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Revision History

Revision Date

1.0 N/A
1.1 N/A
1.2 N/A
1.3 N/A

Description

Initial Release

Formating changes. Updated values in electrical specification tables.
Added AF pin and description. Added AM18XX VBAT application
example. Removed OUTPP, XTF, and XEN bits. Updated BREF selec-
tion tables. Added minimum I2C/SPI bus frequencies. Added tXTST
parameter. Added autocalibration temperature range of operation.
Added PSW pulsed current spec. Added AFCTRL register. Added 1.5k
ohm VBAT series impedance requirement. Updated trickle charger
information to include schottky diode. Added current vs. tempera-
ture

curves for VCC and VBAT. Added RC frequency vs. temperature
curves. Updated orderable part number information. Updated regis-
ter reset values.

» Added limits and/or temperature range specifications for the fol-

lowing parameters: Vcc agsmax: VBaT,ABsMAX: Vccior VecrsT
Veeswr: Veeswrr Vecrs: Vecrs: VeatrsT V14, vior lLeaks lows lows
Rpson: loLeak: Cexs Oaxtr Frecr Freur Tac lveciaer Ivec:spiws
lvcc:spire Iveext ecre vecacaw vec:cksar lvec:cikizs: lvearxt
lvgaT:RC, lvaT:AcAL: lvBaT:vcc: VBRF: VBRR: VBRH TBR/ tLOW:VCCH

tvL.rout tvH:FouT txTsTr tvLNRsT: tyH:NRST: TRL:NRST: TRH:NRST
* Removed tgggr parameter

= Additional note on autocalibration operating temperature range
in the electrical specification section

= Added additional description to the Autocalibration Fail section

» Updated XT digital calibration adjustment value equation

= Removed Vccrs parameter as there is no requirement for the V¢
rising slew rate

» Added curves to the electrical specification section: VCC Current
VS. VoIta%e in different operating modes, VCC Current vs. Voltage
During 1“C/SPI burst read/write, VCC Current vs. Voltage with
32.768kHz Clock Output, VBAT Current vs. Voltage in different
operating modes, VBAT current vs. Voltage in VCC power state

= Removed typical values at 1.5V and 3.6V in VCC supply current
table and replaced with VCC supply current vs. voltage curves

= Removed typical values at 1.5V and 3.6V in VBAT supply current
table and replaced with VBAT supply current vs. voltage curve

= Updated orderable part numbers

= Reduced part selection to AM1805 and AM1815
= Updated RCPLS value to be consistent across the datasheet
= Renamed datasheet to AM18X5
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Revision Date Description

1.4 N/A Corrected a few typographical errors

= Added additional text to PWGT bit description

» Specified VCC voltage range for I gpk Parameter

= Updated the AM0805 and AM0815 number of output pins in the
Family Summary table

1.5 N/A Updated MSL in Ordering Information

2.0 January 27,2023 Updated document template

Reference Documents

Document ID Description

A-RTC18X-DSGAO1EN v2.0 4



Artasie AM18X5 RTC Datasheet Table of Contents

Table of Contents

10 IntrOduction 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 14

1.1 OVEIVIEW ettt tstssestssssssssssessssssssessesstsstast st st ssssssssssssssesssssasssssasssasssssasssssans 14
T.2 FEATUIES sttt seiessessesse et sss st ss s s s s s st s st st s s s s asenssssessanses 15
1.3 APPIICALIONS ettt ssse s s ssssssssssssssssssesssesssessssssssssssssssssesssesssssssesans 16
1.4 DESCIIPLION ettt eststsestsessessessessesseasesstss sttt ssssssssssssssessessessassassasssasssssssssesans 16

2. Package PiNS ....cccccciiiccnncccccsnnnnnnnnsssssssssssssasssssessessssssssssssssssssessssssssssssssssss 17

2.1 Pin Configuration and CONNECHIONS .....veveeeereeeessssssssssssss st sssssssssssssssssssssssssssssssssssens 17
2.2 PiN DESCIIPLIONS ottt assssss s sstss s sss s sss s ssssss s sssssssssessssssssssssessssssssssssssssssaes 18

3. Digital Architecture OVerview .........ccccccccccnnnneccccscssennsnsecccsssscnssnsssccsssse 21

4. Electrical SPecifications ......ccccecccccscsssnnsneeeeensnsnnnneneneeeceecssssessssssssssssssssse 22

4.1 Absolute Maximum RAtiNgGS .......ccrineenreseneinisesesssssssssssssssesssssssssssssssssssesssssssssssssssssssssssssns 22
4.2 POWET SUPPIY PArameELErs ......irireeeineseineiseseisissssssssssssssesssssssssssssssssssesssssssssssssssssssessssass 23
4.3 Operating ParameTErs ... ieieineineiseiseisensensessessessessessssssssssessssssssssssssessessasssssssssssssssssssesses 24
4.4 OSCIllator PArameEters .....eneeriseiseseseissisesesssssssssssssssssssssssssssssssssssssssssssssssssassssessessssass 25
4.5 VCC SUPPIY CUITENT ettt sssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssass 27
4.6 VBAT SUPPIY CUITENT oceeeieereisetssiseiessessesssssessesssssssssssssssssssssssssssssssssssssssesssssssssssassssessessssass 31
4.7 BREF Electrical CharaCteriStiCs ......inrineneiniseisessssisesesssssssssssssssssssssssssssssssssssssssesssssss 34
4.8 12C AC Electrical CharaCteriStiCs .......ieseiniseiseissiseiesssssssssssssssssssssssssssssssssssssssssssss 35
4.9 SPI AC Electrical CharaCteriStiCs ......inrireneeniseississisesesssessesssssssssssssssssssssssssssssssssssesss 36
4.10 Power On AC Electrical CharaCteristiCs .......cnrinsineuneisesesssesesessssssesssssssssssessesssenns 38
4.11 NRST AC Electrical CharacCteriStiCs .......iseensinsiseieisesessssssssssssssssssssssssssssssssssssenss 39

5. Functional Description ......cccccccccccceennennnnnnnnenseescecccccccssssssscsssssnnsesssseeee 40

5.1 PCINTEITACE covereeeeeeeeeeeeeeseeeeesseeessessesssssesesmsesessassssssmsessssassssesasesessassesesassesesmsesssesessssmsessssmsessesmee 42
5.1.7T BUS NOE BUSY coueiiiiiiiciiiciicncnnsncssinisesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 42
5.1.2 Start DAta TrANSTEL ...ttt sess s sssessessessessessssssssssssssssasssssessessons 43
5.1.3 STOP DAta TrANSTEN ..ttt issssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanes 43
5.1 4 DAtA VAlIA ettt sssssessessessssess s sessessessessesses s s s s e sassassassessessessens 43
5.1.5 ACKNOWIEAGE ...ttt s ssssssssssssssssssssssssssssssssssssasssssssssssns 43
5.1.6 Offset ADAress TraNSMISSION ... sesssessesessessssessssessesessessssessens 44
5.1.7 W@ OPEIATION ..ttt sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 44

A-RTC18X-DSGAO1EN v2.0 5



Artasie AM18X5 RTC Datasheet Table of Contents

5.1.8 REAA OPEIALION .ttt sssssssssssssssses s ssssssssssssssssssassasssssssesssssessesssaes 45
5.2 SPHINTEITACE oottt ssssessssesssesssssssessssessssssssessssesssessssessssssssessssssssessssesssessssessens 45
5.2.1 WIItE OPEIAtION ..uuueeicicicieieisersstseiseisesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 46
5.2.2 REAA OPEIALION .oveereeeeeeieissississsisesssessssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssses 46
5.3 XT OSCHIAON ceceurieeeeeeiriireesesseissieisseississsssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssses 47
5.4 RC OSCIALON .couieeeeeierireeiseesesssisseissssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssasssssssssssssssses 47
5.5 RTC COUNTEE ACCESS  eereereeeieiniestsieaessesessessessessessessesssssassssssssssssssssssssssssssssssssssessessassssssassasses 47
5.6 Hundredths SYNChronization .........neceeessesessssesssssssesssssssessssesssessssssens 48
5.7 Generating Hundredths of @ SECONA ... ineinrineiieessssssssessssssssssssssssssssssssses 48
5.8 WAtChAOG TIMET ..ttt ssssss s ssssssssssssssssssssssssssssssssssasssssssssassssssasssssssssassasses 48
5.9 Digital CaAliDration ......ccieeneesissiesisssssissssssssssssssss s sssssssssssssssssssssssssssssssssssssssssssssssessasses 49
5.9.1 XT Oscillator Digital Calibration .........ensnisnsisissississsssssssssssssssssssssns 49
5.9.2 RC Oscillator Digital Calibration ..........esienssinsnsissssisssssssssssssssssssssssenns 50
5.70 AULOCAIDIAtION .ottt sss s st sss b ssss s sasssss s sensasnes 52
5.10.1 Autocalibration OPEration .........niceiesinsiesnssssssssssessesssssesssssssssssessassenns 52
5.10.2 XT Autocalibration MOAE .......icniireineiniseiessessissssssssssssssssssssssssssssssssssssssssssns 52
5.10.3 RC AUtOCalibration MOME ...t issssssesssssssssssssssssssssssssasssssssssans 52
5.10.4 Autocalibration Frequency and CONtrol .......ennniseneineeseiseesesessseseans 52
5.10.5 AUtOCAlilration FIlter (AF) PiN eeeeeeeeeeeeeeeeesesesessesessssssesssssssssssessssssesssnns 53
5.10.6 AULOCAlIBration Fail ...t ssssssesssssssssssssssssssssssssassssssasssnns 53
5.11 OscCillator FAIlUre DELECHION ...t sssssssssssssssssssssssssssssssssssssssssssssssssases 54
S5.T2 INTEITUPTS eeeiecereectsetsectsensesessesssessssesssssssessasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 55
5.12.7 INTEITUPT SUMIMATY ..oiiiieiirieieieisesesessessessessesessasessssssssssssssssssssssessssssssssssasesssssssssans 55
5.12.2 Alarm INterrupt AIRQ .....voceeeeeeeeeeteeestestestsstsssessssssssssssssssessesssssesssssssssssssssssssssssssassens 56
5.12.3 Countdown Timer INterrupt TIRQ ....ccoveeerenrneinnineensissssissssssssssssssssssssssssssssssassanns 56
5.12.4 Watchdog Timer INterrupt WIRQ .........ocevereneneerineineesessisesssesssssssssssssssssssssessssssssss 56
5.12.5 Battery Low INterrupt BLIRQ .....c.ccoiereereeneereresesesisisessssssssssssssessesssssssssssssssssssssssssns 56
5.12.6 External Interrupts XTIRQ and X2IRQ .....ccovvorrrererrnernninneensinssnssesissssssssssssssssssssssssseens 57
5.12.7 Oscillator Fail Interrupt OFIRQ ......cooieeieeieeineirereeeessssssssssssssssssssssssssssssssssssssssssassens 57
5.12.8 Autocalibration Fail Interrupt ACIRQ .....ccooecveneenereinnineensissinsssssssssssssssssssssssssssssssens 57
5.12.9 Servicing INTEITUPTES ...cvuieiririririeieicresseneiseisesestsessessssssssssssssssssssssssssssssssssassassaseass 57
5.13 Power Control and SWItChiNG ...cnnsseissessesseississsssssssssssssssssssssssssssssssssees 58
5.13.1 Battery Low Flag and INTEITUPT ......orireenririreieisessisiseissisessssssssssssssssssessssssssssssns 59
5.13.2 ANAIOG COMPATATON ...uccerieiereersisssssessisssessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssns 59
5.13.3 Pin Control and Leakage Management .........eeneneiseinssisssssssssssssssssssssssees 60
5.13.4 POWET UP TIMING coruiriiiririnisisineieisessessesssssessessesssssssssssssssssssssssssssssssssssssssssssssssssssssans 60
5.T4 RESET SUMMAIY ettt ssssssssssssssssssssssessssssssasssssssssssssssssssssssssssssssssssssassssssssssssss 61
5.14.1 POWET UP RESEL ...ceeeeerereetseeiensiensesssessssessaessessssesssssssssssssssasssssssssssssssssassssssssssssassses 61
5142 NEXTR ottt ssesssssssssessssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssesssssssssssess 62
5.14.3 WatChAOg TIMET ...iireeeireseississississssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 62
B5.T4A SIEEP ottt sttt ss s s st s s s e bbb a st a st 62
5.15 SOfEWAIE RESEL .ouceeeeeeseeretetseississississtsssissesssssssss s sssssss s ssssssssssssssssssssssssssssssssssssssssssssssssasssnssenes 63

A-RTC18X-DSGAO1EN v2.0 6



Artasie AM18X5 RTC Datasheet Table of Contents

5.16 SIEEP CONTION ettt ettt ass s sttt es s st s s s s s e s s sassassessessessanens 63
5.T6.T RUN ettt st ss s s s sss s sssss st stes st tes s s sesassssssssassetessssssesassssessssssasessssasnsans 64
T2 SWAIT ettt et ssass s asss st ssss s sesas s s sessssesssss s sesessssesasastasesassasssssesnsasans 64
S.T60.3 SLEEP ettt isssssass s st s ssssssssssssssssssssssssssssssssssssssssssssssssassssssassses 64
5.16.4 SLP PrOTECLION ...uouieieicietererseseisesessstsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 65
5.16.5 OUT2S, OUTB @Nd LKO2 ......vrerereererrreisrsstsssessessisssssssssssssssassssssssssessssssssssssssassssssassanes 66
5.16.6 Pin Control and Leakage ManagemeNnt .........ieneinnessinssssssssssssssssssssssssssns 66

5.17 System Power Control APPlICAtIONS .......ceirenninereinsisessisessisesssssissssssssssssssssssssssnes 66
5.17.1 VSS POWET SWItCREA ...ttt ssssssssssssssssssssssssssssssssssassssssassans 67
5.17.2 VCC POWET SWItCREA ...t tisiseseietssssess s ssssssssssssssssssasssssssssanes 67
5.17.3 RESEE DIIVEN ettt sssss s ssss et sesssssssssssssssssssssssssssssessssassesssssses 68
5.17.4 INTEITUPT DIIVEN .uceeeereeeecesesiseisiessesssessssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 69

S5.T8 THCKIE CRAIGET oottt sss s sassssssssssssssssasssssbsssassssssesssssssssensanses 69

6. REGISTErS ..cccccnnnnnnriicnsscccnnnnsnnecssssnnssssssnssssssssssssssssssssssssssssssssssssssssssssssss 70

6.1 Register Definition and MEmOIY MAP .......eeneenseinsissinssssssssssssssssssssssssssssssssssssssssssses 71

6.2 TiMe and Date REGISTEIS ...ttt isssssssssssasessessssssesssssssssssssssssssessssssses 73
6.2.1 0X00 - HUNAIEATNS ..ottt sssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssnes 73
6.2.2 OX0T - SECONAS ...cvrvrerrrrerrseesissssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssassassssssassanns 73
6.2.3 OX02 = MINULES ..ceereieiiinineieeeiessessessesesssssessessessessssssssssssssssssssssssssssssessesssssasssssssssssssssans 74
6.2.4 OX03 = HOUIS .cceeeeeereeerecnseceenseessesessessaessessssssssssssssssssssssessssssssssssesssssssssssssassssssssssssssssesses 74
6.2.5 OX04 - DAL ettt etses s sstss st ss s tess s ses st st s s e ses st ses s st s s e s s s s enesanans 75
6.2.6 0X05 = IMONTNS .cceeieeeeireiseisisetssisieseisssssssassssssssesssssssssssssssssssssssssssssssssssssssssssssssssessssssees 76
6.2.7 OX00 = YEQAIS ..ueurveureerreersensesenseessessasessassssesssssssssessessssessssesssssssssssssssssssssssssssssssssssssssssssessssssssss 76
6.2.8 OX07 - WEEKAQY ..coereereeineineieisesisesisssssesssesssssssssssssssssssssssssssssesssessssssssssssssssssssssssssssssssass 77

6.3 AlQIM REGISTEIS ..ouveeeersrsrieeisssssissssssesssssisssss s ssssss s sssssssssssasssssssssssssssssssasssssssssssssssssssassssssassansens 77
6.3.1 0X08 - HUNAredths AlQrm .....reeinesrisisessisissessesssssssssssssssssssssssssessssssssssssesssssnes 77
6.3.2 0X09 - SECONAS AlQIMN ...ttt ssssssssssssssssssssssssssssssssssssssones 78
6.3.3 OX0A - MINUEES ALGIMN ..c.oueieireeeetesiesisssssnsiesisssss s sssssssssssssssssssssssssssssssssssssessasssssssssssssnes 78
6.3.4 OXOB - HOUIS ALGIMN ..ttt tes s tesasssssasssesssssssassassssssssessesssssessesssssssassassassassassanes 79
6.3.5 OXOC - DAt AlGIMN ettt ssisssss s sssssssssssssssssssssssssssssssasssssssssssssssssssssnes 80
6.3.6 OXOD - MONTNS ALQIMN ..ot isesssssssisssssssssssssssssssssssssssssssssssssssssssssess 80
6.3.7 OXOE - WeeKday AlQIM .....riireseiniseinssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 81

6.4 CONFIGUIAtION REGISTENS ...vvueerrerireisssessissstsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 82
6.4.1 OXOF - STAtus (REAA ONIY) .coreeeeeeiriineeereeireeseesesseisseiesiesssssssesssesssessssssssssssssssssssssssssssase 82
6.4.2 OXT10 = CONIOIT .oeeeererseiseesetesississsisssssesssssssssssessssasssssssssssssessssssssssssssssssssssssssssssssssssess 83
6.4.3 OXT1 = CONTIOIZ ettt sttt sss s s s s s ss s b s s st st s s s sassassassassenen 84
6.4.4 0XT2 - INEEITUPE MASK ..ccereterreeertrsiseirsissns st sssssssssssssssssssssssssssssssssssssssssssssssssssssnes 85
6.4.5 0XT3 = SQW cccrereieeetiseiseisessessssstasesstssesssssssssssssssssssssssssssasssssssssssasssssssssessssassssassessssssees 86

6.5 Calibration REGISTEIS ...ttt ssssssssssssassssssssessssssssssassssssssasssssssasessssasssseses 88
6.5.1 OXT4 - CAlIDration XT ...vvenireinnisinsissssnsssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 88
6.5.2 0X15 - Calibration RCUPPET ...ireieerneirsissssississsssssssssssssssssssssssssssssssssssssssssssssssasses 88
6.5.3 0X16 - CaliDration RCLOWET .....ireereeneinenseiseissesessessssssssssssssssssssssssssssssssssssessssssees 89

A-RTC18X-DSGAO1EN v2.0 7



Artasie AM18X5 RTC Datasheet Table of Contents

6.6 SIEEP CONTIOI REGISTEL ..ottt ssssse s s sssssssssssssssssssssssssssssssssssssssssas 90
6.6.1 0XT7 - SIEEP CONIOI ..ttt sssssssssssssssssssssssssssssssssssssssssssssssssssanes 920
6.7 TIMEE REQISTEIS .ttt esessessasessassssassssessssssssssssssssssssassssssssssassssssassssssses 91
6.7.1 0x18 - Countdown TimEr CONTIOL ...ttt sssessessessesssaees 91
6.7.2 0X19 COUNLAOWN TIMET .ucverereereeteetreteeerseesessssssssssssssssssssssssesssssssssssssssssssssssssssssssssssens 93
6.7.3 OXTA - TIMEI INIHIAl VAIUE ettt s sesses s assassssssssassasssssessessens 93
6.7.4 OX1B - WatChAOg TIMET ....ceereirseseeiseissesseesseessssssisssisssssssssssssssssssssssssssssssssssssssssssssses 94
6.8 OSCIllator REGISTEIS ....ucvueeeerrereieisseeisssssississssssessss s ssssssssesssssassssssassssssesssssassssssasssssssssassasssssses 95
6.8.1 OX1C - OSCIllator CONTIOI ...ttt es s ssssssssssasssssassessens 95
6.8.2 OX1D — OsCillator STatus REGISTEN ...t isssssssssssssssssssssssssssssssssenns 926
6.9 MiISCEIIANEOUS REGISTEIS ...ttt sssssssssssssssssssssssssssssssssssssssssessanses 97
6.9.1T OXTF - CONfIGUIAtiON KEY ...oveeeeeeerrirseirereseississsissesssississssssssssssssssssssssssssssssssssssssssssssssens 97
6.10 ANAlOG CONLIOI REGISTELS ...t tisssssssse s sssssassssssssasssssssasssssssssssenss 98
6.10.1 OX20 = THICKIE vttt ittt sss st s s ses s st sssesses s s sassassassassanes 98
6.10.2 0X27 = BREF CONIOI ...ttt sssssessessssessessessessssssssssassassassassassenes 99
6.10.3 0X26 — AFCTRL .cucveeeererereteeisseestessssessssssssaesssssssssssssssssssssssassssssessasssssssssassssssassssssssessasses 99
6.10.4 0x27 — Batmode 10 REGISTEN ....ireerrreireisireissiseississsssisssssssssssssssssssssssssssssssssssssnes 100
6.10.5 0x2F — Analog Status Register (Read ONly) ......recreenneenneenseensernseineessesisssssesene 101
6.10.6 0x30 — Output CONLIOl REGISTET ....uucieeerieeereieieseieeseisseesssisessssssesssssssasesssssssssees 101
6.17 ID REQISTEIS ..cceeeeererereieieieisessessesisessssssssessssssssssssastassasssssssssssssssssssssssssssesssssssssssssssssssssans 102
6.11.1 0x28 - IDO - Part Number Upper Register (Read Only) .......cceevemrrerererrerrnrennes 102
6.11.2 0x29 - ID1 - Part Number Lower Register (Read Only) ......ccoecvvevrcreeereenrererennne 103
6.11.3 0x2A - ID2 - Part Revision (Read ONlY) ........rnririnenseseseissseississnsessesssssees 103
6.11.4 0x2B — ID3 — Lot LoWer (REad ONIY) ...cueeeeeereerreereeseiseesessseseessesssessesssessesssesane 103
6.11.5 0x2C — ID4 — ID Upper (REad ONIY) ...ceereeriirrerseriserissssssssessessssssessssssssssssssssssssess 104
6.11.6 0x2D - ID5 - Unique Lower (Read ONlY) .....renrirerrenniseineisisessissssessesssssees 104
6.11.7 OX2E — ID6 — Wafer (REad ONIY) ....rrrrrerniereiseinsssisssssisssssssssssssssssssssssssssssssssssnes 105
6.12 RaM REQISTEIS ..ttt ssesssesassssesssssssssessassssssssssassssssssssssssssensssssssssssens 105
6.12.1 OX3F - EXtENSION RAM AAIESS ...ouvevetererrresrertessesssssssssssessessessessessesssssssassassassanes 105
6.12.2 040 - OX7F = Standard RAM ...t ssssssssesssssessssssssssssssssassanes 106
6.12.3 0X80 - OXFF — AIternate RAM ... s sssssessessesses s s sssassassassanes 106

7. Package Mechanical Information .....ccccecccccnneccsccnnnecccssnnsecccsnnseccsses 107
8. ReflOW Profile ......cccceeeccnnnecsccnsnncsscnnssecscsnnssnssssnsssssssnsssssssssssssssssssssscsss 108

