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il
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3.1.8.1 FL#H A %Y
TG B P e TR S S e B
K] 3-8. Fic e s bz

Button

CY8CMBR2044
shorting

3.1.8.2 #ZH#ATFEE R oD
T B4 H Vop 4L BE#R 2 il 2%
B 3-9. b IR Voo
Voo

shorting

Button CYS8CMBR2044

3.1.8.3 &5k %
WA PN B £ ISR AT B R, X S s AR A .
B 3-10. &8 5 i e %

Button

shorting CYS8CMBR2044

Button

3.1.8.4 Cwop HI#%iR1H
1Y Cwmop 1B AN 2.2 nF £10%.
R I Cuop /T 1 nF BLKT 4 nF, T34 B S #w A i .

CYBCMBR2044 CapSense & il#5r, X445 : 001-78613 fixA*B
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3.1.8.5 %##Cp> 40 pF

R R IR HAR I 2 A2 S (Cp) KT 40 pF, TUZAF Z %4 .
& 3-11. ;- f7x CS, CS1i@it POST; CS2, CS3 kMK

GPOO
(High)

GPO1
(High)

GPO2

GPO3

3.1.9 I K /REAR

%51 Bl 5 B CYSBCMBR2044 (4% f -1 1 A0 AT MR SR A . SIS RE AL T B IR

3.1.9.1 #Z#7#H# %

AR R E T ST AT E S B AR I [ [E R . CYBCMBR2044 (WS AR M 2 — MM g . &
ATLAMER Cp CHBFERIIE RIS AT 545 ) B 3-4 SR F flid A st B . B R R T RCE Y 20 ms 2

531 ms.

R 3-4. HLARAA R AR 1 A e

5ms pulse

5ms pulse

RAscichor A [1%] In ochme Approximats osnFabe (in me) Rexicior R (1%} In chmc ‘Approximats EosnFabs (in me)

Bl 0 4050 21
185 2 4185 217
30 24 4310 226
435 27 4435 235
SE0 ] 4550 222
5 ES 4685 253
810 38 4510 253
235 42 4935 272
1060 45 050 282
1135 Eil 5185 2
1210 55 =310 ]
1435 &1 435 3n
1560 &5 == a2
TEES il o EXj]
1810 Lo 510 321
1835 &3 5935 352
2060 &3 6050 h2
21B5 o5 6185 373
2310 112 310 343
2438 107 B35 =
2580 15 =50 405
28BS 122 6585 415
2610 129 510 427
2835 137 €835 433
30E0 122 ToS0 423
31ES 152 7185 451
330 138 T30 472
335 167 T435 4532
3580 175 TaE0 435
36ES 183 TEES i
SE10 1= Toid =13
3835 200 7935 EE]

CapSense [ E ¥t

AR E B R BT . BB, K N+£12%, -40 °C £+85 °C [FEETEHE T, 55 H+18%.

CY8CMBR2044 CapSense 1148w, 1445 : 001-78613 iR 4A*B
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3.1.9.2 MEHEHEA
T BLE Ay AT
1. Pk R S e . R P ) AR A

2. RRZZm R R R R MR B (ENVEEERS) |, IR NS E S AR (Vop) « XFER
JE P R AR 2

B MER, HSHMEIREAM N A

3.1.10 AT R EIE

EATREAR TS B A CapSense IR#. GPOIRES. JRIGTHE. FEHEL. Z TR LM &£ mE.
YE T RATEREEER, SRR CSX B M H % s R . HEEFEATEER R, EE AN 5% 1 5.6 kQ H
BELR o TR LR AT HE R CSx 51l SR N2> CSx 51, W R &7E—4 CSx 51 i ks iR dE. ik
5 2

CS0>CS1>CS2>CsS3

FE R Multi-Chart THEAT AR TEF . SRR 3-5 P 57 &k 847 Wl 8dE . MultiChart TR 4%
1% 3-6 R IIRE SKHES Hdf

AT HE 48 1 ~115,200 W4 Rk T K% .
Xt T IUALUR ) CapSense #8808, ROAHEATEIREGE LB RE K CS 5.

T AT E PUAS CapSense &80 TH, KP4~ CSx 5l A T 47 E % . Blan, £/ 5.6 kQ L TH CSO,
JFiEH CS1. CS2 #1 CS3 Mi%de . BTk, i 5.6 kQ HFH ~H: CS1, FfiHL CSO. CS2 1 CS3 %k .

