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1 Overview

INS5T8111 is an ultra-low power consumption 12C bus interface real-time clock. It embeds a 32.768KHz

Crystal. It supports calendar (year, month, day, hour, minute, second), clock and timer functions etc.

2 Block Diagram

VDD  VOUT
VBAT | VIO
Power Register 0sC RTC Core
Management

il il I [
<@ g I @>

Control 12C Bus Interrupt Output

v A
EVIN SCL SDA /INT FOUT

Key Features

® Ultra-Low current consumption:250nA(Typ.) Power Supply Woltage: 1.6V~5.5V

® High stability: Time Keeping Voltage: 1.2V~5.5V

+11.5ppm / £23ppm @ 25°C Operation Temperature Range: -40°C~+85°C

-120ppm~10ppm @ -20°C~70°C, refer to 25°C Leap years auto correction

® Build-in Cystal: 32.768KHz Backup battery switchover function

® Communication Interface: 12C bus Timer output function with adjustable period

® RoHS2.0, REACH & Halogen-free compliant Size:3.2mm x2.5mm ><0.9mm
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4 Pin definition

1.vDD . 10./INT
2vouTt 9.GND
3.VBAT 8.vio
4.FOUT 7.SDA
5.5CL 6.EVIN

Tablel. Pin Definition

Pin Number Pin Name 1/0 Description
1 Vbb - Power supply
2 Vour Internal voltage output pin. Connect bypass capacitor of 1.0 pF.
3 Vear i Backup battery pin. Conr_lect to Iarge-cgpac_ity capacitors or a backup battery.
Connect to Vop when switchover function is not necessary
4 FOUT Out Frequency output. Controlled by Vio. Frequency can be set by FSEL bits.
5 SCL In I2Cclock signal
6 EVIN In Trigger input terminal for time stamps.
7 SDA In/Out | I2C data signal
8 Vio - Power supply for 10
9 GND - Ground
10 /INT Out Interrupt Output, Open-Drain
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5 Typical application circuit diagram

VBAT with non-rechargeable
battery, CHGEN =0

Vee

—0
|

V1o

C1 0. luf
.|_|

e

C2 0. 1luf

V1o

Voo

> Viar
®'g El
BT == DI I Vour
Vio
i
Vee ; I
VBAT with rechargeable battery or -
large capacity, CHGEN =1, - 1 Vb
INIEN=1 E I
> - _T_ Viar
£ -’g 2
y I Vour
C5 L

—
C4 luf
—
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Vio

ShSa S
Vio SDAY—e
SCL
Vip INT *—

Single Power supply mode

Veat

Vour

C3

Note:

1. Time of VDD from 0V to 2.5V < 50ms.

2. Recommend EVIN pin pull down to GND when not use EVIN function.
3. Remove R5 when using EVIN function.

4. The value of R & C is just for your reference, please adjust it according to your design.

6 Electrical Characteristics

6.1 Absolute Maximum Ratings

Table2. Absolute Maximum Ratings GND=0V
Value .
Parameter Symbol - Unit Notes
Min. Typ. Max.
Power Supply Voltage Pwr -0.3 6.5 \% Voo/Vear/ Vout Vio
Input Voltage 1 Ving -0.3 6.5 \/ SCL/SDA
Input Voltage 2 Vinz -0.3 Vout+0.3 \YJ EVIN
Output Voltage 1 Voutt -0.3 Vi0+0.3 vV FOUT
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Value
Parameter Symbol Unit Notes
Min. Typ. Max.
Output Voltage 2 Vout2 -0.3 6.5 V SDA, /INT
Storage temperature Tste -55 125 °C
6.2 Recommended Operating Conditions
Table3. Recommended Operating Conditions
Value
Parameter Symbol Unit Notes
Min. Typ. Max
Power Supply Voltage
V 25 3.0 55 \Y/ See Note 1
(Start Up) PP
Power Supply \oltage |/ vop | 12 3.0 55 v
(Operating)
Clock supply voltage Veik Vet 3.0 5.5 \
Interface Supply Vio 16 3.0 55 v Vop=1.6 ~ 5.5V
\Woltage
. Using Battery supply

Current consumption loo 0.25 UA only, @25°C
Operation temperature Toer -40 25 125 °C

Note:

1. During the power on and oscillation starting time, a voltage of more than 2.5V must be provided to ensure the oscillation circuit to

a stable state.
2. After the power supply is removed or power off, ensure that VDD=GND for more than 10 seconds before next power on cycle.
3. If there is no special indication, the test conditions are GND =0V, VDD=1.6V~5.5V, Ta=-40C~+85C

6.3 Frequency Characteristics

Table4. Frequency Characteristics

Value )
Parameter Symbol - Unit Notes
Min. Typ. Max.
Oscillation Frequency fo 32.768 kHz
@+25°C, VDD=3.0V
-23 0 +23 ppm INS5T8111CFY
INS5T8111SFY
Frequency stability Af/f
@+25°C, VDD=3.0V
-11.5 0 +11.5 INS5T8111CFZ
INS5T8111SFZ
Frequency Temperature @-20°C~+70°C,
fo-Tc -
Characteristics 120 +10 ppm +25°Creference
Oscillation start time tsta 1 S @+25°C, Vpbp=2.5~5.5V
+25° =3. i
Year Aging fa -5 +5 ppm %;5 C, Voo=3.0V; First
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Value )
Parameter Symbol - Unit Notes
Min. Typ. Max.
FOUT duty cycle twt 40 50 60 %

Note: If there is no special indication, the test conditions are GND = 0V, Vpp = Vsar= 1.6V ~ 5.5V, Ta =-40°C~+85°C