9. Ordering INfOrmation ......cccccccereccccnnnecsccnnssecsssnnssscsssssssssssnssssssssssssccses 110

A-RTC18X-DSGAO1EN v2.0 8



Artasie AM18X5 RTC Datasheet List of Tables

List of Tables

Table 1-1 Ambiq Artasi@ AM1T8X5 OVEIVIEW ......eicererreinsississississssssssssssssssssssssssssssssssssssessssssssnns 14
Table 2-1 Pin CONNECLIONS ...eueeeeeieeeieieiseieesseisessissessssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssesas 17
Table 2-2 Pin DESCIIPLIONS ....cvveeeieeresireirsissiseessissssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssessessessns 18
Table 4-1 Absolute Maximum RAtiNGS ........cceerrerireinriniseissisisessessssssessessssssessssssssssssssssssssssesssssss 22
Table 4-2 Power Supply and Switchover Parameters .........vneneenseneineesesessssssssessesssenns 23
Table 4-3 Operating ParameEters ... eiiseneisisessessessesssssssssssssssssssssssssssssssssssssssssssssssssas 24
Table 4-4 OsCillator PArameters ... ieneineseiseisiseisssseisesssssssssssssssssesssssssssssssssssssesssssssssssas 25
Table 4-5 VCC SUPPIY CUITENT .....eereerereieeeeseiseisssseisssssessssssssssssesssssssssssssssssssessesssssssssssssssssssesssssss 27
Table 4-6 VBAT SUPPIY CUITENT ....eeeeerereieeeseissieeiseisesssessssssssssssessssssssssssssssssessssssssssssssssssssssesssssss 31
Table 4-7 BREF PQrameTErs .......eneenereineiseseisesesssesssssssssssssssssssssssssssssssssssssssessesssssssssssssssssssesssssss 34
Table 4-8 12C AC EleCtrical PArameEters ... eseneisissiseisisesssssssssssssssssessssssssssssssssssssssessssass 35
Table 4-9 SPIAC Electrical PArameters ... iineniniseineissseisessssssessessssssesssssssssssssssssssesssssssass 36
Table 4-10 Power On AC Electrical PAarameters ..........nineneenseseineisesessessssssesssssssssessessssans 38
Table 4-11 NRST AC Electrical PArameters ... ineineineseieisesseessssssessssssssssssssssessssssssssssesas 39
Table 5-1 AutOCaliDration MOES ... eerirereieseseisiseisssstsessessessssssssessesssssssssssssssssasessessssass 53
Table 5-2 INtErrUPt SUMMATY .......oiiririrereieeseiseisesseissssesssssssssssesssssssssssssssssssesssssssssssssssssssassesssssss 55
Table 5-3 RESET SUMMIATY ...vuuieeriiireieieiseiseseissistssessessssssessssssssssssssssssssssssssssssssssssssssssssssessssssssssssesas 61
Table 6-1 Register Definition (0X00 0 OXOF) .....cccoverrrrrrerneessineesseesssessssssssssssssssssssssssssssssssssssssses 71
Table 6-2 Register Definition (0XT0 0 OXFF) ....cvvrinrrnernreeriseissesssessssssssssssssssssssssssesssssssssssssssses 72
Table 6-3 HUNAredths REGISTET ... iereeieeeieieseissisessessssssasesessssssssssssssssessssssssssssssssssssssssssnss 73
Table 6-4 HuNdredths REGISTEr BitS .......irririneniniseiseisisessessssssssssssssessessssssssssssssssessessssass 73
Table 6-5 SECONAS REGISTEN ...ttt sssessssssssssssssssssessssssassssssssssssessssssesss 73
Table 6-6 SECONAS REGISTET BIlS .....ccovvrirereieieireisiseiseisiisessesseisesesssssssssssssssessssssssssssssssesssssssssessssas 73
Table 6-7 MINUEES REQISTEL ....ucueeeeeireiereieiseseiseisesessssssessssssssssssssssssssssssssssssssesssssssssssssssssssessssssssss 74
Table 6-8 MINULES REGISTEr BitS .....cccviveerereireieireiseisiiseiseisessisssssssesssssssssssssssssssessessssssssssssssssessessssass 74
Table 6-9 Hours Register (12 HOUI MOE) .......erereunrinieineisiseiessessesssssssssesssssssssssssssssssssesssenss 74
Table 6-10 Hours Register Bits (12 HOUI MOAE) ........ocvverereeneerireineiseseieisesesessssssssssssssssessessssnns 74
Table 6-11 Hours Register (24 HOUN MOAE) .......enirineeneineseineesessiessssssesssssssssssssssssssssssssssssesas 75
Table 6-12 Hours Register Bits (12 HOUI MOAE) ........ocverereunririreieiseseiseisesessessssssesssssssssessesssenns 75
Table 6-13 DAt REGISTEN ...ttt sssessssssssssasesssssssssssssssssssessssssssssssssassssessesssssss 75
Table 6-14 Date REGISTEr BitS .....ovvvereerrereireiseseiseiseiseiseisessssssssssssesssssssssssssssssssessessssssssssssssssessesssssss 75
Table 6-15 MONthS REGISTEN ...ttt isesssssssssasesssssesssssssssessessssssassssssssssasessssssnss 76
Table 6-16 MONthS REGISTEN BItS ....c.cocvrerireirreereireieiseiseisisesssissisessesssssssssssssssessessssssssssssssssessessssans 76
Table 6-17 YEAIS REGISTEN ....eieeeeeeereireieseieiseseississeisessssssessssssssssssesssssssssssssssssssesssssssssssssssssssesssssssss 76

A-RTC18X-DSGAO1EN v2.0 9



Artasie AM18X5 RTC Datasheet List of Tables

Table 6-18 YEAr REGISTEN BIlS .....cccvvvreriureirireireisiseissississeisesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 76
Table 6-19 WeEKdays REGISTET .....c.ireerireieisiseissisiseississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 77
Table 6-20 Weekdays REGISLEr BitS .......ccinninrinnineineinissississsssssssssssssssssssssssssssssssssssssssssssssssssssass 77
Table 6-21 WeeKdays REGISTET ......vririreineisiseissiseiseississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 77
Table 6-22 Hundredths Alarm REGISTEr Bt ........coireneinirernniniseisesnsseisessessessssssssssssssssssssssssssssns 77
Table 6-23 SecoNds Alarm REGISTET .....veeirerrirsiseireissiseississsssisssssssssssssssssssssssssssssssssssssssssssssssssss 78
Table 6-24 Seconds Alarm REGISTEr BitS ......cccvvireneinnineinsinsissississsssssssssssesssssssssssssssssssssssssssssssss 78
Table 6-25 MinUutes Alarm REGISTET ......ririrrirniereissiseississsssissssssssssssssssssssssssssssssssssssssssssssssssss 78
Table 6-26 Minutes Alarm REGISTEN BItS ......covrireneinnineineiseseississsesssssssssssssssssssssssssssssssssssssssses 78
Table 6-27 Hours Alarm Register (12 HOUr MOAE) ......creenirereinsineiseisiseissssssssssssssssssssssssssssenns 79
Table 6-28 Hours Alarm Register Bits (12 HOUr MOdE) ......ocvrirenrenireieiseseisiseiseesssssassssessenns 79
Table 6-29 Hours Alarm Register (24 HOUIr MOAE) ......couireenririneinninsiseisssesssssssssssssssssssssssssssssenns 79
Table 6-30 Hours Alarm Register Bits (24 HOUr MOdE) ......cvrivenrirereisireseissnseisesssssssssssssssenns 79
Table 6-31 Date Alarm REGISTET ....erereireseiseiseseissiseissssssssisssssssssssssssssssssssssssssssssssssssssssssssssses 80
Table 6-32 Date Alarm REGISLET BitS ......cvveirireinrireiseinsineississississsssssssssssssssssssssssssssssssssssssssssssssses 80
Table 6-33 MoNths AlQrm REGISTEN ......eeirereinireiseiiseissesssssisssssssssssssssssssssssssssssssssssssssssssssssses 80
Table 6-34 Months Alarm REGISTEr BitS ......cccirnirerrinnineireississinsissssssessssssesssssssssssssssssssssssssssssssss 80
Table 6-35 Weekdays Alarm REGISTET .......ierinireineiiseiseisessisssssssssssssssesssssssssssssssssssssssssssssssas 81
Table 6-36 Weekdays Alarm ReGISTEr BitS ........comnrineineinniseineissssisssssssesssssssssssssssssssssssssssssssss 81
Table 6-37 STATUS REGUSTEN ...ueueeeeeeeireiiseieiseseississssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 82
Table 6-38 STAtus REGISTEN BIS .....ccucvenrirerririnreisrisisseissiissessssssssesssssssssssssssssssesssssssssssssssssssssssssssssssas 82
Table 6-39 CONTIOIT REGISTEN .....cieieireirireireiiseississsseississssssssssssssssssssssssssssssssssssssssssssssssssssssassessssans 83
Table 6-40 CoNrolT REGISTEN BItS .....cccvririrrerireirsisiiseiseisississssssssssssssssssssssssssssssssssssssssssssssssssssssssass 83
Table 6-41 CONTIOI2 REGISTEN ....cveereereirireieieeseissiseiseisssssssssssssssssssssssssssssassssssssssssssssssssssssssssssssssssass 84
Table 6-42 CoNtrol2 REGISTEN BItS .....cocvirerrerireirsieiiseineinisssissssssssessssssssssssssssssssssssssssssssssssssssssssssass 84
Table 6-43 PSW/NIRQ2 Pin CONTIOL ....uuieeirereireiiseinsissssissssssssesssssssssssssssssssssssssssssssssssssssssssssssans 84
Table 6-44 FOUT/NIRQ PiN CONTION ..cueueieeereeeeeiieiieensetieeseiseissesetssssssssssesssessesssesasesssesssssssssssses 84
Table 6-45 INterrupt Mask REGISTE .....veererrirriireissiseississsssisssssssssssssssssssssssssssssssssssssssssssssssssss 85
Table 6-46 Interrupt Mask REGISTEr BiS ......ccvvrunrerereinniniinsinsississesssesssssssssessssssssssssssssssssssssssssssses 85
Table 6-47 SQW REGISTEN ...uuveeereeereireineiseiseisessseissssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 86
Table 6-48 SQW REGISTEN BiLS ....ccvvurirrerrireireisinseissisisseiseissssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 86
Table 6-49 Square Wave FUNCLION SEIECL ...ttt s ses s sssassassassassanes 86
Table 6-50 Calibration XT REGISTEN .....crireeeireinriiseiseiseiseisssssasssssssssssssssssssssssssssssssssssssssssssssseses 88
Table 6-51 Calibration XT REGISLEN BitS ......covvirerrirrereireiniiseinsistseisssssssessssssessessssssssssssssssssssssssssesss 88
Table 6-52 Calibration RC UPPEr REGISLET .....uvveverireireiriseinsisiississsssssisssssssssssssssssssssssssssssssssssesns 88
Table 6-53 Calibration RC Upper REGISLEr Bits ........cccvvirireinririsrinsinsississssessssssssesssssssssssssssssssesns 89

A-RTC18X-DSGAO1EN v2.0 10



Artasie AM18X5 RTC Datasheet List of Tables

Table 6-54 CIMDR FUNCLION ....ciireeeieeieieiseeseneeisesssssesssesssesssssssesssessssssssssssssssssesssssssesasesssessssssssssssss 89
Table 6-55 Calibration RC LOWET REQISTEL ....ueverreriereineisiisiseisiseisessssssssssssssssssssssssssssssssssssssssssass 89
Table 6-56 Calibration RC LOWEr REQISTEL Bits .....ccceuverrerireerriniseinessessisessssssessssssssssssssssssssssssssans 89
Table 6-57 Sleep CONTIOI REGISTEN .....vireereeeierereisieiseissiseisssssssssssssssssssssssssssssssssssssssssssssssssssssseses 90
Table 6-58 Sleep CoNTrol REGISTEL BIls .......cccoviirrinireereinniniissississississsssssssssssessssssssssssssssssssssssssssssss 90
Table 6-59 Countdown Timer CONtrol REGISTEN .......iveneirireiseiseseieiseseisessssssssssssssssssssssssnns 91
Table 6-60 Countdown Timer Control REGISTEr BitS .........ovireneenniseneiseseinessessissssssssssessnsnns 91
Table 6-61 REPEAt FUNCLION ...ttt ssssssassss s ssssssssssssessesssssssassassassassassanes 92
Table 6-62 Countdown Timer FUNCLION SEIECT ...t sesssesssessesaeens 92
Table 6-63 Countdown TIMEr REGISTET .....cvviereeririreineiseiseississississsssssssssssssssssssssssssssssssssssssssssssss 93
Table 6-64 Countdown Timer REGISLEN BitS ......cccovrenrinirrinniniineinineiseisssssssesssssssssssssssssssssssssssss 93
Table 6-65 Timer Initial Valu@ REGISTET ......ririrrereseisseiseissseisssssisesssssesssssssssssssssssssssssssssssesns 93
Table 6-66 Timer Initial Value REGISTEr BitS ........ccovrirereirnireinrisineisssseiseissssessesssssssssessssssssssssssssesns 93
Table 6-67 Watchdog TIMEr REGISTET ......ieererereiiseinsinessissiseisesssssssssssssssssssssssssssssssssssssssssssssssns 94
Table 6-68 Watchdog Timer REGISLEr BitS ......ccvvrireneinnireinnisineinssneisesssssssssssssssssssssssssssssssssssssss 94
Table 6-69 Watchdog Timer FreqUeNCY SEIECT ... ierreetseseissseseisessisesssssssssssssssenns 94
Table 6-70 OscCillator CONTrOl REGISTEN .....veirireirriiseieiseiseisssssissesssssssssssssssssssssssssssssssssssssssssssssss 95
Table 6-71 Oscillator CONtrol REGISTEr Bits ........covvurereinriniireinnisiineissssisessssssessssssssssssssssssssssssssssssses 95
Table 6-72 OsCillator STAatus REGISTEN .....iieerirereieeseneiseseisssssiseisssssssessssssssssssssssssssssssssssssssssssesss 926
Table 6-73 Oscillator STatus REGISTEr BiS .......ccvevrirerrinririireinseseineissssisessssssesssssssssssssssssssesssssssssesss 96
Table 6-74 Configuration KeY REGISTEN .......eenernneinnsisssissssssssssssssssssssssssssssssssssssssssssssssssssssssses 97
Table 6-75 Configuration Key REQISTEr BitS ......ccmenrrnrerrensinsissinesssesssssssssssssssssssssssssssssssssssnes 97
Table 6-76 TrCKIE REGISTET ...ttt ssssssass s sssssssssssssssssssssssssssssssssssssssssssns 98
Table 6-77 Trickle REGISTET BitS ....oovviveerereieieiseissiseissisiseissssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 98
Table 6-78 Trickle Charge OULPUL RESISTON .......cirereiireineineiseiseissssisessssssssssssssssssssssssssssssssssssesas 98
Table 6-79 BREF CONTIOl REGISTET .....cvvrerrieieireisieissisissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 99
Table 6-80 BREF CONtrol REGISTEr BItS .......covveurirriniereireisinseiseinesssissssssssssessssssessssssssssssssssssssssssssssssses 99
Table 6-81 VBAT RefEr€NCE VOItAQE .....ieecerseireissississsissssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 99
Table 6-82 AFCTRL REGISTEN ...u.cuiereeieeereinieiseisisseississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 100
Table 6-83 AFCTRL REGISTEN BItS ....cvuvireerririureirieiseieisseissississsssssssssssssssssssssssssssssessssssssssssssssssssssessns 100
Table 6-84 BatmMode [O REGISTET .....reerereirieiseieisessissississssssssssssssssssssssssssssssssssssssssssssssssssssssns 100
Table 6-85 Batmode [0 REGISTEr BitS ......cc.cvvenrinereinrireneinsiseississsssssssssssssssssssssssesssssssssssssssssssssssssns 100
Table 6-86 ANAlOG Status REGISTET ...ttt issssssssssssssssssssssssssssssssssssans 101
Table 6-87 Analog Status REGISTEN Bits ......crireneinniseiseiseseiseissssisssssssessessssssssssssssssssssssssses 101
Table 6-88 Output CONTIOI REGISTEL ....uiveerirereisieneiseisiseisssssssesssssssssssssssssssssessssssssssssssssssssssssses 101
Table 6-89 Analog Status REGISTET Bits ......cvnirineireiniriiseieeseiseinessissssssssssssssssssssssssssssssssssssans 102

A-RTC18X-DSGAO1EN v2.0 n



Artasie AM18X5 RTC Datasheet List of Tables

Table 6-90 IDO - Part Number Upper REGISTEN ......vvrivrereinniseiseiseseississsssessessssssssssssssssssssssssans 102
Table 6-91 ID1 - Part NUmMber LOWEr REGISLEN ......cvveerireireisiseiseisiseisssssssessessssssssssssssssssssssssans 103
Table 6-92 ID2 - Part REViSION REGISTET ......vvrerreireireisiseisesssseisssssssssssssssssssssssssssssssssssssssssssssans 103
Table 6-93 ID2 - Part Revision REGISTEr BIlS ......cccorrrninseneinnineinsinsssisssssssssssessssssssssssssssssssssssans 103
Table 6-94 2B - ID3 - LOt LOWET REQISTEN ...uuvurerririereireisiseiseissississssssssssssssssssssssssssssssssssssssssssssssns 103
Table 6-95 2B - ID3 - Lot LOWEr REQISTEL BItS .....ocuveureererniriereiseiseisinseseisssssssssssessssssssssssssssessssssesns 103
Table 6-96 2C - ID4 - ID UPPEIr REGISTEN ....uvuuiererriiereiseisiseisssssissssssssssssssssssssssssssssssssssssssssssssssssssns 104
Table 6-97 2C - 1D4 - ID Upper REGISTEN BitS .....ccvvvvireereenireirriseiseieisnessisssssssssssssssssssssssssssssssssseses 104
Table 6-98 2D - ID5 - ID LOWET REGISLET .....vuuiereerriiereireininseisssssssessessssssssssssssssssssssssssssssssssssssssssssses 104
Table 6-99 2D - ID5 - ID Lower REGISLEr BitS .....ovcviveereirereinneseissisinseisessssssssssssssssssssssssssssessssssesns 104
Table 6-100 2E - ID6 Wafer REQISTEN .....cveerreerererreersiesseessisssssssssssssassssssssssssssssssssssssssssssssssssssssssssssens 105
Table 6-101 2E - ID6 - Wafer REGISTEN BItS ......cvveerrrrrrrerernsineississessssssssssssssssssssssssssssssssssssssssssens 105
Table 6-102 3F - Extension RAM Address REGISLET ........ereeninneeseineineiseisssssssssssssssssssssssssssns 105
Table 6-103 3F - Extension RAM Address REGIStEr Bits ..........coireineinesernseseisessssssensesssssssss 105
Table 8-1 Reflow Soldering REQUIFEMENTS ........oocvrerreerrerrrnriseissississsssssssssssssssssssssssssssssssssssssssens 109
Table 9-1 Ordering INfOrMATION ...t ssssssssssssssssssssssssssssssssens 110

A-RTC18X-DSGAO1EN v2.0 2



Artasie AM18X5 RTC Datasheet List of Figures

List of Figures

Figure 1-1 Typical APPliCAtioN CIrCUITLS .....vvceeereererereeneseisiseiseiesssesssssssssssssssssessessssssssssssssssessessssnss 16
Figure 2-1 Pin Configuration DIagram ........eeesensinsesssssssssssssssssssssssssssssssssssssssssssssssssssssses 17
Figure 3-1 Digital ArchiteCture SUMMAIY ......eneeeieeseisesisesssssesssesssessssssssssssssesssssasesas 21
Figure 4-1 Power SUPPIY SWItCROVET ... eeretrissesesessississiseasesssssssssssssssssssssssenss 23
Figure 4-2 Calibrated RC Oscillator Typical Frequency Variation vs Temperature ................ 26
Figure 4-3 Uncalibrated RC Oscillator Typical Frequency Variation vs Temperature ........... 26
Figure 4-4 Typical VCC Current vs. Temperature in XT MOde .......venrnnenneeneesesenseesesssensenns 28
Figure 4-5 Typical VCC Current vs. Temperature in RC Mode .....neeoneneinnenensissesessssnenne 28
Figure 4-6 Typical VCC Current vs. Temperature in RC Autocalibration Mode ..................... 29
Figure 4-7 Typical VCC Current vs. Voltage, Different Modes of Operation ........cccccevevnnn. 29
Figure 4-8 Typical VCC Current vs. Voltage, 12C and SPI Burst Read/Write ........cccooeeeverrernnnn. 30
Figure 4-9 Typical VCC Current vs Voltage, 32.768 kHz Clock Output ........cccveeverrrrcreerernnenne 30
Figure 4-10 Typical VBAT Current vs Temperature in XT MOde ........ionneenneseensinnensessesnenns 31
Figure 4-11 Typical VBAT Current vs Temperature in RC MOdE .......coverrenrerreenseensernseuecssecaenns 32
Figure 4-12 Typical VBAT Current vs Temperature in RC Autocalibration Mode ................... 32
Figure 4-13 Typical VBAT Current vs Voltage, Different Modes of Operation .........ccccceeeunnee. 33
Figure 4-14 Typical VBAT Current vs Voltage in VCC Power State .......coovveevveenneenneenecenecnenns 33
Figure 4-15 12C AC Parameter DEfiNitioNs ........ecrineeneeseinssisssinssesssssssssssssssesssssssssssssssssssssssses 35
Figure 4-16 SPI AC Parameter Definitions - INPUL ...t ssssssssssssssssnees 36
Figure 4-17 SPI AC Parameter Definitions - QULPUL ......cccvveeirereersissnessisssstsssssesssssssssssssessenns 36
Figure 4-18 Power On AC Electrical CharaCteristiCs .........cevmrnrensesensenesesnessessessessessessssssaes 38
Figure 4-19 NnRST AC Parameter CharaCteriStiCs ........uininennisseneinsinsssssssssssssssssssssssssssssssanns 39
Figure 5-1 Detailed BIOCK DIagram ........ineinninsinsissnsisssssssssssssssssssssssssssssssssssssssssssssssssassanns 40
Figure 5-2 BasiC 12C CONAITIONS .....ucreereeriireisisiiseiseiseisetssssessessesssesssssssssssssssssssssssssssssssssssssssssssssssssssses 42
Figure 5-3 [12C Acknowledge Address OPEration ... 43
Figure 5-4 12C ADAress OPEIatioN ........iiinssinsssississsssssssssssssssssssssssssssssssssssssssssssssssssssns 44
Figure 5-5 12C Offset Address TraNSMISSION .......coceeereenrensieesnsesesssesssssssssssssssssssssssssssssssssssssssssens 44
Figure 5-6 [2C WIit€ OPEratioN .......ieieisinsineiseiseisessessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 44
Figure 5-7 [2C REAd OPEIAtiON .....ceeeveeereiseiseensisssssasssssssssssssssssssssssssssssssssssssssssssssasssssssssasssssssssassanns 45
Figure 5-8 SPI WFite OPEration ........ieierneineineineisesesesessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 46
Figure 5-9 SPI REAd OPEIAtiON .....eieeireereissinrinsisssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 47
FIGUIE 5-10 POWET STALES ...eueeeeeeeeeinicicieietsesseiescssessesessessessssssssssssssssssssssssssssssassussasssssssssssases 58
FIgure 5-11 POWET UP TIMING .c.vviririririnieieisineisessessessesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 61
Figure 5-12 PoOwer Up ReSet TIMING ..covveeeerireriereeinesiessiessesssessasessssssesssssssassssesssssssassssassssessssesses 62
Figure 5-13 SIEeP RESEL TIMING ..cvvvvrrrrrrrirreieisssisssissesesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 63
Figure 5-14 Sleep State MaChine ... sssssssssssssssssssssssssssssssssssssens 65
Figure 5-15 Switched VSS POWETr CONTIO .....ieieieeisnireississsssississsssessssssssssssssssssssssssssssssssssssssenns 67
Figure 5-16 Switched VCC POWET CONTION ...ucuvereeeeererseissinseisssiseisssisssssssssssssssssssssssssessssssssssssssssens 68
Figure 5-17 Reset Driven POWETr CONTIOI ......irireinnireiseisisessissssessisssssssssssssssssssssssssssssssssssssns 68
Figure 5-18 Interrupt Driven POWEr CONTIOL ......ieeierrreireieiisesssssiesesssssesssssssssessssssssssssssssssssssens 69
FIQUIe 5-19 THICKIE CRAIGEr ..ieeeieiseiseiseseiseieeseistsessesssssssssessssssssssssssssssssssssssssssssssassssessesssssssssns 69
Figure 7-1 Package Mechanical Diagram ........niisissssissssssssssssssssssssssssens 107
Figure 8-1 Reflow SOIdering DIagram ........cisensisinssssssssssssssssssssssssssssssssssssssssssssessens 108

A-RTC18X-DSGAO1EN v2.0 B



Introduction

Overview

The Ambig® Artasie AM18X5 family consists of several members (see Table 1-1). All
devices are supplied in a standard 3x3 mm QFN-16 package. Members of the soft-
ware and pin compatible AM08X5 RTC family are also listed.

