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Characteristics Overview

® Maximum support 17 battery cells in series KA49517A is a battery monitoring IC with protection function.

® 10mV measurement accuracy with 14 bits voltage ADC for cell ~ With high resolution ADC built-in, KA49517A is capable to
voltage, and 5 channels analog input measurement for measure battery cell voltage and current level accurately.
Thermistor Through SPI serial interface, microcontroller unit (MCU) is

® Built-in 16 bits Low speed Current measurement ADC able to read the status and measured result by KA49517A.
(Coulomb Counter) and 15 bits High speed Current The ALARM pins alert the MCU with the abnormal condition
measurement ADC such as over voltage (OV), under voltage (UV),

® Low-side Sense resistor Current measurement and monitoring ~ over current (OC) and short circuit (SC).

® Operation mode - Active, Standby/Low power; Sleep and KA49517A can support an application with up to 17 batteries
Shutdown cells in series or a maximum voltage of 85V, it is suitable for

® SPI serial communication interface up to IMHz clock with CRC ~ @Pplication with high input voltage such as E-bike, UPS etc.
code correction and watchdog timer

@ Built-in ALARM pins for overvoltage, undervoltage, overcurrent

and short circuit detection and protection feature Ap P lications

@ Built-in cell balancing MOSFET, support external cell balance * Pedelec, e-Bike, UPS, Server Backup System, Power Tool,
MOSFET operation as well Energy Storage Systems etc

® 3 channels General GPIO and 2 channels high voltage output
GPOH

® Interrupt signal provision for MCU to notify state of operation as
well as measurement cycle indication at the available GPIO pins

® High-side N-MOSFET driver: Charge (CHG) & Discharge (DIS)
with built-in charge pump and FETOFF control pin

® Built in controllable fuse driver for cell OV and overcurrent
monitoring algorithm to serve as secondary protection system

® Regulator (REG_EXT) for external circuit power provision with
selectable output setting 5V/3.3V/2.5V, and 50mA drive ability

® Safety Diagnostic function for measurement related check and
FET driver check to enhance the total diagnostic coverage of
the chip

® Package : TQFP 64L (10x10x1mms3, Lead Pitch 0.5mm)

System Block Diagram Representation Characteristics
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Notes: This is just an example of a circuit set: it is not guaranteed Temperature [°C]
to function identically to the final production version.

When designing a set for production, make sure to Application circuit example (17cells connection),
carefully evaluate and verify the circuitry. VBAT=62.9V , cell voltage ACn (C,-C,,,) = 3.7V
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Absolute Maximum Ratings

Parameter Symbol *1 Rating Unit | Notes

Vygar 10 GND -0.3t0 130 Y *5
Vevop to GND -0.3t06.4 \Y *2
Supply voltage Vyppss t0 GND -0.3t06.4 \Y *2
Vypp1g 10 GND -0.3t02.3 Y, *2
Vgecext 10 GND -0.3t06.4 Y, *2

Cn (n=10 ~17) -0.3t0 Vygat Y

Cn (n=1~9) -0.3to0 38 + 11*(N-1) \Y

Cco -0.3to 38 Y

SEN, SCL, SDI, FETOFF,

GPION (n=1~3) -0.3to V¢yppt0.3 \Y *3
Input Voltage Range TMO:;I:;G(QSL 5), 0310 Vyppeet0.3 v '3

SRP.SRN -0.5t02.0 Y

VPC -0.31t0 130 \Y

LDM -0.3t0 130 Y

SHDN -0.3t0 6.4 Y

ALARM1,SDO,NRST -0.3t0 V¢yppt0.-3 \Y

Output Voltage Range GPOHnN (n=1~2) -0.3t0 130 Vv

REGB -0.3t0 14 Y

ALARM1,SDO,NRST -6.0to +6.0 mA
GPIOn (n=1~3) (-12.0 to +12.0) *4
Output Current Range REGB 351035 mA

REGEXT -50.0t0 0 mA *6

Allowable Voltage Between Pins C,-C,1(n=1~17) -0.3to 11 \Y
Operating junction temperature T; -40 to 125 °C *2
Storage temperature qu -551t0 125 °C *2

Notes: Stresses that exceed the absolute maximum ratings may cause fatal damage to the product.
This specifies the maximum rating for stress.
Itis NOT a guaranteed operating region because it exceeds the recommended operating conditions.
The reliability of the IC may be affected if it is kept under absolute maximum rating conditions for long periods.
Applied external current and voltage to pins should also not exceed the absolute maximum ratings listed here.
*1: GND is the voltage of pins GND1, GND2, and GND3 which are connected inside the device.
Connect these pins on the board and apply the same voltage.
*2: The maximum ratings are allowable unless the power consumption exceeds the power dissipation ratings.
*3: Veypp IS the voltage of CVDD. V, ppss iS the voltage of VDD55. It should not exceed the rated 6.4 V.
*4: + Polarity is the direction in which current flows into the IC pins.
— Polarity is the direction in which current flows out from the IC pins.
*5: Vypat IS the voltage of VBAT. It should not exceed the rated 130V.
*6: The output circuit consists of both external components and internal circuitry.
Refer to the application circuit diagram.
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Power Dissipation Ratings

Package Bj-a 0j-c Pp (Ta = 25°C) Pp (Ta=105°C) Note

TQFP 64L (10x10x1mm?,
Lead Pitch 0.5mm)

37.7 °C/IW 2.7 °C/W 2.65W 0.53W *1

Notes: These characteristics are the reference values for design.
Refer to the PD-Ta characteristics diagram in the package specifications. Thermal design with a sufficient margin is
recommended based on the conditions of supply voltage, load, and ambient temperature.

*1:  Mounting board: Glass epoxy 4-layer board without soldered heat spreader measuring 50 mm x 50 mm x 0.8 mm
Wiring layer thickness: all layers 0.035 mm, proportion of copper foil: 57% / 100% / 100% / 57%

CAUTION

'._ Although this IC has built-in ESD protection circuit, it may still sustain permanent damage if not handled properly.
prace Therefore, proper ESD precautions are recommended to avoid electrostatic damage to the MOS gates.

Recommended Operating Conditions
Below items must be within the range of Recommended Operating Conditions.

Parameter Symbol *1 Min. Typ. Max. Unit | Note
Supply voltage range Vvenr 125 029 % v 2
Vevon 3.0 5.0 5.5 v
C,- C,1 (Nn=1~17) 1.0 — 4.8 vV | *3
SEN, SCL, SDI 0 — Vevon v
TMONIn (n=1~5) 0 — Vyooss Y%
GPION (n=1~3) 0 — Vevon v
Input Voltage Range REGSEL 0 — VypDss \Y,
SRP,SRN -0.18 — 0.18 \%
VPC 0 — 85 \Y%
LDM 0 — 85 \%
SHDN 0 — Vyooss Y%
?ggﬁéguﬁ?biem Tagy —40 25 105 | °C

*1: GND is the voltage of pins GND1, GND2, and GND3, which are connected inside the device.
Connect these pins on the board and apply the same voltage.
*2 : The recommended operating supply range varies due to the characteristics of the external Nch BJT connected to
VDD55. Use the parts described in the recommended circuit.

*3: The C, - C,; voltage measurement accuracy is not guaranteed if input is less than 2.0 V or more than 4.3 V.
Moreover, the measurement accuracy is not guaranteed unless the following conditions are fulfilled.
C2>20V,C17>12V, VBAT-C17>-2V,VBAT-Cl6>1V
*Cn (n = 1to 17) and VBAT voltage in this conditions are in reference to GND.

* Similarly for the monitoring system, replace the above condition Cn (n =1 to 17) with CBn (n = 1 to 17).
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT =62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition - Unit |Note
Min ‘ Typ ‘ Max
SUPPLY CURRENT*1

VBAT Active Mode lgaT1 — 3.6 45 | mA
INTMSEL=10

VBAT Low Power Mode lgaT2 . ) — 135 | 1.75 | mA| *2
20ms intermittent mode
VDD55=Low Power,
REGEXT=Low Power
Coulomb Counter=off

VBAT Standby Mode lgats | FDRV=power reduction — 0.22 | 0.30 | mA
mode
INTMSEL=00
Communication=off
VDD55=Low Power,
REG18=Low Power

VBAT Sleep Mode I ' — 80 130

P BAT4 | REGEXT=off, HA

Communication=off

VBAT Shutdown Mode lgaTs — 0 1 pA

VDD55
VDD55 Output Voltage Vyboss 5.3 5.5 58 | V

VDD55 Base Currentl B High Power mode; 0.75 [1.025| 1.30 | mA
VPP | Temp=25°C; VBAT=62.9V ' ' '

VDD55 Base Current2 B Low Power mode; 0.4 0.65 0.9 |mA
VPP%2 | Temp=25°C; VBAT=62.9V ' ' '

REGEXT
REGEXT Output Voltagel | Vgyxr; | REGSEL pin=L 4.75 5 525 | V
REGEXT Output Voltage2 | Veyr, | REGSEL pin=H 305 | 33 | 355 | V
REGEXT Output Voltage3 | Veyxrs | REGSEL pin=Float 2.3 2.5 2.7 \Y
REGEXT Output Currentl | Igxr; | Normal mode 0 — 50 |mA
REGEXT Output Current2 | lgyr, |Low Power mode 0 — 10 | mA
REG18
REG18 output Voltage Vreaci1s | No load condition 178 | 1.85 | 192 | V

*1 : Current consumption is based on the following settings.
- Consumption current is measured based total current from VBAT pin (pin 14) and VDD55 pin (pin 28).
- LDM pin is HIZ condition unless specified ;All pins no load ;SEN, SCL, and SDI = Low
- Unless otherwise specified, all registers are in the default setting.
If VDD55 and CVDD are supplying an external load, this extra current should be included additionally .
*2 : Design reference value not tested during final production inspection.
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C =2°C and test circuit reference.

Limits
Parameter Symbol Condition 5 Unit [Note
Min ‘ Typ ‘ Max
CELL VOLTAGE MONITOR
Input Voltage Range Vine | Cr-Chq (n=1~17) 0 — 5 vV | *4
Voltage Resolution \Y, L4bits 0.3 mV | *4
g RESL | \/ o =5/2u .
*1
Voltage Accuracyl Vacc ve1|ACn =2.0V ~ 4.3V -5 — 5 mV | to
*3
Voltage Accuracy? v ACn =20V~ 43V 10 10 | mv| *4
g Y. ACC_VC2| 14 = _30°C ~ 75°C
Voltage Accuracy3 v ACn =20V~ 43V 15 15 | mv | *4
g Y ACC_VC3| T4 = _40°C ~ 85°C
Conversion Time teony | time/cell — 50 — pus | *4
Cell Measurement Input Iy Active mode 5 . 5 uA
Current
Input Leakage Current Ik Shutdown mode -1 — 1 pA
OVER / UNDER VOLTAGE DETECTOR (OV / UV)
OV detection threshold step Vacc ov | 2.0~4.5V@6bit — 50 — | mV | *4
UV detection threshold step Vacc_uv | 0.5~3.0V@6hit — 50 — | mV | *4
VPACK CELL VOLTAGE MONITOR
Input Voltage Range Vin2 0 — 110 | V | *4
Voltage Resolution Vgeso | 14bits — 6.7 — |mV | *4
*1
Voltage Accuracyl Vace_ Vypack = 12.5V ~ 765V | -1 — 1 V | to
VPACK1 *3
V, =12.5V ~ 76.5V
Voltage Accuracy?2 Vace_ | Yveack = . -1 — 1 V | *4
vpackz | T,=-30"C ~ 75°C

*1: The C, - C,_; voltage measurement accuracy is not guaranteed if input is less than 2.0 V or more than 4.3 V.
Moreover, the measurement accuracy is not guaranteed unless the following conditions are fulfilled.
C2>20V,Cl7>12V, VBAT-C17>-2V,VBAT-Cl6>1V
*Cn (n=1to 17) and VBAT voltage in this conditions are in reference to GND.

*2 : This is the final inspection value before shipping out. The value does not include variations caused by stress
applied during board mounting or after board mounting. The value in the parenthesis is the accuracy after
soldering and aging.

*3 : Measurement accuracy value including consideration of input average current and input leakage current.

*4 : Design reference value not tested during final production inspection.

*5 : Voltage resolution Typ. value is an approximate value derived from the Input voltage range Max. value

and the number of bits.
Cell (Monitoring) voltage resolution, Vgeg, = Vini / 214 =5/ 214 = 0.3mV approx.
Vpack voltage resolution, Vgeg, = Vi, / 214 =110/ 214 = 6.7mV approx
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT =62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C=+2°C and test circuit reference.

Limits
Parameter Symbol Condition 5 Unit |Note
Min ‘ Typ ‘ Max
TMONI1-5 VOLTAGE MONITOR

Input Voltage Range VN3 0 — 5 vV | *1
Voltage Resolution Vgess | 14bits — 0.3 — |mVv | *1
VIN = 0.4V~4.7V "2

Voltage Accuracyl Vacc_ e ' _ -10 | — 10 | mV | to
t™onin | Not use Pull-up Resistance *3

VIN = 0.4V~4.7V
Voltage Accuracy?2 Vacc_ Not use Pull-up Resistance | —-10 — 10 mV | *1

TMONZ 11 = _30°C ~ 75°%C
VIN = 0.4V~4.7V
Voltage Accuracy3 Vacc_ Not use Pull-up Resistance | —15 — 15 mV | *1
TMONE 1 = _40°C ~ 85°C
Input Pull-up Resistance Rpy 7 10 13 kQ
Input Pull-up Resistance T,= -30°C ~ 75°C
P P - RTp, |, 2 o -1.0 — 1.0 % | *1
Temperature coefficient (with reference to 25°C)
GPIO1-2 VOLTAGE MONITOR
Input Voltage Range Vina 0 — 5 vV | *1
Voltage Resolution Vgesa | 14bits — 0.3 — |mVv | *1
*2
Voltage Accuracyl Vace_ VIN = 0.4V~4.7V -10 — 10 mV | to
GPIO1 *3

Y, VIN = 0.4V~4.7V
Voltage Accuracy?2 ACC_ o o -15 — 15 | mv | *1
P02 |T,= =30°C ~ 75°C

\V; VIN = 0.4V~4.7V
Voltage Accuracy3 ACC_ o o -20 — 20 | mv | *1
Gpios |T,= —40°C ~ 85°C

*1 :Design reference value not tested during final production inspection.
Voltage resolution Typ. value is an approximate value derived from the Input voltage range Max. value
and the number of bits.
TMONI voltage resolution, Vgegs = Vips(Max.) / 214 = 5/214 = 0.3mV approx.
GPIO voltage resolution, Vgess = Vino(Max.) / 214 = 5/ 214 = 0.3mV approx.
*2 :This is the final inspection value before shipping out. The value does not include variations caused by stress
applied during board mounting or after board mounting.
*3 :Measurement accuracy value including consideration of input average current and input leakage current.
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition 5 Unit |Note
Min ‘ Typ ‘ Max
VDD55 VOLTAGE MONITOR
Input Voltage Range Vins 0 — 7.5 vV | *1
Voltage Resolution Vgess | 14bits — 0.5 — |mVv | *1
*2
Voltage Accuracyl Vacc_ VIN = 5.5V -10 — 10 mV | to
VDD551 *3
VIN = 5.5V
Voltage Accuracy? Vace_ o o -15 — 15 |mV | *1
vopss2 | T,= —30C ~ 75C
VIN = 5.5V
Voltage Accuracy3 Vace_ o o =20 — 20 mv | *1
vopsss | T,= —40C ~ 85°C
REGEXT VOLTAGE MONITOR
Input Voltage Range Ving 0 — 7.5 vV | *1
Voltage Resolution Vgess | 14bits — 0.5 — |mVv | *1
*2
Voltage Accuracyl Vacc_ VIN = 5V -10 — 10 mV | to
REGEXT1 *3
VIN = 5V
Voltage Accuracy? Vace_ o o -15 — 15 | mV | *1
RecexT2 | T, = —30°C ~ 75°C
VIN = 5V
Voltage Accuracy3 Vace_ o o =20 — 20 mv | *1
REGExT3 | T, = —40°C ~ 85°C

*1 :Design reference value not tested during final production inspection.
Voltage resolution Typ. value is an approximate value derived from the Input voltage range Max. value
and the number of bits.
VDD55 voltage resolution, Vgegs = Vins(Max.) / 214 = 7.5/ 214 = 0.5mV approx.
REGEXT voltage resolution, Vgegs = Ving(Max.) /214 = 7.5/ 2% = 0.5mV approx.
*2 :This is the final inspection value before shipping out. The value does not include variations caused by stress
applied during board mounting or after board mounting.
*3 :Measurement accuracy value including consideration of input average current and input leakage current.
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Electrical Characteristics (continued)

Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT =62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C=+2°C and test circuit reference.

Limits
Parameter Symbol Condition : Unit |Note
Min ‘ Typ ‘ Max
VDD18 VOLTAGE MONITOR
Input Voltage Range VN7 0 — 5 vV | *1
Voltage Resolution Vgesy | 14bits — 0.3 — |mVv | *1
*2
Voltage Accuracyl Vace. VIN = 1.85V -10 — 10 | mV | to
vDD181 *3
VIN = 1.85V
Voltage Accuracy2 Vace_ o o -15 — 15 mv | *1
vopig2z | T,= =30C ~ 75°C
VIN = 1.85V
Voltage Accuracy3 Vacc_ o o -20 — 20 | mVv | *1
vopigs | T,= —40°C ~ 85°C
CELL BALANCING CONTROL OUTPUT (CBn)
Output Impedance Zeg | ACn=3.0V ~ 5.0V — | 125 | 20 Q
THERMAL SHUTDOWN
Shutdown Threshold Tspo | Tj 150 | 175 | 200 | °C | *1

*1 :Design reference value not tested during final production inspection.
Voltage resolution Typ. value is an approximate value derived from the Input voltage range Max. value
and the number of bits.
VDD18 voltage resolution, Vgeg; = V7(Max.) / 214 = 5/ 2% =0.3mV approx.
*2 :This is the final inspection value before shipping out. The value does not include variations caused by stress
applied during board mounting or after board mounting.
*3 :Measurement accuracy value including consideration of input average current and input leakage current.
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition 5 Unit |Note
Min | Typ | Max
LOW SPEED CURRENT MONITOR (SRP,SRN)
Input Voltage Range Vins -180 | — 180 | mV .
Voltage Resolution Vgess | 16bits — | 5493 — Y
Voltage Accuracyl Vace_ VIN = 100mV -1000| — | 1000 | uVv | *2
IMONI
Voltage Accuracy? Vace_ VIN = 10mV -150 — 150 | uVv
IMONI %1
Voltage Accuracy3 Vace_ VIN =1mV -25 — 25 uv
IMONI
HIGH SPEED CURRENT MONITOR (SRP,SRN)
Input Voltage Range Ving -180 | — 180 | mV | %1
Voltage Resolution Vgeso | 15bits — 1099 — | uv | "3
Y *2
Voltage Accuracyl ACC_ | VIN =100mV -1000| — | 1000 | Vv
IMONI *3
Voltage Accuracy? Vace_ VIN = 10mV -150 — 150 | puv |, 1
IMONI
% *3
Voltage Accuracy3 ACC_ | VIN = 1mV -50 — 50 uv
IMONI
CURRENT PROTECTION (SRP,SRN)
Over Current in Charge Detection Threshold
. ch ocC '4 — 4 mV
Detection Accuracyl - 5mV & 10mV
Over Current in Charge Detection Threshold from
. Vep oce -10 — 10 | mVv
Detection Accuracy?2 - 15mV to 120mV
Over Current in Discharge Detection Threshold from
. Vep ocb -10 — 10 | mVv
Detection Accuracyl - 10mV to 100mV .
Over Current in Discharge Detection Threshold from
. Vep ocb -10 — 10 %
Detection Accuracy?2 - 100mV to 320mV
Short Circuit in Discharge Detection Threshold from
\Y; -10 — 10 | mVv
Detection Accuracyl CP_SCD| 20mV to 100mV
Short Circuit in Discharge Detection Threshold from
. Vep scp -10 — 10 %
Detection Accuracy?2 - 100mV to 640mV

*1 : Design reference value not tested during final production inspection.
Voltage resolution Typ. value is an approximate value derived from the Input voltage range Max. value and the number of bits.
Vieess = Ving(Mmax.) / 216 = 360mV / 216 = 5.493uV approx. ; Vrese = Ving(max.) / 215 = 360mV / 215 = 10.99uV approx.

*2 : This is the final inspection value before shipping out. The value does not include variations caused by stress applied during
board mounting or after board mounting.

*3 : Values are for normal measurement mode only (not in V-1 sync mode)
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Parameter Symbol Condition i ‘ Ljrn;gs ‘ . Unit |Note

GENERAL PURPOSE INPUT/OUTPUT (GPIO)

Input Voltage “H” \V \LCE/)'?SD — | Vevop | V

Input Voltage “L” Vi 0 — \icg'.’zD \Y

Output Voltage “H” Vour  |loy =-1mA Vevo | [ Vewon |y

-0.6 +0.3

Output Voltage “L” Voir  |lor =+1ImA -03 | — 0.4 \Y,
GENERAL PURPOSE HV OUTPUT (GPO)

Output Voltage “L” Vivor:r |loL = +1mA -0.3 — 7.0 \Y,
DIGITAL INPUT(1) VPC

Input Voltage “H” Vino 4.0 — —

Input Voltage “L” Vi — — 0.3

Pull-down resistance R 6 28 55 | MQ

DIGITAL INPUT(2) LDM

wpyn LDM pin voltage rising for
Input Voltage "H Vikg load release detection _ 2.2 23 |V

LDM pin voltage falling for

Input Voltage *L Via | 10ad current detection 1.9 2 — |V
LDM pin=2V

Pull-Up current source 1 lis 1 ILDM setting=50uA 30 50 70
LDM pin=2.2V

Pull-Up current source 2 s 2 200 | 400 | 600

ILDM setting =400uA

DIGITAL INPUT(3) SHDN

Input Voltage “H” Viia 3.0 — — Y,
Input Voltage “L” Vi — — 0.1 Y,
Pull-down resistance Ria 200 | 820 | 1500 | kO

June 30, 2021 Page 12 of 225 Rev 1.03



NUVOTON KA49517A
I

Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition - Unit |Notej
Min ‘ Typ ‘ Max
DIGITAL INPUT(4) SDI,SCL,SEN,FETOFF
wl » _ Vevop
Input Voltage “L Vs 0 % 0.2 \Y,
Input Leakage Current lLks -1 0 1 pA
DIGITAL INPUT(5) REGSEL
REGSEL pin=H v
Input Voltage “H” Vike |For REGEXT=3.3Voutput | ‘5%°| — | — |V
settings
REGSEL pin=L
Input Voltage “L” Viis | For REGEXT=5V output — — 03 |V
settings
REGSEL pin=Float
Input Voltage Float Vet | For REGEXT=2.5V output 2 275 | 35 \Y
settings
DIGITAL OUTPUT(1) ALARM1,SDO
wp gy — VCVDD VCVDD
Output Voltage “H Vouz  |log=-1mA 06 — +0.3 \Y,
Output Voltage “L” Vo7 |loL = +1ImA -0.3 — 0.4 \Y,
DIGITAL OUTPUT(2) NRST
Output voltage “L” Voig  |loo =0mA -0.3 — 0.5 \Y,
Pull-up resistance Rs — 50 100 | 200 | kQ
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition e ‘ Typ ‘ Max Unit |Note
REGEXT UVLO
UV detection voltage Vil ot REGSEL pin=L — 4 — vV | *1
UV release voltage Vig vt REGSEL pin=L — 4.2 — vV | *1
VDD55 UVLO
UVLO detection voltage Vil uv2 — 4,5 — V | *1
UVLO release voltage Vig uv2 — | 475 — vV | *1
Nch. FET DRIVER
; Von_pis = Vois = Vvpack
Drive voltage (DIS=“H" V - 9 11 13 \
Ive voltage ( ) ONDIS 1 \/GS connect 10MQ
; Von_che = Vere = Vvear
Drive voltage (CHG="H" V - 9 11 13 \
Ive voltage ( ) ON_CHG | \/GS connect 10MQ
: Vorr_pis = Vois — Vvpack
Drive voltage (DIS=“L" V - — — 0.2 \
Ive voltage ( ) OFF.DIS 1\/GS connect 10MQ
; Vorr_che = Vere — Viear
Drive voltage (CHG="L" V - — — 0.2 \%
Ive voltage ( ) OFF_CHG | vGS connect 10MQ
Vp s = 0to 4V
Rise time (DIS=L" to "H” tr DIS — 20 50 s | *1
ise time ( ) C, = 20nF H
o Vene = 010 4V
Rise time (CHG="L" to "H" tr — 20 50 s | *1
ise time ( ) C, = 20nF K
Vpis = 90% to 10%
Fall time (DIS =“H” to "L” tf DIs — 20 30 s | *1
( ) C, = 20nF H
Ve = 90% to 10%
Fall time (CHG="H" to "L” tf cre — 20 | 30 s | *1
ime ( ) C,=20nF K

*1 :Design reference value not tested during final production inspection.
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NUVOTON KA49517A
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Electrical Characteristics (continued)
Unless otherwise noted, the characteristics are specified under the recommended operating condition:
VBAT = 62.9 V, CVDD = 5.0V, ambient temperature, T, = 25°C+2°C and test circuit reference.

Limits
Parameter Symbol Condition - Unit |Note
Min ‘ Typ ‘ Max
SPI Interface Timing (SEN, SDI, SCL, SDO)
SCL Frequency fscL — — — 1 |MHz
SCL Duty Cycle touTy — 45 50 55 | %
SEN Rising to SCL Rising | tgeyn 1o — 100 — — | ns
SCL Falling to SEN Falling | tsgy (6 — 100 — — | ns
SEN "L" Width tsen Lo — 500 — — | ns
SDI Setup Time tsp_su | SDI valid to SCL falling 100 — — | ns
SDI Hold Time tsp_np | SCL falling to SDI valid 100 — — | ns
A SCL rising to SDO valid
SDO Valid Time tspo vb g — — 400 | ns
- |C_=50pF
SDO Disable Time tspo pis | SEN falling to SDO disable — — 400 | ns
, tsen 1o , , , , , tsen Lo ,
| : : : - | < >
z | | | o ' \
SEN . | | | | . .
E ' Utser ' ' | lsen o '
E E tscL_ni i tscL Lo E t'SDI’SUE E E E
E E - E E — E tspi_Hp ' : E t :
: : : : : :4—}: : SDO_DIS
: : ! |« ha——
| | | ; R | i
SDI | | | | :
] ] | ] : (( ! !
| | i | o | -
! 'y tSDO_VD ! | ! H !
: R : | /e : |
: : N ") : ;
SDO | o i | ! i
1 1 I 1 : : (( 1 :

VU

Fig.2.4.1 SPI Timing
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KA49517A

Electrical Characteristics (continued)

HETest Circuit

Electrical characteristics are tested under our recommended 17cell RC filter condition below.

