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RIPTE ZRIN, WRBERT 2 mm, G H iy T b 2% 0 S SO AE DUEAT, AT RE 75 20K 128 A A E (i

Sk, A METR.
(— Thin air gap "

Thick air gap e

Overlay panel Conductor(Copper/aluminum foil, etc.)

Overlay panel 2mm I 7Air gap Metallic fiber
Air gap: Approx. 1.5 to 2mm mm or
more and.urethane Spring Flexible Cable

Enough dimension size electrode pad

Conductor
(metal, conductive rubber, etc.)

% PN v

2-27. EREF ARSI E RE
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3. EEAFAAN: BRHRER

3.1 RE

B R TR Bt A BT I B PR RE . SCRPERREE M, DURVF 23U A R P AN B & 1 ThfE. 2R,
BT R R ML s AR L B AN L, (A RBUZ M XECL S B A R R, 05 8 AR A
o BeAh, HEBEITRAE, BT ZER T E KPR, RS EE msUEEN, Bt AR
LI FE s AR L E

TR, DA EDRAGWZENZER. AEUR B8]
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3.2

BT ENRE

AHIFRAL 7O TAE BN AL AR b O TR R LB 0 S5 S B e AT U AR O B AT S SR AR A
Z1) GND FEmtrr )z . soh, RATBEEVCKA ESD X5, AR Fi R GND ~F 1 B % (1 BB AR 1 4
o BEARB L B4 5 XS AR B P 2 5, A IS S 8 A 9. RS KPR FIA RN TIH .

@

®@ 966 e

®
©)
©

EER R

AR : T CR AT b TX i as sl RX A4
R~ 20 10 mm

U IR B A IR I B A R G RS, DR AN & R X i (P45 Mol Sesi CRE i [a) B .
F NI/ 0.8 £5)

. ATEI B T: £ 0.15 mm £ 0.20 mm, AT ER FLESAR
FERKSE: REHEIL. EOMAATEIR 45 Ff, TAEE .
LA

(C) ST B B AT BE, 7 1R A1 LB P AR A5 A
(D) HMEAESHF: 1.27 mm i
(E) FAZ/> 20 mm [REES LABT IELE Tx Al Rx 2 7= AE 3 A HUA

TN GND BE (MR ) B

P T R FH 1 e B B S b i 5 | oy A s AR ), DRLEE 5| TR SEIE GND, 27 AR FRA R K
A: HEREZED> 4 mm

A TR EUAE AR T8 P 2 2 mm T8 (38 X4k GND 11 B % .

B: FZJAH 2> 1.27 mm

Tx. Rx &AM AN 20 pF

HIAR + SLRHEH: AT 2 kQ (2% {H N 560Q [FIFHJE HBHD

TH2) % GND EIZ B E A HREL R T T .

M REANRE T H A7 .

A 3-1. ERAHAPHREERRG

R30AN0389CJ0200 Rev. 2.00 Page 21 of 76

20233 H 13 H

RENESAS




HANERFEA CTSU AKX IEEBRIZ I HER

3.3 EHEAANEHE

3-2 Pon A kR A A . AT NIRRT A R SR 2 8 2 AW E LA Cme A A%
SRR B A AL R AR IR b, RS F Al RX R G 2% H Al TX . Tx SZ Bk SR Bl i 22 7= A i3,
HRATHAE Cm AR . M P faia i, TSl R E% A A Cf, Cm Ml Cf Jfik. T Tx AKX
HREEREE R, FIbiEA S, Fik, Cm f Cf LMHEGTHERG, Cm Bartamd . @idkE Cf
FEINE R BIME, T DA E AL AL T “ATIR IR ORI OIRES . ER, WAR TR EEREM R, e
FECANRER, JF HCRENE R W, AR TR A L2 KRN E Y

EL) PR o
BH,J::F[FH% '- f— -_”-_ — vt o= .
R Rx L% Tx MK
(a) it (b) it

B 3-2. ERABERREE

3.4 CTSU EEAARCMNHIE

5] 3-3 iR N M TR CTSU LB MY . CTSU %y 554 5 s Rx A1 Tx B HL 25 B2 LE 1 8
TR, I RO R R T AT R “OEH IRA

S BT B AN R EARTE IR Cm, CTSU S % ik iy B A0 TF 5% 28 2 A O A A7 26 2 ke 37
cm, FIRIEFTRE B2, RE R B M S . AR AN E M F L SR, 50
MNZEID “RX113 &% CTSU H 258 B i 3L ml” .

