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AHFSH

¥ CapSense CSD ZHFHaR 34 %X (TopDesign) , #RJaXWdifTJT Configure XHiGHE. %
SHEHER 25 TIETR, 1 5] 54 5¢ %) CapSense CSD 4144 c & i 72

General %&£
2l

Mame: ICapSense

General I/-Widgets Config ]/S-:an Order I/-Advanced ]/-Tune Helper ]/-Built-in ] q b
,_j Load settings H Save settings

Tuning method: I,’-'u_rtu:u (Smart Sense) j
Raw data noise filtter: |F|rst order |IR 1/4 {default) j
Baselining IDAC: IEnaI:uIed j

™ Water procfing and detection

Datashest | QK Apply | Cancel |

Load Settings/Save Settings (IN# & &R BEE )

Save Settings I ORAF4LPF 2410 (10 P A BC E AT A Bt « IXFF, AR50 H Hh ot e g pRad A2 1 2Ok
AR BB Load Settings F T INZ AT ORAF I

PEORAF (P LA F I B AT A B v] L NS GUI

Tuning method R 775)

WSHFRE TR k. Hpa =AM

" Auto(SmartSense) (3 (SmartSense)) — $fit CapSense CSD 4111 H&h iR .
CARTRAT T WA . 1847, B SEEAKT A AR A S 1%
T BN RAM F1 CPU %A
HE — W 12C O #ET SmartSense i1, %A AELE Tuner Helper g8 T ik
IR e H T8 B AR e B A far 21 4 GUIL.

" Manual (F3)) —ARVFHAEHIEELS GUI T3k CapSense CSD 4.
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

A3 GUI, iE4 4 EEbR, RJGIER Launch Tuner  CBE3HIER) « A RTFNHRN
WEER, WESEAALEF I “JEas UL I fam 7 —7. Fahiie 2 12CHE, #%
HAFAE Tuner Helper ZEX-R o4 E HI 178 H bR B AR GUI 18] 4 fan Xt «

® None (Z2H]) ERIANRE) — ZHIHK.
i ARSI T N . RA54E CapSense 414411 T SE0RR e G, A 0] kI
o W PAEFAZIET,  “Tuner CIIESS) 7 ¥ TAEAE H ki,

EIE¥E (Raw Data) MepsyEyys

WL B P I A B R AR R A o TR NUE IR, HOZUEBE AR N TP AL ieds o AEAE
IREFFARNIYIAL, ™ AL P P A R PR A5 (R 5 i % I e M PN, LA ST Ly g 41
R RSB AT o

® None — AMEHIIERA: . BATIERAS 1T AT SRAM [FITT4 o
® Median (PEBESED — HLMUTHES R = MEKEE, JFREIHE.
® Averaging (BJfEHIERD — R[0T =M% RS (R A ) PR 25 18

® First Order IR 1/2 (—F IR 1/2 %) — RAIFT—uE 2 E 1) 1/2 5 5 AR a8 E ) 1/2
IR o 6T IR IR 22 A b IR VYR 28 by F /0 (K [ 4481 SRAM JF4H -

" First Order IIR 1/4 (—F IR 1/4 %) (ERIN) — IR[BIA7—UE A1) 314 5 il A& sl
1 1/4 1R,

" Jitter (FIhIEEO — WREALALKEHE N T LRSS E, A JCRr I IER A% 1 81,
WA b ARRERAE, T

" First Order IIR 1/8 (—F IR 1/8 Y&y ) — R [T —UE a8 {H 1) 7/8 5 fdli AR 28 E ) 1/8 1Y
.,

® First Order IR 1/16 (i IIR 1/16 &%) — R [FIFT— U8 2(E 1Y 15/16 55 Hrili AL A 1
1/16 ¥ F1,

Baselining (J£#EZE) IDAC

ST T REIEELL IDAC . {HREIEUELL IDAC AENSHE i RAEBUE A EL (SNR) » K IDAC
7t CapSense #AF A — HHIER D] amuxbus b, T4 AL B8 75 A ML 2%

" OEEH] CGBRVO
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ORGSR S . 001-88555 & 1T it 7T 3/69



PSoC 4 i L& (CapSense® CSD)

Water proofing and detection (557K Az A&:3))

PSoC® Creator ™41/ 585 F-Jiit

IHIIRERC & CapSense CSD, i HrPizKIiRe CERIAHZERTDD o JA MDD RE 7T LA 5E Bt i v

. BEThRERE L NS4
ol U TR e T

R AEWAE SmartSense AR5 B il FE A% o
Y [ VS A (T

R WRBIK LT Guardwidget (fR¥EIER) , WIRTLIE Advanced (=gl JEI-R _E4

A

FNAN o

Widget Config (Widget Hl#) Ik
2|

Name: ICapSense

General ¥~ Widgets Config | Scan Order | Advanced | Tune Helper | Built-in | 4
Add button |E] Remove | Rename |

By Buttons E Tuming

- Finger threshald (FT) 20
&+ | Linear sliders Noise threshald 5
.. LinearSliderl Hysteresis 5
&=+ Radial sliders Debounce 5

i LJE RadialSliderd Scan resolution 8 bits

E| | Matrix buttons
¢ /B MatrixButton0
= || Touchpads
& Touchpadl
= | Proximity sensors
. & ProximitySensor0
= | Generics
& GenericO

< | ]
Datasheet | OK I Apply Cancel

HRAMBHNE X, WS W

1 4169

S
=/ CYPRESS

PERFORM
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PSoC®

Creator ™ 411 $3s T it PSoC 4 1%V (CapSense® CSD)

Toolbar (T HA&%)
Z L HAMAAE LIRS

" Add widget (0N widget) (g —Insert) — [ 1) R NE E ) Widget 8%, Widget
HKAALFE

a
a

Buttons (J%4) — R 3| AL IS FAAAE THRmR, JHEL At AN pU AR .
Linear Sliders (ZePhig4c) — Zethig &3NS T F I in B 8B, 26 it
WAL DS F IS 5 BT HRE 10 kA5 201 .

Radial Sliders (GESH4) — WA ARMT LML, MR AL RS E T
Bl .

Matrix Buttons CREPESZ8E) — FE PRI BEASINAT AL IS AN H AL A8 T 1 R A8 S AR AE 1)
TR JEREF BB T — R K E s A O %

Touchpads CffAR ) — AdFORUR (Bl s X ok Py TFFR AT XY Abkr. fddimR fo &
ZAMTAL KBS AL K 2%

Proximity Sensors ($ZifEidy) — FRimfL Ry iitl, wI7E B AL s R 10 ) B 2 A
MRS AETFIR. FERIUO R, X B RE T S R i i) 75 2.

Generic Sensors CGHEHAfEEEY) — AR RS PR B MBS I UG T2 (raw
counts) . IXFEH] AT DLG SRR IR B R AR Ik, X S B HE 2Rk A FE ) At IS Y A Sk g B
ANRESZILI o

® Remove widget (% Widget) (it - Delete) — M HHIERLE & 1) Widget.

B Rename (FEm4) GUEE- F2) — FTHF—AN0NUEHE, SE 0L € ) Widget #F%. 1] PAXL
o Widget LUT FF i) vHAE

i

Configure ‘CapSense_CSD_P4" ilﬁl

Name: ICapSense

General /” Widgets Config |~ Scan Order |~ Advanced | Tune Helper | Buit-in | < b
Add button | EJ Remove | Rename |

g

=
— -

||| Buttons B Tuning
i Finger threshald (FT) 20
|/ Linear sliders Moise threshold 5
& LinearSliderd Hysteresis 5
|/ Radial sliders Debounce 5
.| RadialSliderd Scan resolution 3 bits

Matriy hittnna

~

CYPRESS
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Tuning GAED

Finger Threshold (FHaEIMH) — 5 SCAH A% R 0% 14 KB AL S B . 1%
JEAR IR E R T MBI I, 2R S A e . BRE R 100. 8 47 widget 73 #5147 & (H
JuHE[1...255], 16 1 widget 73 #3104 R G H /2 [1..65535] . 8 fi7. widget 7 # 2

Finger Threshold + Hysteresis [F{HEANGERT 254, 16 {7 widget 73 #F [ AfEK T 65534

Noise Threshold (M) — 5& MALEEIEFIE . WRTHEOE R TR A, WA
FEHEL . R B A, AL B ARG TR AR o SRE 2 B B R SR i
Yo WRMEE R, TR BRRE S, SEOLME RN T, TR
B . BN 20. 8 B7 widget /) HEHR AT AL R [1...255], 16 fir widget 2)FEK
A 2 [1..65535]

Hysteresis B — INIMEIERERTE SRS 227 hysteresis GEH) o WAL G T
AVEBIRA, WZEEHHEUL UK T finger threshold (F-48 EI{H) I hysteresis GETF) A 4 IA k&
ARAPIRE A . WRARIRI A TIH SR, WZEE T Eob 2K T finger threshold (F45
BI1E) 98 hysteresis GEYT) I 224 A 0 B A BV PIRES e 4 5t o IR WA B T DR A HR IR % St
W R FHR/ D R A 2 T BULHEURES IEIA . BRI 10. 8 7 widget 73 #F 2 1 U E
[l [1...255], 16 7 widget 73 #F % 147 (B il 72 [1..65535] . Finger Threshold +
Hysteresis At 254,

Debounce (L3 — D EEB) T KA NAE ST EPIREH e, O T ikRIRA 6E
i ANANE SRSV BN SIRES, RSN, 2257 T AU L AU DR 7 T B (i
Wiz . BRIMEA 5. Debounce (EFVa)) A O i A4 i P M (14 75 AN 23 3 B0 FB 10140
- 8 widget 73 (1A e L [1...255], 16 v widget 435 (145 R
[1..65535] .

Scan Resolution (FIi7r#8%) — w XHMA R . S HOT 8 Widget #4814

[ 457 A o N LI 0 TR 5 R SR TR 2N — Lo 482 e 3% 36 mT i e b SR 0 17 R
JER{EMELE (SNR) » (HHE N4 1) o BRIAE N 10 42,

M"

—~
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

Linear Sliders (Z:M:#54%)

Configure ‘CapSense_CSD_P4' ilﬁl

Name: |CapSense

General /” Widgets Config | Scan Order | Advanced | Tune Helper | Buit-in | 4 b
Add linear slider |E Remove | Rename |

=) Buttons Bl General

“[E Button0 MNumber of Sensor Elemeni &

= | Linear sliders APl Resolution 100

I Diplexing Non diplexed (default)
=+ || Radial sliders Pasition Noise Filter First order lIR 1/4 (default)
- ~E RadialSlider0 B Tuning

EI | Matrix buttons Finger threshold (FT) 100

- -[E MatrixButiond Noise threshold 20

=+ | Touchpads Scan resolution 12 bits

- Touchoadd

General CHHL) -

® Numbers of Sensor Elements (f#lE&# ofsE) — w BN essE. — MR
APl 3R AL KIS O LU 20: 1. 23 KL L) £ st R T e A7 B AL g s
e (EMARGEEHR[2...32] . BRIAME R 5 D IolE.

® APIResolution (API %) — & i 4&n#e. MCEMRAETEH LA, AR
TuHE A [1...255],

® Diplexing (X 1) — Non diplexed (FEX L) (#RiLk) Ik Diplexed (R L) o X L ALVFM
M SAB KA = EAF S , wb 45 8 B K S AB B s 16 5 LIS 2

Normal Linear Slider Diplexed Linear Slider

T
-
T
T
T

-
=

5

A0 g SR

PSoC
PSoC
JUL

o

%

B position Noise Filter (f7'& MR JeR2s) — EPEmE SRR s 28 DI T B 5. X T —
ANIESER Widget, AN — DI o8 . A RUER s 2B Pl , WA SCRY D et — i gk
PRy o

=

=9/ CYPRESS
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None (5)

Median C(H{E &)

Averaging (R{EIER)

First Order IIR 1/2 (—FY IR 1/2 JE3%)

First Order lIR 1/4 (— IR 1/4 383, i\
Jitter (BL3h9EH)

O 0O 000 O

Tuning G

" Finger Threshold CFFRBIME) — & UM DGR R R K Bk /N A ISR TG sl (B . 4%
SRS FREC T B, %R i . BRIAE 100, 8 47 widget 7 HF4 1A A E S
Ml & [1...255], 16 1 widget 7 ¥ (147 e & [1..65535] .

® Noise Threshold (B BI{ED — & 40 T0E AR IR A5 B (o A SR VAR iy T UL BU 4R,
AN BT R AR o G R P B (IR, AR R NI A ] B B AN T o IR P BU IR R
o PR o U SRR A B AR, TR BT RE S MR g e A, OISk, 3 EUR
OBV RAERR . FUD TSR BT BE B E T AU . BRAE 20. 8 {7 widget 73 %
(A 2B A2 [1...255], 16 47 widget 73 #2147 Ui v & [1..65535]

® Scan Resolution (Hf7r#%) — w& XM HEHE. WSEOT LM Widget P T 15
BEIOFIREI ) e P2 A M . N AL IR 0 MR I B K SRR T B 2N — 1. s P nl sl
BRI () AR FME W LG, (R B nd I 1A] . BRIAE A 10 7.

