniziSudu
(Start condition) Tusuagvitnisfudeteyanualnsalianiaaiauds ludnudusesasis
anmedugn (Stop condition) Lianauluisunusuditayanugunsaldaeludnila uadaul
£ a 2/ .«:‘; ‘r: [ 4 ot 1 1 s § [ i [}
dunsoasisdnzEuiudwnglval wionivdsaisiantugudasyydumisfioguesgunsel
o Yo o o v ot | el @ IS o & = ) = d
mselulaviui WiafsnsFudsleyaiugunasiyndaiaioud Feadreannsdugaiioluns

Lﬁﬂ'lﬂifﬂ’aLLazﬁﬂﬁﬁﬁaQ"Luam'w'iwﬂumwé’qﬁlﬁ Uy

DY O

ST o DA JRAELR0 VA

{
i )
sc [ | L/ﬁsu

|| AN

1422 I o
START sTOP
CONDITION CONDITION

SCL

DATALINE | CHANGE
| “sTasie: | GF DATA |
| DATAVALID | ALLOWED)

()
YN 217 (0) wamanmzEuduuaggaveanisasfeyauuu 12C

(1) anwugnsiudedndeyaves 12C



16

2. damvualumsiiuduanzsudunaraniizdugneas 1C Bus n1siIviun

o
=

an1izisunuLaTuanIzaniMuAlAefwl (CPU) Tnganizunfivasandoaniizineiy

1 v
/ = 33 g 1 A ¥ AAI k7 s 1 Lo o o 1
deytuned SCL waz SDA ﬁ]ﬁl.lﬂ'lt‘ﬁu e 119A) LuamaamiLsumu'lumisuﬂway}a‘lum RIS

v a4 w & @ o
d31ed@n1izisuay Inenisiwasuaniuzvesdygyia SDA 910 “1” uudu “0” Tuvmed

@ o = & A ' A w 4 o v s e 1]
gtyeyeud SCL gadanuziuu “1 [} LLazﬂLuamaﬂﬂqiﬁua‘ﬂﬂqiiﬁu\mu UaARILUNATATNANIE

[ ]
=

Augn lnunswdeuaniizvasdygyroe SDA 99 “0” nduldilu “17 Tuvneiideyea SCL
dafiindu “170g
3. Maudsanmziunsuluda (Acknowledee) Tumsiudsdoyauwuy PC Bus

WHDIINTHITUNTIU  awdlinsuin ﬁa;&aﬁgna'qaaﬂlﬂﬁulﬁ%’ml,ﬁaLLaxﬁmmgﬂﬁas

8

auysal Fenwlaglddygrauniing SCL lunisaaugumisiudieyanian SDA lledayagn

VAR

1 a at L4 at 2/ as lasr & d! at (] = e 1 i s
GNAsU 8 Uﬁ@?@ﬂﬂ%@@ﬂmE}UﬁUlwmﬂLLiJTU'E LIBAILUENATU 8 Uﬁ]LLﬁ?ﬁ]'ﬂLLﬂJﬂ%ﬂﬁ@UaﬂJm’!m

Yoya SDA Tvedluanizing “17 wazadwduannuuninmesnuludadn 1 anAau d9ly
k1] e~ U

Rl

2
1 as

=Y v @A s ) a WA
anmelifmannasaedyand “0” aanumnan SDA Tuthsndnn SCL fandu “0” Ju

U

a1 1 gnaduesdyyin SCL uagiaifiazvinisasadeudanunisiuiiludindayg

Qs

wiiinifiandu “17 1aue lunsiiidmanllyeudsdyn ol ervvedoasudunseuiunis

U

ddaalminauna



dhilnneayanaiy WizvuIn@aIansesy,

P
unan 3
acsd o =Y = o/
A9 UUNITIUIAVY
3.1 N15ANHUUIASINITIVYTVUADUNITVINIUA I

& a & ad @ ¢ s s <
?Ju&*lauluﬂ’]‘iﬂ‘iﬁﬂ‘lﬁiﬂ’lﬂﬂ?IV]WL?IML%E]?LLUU@’]‘JL'ﬁEﬂu 2 4R @I EASTUNBUNS

nusausunmlugun 3.1

37 3.1 Fursunsdnivnulssiviau @induweidmviunnagoudumiaesing

TunsdndunsidefiensuseRviamundiiifueesd dnsdudumulaonisine
fAunt o deyaiferfunu BindumeiiilelddmiunsiadudumisvesTng viavesen
Undfividuimes JunuuvesdaBidnlnen uasAnuindilunsnmadumemuglniidngg
Waguwlas dlefiladosineg fidssavihlimauglirduinnsdsudady anfudad
'sj‘ffv'umau’lumsﬂixﬁwﬁmﬂﬁﬁwL«T;uuﬁai'gﬂLLU‘um'NS] waznaaosinAAmNglwin Weanunse
ps2adueugliiiinisAsuuladldnda Seiinnseeniuunsmnaeaitenaaeunis

I3 © @

auresmUaiduee iviinsUseAvgiu msaansalunmsaseduiumiailefiing

ndudauuaU1@induiees mntuiadignszuiunisieszinanisnaasuasyinnig

asunaaInnsvaaptenagouysEavsnmlunisnsaduingredasinuideil

149462



18

3.2 gunsalitlglunisiaun@finiGuweasuuuaiitsd

1. Wiy PCB (Print Circuit Board) 2 viti1 wag 1 i au1a 6x6 17 Mamsulunisiadsy

A W o 5 a
[Hadnvnd8Lanlnse

2. Arduino Nano
Arduino Nano Aavesalulasaeulvsaaesdusagy dsmenililasaoulvsaaes
uazgUnsaldug MSduinluvedaios vesaiilifellnsreulnsiaeiiuas ATmesal68 vie
\Woi ATmega328 Tusunsainiluslanaa UART 14 Mini USB Weousorfunoufinmes dnesn
AdmeadunmLoIdnn 14 wedn faineuriondunn 8 wase uuuasadulisngiaimes anunsa
Swllddaud 7 - 12v wielvesavhauld (Selwiten ving nsdifundssrelul sv Gl

enlaaenun 5v

E‘U‘ﬁ' 3.3 Arduino Nano



19

3 qua MPR121 (Proximity Capacitive Touch Sensor Controller)

o =

Tuga MPR121 WJuiduwesainddudasiln Capacitive 12 ¥a4 Ansadaansuuy 12C

anunsaiAsu address vaslugald Télidss 3.3V JUs1ewes MPRI21 feguil 3.4

g‘dﬁ 3.4 luga Proximity Capacitive Touch Sensor Controller (MPR121)

wann15191uve MPRI21 Aon13nTiaaeunIsiudgunlataalnuglvitvesdn
a & A A = ' o ' U o Ao a2 o v oa
auinlnsa (edlTngndwadanisiagumanuglnilundudandasianinga iliiAanas
Charge v83Uszalwvl wazlieUdoningeanaindididninse agvinlfiinns Discharge e
oAl a S [ = 1 I = o
AUAsukUasliannidunsauinni1al Threshold S2UUNILATIANULALI BN UNTAUTH
Tadduda wazinvuatantuglily Register #9A7 Threshold vasn1sdulanaznisuaasisi
anansaivuniedld luga MPR121 dimesuiasniiunges ADC wienlasdyanandufinea
uAITuan a1 SEURALAZAITUARY

4. I9UALVBANAITHARIN

Tunmmesesiimanasounisiddeuudasiianualnil Gailadefidmananisiwasuriniug
TitihAe Wunvawial warulinvasladidnndn deluingildlunsasedadlansidanuy

[ = P a & = 4 [ v 1 1 T W 56’ @ =y ' [ 9/
LUU’U’G@LW@'«]LLﬁﬁi&ﬂWﬂ&Wlﬂ@Lﬁﬂﬂiﬂﬁ’Nﬂu AIDE YU W UIDARN UINUNT BIaLUan vusu

ud Manan UdNuNT waslan

SUN 3.5 vauvatiltlunmmaass



20

ce
)
("_‘Q
=20
o
Zs
=
o)
=3
®
o
o
b
=
Db
o
F;
=
()]
Lo
o
iy
o}
o)
|
g
,da_);
=
=
- |
o))
(]
=be
f
=
fad
(5]
g
=e
)
Ui
De
g&
—3
=
=
)
afl
=
=
)
©
Lo
151
Lo

o
o o ar a

- dad A& o - 1 o v = v v o '
deningnfiiunndudaiutididnininiiunnsdwiu lnedngidenldfeviauinfivuindieg

= £ a v oo '3 =
L w3991 1 9901084 3 LURLIAT LAUNTUALINANUBIYIA 0.65 LTURALUAT
AINY 1.33 Jadans
= o = v ¢ =
2. ION 2 VUM 4 L9URLUAT EURIUAUINA1A892IA 1.00 WURLUAS
ALY 3.14 Ta6dnT
= v = v ¢ a
3. 9% 3 NIAUNIE 5 LEUALUAT EUNUALINANUDIIA 1.50 Ioufilums
AN 7.07 Jadans
a v = o ¢ a
4. 09 4 VIAUNIET 6 LUURLUAT WUNIUALINA1IURIUIA 2.00 LWURLIAT
AN 12.57 Aadans

s A o s HJ
(A33UN 3.6 Beaddvanggluen)

JUN 3.6 vaumuunacne Aldlunimeass



21

3.3 YUADUNITODNLUULALAITYIEY PCB TAdua USRI dutasuuuaisiss

Tu 2 &R

1. llusunsy illustrator lunseanuuutndiéningn fsgu

()

U7 37 (n) guuutiBdninseildvinduandfividused Guuw)

() sUnuutBEnnsafildviuduadividumes Ghuaa)



22

2. ¥msfiausiu PCB dslunsvhau diinduwesuuvendsd 2 ftudedduiulSugos
winilosarnaneUsuliveluLuILNY X LAELILNY y wieldldfeanaunuidoniefud
R‘mﬁuﬁaaﬁlﬁ‘ﬁgﬁLﬁfﬂ‘wsmwmﬁgaaaaLmuaa‘jﬂuawﬁﬁu nsiaUsuLEy PCB Bonl¥33n153n
aeUTuannszauIWldlFRaduusiy PeB Weldaneuuuiy PCB udrSuiluldluhendey

SusoauUNaNBILAkifasNIseanIuvrNaLa I TRl AMasuAa 18N e LA Si89n1S gy
7 3.6
a 2

3. nm3dan3vngunsal efuuatadidninse wazn15%1 ground plane Litadasfiy

fyeyrusunmuainaneuen dslunismuuatadidninsadunuadu Column 6 994a Row 6
1 1aglv Column 91 1-6 AaLtnivn 5,4,3,2,1,0 ¥84 mpri2l auasuwas Row 7 1-6 fa

r A o o 1 ::' °© n’:' 7l 1
%91 6-11 989 mpri21 mugIau kazludruvesdunaunisvin ground plan Wuldwny

G5
U

¥ = o = 2 = i ) | do &
PCB wildeviudu Layer 71 2 Tngldduililevesnanusnudaduudy PCB fifausudu
G o= e a £ o o =if) g c o 1 LY =i
hdanlnsalaiaseusosuaiaztians aumdunasuniidy ground vy lnenisdan3
ground HUulTBNEDIINAYU GND U89 MPR121
o a ' h ¥ a Y] @ v
4, wqﬂqﬁLT}ﬂﬂJm@W@%mﬂﬂQIﬁyJ%a MPR121 , Arduino nano LLﬁW’JEJLﬁﬂI‘ﬂ‘JﬂL‘U’Iﬂ’JEJﬂu 4

sU 3.8

B N @

A s Al

(O]

AET g
e gt - -1 x A

El!ﬂ(:ﬁi‘tLEDl

O = N W R

O
O
Q
(2

SO
07070768 |

UM 3.8 MadeusietiBianivsn luga MPR121 uaz Arduino nano



3.4. 31305 193UN1sURBULUaLAIANg I

Tumsasradumswasunasuesdinnugluin lavinsdenldluga MPR121 Tunns

o = ' = ' ' = i &
A5199UNsIWAgULUABsA1AUY N Fen1serudinislAsunUasriaug gy

) . = = ° ) =
denldiu Arduino nano Zwanansaeiunanisvendeae Flowchart figudi 3.9

Inltiallze Serlal port

h

Inltlalize MPR121

=
-

Get the currently
touched pads

b

Show data touched

N

FilterData = Ot

—
>

p

Show Fllter Data

WV

FilterData+1

)

Filter Data <12

Base line Data

<12

1

baselineData+1

Show baselineData

/]

A

Base line Data = O

JUM 3.9 Flowchart valUsunsy Arduino MPR121_test



24

3.5 YUADULALITNITNAADY

s aa sdo o o I =2 =
hlﬂ'li‘ﬂﬂaENﬂ’iW]'3’3‘-U"{]‘U’]GIQ‘UENF]’]‘LJ’WWWL%UL‘UB‘W]%GM’]“UU ALUINIFANWIDN U

4 JunDY A9l

'W af

= gy Y a | '
3.5.1. nmaaeuiensIinAIANluAvestBidininsalusasNdaddddngun

o ol s

UARUATUIG AW G uy
A 1

1. WeauremU NG uasidndumauiumes vinnssulusunsy Arduino
2. 81uA1 ADC Count Wilolifiingurdudavumindiwduisesvesdadidnlnsans

12 43 udgnhaunmuwnmaiaaugliihainaunis (3.1)

Cerdfiry A T (3.1)
ADC  Vdd

g 7 Aenszwandoulviudididninge lundldiviniu 6344

T Aeeulan Wiy 1mS

1 o

vdd  felwiveuldfiumuies Tawihdu 3.3 v

5 1% [ 2
o a Y (v a

3. wheansl 3 fnanuglnivesiBidninsausazn via 12 49

3.5.2. msmaauﬁaﬁnmm‘imﬁauuﬂawaaFi'im'maﬂwﬁ'lLﬁaﬁmiﬁuﬁawaﬁmq
Tuaundssaeg vuaUrB AN usas

lunmsyaresiieAnwinsasaaduingludiumisneg vasmudiniduseiis

o ' o Yo =t g v od oa o aa Ao oo | a
36 FILYUS ﬁ]gwqﬂqimﬂaaﬁzﬂﬂﬂl?jmﬂqsﬁﬁLﬂUT'ﬂﬂLLﬂ?VlUﬁﬂiqmi 5 Uaaans UsaduevInmnIny

17
LY

0.65 wuiins sluussuannduingildlunmmaass Sufuseunsinsmasosd
fail

L1 ingiildlunismeassuasifuugasateswuindnuasiovun U div
duwes omwniduweiidavinduiirdidnlnim 12 42 wdalu 6 Aednd uas 6 um Fuly
investaBidnTnsnilunuavdnuasunaiiu sxiifivun 36 W MUl 3.10 lun1svaaes
wwimsnaaedlagneingliigelaganis udufiudr ADC Count vestadidnlnsavi 12 42
fianunsaslFiADC Count 9nAoNTADS ndutnfuummanugiih faunsi
3.1 uduFouiumisiinetgludess auasuii 36 fuma