Table 1-1: Ambiq Artasie AM18X5 Overview

. Baselln? Advanced Timekeeping Power Management
Timekeeping
=
n
L
o
o ]
Part # £ =
o 2 =
o = -ccu
% g - S
: $ 2 _ £ 5 : e
y £ gy < E &8 & = . $ g
S g o© & £ = 5 ¢ < 2 3
g z & V] = = > < o e £
AM1805 = 4 [ [ ] 256 [ [ [ [ 1’C
AM1815 | 3 | | | 256 | | | | | SPI
Software and Pin Compatible AM08X5 Family Components
AM0805 m 3 [ [ [ 256 [ [ 12C
AMO0815 | 2 ] | ] 256 ] | SPI
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Artasie AM18X5 RTC Datasheet Introduction

1.2 Features

= Ultra-low supply current (all at 3V):
- 14 nA with RC oscillator
- 22 nA with RC oscillator and Autocalibration
- 55 nA with crystal oscillator
= Baseline timekeeping features:
- 32.768 kHz crystal oscillator with integrated load capacitor/resistor
— Counters for hundredths, seconds, minutes, hours, date, month, year, cen-
tury, and weekday
- Alarm capability on all counters
- Programmable output clock generation (32.768 kHz to 1 year)
— Countdown timer with repeat function
- Automatic leap year calculation
» Advanced timekeeping features:
- Integrated power optimized RC oscillator
- Advanced crystal calibration to + 2 ppm
— Advanced RC calibration to + 16 ppm
— Automatic calibration of RC oscillator to crystal oscillator
- Watchdog timer with hardware reset
— 256 bytes of general purpose RAM
* Power management features:
- Integrated ~1Q power switch for off-chip components such as a host MCU
- System sleep manager for managing host processor wake/sleep states
- External reset signal monitor
- Reset output generator
- Supercapacitor trickle charger with programmable charging current
- Automatic switchover to VBAT
- External interrupt monitor
- Programmable low battery detection threshold
- Programmable analog voltage comparator
= |12C (up to 400 kHz) and 3-wire or 4-wire SPI (up to 2 MHz) serial interfaces avail-
able
» Operating voltage 1.5-3.6V
» (Clock and RAM retention voltage 1.5-3.6 V
= Operating temperature —40 to 85°C
» Allinputs include Schmitt Triggers
* 3x3 mm QFN-16 package
= Also available in wafer form
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Artasie AM18X5 RTC Datasheet Introduction

1.3 Applications

* Smart cards

=  Wireless sensors and tags

* Medical electronics

= Utility meters

» Dataloggers

= Appliances

» Handsets

= Consumer electronics

=  Communications equipment

1.4 Description

The Ambiq Artasie AM18X5 Real-Time Clock with Power Management family pro-
vides a groundbreaking combination of ultra-low power coupled with a highly
sophisticated feature set. With power requirements significantly lower than any
other industry RTC (as low as 14 nA), these are the first semiconductors based on
Ambiq’s innovative SPOT® (Subthreshold Power Optimized Technology) CMOS
platform. The AM18X5 includes on-chip oscillators to provide minimum power
consumption, full RTC functions including battery backup and programmable
counters and alarms for timer and watchdog functions, and either an 12C or SPI
serial interface for communication with a host controller. An integrated power
switch and a sophisticated system sleep manager with counter, timer, alarm, and
interrupt capabilities allows the AM18X5 to be used as a supervisory component in
a host microcontroller based system.

Figure 1-1: Typical Application Circuits
J

< R

EXTI AM18X5 VCC |  pesp Mee

- >

7

— X0 MCU
- ﬁ FOUTMNIRQ—(] IRQ
T | PSW/nIRQ2
X VSS VSS
1.5k*
VBAT vce /sl vece
g:ﬁzu']/ - X0 - o —1— Main
Superr?;p 1 ﬁ AM18X5 MCU ——  Battery
- 5 FOUT/NIRQ ——— (] IRQ
PSW/nIRQ2
VSS VSS
Vv %7 LY

* Total battery series impedance = 1.5k ohms, which may require an external resistor
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2.1

Package Pins

Pin Configuration and Connections

Figure 2-1 and Table 2-1 show the QFN-16 pin configurations for the AM18X5 parts.
Pins labeled NC must be left unconnected. The thermal pad, pin 17, on the QFN-16

packages must be connected to VSS.

Figure 2-1: Pin Configuration Diagram

nRST
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nEXTR
PSW/nIRQ2

AM1805

[ x0
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<

w

»
(111

CLKOUT/nIRQ3

Table 2-1: Pin Connections

Pin Name

VSS
VCC
Xl

Pin Type

Power
Power
Xl

nTIRQ

FOUT/nIRQ

EXTI
VSS

Function

Ground

nRST

WDI
nEXTR
PSW/nIRQ2

System power supply

Crystal input

AM1815
O
— 0O w O
X X <€ >
(T TT0T 07
R m— (0] =
i wvss | JFOUT/IRQ
0| PAD | JEXTI
R | ] sDI
OO Mn
O Jd®
335¢
> ] =
=
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0
X
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Pin Number
AM1805 AM1815
9,17 17
13 13
16 16
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Package Pins

Table 2-1: Pin Connections (Continued)

Pin Number

Pin Name Pin Type Function
AM1805 AM1815
XO XT Crystal output 15 15
AF Output Autocalibration filter 14 14
VBAT Power Battery power supply 5 5
SCL Input 1°C or SPI interface clock 7 7
SDO Output SPI data output 6
SDI Input SPI data input 9
nCE Input SPI chip select 12
SDA Input I°C data input/output
EXTI Input External interrupt input 10 10
WDI Input Watchdog reset input
nEXTR Input External reset input 3 3
FOUT/nIRQ Output Int 1/function output 11 11
PSW/nIRQ2 Output Int 2 /power switch output
CLKOUT/nIRQ3 Output Int 3/clock output 8
nTIRQ Output Timer interrupt output 12
nRST Output Reset output 1 1
2.2 Pin Descriptions
Table 2-2 provides a description of the pin connections.
Table 2-2: Pin Descriptions
Pin Name Description
VSS Ground connection. In the QFN-16 packages the ground slug on the bottom of the
package must be connected to VSS.
VCC Primary power connection. If a single power supply is used, it must be connected to
VCC.
VBAT Battery backup power connection. If a backup battery is not present, VBAT must be
connected directly to VSS, but it may also be used to provide the analog input to the
internal comparator (see Section 5.13.2 Analog Comparator on page 59).
Xl Crystal oscillator input connection.
X0 Crystal oscillator output connection.
AF Autocalibration filter connection. A 47pF ceramic capacitor must be placed between
this pin and VSS for improved Autocalibration mode timing accuracy.
SCL I/0 interface clock connection. It provides the SCL input in both 1°C and SPI interface

parts. A pull-up resistor is required on this pin.

18
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Table 2-2: Pin Descriptions (Continued)

Pin Name Description
SDA (only avail-  1/O interface I2C data connection. A pull-up resistor is required on this pin SDO (only
ablein I’Cenvi-  available in SPI environments) I/O interface SPI data output connection.
ronments)
SDI 1/0 interface SPI data input connection.
nCE (only avail-  1/0O interface SPI chip select input connection. It is an active low signal. A pull-up resis-
ablein SPlenvi-  toris recommended to be connected to this pin to ensure it is not floating. A pull-up
ronments) resistor also prevents inadvertent writes to the RTC during power transitions.
EXTI External interrupt input connection. It may be used to generate an External 1 interrupt

with polarity selected by the EX1P bit if enabled by the EX1E bit. The value of the EXTI
pin may be read in the EXIN register bit. This pin does not have an internal pull-up or
pull-down resistor and so one must be added externally. It must not be left floating or
the RTC may consume higher current. Instead, it must be connected directly to either
VCC or VSS if not used.

WDI Watchdog Timer reset input connection. It may also be used to generate an External 2
interrupt with polarity selected by the EX2P bit if enabled by the EX2E bit. The value of
the WDI pin may be read in the WDIN register bit. This pin does not have an internal
pull-up or pull-down resistor and so one must be added externally. It must not be left
floating or the RTC may consume higher current. Instead, it must be connected directly
to either VCC or VSS if not used.

nEXTR External reset input connection. If nEXTR is low and the RS1E bit is set, the nRST output
will be driven to its asserted value as determined by the RSP bit. This pin does not have
an internal pull-up or pull-down resistor and so one must be added externally. It must
not be left floating or the RTC may consume higher current. Instead, it must be con-
nected directly to either VCC or VSS if not used.

FOUT/nIRQ Primary interrupt output connection. This pin is an open drain output. An external pull-
up resistor must be added to this pin. It should be connected to the host device and is
used to indicate when the RTC can be accessed via the serial interface. FOUT/nIRQ may
be configured to generate several signals as a function of the OUT1S field. (see Section
6.4.3 0x11 - Control2 on page 84). FOUT/nIRQ is also asserted low on a power up until
the AM18X5 has exited the reset state and is accessible via the I/O interface.

1. FOUT/nIRQ can drive the value of the OUT bit.

2. FOUT/nIRQ can drive the inverse of the combined interrupt signal IRQ (see Section
5.12 Interrupts on page 55).

3. FOUT/nIRQ can drive the square wave output (see Section 6.4.5 0x13 - SQW on page
86) if enabled by SQWE.

4. FOUT/nIRQ can drive the inverse of the alarm interrupt signal AIRQ (see Section 5.12
Interrupts on page 55).
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Table 2-2: Pin Descriptions (Continued)

Pin Name Description

PSW/nIRQ2 Secondary interrupt output connection. It is an open drain output. This pin can be left
floating if not used. PSW/nIRQ2 may be configured to generate several signals as a
function of the OUT2S field (see Section 6.4.3 0x11 - Control2 on page 84).This pin will be
configured as an ~1 Q switch if the PWR2 bit is set.

1. PSW/nIRQ2 can drive the value of the OUTB bit.

2. PSW/nIRQ2 can drive the square wave output (see Section 6.4.5 0x13 - SQW on page
86) if enabled by SQWE.

3. PSW/nIRQ2 can drive the inverse of the combined interrupt signal IRQ (see Section
5.12 Interrupts on page 55).

4. PSW/nIRQ2 can drive the inverse of the alarm interrupt signal AIRQ (see Section 5.12
Interrupts on page 55).

5. PSW/nIRQ2 can drive either sense of the timer interrupt signal TIRQ.

6. PSW/nIRQ2 can function as the power switch output for controlling the power of
external devices (see Section 5.16 Sleep Control on page 63).

nTIRQ (only Timer interrupt output connection. It is an open drain output. nTIRQ always drives the
available in 1°C  active low nTIRQ signal. If this pin is used, an external pull-up resistor must be added to
environments)  this pin. If the pin is not used, it can be left floating.

CLKOUT/nIRQ3  Square Wave output connection. It is a push-pull output, and may be configured to
generate one of two signals.
1. CLKOUT/nIRQ3 can drive the value of the OUT bit.
2. CLKOUT/nIRQ3 can drive the square wave output (see Section 6.4.5 0x13-SQW on
page 86) if enabled by SQWE.

nRST External reset output connection. It is an open drain output. If this pin is used, an exter-
nal pull-up resistor must be added to this pin. If the pin is not used, it can be left float-
ing.The polarity is selected by the RSP bit, which will initialize to 0 on power up to
produce an active low output. See Section 5.12.8 Autocalibration Fail Interrupt ACIRQ on
page 57 for details of the generation of nRST.
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Digital Architecture Overview

Figure 3-1 illustrates the overall architecture of the pin inputs and outputs of the AM18X5.
Figure 3-1: Digital Architecture Summary
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Electrical Specifications

4.1 Absolute Maximum Ratings

Table 4-1 lists the absolute maximum ratings.

Table 4-1: Absolute Maximum Ratings

Symbol Parameter Test Conditions Min  Typ Max Unit
Vee System Power Voltage -0.3 3.8 \%
Vgar Battery Voltage -0.3 3.8 \Y

4 Input voltage VCC Power state -0.3 V0.3 %
) Input voltage VBAT Power state -03 Vgar+ 0.3 \'%
Vo Output voltage VCC Power state -0.3 Vet 0.3 \%
Vo Output voltage VBAT Power state -0.3 Vgart 0.3 \'%
I Input current -10 10 mA
10 Output current -20 20 mA
lopc PSW Output continuous current 50 mA
lopp PSW Output pulsed current 1 second pulse 150 mA
CDM +500
Vesp ESD Voltage
HBM +4000 \Y
Iy Latch-up Current 100 mA
Tst6 Storage Temperature -55 125 °C
Top Operating Temperature -40 85 °C
Tsip Lead temperature Hand soldering for 300 °C
10 seconds
Trer Reflow soldering temperature Reflow profile per 260 °C

JEDECJSTD-020D
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4.2 Power Supply Parameters

Figure 4-1 and Table 4-2 describe the power supply and switchover parameters.
See Section 5.13 Power Control and Switching on page 58 for a detailed description
of the operations.

Figure 4-1: Power Supply Switchover

VCC VCCST VCCSWR
‘ ‘ ‘ VCCSWF
| | | | | |
\ \ \ \ \ \
VBAT ‘ VBATSW } ‘ ‘ ‘ ‘ ‘
| | | | | | Vearrst
\ \ \ \ \ | \
Power State ‘ POR VCC Power POR VCC Power VBAT Power VCC Power VBAT Power | POR
NOTE: For Table 4-2, T = -40°C to 85°C, TYP values at 25°C.
Table 4-2: Power Supply and Switchover Parameters
Symbol Parameter PWR Type Power State Test Conditions Min Typ Max Unit
Ve System Power Voltage VCC  Static VCCPower Clocks operating and 15 3.6 Vv
RAM and registers
retained
Vcco VCCI/OInterface Voltage = VCC  Static  VCC Power 12C or SPI operation 15 3.6 "
Vst VCC Start-up Voltage' VCC  Rising POR->Vc Power 16 v
Vcecrst  VCC Reset Voltage VCC  Falling VCC Power -> POR Vgar < VgaTMIN OF NO 13 1.5 Y
Vear
Vceeswr  VCC Rising Switch-over VCC  Rising VBAT Power ->VCC Vpar = VBaTRST 1.6 17 v
Threshold Voltage Power
Veeswe  VCC Falling Switch-over VCC  Falling VCC Power -> VBAT Vgar 2 Vearswmin 1.2 1.5 Y
Threshold Voltage Power
Veeswn | VCC Switchover Thresh- VCC = Hyst. VCCPower <->VBAT 70 mV
old Hysteresis? Power
Vcers  VCC Falling Slew Rate to VCC  Falling VCC Power ->VBAT Vee < Vecswmax 0.7 1.4 V/ms
switch to VBAT state® Power
Vgar  Battery Voltage VBAT = Static VBAT Power Clocks operating and 14 3.6 Vv
RAM and registers
retained
Vgarsw  Battery SwitchoverVolt-  VBAT = Static VCC Power -> VBAT 1.6 3.6 \Y
age Range? Power
VBATRST Fallisng Battery PORVolt- ~ VBAT Falling VBAT Power -> POR Vee <Veeswr 1.1 1.4 \Y%
age
Vemrg  Vear Margin above VCC6 VBAT = Static Vgar Power 200 mV
Vgatesr  Vaar supply series resis- VBAT = Static VgarPower 1.0 1.5 kQ
tance
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Ve must be above Vcor to exit the POR state, independent of the Vgur voltage.
2 Difference between Vcsyyr and Vecswr

3 Maximum VCC falling slew rate to guarantee correct switchover to VBAT Power state. There is no V¢ falling slew rate
requirement if switching to the VBAT power source is not required.

4Vt voltage to guarantee correct transition to VBAT Power state when V¢ falls.

3 Vgarrst is also the static voltage required on Vg, for register data retention.

6Vgar Must be higher than V¢ by at least this voltage to ensure the AM18X5 remains in the VBAT Power state.

7 Total series resistance of the power source attached to the VBAT pin. The optimal value is 1.5kQ, which may require an
external resistor. VBAT power source ESR + external resistor value = 1.5kQ

4.3 Operating Parameters

Table 4-3 lists the operating parameters.

NOTE: For Table 4-3, T =-40°C to 85°C, TYP values at 25°C.

Table 4-3: Operating Parameters

Symbol Parameter Test Conditions Vee MIN TYP  MAX UNIT
v Positive-going Input Threshold 3.ov 15 20 v
T+
Voltage 1.8V 1.1 1.25
Negative-going Input Thresh- 3.0v 08 0.9
V- oldVoltage v
9 1.8V 05 06
leak  Input leakage current 3.0V 0.02 80 nA
G Input capacitance 3 pF
Von  High level output voltage on 1.7V-3.6V 0.8V \Y%
push-pull outputs
VoL  Low level output voltage 1.7V-3.6V 0.2Vcc \%
1.7V -2 -3.8
High level output current on 1.8V 3 43
lon ush-pull outputs Von =08+Vcc mA
push-p p 3.0V 7 -1
3.6V -8.8 -15
1.7V 33 59
1.8V 6.1 6.9
loL Low level output current VoL =0.2:Vc mA
3.0v 17 19
3.6V 18 20
1.7V 1.7 58
1.8V 1.6 54
Rpson  PSW output resistance toVSS  PSW Enabled Q
3.0v 1.1 38
3.6V 1.05 37
loLeak  Output leakage current 1.7V-3.6V 0.02 80 nA
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4.4 Oscillator Parameters

Table 4-4 lists the oscillator parameters.

NOTE: For Table 4-4, T = -40°C to 85°C unless otherwise indicated. V- = 1.7 to
3.6V TYP values at 25°C and 3.0V

Table 4-4: Oscillator Parameters

Symbol Parameter Test Conditions Min Typ Max Unit
Fyr Xl'and XO pin Crystal Fre- 32.768 kHz
quency
For XT Oscillator failure detec- 8 kHz
tion frequency
Cinx Internal Xl and XO pin capaci- 1 pF
tance
Cex External Xl and XO pin PCB 1 pF
capacitance
OAyr  XT Oscillation Allowance At25°Cusinga32.768kHz 270 320 kQ
crystal
Frcc  Calibrated RC Oscillator Fre-  Factory Calibrated at 25°C, 128 Hz
quency' VCC =28V
Uncalibrated RC Oscillator Calibration Disabled (OFF-
Frcu Frequency SETR=0) 8 122 220 Hz
Calibration Disabled 2000
RC Oscillator cycle-to-cycle  (OFFSETR=0)-128 Hz
Jrece it L ppm
Jitter Calibration Disabled (OFF- 500
SETR=0)-1Hz
A XT mode digital calibration  Calibrated at an initial ) ) m
XT accuracy’ temperature and voltage PP
24 hour run time 35
Autocalibration mode tim-  { week run time 20
Apc ing accuracy, 512 second ppm
period, TA=-10°Cto 60°C' 1 month run time 10
1 year run time 3
Tac Autocalibration mode oper- -10 60 °C

ating temperature?

T Timing accuracy is specified at 25°C after digital calibration of the internal RC oscillator and 32.768 kHz crystal. A
typical 32.768 kHz tuning fork crystal has a negative temperature coefficient with a parabolic frequency deviation,
which due to the crystal alone can result in a change of up to 150 ppm across the entire operating temperature
range of -40°C to 85°C in XT mode. Autocalibration mode timing accuracy is specified relative to XT mode timing
accuracy from -10°C to 60°C.

2 Qutside of this temperature range, the RC oscillator frequency change due to temperature may be outside of the
allowable RC digital calibration range (+12%) for autocalibration mode. If this happens, an autocalibration failure
will occur and the ACF interrupt flag is set. The AM18X5 should be switched to use the XT oscillator as its clock
source. Please see Section 5.10.6 Autocalibration Fail on page 53 for more details.
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Figure 4-2 shows the typical calibrated RC oscillator frequency variation vs. tem-
perature. RC oscillator calibrated at 2.8V, 25°C.

Figure 4-2: Calibrated RC Oscillator Typical Frequency Variation vs Temperature

T,=25°C
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: : E/
: =
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e
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15 -ttt L
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
Temperature (°C)

Figure 4-3 shows the typical uncalibrated RC oscillator frequency variation vs. tem-

perature.

Figure 4-3: Uncalibrated RC Oscillator Typical Frequency Variation vs Temperature
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Electrical Specifications

4.5

Vcc Supply Current

Table 4-5 lists the current supplied into the VCC power input under various condi-

tions.

NOTE: For Table 4-5, T =-40°C to 85°C, VBAT =0V to 3.6 V.TYP values at 25°C,
MAX values at 85°C, VCC Power state

Table 4-5: V¢ Supply Current

Symbol

lvcciac

lvccspiw

lvcc:spir

lvcext

lvccre

lvcc:acaL

lvce:cks2

lvce:ckizs

" Excluding external peripherals and pull-up resistor current. All other inputs (besides SDA and SCL) are at OV or VCC.
AM1805 only. Test conditions: Continuous burst read/write, 0x55 data pattern, 25 us between each data byte, 20 pF

Parameter

Vcc supply current during 12C burst
read/write

Ve supply current during SPI burst
write

VCC supply current during SPI
burst read

VCC supply current in XT oscillator
mode

VCC supply current in RC oscillator
mode

Average V¢ supply current in
Autocalibrated RC oscillator mode

Additional V¢ supply current with
CLKOUT at 32.786 kHz

Additional V¢ supply current with
CLKOUT at 128 Hz

load on each bus pin.
2 Excluding external peripheral current. All other inputs (besides SDI, nCE and SCL) are at 0V or VCC. AM1815 only. Test

conditions: Continuous burst write, 0x55 data pattern, 25 ps between each data byte, 20 pF load on each bus pin.

3 Allinputs and outputs are at 0V or Vee

4 Allinputs and outputs except CLKOUT are at 0V or V¢c. 15 pF capacitive load on CLKOUT.

Test Conditions

400kHz bus speed, 2.2k pull-up
resistors on SCL/SDA

2 MHz bus speed2

2 MHz bus speed?

Time keeping mode with XT
oscillator running?

Time keeping mode with only
the RC oscillator running (XT
oscillator is off)3

Time keeping mode with only
RC oscillator running and Auto-
calibration enabled. ACP =512
seconds®

Time keeping mode with XT
oscillator running, 32.786 kHz
square wave on CLkoUT*

All time keeping modes, 128 Hz
square wave on CLKOUT*

Vee
3.0V
1.8V
3.0V
1.8V
3.0V
1.8V
3.0V
1.8V
3.0V
1.8V

3.0V

1.8V

3.0v
1.8V

3.0v
1.8V

Min

Typ

1.5

23

55
51

14

3.6
2.2

7

25

Max

37

21
330
290
220

170

235

190

8

5

35
20

Unit

A

HA

WA

nA

nA

nA

WA

nA
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Figure 4-4 shows the typical VCC power state operating current vs. temperature in

XT mode.
Figure 4-4: Typical VCC Current vs. Temperature in XT Mode
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Figure 4-5 shows the typical VCC power state operating current vs. temperature in

RC mode.
Figure 4-5: Typical VCC Current vs. Temperature in RC Mode
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Figure 4-6 shows the typical VCC power state operating current vs. temperature in
RC Autocalibration mode.