EAE4
x|

Name: |CapSense

General /" Widgets Config | Scan Order | Advanced | Tune Helper | Buit-in | 4 b
Add radial slider |E Remove | Rename |

£+ || Buttons B General

- E Button0 Mumber of Sensor Element &

= || Linear sliders API Resolution 100

. “.JE LinearSliderd Pasition Naise Filter First order IR 1/4 (default)
=] Radial sliders 5 Tuning

2+l RadialSlider0 Finger threshold (FT) 100

£ || Matrix buttons Noise threshold 20

- LJE MatrixButton0 Scan resolution 12 bits

General CHEHD)

?L_\;
¥# CYPRESS

!’M
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

Numbers of Sensor Elements (fg@&as ofi8is) — & FAANRITsE. AR
APl 3R AL ST LU 2 20 1. 3 28 RAZ U2 3 st 5520 3 R INF e s 1
A SEEE R [2...32] « BRMEH 5 Ao,

API Resolution (APl 3#8%) — & 40 % . AL BB AE LTS DL AR 1L . {H AL
Jul R [1...255],

Position Noise Filter (7 &M geigs) — EPeme e ae 288 DI T B i . S F—A4
) Widget, AN — M IES S R TIEM a2 Ets, WS F M ae it — 1)
TR AT 4y

QO None ()

Median (HE3EN)

Averaging (BJ{E &)

First Order IR 1/2 (— IR 1/2 J&i%)

First Order IR 1/4 (—@ IR 1/4 y&¥%, R

Jitter (F}shuERED

O 0O 0 0 O

Tuning CARKD

Finger Threshold (T BI{E) — & SO OS5 RO B K Bl ML IR EHG S B . 1% JK
TR T IR B I, 2L B T o g, BRINE N 100,

Noise Threshold (B FH B ) — 5 SO 2 T0 R A% s e 75 (R . T SRV 500 v T LA

WA BE B e 2 o A SRR 75 B G, AR I e AN Em S W] REAR NG AN T o IXFE 2 AP R
o . SRR AR RO, TR AT BE S R O e A, HOO RS I dELL, 3EUR
OB TR . FULTHE P A AT L BE R v . BREDY 20. 8 i widget 73 HE%
A Ve B2 [1...255], 16 47 widget 43 #3452t i i [1..65535]

Scan Resolution (F#i7#i%) — & X Hi%. S0 Radial slider widget (R4 18
He widget) N FTA fh e T I ) 2 2= AR 5 . NQSE R 2 e dee K Ui 250k 2N — 1.
PR A AR AT R e A I P R U R SNR,  HAS BNk i) . BRIA(E A 10 £z,

=
=
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PSoC 4 i L& (CapSense® CSD)

poElz s

Configure 'CapSense_CSD_P4'

2|

Name: |CapSense

General /" Widgets Config | Scan Order | Advanced | Tune Helper | Buit-in | 4 b
Add matrix button |EI Remove | Rename |

B+ ) Buttons

- - Button0

=+ | Linear sliders

. “-[E LinearSliderd
=+ | Radial sliders

B Column Tuning
Column Finger threshold (F 100
Column Noise threshold 20
Column Hysteresis 10
Column Debounce 5

PSoC® Creator ™41/ 585 F-Jiit

. ..JE RadialSliderd Column Scan resolution | 12 bits

= || Matrix buttons Bl General

@ Number of sensor rows 5

=+ | Touchpads MNumber of sensor columns 5

/& Touchpadd B Row Tuning

E| || Proximity sensars Row Finger threshold (FT) 100

¢ /B ProximitySensorl |  Row Noise threshald 20

= | Generics Row Hysteresis 10
./ Genericl Row Debounce 5

Row Scan resolution 12 bits

Tuning AR

® Column and Row Finger Threshold (FIATFHREIED) — & SCAH I A5 5 R 38 K Bl gai/ 1N 1)
matrix button CHEFEIZEE) FIRAT LSS B B RESS R IR T AR, 2l
A Al . BRIAMEH 100, 8 1 widget 73 (1A B Ve 2 [1..65535], 16 4/ widget
YR A VG 2 [1..65535] . 8 i widget 7303l ff) Finger Threshold + Hysteresis ]
HANRER T 254, 16 {7 widget 73 K I ARE K T 65534,

Column and Row Noise Threshold (FIATHE S EIE) — & S REFEE S AT (1) 45 K 2 e
B AR THEE T A, WP TE B2k . an e s ARG, A% I8 A A% m] BE
BIEATE o XFES TR B R BB . a0 RS K R, T Fa il v] B8 2 Bl AR A g
A, HAChIEINIEEL . IXFEA S EU S . BRI 20. 8 17 widget 2 HEER 1 2 i e
& [1...255], 16 17 widget 7 HE4 1A 2 {H s [ 4% [1..65535] .

Column and Row Hysteresis (BFIATIEH) — WS INAE R4 BE S AT 1) AL A8 0 SRS L 4 1)
Z oy iR . WHERARIKIR AL T ARG SRS, WA vH B 200K T T35 BE SR A A . i A K
A TIEAPRAE, WIZEE T O AU T F R BE S IR 2= . IR B T CRAK IR M A 2 s g
FERTFIR DB AL T EHER SRR . BRAECY 10. 8 £ widget 75 2 (1) 43 2 (i 6 H
52 [1...255], 16 fi widget 7 ¥ & A a [ 2& [1...65535] . 8 i widget 43§ 1] Finger
Threshold + Hysteresis ANfE kT 254, 16 {7 widget 20 % (IAHE KT 65534,

Column and Row Debounce (FIATEFLE)) — ISINFEREIZEES) /1T BIAL A5 PR &)
K 22 BL 8T Beas . o T AL AR IS BE 8 MR B IR S V) # BIIR AR, 7ERUE FIREAR SR
, R HEBUE LUK T TR SRR .. BRIAE N 5. Debounce (EElsh) #ifr g s

E
=

=/ CYPRESS
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

PR IR TR 75 A2 PO R KY . 8 f7 widget 43 % (147 B a2 [1...255], 16 fif
widget 73 HF K A 2 E /& [1..65535]

Column and Row Scan Resolution (FIATHEI 3 HE%) — & X matrix button (5F FE2 ) 471
FATIHFR PR . IS EO B8 widget FAT N T A A5 I3 2% AR s 1) P A2 5% . N AT
R MR B KA TR 2N — 1o B2 ] H8 i o A 10 R B AN b, (H 41
oI o FURAT R 7 PR AR TR, DORTHAR R 1 R B K. BRIAESA 10 A7,

General CHEHL)

Number of Sensor Columns and Rows (FIATAR &S 8w ) — w2 OB B I Z RIAT 4L
. HMARGEHEA12...32] . FIRATHIJCREEEAE R 51,

fih A

Configure ‘CapSense_CSD_P4" ilﬁl

Name: ICapSense

General /” Widgets Config |~ Scan Order |~ Advanced | Tune Helper | Buit-in | < b
Add touchpad | EJ Remove | Rename |

=+ Buttons B Column Tuning

...[E] ButtonD Column Finger threshold (F 100

= | Linearsliders Column Noise threshold 20

¢ - LinearSliderd Column Scan resolution 12 bits

-, || Radial sliders B General

& RadialSliderd Number of sensorrows 5

E| | Matrix buttons Mumber of sensor columns 5

& MatrixButtonD Row API Resolution 100

E-. | Touchpads Caolumn APl Resolution 100

CLE Pasition Noise Filter First order IR 1/4 (default)

EI |/ Proximity sensors B Row Tuning

. -I& ProximitySensorD |  Row Finger threshold (FT) 100

= | Generics Row Noise threshold 20
~E Genericl Row Scan resolution 12 bits

Tuning CARD

Column and Row Finger Threshold (FIATFFREIMED — & X T 0 f5 = B0 58 R s/ 1
fl AR S FAT (AR ARG S e . AR BRI R T UE B I, AR 5 i o 2 . 2R
WE A 100. 8 47 widget 73 JlF # 1)43 RUE G HZ [1...255], 16 7 widget 7 #4125 i Vo
J2[1..65535] .

Column and Row Noise Threshold (F/ATW R BI{E) — & XA 71 AT 1AL s It Ae )
fl W BT S T, WIASTE R e Lk . OO B T A% Rk Tt B R T 5
T S RS (A, AR RS AP S T BER BMEANTE . IXAE S U B D B B e . R

- i o
==7# CYPRESS
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W 75 R K, IR ] Re SR g e, HN ANk . IXRE v 3 i O T A R
o ERIME K 20. 8 {7 widget 2} R HIH R T L [1...255], 16 fi2 widget 43 5% (14 5l ¥
2 [1..65535] .

® Column and Row Scan Resolution (FIATHHEER) — & AMBARFIFAT 11150 HE
o WS EOH R widget FU/AT N T A A 3 I 0] P2 A 520 . NSE A48 20 R 1) ek
JRUETHECA 2N — 1. SR R T R e B I () R B AR e L, (E SN e . BN
TR PR N AR, DASRAFAR R G R BUE KT BRIAMES 10 4L,

General CHEHL) .

® Numbers of Sensors Column and Row (F)/4T4& s 5 &) — 5 XA b4 1 41 R4 T 1)
B, [HIARGEEN [2...32] . FIFAT I TSR BOAMEIY A 5 A,

B AP| Resolution Column and Row (BT APl 43#8%) — & AR 7 RAT R4 3%, 7Ei%
T H B RS TR IO B AE . ERSGERE R [1...255]

® Position Noise Filter ({7 &M UEH A ) — KM SR s n2Ie & v Hob . W F— ANk
] Widget, (AN —/MEH & . KT IR AR vER, WASE W 1) Be iR — T 8
TR
QO None ()

O Median CH{EIEH)

O Averaging (REIEHD

O First Order IR 1/2 (—F 1IR 1/2 #&i#)

Q First Order IR 1/4 (—F IR 1/4 y&3, ERUO

Q Jitter (BL3hyER)
=
s
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

Proximity Sensors (4% 2%)

Configure ‘CapSense_CSD_P4' ilﬁl

Name: |CapSense

General /” Widgets Config | Scan Order | Advanced | Tune Helper | Buit-in | 4 b
Add proximity sensor |E] Remove | Rename |

SR Buttons EH General

- - Button0 MNumber of dedicated senst 1

=+ | Linear sliders E Tuning

.[E LinearSliderd Finger threshold (FT) 100
=+ || Radial sliders MNoise threshold 20

- ~E RadialSlider0 Hysteresis 10
=+ | Matrix buttons Debounce 5

- [ MatrixButton0 Scan resolution 12 bits

E| | Touchpads

. & Touchpado

E| || Proximity sensors

W 5 o ximiity S ensorD
= Generies

HEE: Bar Widget LA, BT Widget #7EERE L T8 . i T4 Widget FIFHE ] 4
K, AFFEHADZE Widget BT 75 PGHE N, PRI 24 Z00E APL H T8l )i F 2T Widget. i
CapSense_EnableWidget () e& % LA 3 F 4218 widget.

General (L) .

® Number of Dedicated Sensor Elements — #&F% ALK R . X UL IS 5T
ANELFE T H ARSI Widget /& 868% . AT Widget 1L as Y a] s, B4 I8 Rk S
P AR S
Q 0 — HEAREESIHR— a2 NI L B DU e Bl il il . A EE% Ik Widget 43 Id
AL LS

Q 1 B — RGh L gk .

Tuning CARKD

® Finger Threshold (FHRBIME) — & XS0 REIT 2 8505 G K B/ 1A% S SR 3 B 1E
G RS R T UL BN, B AL B R S A Bl . BRIVE ) 100, 8 Az widget 7)-Hli
R AEVE R [1...255], 16 47 widget 70 #2414 % (E i [l /2 [1..65535] . 8 fif widget 4>
M1 Finger Threshold + Hysteresis f{EARERT 254, 16 {7 widget 73 JlF 5 AN BRI
65534,

® Noise Threshold (Mg E{E) — @& SALRCESME S B WRTFEUE & T HEBE, AT Bt
WELR o Gn R 75 (AR, AR IS B W AL iT R ZBE AT o IXFES 5 Ui S 52 il fd 4 5t
o WIS RS WK E, FHanBinT gE PR o, H A WBEInSEnEk . XS S EUHs
i
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J. 817 widget 73R A At VG HE [1...255], 16 fi7 widget 70 #4514 i 76 il 2
[1..65535],

Hysteresis CGBRYiF) — IRIMLIEE TSRS AN 22 701830 . W R AL G AL T ARE s,

W ZEAB B 200K T T B S IR WA A R G AL s s IREs, WV e it T
FRBIE SRR ZE o AR B30 DR AR e i %l 2 T P R T A B AR (R /NI S B AN 2 2 Bl
PSS A . 8 A7 widget 20 #F R AT R B 12 [1...255], 16 £ widget 70 #F R K117 %K
{HYG )2 [1..65535]

Debounce (£$}8)) — Wil— 2R3 R NAL AR SRS 4 . O TilkfRi&ER R
i WNAETE SRS VI 2NESPIRES, 7o FIFEARZCE N, 22 R Bl S 20K T F 45 B {E SR A
RN, BB OR A R YR R AN 2 S BT FHA R . 8 47 widget 4R I L
s E L [1...255], 16 {7 widget %) ﬁ#iﬂﬁﬁxﬁﬁﬁﬁlm[l .65535] .