2. thinmugliiindidwanildumdennsl 3 Falaeliunu x wnudadidnlnge

Tuwwredind unu Y unudididnTnsaluwuaun? wasunu Z wumaruglwihiiuGeundas



25

lngtheranuglniveusaztafidnldllauanugliiiielifinsdutad inldlu
3.5.1

nano

© 1 dl p A ar
Auviai i lunnanedig

‘J o L} J a
JUN 310 suviisnnglunisinsing

3.5.3. NMsnaasuadnyINsiUAsuLasaiAIaINgiiinlielinisasuviinueas
VDILWAT

o=

- @ = ' aa I3
lunsneaeaivensiadunisiua pulUawesiIn g i lnerUndiividumes

'
=1

wuvensisdiiadnetud Wiednwinisidsusiinvouvariiussyedimeluingfléia Tne
voamaiidonldfe uilan thdnau un wasdufude Tngidenltluntmnaesfie viau
fifluavinduiunoud 1 yhmsneasdlasaziaingliluiurdafieatuiinismaassie
fumidedl C5 dinfiu R2 nsvaaesdtuneusil

L. vimeaemnsingifvesvategnslurinuuaindiividuees  wduiin
ADC Count vostaBifinTnsais 12 42 vinmsvmaeaniiowdn 5 ade mndfuiundunamen
Arwglnihenaunsil 3.1 wdthumdennsminileunisnaaesii 3.5.2

2. wWaswweavammeluraui udnhuvhmameasaniioutel

3. sheegliihiidwaldumwdeansin 3 S5Tasliunu x unudhsidninge
Tuwwamdn unu Y unudaddnTnsaluwuiue wasunu 2 wumaglihiuEeuuadag

A alwihveaudartirwnlallavdranugluiideliinnsdudaiialdly 3.5.1



26

U N UNT aanLilan

JUN 3.11 vaumadnldlunisvnaes

3.5.4. manpasufieAneimsivAsuulasdaruglviisiefinisudsusuiavasing
lumsweaetifionsasfunisvasuntamesdipmglnih  delinisudsurune

vosing simsveaedlaslivasvanrindedotid udwdsuruavemauia Taevna
YosnuiTiun iy mmeaesisedussaann sy 0.65, 1.00, 150 uay 2.00

LURALLIATANEIA MU 3.12 wagiunteiinefie C2 way R5 wavvinmsvpaoumniloulu
MoUN 3.5.3 .

5UH 3.12 vipumvuadegiildlunisveaes



27

3.5.5. mimamLﬁaﬁnmmswﬁﬂuﬁhmquLﬁaﬁmimﬁ'ﬂuuﬂaqﬁ"mﬁnwaqi’mq

lumsveaeaiionaaaunisiAsunaseaugiwindedimsuwdeuanivdn
voeing Yinsmaaadlnsduneuil

1. mslduisuivuadnneuuani@iidues udldnseuiiftuense
817 10 wudiwns ildliluuvauds faguil 3.13 udavinnistufingn ADC Count vaeth
Sudnlnsenia 12 41 mnduthanduumeaugliadaunsi 3.1

2. v wiinvesiagquuuiuialiidnduduiias 10 n$u imsfudwinlee
nsifuhuunTg Tnglailidlmaasnidrgursutaandurinisduiindn ADC Count ugawi
nMsAIMAIANY N

3. Jnsinanisnaasslnnisthaemg i lurasainsdudminfunfas

10 ﬂ%ﬂlﬂﬁUﬁUﬁﬂﬂ%ﬂﬁJﬁ;lWﬁw’Lu%’a 1 Inennsthundennsan 3 4

UM 3.13 amgunsailunisnaaeansiisudvinuesing



uni 4

NANT5IULAZN1TDAUSIUNE

Tuuniazeuisianaiildannisvnaes uesnsiassinaanmsinunsasedu
FnglagaundfiviSuwesuuueniisd annsauinisvaastesnidy 3 funsufie nsvegeu
msasarduinglusumilenneg vupdaviduweiondisd nsnmeasunsiuAsuntasen
rsglviiidlesimsAsunlassinveseanainielumaihiunldlunsasedeu uavns

nageudlediingnilvunaldiiiunndudaiuaU @ ivduresiuuesisdnadedu

4.1 #ANNIMAFIUNITATITUIAG ludunlsrs quumUfinidugesuuu
4 d
915158

MNNIVAARdLieaaeuANKLINETTUNIAIITUINUBIANTIVIGuTD SLUUDNSLSE

o W

-] ] 1 § =l ar ot s ] Qs 1 A
6x6 Tusumiannag iefiingandudauarlaiflinguiduia lnassuanianinanugliiag
75299UlA fan1s1en Tunaaeunn

ﬂ' ar [ 5 a a v g
4.1.1. HAIINNTTVARDUNBATIAIUAIANUY IR BANINSALARZ T2
a L 2> Ny UL p z
AUNARN GBS I UUDITLSE 6x6 Nasnauild1dBnlnsaviavun 12 97 lag
wuaduund 6 woa uazndn 6 wan lunmsesasudimugluiivesdraidnTnsnudas 7 lden

Arugwilslitinnsduda aansauanalddununfiue dsun 4.2

380
370
360
350
340
330
320
310
300
290
280

Capacitance (pF)

C1 c2 Cc3 o C5 (03]
Columm

JUN 4.1 wamsmAsglniivestidianinsaluneduii C1-C6



29

380
370
360
350
340
330
320
310
300
290
280

Capacitance (pF)

A 1 5 = |
JUN 4.2 wansAngluiiaestaBidninsaluuaii 1-6

2 [
Y

1 1 4 el 1 4 = 1 =

Mnguamuaadiiiudt darugliniinsseduldaindididninsalunsast 4

I 1 s 3 = | al = Yo @ s
Auanansiu lnetnddninseluvdnd 1 uazunii 1 eegladiushaunsalildlunisnsedy

maUasumangliill (MPR121) sstulddidunislunis@eufutadidninsadulndndd

ko4 k74
[

Tdianinaniieglnasonly dwasermnugluiivilidadesnin uardnusenmisfeda

§Lé’n1mm7|'asjmau (AN 1,6 Wavuwon 1,6 )ﬁﬁhﬂ'mﬂwﬂ'xﬁ’]ﬂ'i']%ﬁ{,ﬁﬂiwsmﬁar;j*u%nzu
Y a Soa & S NS e = o v a a & )
Al wesndadianinannegawluiitididnlnsafvinliiinn1sduUas (Coupling)

U

wnnhadidninseiieduiiiavey
4.1.2 waanmmadsusituisiilelun1snsaeduingainaudinidues

nnMsnaaedlun1meaauNINTIITUTRguesm U TG uwesuuueniisd 6X6

] 2 2
= } 2 = =

ha319ull wudhilgaidaiusgnituauaznanianun 36 98 a1nn1svaasdlagldunuiam

s

= & A = 14 = = !uI ! = o
Lunnanuiuinunuean 1.33 maasuiins 1aglurniaussadidar lunawugeidanu

3
s @ d =

fiazsuvis maannsvaaesnuitlusunisiigningnaivey Araugluiasiangsdu

u 1

e

NnENliding 1 ddunisasisaeudiuniddunisnnaduingll Sedemaasuns 36

Aunlniedunansneuauesdlunsnsaduinginfinisdeuulasanug i
waannsneaedluneutiszuandluniw 3 I8 Jesvendumianingreeglneg
nnmsaniuveanTwluwnuy X uazunu Y lagunu Z waasdeinnuglwihiuasundadly

nnaunliiiing et



Capacitance (pF)

Row

Gl Cc2 c3 ca G5 cé

Columm

JUN 43 nsmuansAia gl s uudaiiod inganalusiumds C1R1

16

14
o
a8 1n
g
2 10
s 8
2
6
S 2
4 2
2
0
€l c2 3 Cc4 c5 ce
Columm

{ 1 d ﬂl d‘ o w o 1
JUN 44 nsmuansem i Aidsuudaadiodh inganslusumis C1R2

30



Capacitance (pF)

Row

c1 2 €3 C4 €5 C6
Columm

UM 45 anwwansmpgiihudsuwaaiiouringnaluiumls C1R3

Capacitance (pF)

Row

1 C2 c3 c4 C5 ce

Columm

T 4.6 nsmiuansmanu i isuudandiethingandusumds C1Ra

Sl



R6

Capacitance (pF)

Row

A 1 dl l:l A o @ o 1
N 47 aswiansiiangliihnudeuwlandetingndludumds C1Rs

Capacitance (pF)

Row

Columm

U7 4.8 nsmiuansrnanuginihiiuGeuudaadiodningnslusdiumis C1R6

32



Capacitance (pF)

Row

¥ C2 €3 c4 €5 C6

Columm

Capacitance(pF)
o ® o o Boo

D
Row

[T S ]

Columm

JUN 410 nivuansArauginihiGsuwUandiotinginslusumis C2r2

33



Capacitance (pF)

16
14
12
10

Capacitance(pF)

[ S R o ¢ <]

(=]

U 4.12

Row

€1 2 S c4 5 €6

Columm

1 4 A d‘ o el o 1
nsmuansainualniniudsusUasdiodringslusumis C2R3

Row

C1 2 3 4 5 6

Columm

nsmuansAmglniniuAsuiadiouringnusumis C2Ra

34



Capacitance (pF)

Row

Columm

a ' o el ) ° 1
UM 413 nsmluamsaianughitihiideuidaadiodringnalusumds C2R5

Capacitance (pF)

Row

C1 C2 c3 C4 5 6
Columm

N 414 avmluansmmlwihasundaadedringadlusiunia C2R6

55



i6

14
T
a
8
g 10
T
- 8
g
@ 6
o
4
2
0
i
JUN 4.15
16
14
T
a8 1n
8
g 10
8
.G 8
8
© 6
o
4
2
0
=
U 4.16

Row

Columm

Row

Columm

nsmuansinmRltiniluRsuuaadiedringnslusumia C3R2

36



16
14
12
10

Capacitance (pF)
[\ ¥ E5Y (=] oo
Row

Columm

o 4 E A = P 0w [ I
N 417 nsmuansmm s ivihiAsuuaadiedningnsluiumi C3R3

Capacitance (pF)

Row

Columm

Wi 418 nsmluamarrm gl iasuulandledringndlusiumis C3Ra

37



Capacitance (pF)

UM
Y

Capacitance (pF)

sUN
Y

Row

4.19 _nsmkansAmnnubilihiideundasdiiedtingndusdumis C3R5

Row

Columm

4.20 nswluansimuglnihiiudeuianiiedhinganslusumls C3R6

38



Capacitance (pF)

Capacitance (pF)

16
14
12
10

(=T S A -]

16
14
12
10

Qo N By

3 C4 5 Cce
Columm

Row

Row

JUA 422 namluansAmnaliihiiAsundaadiouringasusumis Car2

59



Capacitance (pF)

Row

€1 C2 3 €4 €5 C6

Columm

UM 4.23  nemuansanauglniih s uudaadedring ndusdumis Car3

[y
a8 1
8
% 10
8
3
6
8 3
d 2
2
0
C1 C2 Cc3 c4 c5 Cb
Columm

JUN 4.24  nswluansmaugliihfidsuudaadiethingnslusumds Cara

40



Capacitance (pF)

Row

@1 C2 & 4 c5 Co

Columm

= J < A o o o '
JUN 4.25  nawluaasmanugliihniudeusdasdiodring nslusumia Cars

Capacitance (pF)

Row

C1 c2 a3 c4 C5 Cé

Columm

UM 4.26  nswluanseauglihiudsundaadierhinganslusuma Care

41



16
14

[
a8 12
3
¢ 10
s
g
© 6
o
4
2
0
P
Ui 4.27

Capacitance (pF)

3U# 4.28

Row

@1 c2 3 (&) €5 C6
Columm

’ A i ﬂ' o o o 1
nsmaneAn A IGsusUasiiodringindlususmds C5R1

Row

c1 Cc2 c3 c4 s (&3
Columm

1 ﬂ: dl d o e o 1
Ny muansinm gl idsuudaadiiod ingadusiiumds C5R2

42



Capacitance (pF)

Row

Columm

UM 429 nsmiuaasaaugliihfidsusdaudiodringnslusums C5R3

16
14
12
10

Capacitance (pF)
o F=3 (=] o
Row

1 Cc2 a c4 5 6

Columm

JUN 430 nswluanseamgliihiasuulasdeiingandusumis CsRa

43



Capacitance (pF)

Row

I’ . Cc2 3 Cc4 c5 C6
Columm

=i 1 S Al Sal oG o '
IUn 4.31 ﬂ'i']Wmemﬂ'a'mﬁﬂwﬂﬂmﬂaEJuLLanLuau'}'mq'a’NTum'lLmu\i C5R5

[
[op]

12

10

Capacitance (pF)

NS Y 0
Row

(=]

Q1 C2 c3 C4 C5 6

Columm

UM 432 nsmiuansAmnuginihiluRsuudaniiethinginslusumis C5Ré

an



Capacitance (pF)

@1 Cc2 C3 Cc4 =5 6
Columm

16
14
o
o 12
o
Q
E 10
e
5 8
a
= 6
(9]
4
2
0
C1 £2 c3 4 C5 c6
Columm

ﬁ! 1 E: Eil d‘ o o o )
JUM 434 avmuansAnuglniiivdsundasfiodingainslusiumia C6R2

45



3
U

Capacitance (pF)

3
U

U

Capacitance (pF)

Un

=
7

16
14
12
10

Row

O N B O

Il C2 C3 ca C5 Cé
Columm

i o 4 o o o '
435 nsmudasninuginihiuasuiuauiiedringnsusums C6R3

Row

C1 107, c3 c4 5 c6
Columm

4.36  nsmluansrinuglihiuasunuasiiouringanslusumis Cora

46



16
14
12
10

Capacitance (pF)
= a [e]

Row

Columm

= ' <0 e 4 o w ° ]
JUA 4.37 - navnansAnnag i e uudasfiedninganslus s C6R5

Capacitance (pF)

Row

Columm

UM 438 nmluaasdrruglnihiwdsuidaudiodinganeluduvus CeRre

a7



48

nnsilunisasaaeudmiang 36 dunils wulnfiedlinguduiafuniurdin
= < ¢ ead v X o 1 | ] & @
Wuwesuuveniisdnaiadiulusdunidlay manugliiheddhdidninsadusnvdnuas
uo2vzdiFmuglingetu nsnneasuiwmitesiaganansansuldannsdniuvesdn

Sidninsaluluiunundnuazian ‘um’ﬁgﬁLﬁﬂiwmﬁﬁﬁhmmﬂw%Lﬁu%u

4.2 wAINAsANYINIAAITUNsWABULUasMA g lniiainmsiuaey
YUAYDIVDINA?
MnMIAnNsUAsurinvesveavmneluwinuia AiNuivestuain 1.33 m1319