CTSU,IJ%TE
g m'?“[ R I
T ik 2
% B OR /0 BB
FIT (Cptx)
HHZ (Cm)
Wi
e L, s s
HUR B o L AR MELER,
Rx bk AMAER E VLS 5
..... ko
FF(Cprx)
n. m: TS @S VDC: R4
3-3. EHAHFANASBE EHE T
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35 HRERET

3-4 BRI H M7 AR AR L o A S B FE AR T B B FE RIS FBAR (Rx) ARG AR (TX). fE FLHL
B, LA RIS AR EN AL 20 pF, S CEFEIHJE R EMNABED 2 kQ. 1 LMER QE for
Capacitive Touch FffiiAREA™ HLAR 1) 2 25 L AH -

AFANBEIE ) Rx 2] Tx
- MHZE =20 pF | SLam R
e 560
Rt MMy o
] |] ] T SED
|r_' "|,l"||,"'.|.- TEm
] :I | 560
:I D—]—' Ru3 ".il".lll".l, TBn
SED
Tt 'l'nl'll'.l""." T
SED
Tu2
".'-".I,n".l, TE¥

=
N e XS y: TS 1HIE

3-4. EHAFABIEREB R

K 3-5 Fron @M T A AT U AR 5 BRSO A 5 A2 BN A KRN, WIERDR Rx BT S T )
N L R AT R . IXFHECE M Tx Al Rx AN Z [ BE R (FEREFROy “IEXTERES” ) LR ST
BRI . S SCHF 2 mm & 3 mm )7 R .

Tx-Rx IEXFHEE = 1.2mm
0L
Rix alscrode . 3 2o
0.4mem widih i -] --- St
__h Iil.;nn
Tx nloctode : i i
0.2 b Bdmm W : e
Tw-Fix facing distanca: Tx-Rx ERBER uﬂ-" ,- - G
0.2rmm H H v
Pl e 8 W H H

ML,_M:,:“M [l ,-’ﬂ & "\“x.\ A A

otmm | LAme™,  GAme LLane
“C” L GRUCRAD D
e
3-5. FHEHN: BIRANERER
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A A U BN R TR Tx A1 Rx Z [ (R (AR , IR ARG NI R, KOy SRR 1
ROCEIAAARI— 8820 W1 i . Bk, AR EIS0aiito (1) REEIN Rx 1 Tx Z A A
&, UK (2) RERE TIRIEILN A& PR

3-6 Frn A H VAR TR R & LA R MR e o (TR s W, 5 200K TX/Rx [ IR % B
Bo B, BT RZEG SRR, PR @E RS TYRx BiE . W& 3-5 P, WA 24
TX/Rx FRE AR, 1 C IR, (H5 2 WA, C B HMRHT Tx/Rx B 88 8 R R R I {8 B g
B

When the panel is
too thick, the
finger does not

A longer Tx-Rx
facing distance
creates a bigger

reach the coupling
capacitance arch.

Tx-Rx coupling
capacitance T arch.

decreases as the

finger approaches.

-,

=33wiF= $ Panel thickness “::‘\“vf/,,—

A longer Tx-Rx
facing distance
weakens the

coupling capacitance.

:Q—Dl r¢—»
Tx-Rx facing distance Tx-Rx facing distance

>
3
et
23

3-6. EHAFATHIER Tx-Rx BEHB

3-7 R N H AT AP 2 T R A TR P AT B ZREE B A Tx/Rx IEX BE B 1) R Sn . RO
e Tx ML AR Rx HSFAT AE 2R B, To/Rx Al & FEUAS RO, 18 T 3 B80RG U0 20 fid 45 e 00 24 700 A2 A4 ik
Ko HHPIRERIMFER, TR PFATELEEBK, fRZRESR. A, TxX/Rx LXK, SR
B VAR ERDMOR, (Ha P RS LR s, TS B B T Eub .

