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NOTICE : PLEASE READ CAREFULLY BELOW BEFORE THE USE OF THIS DOCUMENT
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1.

The content of this document is subject to change without notice. Before purchasing or using Jauch products, please
contact with sales representative of Jauch Quartz GmbH Corporation (“Jauch”) for the latest information and be always sure
to check the latest information published on Jauch’s official web sites and resources.

This document may not be copied, reproduced, or used for any other purposes, in whole or in part, without Jauch’s prior
consent.

Information provided in this document including, but not limited to application circuits, programs, and usage, is for reference
purpose only. Jauch makes no guarantees against any infringements or damages to any third parties’ intellectual property
rights or any other rights resulting from the information. This document does not grant you any licenses, any intellectual
property rights, or any other rights with respect to Jauch products owned by Jauch or any third parties.

Using Jauch products, you shall be responsible for safe design in your products; that is, your hardware, software, and/or
systems shall be designed enough to prevent any critical harm or damages to life, health, or property, even if any
malfunction or failure might be caused by Jauch products. In designing your products with Jauch products, please be sure
to check and comply with the latest information regarding Jauch products (including, but not limited to this document,
specifications, data sheets, manuals, and Jauch’s web site). Using technical contents such as product data, graphic and
chart, and technical information, including programs, algorithms, and application circuit examples under this document, you
shall evaluate your products thoroughly both in stand-alone basis and within your overall systems. You shall be solely
responsible for deciding whether to adopt/use Jauch products with your products.

Jauch has prepared this document carefully to be accurate and dependable, but Jauch does not guarantee that the
information is always accurate and complete. Jauch assumes no responsibility for any damages you incurred due to any
misinformation in this document.

No dismantling, analysis, reverse engineering, modification, alteration, adaptation, reproduction, etc., of Jauch products is
allowed.

Jauch products have been designed, developed, and manufactured to be used in general electronic applications and
specifically designated applications (“Anticipated Purpose”). Jauch products are NOT intended for any use beyond the
Anticipated Purpose that requires particular quality or extremely high reliability in order to refrain from causing any
malfunction or failure leading to critical harm to life and health, serious property damage, or severe impact on society,
including, but not limited to listed below (“Specific Purpose”). Therefore, you are strongly advised to use Jauch products
only for the Anticipated Purpose. Should you desire to purchase and use Jauch products for Specific Purpose, Jauch makes
no warranty and disclaims with respect to Jauch products, whether express or implied, including without limitation any
implied warranty of merchantability or fithess for any Specific Purpose. Please be sure to contact our sales representative in
advance, if you desire Jauch products for Specific Purpose: Space equipment (artificial satellites, rockets, etc.) /
Transportation vehicles and their control equipment (automobiles, aircraft, trains, ships, etc.) / Medical equipment / Relay
equipment to be placed on sea floor / Power station control equipment / Disaster or crime prevention equipment / Traffic
control equipment / Financial equipment Other applications requiring similar levels of reliability as the above

Jauch products listed in this document and our associated technologies shall not be used in any equipment or systems that
laws and regulations in Germany or any other countries prohibit to manufacture, use, or sell. Furthermore, Jauch products
and our associated technologies shall not be used for the purposes of military weapons development (e.g. mass destruction
weapons), military use, or any other military applications. If exporting Jauch products or our associated technologies, please
be sure to comply with the Foreign Exchange and Foreign Trade Control Act, Export Administration Regulations in the U.S.A
(EAR) and other export-related laws and regulations in Germany and any other countries and to follow their required
procedures.

Jauch assumes no responsibility for any damages (whether direct or indirect) caused by or in relation with your non-
compliance with the terms and conditions in this document or for any damages (whether direct or indirect) incurred by any
third party that you give, transfer, or assign Jauch products.

For more details or other concerns about this document, please contact our sales representative.

Company names and product names listed in this document are trademarks or registered trademarks of their respective
companies.

©Jauch Quartz GmbH 2026, All rights reserved.
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Low Power Real-time Clock Module with I2C Interface and Time Stamp Function

JR8111-32

o Built-in frequency adjusted 32.768 kHz crystal unit

o Operation temperature range : 105°C from -40°C
o Interface Type . I2C (up to 400 kHz)
e Low current consumption :100 nA/ 3.0V Typ.

» Wide operating voltagerange :1.6V to 55V

* Wide time-keeper voltage range : 1.1V to 5.5V

» Auto power switching function  : Automatically switches to backup power supply by monitoring the Voo voltage.
o Time stamp function :  8times time-stamp,1/256 seconds with specified selectable triggers.

e Time stamp memory can be used as users memory; 512 bit, 64 word x 8 bit

o Alarm interruption : Day, date, hour, minute, second

e The various functions include full calendar, seconds alarm, wakeup timer, and 32.768 kHz output.

e Self-monitoring function : Voltage detection, Crystal oscillation stop, etc.

1. Overview

JR8111-32 is a real-time clock module with integrated 32.768 kHz crystal oscillator and 1°C
interface. In addition to providing a calendar (year, month, date, day, hour, minute, second),
this module provides other functions including time-stamp from 1/1024 second to year,
alarm, wakeup timer, time update interruption, and 32.768 kHz output. Time stamp function
can record maximum of 8 events. Using the backup battery charge control function and the
interface power supply input pin, JR8111-32 can support various power supply circuits. All
of the functions mentioned above are offered in a thin and compact 3.2 x 2.5 ceramic
package which could be used in various applications requiring small footprints.
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2. Block Diagram

Vout
?
VBAT
Power
[} .
I L Control
77‘} — <1 VoD
VBAT ‘ (VDET)
Detector Vewmp) Detector
Viow) Yy
IRTC Main Circuit
32.768kHz
I-HDH-I Register Bus
Control _ Interface -
1
OSC (System @ 1
Control) |« <;;> Timer = : : = _:
I Register : 1
Y @ (—Event | i
32kHz e > Controller
to /INT
E;]il\jrizer I Interrupts Alarm,Timer,
B Controller 1 Update,Event
512Hz Clock .
to - 1 !
> and Ly 1
] 1Hz | Calendar I 1
Divider : p :
¢ 1
GND || — User RAM : . :
—'Ell ———{" FOUT Controler Ll :
==============

Figure 1 Block Diagram
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3. Terminal Description

3.1. Terminal Connections

JR8111-32
1. Vbp 10. /INT
2. Vout \ 9. GND
3. VBAT 8. Vio
4. FOUT 7. SDA
5. SCL 6. EVIN
Figure 2 Package Pin Layout.
3.2. Pin Functions
Table 1 Pin Description
Signal name 110 ‘ Function
SCL Input Serial clock input pin.
SDA Bi-directional Data input and output pin.

It is a trigger input for timestamp requests with a programmable internal
pull-up/pull-down resistor and support for detection in backup mode. Its

EVIN Input input levels are referenced to VOUT, with no separate VIO supply. A
selectable debounce (chattering) filter is provided, and when unused, EVIN
must be tied to VDD or GND.

Frequency output pin (CMOS)
FOUT Output (frequency selection: 32.768 kHz, 1024 Hz or 1 Hz)
When output is stopped, the FOUT pin is High-Z.

Open-Drain This pin is used to output alarm signals, timer signals, time update signals,

/INT Output and other signals. This pin is an N-ch open drain.
vV Power-supply pin
bb B allows a supply voltage different from Vio.
v 3 Interface power supply pin
0 is used to supply the same voltage as the host.
Vv Internal voltage output pin
ouT - connects a bypass capacitor of 1.0 uF.
Vv This is a power supply pin for backup battery.
BAT B It connects an EDLC, a secondary battery or a primary battery.
GND - Ground pin

Note: Be sure to connect a bypass capacitor rated at least 0.1 pF between Vpp and GND.
For the input terminal except EVIN, it is permitted for the input to be 5.5 V regardless of the Vo voltage.
For the Open-Drain pin, it permits the pull-up to be 5.5 V regardless of the Vo voltage.
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4. Connection Example

4.1. Battery Switchover connection Examples

Note: When connecting an external power supply or a large-capacity battery to Vgar,
install a bypass capacitor of 0.1 yF or greater at the Vgar pin as required.
Each bypass capacitor should be placed as close as possible to the corresponding pin.

EX.1 Vo and Vpp are different.
18V 3.3V

Vio [
VDD 1 -
L T
T 0.1 uF
Vour
< {] 1
T 1.0 uF
, Vear
R
EDLC

or
Re-chargeable
Battery

Figure 3 Connection example 1

Ex. 2 Connecting a Non RE Chargeable battery

Voo
-

Vio []—101—“':'

1
LT

Vour

L
< i

1.0 pF
;l; u

‘i VBAT
% I =V/IR<40 mA
—— l Non Re-chargeable

battery

Figure 4 Connection example
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Ex.3 Vio and Vpp are the same.

3.3V
-
Vio [ I—l—'
I 0.1 pF
Voo L
Lt
Vour
< {1 1
T 1.0 uF
T Vear
I =V/IR <40 mA
+ EDLC

or
Re-Chargeable
battery

Figure 5 Connection example 3

Ex.4 Not using power-switch function

VDD
--

Vio []—101—HF'

"1
-

SW1
Vour
4—"—[]—1
w2 I 1.0 pF

SW3;& Veat A
LT

INIEN = 0, CHGEN = 0, SWSEL1,0 = 10b

Figure 6 Connection Example 4
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5. External Dimensions / Marking Layout

5.1. External Dimensions

JR8111-32
External Dimensions ¢ Recommended soldering pattern

3.2+02(Typ.3.24) |

0.9

*1

1.1

2.5+0.2 (Typ.2.54)

1.0Max.

Unit : mm

* 1. The metal pads on the short side of the 1st and 10th pins of the
package are inspection pads for the crystal unit.

For stable oscillation, make sure that leakage current due to
condensation or dust does not occur between these pads.

The metal pads on the short side of the 5-pin and 6-pin sides are not
connected inside the RTC.

Figure 7 External dimensions

5.2. Marking Layout

JR8111-32
Logo Type
/ Frequency Tolerance
JR8111A ALA
B : None
#1 Pin Mark Production lot
* Contents displayed indicate the general markings and display, but are not the standards for the fonts, sizes, and positioning.

Figure 8 Marking Layout
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6. Absolute Maximum Ratings

Table 2 Absolute Maximum Ratings GND=0V

Condition
Operating supply Voltage Vob - -0.3 to +6.5 \%
Operating supply Voltage Vout - -0.3 to +6.5 \Y
Backup supply voltage VBaT - -0.3 to +6.5 \
Interface supply voltage Vio - -0.3 to +6.5 \Y
Input voltage 1 Vini SCL, SDA -0.3 to +6.5 \Y
Input voltage 2 Vin2 EVIN -0.3 to Vour+0.3 Vv
Output voltage 1 Vout1 /INT, SDA -0.3 to +6.5 \%
Output voltage 2 Vout2 FOUT -0.3 to Vio+0.3 \Y
Storage temperature Tstc Whiﬁﬁ;ﬂ;e:azzgsir:;ely’ -55 to +125 °C
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7. Recommended Operating Conditions
Table 3 Recommended Operating Conditions
Unless otherwise specified, Vgar= Vpp = Vio= 1.6V ~ 5.5V, Ta=-40 °C ~ +105 °C

Item Symbol Condition Min. Typ. Max. Unit
Operating supply Voltage Vop Supply from Vop 1.25 3.0 55 \%
Interface supply voltage Vio Vop=1.6 V~55V 1.6 3.0 5.5 \Y
Clock supply voltage Veik Supply from Vear VviLr 3.0 55 \%
VLF detection voltage VviLr Vour low detection Voltage - - 1.1 \%
Operating temperature Ta No condensation -40 +25 +105 °C

Vewk: Min. is available by initializing in Vpp > Vpert1.
When first Power ON, for internal initializing, Voo must be more than 1.45V: +Vper1.
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8. Frequency Characteristics

Table 4 Frequency Characteristics
Unless otherwise specified, Vgar= Vpp = Vio= 1.6V ~ 5.5V, Ta=-40 °C ~+105 °C

Condition
Oscillation fo 32.768 kHz
Frequency
-6

Frequency INTT Ta=+25°C A:+115 * x 10
Tolerance Vop=3.0V B:+23.0 *2 «10-5
Frequency/voltage Ta=+25°C 6
characteristics N Voo =11V ~55V -2 +2 x 1076/ V
Frequency/ = _90°C °
Temperature fo-Tc ;I'/a __ g% \? +;£7'>(2’CC ‘ -120 +10 x 1076
characteristics po =SV, reterence
Oscillation _
Start-up time tsta Vob=1.6V~55V 1.0 s

, Ta=+25°C,Vop=3.0V; x 1076
Aging fa First year - *S / year

*1 Equivalent to +30 seconds per month deviation. *2 Equivalent to +60 seconds per month deviation.
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9. Electrical Characteristics
9.1. DC Characteristics
9.1.1.DC Characteristics1
Table 5 DC Characteristics

Unless otherwise specified, Vear= Vpp=Vio=1.6 V ~ 5.5V, Ta=-40 °C to +105 °C

Condition

ISCL = SDA = High
FOUT = OFF /INT = OFF |40 °Cto +85 °C - 100 450
Current _ —
. Iob Vop=Vio=3.0V nA
consumption 1 CHGEN = 0b
— ° + ° - 100 1000
INIEN = Ob 40 °Cto +105 °C
SCL = SDA = High
Current FOUT = 32.768kHz 40 °Ct0 +85 °C - 20 3.0
. I32x /INT = OFF Vop = Vi0 =3.0V pA
consumption 2 . -
FOUT pin CL = 15pF O s
CHGEN = Ob, INIEN=1p_[40 "Cto+105°C|  — 20 35
SCL = SDA = Low o o _
Current . loxr VoD =Vio=0.0V 40 °Cto +85 °C 110 450 A
consumption 3 Vear= 3.0V 40 °C to +105 °C _ 110 1000
Sz:t’er(i:;(a)r&goltage of +Vper1 [ Switch voltage of Vpp from Vear 1.25 1.35 1.45 \
Detection voltage of .
Voo fall down -Voer1 | Switch voltage of Vear from Vop 1.20 1.30 1.40 \Y,
Detection voltage of Viow | Vsar low detection voltage 1.10 1.30 \Y
VAT low
Vout voltage 1 Vvout1 |Vop =3.0V oyt =1 mA Vpp-0.06 \%
Vour voltage 2 Vvoutz | Vear =3.0V  loyr = 0.1 mA Vear-0.02 \
. SCL, SDA 0.8 x Vio 5.5 V
High Input voltage ViH
EVlN 08 X VOUT VOUT + 03 V
SCL, SDA GND -0.3 0.2x Vo
Low Input voltage Vi Vv
EVIN GND -0.3 0.2 x VOUT
VoH1 Vio =5.0V, loy =-1 mA 4.5 5.0
ngh Output V0|tage VOH2 FOUT V|o =3.0 V, IOH =-1mA 2.2 3.0 V
VoHs Vio =3.0V, loy =-100 pA 29 3.0
Vo1 Vio=5.0V, lo. =1 mA GND GND+0.5
Vorz FOUT Vio=3.0V, lo. =1 mA GND GND+0.8 Vv
Vois Vio=3.0V, loL =100 pA GND GND+0.1
Low output voltage
VoLa Vio=5.0V, lo. =1mA GND GND+0.25
/INT \
Vois Vio=3.0V, lo. =1mA GND GND+0.4
VoLs SDA Vio22.0V, lo. =3 mA GND GND+0.4 \%
Ik Input pin, Vin = Vio or GND -0.5 0.5
Input leakage current - pA
ILkpPD EVIN pin, Vix = GND -0.5 0.5
Output leakage . _
current loz Output pin, Vour = Vio or GND -0.5 0.5 pA
Vgat from Vbp _ _
Off leak current ISW‘] Vear = 5.0 V, Vob=0.0V 50 nA
Vout from Vear _ -
Off leak current |SW2 VBAT =5.0 V, Vou'r =00V 50 nA
Vop from Vear _ -
Off |eak current |SW23 VBAT =55 V, Vou'r =33V 50 nA
SW ON of Vbp and Vout
SW ON current of | AV= 401V, Vour=5.5V,Vpp=54V 1 5 A
Vour from Vop SWONT 1AV = +0.1V, Vour =3.0V, Vpp =29 V - m
stom =20 Q~ 100 Q
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SW ON current of
Vout from Veat

Iswonz

SW ON of Vear and Vour

AV = +0.1 V, VOUT =55 V, VBAT =54V
AV = +01V, VOUT =3.0 V, VBAT =29V
Rswont = 33 Q ~ 200 Q

0.5
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9.1.2. Chargeable Current Characteristics

Chargeable current characteristics to Battery. There is ON resistance in SW1, 2, 3.
The reference value of +25 °C Typ. samples.