Scan Resolution CGHf R#EE) — & LM PR . IWSEOTHGE Widget (P43 8] 7=k
SO . N AL IR B R R AR TR 2N — 1. 35 0 o ] i e s R 00 1 SR A A
WELl, (HSHE AR ] P T U RS I ASE FH (1) 73 7 25 I Ll s Y e P 50 FH (1) 20 7 o3 o vy
, LA RASITE . BRIAE Y 10 A7,

Generics GHEM)

Configure ‘CapSense_CSD_P4" ilﬁl

Name: |CapSense

General /” Widgets Config | Scan Order | Advanced | Tune Helper | Buit-in | 4 b
Add generic |E Remove | Rename |

= Buttons B Tuning

& Button0 Scan resolution 12 bits
E| | Linear sliders
 .[E LinearSliderd

2 | Radial sliders

- ..[E RadialSliderd
E| | Matrix buttons
. MatrixButtond

E| | Touchpads

. ..E Touchpadd

E| | Proximity sensors

. L.JE ProximitySensorl
B I Genencs

------ 8.2 Generic

Tuning G

B Scan Resolution (Ff7#R) — w XHED PR . LSHOHE R Widget 130 i 1) =4
M. NI R i RS A THEON 2N — 1o 21520 5 ml 4 van s A 0 1) 3R A P85
SNR (5 :Lk) , (HaKanFiam . BRAE A 10 4L

E
Eg- CYPRESS

rrrrrrrr
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HJERAS generic Widget (UFRAE—ANBRIE T, R4 P S QU BRI R 25 7, DLSCREANGE T4
fisE X Widget ] CapSense 1&g fI & .

Scan Order (Il HEIE

Mame: ICapSense

General I/-Widgets Config /V Scan Order }/’Advanced }/Tune Helper I/-Built—in I q b

4+ Up ¥ Down |

s e
_ ButtonD__BTN 2 2

1 LinearSlider)_e0__ LS 2 2

2 LinearSlider)_e1_ LS 2 2

3 LinearSliderl_e2_ LS 2 2

4 LinearSliderl_e3_ LS 2 2

] LinearSliderl_ed_ LS 2 2

3 RadialSliderd_e0_ RS 2 2

7 RadialSliderd_e1__ RS 2 2

8 RadialSliderd_e2_ RS 2 2

9 RadialSliderd_e3_ RS 2 2

10 RadialSliderD_e4_ RS 2 2

Sensor scan time: 0.341ms Total scan time: 3.754ms

Baselining IDAC: |12-|] Compensating IDAC: Iaﬂ.

Datasheet | 0K | Apply | Cancel |

Toolbar (T HA*)

ZLHEFAE LU RS

" Up/Down (/) (B - n/so — ke n Widget ZEEE Mk B R E). it
T Widget () — e Ao, MKk & %> Widget.

TR WRERIUT R, WSS .

ba Y- SR SUR RS2 NN SE (HBUW e o £ 3 e = e 1111 AP e e i RS vl =y B S YR S T SR N )
PR R I 9

E
=7 Cypress
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B Ctrl + A — EFITELRED.

" Delete — ME G ALK TR & 1& 2% ((0&E M T generic and proximity widgets)

Analog Switch Divider (40T 520451 88) 3

fs Analog Switch Divider (BUBT A 58) (R4, 52 S0 T078 o T el U . i
HAT 3 [2...255] 0 BRI 12.

Wi Individual frequency setting CFR—HiR %) (7T Advanced EI-R) #2EH, W14
ST o

Modulator Divider i34 45i58) %)

fi7€ Modulator Divider {f, I SR I ] dsdm AR E A B0E R [2...2556] . ERIA
B4 12,

R Individual frequency setting (BR—8ERBCE ) (fi - Advanced EI-R) #ZEH], Wi
ST o

H WL IDAC H

AL 1IDAC {1, Ax SN A T 0 28 250 2.1, 8x AT AT 0 % 125 2
. BRIk 200,

M IDAC B
feEAME IDAC fH. ARIEENT 0 £ 127 210, BRIAE N 80,

Widget 5%

Widget LUK (O FIRS (OAZ AT ML RAE L R HI . 5 Widget A% 1 BT A 4% Jg g A FH AR R i i,
CLY AN [F ) Widget ot

PR A v A FH L P AR RS, B AT AT DA A S 3 AN LAt A% B3 i 4L A Hp G DU
Bk, B, PREREROTREE - ARANLR, RIS RSOk, BT AR AR T B kAT 2R
R P T LB A R . BT X SR R 34, DU IR . (BRIl s it
TRRCER, AER AR M BES T, DU

SRR A —FE, WAL Bt T B 2 BB L. T AR RS T T AR A . T oA
LA R AR B2 ML AR PR EUEE « FRBLI T Bt b ik B i s

—%ﬁ?
P/ CYPRESS
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Advanced (&H2) EWF

Mame: ICapSense_1

General I/-Widgets Config }/Scan Drder)/Advanced I/-Tune Helper I/Built—in ] q bk
Current source: Shield: IDisabIed {default) j
IDAC range: Shield signal delay: INnne (default) ﬂ
Analog switch drive source: IDirect j Shield tank capacitor enable: IDisabIed {default) ﬂ
Individual frequency settings: IEnabled j Guard sensor: IDisabIed {default) ﬂ
Analog switch divider: |12 Inactive sensor connection: IGmund (default) j
Modulator divider: iz

Cmod precharge: IPrec:harge by'Vref buffer j

Sensor auto reset: IDisabIed {default) j Csh_tank precharge: IPrecharge byVref buffer j
Widget resolution: IS—b'rt {default) j
Megative noise threshold: |.'ZI]l
Low baseline reset: |5

Datashest | QK | Apply Cancel

Y

L IVR
CapSense CSD ZLR R MR, DA INAEAR 2% LW fi#i. IDAC Sinking A1 IDAC
Sourcing i ZA# ] PSoC #4_[-f#) IDAC.

® IDAC Sourcing (BRIA) — IDAC ¥ HLym i 21 A Cvop. BEIUTF RN B AL M I HL 2
Cwmop M1 GND Z [R)A8 %%, AL mBORE . e K2 H% it h4# ] IDAC Sourcing,
AR LG LA PR 7V, R U R R R L s, (AT R EESR AN VDAC F Y5 K HL A AR 3 AN
TR ) Vref BT E

® IDAC Sinking — IDAC M| FLZS Cvop WIS HLUL . BAUTF RZEBLE AE Vop AT L2 Cumop
Z AR, $RftH YR, R SNR (fEMELk) 1@ H %F IDAC Sourcing X5, (HiIZAA
WiEH TR 28t

=
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IDAC range (IDAC Jali)

S HFE E BRI Y IDAC JaH 11 5% Current Source 1% & & External Resistor, NZEH]
8. BRINER LTI CapSense Wil (s EE R . BRI = 1 FE L YE Rl 5 A T-AE b
HL 2 AL 2%

B Ax (BRAED

B 8x

Analog Switch Drive Source (Ff8lJT 3K )
USRS O/ SAS (R, DA i A% S D) 48 20/ H I T H 2 Cvop IR
" EE R

® PRS-8b

® PRS-12b

¥ PRS-Auto

Individual Frequency Settings (¥i—JiE & &)

S B E BT R B (A o WA ], BRI A — A% BT G o s
{Hs WERANEHT, AR I A MRS 9% 2 B A

Analog Switch Divider (BT 543 4528 )

SR T I A (K08, IEaf e T7e s T S AR . (E I S0 [2...255] . BRIA
ik 12,

Wik Individual Frequency Settings CFL—MURBE) B, WHZIhEEATTH

A Je s DA FIT 7 FEL ISP B PRy 3 P AN BT D) 48 22 R0 MO 6 L 28 Cwvop V3. BERATFFR 43 328 % CapSense
CSD W8T 4040, FeAETR e Bl . 4 Aias (i DIy, AR s DU P R U3, UG 4
B, JRZIMR.

Modulator Divider CifiHl#L54i58)

M T8 @ s 0 e IOAE, T e R 2 AR . (A R0e A [2...255] . BRIAH
H 12,

W% Individual Frequency Settings (FL—HiR %) BH, WZIHEEATTH .

FE: “Modulator Divider” G20 42%) WiE “Analog Switch Divider”  CREUIT5& 5040
) RS, DA 2 AER . HRTEAE R, iE2S 0. “CapSense W4 —i.

??—?
=/ CYPRESS
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Sensor Auto Reset (fLJ&3s ABhE AT )

WSEUAH BB &AL, ML AELE R 588, oIS ZE (v s Tl e A (. anR2EH B
SyEAL, WA ZAEVEECE F s R B (M s A B D) DA, FEHELR A ST 8. Bk
23 B AE AT A WA A Al A S 10 SR AR B AR b T I AR SRS U 2T FF I i) @i, 5 DU S e 2
BRI EEH

® Enabled URJ) — HBIEALHHIRIEMEL BN SOFT, My it S fe 4% s it s A2 B A, (EFR
A A B A I PR e KRN 1] o v B PR A% A PR B KRR T) S ZRE D 6 21 10
s B TR A e A% R 1T SR T RO AR BTN, W AR AR IS IR 4TI . Jih
TR AR T H AT RE A i LS PR s R ZU SN L i BE S A P Yl i R PR AR BT 3 B

® Disabled (ZHD BRI — FRGEHY S H il 7 258 e A B 75 sUAE Rl L dst 1 S8
NI 32 ol B 42 s ot e R AL . LR3I, b m] LUK QR SR 75 LA RS . Bk A
IARINEA R 5y LR T PSR 1785 5 ity S Eabel o/ W VA N JVARE R P

Autoreset Dieabled

————— Baseline
= Rawcounis
————— Diflerence
Autoreset Enabled i
b
Time

Widget Resolution (Widget 73 ##%)

BSHUE LT widget R & IE 50 HE%R. 847 (1 A1) 2EUAEIL, N4 H] T4 K 2 5w H]
Wytv. Wk Widget (G Y 8 Ry, WARGUE THU, NRHT IS, CResiUe (A2 SRL AL )G
(~128) . LR kg LT 2 A P2 Widget 7] 5223 T 16 A7 70 HE . ikt % 8 fr 7y Hie vl fig
DU NRZE, 16 MLr Rl IndetE e, (BT R A MEIRAR 2 Z AP 7 5 1) SRAM.

=
=V

1..~._ Ia’é‘s

<=/ CYPRESS
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® 8L (171 — BRI

B 1647 (2 %)

Negative Noise Threshold (4l 75 5 {¢)

AZHAR B AL R E AT (raw count) 20 3Rk, JLRAG T (raw count) AMIEEL S5 2 7]
Rt ZE (8. (A RBGER A [5...2558] . BRAE N 20,

Low Baseline Reset ({ItILHfEZ: & 47)

S EE T ST FEMEL R G THEL (raw count) AR (FSRREREL, X FPREE T AT
(raw count) 2N TFIEUELRAE . (HATAREE A [1...255] . BRIAME A 5.

Shield il AR

WEZ Hd e o Y AR i rB M ek, G e o e P AR A P DR BRI B IR R 580 o A7 S i
HUAE FH IS 25 5L, WS il —1

" GBRVO
" A

Shield signal delay (55 #EiR)

WSHH T8 CSD Shield A%} T csd_sense H#EIR HFCLK &%k .
" e GRAD

" 14

" 2R

Csh_tank (Biiictirezs) BH

WS HH KA 2 215 )0 S B 7h Csh_tank HEL2 5 Bl A RIS 1. 0 FE 28 FH SR 388 52 il FE,
o [AFE, ¥ Cmod Fize Hak Csh_tank fise i E N “ilit 10 2t T Hise s ” i, W HH
Ctank HL%%.

A BO
" A

E .

===/ CYPRESS

!M
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PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

Guard Sensor (ff3{L/EK#e)

W] 5 BT AP AL S, 5 A U 75 805 7K R S F o (K 7K - an iz Water Proofing and
detection (Bi7KIFALM) (76 General JEIURF) , WG HILINRE. A AP ALK TE 205
S TES AR T SRRl — .

" A GBRVO
" A

Inactive Sensor Connection (AE3GSIRSAL 38 %E 7))
WSHoE B Sk E 8 AR T A AL A R BR UL RS

= Ground CH:Hb) (BRI — R4 T4k 2 KOS B, BRI T LA -9 14 0
5

" Hi-Z Analog — ARG SR LA AT BHBTRE .

