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Bluetooth Low Energy (BLE) (X242 IZBUBEAEMTTHY . COEMTIE, RIEFEME ECO YRy INYERE D RF ME4E
FETSE. RERICFERLE WCO 4O0voMNRY TSIV OEEEHEMDRERELZDIEENHYET,

SNERKBRIREFEERT 54 FvT ECO BIEEIL. BLE IV RTLBERDUI7LUR VAV IEERT 502 HA
ENFET . PSoC 4 PRoC BLE T/31 X TlE, CONERKBIRENF DA KREIE 24MHz THITN L% YEE A, Bluetooth
Low Energy (BLE) $&#5#REZ 2 1= PSoC 6 MCU T/31 R (L. TPSoC 6 BLE &LYS) 1E 16MHz & 32MHz DEB S
MO ERKBIRB FE:BIRT 24T av 22 ILET . ECO VAV IV IBOEERIZT ORI 24305 EHREL.

BIUYEB O RF BBROERBRBERESEFTT .

SNE WCO KBEIRBFIZ.BLE 4TV RTANBEEEBNE—FICHIBICUVIBDIISV T REIEHTETD

32.768kHz V099 #/{A5=OIZFERINET,
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.
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il
JE — XTAL JE —
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BEBER, KREBFEIVILTUHE, 180 EDMBITRE, HANLANNE L EKRIREFORAIKRE R TD
BETAVERMT D 1IN T—0 NURNRR TALE—ERHBLET,

B R ET4—F\vERELTHEL. BIEDUZTHRERNTION—RIIN(TREEZ . 8 TAVRETVTELTH
REIHRESEET,

THRYRT—IMED 180 BN TREAUN—INSDEDT AV DMAEHEIFEDIL—TFA1Y (EDT4—K/ Y
D) ERESE. FEERTRESNNITRARAETRLTEICLTRIRSEE T,

RFEHEREE (C)
EFHERELKBEDTHLR,. ABROKYOBSITHET FRBERETY (M 22BBL TR,

2 BEHESE

Inverting Amplifier
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XTAL

KBERIREABROEEZDEFSREFTHESENDME (C) ITE>TRFYET , COMEIF CLECarToH? 2 BREIFTTIIE
L HEREREBLEVRELEHFT,
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3 BEHBRELEVREEEUHANHERE

Inverting Amplifier

e

R
u u
X1 XO
Il
XTAL

Ceina |Cpcar | C1 C, Crce2  |Crinz

Cr1=Ci1 + Cpce1 + Cpina
Cr2=Cz2 + Cpcez + Cpinz
®1
_ CrxCpy

L Cr+ Cry
CC T,
C1.Co=XIEXO TD/—FBE
Cri.Cro=-8/—FEE (ELBELFEHEREZED)
Cecii. Crerr = IKEIREIF D PCB /\WRRIDFEBHERE
Ceints Crinz = FIRFEVDANB =
CL=KBERFFILR-RERHER=E

EHAKRRESEERT SOOIV ELARHERERIKET 4V —FCHRESATOWET . I 1D CLELUL C, D
TS K 1O CLOENT—2L—rDEIZ—EHTEL5ERTIDBENHYET, PSoC 4 PRoC BLE T/31R
DHIR[ZIE SpF DEFHERETHHEIT DEIITHKHIN TS0, 8pF DEFRHEREXF OKRIRFFERINT S
WHEMNHYET, PSoC 6 BLE T/AM R TIL, BIRLI-KBIREIFOEREFER =L 8pF~12pF TY,

ZPWLEKREAFRBRNKREDFICLBECEFTHERE (C) ZRHLAVGS . KBRBFIIKET -2 —ITHE
ESN-FRBTRIRLEL A BT ELREBARFIEESNELYLBVKRRERERBIGY, §TELRERFE
BEORREBRBIGYET . CORRBA T UME RF ERBRBDT 7EvbELUTRARADLURIL 83074
EICEEZBSINTT,
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2.3

2.3.1

K BIREF D& RLC EIFE
412, KEIREFOZM RLC ABERLET,

4. K @IRENF D EH RLC [E58

Inverting Amplifier
™S
L
R
m |
XI X0

Ly
Rw

ZIT.

Ru = KBIRBIFOEME K

Co= iFIARE

CL=- BTmHERE

Cv=%lEFNEE

Lv=FREINAF V20X

COEBIEHEFHIRE—FERLET . FIRBEBEIK 2 h6/{5NFET,
K2

fp—fs*(1+2—CL)

- T e 1 = = FE SR 26 = = EERE S
SCTfs = mli%?&%ﬁd)l‘ﬁﬁﬂ%ﬁm,&"?&f&%f,gl;t%#fzd)m,&ﬁf?‘o

ZMEIER (ESR)

ZOERIIKSEHFEMEBRDOENFZFERLET . ChIIKBEBFOEF{IRE KRS (EFIHE) TOEHEE
—HBURTY  RIRBZTUOTDT A UL ESRICEOTEERFVET: ESRENBWVIE. RIRFZTUINFRELEDREKET
HIRT DEOITBERTAUIEE<BYET,

EFVTORBERERIE. ToTDNATRARBTREICAY, RIRESIEH T &5I2. ESR ORKIEEMETEET S
FIFREFSNTVET,

KBEBREFD ESR IEXRDKXTEZLNET,
%3

ESR =Ry * (1 +%>2
ESR{EIZKBDT—H2L—rESBLTLIEELY, :0)1@!;7“%1%1;‘&%&!;@15%&% BEIX 20Q~100Q DERENTT,
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24

EREILNJL

HIFKBRBFOENRKRE (UW BEAIT) ORETY . RABEIL AT KRR FAEESNIEREHFLGA
SHBTEIRRKENTY . SVBEBLALERRELEPRIBEEGEDHEEZLOLET  BEBILAILIE. KREIRE)F
DEPERELESITERGEEZRTHLIIKATERIANETT . RETOEHLANILEGHZH =T EBEL N I)LEHRERED
KBRE)FEERTNETY,

PPM 82

KEBIOVIDEEEIE—HRIZ 100 BHD 1 (ppm) TESESH., BlL, /0y DEBREE 10° (100 B) OOy EHTAE
ShEY,

x4
(measured freq - Expected freq)(in Hz)
Expected freq (in MHz)

ppm =

BlZIE. 24MHz DK & FEIRI[IFHA 23.999928MHz DU/ OV I #RETHHEE. VAV I DEEIL-72/24 =
-3ppm T,

ppm DEALICIF S DEELHYET . EDFDOVOAZELUTICHBALET .