Y axis = Charge current Ichg, X axis = Vdef = (Vop — Vgar).

1(21#\) VDD =3.0V  Vdef (V) vs Ichg (mA) (mA) VDD =55V Vdef (V) vs Ichg (mA)
50
12 45 2

'

10 // 32 rd
/ 30

25

) 20

/ 15 //
10 ‘/(
5
0 _‘.-/
0 1 2 3 4 (V) 0 2 4 ®

(=T S B = I = - )

Figure 9 Chargeable current characteristics of VBAT VDD = 5.5V
Figure 10 Chargeable current characteristics of VBAT VDD = 3.0 V

VBaT

P
<«

: Re-chargeable
v : Battery

Figure 11 Circuit of charge to re-chargeable Battery.

9.1.3. Reference Value Of Switching Element.

Table 6 Reference value of switching element

Item Characteristics Condition
Current tolerance 40 mA Max. SW1 = SW2 =SW3 = ON,
+25 °C
. 0.60V/1mA Typ. _ o
Diode Vf 0.85V /10 mA Typ. Voo =3.0V, +25 °C
Diode IR 50 nA Max. VR =55V, -40 °C to +105 °C

Charging current from Vear must be used less than 40 mA.
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9.2. AC Characteristics
9.2.1.AC Characteristics 1

Table 7 AC Characteristics
Unless otherwise specified, .GND =0V,Vioc=1.6Vto 5.5V, Ta=-40 °C to +105 °C
SCL =100 kHz SCL =400 kHz
( Standard-Mode ) ( Fast-Mode )
Min. EVE ‘ Min. EVE
SCL clock frequency fSCL 100 400 kHz
Start condition setup time tSU;STA 4.7 0.6 us
Start condition hold time tHD;STA 4.0 0.6 us
Data setup time tSU;DAT 250 100 ns
Data hold time tHD;DAT 0 0 ns
Stop condition setup time tSU;STO 4.0 0.6 us
Bus idle time between
start condition and stop condition tBUF 4.7 1.3 HS
Time when SCL = "L" tLOW 4.7 1.3 us
Time when SCL = "H" tHIGH 4.0 0.6 us
Rise time for SCL and SDA tr 1.0 0.3 us
Fall time for SCL and SDA tf 0.3 0.3 us
Allowable spike time on bus tSP 50 50 ns
Timing Chart
START BIT7 BIT6 BITO ACK STOP START
Protocol CONDITION MSB LSB CONDITION CONDITIQN
(S) (A7) (A6) (RIW) (A) (P) (S)
tsu; sTA tLow | tHIGH 1/fscL tsu; sTA
¥ R ) oy ] L A
scL N J | j 1 \
....... © ¢ e L — ® !
i i =~ tBUF
o : tr tf ; :
' [ \ : E [ Al
SDA A z | N'
L \ ] I\ ol ; o |
tHD ; STA tsu ; DAT tHD ; DAT tsp tsu; sTO tHD ; STA

Figure 12 12C Timing Chart

The I2C interface automatically resets 2 seconds after receiving the slave address.
To resume serial communication, issue a START condition again.

Each 8-bit data byte is latched on the rising edge of SCL during the ACK cycle.

If transmission is aborted before all 8 bits are sent, the data is not written.
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9.2.2. AC Characteristics 2

Table 8 FOUT symmetry
Unless otherwise specified, GND =0V, Vio=1.6V~5.5V, Ta=-40 °C ~ +105 °C

Condition

FOUT duty Tw/t Vth = 50% Vio 40 60 %

www.jauch.com
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10. Power Supply Sequence
10.1. Power Supply Sequence

RTC module is sensitive to power supply noise so supply voltage should be stabilized to
avoid negative impact on the accuracy.

tR1 is needed for a proper power-on reset. If this power-on condition cannot be kept, it is
necessary to send an initialization routine to the RTC by software.

In case of repeated ON/OFF of the power supply within short term, it is possible that the
power-on reset will become unstable.

After power OFF, keep Vop = Vear = GND for more than 10 seconds for a proper power-on
reset.

When it is unstable, please initialize the RTC by the software.

Power-on-reset occurs on rising edge of Vour voltage.

Note: During first Power ON for internal initialization, Vpp must be over 1.45 V: +Vpgr1.

Vbbp

VMain  --------f--oo- S:-(} ---------------------------
L
17 #Voers
i tR2
[q¢ .
) Back-up operation
VCLK_MII’I ___________________________________________________________________________________________
[q [
Vear _/' 27 27
L B B e i S
Communication
— p
12C Communication Access denied
tcL tcD tcu

Figure 13 Power on Sequence

Condition
iea ti 3V 0.1 - 10 ms /V

Power supply rise time1 tR1 Vour rise time

by Vop or VBaT. 5V 0.5 _ 10 ms/V
Access wait time.
After initial power on. tCL IAfter Voo reach to +Vper1 30 - - ms
Access disable hold time tCD IAfter 1°C communication. 0 - - ms
Power supply fall time tF [Time of -Vper1 from, Voo max. 1 - - ms/V
Power supply rise time2 tR2 \Vop reach to +Voer1 From GND. 0.1 - - ms /V
Access wait time tcu \Waiting time before starting 1°C 40 ) ) ms
(Normal power on) from Power-ON.

Table 9 Power up down characteristics
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10.2. The behavior and operation restriction at power-ON in RTC

Since most RTC registers are synchronized to the oscillation clock of the built-in crystal
oscillator, the RTC will not operate correctly until the oscillator has stabilized. Therefore, the
RTC will not operate correctly until the oscillator has stabilized.
Initialize the RTC after the power supply voltage recovers (VLF = 1) and after the oscillation
start-up time (tsta) has elapsed.
When accessing the RTC after the main power supply has recovered, follow these steps:
1. Read the VLF bit first.
2. When VLF = 1, initialize all RTC registers. Perform initialization only after tsta, once
the oscillator is stable.
3. Do not access the RTC for 40 ms after the supply voltage exceeds the minimum VIO
(interface supply voltage, Vio > 1.6 V).

/

Min. interface supply voltage (Vio>1.6V)
I el <o N EEE -
VOUT =+ 1 Minimum voltage of keeping time and date. ~ Veik-
VDD ]

During power-on initialization or power supply
voltage recovery after drop in clock maintenance

voltage
AnN
Internal oscillation AW | l vesses
lllustration. W
v Vv
tom : >
|

Oscillation start time.

035 T * Access is enabled
. yp- « Normal operation start

. MU === ML

"o

et

After 40 ms progress, Confirm a state by VLF-bit
At the time of VLF=1: After a tsta wait, initial setting is necessary.
At the time of VLF=0: Register access is possible.

Figure 14 Oscillation start time chart (Power initial supply)

o Recovery from Backup

Vour N\ i
\ Voo detect voltage +Voer

Minimum voltage of keeping time and date. Vcik-

Recovery from Backup

FOUT

40 ms

N

After 40 ms progress, access is enabled.
After VLF confirmation, it is similar
to initial power ON.

Figure 15 Oscillation start time chart (Backup resume)
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10.3. Reset By Software

Software sequence for generating Power-on-reset

1) Power ON

2) Wait at least 40 ms *1

3) Dummy reading *2

4) Readout VLF bit-1

5) Write 00h Address: Reg=32h *3  INIEN = 0b
6) Write 80h Address: Reg=3Fh TEST =1
7) Write 6Ch Address: Reg=D0Oh

8) Write 03h Address: Reg=D1h

9) Write 10h  Address: Reg=D2h

10) Write 20h Address: Reg=D3h

11) Wait at least 2 ms. released automatically *4

*1  Alternative to the 40 ms wait. If a 40 ms delay is too long for your system, the following
alternative sequence may be used:

Jump directly from Step 1 to Step 3.

At Step 4, if VLF = 1, write 0 to the VLF bit.

While VLF remains 1, repeat clearing the VLF bit and verify its status.
Once VLF is confirmed to be 0, proceed to Step 5.

If VLF cannot be cleared after 40 ms, proceed to Step 5 anyway.

This method may shorten the reset sequence compared to a fixed 40 ms delay.

*2  Dummy reading. Any address is acceptable. In I12C communication, ignore ACK / NACK
signal from JR8111-32.

*3  This command must be executed regardless of the VLF status. Even if VLF is 1, the
operation is valid after completing Step 5.

*4  The 2 ms delay allows internal reset processing to complete.

Note: Do not access registers DOh—D3h except when executing this RESET sequence, and never write a value of 1 to any TEST bit.
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11. Reference information
11.1. Reference Data

x 10°®

0T =+25°C Typ.

o =-0.035x10° Typ.

0

N

/ AN

N
o
S

/

\

Frequency Afr

N
o
=]

\

I
<]

0 50
Temperature [°C]

100

(1) Example of frequency and temperature characteristics [ Finding the frequency stability ]

1. Frequency and temperature characteristics can be
approximated using the following equations.

AfT =0 (0T —6x)?2

o AfT : Frequency deviation in any temperature

ca[1/°C?] : Coefficient of secondary temperature
(-0.035+0.005 ) x 1078 /°C?

e 0T [°C] : Ultimate temperature (+25+5°C)

*Ox[°C] : Any temperature

2. To determine overall clock accuracy, add the
frequency precision and voltage characteristics.

Af/f = Afffo + AfT + Afv

o AfIf : Clock accuracy (stable frequency)
in any temperature and voltage.
* Afffo : Frequency tolerance
o AfT : Frequency deviation in any temperature.
o Afv : Frequency deviation in any voltage.

3. How to find the date difference
Time Difference per Day = Af/f x 86400 seconds.

* For example: Af/f = 11.574 x 10 is an error of
approximately 1 second/day.

www.jauch.com

Figure 16 Frequency vs Temperature characteristics
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12. Application notes

1) Notes on handling

This module uses a C-MOS IC to realize low power consumption. Carefully note the
following cautions when handling.

(1) Static electricity
While this module has built-in circuitry designed to protect it against electrostatic
discharge, the chip could still be damaged by a large discharge of static electricity.
Containers used for packing and transport should be constructed of conductive
materials. In addition, only soldering irons, measurement circuits, and other such
devices which do not leak high voltage should be used with this module, which
should also be grounded when such devices are being used.

(2) Noise
If a signal with excessive external noise is applied to the power supply or input pins,
the device may malfunction or "latch up." In order to ensure stable operation,
connect a filter capacitor (preferably ceramic) of greater than 0.1 uF as close as
possible to the power supply pins. Also, avoid placing any device that generates
high level of electronic noise near this module.

(3) Voltage levels of input pins
When the voltage of out of the input voltage specifications range inputs into an input
terminal constantly, a penetration electric current occurs. Thus, current consumption
increases very much. This causes Latch-up, and there is the case that, as a result, a
built-in IC is destroyed. Please use an input terminal according to input voltage
specifications.

(4) Handling of unused pins
Disposal of unused input terminals. When an input terminal is open state, it causes
increase of a consumption electric current and the behavior that are instability. Please
connect an unused input terminal to VIO or GND.

2) Notes on packaging

(1) Soldering heat resistance.
If the temperature within the package exceeds +260 °C, the characteristics of the
crystal oscillator will be degraded, and it may be damaged. The reflow conditions
within our reflow profile is recommended. Therefore, always check the mounting
temperature and time before mounting this device. Also, check again if the
mounting conditions are later changed.

(2) Mounting equipment
While this module can be used with general-purpose mounting equipment, the
internal crystal oscillator may be damaged in some circumstances, depending on
the equipment and conditions. Therefore, be sure to check this. In addition, if the
mounting conditions are later changed, the same check should be performed again.

(3) Ultrasonic cleaning
Depending on the usage conditions, there is a possibility that the crystal oscillator
will be damaged by resonance during ultrasonic cleaning. Since the conditions
under which ultrasonic cleaning is carried out (the type of cleaner, power level,
time, state of the inside of the cleaning vessel, etc.) vary widely, this device is not

warranted against damage during ultrasonic cleaning.
; -
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(4) Mounting orientation
This device can be damaged if it is mounted in the wrong orientation. Always
confirm the orientation of the device before mounting.

(5) Leakage between pins
Leakage between pins may occur if the power is turned on while the device has
condensation or dirt on it. Make sure the device is dry and clean before supplying
power to it.
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13. Overview of functions and description of registers

Note. The initialization of registers is necessary about the unused function too.
13.1. Overview of functions

1) Clock Function

This function is used to set and read out second, minute, hour, day, month, year (to the last
two digits), and date data.

Any (two-digit) year that is a multiple of 4 is treated as a leap year and calculated
automatically as such until the year 2099. Also “60” sec writing is available for leap second.
At the start of a I°C communication, the time and clock counting stops (which causes loss of
time), and clock starts automatically again at the end of the I1°C communication.