%% 3-5. 1 CYSBCMBR2044 3% ) £ 47 B far

F o EE
0 0x0D Multi-Chart (£ ) T BB EIE
1 Ox0A
2 0x00 -
3 FW_Revision LGRS
4 0x00 -
5 CS0_Cp T+t R CSo A A (pF)
6 CS0_RawCount_MSB | 16 {7 L7535
7 CS0_RawCount_LSB
8 CS1_RawCount MSB | 16 {7255
9 CS1_RawCount_LSB
10 CS2_RawCount_MSB | 16 v L4555
11 CS2_RawCount_LSB
12 CS3 _RawCount_MSB | 16 {7 TS/ 5 5%y
13 CS3_RawCount_LSB
14 CS_Status $2it CapSense B IPIRE, WAL (LSB) A& T CSO KA
15 GPO_Status P4t GPO IPIRZS, LSBALE T GPOO &
16 0x00 -
17 CS1 Cp Nt R CS1 FAERAME (pF)
18 CS0_Baseline_MSB 16 P IG5 5 A
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FA BodE TR
19 CS0_Baseline_LSB
20 CS1_Baseline_MSB 16 7 o 5 B 4L
21 CS1_Baseline_LSB
22 CS2_Baseline_MSB 16 7 TG 5 B 4L
23 CS2_Baseline_LSB
24 CS3_Baseline_MSB 16 A7 TG 5 B 4L
25 CS3_Baseline_LSB
26 0x00 -
27 CSs2 Cp TNtk CS2 T A AE (pF)
28 0x00 —
29 CS3_cp FAHERIRS R CS3 AEHAE (pF)
30 CSO0_DiffCount_MSB 16 B 554
31 CSO0_DiffCount_LSB
32 CS1_DiffCount_MSB 16 7 o 5 B 5L
33 CS1_DiffCount_LSB
34 CS2_DiffCount_MSB 16 7 TG 5 B 4L
35 CS2_DiffCount_LSB
36 CS3_DiffCount_MSB 16 A7 TG 5 4L
37 CS3_DiffCount_LSB
38 0x00 MultiChart (£ ETH) FIEMEIE
39 OxFF
40 OXFF
% 3-6. MultiChart (Z T H) AT R HdE
) R 3B THECEH FELRYA =584
MSB LSB MSB LSB MSB LSB
0 0x00 FW_Revision CS_Status GPO_Status 0x00 CS2_Cp
1 0x00 CS0_Cp 0x00 CS1_Cp 0x00 CS3_Cp
2 CS0_RawCount CS0_Baseline CSO0_DiffCount
3 CS1_RawCount CS1_Baseline CS1_DiffCount
4 CS2_RawCount CS2_Baseline CS2_DiffCount
5 CS3_RawCount CS3_Baseline CS3_DiffCount

CY8CMBR2044 CapSense 1148w, 1445 : 001-78613 iR 4A*B
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3.2 BItLHEA

Wizt T A, LIt —4 CYS8CMBR2044 CapSense fit i )7 5. ‘B4t 7 ¢ B AL R BE & B A
SR, IR T EAHEAEF R T &