Figure 4-6: Typical VCC Current vs. Temperature in RC Autocalibration Mode
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Figure 4-7 shows the typical VCC power state operating current vs. voltage for XT
Oscillator and RC Oscillator modes and the average current in RC Autocalibrated
mode.

Figure 4-7: Typical VCC Current vs. Voltage, Different Modes of Operation
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Figure 4-8 shows the typical VCC power state operating current during continuous
12C and SPI burst read and write activity. Test conditions: T = 25 °C, 0x55 data pat-
tern, 25 us between each data byte, 20 pF load on each bus pin, pull-up resistor
current not included.

Figure 4-8: Typical VCC Current vs. Voltage, 1°C and SPI Burst Read/Write
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Figure 4-9 shows the typical VCC power state operating current with a 32.768 kHz
clock output on the CLKOUT pin. Test conditions: Ty = 25 °C, All inputs and outputs
except CLKOUT are at 0V or VCC. 15 pF capacitive load on the CLKOUT pin.

Figure 4-9: Typical VCC Current vs Voltage, 32.768 kHz Clock Output
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4.6 VBAT Supply Current

Table 4-6 lists the current supplied into the VBAT power input under various condi-
tions.

NOTE: For Table 4-6, T = -40°C to 85°C, TYP values at 25°C, MAX values at 85°C,
VgarPower state

Table 4-6: Vgt Supply Current

Symbol Parameter Test Conditions Ve Vgar Min  Typ Max Unit
| VBAT supply current in XT Time keeping mode with XT <V 3.0v 56 330 nA
VBATXT  oscillator mode oscillator running’ CCSwr 18V 52 290

VBAT supply current in RC Time keeping rr.10de with 3.0V 16 220
lBAT: . only the RC oscillator run- <V, nA
VBATRC  oscillator mode 1 CCswr
ning (XT oscillator is off) 1.8V 12 170
Average VBAT supply current Time keeplng mode \{Vlth 3.0V 24 235
I in Autocalibrated RC oscillator the RC oscillator running. <V, nA
VBAT:ACAL Autocalibration enabled. CCSwr 1.8v 20 190

mode ACP = 512 seconds’

3.0v. -5 0.6 20

VBAT supply current in VCC V¢c powered mode' 1.7-36V nA

| s
VBATVCC  powered mode 1.8V -10 05 16

1 Test conditions: All inputs and outputs are at 0V or V.

Figure 4-10 shows the typical VBAT power state operating current vs. temperature
in XT mode.

Figure 4-10: Typical VBAT Current vs Temperature in XT Mode
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Figure 4-11 shows the typical VBAT power state operating current vs. temperature

in RC mode.

Figure 4-11: Typical VBAT Current vs Temperature in RC Mode
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Figure 4-12 shows the typical VBAT power state operating current vs. temperature
in RC Autocalibration mode.

Figure 4-12: Typical VBAT Current vs Temperature in RC Autocalibration Mode
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Figure 4-13 shows the typical VBAT power state operating current vs. voltage for XT
Oscillator and RC Oscillator modes and the average current in RC Autocalibrated
mode, VCC=0V.

Figure 4-13: Typical VBAT Current vs Voltage, Different Modes of Operation
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Figure 4-14 shows the typical VBAT current when operating in the VCC power state,
VCC=1.7V.

Figure 4-14: Typical VBAT Current vs Voltage in VCC Power State
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4.7 BREF Electrical Characteristics

Table 4-7 lists the parameters of the VBAT voltage thresholds. BREF values other
than those listed in the table are not supported.

NOTE: For Table 4-7, T, =-20°C to 70°C, TYP values at 25°C, VCC = 1.7 to 3.6V.

Table 4-7: BREF Parameters

Symbol Parameter BREF Min Typ Max Unit

0111 2.3 2.5 3.3
1011 1.9 2.1 2.8

Vgre VBAT falling threshold \Y
1101 1.6 1.8 25
1111 1.4
0111 2.6 3.0 34
1011 2.1 25 2.9

Vgrr VBAT rising threshold \Y
1101 1.9 2.2 2.7
1111 1.6
0111 0.5
1011 0.4

VigRH VBAT threshold hysteresis \
1101 0.4
1111 0.2

Teg VBAT analog comparator recom- All values 20 70 oC

mended operating temperature range
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4.8 12C AC Electrical Characteristics

Figure 4-15 and Table 4-8 describe the I1°C AC electrical parameters.

Figure 4-15: I°C AC Parameter Definitions
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NOTE: For Table 4-8, T = -40°C to 85°C, TYP values at 25°C.

Table 4-8: 12C AC Electrical Parameters

Symbol Parameter vcC Min Typ Max Unit
fscL SCL input clock frequency 1.7V-3.6V 10 400 kHz
tLow Low period of SCL clock 1.7V-3.6V 13 ps
thiGH High period of SCL clock 1.7V-3.6V 600 ns
triSE Rise time of SDA and SCL 1.7V-3.6V 300 ns
traLL Fall time of SDA and SCL 1.7V-3.6V 300 ns

tupsta  START condition hold time 1.7V-3.6V 600 ns

tsusta  START condition setup time 1.7V-3.6V 600 ns
tsupar  SDA setup time 1.7V-3.6V 100 ns
thppar  SDA hold time 1.7V-3.6V 0 ns
tsusto  STOP condition setup time 1.7V-3.6V 600 ns

tguF Bus free time before a new transmission 1.7V-3.6V 13 s
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4.9 SPI AC Electrical Characteristics

Figure 4-16, Figure 4-17, and Table 4-9 describe the SPI AC electrical parameters.
Figure 4-16: SPI AC Parameter Definitions - Input
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Figure 4-17: SPI AC Parameter Definitions - Output
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NOTE: For Table 4-9, T, =-40°C to 85°C, TYP values at 25°C.

Table 4-9: SPIAC Electrical Parameters

Symbol Parameter vccC Min Typ Max Unit
fscL SCL input clock frequency 1.7V-3.6V 0.01 2 MHz
tLow Low period of SCL clock 1.7V-3.6V 200 ns
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Table 4-9: SPIAC Electrical Parameters (Continued)

Symbol

tHicH
trise
traLL
tsu:Nce
tHD:NCE
tsuce
tsu:sol
tHp:sDI
tsu:spo
tHp:spo
thz

tgur

Parameter

High period of SCL clock
Rise time of all signals

Fall time of all signals

nCE low setup time to SCL
nCE hold time to SCL

nCE high setup time to SCL
SDI setup time

SDI hold time

SDO output delay from SCL
SDO output hold from SCL
SDO output Hi-Z from nCE

nCE high time before a new transmission

vccC

1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V
1.7V-3.6V

Min

200

200

200

200
40
50

200

Typ Max Unit

ns

1 us
1 us
ns

ns

ns

ns

ns

150 ns
ns

250 ns

ns
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4,10 Power On AC Electrical Characteristics

Figure 4-18 and Table 4-10 describe the power on AC electrical characteristics for
the FOUT pin and XT oscillator.

Figure 4-18: Power On AC Electrical Characteristics
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NOTE: For Table 4-10, Tp =-40°C to 85°C, VBAT < 1.2V.
Table 4-10: Power On AC Electrical Parameters
Symbol Parameter VCC Ta Min Typ Max  Unit
85°C 0.1
; ; 25°C 0.1
fLowvee Low period of VCC to ensure a valid 1.7V-3.6V s
POR -20°C 1.5
-40°C 10
85°C 0.1
25°C 0.1
tyLpour  VCClow to FOUT low 1.7V-3.6V s
-20°C 1.5
-40°C 10
85°C 0.4
25°C 0.5
tVH:FOUT VCC hlgh to FOUT hlgh 1.7V-3.6V S
-20°C 3
-40°C 20
85°C 0.4
25°C 0.4
tysT FOUT high to XT oscillator start 1.7V-3.6V s
-20°C 0.5
-40°C 1.5
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4,11 nRST AC Electrical Characteristics

Figure 4-19 and Table 4-11 describe the nRST and nEXTR AC electrical characteris-
tics.

Figure 4-19: nRST AC Parameter Characteristics
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NOTE: For Table 4-11, T =-40°C to 85°C, TYP at 25°C unless specified otherwise,
VBAT < 1.2V.

Table 4-11: nRST AC Electrical Parameters

Symbol Parameter \'[«(e Ta Min Typ Max Unit

85°C 0.1
: : 25°C 0.1

fLowvee Low period of VCC to ensure a valid 1.7V-3.6V s
POR -20°C 15
-40°C 10
85°C 0.1
25°C 0.1

tVL:NRST VCC low to nRST low 1.7V-3.6V S
-20°C 1.5
-40°C 10
85°C 0.5
25°C 0.5

tVHZNRST VCC hlgh to nRST hlgh 1.7V-3.6V N
-20°C 35
-40°C 25

trunrst  NEXTR low to nRST low 1.7V-3.6V -40°Cto 85°C 30 50 ns

tpnrsT  NEXTR high to nRST high 1.7V-3.6V -40°C to 85°C 50 80 ns
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Functional Description

Figure 5-1 illustrates the AM18X5 functional design.

Figure 5-1: Detailed Block Diagram
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The AM18X5 serves as a companion part for host processors including microcontrollers, radios,
and digital signal processors. It tracks time as in a typical RTC product and additionally provides
unique power management functionality that makes it ideal for highly energy-constrained
applications. To support such operation, the AM18X5 includes 3 distinct feature groups: 1)
baseline timekeeping features, 2) advanced timekeeping features, and 3) power management
features. Functions from each feature group may be controlled via I/0 offset mapped registers.
These registers are accessed using either an I°C serial interface (e.g., in the AM1805) or a SPI
serial interface (e.g., in the AM1815). Each feature group is described briefly below and in
greater detail in subsequent sections.

The baseline timekeeping feature group supports the standard 32.786 kHz crystal (XT) oscilla-
tion mode for maximum frequency accuracy with an ultra-low current draw of 55 nA. The base-
line timekeeping feature group also includes a standard set of counters monitoring
hundredths of a second up through centuries. A complement of countdown timers and alarms
may additionally be set to initiate interrupts or resets on several of the outputs.

The advanced timekeeping feature group supports two additional oscillation modes: 1) RC
oscillator mode, and 2) Autocalibration mode. At only 14 nA, the temperature-compensated
RC oscillator mode provides an even lower current draw than the XT oscillator for applications
with reduced frequency accuracy requirements. A proprietary calibration algorithm allows the
AM18X5 to digitally tune the RC oscillator frequency and the XT oscillator frequency with accu-
racy as low as 2 ppm at a given temperature. In Autocalibration mode, the RC oscillator is used
as the primary oscillation source and is periodically calibrated against the XT oscillator. Auto-
calibration may be done automatically every 8.5 minutes or 17 minutes and may also be initi-
ated via software. This mode enables average current draw of only 22 nA with frequency
accuracy similar to the XT oscillator. The advanced timekeeping feature group also includes a
rich set of input and output configuration options that enables the monitoring of external
interrupts (e.g., pushbutton signals), the generation of clock outputs, and watchdog timer
functionality.

Power management features built into the AM18X5 enable it to operate as a backup device in
both line-powered and battery-powered systems. An integrated power control module auto-
matically detects when main power (VCC) falls below a threshold and switches to backup
power (VBAT). 256B of ultra-low leakage RAM enable the storage of key parameters when
operating on backup power.

The AM18X5 is the first RTC to incorporate a number of more advanced power management
features. In particular, the AM18X5 includes a finite state machine (integrated with the Power
Control block in Figure 5-1 on page 40) that can control a host processor as it transitions
between sleep/reset states and active states. Digital outputs can be configured to control the
reset signal or interrupt input of the host controller. The AM18X5 additionally integrates a
power switch with ~1 Q impedance that can be used to cut off ground current on the host
microcontroller and reduce sleep current to <1 nA. The AM18X5 parts can wake up a sleeping
system using internally generated timing interrupts or externally generated interrupts gener-
ated by digital inputs (e.g., using a pushbutton) or an analog comparator. The aforementioned
functionality enables users to seamlessly power down host processors, leaving only the
energy-efficient AM18X5 chip awake. The AM18X5 also includes voltage detection on the
backup power supply.
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Each functional block is explained in detail in the remainder of this section. The functional
descriptions refer to the registers shown in Table 6-1 on page 71 and Table 6-2 on page 72. A
detailed description of all registers can be found in Section 6 Registers on page 70.

5.1 I°C Interface

The AM18X5 includes a standard 1°C interface. The device is accessed at addresses
0xD2/D3, and supports Fast Mode (up to 400 kHz). The 12C interface consists of two
lines: one bi-directional data line (SDA) and one clock line (SCL). Both the SDA and
the SCL lines must be connected to a positive supply voltage via a pull-up resistor.
By definition, a device that sends a message is called the “transmitter’, and the
device that accepts the message is called the “receiver”. The device that controls
the message transfer by driving SCL is called “master”. The devices that are con-
trolled by the master are called “slaves”. The AM18X5 is always a slave device.

I°C termination resistors should be above 2.2 kQ, and for systems with short 12C
bus wires/traces and few connections these terminators can typically be as large as
22 kQ) (for 400 kHz operation) or 56 kQ (for 100 kHz operation). Larger resistors will
produce lower system current consumption.

The following protocol has been defined:

= Data transfer may be initiated only when the bus is not busy.

» During data transfer, the data line must remain stable whenever the clock line is
high.

» Changes in the data line while the clock line is high will be interpreted as con-
trol signals.

A number of bus conditions have been defined (see Figure 5-2) and are described
in the following sections.

Figure 5-2: Basic 1°C Conditions

Not Busy SE})]A ety
| change o N
SCL o \_/ \'ﬁ/ NV
$ Y
SDA AN | L X N
T - |
START ‘ SDA Stable | | STOP

5.1.1 Bus Not Busy

Both SDA and SCL remain high.
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5.1.2

5.1.3

5.14

5.1.5

Start Data Transfer

A change in the state of SDA from high to low, while SCL is high, defines the START
condition. A START condition which occurs after a previous START but before a
STOP is called a RESTART condition, and functions exactly like a normal STOP fol-
lowed by a normal START.

Stop Data Transfer

A change in the state of SDA from low to high, while SCL is high, defines the STOP
condition.

Data Valid

After a START condition, SDA is stable for the duration of the high period of SCL.
The data on SDA may be changed during the low period of SCL. There is one clock
pulse per bit of data. Each data transfer is initiated with a START condition and ter-
minated with a STOP condition. The number of data bytes transferred between the
START and STOP conditions is not limited. The information is transmitted byte-
wide and each receiver acknowledges with a ninth bit.

Acknowledge

Each byte of eight bits is followed by one acknowledge (ACK) bit as shown in Fig-
ure 5-3. This acknowledge bit is a low level driven onto SDA by the receiver,
whereas the master generates an extra acknowledge related SCL pulse. A slave
receiver which is addressed is obliged to generate an acknowledge after the recep-
tion of each byte. Also, on a read transfer a master receiver must generate an
acknowledge after the reception of each byte that has been clocked out of the
slave transmitter. The device that acknowledges must pull down the SDA line
during the acknowledge clock pulse in such a way that the SDA line is a stable low
during the high period of the acknowledge related SCL pulse. A master receiver
must signal an end-of-data to the slave transmitter by not generating an acknowl-
edge (a NAK) on the last byte that has been clocked out of the slave. In this case,
the transmitter must leave the data line high to enable the master to generate the
STOP condition.

Figure 5-3: 1°C Acknowledge Address Operation

43 A-RTC18X-DSGAO1EN v2.0



Artasie AM18X5 RTC Datasheet Functional Description

5.1.6

5.1.7

Figure 5-4 illustrates the operation with which the master addresses the AM18X5.
After the START condition, a 7-bit address is transmitted MSB first. If this address is
0b1101001 (0xD2/3), the AM18X5 is selected, the eighth bit indicate a write (RW =
0) or aread (RW = 1) operation and the AM18X5 supplies the ACK. The AM18X5
ignores all other address values and does not respond with an ACK.

Figure 5-4: I°C Address Operation

SDA 111010/ 0]0

Offset Address Transmission

If the RW bit of the Address Operation indicates a write, the next byte transmitted
from the master is the Offset Address as shown in Figure 5-5. This value is loaded
into the Address Pointer of the AM18X5.

Figure 5-5: I°C Offset Address Transmission
<4 Offset Address ——»

SDA 1{1]/0|1l0lo|lojlo|lAa|7|6|5|4|3|2|1]0]A

Write Operation

In a write operation the master transmitter transmits to the AM18X5 slave receiver.
The Address Operation has a RW value of 0, and the second byte contains the Off-
set Address as in Figure 5-5. The next byte is written to the register selected by the
Address Pointer (which was loaded with the Offset Address) and the Address
Pointer is incremented. Subsequent transfers write bytes into successive registers
until a STOP condition is received, as shown in Figure 5-6.

Figure 5-6: 12C Write Operation

Byte N Byte N+1 Byte N+2
SDAT ‘Addr‘W‘A‘ Offset ‘Amim/\ T 7WA’T‘7’T‘A ’7
scL Juui_Jgdi_JuurJuui gy o
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Read Operation

In a read operation, the master first executes an Offset Address Transmission to
load the Address Pointer with the desired Offset Address. A subsequent operation
will again issue the address of the AM18X5 but with the RW bit as a 1 indicating a
read operation. Figure 5-7 illustrates this transaction beginning with a RESTART
condition, although a STOP followed by a START may also be used. After the
address operation, the slave becomes the transmitter and sends the register value
from the location pointed to by the Address Pointer, and the Address Pointer is
incremented. Subsequent transactions produce successive register values, until
the master receiver responds with a NAK and/or STOP or RESTART to complete the
operation. Because the Address Pointer holds a valid register address, the master
may initiate another read sequence at this point without performing another Off-
set Address operation.

Figure 5-7: 1°C Read Operation

Byte N Byte N+1

oA | [ [w] a [ o |a] ], [ [n]al7] [o]a[7] [a]n] [
sou | LM UL UL T T

RESTART

SPI Interface

The AM18X5 includes a standard 4-wire SPI interface. The serial peripheral inter-
face (SPI) bus is intended for synchronous communication between different ICs. It
typically consists of four signal lines: serial data input (SDI), serial data output
(SDO), serial clock (SCL) and an active low chip enable (nCE).

The AM18X5 may be connected to a master with a 3-wire SPl interface by tying SDI
and SDO together. By definition, a device that sends a message is called the “trans-
mitter’, and the device that accepts the message is called the “receiver.” The device
that controls the message transfer by driving SCL is called “master.” The devices
that are controlled by the master are called “slaves”. The AM18X5 is always a slave
device.

The nCE input is used to initiate and terminate a data transfer. The SCL input is used
to synchronize data transfer between the master and the slave devices via the SDI
(master to slave) and SDO (slave to master) lines. The SCL input, which is generated
by the master, is active only during address and data transfer to any device on the
SPI bus.

The AM18X5 supports clock frequencies up to 2 MHz, and responds to either (CPOL
=0, CPAH =0 or CPOL = 1, CPAH = 1). For these two modes, input data (SDI) is
latched in by the low-to-high transition of clock SCL, and output data (SDO) is
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shifted out on the high-to-low transition of SCL. There is one clock for each bit
transferred. Address and data bits are transferred in groups of eight bits. Some
MCUs specify CPOL and CPAH in different ways, so care should be taken when con-
figuring the SPI Master.

Write Operation

Figure 5-8 illustrates a SPI write operation. The operation is initiated when the nCE
signal to the AM18X5 goes low. At that point an 8-bit Address byte is transmitted
from the master on the SDI line, with the upper RW bit indicating read (if 0) or write
(if 1). In this example the RW bit is a one selecting a write operation, and the lower
7 bits of the Address byte contain the Offset Address, which is loaded into the
Address Pointer of the AM18X5.

Each subsequent byte is loaded into the register selected by the Address Pointer,
and the Address Pointer is incremented. Because the address is only 7 bits long,
only the lower 128 registers of the AM18X5 may be accessed via the SPI interface.
The operation is terminated by the master by bringing the nCE signal high. Note
that the SDO line is not used in a write operation and is held in the high impedance
state by the AM18X5.

Figure 5-8: SPI Write Operation

-<+—— Offset Address —»<4———— DataByte N——»<4———Data Byte N+1——»

sDI| x [wls]s[s[s]o]r[of]e]s]e[s]o][of]e]s]e]s]o]r]ofx]

SDO

nCE | B

Read Operation

Figure 5-9 on page 47 illustrates a read operation. The address is transferred from
the master to the slave just as it is in a write operation, but in this case the RW bit is
a Oindicating a read. After the transfer of the last address bit, bit 0, the AM18X5
begins driving data from the register selected by the Address Pointer onto the SDO
line, bit 7 first, and the Address Pointer is incremented. The transfer continues until
the master brings the nCE line high.
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Figure 5-9: SPI Read Operation

<4—— Offset Address —»<4¢———— Data Byte N———p»<4¢———Data Byte N+1 ——»

sDI| x [re[s[s]s]2]1]o] - |
SDO R R A A R IR o
nCE | B

XT Oscillator

The AM18X5 includes a very power efficient crystal (XT) oscillator which runs at
32.786 kHz. This oscillator is selected by setting the OSEL bit to 0 and includes a low
jitter calibration function.

RC Oscillator

The AM18X5 includes an extremely low power RC oscillator which runs at 128 Hz.
This oscillator is selected by setting the OSEL bit to 1. Switching between the XT
and RC Oscillators is guaranteed to produce less than one second of error in the
Calendar Counters. The AM18X5 may be configured to automatically switch to the
RC Oscillator when VCC drops below its threshold by setting the AOS bit, and/or be
configured to automatically switch if an XT Oscillator failure is detected by setting
the FOS bit.

RTC Counter Access

When reading any of the counters in the RTC using a burst operation, the 1 Hz and
100 Hz clocks are held off during the access. This guarantees that a single burst will
either read or write a consistent timer value (other than the Hundredths Counter -
see Section 5.6 Hundredths Synchronization on page 48). There is a watchdog func-
tion to ensure that a very long pause on the interface does not cause the RTC to
lose a clock.

On a write to any of the Calendar Counters, the entire timing chain up to 100 Hz (if
the XT Oscillator is selected) or up to THz (if the RC Oscillator is selected) is reset to
0. This guarantees that the Counters will begin counting immediately after the
write is complete, and that in the XT oscillator case the next 100 Hz clock will occur
exactly 10 ms later. In the RC Oscillator case, the next 1 Hz clock will occur exactly 1
second later. This allows a burst write to configure all of the Counters and initiate a
precise time start. Note that a Counter write may cause one cycle of a Square Wave
output to be of an incorrect period.
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The WRTC bit must be set in order to write to any of the Counter registers. This bit
can be cleared to prevent inadvertent software access to the Counters.

Hundredths Synchronization

If the Hundredths Counter is read as part of the burst read from the counter regis-
ters, the following algorithm must be used to guarantee correct read information.

1. Read the Counters, using a burst read. If the Hundredths Counter is neither 00
nor 99, the read is correct.

2. If the Hundredths Counter was 00, perform the read again. The resulting value
from this second read is guaranteed to be correct.