“27 JEHIAR “C” LK
LE Tx-Rx parallel run distance ( ) ) Tx
Rx 2-shaped electrode C-shaped electrode By
S Tx-Rx parallel > Tx-Rx parallel
run distance run distance E—
:l 2-shaped electrode C-shaped electrode
coupling capacitance = coupling capacitance

Tx-Rx inter-electrode capacitance coupling image
: DV

R NN NN AN =

RS SrS N ;
ZBRRERBELR P IEN)
Pttt
LT IIIEIX LIV )
' XN XK XA N/ Y
Coupling capacitance arch is lower yet Coupling capacitance arch is higher yet
coupling is stronger(higher sensor counts) Coupling is weaker (lower sensor counts)

B 3-7. ERAFRNPETHER TX/Rx FTELESMENESNEFHBATEE

R30AN0389CJ0200 Rev. 2.00 Page 24 of 76
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3.6 5B

3-8 I A H AL A TT s A R TX/Rx fh & LA BRI VSRR CBARIARERD) « R A7, 446 )R i
THELAE B R A 26 40 2 TA) (SRR, TxdRx IE X BR B A AUR AT e, 54 F SR i Ay 1) 77 N R] e R i 4 v
e Tx R YT A FE A Rx 2 18] F) IE o B 2 B e T TR0 AR S FE o S UK Tox/Rx I 50 B 8 249 Dy i Al A< B JE 2 1)
0.6 .

A longer Tx-Rx
facing distance j

—_1 creates a bigger
arch.

When the panel is
too thick, the
finger does not
reach the coupling
capacitance arch.

Tx-Rx coupling
capacitance

decreases as the

finger approaches.

Panel Nz
i AR Air'gap Air'ga
X377 $Panel thickness N g gap
] ) '
Tx-Rx facing distance Tx-Rx facing distance A longer Tx-Rx Tx-Rx facing distance

facing distance
weakens the
coupling capacitance.

3-8. EEAFHATH TX/Rx BERFHBHNSIR (BFERERE)

3.7 fIEREDBRNES

& 3-9 FiR N A B S R 2 %R, EERATRE, TRFE M) 525
L35, TXIRX B2 25 ) U/ o8 S 2 WA, DRI O T G JBE 8 AR I 3 2 B B B AT I IR . i S o
W, EARRTNERE RIS & TR R MBS K 1.7 5.

A

Capacitance
Threshold U/ I Distance
e
Electrode

Distance >
Relationship of amount of capacitance change
and distance to electrode at time of touch
(mutual capacitance image)

3-90. ERAHATHREFTUSRUEERHXR
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Bl 3-10 Jfrom oy E HU 7 v e AR A BRAN AR B BE 2 TR R DR 2R o DNl SR A 40 AR 2 TR OB R AL I (gD,
WO HRR (B ER 3 /D O TR R . (AR 1 2 i

Actual example

Inter-electrode t Panel thickness (+Air gap)

P N distance 4mm 2mm

e ——— R e
Large opposing surface Small opposing surface  Electrode A Electrode B Electrode C
Higher risk of malfunction Lower risk of malfunction

3-10. ERAHZATFRBEEMBEZMHXF

3.8 HmALLit

K 3-11 from v BT N iR AT /s . Tx A1 Rx HLR 3 200 25T 5 AR <08 PR 42 B B BRORN T30 0T 48 Ak 482 1 FL At
DS ORKF AL 08 R o I I 0 8 0 e P U e 1 A 95 3 F AR 58 X 3 mT e D8 A= (8 AN TEf A 155 11 <32 BSCERASL I 11 0
Ko WAZIUKE Tx Al Rx B S 2L, XATEMFEL A SRR R AR AME . FFE, RBEN Rx A1 Tx H i
D& s 5 (TS) AR, WP A1 Z AT RE 2™ AR A i, X 2 BRAR F AU BTG S, AT 3 350 R A
TR AR IR, R Rx R Tx LR IF o 4L, FRATBE EAHIZE S .