3.2.1 @A RtEE

R4S

7 CY8CMBR2044 A 48 Rg - IXLEHERI7E S RAUM B THE R F I — 3 AT

15, 5% CapSense N[ JFMHEE 3.7 A .
B 3-12. Bt REY

CapSense [ E ¥t

Y. A RIZMEH

Sl. No. |Category Min Max |Recommendations/Remarks
1 Button Shape Solid round pattern, Round with LED hole, rectangle with round corners
2. Button Size 5mm 15mm |Given in Layout Estimator sheet
| to butt:
3. Button-Button spacing bl 8 mm
ground clearance
4. Button Ground Clearance 0.5mm 2mm  |Given in Layout Estimator sheet
5. Ground Flood - Top layer Hatched ground 7 mil trace and 45 mil grid (15% filling)
6. Ground Flood - Bottom layer Hatched ground 7 mil trace and 70 mil grid (10% filling)
T
T ra<.:e Le.ngth from Sensorpad to 450 |Given in Layout Estimator sheet
device pin
8. Trace Width 0.17 mm 0.20 mm |0.17 mm (7 mil)
) Traces should be routed on the non sensor side. If any non CapSense trace crosses
9. Trace Routing 2 FE
CapSense trace, ensure that intersection is orthogonal.
10. T o_—n Yia sho.uld be pl.a.c?d near the edge of the button to reduce trace length thereby
increasing sensitivity.
11. Via Hole Size for sensor traces 10 mil
12. No. of via on sensor trace 1 2 1
13 CapSense series resistor 46iam Place CapSense series resistors close to the device for noise suppression .CapSense
’ placement resistors have highest priority compared to LED ressitors place them first.
14, Distance between any CapSense 10 mil 20 mil |20 mil
trace to Ground Flood
. Mount the Device on the layer opposite to sensor. The CapSense trace length between
15. Device placement 3 PR
the Device and sensors should be minimum (see trace length above)
Pl f i
16. dcement of Component-/intwo Top layer-Sensors and bottom layer-device, other components and traces.
layer PCB
i Top layer-Sensors, 2™ Layer — CapSense traces & Vdd and avoid the Vdd traces below
Placement of Components in four o
17. layer PCB the sensors, 3" Layer-hatched ground, Bottom layer- device other components and non
CapSense traces
l i i 1 i i limit i lasti
18 Overlay Thickness o S Use layout Estimator sheet to decide on overlay, given maximum limit is for plastic
overlay.
: Should be non-conductive material. Glass, ABS Plastic, Formica, wood etc. No air gap
19. Overlay material . .
should be there between PCB and overlay. Use adhesive to stick the PCB and overlay.
; Adhesive should be non conductive and dielectrically homogenous. 467MP and 468MP
20. Overlay Adhesives 3
adhesives made by 3M are recommended.
21, LED Back Lighting Cut a hole in the sensor pad and use rear mountable LEDs.
22.. Board Thickness Standard board thickness for CapSense FR4 based designs is 1.6 mm.

CY8CMBR2044 CapSense & il487, %5 : 001-78613 it 4*B
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AR, .
?.' [.;YPRUE.,SUSW CapSense J7 &5t

3.2.2 fiffhihk

At SR A TR U 23 28 G ) ZERAM ol it SR 6t 1 /N B FOT M KRG E K . SN BLIE T B s 2 MR,
)2 R LR R AR R E R . 1S K] 3-13 IR B, T AR 5 Z MR A U B S AR PCB B
PR EL I ARA. £ A RIERGMRA B =GB TR BT R R MG BN R GELRKE . “RMAE7 |
R EE T M R T SRR B T HEAT BT A A LR R bR . ARPE U RGTAOIABE, W AR S AR R B I R
AR SRR A SR AE RN, T AL PP AR A SR A e e RSB L B A S BRI A 2 AE BT I IE— A A B IRIE
e -

5 FH 22 ) i SR AR I B A R AR s SRS AEREAT SRR et A6 Ce DIFEAINA SEI (8] T 5728 2 KA 2 1%
BTk, BARGT CPL D FERIN RLI ) T H T v ATk

K 3-13. i Rt

TableA- Estimator TableB - Reference values
Input Parameters Value |Units |Ci Overlay Material Dielectric cons
Overlay Thickness 5|mm Plastic 2.8
Overlay - Dielectric constant 8|farad/m Plexi glass 8
Capaci of trace per inch 2|pr Formica 4.6-4.9
Glass (Standard) 7.6-8.0
Minimum Recommended Button Diameter Glass (Ceramic) 6
(based on minil 0.25pF Finger response) Mylar 3.2
Noise Conditions - Low (0.05 pF Noise) mm ABS Plastic 3.8-4.5
Noise Conditions - Medium (0.075 pF Noise) mm Wood 1.2-2.5
Noise Conditions - High (0.1 pF Noise) mm
Trace and board type Capacitance per inch in pF
Trace length Copper trace , PCB, 2 layer, 64mil, FR4. 2
Noise Conditions - Low (0.05 pF Noise) mm Copper trace, flex PCB, 2 layer 8
Noise Conditions - Medium (0.075 pF Noise) mm
Noise Conditions - High (0.1 pF Noise) mm
Button to Ground clearance mm

input cells, edit with actuals l
output cells, based on inputs '
Note: Button diameter of all the buttons CS0 to CS3 will be same with respect to
overlay thickness, but can differ with respect to noisy conditions