3. If the Hundredths Counter was 99, perform the read again.

a. If the Hundredths Counter is still 99, the results of the first read are guaran-
teed to be correct. Note that it is possible that the second read is not correct.

b. If the Hundredths Counter has rolled over to 00, and the Seconds Counter
value from the second read is equal to the Seconds Counter value from the
first read plus 1, both reads produced correct values. Alternatively, perform
the read again. The resulting value from this third read is guaranteed to be
correct.

c. Ifthe Hundredths Counter has rolled over to 00, and the Seconds Counter
value from the second read is equal to the Seconds Counter value from the
first read, perform the read again. The resulting value from this third read is
guaranteed to be correct.

Generating Hundredths of a Second

The generation of an exact 100 Hz signal for the Hundredths Counter requires a
special logic circuit. The 2.048 kHz clock signal is divided by 21 for 12 iterations, and
is alternately divided by 20 for 13 iterations.

This produces an effective division of: (21 * 12 + 20 * 13)/25 = 20.48 producing an
exact long-term average 100 Hz output, with a maximum jitter of less than 1 ms.
The Hundredths Counter is not available when the 128 Hz RC Oscillator is selected.

Watchdog Timer

The AM18X5 includes a Watchdog Timer (WDT), which can be configured to gener-
ate an interrupt or a reset if it times out. The WDT is controlled by the Watchdog
Timer Register (see Section 6.7.4 0x1B - Watchdog Timer on page 94). The RB field
selects the frequency at which the timer is decremented, and the BMB field deter-
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mines the value loaded into the timer when it is restarted. If the timer reaches a
value of zero, the WDS bit determines whether an interrupt is generated in nIRQ (if
WDS is 0) or the nRST output pin is asserted (if WDS is 1). The timer reaching zero
sets the WDT flag in the Status Register, which may be cleared by setting the WDT
flag to zero. If reset is selected, the nRST output pin is asserted within 1/16 second
of the timer reaching zero and remains asserted for 1/16 second.

Two actions will restart the WDT timer:

1. Writing the Watchdog Timer Register with a new watchdog value.
2. Achange in the level of the WDI pin.

If the Watchdog Timer generates an interrupt or reset, the Watchdog Timer Regis-
ter must be written in order to restart the Watchdog Timer function. If the BMB
field is 0, the Watchdog Timer function is disabled.

The BMB field describes the maximum timeout delay. For example, if RB =01 so
that the clock period is 250 ms, a BMB value of 9 implies that the timeout will occur
between 2000 ms and 2250 ms after writing the Watchdog Timer Register.

Digital Calibration

XT Oscillator Digital Calibration

In order to improve the accuracy of the XT oscillator, a Distributed Digital Calibra-
tion function is included (see Section 6.5.1 0x14 - Calibration XT on page 88). This
function uses a calibration value, OFFSETX, to adjust the clock period over a 16 sec-
ond or 32 second calibration period. When the 32.786 kHz XT oscillator is selected,
the clock at the 16.384 kHz level of the divider chain is modified on a selectable
interval. Clock pulses are either added or subtracted to ensure accuracy of the
counters. If the CMDX bit is a 0 (normal calibration), OFFSETX cycles of the 16.384
kHz clock are gated (negative calibration) or replaced by 32.786 kHz pulses (posi-
tive calibration) within every 32 second calibration period. In this mode, each step
in OFFSETX modifies the clock frequency by 1.907 ppm, with a maximum adjust-
ment of ~+120/-122 ppm. If the CMDX bit is 1 (coarse calibration), OFFSETX cycles
of the 16.384 kHz clock are gated or replaced by the 32.786 kHz clock within every
16 second calibration period. In this mode, each step in OFFSETX modifies the
clock frequency by 3.814 ppm, with a maximum adjustment of ~+240/-244 ppm.
OFFSETX contains a two's complement value, so the possible steps are from -64 to
+63. Note that unlike other implementations, Distributed Digital Calibration guar-
antees that the clock is precisely calibrated every 32 seconds with normal calibra-
tion and every 16 seconds when coarse calibration is selected.

In addition to the normal calibration, the AM18X5 also includes an Extended Cali-
bration field to compensate for low capacitance environments. The frequency gen-
erated by the Crystal Oscillator may be slowed by 122 ppm times the value in the
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XTCAL (see Section 6.8.2 0x1D - Oscillator Status Register on page 96) field (0, -122,-
244 or -366 ppm). The clock is still precisely calibrated in 16 or 32 seconds. The
pulses which are added to or subtracted from the 16.384 kHz clock are spread
evenly over each 16 or 32 second period using the Ambiq patented Distributed
Calibration algorithm. This ensures that in XT mode the maximum cycleto-cycle jit-
terin any clock of a frequency 16.384 kHz or lower caused by calibration will be no
more than one 16.384 kHz period. This maximum jitter applies to all clocks in the
AM18XS5, including the Calendar Counter, Countdown Timer and Watchdog Timer
clocks and any clock driven onto a clock output pin.

The XT oscillator calibration value is determined by the following process:

1. Set the OFFSETX, CMDX and XTCAL register fields to 0 to ensure calibration is
not occurring.

Select the XT oscillator by setting the OSEL bit to 0.

Configure a 32768 Hz frequency square wave output on one of the output pins.
Precisely measure the exact frequency, Fmeas, at the output pin in Hz.

Compute the adjustment value required in ppm as ((32768 — Fmeas)*1000000)/
32768 = PAdj

6. Compute the adjustment value in steps as PAdj/(1000000/2/A19) = PAdj/
(1.90735) = Adj

7. If Adj < -320, the XT frequency is too high to be calibrated
8. Elseif Adj < -256, set XTCAL =3, CMDX = 1, OFFSETX = (Adj +192)/2
9. Elseif Adj <-192, set XTCAL = 3, CMDX = 0, OFFSETX = Adj +192
10. Else if Adj <-128, set XTCAL =2, CMDX = 0, OFFSETX = Adj +128
11. Else if Adj < -64, set XTCAL = 1, CMDX = 0, OFFSETX = Adj + 64
12. Else if Adj < 64, set XTCAL =0, CMDX = 0, OFFSETX = Adj
13. Else if Adj < 128, set XTCAL =0, CMDX = 1, OFFSETX = Adj/2
14. Else the XT frequency is too low to be calibrated

iAW

RC Oscillator Digital Calibration

The RC Oscillator has a patented Distributed Digital Calibration function similar to
that of the XT Oscillator (see Section 6.5.1 0x14 - Calibration XT on page 88). How-
ever, because the RC Oscillator has a greater fundamental variability, the range of
calibration is much larger, with four calibration ranges selected by the CMDR field.
When the 128 Hz RC oscillator is selected, the clock at the 64 Hz level of the divider
chain is modified on a selectable interval using the calibration value OFFSETR.
Clock pulses are either added or subtracted to ensure accuracy of the counters. If
the CMDR field is 00, OFFSETR cycles of the 64 Hz clock are gated (negative calibra-
tion) or replaced by 128 Hz pulses (positive calibration) within every 8,192 second
calibration period. In this mode, each step in OFFSETR modifies the clock fre-
quency by 1.907 ppm, with a maximum adjustment of +15,623/-15,625 ppm
(£1.56%). If the CMDR field is 01, OFFSETR cycles of the 64 Hz clock are gated or
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replaced by the 128 Hz clock within every 4,096 second calibration period. In this
mode, each step in OFFSETR modifies the clock frequency by 3.82 ppm, with a
maximum adjustment of +31,246/-31,250 ppm (+3.12%). If the CMDR field is 10,
OFFSETR cycles of the 64 Hz clock are gated (negative calibration) or replaced by
128 Hz pulses (positive calibration) within every 2,048 second calibration period. In
this mode, each step in OFFSETR modifies the clock frequency by 7.64 ppm, with a
maximum adjustment of +62,492/-62,500 ppm (+£6.25%). If the CMDR field is 11,
OFFSETR cycles of the 64 Hz clock are gated or replaced by the 128 Hz clock within
every 1,024 second calibration period. In this mode, each step in OFFSETR modifies
the clock frequency by 15.28 ppm, with a maximum adjustment of +124,984/-
125,000 ppm (£12.5%). OFFSETR contains a two's complement value, so the possi-
ble steps are from -8,192 to +8,191.

The pulses which are added to or subtracted from the 64 Hz clock are spread
evenly over each 8,192 second period using the Ambiq patented Distributed Cali-
bration algorithm. This ensures that in RC mode the maximum cycle-to-cycle jitter
in any clock of a frequency 64 Hz or lower caused by calibration will be no more
than one 64 Hz period. This maximum jitter applies to all clocks in the AM18X5,
including the Calendar Counter, Countdown Timer and Watchdog Timer clocks
and any clock driven onto a clock output pin.

The RC oscillator calibration value is determined by the following process:

1. Set the OFFSETR and CMDR register fields to 0 to ensure calibration is not occur-
ring.

Select the RC oscillator by setting the OSEL bit to 1.

Configure a 128 Hz frequency square wave output on one of the output pins.
Precisely measure the exact frequency, Fmeas, at the output pin in Hz.

Compute the adjustment value required in ppm as ((128 - Fmeas)*1000000)/
Fmeas = PAd]

6. Compute the adjustment value in steps as PAdj/(1000000/2/A19) = PAdj/
(1.90735) = Adj

7. If Adj < -65,536, the RC frequency is too high to be calibrated
8. Elseif Adj <-32,768, set CMDR = 3, OFFSETR = Ad;j/8

9. Elseif Adj <-16,384, set CMDR = 2, OFFSETR = Adj/4

10. Else if Adj <-8,192, set CMDR = 1, OFFSETR = Adj/2

11. Else if Adj < 8192, set CMDR = 0, OFFSETR = Ad]

12. Elseif Adj < 16,384, set CMDR = 1, OFFSETR = Adj/2

13. Elseif Adj < 32,768, set CMDR = 2, OFFSETR = Adj/4

14. Else if Adj < 65,536, set CMDR = 3, OFFSETR = Adj/8

15. Else the RC frequency is too low to be calibrated

ui AN
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Autocalibration

The AM18X5 includes a very powerful, patented automatic calibration feature,
referred to as Autocalibration, which allows the RC Oscillator to be automatically
calibrated to the XT Oscillator. The XT Oscillator typically has much better stability
than the RC Oscillator but the RC Oscillator requires significantly less power. Auto-
calibration enables many system configurations to achieve accuracy and stability
similar to that of the XT Oscillator while drawing current similar to that of the RC
Oscillator. Autocalibration functions in two primary modes: XT Autocalibration
Mode and RC Autocalibration Mode. See Ambiq Application Note AN0002 -
AMO8X5/AM18X5 Family Autocalibration for more details.

Autocalibration Operation

The Autocalibration operation counts the number of calibrated XT clock cycles
within a specific period as defined by the RC Oscillator and then loads new values
into the Calibration RC Upper and RC Lower registers which will then adjust the RC
Oscillator output to match the XT frequency.

XT Autocalibration Mode

In XT Autocalibration Mode, the OSEL register bit is 0 and the AM18X5 uses the XT
Oscillator whenever the system power VCC is above the Vs r voltage. The RC
Oscillator is periodically automatically calibrated to the XT Oscillator. If the AOS bit
is set, when VCC drops below the Vs s threshold the system will switch to using
VBAT, the clocks will begin using the RC Oscillator, Autocalibration will be disabled
and the XT Oscillator will be disabled to reduce power requirements. Because the
RC Oscillator has been continuously calibrated to the XT Oscillator, it will be very
accurate when the switch occurs. When VCC is again above the threshold, the sys-
tem will switch back to use the XT Oscillator and restart Autocalibration.

RC Autocalibration Mode

In RC Autocalibration Mode, the OSEL register bit is 1 and the AM18X5 uses the RC
Oscillator at all times. However, periodically the XT Oscillator is turned on and the
RC Oscillator is calibrated to the XT Oscillator. This allows the system to operate
most of the time with the XT Oscillator off but allow continuous calibration of the
RC Oscillator.

Autocalibration Frequency and Control

The Autocalibration function is controlled by the ACAL field in the Oscillator Con-
trol register as shown in Table 5-1 on page 53. If ACAL is 00, no Autocalibration
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occurs. If ACAL is 10 or 11, Autocalibration occurs every 1024 or 512 seconds,
which is referred to as the Autocalibration Period (ACXP). In RC Autocalibration
Mode, an Autocalibration operation results in the XT Oscillator being enabled for
roughly 50 seconds. The 512 second Autocalibration cycles have the XT Oscillator
enabled approximately 10% of the time, while 1024 second Autocalibration cycles
have the XT Oscillator enabled approximately 4% of the time.

Table 5-1: Autocalibration Modes

ACAL Value Calibration Mode
00 No Autocalibration
01 RESERVED
10 Autocalibration every 1024 seconds (~17 minutes)
11 Autocalibration every 512 seconds (~9 minutes)

If ACAL is 00 and is then written with a different value, an Autocalibration cycle is
immediately executed. This allows Autocalibration to be completely controlled by
software. As an example, software could choose to execute an Autocalibration
cycle every 2 hours by keeping ACAL at 00, getting a two hour interrupt using the
alarm function, generating an Autocalibration cycle by writing ACALto 10 or 11,
and then returning ACAL to 00.

Autocalibration Filter (AF) Pin

In order to produce the optimal accuracy for the Autocalibrated RC Oscillator, a fil-
ter pin AF is provided. A 47 pF capacitor should be connected between the AF pin
and VSS. In order to enable the filter, the value 0xAO must be written to the AFCTRL
Register at address 0x26 (see Section 6.10.3 0x26 — AFCTRL on page 99). The AF filter
is disabled by writing 0x00 to the AFCTRL Register. No other values should be writ-
ten to this register. The Configuration Key Register must be written with the value

0x9D immediately prior to writing the AFCTRL Register.

If the filter capacitor is not connected to the AF pin or is not enabled, the RC Oscil-
lator frequency will typically be between 10 and 50 ppm slower than the XT Oscil-
lator. If the capacitor is connected to the AF pin and enabled, the RC Oscillator
frequency will be within the accuracy range specified in the Oscillator Parameters
table of the XT Oscillator.

Autocalibration Fail

If the operating temperature of the AM18X5 exceeds the Autocalibration range
specified in the Oscillator Parameters table or internal adjustment parameters are
altered incorrectly, it is possible that the basic frequency of the RC Oscillator is so
far away from the nominal 128 Hz value (off by more than 12%) that the RC Calibra-
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tion circuitry does not have enough range to correctly calibrate the RC Oscillator. If
this situation is detected during an Autocalibration operation, the ACF interrupt
flag is set, an external interrupt is generated if the ACIE register bit is set and the
Calibration RC registers are not updated.

If an Autocalibration failure is detected while running in RC Autocalibration mode,
it is advisable to switch into XT Autocalibration mode to maintain the timing accu-
racy. This is done by first ensuring a crystal oscillator failure has not occurred (OF
flag = 0) and then clearing the OSEL bit. The ACAL field should remain set to either
11 (512 second period) or 10 (1024 second period). After the switch occurs, the
OMODE bit is cleared.

While continuing to operate in XT Autocalibration mode, the following steps can
be used to determine when it is safe to return to RC Autocalibration mode.

1. Clear the ACF flag and ACIE register bit.

2. Setup the Countdown Timer or Alarm to interrupt after the next Autocalibration

cycle completes or longer time period.

After the interrupt occurs, check the status of the ACF flag.

4. Ifthe ACF flag is set, it is not safe to return to RC Autocalibration mode. Clear the
ACF flag and repeat steps 2-4.

5. If the ACF flag is still cleared, it is safe to return to RC Autocalibration mode by
setting the OSEL bit.

w

As mentioned in the RC oscillator section, switching between XT and RC oscillators
is guaranteed to produce less than one second of error. However, this error needs
to be considered and can be safely managed when implementing the steps above.
For example, switching between oscillator modes every 48 hours will produce less
than 6 ppm of error.

Oscillator Failure Detection

If the 32.786 kHz XT Oscillator generates clocks at less than 8 kHz for a period of
more than 32 ms, the AM18X5 detects an Oscillator Failure. The Oscillator Failure
function is controlled by several bits in the Oscillator Control Register (see Section
6.8.1 0x1C- Oscillator Control on page 95) and the Oscillator Status Register (see Sec-
tion 6.8.2 0x1D - Oscillator Status Register on page 96). The OF flag is set when an
Oscillator Failure occurs, and is also set when the AM18X5 initially powers up. If the
OFIE bit is set, the OF flag will generate an interrupt on IRQ.

If the FOS bit is set and the AM18X5 is currently using the XT Oscillator, it will auto-
matically switch to the RC Oscillator on an Oscillator Failure. This guarantees that
the system clock will not stop in any case. The OMODE bit indicates the currently
selected oscillator, which will not match the oscillator requested by the OSEL bit if
the XT Oscillator is not running.
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The OF flag will be set when the AM18X5 powers up, and will also be set whenever
the XT Oscillator is stopped. This can happen when the STOP bit is set or the OSEL
bit is set to 1 to select the RC Oscillator. Since the XT Oscillator is stopped in RC
Autocalibration mode (see Section 5.10.3 RC Autocalibration Mode on page 52), OF
will always be set in this mode. The OF flag should be cleared whenever the XT
Oscillator is enabled prior to enabling the OF interrupt with OFIE.

Interrupts

The AM18X5 may generate a variety of interrupts which are ORed into the IRQ sig-
nal. This may be driven onto either the FOUT/nIRQ pin or the PSW/nIRQ2 pin
depending on the configuration of the OUT1S and OUT2S fields (see Section 6.4.3
0x11 - Control2 on page 84).

Interrupt Summary

The possible interrupts are summarized in Table 5-2. All enabled interrupts are
ORed into the IRQ signal when their respective flags are set. Note that most inter-
rupt outputs use the inverse of the interrupt (e.g., nIRQ). The fields are:

» Interrupt - the name of the specific interrupt.
* Function - the functional area which generates the interrupt.

» Enable - the register bit which enables the interrupt. Note that for the Watch-
dog interrupt, WDS is the steering bit, so that the flag generates an interrupt if
WDS is 0 and a reset if WDS is 1. In either case, the BMB field must be non-zero
to generate the interrupt or reset.

= Pulse/Level - some interrupts may be configured to generate a pulse based on
the register bits in this column. "Level Only" implies that only a level may be
generated, and the interrupt will only go away when the flag is reset by soft-
ware.

» Flag - the register bit which indicates that the function has occurred. Note that
the flag being set will only generate an interrupt signal on an external pin if the
corresponding interrupt enable bit is also set.

Table 5-2: Interrupt Summary

Interrupt Function Enable Pulse/Level Flag
AIRQ Alarm Match AIE IM ALM
TIRQ Countdown Timer TIM ™ TIM
WIRQ Watchdog IWDS Level Only WDT
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Table 5-2: Interrupt Summary (Continued)

Interrupt Function Enable Pulse/Level Flag
BLIRQ Battery Low BLIE Level Only BL
X1IRQ External 1 EX1E Level Only EX1
X2IRQ External 2 EX2E Level Only EX2
OFIRQ Oscillator Fail OFIE Level Only OF
ACIRQ Autocal Fail ACIE Level Only ACF

Alarm Interrupt AIRQ

The AM18X5 may be configured to generate the AIRQ interrupt when the values in
the Time and Date Registers match the values in the Alarm Registers. Which regis-
ter comparisons are required to generate AIRQ is controlled by the RPT field as
described in the Repeat Function table, allowing software to specify the interrupt
interval. When an Alarm Interrupt is generated, the ALM flag is set and an external
interrupt is generated based on the AIE bit and the pin configuration settings. The
IM field controls the period of the external interrupt, including both level and pulse
configurations.

Countdown Timer Interrupt TIRQ

The AM18X5 may be configured to generate the TIRQ interrupt when the Count-
down Timer is enabled by the TE bit and reaches the value of zero, which will set
the TIM flag. The TM, TRPT and TFS fields control the interrupt timing (see Section
6.7.10x18 - Countdown Timer Control on page 91), and the TIE bit and the pin config-
uration settings control external interrupt generation. The Timer interrupt is
always driven onto the nTIRQ pin if it is available, and may also be driven onto a
clock output pin by a configuration of the SQFS field (see Section 6.4.5 0x13 - SQW
on page 86).

Watchdog Timer Interrupt WIRQ

The AM18X5 may be configured to generate the WIRQ interrupt when the Watch-
dog Timer reaches its timeout value. This sets the WDT flag and is described in
Watchdog Timer.

Battery Low Interrupt BLIRQ

The AM18X5 may be configured to generate the BLIRQ when the voltage on the
VBAT pin crosses one of the thresholds set by the BREF field. The polarity of the
detected crossing is set by the BPOL bit.
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5.12.7

5.12.8

5.12.9

External Interrupts X1IRQ and X2IRQ

The AM18X5 may be configured to generate the X1IRQ and X2IRQ interrupts when
the EXTI (X1IRQ) or WDI (X2IRQ) inputs toggle. The register bits EX1P and EX2P con-
trol whether the rising or falling transitions generate the respective interrupt.
Changing EX1P or EX2P may cause an immediate interrupt, so the corresponding
interrupt flag should be cleared after changing these bits.

The values of the EXTI and WDI pins may be directly read in the EXIN and WDIN reg-
ister bits (see Section 6.12.1 0x3F - Extension RAM Address on page 105). By connect-
ing an input such as a pushbutton to both EXTl and WD, software can debounce
the switch input using software configurable delays.

Oscillator Fail Interrupt OFIRQ

The AM18X5 may be configured to generate the OFIRQ interrupt if the XT oscillator
fails (see Section 5.11 Oscillator Failure Detection on page 54).

Autocalibration Fail Interrupt ACIRQ

The AM18X5 may be configured to generate the ACIRQ interrupt if an Autocalibra-
tion operation fails (see Section 5.10.6 Autocalibration Fail on page 53).

Servicing Interrupts

When an interrupt is detected, software must clear the interrupt flag in order to
prepare for a subsequent interrupt. If only a single interrupt is enabled, software
may simply write a zero to the corresponding interrupt flag to clear the interrupt.
However, because all of the flags in the Status register are written at once, it is pos-
sible to clear an interrupt which has not been detected yet if multiple interrupts
are enabled. The ARST register bit is provided to ensure that interrupts are not lost
in this case. If ARST is a 1, a read of the Status register will produce the current state
of all the interrupt flags and then clear them. An interrupt occurring at any time rel-
ative to this read is guaranteed to either produce a 1 on the Status read, or to set
the corresponding flag after the clear caused by the Status read. After servicing all
interrupts which produced 1s in the read, software should read the Status register
again until it returns all zeros in the flags, and service any interrupts with flags of 1.

Note that the OF and ACF interrupts are not handled with this process because
they are in the Oscillator Status register, but error interrupts are very rare and typi-
cally do not create any problems if the interrupts are cleared by writing the flag
directly.
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5.13

Power Control and Switching

The main power supply to the AM18X5 is the VCC pin, which operates over the
range specified by the Vg parameter if there are I/O interface operations
required, and the range specified by the V- parameter if only timekeeping opera-
tions are required. Some versions also include a backup supply which is provided
on the VBAT pin and must be in the range specified by the Vgar parameter in order
to supply battery power if V- is below Vcs\ye. Refer to the Power Supply and Swi-
tchover Parameters table for the specifications related to the power supplies and
switchover. There are several functions which are directly related to the VBAT input.
If a single power supply is used it must be connected to the VCC pin.

Figure 5-10 illustrates the various power states and the transitions between them.
There are three power states:

1. POR -the power on reset state. If the AM18X5 is in this state, all registers includ-
ing the Counter Registers are initialized to their reset values.

2. VCC Power - the AM18X5 is powered from the VCC supply.
3. VBAT Power — the AM18X5 is powered from the VBAT supply.

Initially, VCC is below the V7 voltage, VBAT is below the Vgarsy voltage and the
AM18X5 isin the POR state. VCC rising above the V7 voltage causes the AM18X5
to enter the VCC Power state. If VBAT remains below Vgars\y, VCC falling below the
Vccerst Voltage returns the AM18X5 to the POR state.