WUALLAS WardUSunsg 5 1addes favauuaiidenldlunisnaassusenaulusiy thsiumie

YwUan Uy vdnay LLaxLﬁaﬂT%'mmUa'ﬁﬁ‘lﬁﬁ‘naaLwaaagjnna’(quﬁlLaﬁ’a Tunsveaniazing

val o ]

b4 =l L | o 1) dl e | ol s A
m’mLLﬂ’ﬂ'mmmema’muﬂa FIMNAUINNGNT 5 AANULDINT 2 Iﬂawamimaaa%uamuﬂu

ﬂi’]Wiﬁﬁé‘gU

10

6

Capacitance (pF)

NS
Row

0

Columm

UM 439 sunmuansaaugiwihiddeuluidedmsdudaninuinuiaan



49

10

Capacitance(pF)

Row

C1 2 (3 C4 5 C6
Columm

= ' & - o W v A
JUA 4.40 suamanseanEqliiniGeuluidednsdudaninuanuniniaielu

UTTRNIUAY

Capacitance (pF)

Row

Columm

cll 1 i { A o o W v o
U 441 sUamuansnmgliihideuludiedinmsdudannuiauiafiangluussquu



Capacitance(pF)

Capacitance (pF)

Columm
=l | o =l 4 o YY)
3UN 442 sunmuansrrnglii Reuldidiednsdudaain

} d ’0’ !
aufNaeluuTIUE

Columm

JUT 4.43  sunmwansAanuglih iidsuliledinsdudaan

nakmiingluvssyindaau

Row

Row

50



51

ﬂ’lﬂﬂ‘i']ﬂ“?llLLamﬁﬂm‘iLﬂgﬁuLLUaﬁﬂJ@ﬁﬁiﬂﬂdﬂuﬂﬂﬁﬁ LﬁaﬁmsﬁwmﬂLLﬁ";ﬁmtﬂuUﬁﬁ;
muvesmvmvilameuidisuidivuiuuds nuiinnuguesnsmiiuanseiuviedianiug
I masuldlivindy Fadulunumguiifivenda ansudasedndiasiladidnninlsl
Wiy Ferasiiladidnyint dwasterannugluin loAAsilaBianvingarinug i
efldunniu asstudumndmuglidindens fmnsmmurassiaduiidailesign-

y3nAtesnin

4.3 wavnnsAinemsivAsuudasianuglwihiilefinisudsuruiavesing
lumsmpasaitefinwinisiasundasasainuglii Wedinsdingfislounalsl
Wity Gavuavesingiildlunisnesssdviounn 4 aue lagtnaiidenldfovinuia s
revesnnaafuiivinaiurndsdiuil 1.33 asasuiiuns 3.14 asaeufiuns
7.07 MsnauRiang Ay 12,57 prsiaeuiuns wezaelunauiatuussgiia anduia
fupUn@fiiumesuuueniise 6x6 fiadradu Tngusnaineingaganedl C2R5 Taswasnn

NSRRI UARMIAITUN WA

s

I d l:l d © l:’l = 1 s
4.3.1 nsmudasarnuglnihidasuudaduifiotivaauianiisdivesuaaminfy

0.65 LYUALIAT U1UUATUNTAN UL S

16
14
12
10

Capacitance (pF)
Row

o N OB O

C1 Cc2 c3 Cc4 c5 Cé

Columm

JUN 444 nemiuansrnagiiiiisundas dedlvinuiaidl

SAsvRIVIAVINAU 0.65 [uRunIUNSUNE



16 C1 Cc2 c3 Cc4 C5 Cé6
Columm

JUN 4.45 1399 IuUUYRINSING 4.44

' o A { o =1
4.3.2 ns1nuansd1nug I muasusdasliilietrvanudiai

1.00 WwuRLUAS 1N ULANUNTANIG U S

16
14
12
10

Capacitance (pF)

o N B~ O

[ c2 c3 C4 Cc5 C6
Columm

Row

| ]

UIAUNVDIVIALA

Row

JUM 4.46  nsmiuansmimug i iGsuidas Wedlvaaufidl

s ol 1 o =
AUVDIVIANINY 1.00 1 UURNLIUNT

52

il



Row

16 CE (87) c3 Cc4 C5 Cé
Columm

JU 4.47  uameanuuuveInsIni 4.46

53

] d l== d o ﬂ;ﬂv = 1 os
4.3.3 nsudasdrn g inihidsundasiuidlisthvaauianisaiive svaawiniu

1.50 W@URLLNS W19ULAUNTAINIgRLYe S

Capacitance (pF)

16
14
12
10

o N B o 0

C1 c2 C3 Cca Cs Cé
Columm

JUN 4.48  namluansnanuglihfiudeuudas deflvanuindl

$AURIIAYINAY 1.50 ATIUTURLLRS

Row



Row

16 C1 c2 c3 c4 C5 Cé

Columm

=i [ =
UM 4.49 3399 TUUUYRINTING 4.48

54

1 i i d o l:ilﬂiﬂl = 1 of
4.3.4 nsaudnsArnug i mudeundaduidisihvaaufafisifafivesuaaiinfu

2.00L9UANAT U1UUAIUITAN DU DS

Capacitance (pF)

16
14
12
10

Row

O N B OO

€1 c2 Cc3 C4 C5 cée
Columm

P i i < A o v A
JUN 4.50 namuanseauglihiiudsundas dedlvnauiifdl

SAivasunYInny 2.00 lURIAT



55

Row

Columm

=i B P~
U 4.51 N8I UUNTBINS NG 4.50

ot 1 = e 9 < 1 aa
nguuanstsmaug i nasuulandefidagfifivuianiieg u1ansuuan i

1

=

2 5 ¢« \w -l i o o 9 v
Wulresuuvenited wuiringiilvwalng dudinaliaiauglninnesiadulasinng

4

[ = [

= I =l ' o = 1 ' o o = e
WRgULUaWINNANINQREYUIALENNIN LLﬂH’)ﬂQW&I‘UUWﬂIViiQﬂ?WLM@UWM']'J’NUUFWUW‘U‘V]W

q
€ = 2 = o

Wuwesuuuesisdnasavuagldnunlun1snates i naAtvuaEn AR IS

|

L]

mswasuasiauvasuudadurinaimsasrdnfigningneivednindy

4.4 waanmisAneINTsivasuulasAtanfiliaiinsuvdnuesing
il’lﬂﬂ’]‘iﬁﬂ‘lﬂ']ﬂ']iLUa:E}uLLUaQ‘U’eNﬂ"]ﬂ’)’]ﬂ.lﬁg‘LWﬁ’lLfllaﬁﬂﬂ5Lﬂ§lﬂuﬁﬁﬁﬁﬂ‘LIE}\i’?ﬁ}q AaN1T

naaesil 3.3.5 lagmsiudsuiminvesingiinduadees 10 A3 HAIINNITINGBINARIAT
U

U



56

4.4.1 nsudnsArnugluvhnudsuudasiuliaivianatafinunansvudiumis

C4R3 'm»Nm‘ij'né?jﬁwLfﬁuwa%ué'qLﬁuﬁmﬁ'ﬂmaﬁmq%uﬂ%'aa: 10 n5u

[y 8
2
g i
= 6
g
©
8 4
8 2
o]
2 =
Columm
= ' o 4 A o S ua X o
JUN 4.52 nsmilasseanugiiih nideuudas e dnadhwiniiady 10 n¥u
10
[y 8
=
Q
= 6
Pi:
=
=)
a 4
)
Q

Row

O

c1 C2 Cc3 Cc4 C5 6
Columm

JU 453 nsmuansArauglwihideuudas Wetngiivhwdnuiiudu 20 nfu



Capacitance (pF)

Row

Cl c2 €3 c4 c5 €6

Columm

JUT 454 nswiuansmaaRlniilasuidas Wiodagivmineisiiu 30 n3uy

10

4

Capacitance (pF)

Row

Columm

E% g

UM 4.55 nsmluansiaugiiihfidsundas deTngihimiindindu 40 nfu

1

57



58

10

Capacitance (pF)

Row

o i
= o s

JUR 456 namwamiAnuglwihinAsundas dietngihisvdnifindiu 50 n$y

9

! P P s o ?{ s - g!{ 1 '
MnnTviiansdmgliiidisuudaiyvesnguieivindnfiadunuii i

1 & oA ] [ 1 & v P Y = 4
Al adsuludy Sauanmsiuediadndes Wefvufunisivieuveanainie

wWasuwunueting



UNN 5

d3UNaN15ILuazVaLaUDLUL

5.1 d5Unan1sIy

= - ar o I s o e v s
"il’]ﬂﬂ'?'i‘ﬂﬂﬁ@\iLLﬁ%ﬂﬂ‘H']LW‘E)WGMU"Ii%‘UUG‘I‘S’J"\]E’{BUG]')LL%UQ‘UEN’]@Q‘LU 2 1n lnelonannng

vasiuAuUTEIUUY ARRAY nuilunsimunszuuiifesudseaniu 2 dru Aeguuuuves

Id 1

3 1 -:7 Y ci" 5 1 2 s Y LY 4‘ v -:;
Wulwas wazdruiildlunisin Jensassdrudasiimiuduiusiu elildnisseusunued

9
[

wiugh nnsUseRvgAEIIGuesuUUDNLsd 6x6 Tu2 IR deldhBidnlnsanavun 12
18inInin wasldluga MPR121 TunrsnsmdumsiuBeuntatainaug i nuenud
= = ¢ s ¢l o o Y oa oAl &
Midueesiuuaniisd ilseRviluauisaldeuldads Samuaaianioulunimaasd
28N

A = &l i d = w oA o )
Tumsvaapufiefnwinsideuuwlamesrriliih Wednwiladuiiferdesiunis

Y
Vo =

A I ﬂy
WaguAr wlwilnefiugansaagunalanal
= = y ] & = | ad a a '
1. nmsfinvinswasussavanmeluvinui Wunisdeuladidnninesing wuin

i} i = | 1 i a ' i a/ L] LY '
‘U@\‘lL‘Wa?LLmﬁS%U(ﬂﬁGNﬁﬁl'ﬂﬂ'ﬁl,ﬂﬁ&)uLLUﬁ\ﬂﬂ’]ﬂ')?ﬂJQ‘lWﬁﬁLLG\ﬂE‘]']\"!ﬂU AINTTVAUATLAUIUDY

'
[ LYY

& a o & ' w = 1 =
G’lqmﬂﬁgﬂwﬁmuuaqmq3DLLEJﬂFI'T13JLLmﬂmqﬂﬁJaQ?mﬂV]aﬁiNalﬂ Q']ﬂﬂ'iﬁmﬂﬁ@ﬁ’ﬂ@@laﬂﬁqmﬂlﬂu

o3 i

nInaaesfie aania iy uu dideau Uival JeaamnuglwihasadulfaziSesan

Yogluunaudisu

2. msAnwInsidsuruntesingiududaiusinsaadudurteuesingll 31nnis

]
o b =l

o v Aa A aa ' = =
waaodldvanuindusuing 1.33, 3,14, 7.07, 12.57 Jadhns nuiriagiitvuialugTuae

q

' [
=

| VY a I = o = B 1 o a
denalididianinsadlipamliidisvunnndingiflvunadn waganaug ity

Tufduduannniningitivuiadnndd

3. msfinyinMiudsuiUasesdiaugliidetagivminifutulasauiauazsie

£
=

rasansiadidnninvesinguiiowdiiu anmnasaiisniviinvesingluitas 10 nfu wuden

5

8
v o W @ o

A lwihiinmsidsuudasdosinndefimsidsuhuidnuasing fadumasiadudumia

9

Yoringiivssiugiuil dnansevuannniswdeuiminvesinguilsadniioy

5.2 Jgymnwulunisvaass

nMsAnwnaznaaeslutusndymiinude guwuuinsiadudunivesingi

9

= (2

UsegAwgliu ddygrusuniueey launsatadranuglifduiueuls uwasliaiuiss

asvuMsasuLlaasmruglwiiisadndesls Aeswnisiandyminsuniuaints



60

a & = la  w o = 3 2/ [ ' [ v
dinlnsaneginiu laanisviinisdad uazdesFua threshold dmiunsiaduinguuin

U

= a0 o = & w '
iéinT Ndssasarnuginiisadndoslumiae pF

v
5.3 UnLaudLLUY
& a g ¢ ¢ A Y oa - 1 =~ LY
L. lumsesnuuudididninsauuvaiiisduietadidnlnsafieguussuruiieafudos
Atisiia ArAugliueseningIBildninsafiogfniu
2. lumsasadudra gl ideuudasly asmilsdermiugliindesainmnd

& o = ' o v v
nsWasullasuasuin ﬂ’i]ﬂiJﬁ?&J’]‘iﬂWS’J*ﬂ’cﬂle,m



61

LONE1D1984

[1] 91A8 ASVIY. 2556, “N1SDBNLUULAZNTEUAIUNISES LT uResTanuTuLUUsA
Nudses.” Inendinusimnssumansumidadin avnimnssililasdidnnsedng
Undinineg e, andunalulagnszaenindidinunmsaianseda,

[2] Texas Instruments. 2014. Basics of Capacitive Sensing and Applications. [Online].
Available: http://www.ti.com/lit/an/snoa927/snoa927.pdf

(3] Fatemeh Aezinia. 2014. “Design of Interface Circuit for Capacitive Sensing
Applications.” Ph.D. philosophy, Simon Fraser University

[4] Larry K Baxter. 1997. Capacitive sensors design and application. New York:
Institute of electrical and electronics Engineers.

[5] Gregory S. Capacitive circuit Array for Fingerprint Sensing. U.S Patent no. 6429666
6 Aug, 2002.

H

[6] Charles S. Walker, 1990. Capacitance, Inductance and Crosstalk Analysis.
Norwood: ARTECH HOUSE, Inc

[7] Christopher James BROWN, Michael Paul COULSON. Projected Capacitance Touch
Panel with Reference and Guard electrode. U.S Patent no.0257786. Oct 3,
2013,

[8] Winncy Y. Du. 2015. Resistive, Capacitive, Inductive, and Magnetic Sensor
Technology. Boca Raton: Taylor & Francis Group, LLC.

(9] M.H.Bao, “Handbook of Sensor and Actuators.” Vol.8, pp. 144-145, 2000.

[10] Thaimicrotron.com. m'a'!,%awiaqﬂn'inﬁl,wu 12C. [Online].
Available: http://www.thaimicrotron.com/CCS-628/Referrence/I12CBUS.htm

[11] Tsa voumen 2555. “nisAnwnisidiaiadianugluiuuuasassin.” Usugn
WeneansUunn a1vndndussyns, anTuwalulagwsyaauindidinaumvis

anansLUs.



(!