® Shield — Z3 A RIAMLIRSILSEMABIE.  FRbUS 5 s S5 T Hi AL Beas B 5 diili
o L BEMCE MY — FAE I, TS SRR K RE I BRI A . I R BRRWZEA, It D e AN T ]

Cmod precharge (Cmod Fii7e i)
S K2 T Cmod  HELZR T 78 HL

"l Vref 2P BEATHIAR R (BRVD
Bl 10 AT T

Csh_tank precharge (Csh_tank 7 Hl)
WS HTIRAR 2 115K 5)) 5t i P R K Vref Y5
® ol Vref P TIR R CBRUO
Bl 10 AT T

=
=

=4 CYPRESS
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Tune Helper GHiEBYT) E £
2]

Name: ICapSense_‘I

General | Widgets Config |~ Scan Order |~ Advanced /” Tune Helper | Buit-in 4

¥ Enable tune helper

12C slave communication

Data rate (kbps): 400 - Actual data rate (kbps): 372 kbps

[2C address (7-bits): IDxDS

Datasheet | oK | Ay Cancel

Enable Tune Helper (3 &0 T)

WSR2 R RE, AR AR RA S IEIESE GUI BTG . R EAEH Tuner GUI, i5/4i%L I
Fitte QEARRE P IR, iR HLEEThAE, EAPITAEMTEAE. B, iRl ekl oy
RN, ERMERIX TR, BRIALE

Data rate (EfE# %)

S HON THCE 1°C BR R (ATik 400 kbps) 5 SCbad 8 m] BE4FE 17T FH (1 I b 1 6123 45
PSRRI AR . AR UESEER y 50, 100 A1 400 (ERIN) kbps. #1 Enable Tune Helper
BEEERT, TS H0CKs bl 2

SR AE IR s TR 2R B EEAT IR AP E B R R o i B R n] RN S P e
AN o SRS bR B AT S PR 1 - HECLK ISt OMI Py 20 A I e PR

12C #tht (7 A1)

X SE MBS IR 17C Hukik . 80T LGS T 0 2 127 Z Al 2otk BRME A 8. itttk
FATRE T T AL B AE, bT RGBT .

femr DU N HE B/ SHEBIME s T SRERIEE, IE7E b2 AT “Ox” o Wi Enable
Tune Helper #2511, W2 50k ok 2005
A KA A R IEAR GUI MEE 245 8., 1HS 5 IR T M b i i i 4 GUL ) Fe s —

==

= gt

= /4 CYPRESS
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iR GUI H I8
ANTRAAH AR LS FE L, Ge B P ] CapSense i 4

The CapSense iEZSET- 3BT, WAREE M RAHREER D) CapSense 4114, '©it
REMSLELL1F AL T SmartSense #Ea0 T 2 R M LB AERE. 4140 TR RIRBE I A
R, DU SEO e INAE T, IF B SEIEAIC SRAM R 26, IXEe S T HEiRas

CapSense KT E
A CapSense 248 1 LAY S FR 4

ZE PSoC Creator #6&t %
A FEE, n[AZ% PSoC Creator #51.

WEIHEE CapSense At
1. ¥ CapSense_CSD 41/} N H s 4Esh 2N 1w vt .

CapSense_1
CapSense CSD|

Auto (SmartSense)

2. XM AT FF Configure XHGHE.

3. RN H M FFEE N CapSense CSD 4. # Tuning method i£#:°4 Manual B¢ Auto
(SmartSense) . il OK K P U HE F-ORAF1% 2 T 240

ORGSR S . 001-88555 & 1T it T 23/69
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Configure 'CapSense_CSD_P4'

2|

Name: |CapSense

General |~ Widgets Config | Scan Order | Advanced | Tune Helper | Buitt-in | 4 p

/= Load settings = Save settings

Tuning method: |Auto (SmartSense) ~|
Raw data noise filter: INone ﬂ
Compensation IDAC: IEnahIed ﬂ

™ Water proofing and detection

Datasheet | (0]:4

Anply

| Cancel I

4

%+ “ B3 (SmartSense) ”

PSoC® Creator ™41/ 585 F-Jiit

A3 (SmartSense) FVFH PR € 1 RG H AR 00 A3k CapSense CSD 4114
CapSense CSD ZA/Eig T Bl [ 5H . IeBiCh A T 419 RAM LUK CPU I al. B
g)] (SmartSense) JHEx T F 81k CapSense CSD S H04 F) = A Al v LU B SRR 11 i)
B, IR ARGER LR, &8 “ B3 (SmartSense) ” iR LL T CSD 44

ZH

H

TR A BRI E B 57

M 7 o) FEAL AR I 2T 5

Baselining (GE#E£E) IDAC 7ECapSense CSDJA 15—k,

#M IDAC r.CapSense CSD /i g vl H—K.
PRI O o7 A 7rCapSense CSDJi &I —k.
VEEHER e IE f£CapSense CSDJi #hIH4—K.
A7t M 7 A 7£CapSense CSD/3 14—k,
RIS 7ECapSense CSDJi &I —k.

BCE P CapSense 444
1. £ Widgets Config &I~k LR nficE “widgets” .

1 24/69
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Configure 'CapSense_CSD_P4" 2] x|

MName: ICapSense_1|

General)/“ﬁdgeis Config ]/Smn Crder ]/a'-'.dvanced ]/Tune Helper  Buil 4 P
Add button | Ed Remaove | Rename |

1| | Buttons E Tuning
{(€] ButtonO Finger threshold (FT) 20
.-JE] Button1 Naige threshold 5
I | Linear siders Hysteresis 5
-] LinearSliderd Debounce 5
----- || Radial sliders Scan resolution 8 bits

----- | Matri buttons
----- | Touchpads

----- j Prosimity sensors
----- j Genefics

Datasheet | OK I Apply | Cancel |

2. 7E Tune Helper ETik . 2AZ0i%&H Enable Tune Helper £ iELHE

Name: ICapSense_I

General | Widgets Config |~ Scan Order |~ Advanced /” Tune Helper | Buit-in qp
¥ Enable tune helper

12C slave communication

Data rate (kbps): |4D-D vI Actual data rate (kbps): 372 kbps

12C address (7-bits): IDx'DS

Datasheet | oK | Ay Cancel

4

A IARES

B OB g A B AE ARSI E) 5 H main.c SCHEH . main.c SO R

void main ()

{

CYGlobalIntEnable;
CapSense 1 TunerStart();

/*A11 widgets are enabled by default except proximity widgets.
widgets must be manually enabled as their long scan time is incompatible

with the fast response required of other widget types.

*/

while (1)
{

==
= CYPRESS

PERFORM
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CapSense_1 TunerComm() ;
}
}

MR 3R PSoC B34 T 4 %
MR 75 252 PSoC Creator #5 8.

JA B %N A
" fiii CapSense CSD 4lffEltx, #RJEM ETFICREH LS Launch Tuner T,
VA A8 N AT I

Ir, PSoC4 CapSense_CSD Tuner 1_0 for ‘CapSense_1". Tuning method: Manual. -8 |ﬁ|
Fle Debug Valdaton Tools i@ Help
B, Start [_,_| Stop ||ﬂ Configuration | Enable Logging

Tuning | Graphing | Valdation | Logging |
1] Reset Widgets Layout Button0__BTN
Max value: 255

Button0 Button1 LinearShder(

250

O 0 1 2 &) 4 200

150
FT + Hysteresis
- HySLer esls 100

50
Moise Threshold

SNR: I

L\PA Revert parameters

IDACT val. 200
IDACZ valu 80
Finger thre: 100
Moise thres 20
Hysteresis 10
Debounce 5
Scan resol 8 bits

Analog swit 2
IdacRange | IDAC_4x
Modulator ¢ 2
ScanSpeec Normal

S 5pced: Desired packet size: 43 (0x2B)

=P/ CYPRESS

PERFORM

i 26/69 CRYYRS: 001-88555 &1 fift**



PSoC® Creator ™ 41/} £ it

mEEFZSH

1. sii Configuration, LATJf Tuner Communication XJif#E.

Tuner Communication Setup

P

[~ Port Information
MiniProg3 version 2.05 [3.08/2.05]

[~ Port Configuration
12C Address: |8

Sub-address: I 1-Byte hd I

~Power 12C Speed ——
50V 1 MHz

* 33V * 400 kHz
o5V 100 kHz
18V " 50 kHz

' Bxternal

2|x]

QK I Cancel

2. WHIEESE, KA OK.

PSoC 4 1%V (CapSense® CSD)

EEPHE: P Tune Helper IR 564> —2L: 12C Speed. 12C Address. ikt

Sub-address % &N 1-Byte.

TR

B S GUI B Start. JiTfi CapSense Joff I 4n B~ HAH .

~.

==7# CYPRESS

PERFOR
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Y48 CapSense S¥H

B GRS EUE, L [Enter] BB N Y ANMETE, SEES AN . GUI 4k
S WoRPMEE, BEIAERREE SN, LA E T SR 1§52 AL T MG s
% GUT St —5.

ry PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual. ;IEI&I
File Debug Valdaton Tools i@ Help
Start |ﬁ Stop | E:J Configuration ‘ Enable Logging
Tuning | Graphing | Validation | Logging |
4] Reset Widgets Layout LinearSlider0_e0_ LS
Button0 Buttonl LinearShderD LT LR

250
0 1 2 3 4 200
150
100

50

0

SNR: |0.00

PN Revert parameters

IDACT valu 200
IDAC2 valu 80
Finger thres 100
Noige thres 20
Scan resol. 12 bits

Analog swit 2
dacRange IDAC_4x
Modulatorc 2
ScanSpeec Normal

Running Speed: 38 pkts/s Desired packet size: 43 (0x2B)

RETEER
" ORET RSP, HAETERCh ik, H CapSense ZH AT SR I SE 1 il AL AR A L

5% PR s N

B KIXIEFE File->Apply Changes and Close, Z#(|1’5 %] CapSense_CSD Sfil. k54 i H
XTI T o

CapSense RiFidE

SR BB 7 A S5 IR FIRAERT (I AIRE) 4FPERIRIE CapSense 1
R SRR

TT 4G IIE

1. FFEEFIEET, LAHER L “Tuner” FUg4E, 165 WWETTIIZE T, CapSense Vilcilfe, #HE/R
GEIAT A S 25

—s B o
.
=g -

==¢# CYPRESS

rrrrrrr
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2. {f Validation (¥iF) 3k F, siidi Acquire Validation Data GREUGIFEESE) . 4R
LA CapSense JT: N I -

frs PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual.

=1olx]
Fle Debug Valdaton Tools i@ Help
i, Start fﬁ Stop | E] Configuration ‘ Enable Logging
_~Tuning | Graphing /” Validation | Logging |

Validation status: NOT STARTED | b Acquire validation data || ¢ How do I fix this | % Advanced ||SNRs |Cross-talks
Button0 Buttonl LinearSlder0 [Acquire vaidation data

Sa 3 S 23 3 S4

2 Z

You should use a calibrated slug rather than a simple finger.

Running Speed: 38 pkts/s Desired packet size: 43 (0x2B)

frs PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual.

=lolx|
Fle Debug Valdaton Tools i@ Help
i, Start fﬁ Stop | E] Configuration ‘ Enable Logging
_Tuning | Graphing /” Validation | Logging |

Validation status: EXECUTING

| b Acqure validation data | i, How do I fix this |jAdvanced || sNRs | Cross-taks

Button0 Button1 LinearShider0

Q & 0 lkj,: 1 / 2 \/ 354
Q J Y / Y 2

L
Sensor: LinearSlider0_e2__LS
% \Widget: LinearSlider0__LS

Apply Finger

Scanning sensor: Button0__ BTN.

Running Speed: 38 pkts/s Desired packet size: 43 (0x2B)
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DA PERHRRTE %A R E TR, SR RIEHIE CapSense TG, 2 INIRIIZ 4
55 U ILLEAR SR B 8 bR, 64507428 PRESS HERE (4% 81 . Tuner K7 LS5
1 S S8 R A

il A R TR LR SR R P E (73 5 a8
B 2 I AHE T 1 T4, i ANl TR oML %45 .

fry PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual. 1 =10 il
File Debug Valdation Tools i@l Help
Start ‘n Stop | £=4 Configuration ‘ Enable Logging

_ Tuning | Graphing /" Validation | Logging |

| b Acquire validation data | % How do I fix this | 2F Advanced || SNRs | Cross-taks

Button0 Button1 LinearShider0

PRI DT

You should use a calibrated slug rather than a simple finger.
Running Speed: 38 pkts/s Desired packet size: 43 (0x2B)

M b B

B RALE e X SRR LN T R BB AT CapSense {44k

" REREE X B E RN T RS ENRIE L AT CapSense 1%/

® ARG L X S e L R T R

AP T AN

® Individual Crosstalk Check (HANHHIE) o TEMUEEFE T, FAF AR FH P Bk 5 A0 75
I TC A ASMA BAT oG o W ARIE—JefE Bon AR, Hil Crosstalk Threshold

Percentage CHRELEIME FrEL)  CREEBIND , WPEE 7 AR PrEd . Xl — 4 NIRI 2
KR, XL T Won AR VRO ot %Dxiﬂbﬁlﬁbﬂﬁﬂ:#z@
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® Worst Case Crosstalk Check (IRZEtEE B A BEA & B E ST, BAdx
HEARV N EE . AIXANLFRTE I, SR 22T B & AT T4 5

X AR, I G0t ZEUES T BRERE B IAARS TN B I HE . BORT
FIEEA TIPS —ATolE, 5B R A, DUHSRHE, flan, WA 2IL0 T B84 (1

. 5.3.2. 4,1, 1. 0), 1fi Worst Case Crosstalk Sensor Count (fZ=15E B Pil ko
40 &2, I Worst Case Crosstalk (ZEREHRD MK (B+4=9).