! N NN
Y

|
I % avg%j;;}e Tx-Rx wire
1 il

O BASS

mR

(NN S

o
3
NN

® VIA
I Top Layer
I Bottom Layer

3-11. ERAARPHRBHLTE
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P 3-12 o vl I F A 7 U A ARAT ZR PR A . AEATZRXHRA, T AT Rx HELR 3 28 AS B AE A BRI ) 15
DURAT L, EATLAR R FTREZ (R RS . 2R i T A AR PR A T P B P R A X, T AE R AT REAz B v
WA E LA 90° FAE X, ARJE SLEI 7 IT

Rx wiring Damping resisters
Parasitic capacitance: under 20pF Z

- Total resistance: under 2Kohm_— }
Tx 4P Rx TXx Rx =< 0

éf//// ~90° ,///

—

B 3-12. EBRAH A PHIRRHLMRE

3.9 HMBEHRERET

P FEL B I B S A A R RN (MCU 5] BAMAE FU SRR B I AR T OTBOIRES ), IR RS 5 R B 7
FARISEN o Hi e Al MCU SR 22 BRI SFOR B R DUk . 2810, (058 MCU FEASBERT I FT I 7= 1) 52
Wi, RN ™ H AT AR ] MCU I, SEPEXS S ANAT Do ARG J LA BT

R, A, MR SR MR R [ AR A BT REVE UMK . B ORIZE AT MCU Z E] 3R]
AT RERE -

AURBEM A REH T I ATy Ko

3.9.1 ER&t
3.9.2 BERARIPRIEIER

2 AR AT 20 B CE GND B U™ A i &, FF AW Hh - b g s o 512 1 i Az 23 . GND B ik
R AL AT e & A A BRI Nt 22, AT BELAS A Aarll o SRR S5t 75 7 B L 75 B0 DR i S 19 S0, AT
EBUE IR G A BC BAF N B 5, AR KPR BEH > Rl & B LA AU BTl R GER A T F B8
RO R R % BAh, SO AR T 407 FBURE 45 5, BLsA SRR SR m & . B,
DACHAT AR LR RO, A A RGNS . (AU, T RER B R 2N R i TR (R P

ok
K w </} 1.35 m
0.15 m§™= 3 I I

IR ERVE S

3-13. TXHEERRT
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&l 3-14 & 3-15 P N A T7 A HUMR AT J B SR o BRATTHE A 58 SR 4 4 b T SR A i LA 3 0
BRI AR X380 24 ER A7 J5) PR A1) JE 9278 i B A 2R IX i, ARS8 A 28 SO 4 GND B S8 i Rx HELR 32 L1
DXk TR LS XL GND IR E 208 4 mm.

1

V1A
lop Layer
Bottom Layer

; iit:ﬂ:t:t:t:!:t:t:t:

B 3-14. N RHBBERTE (TE)

Bl Top Layer
I Botiom Layer

B 3-15. i RARERRE (KE)
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3.10 &It ARHI

3.10.1 Bikea s BERRT

K] 3-16 Fiom e T B B2 7 3155 K H b A S5 P 22 0 0. S 4 A Bh K T A P L F b T R R
TOKBE, 4FG K B, MOR LT R KB R 1T F AT B — R . IXRIRAS KR I 7 ke 40 AR
ZIAERI CERH) BRSS9 K 0 R SR R B o P B A2 A FR AR SR 1) 7K P s T % 2 i e v
B R13E AT Bk . BT /KR B AN 388 LK LA B A s B CRRARR it — B K A s 0, I
B 7K S £ el LA 4 B AT

i B2 7K PP it A R AR A 2 TR T A 08 AR 2 ), AT LR T R AR 2 ) R A

Before Touch on water
touch film surface
False = O
detection .
] Enlarge image —w
IEI | of finger
Close b »
X == False detection Finger + water film
Close False does not occur with Introduces risk of
detection J_ water film alone. false detection
Water flow =
(Water film) Water flow Water flow
(Water film) (Water film)

E 3-16. ER AR PRKERHAREEREEER

K 3-17 o v O T B AT IR KRG R . % K2 B B NmRshr, BRI KAG =24 P a
PRCEAE — 2R AT 2

1 T R AR AN E T Tx &8 AR, BRI A Tx AT RAE I — 2 2R DLSE BB K it . I fi
ANTEBI Tx LM L P RENS I8 I /KO 5 AR AR B2, TRy kR Aer N

20mm o |der
vvvvv Wider e "'m lr_l

=8 85 =55 B Ef L
10mm [e—ple—>!2

X ) 5

x _l_ High risk of false detection

Water film
Water film

A 3-17. A TERESNHBKERTSH
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K] 3-18 F7n oy ELHLU A 7 2 HER (8] BRI T AR 2 2 [T 5 R o D7 LEAR AR LR 2 IRV B R AR (e i), 2
WRTHLRR (I ER S = A N R (B SSD 1 2 i