{Pack+|

Cyooss Ryppss Cuopis
= 100F 010 2.2uF
HEv— R 11
MJID340(Diodes, ;; ;;
) | 1uF  0.1uF
e
Crecext 1nF 1nF *optional *optional
1uF
CREGE VCC
Riow 22nF
*optional
w JHRARHAHAARANARE
a3 g 8 ; o % b léJ zZ L2 2 od oo
cBg82838055585858085¢
<ESpySecoEiEzEe”
—{17 | Lom SEN [64 F————
18 | vpc scL [63 F—— STest
stem
[29] gpoH2 sol [ee—— ¥
Rgs 10MQ (C):F618 . IE GPOH1 SDO
.68ul
N W _—12i]cp1 FETOFF|
§ >{ TN ALARM1
g r— _—{23]cne TOP VIEW GPIO3
zy Ly |—— gFelg"'—@ cpP2 GPIO2
— .68uF
@ 5] vpack KA49517A GPIO1
T2 |DIS SRN
—— 27 | cHG NC
o [ L ——{ 28| vBAT SRP
('8
§ —p I_ — 29 | c17 GND
g L —{ 30| c16 co
E Rys 10MQ 31| c16M c1
n AAAS
a( 32 | NC c2
[Te} < M N — o
2223530800 00383068838
™) | [M)] o) ) o | < < <| | | < < [ |
| |
#i4i} THH1 191141 14191101 1011 191 4 01 1
ol 1% SlISIS|IS| SISO S|T|S S| S| |5 o
delel f2 enaldedddelddddaldd
T 3 1 T3 3 m% ra I TT
€
- 2
)

*1: REGEXT voltage setting can only be set to 5V or 3.3V when using as direct connection with CVDD.
There is a requirement for the usage of REGEXT and CVDD total capacitor value.
Please refer to page 23 bottom note (*3) for more detail.
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[oe]
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[*)] o (9N
< SIS
Page 17 of 225

[e0]
™

O [~
M (™M

M| ™M

™

elelelelelelelelele etz elEll:
[(e] | |© [(e] [(e] n o n n | (1O o L0 0| |0 <
— LL — o™ (9V) —
o003 000ZF2%238009Y
n o 9N ¢ 2 wm o oo o GERO)
w Sy O 0o o0
LL
T | 1SuN < €2
Z |aano %0
[ € |tinonL Yo
v | ZINOWL 90
S | SINOWL LD
9 | VINOWL W < 80
| SINOWL W~ 60
[ | NaHs S W0 0T
(@)
[6 | 3aon o < 1450
[0T ] TSSAV @) AKn 210
[TT | sT@an = €10
[ 2T |13s9o3y %)
[€7 | 1x393Y GTD
7T | SSAaN ON
ST | 993 ON
9T | ZSSAY ON
(9V] — (4
5 O Q
o o m
6 O S
EIE 4
— N (qV]

[17 | LDm
[18 | vPC
[21 ] cp1
[22 | cNe
[23 ] cN2
[24 | cp2
[26 | DIS
[27 | cHG
[ 28 | vBAT
[ 29 |c17
[30 | C16
[31 | ci6m
[32 | NC
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NUVOTON KA49517A
I

Pin Description

Pin | Pin name | Type Description

1 NRST @) Power Reset Output Pin (Open Drain)

2 CvDD (Surl)ply) Digital Voltage Supply

3 | TMONI1 I Analog Input Pin

4 | TMONI2 I Analog Input Pin

5 | TMONI3 I Analog Input Pin

6 | TMONI4 I Analog Input Pin

7 | TMONI5 I Analog Input Pin

8 SHDN I Shutdown Control “L”: Active / “H”: Shutdown

9 MODE I Test Mode pin for Manufacturer Use Only (Connect to DVSS always) *1
10 | AVSS1 GND | Analog Ground

11 | vDD18 @] 1.85V LDO Output Pin for Internal Use

12 | REGSEL I External 5V/3.3V/2.5V REGEXT output selection Pin

13 | REGEXT @] External 5V/3.3V/2.5V LDO Output Pin

14 | VDD55 @] 5.5V Regulator Output Pin

15 REGB 0] Base Pin for 5.5V Pre-regulator

16 | AVSS2 GND | Analog Ground

17 LDM I Load Detect Pin

18 VPC I Wake Up Signal Pin - “L” Active / “H” Wake Up. Also for Charger Detect.
19 | GPOH2 0] High Voltage General Purpose Output Pin 2 (Open Drain)
20 | GPOH1 0] High Voltage General Purpose Output Pin 1 (Open Drain)

*1 An external pull-down resistor should be connected to MODE pin and it is internally connected to GND
through a 1 kQ resistor.
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NUVOTON KA49517A
I

Pin Description (continued)

Pin | Pin name | Type Description
21 CP1 (0] Charge Pump Capacitor Pin (Positive Terminal for VPACK)
22 CN1 (0] Charge Pump Capacitor Pin (Negative Terminal for VPACK)
23 CN2 (0] Charge Pump Capacitor Pin (Negative Terminal for VBAT)
24 CP2 (0] Charge Pump Capacitor Pin (Positive Terminal for VBAT)
25 | VPACK ! Positive Terminal of Battery Pack to load or charger.
(Supply)
26 DIS (0] Discharge NMOSFET Gate Drive Pin
27 CHG (0] Charge NMOSFET Gate Drive Pin
28 VBAT ! Stacked Cells Highest Voltage Pin
(Supply)
29 C17 I Cell 17 Input Pin (+ve)
30 C16 I Cell 16 Input Pin (+ve) / Cell 17 Input Pin (-ve)
31| CieM I Cell 16 Input Pin (-ve)
32 NC I N.C. Pin
33 NC I N.C. Pin
34 NC I N.C. Pin
35 NC I N.C. Pin
36 C15 I Cell 15 Input Pin (+ve) / Cell 16 Input Pin (-ve)
37 C14 I Cell 14 Input Pin (+ve) / Cell 15 Input Pin (-ve)
38 C13 I Cell 13 Input Pin (+ve) / Cell 14 Input Pin (-ve)
39 C12 I Cell 12 Input Pin (+ve) / Cell 13 Input Pin (-ve)
40 Cl1 I Cell 11 Input Pin (+ve) / Cell 12 Input Pin (-ve)
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Pin Description (continued)

KA49517A

e —— D8 .. —

Pin | Pin name | Type Description
41 C10 I Cell 10 Input Pin (+ve) / Cell 11 Input Pin (-ve)
42 C9 I Cell 9 Input Pin (+ve) / Cell 10 Input Pin (-ve)
43 C8 I Cell 8 Input Pin (+ve) / Cell 9 Input Pin (-ve)
44 C7 I Cell 7 Input Pin (+ve) / Cell 8 Input Pin (-ve)
45 C6 I Cell 6 Input Pin (+ve) / Cell 7 Input Pin (-ve)
46 C5 I Cell 5 Input Pin (+ve) / Cell 6 Input Pin (-ve)
a7 C4 I Cell 4 Input Pin (+ve) / Cell 5 Input Pin (-ve)
48 C3 I Cell 3 Input Pin (+ve) / Cell 4 Input Pin (-ve)
49 c2 I Cell 2 Input Pin (+ve) / Cell 3 Input Pin (-ve)
50 C1 I | Cell 1 Input Pin (+ve) / Cell 2 Input Pin (-ve)
51 Cco | | Cell 1 Input Pin (-ve)

52 GND | GND |Analog Ground

53 SRP | | Shunt Resistor Positive Pin

54 NC - |N.C.Pin

55 SRN | | Shunt Resistor Negative Pin

56 | GPIO1 I/O | General Purpose I/0O Pin 1

57 | GPIO2 I/O | General Purpose I/O Pin 2

58 | GPIO3 I/O | General Purpose I/O Pin 3

59 | ALARM1| O |ALARML1Pin

60 | FETOFF | | CHG/DIS FET Control Pin - “L” Normal / “H” FET Forced OFF
61 SDO O | SPI Interface Pin — Data Out *1

62 SDI I SPI Interface Pin — Data In *1

63 SCL | | SPI Interface Pin — Clock *1

64 SEN | | SPI Interface Pin — Enable *1

*1: An external capacitor may be required near the unused open pin to increase noise immunity.
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NUVOTON KA49517A

Block Diagram

o 0

[sa BT,
g o o8
> w A
< x >

[ [ Internal 1 AVSS1
Iy | | use only |
! I 1.85V
! cpieN | Internal use only > oo | M1]vDbD1s
veaT{28] |  Ler [PTolege || Extermal |
A S S J I Xternal |
= ﬂ __________ 1 £ circuit use |
| 1 < VPC 1 b4 5V; 1
X | Charger |74 Logic : y 33V ™ 13 [REGEXT
' DET »| 5.5V REG R Yk
— : , oo REGSEL
| «— 1 PWR OV/UV |
| Load LDM ! Detectors !
— : DET  |—»To Logic | TSD |
T [ N [ I e S
| v - i
| | e LOGIC ! 9 |MODE
T el Cell OV,UV, |
' | Baiance MUX ADC CC,0CD;SCH | REGISTERS& |! | 8 |SHDN
. I for Voltage DETECTION | | CONTROL & OTP (!
o A—L | . — —— - 1
o - CVDD
I 4 PWR;VREF !
| < VREF ov;uv COMMUNICATION| |
C3 48— — DETECTION : NRST
1 1
! < PWR '
CHEMICAL WATCHDOG  |!
1 ]
€2 | - .. Jl---------- FUSE CUT TIMERWDT) |! SEN
. |[open Mux % ! SCL
Il Wire Sequence||, ~  TTT77C B Y U N
C1 Detect|[—|| Check ||\ _ __ ___ __________]_. - SDI
e IASP ™\
it | ccanc . [61]spo
co ] I Diagnostic !
1y 1 |
'i—e I FETOFF
GND < |SI:_CSADCd | jmoh-- 60
I->pee S RS : 59 | ALARM1
___________ | | |
SRP |53 ‘ < CC ADC 1 osel |
srn [55 Lo-Speed : : : [58]GPI03
1 1 P
NC I | | GPIO2
Compagrator >—— | I
S 56 [GPIO1
____________________ 7 1 1

TMONI1
TMONI2
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B. Application Circuit Example

KA49517A

{Pack+|

5V

Cuopss Ryppss Cuopis
o 10UF 010 2.2uF
Hiv— AR 11
MJID340(Diodes ;; ;;
p | 1WF  O.uF
Crecext 1nF 1nF *optional *optional
| I 1uF
CREGB
Riom 22nF
*optional
VWA 9 :|—<£||§||-:'-||303001\L0m<rmc\1\—|
N @m0 E o d Wz LS ®N D
0 B X O 9 »as 22 8 5
2 8832308283556 ¢ ¢
T S ws>x=2%3s3:3z3:2°
x @ FFFFF
— 17| 1om SEN [6a F————
(18] vrc A ————
[19] cpon2 spl [62 F—
R.. 10MQ Cr IEGPOHl SDOE—
o 0.68uF
~ Wy —{21]cp1 FETOFF[ 60
g :}( Tz ALARMI[ B ———
& M— —123]cne TOP VIEW GPio3[EB ]
Zy |—— gFelg"'—@ cP2 fel-To7] Tl pu—
—] .68uF
@ L [75]vpack KA49517A GroL[BE
Rey 1000
{26 | oIs SRN j—l—w—‘
—— {27 | cHe NG =
N || — 28| vBAT
'
SFplb | g
a 4 —{30] 16
I
= Rgs 10MQ 31| c16Mm
2 \AAS
=)( 32 | NC
n < o o~ - o
222385000 0383683838
™) SR ESIESIESIENIENIBE < <] |
|
- 191101 [ 9] [ 191 191 [ |
S|JS SISIS|I SIS |T|O|S S |S|T|S | S
O O O o O O] s O (8] O O O O
L e LS ol ol od o
7 Ee EE R e
Laala
Cell Cell======Célll s s e e e e e e e e e e e e e ==
17 16

*1: REGEXT voltage setting can only be set to 5V or 3.3V when using as direct connection with CVDD.
There is a requirement for the usage of REGEXT and CVDD total capacitor value.
Please refer to page 23 bottom note (*3) for more detail.
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Recommended Constant of External Component

KA49517A

Constant
tem Symbol Min. Typ. Max. Unit Note
Crecs — 22 —_ = *1, %2
Rrecs — 18 — kQ *2
Cyppss — 10 — m= *1, %2
Ryopss — 0.1 — Q *2
Cyppis - 2.2 - uF 1
Crecext — 1 — uF *1 *3
Ras — 10 — MQ *2
e — e | = e -
Cez — 0.68 — uF *1
Rc — 1 — kQ *5
Ce — 1 _ = *1 %4
Reense — 100 — mQ *6
Re — 100 — Q
CriL — 0.1 — uF *]
Riom — 32.4 — kQ *7

*1:
*2:

*3:

*4:

*5:

*6:

*7:

Use of a ceramic capacitor is recommended.
The parameters are applicable for system using an external NPN BJT (Diodes Inc MJD340),

as shown in the recommended circuit.

REGEXT can be used for as power supply for CVDD pin and external circuit. LuF capacitor (Cregext) IS

necessary at REGEXT output. It is recommended to connect a maximum of 1uF capacitor for CVDD pin and

external circuit, which is compatible with default C,,ppss and VDD55 NPN device (Diodes Inc MJD340)

If it is necessary to increase these total capacitor value at CVDD pin and external circuit, the capacitor Cyppss
must be increased proportionally with about 5 times ratio to ensure stability. Please note start-up time of VDD55

and REGEXT would increase proportionally by doing this.
Usage of C,, pin input filter Capacitor or Resistor of different value other than the recommended values, or,

RC filter connection other than the 17 cells testing circuitry indicated in the Electrical Characteristics,

will cause a shift in voltage accuracy.

Rc can be selected based on the required internal MOS Cell Balance function.
It is important to maintain the current below its rated value.

Rqense resistor design is based on actual load current needed. This value should not cause SRP and SRN pin to

generate voltage out of the sensing range which will affect measurement accuracy.

R pwm allow user to adjust Load detector threshold based on system requirement.

By using R, oy Of 32.4Kk, it is possible to detect LDM threshold of 0.4V when load current of minimum 70uA is

drawn at the pin in the case FET is open case.

June 30, 2021
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Description of Functions
1. Battery Connection

The minimum required VBAT pin voltage is 12.5V to guarantee normal operation.

For application using less than 17 cells, all unused cells Cn pins should be connected as shown in
figure below, user shall use cells connectto C17, C16, C1 and C2 pins first and followed by battery
from lower cell. Please also note that although pin 32 ~ pin 35 are NC pins, they are to be connected
as shown in the diagram below to ensure the best measurement performance of other cell pins

Battery cells connection sequence:

Connect the GND pin followed by VBAT pin. After that, it should be connected from the lower cell in
turn.

GND — VBAT — Cell between C0-C1 — Cell between C1-C2 — incrementally
Figures below are some system example. Minimum VBAT for 4 cells system must be higher than

12.5V.
Cell 16 Cell 14
Cell 15 Cell 13
Fig.1.1.1 Fig.1.1.2
Example of Example of

16 Cell System 14 Cell System

Ci14
Cell 14 =

Cell 1275

Cell 12
Cell 11

Fig.1.1.3 Fig.1.1.4
Example of Example of
12 Cell System 4 Cell System

Cell 1075

Cell 2
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Description of Functions
2. Operation Mode

2.1 Overview of Operation Mode

KA49517A supports the following operating mode:
Active Mode, Low Power/Standby intermittent Mode, Sleep mode and Shutdown Mode.

The operating mode can be determined by reading back register ST_ACT, ST_LP, ST_STBY, ST_INTM,
ST_SDWN at address 0x1C[4:0]:

2.2 Active Mode

KA49517A will always operate in Active mode of operation after first power ON from shutdown mode.
In Active Mode, voltage measurement; high speed (HS) and Low speed(LS) current measurement can be
performed. Full measurement and protection functions are also available in this mode of operation.

From shut down mode, with VPACK or VBAT pins voltage higher than 12.5V and VPC pin at “H” condition,
KA49517A will enter Active Mode of operation. After wake up, NRST pin will change from “L” to “H”
indicating the SPI communication is ready. After wake up, it is recommended to fix VPC pin to "L". Refer to
typical startup waveform shown in Fig 2.2.1a and Fig 2.2.1b below.

For CVDD=REGEXT use case, it is recommended to perform a soft reset as the first command which can
be sent either after NRST pin goes High, or after MCU active mode initialization completes. After receiving
a valid SPI soft reset command, SDO pin will change from “L” to “H”. Soft Reset, NPD_RST can be set by
writing address 01h [0] = “0”. This is for system to start at correct default settings regardless of the startup
timing at REGEXT/CVDD pin due to different system capacitor loading at the pins.

When watchdog timer is set to enabled, KA49517A will shutdown when no communication between MCU
and the IC is made in a set duration (initial value:1 minute) and VPC pin is “L”. For watchdog timer
operation, refer to Chapter 13.7.

VPACK I
VPACK Note: High period of VPC must be at least 5ms.
CVDD I VPC l

Note: High period of VPC must be at least 5ms.

VPC l VDD55 /

VDD55 / CVDD=REGEXT /
REGEXT / <o i
SDO i i I rite soft r ither
| | NRST 7““ e e
' " after MCU initialization
NRST - .
MCU status Off ~ A\ Active
Fig. 2.2.1a Wake up waveform Fig. 2.2.1b Wake up waveform
(CVDD applied externally before IC startup case) (CVDD=REGEXT case)
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Description of Functions
2. Operation Mode

2.3 Low Power / Standby Mode

From Active mode, user can select KA49517A to enter either Low Power mode or Standby mode of
operation. This can be done by writing into registers MSET_STB and MSET_LP at address 0x01[4:3]
respectively. Low Power and Standby mode are basically the same operating state. The only difference
is that in Standby mode, communication between MCU and KA49517A is stopped to allow greater
amount of power saving whereas In Low Power mode, communication between MCU and KA49517A is
maintained. Other functions remained the same in both Low power mode and Standby mode.

In both Low Power and Standby Mode, current consumption can be reduced. Voltage and high speed
(HS) current measurement ADC will not be performed in this mode. Low speed (LS) current
measurement ADC, however, can still be set to operate. From Active Mode, IC enter Standby Mode by
setting MSET_STB register at address 0x01[4] to be “1”. IC can return to Active mode by holding SEN
pin to be “H” for a period of more than 3ms. From Active Mode, IC enter Low Power Mode by writing
MSET _LP register at address 0x01[3] to be “1”. IC can return to Active mode by re-writing the same bit
to be “L".

2.4 Low Power / Standby Mode with intermittent operation

At Low power and Standby Mode, it is possible to automatically switch back to Active Mode and
measure the cell voltage by setting intermittent operation using register INTMSEL at address
0x01[12:11].

KA49517A will toggle back to Active mode periodically from Low power/Standby mode to perform
voltage and current measurement at a reduce power consumption level as compared to normal Active
mode of operation. After Voltage and HS current measurement is completed, the state will return to
Low Power or Standby Mode to reduce current consumption. Refer to table 2.4.1 and 2.4.2 for the

settings.
Register: Register: Register: Current detect
MSET_LP | INTMSEL[1:0] INTM_TIM[1:0] / compare registers
Address= Address= AUTO_TIM[1:0] AUTO_ITHL[14:0] Mode description
0x01[3] 0x01[12:11] Address=0x01[14:13]/ | Address=0x55[14:
Address 0x01[6:5] 0]
MSET_LP = | INTMSEL=00 -- Fixed Low Power mode:
H There is no cell voltage/HS current measurement.
MSET_LP = | INTMSEL=01 -- Intermittent Low Power Model.:
H Periodic Cell voltage/HS current measurement
when there is no SPI communication for 1s
MSET_LP = | INTMSEL=10 | INTM_TIM=00=20ms -- Intermittent Low Power Mode2:
H INTM_TIM=01=40ms Periodic Cell voltage/HS current measurement is
INTM_TIM=10=80ms possible according to the time set by INTM_TIM
INTM_TIM=11=160ms timer.
MSET_LP = | INTMSEL=11 | AUTO_TIM=00=10ms HS current Intermittent Low Power Mode3:
H AUTO_TIM=01=20ms | measurementis < | Low power mode is entered by current detection
AUTO_TIM=10=40ms AUTO_ITHL method.(HS current < AUTO_ITHL)
AUTO_TIM=11=80ms | register settings | Upon expiry of AUTO_TIM timer, IC will move from
Low power mode to Active mode to perform
voltage/HS current measurement.
If HS current>AUTO_ITHL, IC stays in Active
mode. If HS current<AUTO_ITHL, IC will return to
Low power mode again and this operation repeats.
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Description of Functions

2. Operation Mode

KA49517A
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Register: Register: Register: Current detect
MSET_STB INTMSELJ[1:0] INTM_TIM[1:0] / compare registers
AUTO_TIMI[1:0] AUTO_ITHL[14:0]
Remarks
Address= Address= Address=0x01[14:13)/ Address=
0x01[4] 0x01[12:11] Address 0x01[6:5] 0x55h[14:0]
MSET_STB=H | INTMSEL=00 - - Fixed STB mode:
There is no cell voltage/HS current
measurement.
SPI communication is stopped
MSET_STB=H | INTMSEL=01 - - Intermittent STB Mode1l:
Periodic Cell voltage/HS current
measurement when there is no SPI
communication for 1s
MSET_STB=H | INTMSEL=10 | INTM_TIM=00=20ms - Intermittent STB Mode2:
INTM_TIM=01=40ms Periodic Cell voltage/HS current
INTM_TIM=10=80ms measurement is possible according to the
INTM_TIM=11=160ms time set by INTM_TIM timer.
MSET_STB=H | INTMSEL=11 | AUTO_TIM=00=10ms HS current Intermittent STB Mode3:
AUTO_TIM=01=20ms measurement is STB mode is entered by current detection
AUTO_TIM=10=40ms <AUTO_ITHL method.(HS current < AUTO_ITHL)
AUTO_TIM=11=80ms settings Upon expiry of AUTO_TIM timer, IC will
move from STB mode to Active mode to
perform voltage/HS current measurement.
If HS current>AUTO_ITHL, IC stays in Active
mode. If HS current<AUTO_ITHL, IC will
return to STB mode again and this operation
repeats.
Please note that after returning to active
mode, SEN="H" for >3ms is necessary to re-
establish back communication.
Table.2.4.2 Standby and intermittent mode setting
(Assuming MSET_STB=H; INTMSEL=10; INTM_TIM=11)
IcQ : Active, ¢ 160ms e A:\ctiv:e
; mode! ' mode

Low Power/Standby mode

i
1
1
1
1
1
1
[P TR
v
1
'
1

'
'
! -
'
'
'

Shutdown ! oo : Time
i 5ms il.6ms (*) i12ms : 1.6ms (*)
Intialization < Low Speed Current Measurement : 14! (*) Timing depending on
nitialization '« & OC/SC \ ) ACTV_DLY setting

Voltage; HS current Measurement
Fig. 2.4.1 Example of operation on intermittent operation (Active Mode — Standby Mode and repeating)

Voltage; HS current Measurement

In summary, it is possible to reduce the current consumption by operating the IC in intermittent operation,
MCU can control the IC to operate from Active Mode to Low Power/Standby Mode at periodic interval.
Alternatively, Automatic intermittent operation timing and using current detection method can be set by
INTMSEL;INTM_TIM; AUTO_TIM and AUTO_ITHL registers for automatic intermittent mode in KA49517A.
It requires a minimum of 5ms for initialization wake up from Shutdown Mode before IC start voltage

measurement and minimum of 2ms for initialization when returning to Active Mode from Low
Power/Standby mode before starting voltage measurement.
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To enter Low Power or Standby mode:

MCU need to write into registers; MSET_LP or MSET_STB at address 0x01[4:3] to be “1” to shift it into
this state.

*When both MSET_LP and MSET_STB are written as “1” at the same time, higher priority is given to
Low power mode.

To exit from Low Power or Standby mode back to active mode, there are a few ways:

(1) By setting MSET_LP=0 (from Low Power mode); or by pulling SEN pin high for 3ms(from Standby
mode)

(2) Or When VPC* pin receive a high signal pulse of minimum 2ms (to signify charger detected
condition in KA49517A) (This detection function can be disabled from address 0x01[7],
VPC_STB_EN="0" ; By default this function is ON)

(3) Or When LDM* pin receive a low signal pulse of minimum 2ms (to signify a load detected condition;
in KA49517A) (This detection function can be disabled from address 0x01[8], LDM_STB_EN="0";
By default this function is ON)

*Refer to VPC and LDM pin operation from chapter 3 for more details.
**Refer to state movement diagram from chapter 2.7 for more details.

2.5 Sleep Mode

KA49517A can enter Sleep mode from Active mode by writing into MSET_SLP register at address
0x01[2]="1"

In Sleep Mode, IC current consumption is Low and there is no measurement or protection function.
FET between VPACK and VBAT will also be turned OFF in this mode. This mode helps to conserve
energy by reducing current consumption and can be used when system battery pack has been
unplugged making all measurement function unnecessary.

In the event of MSET_LP; MSET_STB and MSET_SLP are all written as “1” at the same time, higher
priority is given to Low power mode followed by STB mode and lastly by Sleep mode.

To exit from Sleep mode back to active mode, there are a few ways:

(1) When VPC* pin receive a high signal pulse of minimum 2ms.(to signify as charger detected
condition in KA49517A) This detection function can be disabled from register address 0x01[9],
VPC_SLP_EN=“0" ; By default this function is ON.

(2) Or When LDM* pin receive a low signal of minimum 2ms. (to signify a load detected condition in
KA49517A)This detection function can be disabled from register address 0x01[10],
LDM_SLP_EN=“0";

By default this function is ON.

Upon returning to Active mode, IC will remember its all previous register setting prior to when it enter
Sleep mode. Setting both VPC_SLP_EN and LDM_SLP_EN="0" is prohibited. If both are set to “0”,
KA49517A allow VPC detection to move IC from Sleep mode back to Active mode by default.

*Refer to VPC and LDM pin operation from chapter 3 for more details.
**Refer to state movement diagram from chapter 2.7 for more details.
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2.6 Shutdown Mode

The current consumption is minimized at Shutdown Mode when all circuits stopped operation.

The IC can be shutdown by setting SHDN pin to “H” (at least 1ms.) or by setting MSET_SHDN register
at address 0x01[1] to “1” with VPC pin at “L”.

When Watchdog Timer, Thermal Shutdown or VDD55 UVLO are detected, KA49517A will also enter
Shutdown Mode automatically while VPC pin is "L".

Refer to table 2.6.1 below for the different condition that could shift the KA49517A into shutdown mode.

SHDN pin hd h | OVP UVLO
Mode P IR SRR e Thermal =\ hhssvpp18|  VDDSS
"H” 1 Timer Shutdown
IREGEXT IREGEXT
Active Mode
Available Available Available Available Available Available
Low Power Mode
Or
Low Power Available Available Available Available Available Available
intermittent Mode
(Communication ON)
Standby Mode
Or
l\sﬂtgggby‘”term“te“t Available | Not available |  Available Available Available Available
(Communication
OFF)
Sleep Mode
P Available Not available | Not available *Available *Available Available

Table.2.6.1 Condition of moving to Shutdown Mode ( VPC pin “L”)
Please note that:

For Watchdog Timer to shutdown the IC, COMTIMON bit at address 0x03[12] must be set to “1”.
For Watchdog Timer to shutdown the IC when in STB mode, WDT_STB_EN bit at address 0x03[14]
must be set to “1”.

For Thermal shutdown detection to shutdown the IC, TSD_F_SET register at address 0x11[13] must be
set to “0”.

For Over Voltage Protection of VDD55/VDD18 to shutdown the IC, OVP_F_SET bit at address
0x11[14] must be set to “0”. For Over Voltage Protection of REGEXT to shutdown the IC,
OVP_F_SET_REGEXT bit at address 0x20h[2] must be set to “0”.

For Under Voltage protection of VDD55, IC will shutdown when detected. For under voltage protection
of REGEXT to shutdown the IC, UVP_F_SET bit at address 0x20h[1] must be set to “0”

*In order for this function to work in Sleep mode, user will need to set the bit: DIS_OSC_OFF at
address 17h[14] to be “1”. By default this function is OFF during SLEEP mode.
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2.7 State Diagram

VPC pin =“H" | ~\Wai )

(VPC pin = “L") pin & | “Waitpims > .
& SHDN pin = “L” (VPC pin = “L")
(SHDN pin = “H’ &

TV SHDN pin = “H” or

{_Wait§ 5ms .’ ( nwaw .

pRT Rt - MSET_SHDN ="1") (VPC pin = “L”)
—_ fqn &
MSET_SLP = **No SPI Communication >

Watchdog timer

Sleep Mode

-2 MSET_LP =“0"
(VPCpin=<1y S Ty MSET_
ﬁNO SP MSET_STB ="1"
Communication > INTMSEL=00
\(IDVStchdog timer S/PC oin = L%
VPCpin= ‘") oo/l sADM=L N
S ~~ e
HDN pin = “H” .---------f~51 [l v W ) . —uqn
(S pin ="H", 4 - om

/

\ **No SPI Communication >

Standby Mode
(Communication OFF)

Watchdog timer

Commuw

on INTMSEL selection
settings

Intermittent
Active Mode

Intermittent
Active Mode

; Lo !

' —A : : A :

: o A v i‘ P w o & o I ¢ . .

: g 1 a & e 8 g 1 &l E| ! | Intermittent operation:

P ool 98 SfE 98 2 oS g &5 938 o] ! | Measurementand protection
P n O SE hs[© A = T Sle 5| &l ' | functions exist like in Active
RS I = S W= 2 P28l w2 ofg D 2| || Mode but at a specific

P Fl >3 A < T R I B e A v de bu’ P

P92 24 32 =9 a/) P2 af S s ol P2 =9 G| ! [ periodic interval to reduce

: EE £2 ED b EE| Zl2 EJ o] | ion.

' E9 ER T 23 o LI E9 EE T T ER current consumption

= < ! Intermittent timing depends

Fig.2.7.1 State Diagram

** This function can be selectable to be ON/OFF by registers.
# This function can be selectable to be ON/OFF by registers.

In the event both LDM and VPC detection are set to OFF, the system will automatically select VPC as detection
to return from Sleep to Active mode
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Table.2.7.1 Operation Mode Summary

KA49517A

e —— D8 .. —

estimated

~1mA (non intermittent)

~0.22 (non-intermittent)

ACTIVE LOW POWER STANDBY SLEEP SHUTDOWN
FUNCTION (Full (Intermittent (Intermittent (Battery pack (Storage /
measurement measurement measurement unplug) Shipment)
function) selectable) selectable)
FET SW Control Yes Yes *1 OFF OFF
Voltage ADC Yes Intermittent selectable OFF OFF
Current ADC (Fast) Yes Intermittent selectable OFF OFF
Current ADC (Slow) Yes Yes OFF OFF
Cell balance Yes *2 Yes *2 OFF OFF
OV/UV protection Yes Yes (intermittent) OFF OFF
TSD protection Yes Yes Yes *3 OFF
SCD (discharge short) Yes Yes OFF OFF
OcCD/OCC Yes Yes OFF OFF
Watchdog WDT Yes Yes Yes* OFF OFF
(register selectable
ON/OFF)
SPI communication ON ON OFF OFF OFF
External Regulator Yes Yes Yes OFF
for MCU (Hi Power=50mA Drive) (High Power= 50mA drive (High Power= 50mA
(REGEXT) /Low Power=10mA drive) drive
/Low Power=10mA
drive)
Current detect by OFF Yes Yes OFF OFF
Hi speed IADC
(Selectable ON/OFF) (Selectable ON/OFF)

Charger detect @ VPC Yes Yes

I?/:/or:/ldedlntter:ugt (Provide Interrupt at (Provide Interrupt at | (Selectable ON/OFF)

en detecte i i
Load detect @ LDM selected GPIO pin selected GPIO pin Yes OFF
when detected) when detected) (Selectable ON/OFF)

Current consumption ~ 3.6mA ~ 1.35mA (intermittent) | ~ 0.7mA (intermittent) ~ 80uA ~ 1uA

Note:

The External regulator for MCU drivability, coulomb counter (CC), FET control, cell balance control can be set by

respective register.