%A E Bt Worst Case Crosstalk Threshold (2215 BHBME) , WIS LETT B oAb %
SR HINIRBRIRRF “C” 6 kT hrid

ISR ZE R

R EF R R R B T i, K R Validation Report CRFEHRE ) o %R E 3G 0L M S .

" KT ERAE AT LA

" RT R E AT B LU AR

"I ZE N T R AT (S S, A IR e A e 1) ER A2

M Validation (B:F) #&T0-F_ B How do | fix this 44, A LLFTIT Validation Report (3
R .

=
e S
-

==/ CYPRESS

ORGSR S . 001-88555 & 1T it T 31/69



PSoC 4 i L& (CapSense® CSD)

FERATE

T 32/69

Enable the Shield electrode if needed
in the design

I

+

Set the switching frequency
(Scan Clock and Analog Switch
Divider)

!

Enable the PRS according to design
requirement and set the PRS
resolution (8 or 12 bits)

1

Open the Tuner GUI to tune the
CapSense CSD

I

Set the resolution to 10 bits as the
initial value

Baselining IDAC Enabled

Set the Compensating IDAC to the full
scale

PSoC® Creator ™41/ 585 F-Jiit

Set the IDAC to make the raw counts
to 80% of the full scale

0% of full scale of raw count:

is achieved

Monitor the raw counts in the Tuner
with and without finger touch

(Is SNR > 5)

Yes

Decrease the Compensation IDAC

[

Add firmware filters. Choose the type
of filter based on the noise type
present in the system

Is SNR > 5) & (Does Scan Time
meets design requirement)

Adjust the resolution and scan time
such that the SNR is above 5:1 and
scan time within the spec

Is SNR > 5) & (Does Scan Time
meets design requirement)

l

Set Finger Threshold to 75% of peak
finger response.

I

Set the hysteresis to 15% of peak
finger response

l

Set the noise threshold to 40% of the
peak finger response

!

Set the Debounce as per design
requirement

Check the layout for improvement (refer

to Getting Started with CapSense and if

possible reduce the overlay thickness or
increase the button size

J

17

18

19

20
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1. BRMcAE BEBZE AR BT BRI 5 .  AEARIR AR 22 B2 AT AR (DL AN2398) N I, Bk
WA, TRk BER “EMI” , sRBCIE S “Cp” o R M4 uid Xk ik IDAC Sourcing
HIEHER R0 Vref 1.024V, W BE#E 5 DR 2] SIO 5. oAb Bl bt i T & B 2T 5|
. BE2AEL, WS WA G bEcra (R ERD —1r.

2. A A AL TS 1) TF A B L N R AT AL S 2596 780 . Scan Clock  (F$Is 4 Al
Analog Switch Divider —CELUTF I/ i8S ) A ZEMIE— B3 0] A% Sk 2% FEL 2 2R BEA T T K
Scan Clock /& CapSense {1 Em4Ji. Analog Switch Divider 23 HIH I 4P, =4
FEORIN A, SR #- A% s AT 78 AR L . G SRAR B e B0 AN 584, WIaE 3 0 Analog
Switch Divider kLI IATHK
BENIAAL S A0 R, T R SRIRE &AM AR T . v T IR B R S M 4% Jak
A AT RSN, AL R FF AR A R IR SL F A o A8 10X B A RS T iR Sk H
. WARATRE, WA FET MIASRk. BfRAASRCERBOR; WRAR, "/EAnE
#4°K Analog Switch Divider [F{f. 7E1E# GUI TANREE MU SHL, R AT 414 e &
AT E . B, ZEAELLF Configure XEHES SRR, T H WG, JFEF AR FEAT Y
Fio

3. BUMN PRS, LU/ 4MEE EMI X CapSense 54, FER/ LIS RS . (£5 5% EMI
YERE M) # it th 5 8l PRS. PRS [)7r 3 n] &y 8 8L 12 A7, FARMKIHIN )iy E . an i
FHET A, AT PRS 125 G HHEm ek, WEH PRS 8.

4. FTJF “CapSense HiEas GUI”

5. BoPEEiE N 10,
BI04 PR RN R AT DA vy R R, (E S (). Rk, TR BRI ) R R AR
Z AT LA
FEVRRSFE R, R B AW MRMEN 0 10; AR 8 F 9 W n] VEMI UG, (Hueit b s E
ZEE/NT 1 mm.

6. 7ET N AL EZR IDAC,

7. JAFFEUEZ IDAC, FRREE M IDAC 8 Wi bR .

8. 1t GUI Ik HELL IDAC i, H 2 I THE (raw count) ik S bR BEAE ) 80%. 7 Frd4t
FERME R 2 M HE2e Ik TT o 11 = A IDAC B TS b 4 1H 4k (raw count) , [ ZIRSR . i AT
fi] IDAC {HABAS REIE 2 bR FEL T 80%, MY 720 A1 B & o 512 IDAC Gl IDAC i [l A
REAE “Tuner GUI” FhHEATH &, TN AEALMY Configure XHRAHEH B . 24 Configure XiGHE
HEAC LS, N EESIINH ,  JFERRT a0 Hogm e

9. WIRALATILHEL IDAC (AR HEIE B hR L AE 1Y) 80%, UMK AM:: IDAC {HIFEHEZ 8 2.

10. et P T SR B W A 0 T 0 SR 4R TH A (raw count) o 37 Ja UG- WA gt P RTTUEE ) T 18 Ak 5 S v
o FEINF AT AR

=
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Peak Finger Response

SNR =
Peak to Peak Noise when
finger is not present

11. A3k RUF ) CapSense Biil, fEHBELLN KT 5. A BRI B RF S 2k, ik
IRBIEWE LR, IERE B IE RS . TESH IR A, ARG IERR S R G AT A N
PEPE AR, BT R BE, B IR 1/4 yER 85 IFLR, RE R SRAM 5/, Jffg
e ST

12.4%%55 8 L IRRI B R e L . [FII, S E 2 Sl Tk md i 2k, S GUI _E 1) OK F%4
B GUI P& I A SR B AR o R A ADE AR S 0 AT R
FIHEI DK EoR e “scan order” (AT EIR . Wi Bevh b #E R B i R
PALIRAS B2, BT AL B3 1 S 4 I ) 2 (A s A i TR B AR A3 AR A
WAREREERT 5, Hmadis. HfEE, sE . X8, HR AN E K. R,
a2 I BTN o1 T 3 W D X b v 2| =i oW =) Y S AN S S = E T R I (A R o e
o PR S WELL RN . AR AN AEIA B 51 1 (K45 M b 4 040 i 1) B s e oH AR s e L Y
5 M PCB Aii s 22 BN JZ e v Sk T ik 2 4k . 152 2% Capsense A/ /755, T fi# PCB ¥l
RS, AT I/NZ BN 2 PSR . BN s E AR, AR T AR InAsUR B

13.32 %] 5:1 FIfFEMELL G, WELLTEESE.
Q Finger Threshold (FHaBI{E) &%, [ EAVEHE GRS S5 AL TR SPIRS )
IR . R I AR B TR I R Y. K] 75% .
W 3B BN T FRIEE I NV ) 15%.
W sk P R AE A TR WA NV ) 40%.

Q PRPER OB ECR AR R S SR A T g DR . R PHMEN 2R
ANIE, BRI 1 B2, DDA e M A A R e e (1 SR VA B AR P N AT PN
WAHE o PRSI, RPME N BCE N i, el 5 .
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JHIES% GUI fiE

RS

Ir, PSoC4 CapSense CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual.

Fle Debug Valdation Tools

PSoC 4 1%V (CapSense® CSD)

=olx|

@ Hep

iig Start || J| Stop ||E Configuration | Enable Logging

Tuning | Graphing - Vaidation | " Logging |

#] Reset Widgets Layout

Button1 LinearSliderD

0 1 2 & 4

[SESEEEC spc-d:

Desired packet size: 43 (0x2B)

Button0__ BTN
Max value: 255
250
200
150

FT + Hysteresis
= HySteresis 100

N 50
0
SNR: I
L.;A Revert parameters
IDACT valu 200
IDAC2 valu 80

Finger thre: 100
Noise thres 20
Hysteresis 10
Debounce 5
Scan resol & bits

Analog swit 2
dacRange | IDAC_4x
Modulator c 2
ScanSpeec Normal

T T AR A% SR

" Start (= T3EHI0 Debug > Start) — JFUAE M A EEEEBUR R B

it FH 25

B Stop (E{E3HIN Debug > Stop) — 15 1k EiSEHURT R K .

WCE, ERITIRE

®  Configuration (2 3:3% #.Jjl Debug > Configuration) — FJJF Communication

Configuration X} G

" Enable Logging (E{F3ZHI0 Debug > Start) — {ff gt A as 0 31 4ok H &3 H &

e
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.

" File > Settings > Load Settings from File — M XML {33045 AN ¥ B H-¥ A £cdis n 2 21
I 2S o

" File > Help — FIJF#Bh 1
Al 2 A AR T AR A ) T RE

IR »

" Tuning — B/R7ETAEXECE T 414F “Widget” . XFE, #HUAT L% Widget HILEY)
L PCB =AM 00 Widget J#EATHES . T FH k7T Widget 244 B A T #AL
Widget £#is FUIRZ .

B Graphing — fEEE LEA R4 “Widget” Hdi .
" Logging — &t HEEIE e i Yy ge

JI B 4% B

B OK (E{:3EH.05 File > Apply Changes and Close) — %% 24 /i {E 3 ] 3] CapSense
s, JFRHE GUI.

B Cancel (B{ESZHI0 File > Exit) — iBH GUI 1K S50 N H 2 2H 4452451 o

?}?
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Tuning (K EMk

PSoC 4 1%V (CapSense® CSD)

Jry PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual. = IEI il
File Debug Valdaton Tools i@ Help
Start |ﬁ Stop | E_J Configuration ‘ Enable Logging
Tuning | Graphing | Validation /" Logging |
Reset Widgets Layout LinearSlider)_e3 LS
Max value: 255
Button0 Buttonl 250
5> 0 1 2 4 200
150
100
50
Q
SNR: |361
P Revert parameters
IDACT valu 200
IDAC2 valu 80
Finger thres 100
MNoise thres 20
Scan resol. 12 bits
Analog swit 2
dacRange IDAC_4x
Modulator ¢ 2
ScanSpeec Normal
Running Speed: 39 pkts/s Desired packet size: 43 (0x2B)

)

Widgets schematic — W& AR &N “Widget” MEEE R, WH “Widget” fi—LLE
fRIRA AL, W23k AR IR AT R S0 Hr . &6 — “widget” 7R ¥R E W2

Reset Widgets Layout (FE Widget fiiJa)) %8 — K% “Widget” #2)) 21 2L & N BRI

(A=
Bar graph (%K) — WoRik e L Eas 15 518
Q LLXX% Max Value (i RfED) #r%%, mlFEBVEALIE & B oK b fl. 8 47 Widget

S WEE AT L 255 2 ], BRI K 255. 16 u Widget 7 #E% [1A ZE Fl A
T 1 F1 32767 2 10), BRINE N 32767,

Q MATFIRFT IR SR A T S 48R ER .
Q MFTFFRR A B s A e SR — 44 gk .
Q YT RN M I AR — AR

SNR ({5 Mebt) — X s AR It (15 e LU REAT S 550 (R MR BB 5 Ron AV, s har
;5 & 10 &Konimdt, Bt KT 10 Zopn BRI, S hseth. {51 R 2 izl
B EE AT V5

Revert Parameters (iR J5ESH) o5t —
VI B Eh GUI NPT 2 7R AR

R A B, TP IR RIL B0

~5
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B Sensor properties (fEi&AsENE) — R “Widget” KA, WoRuk @ L Eas e HALT
AT AR L

B General CapSense properties (CapSense [#)# #4ErE, Hi) — E/x CapSense CSD 41
PR a R e, ZB AT TN AT . AN AN S AL T4 O AR 8

" widget #4F ETFICRE (LIREUEH T GUI W “Widget” E4FAR ) -

Q

0O OO0 000 Do

ETHEHE — ¥ “Widget” Tﬁf*ﬁ?ﬁ@ =P
BTIEm — ¥ “Widget” #4408 TR EH.
RS 90 BE — % “Widget” RN EF iERE 90 BE.  (fU&E
i

W e B 90 BE — ¥4 “Widget” Fuli 4tiel 90 fE . (13
BEAR A — WUEMERE Y. CIGE H T2t s S 4O

I 450
FIF i 450

BE PR RES — R PRI . CRGE AT RO AE B 4% 1)
AT AR RS — R PRSI CRGE H T AR AR B 42 )

THATH] — KSRGS B TAT R, AT PSS E T80 (OGE ] il o
W D

. AN 2
Graphing (£ &) &0
Fr. PSoC4 CapSense_CSD Tuner 1_0 for "CapSense_1'". Tuning method: Manual. — IEI il
File Debug Valdaton Tools i@ Help
Start |ﬁ Stop | k-4 Configuration ‘ Enable Logging
Tuning /" Graphing | Vaidation | Logging |
Chedk al Clear al
1,100
1,000 =-[F  LinearSliderd
o i[O TouchPosition
£ ~ w0  LinearSlider0_e0_LS
] 800 - m-[J LinearSlider0_el1__LS
(7 —] [0 LinearSliderd e2_ LS
& 600 EL arSlider0_e3_S
-~ 500 - w0 LinearSliderd_e4__ LS
M 400 l |:| Button0
“'u' 300 m[J Butonl
0 200
100
0
250 ’7
200
W 150 ‘
[=
2
W 100 '
50
o |
0 50 100 150 200 250 300 350 400 450 50
Running Speed: 39 pkts/s Desired packet size: 43 (0x2B)

T 38/69
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" OERXE — Do WL Pk H . AR A S LT Export to jpg, WIREE
JREIR X (PR, DR “jpg” RS

" ORRE — LSRN “Widget” FIAL KBS, XU H R Th A T BRI
£, IHEE AT FFRSHIR O R A ENE S, Ao R EE T,

Validation (¥iF) &R

Jrs PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1'. Tuning method: Manual. —|o|x]
File Debug Valdation Tools idl Help

1, Start Stop ]im Configuration ‘ Enable Logging

_ Tuning | Graphing /" Validation | Logging |

Validation status: NOT STARTED | P Acquire validation data \ -1, How do I fix this | “f' Advanced H SNRs | Cross-taks

Button0 Button1 LinearShder0

0 1 2 3 4

You should use a calibrated slug rather than a simple finger.