2) Wake-up Timer Interrupt Function

The wake-up timer interrupt function generates an interrupt event periodically at any fixed
cycle set between 244.14 us and 32 years. When an interrupt event is generated, the /INT
pin goes to low level (Low) and "1" is set to the TF bit to report that an event has occurred.
The timer data can be read even timer is running. The timer operates in both CPU/MCU
pause and running, so this function realizes a cumulative timer, wake-up timer etc.

3) Alarm Interrupt Function

The alarm interrupt function generates interrupt events for alarm settings such as date, day,
hour, and minute settings. When an interrupt event occurs, the AF bit value is set to "1" and
the /INT pin goes to low level to indicate that an event has occurred.

4) Lower Operation Voltage Detection Function (VLF)

The RTC can detect a low-voltage condition at the VOUT terminal. During power-on
initialization or backup power recovery, this function evaluates the reliability of the clock data.
If a low voltage is detected, the power-on reset function initializes the RTC device to its initial
state.

5) Lower Battery Backup Voltage Detection Function (VLOW)
Lower voltage of Vear terminal can be detected.

6) Crystal Oscillation Stop Detection Function (XST)
RTC inner crystal oscillation stop can be detected.

7) Clock Output Function (FOUT)
Either 32.768 kHz,1024 Hz or 1 Hz clock is available at FOUT terminal.
Wake-up timer interrupt function available if FOUT function is not used.

8) Time Stamp Function

This function can be used to record the exact time of system software updates, battery
replacements, and system alert events. Timestamp data is retained even when the power
source switches to the backup battery, thereby enhancing system robustness and reliability.
Up to eight timestamp records can be stored, with time resolution from year down to 1/256
second. Timestamping can be triggered by the EVIN pin, internal self-monitoring events, or
an I?C software command

9) User RAM

The device incorporates 64 words of 8-bit RAM (512 bits total) that can be used either as
general-purpose user memory or as timestamp storage. The memory function is
configurable, allowing users to select between User RAM mode and Timestamp Memory

mode according to system requirements
; -
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13.2. Register Table
13.2.1. Register Table

Table 9 Reqister Table (1

Ad:';iss Function bit7  bit6 - bit5 bit4 | bit3 bit2  bit1  bit0

10 SEC z 40 20 10 8 4 2 1
11 MIN z 40 20 10 8 4 2 1
12 HOUR z z 20 10 8 4 2 1
13 WEEK z 6 5 4 3 2 1 0
14 DAY z z 20 10 8 4 2 1
15 MONTH z z z 10 8 4 2 1
16 YEAR 80 40 20 10 8 4 2 1
17 MIN Alarm AE 40 20 10 8 4 2 1
18 HOUR Alarm AE o 20 10 8 4 2 1
19 WEEK Alarm AE 6 5 4 3 2 1 0
DAY Alarm o 20 10 8 4 2 1
1A Timer Counter 0 128 64 32 16 8 4 2 1
1B Timer Counter 1 32768 | 16384 8192 4096 2048 1024 512 256
1C Timer Counter 2 8388608 ; 4194304 | 2097152 | 1048576 || 524288 ; 262144 : 131072 | 65536
1D Extension Register FSEL1 { FSELO { USEL TE WADA ETS TSEL1 | TSELO
1E Flag Register POR z UF TF AF EVF VLF XST
1F Control Register z z UIE TIE AIE EIE z STOP
Address Function bit7  bité bit3  bit2 |
20h Time Stamp 1/1024S -- -- -- -- -- -- 1/512 1/1024
21h Time Stamp 1/256S 1/2 1/24 1/8 1/16 1/32 1/64 1/128 1/256
22h Time Stamp SEC z 40 20 10 8 4 2 1
23h Time Stamp MIN z 40 20 10 8 4 2 1
24h Time Stamp HOUR z 20 10 8 4 2 1
25h Time Stamp WEEK z 6 5 4 3 2 1 0
26h Time Stamp DAY z z 20 10 8 4 2 1
27h Time Stamp MONTH z z z 10 8 4 2 1
28h Time Stamp YEAR 80 40 20 10 8 4 2 1
29h Status Stamp z z VLOW | VCMP VDET z XST z
2Ah No Function z z z z z z z z
2Bh EVIN Setting EHL ET1 ETO PDN PU1 PUO ovw -
2Ch SEC Alarm AE 40 20 10 8 4 2 1
2Dh Timer Control z z z z TBKON; TBKE { TMPIN | TSTP
2Eh Time Stamp control 0 z z z z z z z COMTG
2Fh Command Trigger z z z z z z z z

After the initial power-up (from 0 V) or in case the VLF bit returns "1" , make sure to initialize all
registers, before using the RTC.

Be sure to avoid entering incorrect date and time data, as clock operations are not guaranteed
when the data or time data is incorrect.

Readout value of all "Z" bits are "0" any time, These are read only bits, write access are denied.

4-.._‘
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Any bit marked with "e" is a RAM bit that can be used to read or write any data.

Any bit marked with "--" is Not writable. Read result is unkown.

The above table shows only the user registers. Due to functional reasons, RTC has different
registers not mentioned above table which are programmed by the manufactorer. Please make
sure to only access above mentioned user registers.

By read/write to register of No-Function, other finction are not affected.

Table 10 Register Table (2

Address Function bit 6 bit 5 bit 3 o]} bit 1
30h No Function z z 7 z 7 z z z 7 z z
31h No Function z z z z z z z z
32h Power Switch Control | CHGEN { INIEN z z SWSEL1: SWSELO{ SMPT1 | SMPTO
33h Status Monitor z EVIN z z VCMP z VLOW z
34h Time Stamp Control 1 z z z z z EISEL { TSCLR i TSRAM
35h Time Stamp Control 2 ° z z z ECMP { EVDET | EVLOW | EXST
36h Time Stamp Control 3 z z z TSFULL || TSEMP { TSAD2 i TSAD1 | TSADO
37h No Function z z z ° z z z °

38h - 3Dh No Function z z z z z z z z
3Eh No Function - - - - - - - -
3Fh TEST TEST z z z z z z z

Address

Hex bit 6

bit 5

Function

40,50,60,70 Time stamp 1/256 s 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256
41,51,61,71 Time Stamp SEC ° 40 20 10 8 4 2 1
42,52,62,72 Time Stamp MIN ° 40 20 10 8 4 2 1
43,53,63,73 | Time Stamp HOUR ° ° 20 10 8 4 2 1
44,54,64,74 Time Stamp DAY ° ° 20 10 8 4 2 1
45,55,65,75 | Time Stamp MONTH ° ° ° 10 8 4 2 1
46,56,66,76 Time Stamp YEAR 80 40 20 10 8 4 2 1
47,57,67,77 Status stamp ° VLOW VCMP VDET ° XST °
48,58,68,78 | Time stamp 1/256 s 1 4 8 16 32 64 128
49,59,69,79 Time Stamp SEC ° 40 20 10 8 4 2 1
4A,5A,6A,7A Time Stamp MIN ° 40 20 10 8 4 2 1
4B,5B,6B,7B| Time Stamp HOUR ° . 20 10 8 4 2 1
4C,5C,6C,7C|] Time Stamp DAY ° ° 20 10 8 4 2 1
4D,5D,6D,7D| Time Stamp MONTH . ° ° 10 8 4 2 1
4E,5E,6E,7E| Time Stamp YEAR 80 40 20 10 8 4 2 1
4F 5F,6F,7F Status stamp ° ° VLOW VCMP VDET ° XST °

After the initial power-up (from 0 V) or in case the VLF bit returns "1", make sure to initialize all

registers, before using the RTC.

The TEST bit (3Fh bit7) is used by the manufacturer for testing. Be sure to set "0" for this bit when

writing.

* Be sure to write "0" by initializing before using the clock module. Afterward, be sure to set "0"

when writing.

.. |
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Be sure to avoid entering incorrect date and time data, as clock operations are not guaranteed
when the data or time data is incorrect.

Any bit marked with "z" should be used with a value of "0" after initialization. (Not writable)
Any bit marked with "e" is a RAM bit that can be used to read or write any data.

Any bit marked wit' -- 'is Not writable. Read result is unkown.

The above table shows only the user registers. Due to functional reasons, RTC has different
registers not mentioned above table which are programmed by the manufactorer. Please make
sure to only access above mentioned user registers.

Read or write operations to registers marked as “No Function” do not affect other device
functions.

When not using Week data, it is not necessary for Week register to be initialized.

13.2.2. Register Initial Value After Power on Reset

This table describes initial values after power on reset.
Note: Registers marked “X” should be initialized to 0, except time stamp area.

Table 11 Register Initial value (1)

11h MIN 0 X X X X X X X
12h HOUR 0 0 X X X X X X
13h WEEK 0 X X X X X X X
14h DAY 0 0 X X X X X X
15h MONTH 0 0 0 X X X X X
16h YEAR X X X X X X X X
17h MIN Alarm 1 X X X X X X X
18h HOUR Alarm 1 X X X X X X X

WEEK Alarm X X X X X X X
1on DAY Alarm 1 X X X X X X X
1Ah Timer Counter 0 X X X X X X X X
1Bh Timer Counter 1 X X X X X X X X
1Ch Timer Counter 2 X X X X X X X X
1Dh Extension Register 0 0 0 0 0 0 1 0
1Eh Flag Register 1 0 0 0 0 0 1 X
1Fh Control Register 0 0 0 0 0 0 0 0
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Address Function bit7 bit6 bit5 bit4 | bit3 bit2 - bit1 bit0
20h Time Stamp 1/1024S 0 0 0 0 X X X X
21h Time Stamp 1/256S X X X X X X X
22h Time Stamp SEC 0 X X X X X X X
23h Time Stamp MIN 0 X X X X X X X
24h Time Stamp HOUR 0 0 X X X X X X
25h Time Stamp WEEK 0 X X X X X X X
26h Time Stamp DAY 0 0 X X X X X X
27h Time Stamp MONTH 0 0 0 X X X X X
28h Time Stamp YEAR X X X X X X X X
29h Status Stamp 0 0 X X X 0 X 0
2Ah No Function 0 0 0 0 0 0 0 0
2Bh EVIN Setting 0 0 0 0 0 0 0 0
2Ch SEC Alarm 0 0 0 0 0 0 0 0
2Dh Timer Control 0 0 0 0 0 0 0 0
2Eh Time Stamp Control 0 0 0 0 0 0 0 0 0
2Fh Command Trigger 0 0 0 0 0 0 0 0

X : Undefined. 0 or 1
0 : Reset state
1 : Set state

Table 12 Register Initial value (2)

Address Function bit7 | bit6 bit5 | bit4 || bit3 bit2 | bit1 bit0

30h No Function 0 0 0 0 0 0 0 0
31h No Function 0 0 0 0 0 0 0 0
32h Power Switch Control 0 0 0 0 0 1 0 0
33h EVIN Monitor 0 X 0 0 0 0 0 0
34h Time Stamp Control 1 0 0 0 0 0 0 0 0
35h Time Stamp Control 2 0 0 0 0 0 0 0 0
36h Time Stamp Control 3 0 0 0 0 1 1 1 1
37h No Function 0 0 0 0 0 0 0 0
38h ~ 3Dh No Function 0 0 0 0 0 0 0 0
3Eh No Function X X X X X X X X
3Fh TEST 0 0 0 0 0 0 0 0
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Address
Hex

40, 50, 60, 70 Time Stamp 1/256S

Function bit7 . bit6 bit 5 1 bit4 | bit3 bit2 1 bit1  bit0

x
x
x
x
x
x
x
x

41, 51,61, 71 Time Stamp SEC
42,52,62,72 Time Stamp MIN
43, 53, 63,73 Time Stamp HOUR
44,54, 64,74 Time Stamp WEEK
45, 55, 65, 75 Time Stamp DAY
46,56, 66, 76 Time Stamp Year
47,57,67,77 Status Stamp

48, 58, 68, 78 Time stamp 1/256S
49, 59, 69, 79 Time Stamp SEC
4A, 5A, 6A, 7TA Time Stamp MIN
4B,5B, 6B, 7B Time Stamp HOUR
4C,5C, 6C, 7C Time Stamp DAY
4D,5D, 6D, 7D | Time Stamp MONTH
4E,5E, 6E, 7TE Time Stamp YEAR

4F 5F, 6F, 7F Status Stamp

X : Undefined. 0 or 1
0 : Reset state
1 : Set state

XXX XIXX|[X[X[X]X]|X|X[X[X]X
XXX XXX|X[X[X]X]|X|X[X[X]X
XXX XIXX|[X[X[X]X]|X|X[X[X]|X
XXX XIXX|X[X[X]X]|X|X[X[X]X
XXX XX|X|X[X[X]X]|X|X[X[X]X
XXX XIXX|[X[X[X]X]|X|X[X[X]|X
XXX XIXX|X[X[X]X]|X|X[X[X]|X
XX XXX XX[X[X]X]|X|X[X[X]X
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13.3. Description Of Registers
13.3.1. 10h to 16h; Clock and Calendar Counter

The counter registers from second to year.
Please refer to [14.1 Clock calendar explanation] for the details.

13.3.2. Wake-up Timer 1Ah ~ 1Ch, 2Dh

These registers store the wake-up timer (countdown counter) data and related control/status
bits, including TE, TF, TIE, TSEL1, TSELO, TBKON, and TBKE. If the wake-up timer function
is not used, TIE and TE must be set to “0”. In this case, the counter value is undefined and
should not be referenced. Please refer to [14.2 Wake-up Timer.] for the details.

13.3.3. Alarm Registers (17h ~ 19h)

The alarm interrupt function uses the AIE, AF, and WADA bits to generate an interrupt when
the specified date, day, hour, and minute conditions are met. If the alarm function is not
used, AIE must be set to “0”. In this case, the alarm register data is undefined. Please refer
to [14.3 Alarm Interrupt.] for the details.

13.3.4. Function-Related Register (1Dh ~ 1Fh)

1) FSEL1, FSELO bit

A combination of the FSEL1 and FSELDO bits are used to select the frequency to be output.
If customers do not use this function, FESL1, FSELO should be set to "1”.

Please refer to [14.6 FOUT Function].

2) USEL, UF, UIE bit

USEL bit selects whether the time update interrupt is generated on a second update or a
minute update. If the time update interrupt function is not used, USEL and UIE must be set to
“0”. The value of UF is don'’t care in this case.

Please refer to [14.4. Update interrupt function] for the details.

3) TE, TF, TIE, TSEL1, TSELO, TSTP, TBKON, TBKE, TMPIN bit

These bits are used to control the operation of the wake-up timer interrupt function.

If customers do not use this function, (TE, TIE, TSTP, TMPIN) should be (0,0,0,0), and
TSEL1, TSELO be (1,0). TF does not care.

Please refer to [14.2 Wake-up timer interrupt function] for the details.

4) WADA, AF, AIE bit

These bits are used to control the operation of the alarm interrupt function.