*1 DIS and CHG FET setting is kept when operation mode change from Active Mode to Standby Mode,
FET control is available in Low Power Mode (Communication ON) except when register FDRV_STBY = “1”.
During Standby Mode (Communication OFF), it can only be turned OFF by FETOFF pin.

*2 Cell balance can be turned ON during Active Mode/Low power/Standby mode, however it could cause wrong
abnormal detection, user should not enable UV/OV detection at the same time.

*3 In order for this function to work in Sleep mode, user will need to set DIS_OSC_OFF at address 17h[14] to be “1”.
By default this function is OFF during SLEEP mode.
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2.8 Operation Mode control register

Table.2.7.2 Operation Mode Control Register (For Intermittent mode setting)

Register Address [bit] Function

2 Bits programmable Delay to return from STB mode to ACT mode to
check Cell voltage in intermittent mode

00: 20ms (Default)

01: 40ms

10: 80ms

11: 160ms

INTM_TIM[1:0] | Ox01[14:13]

Intermittent mode selection
00: No intermittent; stay at STB or Low Power mode (Default)
01: Intermittent mode using no SPI>1s;
intermittent mode of previous IC AN49503
10: Intermittent mode using INTM_TIM; lower power active mode
11: Intermittent mode using AUTO_TIM; sense current auto mode

INTMSEL[1:0] | Ox01[12:11]

2 Bits programmable Delay to return to Active mode by checking
sense current using Fast ADC vs ITH_L in AUTO current detection
mode

AUTO_TIM[1:0] 0x01 [6:5] 00: 10ms (Default)

01: 20ms

10: 40ms

11: 80ms

15 bit to set detection current level to enter Low power auto mode
(compare by IADC_fast)
Use only when INTMSEL[1:0] = 11

Value:
AUTO_ITHL[14:0] | 0x55 [14:0] |Ox7FFF:179.994507mV
0x0001: 0.005493mV
0x0000: 0OV

Voltage/step = 0.005493mV

Number of ADC scan cycles after returning back to Active when
INTSEL==2'b11 (intermittent auto current detection mode)

00: 1cycle

01: 2 cycles (Default)

10: 3cycles

11: 4 cycles

ACTV_DLY 0x11 [1:0]
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Table.2.7.3 Operation Mode Control Register
(Selectable LDM and VPC return to Active mode in STB/Low Power and Sleep mode)

Register Address [bit] Function

Enable control by LDM pin
1. Enable return to active mode from SLP mode when
LDM is high (Default)
0:  No control

LDM_SLP_EN |  0x01 [10]

Enable control by VPC pin
1: Enable return to active mode from SLP mode when
VPC is high (Default)
0:  No control

VPC_SLP_EN 0x01 [9]

Enable control by LDM pin
1: Enable return to active mode from LP/STB mode when
LDM is high (Default)
0: No control

LDM_STB_EN|  0x01[8]

Enable control by VPC pin
1. Enable return to active mode from LP/STB mode when
VPC is high (Default)
0:  No control

VPC_STB_EN 0x01 [7]

*VPC_SLP_EN and LDM_SLP_EN cannot be set both ‘0”.
If both “0” are set, VPC_SLP_EN will be selected automatically by the system.

*In order for LDM function to move IC state machine from Sleep or STB or Low Power back to Active,
the LDM function must first be turned ON first using NPD_LDM bit at register 20h[3]=1. Refer to section
4.4 for LDM function powering up sequence.
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2.8 Operation Mode control register

Table.2.7.4 Operation Mode Control Register (mode setting registers)

Register Address [bit] Function

Standby mode control
MSET_STB 0x01 [4] 1: Standby mode
0: Normal operation (Default)

Low Power mode control
MSET_LP 0x01 [3] 1: Low Power mode
0: Normal operation (Default)

Sleep mode control
MSET_SLP 0x01 [2] 1. Sleep mode
0:  Normal operation (Default)

Shutdown control
MSET_SHDN 0x01 [1] 1: Shutdown Mode
0: Normal operation (Default)
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3.1 Regulators Summary

KA49517A has 3 built in regulators.
(1) vDD18 regulator is for internal IC devices supply only.
(2) REGEXT is designed as supply for system external circuitries. (Eg: MCU supply)

(3) VDD55 regulator utilizes external NPN BJT transistor as power devices and it can be used for
internal IC or external circuitries load driving.

Table 3.1.1 below show the summary of each regulator specification.

Table 3.1.1 Regulator functions Summary

Regulator Output Output Output Drive in Output Drive in
_? R Pin Voltage Power High Power (HP) Mode Low Power (LP) Mode
P V) Devices (mA) (mA)
Pin 11 1.85 PMOS . .
vVDD18 (Internal)

Note: For internal circuit use only.

5/
. 3.3/ PMOS
Pin 13 25 (Internal) 50 10
REGEXT (selectable)

Note: For external circuit use only. Output voltage depends on REGSEL pin setting.
Only 5V or 3.3V should be set for system using direct connection with CVDD.

NPN >60mA collector current >10mA collector current

Pin 14 59 (External) drive is recommended drive is recommended

Note: For both internal and external circuit use.

Select a BJT with suitable Beta and together with the IC base current drive setting to
obtain

the required output current drive. (Refer to page35 for the base current design)
VDD55
Please verify external NPN power dissipation thoroughly.
NPN power dissipation should be verified according to the system maximum operating
temperature, VBAT supply and load current of REGEXT regulator.
Type of NPN with low thermal resistance and optimum PCB heat pad size are
recommended for the system.
In case there is a need to further reduce NPN power dissipation, it is possible to
connect power resistor or power Zener serially at the collector of the NPN. Verify the
value of resistor or Zener in all operating condition.
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3.2 Regulators Mode settings

VDD55 and REGEXT regulators can be set to high power(HP) or low power (LP) setting.

LP setting can only be set when the IC operates in modes other than Active mode of operation.
During Active mode of operation, VDD55 and REGEXT will always operate in high power (HP) mode.
Refer to table 3.2.1 below for this settings.

Table 3.2.1 Regulator registers settings

Register Address [bit] Function

Use to select whether REGEXT is to be used in the system or not.
REGEXT_EN 0x02 [8] 1: REGEXT ON (default)
0: REGEXT OFF

Enable REGEXT to enter Low Power mode during Standby/Low
Power mode

1: Select LP mode

0: Select HP Mode (Default)

STB_REGEXT_LPEN 0x02 [6]

Enable REGEXT to enter Low Power during Sleep mode
SLP_REGEXT_LPEN 0x02 [5] 1: Select LP mode
0: Select HP Mode (Default)

Enable REGEXT to enter Low Power during Intermittent mode
INTM_REGEXT_LPEN 0x02 [4] 1: Select LP mode
0: Select HP Mode (Default)

Enable VDD55 to enter Low Power mode during Standby/Low
Power mode

1: Select LP mode

0: Select HP Mode (Default)

STB_VDD55_LPEN 0x02 [3]

Enable VDD55 to enter Low Power during Sleep mode
SLP_VDD55_LPEN 0x02 [2] 1: Select LP mode
0: Select HP Mode (Default)

Enable VDD55 to enter Low Power during Intermittent mode
INTM_VDD55_LPEN 0x02 [1] 1: Select LP mode
0: Select HP Mode (Default)

VDD55 regulator power down
1: Power down
0: Normal (Default).
PD_REG 0x17 [6]
*For Power down condition, it is necessary to force 5.5V/5V at
VDD55 pin. In the case 5V is forced externally at the pin,
REGEXT (5V) output setting will not be able to function.
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3.3 VDD55 Regulator settings (Base Current Gain Selection)

KA49517A VDD55 regulator uses an external NPN as its power transistor. The output driving ability of
VDD55 depends on the selection of NPN Beta. Output current driving ability (lout_VDD55) will be set
by the selected base current (IB) in KA49517A, multiply by the selected external NPN Beta, B.
(lout_VDD55= IB * B).

Please refer to Table 3.3.1 below to select the required base current for output current generation with
the selected NPN (3 value. Please note that base current adjustment function is only possible when
KA49517A is operating in Active mode. In Standby; Low power or Sleep Mode, base current is fixed at
around 0.65mA if VDD55 regulator is selected to operate in Low power operation.

NPN Minimum (3 selection consideration:
User will need to ensure there is sufficient drive needed for the system when selecting Lower Beta
NPN.

Please note that load current needed for VDD55 include internal IC current (~10mA) as well as
REGEXT output drive (~50mA). It is recommended to maintain at least 60mA drive ability for VDD55
regulator to ensure proper operation under all conditions.

NPN Maximum 8 selection consideration:

It is recommended to select NPN with $ < 150 (@ VCE=10V condition) and B < 300 (@ VCE=80V
condition)

For 3 higher than this recommended level, evaluation with the NPN will need to be performed on bench
to ensure stability by changing external BOM from the recommended BOM list. This is to ensure
stability of VDD55 output.

It is also necessary to consider package thermal performance of the selected NPN to ensure heat can
be dissipated properly and SOA criteria is met using the selected Base current setting and NPN device.

Table 3.3.1 VDD55 Base current output setting

Register Address [bit] Base current (IB) setting

NPN Hfe(Gain) f Adjustment
(Set the output Base current drive based on external NPN [3 specs)
000: IB=1.01mA (Default)
001: 1B =0.89mA
010: 1B =0.78mA
011: 1B =0.70mA
100: 1B =2.60mA
101: 1B =1.94mA
110: 1B =1.53mA
111: IB=1.27mA

R55GAIN [2:0] |  0x56 [9:7]
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3.4 VDD55 Regulator settings (B vs Temperature compensation selection)

Beta of NPN BJT tends to have tendency to vary with temperature. It tends to increase at higher
temperature and reduce at lower temperature.

With this variation, output current drive of VDD55 regulator will also varies with temperature.

KA49517A comes with § Temperature compensation selection function. This allows user to select the
suitable base current that changes with temperature level to cancel out the effect of Beta variation with
temperature.

With this function, it will ensure output current drive ability remains relatively constant with respect to
the entire range of operating temperature. Selection of this temperature compensation can be set in
register address 0x56[6:4]. Based on the selected NPN Beta vs temperature profile, it is possible to
select the nearest suitable base current to cancel this variation. For example, if a given NPN beta drops
by 30% at low temp and increase by 30% at high temp, it is recommended to set Register R55TC[2:0]
at address 0x56[6:4] to be “000” to cancel out this Beta variation. This is to achieve the best possible
temperature curve vs base current trend for the selected NPN device.

Refer to below table 3.4.1 for setting details. Evaluation on actual Bench with the selected BJT part is
recommended to confirm this selection setting before fixing the design.

Table 3.4.1 VDD55 Base current output setting

Register Address [bit] Base current (IB) setting

Setting for external NPN beta Temperature variation

000: IB% change = +33% (Lower temperature region)
-40% (Higher temperature region) (Default)
001: IB% change = +28% (Lower temperature region)
-35% (Higher temperature region)
010: IB% change = +23% (Lower temperature region)
-30% (Higher temperature region)
011: IB% change = +18% (Lower temperature region)
-25% (Higher temperature region)
100: 1B% change = +50% (Lower temperature region)
-57% (Higher temperature region)
101: 1B% change = +46% (Lower temperature region)
-53% (Higher temperature region)
110: 1B% change = +42% (Lower temperature region)
-49% (Higher temperature region)
111: 1B% change = +38% (Lower temperature region)
-44% (Higher temperature region)

R55TC [2:0] 0X56 [6:4]

Lower temperature region : -25°C to 25°C
Higher temperature region : 25°C to 125°C
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3.5 VDD55 Regulator settings (B vs VCE compensation selection)

Beta of NPN BJT tends to have tendency to vary with VCE(supply). It tends to increase at higher
VCE(supply) and reduce at lower VCE(supply).

With this variation, output current drive of VDD55 regulator will also varies with VCE(supply).

KA49517A comes with B VCE(supply) compensation selection function. This allows user to select the
suitable base current that changes with VCE(supply) level to cancel out the effect of Beta variation with
VCE(supply).

With this function, it will ensure output current drive ability remains relatively constant with respect to
entire range of VCE(supply) operating range. Selection of this VCE(supply) compensation can be set in
register address 0x56[3:1]. Based on the selected NPN Beta vs VCE profile, it is possible to select the
nearest suitable base current to cancel this variation. For example, if a given NPN beta rise by 50%
from 30V to 85V operation, it is recommended to set Register R55VC[2:0] at address 0x56[3:1] to be
“000” to cancel out this Beta variation.

Refer to below table 3.5.1 for setting details.

Evaluation on actual Bench with the selected BJT part is recommended to confirm this selection setting
before fixing the design.

Table 3.5.1 VDD55 Base current output setting

Register Address [bit] Base current (IB) setting

NPN VCE (Supply) coefficient adjustment against external NPN beta
supply variation
000: 1B% change from 30V to 62.9V = -16.5% (Default)
IB% change from 62.9V to 85V = -10.4%
001: IB% change from 30V to 62.9V =-20.7%
IB% change from 62.9V to 85V = -13.4%
010: IB% change from 30V to 62.9V =-25.4%
IB% change from 62.9V to 85V = -16.9%
011: IB% change from 30V to 62.9V =-30.5%
IB% change from 62.9V to 85V = -20.6%
100: IB% change from 30V to 62.9V =-2.7%
IB% change from 62.9V to 85V = -2.3%
101: IB% change from 30V to 62.9V =-5.1%
IB% change from 62.9V to 85V = -4.3%
110: I1B% change from 30V to 62.9V =-10.0%
IB% change from 62.9V to 85V = -6.6%
111: IB% change from 30V to 62.9V =-16.5%
IB% change from 62.9V to 85V = -10.4%

R55VC[2:0] 0x56 [3:1]
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4.1 VPC Function description

VPC pin serves as the following functions for KA49517A.
Refer to Table 4.1.1 for the function of VPC and Fig 4.1.1 for VPC simplified design circuit.

Table.4.1.1 Function table for VPC

No. VPC Pin Function Remarks Related Registers
VPC Pin >4V (R,pc =0Q) with
minimum 5ms high pulse width is ST_ACT
Wakeup IC from .
. needed in order to complete startup Address 0x1CJ0]
1 | Shutdown to Active . ; .
mode of operation action. . . To check Act_lve status register
Refer to state machine at section 2.7 | after startup is completed
for this detail.
Address 0x01[7]; 0x01[9].
To enable VPC detection to shift
Shift IC state from IC internal state from either
either VPC Pin >4V (Rypc =0Q) with STB/LP or Sleep mode back to
5 Sleep mode or minimum 2ms high pulse. Active Mode respectively.
Standby(STB)/ Refer to state machine at section 2.7
Low Power(LP) mode |for this detail. ST_ACT
back to Active mode Address 0x1C[0] can be read
again to check IC has return to
Active mode
VPC Pin >4V (Rvpc =0Q) to signify Refer to table 7.5.1 for interrupt
Charger plug in. It can be used to setting registers.
3a wakeup MCU in STB. Interrupt need to
. __ |be set by register to GPIO pin. VPC detection status register can
Generate interrupt via | Refer to section 7.5 for interrupt details. | pe read from:
GPIOX pin with VPC VPC Pin <0.3V (Rypc =0Q) to signify -
i . VPC =
detection Charger plug out info for MCU. Address 0x27[14]; VPC_DET_F
3b Interrupt need to be set by registerto | Of
GPIO pin. Refer to section 7.5 for address 0x27[9:8] VPC_L_F and
interrupt details. VPC_H_F
VPC Threshold (VPCDET) Adjustment
by external resistor Rypc
>5ms
o

KA49517A

Vth=1.15V

Fig 4.1.1 VPC simplified circuit
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VPCDET = [(Rypc + 28M) / 8M ] x Vth

IC internal VPCDET =( 0.144u X Rypc) + 4
State @ Rypc=0Q, VPCDET =4V
movement @ Rypc = 75MQ, VPCDET = 14.8V
Rypc = [ (VPCDET/Vth) x 8M | — 28M
Generate
Interrupt @ —{ ]
GPIOx GPIOx
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Description of Functions

4. VPC and LDM detection Function

4.2 LDM Function description

LDM pin serves as the following functions for KA49517A.
Refer to Table 4.2.1 for the function of VPC and Fig 4.2.1 for LDM simplified design circuit.

Table.4.2.1 Function table for LDM

KA49517A

e —— D8 .. —

No. LDM Pin Function

Remarks

Related Registers

Use to check that load is
removed prior to turning ON
external FETs after a
discharge overcurrent or
short-circuit current
condition

When external FETs are OFF, and Load
current of >400uA is drawn at LDM pin
causing LDM pin voltage to drop <1.9V,
this can serve as an indication for MCU to
judge that FETs cannot be turned ON.

LDM detection status register
can be read from:

Address 0x27[15];
LDM_DET_F or

Address 0x27[11:10]
LDM_H_F;LDM_L_F

Shift IC state from either
Sleep mode or

2 Standby(STB)/

Low Power(LP) mode
back to Active mode

When Load current of >50uA is drawn at
LDM pin causing LDM pin voltage

to drop <1.9V, it signifies Load is detected
when FET is OFF condition.

Refer to state machine at section 2.7

for the details.

Address 0x01[8]; 0x01[10]
To enable LDM detection to
shift IC internal state from
either STB/LP or Sleep mode
back to Active mode
respectively

3a
Generate interrupt via
GPIOx pin with LDM pin
detection

3b

When Load of >50uA is drawn at LDM pin
causing LDM Pin voltage to drop <1.9V, it
signifies Load is detected when FET is
OFF condition.

It can be used to wakeup MCU in STB.
Interrupt need to be set by register to
GPIOx pin. Refer to section 7.5 for
interrupt details.

When Load is released from LDM pin
causing LDM Pin >2.3V, it signifies Load
is released when FET is OFF condition.

It can be used to inform MCU that Load is
being released so as to decide if FET is to
be turned ON or not. Interrupt need to be
set by register to GPIOx pin. Refer to
section 7.5 for interrupt details.

Refer to table 7.5.1 for
interrupt setting registers.

LDM detection status register
can be read from

Address 0x27[15];
LDM_DET_F

or

Address 0x27[11:10]
LDM H F;LDM L F

50uA/
400uA
ILDM

Riom
-

>20us

KA49517A

VINT (internal source voltage ~4.7V)

J;_ _NPD_LDM bit control

Vthd=2.0V
Vthu=2.2Vv

Load fault
removal

IC internal
State
movement

Generate

Interrupt —E]

@ GPIOx GPIOX

Fig 4.2.1 LDM simplified circuit
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@ Rpy =0Q,
@ R py = 30kQ, LDMDET=0.5V, LDMREL=0.7V

LDM Thresholds Adjustment
by external resistor R py

Load Detection (LDMDET)
LDMDET = Vthd - (50u X R, py)
Load Release (LDMREL)
LDMREL = Vthu - (50u X R py)

LDMDET=2.0V, LDMREL=2.2V

Rev 1.03
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Description of Functions
4. VPC and LDM detection Function

KA49517A

4.3 VPC and LDM Function description (Connections and detection)

There are two ways to connect LDM and VPC pins to operate KA49517A.

One way is to control these pins separately as shown in Fig 4.3.1. In this case, there is no need to put
external Rypc and R, ), for the system to function. Second way is when charger input pin (VPC) and
load detection pin(LDM) are both connect to the same VPACK port as shown in Fig 4.3.2.

In this case, resistor Ry is recommended to be used. R,y increases VPC pin detection threshold so
that LDM pin internal biasing voltage will not be detected as a Charger detection. R, is optional for
both type of system connection depending on the required LDM pin detection voltage preferred.

Refer to table 4.3.1 below for recommendation and threshold computation consideration

VBA

Fig 4.3.1 LDM & VPC separate connection (Case 1)

(a

MCuU

*Optional

VBA

(a

RLDM

VPACK

RLDM

KA49517A

LDM

VPC

DIS

CHG

*QOptional
#1 P

KA49517A

Rvec <
*Required

LDM

VPC

DIS

CHG

Fig 4.3.2 LDM & VPC common connection (Case 2)

Table 4.3.1 VPC and LDM pin resistors and typical detection threshold

Case
No.

Riom and Rypc
Values

VPC Threshold
(Charger Detect)

LDM Threshold
(Load Detect)

Remark

Recommended:
Rypc = 0Q

2.3V

2.0V (Detect)
2.2V (Release)

Refer to Fig 4.3.1

It is not necessary to connect R py and Rypc
resistors when both LDM and VPC are
controlled separately.

However, these can still be inserted
depending on desired threshold.

Recommended:
Rypc = 75MQ
R pm = 30kQ

8.5V

0.5V (Detect)
0.7V (Release)

Refer to Fig 4.3.2

Rypc resistor is necessary when both LDM
and VPC are shorted to VPACK to sense
charger and load. This is to make sure IC will
not mis-detect charger plug in condition. R gy
can still be inserted depending on desired
LDM threshold.

#1: For this case, VPC is always at “high”
state when charger is connected or NMOS
FET is turned On. IC cannot be moved to
Shutdown mode unless charger is removed
and NMOS FET is turned Off.
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Description of Functions
4. VPC and LDM detection Function

4.4 LDM Function description (Powering ON the function)
Load detection

VINT (internal source voltage ~4.7V)

I_ _NPD_LDM bit control

50uA/ Vthd
400uA
LDM

VBAT VPACK

Load fault
removal

IC internal
State
movement

Generate

Interrupt —[]

@ GPIOx GPIOx

KA49517A

Fig 4.4.1 LDM connection to VPACK (LDM function Power ON sequence)

It is recommended to follow the following flow chart when turning ON and OFF the LDM function

IC must be in Active \ B IC must be in Active mode of operation and CHG and DIS FET

mode of operation; are in OFF state before the LDM function is turned ON.
CHG and DIS FET are
\ in OFF state j B Decide the LDM pin current (I ) required for detection.

| Set LDM_SHRT register at address 0x20h[0] =0 or 1.
. B When LDM_SHRT=0 ->50uA load detection current is set. (Default)
LDM_SHRT register = 0/1 When LDM_SHRT=1->400uA load detection current is set.

|
] B Turn ON LDM function.
NPD_LDM register = 1 Set NPD_LDM register to be “1”(address 0x20h[3]="1")

l

Wait time (Tw) before function

B Set wait time after NPD_LDM=1 before the function is ready to be
used. Wait time depend on load capacitance on VPACK line as well

is ready to be used as the load detection current (I, ;) used.
' Wait time is approximately: Tw = (Cypack * Vthu) /1 oy
SetINT2_EN =1 Vthu=2.2V typical, |, 5\ =50uA/400UA typical, Cypack depend on
Or LDM_SLP_EN or system capacitance at VPACK line.

LDM_STB_EN=1
|
LDM function is ready

to be used

' M Set LDM_SLP_EN (address 0x01h[10]=1) or LDM_STB_EN
NPD_LDM register = 0 (address 0x01h[8] =1) if using LDM function to move IC state
_ | machine from Sleep/STB/LP to active mode.

( End ) B LDM function is ready to be used. For operation usage, please
refer to the next 3 pages. After using LDM function, it can be turned
Fig 4.4.2 LDM turn ON sequence OFF(NPD_LDM= 0) when IC is in Active mode.

B Set INT2_EN at Address 0x02h[12]= “1” if load detection interrupt
signal at GPIO and LDM_H_F (load detection latched flag) is needed
to be used. Refer to section 7.4 for the interrupt setting instruction.
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4. VPC and LDM detection Function

4.4 LDM Function description (Resistive Loading detection)

Load
detection . N
VBAT VPACK o VINT (internal source voltage ~4.7V)
74_ _NPD_LDM bit control Load fault
50UA/ VthdiZ.OV removal
400UA Vthu=2.2Vv
Iiom IC internal
State
movement
Generate
Interrupt —E]
@ GPIOx GPIOx
KA49517A

Fig 4.4.3 LDM connection to VPACK (Resistive Load detection)

For normal load detection, 50uA setting can be used after enable LDM by setting NPD_LDM bit = 1.

In the case when resistive loading of more than 50uA current is drawn at LDM pin, this will cause LDM
pin voltage to be pull down when FET is in OFF state. When LDM pin voltage cross the detection level
as stated in Table 4.3.1, KA49517A will detect this condition as presence of Load. IC internal state
movement (from STB/LP/Sleep mode to Active mode) can be carried out together with GPIOX pin
interruption and Load detection register flag update. Refer to Fig 4.4.2 below for typical waveforms for
LDM load detection.

' lload > 50uA (Rload< 40kQ)

ILOAD @ LDM
ILDM setting : 50uA setting
LDM pin voltage ~ VINT 20v - .
P oV
LDM_DET_F -
(Load detected >20us i _MCU can read back LDM_DET_F 20us after interrupt signal
Unlatched Flag) y ':A’ to know load status and decide to turn ON FET or not.

IC Internal State STB/LP/Sleep Active

FETs condition OFF

GPIOX pin hs Wakeup MCU
(Interrupt for MCU) 3

N
 Flag need to be cleared by MCU

LDM_H_F ,»° " by writing “1” into LDM_H_F

(Load detected
Latched Flag)

Fig 4.4.4 LDM Resistive load detection waveform example
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4. VPC and LDM detection Function

4.4 LDM Function description (Resistive Load short removal)

Load detection )
VBAT VPACK L VINT (internal source voltage ~4.7V)
7<_ _NPD_LDM bit control Load fault
50uA/ xtndfggx removal
400UA thu=2.
I om IC internal
State
movement
. Generate
If Ripy > 5.5kQ is needed,, Interrupt ]
insert ZR431L active @ GPIOX GPIOx
clamp in parallel with R
KA49517A

Fig 4.4.5 LDM connection to VPACK (Load Short detection)

For load short detection, MCU can turn on 400uA setting anytime by writing “1” to 0x20[0] bit register,
after enable LDM by setting NPD_LDM bit = 1.

If LDM pin voltage is <2.2V for 20us, LDM_DET _F is set high to indicate load short (Rshort<5.5kQ)
condition.

If LDM pin voltage is >2.2V for 20us, LDM_DET_F is set low to indicate load short is removed or
Rload>5.5kQ.

It is possible to lower Rshort detection with external R, 5, resistor as shown below:

2.2V —400uAXRLDM
400uA

Rshort < = 5.5kQ — RLDM ;7 R pm<5.5kQ

If R p>5.5kohm is required to lower normal load detection, active clamp is recommended (Fig 4.4.3)

lload > 400uA (Rshort< 5.5kQ) Load Fault has been
-~ removed from the system

-’

ILOAD @ LDM
ILDM setting 50uA setting X ! 400UuA setting . i '
5 5 5 VINT
. >20us | i :
LDM pin voltage :‘\ . T ov .ﬂh MCU can choose to turn ON
N P y ! v~ _ FETs after LDM_DET_F

LDM_DET_F
(Load detected
Unlatched Flag)

So read back is Low 20us after
MCU can choose not to turn ON FETs

after LDM_DET_F read back is High
20us after changing to 400uA setting

interrupt signal

X ON

IC Internal State Active :
FETs condition OFF E
GPIOX pin '

(Interrupt for MCU)

K\ Flag need to be
.\ cleared by MCU

. % by writing “1” into
4 DM HF

LDM_H_F
(Load detected
Latched Flag)

Fig 4.4.6 LDM Load Short detection waveform example
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4. VPC and LDM detection Function

4.4 LDM Function description (Capacitive Loading)

Load
ion i -
VBAT VPACK d{e_tgg‘t o VINT (internal source voltage ~4.7V)
j;_ _NPD_LDM bit control Load fault

50uA/ xtgdfggx removal

400UA thu=z.

Iom IC internal

State
movement
Generate
Interrupt —[]
@ GPIOX GPIOx
KA49517A

Fig 4.4.7 LDM connection to VPACK (Capacitive Load detection)

In the event when there is capacitive loading, for example when battery pack is plugged on to load
system, this capacitive loading will cause a dip in LDM pin voltage. If voltage drop crosses the LDM pin
detection threshold set by R, 5, value, it is possible to detect this load and when FET is in OFF state.
When LDM pin voltage crosses the detection threshold level as stated in Table 4.3.1, KA49517A will
detect this condition as presence of Load and LDM_DET _F flag will go from Low to High. IC internal
state movement can be carried out as well. Refer to Fig 4.4.6 below for typical waveforms for LDM pin
detection.