S s» - Desired packet size: 43 (0x2B)
Validationi& IR T2 W H ). ZEm -~ “widget” #imPE, {HAR Xﬁfﬁ%iﬁﬁ%ﬁiﬁo X
AN R oy BT 2o
® Widgets schematic — WFHTARCE 1 “Widget” KX R.
THUES T AR A2 AT«
" validation Status Fr% — WOREAPIRE. ©H LR EE:

O VALIDATION NOT STARTED — H EREHESLIK, KT ERIESFE.

O PASS — SEEBUFM TR, HICHbE.

Q FAIL — iR AL T #hE; K WoR iR i

® Acquire Validation Data %8 (¢3¢ .0 Validation > Acquire Validation Data) — JTUf
R . ARG R, AR SRR AR 42 s S AR IS

=
=P/ CYPRESS
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" How do I fix this %8 — FTHF— ARG, LIgH R E EIEE EESEBEE €. HfA
eI T W AE I R R T W MR RIS OL R, ks A T

" Advanced #5# (if 332550 Validation > Validation Advanced properties) — 7 JT5F
JEERIEAIEE O (25, 15 % Validation Advanced Properties (BiFRZ&EMSE) ) -

® SNRs (fgMRtt) 428 — 7& “widget” J Bl LA ITEOCHIfEMLL (BE2AEE, 1S WA IE

WIR) .

® Crosstalks CH#) &8 — 7£ “widget” JFHEIE FFIFEOCHHBILE R (BZ2ER, 1S
lfﬂgilﬁxuxﬂ“) o

Logging (idsk) B+

Fr. PSoC4 CapSense_CSD Tuner 1_0 for 'CapSense_1". Tuning method: Manual. ;lglil
Fle Debug Valdaton Tools @ Help
fii, Start Stop “E Configuration ‘ Enable Logging
Tuning | Graphing | Validation /" Logging |

Log file settings path: | - |
™ Append new data to the existing file

Log duration (min): I 10 33

—Debugging
Disconnect returmned 0

Connectreturned 0

WriteData returned 0. Address 0. Buffer: 40

ReadData returned 0. Address 0. Buffer: 328 0

ReadData returned 0. Address 0. Buffer: 3

ReadData returned 0. Address 0. Buffer 32B0FFFF00000000004283F200000000004223
WriteData returned 0. Address 0. Buffer. 8

Working

ReadData returned 0. Address 0. Buffer: 3

ReadData returned 0. Address 0. Buffer 32B0FFFF00000000004203F000000000004223
WriteData returned 0. Address 0. Buffer: &

ReadData returned 0. Address 0. Buffer: 4

ReadData returned 0. Address 0. Buffer 4 EF0000000011940004203F000000000004223
WriteData returned 0. Address 0. Buffer: &

Disconnect returmned 0

Address: ID Data: IS Connect | Disconnect | Read | Write |

[0 RS Desired packet size: 43 (0x2B)
B gk Graphing GRS EAE, AT E K AT SR K B
" Path — & xR e ORI “esv” )

® Append new data to existing file ke — WL IZIEIUG, B8 B2 B B8 A S
o WAL, IHSCARR NSO e AR AR #Scahs

® Log duration — & SCASRREFEENE], AN . A RGEEINT 1 1480 2 0A], BREN
255,

)

~

!.l CYPRESS

«

i 40/69 CANLE 5. 001-88555 & 1T i+
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Debugging Cifil) 4

ZINRE RIS TR H . e ReFE B H P A S0 I A8 8 A5 i

O HEE D — DRSS PITIEE RS . I s H AR gL Tk, Wi s
AT IER, WAOESER TR LA EE TR 2.

® Connect (JEH:) — ##:%] PSoC #51F.

® Disconnect (WifiEH:) — Widt5 PSoC 23 FER:

® Address (HMilit) — #5H PSoC 5 1tk .

® Read (MO — M PSoC #fF il . #ubl - BoE G rh X b stk . o o Boe A
W) 5

" write (5D — BEHS N PSoC #F N . Ml B Lz np X itk . £ 7 Bloe UE
EUNINEE/R

Validation Advanced Properties (IiF @)

¥Yalidation Advanced Properties X|

Optimal SHR Value [
Sufficient SNR Value E
Crogztalk Threshold Percentage [%) Im
YWiorst Caze Crossztalk Threshold Percentage [%] Im
Worst Caze Crosstalk Sensor Count Iﬁ

—alidation Beszult File Settingz

[” Enable ¥ alidation Logging
Fath:

| _

¥ | dute &ppend bMeasurement Humber

ok

® Optimal SNR Value (582 tuitEqt) — & XhHrEmE . A30ER /1 0 A1 100 217
3 NNV E

B Sufficient SNR Value (fFBELb785MME) — & XA G E. A80ERT 0 F1100 2
H], BRIAE N 5.

- i o
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® Crosstalk Threshold Percentage (%) CHEHEBIE 4L — & R — AR BES R PLBE 5 T
fRBIE I Ao . ARGEHT 0 #1100 8], BRIAEHR 20.

u Worst Case Crosstalk Threshold Percentage (%) (ZEEEHEMBEME AL — & Ui
ZENG I B I 22 R E . ARGEE AT 0 F1 100 2 10, ERIAE N 30,

® Worst Case Crosstalk Sensor Count (i ZE ALK EHD — @ XTI E 2
TE R PAL RS s ARCEEIM 0 2] 100; BRIAE N 2

® Enable Validation Logging (3 HE H &) — Ja H Sk 2ol (1) H & .

B Path — @& EAFEE H E SRR GOy EE N “csv” ) o

® Auto Append Measurement Number CHZMINMMES 5D BIbHE — WiiRayik, ERRE
AR RS, HESCE K4 (n “validation001.csv” D, BB ARAEAE— AN B
s

Save and Load Settings (fRAF/IN# ¥ & g

WIEAE GUI W a] LIE A, N R P4 IF . FEIXFE LU, H P L2 CapSense CSD 411+
WA GUI I “ORAFATINE R E” ThRe

1. A dlssT i) Save Settings 124 .

Mame: ICap Sense_1|

General ]/Widgets Config I/Scan Order }/.ﬁ.dvanced I/Tune Helper |’ Built 4
j Load settings H Save settings

Tuning method: IManuaI j
Raw data noise fitter: INu:une j
Addtional (Baseline) IDAC: | Disabled =

2. 1t Save File X[iFHE, Fi5 & AT AR R HARAAALE
3. FITFRIE RS & 1, SRJEHKIEFE File > Settings > Load Settings from File.

File  Debug  Validation  Tools

Settings & Load Settings from File

Apply Chamges and Clase ChrF4 |- Imports settings from a XML tuning File ¢
Exit

ButtonD Button1 LinearSliderd

4. {t File Open XJiEHES, @ A1 BTG M Z BT RAEHISCAE . WE S B3N ELRT .

?

=sC CYPRESS
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N %&EEO

N g0 CAPD , AT D AT e B A . N RS AR T TR . DUR %%
TR B VRGN M A AN R B

BiMEDL T, PSoC Creator #5245 “CapSense_ 17 445 & Wit AHAE K 5 —ANS24)
T80T LIS FLF B i 44 A A B R R TR VA U AT = — (. SEBI A PR I A 42 JR R A4 R
AR R SHAH. BTt e, FTRPEHSEE 4 F A “CapSense” .

HF API
PUR R A B T TR RS R A CapSense API R 4L
B B

CapSense_Start() JA SRR E I T . Wi A7 4, IR CapSenseH it H 7411 13E 5
L FL YRS AT

CapSense_Stop () AL T, JFH ] CapSense _ClearSensors (), LUIRHE T 45 4% 8 2 53 437 5|
JETEBNIRES o

CapSense_Sleep () HHE R FER ) - UE 5 2 1F . 25 CapSense ! it H 741 4FF Active (3%
&) B HPERRAT ,  ARA7E B IR RE AT A7 28 R BT A7 A s S 2R rE 3R

CapSense_Wakeup () i MR DD AEAR A IR A A el 5, 36 )5l CapSenseit & FlHE B - 727
1EA1H

CapSense_Init() YA B E il A E i (1 CapSense BRI IC &

CapSense_Enable () JA FlCapSense ' it I 1414 Active GEzh) A5 xC HJEARARAT .

CapSense_SaveConfig () {17 CapSenselit & .

CapSense_RestoreConfig () Pk 2 CapSenselit & .

void CapSense_Start (void)

ViHH: X THAPAT ARV E 15 1% /7). CapSense_Start () i [iCapSense_Init ) i %, SR
CapSense_Enable () si%t. ¥ItELZi4E8s, i 5CapSenseZl {1 ICSD T . i 1Lk is s
PR AIEBPIRA . A ReAL Bas 1 . 1% 5E SmartSense ] WA RN, RN T
fEIRLS o E VR HAT A APIFRET 2 1, L2056 F CapSense_Start () 727

ZH. 5

R EI{E: o
BIFEH: o
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void CapSense_Stop (void)

LT

SH.:
R [FE:
BIfEA:

S AR SE AL R W P A A s R AL BHEE 2RE . 281 CapSense T
AT HIActive (3D R HIERAR AL .

pW

pW

VRIS ERE VR VN A2k

void CapSense_Sleep (void)

LR

XS A AR T REA A HE S ALE R 1 3L k. 28] CapSense ! BT H 74144 FActive (i%3)
P AR AL, 1 ] CapSense_SaveConfig () s 3 IR fF CapSense ) % L &, HK T
AL AL BRI BIR A

pW
7
IS AE 56 A i A P 0 ps K

U KA RERS CapSense LI AL T I 51 BVE T (R UARIRES . EEE S AR SR an s, 3
(RO

F8 73 T ) R K

void CapSense_Wakeup (void)

L

S
R EIE:
BIfER

Yk CapSensefic & . il CapSense it I (111 AL Eis oL it fir, T 2241
PRI R RS -

¥

o

Z PR HANRERS CapSense 4L I A1 15 1 IANA J5 212 /i (R

W

void CapSense_Init (void)

BERA:

S48

AR

BIfEA:
L 44/69

WIaa Az SCAL AR 1R e T 1K) CapSense BRIAICE . T AR 8 S A7 BIRIS Btk
P

/N o

5
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void CapSense_Enable (void)

VLB Jii F CapSenset it FH 5 4L s X LI RAR A .
ZH- e
R [FE: pW
BIfEA: pW

void CapSense_SaveConfig (void)

BEH: {RfrCapSensefit & . I A11E &AL B SIRES
24 G
pAEILE G
BIEM: IS 56 B I 8 FH O e B
EEﬁXﬁE%CapSenseéH{ﬁFF)ﬂEﬂ%E‘J@lﬂfﬂﬁ?ﬁ%ﬁiﬂﬁ%?&o U Gl ) S W T
TR R
void CapSense_RestoreConfig (void)
BiHA: Pk CapSenselit &
24 p
R [EE: p
BIEM IS A 56 B3 I 8 FH O e
U bR ZAN BE K5 CapSense 4L T A8 T 5 IANE Js 2 E A 12 /i R
HEERER AP
LU API B BUH 3047 CapSense & & a3 14 .
k8 i B3
CapSense_ScanSensor () WEEMBCE, NG IR R B B AL S
CapSense_ScanEnabledWidgets O | Hizd14 k. FH#iTH C A H wWidget.
CapSense_IsBusy () IR R AR RS R A
CapSense_SetScanSlotSettings () | & & &I (LR MR E .
CapSense_ClearSensors () W T R IR U E B HERFPIRES
=
W Censss
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CapSense_EnableSensor () P B S AR IR, DR R — N4 3 o g AT 44
CapSense_DisableSensor () AR AR s, DMELE R — N4 5 A g T 44
CapSense_ReadSensorRaw () MCapSense_SensorResult[ ] #4114k B sian vH 4.

void CapSense_ScanSensor (uint8 sensor)

VLA

RFME:
BIEA:

WEFIRRE, RETFHGTR RS . FIeRUE, ISRKE COlll i 145 s 5L anTh 44 (raw
counts) & I3 4 5 IR UGN 2 o A ISR AR 1% pR B BH 28 . A5 MG I B AR A% J o
FEF A ME—gw 'S . 1% 5 i CapSense & il #5 K X 4 -

uint8 sensor: %405
o
o

void CapSense_ScanEnabledWidgets (void)

AR

ZH:
BB
RIFEA:

XAFTA 28 HWidget 1E LT JFEX 23 HWidget WAL EES T4 . ISRX)
TR TR S, H AP 5 HWidgetida#isebe . A ISR A A4 1% 6 SICRH 2€ .