MHARRE (ppm): F—DEH (BE.PCBLATVL BEEALE) TTELESLT/NARITHT BKBDAFREHEMN S
0)71'71’_’“J|*—C“3—o :h[i?_gt/_}‘ /\05)‘_9_—6-3—0

BERUTE (ppm): BEIZHTIKEDLHERBNSDIRETT,

FEEZEIE (oppm/F): —EHTKRBIRDFORIROEKRHRODRBHEILTT, BEEILICKSZEILIFIEICLK>TELEST
WET, COZEILIEFEE TIE+/-1ppm THY. 15 FER TIE+/-20ppm [ZHRDHZEAHYET

AL BHNHERENELICEIKBRIEBERMOEILTT . BEX 20ppm/pF T, FEAFHEREIL 2.5~
3.5pF MEETEIL. ChiZkY BLE 4D +/-50ppm HIRDEEEIN S IET BIGELNHYBRET TD=H. KBED
BRNBEREETRIRTIRICIE. RIENBLEHREREXTEETIVELHYET,

FHEHERE: PCB LEVANNLDFHBERETHY. KBRBFALR-EANLHFEHESTEICMAES . COFLE
HERECRATHEREENELGYET.

RF BEIC X9 SR IEHEL ECO KRR RBDEE

BLE A TCREEINDIT—EDIURIL L—KE, 1 AHTURILEAus DI URIL BA32Y) Tl 2 AR URILVIED
(0.5us DRIV ZAZY) TH, ZSTIE DURIVIEIE REERTIR—RNUFEBDI1IEVEDILTT . ZED
RF EEED=0IZ1F. PRIV B30T DFEEIF£50ppm KYBVVBEMNRHYFET , Ff=. /I ybEERO RF Ul Ej
DA Ty E+150kHz ZEBATIFRYELA ((BIRHERE GEETRLERMFRRE)IZSRLTZEN),

DURIL BAZT ERILEKRHIE PSoC/PRoC BLE FNARIZE&HINF-KIBRIEBMNSEREINET, PSoC 4.7
PROC BLE F/\A1RIZHEHEHINI-/KRBFEIRRX 24MHz DKBEEFEHTIHERHYETH. PSoC 6 BLE T/ N1 R[5
N K RBEIRSEIE 16MHz & 32MHz A DK RISHELTWET  KREIRSZIOVIDF Iy RF tEEEICE
EEY L=, BLE t#ZH I KRBEERTIRETY,

FSUREVAD RF FIDERBOA 72y WNEE . BEFyRILTEE)—INEZFET, COV—VIETLUTOEFELL
BOEEELLLET,

. BEFYRILTOLY—NADEN/AX

» ERARERCSAOEEES

» NUFREOTRANCEEDRRELELS, BEFYRILTORT)TRAORE LA —/\—DEM
FSURZIVAIZKYEL D —/NDRABEBA 7 YA B NG S, ZESNEIRLTF—O—FHHR—Z/NUK T4IL2—DF
BB ELARIEEE A BYET , CD=0., I EA—TEHENLZEESIRILT—DEbh, RELERTLET (E-T. 58
ELBEPLLES).
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GFSK Lo—/\DigE . BREA 7EyNMIERENHNTO DC I IRLEIL, TA—FLEV VRN RD RSN H
YET ., cOFER.PER (/N7rub I5—F) BiEdY, REMETLES,

EB(T, LY—DOBVEAREA TEYMNIL Y —N\EBEF vy RIILOBELICBBSEET . o T BEFrRILOESEL
U—NIZHEESATOBREZETSEET,

RF MEEDRIEER/NTA—A—(FZIERETY ,BLE [ZBWT, RERKE(L. LY—/\DRX 30.8%D/ vk T5—
# (PER) TS Y ZETELIR/INDHEEENALARILTYT , RELY—\DEHHEEMATIE, ECO 2Oy D REN
+20ppm ZBA =B E . ZEREX 1dBm HETFTTEIENRTESNTLET,

35 1 DOEEX RF i/ \T5A—42(d dB TERINDSMEFEX Fibte (CN) TT, COLLE, PER A 30.8% L FIZ45
KO WERIEBELERTTFHESHEDEERVNBLONERLET . C/I LIZBETHSIIZERNTT BHIL, #HXE
ALRILBFHEALRILKYIEEMNIZHEL (Fhbhb. FHEANEL) BETH, LI—/\EHKXK 30.8%D PER T/
TIrNEZIETEDIELEZERT EMNBLTY, ECO /Oy m-20ppm DIRENHDHNDIHE. C/l tblF 5~8dBm HIE T I 50
HEENBHYET,

BRLEZKRBERBFORBRENSLMSEETH, ppm [XKRERFERBZOERE | TRRZEBHTEIRTHIEABYET . D1
. B RF HEEETER T 51=0(C ppm EF1—=2J T REEANBETT,

4 ECO DK@ Fa—=2 T Bt

Fa1—ZUTRBVARTLTRET HAREEAHLIKBIOVIDRELBIETSHETT . Fa—Z07 (F, KEFRIRER
ARHL-BRHERENEEREI S LTERL-ARBMOBEEZRET S LEBMELET,

— RIS, Fa—Z T AU TN - BRBEREDBEEEAR I I L. FRARBETENMEEZMIC
EMTERDREAVTUHEIMTFTEIETITONES  LAL AMFFIVTUH IR T L AR NEEMEEET,