C\oaq Must be more than 10nF to ensure there is enough response time for proper detection by

KA49517A.
Cloag>10nF is inserted
ILDM setting ' 50uA setting
VINT J
LDM pin voltage 20V ..W._
LDM_DET_F : . MCU can choose not to turn ON FETs

-~ after LDM_DET_F read back is High

-

(Load detected
Unlatched Flag)

e

IC Internal State STBI/LP/Sleep Active

FETSs condition OFF

GPIOX pin .-~ Wakeup MCU

(Interrupt for MCU)

o
zZ

N
‘> Flag need to be cleared by MCU

LDM_H_F ,»° " by witing “1" into LDM_H_F

(Load detected
Latched Flag)

Fig 4.4.8 LDM Capacitive load detection waveform example
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5. CHG / DIS / Charge pump High side FET control

5.1 Description of external high side NMOS FET drive function by CHG/DIS/Charge
pump

KA49517A has built-in function to drive external high side NMOS FET switches. The driving circuit
consists of CHG pin, DIS pin and Charge pump(CP1-CN1 and CP2-CN2). Generally, each CHG and
DIS pin is driving one external NMOS FET separately, and they are connected back to back serially to
avoid current leakage through body diode during OFF state. Occasionally for some higher current
application, CHG and DIS pins may drive multiple parallel NMOS FET with proper design verification.
The NMOS FETs are controlled by connecting CHG and DIS pins to the gate pin of the NMOS FETs
as shown, this control can be done in both Active and Standby Mode.

For CHG and DIS pin to drive properly, the Charge pump operation shall be activated first by applying
wakeup signal to the VPC pin. Wait time is required for the flying capacitor at pins CP1-CN1 and CP2-
CN2 to be fully charged up, which is depending on the capacitance. The Charge pump operating
frequency is about 2kHz. The flying capacitance is usually at least 5 to 10 times of NMOS FET gate
capacitance, in order for CHG and DIS to have sufficient charge to turn ON the gate instantly. The
680nF flying capacitors shown in Fig.5.1.1 have typical charge up time of around 10ms.

The turning ON of NMOS FETs is controlled by setting register FDRV_CHG_FET (address 0x04[10])
and FDRV_DIS_FET (address 0x04[9]) to “1” respectively. When it is turned ON, the VGS overdrive
voltage of NMOS FET is 11V typically (default setting). The VGS overdrive voltage can be set by flag
FDRV_LEVEL (address 0x04[4:2]). Higher overdrive voltage reduces ON resistance which can
minimize NMOS FET power dissipation. Lower overdrive voltage can be used for NMOS FET with
lower VGS threshold.

The turning OFF of NMOS FETSs is controlled by setting the flags FDRV_CHG_FET (address 0x04[10])
and FDRV_DIS FET (address 0x04[9]) to “0” respectively. It can also be turned OFF through setting
FETOFF pin to “H”. CHG pin is pulled down to VBAT and DIS pin is pulled down to VPACK by
dedicated internal low impedance switches so that NMOS FETs can be turned off fast. Therefore, the
external routing paths for both VBAT pin and VPACK pin must have a low impedance.

VBAT é | ) - VPACK
\ ‘/ Vgs : NMOS FET gate-source voltage
Vgs Vgs ZD :Zener diode
ZD Ras Rgs : Typically 10M£, If different Rgs
9 ZD Rgs resistance is required, proper
Rg Rg design verification is necessary.
Rg :Can be used to slow down the
1 | [l Vgs rise and fall time for certain
CHG DIS application, with proper design
CP1 CP2 verification.
KA49517A
680nF CN1 CN2 680nF

Fig.5.1.1 CHG / DIS / Charge pump driving FET circuit

June 30, 2021 Page 47 of 225 Rev 1.03



NUVOTON KA49517A
I

Description of Functions
5. CHG / DIS / Charge pump High side FET control

5.1 Description of external high side NMOS FET drive function by CHG/DIS/Charge
pump

When NMOS FET gate capacitance shown in Fig.5.1.1 is 20nF, the typical rise time of the control
signal is around 20us (measured when Vgs rises from 0V to 4V) and the typical fall time is 20us
(measured till Vgs drops from 90% to 10% of original setting).

For general application, CHG/DIS can instantly turn ON the NMOS FET gate (when Vgs rises from 0V to
4V) within the first cycle of enable pulse signal (based on default Charge pump operating at 2kHz). Some
application that have big or multiple NMOS FET (if typical total gate capacitance more than 80nF), more
than one cycle of pulse signal is required, which will cause longer turn ON time.

By setting FDRV_SEL_CLK (address 0x04[11]) to “1”, the first enable pulse signal can be extended from
500us to 2ms (Charge pump frequency becomes 500Hz) which is suitable to drive big gate capacitance.
This extended pulse feature is applicable for gate capacitance up to about 600nF. Please note this
function of FDRV_SEL_CLK, should be turned on first before the FET on command is sent to ensure the
first FET on pulse is correct. After the NMOS FET turn ON, it is recommended to set back
FDRV_SEL_CLK back to “0” for Charge pump to operate at normal 2kHz frequency.

During Standby or Low Power Mode, register FDRV_STBY(address 0x04[8]) can be set to “1” prior to
entering Standby or Low power Mode. The Charge pump circuit operates in power reduction mode with
lower frequency and charge timing, while maintaining the FET ON/OFF state. When user wants to
change FET state, user should first change register FDRV_STBY to “0” first before changing
FDRV_CHG_FET and FDRV_DIS_FET setting.

Under ALARM condition, the control of NMOS FETs could be set to response to the ALARM condition.
Refer to Chapter 11 Monitoring and Protection for more information.
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5. CHG / DIS / Charge pump High side FET control

5.1 CHG/DIS/Charge pump FET Control Registers

Table.5.2.1 shows the related registers for the control of CHG / DIS / Charge pump..

Table.5.2.1 CHG/DIS/Charge pump FET Control Registers

Register Address [bit] Function

External CHGFET control
FDRV_CHG_FET 0x04[10] 1: FET ON
0: FET OFF (Default)

External DISFET control
FDRV_DIS FET 0x04[9] 1: FETON
0: FET OFF (Default)

FET driver's standby mode switch
FDRV_STBY 0x04[8] 1: power reduction mode (Standby)
0: Normal (Default)

Setting of external NMOS FET
Vs overdrive voltage (typical value).

111: Vg overdrive = 4V
110: Vg overdrive = 5V
0x04[4:2] 101: Vg overdrive = 6V
100: Vg overdrive = 7V
011: V4g overdrive = 8V
010: Vg4g overdrive = 9V
001: Vg4g overdrive = 10V
000: Vg overdrive = 11V (Default)

Charge Pump clock frequency adjustment
FDRV_SEL_CLK 0x04[11] 1: FDRV clock is 500Hz
0: FDRV clock is 2kHz (Default)

FDRV_LEVEL
[2:0]
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6. General Purpose High Voltage Output (GPOH1 and GPOH?2)
6.1 Description of General-Purpose High Voltage Output

KA49517A has built-in with two high voltage open drain GPOH pins (GPOH1/GPOH2). These two pins
can sustain voltage up to VBAT level. When used, pull up resistors of more than 100kQ are needed.

These pins could be used to drive high side PMOS FET and set to response to ALARM condition.
Refer to Chapter 11 for Monitoring and Protection.

More than 100kQ
GPOH

KA49517A

Fig.6.1.1 Circuit example using GPOH1/2
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6. General Purpose High Voltage Output (GPOH1 and GPOH?2)

6.2 Description of GPOH control Registers

Table.6.2.1 shows the registers that control GPOH pins.

Table.6.2.1 GPOH Control Registers

Register Address [bit] Function

GPOH1 output data
GPOH1_EN 0x10 [0] 1. Low output
0: Hi-Z (Default)

GPOH2 output data
GPOH2_EN 0x10 [1] 1: Low output
0: Hi-Z (Default)

FET control settings of GPOH Pin
1: FET control used
Control of FET driver ON/OFF by FDRV_CTL(0x04).
0: FET control not in use (Default)

If using FET at GPOHL1 pin, set GPOHL1 pin data to output during
ALARM. Effective only when FDRV_ALM_SD=1 & GPOH_FET=1.
1. Low output
0: Hi-Z (Default)

If using FET at GPOHZ2 pin, to set GPOH2 pin data to output during
ALARM. Effective only when FDRV_ALM_SD=1 & GPOH_FET=1.
1: Low output
0: Hi-Z (Default)

GPOH1 state

GPOH_FET 0x10 [2]

GPOH1_ALM_ST 0x10 [4]

GPOH2_ALM_ST 0x10 [5]

GPOH1_ST 0x1C [8] 1: Output “L”
0: Hi-Z
GPOH?2 state
GPOH2_ST 0x1C [9] 1. Output“L”
0: Hi-z
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6. General Purpose High Voltage Output (GPOH1 and GPOH?2)

6.3 Operation at the time of ALARM occurrence

KA49517A is possible to control the GPOHL1 / 2 pins in accordance with the state of the ALARM.
This function can be activated by writing GPOH_FET register at address 0x10, bit 2 to be =*1".
Refer to table 6.3.1 below for the control operation when GPOH_FET is set to “1” condition.
Refer to Chapter 11 Monitoring and Protection for details of Alarm event operation.

Table.6.3.1 GPOH Pins control at the time of the alarm (when flag GPOH_FET = “17)

Detecting abnormality GPOH1 GPOH2
OVILY Control flag GPOH1_ALM_ST | Control flag GPOH2_ALM_ST
ontrol flag » B ontrol flag » B
Abnormal OCC/OCh (address 0x10[4]) (address 0x10[5])
SCD
Normal i Control flag GPOH1_EN Control flag GPOH2_EN
(address 0x10[0]) (address 0x10[1])

6.4 GPOH state flag

The status of GPOH1/2 can be checked by a state flag.

Table.6.4.1 GPOH Pin state flag

GPOH State Flag
GPOH1 GPOH1_ST flag (address 0x1C[8] )
GPOH2 GPOH2_ST flag (address 0x1C[9] )
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7. General Purpose Input Output (GPIO1, GPIO2 and GPIO3)

7.1 Description of General-Purpose Input Output

KA49517A has built-in with three low voltage GPIO pins (GPIO1~3) .

The power bias of GPIO is supplied from CVDD.

Possible operating mode of GPIO can be selected based on GPIONnSEL register at address
0D[11:8]; OE[11:8]; OF[11:8], for GPIO1, 2 and 3 respectively.

Refer table below for possible configuration for each pin that can be output from GPIO pins.

Table.7.1.1 GPIO Pins Configuration

Pin GPIONnSEL Functions
0000 GPIO (General)
0001 GPOH1 Data Output
0010 GPOH2 Data Output
0011 ADIRQ1 Output
0100 ADIRQ2 Output
0101 High Speed Oscillator Clock Divided Output
gg:g; 0110 Low Speed Oscillator
GPIO3 0111 Active mode state Output
1000 Standby mode state Output
1001 Low Power mode state Output
1010 FUSE FET Output (For Chemical Fuse burn output drive)
1011 Alarm?2 Output
1101 All Possible MCU Interrupt “OR” Ogtput
*See page 53-57 for Interrupt functions

Note:

When GPIO pin is configured as output, it shall not be set with pull down resistor. (ie. flag GPIO[n]_PD = “1”)

When GPIO pin is configured as Analog Input, flag GPIO[n]_IE shall be set to “0”.

By outputting GPOH data to GPIO1/GPI02, it can be used to drive a low-side NMOS FET (responding to the ALARM condition).
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7.2 GPIO Pins Input and Output Configuration

Each GPIO Pin can be set as the various configuration by control register.

Table.7.2.1 GPIO pin setting Register

Flag Pin Configuration Description
GPIO*_NOE Output Enable 1: Disabled (Default)
0: Enabled
GPIO*_IE Input Enable 1: Enabled
0: Disable (Default)
GPIO*_OD Output 1: Nch Open Drain
Configuration 0: Push Pull (Default)
GPIO*_PD Pull-Down 1: Pull-down resistor ON
Register 0: Pull-down resistor OFF(Default)
ST_GPIO* Input Data State of GPION pin input (It is effective only at GPIOn_IE=1).
1: Input level “H”
0: Input level “L” (Default)
GPIO*_OUT Output Data GPIOn_OD = 0 (push pull)
1: Output “H”
0: Output “L” (Default)
GPIO*_CHDRYV | Output Drivability 1: 4mA
0: 2mA (Default)

Note:
When GPIOn pin is configured as GPOH1/2 , GPIOn_OD should be set to “0”.
It is required to change other registers accordingly when setting GPIO[n]SEL.
e.g. GPIO3 is set to ALARM2,

User shall set:

GPIO3SEL[3:0] : 1011 (ALARM 2)

GPIO3_NOE: 0 (Output enable)

GPIO3_IE: 0 (Input disable)

When GPIO pin is configured as output , GPIO[n]_PD shall not be set to “1” at the same time.
When GPIO pin is configured as Analog Input , GPIO[n]_IE shall not be set to “1” at the same time.
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7.3 GPIO Pins Setup Example

For example, GPIO Pins use the following settings
GPIO1: Analog Input
GPIO2 : Output Configuration Push Pull, output Drivability 4mA
GPIO3: Low Speed Oscillator Clock Divided Output,
Clock Divider 4kHz with a description of each step is shown below.
B Set the Pins function

( Start )

Set the GPIO*SEL[3:0] flag of GPIOSEL register.
Set the pins function GPIO3SEL[3:0] =0110, GPIO2SEL[3:0] =0000, GPIO1SEL[3:0] =0000
OSCL_DIV flag(address 11, bit 8) set to “1” to 4 kHz.

H Set the input or output

Set GPIO*_NOE flag(address Ox0E[1] and OxOF[1])
set to "0” to GPIO2 & 3 output.

Set as input or output Set the GPIO*_IE flag(address 0x0D[0])
set to "0” to GPIO1 as analog input.

Set GPIO*_NOE flag(address 0x0D[1])
set to "1” to GPIO1 as analog input.

Set the output B Set the Output configuration and Pull-down resistor select
configuration and Set the GPIO*_OD flag(address Ox0E[3], OxOF[3])
set to "0” at GPIO2 and 3 to push-pull.
Set the GPIO*_PD flag(address Ox0E[2], OxOF[2])
set to ”’0” at GPIO2 and 3 to pull down resistor OFF.

Pull down resistor select

B Set the GPIO Output drivability
Set the GPIO Set the GPIO*_CHDRYV flag(address Ox0E[5]) set to "1” to
output drivability GPIO2 output drivability to 4mA.

e )
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7.4 Types and Method of Interrupt
There are 5 types of interrupt (INT) from KA49517A to MCU during normal operation.

The 5 events are Charger Detection, Load Detection, Current Detection, Current release as well as
Watchdog timer pre expiry (as shown in Fig.7.4.1)

In order to receive the INT signal from KA49517A to MCU, user will need to issue an interrupt
command to any of the 3 GPIO pins. This can be set by address 0x0OD[11:8], 0xOE[11:8] and

0x0F[11:8] to “1101”

Each of the five INT function can be enabled individually by control bit at address 0x02[15 :11]

Refer to Fig.7.4.1 for the event that trigger interrupt control method. Detail information about each
interrupt usage is explained in the subsequent pages.

Fig.7.4.1 Possible events that trigger interrupt to MCU

/ﬁ )
INT1 At any mode except Charger plug into
Address Sleep and Shutdown mode VPC pin (VPC= L>H) >
0x02[11]= “1” or C_harger unplug
_ VPCpin (VPC=H>L)
At any mode except Load is detected
OR INT2 Sleep and Shutdown mode (LDM pin= L>H) o
MCU issue 0 g‘zdi'rzefsu 1 or Load is release -
command to output yes x02[12)= (LDM pin H->L)
. » Interrupt
INT at GPIOx pin
Alert
Set “1101” for
GPIONSEL registers: Current is detected by ) gﬂfgted
0x0D[11:8] INT3 & 4 Ifin intermittent Mode with HS ADC in intermittent PPIOX
OXOE[11:8] Address Current detection mode auto current detection mode (| P
0x0F[11:8] 0x02[14:13] (IADC > AUTO_ITHL or -
=“11" IADC<AUTO_ITHL
& INTMSEL=11)
- /
N
INT5 At any mode except
Sleep and Shutdown mode When Watchdog timer is o
Address 100ms prior to expir -
0x02[15]= “1” L P piry
\—/ J —_____/
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7.4 Types and Method of Interrupt

Interrupt event 1 (INT1): Charger Detection

In the event INT is output to GPIOx pin and INT1 function is enabled, MCU can be notified via interrupt
signal when Charger is plugged into the system through VPC pin going from L—H.

IC will detect this rising edge at VPC pin as charger plug in condition and issue a "H” to “L” interrupt
through the assigned GPIO pin. VPC_H_F flag (address 0x27[9]) will be set to “1”.

During the event that charger is plugged out, IC will detect the falling edge at VPC pin and issue another
“H” to “L” interrupt through the assigned GPIO pin. VPC_L_F flag (address 0x27[8]) will be set to “1”.

MCU can make use of this interrupt signal to wake itself as a form of power saving.
Refer to Fig.7.4.1 for waveform example.

Charger Charger
plug in 1 ' p|Ug out
VPC Pin | | T —
I 1
IC I 1
STATE SHUUT X ACTIVE !
1 1
MCU J L
02 sHuTD X ACTIVE X SLEEP X ACTIVE | X ACTIVE/SLEEP
o2 Status { el
85 | L
o % CMD by MCU to Command to output INTto __pf 1 1 :
® output GPIO INT GPIO as well as enable INT1 CMD : : |
1 : :
GPIOx IC interrupt MCU in SLEEP >
(INT signal) via GPIOX pin — MCU write: 1"
into Flag to
VPC_H_F o clear interrupt
(charger applied) o
VPC L F - —|¢
(charger release)

Fig.7.4.1 Waveforms of interrupt function( Eg: Charger Detector input)

VPC_H_F and VPC_L_F as well as INT signal at GPIO pin need to be cleared by MCU before it can be
released. MCU need to write a bit “1” into VPC_H_F or VPC_L_F flag. After receiving the clear signal
from MCU, KA49517A will pull this flag Low and INT signal at GPIO pin will also return High after a
delay time of 12us. Refer to clearing waveform shown in Fig,7.4.2

GPIOx
(INT signal)
VPC_H_F
VPC_L F !
T ! 12us
MCU sent clear command by ! typ) 1
MCU command writing “1” into the same flag address ” :
' 1

Fig.7.4.2 Waveforms of interrupt flag clearance
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7.4 Types and Method of Interrupt

Interrupt event 2 (INT2): Load Detection

In the event INT is output to GPIOx pin and INT2 function is enabled, MCU can be notified via interrupt
signal when Load is detected by LDM pin HOL during CHG and DIS FET off condition.

IC will detect this falling edge at LDM pin condition and issue a "H” to “L” interrupt through the assigned
GPIO pin. Concurrently KA49517A will set the LDM_H_F flag (address 0x27[11]) to “1”.

During the event that Load is released, IC will detect the rising edge at LDM pin and issue another “H”

to “L” interrupt through the assigned GPIO pin. Concurrently, KA49517A will set the LDM_L_F flag
(address 0x27[10]) to “1”

MCU can make use of this interrupt signal to wake itself as a form of power saving.
Refer to Fig.7.4.3 for waveform example

LDM Pin Load is — 4Load is released
detected X |
GPIOx
(INT signal) IC interrupt MCU t — MCU write:
in SLEEP via GPIOXx pin - L “1” into Flag
LDM_H_F | ‘%7 to clear
(Load detected Flag) P! interrupt
1
LDM_L_F : [ |
(Load release Flag) !

Fig.7.4.3 Waveforms of MCU SLEEP Alert function (Load Detector input)

LDM_H_F and LDM_L_F and INT pin signal at GPIO pin need to be cleared by MCU before it can be
released. MCU write a bit “1” into LDM_H_F or LDM_L_F flags. After receiving the clear signal from
MCU, KA49517A will pull this flags Low and INT pin signal at GPIO pin will also be return High after a
delay time of 12us. Refer to clearing waveform shown in Fig.7.4.4

GPIOx

(INT signal)

LDM_H_F
LDM_L_F ! |
N T
MCU sent clear command by ! typ) 1
MCU command writing “1” into the same flag address n :
' 1

Fig.7.4.4 Waveforms of interrupt flag clearance
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7.4 Types and Method of Interrupt

Interrupt event 3 & 4 (INT3; INT4): Auto Current Detection

In the event INT is output to GPIOx pin and INT3 function is enabled, MCU can be notified via interrupt
signal when the IC detects that current is lower than the set threshold current (IADC < ITHL). IC will
then issue a “H” to “L” interrupt through the assigned GPIO pin. There is no flag signal for this detection.

In the event INT is output to GPIOx pin and INT4 function is enabled, MCU can be notified via interrupt
signal when high current through the battery cells is detected by the internal High-Speed current ADC
measurement. (IADC > ITHL). IC will then issue a “H” to “L” interrupt through the assigned GPIO pin.
Concurrently KA49517A will set the CUR_H_F flag (address 0x27[12]) to “1”.

*This function is only available when IC is operating in Low power/Standby intermittent mode of
operation with auto current detection mode enable. (Refer to mode of operation page 29 for this
operation state machine)

MCU can make use of this interrupt signal to wake itself as a form of power saving.

Refer to Fig.7.4.5 for waveform example

STB>ACT

(IADC > ITHL) Internal IC Signal Current is detected :

. 1
Current is released ——————
1

ACT->STB
(IADC < ITHL) Internal IC Signal

GPIOx
(INT signal) IC interrupt MCU 1 — MCU write: “1”
_— in SLEEP via GPIOx pin - 112us )

CUR H_F — / into Flag to
(High current 1 clear interrupt

detected Flag)

Fig.7.4.5 Waveforms of Auto Current Detection mode

CUR_H_F and INT signal at GPIO pin for current detection event need to be cleared by MCU before it
can be released. MCU need to write a bit “1” into CUR_H_F flag. After receiving the clear signal from
MCU, KA49517A will pull this flag Low and INT pin signal at GPIO will also be return High after a delay
time of 12us. Refer to clearing waveform shown in Fig.7.4.6.

Please note that current release event has only interrupt and no flag. The interrupt for current release is
automatically cleared after 12us from interrupt event

GPIOXx
(INT signal)
CUR_H_F
(High current | |
detected Flag) 1 " 12us
MCU sent clear command by L !
e (typ) 1
MCU command writing “1” into the same flag address :
) 1

Fig.7.4.6 Waveforms of interrupt flag clearance
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7.4 Types and Method of Interrupt

Interrupt event 5 (INT5): WDT prior expiry Detection

In the event INT signal is output to GPIOx pin and INT5 function is enabled, MCU can be notified via
interrupt signal when Watch Dog Timer (WDT) is going to be expired. KA49517A will issue an interrupt
at the assigned GPIO pin, 100ms prior to WDT expiry. This serves as a warning to MCU in case WDT
protection is turned ON and no communication has been done from MCU to KA49517A.

MCU can make use of this interrupt signal to check if MCU communication is working correctly or not
before the event of WDT expiry. Refer to Fig.7.4.7 for waveform example

WDT expiry ;
100ms Pre warning -l
(Internal signal)

(INC'EI'Pin(;r):aI) IC interrupt MCU

in SLEEP via GPIOX pin MCU write: "1

) into Flag to
WDT_F / clear interrupt
(Pre shutdown
warning flag) ]

Fig.7.4.7 Waveforms of WDT prior expiry detection mode

WDT_F and INT signal at GPIO pin need to be cleared by MCU before it can be released. MCU need
to write a bit “1” into WDT_F flag. After receiving the clear signal from MCU, KA49517A will pull this
flag Low and INT pin signal at GPIO will also be return High after a delay time of 12us. Refer to
clearing waveform shown in Fig,7.4.8

GPIOx
(INT signal)

WDT_F | : < >

12us |
MCU sent clear command by L

L (typ) 1
MCU command writing “1” into the same flag address :
T 1

Fig.7.4.8 Waveforms of interrupt flag clearance
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7.5 Interrupt related Registers

Table.7.5.1 shows the registers that control GPIO.

Table.7.5.1 Interrupt Control Registers

Register Address [bit] Function

To output the selected interrupt signal to GPIO1 pin
Refer to Table.7.1.1 GPIO Pins Configuration

To output the selected interrupt signal to GPIO2 pin
Refer to Table.7.1.1 GPIO Pins Configuration

GPIO1SEL[3:0] | 0xOD [11:8]

GPIO2SEL[3:0] | OXOE [11:8]

To output the selected interrupt signal to GPIO3 pin

GPIOSSEL[3:0] OxOF [11:8] Refer to Table.7.1.1 GPIO Pins Configuration

To enable VPC detection interrupt at GPIOXx pin
1: Enable VPC_L_F & VPC_H_F flag as well as GPIO pin interrupt

INTL_EN 0x02 [11] to be triggered when VPC is falling/rising
0: No status indication (Default)
To enable LDM detection interrupt at GPIOX pin
1: Enable LDM_L F & LDM_H_F flag as well as GPIO pin interrupt
INT2_EN 0x02 [12] to be triggered when LDM is falling/rising
0: No status indication (Default)
To enable Load release for auto current detection mode at GPIOXx pin
1: Enable GPIO pin interrupt to be triggered when Sense current
INT3_EN 0x02 [13] has reduced; IADC<ITHL
0: No status indication (Default)
To enable Load detection for auto current detection mode at GPIOx
pin
INT4_EN 0x02 [14] 1: Enable CUR_H_F flag as well as GPIO pin interrupt to be
triggered when Sense current has increase; IADC>ITHL
0: No status indication (Default)
To enable Pre watch dog timer expiry warning at GPIOXx pin
INT5_EN 0x02 [15] 1: Enable WDT_F flag as well as GPIO pin interrupt to be triggered

when WDT is 100ms before expiry time
0: No status indication (Default)

Latched type output flag for VPC H-> L event
(Charger release detection)
VPC_L F 0x27 [8] 1: Event is detected
0: Event is not detected (Default)
It is cleared by writing "1".

Latched type output flag for VPC L-> H event
(Charger input detection)
VPC_H_F 0x27 [9] 1: Event is detected
0: Event is not detected (Default)
It is cleared by writing "1".
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7.5 Interrupt related Registers

Table.7.5.1 shows the registers that control GPIO.

Table.7.5.1 Interrupt Control Registers

Register Address [bit] Function
Latched type output flag for LDM L-> H event (Load release
detection)
LDM_ L F 0x27 [10] 1: Event is detected

0: Event is not detected (Default)
It is cleared by writing “1”.

Latched type output flag for LDM H-> L event (Load input detection)
1: Event is detected (AFE return to Active mode)
0: Event is not detected (Default)

It is cleared by writing “1”.

LDM_H_F 0x27 [11]

Latched type output flag for current detection event
(Current detection: IADC>ITHL)
CUR_H_F 0x27 [12] 1: Event is detected
0: Event is not detected (Default)
Itis cleared by writing "1".

Latched type output flag for Watch Dog Timer pre expiry warning
(100ms prior to WDT expiry)
WDT_F 0x27 [13] 1: WDT will be timeout in 100ms
0: WDT timeout is not detected (Default)
It is cleared by writing "1".

Non-Latch type output flag for VPC detection Status of VPC

VPC DET _F 0x27 [14] 1: VPC pin is "H"
0: VPC pinis "L"
Non-Latch type output flag for LDM detection Status of Load
LDM_DET_F 0x27 [15] 1: Load is detected
0: No load

15 bit to set detection current level to enter Low power auto mode
(compare by IADC_fast)
Use only when INTMSEL[1:0] = 11

Value:

0x55 [14:0] Ox7FFF: 179.994507mV
0x0001: 0.005493mV
0x0000: OV

AUTO_ITHL
[14:0]

Voltage/step = 0.005493mV
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8.1 Description of Cell Balance

KA49517A has Cell balance function. This function can be turned ON during Active Mode, and Standby
Mode, and can be done by using an external MOSFET or the built-in MOSFET.

Please note the following points.

- When using cell balance, user shall set 5.5V regulator to normal operation.(See Chapter 3: 5.5V
regulator)

* Adjacent cell (Ve (ne1y @Nd Vi) Shown in Fig.8.1.1 ) should not be operated in cell balance at the
same time.

* When cell balance is turned ON, the OV/UV detection will not operate correctly. Therefore, user shall
turn OFF OV/UV detection when using cell balance. (See Chapter 11 Monitoring and Protection)

= In using the cell balance function, the power consumption of the IC increases. Then user shall do the
thermal design with enough margin for the actual usage. Please refer to the PD-Ta characteristics
diagram in the package specification, follow the power supply voltage, load and ambient
temperature conditions.

(See 1.4.2 POWER DISSIPATION RATING )

How to design cell balance with built-in MOSFET (See Fig.8.1.1)

= Cell balance can be done by turning ON the SW made of built-in MOSFET.

= ON resistance of built-in MOSFET (SW) is Max.20Q.

= For either single cell or multi-cells balance, user shall set the external resistor (R) value so that
current flowing through the built-in MOSFET (l¢g (,)) does not exceed S0mA.