Figure 5-10: Power States

\

\ | |

\ \ \

VBAT | Vearsw } \
\ \ \

\ \ \

Power State ‘ POR VCC Power POR VCC Power VBAT Power VCC Power VBAT Power POR ‘

If VBAT rises above Vgarsy in the POR state, the AM18X5 remains in the POR state.
This allows the AM18X5 to be built into a module with a battery included, and min-
imal current will be drawn from the battery until VCC is applied to the module the
first time.

If the AM18X5 is in the VCC Power state and VBAT rises above Vgarsw: the AM18X5
remains in the VCC Power state but automatic switchover becomes available. VBAT
falling below Vgars\y has no effect on the power state as long as VCC remains
above Vs If VCC falls below the Vs voltage while VBAT is above Vg the
AM18X5 switches to the VBAT Power state. VCC rising above Vs returns the
AM18X5 to the VCC Power state. There is hysteresis in the rising and falling VCC
thresholds to ensure that the AM18X5 does not switch back and forth between the
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5.13.2

supplies if VCC is near the thresholds. Vcsywe and Vecsyr are independent of the
VBAT voltage and allow the AM18X5 to minimize the current drawn from the VBAT
supply by switching to VBAT only at the point where VCC is no longer able to
power the device.

If the AM18X5 is in the VBAT Power state and VBAT falls below VgatrsT, the AM18X5
will return to the POR state.

Whenever the AM18X5 enters the VBAT Power state, the BAT flag in the Status Reg-
ister (see Section 6.4.1 OxOF - Status (Read Only) on page 82) is set and may be polled
by software. If the XT oscillator is selected and the AOS bit (see Section 6.8.1 0x1C -
Oscillator Control on page 95) is set, the AM18X5 will automatically switch to the RC
oscillator in the VBAT Power state in order to conserve battery power. If the IOBM
bit (see Section 6.10.4 0x27 — Batmode IO Register on page 100) is clear, the 12C or SPI
interface is disabled in the VBAT Power state in order to prevent erroneous
accesses to the AM18X5 if the bus master loses power.

Battery Low Flag and Interrupt

If the VBAT voltage drops below the Falling Threshold selected by the BREF field
(see Section 6.10.2 0x21 - BREF Control on page 99), the BL flag in the Status Register
(see Section 6.4.1 0xOF - Status (Read Only) on page 82) is set. If the BLIE interrupt
enable bit (see Section 6.4.4 0x12 - Interrupt Mask on page 85) is set, the IRQ interrupt
is generated. This allows software to determine if a backup battery has been
drained. Note that the BPOL bit must be set to 0. The algorithm in the Analog Com-
parator section should be used when configuring the BREF value.

If the VBAT voltage is above the rising voltage which corresponds to the current
BREF setting, BBOD will be set. At that point the VBAT voltage must fall below the
falling voltage in order to clear the BBOD bit, set the BAT flag and generate a falling
edge BL interrupt. If BBOD is clear, the VBAT voltage must rise above the rising volt-
age in order to clear the BBOD bit and generate a rising edge BL interrupt.

Analog Comparator

If a backup battery is not required, the VBAT pin may be used as an analog compar-
ator input. The voltage comparison level is set by the BREF field. If the BPOL bit is O,
the BL flag will be set when the VBAT voltage crosses from above the BREF Falling
Threshold to below it. If the BPOL bit is 1, the BL flag will be set when the VBAT volt-
age crosses from below the BREF Rising Threshold to above it. The BBOD bit in the
Analog Status Register (see Section 6.10.5 0x2F — Analog Status Register (Read Only)
on page 107) may be read to determine if the VBAT voltage is currently above the
BREF threshold (BBOD = 1) or below the threshold (BBOD = 0).

There is a reasonably large delay (on the order of seconds) between changing the
BREF field and a valid value of the BBOD bit. Therefore, the algorithm for using the
Analog Comparator should comprise the following steps:
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Set the BREF and BPOL fields to the desired values.
Wait longer than the maximum tgggr time.
Clear the BL flag, which may have been erroneously set as BBOD settles.

Check the BBOD bit to ensure that the VBAT pin is at a level for which an inter-
rupt can occur. If a falling interrupt is desired (BPOL = 0), BBOD should be 1. Ifa
rising interrupt is desired (BPOL = 1), BBOD should be 0.

>N =

If the comparison voltage on the VBAT pin can remain when VCC goes to 0, it is rec-
ommended that a Software Reset be generated to the AM18X5 after power up.

Pin Control and Leakage Management

Like most ICs, the AM18X5 may draw unnecessary leakage current if an input pin
floats to a value near the threshold or an output pin is pulled to a power supply.
Because external devices may be powered from VCC, extra care must be taken to
ensure that any input or output pins are handled correctly to avoid extraneous
leakage when VCC goes away and the AM18X5 is powered from VBAT. The Output
Control register (see Section 6.10.6 0x30 - Output Control Register on page 101), the
Batmode IO register (see 0x27 — Batmode 10 Register) and the Extension RAM
Address register (see Section 6.12.1 0x3F - Extension RAM Address on page 105)
include bits to manage this leakage, which should be used as follows:

1. EXBM should be cleared if the EXTI pin is connected to a device which is pow-
ered down when the AM18X5 is in the VBAT Power state.

2. WDBM should be cleared if the WDI pin is connected to a device which is pow-
ered down when the AM18X5 is in the VBAT Power state.

3. O4BM should be cleared if the CLKOUT/nIRQ3 pin is connected to a device
which is powered down when the AM18X5 is in the VBAT Power state.

4. 10BM should be cleared if the I2C or SPI bus master is powered down when the
AM18X5 is in the VBAT Power state.

Power Up Timing

When the voltage levels on both the VCC and VBAT signals drop below Vcgst, the
AM18X5 will enter the POR state. Once VCC rises above V1, the AM18X5 will
enter the VCC Power state. I/0 accesses via the 12C or SPI interface will be disabled
for a period of tyy.rout- The FOUT/nIRQ pin will be low at power up, and will go
high when tyy.rouT expires. Software should poll the FOUT/nIRQ value to deter-
mine when the AM18X5 may be accessed. Figure 5-11 on page 61 illustrates the
timing of a power down/up operation.
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5.14.1

Figure 5-11: Power Up Timing
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Reset Summary

The AM18X5 controls the nRST output in a variety of ways, as shown in Table 5-3.
The assertion of nRST is a low signal if the RSP bit is 0, and the assertion is high if
RSP is 1. RSP always powers up as a zero so that on power nRST is always asserted

low.

Table 5-3: Reset Summary

Function Enable
Power Up Always Enabled
nEXTR Pin RS1E
Watchdog WDS
Sleep SLRES

Power Up Reset

When the AM18X5 powers up (see Section 5.13.4 Power Up Timing on page 60)
FOUT/nIRQ and nRST will be asserted low until I/O accesses are enabled. At that
point FOUT/nIRQ will go high, and nRST will continue to be asserted for the delay
tyn:nrsT, @nd will then be deasserted. Figure 5-12 on page 62 illustrates the reset
timing on Power Up. Software should sample the FOUT/nIRQ signal prior to access-
ing the AM18X5.
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Figure 5-12: Power Up Reset Timing
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If the RS1E bit is set, nRST will be asserted whenever the nEXTR input pin is low. If
no other sources are asserting nRST, the nRST pin will be deasserted immediately
upon nEXTR going high with no delay. The RS1E bit is initialized to 1 so nEXTR is
enabled. For reset purposes, nEXTR can be connected to the reset output of other
devices to provide a reset ORing function.

Watchdog Timer

If the WDS bit is 1, expiration of the Watchdog Timer (see Section 5.8 Watchdog
Timer on page 48) will cause nRST to be asserted for approximately 60 ms.

Sleep

If the SLRES bit is set, NnRST will be asserted whenever the AM18X5 is in Sleep Mode.
Once a trigger is received and the AM18X5 exits Sleep Mode, nRST will continue to
be asserted for the tyy.nrsT delay. Figure 5-13 on page 63 illustrates the timing of
this operation.
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5.16

Figure 5-13: Sleep Reset Timing
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Software Reset

Software may reset the AM18X5 by writing the special value of 0x3C to the Config-
uration Key register at offset 0x1F. This will provide the equivalent of a power on
reset by initializing all of the AM18X5 registers. A software reset will not cause the
nRST signal the be asserted.

Sleep Control

The AM18XS5 includes a sophisticated Sleep Control system that allows the
AM18X5 to manage power for other chips in a system. The Sleep Control system
provides two outputs which may be used for system power control:

1. Areset (nNRST) may be generated to put any host controller into a minimum
power mode and to control sequencing during power up and power down
operations.

2. A power switch signal may be generated (PWR), which allows the AM18X5 to
completely power down other chips in a system by allowing the PSW/nIRQ2 pin
to float. The OUT2S field must be set to a value of 6 to select the SLEEP output.
When using the PWR output, PSW/nIRQ?2 is configured as an open drain pin
with approximately 1 Q resistance. This allows the AM18X5 to directly switch
power with no external components for small systems, or to control a single
external transistor for higher current switching. The low resistance power
switch is enabled by setting the PWR2 bit. If the I°C or SPI master (e.g., the host
controller) is powered down by the power switch, the PWGT bit should be set to
ensure that a floating bus does not corrupt the AM18X5.

3. IfOUT2S is 6 but the PWR2 bit is not set, PSW/nIRQ2 will be configured as a high
true Sleep output which may be used as an interrupt.

The Sleep state machine in Figure 5-14 on page 65 receives several inputs which it
uses to determine the current Sleep State:

63 A-RTC18X-DSGAO1EN v2.0



Artasie AM18X5 RTC Datasheet Functional Description

5.16.1

5.16.2

5.16.3

1. POR - the indicator that power is valid, e.g., the AM18X5 is in either the VCC
Power state or the VBAT Power state.

2. SLP - the Sleep Request signal which is generated by a software access to the
Sleep Register

3. TRIG - the OR of the enabled interrupt request from the Alarm comparison in
the RTC, the interrupt signal from the Countdown Timer in the RTC, the inter-
rupt signal from the Watchdog Timer in the RTC, the External Interrupt 1 or 2
pins, the Battery Low detection interrupt, the Autocalibration Fail interrupt or
the Oscillator Fail interrupt.

4. TIM - the timeout signal from the SL Timeout counter, indicating that it has dec-
remented to 0.

RUN

RUN is the normal operating state of the AM18X5. PWR and nRST are not asserted,
SLP is 0, and SLST holds the state of the previous Sleep. SLST should be cleared by
software before entering the SWAIT state.

SWAIT

Software can put the chip to sleep by setting the SLP bit, as long as a valid interrupt
is enabled (see Section 5.16.4 SLP Protection on page 65) indicated by VAL being
asserted. If SLTO is between 1 and 7, the SM moves to the SWAIT state and waits for
between SLTO and (SLTO+1) ~8 ms periods. This allows software to perform addi-
tional cleanup after setting SLP before the MCU is shut down. Operation is the
same in SWAIT as itis in RUN, and if an enabled operational interrupt occurs (TRIG)
the SM returns to the RUN state and clears the SLP bit. PWR and nRST are not
asserted, SLP is 1, and SLST is 0.

If SLTO is set to 0, the SM moves immediately to the SLEEP state. If the MCU is con-
figured to be powered down in Sleep Mode, the I/0 operation to write the Sleep
Register must be the last instruction executed by the MCU.

SLEEP

Once the programmed number of periods has elapsed in the SWAIT state, the TIM
signal is asserted and the machine moves to the SLEEP state, putting the AM18X5
into Sleep Mode. In this case the PWR signal is removed, and nRST is asserted if
SLRES is set. Once an enabled operational interrupt occurs (TRIG), the SM returns to
the RUN state, reenables power and removes reset as appropriate. The SLST regis-
ter bit is set when the SLEEP state is entered, allowing software to determine if a
SLEEP has occurred.
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5.16.4

Figure 5-14: Sleep State Machine
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SLP Protection

Since going into Sleep Mode may prevent an MCU from accessing the AM18X5, it is
critical to ensure that the AM18X5 can receive a TRIG signal. To guarantee this, the
SLP signal cannot be set unless the STOP bit is 0 and at least one of the following

conditions

> wnN =

rupt.

exists:

The AIE bit is 1, enabling an Alarm interrupt.

The TIE and the TE bits are 1, enabling a Countdown Timer interrupt.

The EX1E or EX2E bits are a 1, enabling an External interrupt.

The BMB field is not zero and the WDS bit is zero, enabling a Watchdog Inter-

In addition, SLP cannot be set if there is an interrupt pending. Software should read
the SLP bit after attempting to set it. If SLP is not asserted, the attempt to set SLP
was unsuccessful either because a correct trigger was not enabled or because an
interrupt was already pending. Once SLP is set, software should continue to poll it
until the Sleep actually occurs, in order to handle the case where a trigger occurs

before the AM18X5AB18XX enters Sleep Mode.
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5.17

OUT2S, OUTB and LKO2

If the OUT2S field is set to the initial value of 7, the PSW/nIRQ2 pin will be driven
with the value of the OUTB bit which is initially zero. If this pin is used as the power
switch, setting OUTB will remove power from the system and may prevent further
access to the AM18X5. In order to ensure that this does not happen inadvertently,
the LKO2 bit must be cleared in order to change the OUTB bit to a 1. Note that in
this power switch environment the OUT2S register field must not be written to any
value other than 6 or 7, even if the PSW/nIRQ2 pin would remain at zero, because it
is possible that a short high pulse could be generated on the PSW/nIRQ2 pin which
could create a power down.

Pin Control and Leakage Management

Like most ICs, the AM18X5 may draw unnecessary leakage current if an input pin
floats to a value near the threshold or an output pin is pulled to a power supply.
Because Sleep Mode can power down external devices connected to the AM18X5,
extra care must be taken to ensure that any input or output pins are handled cor-
rectly to avoid extraneous leakage. The Output Control register includes bits to
manage this leakage, which should be used as follows:

1. EXDS should be set if the EXTI pin is connected to a device which is powered
down in Sleep Mode.

2. WDDS should be set if the WDI pin is connected to a device which is powered
down in Sleep Mode.

3. O1EN should be cleared if the FOUT/nIRQ pin is connected to a device which is
powered down in Sleep Mode.

4. O3EN should be cleared if the nTIRQ pin is connected to a device which is pow-
ered down in Sleep Mode (I2C devices only).

5. O4EN should be cleared if the CLKOUT/nIRQ3 pin is connected to a device
which is powered down in Sleep Mode.

6. RSEN should be cleared if the nRST pin is connected to a device which is pow-
ered down in Sleep Mode.

System Power Control Applications

The AM18X5 enables a variety of system implementations in which the AM18X5
can control power usage by other elements in the system. This is typically used
when the entire system is powered from a battery and minimizing total power
usage is critical. See Abracon Application Note ANO0OOT — AM18X5 Family System
Power Management for more details.
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VSS Power Switched

Figure 5-15 illustrates the recommended implementation, in which the internal
power switch of the AM18X5 is used to completely turn off the MCU and/or other
system elements. In this case the PSW/nIRQ2 output is configured to generate the
SLEEP function, and the SLRES bit is set to 0. Under normal circumstances, the
PSW/nIRQ2 pin is pulled to VSS with approximately 1 Q of resistance, so that the
MCU receives full power. The MCU initiates a SLP operation, and when the AM18X5
enters the SLEEP state the PSW/nIRQ2 pin is opened and power is completely
removed from the MCU. This results in significant additional power savings relative
to the other alternatives.

The AM18X5 normally powers up selecting the OUTB register bit to drive the PSW/
nIRQ2 pin, and the OUTB bit is zero. This ensures that the power switch is enabled
at power up. If the power switch function is used, software should only change the
PSW/nIRQ2 selection between OUTB (0b111) and SLEEP (0b110) to ensure no
glitches occur in the power switching function.

Figure 5-15: Switched VSS Power Control
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Figure 5-16 on page 68 illustrates the application in which an external transistor
switch T is used to turn off power to the MCU. The SLP function operates identically
to the VSS switched case above, but this implementation allows switching higher
current and maintains a common ground. R can be on the order of megohms, that
negligible current is drawn when the circuit is active and PSW/nIRQ2 is low.
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—— MCU

Figure 5-16: Switched VCC Power Control
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Reset Driven

Figure 5-17 illustrates the application in which the AM18X5 communicates with
the system MCU using the reset function. In this case the MCU sets the SLRES bit so
that when the AM18X5 enters the SLEEP state, it brings nRST low to reset the MCU,
and initiates a SLP operation. When the trigger occurs, the AM18X5 releases the
MCU from reset, and may also generate an interrupt which the MCU can query to
determine how reset was exited. Since some MCUs use much less power when
reset, this implementation can save system power.

Figure 5-17: Reset Driven Power Control
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One potential issue with this approach is that many MCUs include internal pull-up
resistors on their reset inputs, and the current drawn through that resistor when
the resetinputis held low is generally much higher than the MCU would draw in its
inactive state. Any pull-up resistor should be disabled and the nRST output of the
AM18X5 should be configured as a push-pull output.
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5.18

Interrupt Driven

Figure 5-18 illustrates the simplest application, in which the AM18X5 communi-
cates with the system MCU using an interrupt. The MCU can go into standby mode,
reducing power somewhat, until the AM18X5 generates an interrupt based on an
alarm or a timer function.

Figure 5-18: Interrupt Driven Power Control
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The devices supporting the VBAT pin include a trickle charging circuit which allows
a battery or supercapacitor connected to the VBAT pin to be charged from the
power supply connected to the VCC pin. The circuit of the Trickle Charger is shown
in Figure 5-19.The Trickle Charger configuration is controlled by the Trickle register
(see Section 6.10.1 0x20 - Trickle on page 98). The Trickle Charger is enabled if a) the
TCS field is 1010, b) the DIODE field is 01 or 10 and ¢) the ROUT field is not 00. A
diode, with a typical voltage drop of 0.6V, is inserted in the charging path if DIODE
is 10. A Schottky diode, with a typical voltage drop of 0.3V, is inserted in the
charging path if DIODE is 01. The series current limiting resistor is selected by the
ROUT field as shown in the figure.

Figure 5-19: Trickle Charger
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Registers

Registers are accessed by selecting a register address and then performing read or write oper-
ations. Multiple reads or writes may be executed in a single access, with the address automati-
cally incrementing after each byte. Table 6-1 on page 71 and Table 6-2 on page 72 summarize
the function of each register. In Table 6-1 on page 71, the GPx bits (where x is between 0 and
27) are 28 register bits which may be used as general purpose storage. These bits are described
in the sections below. All of the GPx bits are cleared when the AM18X5 powers up and they can
therefore be used to allow software to determine if a true Power On Reset has occurred or hold
other initialization data.
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6.1 Register Definition and Memory Map
Table 6-1: Register Definition (0x00 to 0xOF)

Offset Register 7 6 5 4 2 1 0
0x00 Hundredths Second - Tenths Seconds - Hundredths
0x01 Seconds GPO Seconds - Tens Seconds - Ones
0x02 Minutes GP1 Minutes - Tens Minutes - Ones
0x03  Hours (24 hour) GP3  GP2 Hours - Tens Hours - Ones
0x03  Hours (12 hour) GP3  GP2 AM/PM Hours-Tens Hours - Ones
0x04 Date GP5 GP4 Date -Tens Date - Ones
0x05 Months GP8  GP7 GP6 Months-Tens Months - Ones
0x06 Years Years - Tens Years - Ones
0x07 Weekdays GP13 GP12 GP11 GP10 Weekdays
0x08 Hundredths Alarm Hundredths Alarm - Tenths Hundredths Alarm - Hundredths
0x09 Seconds Alarm GP14 Seconds Alarm - Tens Second Alarm - Ones
0x0A Minutes Alarm GP15 Minutes Alarm - Tens Minutes Alarm - Ones
0xOB Hours Alarm (24 hour) GP17 GP16 Hours Alarm - Tens Hours Alarm - Ones
0x0B Hours Alarm (12 hour) GP17 GP16 AM/PM  Hours Alarm - Hours Alarm - Ones

Tens
0x0C Date Alarm GP19 GP18 Date Alarm - Tens Date Alarm - Ones
0x0OD Months Alarm GP22 GP21 GP20 MonthsAlarm - Months Alarm - Ones
Tens
OXOE  Weekdays Alarm GP27 GP26 GP25 GP24 Weekdays Alarm
OxOF  Status CB BAT  WDT BL ALM EX2 EX1
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Table 6-2: Register Definition (0x10 to OxFF)

Offset Register 7 6 5 4 3 2 1 0
0x10  Control1 STOP 12/24 OUTB ouT RSP ARST  PWR2  WRTC
0x11  Control2 - - RS1E OuT2S ouT1S
0x12  IntMask CEB M BLIE TIE AIE EX2E EX1E
0x13  SQwW SQWE - SQFS
0x14  Cal_XT CMDX OFFSETX
0x15  Cal_RC_Hi CMDR OFFSETR[13:8]
0x16  Cal_RC_Low OFFSETR[7:0]
0x17  Sleep_Control SLP  SLRES  EX2P EX1P SLST SLTO
0x18  Timer Control TE ™ TRPT RPT TFS
0x19  Timer Countdown Timer
O0x1A  Timer_lnitial Timer Initial Value
0x1B  WDT WDS BMB WRB
0x1C  Osc. Control OSEL ACAL AOS FOS PWGT  OFIE ACIE
0x1D  Osc. Status XTCAL LKO2 OMODE - - OF ACF
Ox1E  RESERVED RESERVED
O0x1F  Configuration Key Configuration Key
0x20  Trickle TCS DIODE ROUT
0x21 BREF Control BREF
0x22  RESERVED RESERVED
0x23 RESERVED RESERVED
0x24  RESERVED RESERVED
0x25 RESERVED RESERVED
0x26  AFCTRL AFCTRL
0x27 BATMODE I/0 IOBM RESERVED
0x28 DO (Read only) Part Number — MS Byte = 00011000 (0x18)
0x29  ID1 (Read only) Part Number - LS Byte (e.g. 00000101 for AM1805)
0x2A  ID2 (Read only) Revision — Major = 00010 Revision — Minor =011
0x2B  ID3 (Read only) Lot[7:0]
0x2C  ID4 (Read only) Lot[9] Unique ID[14:8]
0x2D  ID5 (Read only) Unique ID[7:0]
0x2E  ID6 (Read only) Lot[8] Wafer - -
Ox2F  ASTAT BBOD BMIN - - - - VINIT -
0x30  OCTRL WDBM EXBM WDDS  EXDS RSEN O4EN  O3EN O1EN
O0x3F  Extension Address O4BM BPOL WDIN EXIN - XADA XADS

0x40-7F RAM Normal RAM Data
0x80-FF RAM Alternate RAM Data (12C Mode Only)
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6.2

6.2.1

6.2.2

Time and Date Registers

0x00 - Hundredths

This register holds the count of hundredths of seconds, in two binary coded deci-
mal (BCD) digits. Values will be from 00 to 99. Note that in order to divide from
32.786 kHz, the hundredths register will not be fully accurate at all times but will be
correct every 500 ms. Maximum jitter of this register will be less than 1 ms. The
Hundredths Counter is not valid if the 128 Hz RC Oscillator is selected.

Table 6-3: Hundredths Register

Bit 7 6 5 4 3 2 1 0
Name Seconds - Tenths Seconds - Hundredths
Reset 1 0 0 1 1 0 0 1

Table 6-4: Hundredths Register Bits

Bit Name Function
7:4 Seconds - Tenths Holds the tenths place in the hundredths counter.
3:0 Seconds - Hundredths Holds the hundredths place in the hundredths counter.