PSoC./PRoC BLE T/ /X [&. E 5 TR KSIZ. (FHEBICRUMIFHERBEREDRHYIC) RiIRERO—EELTXI
& XO EVETRE TR STIIGR) AR EREFHEATT . CNODARBEREXI7— LD TTHRESN, BT
HEBRESTEYMREL. Ko CTEEBERELET,

5. PSoC.”PRoC BLE T/Af ADORAETOY ST ILIEN) L AV ToH

PSoC/PRoC BLE

X1 X0

XTAL ‘

I . CoserT
Crint Cecat PeB2 Crinz

\J \J \ \J
Fa—ZUH DEIZ.ECO /Ov xRy OB EZRET 5=HIC GPIO ZNLTFYTDMNEHLET, yOvIEEF.
A=N—FI)L B L AB—IN)L A A— (RAVTH—R Y)Y —F S RT LI D SR620 ET V) D&SHEFEERER
WBEEBTRAELET, 0%, X 45 F->TH/OVIDBRELTHIELET,
RIZ.CLE COREBTOT ST INGHERENEELEERT T HETYAVIDRELEET H-HD 3 RTYTDFIEE

TWET, ==L, FIEIX PSoC 4./PRoC BLE F/31AH PSoC 6 BLE T/Nf AMZL>TERLBYET , CRAFDERETIZ
LT HEIHEATIESY,
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PSoC 4/PRoC BLE T/Af RAREHZHI1THKBEF1—=>J FIE

BLEayHR—=x>b V3.2 UK
BBRLI=&S(2. RED RF HEEEERM T 5-012 ECO 7Oy K #F+20ppm DEEIZRAE T INEAHYET, LT
DFIBIZHLY, PSoC 4.-PRoC BLE T/Af RIZEEH SN F-REF) L OV T oY ERABEL.ECOEFa1—=09LET,

6. ATV 1: SRT L ZOvIHRFEI1 R &K

Workspace Explorer (3 projects) > 2 X [,,.mmldi___mm_qdw,' 9
‘B d (3 Add Design-Wide Clock... 4 Edit Clock...
Bl Workspace Integrated Test' (3 Projects) Tu N i Desired Nominal Accuracy Tolerance Divid Start on
& ¥3] Project ‘Integrated Test HCl+2Wire b | TYPE ame - Frequency | Frequency ) %) iden | et
= ¥3] Project 'Integrated Test_HCl+2Wir £ |
% 8 || System |EXTCQLK N/A 24 MHz 2 MHz £0
2 TopDesign cysch 8= ! I 1 } .
mr_]J Design Wide Resources ( )| System | DigSigt N/A ? MHz 2 MHz £0 - 0
i ins ystem g S N/A ? MHz ? MHz +0 - 0
WP 2 || system | Digsig2 [
A\ Analog 1% System EE}lgSug} [ nra ? MHz ? MHz 0 - 0
@ Clocks # + — : 2 :
5 Interupts System !E)|95|g-l ,N'A | 7 MHz 7 MHz £0 | |
- System E System | Timer( (WDTO) N/A 7 Mz 7 MHz 0 - 32 LFCLK
L Directives Zr System | Timerl (WDT1) N/A ? Mz 7 MHz 0 - 32 LFCLK
3 Flash Securit 3 i 1 1
B Freh Security || s Timer2 (WDT2) N/A +0 -| 32768 LFCLK
B340 Header Files | 1 |
1) SOURGEFleS: z RTC_Sel N/A +0 - 0 None
B Generated_Source ;\Ev System | ILO N/A 60 0
& B3] Project ‘Integrated Test HCl+2Wire<} System | LFCLK [ N +0.015 - 0 WCo
System EWCC N/A £0.01
System.  ECO N/A 0 - 1 ]
System iPFCLK N/A 2 i Direct_Sel
System | IMO | A £2 0
System | SYSCLK N/A 12 1 HFCLK
System | Direct_Sel N/A 4 +2 MO
System | PLLO_Sel N/A 48 MHz 48 MHz +2 0 MO
System | PLL1 Sel N/A 48 MHz 48 MHz +2 0 MO
Local | Clock [ unknowN 1.6 kiz 1.6 kz £2 +2| 30000 &l Auto: HFCLK
a 1 — | P

s 1= || Prs [ VA Anslog [ (3 Clocks J. # Interupts | B9 System | [ Directves |. @) Fash Seaity
Output | Notice List 2
Ready

ATvF L 6 IZRF K512, Workspace Explorer 4> RO T, 7UT47%7AS I RAD Design Wide
Resources #7&#45 JILHUvHILFET, ZhiIZkY, PSoC Creator™M (VR TF7IT47 R TAPHMIHHIET S
<Project Name>.cydwr 77/ JLASBEE T, KIZ. Design Wide Resources T Clocks #7%%1)w4L . Edit Clock.../R%
>%%')v4LT Configure System Clocks Ry F7vT s Ro%REET,

RFv7 2: Configure System Clocks Ry T 7w T 942 KT, High Frequency Clocks 47%#iRLTEERIAYY
DNHYOVIHREEREET, 912K (B 7) T.ECO DT D Configure R4 %41) w4 LT ECO Capacitance Trim %4
TRY ROREREET ANWLENFHEFTEN) LOEEZRABLTI/OVIDREFETIEET . CLE CEZERT S,
CLUVEIELET , TN . KEZEIZABTILICHADEEZLERTTEHENHYET . ppm BEDLILEHERE
ENEILEREMITE 13t L DILYIT7TYT T—ITINEHYVERAD ., —BHETSOTA RIERIZHBALET .

ppm WNEDIFE (THH5, BIELEARBAKRERBEIY/NSV), K 2 ITRTEY CLEANSNEE f AAKEL
13518 Xl & XO DFHEREN) LEZRELLET

ppm NEDHE (F78H5. BELEARBAKBEARBIYKREN). X 2 ITRTEY CLENREVZEE A&
BH=0 . HEREN) AMEZEPLES,

BELEMB/AXDEDIZIT X ELDBRBHEREFI XOEVDBRBEBSED 0.8 FTHIFNIEFRYEE A,
ATy F 3 o0y DBREEFREL. MEDIOVIEEEERTHETRATYT 2 #BYIRLET,