If customers do not use this function, WADA should be “1”, and AIE be “0”. AF does not care.
Please refer to [14.3. Alarm interrupt function] for the details.

5) ETS, EVF, EIE bit

These bits are used to control the operation of the time stamp function.

If customers do not use this function, ETS, EIE should be reset to “0”. EVF does not care.
Please refer to [14.8. Time Stamp function] for the details.

6) VLF, POR, XST bit

These bits are used to monitor and record the internal status of the RTC. For example,
during a power-on reset, if a low-voltage condition is detected, the VLF bit is set to “1”.
Please refer to [14.5. RTC inner status detection function] for the details.

p—
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7) STOP bit
This bit is used to halt timekeeping operations. When STOP = “1”, the following conditions
apply:

All timekeeping and calendar updates are stopped, including updates to year, month, day,
week, hour, minute, second, 1/2 second ~ 1/512 second.

As a result, alarm interrupts do not occur, time update interrupts are disabled, and timestamp
recording is stopped.

(Refer to Section 14.8.5.)

Part of the fixed-cycle timer interrupt function is stopped.
Timer counting halts when the source clock is set to 64 Hz, 1 Hz, 1 minute.
When the source clock is 4096 Hz, the timer continues to operate.

Effect on FOUT output:
When STOP = “1”, 32.768 kHz and 1024 Hz outputs remain available, while the 1 Hz output
is disabled.

The "STOP bit" and the power monitoring function are related. When the power monitoring
function is enabled (INIEN=1) and the "STOP bit=1" is set, it becomes impossible to return
from backup mode to normal mode.

Supplementary explanation:

When "STOP bit=1" and "INIEN=1" are in normal mode, VDD voltage monitoring via VDET
voltage detection is performed "anytime." Therefore, when VDD < VDET, it switches from
normal mode to backup mode.

However, in backup mode, VDD voltage monitoring operates at a sampling rate of "once a
31.25ms." Since the clock required for this sampling operation (31.25ms — 32Hz) is not
generated, VDD voltage monitoring via VDET voltage detection is unfeasible, and it becomes
no way to return from backup mode to normal mode.

13.3.5. Battery Backup Switchover Function Related Register (32h)
Please refer to 14.7 Battery Backup Switchover function for the details.

1) CHGEN bit
Setting of backup battery charge control (ON/OFF).

2) INIEN bit
Setting of a power switchover function (ON/OFF).

3) SMPT1, SMPTO bit
Operation time setting of a voltage detector circuit for each power supply pin.

4) SWSEL1, SWSELO bit

If the switchover function is not used (INIEN = 0), these bits can be used to fix the MOS
switch configuration, allowing manual control of the power-path setting.

13.3.6. Time Stamp Register
Please refer to 14.8 Time Stamp function for the details.

1) Time Stamp, Status recording register (20h ~ 29h, 40h ~ 7Fh)
In case of event occasion, time stamp (1/1024 sec ~ Year) and inner status are recorded into

these registers.
; -
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2) EVIN terminal control register (2Bh)
Setting of EVIN terminal.

3) Command Trigger, Time Stamp Control register (2Eh ~ 2Fh)
It is used for time stamp triggers timing via I°C bus.

4) Time Stamp Trigger Control Register (35h)
It is used for time stamp triggers except EVIN.

13.3.7. Operation Status Detection Register (33h)

Please refer to 14.5 Operation Status Detection function for the details.

1) EVIN bit
EVIN terminal detection voltage level H/L

2) VCMP bit
VCMP Comparison result

3) VLOW bit
VLOW Detection result

13.3.8. User Register (40h ~ 7Fh)

User can use this area as user's RAM by setting 34h TSRAM bit "0”.
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14. How to use

WEEK-counter

| SEC-counter |—>| MIN-counter |—b| HOUR-counter |—>| DAY-counter |—>| MONTH-counter |—>| YEAR-counter
7y

1/2 Divider chain
32 768kHz R 16384Hz, 8192Hz,, | 1024Hz , 512Hz,256Hz,128Hz - - 4Hz , 2Hz 1Hz

crystal :
| 32.768kHz 1
STOP bit |

1024Hz

STOP bit

FOUT
selector

-
>

FoOUT
32.768kHz

Figure 17 Basic (32.768 kHz oscillation, counter, FOUT) Function

14.1. Clock Calendar Function

At the time of a communication start, the Clock & Calendar data are fixed (hold the carry
operation), and it is automatically revised at the end of the communication. Therefore, it is
recommended that the access to a clock calendar has continuous access by the auto
increment function.

At the moment of current time reading, STOP bit should be “0”.

Table 13 Time, calendar setting example

Example ’'88 February 29 (Sun) 17:39:45 (leap year

Address Function bit7 | bit6 | bit5 @ bit4 | bit3 bit2 : bit1 bit0
10h SEC 0 1 0 0 0 1 0 1
11h MIN 0 0 1 1 1 0 0 1
12h HOUR 0 0 0 1 0 1 1 1
13h WEEK 0 0 0 0 0 0 0 1
14h DAY 0 0 1 0 1 0 0 1
15h MONTH 0 0 0 0 0 0 1 0
16h YEAR 1 0 0 0 1 0 0 0

Note: Writing invalid or non-existent time data may interfere with normal clock counter operation.
Note: Timekeeping starts at the moment the STOP bit transitions from High to Low (H — L).

14.1.1. Clock Counter

1) [SEC], [MIN] register

These registers are 60-base BCD counters. When an update signal is generated from a
lower-order counter, the higher-order counter is incremented by one. Specifically, when the
lower-order counter transitions from 59 to 00, a carry is generated to the next higher-order
counter, causing it to increment.

When data is written to the [SEC] register, the internal divider chain corresponding to
sub-second counts (512 Hz to 1 Hz) is cleared to 0.

4-.._‘
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2) [HOUR] register
This register is a 24-base BCD counter (24-hour format). These registers are incremented at
the timing when a carry is generated from a lower register.

3) Leap second adjustment

For leap-second adjustment, the user can write “60” to the SEC counter. After one second,
the SEC counter is automatically reset to “00”. Under normal operation, the second counter
increments from “59” to “00”.

14.1.2. Week Counter

The day (of the week) is indicated by 7 bits, bit O to bit 6.

The day-data values are counted as: Day 01h — Day 02h — Day 04h — Day 08h — Day
10h — Day 20h — Day 40h —»

Day 01h — Day 02h, etc.

It is incremented when carry is generated from the HOUR register. This register does not
generate carry to a higher register. Since this register is not connected with the YEAR,
MONTH and DAY registers, it needs to be set again with the matching day of the week if any
of the YEAR, MONTH or DAY registers have been changed.

When not use Week data, It is not necessary for Week register to be initialized.

Do not set "1" to more than one day at the same time.

bit7 bit6  bit5  bit4  bit3  bit2  bit1  bit0

Sunday 0 0 0 0 0 0 0 1 01h
Monday 0 0 0 0 0 0 1 0 02 h
Tuesday 0 0 0 0 0 1 0 0 04 h
Wednesday 0 0 0 0 1 0 0 0 08 h
Thursday 0 0 0 1 0 0 0 0 10 h
Friday 0 0 1 0 0 0 0 0 20 h
Saturday 0 1 0 0 0 0 0 0 40 h

Table 14 Setting example of the week register value

14.1.3. Calendar Counter

1) [DAY], [MONTH] register

The DAY register is a variable (between 28-base and 31-base) BCD counter that is
influenced by the month and the leap year. The MONTH register is a 12-base BCD counter
triggered by carry over of the day register.

Table 15 DAY, MONTH register

Jan. Feb.\ Mar  Apr. \ May June \ July Aug. Sep. Oct. Nov. | Dec.

Days | Normalyear | 5, 28 .1 31 30 | 31 30 | 31 31 30 | 31 30 | 31
Leap year 29

2) [YEAR] register

This register is a BCD counter for years 00 to 99.

The leap year is automatically determined and influences the DAY register.

This RTC processes following years as leap years: 00,04,08,12, 96.

User software correction is needed in the years 2100, 2200, 2300 as they are common
years.

Definition of leap years
Leap year: year divisible by 4 or year divisible by 400.
Ex. 2000, 2004, 2008, 2012, 2096, 2400, 2800,

.. |
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Common year: year indivisible by 4 or year divisible by 100.
Ex. 2001, 2002, 2003, 2005, 2099, 2100, 2200, 2300, 2500,

14.2. Wake-up Timer Interrupt Function

The wake-up timer interrupt function generates an interrupt event periodically at any fixed
cycle set between 244.14 us and 31.9 years. This function can stop at one time and is
available as an accumulative timer.

After the interrupt occurs, the /INT status is automatically cleared .

14.2.1. Related registers for function of wake-up timer interrupt function

Table 16 Wake-up interrupt timer register

1Ah Timer Counter 0 128 64 32 16 8 4 2 1
1Bh Timer Counter 1 32768 | 16384 i 8192 | 4096 | 2048 i 1024 512 256
1Ch Timer Counter 2 8388608 4194304 2097152 1048576 | 524288 : 2621441 131072 | 65536
1Dh Extension Register | FSEL1 i FSELO ;| USEL TE WADA i ETS : TSEL1: TSELO
1Eh Flag Register POR z UF TF AF EVF VLF XST
1Fh Control Register z z UIE TIE AIE EIE z STOP
2Dh Timer Control z z z z TBKON | TBKE | TMPIN i TSTP

Before entering operation settings, we recommend first clearing the TE bit to "0" .

When the fixed-cycle timer function is not being used, the fixed-cycle Timer Counter0,1
register can be used as a RAM register. In such cases, stop the fixed-cycle timer function by
writing "0" to the TE and TIE bits.

1) Down counter for wake-up interrupt timer. Timer Counter 2, 1, 0

This register is used to set the default (preset) value for the counter. Any count value from
1 (000001h) to 16777216 (FFFFFFh) can be set.

Be sure to write "0" to the TE bit before writing the preset value.

When TE = 0, read-out data of timer counter is default (Preset) value. And when TE =1,
read-out data of timer counter is the current counting value. But, when access to timer
counter data, counting value is not latched.

Therefore, to obtain valid data, it is recommended to perform multiple (e.g., two consecutive)
read operations and use the result only when the consecutive readings match.

2) TSEL1, TESLO bit
This combination decides the source clock of countdown period.
The source clock selection should be done after TE bit setting to “0”.

Table 17 TSEL bit, selection of source clock

TSEL1 TSELO Auto reset time
(bit1)  (bit0) SRR EEE (tRTN)

0 0 4096 Hz Once per 244.14 us 122 us

0 1 64 Hz Once per 15.625 ms 7.813 ms
1 0 1Hz Once per 1 second 7.813 ms
1 1 1/60 Hz Once per minute 7.813 ms

4-.._‘

www.jauch.com




JR8111 THE PULSE OF PROGRESS

The /INT pin's auto reset time (tRTN) varies as shown above according to the source clock
setting.
The first countdown shortens than a source clock.

The example of the error of the first countdown: A value to preset is 0004h

TE _____‘

L |
Inner source clock ! : . ]

Icycleerror | Designed cycle |
I

I
|
I
Down counter 4 | 3 | 2 | 1 I 4
i

TF —— -
——- TF bit "0"= “1”

Figure 18 Wake-up timer initial sequence (cycle error)

Source clock select signal ‘

TSELO,TSEL1 bit

4096 HZ ep] Resister
source Timer Counter p

64 Hz =—p| clock » TSTP » Timer Counter [i
selector Timer Counter P

1Hz —
1 Hz TSTP 1/60 Hz ]

A timer stop signal
TSTP, TBKE, TBKON bit

*The resolution of the count value depends on the selected clock source.

Figure 19 Wake-up timer block diagram(timer source)

3) TE bit (Timer Enable)
The bit controls wake-up timer start / stop.

Table 18 TE bit (Timer Enable)

Description
0 Stops wake-up timer interrupt function.
Clearing this bit to “0” does not release the /INT output from its Low state to Hi-Z.
Write Starts wake-up timer interrupt function.
1 The countdown, initiated when the TE bit changes from “0” to “1”, always starts from
the preset value.
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4) TF bit (Timer Flag)
This is a flag bit that retains the result when a wake-up timer interrupt event is detected.

Table 19 TF bit (Timer Flag)
TF Data Description

0 When the TF flag changes from "1" to "0" during an interrupt output (/INT="L"),
Write the /INT terminal immediately switches from "L" to "Hi-Z".
Invalid (writing “1” will be ignored)
0 —
Read 1 Wake-up timer interrupt events are detected.
(Result is retained until this bit is cleared to zero.)

5) TIE bit (Timer Interrupt Enable)
This bit enables or disables the output of the wake-up timer interrupt signal to the /INT pin
when an interrupt event is generated.

Table 20 TIE bit (Timer Interrupt Enable)
Description

1) When a wake-up timer interrupt event occurs, an interrupt signal is not generated.
0 2) When a wake-up timer interrupt event occurs, the interrupt signal is canceled (/INT
Write status changes from low to Hi-Z).
When a wake-up timer interrupt event occurs, an interrupt signal is generated (/INT
status changes from Hi-Z to low).

6) TBKON, TBKE bit (Timer Backup ON, Timer Backup/normal Enable)
When TBKE = "17, this function selects the operation time with the main power supply or the
operation time with the backup power supply. The count value is accumulated.

Table 21 TBKON, TBKE bit (Timer Backup ON, Timer Backup/normal Enable)

operation TBKE TBKON Description
0 X This setting counts normal mode and backup mode.
Write ] 0 This setting counts it at time of normal mode (Vob operation)
1 This setting counts it at time of backup mode (Vsar operation)

7) TMPIN bit (Timer PIN)

The timer interrupt output can be assigned to the FOUT pin.

However, it is the ORed output of FOUT output and timer interrupt.

To output only the timer interrupt, set the FOUT output setting to FSEL1,0=(1,1). FOUT is

stopped.
Table 22 TMPIN bit (Timer PIN)

TMPIN Data Description

0 Timer interruption is output from the /INT pin. (Nch open drain)

Write

1 Timer interruption is output from the FOUT pin. (CMOS)
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8) TSTP bit (Timer Stop)
This bit is used to stop wake-up timer count down.
Table 23 TSTP bit (Timer Stop)
TE STOP TBKE TSTP Description
Writing a “0” to this bit cancels the stop condition and
restarts the countdown operation. The countdown

0 resumes from the value held at the moment the timer was
stopped.

1 1 Count stops.

Setting of TSTP value becomes invalid, and the
count does not stop even if set it in TSTP ="1".

The count stops at the source time of the setting with 64
Hz, 1 Hz,1/60 Hz.