6.4 DC Characteristics

Table5. DC Characteristics

Value )
Parameter Symbol - Unit Notes
Min. Typ. Max.
SCL = SDA = High, FOUT = OFF, /INT =
Average Current | 025 14 UA OFF, VDD =VOUT =VBAT = 3.0V, VIO =
consumption1 eot ' ' 3.0V, -40 °C ~ +85 °C, CHGEN = 0b, INIEN
=0b
SCL = SDA = High, FOUT = 32.768 kHz,
Average Current | 35 7 UA /INT = OFF, VDD = VIO = 3.0V, -40 °C ~
consumption2 poz ' +85 °C, FOUT pin CL = 15pF, CHGEN = 0b,
INIEN = 1b
Average Current | 025 14 UA SCL = SDA = Low, FOUT = OFF, /INT =
consumption3 BAT ' : OFF, VBAT = 3.0V, VDD =VIO =0
Detection \_/oltage of +VDET1 1.4 1.65 1.9 \Y Switch voltage of Voo from Vear
VDD rise up
Detection voltage of .
- 1.35 1.6 . \Y Switch voltage of Vear from V|
VDD fall down VDETL 1.85 g BAT DD
Detection voltage of Viow 1.0 1.2 14 \Y Vaar low detection voltage
Vear Low
VOUT voltage 1 VvouT1 Vpp-0.12 \% Vop=3.0V, lout=1mA
VOUT voltage 2 Vvour2 Vear-0.04 \Y Vear=3.0V, lour=0.1mA
High-level i 0.8*Vio 55 \Y SCL, SDA
igh-level input Vil
voltage
0.8*Vour Vout +0.3 \/ EVIN
. GND-0.3 0.2*Vio \Y SCL, SDA
Low-level input
ViL
voltage
GND-0.3 0.2*Vour \Y EVIN
VoH1 4.5 55 Vi0=5.5V, loH = -1mA
High-level output
gV OUIPUL 1 o 2.2 3.0 V| Vio=3.0V, lon = -1mA FOUT
voltage
VoH3 2.9 3.0 Vio =3.0V, lon = -100uA
VoL GND GND+0.5 Vio =5.5V, loL=1mA
VoLz GND GND+0.8 \Y Vio =3.0V, loL = 1mA FOUT
Low-level Output VoLs GND GND+0.1 Vio :30\/, loL= 100uA
voltage VoLs GND GND+0.25 Vour=5.5V, loL = 1mA
v /INT
VoLs GND GND+0.4 Vout =3.0V, loL=1mA
VoLs GND GND+0.4 \Y Vi0>2.0V, loL = 3mA SDA
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Value )
Parameter Symbol - Unit Notes
Min Typ. Max.
Ik -0.5 0.5 UuA SDA, SCL, Vin=V,00r GND
Input leakage
current
ILk2 -0.5 0.5 uA EVIN, Vin=GND
Output leakage loza 05 05 UA | FOUT, SDA, Vour = Vio or GND
current 1
Output leakage lozz 05 05 UA | /INT, Vour = Vour or GND
current 2
Vear from Voo Off |, 50 nA | Vear=5.5, Voo=0V
leak current
Vour from Vear Off Isw2 50 nA Vear=5.5, Vout=0V
leak current
Voo from Vear Off Isw23 50 nA VBar=5.5, Vout=3V
leak current
SW ON of Vpp and Vout AV =+0.1V, Vout
S\\//v Ol\:(currs?t of lswont 1 10 mA =5.5V, Vpp = 5.4V, AV =+0.1V, VOUT =
our from Voo 3.0V, VDD = 2.9V, Rswoni = 20 Q ~ 200 Q
SW ON of VBAT and VOUT AV = +0.1V,
SW ON current of | 05 6 mA VOUT =55V, VBAT=54V AV = +0.1V,
Vour from Vear SWoNz ' VOUT = 3.0V, VBAT = 2.9V RSWON1 = 33
Q~400Q

Note: If there is no special indication, the test conditions are GND=0V, VDD=1.6V~5.5V, Ta=-40C~+85<C.

6.5 AC Characteristics

SCL

/

SDA(OUT)

vy

to s tHicH Ay 1@5
< ._./ J-_____/i \ L
thpsTa tsu | | nopat | lsusTa taysto € trey
'/ i_s ISTART Condition
| —1
teLpaT >| | Pzt { P | STOP condition

Vpp=2.5V~5.5V;Ta=-40°C~+85°C

! Sr_! Re-start condition

Figure 1. 12C bus Timing Chart

Table6. AC Characteristics

Parameter

Value

Symbol

Min.

Unit

Typ. Max.

SCL clock frequency

fscL

400 kHz
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Parameter Symbol Value Unit
Min. Typ. Max.

SCL low level time tLow 13 us
SCL high level time tHIGH 0.6 us
Start condition setup time tHD;sTA 0.6 us
Start condition hold time tsu;sTA 0.6 us
Stop condition setup time tsu:sTo 0.6 us
Bus idle time between start condition and

stop condition tRev 13 us
Data setup time tsu;pAT 100 ns
Data hold time tHD;DAT 0 ns
SCL, SDA rising time tr 0.3 us
SCL, SDA falling time ts 0.3 us

Note: when the master accesses the equipment through 12C bus, all communication from sending start condition to sending stop shall be

completed within 1 second. If it exceeds 1 second, the 12C bus interface will be reset through the internal bus timeout function.