Qs

N mmnl‘n Ty i
| | ,Aj

X o A ‘Yo ) v P = " ' v o v 5% P
wnansiiluenansianulidmsunmsldnumenisfinyvinguy ldeygaliiluldussleviaunism

lidnsdlla visdu Bnnsnudlidaudadiien uagdesdndsisinvesenasnasaniinisunluly



. g ~ Y o Y] [ =~ =2 " & 1 ¥ o 1 &Y [
enansiifuenarsianulidwiunisldnuiensfinuningy ldeugralihluldusslevisunism

lidnsdllas visdu Bnnsnuilvsaudadlien uagdesdnsdiaivesenasnnasaniinisunluly



ATNH 4.1 ATNNERIAIAIURINAN (oF) 9esusaydad

NTARNUTIN N

i
as

dninsadislifinguiduda

T13ininse Anauglnita (pF)
C1 305.7477
c2 319.0264
3 321.1762
ca 333.9320
G5 345.2807
Cé6 342.4033
R1 316.4789
RZ2 327.0831
R3 340.9338
Rd 3589344
R5 374.4139
R6 355.9490

= ' < 1 a =
3197 4.2 mseuansdradugliiniluRsunUas (pf) vesusavdadidninsadiell fngundy

BRI

[
(Y =

oo

&

=
1

Lk A1n gl (pP)

C5R1 C5R2 C5R3 C5R4 C5R5 C5R6
c1 7.5887 6.9759 6.4467 7.8345 7.1799 5.8789
C2 0.3206 0.3206 0.5133 0.4276 0.5133 05133
c3 0.4334 0.3250 0.4334 0.2599 0.3467 0.3467
ca 0.4891 0.3725 0.2793 . 0.3725 0.3725 0.1862
c5 0.2253 0.4759 0.1001 0.1001 0.1001 0.2002
cé6 0.3694 0.3694 0.1969 0.0000 0.0000 0.1969
R1 46188 0.3763 0.1671 0.0835 0.1671 0.1671
R2 0.2696 4.3672 0.6297 0.1797 0.2696 0.26%96
R3 0.0000 0.1220 4.8479 0.0000 0.0000 0.0000
Rd 0.1614 0.1614 0.5384 5.5688 0.2152 0.3229
R5 0.2635 0.5567 0.3514 0.4687 55822 0.5860
R6 0.4764 (0.0529) 0.1058 0.0000 0.0000 5.1489




A15199 4.2 (s18) msuanIrIAu il NAsuuUas (pF) Yasusazdadianinge
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efiTnguduia
&5 Tvsa AR (pF)

C5R1 C5R2 C5R3 C5R4 C5R5 C5R6
C1 0.3121 0.3902 0.3121 0.3121 0.3121 0.0780
c2 5.7388 5.2968 7.6979 7.5188 7.9669 6.7154
C3 0.5203 0.8680 0.7810 0.6941 0.6071 0.5203
c4 0.4658 0.3725 0.3725 0.2793 0.3725 0.1862
5 0.2002 0.2002 0,1001 0.2002 0.1001 0.1001
Cé 0.0984 0.1969 0.0984 0.0000 0.0000 0.0984
R1 6.1308 0.2508 0.1671 0.1671 0.0835 0.0835
R2 0.3595 6.0351 0.2696 0.2696 0.0898 0.0898
R3 0.0000 0.1952 7.6805 0.2929 0.0976 0.0000
R4 0.2152 0.4306 0.4306 7.3518 0.4306 0.2152
R5 0.3514 0.3514 0.1171 0.4687 8.8651 0.5860
Ré6 0.1058 0.1057 0.1057 0.1057 0.1057 5.1489

A15197 4.2 (la)_ssnakansArAa iU As AT (oF) 'uaqu,sias“ﬂg’sﬁtﬁﬂimmﬁaﬁi’mq

WEEE (919)
# frAuabiii (pF)

Bidninsa C5R1 C5R2 CoBS C5R4 C5R5 C5R6
€1 0.2340 0.1560 0.1560 0.0780 0.1560 0.0000
C2 0.3420 0.4276 0.4276 0.4276 0.4276 0.2565
€3 8.3492 6.6267 6.8072 6.3564 6.6267 57274
ca 0.5591 0.8393 0.8393 0.7459 0.2793 0.3725
€5 0.5010 0.2002 0.5010 0.2002 0.2002 0.2002
c6 0.0000 0.0000 0.0984 0.1969 0.0000 0.0984
R1 7.8763 0.5858 0.1671 0.0835 0.0835 0.0000
R2 0.7199 6.3147 0.5396 0.2696 0.1797 0.1797
R3 0.0976 0.4884 7.0696 0.3906 0.0000 (0.0975)
R4 0.2152 0.3229 0.6463 6.0129 0.4306 0.0000
R5 0.3514 0.1171 0.1171 0.7034 6.6702 0.5860
Ré6 0.2116 0.0000 (0.1057) (0.1057) 0.0000 5.1489




AN 4.2 (D) ms1auansrmugliiidasuulas (pF) vesustazdnBidninse
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o mgunduda
58 ARl (pF)
CaR1 CaRz2 C4R3 C4Rr4 C4R5 C4Reé
c1 0.2340 0.0780 0.2340 0.0000 0.0000 0.0779
cz 0.4276 0.4276 0.3420 0.0000 0.0854 0.0000
3 0.6941 0.5203 0.5203 0.2599 0.3467 0.2599
c4 7.1261 6.4481 7.1261 7.0291 6.4481 6.3515
C5 0.7018 1.0034 0.9028 0.7018 0.6014 0.3004
(@ 0.4927 0.4927 0.3940 0.4927 0.1969 0.3940
R1 7.6132 | 0.5858 0.2508 0.0000 0.0000 0.1671
R2 0.7199 | 6.7818 0.7199 0.2696 0.2696 0.1797
R3 0.0000 | 0.4884 7.2730 0.4884 0.0000 0.0000
Ra 0.2152 | 0.3229 0.6463 6.7928 0.5384 0.0000
R5 0.2342 | 0.2342 0.2342 0.5860 6.9129 0.4687
Ré 0.0000 | -0.3169 0.1058 -0.1057 0.2116 4.1721
P3197 4.2 (i)~ ArsrauanerIn sl Asustas (oF) vewudasasiEnTnse
o Tanuiduda (de)
P 4 AR 1LYLWAN (pF)
TIBLanlnse -
C5R1 C5R2 C5R3 C5R4 C5R5 C5R6
C1 0.0000 0.0000 0.2340 0.0780 0.0780 0.0780
G2 0.1709 0.0854 0.0854 0.0000 0.0000 0.0000
c3 0.2599 0.4334 0.4334 0.3467 0.3467 0.2599
c4 0.5591 0.7459 0.6524 0.7459 0.7459 0.4658
L5 7.2529 7.8798 6.3167 8.2990 8.7192 8.0893
cé 0.6901 0.9868 1.2839 0.9868 0.9868 0.2954
R1 6.0440 0.5020 0.0835 0.1671 0.0835 0.1671
R2 0.6297 8.4741 0.7199 0.2696 0.2696 0.1797
R3 0.2929 0.4884 7.1713 0.4884 0.1952 0.0000
R4 0.3229 0.4306 0.7542 8.7006 0.6463 0.3229
R5 0.3514 0.3514 0.4687 0.5860 8.6200 0.5860
Ré6 1.1669 0.2116 0.2116 0.0000 0.0000 558471




A319% 4.2 (sie) m1s1auansiAugliinfiluAsundas (pF) vesudartididninge
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1 AANY IV (pF)

Bifinlnsn C6R1 C6R2 C6R3 C6R4 C6R5 C6R6
C1 0.0000 0.1560 0.0780 0.2340 0.2340 0.0000
c2 0.2565 0.0854 0.0000 0.0854 0.0000 0.0854
a3 0.3467 0.3467 0.3467 0.1732 0.3467 0.4334
c4 0.5591 0.5591 0.4658 0.3725 0.3725 0.2793
Cc5 0.8023 0.9028 1.0034 0.9028 0.7018 0.3004
6 9.4017 10.2346 9.9218 9.4017 8.7796 f1als
R1 5.3514 0.3345 0.1671 0.1671 0.0835 0.1671
R2 0.6297 6.4080 0.4495 0.2696 0.2696 0.1797
R3 0.2929 0.3906 6.6635 625329 0.1952 0.0000
R4 0.3229 0.5384 0.3229 6.7928 0.5384 0.2152
R5 0.3514 0.5860 0.2342 0.4687 5.7028 0.4687
R6 0.0000 0.0000 02113 0.0000 0.1057 4.4971

A5 4.3 ASNUARIAIA LA (pF) LﬁaLﬂﬁEjuﬂuaama’;ﬁwﬁqagjmﬂlumﬂ
WAZTIATUUAIUILS C5R2
b AL (pF)
FBianlnse - ’ — —
2177 ULUNY uy Wlan PRRLGH
€l 0.0836 0.1556 0.1556 0.0778 0.0000
c2 0.2950 0.4262 0.4262 0.4262 0.4262
3 0.9007 0.6921 0.5188 0.6055 0.5188
c4 0.8369 0.9302 0.8369 1.0235 0.8369
{8 2.6976 3.4577 4.6947 5.2126 5.4321
Cé6 0.0834 0.5906 0.3937 0.5906 0.5906
R1 0.3222 0.4177 0.3341 0.4177 0.3345
R2 29774 3.9133 5.4864 5.6724 6.3252
R3 09732 0.97382 0.7786 0.9738 0.7786
R4 0.6451 0.3222 05222 0.4298 0.2147
R5 0.3505 0.1167 0.0000 0.1167 0.1165
R6 0.0152 0.0157 0.03676 0.0367 0.0577
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Freescale Semiconductor

Technical Data

Advanced Information
Proximity Capacitive Touch
Sensor Controller

MPR121 OVERVIEW

The MPR121 is the second generation capacitive touch sensor controller after
the initial release of the MPRO3x series devices. The MPR121 features
increased internal intelligence, some of the major additions include an
increased electrode count, a hardware configurable I1°C address, an
expanded filtering system with debounce, and completely independent
electrodes with auto-configuration built in. The device also features a 13"
simulated sensing channel dedicated for near proximity detection using the
multiplexed sensing inputs.

Features
= Low power operation
*«  1.71Vto 3.6 V supply operation
* 29 pA supply current at 16 ms sampling interval period
* 3 PA Stop mode current
= 12 capacitance sensing inputs
* 8 inputs are multifunctional for LED driver and GPIO
= Complete touch detection
*  Auto-configuration for each sensing input
*  Auto-calibration for each sensing input

¢ Touch/release threshold and debounce for touch detection
» I°C interface, with Interrupt output
* 3 mmx 3 mm x0.65 mm 20 lead QFN package
= -40°C to +85°C operating temperature range

Implementations

General Purpose Capacitive Detection
Switch Replacements

Touch Buttons

Touch Keypad

Touch Slide bar

Touch Wheel

Touchpad

Touch Panel

Near Proximity Detection

e & & o o e e @ @

Typical Applications
* PC Peripherals

+ MP3 Players

* Remote Controls
* Mobile Phones

+ Lighting Controls

MPR121
Rev 4, 09/2010

VRoHS

MPR121

Capacitive Touch
Sensor Controller

Bottom View

20-PIN QFN
CASE 2059-01

Top View
- O
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TRQ L1 (_15] ELE7

scL L2} (_14] ELEs

o — ETE

sDA L3 (_13] ELES

ADDR |4-) (_12] ELE4

Veeo k6= (4] ELE3

Pin Connections

ORDERING INFORMATION

Device Name Temperature Range Case Number Touch Pads

I’C Address Shipping

MPR121QR2 -40°C to +85°C 2059 (20-Pin QFN) 12-pads

0x5A - 0x5D Tape & Reel

This document contains a product under development. Freescale Semiconductor reserves the right to change

or discontinue this product without notice.

© Freescale Semiconductor, Inc., 2009, 2010. All rights reserved.
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PIN DESCRIPTION

G R 5

G

R

Pin No.| Pin Name Description

1 IRQ Active Low Open-drain Interrupt Qutput
2 |scL I’C Serial Clock
3 SDA I’C Serial Data
4 ADDR I*C Slave Address Pin Selects.

Connect to VSS, VDD, SDA, SCL to choose address 0x5A, 0x5B, 0x5C, 0x5D respectively.
5 VREG Internal Supply Voltage.

Internal regulator output. Bypass to VSS with a 0.1 uF capacitor. Connect to VDD when supply below 2.75V
6 VSS Ground
7 REXT Reference Resistor Connection.

Connect a 75k+1% resistor from REXT to VSS
8 ELEOD Electrode 0 Connection
9 ELE1 Electrode 1 Connection
10 ELE2 Electrode 2 Connection
11 ELE3 Electrode 3 Connection
12 ELE4/LEDO | Electrode 4, or LEDO, or GPIO4 Connection
13 | ELES/LED1 | Electrode 5, or LED1, or GPIO5 Connection
14 | ELEG/ILED2 | Electrode 6, or LED2, or GPIO8 Connection
15 | ELE7/LED3 | Electrode 7, or LED3, or GPIO7 Connection
16 | ELES/LED4 | Electrode 8, or LED4, or GPIO8 Connection
17 | ELE9/LED5 | Electrode 9, or LEDS, or GPIO9 Connection
18 | ELE10/LED6| Electrode 10, or LEDS, or GPI010 Connection
19 | ELE11/LED7| Electrode 11, or LED7, or GPIO11 Connection
20 VDD Power Supply Input.

Bypass to VSS by a 0.1 uF capacitor,

TYPICAL APPLICATION EXAMPLE AND ELECTRODE PATTERN

0.1uF

MPRI2]

VDD

0.1uF

VREG

% FQ

VSS

SCL

MPR121

SDA

b AAN—L— REXT

ADDR

(b)

Figure 1. (a) Typical application circuit

(b) Button matrix pattern using 12 channels for 20 touch buttons
(c) Slide wheel and slide bar pattern using 10 channels
(d) Touchpad 5x7 pattern using 12 channels

Sensor
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DEVICE OPERATION OVERVIEW

Power Supply

MPR121 has two supply pins VDD and VREG. Power supply should always be connected to the VDD pin, which should be
decoupled with a 0.1uF ceramic decoupling capacitor from VDD to VSS. The VDD should be clean without excessive noise,
for example, noise ripple big than 100mV may result false function in some case.

To operate from a supply voltage in the range 2.0V to 3.6V, apply the voltage to VDD and internal voltage regulator will
regulate a lower operating voltage on VREG. Connect a 0.1uF ceramic decoupling capacitor between VREG and VSS, but
otherwise do not load VREG.

When power supply voltage is in the range 1.71V to 2.75V, the supply can also be routed into VREG directly to bypass internal
voltage regulator. Bypass VDD and VREG together with a 0.1uF ceramic decoupling capacitor from VDD to VSS. Refer to
Figure 2.

Note: The absolute maximum rating for VREG pin is 2.75V, the voltage applied should be carefully below this limit. The
VDD pin should be always connected with VREG in this case.