0 X X X It doesn’t start counting

14.2.2. Wake-up timer start timing

Counting down the fixed-cycle timer value starts at the rising edge of the SCL signal that
occurs when the TE value is changed from "0" to "1" and ACK outputs.

sc T LT L L L
1 1
soAMaster)  )|_TE Jwapa| ecp )(tseLy(TseLg——)
1
1
1
SDA(Slave) : ACK
1
1 I
Internal timer I ) _
! A\ 4
1 /1.
/INT pin \Iy i1

€<— Count down —>‘

Figure 18 Wake-up timer start sequence
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14.2.3. Wake-up timer interrupt interval

The combination of the source clock selection and wake-up timer value can determine the
interruption interval, as shown in the following table. When counter setting is all 0, counter
doesn’t work (-).

Table 24 Wake-up timer interrupt cycles

Source clock
Timer Counter

setting
4096 Hz 64 Hz 1 Hz 1/60 Hz
1~16777216 TSEL1,0=0,0 TSEL1,0=0,1 TSEL1,0=1,0 TSEL1,0=1,0
0 _ _ _ —
1 24414 ps 15.625 ms 1s 1 min
[ ] [ ] [ ] [ ]
410 100.10 ms 6.406 s 410's 410 min
[ ] [ ] [ .
[ ] [ ] [ J [ ] .
3840 0.9375s 60.000 s 3840 s 3840 min
[ ] [ ] [ [ ] [ ]
[ ] [ ] [ [ ] [ ]
4096 1.0000 s 64.000 s 4096 s 4096 min
[ ] [ ] [ J [ ] [ ]
[ [ ] [ J [ ] [ ]
16777216 1.13h 72.81h 4660 h 31.9 Year

14.2.4. Diagram of wake-up timer interrupt function

FOUT.
TMPIN bit FOUT
TIE bit -~
> /INT

Source
clock TF Flag
4096 Hz ? i
64Hz T 9
1 Hz > 24-bit
1/60 Hz R counter |— l—b

Timer

/\[ g Control fRTN
TSEL[1:0] ® o Circuit
TE
TF (“0” Clear) -

Figure 19 Wake-up timer block diagram
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Wake-up timer start Wake-up timer stops
A "qw
TE bit Operation of wake-up timer ¥ 0
A 1 —TT==C mqn
TIE bit L
\ 4 0
*? TF bit> 0 ? * TIE> 0 or ? Hi-2Z
/INT output makes /INT clear 1 TE > 0 makes \ Wy o
before tRTN period. *_1 1 ngT C'?;[rN o ! L
! ! RN } PS'ore period {RTN
tRTN : tRTN : 4_,3 :
"
TF bit
v "o
period period period period

Event occurs

= |Nternal operation

-3 \Write operation

Figure 20 Wake-up timer timing chart

After wake-up counter interrupt, pre-set data is re-loaded to counter. Count down repeats
from pre-set value.

By setting TE, "0" — "1" wake-up counter starts counting down.

Pre-set value countdown is available by setting TE “0” - “1” only.
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14.3. Alarm Interrupt Function

The alarm interrupt function generates interrupt events for alarm settings such as date, day,
hour, minute and second settings.

When an interrupt event occurs, the AF bit value is set to "1" and the /INT pin goes to low
level to indicate that an event has occurred. This RTC retains the status of /INT = “L” until
intentional resetting.

14.3.1. Related registers for Alarm interrupt functions.

Address Function bit7 bit6 bit5 bit4 | bit3 bit2 bit1 bit0

2Ch SEC Alarm AE 40 20 10 8 4 2 1
17h MIN Alarm AE 40 20 10 8 4 2 1
18h HOUR Alarm AE . 20 10 8 4 2 1
19h WEEK Alarm AE 6 5 4 3 2 1 0
DAY Alarm . 20 10 8 4 2 1
1Dh Extension Register | FSEL1 i FSELO : USEL TE WADA : ETS | TSEL1:; TSELO
1Eh Flag Register POR z UF TF AF EVF VLF XST
1Fh Control Register z z UIE TIE AIE EIE z STOP

Before configuring the alarm settings, it is recommended to clear the AIE bit to “0” to prevent
unintended hardware interrupt generation. When the STOP bit = “1”, alarm interrupt events

do not occur. If the alarm interrupt function is not used, the alarm registers (17h to 19h, 2Ch)
may be utilized as general-purpose RAM. In such cases, ensure that the AIE bit is set to “0”.

1) Alarm registers

The minute, hour, date, and day at which an alarm interrupt is generated are configured
using these registers in combination with the WADA bit. The WEEK/DAY Alarm register (Reg
19h) operates according to the WADA bit setting:

When WADA selects WEEK, the register functions as a WEEK alarm, and multiple weekdays
can be selected simultaneously (e.g., Monday, Wednesday, Friday, Saturday).

When WADA selects DAY, the register functions as a DAY (date) alarm, specifying a
calendar date.

Each alarm field includes an AE (Alarm Enable) bit used to mask the corresponding
comparison condition:

When AE = “0” — the field is active and included in the alarm comparison

When AE = “1” — the field is ignored (inactive)

Example: WEEK/DAY register (19h) = 80h (AE = 1) — Week/Day comparison disabled.

If all AE bits are set to “1”, all comparison conditions are masked. In this case, the alarm
behaves as a 1-second periodic event, and the result is reflected in the AF (Alarm Flag) bit.

Setting the alarm time equal to the current time does not immediately generate an alarm
event.

The alarm is triggered only at the next occurrence when the clock matches the programmed
alarm condition.

2) WADA bit (Week Alarm / Day Alarm Select)
The alarm interrupt function uses either "Day" or "Week" as its target. The WADA bit is used
to specify either WEEK or DAY as the target for alarm interrupt events.

p—
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Table 26 WADA bit (Week Alarm / Day Alarm Select)

Description

0 Sets WEEK as target of alarm function (Days in week)

Write
1 Sets DAY as target of alarm function ~ (Calendar date)

3) AF bit (Alarm Flag)
When this flag bit value is already set to "0", occurrence of an alarm interrupt event changes
it to "1". When this flag bit value is "1", its value is retained until a "0" is written to it.

Table 27 AF bit (Alarm Flag)
AF Data Description

Write 0 Clearing this bit to zero before the next alarm interrupt event.
1 Invalid (writing “1” will be ignored).
0 -
Read 1 Alarm interrupt events are detected.
(Result is retained until this bit is cleared to zero.)

4) AIE bit (Alarm Interrupt Enable)
This bit is used to enable or disable the interrupt signals from the /INT pin when an Alarm
interrupt event has occurred.

Table 28 AIE bit (Alarm Interrupt Enable)
Description

1) When an alarm interrupt event occurs, an interrupt signal is not generated

0 or is canceled (/INT status remains Hi-Z).

Write 2) When an alarm interrupt event occurs, the interrupt signal is canceled (/INT
status changes from low to Hi-Z).

When an alarm interrupt event occurs, an interrupt signal is generated

(/INT status changes from Hi-Z to low).

The AIE bit is only output control of the /INT terminal. It is necessary to clear an AF flag to
cancel alarm.

14.3.2. Examples of alarm settings

Example of alarm settings when "Week" has been specified (and WADA bit = "0")
Table 29 WEEK alarm example 1

Week is specified o HOUR MIN SEC

WADA bit = "0" Alarm Alarm Alarm

il DO N I
Every Saturday and Sunday, for 30 minutes o
each hour. Hour value is ignored. 0110100001} AEDIt=1 30h 00h
ol 1i1i1|1i1i1i1
Every day, at 6:59:30 PM 18h 59 h 30h
1TXEXEX[XEXiXEX

X :don't care
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1) Example of alarm settings when "Day" has been specified (and WADA bit = "1")

. . bit bitébitébit bitébitébitébit
Day is specified 7 654 3:2:1:0 MIN
WADA bit ="1" P Pl Alarm

AE ¢ 20 10 08:04;02:

First of each month, at 7:00 AM

1 minute (60sec) alarm. 0{0:0i0|0i0i0iH1 07 h AEDbit"1" | AEbit=1
Second value is ignored.
15t of each month, for 30 minutes each o
hour. Hour value is ignored. 0100 110110 1] AEDIt=1 30h 00h
Every day, at 6:59:30 PM 1T XEXIX|XiXEXiX 18 h 59 h 30h
Table 30 WEEK alarm example 2
X : don't care

14.3.3. Diagram of alarm interrupt function

SEC detection result
SEC AE

MIN detection result
MIN AE ——
HOUR detection result |
HOUR AE |

WEEK detection result —— AF Flag
WEEK / DAY AE ?

DAY detection result

WADA
Internal second carry

I

AF Clearto 0
.>
AIE ——» /INT

Figure 21 Alarm interrupt block diagram
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Hi-Z

/INT output e

‘o
AIE bit | | | | J ‘o

nqw
v "o

AF bit

Event occurs

- |nternal operation

-3 \\rite operation

Figure 22 Alarm interrupt timing chart
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14.4. Time Update Interrupt Function

The time update interrupt function generates interrupt in one-second or one-minute intervals
which are synchronized to the update of the second or minute time register of the RTC.
When an interrupt event is generated, this /INT status is automatically cleared (/INT status
changes from low level to Hi-Z 7.57 ms after the interrupt occurs).

14.4 1. Related registers for time update interrupt functions.

Table 31 Time update interrupt register

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

1Dh Extension Register | FSEL1 : FSELO | USEL TE WADA i ETS : TSEL1: TSELO
1Eh Flag Register POR z UF TF AF EVF VLF XST
1Fh Control Register z z UIE TIE AIE EIE z STOP

Before entering settings for operations, it is recommended writing "0" to the UIE bit to prevent
hardware interrupts from occurring inadvertently while entering settings.

When the STOP bit value is "1", time update interrupt events do not occur.

Although the time update interrupt function cannot be fully stopped, if "0" is written to the UIE
bit, the time update interrupt function can be prevented from changing the /INT pin status to
low.

Time update interrupt function cannot be inactive. Users can only set /INT output inactive.

1) USEL bit (Update Interrupt Select)
This bit is used to select "second" update or "minute" update as the timing for generating of
time update interrupt events.

Table 32 USEL bit (Update Interrupt Select

Description

Selects "second update" (once per second) as the timing for generating of interrupt
events

Write / Read - - — - X
Selects "minute update" (once per minute) as the timing for generating of interrupt

events

2) UF bit (Update Flag)
This flag bit value changes from "0" to "1" when a time update interrupt event occurs.

Table 33 UF bit (Update Flag

UF Description
When the UF flag changes from "1" to "0" during an interrupt output (/INT="L"), the
0 /INT terminal maintains an "L" output during the tRTN period (it does not switch to
Write Hi-Z).
1 Invalid.
0 _

Read Time update interrupt events are detected.

(The result is retained until this bit is cleared to zero.)

3) UIE bit (Update Interrupt Enable)
This bit selects whether to generate an interrupt signal or not generate it.
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Table 34 UIE bit (Update Interrupt Enable

Description

1) Does not output an interrupt signal when a time update interrupt event occurs.
2) interrupt output of only time update event is cancelled.

Write / Read When a time update interrupt event occurs, an interrupt signal is generated (/INT
status changes from Hi-Z to low).

Earliest 7.57 ms after the interrupt occurs, the /INT is released automatically (/INT
status changes from low to Hi-Z).

14.4.2. Time update interrupt function diagram

UIE bit

UF

e R
L

UF clears to Zero. - T
Carry Sec.
_._
Carry Min, ——— Update tRTN
/[ Control
USEL bit Circuit
F64Hz
Figure 23 Time Update Interrupt block diagram
L
UIE bit J ng
coeanguent | F Hi-Z
/INT output "0" makes /INT wpw
1 “Hi-Z" before tRTN
tRTN | period.
|
«Clearing UF bit"'0" & . ______________~—°°=° "
UF bit V?I;?l'ssta':ﬁts. change "o"
period period period period
Carry ___
= |nternal Operation
=3 \Write Operation

Figure 24 Time Update timing chart

www.jauch.com




Wm:" ‘

et Jauch

14.5. RTC self-monitoring Detection

These bits are flag bit of each function of RTC.

The flag bit detects the state of this product and holds the result.
- POR Power ON Reset detection

- VLF Detecting of Internal Voltage Low.

- XST Oscillation stop detection.

- EVIN Event input status.

- VCMP Battery Charge status.

- VLOW Battery Low.

14.5.1. Related registers for RTC internal status detection

Table 35 RTC Internal status detection registers

Address  Function bit7 bit6 | bit5 bit4 bit3 bit2 bit1 bit0
1Eh Flag Register POR z UF TF AF EVF VLF XST
33h Status Monitor z EVIN z z VCMP z vLOW z

1) POR bit (Power On Reset)
This bit records power on reset operation.

Table 36 POR bit (Power On Reset)
__POR___ Data __ Descrpton

Writ 0 The POR bit is cleared to 0 and waiting for the next power on reset detection
rite
1 Invalid (writing “1” will be ignored)
0 No power on reset detection
Read 1 Power on reset is detected. The result remains until clearing “0”.
All registers are set into default condition by power on reset.

2) VLF bit (Voltage Low Flag)
This bit is reflected with status of POR or XST.

Table 37 VLF bit (Voltage Low Flag)
VLF Data Description

Writ 0 The VLF is cleared to 0 and waits for the next low voltage detection.
rite
1 Invalid (writing “1” will be ignored)
0 Oscillation status is normal, RTC register data are valid.
Read Either power on reset or X'tal oscillation stop is detected. The result remains
1 until clearing “0”. Users can check the RTC status and initialize it with software.
(At power on timing etc.)

3) XST bit (X’'tal Oscillation Stop )

This bit records RTC internal crystal oscillation stop status.

Time stamp function is not active if there is no oscillation; it will be active once oscillation
begins.

*\When oscillation stops longer than 10 ms, XST is set to 1. This bit is not cleared to “0” by
power on reset.
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Table 38 XST bit (X'tal Oscillation Stop)
XST Data Description

Wit 0 The XST is cleared to 0 and waits for the next oscillation stop detection.
rite
1 Invalid (writing “1” will be ignored)
0 No RTC internal crystal oscillation stop detection
Read 1 RTC internal crystal oscillation stop is detected. The result remains until
clearing “0”.

4) EVIN bit (Input level monitor of EVIN terminal)
This bit monitored EVIN terminal input voltage High / Low.

Table 39 EVIN bit (EVIN Level)

PData De ptio
0 EVIN terminal input voltage Low level
Read
1 EVIN terminal input voltage High level
5) VCMP bit

Users can monitor the status of VCMP during the period that battery is being recharged.

Table 40 VCMP bit (VCMP)

P PData De ptio
0 Vear < Vob Recharging
1 VeaT > Vob Recharging suspended SW2:0FF

Read

6) VLOW bit
Users can monitor the result of VLOW (battery backup lower voltage).

O Pata De ptio
0 Veat > Viow
Read
1 VeaT < Viow

Table 41 VLOW bit (VLOW)

14.6. FOUT function (Clock output function)

The clock signal can be output via the FOUT pin. In case of inactive pin, the output pin
becomes Hi-Z.