If more discharge current flowing through the built-in MOSFET is required, it is recommended to use

external FET for cell balance shown in Fig.8.1.2 .

KA49517A
) ' Cn+1
VVV [J P
1 R ICB n+1) SW . o
VceII n+1) T b Ron) SW : Built-in MOSFET
| M —n = el R - ON resistance of built-in
1 ON .
R T 1 s MOSFET  (Max.200)
Veelp
Cn-1 | O (RON)
) R L $ lcgner) = Veelney / (2R + Roy)
1 lcs o (67 Sw lean-y = Veelny / (2R + Roy)
Veel -y
Cn-2 L O | (RON)
r 1
R

Fig.8.1.1 Circuit example in using the built-in MOSFET
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8.1 Description of Cell Balance

How to design cell balance with external NMOS FET (See Fig.8.1.2)

 Cell balance can be done by turning ON the external NMOS FET with the Vgs, the Vgs is generated
by the discharge current (Ig (,)) when the built-in MOSFET SW is ON and the external resistor (R) .

* ON resistance of built-in MOSFET (SW) is Max.20Q.

- Cell balance current in the external MOSFET (lcg (,)) can be obtained by the cell voltage (Vg () and
the resistance value (Reg + Ronext)

- User shall set the external resistor (R) value so that current flowing through the built-in MOSFET (Icg
@) does not exceed 50mA.

", Lentt KA49517A
\AA N LT
les d E |
) | ZRep B(n+1) 4
Veel (1) R Sw
cel (ve1) External NMOS FET } M- ) (Row)
(RON_EXT) Vgs Cn -----
Wy { ] I
$ Re | a7
Vcell n 1 R SW
T External NMOS FET ‘ﬂi MR (Ron)
(Ron_ext) j Vgs cn-1 "T"'
AvAvAv 1 [
R
Vgs : Gate-Source voltage of SW : Built-in MOSFET
external NMOS FET Ro : ON resistance of built-in
Ron_ext : ON resistance of MOSFET (Max.20Q)
external NMOS FET Re : MOSFET Gate Resistor
lg(ne1) = Veenn+1y / (2R + Rop)
Vgs =Rx IB(n+1)
= Veeln+1) 12 (Ron X R)
lcge1) = Veeimne1) / (Ree + Ronext)

Fig.8.1.2 Circuit example in using the external MOSFET
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8.2 Control Registers of Cell Balance
Table.8.2.1 shows the registers that control Cell Balance.

Table.8.2.1 Cell Balance Control Registers

Register Address [bit] Function

OXOC Cell Balance ON/OFF control register

CB_SET 8] 1: Cell balance operation ON
0: Cell balance operation OFF (Default)

ox15 Selection of cell for balancing (Channels 1-16)

DI_CBSEL [15:0] 1. Cell balance selected
' 0: Cell balance not selected (Default)

0x16 Selection of cell for balancing (Channel 17)

DI_CBSEL [0] 1. Cell balance selected

0: Cell balance not selected (Default)

Individual cell balance control status display
0x51 (Channels 1-16)

CB_ST [15:0] 1. Cell balance ON

0: Cell balance OFF

Individual cell balance control status display

0x52 (Channels 17)
— [0] 1: Cell balance ON
0: Cell balance OFF
Ox17 Cell balance control power down
NPD_CB [0] 1:  Normal

0: Power down (Default).
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8. Cell Balance

8.3 Cell Balance Flow

( Start

Active or
Standby mode

no

Set Active or
Standby mode

5.5V regulator
normal mode

yes

Set 5.5V regulator
to normal mode

Cells OV/UV
detect is invalid

yes

Set OV/UV

Detection to invalid
I

| Cell balancing Start-up

| Select cell

| Cell balance start

| Cell balance stop

Same
cell balancing

yes

Deselect cell

Another
cell balancing

| Cell balance OFF

( End

June 30, 2021

W Prior confirmation
Set to Active mode or Standby mode

and set the 5.5V regulator to normal mode.

Disable OV/UV detection of cell voltage.
H Cell balancing Start-up

Set NPD_CB flag (address 0x17[0]) to “1
balance circuit.

M Select cell

”to turn ON cell

Set DI_CBSEL flag (address 0x15[15:0] and

address 0x16[0]) to “1” for cell to be cell

balanced.

DI_CBSELn is corresponding to VCELL (n)
(e.g. if DI_CBSEL[1] is selected, VCELL (1)

(between C1-CO) is cell balanced.)
Please do not select adjacent cells at the

M Cell balance start

same time.

Set CB_SET flag (address 0x0C[8]) to "1” to start

cell balancing operation.

H Cell balance stop
Set CB_SET flag (address 0x0CI[8]) to “0
cell balancing operation.

M Deselect cell

” to stop

Set DI_CBSEL flag (address 0x15[15:0] and

address 0x16[0]) to “0” to deselect cell.

M Another cell balancing

When doing another cell balancing, repeat step from

“select cell “ to “deselect cell”.

M Cell balance OFF

Set NPD_CB flag (address 0x17[0]) to “0” to turn OFF

cell balance circuit.

Fig.8.2.1 Cell Balance Flow
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9.1 Voltage Measurement

Voltage data is measured by the built-in 14 bits ADC in both Active Mode and Intermittent Active Mode.
Figure.9.1.1 below shows the sequence of data measured by ADC. The voltage measurement is done
in the following sequence, VREF2; VDD18; REGEXT, GPIO1~2 pin, VPACK, TMONI1~5 pin, VDD55,
and Cells Voltage.

The measurement cycle time, including the Reset period, is about 1.5ms (50us per slot X 30 slots).

The voltage measurement can be set to continuous measurement or 1-shot measurement with
respective registers which will be explained in this chapter.

1st Measurement

2nd Measurement

Other Items

Other Items Cells Voltage Cells Voltage
Voltage Measurement Measurement(17CH) Voltage Measurement Measurement(17CH)
VDD55mp Cl7wp TMOXPSD_‘?" Cl7=p
TMONI 5mp C16 =p ceomp C16 =p
AN C15=p TMONI 1= C15=p
TMON|1» ooo» VPACK» ooo»
VPACK = C3mp GPIO2=p C3mp
GPI02=p C2 GPIOL=p C2 wp oee
GPIO1=p Cl=p Cl=p
REGEXT=p
REGEXTmp vDD18
VDD18wp 50us/CH VREF2=p
VREF2=p
1 measurement cycle =
30 slots X 50us = 1500us Reset Reset
— —
Fig.9.1.1 Measurement sequence (Continuous measurement)
1st Measurement Stop measurement
Other Items Cells Voltage
Voltage Measurement Measurement(17CH)
VDD55wp Cl7=p
TMONI S Cl6=p
ces Cl5mp
TMONI 1= coomp
VPACK = C3mp
GPI02=p C2 mp
GPIO1=p Cl=p
REGEXTmp
vDD18=p 50us/CH
VREF2mp Reset_’

A

Fig.9.1.2 Measurement sequence (1-Shot measurement)
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9.1 Voltage Measurement

The block diagram of the ADC for voltage measurement is shown in Fig.9.1.3.
Cell voltage measurement is measured the differential voltage of both cell ends, for example
both ends of Cell17 are C17 and C16),

For TMONI pin, GPIO pin, VPACK voltage and VDD55, the voltage measurement is measured the
voltage between the pin and GND.

VDD55
1
LI
VPACK [ > %’
[~ c17
Cell 17
E\/ C16
Cell 16 4
Cell 15 15 SPI /1]
e Interface
—r\/ Cl4 VREF
[ ] [ ]
[ ] [ ]
[ ] [ ) VCn
Differential
MUX L/S DS-ADC — DSP
14bit
° ° VCn-1
[ ] [ ]
[ ] [ ] . . .
¥ VCn is voltage of Cn pin.
Cell 3—+ZA c3
Cell 2= c2
Cell 1 C1 GPIO1/2 |
L, C

TMONI1~5

Fig.9.1.3 block diagram of the ADC for voltage measurement
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9.1.1 Voltage Measurement Timing

Voltage measurement is operated during active mode only. There are two measurement operation,
continuous measurement (when ADC_CONT flag (address 0x01[15] = “1”) and 1shot operation (when
ADC_CONT flag (address 0x01[15] =“0”). During continuous measurement, the voltage measurement
cycle is repeating. While 1-shot measurement is done once when ADC_TRG flag (address 0x0CI[4]) is
setto “1”. This flag is automatically cleared to “0” after measurement.

When each measurement cycle is completed, ADIRQ1 signal output through GPIO pin will be triggered
to “H” and register VAD_DONE flag (address 0x1C[5]) will be set to “1”. The measured data will be
latched to data register 0x28~0x4B by setting ADV_LATCH flag (address Ox0C[0]) to “1”, ADIRQ1
signal will be reset to “L” and ADV_LATCH flag (address 0xOC[0]) become “0” after completion.
VAD_DONE flag (address 0x1C[5]) is cleared by writing “1” to it.

Shutdown Shutdown-> X Low Power| |Low Power-> .
Mode Active Mode Active Mode Mode Active Mode Active Mode
'
< > ¢ < —r—
< » <€ < |
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Fig.9.1.4 Example of Voltage and Current Measurement Timing Diagram
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9.2 Control Registers of Voltage Measurement

Table.9.2.1 Voltage Measurement Control Registersl

Register Address [bit] Function
CVSEL 0x05, 0x06 Respective cell voltage measurement ON/OFF setting register
GVSEL 0x07 Other voltage measurement ON/OFF setting register
OP_MODE 0x0C ADC Operation register
GPIO_CTL1 0x0D GPIO control 1 register
GPIO_CTL2 Ox0E GPIO control 2 register
GPIO_CTL3 OxO0F GPIO control 3 register
ADCTL1 0x18 ADC control registerl
TMONI1 0x57 FUSE setting for TMONI1 pull up R measurement
TMONI23 OX58 FUSE setting for TMONIZ2 & 3 pull up R differential

from TMONI1 measurement
FUSE setting for TMONI4 & 5 pull up R differential

TMONI45 0x59 from TMONI1 measurement

gxgﬁg 8§§§ ADC/ALARM Status register

3x§$ﬁ$; 8§§g ADC/ALARM Status register

STATS 0x27 ADC/ALARM Status register

CV01_AD 0x28 Voltage measurement result for cell 1 register
CV02_AD 0x29 Voltage measurement result for cell 2 register
CVO03_AD 0x2A Voltage measurement result for cell 3 register
CV04_AD 0x2B Voltage measurement result for cell 4 register
CV05_AD 0x2C Voltage measurement result for cell 5 register
CV06_AD 0x2D Voltage measurement result for cell 6 register
CV07_AD Ox2E Voltage measurement result for cell 7 register
CVv08_AD Ox2F Voltage measurement result for cell 8 register
CV09_AD 0x30 Voltage measurement result for cell 9 register
CV10_AD 0x31 Voltage measurement result for cell 10 register
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9.2 Control Registers of Voltage Measurement

Table.9.2.2 Voltage Measurement Control Registers 2

Register Address [bit] Function

CV1l AD 0x32 Voltage measurement result for cell 11 register
CVv12_AD 0x33 Voltage measurement result for cell 12 register
CV13_AD 0x34 Voltage measurement result for cell 13 register
CV14_AD 0x35 Voltage measurement result for cell 14 register
CV15_AD 0x36 Voltage measurement result for cell 15 register
CV16_AD 0x37 Voltage measurement result for cell 16 register
CV17_AD 0x38 Voltage measurement result for cell 17 register
VPACK_AD 0x3E Voltage measurement result for VPACK register
TMONI1_AD Ox3F Voltage measurement result for TMONI1 register
TMONI2_AD 0x40 Voltage measurement result for TMONI2 register
TMONI3_AD 0x41 Voltage measurement result for TMONI3 register
TMONI4_AD 0x42 Voltage measurement result for TMONI4 register
TMONI5_AD 0x43 Voltage measurement result for TMONI5 register
VDD55_AD 0x44 Voltage measurement result for VDD55 register
GPIO1_AD 0x45 Voltage measurement result for GPIO1 register
GPIO2_AD 0x46 Voltage measurement result for GPIO2 register
VDD18 AD 0x49 Voltage measurement result for VDD18 register
REGEXT_AD Ox4A Voltage measurement result for REGEXT register
VREF2_AD 0x4B Voltage measurement result for VREF2 register
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9.3 Cell Voltage Measurement

Voltage across each cell (C1, C2 ... C17) will be measured during voltage measurement cycle.

9.3.1 Cell Voltage Measurement Setting Procedure

Cell Voltage use the following settings
- Set Measurement Target: Cell 1~17
- ADIQR1 Pin Setting

[ Start ) WADC Setting
| - Set the CV[n]SEL flag (address 0x05[15:0] and address 0x06[0] to
ADC Setting _ OxFFFF, 0x0001 respectively to set measurement target.
Set Target / ADIRQ1 Pin Set the GPIO1SEL flag (address 0x0D[11:8]) to “0011” to output
= 1shot
< ADIRQL.
Start ADC Measurement Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set GPIO1 as
Continuous / 1shot output.
Continuous

M Start ADC Measurement

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

HWPending ADC Conversion Completion

|_Clear ADC Completion Flag | When using interrupt ADIRQ1 signal at GPIO1 pin output :
| i IS T | ADIRQ1 — “H” when measurement complete.
alch Seting Using flag polling : Read VAD_DONE flag (address 0x1C[5]), it

become “1” when measurement complete.

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch
Completion

H Latch Setting
When write ADV_LATCH flag (address 0x0C[0]) to “1”, latch
| Read ADC Conversion Code | Voltage measurement result for CVn_AD register.
|
Calculating Voltage from HPending Latch Completion
ADC Conversion Code Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or

ADIRQ1 pin become “L”. Or wait for 315ns.

End of
Measurement

HMReading ADC Conversion Code
Read CVn_AD register ( address: 0x28-0x38)

M Calculating Voltage from ADC Conversion Code
Calculate the voltage from Cell voltage conversion table.9.3.1.

[ End ]
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9.3 Cell Voltage Measurement

9.3.2 Cell Voltage Conversion Table

The full range and resolution of cell voltage measurement is shown below and listed in Table.9.3.1.
- Maximum input voltage : 4.999695V = 5.0V X (214-1) / 214

* Minimum Input Voltage : 0V

* Resolution :0.000305V = 5.0v/214

Table.9.3.1 Cell Voltage Conversion Table

Analog level Digital output (CVO1_AD[13:0] ~ CV17_AD[13:0])
\Y| MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

4.999695 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2.500305 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
2.500000 | 0x2000 1 0 0 0 0 0 0 0 0 0 0
2.499695 | OX1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1

0.000305 | 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 | 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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9.4 VPACK Voltage Measurement

Voltage at VPACK pin is measured during voltage measurement cycle.

9.4.1 VPACK Voltage Measurement Setting Procedure

VPACK Voltage use the following settings
= Set Measurement Target: VPACK
- ADIQR1 Pin Setting

( Start | WADC Setting
| Set the VPACK_SEL flag (address 0x07[0]) to “1” to set
ADC Setting measurement target. Set the GPIO1SEL flag (address 0x0D[11:8]
Set Target / ADIRQ1 Pin to “0011” to output ADIRQ1.
‘,( 1shot Set the GPIO1_NOE flag (address 0x0D[1] to “0” to set GPIO1 as
Start ADC Measurement output.
Continuous / 1shot

M Start ADC Measurement

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Continuous

Pending ADC
Conversion Complete

HWPending ADC Conversion Completion
When using interrupt ADIRQL1 signal at GPIO1 pin output :

|__Clear ADC Completion Flag | ADIRQ1 — “H” when measurement complete.
| i o .
| Latch Setting I Using flag polling : Read VAD_DONE flag (address 0x1CI[5]), it

T become “1” when measurement complete.

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch

Completion H Latch Setting

When write ADV_LATCH flag (address 0x0C[0]) to “1”, latch
Voltage measurement result for VPACK_AD register.

| Read ADC Conversion Code |

] EPending Latch Completion
Calculating Voltage from Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
ADC Conversion Code ADIRQ1 pin become “L”. Or wait for 315ns.

HMReading ADC Conversion Code
Read VPACK_AD register (address Ox3E)

End of
Measurement

M Calculating Voltage from ADC Conversion Code
Calculate the voltage from VPACK voltage conversion table.9.4.1.

[ End ]
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9.4 VPACK Voltage Measurement

9.4.2 VPACK Voltage Conversion Table

The full range and resolution of cell voltage measurement is shown below and listed in table below.
- Maximum input voltage : 109.9933V = 110.0V X (214-1)/214

* Minimum Input Voltage : 0V

- Resolution :0.006714V = 110.0v/214

Table.9.4.1 VPACK Voltage Conversion Table

Analog level Digital output (VPACK_AD[13:0])
V] MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

109.9933 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

55.007802 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
55.001088 | 0x2000 1
54.994374 | OX1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1

0.006714 | 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 | 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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9.5 GPIO1/2 Voltage Measurement
GPIO1/2 pins set as analog input and the voltage will be measured during voltage measurement cycle.

9.5.1 GPIO1/2 Voltage Measurement Setting Procedure

GPI01/2 Voltage use the following settings
* Set Measurement Target: GPIO1,2
- ADIQR1 Pin Setting

B GPIO1/2 Pin Setting
[ Start ) Set GPIO1/2 Pin as Table 9.5.1.

|
([ GPIO1/2 Pin Setting
I —

BADC Setting

ADC Setting Set the GPAD2SEL and GPAD1SEL flag (address 0x07[8:7]) to
Set Target / ADIRQ1 Pin “11” to set measurement target.
T 1shot Set GPIO3SEL flag (address 0xOF[11:8]) to “0011” to output
Start ADC M’\ ADIRQL1.
tart ADC Measurement Set GPIO3_NOE flag (address OxOF[1]) to “0" for GPIO3 as output.
Continuous / 1shot

Continuous | MStart ADC Measurement

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

HPending ADC Conversion Completion

| Clear ADC Completion Flag I When using interrupt ADIRQL1 signal at GPIO3 pin :
[ ADIRQ1 — “H” when measurement complete.
| Latch Setting | Using flag polling : Read VAD_DONE flag (address 0x1C[5]), it

| become “1” when measurement complete.

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch
Completion

HLatch Setting
When write ADV_LATCH flag (address 0x0CJ[0]) to “1”,

| Read ADC Conversion Code | latch Voltage measurement result for GPIO1/2_AD register.
| . .
Calculating Voltage from M Pending Latch Completion
ADC Conversion Code Polling until ADV_LATCH flag (address 0x0C[0]) become “0”

or ADIRQ1 pin become “L". Or wait for 315ns.

EReading ADC Conversion Code
Read GPIO1/2_AD register (address 0x45~0x46)

End of
Measurement

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from GPIO1/2 voltage conversion table.9.5.2.

[ End ]
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9.5 GPIO1/2 Voltage Measurement

9.5.2 GPIO1 Pin Registers setting of Voltage Measurement

KA49517A

Table.9.5.1 GPIO1 pin setting of GPIO Voltage Measurement

Address [Bit] Flag Pin Configuration Description
0x0D [1] GPIO1_NOE Output Enable 1:Disabled (default)
0x0D [0] GPIO1_IE Input Enable 1:Enabled
0x0D [3] GPIO1_OD Output Configuration 0:Push Pull(default)
0x0D [2] GPIO1_PD Pull-Down Register 0:No (default)
0x1C [13] ST_GPIO1 Input Data 0:LO (VSS) (default)
0x0D [4] GPIO1_OUT Output Data 0:LO (default)
0x0D [5] GPIO1_CHDRV Output Drivability 0:2mA (default)

0x0D [11:8] GPIO1SEL[1:0] Function 0011:Analog Input

9.5.3 GPIO1/2 Voltage Conversion Table

The full range and resolution of GPIO1/2 voltage measurement is shown below and listed in table below.
-Maximum input voltage : 4.999695V = 5.0V x (214-1)/214
*Minimum Input Voltage : 0V

*Resolution : 0.000305V = 5.0Vv/214
Table.9.5.2 GPIO1/2 Voltage Conversion Table
Analog level Digital output (GP10O1_AD[13:0] / GPIO2_AD[13:0])
\Y| MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | bO
4.999695 | Ox3FFF | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2.500305 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
2.500000 0x2000 0 0 0 0 0 0 0
2.499695 | OX1FFF | 0 1 1 1 1 1 1 1 1 1 1 1 1 1
0.000305 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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9.6 TMONI 1~5 Voltage Measurement

TMONI 1~5 pins are designed as temperature measurement input.
To used these pins, connect thermistor externally to GND and set registers accordingly as below.

9.6.1 TMONI 1~5 Voltage Measurement Setting Procedure

TMONI Voltage use the following settings
* Set Measurement Target: TMONI1~5

* ADIQR1 Pin Setting W TMONI Pin Setting

[ Start ] Set PULLUP_SEL flag (address 0x11[7:3]) to “11111” to add the
I pull-up resistance in ADC measurement. Pull-up resistor is only
[ TMONI Pin Setting ] connected during voltage measurement for respective pin.
| —
ADC Setting B ADC Setting
Set Target / ADIRQ1 Pin Set the TMONINSEL flag (address 0x07[5:1]) to “11111” to set
< 1shot  measurement target. Set the GPIOLSEL flag (address OxOD[11:8])
Start ADC Measurement to “0011” tci ciutput ADIRQ1. Set the GPIO1_NOE flag (address
Continuous / 1shot 0x0D[1] to “0” to set GPIO1 as output.

Continuous | mStart ADC Measurement

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

B Pending ADC Conversion Completion

| Clear ADC Completion Flag | When using interrupt ADIRQL1 signal at GPIO1 pin output :
L ADIRQ1 — “H” when measurement complete.
| Latch Setting I . _—
Using flag polling : Read VAD_DONE flag (address 0x1C[5]),

it become “1” when measurement complete.

B Clear of ADC Conversion Completion Flag

Pending Latch - aan ,
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Completion

M Latch Setting
When write ADV_LATCH flag (address 0x0CJ[0Q]) to “1”,

| Read ADC Conversion Code | latch Voltage measurement result for TMONIn_AD register.
|
Calculating Voltage from M Pending Latch Completion
ADC Conversion Code Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or

ADIRQ1 pin become “L”. Or wait for 315ns.

End of
Measurement

B Reading ADC Conversion Code
Read TMONIn_AD register (0x3F-0x43)

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from TMONI voltage conversion table.9.6.1.

[ End ]
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9.6 TMONI 1~5 Voltage Measurement

9.6.2 TMONI 1~5 Voltage Conversion Table

The full range and resolution of TMONI voltage measurement is shown below and listed in table below.
-Maximum input voltage : 4.999695V = 5.0V x (214-1)/214

*Minimum Input Voltage : 0V

Resolution : 0.000305V = 5.0v/2%

Table.9.6.1 TMONI Voltage Conversion Table

Analog level Digital output (TMONI1_AD[13:0]~TMONI5_AD[13:0])
\Y%| MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

4999695 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2.500305 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
2.500000 | 0x2000 1 0 0 0 0 0 0 0 0 0 0 0 0
2.499695 | OX1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1

0.000305 | 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 | 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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9.7 VDD55 Voltage Measurement

VDD55 is measured during voltage measurement cycle. As VDD55 is used as supply voltage for

internal pull up resistor for TMONI 1~5 pins, VDD55 voltage affect the TMONI 1~5 pin voltage
measurement.

9.7.1 VDD55 Voltage Measurement Setting Procedure

VDD55 Voltage use the following settings
- Set Measurement Target: VDD55

BADC Setting
[ St:';lrt ] Set the VDD55SEL flag (address 0x07[6]) to “1” to set
- measurement target.

et é\gg /SAe;ngl o Set the GPIO1SEL flag (address 0x0OD[11:8]) to “0011” to output
= 1shot ADIRQ1. Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set
< GPIO1 as output.

Start ADC Measurement
Continuous / 1shot W Start ADC Measurement

Continuous| Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

HPending ADC Conversion Completion
When using interrupt ADIRQ1 signal at GPIO1 pin output :
| Clear ADC Completion Flag I ADIRQ1 — “H” when measurement complete.

T Using flag polling : Read VAD_DONE flag (address 0x1CJ[5]),
| Latch Setting I it become “1” when measurement complete.

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch
Completion

HLatch Setting
When write ADV_LATCH flag (address 0x0C[0]) to “1”,
latch Voltage measurement result for VDD55_AD register.

|_Read ADC Conversion Code | MW Pending Latch Completion
Calculati \|/ it f Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
alculating voltage from ADIRQ1 pin become “L”. Or wait for 315ns.
ADC Conversion Code

HReading ADC Conversion Code
Read VDD55_AD register (address 0x44)

End of
Measurement

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from VDD55 voltage conversion table.9.7.1.

[ End ]

June 30, 2021 Page 80 of 225 Rev 1.03



NUVOTON KA49517A
R —

Description of Functions
9. Voltage Measurement

9.7 VDD55 Voltage Measurement

9.7.2 VDD55 Voltage Conversion Table

The full range and resolution of VDD55 voltage measurement is shown below and listed in table below.
-Maximum input voltage : 7.499542V = 7.5V x (214-1)/214
*Minimum Input Voltage : 0V

-Resolution : 0.000458V = 7.5V/2%

Table.9.7.1 VDD55 Voltage Conversion Table

Analog level Digital output (VDD55_AD[13:0])
V] Code MSB LSB
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0
7.499542 | Ox3FFF | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3.750458 | 0x2001 | 1 0 0 0 0 0 0 0 0 0 0 0 0 1
3.750000 | 0x2000 | 1 0 0 0 0 0 0 0 0 0

3.749542 | Ox1FFF 0 1 1 1 1 1 1 1 1 1
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9.8 REGEXT Voltage Measurement

REGEXT, regulator for external circuit is measured during voltage measurement cycle.

9.8.1 REGEXT Voltage Measurement Setting Procedure

REGEXT Voltage use the following settings
» Set Measurement Target: REGEXT

BADC Setting
[ Stﬁ‘” J Set the REGEXTSEL flag (address 0x07[13]) to “1” to set
X measurement target.

oo é‘%g /SAegltg‘gl - Set the GPIO1SEL flag (address 0x0D[11:8]) to “0011” to output
= 1shot ADIRQ1. Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set
< GPIO1 as output.

Start ADC Measurement
Continuous / 1shot W Start ADC Measurement

Continuous| Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

HPending ADC Conversion Completion
When using interrupt ADIRQL1 signal at GPIO1 pin output :
ADIRQ1 — “H” when measurement complete.

] Using flag polling : Read VAD_DONE flag (address 0x1C[5]),
| Latch Setting I it become “1” when measurement complete.

| Clear ADC Completion Flag |

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch
Completion

HLatch Setting
When write ADV_LATCH flag (address 0x0C[0]) to “1”,
latch Voltage measurement result for VDD55_AD register.

[_Read ADC Conversion Code | B Pending Latch Completion
Calculati {/ it f Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
alCulating voltage from ADIRQ1 pin become “L”. Or wait for 315ns.
ADC Conversion Code

HMReading ADC Conversion Code
Read REGEXT_AD register (address 0x4A)

End of
Measurement

M Calculating Voltage from ADC Conversion Code
Calculate the voltage from REGEXT voltage conversion table.9.8.1.

[ End ]
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9.8 REGEXT Voltage Measurement

9.8.2 REGEXT Voltage Conversion Table

The full range and resolution of REGEXT voltage measurement is shown below and listed in table
below.

-Maximum input voltage : 7.499542V = 7.5V x (214-1)/214
*Minimum Input Voltage : 0V

-Resolution : 0.000458V = 7.5V/214
Table.9.8.1 REGEXT Voltage Conversion Table
Analog level Digital output (REGEXT_AD[13:0])
V] MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | bO

7.499542 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3.750458 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
3.750000 | 0x2000 1 0 0 0 0 0 0 0 0 0 0 0 0
3.749542 | OX1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1
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9.9 vDD18 Voltage Measurement

VDD18, internal regulator is measured during voltage measurement cycle.

9.9.1 VDD18 Voltage Measurement Setting Procedure

VDD18 Voltage use the following settings
* Set Measurement Target: VDD18

BADC Setting
[ St:';lrt ] Set the VDD18SEL flag (address 0x07[12]) to “1” to set
- measurement target.

et é\gg /SAe;ngl o Set the GPIO1SEL flag (address 0x0D[11:8]) to “0011” to output
= 1shot ADIRQ1. Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set
< GPIO1 as output.

Start ADC Measurement
Continuous / 1shot W Start ADC Measurement

Continuous| Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

HPending ADC Conversion Completion
When using interrupt ADIRQL1 signal at GPIO1 pin output :
| Clear ADC Completion Flag I ADIRQ1 — “H” when measurement complete.

T Using flag polling : Read VAD_DONE flag (address 0x1C[5]),
| Latch Setting I it become “1” when measurement complete.

H Clear of ADC Conversion Completion Flag
Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

Pending Latch
Completion

M Latch Setting
When write ADV_LATCH flag (address 0x0C[0]) to “1”, latch
Voltage measurement result for VDD55_AD register.

|_Read ADC Conversion Code | M Pending Latch Completion
Calculati \|/ it f Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
alculating voltage from ADIRQ1 pin become “L”. Or wait for 315ns.
ADC Conversion Code

HMReading ADC Conversion Code
Read VDD18_AD register (address 0x49)

End of
Measurement

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from VDD18 voltage conversion table.9.9.1.