A
. EHREEE
. EHREMEIK
o BRI A A

o AIEIMEFESEAT N BT S M AR MR KE LK

o fRERESHLIAIRE
W WRAEAF RS, SRR B A .
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3.2.3 Cp. IIFELL K mw NiF [a] 1153

CapSense JF B it

B SE HBRARAT RIS, FEMSEIZAR BRI RT, & B HNZH AR B . EIRIE R MEE) CefH, TEIER AP
BN B MGELR KL, WG, THRMESHEINS MR Ce i B ENVEEN (5 pF £ 40 pF) . £B

FEISHAETH S T I RE . DA R AZAL I R R I pR 2, 8 A S R 1 4 T R R 5 0 ) et LB E

3.4 (FUHIEAR) MK 3-4 AR, R CHETR AR B 5 NSRS A5 H00 N [7]
Il 3-14. Cp. ThFELL KM NI A 5

Table A: Cp Calculator

BEEH

Sensor Button diameter Trace length RAIE LD 6 Comments
of sensors (Approx)
CS0 mm mm
CS1 mm mm
CS2 mm mm
CS3 mm mm

Total No of buttons -Nos

Table B: Power calculator

Select Button Scan Rate resistor value

Approximate Button Scan Rate value

% of time finger is on the sensors

Max Sleep Current

Max Active Current

Average Current without Finger

Average Current with Finger

Actual average current consumption

Actual average current consumption per button

A

o CSO % CS3 M N HARMELALE, Wi Ja i1 1o

o BRI R A A IE

o IRV TRERM IR A R 7T 23 LE

FiHi:

Table C: Response time calculator
First button press ms

consecutive button press ms

input cells, edit with actuals
output cells, based on inputs

Note: The power values given here are worse case, the

actual power values will be lower.

o HMEREMEERRE (Ce) o Mk CofaR AT 5 pF £ 40 pF K45 E EH A

o FEMLBIIIAE
o TRV ]

FERGEAI B T IR e B AR 2 J5 T DMZIR S 3.1.10 775 #4718 R di i L b B PR G R 8 RN BR I S B Ar AR H

2% (Cp) FUMEFSZAF (MEFIIED o 8] DU B S SRR THIAIE R RIS, 0 3.2.4 Bl 4 iF 3 N4,
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3.2.4 WML

FERS ST 1 RS IR 2 5, AT A e i e el (3 3.1.10 77 (AT ilidiadan it ) D i
RITA AR A TS MR RETHEOM G AR . B E SRS BOHIRIER T R C A, iR R
DRHEAT A«

1. KRR CSx G111 5.6 kQ HIBHHE, AT UARERE B AT R B0 dr i Th e

2. SRERMF L HIRIE A COM/RS232 i 145 CSx 5| HIZE 45 Hifiki .

3. MNP 2 B TR TR E

a. RPN H — <fREN F g S>

b. M — 115200

c. AL — 1000

d. HEXHLFE — “C:\MultiChart log\CYS8CMBR2044.csv”
FL2AXZRTAENER, 5% AN2397 — CapSense i 55 T

sl “Enable/disable log-file” . ‘&£ HIME IR EIH XN &b EL3 300 N REEEERE .

Tkt “Enable/disable log-file” , #4xf3 1E10 5504 .

6. RFTEIFFHEM—IR, PUGIZ RS H 305 HAH R .

*£ A inE’JmN\J:i%EF'?EﬁXE’JTI_Jlerﬁiﬂlﬁ, RS AEA T B Az R PN SR . 23R ER T R s AR i/
RIBAFH . WRERG RN, ETLLEd R A SARIRERES RS, JFEERME USSR RENEHS
FlEid, % AFH “New value” GHrE) A=