BE COFIEERIRT BRI, PSoC Creator DRFAREARAM—IL LIz EEFHER LTI, Shifk, CRFKO®EET
A BLE AVR—3b Verd.2 UEEHERT S5 LEHRTAOICEETY,
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7. AT7vT 2:CLEC2EREBL. /OVIDIREEIET (PSoC 4/PRoC BLE T/3\A RAMDH)

Configure System Clocks ?| =
ap |
DigtalSignal
i (]
e |5 eco Capacitance Trim -
2 s i 1
l I I Frequency (MHz): 2 L
Divider r—
IMO (48 MHz) - 1MO (4 ——
Input capacitance tim (pF):  [99 5
Output capacitance trim (pF): |82 £
Accuracy (3)
| .0 +0 [~
| G|
v
[ HFCLK I SYSCLK
N H Divider |3 -
. &
2% 48 MHz 2%
Routedl Reuted2 Routsd R i B | svsak
ok |[ Cconca

4.1.2 BLEayHR—=x2k V3.1 LA

BLE avR—*k V3.1 LIRTZ~A—X&LT= PSoC 4./PRoC BLE %5t Tld. CYREG_BLE_BLERD_BB_XO_CAPTRIM
M ECO hJ L LORAICEEFRAATHAR IO SIITIGHERE C1LE CDEEZERTHLTI/AVIDRELEET
BIENTEET, COLPREDEMIL PSoC 4/PRoC BLEL P RADTH=AHIL YI7LU R I=aF7 )L (TRM) IZ5Eih
INTWLWET: PSoC 4 BLE LY A% TRM & PRoC BLE LY A% TRM, LTI, S ERKREDFa—= 5 BDERRER
BEIESLVCESHI—K (3—F 1) 2RLET,

RFYT 1 50F TOvrEEMILET,
RTvT 2. WCOEHRMIZLET,
ATvF 3 ECOEHRHMICLET,
ATy 4. ECO¥Bv9% GPIO (fl: R—k 2E> 7) ISBIEFHL. VAV IRBELHRELET,
ATv7 5 0ppm #ERT DLIICHNEFHERELMILLET,
a—F 1. KREOEFRHERELZH) LT HI—F

void trim_capacitance()

{

/* Stepl:Enable Radio */
*(uint32*) CYREG_BLE_BLESS_RF_CONFIG = 0x01;

/* Step2:Enable WCO */
*(uint32*) CYREG_BLE_BLESS_WCO_CONFIG |= 0x80000000;

/* Step3:Enable ECO */

*(uint32*) CYREG_BLE_BLERD_DBUS = 0xC992;

/* Step4:Configure pin 2[7] as ECO crystal Output */
*(uint32*) CYREG_GPIO_PRT2_PC = OxDB6DB6;

*(uint32*) CYREG_HSIOM_PORT_SEL2 |= 0xA0000000;

/* Step5:Trim Load Capacitance */
*(uint32*) CYREG_BLE_BLERD_BB_XO_CAPTRIM = <Load Cap value >;
}
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AEHEREEORTE

CYREG_BLE_BLERD_BB_XO_CAPTRIM LU RAME Wk 15 &£ 7 (. ZhFh XI & XO /—FTOHER=DHAE
(8.1pF MEN) DE=HIZFERAShET LCREAOZHIID 7EVYRE XI /—FOHEREEDMEARE (0.1011pF/ AT ),
BED 7EYME XO /—FOHEREDMARE (0.1011pF/RATYY) OEHIZERASNET . R LI LSREDELSH
EIZHIET S XI /—K (C1) £ XO /—FK (C)) THHEREEN—EEZRLET,

# 1. CYREG_BLE_BLERD_BB_XO_CAPTRIM L RAMEREIZx TS C1 & C, DIE

Evk 14~8 0 c, Evk 6~0® c,
10 #£fE 10 #fE
0 3.6900pF 0 3.6900pF
1 3.7911pF 1 3.7911pF
2 3.8922pF 2 3.8922pF
127 16.428pF 127 16.428pF

4.2

FF)r—3>TBLE AVR—XR Uk V3.1 (FEEFNUBIO/N—23Y) 2FE AT 584, BLE R2y D —EEL
TECO ML LSREANTIHIIMETEEZAFEN TR EITSEELALKTIFRYE R AL, 5T ECO ML L RENE
HSNIEZREFTHOIZ. 7TUS—2a> D BLE R29 I MEEDZITN LEZL DR RAUZEZALBENHYET,
ZD—HUR[FI—F 2 Oa—K R=ZRykZRLET,

O—FK 2. BLE aviR—3R bk V3.1 LIETDHE — BLE X2y Y #1EA{E#% D CAP TRIM VALUE O tvhk

int mainQ)
/* Stack Initialization */
CyBle_Start(EventCal lback);

/* Write trim value */
*(uint32*) CYREG_BLE_BLERD BB _XO_CAPTRIM = <CAP TRIM VALUE >;

for(5s)
{

CyBle_ProcessEvents();

}

PSoC 6 BLE FINASRHRFHB A KBEF1—=V T FE

AR LT=&S3I2. B D RF 4REFZER T 51=01Z ECO /Oy B iR (T+20ppm DEEICHEITIHEAHYET LITF
DFIBIZHELY, PSoC 6 BLE T/ RIZEHIN=NER) L VT oY ERHBEL.ECOEF1—=2J LET,

ATy L 6 IZ7R9 K312, Workspace Explorer D4R T, 7O T47HTASIIRAD Design Wide
Resources #7&XTILHYvILET, ThiZkY., PSoC Creator 94 R TFHIT47 57O HMIx T H<Project
Name>.cydwr 771 JLASBZEE S, &I, Design Wide Resources T Clocks #7%%1) w4 L. Edit Clock.../RE22 %491y
2L T Configure System Clocks Ry F7vT o4 RHZRZEET,