14.6.1. FOUT control register

Table 42 FOUT control register
Address Function bit7 bit6 @ bit5 @ bit4 bit3 : bit2 bit1 bit0
1Dh Extension Register | FSEL1 FSELO | USEL | TE |WADA: ETS | TSEL1: TSELO

FOUT pin can be terminated as wake-up timer too. When FOUT function is needed, TMPIN
should be “0” and /INT pin should be wake-up timer interrupt output.
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14.6.2. FOUT function table

1) FSEL1, FSELO bit
Table 43 FSEL register

FSEL1 . FSELO Output
0 0 32.768 kHz Output
0 1 1024 Hz Output
1 0 1 Hz Output
1 1 OFF

At the time of the initial power-on, “0” is set to FSEL1, FSELO.
The effect of STOP bit on FOUT functions:
When STOP ="1", 32.768 kHz and 1024 Hz output is possible, but 1 Hz output is disabled.

14.7. Battery backup switchover function

14.7.1. Description of Battery backup switchover function

There are three kinds of detection with switchover functions.

1) Voo voltage detection (VDET) comparison between Vpp voltage and Vpers (INIEN register
control)

2) Veat recharge detection (VCMP) comparison between Vgar voltage and Vpp voltage
(CHGEN register control).

3) Vear voltage detection (VLOW) comparison between Vgar voltage and Viow voltage
(EVLOW register control)

Vop voltage detection and Vear recharge detection are shown in Figure 27 and Figure 28.
The detection with switchover function is composed of diodes, switch and comparator

between Vpp and Vgar.
The RTCs backup function is built in a way to prevent reverse current flow from Vgar to Vpp.

There are two kinds of operation modes:

1) Normal mode power supply from Vpp

2) Backup mode power supply from Vgar

In backup mode FOUT pin becomes Hi-Z, I12C input enable (SDA, SCL: Hi-Z).

VLF detection (VLF bit "0” = “1) makes battery backup switchover related register to
default.

VBATEI:: L;o.J L;o.J | < | %‘ VDD

Figure 25 Battery Backup switchover function block diagram
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14.7.2. Battery backup switchover related register

Table 44 Battery backup switchover related register

Address Function bit7 bit6  bit5 bit4 bit3 bit2 bit1 bit0

32h Power Switch Control CHGENE INIEN z z SWSEL1§SWSELO§ SMPT1 SMPTO

1) CHGEN bit (Charge Enable)
SW (Vgar pin—Vour pin) automatic control
Table 45 CHGEN bit (Charge Enable)

PData De ptio
0 SW2: OFF (Default setting) Recharge inactive
Write / Read - .
SW: automatic control Recharge active

User should first set INIEN to “1” to set CHGEN active.

2) INIEN bit (Initial Enable)

Automatic MOS SW control works by setting INIEN to “1” and CHGEN bit control becomes
available.

When INIEN bit is “1”, I°C bus active/inactive control is available based on the comparison
result between Vpp and Vpers.

Table 46 INIEN bit (Initial Enable)

Pata De plIo
0 SW control inactive. I°C is active anytime. (Default setting)
Write / Read CHGEN bit function (0/1) is enabled.
1 When VDD voltage less than VDET, I12C disabled and Hi-Z input allowed to
SDA, SCL.

3) INIEN bit (Initial Enable)

This bit is used for enabling/disabling VLOW function as well as for controlling time stamp
operation.

[Please refer to 14.8.6 for the detail]

Battery Backup Switchover control (Initial power on)
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[ Power ON (INIEN:=0,CHGEN=0) ]

VBAT

< Power supplied from VBA_T first> _ < Power supply from VoD first. >
Power comes from VBAT (via SW3,diode) After that VDD supply Power comes from VDD via diode. After that VBAT becomes
\\ become active. VBAT and VDD are connected with Diode OR. active. VBAT and VDD are connected with Diode OR. Y

INIEN=1

X SWSEL1,0=10b l
Non re-chargeable battery

o - Only VDD supply. Voltage detection OFF status makes lower power
case (INIEN=1,CHGEN=0) SWSEL1,0 consumption (100nA Typ.) Refer to Figure 6 Ex4.
Referto Figure 27 e e il ~
' Vout
e Rl
or

\
1
1
I Vgar O e > - = vV 1
T DD
SWSEL1,0=01b . T Lol oo Lgo! 1
Re-chargeable battery case (Default status of | 1 1
(INIEN=1,CHGEN=1) power on reset.) Al ettt ittt ! !

RefertoFigure 23 |  Diode OR connection (between Voo and VEAT) makes lower

Diode OR connection (between VoD and VBAT) makes lower
power consumption (100nA Typ.) Parallel (SW1,5W2) diodes Vf is
issue.

Please refer 4. Connection Example Figure6.
Figure 26 Battery Backup Switchover Control (Initial power on)

Non re-chargeable battery control (INIEN: 1, CHGEN: 0)
Non re-chargeable battery (INIEN:1,CHGEN:0)

| X Note VBAT detection (VBAT vs VLow) (EVLOW should be setto 1. |

| VEBAT detection (VBAT vs VLOW) VBAT detection (VBAT vs VLOW)
Once/3s I Oncef3sI
If VDD < VDET1
vour Move to backup mode vour
» VBAT
(Voer1 vs Vip)
h
Normal mode (VDD power supply) If VDET1 < VDD Backup mode (VBAT power supply)
SW1:0N,SW2,3:0FF Move to normal mode SW1:0FF,SW2,3:0N
(once / 31.25 ms)
once /1s I Once / 31.25 msI
VouT

veaT B ] Las ]i[ ~T T voo Veers Intermittent detection
! 1

(Moers vs Voo)

VDET1 Any time detection
SW1 OFF intermittent SMPT1,0 (once /1 s)

{In case of long period SW1,2,3:0FF, if VDD power shuts down RTC loses power supply.
Careful control is needed for SW1 OFF period.

Figure 27 Battery Backup Switchover Control (non rechargeable battery)




et Jauch

Re-chargeable battery control (INIEN:1, CHGEN:1)

VBAT Detection (VBAT vs VLOW)
VDET1 anytime detection Once / 3 sat any time
SWH1 OFF intermittent SMPT1,0 {once /1 s) (EVLOW should be set to “17.)
\ | Vewp Detection (VDD vs VBAT)
Vour / Twice /35

Vear

{In case of long period SW1,2 3:0FF, if VDD
power shuts down RTC loses power supply.

Careful control is needed for SW1 OFF period. Normal mode (charging to re-chargeable battery)

SW1,2,3:0N

VDET1 detection (once /31.25 ms)

VDET1 anytime detection SW1:0FF,SW2,3:0N
SW1 OFF intermittent SMPT1,0 (once [1s) | Vg1 > Vg W}VDD

Vear j | W ~ . Voo ﬁ Varr

o __SWa_Sw2___swi___| Voo < Voers
Normal mode ( fully charged re-chargeable battery) Backup mo!je ( Vaar power supply
SW1:0N,SW2,3:0FF SWA1:0FF SW2 3:0N
Twice /35 I

VewP Detection (VoD vs VBAT) |

Figure 28 Battery Backup Switchover Control (rechargeable battery)
Vpp voltage detection register SMPT1, SMPTO bit

The SMPT1 and SMPTO bits configure the OFF interval of SW1 (VDD-VOUT path) for VDD
voltage monitoring.

VDET1 provides continuous VDD low-voltage detection and forces an immediate transition to
backup mode when VDD drops below the detection threshold, regardless of the SW1 OFF
interval.

To improve detection accuracy, SW1 is periodically turned OFF (once per second) to
suppress reverse current from VBAT to VDD during power-down conditions. This ensures
more precise voltage measurement but reduces charging efficiency to the EDLC/super cap
or backup battery.

The OFF duration is programmable via SMPT1 and SMPTO, allowing a trade-off between
measurement accuracy and charging efficiency. If SW1 is not periodically turned OFF,
reverse current from VBAT to VDD may occur when VDD is decreasing, causing the
measured VDD voltage to be artificially elevated. This degrades detection accuracy by
delaying low-voltage detection and introducing uncertainty near the threshold region. As a
result, the transition to backup mode may be delayed or unstable. Periodically turning SW1
OFF eliminates this reverse current path, ensuring accurate voltage measurement at the cost
of reduced charging efficiency.
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Table 47 SMPT bit (Sample Time)
SMPT1 SMPT 0 SW1 OFF period remarks

0 0 Always ON Default
0 1 2ms

1 0 128 ms

1 1 256 ms
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Vout
vear T T T T T T T T T T AT TS 1'vbD
- e -
EDLC T Lo -— ! L L sy
it

: SW3 SWwW2 SW1 e ;I; capacitance
N B e

Normal mode

User can select SW1 OFF period to judge Vpp power drop correctly. Because
VDET comparator judges Vpp voltage at falling edge of SW1 OFF period by cutting
Veat connection. Once per second this SW1 is set OFF.
Y Vpp voltage dropping speed depends on it's impedance. So proper SW1 OFF
period is needed.

SW1-OFF 1 —» [ 2 ms

In case of low impedance, steep short SW1 OFF period ex. 2 ms is

1 1

1 1

1

VDD ﬂ\ : recommended to judge steep voltage dropping.
1 1
_______ LN_
-Voemi ! RN 2

1
1
1

[¢—— 256ms

A\ 4

SW1-OFF

In case of high impedance, long SW1 OFF period ex. 256 ms is
recommended to judge slow voltage dropping.

Figure 29 VDD detection (VDET1) SW1 intermittent operation.

Battery Backup Switchover related register SWSEL1, SWSELO bit
If user do not use switchover function (INIEN = 0), these two registers can fix MOS SW
setting.

Table 48 Battery Backup Switchover SW register

I2C disable
SWSELO Control *1 Remarks

INIEN SWSEL1

0 1 ON OFF OFF OFF Default
0 1 0 OFF OFF ON OFF
0 0 ON OFF OFF OFF
1 1 1 Prohibited
Other than (1,1) Automatic control ON

*1 Please refer also
Please refer [INIEN bit.]
At power-on (INIEN = 0, CHGEN = 0), the output (VOUT) is supplied by the available power
source.
If only one supply is present, VOUT is powered through the corresponding path (VBAT via
SW3 and diode, or VDD via diode).
When both VDD and VBAT are present, they are combined through a diode-OR
configuration, allowing automatic selection of the higher voltage source.
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Voltage detection intermittent timing
Table 49 Voltage detection timing

Normal mode Backup mode
VDD drive VDD drive VDD drive
(CHGEN=1, (CHGEN=0, (CHGEN=0, VBAT drive
INIEN=1) INIEN=1) INIEN=0)
VDD\;isé(Te::tlon anytime anytime suspended Once a 31.25 ms
VDDV\(':SMXBAT Twicea 3.0s suspended suspended Suspended
VBATvtli_gtzctlon Oncea3.0s oncea3.0s oncea30s Oncea30s

VLOW is updated only if two consecutive detection results are identical, ensuring
stable detection.
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14.8. Time Stamp Function
14.8.1. Outline of Time Stamp function

There are three factors for time stamp operation

1) EVIN pin signal detection

2) RTC internal status detection

3) Command trigger by I1°C read command (2Fh reading)

Time stamp events are recorded into RAM up to maximum of 8 times. (Refer to Figure 30)
/INT pin with interrupt output is available when a time stamp event occurs. This operation can
also work in backup mode. RTC internal status can be recorded with stamp time resolution of
(1/256 sec, SEC, MIN, HOUR, DAY, MONTH, YEAR, Status Stamp).

e e e e e e e == = = === — -

' | SEC-counter |—'| MIrM-—counter |—b| HOUR-counter l—l‘| DAY-counter |—>| MONTH-counter |—>| YEAR-counter \

I Yy I

. :

| At the event occurs the counters

| 1Hz status reqgisters are recorded into

g

[ pr— Divider chain 20~29h _and the RAM (pointer

1 w'stal = 15384Hz, 8192Hz.."| 512Hz, 266Hz.128Hz G4Hz , 2Hz, 1Hz | addressing).

A" 7/
O O - O . S S S S S B S D D S B S S S S B e S e e e S e . .. —

Addressing by Pointer

20h Time Stamp Address (h) pointer Address (h)
40

- 812Hz
11024 5 Time Stamp 0,0,0 40~47
21h Time Stamp  +—— 1280z —r 14256 S
1956 S | » sec 00,1 43~4F
) — — MIN-counter — 42 MIN o 30-3F
23h MIN a— 0,11 L58~5F
- HOUR-coumter | — g 43 HOUR
24h HOUR r— s DAY 1,0,0 60~6T
2h WEEK — DAY-counter 7 45 MONTH 104 S
M TH-counter
— 1,1,1 78~TF
i IS | v A 47 Status stamp
28h YEAR ~

In case of OVW = “0" pointer can be incremented up to
(1,1,1). There is no pointer increment and record,
except recording into 20~29h.

2h  Stassamp o

Figure 30 Time Stamp function
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14.8.2. Time Stamp related register

Table 50 Time Stamp function register

Function bit7  bit6  bit4  bit3 | bit2  bit1  bit0
1Dh Extension Register FSELA1 FSELO USEL TE WADA ETS TSEL1 TSELO
1Eh Flag Register POR z UF TF AF EVF VLF XST
1Fh Control Register z z UIE TIE AIE EIE z STOP
2Bh EVIN Setting EHL ET1 ETO PDN PU1 PUO ovw
2Eh T%;rgr”::?;:tjml z z z z z z z COMTG
2Fh Command Trigger z z z z z z z z
34h Time Stamp Control 1 z z z z z EISEL : TSCLR | TSRAM
35h Time Stamp Control 2 . z z z ECMP EVDET | EVLOW EXST
36h Time Stamp Control 3 z z z TSFUL | TSEMP | TSAD2 | TSAD1 TSADO

14.8.3. Time stamp function triggered by EVIN pin input

Following registers control time stamp function triggered by EVIN pin input.

1) ETS bit (Enable Time Stamp)

This register enables or disables the time stamp function triggered by the EVIN pin input. A
chattering suppression function is also available. Note that enabling chattering suppression
reduces timing resolution (see ET1 and ETO bits).

Table 51 ETS bit (Enable Time Stamp)
Description

0 Time Stamp function OFF

Write / Read

1 Time Stamp function ON
Refer to RTC internal status trigger time stamp function registers, respectively.

2) EVF bit (Event Flag)
This register is set to “1” when event occurs.

Table 52 EVF bit (Event Flag)
EVF DEF] Description

Write 0 In case /INT: "L” output, it is set to Hi-Z.
1 Invalid (writing “1” will be ignored)
0 _
Read . . . . .
1 EVIN input is detected. The result remains until clearing to “0”.