[ End ]
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9.9 vDD18 Voltage Measurement

9.9.2 VDD18 Voltage Conversion Table

The full range and resolution of VDD18 voltage measurement is shown below and listed in table below.
-Maximum input voltage : 4.999695V = 5.0V x (214-1)/214

*Minimum Input Voltage : 0V

-Resolution :0.000305V = 5.0v/214

Table.9.9.1 REG18 Voltage Conversion Table

Analog level Digital output (VDD18_AD[13:0])
\Y MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

4.999695 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2.500305 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
2.500000 | 0x2000
2.499695 | Ox1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1

0.000305 | 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 | 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0
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9.10 VREF2 Voltage Measurement

VREF2 is internal reference voltage for slow speed current ADC. The voltage measure of VREF2 is
done by voltage ADC which is using reference voltage of VREF1. By measuring VREF2 using VREF1

as ADC reference, it provides a ratio check of VREF2 and VREF1 which should stay relatively
constant. This can be used as a diagnostic check if 1 reference changes against the other.

9.10.1 VREF2 Voltage Measurement Setting Procedure

VREF2 Voltage use the following settings

* Set Measurement Target: VREF2 BADC Setting
Set the VREF2SEL flag (address 0x07[14]) to “1” to set
[ Start ] measurement target.
T Set the GPIO1SEL flag (address 0x0D[11:8]) to “0011” to output
ADC Setting ADIRQ1. Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set
Set Target / ADIRQ1 Pin GPIO1 as output.
T 1shot
> M Start ADC Measurement
Sta(r:toﬁléi)rijgﬂuesa/s;;irgtent Continuous Measurement : Set the ADC_CONT flag (address

0x01[15]) to “1” to start ADC measurement.

Continuous 1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC

Conversion Complete EWPending ADC Conversion Completion

When using interrupt ADIRQL1 signal at GPIO1 pin output :
ADIRQ1 — “H” when measurement complete.

Using flag polling : Read VAD_DONE flag (address 0x1CJ[5]),
| Clear ADC Completion Flag | it become “1” when measurement complete.

|
| Latch Setting | M Clear of ADC Conversion Completion Flag
| Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

H Latch Setting
When write ADV_LATCH flag (address 0x0C[0]) to “1”, latch
Voltage measurement result for VDD55_AD register.

Pending Latch
Completion

H Pending Latch Completion
Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
ADIRQ1 pin become “L”. Or wait for 315ns.

| Read ADC Conversion Code |

|
Calculating Voltage from ) )
ADC Conversion Code HEReading ADC Conversion Code

Read VREF2_AD register (address 0x4B)

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from VREF2 voltage conversion table.9.10.1.

End of
Measurement

[ End ]
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9.10 VREF2 Voltage Measurement

9.10.2 VREF2 Voltage Conversion Table

The full range and resolution of VREF2 voltage measurement is shown below
and listed in table below.

-Maximum input voltage : 4.999695V = 5.0V x (214-1)/214

*Minimum Input Voltage : 0V

-Resolution : 0.000305V = 5.0v/2%

Table.9.10.1 VREF2 Voltage Conversion Table

Analog level Digital output (VREF2_AD[13:0])
\Y%| MSB LSB
Code
(typ) b13 | b12 | b1l | b10 | b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

4.999695 | Ox3FFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2.500305 | 0x2001 1 0 0 0 0 0 0 0 0 0 0 0 0 1
2.500000 | 0x2000 1 0 0 0 0 0 0 0 0 0 0 0 0
2499695 | OX1FFF | O 1 1 1 1 1 1 1 1 1 1 1 1 1

0.000305 | 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 | 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0

June 30, 2021 Page 87 of 225 Rev 1.03



NUVOTON KA49517A
I

Description of Functions
9. Voltage Measurement

9.11 Temperature Measurement with TMONI1~5 pins

9.11.1 Temperature Measurement Procedure with TMONI1~5 pins

TMONI1~5 is designed for temperature measurement, with external thermistor connected from each
pin to ground. For each pin, there is an internal pull up resistor of 10kQ to VDD55 connected with a
switch. User may choose to use the internal pull up resistor or external pull up resistor by register.

Due to the process tolerance, the internal pull up resistors may be deviated from the typical value, the
actual resistor values are measured during the production test and stored in PULLUP_TMONIn
registers, user should use these registers data in temperature calculation. These are explained in more
details from the following section. By connecting the pull-up resistor and a thermistor externally in
series, it is possible to measure the resistance of the thermistor externally.

The connection example at TMONI1~5 with thermistor and internal pull up resistor is given in Fig 9.11.1.

The temperature could be derived from the TMONI1~5 reading, VDD55 with the consideration of
thermistor characteristic, and pull up resistor. The capacitor at TMONI1~5 should not exceed 1nF.

Please note that maximum input voltage of TMONI that can be measured by ADC is 5V and the built-in
10k resistor (R”p,) are pull-up to 5.5V internally. Therefore, the maximum resistance of the selected
thermistor should be less than 50kohm. If the resistance of thermistor at the measured temperature
range exceed 50khom, pull-down resistor (R”pp, ) in parallel with thermistor is recommended.

KA49517A
[]VDD55T T Regulator
R”PU1 R”PUSP]
o0 0
“R"pp1 N . Vimonit
(] ° .
S ]_ « TMONI 1~5 o | | mux | Lot
Ll: o 1 . ADC
TS5 l L v
TMONI5
‘9 T 35 "R%ps
kcd *R”ppx IS Optional depending on measurement range and thermistor characteristic

Fig.9.11.1 Thermistor Connection (Internal pull up resistor)
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9.11 Temperature Measurement with TMONI1~5 pins

9.11.1 Temperature Measurement Procedure with TMONI1~5 pins

The temperature calculation procedure by TMONI pin is shown in Fig 9.11.2.

[ Start ] H Obtaining VDD55 Voltage
1 Obtain the VDD55 voltage [Vyppss] by the ADC conversion as

Obtaining VDD55 Voltage explained in 9.7.

ADC Conversion result H Obtaining internal pull-up resistor value
| Obtain internal pull-up resistor [Rp], by reading the pre-measured
Obtaining built-in data from the built-FUSE register and convert into the resistance
pull-up resistor value value following steps in 9.11.2.
|
Obtaining TMONI pin Voltage
ADC Conversion result
- | - M Calculation of the resistance of the thermistor
Calculation of the resistance Effective resistance of the thermistor [Rg] (kohm) can be calculated
of the thermistor as [Rs] = (Vrmoni X Rey) / (Vvopss - Vrvoni)
|

H Obtaining TMONI pin Voltage
Obtain voltage at each TMONI1~5 [Vqyon] PINS as explained in 9.6.

) M Conversion to temperature

Conversion to temperature From the effective resistance of thermistor [Rg], the temperature can
be obtained from the temperature characteristic of the thermistor, an
| example of the thermistor is shown in Fig.9.11.3.

[ End ] Depending on whether Ry, parallel pull-down resistor is connected
or not, the value of temperature can be obtained from the
Fig.9.11.2 Temperature Measurement corresponding Resistance-Temperature characteristic of the
Procedure with TMONI1~5 pins thermistor.
(Example)

Resistance-Temperature characteristics of the thermistor

Example of thermistor resistance-Temperature

/ profile without Rpp, resistor

[ kohm)

sistance

Example of thermistor resistance-Temperature
profile with Rpp, resistor of 47kohm

fie

Fig.9.11.3 Resistance-Temperature characteristics of the thermistor (example)
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9.11 Temperature Measurement with TMONI 1~5 pins

9.11.2 Internal Pull-up Resistor of TMONI pin calculation procedure

The information for pre-measured pull up resistor of TMONI 1~5 is stored in the built-FUSE, it can be
used to calculate the resistance value. The address map of the built-FUSE is shown in Table.9.11.1.
Internal pull-up resistor value of TMONI 1 pin is absolute value, internal pull-up resistor value of
TMONI 2 ~ 5 pins are stored as delta from TMONI 1 pin resistor.

The procedure to calculate the TMONI 1 ~ 5 internal pull-up resistor value is shown in Fig.9.11.4.

Fig.9.11.1 Address map for built in FUSE of TMONI Resistor

Address| 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
0x57 Pull-up resistor of TMONI 1 (absolute) [9:0]
0x58 Pull-up resistor of TMONI 3 (delta) [7:0] Pull-up resistor of TMONI 2 (delta) [7:0]
0x59 Pull-up resistor of TMONI 5 (delta) [7:0] Pull-up resistor of TMONI 4 (delta) [7:0]

[ Start ]

|
Pull-up resistor TMONI 1
Absolute value
read from built-FUSE
|
Pull-up resistor TMONI 2

M Pull-up resistor of TMONI1 (absolute value)
Read back data from register address 0x57 [9:0]

B Pull-up resistor of TMONI2 (difference with TMON1 reading)
Read back data from register address 0x58 [7:0]

Delta value B Pull-up resistor of TMONI3 (difference with TMONL1 reading)
read from lbu'lt'FUSE Read back data from register address 0x58 [15:8]
Pull-up resistor TMONI 3 B Pull-up resistor of TMONI4 (difference with TMON1 reading)
Delta value Read back data from register address 0x59 [7:0]

read from built-FUSE
| M Pull-up resistor of TMONI5 (difference with TMONL reading)

Pull-up resistor TMONI 4 Read back data from register address 0x59 [15:8]
Delta value
read from built-FUSE M Calculation of Pull-up TMONI1~5 pins
| TMONIL1 is calculated resistance in accordance with TMONI1 pin
Pull-up resistor TMONI 5 pull-up resistor conversion table.9.11.2,
Delta value TMONI2 is calculated resistance in accordance with TMONIZ2 pin
read from built-FUSE pull-up resistor conversion table.9.11.3.

| TMONI3 ~ 5 pins are the same calculation formula as TMONI2 pin.

Calculation of
Pull-up TMONI 1~5 pins
|
[ End ]

Fig.9.11.4 Internal pull-up resistor of TMONI pin calculation procedure
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9.11 Temperature Measurement with TMONI 1~5 pins

9.11.2 Internal Pull-up Resistor of TMONI pin calculation procedure

ETMONI 1 pin
Refer to the table below to obtain pull up resistance from data read (from previous page)
- Max : 12.99414kQ = 6kQ X (2° — 1) / 219 +10kQ * Min : 7kQ

- Resolution : 5.86Q = 6kQ / 210 (2's complement data)

ETMONI 2 pin
For TMONI2 pin, the delta from TMONI1 pin is determined from the table below using data read (from previous
page)

- Max : 0.74414kQ =1.5kQ X (27 - 1) / 28 = Min : - 0.75kQ

- Resolution : 5.86Q = 1.5kQ / 28 (2’'s complement data)
Resistance of TMONI2 is calculated by : delta read in this step + TMONI 1 resistance

W TMONI 3/4/5 pins
TMONI 3~5 resistance can be determined similarly as TMONI 2 calculation.

Table.9.11.2 TMONI 1 pin pull up resistance conversion

) Fuse Digital output (0x57[9:0] )
Resistance MSB LSB
[kQ]
(typ) Code 0x57
b9 b8 b7 b6 b5 b4 b3 b2 bl b0
12.99414 Ox1FF 0 1 1 1 1 1 1 1 1 1
10.00586 0x001 0 0 0 0 0 0 0 0 0 1
10.00000 0x000
9.99414 Ox3FF 1 1 1 1 1 1 1 1 1 1
7.00586 0x201 1 0 0 0 0 0 0 0 0 1
7.00000 0x200 1 0 0 0 0 0 0 0 0
Table.9.11.3 TMONI 2 pin pull up resistance conversion
Resistance Fuse Digital output (0x58[7:0])
(Delta from TMONI1) MSB LSB
Code
[kQ] (typ) b7 b6 b5 b4 b3 b2 bl b0
0.74414 Ox7F 0 1 1 1 1 1 1 1
0.00586 0x01 0 0 0 0 0 0 0 1
0.00000 0x00 0
-0.00586 OxFF 1 1 1 1 1 1 1 1
-0.74414 0x81 1 0 0 0 0 0 0 1
-0.75000 0x80 1 0 0 0 0 0 0
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10.1 SRP / SRN Sensing Current Measurement (High Speed / Low Speed)

KA49517A measures the voltage across the shunt resistor connected between SRP / SRN pins with
ADC. For current measurement, different ADCs from voltage measurement are used as shown system
block diagram. Current across the shunt resistor can be calculated by dividing the measured voltage
with shunt resistor value used.

There are two current measurement modes, High Speed current measurement and Low Speed current
measurement which uses two different ADCs. High Speed current measurement mode measured
current in synchronize with the voltage measurement with a short measurement time. While Low Speed
current measurement mode integrates the measured current, which can be used such as Coulomb
Counter,

It is possible to be selected depending on the application.

The measured voltage is output as 16-bit data.

High Speed current measurement operates only during the Active mode.
Low Speed current measurements can operate in Active mode and Standby mode.

Conversion time of the ADC for High Speed current measurement mode is about 0.81ms while
conversion time for Low Speed current measurement mode is about 250ms.

KA49517A
o e :
I
' | ccApc !
1 . .

I Diagnostic !
: .
I
| CC ADC !
Hi-Speed !

R |
162)_0 —|SRN : i
. Cor ; CC ADC |
mo 3y OWF T LSRP | Lo-Speed |
FIL : 1
1000 GND | COMP_>!

I
1
77 l\\ _______________________ !

Fig.10.1.1 Block diagram of SRP / SRN Current Measurement (High Speed / Low Speed)
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10.1 SRP / SRN Sensing Current Measurement (High Speed / Low Speed)

10.1.1 High Speed (HS) Current Measurement Timing

HS current measurement only operates during active mode which can be set by ADIH_ON flag
(address 0x18[0]) and ADSWHY_EN flag (address 0x18[13]) to “1”. HS current measurement will start
at next cell voltage measurement. The current is measured at the same time cell voltage is being
measured, which is about 0.81ms for each measurement.

When current measurement completed, IADH_DONE flag (address 0x1C[6]) will be set to “1”, and the
measured data is latched to CVIH_AD flag (address 0x47[15:0]) when ADIH_LATCH flag (address
0x0CJ1]) is set to “1”, this flag is cleared to “0” after completion. IADH_DONE flag (address 0x1C[6]) is
cleared by writing “1” to it.

Shutdown - Shutdown-> . Low Power] |Low Power-> _ ’_‘
Mode Active Mode Active Mode Mode Active Mode Active Mode
< > «— e
5ms 2ms

'
1
»
L]
1
1
1
1
1
1
1

I A

(IO -

AD Conversion 1 1

Voltage Measurement ST 1
AD Conversion { L AT e
High Speed Current j i I€0.81ms S [ |
™ T
i

Register ADC_TRG

Register ADC_CONT

N |

Register ADIH_ON initial = "0"
|

Set ADIH_LATCH = “1” (

ADC Output ﬁleading

\

: »
Continuous Operation r
' 1.50 msec i

1
- M : i
SPI Communication Inilialization:. 4 | . .
o | T e -
i | etting:
Low Power Mode égi}cn%":ﬁl ' H | Dower

- : B

ADIRQ1 ' Cleared at

@GPIOX F?in H ADIH_LATCH = "1" rl

#initial =“1"

Register ISD_STOPEN

s\
1 H l i
: i i
| | | B
1-Shot Operation : ! : '
: : : !
Voltage Measurement 1 H
AD Conversion !
I
High Speed Current ]

AD Conversion

§Q’initim = i

Register ISD_STOPEN

| }

j

1

1

| [
Register ADC_TRG initial = "0" i |
------------------------- . s i ] \ s
Register ADC_CONT l"““a' =0 ' ' ! L
JON —— iy ! ' ' i
1
. A initial = "0" : Pi - : L
Register ADIH_ON  —==m==tereeoeoe s T Set ADIHLATCHI= “1" ¢ ; t :
i} ADC Output R¢ading i IADC_TRG Set\g H ‘ 1 J
- :l 5 » 2 2

SPI Communication Initialization ' J \ .. ' H
ADIH.ON. | /1 Ti ADIHLON : set\ ! :
ADC_TRG, i1 Setting !
STB Mode 15D, STOPENY ! ' [ Lowbower T :

: :
! Cleared at ! i 1 E
ADIRQ1 : ADIH LATCH = "1 i i ! | ﬂ
@GPIOX Pin ! ; : U: i U

| | ; |
H ! I [
: ' '

Fig.10.1.2 Example of Voltage and Current Measurement Timing Diagram
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10.1 SRP / SRN Sensing Current Measurement (High Speed / Low Speed)

10.1.2 Low Speed (LS) Current Measurement Timing

Coulomb Counter can be operated during Active, Low Power and Standby Mode. The measurement
starts when ADIL_ON flag (address 0x18[1]) and ADSWSD_EN flag (address 0x18[12]) set to “1” and
accumulating the current for a period of 250ms. When each measurement cycle has completed,
ADIRQ2 pin will be triggered to “H” and IADS_DONE flag (address 0x1C[7]) will be set to “1”. The
measured data will be updated to CVIL_AD flag (address 0x48[15:0]) when ADIL_LATCH flag (address
0x0C[2]) is set to “1”. ADIRQ2 pin is cleared when ADIL_LATCH flag (address 0x0CJ[2]) is set to “1”.
This flag is cleared to “0” after completion. IADS_DONE flag (address 0x1C[7]) is cleared by writing “1”

Coulomb Counter

to it.
Shutdown Shutdown > . Low Power Low Power > :
Mode Active Mode el Mode Active Mode P e
Coulomb Counter . '
i ' ' ol '
< > < > < » < >4
] - Sms | I 2ms
Continuous Operation i
i 250ms
' 1
1

initial = "0"

|
Set ADIL_LATCH = 1
II\DC Output Read
.
'
\

\
i
|
i
:
Initialization |
ADIL_ON Setting |
I
I

SPI Communication i
' | \ ADIL_ON:
1 -
Low Power Mode ! ! Setting:
i Cloared at 1 In.nov(; Power !
ADIRQ2 :\; H r eared at _( ! Mode ¥ . '
@ GPIOX Pin ; \: ! L ADILLATCH = 1 T ] : . ﬂ
1 ' 1 1
i 1 \ \ i \ : * Low Powler MonaL started after vqltage conversion cycle compleH_

s
Register ISD_STOPEN

Note : The timing diagram of SPI Communication is not to the scale.

Fig.10.1.3 Example Coulomb Counter Timing Diagram

10.1.3 Enable HS and LS Current Simultaneous Measurement

In 1 Shot mode, when ISD_STOPEN at address 0x18[4] is set to “1”, LS current ADC cannot operate
simultaneously when HS current ADC is in operation but instead sequentially after HS current ADC has
completed. LS current ADC will reset when HS current ADC is in operation. When ISD_STOPEN at
address 0x18[4] is set to “0”, LS current ADC can operate simultaneously with HS current ADC.

1-Shot Operation

Voltage Measurement

AD Conversion

High Speed Current
AD Conversion

it |

0.81meec

Wﬁﬁﬁ“ﬂ’iﬁﬁm

Coulomb Counter |

25 [

[ 2

4
N

Reset

Register ADC_TRG

! |

Register ADC_CONT
ADIRQ1 @GPIOx Pin

ADIRQ2@GPIOx Pin

Register ISD_STOPEN

ADV_LATCH="1"
ADIH_LATCH="1"
ADIL LATCH="1"

ADV_LATCH="1",
ADIH_LATCH="1"
1

SPI Communication ;ADC_TRG=“1"

June 30, 2021

1 "1ISD_STOPEN=

'ADC_TR
Fig.10.1.4 Waveform of ISD_STOPEN operation
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10.2 Control Registers of Current Measurement

Table.10.2.1 shows the registers that control Current Measurement.

Table.10.2.1 Current Measurement Control Registers

Address Function
0x01 Mode of Operation control related registers
0x04 FET Driver Operation Control registers
0x0C ADC Operation registers
0x0D

GPIO1;2;3 control registers

8;((8:3 GPI01;2;3 output control registers

0x18 ADC control registerl

0x21 ADC/ALARM Status register

0x47 High speed current ADC measurement result register
0x48 Low speed current ADC measurement result register

June 30, 2021 Page 95 of 225 Rev 1.03



NUVOTON KA49517A

e —— D8 .. —

Description of Functions
10. Current Measurement of SRP / SRN

10.3 SRP / SRN Current Measurement Setting Procedure (High Speed / Low Speed)

10.3.1 SRP/SRN Current (High Speed) Measurement Setting Procedure

HS Current measurement uses the following setting.

B ADC Setting
[ Stlart ] Set the GPIO1SEL flag (address 0D[11:8]) to “0011” to output
- ADIRQ1. Set the GPIO1_NOE flag (address 0D[1]) to “0” to set
ADC Setting . GPIO1 as output.

Set Target / ADIRQL Pin

” 1shot

< B Start ADC Measurement

Start ADC Measurement ADIH_ON Setting : Set ADSWHY_EN flag (address 0x18[13]) and

Continuous / 1shot ADIH_ON flag (address 0x18[0]) to “1”, start measurement in

Continuous| synchronize with the voltage measurement.

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to
“1” to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

| Clear ADC Completion Flag I B Pending ADC Conversion Completion
| When using interrupt ADIRQL1 signal at GPIO1 pin : ADIRQ1 — “H”
| Latch Setting I when measurement complete.

| Using flag polling : Read IADH_DONE flag (address 0x1C[6]),
it become “1” when measurement complete.

Pending L_atCh No H Clear of ADC Conversion Completion Flag
Completion Write IADH_DONE flag (address 0x1C[6]) to “1” to clear this flag.
HLatch Setting
| Read ADC Conversion Code I When write ADIH_LATCH flag (address 0x0C[1]) to “1”, latch
| Voltage measurement result for HS current register.
Calculating Voltage from X Ifitis cleared ADIRQ1 pin, write ADV_LATCH flag (address
ADC Conversion Code 0x0CJ[0]) to "1". It uses an interrupt of voltage ADC.

B Pending Latch Completion
Polling until ADIH_LATCH flag (address 0x0C[1]) become “0” or
ADIRQ1 pin become “L”. Or wait for 315ns.

End of
Measurement

B Reading ADC Conversion Code
Read CVIH_AD register (0x47[15:0])

[ End ]

M Calculating Voltage from ADC Conversion Code
Calculate the voltage from SRP/SRN current conversion
table.10.3.1.
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10.3 SRP / SRN Current Measurement Setting Procedure (High Speed / Low Speed)

10.3.2 SRP/SRN Current (Low Speed) Measurement Setting Procedure

LS Current measurement uses the following setting.

B ADC Setting
[ Stlart ] Set the GPIO2SEL flag (address 0x0E[11:8]) to “0100” to output
- ADIRQ2. Set the GPIO2_NOE flag (address 0x0E[1]) to “0” to set
ADC Settlng GPIO2 as output.
Set ADIRQ2 Pin
” 1shot
< B Start ADC Measurement
Start ADC Measurement ADIL_ON Setting : Set ADSWSD_EN flag (address 0x18[12]) and
ADIL_ON setting ADIL_ON flag (address 0x18[1]) to “1”, start measurement

Continuous

B Pending ADC Conversion Completion
When using interrupt ADIRQ2 signal at GP1O2 pin : ADIRQ2 — “H”
when measurement complete.
Using flag polling : Read IADS_DONE flag (address 0x1C[7]),
it become “1” when measurement complete.

Pending ADC
Conversion Complete

B Clear of ADC Conversion Completion Flag
| Clear ADC Completion Flag | Write IADS_DONE flag (address 0x1C[7]) to “1” to clear this flag.

|
| Latch Setting | MLatch Setting
| When write ADIL_LATCH flag (address 0x0C[2]) to “1”, latch

Voltage measurement result for LS current register.

No M Pending Latch Completion
Polling until ADIL_LATCH flag (address 0x0C[2]) become “0” or
ADIRQ2 pin become “L”. Or wait for 48us.

Pending Latch
Completion

- HMReading ADC Conversion Code
[_Read ADC Sl Les | Read CVIL_AD register (0x48[15:0])

Calculating VoI_tage from H Calculating Voltage from ADC Conversion Code
ADC Conversion Code Calculate the voltage from SRP/SRN current conversion
table.10.3.1.

End of
Measurement

[ End ]
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10. Current Measurement of SRP / SRN
10.3 SRP / SRN Current Measurement Setting Procedure (High Speed / Low Speed)
10.3.3 SRP/SRN Current Measurement Conversion Table
The full range and resolution of current measurement (High Speed / Low Speed) is shown below
and listed in table below.
*Maximum input voltage : +179.994507 mV = 360 mV X (215 - 1)/ 216

*Minimum input voltage : -180 mV
-Resolution :0.005493 mV = 360 mV / 216

Table.10.3.1 SRP/SRN Current Measurement Conversion Table

Analog level Digital output (CVIL_AD[15:0] / CVIH_ADI[15:0])
[mV] ol MSB LSB
ode
(typ) b15 | bl4 | b13 | b12 b1l |b10| b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

179.994507 | OX7FFF 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.005493 0x0001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0.000000 0x0000 0 0 0 0 0 0 0 0 0 0 0 0 0
-0.005493 | OxFFFF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

179.994507 0x8001 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

180.000000 | ®®000 | 1 10 0 0|0 0} 0 0 0|0 00 00|00

From the voltage between the SRP-SRN pins which has been calculated in the above,
The current flowing between the SRP-SRN pins can then be calculated.

The voltage between the SRP-SRN pins is VSRPN.

Current = VSRPN +shunt resistor
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Description of Functions
10. Current Measurement of SRP / SRN

10.1 V-1 synchronized measurement function (VI sync)

KA49517A

In VI-Sync mode, this IC can measure current synchronously with individual cell voltage measurement.
This synchronization allows user to better analyze individual cell impedance.
VI-Sync mode can be enabled by ADIH_CSYNC flag (address 0x18[5]) to “1”. User can select which
cell to measure current synchronously to, by setting ADIH_CSYNC_SEL flag (address 0x1B[15:11])
0x01 to 0x11 respectively. Fast speed current ADC will always measure at the selected cell slot and
output synchronized voltage and current data into the output register in this mode.

VDL

Voltage and Current measurement

v

2
<

REGEXT =
18 =p
VREF2 =

1st Measurement

Other Items
Voltage Measurement

VDD55mp
TMONI 5 =
LN ) »
TMONI 1=
VPACK =
GPIO2wp

GPIO1=p c1

-»>

50us/CH

1 measurement cycle =
30 slots X 50us = 1500us

c3
C2 wp

urrentmyi

Cells Voltage

Measurement(17CH)

Cl7wp
Cl6 =p
C15=p
LN ] »
).

Reset

VDEC
VREF2

—>

REGEXT=p
18 =p

-

2nd Measurement

Other Items
Voltage Measurement

VDD55mp
TMONI 5w
LN ) »
TMONI 1=
VPACK =
GPIO2wp

GPIO1=p c1

Q

Measurement(17CH)

C3mp
C2 wpp
>

urrenti—}

Cells Voltage

Cl7=p
Cl6=p
Cl5=p
L] .. L] :»

Reset

\ 4

N

Fig.10.1.1 Measurement sequence (Continuous measurement) with
VI-Sync measurement sequence (ADIH_CSYNC_SEL = 0x03)

1st Measurement

Other Items
Voltage Measurement

VDD55mp
TMONI 5 =
LN )
TMONI 1=
VPACK wp
GPIO2=p

GPIO1=p c1

-»>

C3mp
C2 mp

Cells Voltage

Measurement(17CH)

-»>

C17

C16 mp
C15=p
LN ] » E

2nd Measurement

Other Items
Voltage Measurement

VDD55mp
TMONI 5=
LN )
TMONI 1=
VPACK =
GPIO2wp

GPIO1=p c1

-»>

Measurement(17CH)

C3mp
C2 =mp

Cells Voltage

Cl7wp
C16 mp
C15=p

o0 0 »

REGEXT =

REGEXT=p

Currentmpy

Currentf—} VDL

REF2

VDC 18

VREF2

18 mp
-

50us/CH

1 measurement cycle = Reset

30 slots X 50us = 1500us

Reset
—

v

N

Fig.10.1.2 Measurement sequence (Continuous measurement) with
VI-Sync measurement sequence (ADIH_CSYNC_SEL = 0x11)
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10. Current Measurement of SRP / SRN

10.2 V-1 synchronized measurement function (VI sync) Setting Procedure

Voltage across each cell (C1, C2 ... C17) will be measured during voltage measurement cycle.
Fast speed current ADC will be measured at the selected voltage cell during the measurement cycle.