7 Registers

7.1 Register Lists
Address Function bit7 bit6 bit5 bitd bit3 bit2 bitl | bit RIW 5:::“
0x10 SEC o 40 20 10 8 4 2 1 | RW | 0x00
ox11 MIN o 40 20 10 8 4 2 1 | RW | 0x00
ox12 HOUR o o 20 10 8 4 2 1 | RW | 0x00
0x13 WEEK o 6 5 4 3 2 1 0 | RIW | x40
Ox14 DAY o o 20 10 8 4 2 1| RW | ox01
0x15 MONTH o ° o 10 8 4 2 1| RW | ox01
0x16 YEAR 80 40 20 10 8 4 2 1| RW | 0x00
ox17 MIN Alarm | AE 40 20 10 8 4 2 1| RW | 0x00
0x18 HOUR Alarm | AE o 20 10 8 4 2 1| RW | 0x00
0x19 WEEK AE 6 5 4 3 2 1 0 | RW | 0x00
Alarm

DAPU Confidential
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Address Function bit7 bit6 bit5 bita bit3 bit2 bitl | bit0 RIW 5:{3;‘"
DAY Alarm | AE o 20 10 8 4 2 1 | rRw | ox00

Ox1A Timer 128 64 32 16 8 4 2 1 RIW | 0x00
Counter 0
Timer

0x1B 32768 | 16384 | 8192 4096 2048 | 1024 512 | 256 RIW | 0x00
Counter 1

0x1C Timer 8388608 | 4194304 | 2097152 | 1048576 | 524288 | 262144 | 07 | 65536 | RAW | 0x00
Counter 2 2

: TSEL | TSEL

0x1D Extension FSEL1 | FSELO | USEL | TE WADA | ETS RIW | 0x02
Register [1] [0]

OX1E Flag Register | POR ° UF TF AF EVE VLF | XST RIW | 0x80
Control

OX1F : ° ° UIE TIE AIE EIE ° STOP | RIW | 0x00
Register
time stamp o o o o o

0x20 o o 1512 | 171024 |R | 0x00

ox21 tme stamp | 4 ) 1/4 1/8 116 132 | 164 1128 | 1256 | R | ox00
1/256s

0x22 i'erze stamp | 40 20 10 8 4 2 1 R | ox00

0x23 tme stamp | | 40 20 10 8 4 2 1 R | ox00
min

0x24 time stamp | o 20 10 8 4 2 1 R | ox00
hour

0x25 time  stamp | 6 5 4 3 2 1 0 R | oxo0
week

0x26 time  stamp | o 20 10 8 4 2 1 R | oxo0
day

0x27 time —stamp | o o 10 8 4 2 1 R | ox00
month

0x28 time stamp | o, 40 20 10 8 4 2 1 R | oxo0
year

0x29 status stamp | o ° VLOW | VCMP | VDET | o XsT | o R | oxo0

DAPU Confidential
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Address Function bit7 bit6 bits bit4 bit3 bit2 bitL | bito RIW 5:{3;‘"
0x2A RSV Reserved R/W | 0x23
0x2B EVIN setting | EHL ET1 ETO PDN PU1 PUO ovw o R/W | 0x00
0x2C sec alarm AE 40 20 10 8 4 2 1 R/W | 0x00
0x2D timer control o o o o LBKO TBKE LMPI TSTP R/W | 0x00
0X2E gtrrr:e“amp o o o o o o o COMTG | RIW | 0x00
Ox2F C.Ommand o o) o o o o o o R/W | 0x00
trigger
. . . . . . . . . Defaul
Address Function bit7 bit6 bits bit4 bit3 bit2 bitl bit0 R/W v:luaeu t
0x30 No Function o o o o o o o o R 0x00
0x31 No Function o o o o o o o o R 0x00
power
0x32 . CHGEN | INIEN | o o SWSEL[1:0] SMPT[1:0] RIW 0x48
switch ctrl
0x33 evin Reserve | evin | o ° VCMP | o VLOW | Reserved | R 0x00
monitor d
0x34 time  stamp | o o o o EISEL | TSCEL | TSRAM | RIW 0x00
controll
0x35 time  stamp | o ° ° o | ecmp | EVPE | eviow | Exst RIW 0x00
control2 T
time stamp TSF | TSEM )
0x36 contro3 o o o oL | TSAD[2:0] R OXOF
0x37 RAM o o o ° o o o ° R/W 0x00
0x38 RSV o Reserved R/W 0x00
0x39 RSV o o o o o o Reserved R/W 0x00
0x3a RSV o o o o o o o Reserved R/W 0x01
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0x3b No Function | o o o o o o o R 0x00
0x3c No Function | o o o o o o o R 0x00
0x3d No Function | o o o o o o o R 0x00
0x3e No Function | o o o o o o o R 0x00
0x3f TEST TEST | o o o o o o RIW 0X00
Address Function bit7 bite | bit5 bitd | bit3 bit2 bit1 bit0 RIW Default
Hex value
40,50,60,70 I/'g‘szsﬁamp 12 14 |18 116 | 1/32 1/64 1128 | 1/256 RIW 0x00
4151,61,71 ;'E”ée stamp | 40 20 10 |8 4 2 1 RIW 0X00
4252,62,72 m‘,\f stamp | 40 20 10 |8 4 2 1 RIW 0X00
Time stamp
43536373 | o0 . . 20 10 |8 4 2 1 RIW 0X00
Time stamp
44546474 | [0 . . 20 10 |8 4 2 1 RIW 0X00
45556575 | [me s@mp | R . 10 |8 4 2 1 RIW 0X00
9909, MONTH
Time stamp
46,56,66,76 | 0\ 80 40 20 10 |8 4 2 1 RIW 0x00
VC
47,57,67,77 | Status stamp | e . viow | o | VDET | e XST . RIW 0x00
Time stamp
48,58,68,78 | 1/2565 1 2 4 8 16 32 64 128 RIW 0x00
Function
49,59,69,79 ;'E"(‘:e stamp | o 40 20 10 |8 4 2 1 RIW 0x00
4A5A6A,7 | Time stamp
. N . 40 20 10 |8 4 2 1 RIW 0x00
4B,5B,6B,7 | Time stamp
o HOUR . . 20 10 |8 4 2 1 RIW 0X00