& 3-15 it L

[SL

Table A: Actual Design Values Table B: Reference values
New . % < g
Input Parameters Units Overlay Material Dielectric constant
Overlay Thickness (in mm) mm Plastic 2.8
Dielectric constant, overlay farad/m Plexi glass 8
Capacitance of trace per inch in pF Formica 4.6-4.9
Button Scan Rate Resistor Glass (Standard) 7.6-8.0
Button Scan Rate Value Glass (Ceramic) 6
No of buttons Mylar 3.2
% of time finger is on the sensors ABS Plastic 3.8-4.5
CSO Button diameter actual Wood 1.2-25
CS1 Button diameter actual
CS2 Button diameter actual Trace and board type Capacitance per inch in pF
CS3 Button diameter actual copper trace , PCB, 2 layer, 64mil,FR4 2
copper trace, flex, 2 layer 3
TableC: Power, Button diameter actuals
Values taken from Debug Data out pi R dation:
Sensor = A ge Current = -
Noise Raw Count Button diameter Maximum Trace Length
Ccso counts counts mA
Cs1 counts counts mA
cs2 counts counts mA
Cs2 counts counts mA
Actual average current consumption mA
input cells, edit with actuals | For Table A: The Initial values of "Input Parameters" are the ones you have entered in the previous sheets. If your design
output cells, based on inputs | passes, leave the "New value" column blank. If your design fails, enter the New values for the corresponding parameter to re-|
configure your design.

While logging debug data for this sheet, make sure there is no finger present on the sensors for the log duration

A
m mERETHET — 5
R —
O MR IR SRR R AR, DR A
D1 60 o 0 2 e L
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AR, .
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O T8 Hef 2 5 (A 1] 77 2 B
HrHi:
MR
BRI RN EGE K TR R BT TS L Bt R IR TR A S B SR A

G RERACARE L, W B T R SRR A W UE AN T DU IR R it SR BRI B R
BOME S 2R S /N aE KRG 2 ¢ BB, T SUE e E MR R (&) AT RE 2 S RIS
FE T R R TT SR T H AT AR R R B AR B B i R R R . it T RAE S S SE B a1
iR
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%ﬁﬁ%ﬁﬁﬂﬁ@ﬂﬁ*%@%ﬁ,ﬁ@%%*ﬁﬁm»ﬁCw%mem#ﬁkhi%ﬁ%z* N
BW4NST, B PCB fij&. FF S KL P M TAERS:, CLSCIERSh T SEM KGR . B2 HAEE, BS 0
CapSense A [ TFMAHHIAE.

4.1 BEHEBE%RF

f£ CapSense HMIA T, A3 1A TIHHFHRER

€0 = XA HLE ST

&= EREMNEELH

A = T 5L R 55 2 12 fl i A7

D=ELEENEE

*ET CapSense M{E5 5, HEENMBEERENEGEME, BIKESZEWEE, FnzErnERf. &L
A BT #IF— M R0E W5 CYBCMBR2044 fif ¥ 77 %, W1 CapSense 53 & 1 11 315 H BT/ 2R B L«

*® A-1. Bk R MR R

Ly HEFEEE (Vimm) 12 kV B KB = E 8 /N (mm)

Kl 1200-2800 10

FAH 3900 3

L E 7900 15
LR H 338 (Pyrex®) 13,000 0.9
PMMA %%l (Plexiglas®) 13,000 0.9
ABS 16,000 0.8

FkIREE (Lexan®) 16,000 0.8
fEAKFR 18,000 0.7

FR-4 28,000 0.4
PET 5 — (Mylar®) 280,000 0.04
KBV RZHE — (Kapton®) 290,000 0.04

BT SRS TIEEE, R EREERR. Bk, 182006 S &m0k % .

4.1.1 KESGENESE PCB

FA S B BURAR, B a5 Eda s 2 RSB & PR st me . N TIHBRARE, B A S HAR &G & 5%
JZHEEE] CapSense PCB 1. 3M™ A5 —##i7= 55 200 MP (135 B NGB K A5, T FH T CapSense B, Xl
BRIERE & B2 MRS IR 6 EahEL (3M™ 7= 55558 467 MP i1 468 MP) [,
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4.2 ESD R4

ZEA B RFRTT SRR EFRANPT ESD R8T, 5 5830 A = i 1) Al v B O, 5 02 FH 7 ST b ) 42 i e
Hi, 18 KV [ L FH A2 X} CapSense 5] 4% i AT AR o

CapSense ¥l #5511 ESD &3 R /102 12 KV, fERZHEIEN T, it ZM BTGl 8e 5] gt 79 1) ESD f#
1o £ 4-1 FIH T RS CapSense f£a8E 4 12 KV BB T AR G ZEMEHNER, 74 IEC 61000-4-2 Friff.
W 5 EM R AR FE 0 10 ESD 97, TR LR A7 R B S s e it TR = e A

4.2.1 Tiph

AR T E (T B PR i 1 2 W TR A0k T E R B R Al 2 HEAh, 3T RZEmT, {4 CapSense $# SR AT 4K
ESD 2 IR F A @ TR B . S S Tk s &S (BE B, 157E ESD Y55 CapSense 12 582 [RIHCE — AN i LI o %2
HIFEME D2 . JEEEA 5 mil )5 Kapton®l s il 7% 18 kV 1T .