Inter-electrode distance = (Panel thickness (+ Air gap))*1~2

Actual example

10~20mm distance between electrode pads | Overlay panel thickness (+ air gap) 2mm
- >

- - - - -

Electrode pad width 10mm Electrode pad width 10mm Electrode pad width 10mm

3-18. ERAA AR HKRRBEMBREMHX R
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3.10.2 LED &&%F/

3.10.2.1 HIERAATRE

3-19 AR A HBEE T AR ESIERA LED S4ort|. BRARRA LT 2K LED BB EiER R /MA
2R, EPANETR. EEHEFEFNF, "R Tx/Rx IEXEAR AR Sl R . SR, XS
PLESIIHEN Tx A1 Rx HMR AR IEHL Y LED S48, Tx/Rx “FATELIE B4, e SEAHE R ~Hr B

FREL I REBUL TR

LED light LED light
Overlay panel Electrode | ©Overlay panel
LED wiring ™ LED LED LED wiring

3-19 EBRAF AR PRIBREEFM LED gk

3.10.2.2 (BB A

3-20 Fin A E BT A8 AR A SR 1 LED gk mfl. LED (Bl i 5 R FRAHE—¢
B, DARRIREERAY A,

FEEMIIENEZ A LED GG A BT HER BRI A S 5] 18 /5,

Light guide panel

LED light f=+ Electrode <=1 LED light

i (d |4_’:
3.0mm or more 3.0mm or more
(depends on amount of light) (depends on amount of light)

Light shielding T
¥ erav}an st
LED—» || ht guide

S—

LE

3-20 EH B ARPFEABRERMS IR LED /HLk
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4. BEIW

RX113 Group CTSU Basis of Cap Touch Detection (R30AN0218)
(I I HR B B T B iz kL. )
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5. BEANZRERMHEE

LA U PR B B R R DR S R B et 230 (T il RE A 2emb oD Al AT R R H A
LR A A BT SR R AL R W 32 B M R8s - 8IS A S B EE LS, AT CASIUAY F g A s
T ST I 7T 6 T e 0 XU o

A NG PR B A TRAE RS MCU B RVRURFE . BETH AR NS, P AT SRR B0 R 78 23 PR A
AR RE A& 75 AT LA A5 RE ) MCU

51 BHRAFXNRBRYE (SNR)

ATRPEEEELL (SNR) & L RBUE . F 5-1 WoR T4 REUE (SNR) #5777k, SNR A& AR HE it A0 A firh
BB T RS R S A R . E R TR EREARRPIIE . fEARSCRY T, M (TR
BRI HER Z K £30; KRG b 358 sl R b B B A A 22— AN . AUEHE SR AR I ()T 5, MR 7S (E T RE S 1
InEIR D, DAL AT 2 8 (PR AR AR (R AT VR, DA e

POy o it 2

T CEBIED
el | S fi = A - KA A
(SD, +30)
(i e i
Rt (5% SNR = e T T mmnm
1 7 K A B T
(SD, £30) AR S T B 7
R S | *, P fih At SR P e 2 7S
Fhduigh e
e CEH)
SD: FruEfwZ

B 5-1 EBRYE (SNR) #ESHE

2 5-1 I T 5-1 IR SS R 24 2E(E Y 1491 - H il s e A (E A 78 I, SNR N 19. fEI
WA, R AR I AR 5K, DR S FH T A A s 4 e 7 o

+® 5-1 THMEBEBIRE RGBSR TG (REC RIHE, 1 MER)

BiH Rl i =18
FAEME (F CPUHD 17.29 pF 17.94 pF 0.65 pF
ZAAEREA BUPEHBO 6.81pF 7.46pF

AR 15379 16870 1420
W P {E 78 62 —
SNR 19

TE: AR IB KR = 2 MHz
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52 CTSUREBEESRBENXR

CTSU AL I B UK 5 ik e 4 48 £ 52 0 o 25 M0 VG Rl Sz SNR. &) 5-2 {7 1 274 H 28 AU o S X 2 Jok e 4 22 ) 4%
Bonbl. ARBIZIEMTR: MCU A RA2L1, HJE (VCC) A 5.0V, BHJEHFH{E R=560Q. &i{#H 560Q 1
FELJE B BEAR, AR 1L 5] A2 2 A mE 5o m,  JEPR & 5] B0 4 # i . QE for Capacitive Touch I H 3 #6g
SR 4.0. 2.0. 1.0 1 0.5 MHz (4 I ES IR BN % kb AR . %5 B K BT MCU T 5+ .