AT7vF 2: Configure System Clocks iRy T 7y D42 R™IT, Source Clocks #7%&#IRLTCSESEHAY—R YOy
IDHOvIREEREET . Source Clocks W42 KF™ (B 8) T.BLE ECORYIADTD Load cap EFtytLTHO
VIDRELBETEEFT . ppMm BEDELLHEREMEOELEEERTL 1M1 DAVITYT T—TILEHYEEA
M — BB TSV TA RIERIZEHBALET,
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ppm NEDBZE (FThhE. BIELZEKREAKRE KLY /IELY), K 2 ITRTEY CLEANIWNIRE f, AKEL
%5%1=6. Load cap lEZHSLET .

ppm NEDNHE (FTHbhb. FIELIRIRHAKRERBIYKREN)., K 2 ITRTEY CLENKEWEE fAhEK
%51=6. Load cap fEZEHOLET,

ATYT 3 VAVvIDREFAEL. MEDYVAVIRBEEERTHETRATYS 2 28R YERLET,
8. ATy 2: CLEREL. YOV DRELIET (PSoC 6 BLE T/ALRDH)

[eonfgure System Slocks [EEE=
|~ Source Clocks | FLLPLL | Hoh Freuency Clocks | Mscelaneous Clods | qb
| 1 1 TS Becuracy: £30%

|4 Runin hivemate mode

L L

8 125RF &3IZ. PSoC 6 BLE T/\f R Tl&. BLE ECO RyY X ATl Startup time J(R2EIFFR]) &M Accuracy (R E) D
2DMINGA—R—EHETEET,

HEBIBFAE

REEEEIE, 77—LDTT7H BLE ECO #4IZtybLTH S BLE ECO NUVIRBIZEIZEIN D ETOELERRM (us
B{I) TY, COHIMIZ BLE ECO VOVIDARRETHHEEESINS =0, COHMI AT 5ETIVA—5—(XAE
YUHRE (LL) B2uolzoayiEBMLER A, LEEN2TID /NS A—4—(F, BLE ECO AFUICESh-RIZRET S
DIZBHELGEHFBEVEREVMEICEYIBTNIEEYER A TIHILME (FATLAD RS BE) (&, RERSF T
LEBONT=T—3%&E>TEYLET,

e
BEX, RETHAT MK RIRSFORRBAREMTERT DBEICEINT DRENHYES . PSoC Creator [T
DINFGA—F—%EAL.BLE ECO 7Oy IMLIRET SOV DER ARG RAFEZRELETT

5 Fa—VTEFTRTOERICHELZON?

912.1 DOEIWRT C EZXAELIE. FL PCBLAT7YLD 14 OERTREILAFTFEREMICI>THRIELZ ppm
DIESDEERLET, COT 905 ZRERTOKBIREI FOEELENEL7~8ppm DHFHEICH D EIFBALMNTT,
DEFHEH ILREL RF HREDQ-OIZHREINTET ., TOD=H. TRTOEREREITIDEEIHYEEA. 1 DOERD
—EDRAET.EL PCB L7 rDERICRILHEREN ) AMEEXFERTEIENTEET, T/ANIRDFIESINT=M) L
EIXTECO MKBEF1—=2F Hifi ICHRBAINI=&SIZ TUT4THTODHMIRIET S cydwr Z7JLIRO ECO 0
9P AV T4 XL —2aVICEEFAORELAHYET,
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9. RIL CL OEIRTD ppm DE5DE

ppm variation across boards

" L A A
NEE== N A
1 2/' 3 4 6 7 8 9 y/ll 12\ 13 1 14

ppm

5
7AN
/\

A

-10

Board#

6 ECO MK&E5HT

6.1 GEEICKIREEHBZEE
1012, BH5KBRIRBFCAELBEICHESSBEHREHEZRLET .
10. ;REIZ&% ppm £

ppm vs temperature

ppm

——NDK

_/ —Epson

10 - ——ECSInc

i nin ey
~_

20

. temperature(C)

CDTSTME. TINAADBREHET 4 DOKZIERBFD ppm 22(15+50ppm D BLE H#Ei#-TEERLET -1
L. EEEZEL. LR, FERELEMDEREKIBIRAFO ppm ZEILSEET, TDEH. TRTOEZROIIIZHT
LHEBEE(I+50ppm DHEERNTHITNIEGEYER A,

6.2 HBEHEREICKIEARMER
111z, NS ERECIELEKREDFORRREDERLET.

DTSV, ATRHEREEELEETAILT, BEBEHMNIZEDA YR (IE ppm) NoBDATEYE (B ppm) IZ/F
BHEELSBEIENTESILERLET . COBMEFEREIL PSoC/PROC BLE T/ A1 RIZHESNET

=L, BAHEREMEIZHED ppm OZEBIELT/INAAD PCB LAT7IMIREURTETRHEITTETEHLITEETY,
BEBFEDNDEZ LY PCB LA7ORTIE. REHNREN) ABEERENELIZRIGLIZKVWD T, Fa—=VF HREIZHS
CENBYFET . RO BEREFT L SEE—BHUEHARSAU%E [PCBLAT7HIDEEEIE B CHAELET,
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11. BRHEREIZLS ppm £E

ppm vs load cap value

150

100

50 «==ECS Inc
£
a \ = KDS
Q 0 ——Epson
2 4 \ 10 12 —NDK
50 %&\
- \\

-100

load cap value(pf)

7 AT AN ERK R FEIRES (ECO) ICRHT R EIT

7.1  PSoC4./PRoC BLE T/ RIZEI+5 ECO
HBATLRIIRD 5 DDINSGA—Z—[ZED-KBIRBFEHELET,

1.