4.2.2 FEEM

IR e s a4, WA RETCIRBE L S . X, AT DU B R R A AL B R (R CapSense #3 il
2o MEIERER R AR r AR B R L CE — MR IR . %I PCB AR Em R, 7R i SR A R s 2 T
EHE N ESD F4, I B A CapSense #4525 .

4.2.3

HTH &Y CapSense f&RKE3HE F ST A BRI B, FT DL E A BOE AR B AT AT M L /N e TERXFRE LR, B2
25 FE VNN A Bk F PHL B A ) ESD R334 o

ARSI 560 Q.

AN TTI5AE 5 25 e L LS At A ESD fRiP8:4F. 1iER: T CapSense [ ESD i/ & F A UK
R, & 4-2 50 T AT CapSense il &% (467 4114

% 4-2. @I T CapSense [k LA ESD {38414

ESD R84+
X B AARE | AR fﬁﬁg&%ﬁ“ éﬁﬁﬁ?ﬁi
Littlefuse SP723 5 pF 2nA 8 kv 15 kV
Vishay VBUSO05L1-DD1 03pF |01pA<| =15kV +16 kV
NXP NUP1301 0.75pF | 30nA 8 kv 15 kV

4.3 ®HF#FEAEM (EMC) HIEEEM

4.3.1 EHTH

AR5 HL AR AT DASE I R G B O T R S R AL BEBE N i 4T . IX PP T TR AT RE£ilfiid CapSense %4 7 2 AR ] HiAth
BT BRI NN CYBCMBR2044 385 5 1 PCB 2. f5 KPR EE yak N 45 T4 4 F i A SR 48 s -

m BEHE: /£ PCB LR,

B BREEHFH: 7F CapSense f2 %% 51 I 10 mm (175 8] Py 22235 — > 5 1B L BE
O %X CapSense i A\ 2k 1) 5 BEHLBHAE 9 560 Q.

m GERKE: FERBAHRELKE.

B OBEFRIMRXIER: SRR RRIR E AR N A A R, B R AL 1 om 2 R Y BRGERS 4E
Ho, A SRR
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m GPRGLE: R A MRS (0 LCD AHSHTTREE (SMPS) ) MI&R%, LTS CapSense %A\ 7>
B Bl FEL SR o — Rl LE PR AR W7

4.3.2 PufESTHAGEY

i 5 A R G R ELE T BEN RS S PR e S S . X BRI IEAEE 2. h T CapSense {2l 4521
DIAREIE, UL Z0e ot SR . T AR TG A B T R RAe S48 A T4

B RS .

B ERG AU LA LA R A . AR T AR SRS A T IR AR A R I “Pi” BER A, W LIRT IR
VSIS MR BURRER 1 RIS T DA Lk 880 RO S P 0 S Al o B FRLIRZ A

® 41 CapSense %4y PCB B L BT HOE L I, 18RI/ N BE K B I 25 FE A6 FH 7 i 2k 25
W SO U R A, A PR R B A ) R AR SR B

4.4 PCB fij5iews

Vot T B AW 3B BB ¥ ) — AN K AT §E ) CYSCMBR2044 CapSense PCB fif&, 4 3.2 FFiifit.

WRIE BT GPO ¥ I 2] CapSense #5148, JFHTE CapSense RAHFERNTEEES, ALEFTA GPO
AR A I F B R R B IR . TR TR, TAEHE Y 5 VI, R PR BT iR R IR 4 Ce, WK 4-3
B o

K 4-3. GPO {iKHi H F % 7 H 77 PR Al

B GBI | g4 gro R A BT R
5pF <Cp<12pF 25 mA 120 mA

12 pF <Cp<21pF 20 mA 20 mA

21 pF = Cp <40 pF 6 mA 6 mA

CapSense A I 1R 3.7 FTH4L T #4111 PCB A R ™
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51 RFARTHEWR
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