T AR, B (LLHE MCU 1) 1284l 2 0 3.3 pF 51 50 pF. XMt
/& QE Capacitive Touch 1 2§41 A5 17 DAL RE SN SE AR 15360 9. R4 A b 28 16 TR L9
[, MUK CTSU (A E TG, SEONEIE G T 15360, FRELRIF LS m AL Bl AR RN .
LV R R T, TR A B A S, S SNR L.

4.0 1.0x
< Ve PR 2 R R
< / HAHETE i g
K - 11pF =
= o5 & Kt
B - 24pF ? MCU = RA2L1, Vcc =5.0V,
o f 5 R = 5600
# 1.0 0.25x O
2 50pF
# 05 ‘ 0.125x s
St FE K BT A MCU T 5
0| 10 20 30 40 50 60 70 80 90 100 110
3.3 A HLAE (PF)

B 5-2 FE R F G RFERNBK IR AZERHI

5-3 SR [ AR IR XS Bk AR 5 RBUE 2 K R . o Bl 7R 5-5 Bos @ g ok B R 1P
Al AT SRR IR B Ik S 2 R A AR A I R PPAG S5 R . 18] 5-3 (@) s R IME AR XD IR AR AR “ Al ON”
“fihsE OFF” X Z AN B2, (5 AR AR R R AL L . ISt A oy AR, B,
K 5-3 (b) FrasIfBm A I B i (EMED TR AR ISR SRBI Bk AR an g, 25907 DA I BIMEE . o5 —
JiT, SNR B 5% A WX Bk R e L] o A% R SR B K R A A, AR B MR S b, SNR
(SRR

3500 08 40
3030
3000 0.7 0.67 0.64 0.65 0.66 35
2500 06 30
& 2000 —
%) w o
) =8 20 Z
@ = ¢
ﬂ A

00 05 10 15 20 25 30 35 40
FR AR IR S K P AT % [MHZ) 1 R SR REN BRI [MHZ]

05  mmSNR 25
04 %M
1500
i 19
# 0.3 15
1000
S ] = 0.256 ms 0.2 i 10
500 | 387 (3 HEI IR,
128 ms i (] 42D 0.1 E 5
0 0.0 0
05 1 2 4
]

(a) 1L IR RN ik i A R (b) fib LI AT I B T LA AT SNR

5-3 R BB E Bk IARE R PE 2 BAIXFR
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CTSU BB =R IR %I ier

5.3 %G

xR 5-2 &4
IiH S
CPU RA2L1 i CPU R (RTKOEG0018C01001BJ)
(RA2L1 HLZ TG R 48 (RTKOEG0022S01001BJ) A )
MCU RA2L1 (R7FA2L1AB2DFP)
TAEA% 48 MHz
E 5.0V (USB fitH)
ERE] ®8.0 x 50mm A4ERFE
< 5-3 MHFFLIFE
IiH b3 RN
SERTT KR Renesas e? studio fix4<: 2022-01
YAy GCC ARM Embedded 10.3.1.20210824
RA FSP A 3.6.0
P A A8 1 R R S e TR QE for Capacitive Touch V3.0.2
1 FL4% Renesas E2 emulator Lite
+° 5-4 MEFEGE
TiH wE

CTSU HH &

fii il QE for Capacitive Touch ] i FE 45 R
CORB kI8 Id B3R Z2MNE =3 &k, MEEE = 0.128ms x Z 4l &
D

W= B 20 ms (HITELF 2R 28 (AGT) 4D
B R AE A 128 5
B ik 128 HFME

TS 5l a4 i A & 5%

[} QE for Capacitive Touch (¥ B 3hiH ¥ fE H &

RA2L1 CPU %
pPC  f———s VIS0 GPIO #i
EE‘{EI:/E ey %_I_ (16
5v} 3D
RA2L1
CPU
i CTSU AT (AR
‘ (40 >
i 311D —1 ]
PPN
5-4 HERIER
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CTSU BB =R IR %I ier
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