EMEHED (ESR): PSoC 4PRoC BLE T/AAATHEAT S 24MHz KEIRFFNDHEAK ESR DEH(X 60Q
(24MHz T) TY . 2DT1=8. KZIREIF D ESR 1% 60Q L FTHRIFAIELRYER A,

EXEIL R )JL: PSoC 4./PRoC BLE T/3\f ADEEFL N JLIEHEA TR K 100uW THS1=8. FxK 100uW DEREIL )L
[} TEDKBERE FERIRTIMLENHYET, LIE=A>T, RREESIL ANJLEHEA 100uW LU EDKRIRE)F
(BNB ., DA ES 100uW ZH#FTESKRREF) IE+5TT

BHHESRE: PSoC 4PRoC BLE T/31 RDFIRSE(E 8pF D ARFHERETHET DLIICHISN TS,
8pF DARBEREEL/H ODKRRBFERRIDILEAHYFET,

AT ENE: AT ERIEEOBENHYET, 5 THMEES . FEHERE LKA RBORELEEESIEEILET,
TINAAOBERTHEAICEITS ppm DZEEN: PSoC 4 PRoC BLE T/3A( RD;RE S (£-40~85°C T, :EIRT S

KED ppm (X, FvTNYR—r3ZEEEHRHINT BLE ¢ (+50ppm LLA) ZiE-IHENHYET, BLE EH%
=T =OIZIE, YA TLRIEREESEEZE A +20ppm DK RIREIFOEAZHELET,

% 2 T.PSoC 4/PRoC BLE T/AA A TDEAD=OICNEFEIEIFE AT I KRBIREFE2EEHET,

% 2. PSoC 4/PRoC BLE TN/ A THERTHELL KGR FDEREIL X)L L ESR E

KBIREFD KBIREF EREIL L ESR
HEES DAUE— | (W TH Max {E) | (Q TD Max fi)
ECS-240-8-36CKM | ECS, Inc. | 100 60
TSX 3225 Epson 200 40
NX2520SA NDK 200 60
DSX321SH KDS 200 60

7.2  PSoC 6 BLE F/8fRIZHIT5 ECO
HBATLRIIRD 5 DD INSGA—F—[ZED-KBIRBFEHELET,

1.

ZHEFER (ESR): PSoC 6 BLE T/3( X Tld, 16MHz /K &IREI FE - 1& 32MHz K BIREI FEBINT H2EMNT
EF 9, PSoC 6 BLE T/N\ARTHEAT S 16MHz KSBIREIFDHRK ESR DEHIL 250Q THY . 32MHz KR IREN
Fnlx 100Q TY,

EEEIL N )L: PSoC 6 BLE 7 /31 RADEREIL AN JLAL#RITHR A 100pW TT , 5K 100UW DEREIL AR JLISKIE TESHK
BIREFEBINTDIVLELHYFET , LIz > T RREBBIL AJLEFRA 100pW U EDKRIREIF (Blb. Diadid
100pW Z=#HFTELHKBIREF) (E+5HTT,
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3. BFEHEZRE: PSoC 6 BLE TN\ ADKBEEIRBZDE=HOISEIRT KBRS FDEFHFERE (L 8pF~12pF TY,

4. TIEME: AIEREHEOVBESHYET . Z5THENMEE . FERHERERI KRR RBMORELEHESISEILES,
5. FINRAADBESHHEICEITS ppm DEEL: PSoC 6 BLE T/\1 ADREFHRHIE-40~85°C TT . EIRTHKED

ppm (&, FyITD Y R—rF BB EHENT BLE 4 (£50ppm LIRN) EiEi=d BHENHYET . BLE EREH-T 1=
BITIE A TLRIERRBEEZE A +20ppm DK BRIREVFOFEAEHELET,

% 2 T.PS0oC 6 BLE T/ R TOFEAD=OIZRERFETEICERIT 2KRBIREIFEFTEHTT,
% 3. PSoC 6 BLE T/\AATHEATHE LS5/ KRBIREIFDEREIL N)LE ESR {E

= a :
KEEBFOREES ﬁﬂif?f *Eﬁ? (u\,sz ?a'; '“;;t ® | @ WESJLX &)
NX2520SA-16MHZ-STD-CSW-5 NDK 16MHz 200 80
CX3225GB16000DOHPQCC AVX Corp 16MHz 100 80
ECS-160-10-36-JGN-TR ECS Inc. 16MHz 100 80
CX32255B32000D0OFPLCC AVX Corp 32MHz 100 50
FA-20H 32.0000MF20X-K3 EPSON 32MHz 200 50
NX3225SA-32MHZ-EXS00A-CS02368 NDK 32MHz 100 50

BHEICES L. FyTH Y R—2BESHEEICH T BLE EREE-9 ppm EHZF DKBIREBFOERANHEINT
WET, TEKRBIREF(X. PSoC 4./ PRoC BLE & U PSoC 6 BLE T/3f AM ESR ERELARILDEHREHI-THE
NHYFET, KBIREIFZERLI-EZ. &R D RF HEEEERT 5012, KBIREIFOIREHN+10ppm LRIZAHES LI
ALz K@F1—=2F FREERALBTNIERYEE A,

8 WCO D KEHHT

8.1 BEICKIREEHZEE
B ER# DK EIREF D BLE {4 1E+500ppm T3, K 12 (2, — RIS WCO K RIRENFDREIZEES ppm TH
HEERLET,

12. BEIZ&S ppm £

ppm vs temperature

ppm

—CM315
ECS-.327-12.5-34B

-80
temperarure(°C)

IKEHBEBBNBEICIE. TREBHAPSVEFERNTY BHITERREIOVIDRYTEAKRENEE, RYTTI)L O—
WDTINAAMIRE— Foh— RAVIEV VAV STBDIZET DRE TR INKREDGY  ROGENEHETH0D
_Gj_o

8.2 HEEIFMISLIULESR
BEEREMEIE. 7098 EFHIZHE>THS WCO BNRELT- 32.768kHz /Oy IFIRIMET 2FETHABERBERLET .
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8.3

WCO [T D 3 DDELGDHEEENE—FABYET,

1. BRYIMTE—F (PDM)

2. BB HE—F (HPM)

3. EEHE—F (LPM)

WCO (& HPM TREIShFT . RER. BHEEHNT 57202 LPM [PV EHYET , HPM TORREIFFRE (L 500ms T,

WCO A% LPM [ZEIY &b ot=tk, FYTDBTIT47 E—RTHDHE. T=EFVITNT7HT747 E—KREFA—TR)—T £
—RZYYBZ DB, TAVITRHE—FOYYEBZIITETT ., LML, FYTHRNASNRR—rFEIZRMT E—FR2H)Y
Bhae, FuInUtyh b=, WCO &L —4 U A2KIZBEURHEINET,

KBIREIFOIRIEIEL. HPM TIEZH 1V pp [THIEESHL. LPM TIE#5 0.12V pp [THIBESNE T,

SRBALT- WCO #£&1>—4 > X4 PSoC Creator D #)#{ta—kKn—&LLTxREBL, A—F—(XF7TU4r—2a>y 3—KT
TSREEIHBYFEEA.