DAPU Confidential

Page: 14 / 36




DALV

INS5T8111

4C/,5C,6C,7 | Time stamp
C DAY ° ° 20 10 8 4 2 R/W 0x00
4D,5D,6D,7 | Time stamp
5 MONTH . . . 10 |8 4 2 RIW 0x00
4E 5E,6E,7 Time stamp
£ YEAR 80 40 20 10 8 4 2 R/W 0x00
VC
4F5F,6F,7F | Statusstamp | e . VLOW MP VDET . XST R/W 0x00
Note:
1. The bits marked with “O” can be read out “0” only after initializing.
2. The bits marked with “®” are RAM bits which can be used to write or read any data.
3. Make sure “0” to be written for TEST bits which are used for testing only.
4. Reserved bit should not write, and it’s value is unknow.
7.2 Details of Registers
7.2.1  Clock counter registers
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 RIW
0x10 SEC ¢} 40 20 10 8 4 2 1 RIW
0x11 MIN ©) 40 20 10 8 4 2 1 R/W
0x12 HOUR 0] ¢) 20 10 8 4 2 1 R/W
0x13 WEEK @) 6 5 4 3 2 1 0 R/W
0x14 DAY ©) @) 20 10 8 4 2 1 R/W
0x15 MONTH ¢) ) ¢) 10 8 4 2 1 R/W
0x16 YEAR 80 40 20 10 8 4 2 1 R/W
Control
Ox1F . o o UIE TIE AIE EIE o STOP R/W
Register

SEC: BCD format, Value: 0~59
MIN: BCD format, Value: 0~59
HOUR: BCD format, Value: 0~23
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WEEK: Value 01h, 02h, 04h, 08h, 10h, 20h, 40h. Only one bit can be set to 1 each time, all others must
be set to 0.

Table7. WEEK Register

WEEK Data bit7 | bit6 bit5 bit4 bit3 bit2 bitl bit0
Sunday 01h 0 0 0 0 0 0 0 1
Monday 02h 0 0 0 0 0 0 1 0
Tuesday 04h 0 0 0 0 0 1 0 0
Wednesday 08h 0 0 0 0 1 0 0 0
Thursday 10h 0 0 0 1 0 0 0 0
Friday 20h 0 0 1 0 0 0 0 0
Saturday 40h 0 1 0 0 0 0 0 0

DAY: BCD format, the value range will be adjusted automatically according to the month setting and if
a leap year or not .

Table8. DAY Register Value

Month Day Value Range
1,3,5,7,8,10,12 1~-31
4,6,9 11 1~30
February in normal year 1~-28
February in leap year 1~29

MONTH: BCD format, Valuel~12
YEAR: BCD format, Value0~99(2000~2099)

STOP: Stop calendar from 1/256s to year, and stop timer source clock of “64Hz / 1Hz / 1/60Hz”. When
STOP="1", 32768Hz and 1024Hz output is possible, but 1Hz output is disabled.

Example: 2020/01/01 Wednesday 21:18:36

Address | Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
0x10 SEC o 0 1 1 0 1 1 0
0x11 MIN o 0 0 1 1 0 0 0
0x12 HOUR o o 1 0 0 0 0 1
0x13 WEEK o 0 0 0 1 0 0 0
0x14 DAY o o 0 0 0 0 0 1
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Address | Function bit7 bit6 bits bit4 bit3 bit2 bitl bit0
0x15 MONTH o o o 0 0 0 0 1
0x16 YEAR 0 0 1 0 0 0 0 0

7.2.2 Alarm Interrupt Function

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
0x17 MIN Alarm AE 40 20 10 8 4 2 1 RIW
0x18 HOUR Alarm | AE . 20 10 8 4 2 1 RIW
WEEK Alarm | AE 6 5 4 3 2 1 0 RIW
0x19
DAY Alarm AE . 20 10 8 4 2 1 RIW
- TSEL TSEL
0x1D Extension FSEL1 FSELO | USEL | TE WADA | ETS RIW
Register [1] [0]
OX1E Flag Register | POR o UF TE AF EVE | VLF XST RIW
Ox1F Control Register | o o UIE TIE AIE EIE o STOP R/W
0x2C SEC Alarm AE 40 20 10 8 4 2 1 RIW

1) 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.

WADA Value Description
. 0 Set WEEK as target of alarm function
Write / Read -
1 Set DAY as target of alarm function

2) AF (Alarm Flag)

Alarm Flag bit. When an alarm interrupt event occurs, it will be set to “1”” and keeps “1” until a “0” is
written to It.

AF Value Description

Write 0 Clear_ing this bit to 0 enables /INTS low output to be canceled when an alarm interrupt event has occurred.
1 Invalid

Read 0 - - - - —
1 Alarm interrupt events are detected. (Result is retained until this bit is cleared to zero)
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3) AIE Bit (Alarm Interrupt Enable)

Alarm Interrupt Enable bit: When AF changes from “0” to “1”, this bit controls if an interrupt signal is
generated. O-disenable (/INT keeps Hi-Z), 1-enable (/INT status changes from Hi-Z to Low).

AlE Value Description

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

1 When an alarm interrupt event occurs, an interrupt signal is generated (/INT status changes from Hi-Z to low).

4) Example of alarm settings
< Example of alarm settings when “WEEK” has been specified (WADA=0)

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO | HourR | MIN SEC

AE | Saturday | Friday | Thursday | Wednesday | Tuesday | Monday | Sunday | Alarm | Alarm | Alarm

Monday to Friday, at

6:00 AM 1 minute alarm 0 0 1 1 1 1 1 0 0x06 0x00 | 0x80

Every Monday, for 30
minutes each hour, Hour 0 0 0 0 0 0 1 0 0x80 0x30 0x00
value is ignored

Every day, at 7:20:15 PM 0 1 1 1 1 1 1 1 0x19 0x20 | 0x15

< Example of alarm settings when “DAY” has been specified (WADA=1)

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO | Hour | MIN SEC

AE 20 10 08 04 02 01 Alarm | Alarm | Alarm

5t of each month, at 8:00
AM 1 minute alarm. 1 0 0 0 0 1 0 1 0x08 0x00 0x80

Second value is ignored

15" of each month, for
30 minute each month. 1 0 0 1 0 1 0 1 0x80 0x30 0x00

Hour value is ignored.