VDD VDD

D o 1.71 V10275V 1.71V10275V

_!_ 0.1pF - 4 ]:D' Lk 20 19
L T B Y D) ELETILEDT =~ <I < T = VDD ELE1V/LED7 -~y
g 8] s ELE10/LEDS o 22 ; : vss ELE10LEDS |—
1 5 \vRec ELEoneDs 1 5 vres ELE9/LEDS Ty

16

«l AP 4 ELeaneos (19 e L ELEBALEDS |10
— 2leeL ELE7/LEDS jlo o 2 leaL ELETILED3 |25

o 3 14 N 3 14
< 2150 ELEG/LED2 2y & SDA ELE6/LED2 —

7y N 13

Tl e (2 q, S 7
11 tREXT ELE4/LEDO —

lo1wF ELE3 [— 1
— ELE2 10 ELE3 ——
§75 ke 1% P ez |10

Vs ELE1 ey 75kQ 1% 9
4 ELEO |2 Veno ELET —
GND MPR121Q ELED [—

TOUCH SENSOR GND MPR121Q
TOUCH SENSOR
(a) (b)

Figure 2, Typical MPR121 power supply connection.
(a) MPR121 runs from a 2.0 V to 3.6 V supply.
(b) MPR121 runs from a1.71 V to 2.75 V supply.

Serial Communication

The MPR121 is an Inter-Integrated Circuit (12C) compliant device with an additional interrupt that is triggered any time a touch or
release of a button is detected. The device has a configurable 1°C address by connecting the ADDR pin to the VSS, VDD, SDA

or SCL lines, the resulting I°C addresses are 0x5A, 0x5B, 0x5C and 0x5D respeciively. The specific details of this system are
described at the end of this document.

LED Driver and GIPO Function

Among the 12 sensing input pins, 8 pins are multifunctional pins capable for LED driver and GPIO functions. When these
sensing input pins are not configured as electrodes inputs, they may be used to drive LEDs or for GPIO functions. When used
for LED driver, connect these electrodes output to LED anodes and a series current limiting resistor to ground. The
configuration of the LED driver and GPIO system is described in application note AN3894,

MPR121 Sensor
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Capacitance Measurement and Touch Sensing

1. Capacitance Measurement

The complete capacitance measurement system is composed by sensing electrode pads connected to the MPR121 sensing
inputs, and the MPR121 communicating with the host processor via the I°C bus and Interrupt output. The total measureable
sensing channels is 13 channels, including 12 physical electrode inputs and one multiplexed 13" channel for proximity
detection. A multiplexer is included internally at the front end, so the 13 channels are measured sequentially in time. After the
capacitance is measured, it then get noise filtered and finally touch /release status is determined.

Apart from touch sensing, MPR121 can also be used for general purpose capacitive detection in various industry applications.
The 10bit output data (or even the 8bit baseline value providing an even higher level of noise rejection for slowly changing
mediums) can be used as the capacitance measurement output relating to the measured parameters such as the water level,
displacement, or medium content change.

CC/ Charge current & || Clock Gen i
time control Power control To
12 channels e o host
= Multiplex [ 10bit ADG i Fitter H * “
CapCh:~10pf | ;i M | ogic
background J, = B X auto configure, .
Stray on input | — baseline tracking,
! GPIO.control ' TR N
sl touchi/release detection
J
W
R C1:~100pf,Stray ,__.._‘.%L

i e ;j Capto GND
CapCx:~0.01pf >\ I i

......... St . R i
. { ,-J7 " C2:10~100pf,Stray Cap
7 [}
induced by finggr to GND, or shortto GND

Common Ground directly

Figure 3. MPR121 Block Diagram and Capacitance Measurement

The capacitance measured on each sensing channel, is the total capacitance to ground which can be the combination of
background parasitic capacitance to ground (Cb) and finger touch induced capacitance to ground (Cx). This ground refers to
the common ground when the device is not electrically floated, and refers to the MPR121 device ground when the device is
floated for example powered by batteries. For a typical application, for example the Cb can be about 10pF, and the Cx can be
below 1pF. The two values can be much smaller in battery powered portable application, which requires more attention on
touch sensitivity design.

The MPR121 uses a constant DC charge current scheme for capacitance measurement. Each channel is charged and then

discharged completely to ground periodically to measure the capacitance (see Figure 4). All the channels are measured
sequentially, when one channel is in the charge/discharge and measurement period the other channels are shorted to ground.

Electrode voltage measured here

o !
o 1
8 |
©° 1
= :
@ ]
B i
o Eleclrode i Electrode
‘8’ Charging ! Discharging
w |
I
. —p
Electrode Charge Time T Electrode Discharge Tme 2T
Figure 4. MPR121 Capacitance Measurement
MPR121 Sensor
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Thémahﬁsaﬁ%g}jf charge (Q) applled“is prgérammatilé'by Héettlng the charge current (I), and the charge time (T) Once the
electrode is charged, the peak voltage (V) at the end of charge is measured by internal 10bit ADC. This voltage V (that is the
ADC counts) is reverse proportional to the capacitance (C) on the sensing channel.

S f

I'xT I'xT

vV v’ C c

The programmable range for the current | is 1uA~B3uA, see description on AFE Configuration 1 Register (0x5C). The
programmable range for time T is 0.5uS~32uS, see description on AFE Configuration 2 Register (0x5D). To maintain the
linearity of internal current source, the voltage on the sensing input suggested range is 0.7V ~ VDD-0.7V. Using these setting
limits for the above equation, the C measurable range can be calculated.

Taking VDD=1.8V as an example:

Imin x Tmin _ 0.5uS x 1u4

Clow = = = 0.45pF
Vmax 1.8V-07V p
Chiah Imax X Tmax 32uS x 63ud 2BB0LF
l = — =
9 Vmin 0.7V R
Valid ADC Values vs. VDD
800
800
ADChigh e
700 —— e
st
. ADCmid
T 500
3
8 400+
2 3 ADClow
300 SARTY T J00 . el B
200
100
0
1.71 1.91 2.11 2,31 2.51 271
Vpo (V)

Figure §. MPR121 linear voltage range by the supply voltage

Note: If the exact C value is not cared and MPR121 is only used for touch detection, then the current source linearity is not an
issue and sensitivity is critical, the electrode can be charged up to the supply limit so maximum charge can be generated for
higher touch detection sensitivity. However, charge should not be so high that the voltage is clipped by supply rail which can
cause a reverse impact on sensitivity.

Since the ADC is 10bit, the equation for ADC reading result is as below:

M P egunil e e keaim BEY _L Ll
s Nt g

Re-arrange above equation, the capacitance C can be calculated as below:

I'xT 1
X —=—x 1024

L= ADC counts Vdd

To calculate the capacitance resolution per ADC counts,

¢ __ Ixr o1 . c
dADC counts ~ (ADC counts)? ~ Vdd ~ ADC counts

From above equation, the resolution is dependent on the capacitance under measurement and the ADC reading counts. It's
easy to understand smaller C or higher ADC counts result higher resolution.

To get the maximum resolution for a given C, the highest ADC counts is used, which gives out:

MPR121 Sensor
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o = =~ 0.001C
dADC counts)""" (ADC counts),,, 1024

¢

For example, with C=10pF, when setting | and T so that the ADC reading counts is 1000, the sensing resolution for this
capacitance at this reading counts will be 0.01pF. The conclusion is that to get the maximum sensing resolution, the
capacitance shall be charged close to the upper counts limit. This scheme is used by the MPR121 in electrode auto-
configuration where the optimized | and T are chosen to set the reading counts close to upper counts limit for the capacitance
on the electrode.

For touch sensing application, to achieve the best sensing sensitivity, smaller C is desired, which means unnecessary stray
capacitance on the channel inputs shall be kept as little as possible. The stray capacitance (Cb) can cause the sensing charge
field return back to ground directly without following through Cx (See Figure 3) which is the capacitance change need to be
detected. So ground layer and shield shall be carefully decided and designed so that both the EMC design consideration and
the sensitivity target can be both achieved. Refer to MPR121 design guideline for more information on sensitivity issue.

2. Three levels of filtering

The ADC raw data outputs run through 3 levels of digital filtering to filter out the high frequency and low frequency noise
encountered.

The first level filter is a simple running average filter configured by FFI (see description on AFE Configuration 1 Register
(0x5C)) which is the number of samples used for the filter.

The 2™ level filter result is 10bit and stored in the output data registers 0x04~0x1D as the immediate capacitance of each
sensing input (see description on Filtered Data Registers). The filter control parameter is SFl and ESI (see description on
AFE Configuration 2 Register (0x5D)).

The 3™ level filter result is an even lower frequency content of signal change using the 2™ level filter output, and is mainly used
as the baseline value representing the capacitance variation over the long term and slow environment change such as
atmospheric moisture and dirt for touch detection. There are two sets of filter control parameters, all the 12 electrodes’ baseline
share the same set of parameters, while the 13" channel ELEPROX is controlled by another independent set of parameters (
refer to description on Baseline Filter Control Registers).

The 3™ level filtered result is internally 10bit but only high 8 bits are readable from registers Ox1E~0x2A as the baseline value
output for each channel ( see description on Baseline Value Registers).

[ AFE AQUISITION

Y

RAW ) 1st »| 2nd » | BASELINE
DATA | FILTER FILTER "7  FILTER
| b
! 1
Lo - = 4
electrode baseline
data value
Debounce

Y

STATUS REGISTER

Y
IRQ

Figure 4. MPR121 Capacitance Measurement

MPR121 Sensor
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3. Electrode Auto-Configuration

Given by a user defined target charge level, MPR121 can automatically run to get an optimized setting of charge current and
charge time for each electrode without knowing the specific capacitance value on the electrode input. This smart auto-
configuration feature greatly reduces the trial and fine tune time during the real system development period. The independent
control and setting for each electrode allow for a great deal of flexibility in electrode pattern design. For information on how to
use the auto-configuration function refer to application note AN3889.

4. Environment Auto-Calibration

MPR121 incorporates auto-calibration function which continually learns the background baseline capacitance of each
individual electrode, so the system only has to program the amount of small change from these baselines that represents a
touch or release. The 3™ level filtered result is used as the baseline value representing the capacitance variation of each
electrode over the long term and slow environment change such as atmospheric moisture and dirt. For information on how to
set up the background baseline tracking system refer to application note AN3891 and AN3892.

5. Touch and Release Detection

Touch and release is determined by comparing the immediate capacitance deviation that is the electrode 2™ level filtered
output data deviation to the baseline value. If the deviation passed the setting threshold, then a touch or release status is
detected and reported in the status register. The touch threshold and release threshold are independent and individually
programmable for each electrode, providing hysteresis and electrode independence. Debounce setting can be used for further
noise filtering to provide glitch free touch and release detection.

Voltage output Touch Release

Data output Baseline output detected detected
/

—\&F \l_:jp-“ FL Delta = Release

Threshold

time
Figure 5. MPR121 Touch and Release Detection

6. Proximity Sensing

MPR121 can be used for near proximity sensing. By internally multiplexing all the sensing inputs so that they are connected
together and all separated touch pads are “combined together” to create a single large electrode covering a larger sensing
area. When enabled, this “13™ proximity detection channel will be included at the beginning of a normal electrode detection
cycle. This 13" proximity detection has its own independent set of configuration registers. This system is described in
application note AN3893.

Run Mode and Stop Mode

After completing power on reset (POR), MPR121 is default in Stop Mode without any capacitance measurement. MPR121
can be set into Run Mode when bit D5~D0 in Electrode Configuration Register (ECR, address 0x5E) are not all zeros
which indicates at least one of the 13 measurement channels is enabled. MPR121 can be set into Stop Mode by writing
2bXX000000 to ECR register.

In Run Mode, MPR121 uses a state machine which wakes up periodically to measure the electrodes, filter and analyze the
data, and determine whether a touch pad has been touched or released. During the waiting period between measurements
MPR121 draws negligible current, so the average current consumption is determined by the frequency and quantity of
measurements channels enabled. MPR121 can be configured for a sampling interval between 1ms and 128ms. The user can
make the tradeoff between noise rejection, touch response time, and power consumption. Refer to application note AN3890
on how to set up these configurations.

MPR121 Sensor
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REGISTER DESCRIPTION
Table 1. Register Map

REGISTER Fields Register | Initial | | bus
; Address | Value Address
ELEO - ELET Touch Status E7TS EEBTS E5TS E4TS E3TS E2TS E1TS EOTS 0x00 0x00
ELES - ELE11, ELEPROX Touch Status| OvCF e ~ | Et218 | E11TS E10TS E9TS E8TS 0x01 0x00
ELEO - ELE7 OOR Status E7O0R ES00OR ESOOR E400R E300R E200R E100R EOOOR 0x02 0x00
ELES8 - ELE11, ELEPROX OOR Status ARFF ACFF i E1200R E1100R E1000R ESQOR EB0OO0OR 0x03 0x00
ELED Electrode Filtered Data LSB EOFDL 0x04 0x00
ELEO Electrode Filtered Data MSB ; EOFDH 0x05 0x00
ELE1 Electrode Filtered Data LSB 0x06 0x00
ELE1 Electrode Filtered Data MSB E1FDH 0x07 0x00
ELE2 Electrode Filtered Data LSB 0x08 0x00
ELE2 Electrode Filtered Data MSB E2FDH 0x08 0x00
ELES3 Electrode Filtered Data LSB Ox0A 0x00
ELE2 Electrode Filtered Data MSB E3FDH 0x0B 0x00
ELE4 Electrode Filtered Data LSB 0x0C 0x00
ELE4 Electrode Filtered Data MSB E4FDH 0x0D 0x00
ELES Electrode Filtered Data LSB 0x0E 0x00
ELES Electrode Filtered Data MSB ESFDH 0x0F 0x00
ELE6 Electrode Filtered Data LSB 0x10 0x00
ELES Electrode Filtered Data MSB EE6FDH 0x11 0x00
ELET7 Electrode Filtered Data LSB 0x12 0x00
ELET Electrode Filtered Data MSB : T ?WQ t E* of E7FDH 0x13 | ox00
ELES Electrode Filtered Data LSB Ox14 0x00
ELESB Electrode Filtered Data MSB : E8FDH 0x15 0x00
ELES Electrode Filtered Data LSB 0x16 0x00
ELES Electrode Filtered Data MSE || ERE L if T ‘,E / E9FDH ox17 | oxoo
ELE10 Electrode Filtered Data L.SB E10FDL 0x18 0x00 A;jerg':sle: 1
ELE10 Eloctrode Filtered Datamss [TH TR FI AR j i 2 E10FDH ox19 | 0x00
ELE11 Electrode Filtered Data LSB Ox1A 0x00
ELE11 Electrode Filtered Data MSB | i Wil EIE *lm:j éfﬁﬁi E Rl Q‘I‘II 4 g ] f i ;j%ﬁ&[ "'3“’%%%; E11FDH 0x1B | 0x00
ELEPROX Electrode Filtered Data LSB E12FDL 0x1C 0x00
ELEPROX Electrode Filtered Data MSB] *':{i“‘ | [ rﬁ;i__J o P ﬁ*:’;j,h’ férj;ﬁv »‘T"L*:f ] é‘.ﬁ__.] E12FDH 0x1D | Ox00
ELEQ Baseline Value EOBV 0x1E 0x00
ELE1 Baseline Value E1BV Ox1F 0x00
ELE2 Baseline Value E2BV . 0x20 0x00
ELE3 Baseline Value E3BV 0x21 0x00
ELE4 Baseline Value E4BV 0x22 0x00
ELES5 Baseline Value E5SBV 0x23 0x00
ELEG Baseline Value EBBV 0x24 0x00
ELE7 Baseline Value E7BV 0x25 0x00
ELES Baseline Value E8BV 0x26 0x00
ELES Baseline Value E9BV 0x27 0x00
ELE10 Baseline Value E10BV 0x28 0x00
ELE11 Baseline Value E11BV 0x29 0x00
ELEPROX Baseline Value E12BV 0x2A 0x00
MHD Rising MHDR 0x2B 0x00
NHD Rising NHDR 0x2C 0x00
NCL Rising NCLR 0x2D 0x00
FDL Rising FDLR Ox2E 0x00
MHD Falling MHDF 0x2F 0x00
NHD Falling NHDF 0x30 0x00
MPR121 Sensor
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Table 1. Register Map