0x01 - Seconds

This register holds the count of seconds, in two binary coded decimal (BCD) digits.
Values will be from 00 to 59.

Table 6-5: Seconds Register

Bit 7 6 5 4 3 2 1 0
Name GPO Seconds - Tens Seconds - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-6: Seconds Register Bits

Bit Name Function

7 GPO Register bit for general purpose use.
6:4 Seconds - Tens Holds the tens place in the seconds counter.
3:0 Seconds - Ones Holds the ones place in the seconds counter.

73 A-RTC18X-DSGAO1EN v2.0



Artasie AM18X5 RTC Datasheet Registers

6.2.3

6.2.4

0x02 - Minutes

This register holds the count of minutes, in two binary coded decimal (BCD) digits.
Values will be from 00 to 59.

Table 6-7: Minutes Register

Bit 7 6 5 4 3 2 1 0
Name GP1 Minutes - Tens Minutes - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-8: Minutes Register Bits

Bit Name Function
7 GP1 Register bit for general purpose use.
6:4 Seconds - Tens Holds the tens place in the minutes counter.
3:0 Seconds - Ones Holds the ones place in the minutes counter.
0x03 - Hours

This register holds the count of hours, in two binary coded decimal (BCD) digits.
Values will be from 00 to 23 if the 12/24 bit (see Section 6.4.2 0x10 - Control1 on page
83) is clear. If the 12/24 bit is set, the AM/PM bit will be 0 for AM hours and 1 for PM
hours, and hour values will range from 1 to 12.

Table 6-9: Hours Register (12 Hour Mode)

Bit 7 6 5 4 3 2 1 0
Name GP3 GP2 AM/PM  Hours - Tens Hours - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-10: Hours Register Bits (12 Hour Mode)

Bit Name Function

7 GP3 Register bit for general purpose use.

6 GP2 Register bit for general purpose use.

5 AM/PM 0 =AM hours. 1 =PM hours

4 Hours - Tens Holds the tens place in the hours counter.
3:0 Hours - Ones Holds the ones place in the hours counter.
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Table 6-11: Hours Register (24 Hour Mode)

Bit 7 6 5 4 3 2 1 0
Name GP3 GP2 Hours - Tens Hours - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-12: Hours Register Bits (12 Hour Mode)

Bit Name Function

7 GP3 Register bit for general purpose use.

6 GP2 Register bit for general purpose use.
5:4 Hours - Tens Holds the tens place in the hours counter.
3:0 Hours - Ones Holds the ones place in the hours counter.

6.2.5 0x04 - Date

This register holds the current day of the month, in two binary coded decimal
(BCD) digits. Values will range from 01 to 31. Leap years are correctly handled from
1900 to 2199.

Table 6-13: Date Register

Bit 7 6 5 4 3 2 1 0
Name GP5 GP4 Date - Tens Date - Ones
Reset 0 0 0 0 0 0 0 1

Table 6-14: Date Register Bits

Bit Name Function

7 GP5 Register bit for general purpose use.

6 GP4 Register bit for general purpose use.
5:4 Date - Tens Holds the tens place in the hours counter.
3:0 Date - Ones Holds the ones place in the hours counter.
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6.2.6

6.2.7

0x05 - Months

This register holds the current month, in two binary coded decimal (BCD) digits.
Values will range from 01 to 12.

Table 6-15: Months Register

Bit 7 6 5 4 3 2 1 0
Name GP8 GP7 GP6 Months - Tens Months - Ones
Reset 0 0 0 0 0 0 0 1

Table 6-16: Months Register Bits

Bit Name Function
7 GP8 Register bit for general purpose use.
6 GP7 Register bit for general purpose use.
5 GP6 Register bit for general purpose use.
4 Months - Tens Holds the tens place in the months counter.
3.0 Months - Ones Holds the ones place in the months counter.
0x06 - Years

This register holds the current year, in two binary coded decimal (BCD) digits. Val-
ues will range from 00 to 99.

Table 6-17: Years Register

Bit 7 6 5 4 3 2 1 0
Name Years - Tens Years - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-18: Year Register Bits

Bit Name Function
7:4 Years - Tens Holds the tens place in the years counter
3:0 Years - Ones Holds the ones place in the years counter.
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6.2.8 0x07 - Weekday

This register holds the current day of the week. Values will range from 0 to 6.

Table 6-19: Weekdays Register

Bit 7 6 5 4 3 2 1 0
Name GP13 GP12 GP11 GP10 GP9 Weekdays
Reset 0 0 0 0 0 0 0 0

Table 6-20: Weekdays Register Bits

Bit Name Function
7 GP13 Register bit for general purpose use.
6 GP12 Register bit for general purpose use.
5 GP11 Register bit for general purpose use.
4 GP10 Register bit for general purpose use.
3 GP9 Register bit for general purpose use.
2:0 Weekdays Holds the weekday counter value.

6.3 Alarm Registers

6.3.1 0x08 - Hundredths Alarm

This register holds the alarm value for hundredths of seconds, in two binary coded
decimal (BCD) digits. Values will range from 00 to 99.

Table 6-21: Weekdays Register

Bit 7 6 5 4 3 2 1 0
Name Seconds Alarm - Tenths Seconds Alarm - Hundredths
Reset 0 0 0 0 0 0 0 0

Table 6-22: Hundredths Alarm Register Bits

Bit Name Function

7:4 Seconds Alarm - Tenths Holds the tenths place for the hundredths alarm

3:0 Seconds Alarm - Hundredths = Holds the hundredths place for the hundredths alarm
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6.3.2

6.3.3

0x09 - Seconds Alarm

This register holds the alarm value for seconds, in two binary coded decimal (BCD)
digits. Values will range from 00 to 59.

Table 6-23: Seconds Alarm Register

Bit 7 6 5 4 3 2 1 (1]
Name GP14 Seconds Alarm - Tens Seconds Alarm - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-24: Seconds Alarm Register Bits

Bit Name Function
7 GP14 Register bit for general purpose use.
6:4 Seconds Alarm - Tens Holds the tens place for the seconds alarm.
3:0 Seconds Alarm - Ones Holds the ones place for the seconds alarm.
O0x0A - Minutes Alarm

This register holds the alarm value for minutes, in two binary coded decimal (BCD)
digits. Values will range from 00 to 59.

Table 6-25: Minutes Alarm Register

Bit 7 6 5 4 3 2 1 0
Name GP15 Minutes Alarm - Tens Minutes Alarm - ones
Reset 0 0 0 0 0 0 0 0

Table 6-26: Minutes Alarm Register Bits

Bit Name Function

7 GP15 Register bit for general purpose use.
6:4 Minute Alarm - Tens Holds the tens place for the minutes alarm.
3:0 Minute Alarm - Ones Holds the ones place for the minutes alarm.
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6.3.4 0xO0B - Hours Alarm

This register holds the alarm value for hours, in two binary coded decimal (BCD)
digits. Values will range from 00 to 23 if the 12/24 bit (see Section 6.4.2 0x10 - Con-
trol1 on page 83) is clear. If the 12/24 bit is set, the AM/PM bit will be 0 for AM hours
and 1 for PM hours, and hour values will be from 1 to 12.

Table 6-27: Hours Alarm Register (12 Hour Mode)

Bit 7 6 5 4 3 2 1 0
Name GP17 GP16 AM/PM  Hours Alarm -Tens Hours Alarm - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-28: Hours Alarm Register Bits (12 Hour Mode)

Bit Name Function

7 GP17 Register bit for general purpose use.

6 GP16 Register bit for general purpose use.

5 AM/PM 0 =AM hours. 1 = PM hours.

4 Hours Alarm - Tens Holds the tens place for the hours alarm.
3:0 Hour Alarm - Ones Holds the ones place for the hours alarm.

Table 6-29: Hours Alarm Register (24 Hour Mode)

Bit 7 6 5 4 3 2 1 0
Name GP17 GP16 Hours Alarm - Tens Hours Alarm - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-30: Hours Alarm Register Bits (24 Hour Mode)

Bit Name Function

7 GP17 Register bit for general purpose use.

6 GP16 Register bit for general purpose use.
5:4 Hours Alarm - Tens Holds the tens place for the hours alarm.
3:0 Hour Alarm - Ones Holds the ones place for the hours alarm.
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6.3.5

6.3.6

0x0C - Date Alarm

This register holds alarm value for the date, in two binary coded decimal (BCD) dig-
its. Values will range from 01 to 31. Leap years are correctly handled from 1900 to
2199.

Table 6-31: Date Alarm Register

Bit 7 6 5 4 3 2 1 0
Name GP19 GP18 Date Alarm - Tens Date Alarm - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-32: Date Alarm Register Bits

Bit Name Function

7 GP19 Register bit for general purpose use.

6 GP18 Register bit for general purpose use.
5:4 Date Alarm -Tens Holds the tens place for the date alarm.
3:0 Date Alarm - Ones Holds the ones place for the date alarm.

0x0D - Months Alarm

This register holds alarm value for months, in two binary coded decimal (BCD) dig-
its. Values will range from 01 to 12.

Table 6-33: Months Alarm Register

Bit 7 6 5 4 3 2 1 0
Name GP22 GP21 GP20 Months Alarm - Tens Months Alarm - Ones
Reset 0 0 0 0 0 0 0 0

Table 6-34: Months Alarm Register Bits

Bit Name Function

7 GP22 Register bit for general purpose use.

6 GP21 Register bit for general purpose use.

5 GP20 Register bit for general purpose use.

4 Months Alarm - Tens Holds the tens place for the months alarm.
3:0 Months Alarm - Ones Holds the ones place for the months alarm.

80 A-RTC18X-DSGAO1EN v2.0



Artasie AM18X5 RTC Datasheet Registers

6.3.7

OxOE - Weekday Alarm

This register holds the alarm value for the day of the week. Values will range from 0
to 6.

Table 6-35: Weekdays Alarm Register

Bit 7 6 5 4 3 2 1 0
Name GP27 GP26 GP25 GP24 GP23 Weekdays Alarm
Reset 0 0 0 0 0 0 0 0

Table 6-36: Weekdays Alarm Register Bits

Bit Name Function
7 GP27 Register bit for general purpose use.
6 GP26 Register bit for general purpose use.
5 GP25 Register bit for general purpose use.
4 GP24 Register bit for general purpose use.
3 GP23 Register bit for general purpose use.
2:0 Weekdays Alarm Holds the weekdays alarm value.
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6.4

6.4.1

Configuration Registers

OxOF - Status (Read Only)

This register holds a variety of status bits. The register may be written at any time to
clear or set any status flag. If the ARST bit is set, any read of the Status Register will
clear all of the bits except the CB bit.

Table 6-37: Status Register

Bit 7 6 5 4 3 2 1 0
Name CB BAT WDT BL TIM ALM EX2 EX1
Reset 0 0 0 0 0 0 0 0

Table 6-38: Status Register Bits

Bit Name Function

7 cB Century. This bit will be toggled when the Years register rolls over
from 99 to 00 if the CEB bit is a 1. A 0 assumes the century is 19xx or
21xx, and a 1 assumes it is 20xx for leap year calculations.

6 BAT Set when the system switches to the VBAT Power state.

5 WDT Set when the Watchdog Timer is enabled and is triggered, and the
WDS bit is 0.

4 BL Set if the battery voltage VBAT crosses the reference voltage
selected by BREF in the direction selected by BPOL.

3 TIM Set when the Countdown Timer is enabled and reaches zero.

2 ALM Set when the Alarm function is enabled and all selected Alarm reg-

isters match their respective counters.

1 EX2 Set when an external trigger is detected on the WDI pin. The EX2E
bit must be set in order for this interrupt to occur, but subsequently
clearing EX2E will not automatically clear this flag.

0 EX1 Set when an external trigger is detected on the EXTI pin. The EX1E
bit must be set in order for this interrupt to occur, but subsequently
clearing EX1E will not automatically clear this flag.
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6.4.2 0x10 - Control1
This register holds some major control signals.
Table 6-39: Control1 Register
Bit 7 6 5 4 3 2 1 0
Name STOP 12/24 ouUTB ouTt RSP ARST  PWR2  WRTC
Reset 0 0 0 1 0 0 1 1
Table 6-40: Control1 Register Bits
Bit Name Function
7 STOP When 1, stops the clocking system. The XT and RC Oscillators are
not stopped. In XT Mode the 32.786 kHz clock output will continue
to run. In RC Mode, the 128 Hz clock output will continue to run.
Other clock output selections will produce static outputs. This bit
allows the clock system to be precisely started, by settingitto 1 and
back to 0.
6 12/24 When 0, the Hours register operates in 24 hour mode. When 1, the
Hours register operates in 12 hour mode.
5 OuTB A static value which may be driven on the PSW/nIRQ2 pin. The
OUTB bit cannot be set to 1 if the LKO2 bit is 1.
4 ouT A static value which may be driven on the FOUT/nIRQ pin. This bit
also defines the default value for the Square Wave output when
SQWE is not asserted.
3 RSP Reset Polarity. When 1, the nRST pin is asserted high. When 0, the
nRST pin is asserted low.
2 ARST Auto reset enable. When 1, a read of the Status register will cause
any interrupt bits (TIM, BL, ALM, WDT, XT1, XT2) to be cleared. When
0, the bits must be explicitly cleared by writing the Status register.
1 PWR2 When 1, the PSW/nIRQ2 pin is driven by an approximately 17 pull-
down which allows the AM18X5 to switch power to other system
devices through this pin. When 0, the PSW/nIRQ2pin
is a normal open drain output.
0 WRTC Write RTC. This bit must be set in order to write any of the Counter
registers (Hundredths, Seconds, Minutes, Hours, Date, Months,
Years or Weekdays).
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6.4.3 0x11 - Control2

This register holds additional control and configuration signals for the flexible out-
put pins FOUT/nIRQ and PSW/nIRQ2. Note that PSW/nIRQ2 and FOUT/nIRQ are
open drain outputs.

Table 6-41: Control2 Register

Bit 7 6 5 4 3 2 1 (1}
Name RESERVED RSIE OuT2S OUT1S
Reset 0 0 1 1 1 1 0 0

Table 6-42: Control2 Register Bits

Bit Name Function

7:6 RESERVED RESERVED

5 RS1E When 1, enable the nEXTR pin to generate nRST.
4:2 OuUT2S Controls the function of the PSW/nIRQ2 pin, as shown in Table 6-43.
1:0 OUT1S Controls the function of the FOUT/NIRQ pin, as shown in Table 6-44.

Table 6-43: PSW/nIRQ2 Pin Control

OUT2S Value PSW/nIRQ2 Pin Function
000 nIRQ if at least one interrupt is enabled, else OUTB
001 SQW if SQWE = 1, else OUTB
010 RESERVED
011 nAIRQ if AIE is set, else OUTB
100 TIRQifTIE is set, else OUTB
101 nTIRQIfTIE is set, else OUTB
110 SLEEP
111 OouTB

Table 6-44: FOUT/nIRQ Pin Control

OUT1S Value FOUT/nIRQ Pin Function
00 nIRQ if at least one interrupt is enabled, else OUT
01 SQW if SQWE = 1, else OUT
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6.4.4

Table 6-44: FOUT/nIRQ Pin Control (Continued)

OUT1S Value FOUT/nIRQ Pin Function
10 SQW if SQWE = 1, else nIRQ if at least one interrupt is enabled, else OUT
11 nAIRQ if AlE is set, else OUT

0x12 - Interrupt Mask

This register holds the interrupt enable bits and other configuration information.

Table 6-45: Interrupt Mask Register

Bit 7 6 5 4 3 2 1 0
Name CEB M BLUE TIE AIE EX2E EX1E
Reset 1 1 1 0 0 0 0 0

Table 6-46: Interrupt Mask Register Bits

Bit Name Function

7 CEB Century Enable.
0: The CB bit will never be automatically updated.
1: The CB bit will toggle when the Years register rolls over from 99 to 00.

6:5 IM Interrupt Mode.
This controls the duration of the nAIRQ interrupt as shown below. The
interrupt output always goes high when the corresponding flag in the
Status Register is cleared. In order to minimize current drawn by the
AM18X5 this field should be kept at 0x3.
00: Level (static) for both XT mode and RC mode.
01:1/8192 seconds for XT mode. 1/64 seconds for RC mode.
10: 1/64 seconds for both XT mode and RC mode.
11: 1/4 seconds for both XT mode and RC mode.

4 BLIE Battery Low Interrupt Enable.
0: Disable the battery low interrupt.
1: The battery low detection will generate an interrupt.

3 TIE Timer Interrupt Enable.
0: Disable the timer interrupt.
1: The Countdown Timer will generate an IRQ interrupt signal and set the
TIM flag when the timer reaches 0.

2 AIE Alarm Interrupt Enable.
0: Disable the alarm interrupt.
1: A match of all the enabled alarm registers will generate an IRQ inter-
rupt signal.
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6.4.5

Table 6-46: Interrupt Mask Register Bits (Continued)

Bit Name Function

1 EX2E XT2 Interrupt Enable.
0: Disable the XT2 interrupt.
1: The WDI input pin will generate the XT2 interrupt when the edge spec-
ified by EX2P occurs.

0 EX1E XT1 Interrupt Enable.
0: Disable the XT1 interrupt.
1: The EXTl input pin will generate the XT1 interrupt when the edge
specified by EX1P occurs.

0x13 - SQW

This register holds the control signals for the square wave output. Note that some
frequency selections are not valid if the 128 Hz RC Oscillator is selected.

Table 6-47: SQW Register

Bit 7 6 5 4 3 2 1 0
Name SQWE RESERVED SQFS
Reset 0 0 1 0 0 1 1 0

Table 6-48: SQW Register Bits

Bit Name Function

7 SQWE When 1, the square wave output is enabled. When 0, the square
wave output is held at the value of OUT.

6:5 RESERVED RESERVED

4:0 SQFS Selects the frequency of the square wave output, as shown in Table
6-49. Note that some selections are not valid if the 128 Hz oscillator
is selected. Some selections also produce short pulses rather than
square waves, and are intended primarily for test usage.

Table 6-49: Square Wave Function Select

SQFS Value Square Wave Output
00000 1 century1
00001 32.768 kHZ?
00010 8.192 kHz?
00011 4.096 kHz?
00100 2.048 kHz?
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Table 6-49: Square Wave Function Select (Continued)

SQFS Value

00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001

10010
10011

10100
10101

10110
10111

11000
11001

11010
11011

11100
11101

11110
11111

T Pulses for Test Usage.
2NA if 128 Hz Oscillator selected.

Square Wave Output
1.024 kHz?

512 Hz(1) - Default value

256 Hz?
128 Hz
64 Hz
32 Hz
16 Hz
8 Hz
4 Hz
2Hz
1Hz
2 Hz
YaHz
1/8 Hz
1/16 Hz
1/32 Hz
1/60 Hz (1 minute)
16.384 kHz?
100 Hz 12
1 hour!
1 day’
TIRQ
NOT TIRQ
1 year1
1 Hz to Counters'
1/32 Hz from Acal’
1/8 Hz from Acal’
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6.5 Calibration Registers

6.5.1 0x14 - Calibration XT

This register holds the control signals for a digital calibration function of the XT
Oscillator.

Table 6-50: Calibration XT Register

Bit 7 6 5 4 3 2 1 0
Name CMDX OFFSETX
Reset 0 0 0 0 0 0 0 0

Table 6-51: Calibration XT Register Bits

Bit Name Function
7 CMDX The calibration adjust mode. When 0 (Normal Mode), each adjust-
ment step is £2 ppm. When 1 (Coarse Mode), each adjustment step
is =4 ppm.
6:0 OFFSETX The amount to adjust the effective time. This is a two's complement

number with a range of -64 to +63 adjustment steps.

6.5.2  0x15 - Calibration RC Upper

This register holds the control signals for the fine digital calibration function of the
low power RC Oscillator. This register is initialized with a factory value which cali-
brates the RC Oscillator to 128 Hz.

Table 6-52: Calibration RC Upper Register

Bit 7 6 5 4 3 2 1 0
Name CMDR OFFSETRU
Reset Preconfigured Preconfigured
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6.5.3

Table 6-53: Calibration RC Upper Register Bits

Bit Name Function

7:6 CMDR The calibration adjust mode for the RC calibration adjustment.
CMDR selects the highest frequency used in the RC Calibration pro-
cess, as shown in Table 6-54.

5:0 OFFSETRU The upper 6 bits of the OFFSETR field, which is used to set the
amount to adjust the effective time. OFFSETR is a two's comple-
ment number with a range of -2A13 to +2/13-1 adjustment steps.

Table 6-54: CMDR Function

CMDR Calibration Period Minimum Adjustment Maximum Adjustment
00 8,192 seconds +1.91 ppm +1.56%
01 4,096 seconds +3.82 ppm +3.13%
10 2,048 seconds +7.64 ppm +6.25%
11 1,024 seconds +15.28 ppm +12.5%

0x16 - Calibration RC Lower

This register holds the lower 8 bits of the OFFSETR field for the digital calibration
function of the low power RC Oscillator. This register is initialized with a factory
value which calibrates the RC Oscillator to 128 Hz.

Table 6-55: Calibration RC Lower Register

Bit 7 6 5 4 3 2 1 0
Name OFFSETRL
Reset Preconfigured

Table 6-56: Calibration RC Lower Register Bits

Bit Name Function

7:0 OFFSETRL The lower 8 bits of the OFFSETR field, which is used to set the
amount to adjust the effective time. OFFSETR is a two's comple-
ment number with a range of -2A13 to +2A13-1 adjustment steps.
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6.6

6.6.1

Sleep Control Register

0x17 - Sleep Control

This register controls the Sleep function of the Power Control system.

Table 6-57: Sleep Control Register

Bit 7 6 5 4 3 2 1 0
Name SLP SLRES EX2P EX1P SLST SLTO
Reset 0 0 0 0 0 0 0 0

Table 6-58: Sleep Control Register Bits

Bit Name Function

7 SLP When 1, the Power Control SM will transition to the SWAIT state.
This bit will be cleared when the SM returns to the RUN state. If
either STOP is 1 or no interrupt is enabled, SLP will remain at 0 even
after an attempt to setit to 1.

6 SLRES When 1, assert nRST low when the Power Control SM is in the SLEEP
state.
5 EX2P When 1, the external interrupt XT2 will trigger on a rising edge of

the WDI pin. When 0, the external interrupt XT2 will trigger on a fall-
ing edge of the WDI pin.

4 EX1P When 1, the external interrupt XT1 will trigger on a rising edge of
the EXTI pin. When 0, the external interrupt XT1 will trigger on a
falling edge of the EXTI pin.

3 SLST Set when the AM18X5 enters Sleep Mode. This allows software to
determine if a SLEEP has occurred since the last time this bit was
read.

2:0 SLTO The number of 7.8 ms periods after SLP is set until the Power Con-

trol SM goes into the SLEEP state. If SLTO is not 0, the actual delay is
guaranteed to be between SLTO and (SLTO + 1) periods. If SLTO is 0,
the transition will occur with no delay.
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6.7

6.7.1

Timer Registers

0x18 - Countdown Timer Control

This register controls the Countdown Timer function. Note that the 00 frequency
selection is slightly different depending on whether the 32.786 kHz XT Oscillator or
the 128 Hz RC Oscillator is selected. In some RC Oscillator modes, the interrupt
pulse output is specified as RCPLS. In these cases the interrupt output will be a
short negative going pulse which is typically between 100 and 400 ?s. This allows
control of external devices which require pulses shorter than the minimum 7.8 ms
pulse created directly by the RC Oscillator.

Table 6-59: Countdown Timer Control Register

Bit 7 6 5 4 3 2 1 (1}
Name TE ™ TRPT RPT TFS
Reset 0 0 1 0 0 0 1 1

Table 6-60: Countdown Timer Control Register Bits

Bit Name Function

7 TE Timer Enable. When 1, the Countdown Timer will count down.
When 0, the Countdown Timer retains the current value. If TE is O,
the clock to the Timer is disabled for power minimization.