FrfinwidgetA 4, Frfiwidget #RZEBRINESL TR T HEEWidget i TR I, AN
P FAt R Widget i IO PR i [, - PR ens 20 T30 J3 % Widget..

p5
p5
W SRR A FAEArTWidget, Wik ¢ R 50 R G 25

uint8 CapSense_IsBusy (void)

LR

ZH:

piAEIli=R

BIFEA :
L 46/69

IR PR SRR o

o
uint8: REFEHPIRES. ‘1 —IEFERRL, ‘00—
o
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void CapSense_SetScanSlotSettings (uint8 slot)

BEEH: it o2 i A FP R AL R 1 O IR A (FRIRE) 1R AT R . X T R
T EAME AR IMIDACIE VL K 73 #8575/ MWidgetN, T A& IEE8 K 20 R A 1R o

¥ uint8 slot: 14t g

pACIL1= G

BIEA: G

void CapSense_ClearSensors (void)

LR I AR KETT 5 Analog MUX Bus (BAUSE 48 B0 0D SR 10T A AL s I 1 JE R ARG 3)
WRE, AP AL TR AR AL BHERFEIRES o

ZH: pW

BB 7

BIEH: 7

void CapSense_EnableSensor (uint8 sensor)

VR Jic B e S AL RS, DUEE N — AN B 3 oot L T4 . Bent N 51 B B b Analog HI-Z
R B HTRE ), IFZEH2 45 Analog Mux Bus CRERLST FHAS M4R) o X i Luis 284
e

¥ uint8 sensor: 1% & 244 5

RIEIE: o

BIVER I

void CapSense_DisableSensor (uint8 sensor)

BEHH: AR 2 (AR 2% o iP5 Analog Mux Bus (BRI FH#S 2D JERRIMXT R S 1, I 3L &
TARE RS .
¥ uint8 sensor: &K% g5
& [EE: 7
BIEM: 7
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uintl16 CapSense_ReadSensorRaw (uint8 sensor)

M4 JRiCapSense_SensorResult[ ]£2H iR AL IS IR GR v 8. BRI AL I3 1AL I3 B

I ATME 95 . %405 tH CapSense &l KX/ AC. J5ah T4k (raw counts) A I T-40UAT

ViEH:
CapSense i AtHELL LA P11
¥ uint8 sensor: 1545
R IFIA : uintl6: 9H7H R G T
BIWER: oG
B2 API

IXUE API pEHH T AL B AL I 2 Widget [ aa11 4 (raw counts) o JR#GT14L (raw counts) RIAE
FARE AL S TP AT R, FRRACH FBE R TTOCIRAS . T A B AL B B A AR ) X Al Y il

B

YA

CapSense_InitializeSensorBaseline ()

IS HR PR IRAS, I8 SV ER)
CapSense_SensorBaseline[sensor] {41t % .

CapSense_|InitializeEnabledBaselines (

)

INFI A RE AR RS, WIS VILR M f CapSense_SensorBaseline[ 141
2.

2 BRI BN A G TE Vvt ]

CapSense_|InitializeAllBaselines ()

T PT A ALEES,  InE Wi CapSense_SensorBaseline [ 144
H.,

CapSense_UpdateSensorBaseline ()

BERAEAME G AT R D SErH BUE AR XM s iR .
WG B ATH] “k = 2567 [RRIEIE: 25 o

CapSense_UpdateEnabledBaselines ()

ki CapSense_SensorEnableMask [ ] 41 )1
CapSense_UpdateSensorBaseline si %, LU BT Cf GEAL B S 12k

CapSense_EnableWidget ()

A AT RE “Widget” R T AL KA o

CapSense_DisableWidget ()

L5 “Widget” T IE AL TR AR AR A8 o

CapSense_ChecklsWidgetActive ()

B E M “Widget” 5 “CapSense_Signal[17 #rzi ML, LURE o2
TAEAE TR

CapSense_ChecklsAnyWidgetActive ()

{i FilCapSense_ChecklsWidgetActive () 5%k #r CapSense CSDZH 1+
AR TG SRAT) “Widget”

CapSense_GetCentroidPos ()

K #rCapSense_SensorSignal [ 13741, LUAfisE 2k 4 1 S A7 T3
P, R[N E .

CapSense_GetRadialCentroidPos ()

K #xCapSense_SensorSignal [1 54, DU 5@ S 4 LR A E Foafih
B, R E.

=

1 48/69

==
P/ CYPRESS

!f'

CANLE 5. 001-88555 & 1T i+




PSoC® Creator ™ ZH 14 T /i PSoC 4 1%V (CapSense® CSD)

[ZE 8 L]
CapSense_GetTouchCentroidPos () A FHRAEAE, Wk R T d e v S A AR P 1) O B TR AR X AT Y
B AL E .
CapSense_GetMatrixButtonPos () WA FR, ZRECT S R ETFRIAT AL B SIALE .

void CapSense_|InitializeSensorBaseline (uint8 sensor)

BiHg: WAL RS, I S HIaG 1 ) CapSense_SensorBaseline [sensor] $i4H it % . #J5
G4 (raw count) (B I BIREAMLIE S I IEHELR B o WIan b s ih 4 (raw counts) &b
sERy (R B .

S8 uint8 sensor: 1% 4s g5
R[EHA : G
BI/EA: G

void CapSense_InitializeEnabledBaselines (void)

ViHA: A O3 Widget. X TR RO 0 BT A 4288, Jaa T (raw count) {52
i #CapSense_SensorBaseline[ 1741, *H i Bk Fl ML, T ZEYIEh1L
CapSense_SensorBaseline[ 1. #J4HiksuG714L (raw counts) i 3E4s (R HHD .

ZH: p5
BB p5
RIFEA: p5

void CapSense_InitializeAllBaselines (void)

PiEH: fif i CapSense_|nitializeSensorBaseline () s AR ITA AL S, DN S HI4aE
CapSense_SensorBaseline[ %4l . #J5u4n 7144 (raw count) i 52 i3 BTG 14 Ik 45 11 R 2 2
b, YRR ER I JERY (iR AT RE

S8 o
R EI{E: o
BIFEA: R
f_ - o
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void CapSense_UpdateSensorBaseline (uint8 sensor)

LT

BIEA:

el s PE SR BT B M A LU AT A DD s v (. ] “k= 256”7 A g s
HBrCapSense_SensorBaseline [sensor] t#yt s . 1% p8 MO RLHs 2 fi 10 BEMEL I 2T It it
% (raw count) {i R IfF ILA7 A% 7 CapSense_SensorSignal [sensor] o', it Z (gt
.

WA BE A S SRR, WIELR T, T AN S  EFR S o

Wi A BRI AT, WA S (R T 5 B RO 0L T, Bt o st b B, MAES S
{EAN TS ERE R OU R, LGSR A,

1 UG T (raw counts) T SRS ARV AEES 2 W L WA R H] T IR SR A

uint8 sensor: &'

T

x

void CapSense_UpdateEnabledBaselines (void)

AR

ZH:
BB
RIFEA:

i 2t CapSense_SensorEnableMask [ ] %41 3f i H CapSense_UpdateSensorBaseline () i
A, DAEUH A CAT e AL AR 2k

%
p5
5

void CapSense_EnableWidget (uint8 widget)

BiHH:

S

R EIE:

BIfEH
71 50/69

fEfEILE N “Widget” &A%, DME AR T 55

uint8 widget: “Widget” %5 . &4~ “Widget” #5 LL FAS A2 X
#define CapSense "widget name" "widget type" 5

ZNUE

#define CapSense MY VOLUMEL LS 5
#define CapSense MY UP BNT 6

i “Widget” #8530 K5,
X
X
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void CapSense_DisableWidget (uint8 widget)

BEEH: ST AR PR E R “Widget” Ik .
S uint8 widget: “Widget” %i'5 . f4> “Widget” #54 LL R R H)5E X
#define CapSense "widget name" "widget type" 5
zZNIE

#define CapSense MY VOLUMEl RS 5
#define CapSense MY UP MB 6

JITAT “Widget” 4 FkEI 0 K5
RFME: pW
BIEA: pW

uint8 CapSense_ChecklsWidgetActive (uint8 widget)

ViR ¥k 8 )AL ks CapSense_Signal [ 184155 HFFRBESAT IV . & TR L4, &
FEREER A TIE SRS, MR E S PRI . AR EE AL T ARG SRS, NIRRT B i =
Ho Fi G, LB EEsSn—, HEEEAEEE A, HEHZAPH

“Widget” B AWHARES. BPREOE BFi 14145 CapSense_SensorOnMask [ ] 41 1)

o

finh s BRIV ek “Widget” 75 BEEAT R AR A7 b T30 RS AL kA, LLIR R

“Widget” 758tk

S8 uint8 widget:  “Widget” %i'5 . #EA> “Widget” #4 LA R #8201 E X
#define CapSense "widget name" "widget type" 5
ZNUE

#define CapSense MY VOLUMEl LS 5
AT “Widget” #8350 K5,

iR FI{E uint8:  “Widget” fLEASIRA . MR “Widget” WA NI EZAME BB TIEEIRA, W
1, W “Widget” W T R4 S I AT ARG BRAS,  TE40.
BIYEH : I R BOA 5T A T Widget i T 14 1% 25 ) CapSense_SensorOnMask [ 1E . Wi #s 4%

HPRAS, TR VIV 2 M0l 2P 3 T e
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uint8 CapSense_CheckIsAnyWidgetActive (void)

ViBA: ¥t CapSense_Signal [ 54 T A A& s 5 LT B EI T LA . B0 “Widget” 1
ffiCapsense_CheckIsWidgetActive (), VAMELE Y kK45, CapSense_SensorOnMask[ ]
B R o

¥ y

R [FI{E: uint8: A5 “Widget” AbFIGERRANT L, WIREA “Widget” AL FIEEPIRANH40.

BIfERA: FiCapSense_ChecklsWidgetActive () & A FIFEEIVER , AR IFAREN X T 2 1K

uint16 CapSense_GetCentroidPos (uint8 widget)
BiHA: T 2 CapSense_Signal [ 1Ei4 726 PETg 4 W2 AR TR . 4 FFafr EiE A

CapSense JEfil# T HEC AP % . AL B IEAS (RO HNVH T4, R
M CapSense it il 2% & X T etk 4cWidget I, A REAEFH LR EL.