REGISTER Fields Register | Initial | | Pule
Address | Value Addrass
NCL Falling NCLF 0x31 0x00
FDL Falling FDLF 0x32 0x00
NHD Touched NHDT 0x33 0x00
NCL Touched NCLT 0x34 0x00
FDL Touched FDLT 0x35 0x00
ELEPROX MHD Rising MHDPROXR 0x36 0x00
ELEPROX NHD Rising NHDPROXR 0x37 0x00
ELEPROX NCL Rising NCLPROXR 0x38 0x00
ELEPROX FDL Rising FDLPROXR 0x39 0x00
ELEPROX MHD Falling MHbPROXF Ox3A 0x00
ELEPROX NHD Falling NHDPROXF 0x3B 0x00
ELEPROX NCL Falling NCLPROXF 0x3C 0x00
ELEPROX FDL Falling FDLPROXF 0x3D 0xQ0
ELEPROX NHD Touched I I NHDPROXT 0x3E | ox00
ELEPROX NCL Touched NCLPROXT Ox3F 0x00
ELEPROX FDL Touched FDLPROXT 0x40 0x00
ELEO Touch Threshold EOTTH 0x41 0x00
ELEQ Release Threshold EORTH 0x42 0x00
ELE1 Touch Threshold E1TTH 0x43 0x00
ELE1 Release Threshold E1RTH Ox44 0x00
ELE2 Touch Threshold E2TTH 0x45 0x00
ELE2 Release Threshold E2RTH 0x46 0x00
ELE3 Touch Threshold E3TTH 0x47 0x00
ELE3 Release Threshold E3RTH 0x48 0x00
ELE4 Touch Threshold E4TTH oxa9 | oxo0 |  Register .
ELE4 Release Threshold E4RTH Ox4A 0x00
ELES Touch Threshold ESTTH 0x4B 0x00
ELES Release Threshold ESRTH 0x4C 0x00
ELES Touch Threshold E6TTH 0x4D 0x00
ELES Release Threshold EERTH OxdE 0x00
ELE7 Touch Threshold E7TTH Ox4F 0x00
ELE7 Release Threshold E7RTH 0x50 0x00
ELES8 Touch Threshold EBTTH 0x51 0x00
ELES8 Release Threshold E8RTH 0x52 0x00
ELES Touch Threshold ESTTH 0x53 0x00
ELES Release Threshold E9RTH 0x54 0x00
ELE10 Touch Threshold E10TTH 0x55 0x00
ELE10 Release Threshold E10RTH 0x56 0x00
ELE11 Touch Threshold E11TTH 0x57 0x00
ELE11 Release Threshold E11RTH 0x58 0x00
ELEPROX Touch Threshold E12TTH 0x59 0x00
ELEPROX Release Threshold E12RTH Ox5A 0x00
Debounce Touch & Release DR DT 0x5B 0x00
AFE Cenfiguration 1 0x5C 0x10
AFE Configuration 2 coT | ES| 0x5D | Ox24
Electrode Configuration(ECR) ELEPROX ELE Ox5E 0x00
ELEO Electrode Current CcDCo 0x5F 0x00
ELE1 Electrode Current CDC1 0x60 0x00
ELE2 Electrode Current CDC2 0x61 0x00
MPR121 Sensor
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Table 1. Register Map

REGISTER Fields Registor | Initial | | fo0
Address | Value Address

ELE3 Electrode Current CDC3 0x62 0x00
ELE4 Electrode Current CDC4 0x63 0x00
ELES5 Electrode Current CDCs 0x64 0x00
ELESG Electrode Current CDCs 0x65 0x00
ELE7 Electrode Current cbey Ox66 ox00
ELES Electrode Current cDCs Ox67 0x00
ELES Electrode Current CDC9 0x68 0x00
ELE10 Electrode Current cDC10 Ox69 0x00
ELE11 Electrode Current CcDC11 Ox6A 0x00
ELEPROX Electrode Current 0x68 0x00
ELEO, ELE1 Charge Time CDTO Ox6C 0x00
ELE2, ELE3 Charge Time CDT2 0x6D 0x00
ELE4, ELE5 Charge Time i CDT4 Ox6E 0x00
ELES6, ELE7 Charge Time ”‘*‘;anm :mw cDTs Ox6F 0x00 ‘
ELES, ELE9 Charge Time R cDTs ox70 | oxop | ,Register
ELE10, ELE11 Charge Time cDT10 0x71 0x00
ELEPROX Charge Time CDT12 0x72 0x00
GPIO Control Register 0 0x73 0x00
GPIO Control Register 1 0x74 0x00
GPIO Data Register DAT 0x75 0x00
GPIO Direction Control Register DIR 0x76 0x00
GPIO Enable Register EN ox77 0x00
GPIO Data Set Register SET 0x78 0x00
GPIO Data Clear Register CLR 0x79 0x00
GPIO Data Toggle Register TOG Ox7A 0x00
AUTO-CONFIG Control Register 0 AFES RETRY BVA ARE ACE Ox7B 0x00
AUTO-CONFIG Contral Register 1 5CTS |wf§&§§?ﬁ‘&,pm&; { ;a,;; i‘ﬁﬁiﬁ “d OORIE ARFIE ACFIE 0x7C | oxo0
AUTO-CONFIG USL Register 0x7D 0x00
AUTO-CONFIG LSL Register LSL \ Ox7E 0x00
AUTO-CONFIG Target Level Register JL Ox7F 0x00 0x00
Soft Reset Register SRST 0x80 0x00 -
Factory Reserved Region(0x81~0xFF) - "

Register Operation

1. General Rules

Note: After completing power on reset (POR) or soft reset by command, MPR121 all registers are in default reset initial value
(see Table 1). All the registers are cleared, except AFE Configuration Registers 0x5C (Default Ox1 0) and 0x5D (Default 0x24).

MPR121 reset default mode is Stop Mode without any capacitance measurement. Set MPR121 into Run Mode by configuring
ECR register (0x5E) so that least one of the 13 measurement channels is enabled. Set MPR121 into Stop Mode by writing
2bXX000000 to ECR register at any time. For all the registers, the current value can be read at any time.

Note: Registers write operation can only be done after MPR121 is set into Stop Mode, except the ECR and GPIO/LED related
registers, which means changing the value of these registers while MPR121 is in Run Mode will not be effective.

Registers from address 0x00 to 0x2A are the output registers which are updated periodically when MPR121 is in Run Mode.
While Baseline Value Registers 0x1D to 0x2A are the internal output baseline registers, these registers are also writeable to
user, this is useful if customer setting targets as the initial baseline tracking start points is desired.

Registers from address 0x2B to 0x7F are control and configuration registers, which need to be correctly configured and
initialized to start the capacitance measurement and touch detection.

MPR121 Sensor
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2. Touch Status Registers (0x00~0x01)

ELEO - ELE7 Touch Status (0x00)

Simml

Bit D7 D6 D5 D4 D3 D2 D1 DO

Read E7TS E6TS E5TS E4TS E3TS E2TS E1TS EOTS

Write : : :
ELE8 — ELE12 Touch Status (0x01)

Read OVCF 0 0 E12TS E11TS E10TS E9TS E8TS

Write 1 :

These two registers indicate touch/release status of each electrode. ELE12 is the status for the “13"™ Electrode Proximity
Detection (ELEPROX). The update rate of these status bits will be {ESI x SFI}.

ExTS: Touch or Release status bit of each respective channel (Read only).
1, the respective channel is currently deemed as touch.
0, the electrode is deemed as release.

Note: When a GPIO is enabled as input port and the pin is not configured as an electrode, the corresponding status bit shows
the input level. This feature is for ELE4~ELE11 only. These GPIO status change will not cause any IRQ interrupt,

OVCF: Over Current Flag (Read and Write)

1, over current was detected on REXT pin.
0, normal condition

When over current detected, the OVCF is set and MPR121 goes to Stop Mode immediately. The ExTS bits in status registers,
output registers 0x04~0x2A, and bit D5~D0 in ECR will be also cleared on over current condition. When the bit is “1", writing
ECR register to enter Run mode will be discarded.

Write “1” to OVCF will clear this bit and MPR121 fault condition is cleared so that MPR121 can be configured into Run Mode
again.

3. Electrode Data Register (0x04~0x1D)

Electrode Data Low Byte ExFDL and High Byte ExFDH

Bit D7 D6 D5 D4 D3 D2 D1 DO
Read ExFD7 ExFD6 ExFD5 ExFD4 ExFD3 ExFD2 ExFD1 ExFDO
Write

Read 0 A b 0 BN 0 o ExFD9 ExFDS8
Write ? " i

ExFDL, ExFDH: Each of the 13 channels has a low byte and a high byte registers to store a 10bit output electrode data, which
is the 2™ level filter filtered data output. The data range is 0~1024 or 0x000~0x400 in Hex. Low byte ExFDL holds the lower 8
bits D0~D7, and high byte ExFDH holds the higher 2 bits D8 and D9.

These registers are read only and updated every {ESI x SFI}. A multi byte read operation to read both LSB and MSB is
required to keep the data coherency (LSB and MSB matching).

A multi byte reading of 0x00 thru 0x2A returns results of a single moment (never mixed-up old and new).
4. Baseline Value Register (0x1E~0x2A)

Electrode Baseline Value

Bit D7 D6 D5 D4 D3 D2 D1 DO
Read
Mﬁ:e ExBVO ExBV8 EXBV7 EXBV6 ExBV5 ExBV4 EXBV3 EXBV2

ExBV: The 3" level filter is used as the baseline filter for touch detection with an output of a 10bit baseline vale. Baseline
Value Register holds the high 8 bits of the internal 10bit baseline value for each of the 13 channels.

CL bits from ECR register (0x5E) specify the update operation of these registers. The update rate of these registers is {ES| x
SFI}.

User can write it in Stop Mode and the write operation will clear lower 2 bits of the internal 10bits value.

MPR121 Sensor
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5. Baseline Filtering Control Register (0x2B~0x40)

Background baseline value tracking is operated by the internal 3" level filter controlled by registers 0x2B to 0x40. All the 12
electrodes’ baseline are controlled by the same set of registers 0x2B to 0x35, while the 13" channel ELEPROX is controlled by
another independent set of registers 0x36 to 0x40.

Both above two sets have the same structure using 3 different scenarios called rising, falling, and touched. The rising situation
is defined when electrode data > baseline value, the falling is defined when electrode data < baseline value, and the touched is
when the electrode is in touched status.

For each scenario, the filtering characteristic is further defined by 4 parameters: the maximum half delta, noise half delta, noise
count limit and filter delay count limit. There is no maximum half delta for touched scenario.

Maximum Half Delta (MHD): Determines the largest magnitude of variation to pass through the baseline filter. The range of
the effective value is 1~63.

Noise Half Delta (NHD): Determines the incremental change when non-noise drift is detected. The range of the effective
value is 1~63.

Noise Count Limit (NCL): Determines the number of samples consecutively greater than the Max Half Delta necessary
before it can be determined that it is non-noise. The range of the effective value is 0~255.

Filter Delay Count Limit (FDL): Determines the rate of operation of the filter. A larger number makes it operate slower. The
range of the effective value is 0~255.

The setting of the filter is depended on the actual application. For the details on how to set these registers, refer to application
note AN3891.

6. Touch and Release Threshold (0x41~0x5A)

Touch Threshold ExTTH

Bit D7 | D6 | bs | D4 b \ 37 D2 D1 DO
Read

Write ExTTH

Release Threshold ExRTH

Read

Write ExRTH

ExTTH, ExRTH: Each of the 13 channels has its own set of touch threshold and release threshold registers. The threshold is
defined as a deviation value from the baseline value, so it remains constant even baseline value changes. Typically the touch
threshold is a little bigger than the release threshold to touch debounce and hysteresis.

The range of the value is 0~255. For typical touch application, the value can be in range 0x05~0x30 for example. The setting
of the threshold is depended on the actual application. For the operation details and how to set the threshold refer to
application note AN3892 and MPR121 design guidelines.

7. Debounce Register (0x5B)

Touch and Release Debounce

Bit D7 D6 | D5 D4 D3 D2 D1 DO
Read 0 0

D
Write R bt

The register holds debounce setting affecting the final touch and release status change in 0x00 and 0x01. The status change
will only take place after the number of consecutive touch or release detection meets the debounce number. If the number
detected does not meet the debounce number, the status will not change.

DT: Debounce number for touch. The value range is 0~7.
DR: Debounce number for release. The value range is 0~7.

When an electrode data deems consecutive touch with the debounce number, the status becomes “touch”. When an electrode

data deems consecutive release with the debounce number, the status becomes “release”. The status appears on Status
Register with a delay of {ESI x SFI x DR (or DT)}.

MPR121 Sensor
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8. AFE Configuration Register (0x5C, 0x5D)

AFE Configuration 1 Register (0x5C), default =0x10

Bit D7 | D6 s | pa | b3 D2 D1 DO

Read

FFI CDC
Wirite

This register holds the first level filter configuration, and the charge current global setting for all 13 channels. For each channel
the global CDC will be used if the individual charge discharge current CDCx is zero. If there is none zero data in Ox5F~0x6B,
then this individual CDCx value will be used for that respective channel instead of the global CDC value.

Field | Description

First Filter lterations — The first filter iterations field selects the number of samples taken as
input to the first level of filtering.

00 Encoding 0 — Sets samples taken to 6 (Default)

01 Encoding 1 — Sets samples taken to 10

7:6 10 Encoding 2 — Sets samples taken to 18

FFI 11 Encoding 3 — Sets samples taken to 34

Charge Discharge Current — The Charge Discharge Current field selects the supply current
to be used when charging and discharging an electrode. Programmable in 1TuA step.
000000 Encoding 0 — Disables Electrode Charging??