Every day, at 7:20:15PM | 1 X X X X X X X 0x19 0x20 0x15

7.2.3 Wake-up Timer Interrupt Function

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
Ox1A g'mer Counter | g 64 32 16 8 4 2 1 RIW
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0x1B I'mer Counter | 3076 | 16384 | 8192 4096 2048 1024 512 256 RIW

0x1C 'Zl'lmer Counter | o3s8608 | 4194304 | 2007152 | 1048576 | 524288 | 262144 | 131072 | 65536 RIW

0x1D E’g;g;’?” FSELL | FSELO | USEL | TE WADA | ETS TSEL[1] | TSEL[0] | RMW

OX1E Flag Register | POR o UF TF AF EVE VLF XST RIW

OX1F Control o o UIE TIE AIE EIE o STOP RIW
Register

0x2D timer control | o o o o TBKON | TBKE | TMPIN | TSTP RIW

1) Timer counter 2,1, 0
Preset values of timer counter. Any value from 1(0x000001h) to 16777216 (OXFFFFFFh) can be set.
Please ensure TE & TIE write “0” before writing timer counter

2) TE
This bit is use to control timer start / stop
TE Data Description
Write/ Read 0 Timer is stop.
1 Timer is start.

3) TSEL[1], TSEL[O]
This bits be used to set the source clock of timer count down period.

TESL[1] | TSELJ[0] Source Clock Auto Reset Time(tRTN)
0 0 4096 Hz, once per 244.14us 122us
0 1 64 Hz, once per 15.625ms 7.813ms
1 0 1 Hz, once per 1 second 7.813ms
1 1 1/60 Hz, once per minute 7.813ms

Below shows an error of first countdown: Timer counter value is 3h

TE /]
Source Clock _\ /_\ /_\ /_\ /_

. Cycle Error . Design cycle

Down counter X3 k2 X 1 X 3 X

TF [ ko

Timer initialization cycle error

4) TF
Timer Flag bit. When a fixed-cycle timer interrupt event occurs, it will be set to “1”” and keeps “1” until
a “0” is written to it.
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TF Data Description
0 The TF bit is cleared to 0 to prepare for the next status detection. Clearing this bit to 0 is not enable the /INT
Write low output status to Hi-Z.
1 Invalid
Read 0 - - —— - -
1 Wake-up timer interrupt events are detected. This bit will keep “1” until software to write “0”.
5) TIE

Timer Interrupt Enable bit: When TF changes from “0” to “1”, this bit controls if an interrupt signal is
generated. O-disenable (/INT keeps Hi-Z), 1-enable (/INT status changes from Hi-Z to Low).

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

6) TBKON, TBKE (Timer Backup ON, Timer Backup/normal Enable)
This bit set operation timer with the main power supply or the backup power supply.

TBKE TBKON Description
Write/Read | 0 X This setting counts at normal mode and backup mode.
1 0 This setting counts at normal mode (Vop Operation).
1 1 This setting counts at backup mode (Vsar Operation).
7) TMPIN

This timer interrupt output can be assigned to FOUT pin.
To output only the interrupt on FOUT pin, set the FOUT output setting to FSEL[1:0] = 11b, FOUT is

stopped.
TMPIN Value Description
Write 0 Timer interruption is output from /INT pin. (Open Drain)
1 Timer interruption is output from FOUT pin. (CMOS)

8) TSTP (Timer Stop)

This bit is used to stop wake-up timer count down.

TE STOP TBKE TSTP | Description
0 0 Write a “0”, it will cancels stop status (restart timer counts down).
1 ble9. 0 1 Write a “1”, it will stop timer counts down.
1 X Write a “1” is invalid. Timer count does not stop even if set TSTP="1"
1 X X The count stops at the timer of the setting of 64Hz, 1Hz, 1/60Hz
0 X X X It doesn’t start counting.

7.2.4 Time Update Interrupt Function

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
: TSEL | TSEL
oxiD | 2Xension oo 0 I EsELo | USEL | TE WADA | ETS RIW
Register 1] [0]
OXIE | pjog POR | o UF TF AF EVF VLF | XST RIW
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Register

OX1F Control ° o UIE TIE AIE EIE o STOP RIW
Register

Before entering settings for operations, it is recommended writing a "0" to the UIE bit.

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

Time update interrupt function cannot be inactive. User can set /INT output inactive by UIE="0" to
prevented from changing the /INT pin status to low.

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

USEL Value Description
. 0 Selects “Second update” (once per second) as the timing for generation of interrupt events.
Write / Read — ~ - — - -
1 Selects “Minute update” (once per minute) as the timing for generation of interrupt events.

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

UF Value Description

0 Clearing this bit to zero enables /INT low output to be canceled (/INT remains Hi-Z) when a time update
Write interrupt event has occurred.

1 Invalid
Read 0 — - . . - .

1 Time update interrupt events are detection. Keeping “1” until software to write “0”.

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

TIE Value Description
0 Does not output an interrupt signal when a time update interrupt event occurs.
Write / Read 1 Time update interrupt event occurs, an interrupt signal is generated (/INT status changes from Hi-Z to
low).

7.2.5 Self-Monitor Detection

Address | Function bit7 bité bit5 bit4 bit3 bit2 bitl bit0 R/W
Flag

Ox1E . POR o UF TF AF EVF VLF XST R/W
Register

0x33 Evin RESeIV | evin o ° VCMP | o VLOW Reserv | g
Monitor ed ed

Self-Monitor is a function of detecting RTC status and holding the result.
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1) POR bit (Power On Reset)
This bit detect power on reset operation.

POR Value Description
. 0 Clear flag and waiting for the next power on reset detection.
Write -
1 Invalid.
0 No power on reset detection.
Read 1 Power on reset is detected. Keeping the result until software write “0”. All registers are set into default
when power on reset.