6 ™ Timer Interrupt Mode. Along with TRPT, this controls the Timer
Interrupt function as shown in Table 6-11 on page 75. A Level Inter-
rupt will cause the nIRQ signal to be driven low by a Countdown
Timer interrupt until the associated flag is cleared. A Pulse interrupt
will cause the nIRQ signal to be driven low for the time shown in
Table 6-62 on page 92 or until the flag is cleared.

5 TRPT Along with TM, this controls the repeat function of the Countdown
Timer. If Repeat is selected, the Countdown Timer reloads the value
from the Timer_Initial register upon reaching 0, and continues
counting. If Single is selected, the Countdown Timer will halt when
it reaches zero. This allows the generation of periodic interrupts of
virtually any frequency.

4:2 RPT These bits enable the Alarm Interrupt repeat function, as shown in
Table 6-61 on page 92. HA is the Hundredths_Alarm register value.

1:0 TFS Select the clock frequency and interrupt pulse width of the Count-
down Timer, as defined in Table 6-62 on page 92. RCPLS is a 100-
400 ?s pulse.
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Table 6-61: Repeat Function
RPT HA Repeat When
7 FF Once per hundredth’
7 F[9-0] Once per tenth’
7 [9-0][9-0] Hundredths match (once per second)
6 Hundredths and seconds match (once per minute)
5 Hundredths, seconds and minutes match (once per hour)
4 Hundredths, seconds, minutes and hours match (once per day)
3 Hundredths, seconds, minutes, hours and weekday match (once per week)
2 Hundredths, seconds, minutes, hours and date match (once per month)
1 Hundredths, seconds, minutes, hours, date and month match (once per year)
0 Alarm Disabled

T Once per second if 128 Hz Oscillator selected

Table 6-62: Countdown Timer Function Select

TM TRPT TFS Int Repeat = Countdown Timer Frequency Interrupt Pulse Width
32.786 kHz 128 Hz 32.786 kHz 128 Hz
Oscillator Oscillator Oscillator Oscillator
0 0 00 Pulse  Single 4.096 kHz 128 Hz 1/4096 s 1/128s
0 0 01 Pulse  Single 64 Hz 64 Hz 1/128s 1/128s
0 0 10 Pulse  Single 1 Hz 1Hz 1/64 s 1/64 s
0 0 1 Pulse  Single 1/60 Hz 1/60 Hz 1/64 s 1/64 s
0 1 00 Pulse = Repeat 4.096 kHz 128 Hz 1/4096 s 1/128s
0 1 01 Pulse  Repeat 64 Hz 64 Hz 1/128s 1/128s
0 1 10 Pulse  Repeat 1Hz 1Hz 1/64 s 1/64 s
0 1 11 Pulse = Repeat 1/60 Hz 1/60 Hz 1/64 s 1/64 s
1 0 00 Level  Single 4.096 kHz 128 Hz N/A N/A
1 0 01 Level  Single 64 Hz 64 Hz N/A N/A
1 0 01 Level Single 1Hz 1Hz N/A N/A
1 0 11 Level  Single 1/60 Hz 1/60 Hz N/A N/A
1 1 00 Pulse  Repeat 4.096 kHz 128 Hz 1/4096 s RCPLS
1 1 01 Pulse = Repeat 64 Hz 64 Hz 1/4096 2 RCPLS
1 1 10 Pulse  Repeat 1Hz 1Hz 1/4096 s RCPLS
1 1 11 Pulse  Repeat 1/60 Hz 1/60 Hz 1/4096 s RCPLS
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6.7.2

6.7.3

0x19 Countdown Timer

This register holds the current value of the Countdown Timer. It may be loaded
with the desired starting value when the Countdown Timer is stopped.

Table 6-63: Countdown Timer Register

Bit 7 6 5 4 3 2 1 0
Name Countdown Timer
Reset 0 0 0 0 0 0 0 0

Table 6-64: Countdown Timer Register Bits

Bit Name Function
7:0 Countdown  The current value of the Countdown Timer.
Timer

Ox1A - Timer Initial Value

This register holds the value which will be reloaded into the Countdown Timer
when it reaches zero if the TRPT bit is a 1. This allows for periodic timer interrupts,
and a period of (Timer_initial + 1) * (1/Countdown_frequency).

Table 6-65: Timer Initial Value Register

Bit 7 6 5 4 3 2 1 0
Name Timer Initial Value
Reset 0 0 0 0 0 0 0 0

Table 6-66: Timer Initial Value Register Bits

Bit Name Function
7:0 Timer Initial ~ The value reloaded into the Countdown Timer when it reaches zero
Value if the TRPT bitisa 1.
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6.7.4  0x1B-Watchdog Timer
This register controls the Watchdog Timer function.
Table 6-67: Watchdog Timer Register
Bit 7 6 5 4 3 2 1 0
Name WDS BMB WRB
Reset 0 0 0 0 0 0 0 0
Table 6-68: Watchdog Timer Register Bits
Bit Name Function
7 WDS Watchdog Steering. When 0, the Watchdog Timer will generate

WIRQ when it times out. When 1, the Watchdog Timer will generate

a reset when it times out.

6:2 BMB The number of clock cycles which must occur before the Watchdog
Timer times out. A value of 00000 disables the Watchdog Timer
function.

1:0 WRB The clock frequency of the Watchdog Timer, as shown in Table 6-69.

Table 6-69: Watchdog Timer Frequency Select

WRB Value Watchdog Timer Frequency
00 16 Hz
01 4 Hz
10 1Hz
11 1/4 Hz
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Registers

6.8

6.8.1

Oscillator Registers

0x1C - Oscillator Control

This register controls the overall Oscillator function. It may only be written if the
Configuration Key register contains the value 0xA1. An Autocalibration cycle is ini-
tiated immediately whenever this register is written with a value in the ACAL field

which is not zero.

Table 6-70: Oscillator Control Register

Bit 7
Name OSEL
Reset 0

6 5 4 3 2 1 0
ACAL AOS FOS PWGT OFIE ACIE
0 0 0 0 0 0 0

Table 6-71: Oscillator Control Register Bits

Bit Name
7 OSEL
6:5 ACAL
4 AOS
3 FOS
2 PWGT
1 OFIE
0 ACIE

Function

When 1, request the RC Oscillator to generate a 128 Hz clock for the
timer circuits. When 0, request the XT Oscillator to generate a
32.786 kHz clock to the timer circuit. Note that if the XT Oscillator is
not operating, the oscillator switch will not occur. The OMODE field
in the Oscillator Status register indicates the actual oscillator which
is selected.

Controls the automatic calibration function, as described in Auto-
calibration.

When 1, the oscillator will automatically switch to RC oscillator
mode when the system is powered from the battery. When 0, no
automatic switching occurs.

When 1, the oscillator will automatically switch to RC oscillator
mode when an oscillator failure is detected. When 0, no automatic
switching occurs.

When 1, the I/0 interface will be disabled when the power switch is
active and disabled (PWR2 is a 1 and the OUT2 outputisa 1).In
order for the 1/0 interface to be disabled, the PSW pin must be con-
figured for the sleep function by setting the OUT2S field to a value
of 6.

Oscillator Fail interrupt enable. When 1, an Oscillator Failure will
generate an IRQ signal.

When 1, an Autocalibration Failure will generate an interrupt.
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6.8.2

0x1D - Oscillator Status Register

This register holds several miscellaneous bits used to control and observe the oscil-
lators.

Table 6-72: Oscillator Status Register

Bit 7 6 5 4 3 2 1 0
Name XTCAL LKO2 OMODE RESERVED OF ACF
Reset 0 0 1 0 0 0 1 0

Table 6-73: Oscillator Status Register Bits

Bit Name Function

7:6 XTCAL Extended Crystal Calibration. This field defines a value by which the
Crystal Oscillator is adjusted to compensate for low capacitance
crystals, independent of the normal Crystal Calibration function
controlled by the Calibration XT Register. The frequency generated
by the Crystal Oscillator is slowed by 122 ppm times the value in
the XTCAL field (0, -122,-244 or -366 ppm).

5 LKO2 Lock OUT2. If this bit is a 1, the OUTB register bit (see Section 5.16.5
OUT2S, OUTB and LKO2 on page 66) cannot be set to 1. This is typi-
cally used when OUT2 is configured as a power switch, and setting
OUTB to a 1 would turn off the switch.

4 OMODE (read only) - Oscillator Mode. This bit is a 1 if the RC Oscillator is
selected to drive the internal clocks, and a 0 if the Crystal Oscillator
is selected. If the STOP bit is set, the OMODE bit is invalid.

3:2 RESERVED RESERVED

1 OF Oscillator Failure. This bit is set on a power on reset, when both the
system and battery voltages have dropped below acceptable lev-
els. It is also set if an Oscillator Failure occurs, indicating that the
crystal oscillator is running at less than 8 kHz. It can be cleared by
writing a 0 to the bit.

0 ACF Set when an Autocalibration Failure occurs, indicating that either
the RC Oscillator frequency is too different from 128 Hz to be cor-
rectly calibrated or the XT Oscillator did not start.
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6.9 Miscellaneous Registers

6.9.1 0x1F - Configuration Key

This register contains the Configuration Key, which must be written with specific
values in order to access some registers and functions. The Configuration Key is
reset to 0x00 on any register write.

Table 6-74: Configuration Key Register

Bit 7 6 5 4 3 2 1 0
Name Configuration Key
Reset 0 0 0 0 0 0 0 0

Table 6-75: Configuration Key Register Bits

Bit Name Function
7:0 Configuration Written with specific values in order to access some registers
Key and functions.
NOTES:

= Writing a value of 0xA1 enables write access to the Oscillator Control register

= Writing a value of 0x3C does not update the Configuration Key register, but
generates a Software Reset (see Section 5.15 Software Reset on page 63).

= Writing a value of 0x9D enables write access to the Trickle Register (0x20), the
BREF Register(0x21), the AFCTRL Register (0x26), the Batmode I/O Register
(0x27) and the Output Control Register (0x30).

97 A-RTC18X-DSGAO1EN v2.0



Artasie AM18X5 RTC Datasheet Registers

6.10

6.10.1

Analog Control Registers

0x20 - Trickle

This register controls the Trickle Charger. The Key Register must be written with the
value 0x9D in order to enable access to this register.

Table 6-76: Trickle Register

Bit 7 6 5 4 3 2 1 0
Name TCS DIODE ROUT
Reset 0 0 0 0 0 0 0 0

Table 6-77: Trickle Register Bits

Bit Name Function

7:4 TCS A value of 1010 enables the trickle charge function. All other
values disable the Trickle Charger.

3:2 DIODE Diode Select. A value of 10 inserts a standard diode into the
trickle charge circuit, with a voltage drop of 0.6V. A value of 01
inserts a schottky diode into the trickle charge circuit, with a
voltage drop of 0.3V. Other values disable the Trickle Charger.

1:0 ROUT Output Resistor. This selects the output resistor of the trickle
charge circuit, as shown in Table 6-78.

Table 6-78: Trickle Charge Output Resistor

ROUT Value Series Resistor
00 Disable
01 3KQ
10 6 KQ
1 11 KQ
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6.10.2

6.10.3

0x21 - BREF Control

This register controls the reference voltages used in the Wakeup Control system.
The Key Register must be written with the value 0x9D in order to enable access to
this register.

Table 6-79: BREF Control Register

Bit 7 6 5 4 3 2 1 0
Name BREF RESERVED
Reset 1 1 1 1 0 0 0 0

Table 6-80: BREF Control Register Bits

Bit Name Function

7:4 BREF This selects the voltage reference which is compared to the bat-
tery voltage VBAT to produce the BBOD signal. Typical values
are shown in Table 6-81. The valid BREF values are 0x7, 0xB,
0xD, and OxF. The reset value is OxF. All other values are
RESERVED.

3:0 RESERVED RESERVED

Table 6-81: VBAT Reference Voltage

BREF Value VBAT Falling Voltage (TYP) VBAT Rising Voltage (TYP)
0111 2.5V 3.0V
1011 2.1V 2.5V
1101 1.8V 2.2V
1111 1.4V 1.6V

0x26 - AFCTRL

This register holds the enable code for the Autocalibration Filter (AF) filter capaci-
tor connected to the AF pin. Writing the value 0xAO to this register enables the AF
pin. Writing the value 0x00 to this register disables the AF pin. No other value may
be written to this register. The Configuration Key Register must be written with the
value 0x9D prior to writing the AFCTRL Register.
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Table 6-82: AFCTRL Register

Bit 7 6 5 4 3 2 1 0
Name AFCTRL
Reset 0 0 0 0 0 0 0 0

Table 6-83: AFCTRL Register Bits

Bit Name Function

7:0 AFCTRL If 0xAO, enable the AF pin. If 0x00, disable the AF pin.

6.10.4 0x27 - Batmode 10 Register

This register holds the IOBM bit which controls the enabling and disabling of the I/
O interface when a Brownout Detection occurs. It may only be written if the Con-
figuration Key register contains the value 0x9D. All undefined bits must be written
with 0.

Table 6-84: Batmode 10 Register

Bit 7 6 5 4 3 2 1 0
Name ICBM RESERVED
Reset 1 0 0 0 0 0 0 0

Table 6-85: Batmode |0 Register Bits

Bit Name Function

7 IOBM If 1, the AM18X5 will not disable the I/0O interface even if VCC
goes away and VBAT is still present. This allows external access
while the AM18X5 is powered by VBAT.

6:0 RESERVED RESERVED - must write only 0000000.
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Registers

6.10.5

6.10.6

0x2F - Analog Status Register (Read Only)

This register holds eight status bits which indicate the voltage levels of the VCC
and VBAT power inputs.

Table 6-86: Analog Status Register

Bit 7 6 5 4 3 2 1 0
Name BBOD BMIN RESERVED VINIT RESERVED
Reset

Table 6-87: Analog Status Register Bits

Bit Name Function
7 BBOD If 1, the VBAT input voltage is above the BREF threshold.
6 BMIN If 1, the VBAT input voltage is above the minimum operating

voltage (1.2V).

5:2 RESERVED RESERVED

1 VINIT If 1, the VCCinput voltage is above the minimum power up
voltage (1.6 V).
0 RESERVED RESERVED

0x30 - Output Control Register

This register holds bits which control the behavior of the I/0 pins under various
power down conditions. The Key Register must be written with the value 0x9D in
order to enable access to this register.

Table 6-88: Output Control Register

Bit 7 6 5 4 3 2 1 0
Name WDBM  EXBM  WDDS  EXDS RSEN  O4EN O3EN  OIEN
Reset 0 0 0 0 0 0 0 0
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Registers

6.11

6.11.1

Table 6-89: Analog Status Register Bits

Bit Name
7 WDBM
6 EXBM
5 WDDS
4 EXDS
3 RSEN
2 O4EN
1 O3EN
0 O1EN
ID Registers

Function

If 1, the WDl input is enabled when the AM18X5 is powered from
VBAT. If 0, the WDI input is disabled when the AM18X5 is powered
from VBAT.

If 1, the EXTl input is enabled when the AM18X5 is powered from
VBAT. If 0, the EXTl input is disabled when the AM18X5 is powered
from VBAT.

If 1, the WDl input is disabled when the AM18X5 is in Sleep Mode. If 0,
the WDl input is enabled when the AM18X5 is in Sleep Mode If WDI is
disabled, it will appear as a 1 to the internal logic.

If 1, the EXTlinput is disabled when the AM18X5 is in Sleep Mode. If
0, the EXTl input is enabled when the AM18X5 is in Sleep Mode. If
EXTl is disabled, it will appear as a 1 to the internal logic.

If 1, the nRST output is enabled when the AM18X5 is in Sleep Mode. If
0, the nRST output is completely disconnected when the AM18X5 is
in Sleep Mode.

If 1, the CLKOUT/nIRQ3 output is enabled when the AM18X5 is in
Sleep Mode. If 0, the CLKOUT/nIRQ3 output is completely discon-
nected when the AM18X5 is in Sleep Mode.

If 1, the nTIRQ output is enabled when the AM18X5 is in Sleep Mode.
If 0, the nTIRQ output is completely disconnected when the AM18X5
is in Sleep Mode.

If 1, the FOUT/nIRQ output is enabled when the AM18X5 is in Sleep
Mode. If 0, the FOUT/nIRQ output is completely disconnected when
the AM18X5 is in Sleep Mode.

0x28 - IDO - Part Number Upper Register (Read Only)

This register holds the upper eight bits of the part number in BCD format, which is
always 0x18 for the AM18X5 family.

Table 6-90: IDO - Part Number Upper Register

Bit

Name

Reset

7

0

6 5 4 3 2 1 0
Part Number - Digit 3 Part Number - Digit 2
0 0 1 1 0 0 0
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6.11.2

6.11.3

6.11.4

0x29 - ID1 - Part Number Lower Register (Read Only)

This register holds the lower eight bits of the part number in BCD format.

Table 6-91:ID1 - Part Number Lower Register

Bit 7 6 5 4 3 2 1 0
Name Part Number - Digit 1 Part Number - Digit 0
Reset Preconfigured Digit 1 Preconfigured Digit 0

0x2A - ID2 - Part Revision (Read Only)

This register holds the Revision number of the part.

Table 6-92:ID2 - Part Revision Register

Bit 7 6 5 4 3 2 1 0
Name MAJOR MINOR
Reset 0 0 0 1 0 0 1 1

Table 6-93:ID2 - Part Revision Register Bits

Bit Name Function
7:3 MAJOR This field holds the major revision of the AM18X5.
2:0 MINOR This field holds the minor revision of the AM18X5.

0x2B - ID3 - Lot Lower (Read Only)

This register holds the lower 8 bits of the manufacturing lot number.

Table 6-94: 2B - ID3 - Lot Lower Register

Bit 7 6 5 4 3 2 1 0
Name Lot[7:0]
Reset Preconfigured Lot Number

Table 6-95: 2B - ID3 - Lot Lower Register Bits

Bit Name Function

7:0 Lot[7:0] This field holds the lower 8 bits of the manufacturing lot number.
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6.11.5

6.11.6

0x2C - ID4 - ID Upper (Read Only)

This register holds part of the manufacturing information of the part, including bit
9 of the manufacturing lot number and the upper 7 bits of the unique part identi-
fier. The 15-bit ID field contains a unique value for each AM18X5 part.

Table 6-96: 2C - ID4 - ID Upper Register

Bit 7 6 5 4 3 2 1 0
Name Lot[9] ID[14:8]
Reset Preconfigured Value

Table 6-97: 2C - ID4 - ID Upper Register Bits

Bit Name Function
7 Lot[9] This field holds bit 9 of the manufacturing lot number.
1:0 ID[14:8] This field holds the upper 7 bits of the unique part ID.

0x2D - ID5 - Unique Lower (Read Only)

This register holds the lower 8 bits of the unique part identifier. The 15-bit ID field
contains a unique value for each AM18X5 part.

Table 6-98: 2D - ID5 - ID Lower Register

Bit 7 6 5 4 3 2 1 0
Name ID[7:0]
Reset Preconfigured Value

Table 6-99: 2D - ID5 - ID Lower Register Bits

Bit Name Function

7:0 ID[7:0] This field holds the lower 8 bits of the unique part ID.
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6.11.7 Ox2E - ID6 - Wafer (Read Only)

Table 6-100: 2E - ID6 Wafer Register

Bit 7 6 5 4 3 2 1 0
Name Lot[8] Water RESERVED
Reset Preconfigured Value

Table 6-101: 2E - ID6 - Wafer Register Bits

Bit Name Function

7 Lot[8] This field holds bit 8 of the manufacturing lot number.
6:2 Wafer This field holds the manufacturing wafer number.

1:0 RESERVED RESERVED

6.12 Ram Registers

6.12.1 OX3F - Extension RAM Address

This register controls access to the Extension RAM, and includes some miscella-
neous control bits.

Table 6-102: 3F - Extension RAM Address Register

Bit 7 6 5 4 3 2 1 0
Name 04BM BPOL WDIN EXIN RSVD XADA XADS
Reset 0 0 Read Only 0 0 0 0

Table 6-103: 3F - Extension RAM Address Register Bits

Bit Name Function

7 O4BM If 1, the CLKOUT/nIRQ3 output is enabled when the AM18X5 is pow-
ered from VBAT. If 0, the CLKOUT/nIRQ3 output is completely discon-
nected when the AM18X5 is powered from VBAT.

6 BPOL BL Polarity. When 0, the Battery Low flag BL is set when the VBAT
voltage goes below the BREF threshold. When 1, the Battery Low flag
BL is set when the VBAT voltage goes above the BREF threshold.

5 WDIN (read only) - this bit supplies the current level of the WDI pin.
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6.12.2

6.12.3

Table 6-103: 3F - Extension RAM Address Register Bits (Continued)

Bit Name Function
4 EXIN (read only) - this bit supplies the current level of the EXTI pin.
3 RSVD RESERVED.
2 XADA This field supplies the upper bit for addresses to the Alternate RAM

address space.

1:0 XADS This field supplies the upper two address bits for the Standard RAM
address space.

0x40 - 0x7F - Standard RAM

64 bytes of RAM space which may be accessed in either I°C or SPI interface mode.
The data in the RAM is held when using battery power. The upper 2 bits of the RAM
address are taken from the XADS field, and the lower 6 bits are taken from the
address offset, supporting a total RAM of 256 bytes. The initial values of the RAM
locations are undefined.

0x80 - OXFF - Alternate RAM

128 bytes of RAM which may be accessed only in I°C interface mode. The data in
the RAM is held when using battery power. The upper bit of the RAM address is
taken from the XADA field, and the lower 7 bits are taken from the address offset,
supporting a total RAM of 256 bytes. The initial values of the RAM locations are
undefined.
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Package Mechanical
Information

Figure 7-1 illustrates the package mechanical information.

Figure 7-1: Package Mechanical Diagram
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Drawing Notes:

1. All dimensions are in millimeters.

. These drawings are subject to change without notice.

. Quad Flat-pack, No-leads (QFN) package configuration.

. The package thermal pad must be soldered to the board for connectivity and mechanical performance.

. Customers should contact their board fabricatoer for minimum solder mask tolerances between signal pads.
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Reflow Profile

Figure 8-1 illustrates the reflow soldering requirements.

Figure 8-1: Reflow Soldering Diagram
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Table 8-1: Reflow Soldering Requirements

Profile Feature Requirement
Preheat/Soak 150°C
Temperature Min (Tgin) 200°C
Temperature Max (Tgmay) 60-120 seconds
Time (ts) from (Tgmin 0 Tsmax)

Ramp-up rate (T to T)) 3°C/second max
Liquidous temperature (T) 217 °C
Time (t;) maintained above T 60-150 seconds
Peak package body temperature (T,) 260°C max
Time (tp) within 5°Cof T, 30 seconds max
Ramp-down rate (Tp toT)) 6°C/second max
Time 25°C to peak temperature 8 minutes max

109 A-RTC18X-DSGAO1EN v2.0



Ordering Information

Table 9-1: Ordering Information

AM18X5 Orderable Part Numbers
. Temperature MSL
Device Package

1
Standard Tape and Reel - 3000 pcs Range Level

AM1805  AM1805AQ AM1805AQ Pb-Free? 16-Pin

-40°C to 85°C 3
AM1815  AM1815AQ AM1815AQ QFN 3 x3mm
! Moisture Sensitivity Level rating according to the JEDEC J-STD-020D industry standard classifications.

2 Compliant and certified with the current RoHS requirements for all 6 substances, including the requirement that lead not exceed 0.1%

by weight in raw homogeneous materials. The package was designed to be soldered at high temperatures (per reflow profile) and can
be used in specified lead-free processes.
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