000001 Encoding 1 — Sets the current to 1pA

010000 Encoding 16 — Sets the current to 16pA (Default)
5.0 =
cbc 111111 Encoding 63 — Sets the current to 63 pA

AFE Configuration 2 Register (0x5D), default =0x24

Bit D7 | Jib =55 D4 D3 D2 D1 DO
Read cDT SFI ESI
Write

This register holds global charge and discharge time setting, and the second level filter configuration. The CDT bits set the
charge/discharge time global setting for all the 13 channels. For each channel the global CDT will be used if the individual
charge discharge time CDTx is zero. If there is none zero data in 0x6C~0x72, then this individual CDTx value will be used for
that respective channel instead of the global CDT value.

e T BT Ty A i NN € el SRR
Charge Discharge Time — selects the amount of time an electrode charges. Programmable
to 0.5 (2""yus
000 Encoding 0 — Invalid
001 Encoding 1 — Time is set to 0.5 ps (Default)

010 Encoding 2 — Time is set to 1 ps

7.5 e

CDT 111 Encoding 7 — Time is set to 32 us
Second Filter Iterations — selects the number of samples taken for the second level filter.
00 Encoding 0 — Number of samples is set to 4 (Default)

01 Encoding 1 — Number of samples is set to 6

4:3 10 Encoding 2 — Number of samples is set to 10

SFI 11 Encoding 3 — Number of samples is set to 18
Electrode Sample Interval — selects the period between samples used for the second level
of filtering. Programmable to 2" ms.

000 Encoding 0 — Period set to 1 ms
001 Encoding 1 — Period set to 2 ms
100 Encoding 4 — Period set to 16 ms (Default)
2:0 ~
ESI 111 Encoding 7 — Period set to 128 ms
MPR121 Sensor
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9. Individual Charge Current Register (0x5F~0x6B)

Bit D7 | ps D5 | D4 | D3 D2 | D1 DO
Read 0 CDCx
Write |

These registers hold the individual Charge/Discharge Current (CDCx) value for each channel if CDC global value is not used.
The parameter setting is similar to the CDC. The power on reset default of these registers is all zeros.

it 50 RescHpton B e e oL e

Individual Charge Discharge Current — The Individual Charge Discharge Current field
selects the supply current to be used when charging and discharging a specific channel.
Programmable in 1uA step.

000000 Encoding 0 — Global CDC is used if this channel is enabled (Default).

000001 Encoding 1 — Sets the current to 1pA, global CDGC is not used

010000 Encoding 16 — Sets the current to 16pA, global CDC is not used
5.0 =
CDCx 111111 Encoding 63 — Sets the current to 63uA, global CDC is not used

If the CDCx is zero, then the global value is used. If there is none zero data in 0x5F~0x6B, then the individual value will be
used for this respective channel instead of the global CDC value.

If auto configuration is enabled and run once, the individual CDC will be automatically updated by MPR121 internally after auto
configuration is finished.

10. Individual Charge Time Register (0x6C~0x72)

Bit D7 D6 | DS | Da D3 D2 D1 DO
0

Read - CcDTx . CDTx

Write !

These registers hold the individual Charge/Discharge Time (CDTx) value for each channel if CDT global value is not used. The
parameter setting is similar to the CDT. The power on reset default of these registers is all zeros.

Rteldl ] Rescripian T Tl it

P e W T
5 %K?’ iTh Q-E:gwaﬂlq; st | &
3 AL B o SR B

Individual Charge Discharge Time — selects the amount of charge time for individual
channels, Programmable to 0.5 (2™") uS
000 Encoding 0 — Global CDT is used if this channel is enabled (Default)
001 Encoding 1 —Time is set to 0.5us, global CDT is not used
010 Encoding 2 — Time is set to 1ys, global CDT is not used
7.5 o
CDTx 111 Encoding 7 — Time is set to 32us, global CDT is not used

If the CDTx is zero, then the global value is used. If there is none zero data in 0x6C~0x72, then the individual value will be
used for this respective channel instead of the global CDT value.

If auto configuration and SCTS bit in Auto Configuration Register 1 (0x7B) are enabled and run once, the individual CDTx will
be automatically updated by MPR121 internally after auto configuration is finished.

MPR121 Sensor
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11. Electrode Configuration Register (ECR, 0x5E)

Bit D7 | De D5 | D4 p3 | b2 [ b1 [ po
Read

: : 0
s CL[1:0] ELEPROX[1:0] ELE[3:0]

This register selects measurement electrodes and proximity detection electrode configurations, and controls MPR121 in Run
Mode or Stop Mode. MPR121 reset default is in Stop Mode without any capacitance measurement.

To start capacitance measurement and touch detection, set into Run Mode by selecting the sensing inputs to be enabled.
MPR121 can be set into Stop Mode by writing 2bXX000000 to ECR at any time.

CL: Calibration Lock bit. The CL bits controls the Baseline Value Register update. Typically CL=2b10 is used so the baseline
value can be initialized at the beginning stage with a value close to the immediate data instead of starting from zero. Since the
3" level filter has a big time constant, starting from zero may cause a long time of no response with touch.

CL[1:0] | Description T e

00 Baseline tracking enable (Default). The baseline values updates every {ESI x SFI} period by

MPR121 per baseline filter operation. The initial value is???7?7?
01 Calibration lock. Baseline tracking disabled. Baseline values are unchanged by MPR121.
Baseline tracking and initialize enable. At the first {EST x SFI}, MPR121 copy 5MSBs of the
10 2" filter output to 10bit baseline value (5LSBs become zero). Subsequent update is per

nominal baseline filter operation.

Baseline tracking and initialize enable. At the first {ESI x SF1}, MPR121 copy the 2™ filter

11 output to 10bit baseline value. Subsequent update is per nominal baseline filter operation,
ELE[3:0] Description _ :

0000 Electrode touch detection disabled (Default)

0001 Run Mode with ELEO measurement enabled.

0010 Run Mode with ELEO~1 measurement enabled.

0011 Run Mode with ELE0~2 measurement enabled.

0100 Run Mode with ELEO~3 measurement enabled.

0101 Run Mode with ELEO~4 measurement enabled.

0110 Run Mode with ELEO~5 measurement enabled.

0111 Run Mode with ELEO~6 measurement enabled.

1000 Run Mode with ELEO~7 measurement enabled.

1001 Run Mode with ELEO~8 measurement enabled.

1010 Run Mode with ELE0O~9 measurement enabled.

1011 Run Mode with ELEO~10 measurement enabled.

11xx Run Mode with ELEO~11 measurement enabled.

ELEPROX[1:0] Description

00 Proximity detection disabled( Default)
01 Run Mode with ELEO~1 for proximity detection enabled.
10 Run Mode with ELEO~3 for proximity detection enabled.
11 Run Mode with ELEO~11for proximity detection enabled.

When both ELEPROX and ELE are none zero, proximity detection measures first then measures electrode(s). When both
ELEPROX and ELE are cleared, MPR121 will be back to Stop Mode.

ELE: When ELECON # 0, electrode touch detection with specific electrodes is enabled
ELEPROX: When ELEPROXCON# 0, proximity detection with specific electrodes combination is enabled

MPR121 Sensor
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12. Auto Configuration Registers (0x7B~0x7F)

In real application, the capacitance on each of the 13 channels can be various very differently depending on the electrode
pattern, size, overlay and base material dielectric constant used for each channel. For example, the proximity channel
ELEPROX may have a quite larger capacitance than the other individual electrode. The global CDC and CDT value may not fit
all the channels in these cases that the charge is either not strong enough to detect weak capacitance change or too big that
overflow the ADC detectable range.

To optimize the charge setting for each channel, the individual CDCx (), CDTx (T) need to be properly set if the channel
difference is large. There will be total 26 parameters need to be set if 13 channels are all used. This may consume a lot of
time on trial and test with all possible combinations of different electrode pattern, size, overlay and base material dielectric
constant, charge current value and charge time value used.

However, with auto-configuration, this task can be easily done by MPR121 automatically inside with binary search process on
proper CDCx(I) and CDTx(T) combination so the charge level is as close to a target level as possible. Normally the target
charge level (I x T) may be simply put at close to the input linear upper limit so the highest charge field can be produced to
detect weak capacitance change. The upper limit and lower limit levels are also needed to provide the necessary searching
boundaries. After auto configuration, the proper CDCx and CDTx for each channel are found and automatically filled.

The AUTO-CONFIG runs only once at first transition from Stop Mode to Run Mode. The AUTO-RECONFIG is supplements of
AUTO-CONFIG. If electrode data goes out of valid range during normal measurement, AUTO-RECONFIG starts binary search
for that electrode.

There are 5 registers in this group. Register 0x07D to 0x7F provided the configuration target settings. Registers 0x7B and
0x7C are the auto configuration control registers. Refer to application note AN3889 for details on how to set these registers.

Upper Side Limit Register (0x7D)

Bit D7 | be . | bs D4 D3 D2 D1 DO

Read
£ UsL

Write

Lower Side Limit Register (0x7E)

Read

Write 55

Target Level Register (0x7F)

Read

TL

Write

Note similar to the baseline value, all the three parameters are in the 8bit format but internally treated as the 8MSB of 10bit
data.

USL: Upper Side Limit. This value makes sure that the electrode data level is below the linear upper limit range VDD-0.7V.
Typically the USL is set at the maximum linear limit.

USL = (VDD-0.7) / VDD x 256

LSL: Lower Side Limit. This value results the lower limit for the electrode data. To make sure the touched electrode data still in
the limit, the LSL should be low enough to prevent unnecessary out of range error. In a typical touch application, for example,
the LSL can be set at 65% of the USL, that is

LSL = (VDD-0.7) / VDD x 256 x 0.65

TL: Target Level is the expected target electrode data level when untouched after auto configuration. MPR121 executes binary
search on the proper setting of the charge current and/or charge time for each channel to hit the target level as close as
possible. The TL shall be in between the Upper Side Limit (USL) and Lower Side Limit (LSL), and should be as high as
possible to maximize the sensing charge field to get the maximum touch response.

Note the linear input range for ADC is limited from VDD-0.7 to 0.7V for each channel. To anticipate possible capacitance
decrease range and VDD variation, for example, a typical setting for TL is 90% of the USL, that is

TL= USL x 0.9 = (VDD-0.7) / VDD x 256 x0.9

If a searching result is outside the range limited by USL and LSL, an Out Of Range (OOR) error will be reported at the end of
auto configuration (refer to next section). Set the USL and TL as close to the linear upper input limit as possible will result the
highest possible charge to detect weak capacitance change. Note in case where VDD is changing, the lowest VDD value shall
be used to prevent OOR error.,

MPR121 Sensor
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Auto Configuration Register 0 (0x7B)

Bit D7 | D6 Ds | D4 D3 D2 D1 DO
R AFES RETRY BVA ARE ACE
Write

ACE: 1:Enable AUTO-CONFIG, 0: Disable AUTO-CONFIG
ARE: 1: Enable AUTO-RECONFIG, 0: Disable AUTO-RECONFIG

BVA: Baseline Value Adjust Control specifies how to change baseline value for each channel upon finishing auto
configuration and auto re-configuration.

00: Baseline value is no change,

01: Baseline value is cleared to zero,

10: Baseline is set to the AUTO-CONFIG baseline value with 5MSBs loaded and the other lower bits cleared,

11: Baseline is set to the AUTO-CONFIG baseline value

RETRY: MPR121 may retry AUTO-CONFIG or AUTO-RECONFIG after failed.
00: no retry,
01: 2 times,
10: 4 times,
11: 8 times.

AFES: This bit specifies AFE Samples during binary search. The AFES values should be as same as global AFES in ACR
register, otherwise AUTO-CONFIG couldn’t configure CDCx/CDTx correctly.

00: 6 samples,

01: 10 samples,

10: 18 samples,

11: 34 samples.

Auto Configuration Register 1 (0x7C)

Bit D7 D6 D5 D4 D2 D1 DO
0 0 0 |

Renad SCTS fetiedninis L o] OORIE | ARFIE. |- ACFIE

Write ! ‘ . &' By

SCTS: 1. Skip Charge Time Search during binary search. User should specify charge time through global value CDT or
individual value CDTx in respective registers. 0: Charge Time Search is executed during binary search.

ACFIE: 1: AUTO-CONFIG Fail Interrupt Enable, 0: AUTO-CONFIG Fail will not cause interrupt.
ARFIE: 1: AUTO-RECONFIG Fail Interrupt Enable, 0: AUTO-RECONFIG fail will not cause interrupt.
OORIE: 1: Out of Range Interrupt Enable, 0: Out of Range error will not cause Interrupt.

13. Out Of Range Status Registers (0x02, 0x03)

MPR121 checks electrode data after AUTO-CONFIG/AUTO-RECONFIG operation and also in normal measurement. When
electrode data goes out of a range, corresponding OORX bits in the OOR0 and OOR1 Registers become "1" to indicate failed
electrode. One possible example of triggering QOR error may be caused by sherting one of the measurement channels to
ground. The valid range can be programmed through USL Register and LSL Register. Those bits are cleared when passed
AUTO-CONFIG, AUTO-RECONFIG or range check. These two register is read only, user can't change the contents.

OUT OF RANGE Register 0 (0x02)

Bit D7 D6 D5 D4 D3 D2 D1 DO
Read OOR7 OOR6 QOR5 OOR4 OOR3 OO0R2 OOR1 OORO
Write

OUT OF RANGE Register 1 (0x03)

Read ACFF ARFF 0 OOR12 OOR11 OOR10 OOR9 QORS8
Write ; :

OORx: 1: OOR error detected on respective channel, 0: No QOR error.

ACFF: AUTO-CONFIG Fail Flag. When AUTO-CONFIG failed, this bit set.
ARFF: AUTO-RECONFIG Fail Flag. When AUTO-RECONFIG failed this bit set.

MPR121 Sensor
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14. GPIO Registers (0x73~0x7A)

These registers control GPIO function. D7~D0 bits corresponds to GPIO7 ~ GPIO0 on pins ELE11/LED7 ~ ELE4/LEDO
respectively. The GPIO control registers can write always regardless Stop and Run mode. The configuration of the LED driver
and GPIO system is described with more detail in application note AN3894.

When the ports are not used for electrode sensing, they can be used for GPIO pins to be set as input or output, and can be
used to drive LED.

Note: The number of touch sensing electrodes, and therefore the number of GPIO ports left available is configured by the
Electrode Configuration register (0x5E) and GPIO Enable Register (0x77), but electrode configuration has higher priority than
GPIO feature. When a pin is enabled as GPIO but is also selected as electrode by Electrode Configuration Register, the GPIO
function is disabled immediately and it becomes an electrode during Run Mode.

During the Stop Mode just after power on reset, all electrodes and GPIO ports are in high impedance as all the GPIO ports and
are default disabled and the electrodes are not enabled.

GPIO Registers (0x73~0x7A)

Name Address D7 D6 D5 D4 D3 D2 D1 DO
GPIO Control 0 0x73 CTLO[7] | CTLOG] | CTLO[5] | CTLO[4] | CTLO[3] | CTLO[2] | CTLo[1] | CTLOo[O]
GPIO Control 1 0x74 CTLA1[7] CTL1[6] CTL1[5] CTL1[4] CTL1[3] CTL1[2] CTLA1[1] CTL1[0]
GPIO Data 0x75 DAT[7] DAT[6] DATI[5] DAT[4] DAT[3] DAT[2] DAT[1] DATI[0]
GPIO Direction 0x76 DIR[7] DIR[6] DIR[5] DIR[4] DIR[3] DIR[2] DIR[1] DIR[O]
GPIO Enable 0x77 ENI[7] EN[6] EN[5] EN[4] EN[3] EN[2] EN[1] EN[0]
GPIO Data Set 0x78 SET[7] SET[B] SET[5] SET[4] SET[3] SET[2] SET[1] SET[0]
GPIO Data Clear 0x79 CLR[7] CLRI6] CLR[5] CLR[4] CLR[3] CLR[2] CLR[1] CLRI[0]
GPIO Data Toggle 0x7A TOG[7] | TOG[E] | TOG[5] | TOGM4] | TOG[3] | TOG[2] | TOGM] | TOGIO]

EN, DIR, CTLO, CTL1: GPIO Enable and Input/Output Configuration Bits

When an EN bit sets, the corresponding GPIO pin is enabled and the function is configured by CTLO, CTL1 and DIR bits.
When the port is used as input, it can be configured as normal logic input with high impedance (CTLOCTL1=2b00) or input with
additional internal pull-down (CTLOCTL1=2b10) or pull-up (CTLOCTL1 =2b11), note the former may result unstable logic input
state if opened without fixed logic level input.