ZH uint8 widget:  “Widget” %i'5 . BENEMEES “Widget” #AT LA A% e s
#define CapSense "widget name" LS 5
ZNAE

#define CapSense MY VOLUMEl LS 5
AT “Widget” #8530 K5 .

prAEIlIER uint16: Ltk A A E Ul
RIFEA: WA % “Widget” WATAE(TAL SR AL THESIPIRAS, W p& HoRs 2 e M ZF3R [7] 22 CapSense & il

2P E AP R . WIS BT AL S A T3R8RES, WHZ AR [FIOXFFFF . Wit 7E
PAT O LS L BAS 5, 1% eR B0 [7]OXFFFF

BN IERR B “Widget” UG & . A IERIY “Widget” {E n] SEZR AN B H 85 R .
W R A B O TR A A, DU R T e R I s R B S A
IFR /NGy CRE R TS0, DUEME AN P AR 48 T
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uint16 CapSense_GetRadialCentroidPos (uint8 widget)

LT

SH.:

RFME:
BIEA:

K ArCapSense_Signal [ 1L STE & W RS AAEfR . - TFHR00E 1155 ) CapSense & il
PR EMAPI . A E RS (R OAERE) K Tz . N4 CapSensesE
s T HESHE 4 Widget I, A REfE ek £k
uint8 widget: “Widget” 4w'5 . FEANHESE S “Widget” #8A LR A& e e

#define CapSense "widget name" RS 5
ZNIE

#define CapSense MY VOLUME2 RS 5
iy “Widget” #3454 K5 .
uintl6: AR5 ACHIAL EHUE .
WM ScWidget W AT AL SR AL TH AR A, W eR BCR A8 3R [9] 22 CapSense i il 4%
WA AP HERAE . AT AR B TR BPIRAS, i ek 0k [1]OXFFFF
A IR AL “Widget” KBS HG A . AIEH “Widget” {En] FEUR IO BT H 45
3o
VE: 0SB S RO T S (R, R T R AR BB I e e . U S
PR /Ny C BRI DA FAN & = AR IR 48 o

uint8 CapSense_GetTouchCentroidPos (uint8 widget, uint16* pos)

B

BB
BIYER

=
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R A EAT AR, WG R S T T SR A B P TSR ST R AE X R Y i |
BT E o T-HRAEXEIAY B 107 L5 CapSense & il 4 ¥ B AP B 34T 5. f iR
fil bR A7 AETFAR, LR “1” o frERIES (R EAERE BN TZs R . RN
CapSense st fill# @ T st i, A RefiH ks £

uint8 widget: “Widget” 4w'5 . fEAMimEH “Widget” #8A LL R 5E -
#define CapSense "widget name" TP 5

ZNUE
#define CapSense MY TOUCHL TP 5

B “Widget” #Fr¥ K5,
(uint16* pos) : ¥R “uintl6” EAIFREr, MBI ERAF T %54
pos[0] — XH{L &,
pos[1] — Y#hfr &,

uint8: WERMLEAR FAFAETF4R, WAL, AAFAETF4R, A0,
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uint8 CapSense_

CapSense® CSD) PSoC® Creator ™ 4144 T/

GetMatrixButtonPos (uint8 widget, uint8* pos)

LR WHTFR, ZRECHEFIRNAT BRI E . DR B —ANFfe, WHRME—A
‘17 . Hfa1CapSense il # i S T HBFIZBERN, ZREA T H .
BH uint8 widget:  “Widget” 4w . SRR “Widget” #A4 LA A% e X
#define CapSense "widget name" MB 5
/B
#define CapSense MY TOUCH1 MB 5
s “Widget” #3445 K5 .
(uint8* pos) : R M A “uint8” KA IFREr, AbEAr B R A7 T %54l :
pos[0] — FINLE
pos[1] — 17{iH&.
R[EHA : uint8: WA AR TSR, WAL, AFEETFHR, WK,
BIfER:
WiESREIF API
IXEE AP RS ISR GUI —&AEH .
BRI % i
CapSense_TunerStart () Witk CapSense CSDFI N EIE G A 1F, VI IEAEL I F Sh I 14
(CED
CapSense_TunerComm () PAT AR GUIZ [

void CapSense_TunerStart (void)

BB

SH

pA I

BIfEH
1 54/69

{fiCapSense CSDFI A il (5 s R AL o

Frizilr “Widget” LIAh, Frfs “Widget” #ERIMERE. 1 T-HL “Widget” [HF1H5I [R5
K, ARFFEHABIS “Widget” Frfs (P m s, Kk BaLEAPIH Tahfli it B “Widget” .
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void CapSense_TunerComm (void)
LR PAT 5 A GUILZ 1] (38 5 T .

PR LSRR “Widget” AbBESE S CapSense CSD 41144 21 1 45
GUI. M4 GUI SHUHT S 8O LN H T CapSense CSD 411

" %) (SmartSense) : 4T 5 GUI Z RIS ThAE . KL RS HEA “Widget”
Wb B2 AR PRI AS GUI. A B S H AL 4B g4 GUL. I GUI A&
%7l CapSense CSD #4114

BERR HOEAESATRILIERRAE, IS5 i 2 GUIZ i CapSense CSDALFZ2m: X LAV Al -
2 k

SB[ ¥
B ¥
BImEH

AP e BT J U4 R B 2H R AL BRAR I AT Widget Hidls . A T3 S HOX 28] . DA F
AR H RO XL A T B . B, DA 2 B D B B i A . 4 RAEA -

B CapSense_SensorRaw [ ]

® CapSense_SensorEnableMask [ ]

B CapSense_portTable[ ]#1 CapSense_maskTable[ ]
® CapSense_SensorBaseline [ |

® CapSense_SensorBaselineLow! ]

B CapSense_SensorSignal [ ]

B CapSense_SensorOnMask|[ ]

CapSense_SensorRaw [ ]

IECAH A5 BRI R IR AR 5 s o B R /NS5 AL s B 4k
(CapSense_TOTAL_SENSOR_COUNT). CapSense_SensorRaw|[ ]%t#zi it LT ok 55 3

®  CapSense_ScanSensor ()
B CapSense_ScanEnabledwidgets ()

B CapSense_|InitializeSensorBaseline ()
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B CapSense_|nitializeAllBaselines ()

® CapSense_UpdateEnabledBaselines ()

CapSense_SensorEnableMask[ ]

XM R B RIS I 71 84 CapSense_SensorEnableMask[0], &4 %% 0 5 7
PIFERDAT (fLEE% 0 S O fn, fLJ&ds 1 4 117) . CapSense_SensorEnableMask[1] £ & 44 &
288 B 15 (AT (IR ED |, RUCEHE. M EALE 6 I e B LA & T AT AL R8s .
Rt TE € B CapSense_ScanEnabledWidgets () B0 L B HEATHHE: 1 — (LK%
WeAH, 0 — LIRSS A4 . CapSense_SensorEnableMask [ 1 %#iifi i LA T ok $ci 47 50
8

B CapSense_EnabledWidget ()

B CapSense_DisableWidget ()
CapSense_SensorEnableMask [ 1% 4 LT s 057 -

B CapSense_ScanEnabledwWidgets ()

CapSense_portTable[ ]f1 CapSense_maskTable[ ]

XSO R A BRI A M5 | BAIRERS,  DAFR AR AR IR 0 5 A
B — ST T e S

® RS — S H NG

CapSense_SensorBaselineLow|[ ]

S S 20 A AL TR R i v P A P A A AR SRt (R R 2 B o By, TR . AR NE T
fHIK % K8, CapSense_SensorBaselineLow![ ]%H i LA & 505 5 :

B  CapSense_|InitializeSensorBaseline ()
B CapSense_|InitializeAllBaselines ()
B CapSense_UpdateSensorBaseline ()

® CapSense_UpdateEnabledBaselines ()
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CapSense_SensorBaseline[ ]

I At B AL AR I IR 2 s . B KNS5 TR IR A8 5 8. CapSense_SensorBaseline[ ]k
YL I LA eR B

B CapSense_|InitializeSensorBaseline ()
B CapSense_|nitializeAllBaselines ()
B CapSense_UpdateSensorBaseline ()

B CapSense_UpdateEnabledBaselines ()

CapSense_SensorSignal[ ]

S BB A il T A A% S T 1 17 B AR 0l v il 25 DA ) 3 2 v R0 R IR IR A5 5 B - 3K
H RN AL R M. Widget Resolution K% 20 i i e o 1 ek 2 5,
CapSense_SensorSignal [ 1 £ 4i@ it PL T e 5058 B

B CapSense_|InitializeSensorBaseline ()
B CapSense_|InitializeAllBaselines ()
® CapSense_UpdateSensorBaseline ()

®  CapSense_UpdateEnabledBaselines ()

CapSense_SensorOnMask[ ]
X MMRFAE B T RS I 1 5 A

CapSense_SensorOnMask [0] 0 & 15 /&a% 0 3] 7 AL 4212 0 o O 7, ABIKEs 1 4 1 A7) .
CapSense_SensorOnMask [ 1] {3 & /& 4% 8 3| 15 fUFEALAL (WHRTFE) , MIRISHE. LT
HAAE I OB LS T A R ISR . I RARIBER TS GESPIRED » WIGESHY 1; AR
K CAEREBIRA) , WAk 0. CapSense_SensorOnMask[ 1% im i LA N 6 #5031 15 87 -
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16 0. 1.2, 3. 4,5.6,7.0.3.6.1.4.7.2. 5

18 0. 1. 2. 3. 4,5.6,7.8 0,3.6, 1, 4,7, 2.5, 8

20 0. 1.2, 3.4, 5.6, 7.8 9.0.3.6.9, 1, 4,7, 2.5, 8

22 0. 1.2, 3. 4, 5.6, 7.8, 9,10, 0. 3. 6. 9. 1, 4, 7, 10. 2. 5. 8

24 0. 1. 2. 3. 4, 5. 6, 7. 8, 9, 10, 11, 0, 3. 6. 9. 1. 4, 7. 10, 2. 5. 8. 11

26 0. 1. 2. 3. 4, 5. 6, 7. 8, 9, 10, 11, 12, 0. 3. 6. 9, 12, 1. 4, 7. 10, 2. 5. 8, 11

28 0. 1. 2. 3. 4, 5. 6, 7. 8, 9, 10, 11, 12, 13, 0. 3. 6. 9. 12, 1, 4, 7. 10, 13, 2. 5.
8. 11

30 0. 1. 2. 3. 4, 5. 6, 7. 8, 9. 10, 11, 12, 13. 14, 0. 3. 6. 9. 12, 1, 4, 7. 10. 13,
2. 5.8, 11, 14

32 0. 1. 2. 3. 4, 5. 6, 7. 8, 9. 10, 11, 12. 13. 14, 15, 0. 3. 6. 9. 12, 15, 1. 4. 7.
10. 13. 2. 5. 8. 11. 14

34 0. 1. 2. 3. 4, 5. 6. 7. 8, 9. 10, 11, 12, 13. 14, 15, 16, 0. 3. 6. 9. 12, 15, 1. 4.
7. 10, 13. 16. 2. 5. 8. 11. 14

36 0. 1. 2. 3. 4, 5. 6. 7. 8. 9. 10, 11. 12, 13. 14, 15, 16, 17. 0. 3. 6. 9. 12, 15, 1,
4. 7. 10, 13, 16. 2. 5. 8. 11. 14, 17

38 0. 1. 2. 3. 4, 5. 6. 7. 8. 9. 10, 11. 12, 13. 14, 15, 16, 17. 18. 0. 3. 6. 9. 12,
15, 18. 1. 4. 7. 10. 13. 16. 2. 5. 8. 11, 14, 17

40 0. 1. 2. 3. 4, 5. 6. 7. 8. 9. 10, 11. 12, 13. 14, 15, 16, 17. 18. 19, 0. 3. 6. 9.
12, 15, 18. 1. 4. 7. 10. 13. 16. 19, 2. 5. 8. 11. 14, 17

42 0. 1. 2. 3. 4, 5. 6. 7. 8. 9, 10, 11. 12, 13. 14. 15, 16, 17. 18. 19. 20. 0. 3. 6.
9. 12, 15, 18. 1. 4. 7. 10. 13, 16. 19, 2. 5. 8, 11. 14, 17. 20

44 0. 1. 2. 3. 4, 5. 6. 7. 8. 9. 10, 11. 12, 13. 14. 15, 16, 17. 18. 19. 20. 21. 0. 3.
6. 9. 12, 15, 18, 21. 1. 4. 7. 10, 13, 16. 19, 2. 5. 8. 11. 14, 17. 20

46 0. 1. 2. 3. 4. 5. 6. 7. 8. 9, 10, 11, 12, 13. 14. 15, 16, 17. 18. 19. 20. 21, 22. 0.
3. 6. 9, 12, 15, 18, 21. 1. 4. 7. 10. 13. 16. 19, 22, 2. 5, 8, 11, 14. 17. 20

48 0. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10, 11. 12. 13. 14. 15, 16, 17. 18. 19. 20. 21. 22.
23. 0. 3. 6. 9. 12, 15, 18, 21, 1. 4. 7. 10, 13. 16. 19. 22. 2, 5. 8. 11. 14. 17.
20. 23

50 0. 1. 2. 3. 4. 5. 6. 7. 8. 9, 10, 11. 12. 13. 14. 15, 16, 17. 18. 19. 20. 21. 22.
23. 24, 0. 3. 6. 9. 12, 15, 18, 21. 24, 1. 4. 7. 10. 13. 16. 19, 22, 2. 5. 8. 11.
14, 17. 20. 23
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52 0. 1. 2, 3. 4. 5. 6. 7. 8. 9, 10, 11, 12, 13. 14. 15. 16. 17. 18. 19. 20. 21. 22,
23, 24, 25, 0. 3. 6. 9. 12, 15, 18. 21. 24, 1. 4. 7. 10. 13. 16. 19. 22, 25. 2. 5,
8. 11. 14. 17. 20. 23

54 0. 1. 2, 3. 4. 5. 6. 7. 8. 9, 10, 11, 12, 13. 14. 15. 16. 17. 18. 19. 20. 21. 22,
23. 24, 25, 26. 0. 3. 6. 9. 12, 15, 18. 21. 24, 1. 4. 7. 10, 13, 16. 19, 22, 25. 2,
5. 8. 11. 14. 17. 20. 23. 26

56 0. 1. 2, 3. 4. 5. 6. 7. 8. 9, 10, 11, 12, 13. 14. 15. 16. 17. 18. 19. 20. 21. 22,
23. 24, 25, 26. 27. 0. 3. 6. 9. 12, 15, 18. 21. 24, 27. 1. 4. 7. 10. 13. 16. 19,
22, 25, 2. 5. 8, 11, 14, 17, 20. 23. 26
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lIR1/4 = 3/4previous +1/4current
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IIR1/16 = 15/16previous +1/16 current
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