3) EIE bit (Event Interrupt Enable)
This register control /INT interrupt output at the moment of the event (EVF, "0" — "1").

Table 53 EIE bit (Event Interrupt Enable)

Description
0 1) No /INT interrupt output (/INT = Hi-Z)
Write 2 ) Releasing /INT interrupt output  (/INT = "L" — Hi-2)
1 /INT interrupt output ~ (/INT = Hi-Z - " L")
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4) EHL bit (EVIN High/Low)
This register controls EVIN input voltage level.
An event with longer EVIN input than chattering prevention cycle is detected.

Table 54 EHL bit (EVIN High/Low)

Description
0 Triggered by Low level voltage
Write / Read 99 y 9
1 Triggered by High level voltage

5) ET1, ETO bit
These bits select chattering filter period of input from EVIN.

Table 55 ET bit selection

ET1 ETO When the EVIN chattering filter function is enabled, sub-
(bit6)  (bit5) second data will be invalidly stored in the relevant register bits.
0 0 No chattering filter. *1  |All sub seconds data are valid.
0 1 3.9 ms (256 Hz) 1/1024 s Bit 0 of 20h.
1/1024 s Bit 0,1 of 20h.
1 0 15.6 ms(64 Hz) 1/256s Bit0of21h.

1/256 s Bit 0 of 40h, 50h, 60h, 70h, 48h, 58h, 68h, 78h.

1/1024 s Bit0, 1 of 20h.
1 1 125 ms (8 Hz) 1/256s Bit0, 1,2, 30f21h
1/256s Bit0, 1, 2, 3 of 40h, 50h, 60h, 70f, 48h, 58h, 68h, 78h.

No chattering filter. EVIN detection is done with approximate 1 ps.

3.9ms 3.9ms
4+—p +——>
3.9ms
Detectable _ ;

Not detectable oo l_ = - _

Clock cycle decided by ET1,ET0. /[ 3;_/ 3(_/ 3:_/ L

(Ex. 3.9ms)

Figure 31 EVIN chattering prevention function

6) PDN,PU1,PUO bit (Pull Down Select, Pull Up Select)
These registers control the internal Pull-up/Pull-down resistor value of the EVIN pin.
Pull-up resistor is connected to Vour, Pull-down resistor to GND.

Table 56 PDN,PU register (Pull Down Select, Pull Up Select

Condition Resistor value, status
No connection 0 0 0 Hi-Z
0 0 1 500 kQ
Pull-up 0 1 0 1MQ
0 1 1 10 MQ
Pull-down 1 0 0 500 kQ
1 1 0
. Don’t select th mbinations.
No comnacton | g | o e e tore
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7) OVW bit (Over Write)
This register controls the method of time stamp update.

Table 57 OVW bit (Over Write

Description

Time stamp records 8 times, then no more time stamp update.

0 Pointer moves from pointer(0,0,0) > pointer(0,0,1) ---->

Write pointer(1,1,1) and stops

Time stamp records more than 8 times continuously.

1 pointer(0,0,0) = pointer(0,0,1) ----> pointer(1,1,1) = pointer(0,0,0) - -
2> ...

Address 36h
[ bie7 | bite | bits | bita | bits | b2 [ bt ]| bito |
o O O TSFUL  TSEMP  TSAD2  TSADf TSADO

L J

default TSCLR €1 !

Pointer 3bits

Pointer (1,1,1) Pointer (0,0,0) Pointer (0,0,1) Pointer (1,1,1) Timer coznt::, Status stamp
TSEMP 1 —>§ TSEMP 0 —»] TsemvP 0 fF----------- -] TSEMP 0 are recorded to
TSFUL 0 TSFUL 0 TSFUL © TSFUL 1 20~29H and
Pointer addressing RAM.
(o] [oms]
_________________________________ .
I Pointer (1,1,1) 1 I Pointer (1,1,1) | : Timer counter, Status stamp |
»l TSMPT 0 TSEMP 0 -
7srul 1 P lrspul 1 | arerecorded o !
(RS o WIE L - | 20~29H only. I
o 4» &% L e e e e e e e e o - ]
&
1 Pointer (0,0,0) Painter (0,0,1) Pointer (0,0,0)
TSEMP 0 TSEMP 0 f----- »| TSEMP 0 - >
TSFUL 1 TSFUL 1 TSFUL 1

Figure 32 Operation of OVW, pointer

14.8.4. Time stamp function triggered by I°C access
A command through an I12C access can also trigger the Time stamp function.

1) COMTG bit
This register controls Timestamp trigger by 1°C access ON/OFF.

0 Data De ptio
0 Time stamp trigger by 1°C-Bus OFF
. When the I?C bus is activated, the RTC timer counter and internal status data
Write 1 are captured and stored in registers 20h ~ 29h. This capture is triggered by
reading the register 2Fh. The data returned from register 2Fh is always 00h.
Multiple (repeated) read accesses are supported.

Table 58 COMTG bit (Command Trigger)

2) Time stamp access timing
Time stamp processing is done at ACK operation just after slave address sending (of

command trigger reading). '
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scL I O B B R O 2
SDA(Master) :X 0 >< 0 >< 1 >< 0 >< R >—>< Command Trigger data

Slave address+ Read bit

SDA(Slave) ACK i |
v
Time stamp trigger f Trigger n
/INTpin | .
Register data Time stamp data X New Time stamp data

Figure 33 Time stamp timing by 12C access.
14.8.5. Time stamp stored register

At the time of the Time stamp event occurring, following data are recorded. Refer to [Figure
395]

Note: In case of multiple time stamps, please refer to 14.8.6

111024 sec T
. -

111024 :_IT\LT o]0l v]ofv]o]
1/512sec | Time Stamp event occurs
""" i 1/2:0,1/4:0 1/512:1, 1/1024 :1
1512 | o || i i
1 1
)
*
: 1 | 0 1
| 1/2sec

¥
i
I
1
1
1
i
I
!
I
I
I
i
I
!
I
'
I
i
l
Yo —de e — -

time

1Hz € 2Hz €& 4Hz <€8Hz & 16Hz € 32Hz € 64Hz <« 128Hz ¢ 256Hz ¢ 512Hz € 1024Hz < counter 32,768Hz

(2 ([ ) (e e e = |2
I T T T T T T T T

= 1/512  1/1024

o w o w e w e wm s

[ siaes | oy | s | bis | bw | b | bz | bwn | b |

Figure 34 Time stamp stored registers of sub-second (1/1024 s ~ 1 s)
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Table 59 Whole Time stamp stored registers

Address Function Time stamp record
20h Time Stamp 1/1024Sec 256 Hz, 512 Hz,
21h Time Stamp 1/256Sec 1Hz~128 Hz
22h Time Stamp Sec sec
23h Time Stamp Min min
24h Time Stamp Hour hour
25h Time Stamp Week week
26h Time Stamp Day day
27h Time Stamp Month month
28h Time Stamp Year year
29h Status Stamp RTC internal status

Table 60 Status Stamp

Function  bit7  bit6  bit5 = bit4 bit3 bit2  bit1  bit0

29h Status Stamp z | z | VIOW  VCMP | VDET | z | XST | z
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1) VLOW bit (Time Stamp VLOW)
This bit records the comparison result of Vear vs Viow at the moment of event-in. (Viow:1.1V
~1.3V)

Table 61 VLOW bit (Time Stamp VLOW

Data Description

0 VBat > Viow

Read
1 VBat < Viow

2) VCMP bit (Time Stamp VCMP)
This bit records the comparison result of Vpp vs Vear (VCMP status) at the moment of event-
in.

Table 62 VCMP bit (Time Stamp VCMP

Data Description
0 Vob > Vear

1 ‘ Vbobp < Vear

3) VDET bit (Time Stamp VDET)
This bit records the comparison result of Vpp vs Vpers at the moment of event-in.

Table 63 VDET bit (Time Stamp VDET

Data Description

0 Vop > Vper1 (Normal Mode with Voo supply)

Read

1 Vop < Voet1 (Backup Mode with Veat supply)

4) XST bit (Time Stamp X'tal Oscillation Stop)
This bit records whether the internal Crystal oscillation stops or not at the moment of event-
in.

Table 64 XST bit (Time Stamp X'tal Oscillation Stop

Data Description

0 Normal Internal Crystal oscillation

Read

1 Internal Crystal oscillation stops

14.8.6. RTC internal event triggered time stamp, multiple times stamp

In addition to EVIN pin input triggered, the RTC timestamp can be triggered by internal
events.

Also, timestamp events can continuously record into RAM up to maximum 8 times.

To avoid unwanted timestamp events, ETS register should be reset to 0 before reading
timestamp data (20h ~ 29h, 40h ~ 47h). (Refer to Figure 35)
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Table 65 Related register for internal event triggered time stamp, multiple times stamp

Address Function bit 7 bit 6 bit 5 bit 4 bit 3 bit 2
34h Time Stamp Control 1 z z z z z EISEL | TSCLR i TSRAM
35h Time Stamp Control 2 ° z z z ECMP EDET EVLOW EXST
36h Time Stamp Control 3 z z z TSFUL TSEMP TSAD2 TSAD1 TSADO

12C bus 2Fh reading

2 N ) )
ETS € 0 12C bus 20h~28h cl:ontlnuous reading

EVIN pin input ( \
Time stamp <& S NS oy
(_1_\ Trigger Control ?).3.6% a@brb ,bbq’ ,abq’
35h €00 NN @
e o (comma e 1]
...[ COMTG €« 1 A COMTG < 0
T } time
Command Trigger OFF

Painter (1,1.1) Setting time stamp disable

TSEMP 1 and

TSFUL 0O Command Trigger ON By reading 2Fh time counter, status stamp data is recorded into 20h~28h.

After this operation, user can read the data 20h ~ 29h.

Figure 35 Avoiding EVIN pin input event, user read time stamp data.

(1) Time stamp by self monitor detection of RTC
1) ECMP bit (Enable VCMP)
This bit controls time stamp (VCMP) ON/OFF.

Table 66 ECMP bit (Enable VCMP)

Description
0 No time stamp event even VCMP is detected.
Write
! 1 Time stamp event occurs when Veat > Vbb becomes true, under condition of
charging to re-chargeable battery.

2) EVDET bit (Enable VDET)

This bit controls time stamp (VDET) ON/OFF.

When user set EVDET to ”1”, at least 31.25m sec time interval is needed after INIEN
setting to “1”. If user cannot set 31.25 ms interval, unreliable result will be obtained, in
such case please ignore the result data. Also, if user used fixed SW combination,
don’t use this register. Refer to Figure 36
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EVDET Data Description
0 No time stamp event even Vper1 is detected.
Write
1 When RTC moves to backup mode, time stamp event occurs.

Table 67 EVDET bit (Enable VDET)

3) EVLOW bit (Enable VLOW )
This bit controls VLOW detection ON/OFF and time stamp (VLOW) ON/OFF. A common
register for VLOW function and time stamp.

Table 68 EVLOW bit (Enable VLOW)

EVLOW Data Description
0 No time stamp event and no VLOW detection.
Write
1 VLOW detection and time stamp event when VLOW is detected.

4) EXST bit (Enable X’tal Oscillation Stop)
This bit control time stamp (XST) trigger ON/OFF

Table 69 EXST bit (Enable X'tal Oscillation Stop)

Data Description
0 No time stamp event even when internal crystal oscillation stops.
Write
1 Time stamp event occurs when crystal oscillation stop is detected.

The correctdetection(VDD vs VDET1 )can be done atleast
31.25m sec interval after setting INIEN to “1”
Please insert minimum 31.25msec interval before setting

T ., EVDET to “1"..
V[ defaut | N
I 1
1 1
1 1 INIEN€1
| TSCLR €1 |! ' ! ! !
| ; NO | 31.25msec, :31 - :
""""" EVIN pin ECMP : | 31.25msec ;=280
input VDD<VEAT EXST . :—P:_ Zomsec |—b:
detection XST detection ! | |
| X Y H > H >K L |
Smaller than 1.5usec | | |
1 1 1
1 1 1

Pointer  (0,1,0)
TSEMP 0
TSFUL 0

Pointer  (0,1,0)
TSEMP 0
TSFUL 0

A
Pointer (1,1,1) Pointer (0,0,0) Pointer  (0,0,1) time
TSEMP 1 TSEMP 0 TSEMP 0 EVDET < 1
TSFUL 0 TSFUL 0 TSFUL 0O

| EVDET (VDD<VDET1) detected

Figure 36 Careful timing process when RTC internal status trigger is used for time stamp

(2) Multiple time stamp is available with following registers management.
The record area (40h ~ 7Fh) all the time stamp is recorded except 1/1024 sec, WEEK.

1) TSRAM bit
This bit control RAM (40h~7Fh) the usage time stamp recording or normal RAM.
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Table 70 TSRAM bit (Time Stamp Clear)

Data Description
40h~7Fh is used a normal (Read/Write enable)
Time stamp data is recorded into 20h-28h at event timing.

40h~7Fh is used as a timestamp recording memory. (Read/Write enable)
Users can modify directly RAM data via I2C if necessary.

Write

2) TSCLR bit (Time Stamp Clear)

The operation of writing “1” to this bit makes address 36h clear to initialize and this bit be
reset to “0” automatically. Time stamp function should be disenabled by resetting ETS to
“0” before this operation (Time stamp clear).

Table 71 TSCLR bit (Time Stamp Clear)

TSCLR Description
0 Invalid (writing “0” will be ignored)
Write Initializing address 36h register.

TSFUL: 0, TSEMP: 1
TSAD2: 1, TSAD1: 1, TSADO: 1
pointer (1,1,1)

3) EISEL bit (Event Interrupt Select)
This bit controls time stamp event interrupt selection.

Table 72 EISEL bit (Event Interrupt Select)

EISEL Data Description
0 Every time stamp event triggering makes interrupt output.
Write
1 In case of 8 times record (of time stamp) interrupt output occurs.

(3) Multiple time stamp recording function

1) TSFUL bit (Time Stamp Full)
This bit is reflected by 8 times time stamp recording.

Table 73 TSFUL bit (Time Stamp Full)

Description
Read 0 There is (are) empty RAM area.
ea
1 RAM area is fully occupied by 8 times timestamp recording.

2) TSEMP bit (Time Stamp Empty)
This bit is monitor bit of RAM empty.

Table 74 TSEMP bit (Time Stamp Empty)

Description
0 There is some data recording in the RAM area (40h ~ 7fh).
1 There is no data recording in the RAM area (40h ~ 7fh).