13. WCO D& EHE—KTOH PAD BE

}

\j
|
o

EBHE—K ERHE—F
EBNEK

LP

'hﬂv

PAD_xou

pAD_xin L] —— G

REENBFRE (XM ER K BIRENF O ESR ICEZBERLET . KRIREIFD ESR AKREZVEE ., EBIRHEIIRAGYET BH
F.AFERHERELEINICFEET SEROEINREVZE . EHRFORIROEEELVERIHIMET, KBIRS
FO ESR FCOEINERERT 8. JYRVEBIREIZELNTYT . KBIREIFD ESR OFFHEEFME, WCO Eatht
FTRTDKEA—D—D ESR &FH (35~70kQ) 12 TESHIEERLET,

AEHERE

1412, 97TV — 30 i B1= PSoC/PRoC BLE T/AM A TY, M5 OEIEHITF VT EIZHEEL TSR0,
HNFFOERNTETHAILTEEL TSN BELSFITERRIL, 32.768kHz BEtAKREE LU CLECD 2 AD
ARV TUHREITTY, BREVNATHERE CLIE. EIRL-KEIREIFIZL>T 6pF~12.5pF TF,

14. N ER 7 T)r—avh b R1= PSoC./PRoC BLE T/3( R

_(C1xCa)

N o)

I I CL=6 pF or125pF

+ Cstray

—  Y1=32768kHz —— (| =6pF, Ci=18pF Ca=9pF
Ci Cz ¢ =12.5pF, C1=37.5pF C2=18.75pF

CUC EEABNEE  HEBREEABYFET A, Ta—TAhFHESNET,
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[REEAEMEMICE SO T, SMTFar ToH® 2:1 b (C1=2xC,) (FHARESIHBEHICELTRETY . 2:1 D fE
BAORL—FF 1%, ;K 100nA DPLELES Icc FEEL=FYTDER) TT . 2:1 LhTIK, sMFFar T o D HER(E
[FLUTDOEYTT,

Cy = 37.5pF. C, = 18.75pF (C. = 12.5pF )
C1 = 18pF. C, = 9pF (C\ = 6pF )

CL B&UY DY IHEE
RIS LU/ SURICEPFERBRRIEERLATIMNEoTRGYET, AHHETBOHEHIC. HoPIELDFE
HERBEERICANILENBYES,

FYRWIOVIRBEEERT H=OIC. LTOLIICAFHEREBEEICFa1—0 T THENTEET,

= EXppm NEDBE (Thbb, BIESh-FEIKREN 32.768kHz LLTF)., #2932 2.1 LET10%RNIZC1ECDH
ETREL.CBLU COBEEOWHAZRELLET (ERLGHREREEIBOLNLNESE 1.8~2.2 OLIFHR
INFET) L. AD ppm DEENEREIT/INSIMGE . C2 DA ELEERTHIENTEET,

= E ppm NEDBE (Thbb, BIESh-FEKEH 32.768kHz LI L), #2325 2:1 LET10%RNIZC1ECDH

ZTREL.CIBLUV COREEDHALZEOLET (ERLGHEREMEIBIONLIMESIL 1.8~2.2 DLIZHE
SNFEF) =L, ED ppm OEEDERBITNSNBE . CDHELERTHENTEET,
EROARBOIESOE
RALH IS IC.FALARHESE 21 O) #FOELGLEIRTRIET S WCO OFEKREA TV (ppm) ZRLET . Z
DRITFE. BRSNS 10%DHEANCEARFEREEF1——2J T5ETEDKSIZ ppm £EITHSTIERLET,
Fa—=UFIE 1 2DHDERTITHONET, RALFABIN - HEREETT A TOERTHERAINET,
£ 421 HOBEBFEEEOERD ppm DIE5DOE
i Fa1—=VJRID ppm | Fa—=25#D ppm
1 76.29 56.45
2 39.36 33.56
3 52.49 45.77
4 63.47 54.93
5 44.55 37.23
6 64.69 43.94
7 68.35 50.65
8 70.19 51.87
9 62.56 40.58
10 42.72 34.17
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15. RILAFHEREZF D2ERD ppm OIE5DF
ppm variation across boards
80
B3
65 \
o S WEEEY \
A \
) \\ / \ / N \ «==ppm before tuning
45 \\ // \\/ / \ \ e==ppm after tuning
0 WA A \
3 \/ M N
30
0 2 4 6 8 10
Board#
RLERBEREELTHDOERD ppm OEHIEE 20ppm TG, St lE BLE TIHFHFBIND =D, TR TOERERAES

PRERFHYEREA4~5 DDERTF1—UJ T\ RBLATHEREEERAR. EERICTRTORERIC
FECEZERATSCO770—FIE, EEICERTHIENTEES,

WCO AosnEsonyy J—ADER

PSoC 4/PRoC BLE F/Sf RZ&ALV=5&E
FRIRBENBOONEKBELENLTEETAIENTEET . N—FIT7ICUTFOHREEL TS,
1. XTAL320EVIZHERIRAYY J—REERELET,

2. XTAL32l /SYFZEBRICLET . A EELLEWE S XTAL321 /AR ETSURDRIC 500kMEL ED Ao E—F Y
ABBHDHIEEERLET,

3. OVALER/IN1.0VET. £-E 0V HSRXK 1.6V ETM LT B8 099 V—RERFLET,
4. NEIOVIDT1—T1HIEL 20%~80% THDHEEFHERLET,
T7—LIzT7THEIOVIEFERTIIEE. UTDLSIZLTESLY,