2) VLF (Voltage Low Flag)
This bit is use to detect the status of VOUT low voltage.

VLF Value Description
. 0 Clear flag and waiting for the next low voltage detection.
Write -
1 Invalid.
0 No low voltage detection.
Read 1 VOUT low voltage is detected. Keeping the result until software write “0”. The RTC is working
abnormally. Unser can check the RTC status and initialize by software.

3) XST (X’tal Oscillation Stop)
This bit is use to detect the status of internal X’tal stopping.

XST Value Description
. 0 Clear flag and waiting for the next internal X tal stopping detection.
Write -
1 Invalid.
Read 0 No internal X tal stopping detection.
1 Internal X tal stopping is detected. Keeping the result until software write “0”.

4) EVIN bit (Input level monitor of EVIN terminal)
This bit is use to monitor EVIN terminal input voltage.

EVIN Value Description
Read 0 EVIN terminal input voltage is LOW.
1 EVIN terminal input voltage is HIGH.
5) VCMP bit
This bit is use to monitor the status of the comparison between VDD and VBAT during battery is being
recharged.
VCMP Value Description
Read 0 VBAT < VDD
1 VBAT > VDD, Recharging suspended.
6) VLOW bit
This bit is use to monitor the result of VLOW.
VLOW Value Description
Read 0 VBAT > VLOW
1 VBAT < VLOW
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7.2.6 Clock Output Function

This function can output a Configurable signal.

Address Function bit7 bit6 bits5 bit4 bit3 bit2 bitl bit0 R/W
0x1D E’;;izzfn FSEL1 | FSELO | USEL |TE | WADA |ETS | TSEL[1] | TSEL[0] | RIW
When FOUT function is needed, TMPIN should be set to “0”.
FSELO FSEL1 Output
0 32768Hz
0 1 1024Hz
1 0 1Hz
1 1 OFF
Note: When STOP =17, 32768Hz & 1024Hz is possible, but 1Hz is disabled.
7.2.7 Battery backup switchover function
Vcore/Vout
D3 D2 [ D1
VBAT :_i \_Q/J \_Q/J \—Q—G—I VID
1 SW3 SW2 SW1
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
power . .
0x32 ; CHGEN | INIEN | o o SWSEL[1:0] SMPTI[1:0] RIW
switch ctrl

1) CHGEN Bit (Charge Enable)
This bit is use to control entering recharging mode.

CHGEN Value Description
) 0 Recharge inactive
Write/Read [ Recharge active.

To set CHGEN active, user should set INIEN="1".

2) INIEN

This bit is use to control SW (Switch between VDD pin & VOUT pin, Switch between VBAT pin

and VOUT pin)
When INIEN="0”, VDD<VDET1, I12C is inactive.

INIEN Value Description
Write/Read 0 SW(SW1/SW2/SW3) are controlled by SWSEL[1:0].
1 SW(SW1 /SW2 / SW3) are auto control.
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3) SWSELO, SWSEL1
This bit is use to control SW1 /SW2 / SW3.

INIEN CHGEN SWSEL1 SWSELO SW3 SW2 SW1
0 X 0 0 Close Close Open
0 X 0 1 Close Open Open
0 X 1 0 Open Open Close
0 X 1 1
1 0 X X SW Auto control
1 1 X X SW Auto control

4) SMPTO, SMPT1
These two bits control SW1 OFF period and user can check much precision voltage by preventing
reverse current from VBAT to VDD when main VDD shuts down.
VDD voltage low detection (VDETL1) is active anytime, so lower voltage detection moves RTC into
backup mode immediately regardless SW1 OFF time.
These SW1 OFF occur every second.

SMPT1 SMPT2 SW1 OFF period
0 0 Always ON

0 1 2ms

1 0 128ms

1 1 256ms

7.2.8 Time Stamp Function

Address Function | bit7 bit6 bits bit4 bit3 bit2 bitl bit0 R/W

Extensio TSEL TSEL

0x1D n FSEL1 FSELO USEL TE WADA ETS R/W
Register [1] [0]
Flag

Ox1E . POR o UF TF AF EVF VLF XST R/W
Register

oxap | comrol g o UIE TIE AIE EIE o sToP RIW
Register
EVIN

0x2B . EHL ET1 ETO PDN PU1 PUO ovw o R/W
setting

Oxee | limestam ) | o o o o o o COMTG | RW
p ctrl
Comman

Ox2F . o o o o o o o o R/W
d trigger
time

0x34 stamp o o o o o EISEL ISCE TSRAM R/W
controll

0x35 ZItr;l; ; ) o o o ECMP EVDET | gy o | EXST R/W
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control2 W
time

0x36 stamp o o o TSFULL | TSEMP TSAD[2:0] R/W
contro3

7.2.8.1 Time stamp function triggered by EVIN pin input

1) ETS Bit
This register controls time stamp (triggered by EVIN pin input) ON/OFF.
ETS Value Description
. 0 Time stamp function OFF
Write/Read 1 Time stamp function ON

2) EVF Bit (Event Flag)

EVF | Value Description

Write 0 Clear_ event flag, /INT set to Hi-Z
1 Invalid

Read [ .
1 EVIN input is detected.

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

EIE Value Description
0 1) No/INT interrupt output
Write 2) Release /INT interrupt output
1 Detect event interrupt

4) EHL Bit (Event High / Low)
This register controls EVIN input voltage level.

EHL Value Description
. 0 Treg by low level.
Write/Read 1 Treg by high level.

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

ET1 ETO Description

0 0 No chattering filter.
0 1 3.9ms (256 Hz)

1 0 15.6ms (64 Hz)

1 1 25ms (8 Hz)

6) PDN, PU1, PUO Bits
These registers controls EVIN pin input internal Pull-up/Pull-down resistor value. Pull-up resistor is
connected to VOUT, Pull-down resistor to GND.