Read

3) TSAD2, TSAD1, TSADObit (Time Stamp Address)
These bits are monitoring register of the latest time stamp RAM address.
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Table 75 TSDA bit (Time Stamp Address)

Address pointer

0 0 0 40h-47h

0 0 1 48h-4Fh

0 1 0 50h-57h

0 1 1 58h-5Fh
Read 1 0 0 60h-67h

1 0 1 68h-6Fh

1 1 0 70h-77h

1 1 1 78h-7F, default
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14.9. Flow Chart

Below are examples of flow charts, but they are not necessarily applicable for every use-
case and not necessarily the most effective process for individual applications. For effective
processing, users can do multiple executions, change ordering, eliminate execution etc.
These flows should be optimization for suitable in each of systems.

1) Power on initializing example

o

Power on

o At least 40 ms wait time is needed to be sure that RTC is
stabilized.
40 ms is not oscillation startup time.

NO
VLF=17?
e When RTC returned from battery backup normally, VLF is 0.

YES and after initial power On, VLF is 1.
P e When VLF is 1, recommended initializing all register data.
VLF="0" clear
o After internal oscillation start, VLF can be cleared to “0”.
. ¢ Waiting suitable time, in each of system.
Wait Longer than 300 ms is recommended
NO
VLF=0?
YES
Initialize

<

(Start-up complete )

Figure 37 Example flow (power on initialization)
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Initialization Ex1

www.jauch.com

o D

Reg - 32h

Reg — 1Dh

Reg - 1Eh

Reg - 1Fh

Reg — 10h ~ 16h

Setup Alarm

Setup Wake-up timer
function

C Next processing )

e Setup of battery backup switchover function.

e Setup Timer function.

o Clear self monitoring Bits.

e Setup interruption output

o writes time and date.

o Setup Alarm function.

o Setup Wakeup Timer function.

Figure 38 Example flow (Initialization EX1)
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Initialization Ex2 (only clock usage)

| Reg - 32h | «Setup the Battery switchover function.
I
| Reg - 1Dh | #Specify basic timing for each of functions.
| Reg - 1Eh | eReset all status flags.
I
Reg - 1Fh eSet STOP bit to 1.

oClear all all interruption enable bit.

Reg - 10h - 16h eWrites Time and Date.

| Reg - 1Fh | e The STOP bit is cleared to “0” in

( Finish )

synchronization with the master clock.

Figure 39 Example flow (Initialization Ex2 only clock usage)

Setup Clock and calendar example

@tup of Time an da@

STOP «"1"

Writing current time

STOP «"0"

( Next processing >

@aading clock, calend@

Current time reading

< Next processing >

www.jauch.com

« Preventing time update in time setting by setting STOP bit to”1”.

o Writing information [year/month/day/week/hour/minute/second] which is
necessary to change.
In case of initialization, initialize all data.

« Resetting STOP bit to “0” and clock starts.
The clock starts just after resetting to “0”.

 If a STOP condition is not used, the clock begins running immediately after
the seconds register is written. Additionally, when writing registers from
seconds through year in a single transaction, the ACK after writing the
seconds byte resets the seconds and sub-second counters, and the clock
starts at that moment.

Be aware that battery backup switchover function is inactive during STOP

o Complete reading access within 0.95 sec.
The reading access should be done while STOP bit is “0”.
(Setting STOP bit to “1” may cause time delay.)Don’t set STOP to 1.

» As for reading of time and calendar, sequential access is
recommended by auto address increment.

Figure 40 Example flow (Setting/reading clock, calendar)
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Setting wake-up timer interpunction example

@ake-up timer sett@

Reg-1D[h] o Clear TE bit to “0” to inactivate wake-up timer interruption.
e Set TSEL1, TSELO bit combination to count down period (source clock).

Reg-1E[h] o Clear the TF-bit by zero.

Reg-1F[h]

e Set TIE to "1", for interruption output from INT-pin.

Reg - 1A-1C[h] « write initial data to the Down counter.

) » Set TE bit to “1” to start wake-up timer counter.
Starting count down Be aware that initial data should be pre-set to counter before starting.

e While TSTP is "1", timer countdown doesn't occur.
< Next processing > When TSTP clears by 0, The Countdown timer works again.

TSTP is useful for working time counter of machine, etc.

Figure 41 Example flow (Setting wake-up timer interrupt function)
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Setting Alarm Example

C Alarm setting )

Reg-1F[h] » Reset AIE bit to “0” to inactivate alarm interruption.
Reg — 2C[h],17[h] ~ 19[h] e Setup Alarm data.
Reg-1D[h] ¢ Specify week alarm or day alarm, by WADA bit.
Reg-1E[h] o Clear AF-bit by "0".
|
Reg — 1F[h] o Set AIE bit to “1”, for outputs Alarm interruption from INT-pin.

( Next Processing >

Figure 42 Example flow (Setting alarm interrupt function)
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Time stamp (one time recording) Example

=

Reg- 1D[h] o Clear ETS bit by “0” to inactivate time stamp function.
Reg- 1E[h] o Clear EVF bit by“0”.
Reg-1F[h] e Set EIE bit to “1” to activate time stamp interrupt function.

An event makes /INT pin interruption output.

Reg-2B[h] e Setup EVIN pin input pull-up/pull-down resistor combination.
Reg - 1D[h] e Set ETS bit to “1” to activate time stamp function.
( Waiting event

o When event occurs EVF bit is set to "1”, /INT pin becomes low as interrupt
output.

INT="L"?
or
Reg-1E[h] EVF="1"2

Reg - 1D[h] ¢ Reset ETS bit to "0” to inactivate time stamp function.
The reason is to avoid unwanted time stamp during data reading.

Reg-20[h]-28[h] ¢ Reading time stamp data of event occur.

Reg - 1E[h] o Clears EVF bit to “0”.

C Waiting for next everD

Figure 43 Example flow (Time stamp (one time recording) )
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Time stamp (1/1024 sec to 1/128 sec reading) Example

Start

Write Reg - 1Dh bit2 Ob

Write Reg - 35h bit3~0 0000b

Write Reg — 2Eh bit0 1b

Read Reg - 2Fh

Read Reg - 20h

Reed Reg - 21h

Write Reg — 2Eh bit0 Ob

Next processing

eETS < 0
oTo inactive time stamp EVIN pin detection.

eTime Stamp Control 2 bit3~0 < 0
eTo inactive RTC internal status detection time stamp

¢COMTG < 1
oTo activate Command Trigger

»Reading 2Fh makes time stamp triggering and
data (1/1024 sec) is stored to 20h.

eReading 1/1024 sec data from 20h

»Reading 1/128 sec data from 21h.

oCOMTG € 0
oTo inactivate Command Trigger

Figure 44 Example flow (Time stamp (1/1024 sec, 1/128 sec reading) )
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Time stamp (Year to 1/128 sec reading) Example

=)

|
Write Reg - 1Dh bit2 Ob

Write Reg - 35h bit3~0 0000b

Write Reg — 2Eh bit0 1b

*ETS <0
- To inactivate EVIN input event time stamp.

+ Time Stamp Control 2 bit3~0 < 0
+ To inactive RTC internal status detection time stamp

- COMTG <« 1
« To activate Command Trigger

Read Reg - 2Fh + Reading 2Fh makes time stamp triggering and
data (1/1024 sec) is stored to 20h.
Read Reg - 20h - Reading 1/1024 sec data from 20h
Reed Reg —21~28h - Reading 21h~28h data.
- COMTG € 0

Write Reg — 2Eh bit0 Ob

« To inactivate Command Trigger

[ Next processing ]

Figure 45 Example flow (Time stamp (Year to 1/128 data reading) )
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14.10. Reading/Writing Data via the 1°2C-Bus Interface
14.10.1. Overview of 1°2C-Bus

The 12C-Bus supports bi-directional communications via two signal lines: the SDA (data) line
and SCL (clock) line. A combination of these two signals is used to transmit and receive
communication start/stop signals, data transfer signals, acknowledge signals, and so on.

Both the SCL and SDA signals are held at high level whenever communications are not
being performed.

The starting and stopping of communications is controlled at the rising edge or falling edge of
SDA while SCL is at high level.

14.10.2. Data transfers

Data transfers are performed in 8-bit (1 byte) units once the START condition has occurred.
There is no limit on the amount (bytes) of data that are transferred between the START
condition and STOP condition.

(However, the transfer time must be no longer than 0.95 seconds.)

14.10.3. Starting and stopping 12C-Bus communications

START Repeated START(RESTART) STOP

condition condition condition
_______ U_F

P

ST 12

0.95 s ( Max. )

Figure 46 12C-Bus start/stop timing
START condition, repeated START condition, and STOP condition

(1) START condition
The SDA level changes from high to low while SCL is at high level.

(2) STOP condition
This condition regulates how communications on the 1>C-Bus are terminated.
The SDA level changes from low to high while SCL is at high level.

(3) Repeated START condition (RESTART condition)

In some cases, the START condition occurs between a previous START condition and the
next STOP condition, in which case the second START condition is distinguished as a
RESTART condition. Since the required status is the same as for the START condition, the
SDA level changes from high to low while SCL is at high level.

When accessing this device, all communication from transmitting the start condition to
transmitting the stop condition after access should be completed within 0.95 seconds. If
communication requires 0.95 seconds or longer, the 1°C-Bus interface is reset by the internal
Bus timeout function.

p—
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14.10.4. Slave address

The I12C-Bus devices do not have any chip select or chip enable pins. All I>C-Bus devices are
memorized with a fixed unique number in it. The chip selection on the I2C-Bus is executed,
when the interface starts, the master device sends the required slave address to all devices
on the 1°C-Bus. The receiving device only reacts for interfacing when the required slave
address is agreed with its own slave address.
During in actual data transmission, the transmitted data contains the slave address and the
data with R/W (read/write) bit.
<4— Slave address —»| R/W
bit
bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bito
0| 1 1] 0| 0] 1] 0 |RW

0 when write mode
1 when read mode

14.10.5. System configuration

All ports connected to the 12C-Bus must be either open drain or open collector ports in order
to enable AND connections to multiple devices.

SCL and SDA are both connected to the VIO line via a pull-up resistance. Consequently,
SCL and SDA are both held at high level when the Bus is released (when communication is
not being performed).

!

SDA J
SCL

Master Slave Master Slave

Transmitter/ Transmitter/ Transmitter/ Transmitter/
Receiver Receiver Receiver Receiver

CPU, etc. JR8111-32 Other I2C bus device

Figure 47 12C-Bus connection

Any device that controls the data transmission and data reception is defined as a "Master",
and any device that is controlled by a master device is defined as a “Slave.” The device
transmitting data is defined as a “Transmitter” and the device receiving data is defined as a
receiver’

In the case of this RTC module, controllers such as CPU are defined as master devices and
the RTC module is defined as a slave device. When a device is used for both transmitting
and receiving data, it is defined as either a transmitter or receiver depending on these
conditions.

‘...‘
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14.10.6. 1>°C-Bus protocol

In the following sequence descriptions, it is assumed that the CPU is the master and the
JR8111-32 is the slave.

1) Address specification writing sequence

Since the JR8111-32 includes an automatic address increment function, once the initial
address has been specified, the JR8111-32 increments (by one byte) the receiver address
each time data is transferred.

Address circulation of 10h -> 1Fh -> 10h
auto increment 20h -> 2Fh -> 20h
function. 30h -> 3Fh -> 30h

(1) CPU transfers start condition [S].

(2) CPU transmits the JR8111-32's slave address with the R/W bit set to write mode.
(3) Check for ACK signal from JR8111-32.

(4) CPU transmits write address to JR8111-32.

(5) Check for ACK signal from JR8111-32.

(6) CPU transfers write data to the address specified at (4) above.

(7) Check for ACK signal from JR8111-32.

(8) Repeat (6) and (7) if necessary. Addresses are automatically incremented.

(9) CPU transfers stop condition [P].

(1) () 3) (4) (5) (6) 7) (8) 9)
“““ BEZE308 1 BESCO0EN KX IECORN K

ACK signal from JR8111-32

2) Address specification reading sequence
Write the target address in write mode, then switch to read mode to access the data.

(1) CPU transfers start condition [S].

(2) CPU transmits the JR8111-32's slave address with the R/W bit set to write mode.

(3) Check for ACK signal from JR8111-32.

(4) CPU transfers address for reading from JR8111-32.

(5) Check for ACK signal from JR8111-32.

(6) CPU transfers RESTART condition [Sr] (in which case, CPU does not transfer a STOP
condition [P]).

(7) CPU transfers JR8111-32's slave address with the R/W bit set to read mode.

(8) Check for ACK signal from JR8111-32 (from this point on, the CPU is the receiver and
the JR8111-32 is the transmitter).

(9) Data from address specified at (4) above is output by the JR8111-32.

(10) CPU transfers ACK signal to JR8111-32.

(11) Repeat (9) and (10) if necessary. Read addresses are automatically incremented.
(12) CPU transfers ACK signal for "1".

(13) CPU transfers stop condition [P].

(1) () (3) (4) (5) (6) 7) (8) ©) (10) (11) (12) (13)
[s | doqon o]0  rugem o5 ] shaadmos [1 o] oaa [ [ o [1]°]

ACK from JR8111-32 ACK from CPU

3) Read sequence when address is not specified

Once read mode has been initially set, data can be read immediately. In such cases, the
address for each read operation is the previously accessed address + 1.

(1) CPU transfers start condition [S]. ‘
_
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(2) CPU transmits the JR8111-32's slave address with the R/W bit set to read mode.

(3) Check for ACK signal from RX8111 (from this point on, the CPU is the receiver and the
JR8111-32 is the transmitter).

(4) JR8111-32 outputs data beginning from the address subsequent to the previously
accessed address.

(5) CPU transfers ACK signal to JR8111-32.

(6) Repeat (4) and (5) if necessary. Read addresses are automatically incremented in
JR8111-32.

(7) CPU transfers ACK signal for "1".

(8) CPU transfers stop condition [P].
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15. Circuit Diagram Connection

. 4
Pull Up VDD
Resistor X 3 . L L JR8111-32
==
MCU VDD [:'_'
VDD I:
SDA L {1 SDA Vio [j—i 0.1yuF
SCL [ [ 1SCL |
IRQ j: r[Ij;’INT Vour
SLEEP 7 —{ ] FOUT 11
CLOCK |
GPIO [1 L 1 EVIN
VBAT [
J —L 0.1uF
r Y
; 1kQ(max) .
G,EP Other GND 1
1 1
7;';7- 12C Device | Primary Battery
CR2032, etc. |
As pull-up resistors, 1 kQ to 5 k 2 is recommended.

SDA and SCL should meet I°C Bus specifications.
Each bypass capacitors should be located in the vicinity of RTC.
The capacitors of V7 is 1.0 pF.

*1: When inserting this resistor to protect the battery, set a resistance value that can
supply a current of at least 1.0pA. See IBAT characteristics of Table5 on page 12.
When conforming to the recommended current value of the battery manufacturer and
the specifications of the UL standard, etc., please set a resistor that prioritizes them.
Even if it has a current supply capacity of 1.0uA or more, the RTC will not consume
more current than specified.
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