1. WCOZ£XIZL. .cydwr 74 JL® Configure System Clock 74> F™® Low Frequency Clocks 47 T LFCLK
RIZILOER#RLFT,

2. WCO ZE%- BN, I7—LITF7®D BLE_BLESS WCO_CONFIG LY RA®M EXT_INPUT_EN Evhk (Ewk
2) &Mzt ybLET,

CySysClkWcoStart(); B#ZEFFUHELTWCO ZREEILET,

CySysClkSetLfclkSource(CY_SYS_CLK_LFCLK_SRC_WCO); BI##MREUHEL T LFCLK Y—X[Z WCO %=EIRL
ij—o

5. CySysClklloStop(); B EFUHELTILO EZEZEIELET,
O—K 312, WCO RIzaMEioavy Y—REFEHAT HH 0TIV a—KLERLET,
O—FK 3. WCO RIz4 &R0y V—REERT5H 2L a—Fk

s W

int mainQ)

/*Enable External Clock*/
CY_SYS _CLK_WCO_CONFIG_REG |]= CY_SYS CLK WCO_EXT_INPUT_EN;

/*Start WCO */
CySysClkWcoStart();

/*Select WCO as the clock source*/
CySysClkSetLfclkSource(CY_SYS CLK_LFCLK_SRC_WCO);
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/*Stop I1LO*/
CySysClklloStop();

CyGloballIntEnable;

/* Stack Initialization */
CyBle_Start(EventCal lback) ;
for(;;)

CyBle_ProcesskEvents();
}

(o]

9.2 PSoC 6 BLE F/Sf RZ AL V=8&&t
N—FIITICLUTOFRELLTZELY,
1. XOSC_OEVIZAERIOvY Y—REEKLES
2. XOSC_I NyRETSURIZERLET,
3. BRBELARILE OV AL Vopp ETM LT B9 880000 V—RERELET,
4. SEIOVIDT1—TLIE 20%~80% THAHZLEHERLET
RIZ, T7—LITTICUTOEREIT>TIEELY,
1. 6 IZRT K3, FOTATHTACHRD cydwr T7A )L Configure Clock System 4> RO %ERREET,

2. Configure Clock System 74> R T (K 16). WCO RyI RN D...;KR2%#IRL T Configure WCO 12 RH%
MEET,

3. Configure WCO 94> RF™9 T, Bypass (wco_out) REU%ERL. OK ZHUvHILET,
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16. WCO (2o Eonyy V—R%EEL

Configure System Clocks ¥ =
Source Clocks | FLLPLL = High Frequency Clocks | Miscellansous Clocks 4 b
| Digtal Signal
I B
|
OClock port
Normal fweo_in/weo_out)
@ Bypass tweo_out) {9
Accuracy
+ 150 (pPM +]
| Enable clock loss detection
oK [ concet |
s 0
| ok | Concet |

10 WCO (DHIREIF

WCO K@BEERTBRICEET ARETERTUTERYTT,

1. ESR: KEFEIREROEEEEDHIZRK 7T0kQ THHZENBETT , LYELY ESR (L&Y RVEEIFFRHEZEL
L/ij—o

2. BEREILARIL: KBIREFORKEEEILANILIE 1pW U ETHEIZENRBETT,

3. TNARDBEGEIZETS ppm OEE: HEEBAHIZIE. ppm DLEEIT/NEVNEFERWNTT, AFSHEREEDM#
32 2:1 &Y. M OEETRIRMDIBEHAL50ppm LURDKSIRE FEHRIRLET,

4. YARX: KBREFOHAXFTLERZD 3 DOEHEZB-LENS, TESLFPEWVEDERIRLET , KRIREIFD
ESR TR F DY A X EHILET,

% 5. WCO KBRS FD ESR BLUH AKX

HAL X (mm)
A—h— LRIV ESR
BE 7 EREIL~) BX EX X iE x B
ECS-.327-12.5-34B ECS 1pw 70kQ 3.2x15x%x0.9
CM315 Citizen 1pw 70kQ 3.2 x1.5x0.55
ECS-.327-12.5-32-TR | ECS 1pw 50kQ 32x12x1

11 PCB LA7OrDEEEIR

KBERRIFLEHESE. BN/ M X BLUOEHTSHITBETT . PCB LA7IMEHREHT AR, LTFORITEEL

TS,

1 KBEERBFEFVITOEIRELEY BHE BRENSRUBNEVFZEFETENKRERY, TOHR. AFHE
BREEMNELEL. VOVIDBFIEREIZLO>TLEI DT,
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2 EVICEGSNERKMICTSUR S—LRRBERTSILEST EVMOFEREER/MELET,
3 K&IEEFE PSoC PRoC BLE FyILRmL PCB EITEELEY . BMIE KBRHFOASHHERRITE
RET7HELT, £BYSUFEER]T H2LTT,
4 FEBREBEBTEOC KRBT OEIEEEOIO—T (2T /YR EREBLEVD TGS,
5 BHTSEETIOIC. KEBAOAVEREIEET,
6 LEDZENEERMVFUI M OBERDEBOE L EKBEBHOSHLET
7 WEAOKRBEVICRLEEHERELH-E B0, PCBRBERTMICERLET,

17 FERDRELVAEISRLES  LODDLATIOFDTIEFERIICORHICEBRTEINES K 18 [FLK
DHDIGEDRYDBIERLES

17. #RIREFEAL=-PCBL A7+

Ground Shield

18. HBELLZWLL AT Ik TS5OT4RH

Don't keep fast-switching and high-current traces and pins close to the crystal circuitry
Have ground filling surrounding the crystal circuitry for better EMI performance
Don't have long traces of unequal length to the crystal

Don't have long traces to ground via for the load capacitors

Don't place crystal far from the chip
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12 F&®H

=  BLE ZOhkaJLTlL, ECO KBYOYIDFEEN50ppm LINTHEIZENDBETT,

*  FIEFER ECO KEBEIKREIT RF HREEETSEET,
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