BADC Setting
Cell Voltage use the following settings Set the CV[n]SEL flag (address 0x05[15:0] and address 0x06[0] to
- Set Measurement Target: Cell 1~17 OxFFFF, 0x0001 respectively to set measurement target.
* ADIQRL Pin Setting Set the GPIO1SEL flag (address 0x0D[11:8]) to “0011” to output
+ Set the target VI sync channel ADIRQ1.
Set the GPIO1_NOE flag (address 0x0D[1]) to “0” to set GPIO1 as
[ Start ] output.
| Set ADSWHY_EN flag (address 0x18[13]) and ADIH_ON flag
ADC & V-l Sync Setting (address 0x18[0]) to “1”
Set Target / ADIRQ1 Pin
K Lshot W VI-Sync Setting
Start ADC Measurement Set ADIH_CSYNC flag (address 0x18[5]) to enable VI-Sync mode.
Continuous / 1shot Set ADIH_CSYNC_SEL flag (address 0x1B[15:11]) to the cell number to

] synchronize current measurement to.
Continuous

H Start ADC Measurement

Continuous Measurement : Set the ADC_CONT flag (address
0x01[15]) to “1” to start ADC measurement.

1shot Measurement : Set the ADC_TRG flag (address 0x0C[4]) to “1”
to start ADC Measurement, this flag is auto cleared to “0” after
measurement completed.

Pending ADC
Conversion Complete

| Clear ADC Completion Flag I HPending ADC Conversion Completion
L When using interrupt ADIRQL1 signal at GPIO1 pin : ADIRQ1 — “H”
| Latch Setting I when measurement complete.

| Using flag polling : Read VAD_DONE flag (address 0x1C[5)), it
become “1” when measurement complete.

Pending Latch

. H Clear of ADC Conversion Completion Flag
Completion

Write VAD_DONE flag (address 0x1C[5]) to “1” to clear this flag.

HLatch Setting

| Read ADC Conversion Code I When write ADV_LATCH flag (address 0x0CJ[0]) to “1”,
| latch Voltage measurement result for CVn_AD register.

Calculating Voltage from When write ADIH_LATCH flag (address 0x0C[1]) to “1”,
ADC Conversion Code latch Current measurement result for CVIH_AD register.

B Pending Latch Completion
Polling until ADV_LATCH flag (address 0x0C[0]) become “0” or
ADIRQ1 pin become “L”. Or wait for 315ns.

End of
Measurement

B Reading ADC Conversion Code
Read CVn_AD register ( address: 0x28-0x38)
[ End ] Read CVIH_AD register ( address: 0x47)

H Calculating Voltage from ADC Conversion Code
Calculate the voltage from Cell voltage conversion table.9.3.1.
Calculate the current from SRP/SRN current conversion table.10.3.1.
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11. Monitoring and Protection

11.1 Function Description of Monitoring and Protection

KA49517A is able to detect the abnormal cell voltage (Over Voltage / Under voltage) and abnormal
current. The external NMOS FET can be turned OFF automatically according to abnormal status and

register setting, which will be explained in this chapter.

Over Voltage / Under Voltage can only be detected in Active Mode. In Standby Mode, it operates
differently. Refer to 11.3.1 for more details on cell voltage abnormality.

Over Current in Charge (OCC), Over Current in Discharge(OCD), Short Circuit in Discharge(SCD) can
be detected in Active Mode and Standby Mode and is explained in 11.3.2.

Table.11.1.1 Abnormality status list

Abnormality status Abnormality source 'f‘ncéic\;g IS_tc; Wn dizwrﬁ:)gg
OV : Over Voltage Cell voltage YES NA
UV  :Under Voltage Cell voltage YES NA
OCC : Over Current in Charge SRP/SRN differential voltage YES YES
OCD : Over Current in Discharge SRP/SRN differential voltage YES YES
SCD : Short Circuit in Discharge SRP/SRN differential voltage YES YES

June 30, 2021 Page 101 of 225 Rev 1.03



NUVOTON KA49517A
R —

Description of Functions
11. Monitoring and Protection

11.1 Function Description of Monitoring and Protection

Alarm condition will be triggered when the detected abnormal condition remains longer than delay time
and will be released when the release condition is met as shown in Table 11.1.2.

Current alarm should be released by external control (register access from MCU). Voltage alarm can
be released automatically when the release condition met, i.e When voltage goes lower than the
hysteresis setting. The setting for alarm detection consist of threshold value, delay time and hysteresis

value.
Table.11.1.2 Abnormality detection setting list
Abnormality status MIN MAX STEP BITS | Release method
Threshold 2.0v 4.5V 50mV 6
Over Voltage Delay timel 200ms 800ms 200ms 3
(OV) Delay time2 1.5s 6s 1.5s
Hysteresis Value 25mV 200mV 25mV 3 Automatically
Threshold 0.5V 3.0V 50mVv ExterneﬁrControl
Under Voltage Delay timel 200ms 800ms 200ms 3
(Uv) Delay time2 1.5s 6s 1.5s
Hysteresis Value 25mvV 200mVv 25mV 3
Over Current in Threshold 5mV 120mV 5mV 5
Charge (OCC) Delay time 10ms 320ms 10ms 5
Over Current in Threshold 10mvVv 320mV 10mvVv 5
. - External Control
Discharge (OCD) | Delay time 10ms 320ms 10ms 5
Short Circuit in Threshold 20 mV 640 mV 20mv 5
Discharge (SCD) | Delay time 0 us 946 us 30.5us 5

When Alarm is triggered, the ALARM1/2 pin will be set to inform the abnormal status, two kinds of high-
side FET control and digital output, which is used for such as Low side N-ch MOSFET or Relay etc, are
provided. The operation is explained in detail from 11.4 onward.

Table.11.1.3 Protection control list

Control Pin Usage
ALARM1 To inform MCU
ALARM?2 (ALARML1 for all alarm status is available)
CHG ) _
High Side N-ch MOSFET
DIS
GPOH1
High Side P-ch MOSFET
GPOH2
GPIO1
Digital Output
GPIO2 Note: High voltage is CVDD Level.
GPIO3
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11.1 Function Description of Monitoring and Protection

Fig.11.1.1 describes a flow chart for Protection setting and control

HInitial setting
[ Start ] Enable or disable
\l/ Threshold value, delay time, hysteresis value
Protection methods for detected alarm
Initial setting
M Automatic Detection

Detect voltage abnormal by using measured voltage from ADC
Detect current abnormal by using analog comparator

EFlag set
Voltage Flag
OVn_F flag (address 0x22[15:0]; address 0x23[0])
UVn_F flag address 0x24[15:0];  address 0x25[0])
| OVn_LF flag (address 0x4D[15:0]; address Ox4E[Q])
UVn_LF flag (address 0x4F[15:0]; address 0x50[0])
Current Flag
Flag set SCD_F flag (address 0x21[7])
OCD_F flag (address 0x21[6])
| OCC_F flag (address 0x21[5])

Automatic Detection

Status Flag
Delay ST_OV flag (address 0x27 [1])
| ST_UV flag (address 0x27 [0])
HEDelay
Alarm assertion / release if there is an abnormality or back to normal

| B Alarm occurrence / release

Output ALARM1/2

Status processing “L”: Alarm asserted

“H”: Alarm released

| Status
ST_SCD(address 0x21[15])

FET control ST_OCD(address 0x21[14])

ST_OCC(address 0x21[13])

H Status Processing
Decide if change FET Control according
to Alarm status and setting.

[ End ] EFET control
Output FET control

Fig.11.1.1 Protection setting Flow
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11.2 Protection Control Register

Protection control register is listed as Table.11.2.1.

Table.11.2.1 Protection control register list

Address Description
0x01 Mode of Operation control related registers
0x04 FET Driver Operation Control registers
Ox0A OV/UV setting register
0x0B OV/UV setting register2
0x0C UV detection setting register
0x0C OV detection register
0x12 Alarm control registerl
0x13 Alarm control register2
0x14 Alarm control register3
0Ox0D GPIO output selection
OXOE GPIO Output control register
OXOF P 9
0x10 General purpose high-voltage output pin setting
0x21 Mode and status register
0x21 ALARM status register
0x22 .
0x23 QV status register
0x24 .

OX25 UV status register

0x4D . .
OXAE QV detection flag register
Ox4F . .
0x50 UV detection flag register
0x1C FET driver status register
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11. Monitoring and Protection

11.3 Abnormality Detection

11.3.1 Cell Voltage Abnormality

Cell voltage abnormality consists of over charge (OV: Over Voltage) and over discharge (UV: Under
Voltage)and is detected by using measured value from ADC.

The cell OV and UV detection can be enabled by setting OVMSKn flag (address 0x0C[6]) and UVMSKn
flag (address 0x0C[7]) to “0” and disabled by setting these flag to “1”.

The setting for OV/UV abnormality detection consist of threshold limit, delay time and hysteresis value.
The delay timer will start once the voltage is beyond the set threshold, and release threshold will be set
by hysteresis value. The delay timer will be reset when the voltage meets the release condition. The
registers to set threshold value, delay time and hysteresis value is summarized on Table 11.3.3.

If abnormality is detected, respective flag (OVn_F flag (address 0x22[15:0] and address 0x23[0]),
OVn_LF flag (address 0x4D[15:0] and address Ox4E[0Q]), UVn_F flag (address 0x24[15:0] and address
0x24[0]), UVn_LF flag (address 0x4F[15:0] and address 0x50[0]) and ST_OV flag (address 0x27[1]) will
be set to “1” immediately. OVn_F, UVn_F and ST_OV flag will be automatically cleared when released
condition met. OVn_LF and UVn_LF flag are used for history check and is cleared only by writing
“0000” to the register.

The reaction of Alarm pin and control output to cell voltage abnormality is explained from 11.4 onward.
During Standby/Low Power Mode, as voltage ADC is not operating by default, OV/UV detection is not
performed.

During intermittent Standby or Intermittent Low Power mode, ADC is operating at certain interval, so
OV/UV detection is performed differently. Only when IC return to Active mode during intermittent
operation, the voltage measurement will be carried out once and OV/UV detection can be carried out.

No OV Alarm assertion : OV Alarm assertion & Release :
OV condition is less than delay time set OV condition is more than delay time set
Cell Voltage
Threshold /\/\ i j i E 5
Hysteresis V\/\/\/\/\/W 5
Value - ' . \ i
: > D SO ; MW —
; Delay Time i ( Delay Time >‘ ; DeIayTlme>
ovn_F e ! e :
ST_OV___ | Change to ™1 5 1 Change to "1 E Return to “0” |
Change to “1” : Change to “1” E E I
Ovn_LF | 5 . ! iMCU need to write —0
Alarm 5 OFF 5 : OFF oN E‘O to clear this flag (5

Fig.11.3.1 Block diagram of Cell voltage abnormality detection
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11. Monitoring and Protection

11.3 Abnormality Detection
11.3.1 Cell Voltage Abnormality

Table.11.3.1 Register for intermittent measurement in Standby/Low Power mode

Iltem Register flag 00 01;10; 11
_ 0x01 Do interval measurement
Automatic Bit 14~13 | 'NTMSEL[1:0] | No measurement | (interval timing depends on
measurement in setting of INTMSEL
Intermittent Standby/
Low power mode Ig:t(olls ADC_CONT | No measurement |Continuous measurement mode

Note: Please set ADC_CONT to “1” when setting INTMSEL to “01/10/11”.

Table.11.3.2 OV/UV enable register

Item register flag 0 1
OVMSK OVMSKn Detection Enable Detection Disable
OV/UV Mask
UVMSK UVMSKn Detection Enable Detection Disable

Table.11.3.3 OV/UV setting register 1

. Address
Item Register [bit] 0 1
. Detection Detection
Detection Mask OVMSK 0x0C [6] Enable Disable
Over Voltage Abnormality happening Oovn_F gigg {(1)]5 01 Normal Happening
(QV)
Lo 0x4D [15:0]; Abnormality
Abnormality history Oovn_LF OX4E [0] Normal happened
Status ST OV 0x27 [1] Normal Happening
. Detection Detection
Detection Mask UVMSK 0x0C [7] Enable Disable
Under Abnormality happening uvn_F 8§§g {(1)]5 01 Normal Happening
Voltage (V) Ox4F [15:0] Ab lit
- X :0]; normality
Abnormality history uvn_LF 0x50 [0] Normal happened
Status ST_UV 0x27 [0] Normal Happening
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11.3 Abnormality Detection

11.3.1 Cell Voltage Abnormality

Table.11.3.4 OV/UV setting register 2

Item register flag MIN MAX STEP BITS
Threshold OUVCTL1 OVTH 2.0V 4.5V 50mV 6
Va‘t’:gre Delay tmel | OUVCTL2 | OV _DLY 200ms 800ms 200ms 2
(0V) Delay time2 OUVCTL2 OV_DLY 1.5s 6s 1.5s
Hysteresis OUVCTL2 OV_HYS 25mVv 200mVv 25mVv 3
Threshold OUVCTL1 UVTH 0.5v 3.0V 50mV 6
V%Ttgzre Delay time OUVCTL2 | UV_DLY 200ms 800ms 200ms 3
(LV) Delay time2 OUVCTL2 Ov_DLY 1.5s 6s 1.5s
Hysteresis OUVCTL2 UV_HYS 25mvV 200mVv 25mv 3
Table.11.3.5 OV Threshold Setting value
Setting value (OVTHI5:0])
Threshold [V]
MSB LSB
() Code b5 b4 b3 b2 bl b0
4.500 0x34 1 1 0 1
4.450 0x33 1 1 0 0 1 1
3.550 0x21 1 0 0 0 0 1
3.500 0x20 1 0 0 0 0
3.450 Ox1F 0 1 1 1 1 1
2.050 0x03 0 0 0 0 1 1
2.000 0x02 0 0 0 0
Table.11.3.6 UV Threshold Setting value
Setting value (UVTH[5:0])
Threshold [V]
(typ) Code MSB LSB
b5 b4 b3 b2 bl b0
3.000 0x32 1 1 0 0 1
2.950 0x31 1 1 0 0 0 1
0.550 0x01 0 0 0 0 0 1
0.500 0x00 0 0 0 0 0
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11.3 Abnormality Detection

11.3.2 Current Abnormality

Current abnormality detection consists of Over Current in charge detection (OCC), Over Current in
Discharge (OCD) and Short Current in Discharge(SCD). Current abnormality is detected by monitoring
the differential voltage between SRP and SRN with analog comparator. Analog comparator will work in
all modes except for Sleep and Shutdown mode.

Set the following register to "1" for enable and “0” for disable detection:
EN_CP flag (address 0x12[0]) EN_OCC flag (address 0x12[1])
EN_OCD flag (address 0x12[2]) EN_SCD flag(address 0x12[3])

The setting for OCC/OCD/SCD abnormality detection consist of threshold value and delay time and is
summarized on Table 11.3.8. There is no hysteresis value for current abnormality detection.

Delay timer will start to count once the current is beyond the threshold and will be cleared once the
current goes under the threshold value.

When current abnormality is detected, these flags will be set to “1” :

OCC_F flag (address 0x21[5]), OCD_F flag (address 0x21[6]), SCD_F flag (address
0x21[7])

And when alarm is asserted after delay time, these flags will be set to “1” :

ST_OCC flag (address 0x21[13]), ST_OCD flag (address 0x21[14]), ST_SCD flag (address
0x21[15])

The reaction of Alarm pin and control output to current abnormality is explained from 11.4 onward.
The flag (OCC_F/OCD_F/SCD_F) will be clear automatically when current goes to normal.

The status (ST_OCC/ST_OCD/ST_SCD) will not be clear automatically, and writing "1" to the
corresponding register to clear if it is needed.

No current abnormality Alarm : Current abnormality alarm assertion :
Current abnormality is less than delay time set Current abnormality is more than delay time set

SRP=SRN delta voltage SRP-SRN delta voltage

Threshold

Delay Time

Delay Time !

/:<
COND_F/ 5 :
COND_F/ Change “1” |Return t¢ “0” I Change “1”

COND_F ——

ST_occ/
ST _ocb/
ST_SCD

Status
processing

“0 i Change “1”

ON ON OFF

! ON

Fig.11.3.2 Example Current Alarm assertion & Control timing
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11.3 Abnormality Detection
11.3.2 Current Abnormality

Table.11.3.7 OCC/OCD/SCD enable register

Iltem Address flag 0 1
CP enable EN_CP Disable Enable
OCC enable EN_OCC Disable Enable *1
OCD enable Oxt2 EN_OCD Disable Enable *1
SCD enable EN_SCD Disable Enable *1

Note *1 : Only effective when EN_CP flag = “1”

Table.11.3.8 OCC/OCD/SCD setting register 1

ltem Address flag MIN MAX STEP BITS
Threshold 0x13 OCC_D 5mVv 120mvV 5mV 5
oce Delay time 0x14 OCC_DLY 10ms 320ms 10ms 5
Threshold 0x13 OCD_D 10mVv 320mVv 10mvV 5
och Delay time 0x14 OCD_DLY 10ms 320ms 10ms 5
Threshold 0x13 SCD_D 20mv 640mV 20mv 5
Scb Delay time 0x14 SCD_DLY Ous 968.75us 31.25us 5
Table.11.3.9 OCC/OCD/SCD setting register 2
Item Register Address [bit] 0 1
oce Abnormality happening OCC_F 0x21[5] Normal Happening
Alarm happening ST_OCC 0x21[13] Normal Alarm happened
och Abnormality happening OCD_F 0x21[6] Normal Happening
Alarm happening ST_OCD 0x21[14] Normal Alarm happened
sch Abnormality happening SCD_F 0x21[7] Normal Happening
Alarm happening ST_SCD 0x21[15] normal Alarm happened
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11. Monitoring and Protection

11.3 Abnormality Detection

11.3.2 Current Abnormality

Table.11.3.10 OCC detection threshold

KA49517A

e —— D8 .. —

Setting value (OCC_D[4:0])
Threshold [mV]
(typ) Sk MSB LSB
b b4 b3 b2 bl b0
120 0x13 0 0 1
115 0x12 0 0 0
10 0x01 0 0 0 0 1
5 0x00 0 0 0 0 0
Table.11.3.11 OCD Threshold Setting value
Setting value (OCD_D[4:0])
Threshold [mV]
(typ) cod MSB LSB
ode
4 b4 b3 b2 bl b0
320 Ox1F 1
310 Ox1E 0
20 0x01 0 0 0 0 1
10 0x00 0 0 0 0 0
Table.11.3.12 SCD Threshold Setting value
Setting value (SCD_DJ[4:0])
Threshold [mV]
(typ) Cod MSB LSB
ode
g b4 b3 b2 bl b0
640 OxOF 1
620 Ox0E 0
40 0x01 0 0 0 0 1
20 0x00 0 0 0 0 0
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11.4 Alarm 1 and Alarm 2 pin

These pins are used to inform the alarm assertion.
One-pin mode (ALARM1) and two-pin mode through selected GPIO pin (pin ALARM1 and pin ALARM2)

are available.

ALARMSEL flag (Address 0x12[15]) is used to select pin mode.

ALARM pin goes “L” when the alarm is asserted.

ALARM1/2 will return to “H” when Alarm is released.

Voltage Measurement alarm can be released automatically.

Current Measurement alarm is released by writing “1” to ST_OCC/ST_OCD/ST_SCD flag register.

Table.11.4.1 Alarm assertion vs. ALARM1/2 output

ALARMSEL =0 ALARMSEL =1
Alarm
ALARM1 ALARM1 ALARM2

ov/uv

"L "H" "L
OCC/OCD
Abnormal

SCD "Lt "L "H"
Normal - "H" "H" "H"
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11.5 Alarm Status Processing for CHG, DIS and GPHO

11.5.1 Registers of Alarm Status Processing

In case of Alarm is asserted, the desired reaction of output control for NMOS FET (CHG and DIS) and
GPOH is set/selected by the Status Processing Flags.

The desired reaction are : Enable or Disable the protection output, and Release mode.

For Current Measurement abnormality, the release method is only by external control.
It is cleared, when set FDRV_ALM_CLR flag (address 0x04[13]) to "1".

Table.11.5.1 Alarm Status Processing flag

Register Address [bit] Function

CHG/DIS FET and GPOH pins response to ALARM condition
1: CHG/DIS FET auto OFF and GPOH become value set, refer
to specification section 11
FDRV_ALM_SD 0x04 [15] CHG FET OFF : OV/UV/OCC
DIS FET OFF : OV/UV/OCD/SCD
0: CHG/DIS FET and GPOH not response to ALARM condition
(Default)

CHG/DIS FET and GPOH pins recover when ALARM(OV/UV)
condition removed (when FDRV_ALM_SD = 1) with the following
setting.

1: Dependon FDRV_ALM_CLR

0: Recover when ALARM(OV/UV) condition is removed
(Default)

CHGI/DIS FET and GPOH pins recover when
ALARM (OV/UV/OCD/OCC/SCD) condition removed
(when FDRV_ALM_SD =1 & FDRV_ALM_RCV=1)

1. CHG/DIS FET and GPOH pins recover
FDRV_ALM_CLR 0x04 [13] 0: No change (Default)

FDRV_ALM_RCV 0x04 [14]

* This bit is not cleared automatically.
* |If ALARM condition continue and this bit is set, CHS/DIS FET
remains OFF.
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11.5 Alarm Status Processing for CHG, DIS and GPHO

11.5.2 Alarm Status Timing

Abnormality normal X abnormal X normal X abnormal X normal X abnormal X normal
(\ 4 (|
. 1 ; ] ' 1
1 ! | ! | !
FDRV_ALM_SD i 1 . 1 i !
1 I ' 1 ! 1
1 ! | 1 H 1
FDRV_ALM_RCV 1 1 | 1 i 1
T 1 T
: 1 : 1 ' 1
FDRV_ALM_CLR 1 ! I ! I_l ! !
1 1 v I
1 delay I delay 1 delay ! delay ' delay ! delay
< 3—~< > < F< >< ><
ALARM pin 1 | ! I r ! !
' o i
! ! I delay ! ! delay delay
1 ' ! 1
! ! < i >—< >r<
FET Control I ON M I | OFfF ON | OFF :I ON
Note : FETs are set to : : :
ON in this example 1 T [ |
Y. Y. \ 4 4

If FDRV_ALM_SD=0
when abnormality
asserted, FET control
does not response

If FDRV_ALM_SD=1

when abnormality asserted,
FET control responses

and turned off FET

If FDRV_ALM_RCV=1,
after abnormality removed,
FET will be recovered
(turned ON) when
FDRV_ALM CLR setto 1

Fig.11.5.1 Status Processing timing for OV/UV

If FDRV_ALM_RCV=0,
after abnormality removed,
FET will be recovered
(turned ON)

Abnormality normal \ abnormal X normal abnormal )( normal X abnormal X normal
1 I : I ! 1
1 1
FDRV_ALM_SD ! ! | ! | | |
L L 1 1 1 1
| o : .
FDRV_ALM_CLR : : ' l_l ! I
T T T T
MCU write “1” ! ! | : ! !
command to bits ! —l ' 1 ' I | |
ST_OCC/OCD/SCD ; . T : : ;
i i 1 _dela H
3 Edelay i y : ! :
ALARM pin l | ' ! l I |
! ! .
1 1 1 1 ! \
dela 1
! ! N Edelay | | < y .
T T 1
FET Control ! ON ! ' | OFF ON ! | OFF 1
Note : FETs are set to e - - | e e e ' |
> - FE .
ON in this example Re Re : ¥ v

If FDRV_ALM_SD=0

After abnormality

If FDRV_ALM_SD=1

After abnormality

If FDRV_ALM_CLR=0,

Ewhen abnormality
iasserted, FET control
idoes not response

{iremoved, ALARM pin
{iwill be cleared to
{{HIGH if MCU writes ‘1’
" ito register bits

ST_OCC/OCD/SCD

June 30, 2021

when abnormality
asserted, FET control
responses and turned
off FET

removed, FET will be
recovered (turned ON)
when FDRV_ALM_CLR
issetto 1

when abnormality
removed, FET control
will remain OFF

Fig.11.5.2 Status processing timing for OCC/OCD/SCD
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11.6 Control of Output Pin

11.6.1 CHG/DIS pin output

This protection function is for usage of High side N-ch MOSFET.

CHG/DIS pin is controlled according to FDRV_CHG_FET flag (address 0x04[10]) and FDRV_DIS_FET
flag (address 0x04[9]) in normal condition, and when alarm is asserted it will be switched to the value
described as the following list.

FDRV_OUVCTL flag (address 0x04[1]) is used to select CHG/DIS pin output when alarm is asserted.

If FET driver is in power reduction mode, Changes of CHG/DIS (On to OFF or OFF to On) will need very
long time, so please shift to normal mode if you want change the CHG/DIS. But, when the protection
control, it automatically return from the intermittent operation to the normal mode.

Table.11.6.1 Alarm assertion vs. CHG/DIS pin

FDRV_OUVCTL=0 (default) FDRV_OUVCTL=1
Alarm type
CHG DIS CHG DIS
uv - OFF OFF OFF
oV OFF - OFF OFF
Abnormal

OoccC OFF - OFF -

OCD/SCD - OFF - OFF

11.6.2 GPOH1/2 pin output

This protection function is for usage of High side P-ch MOSFET.

GPOH1/2 pin is controlled according to GPOH1_EN flag (address 0x10[0]), GPOH2_EN flag (address
0x10[1]) in normal condition, and when alarm is asserted it will be switched to the value set by
GPOH1_ALM_ST flag (address 0x10[4]), GPOH2_ALM_ST flag (address 0x10[5]) described as the
following list.

GPOH_FET flag (address 0x10[2]) should be set to “1” to enable protection output for GPOH1/2.

Table.11.6.2 Alarm assertion vs. GPOH1/2

Alarm type GPOH1 GPOH2
Abnormal Ov/uv According to According to
OCC/OCD/sCD GPOH1_ALM_ST GPOH2_ALM_ST
Normal ; According to According to
GPOH1_EN GPOH2_EN
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11.6 Control of Output Pin

11.6.3 GPI0O1/2 pin output

Setting Register for GPIO1/2 is the same with GPOH1/2.

GPIO output is enabled by Setting GPIO1SEL flag (address 0x0D[11:8] ) to “0001” and
GPIO2SEL flag (address Ox0E[11:8] ) to “0010”

When alarm is triggered it will be switched to the value described as the following list.

Table.11.6.3 Alarm assertion vs. GPIO1/2 pin

Alarm type GPIO1 GPIO2
Abnormal Oov/uv According to According to
OCC/OCD/SCD GPOH1_ALM_ST flag GPOH2_ALM_ST flag
Normal i According to According to
GPOH1_EN flag GPOH2_EN flag
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11.7 Example for Control Output when Alarm Occurred

11.7.1 CHG/DIS Control Flow when OV Alarm Occurred

Case: ALARML1 only

( S )

I
CHG=ON DIS=ON

|
Alarm Occurrence
ST_Ov=1
|

ALARM1="L"

FDRV_ALM_SD=1

no

—_ — Automatically
CHG=OFF DIS=ON OFF

|
Alarm Released
ST_OV=0
: CHG/DIS
ALARM1= "H" keep unchanged

FDRV_ALM_RCV=1

Alarm Released

ALARM1="H"

CHG=ON DIS=0ON

( END )
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11.7 Example for Control Output when Alarm Occurred

11.7.2 CHG/DIS Control Flow when OCC Alarm Occurred

Case: ALARML1 only

( S )

I
CHG=ON DIS=ON

|
Alarm Occurrence
ST_OCC=1
|

ALARM1="L"

FDRV_ALM_SD=1

no

Automatically

CHG=OFF DIS=ON OFF

Alarm Released

l<
o~

Write 1 to ST_OCC?

yes

ALARM1="H"

FDRV_ALM_CLR=1

yes

N

CHG=ON DIS=0ON

CHG/DIS
keep unchanged

Alarm Released

Write 1 to ST_OCC?

yes

ALARM1="H"

&
™~

( END )
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12.1 CHG DIS NMOS FET Diagnostic Check

KA49517A has built-in with Charge FET(CHG FET) and Discharge FET (DIS FET) driver diagnostic
function. This function allows user to check if FET driver, the charge pump output is operating correctly
or not as a form of safety coverage. This function can be turned on via FET_DIAG_EN bit (address
0x1B[10]). CHG FET and DIS FET driver output can be checked in either ON mode or OFF mode. This
is decided by FET_DIAG_SEL bit(address 0x1B[9:8]. MCU will need to ensure FET is ON/OFF mode via
FDRV_CHG_FET bit (address 0x04[10]) and FDRV_DIS_FET bit (address 0x04[9]) before enabling the
correct checking mode. Result of the check is stored in internal registers at address 0x21h[3:0] for MCU
to read back. Please do note that FET detector check is only available when KA49517A is in Active
mode of operation.

It is recommended for MCU to have sufficient wait time as indicated in the next 2 pages flow chart after
FET_DIAG_EN has been turned ON before reading back the output flag to check the result. Refer to
below register summary table for the details of this setting.