For output configuration, it can be push/pull (CTLOCTL1=2b00) or open drain.

EN | RN o Ry SC RN g Wy © 77 i
0 X XX GPIO function is disabled. Port is high impedance state if not enabled for
electrode either.
1 0 00 GPIO port becomes input port.
1 0 10 | GPIO port becomes input port with internal pull-down.
1 0 11 GPIO port becomes input port with internal pull-up.
1 0 01 Not defined yet (as same as CTLO:CTL1 = 00).
1 1 00 GPIO port becomes CMOS output port.
1 1 11 GPIO port becomes open drain output port with only high side MOS.
1 1 10 GPIO port becomes open drain output port with only low side MOS.
1 1 01 Not defined yet (as same as CTL0:CTL1 = 00).

DAT: GPIO Data bits

When a GPIO is enabled as output, the GPIO port outputs the corresponding DAT bit level from GPIO Data Register (0x075).
The output level toggle holds on during any electrode charging and AD conversion and the level transition will be occurred
after the AD conversion. Reading this register returns the content of the GPIO Data Register (not a level of the port).

When a GPIO is configured as input, reading this register returns latched input level of the corresponding port (not contents of
the GPIO Data Register). A write changes content of the register, but not affect to the input function.

SET, CLR, TOG: Manipulate GPIO Data Register Content

MPR121 Sensor
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Write a bit with *1” to the GPIO Data Set Register, GPIO Data Clear Register, and GPIO Data Toggle Register will
set/clear/toggle contents of the corresponding DAT bit in Data Register. Write "0" has no meaning. Using of those registers
allows any individual pori(s) fo be able individually set, cleared, or toggled without affecting other ports. Reading those register

returns as same as GPIO Data Register reading.

v

156. Software Reset Register (0x80)

Write 0x80 with 0x63 asserts soft reset. The soft reset doesn’t affect 1°C module, but all others reset as same as POR.

MPR121 Sensor
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not guaranteed. Stress beyond
the limits specified in Table 2 may affect device reliability or cause permanent damage to the device. For functional operating
conditions, refer to the remaining tables in this section. This device contains circuitry protecting against damage due to high static
voltage or electrical fields; however, it is advised that normal precautions be taken to avoid application of any voltages higher
than maximum-rated voltages to this high-impedance circuit.

Table 2. Absolute Maximum Ratings - Voltage (with respect to Vgs)

Rating Symbol Value Unit
Supply Voltage Voo -0.3 to +3.6 Y
Supply Voltage Viee -0.3to +2.75 \"
Input Voltage Vin Vgs - 0.3toVpp + 0.3 \"

SCL, SDA, IRQ

Operating Temperature Range To -40 to +85 G
GPIO Source Current per Pin isrio 12 mA
GPIO Sink Current per Pin icriO 1.2 mA
Storage Temperature Range Ts -40 to +125 °C

ESD AND LATCH-UP PROTECTION CHARACTERISTICS
Normal handling precautions should be used to avoid exposure to static discharge.

Qualification tests are performed to ensure that these devices can withstand exposure to reasonable levels of static without
suffering any permanent damage. During the device qualification ESD stresses were performed for the Human Body Model
(HBM), the Machine Model (MM) and the Charge Device Model (CDM).

A device is defined as a failure if after exposure to ESD pulses the device no longer meets the device specification. Complete

DC parametric and functional testing is performed per the applicable device specification at room temperature followed by hot
temperature, unless specified otherwise in the device specification.

Table 3. ESD and Latch-up Test Conditions

Rating Symbol Value Unit
Human Body Model (HBM) Vesp +2000 \
Machine Model (MM) Vesp +200 Vv
Charge Device Model (CDM) Vesp +500 \)
Latch-up current at T, = 85°C I aTcH £100 mA

MPR121 Sensor
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DC CHARACTERISTICS

This section includes information about power supply requirements and I/0 pin characteristics.

Table 4. DC Characteristics

(Typical Operating Circuit, Vpp = Vrgg = 1.8V, T4 = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Units
High Supply Voltage Vop 20 3.3 36 vV
Low Supply Voltage VRea 1.71 1.8 275 Vv
Average Supply Current oo Run1 Mode @ 1 ms sample interval 393 HA
Average Supply Current oo Run1 Mode @ 2 ms sample interval 199 HA
Average Supply Current lop Run1 Mode @ 4 ms sample interval 102 HA
Average Supply Current lop Run1 Mode @ 8 ms sample interval 54 UA
Average Supply Current lop Run1 Mode @ 16 ms sample interval 29 uA
Average Supply Current oo Run1 Mode @ 32 ms sample interval 17 HA
Average Supply Current Iop Run1 Mode @ 64 ms sample interval 14 WA
Average Supply Current lop Run1 Mode @ 128 ms sample interval 8 WA
Measurement Supply Current oo Peak of measurement duty cycle 1 mA
Idle Supply Current Iop Stop Mode 3 UA
Input Leakage Current ELE_ L i 0.025 pA
Input Capacitance ELE_ 15 pF
Input High Voltage SDA, SCL Viy 0.7 xVpp \
Input Low Voltage SDA, SCL Vi 0.3 xVpp A\
Input Leakage Current e T 0.025 1 WA
SDA, SCL
Input Capacitance 7 pF
SDA, SCL
Output Low Voltage VoL loL = BMA 0.5V V
SDA, IRQ
Output High Voltage Voucrio Vpp = 2.7 Vto 3.6 V: lgugpio = -10 mA Vpp - 0.5 \%
ELE4 - ELE11 (GPIO mode) Vpp = 2.3V 10 2.7 Vi lgugpio = -6 MA

Vpp = 1.8 V10 2.3 V: Igugpig = -3 MA

Output Low Voltage VoLario loLgrio = 1 mA 0.5 \
ELE4 - ELE11 (GPIO mode)
Power On Reset VrH Vpp rising 1.08 1.35 1.62 \)

Vrue Vpp falling 0.88 1.15 1.42 \Y)
AC CHARACTERISTICS
Table 5. AC CHARACTERISTICS
(Typical Operating Circuit, Vpp and Vggg = 1.8 V, T4 = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Units
8 MHz Internal Oscillator 7.44 8 8.56 MHz
1 kHz Internal Oscillator 0.65 1 1.35 kHz
MPR121 Sensor
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I2C AC CHARACTERISTICS

Table 6. I1°C AC Characteristics
(Typical Operating Circuit, Vpp and Vgeg = 1.8 V, T4 = 25°C, unless otherwise noted.)

Parameter Symbol Conditions Min Typ Max Units
Serial Clock Frequency fseL 400 kHz
Bus Free Time Between a STOP and a START Condition tsur 1.3 us
Hold Time, (Repeated) START Condition thp, sTA 0.6 us
Repeated START Condition Setup Time tsu, sTA 0.6 us
STOP Condition Setup Time tsu sto 0.6 us
Data Hold Time tuo, patT 0.9 us
Data Setup Time tsu pat 100 ns
SCL Clock Low Period tLow 1.3 us
SCL Clock High Period thigH 0.7 us
Rise Time of Beth SDA and SCL Signals, Receiving tr 20+0.1Cy, 300 ns
Fall Time of Both SDA and SCL Signals, Receiving te 20+0.1C, 300 ns
Fall Time of SDA Transmitting te Ty 20+0.1C, | 250 ns
Pulse Width of Spike Suppressed . tsp 25 ns
Capacitive Load for Each Bus Line Cy 400 pF
MPR121 Sensor
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SERIAL COMMUNICATION

Introduction

The MPR121 uses an I°C Serial Interface. The MPR121 operates as a slave that sends and receives data through an I°C 2-
wire interface. The interface uses a Serial Data Line (SDA) and a Serial Clock Line (SCL) to achieve bi-directional
communication between master(s) and slave(s). A master (typically a microcontroller) initiates all data transfers to and from
the MPR121, and it generates the SCL clock that synchronizes the data transfer.

The MPR121 SDA line operates as both an input and an open-drain output. A pull-up resistor, typically 4.7 kQ, is required on
SDA. The MPR121 SCL line operates only as an input. A pull-up resistor, typically 4.7 kQ, is required on SCL if there are
multiple masters on the 2-wire interface, or if the master in a single-master system has an open-drain SCL output.

The I°C timing parameter is shown as below.

SDA |\ / X ) / \ Ao
P E > i » -

[49 ——————y

SCL
'HD STA = t' ! : :
e £ t }
START REPEATED START STOP START
CONDITION CONDITION CONDITION CONDITION

Figure 6. Serial Interface Timing Details

Start and Stop Conditions

Each transmission consists of a START (8) condition signaled by a master, followed by the MPR121’s 7-bit slave address
plus RAW bit, a register address byte, one or more data bytes, and finally a STOP (P) condition (Figure 7). Both SCL and
SDA remain high when the interface is not busy. A master signals the beginning of a transmission with a START (S)
condition by transitioning SDA from high to low while SCL is high. When the master has finished communicating with the
slave, it issues a STOP (P) condition by transitioning SDA from low to high while SCL is high. The bus is then free for another
transmission.

SDA

S22 X \ |
T \NZ W ST A< ARV / ATy

Figure 7. Start and Stop conditions

o~
S T\
e Ve

Bit Transfer

One data bit is transferred during each clock pulse (Figure 8). The data on SDA must remain stable while SCL is high.
| |

X « \
SCL _V \i

¢
bataine stable, datavalid |

“J

M

p)

‘ (N

|
SDA / !
I
|

__ ,‘:‘:_..._.”.___ =
~

Change of data allowed
Figure 8. Bit Transfer

MPR121 Sensor
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Operation with Multiple Masters

The application should use repeated starts to address the MPR121 to avoid bus confusion between I2C masters. On an 12C
bus, once a master issues a start/repeated start condition, that master owns the bus until a stop condition occurs. If a master that
does not own the bus attempts to take control of that bus, then improper addressing may occur. An address may always be

rewritten to fix this problem. Follow I2C protocol for multiple master configurations.

MPR121 Slave Address and R/W bit

MPR121 use a 7-bit format slave address which is pin configurable by ADDR pin connection. The MPR121 slave addresses
can be configured as shown in Table 7.

Table 7.
ADDR Pin Connection I2C Address
VDD Ox5A
VSS 0x5B
SDA 0x5C
SGle 0x5D

The MPR121 monitors the bus continugusly, waiting for a START condition followed by its slave address. The bit following the
7-bit slave address (the 8" bit) is the R/W bit, which is low for a write command and high for a read command (Figure 9). When
a MPR121 recognizes its slave address, it acknowledges and is then ready for continued communication.

DA 7 o L e 1 e R e, YR\ ek [/~
MSB
scL{i WL e ) G W ey p (1

Figure 9. Slave Address

Acknowledge

The acknowledge bit is a clocked 9™ bit (Figure 11) which the recipient uses to handshake receipt of each byte of data. Thus

each byte transferred effectively requires 9 bits. The master generates the 9" clock pulse, and the recipient pulls down SDA
during the acknowledge clock pulse, such that the SDA line is stable low during the high period of the clock pulse. When the
master is transmitting to the MPR121, the MPR121 generates the acknowledge bit, since the MPR121 is the recipient. When the
MPR121 is transmitting to the master, the master generates the acknowledge bit, since the master is the recipient.

START
CONDITION CLOCK PULSE FOR

| ACKNOWLEDGEMENT |

e S L\

| s
i

SDA
BY TRANSMITTER / X >< ;; x /

SDA —3

22
BY RECEIVER ¢ L

Figure 10. Acknowledge
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Write Format

A write to the MPR121 comprises the transmission of the MPR121’s slave address with the RAV bit set to 0, followed by at
least one byte of information. The first byte of information is the command byte. The command byte determines which
register of the MPR121 is to be written by the next byte, if received. If a STOP condition is detected after the command byte
is received, the command byte is just stored in the register pointer and the MPR121 takes no further action (Figure 11)
beyond storing the command byte.

Acknowledge from MPR121 -
| I I 1 I I | 1 I | | | I 1
S SLAVE ADDRESS 0 A COMMAND BYTE AlP
1 1 | 1 | ] 1 1 1 | 1 ] 1 1

]

Figure 11. Write format with command byte only

Acknowledge fom MPR121 —l

Any bytes received after the command byte are data bytes. The first data byte goes into the internal register of the MPR121
selected by the command byte (Figure 12). If multiple data bytes are transmitted before a STOP condition is detected, these
bytes are generally stored in subsequent MPR121 internal registers because the command byte address generally auto-
increments (see Table 1) for the address auto-increment change.

Acknowledge from Acknowledge from
MPR121———— MPR12
Acknowedge from
MPR121 ]
T T T T T T 1 TN TR 7 T | Wl - 1 1 T T T T1TTY
S 1 ISL%\E%DDP\ES% o s I 1CQMWDB|YTEI | 4 | | PATﬁBYTFl 1 BLP
- 2
RIW _I n bytes +n-A from MPR121 ﬂ
Auto-increment
memory word
address

Figure 12. Write format with command and data byte(s)

Read Format

MPR121 is read using MPR121's internally register pointer, the same way the stored register address is used as address
pointer for a write. The pointer generally auto-increments after each data byte is read using the same rules as for a write.
Thus, a read is initiated by first configuring MPR121's register address by performing a write command byte (Figure 13)
followed by a repeated start (Sr). The master can now read 'n' consecutive bytes from MPR121, with first data byte being read
from the register addressed by the initialized register address, and ending the read be a not-acknowledge (NA) before a
STOP (P).

the last is non-Acknowledge from master
Repeated St.
Acknowedge from MPR121 == Acknowledge fom MPR121 —
L] L] L] L L L] L] L] L L L) L] LJ L] L] L] L] L] L} L] L] L] L] L) L L] L] 3
I S I SLAVE ADDRESS -10 I A I COMMARND BYTE lA I SrI SLAVE ADDRESS 1 I A I DATABYTE ]NAI PI
L L L L 1 [l i L i 'l i '} 'l L L 'l L L ] L L 1 'l L 1 L 1
RAN— - _] n bytes + n-A from master
RMW l_l'-&"f

autoincrement memory
word address

Acknowledge fom MPR121

Figure 13. Read format with command adn and data
and data byte(s)
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