Condition PDN PU1 PUO Resistor value
No connection 0 0 0 Hi-Z

0 0 1 500kQ
Pull-up 0 1 0 1IMQ

0 1 1 1IMQ

DAPU Confidential Page: 25/ 36



DALV

INS5T8111

Pull-down

500kQ

No connection

Don’t select these combinations, EVIN

R

RO |O
Rk (O|O

changed to Hi-Z

7) OVW Bit (Over Write)

ovw Value Description
Write/Read 0 Time stamp records 8 times, and no update. TO>T1->T2...... T8.
1 Time stamp records 8 times continuously. TO>T1->T2...... T82>TO0>T1>T2...... T8........

7.2.8.2 Time stamp function triggered by i2c access
This register control Time stamp trigger by 12C access ON/OFF.

1) COMTG Bit
COMTG | Value Description
Write 0 Time stamp function triggered by i2c OFF.
1 Time stamp function triggered by i2c ON.

Time stamp access timing Time stamp processing is done as below timing diagram:

SCL JEpRpEEEEEEEEs

fime =stamn >
LNEEE
egister aata 1
Sms~3.5ms
7.2.8.3 Time stamp stored registers
Address Function Stored
0x20 Time stamp 1/1024s 256Hz, 512Hz
0x21 Time stamp 1/256s 1Hz~128Hz
0x22 Time stamp second Second
0x23 Time stamp minutes Minutes
0x24 Time stamp hour Hour
0x25 Time stamp week Week
0x26 Time stamp day Day
0x27 Time stamp month Month
0x28 Time stamp year Year
0x29 Status stamps RTC Internal status
7.2.8.4 Status Stamps Registers
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/IW
0x29 status stamp o o VLOW VCMP VDET o XST o R
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1) VLOW (Time Stamp VLOW)

This bit records the comparison result of VBAT vs VLOW at the moment of event.

VLOW | Value Description
Read 0 VBAT > VLOW
1 VBAT < VLOW

2) VCMP (Time Stamp VCMP)
This bit records the comparison result of VDD vs VBAT (VCMP status) at the moment of event.

VCMP Value Description
Read 0 VDD > VBAT
1 VDD < VBAT

3) VDET (Time Stamp VDET)

This bit records the comparison result of VDD vs VDET1 at the moment of event.

VDET Value Description
Read 0 VDD > VDET1
1 VDD < VDET1

4) XST (Time Stamp X’tal Oscillation Stop)
This bit records either internal Crystal oscillation stop or not stop at the moment of event.

XST Value Description
Read 0 Normal Internal Crystal oscillation
1 Internal Crystal oscillation stops

7.2.8.5 RTC Internal Event Triggered Time Stamp, Multiple Time Stamp

Address Function bit7 bité bit5 bit4 bit3 bit2 bitl bit0 R/W

0x34 time  stamp | o ° ° o EISEL | TSCEL TSRAM | RIW
controll

0x35 time  stamp | o o o ° ecmp | EVPE |l eviow | ExsT RIW
control2 T

0x36 time stamp | o o TSFU L tsemp | TsAD[2:0] R
contro3 LL

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

ECMP Value Description
Write 0 Time stamp (VCMP) OFF
1 Time stamp (VCMP) ON

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

EVDET | Value Description
Write 0 Time stamp (VDET) OFF
1 Time stamp (VDET) ON

3) EVLOW bit (Enable VLOW)
This bit controls time stamp (VLOW) ON/OFF.
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EVLOW | Value Description
Write 0 Time stamp (VLOW) OFF
1 Time stamp (VLOW) ON

EXST bit (Enable X’tal Oscillation Stop)
This bit controls time stamp (XST) ON/OFF.

XST Value Description
Write 0 Time stamp (XST) OFF
1 Time stamp (XST) ON

B Multiple time stamp is available with following registers management.
The record area (40h ~ 7Fh) all the time stamp is recorded except 1/1024 sec, 1/512 sec, WEEK.

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

TSRAM | Value Description

0 40h~7Fh is used a normal (Read/Write enable). Time stamp data is recorded into 20h-28h at event
. timing.
Write 1 40h~7Fh is used a time stamp recording memory. (Read/Write enable).
User can modify directly RAM data via 12C if necessary.

2) TSCLR bit

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).

TSCLR | Value Description
Write 0 Invalid
1 Initializing address 36h register. TSFUL: 0, TSEMP: 1 TSAD2: 1, TSAD1: 1, TSADO: 1

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

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

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

TSFUL | Value Description
Read 0 There is (are) empty RAM area.
1 RAM area is fully occupied by 8 times time stamp recording.

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

TSEMP | Value Description
Read 0 There is some data recording in the RAM area (40h ~ 7fh).
1 There is no data recording in the RAM area (40h ~ 7fh).
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3) TSAD2, TSAD1, TSADObit (Time Stamp Address)
These bits are monitoring register of the latest time stamp RAM address.

TSAD TSAD2 TSAD1 TSADO Address pointer

0 0 0 0x40~0x47

0 0 1 0x48~0x4f

0 1 0 0x50~0x57
Read 0 1 1 0x58~0x5f

1 0 0 0x60~0x67

1 0 1 0x68~0x6f

1 1 0 0x70~0x77

1 1 1 0x78~0x7f

8 12C Bus Interface

START RESTART STOP

/S S

[s] (P]

./ TN/ T

SDA

A
h

1S [max]

12C bus supports bi-directional communications through a serial clock line SCL and a serial data line

SDA. I12C bus device can be defined as “Master” and “Slave”. INS5T8111 can only be used as Slave.

8.1 Cautions

12C bus includes START, RESTART, STOP conditions, the duration between START and STOP must
be less than 1 second just in case the bus to be set to standby mode automatically. If the time is more than

1S, INS5T8111 will reset 12C Interface.

INS5T8111 12C bus interface supports single byte read/write operations as well as multiple bytes

incremental access. After OxFF address, the next one will be 0x00.
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8.2 Slave Address

Tablel0. 12C Bus Slave Address

Slave address R/W

Transfer data
bit7 bité bit5 bit4 bit3 bit2 bitl bit0

65h (Read) 1 (Read)

64h (Write) 0 (Write)

INS5T8111 12C bus Slave Address is [0110 010*].

8.3 12C bus protocol

It is assumed CPU is master and INS5T8111 is slave in this section.

8.3.1 Write process

I12C bus includes an address auto-increment function, once the initial address has been specified, the

INS5T8111 increments (+1) the address automatically after each data is sent, then to write next data.

CPU sends start condition[S]

CPU sends INS5T8111’s slave address with R/W bit to set to write mode

CPU verifies ACK signal from INS5T8111

CPU sends write address to INS5T8111

CPU verifies ACK signal from INS5T8111

CPU sends write data to the address specified at step (4)

CPU verifies ACK signal from INS5T8111

Repeat (6) (7) if multiple bytes need to be written, address will be incremented automatically
CPU ends stop condition[P]

©oNo s LDNRE

(1 @ (3) (4) (3) (6) (7 (8) (9)
T T T T T T T T T I I I I 1T T 17T 177 T T I I T T T

S Slave address 0 0 Address 0 Data 0 Data 0 P
[ |

i 1 1 I | I | I | L L - i i i l | L L 4 i Ll

1 L f I
ACK signal from Salve

8.3.2 Read process
Writing the address to be read with write mode firstly, then reading the data with read mode.

1. CPU sends start condition[S]
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2. CPU sends INS5T8111’s slave address with R/W bit to set to write mode
3. CPU verifies ACK signal from INS5T8111
4. CPU sends address for reading from INS5T8111
5. CPU verifies ACK signal from INS5T8111
6. CPU sends RESTART condition [Sr]
7. CPU sends INS5T8111’s slave address with R/W bit to set to read mode
8. CPU verifies ACK signal from INS5T8111
9. CPU reads data from the specified address in step (4)
10. CPU sends ACK signal for “0”
11. Repeat (9) (10) if multiple bytes need to be read, address will be incremented automatically
12. CPU sends ACK signal for “1”
13. CPU sends stop condition[P]
) 2) @) 4) 6) (6 @ ® @) (10) (1) (12) (13)
s | | Secadres 0| jodess  [o|s| sovcowes |1[of  owm [of |  poma  [1]r]
RW

T
o]
|
[ S _ 1 L 1
ACK from Slave ACK from CPU
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9 Reflow Soldering Curve

Standard: IPC/JEDEC J-STD-020

ol — — T T = L :
ntcplhb— — — — — — —
L 200C -
150°C | |
60-120s —| r——$0-150S———
\
) |
95°C

Aminutes max

Figure 2. Reflow Soldering Curve

Note: It is suggested to solder IC under the condition shown in the curve above. Must pay attention to the temperature and time

when manual soldering, if the temperature over +260°C, or you will make the xo performance bad, even damage it.
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10 Dimensions

MPN: INS5T8111CFY / INS5T8111CFZ

S o - S Dimension
[TOP VIEW] (BOTTOM \Ih}‘rl Min. | Typ. | Max.
A E Unit: mm
26 &7 #8 |=E'J 210
] A 31 | 32 3.3
. 5T8111 ) B 24 | 25 26
1 9.9.9.0.0.0.4 H
Cc 08 | 09 1.0
JE
# D -- 0.45 -
E -- 1.4 --
F1 -- 0.4 --
[SIDE VIEW 1] [SIDE VIEW 2]
F2 -- 0.3 --
| L
|| I | |C I'--..___\____- G - 0.6 -
D NOTE
..
—— H _ 13 _
Figure 3. Dimensions
[SOLDER PAD] Dimension
: Recommend
Unit: mm
A
I T U I A 0.9
B
B 1.1
C 0.4
C D E D 03
Figure 4. Recommended Solder Pad E 0.7

Note:
1. The metal surface on the side shown in the figure is used for crystal test. Please avoid short circuit caused by contact between the metal
surface and other electrical networks or other device surfaces during design and assembly.

2. The unnoted tolerance is #0.1mm.
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MPN: INS5T8111SFY / INS5T8111SFZ

L - Dimension
| | Min. Typ. Max.
T Unit: mm
5T8111
A 3.0 3.2 34
. XXXXXXX
XXX B 2.3 25 2.7
L J
C 1.0
T
C
| E 0.3
1
F 0.4
G 0.6
H 13
F1 0.45
F2 0.3
Figure 5. Dimension
Dimension Max.
A 0.9
B 11
C 0.4
D 0.3
Figure 6. Recommended Soldering Pattern E 0.7
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11 Package

REEL DIMENSIONS

Reel
Diameter

TAPE DIMENSIONS

T : KO
> OO0 i
I ]

-1
Y
o
AO m
AQO Dimension designed to accommodate the component width

BOQ |[Dimension designed to accommodate the component [engh

i KO |Dimension designed to accommodate the component thickness
l W |Overall width of the carrier tape
81 Pitch between successive cavity centers

=

o

E QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

@

o)

x

Sprocket Holes
User Direct m)n of Feed
Pock Quadrants
Figure 7. Package
Device Package Pins SPQ Reel Diameter Reel Width A0 BO KO P1 W PIN1
Type (mm) W1(mm) (mm) (mm) (mm) (mm) (mm) Quadrant

INS5T8111CFY Ceramic 10 3000 180 11.6+2.0 3.00 3.70 1.50 4 8.00 Q1
INS5T8111CFZ Ceramic 10 3000 180 11.6+2.0 3.00 3.70 1.50 4 8.00 Q1
INS5T8111SFY LGA 10 3000 180 11.642.0 3.00 3.70 1.50 4 8.00 Q1
INS5T8111SFZ LGA 10 3000 180 11.6+2.0 3.00 3.70 1.50 4 8.00 Q1
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