Table 12.1.1 FET Diagnostic registers settings

Register Address [bit] Function

External CHG FET (CFET)control
FDRV_CHG_FET 0x04 [10] 1: CFETON
0: CFET OFF (Default)

External DISFET (DFET) control
FDRV_DIS_FET 0x04 [9] 1: DFETON
0: DFET OFF (Default)

Enable Diagnostic check for CFET and DFET
FET_DIAG_EN 0x1B[10] | 1: Enable
0: Disable (Default)

Diagnostic check for CFET and DFET
00 : CFET ON check (Default)

FET_DIAG_SEL 0x1B [9:8] 01 : DFET ON check

10 : CFET OFF check

11 : DFET OFF check

Output bit to indicate CFET ON diagnostic check result
CFETON_F 0x21 [3] 1. OK
0: NG (Default 0 if function is off)

Output bit to indicate CFET OFF diagnostic check result
CFETOFF_F 0x21 [2] 1. OK
0: NG (Default 0 if function is off)

Output bit to indicate DFET ON diagnostic check result
DFETON_F 0x21 [1] 1: OK
0: NG (Default 0 if function is off)

Output bit to indicate DFET OFF diagnostic check result
DFETOFF_F 0x21 [0] 1: OK
0: NG (Default 0 if function is off)
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12.1 CHG DIS NMOS FET Diagnostic Check

12.1.1 NMOS FET ON Diagnostic Check Control Flow

( Start ) M Initial setting
KA49517A must be operating in Active mode of operation and

! CHG FET and DIS FET in ON mode
ACT mode ST_ACT (address 0x1C[0]) = “1”
FDRV_DIS_FET;
I FDRV_CHG_FET (address 0x04 [10:9]) =“11”

CHG,; DIS FET= ON

B CHG FET ON Mode check selection
| To perform CHG FET ON mode check
CHG FET ON FET_DIAG_SEL (address 0x1B[9:8]) =“00”
Check Mode Selection
| M Start Diagnostic Mode
Enable Diagnostic mode check

Diagnostic Start FET_DIAG_EN (address 0x1B[10])="1"
l HDelay
Wait 2000us Ensure wait time of 2000us upon FET_DIAG_EN command
| sending before the completion of CHG FET ON diagnostic.
Read output flags for M Status Processing
CHG FET ON Read back CFETON_F for the output of this check.
Mode check result CFETON_F(address 0x21[3])
| CFETON_F="1" > OK; CFETON_F="0" > NG
DIS FET ON i
Check Mode Selection EDIS FET ON Mode check selection
I To perform DIS FET ON mode check
FET_DIAG_SEL (address 0x1B[9:8]) =“01”
Wait 1500us
HDelay
| Ensure wait time of 1500us upon FET_DIAG_SEL command
Read output flags for sending before the completion of DIS FET ON diagnostic.
DIS FET ON
Mode check result W Status Processing
I Read back DFETON_F for the output of this check.
. . DFETON_F(address 0x21[1])
Diagnostic End DFETON_F="1" - OK; DFETON_F=*0" > NG
I
( END ) W Diagnostic End
Turn off diagnostic enable

FET_DIAG_EN (address 0x1B[10])="0"
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12.1 CHG DIS NMOS FET Diagnostic Check

12.1.2 NMOS FET OFF Diagnostic Check Control Flow

Start

ACT mode

CHG; DIS FET= OFF

CHG FET OFF
Check Mode Selection

Diagnostic Start

Wait 2000us

Read output flags for
CHG FET OFF
Mode check result

DIS FET OFF
Check Mode Selection

Wait 1500us

Read output flags for
DIS FET OFF
Mode check result

Diagnostic End

END

June 30, 2021

M Initial setting
KA49517A must be operating in Active mode of operation and
CHG FET and DIS FET in ON mode
ST_ACT (address 0x1C[0]) = “1”
FDRV_DIS_FET;
FDRV_CHG_FET (address 0x04 [10:9]) =00”

B CHG FET OFF Mode check selection
To perform CHG FET OFF mode check
FET_DIAG_SEL (address 0x1B[9:8]) =“10"

M Start Diagnostic Mode
Enable Diagnostic mode check
FET_DIAG_EN (address 0x1B[10])=1"

HDelay
Ensure wait time of 2000us upon FET_DIAG_EN command
sending before the completion of CHG FET OFF diagnostic.

l Status Processing
Read back CFETOFF_F for the output of this check.
CFETOFF_F(address 0x21[2])
CFETOFF_F="1" > OK; CFETON_F="0" > NG

HDIS FET ON Mode check selection
To perform DIS FET OFF mode check
FET_DIAG_SEL (address 0x1B[9:8]) =“11”

HDelay
Ensure wait time of 1500us upon FET_DIAG_SEL command
sending before the completion of DIS FET ON diagnostic.

M Status Processing
Read back DFETOFF_F for the output of this check.
DFETOFF_F(address 0x21[20)
DFETOFF_F=%1" > OK; DFETOFF_F="0" > NG

H Diagnostic End

Turn off diagnostic enable
FET_DIAG_EN (address 0x1B[10])="0"
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12.2 Current ADC Diagnostic Check

Both the high speed (HS) and low speed (LS) current ADC can undergo self diagnostic check when its
diagnostic function check is turned ON. In diagnostic mode, current ADC sensing will be connected to a
fix L00mV internal reference voltage instead of to SRP and SRN pins.

When DIAG_IHY_EN=1 (address 0x1B[6]); fast speed current ADC will finish its existing measurement
slot before enabling and entering diagnostic mode. Likewise for slow speed current ADC, When
DIAG_ISD_EN="1"(address 0x1BJ[5]); Slow speed current ADC will finish its existing measurement slot
before enabling and entering diagnostic mode.

It is recommended to wait for 2 ADIRQ1/ADIRQ2 measurement completion interrupt signal after issuing
DIA_IHY_EN or DIAG_ISD_EN signal before reading out the diagnostic measurement output at the
respective output registers. Refer to chapter 10 for current ADC measurement procedure.

When fast speed current ADC measurement is completed, IADH_DONE flag (address 0x1C[6]) will be
set to “1”, and the measured data is latched to CVIH_AD flag (address 0x47[15:0]) when ADIH_LATCH
flag (address 0x0CJ[1]) is set to “1”, this ADIH_LATCH flag is cleared to “0” after completion.
IADH_DONE flag (address 0x1CJ[6]) is cleared by write “1” to it.

When slow speed current ADC measurement is completed, IADS_DONE flag (address 0x1C[7]) will be
set to “1”. The measured data will be updated to CVIL_AD flag (address 0x48[15:0]) when ADIL_LATCH
flag (address 0x0A[2]) is set to “1”. ADIRQ2 pin is cleared when ADIL_LATCH flag (address Ox0A[2]) is
set to “1”. This flag is cleared to “0” after completion. IADS_DONE flag (address 0x1C[7]) is cleared by
write “1” to it.

By reading back the ADC result at CVIH_AD (address 0x47[15:0]) and CVIL_AD(address 0x48[15:0])
after diagnostic measurement, user can check if the internal current ADC is functioning correctly or not
as a form of diagnostic check. The value decoded should be around +100mV for both high speed and
slow speed current ADC to ensure proper operation. Current diagnostic check value will be able to be
measured by internal current ADC to be within ==10mV from 100mV during normal operation.

Refer to table 12.2.1 for registers setting summary table for this mode.
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12.2 Current ADC Diagnostic Check

12.2.1 Registers Setting of Current ADC Diagnostic Check

Table 12.2.1 HS / LS Current ADC Diagnostic registers settings

Register Address [bit] Function

Enable High-speed current ADC operation
ADIH_ON 0x18 [0] 1. Enable
0: Disable (Default)

Enable Low-speed current ADC operation
ADIL_ON 0x18 [1] 1. Enable
0: Disable (Default)

Diagnosis for High Speed Current ADC
DIAG_IHY_EN 0x1B [6] 1: Enable

0: Disable (Default)

Diagnosis for Low Speed Current ADC
DIAG_ISD_EN 0x1B [5] 1: Enable
0: Disable (Default)

High-speed (HS) current ADC Measurement output value:
OX7FFF: 179.994507mV
0x0001: 0.005493mV
0x0000: OV
OxFFFF: -0.005493mV
0x8001: -179.994507mV
Measured voltage = 2’s complement data * 360mV/2*16
0x8000: -180mV

CVIH_ADI[15:0] 0x47 [15:0]

Voltage/step = 0.005493mV

Low-speed current ADC measurement output value:
Ox7FFF: 179.994507mV
0x0001: 0.005493mV
0x0000: oV
OxFFFF: -0.005493mV
0x8001: -179.994507mV
Measured voltage = 2’s complement data * 360mV/2*16
0x8000: -180mV

CVIL_AD[15:0] 0x48 [15:0]

Voltage/step = 0.005493mV
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12.2 Current ADC Diagnostic Check

12.2.2 High Speed (HS) Current ADC Diagnostic Check Flow Chart

( Start ) B ADC Setting for normal High Speed (HS) current
| - measurement. Refer to chapter 10 for this settings.
H(SRgngrertcﬁIz;esreltg;‘g When using interrupt ADIRQ1 signal at GPIOx pin : ADIRQ1
: — “H” when measurement complete. ADIRQ1 signal will be
cleared to “L” once the data has been latched for reading by

Enter HS Current ADC the MCU by writing ADIH_LATCH bit (address 0x0C[1])="1"
Diagnostic Mode

When using flag polling : Read IADH_DONE flag (address
0x1Cf[6)), it become “1” when measurement complete. Write
IADH_DONE flag (address 0x1C[6]) to “1” to clear this flag
after the required data has been acquired.

ADIRQ1 =H?
Or
IAD_DONE="1"

M Entering Diagnostic check for HS current ADC
Write DIA_IHY_EN (address 0x1B[6])=“1" to enter diagnostic
mode for HS current ADC. After sending DIA_IHY_EN=“1", it
will take the second completion cycle indication at ADIRQL1 or
IAD_DONE flags before diagnostic result is completed.

Yes (*1st time)

Subsequently the next Completion cycle indication will be
diagnostic check result as well until diagnostic mode is exited.

ADIRQ1 =H?
Or
IAD_DONE="1"

B Recording the data of diagnostic check result for HS current.

Result of diagnostic check for HS current ADC can be read
Yes (*2nd time) back at the same HS current ADC output registers,
CVIH_AD[15:0] (address 0x47[15:0])

Reading HS Current ADC

Conversion Code Since 100mV is fix for this measurement, user should expect
by Latching data an equivalent current measurement value conversion of 100A
| to know that the diagnostic result is a pass.
Calculating
HS current ADC value M Exiting Diagnostic check for HS current ADC
from ADC Conversion Code To exit diagnostic mode for HS current ADC, user will need to

write into DIA_IHY_EN bit (address 0x1B[6])="“0"

Similar to entering, only data after the second completion cycle
indication at ADIRQ1 or IADH_DONE flag after sending

DIA_IHY_EN="0" reflects the actual cell current measurement

( END ) output.
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12.2 Current ADC Diagnostic Check

12.2.3 Low Speed (LS) Current ADC Diagnostic Check Flow Chart

( St )

I
LS Current ADC Setting
(Refer to Chapter 10)

[
Enter LS Current ADC
Diagnostic Mode

ADIRQ2 =H?
Or
IADS_DONE="1"

Yes (*1st time)

ADIRQ2 =H?
Or
IADS DONE="1"

Yes (*2nd time)

Reading LS Current ADC
Conversion Code
by Latching data

I
Calculating
LS current ADC value
from ADC Conversion Code

End Measurement

( END )

June 30, 2021

B ADC Setting for normal Low Speed (LS) current
measurement. Refer to chapter 10 for this settings.
When using interrupt ADIRQ?2 signal at GPIOx pin : ADIRQ2
— “H” when measurement complete. ADIRQ2 signal will be
cleared to “L” once the data has been latched for reading by
the MCU by writing ADIL_LATCH bit (address 0x0C[2])="1"

When using flag polling : Read IADHS_DONE flag (address
0x1C[7]), it become “1” when measurement complete. Write
IADHS_DONE flag (address 0x1C[7]) to “1” to clear this flag
after the required data has been acquired.

M Entering Diagnostic check for LS current ADC
Write DIA_ISD_EN (address 0x1B[5])=“1" to enter diagnostic
mode for LS current ADC. After sending DIA_ISD_EN="1", it
will take the second completion cycle indication at ADIRQ2 or
IADS_DONE flags before diagnostic result is completed.

Subsequently the next Completion cycle indication will be
diagnostic check result as well until diagnostic mode is exited.

B Recording the data of diagnostic check result for LS current.
Result of diagnostic check for LS current ADC can be read
back at the same LS current ADC output registers,
CVIL_ADI[15:0] (address 0x48[15:0])

Since 100mV is fix to this measurement. User should expect
an equivalent current measurement value conversion of 100A
to know that the diagnostic result is a pass.

M Exiting Diagnostic check for LS current ADC
To exit diagnostic mode for LS current ADC, user will need to
write into DIA_ISD_EN bit (address 0x1B[5])="0"

Similar to entering, only data after the second completion
cycle indication at ADIRQ2 or IADHS_ DONE flag after
sending DIA_ISD_EN=“0" reflects the actual cell current
measurement output.
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12.3 Regulator Diagnostic Check

Internal regulators inside KA49517A are measured by digital voltage ADC as well as analog comparator in
the IC. This data are measured and monitored against possible over or under voltage. In the event over or
under voltage is determined, respectively output registers will be updated accordingly for users to know
any possibilities of abnormal voltages. This also serves as a form of diagnostic check for all internal
regulator in the IC. In the event that OVP_F_SET bit (address 0x11[14]) is set to 0, IC will also enter
shutdown mode when analog OV flag is registered at VDD55 or VDD18 regulator. Refer to below table

Table 12.3.1 Regulators ADC Diagnostic registers settings

Register Address [bit] Function

VDD18 Analog OV Flag
HBIAS1A 0x26 [8] 1: OV detected (>2.25V)
0: OV not detected

VDD18 Digital OV Flag
HBIAS1D 0x26 [7] 1. OV detected (>1.93V)
0: OV not detected

VDD18 Digital UV Flag
LBIAS1D 0x26 [6] 1. UV detected (<1.77V)
0: UV not detected

REG_EXT Analog OV Flag
HBIAS2A 0x26 [5] 1: OV detected (>6V/4V/3V)
0: OV not detected

REG_EXT Digital OV Flag
HBIAS2D 0x26 [4] 1. OV detected (>5.3V/3.6V/2.8V)
0: OV not detected

REG_EXT Digital UV Flag
LBIAS2D 0x26 [3] 1: UV detected (<4.7V/3V/2.2V)
0: UV not detected

VDD55 Analog OV Flag
HBIAS3A 0x26 [2] 1: OV detected (>6V)
0: OV not detected

VDD55 Digital OV Flag
HBIAS3D 0x26 [1] 1: OV detected (>5.8V)
0: OV not detected

VDD55 Digital UV Flag
LBIAS3D 0x26 [0] 1: UV detected (<5.2V)
0: UV not detected

Transition to shutdown when abnormal high voltage is detected at
VDD55/VDD18

OVP_F_SET Ox11 [14] 1:  No change (Default)

0:  Shutdown immediately

Transition to shutdown when abnormal high voltage is detected at

OVP_F_SET_ 0x20 [2] REGEXT
REGEXT 1:  No change (Default)

0:  Shutdown immediately
UVP_F_SET_ 0x20 [1] Tra_nsmon to shutdown when abnormal low voltage is detected at REGEXT
REGEXT 1:  No change (Default)

0:  Shutdown immediately
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12.4 VREF Diagnostic Check

Internal reference voltage, VREF2 is measured by the voltage ADC and compare by digital comparator in
the IC. VREF2 used as reference voltages for slow speed current ADC in the IC.

By measuring VREF2 using voltage ADC which has reference using VREF1, user will be able to know if
this 2 references voltage ratio remain constant or not. In normal circumstance, the ratio should stay the
same. In the event either VREF1 or VREF2 has changed, it can be detected by the measurement of
VREF2 voltage as well as the OV and UV flag of VREF2. This can serve as diagnostic check in case
either reference voltage has changed. Each reference voltages are 0.9V. VREF2 should be able to be
measured by internal voltage ADC to be within =50mV from 0.9V during normal operation.

In the event these voltages has been detected as over voltage (OV) or under voltage (UV), internal
register flags will be updated accordingly to serve as a diagnostic check against abnormalities.

Refer to below table 12.4.1 for the register setting of this function.

Table 12.4.1 VREF ADC Diagnostic registers settings

Register Address [bit] Function

VREF2 OV Flag
HVREF2 0x26 [10] 1. OV detected (>1.2V)
0: OV not detected

VREF2 UV Flag
LVREF2 0x26 [9] 1. UV detected (<0.6V)
0: UV not detected
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12.5 Measurement Sequence Diagnostic Check

Voltage ADC follows a certain sequence during measurement by using multiplexing technique. In the
event the sequence is not following the designed sequence, MUX1A _F flag will output a “1” to signify
abnormities. Table 12.5.1 below shows the status register for anomaly detection of the voltage
measurement sequence. For the details of sequence function, see chapter 9, Voltage Measurement
functions.

Table 12.5.1 ADC Sequence Diagnostic registers settings

Register Address [hit] Function

Data acquisition system, process anomaly detection
» Compare the selected measurement target between the
data acquisition system to detect any abnormality in the
voltage measurement sequence
MUX1A_F 0x21 [10]
Error for sequence control counter measurement system
diagnostic check
1:  Abnormal
0: Normal
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12.6 Internal Clocks Diagnostic Check

KA49517A has 2 internal clocks to be used for internal signal generation. Both clock signals can be
output through the required GPIO pins. The clocks can be divided down to lower frequency before being
output to the selected GPIO pins. MCU will then be able to check IC internal clock against a known

system clock. In the event there is abnormalities to IC clock, it can be easily checked by MCU.

Table 12.6.1 below shows the status register to output the clock for diagnostic check. For the details of
output signal through GPIO pins, see chapter 6, on GPIO settings.

Table 12.6.1 Internal Clocks Diagnostic registers settings

Register Address [bit] Function
Setting of GPIOx output dividing frequency of OSCH
OSCH_DIV 0x11 [9] 1: 1/512 = 40kHz (Default)

0: 1/128 = 160kHz

Setting of GPIOx output dividing frequency of OSCL
OSCL_DIV 0x11 [8] 1: 1/64 =4.096kHz (Default)
0: 1/1 =262.144kHz
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12.7 Description of Open Connection Detection

KA49517A has built-in with open connection detection function.
This function can be turned ON during Active Mode, and Standby and Low power Mode .

Each pins has the current source shown in Fig.12.7.1 .
CO0, C1 pins have the current source (Typ.40uA) pushing to the outside of the IC from the pin.
C2 ~ C17 pins have the current sink (Typ.37pA) pulling into the IC from the pin.

By using these current sources when the open detect function is ON, user can judge whether the wires
are

open or not by comparing the cell voltages before and after this function.
User can select the pin for detecting by the flag and select multiple detection at the same time.

JyBAT

® ® 40uA

c17 |

C16 |

C15 |

\ MUX |

& ADC
ca | Level |\
\ Shifter

DOOO®O®®®370A

Fig.12.7.1 Open Connection Detection circuit
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Open Detection at C0,C1 pins

First, you shall obtain the cell voltage immediately before the open detection function.

If open detection function is done when wire is normal, the voltage of C2 pin decreases and the voltage
of CO, C1 pins shown in Fig.12.7.2(a) increase.

The decrease of voltage at C2 pin is obtained from the multiplication the sink current and the
resistance (Rc) at C2 pin.

The increase voltage of C1 and CO pins are obtained from the multiplication the source current and the
resistance (Rc) at C1 and CO pins.

If C1 pin is open shown in Fig.12.12(b), the voltage of C1 pin increases rather than normal

condition by the pushing current and then V1 increase.

If CO pin is open shown in Fig.12.12(c), the voltage of CO pin increases rather than normal condition by
the pushing current and then V1 decrease.

Then, you shall obtain the cell voltage again after the response time (latency) obtained from the
following equation 12-1. If the difference between the two measured cell voltage before and after open
detection ON is more than 100mV, it considered that the wire is open.

The response time[ms] = 100 x Cc [uF] (12-1)

[ (@) normal 4

% i 37uA Vv v,

R T A0uAL L N
vV, _]CC é v v, w

s o] (g v, ' o

T N

. ! ' ~
3TuA > \ 3 NN*N S
. ~d
j_ R g2y X _/v' : T2
Rec | 40u, ) | e
O v .

-
. 1 1 5=
- 1 | 1
*Toren T%., %J g : D S — 5. Data Compare
i - } > - Vil o " ’
Re T 40uA | ~ | —; V1 -Vvi1i
, L . 1 .
Vi Ce é 7| ’ . ' ' e
el P |
B S0 L
Re . : Lol T
Pagtoe
Y | ,f”‘/”’
(C) abnormal .-—-x T
' e
C2h :h‘“ - V, f Vi Jra/ ,,/’
Re | wub@ \ _/'—:7“ s
V, - ?Cc Ié l Y )/,« Vi r
l cit v, &
Re 40uA | !
0 TFee | L T
OPEN &io ? |
e Rc T T
1 .Dass 20pen 3 Data 4.Open

Mestswrnd Dutect ON Moasured Detect OFF

Fig.12.7.2 CO, C1 and C2 pin Voltage on Open Connection Detection
(a: Normal b & c: Abnormal)
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Open Detection at C2 pin

KA49517A

Although it is similar to the Cland CO pins, please note that when comparing the cell voltage.
If open detection with the C1 and C2 pins are done at the same time ,on the polarity of the current
source , the decrease voltage of V2 will be Rc x | (Typ.77uA) despite normal condition.
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1.Data 20pen

3 Data

4.0pen

Measured  Detect ON Measured Detect OFF

June 30, 2021

Fig.12.7.3 C2, C3 and C4 pin Voltage on Open Connection Detection

(a: Normal

b: Abnormal)
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12.7 Description of Open Connection Detection

Open Detection at C3 ~ C16 pins

It is similar to the Cland CO pins, first you shall obtain the cell voltage immediately before the open
detection.

If open detection is done when wire is hormal, the voltage of Cn-1, Cn, and Cn+1 pins decreases

and this decrease voltage is obtained from the multiplication the sink current and the resistance (Rc).

If Cn pin is open shown in Fig.12.7.4(b), the voltage of Cn pin decreases rather than normal condition by
the sink current and then VN decrease.

Then, you shall obtain the cell voltage again after the response time (latency) obtained from the following
equation 12-2. If the difference between the cell voltage of open detection ON just before and the current
result changes more than 100mV , it considered that the wire is open.

The response time[ms] = 100 X Cc [uF] (12-2)

v

Cneid ral Vit
Re l

Y - Ce
[ e

)
5. Data Compare
iy VN’ - VN
\
I Ro T %) Iuh : ‘
1.Duta 20pen 3 Data 4.0pen

Measured  Detact ON  Measured  Delect OFF

Fig.12.7.4 C3~C16 Pins Voltage on Open Detection
(a: Normal b: Abnormal)
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12.7 Description of Open Connection Detection

Table.12.7.1 Example of Open Detection judgment

Open Judgment
Co (CVO1_AD)perore — (CVO1_AD)ype, > 100mV
c1 (CVO1_AD) e, (CVO1_AD)e0re > 100mV
Cc2 (CV2_AD)yeiore (CV2_AD) 4er > 200mV 3% external resistor (Rc) =1kQ
c3 (CV3_AD)perore (CV3_AD),4, > 100mV
ca (CV4_AD)erore (CV4_AD),., > 100mV
C5 (CV5_AD)erore (CV5_AD),4., > 100mV
C6 (CV6_AD)erore (CV6_AD),., > 100mV
c7 (CV7_AD)perore (CV7_AD),, > 100mV
c8 (CV8_AD)erore (CV8_AD),., > 100mV
C9 (CV9_AD)erore (CV9_AD),., > 100mV
C10 (CV10_AD)perore — (CV10_AD)yper > 100mV
c11 (CV11_AD)petore — (CV11_AD)yper > 100mV
C12 (CV12_AD)petore — (CV12_AD)yper > 100mV
c13 (CV13_AD)petore — (CV13_AD)ype, > 100mV
C14 (CV14_AD)perore — (CV14_AD)y4e, > 100mV
C15 (CV15_AD)perore — (CV15_AD),4e, > 100mV
C16 (CV16_AD)perore — (CV16_AD) e, > 100mV
C16M (CV16M_AD)peore — (CV16M_AD), e, > 100mV
C17 (CV17_AD)petore — (CV17_AD)ype, > 100mV

Note: This table is an example of detection judgment for 1-line open

12.7.1 Open Detection Control Registers

Table.12.7.2 shows the registers that control Open Detection.

Table.12.7.2 Open Connection Detection control registers

Register Address [bit] Function
NPD_INR 0x1B [0] Open Detection ON/OFF control register
INRCV1 0x19 [15:0] Selection of Open Detection Pin (CO ~ C15)
INRCV2 O0x1A [1:0] Selection of Open Detection Pin (C16 ~ C17)
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12.7.2 Open Connection Detection Flow

( Start M Obtain the cell voltage data (1Y)
Obtain the cell voltage immediately before the open detection.
(See Chapter 9 voltage measurement)
Obtain the M Selection ON/OFF

cell voltage data (1) Set NPD_INR control (address: 0x1B[0]) to “1”, for detection ON

W Selection of cell for open detection
Pin to be performed open detection is set to “1”.

Selection ON/OFE C0~C16 pin : Set INR_CV_n flag (address 0x19[15:0]) and
(address 0x1A[1:0]) to “1”.

INR_CV_n is corresponding to Cn pin.
(e.g. In the case of INR_CV_0, open detection is done at CO pin.)

Select cell for
open detection C17 pin : Set INR_CV_17 flag(address Ox1A[2]) to “1”.

HLatency time(measurement time)
After previous step (Selection of cell for open detection) starts ,
latency time is necessary. Latency time is decided by following
formula and external Cc shown in Fig.12.1.2.
Latency time [ms] = 100 X Cc [uF]
(e.g. Cc=1uF, Latency time is 100ms)

Latency time
(measurement time)

Obtain the
cell voltage data (2nd) B Obtain the cell voltage data (2")
Obtain the cell voltage data again.

l Stop open detection

Stop open detection Set INR_CV_n (address 0x19[15:0]) and (address 0x1A[2:0]) to “0".
Set NPD_INR (address: 0x1B[0]) to “0”.

B Compare Data
Compare the obtained cell voltage 15t & 2" data.
Compare 1% & 2" Data If 200mV or more of the difference was found,
it will be considered as open.
2 If open detection with the C1 and C2 pin is done at the same time, on the
polarity of the current source, the decrease voltage of V2 will be Rc x |
( END ) (Typ.77uA) in spite of normal condition.

Fig.12.7.5 Open Detection Flow
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13.1 Description of SPI Communication Interface
KA49517A communicates with MCU using four lines SPI communication interface,

with SDI, SDO, SCL and SEN pins.
Refer to table below for SPI function.

Table.13.1.1 SPI communication function

SDO (Data output : Pin61)
SDI (Datainput : Pin62)
SCL (Clock input : Pin63)
SEN (Enable input : Pin64)

Use Pin

Data Writing (2 byte)
Data writing to the set address

Communication Data Reading (2 byte)
mode Data readout to the set address

Continuous Reading (2 byte * M)
Data reading of n consecutive addresses from set address

Data Writing (1/fsck* 40) + tsen_tp + tsen_LG + tsen_Lo

Communication Time | Data Reading (L/fsck * 48) + tsen_Lp + tsen_LG + tsen_Lo

Continuous Reading (Lffsck * (40+(16 * M))) + tsen b + tsen e + tsen_Lo

XE+XT+X0+X4+X2+1
Polynomial for CRC Initial value: 0xD5
(Refer to page 137 and 138 for the computation)

Communication Error | Output SDO Pin(When the error "L" output)
detection Output STATUS Flag(SPI_F(SPI_STAT:bp14))

SPI Watchdog Timer | Configurable Time : 1 ~ 4096s (Default:60s)

M : continuous read data number
tsen_x - delay time for communication (refer to electrical characteristic)

June 30, 2021 Page 135 of 225 Rev 1.03



NUVOTON KA49517A
R —

Description of Functions
13. SPI Communication Interface

13.2 Control Registers of SPI
13.2.1 Registers
Table.13.2.1 shows the Registers that control SPI.

Table.13.2.1 SPI Control Registers

Register Address Function
0x03; . .
SPI_WDTCOUNT Bit 0 ~ 11 SPI watchdog timer control register
SDI_PLDW Ox17"
SCL_PLDW Bit 8.9 ’10 Communication Control register
SEN_PLDW e
0x21; .
SPI_F Bit 12 SPI Status register
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13.3 SPI Communication Mode

KA49517A has built-in with the following communication mode.
- Data Writing(2bytes)

- Data Reading(2bytes)

- Continuous Reading(2bytes * M)

It is able to communicate by the following behavior.

When wake up to Active Mode from Shutdown Mode, SDO will change from “L” to “H”,
indicating KA49517A is ready for communication, communication can be started after 500ns.

SDO pin is used to indicate the correctness of communication, when there is error with the
communication, SDO pin will become “L”.

To find out the reason of the error, read the SPI_F flag(address 0x21[12]).
Please always set "1110000" the beginning 7bit of transmitted data.

13.3.1 Data Writing (2bytes)

The figure below is the timing chart of Data Writing(2 Bytes).

SEN pin to be kept “L” for more than
500ns before next communication.

1/2|3|4[s5]6]7]8]9[1001112]13/14 17|18[19]20(21|22| 23] 2425/ 26|27| 28| 20| 30] 31| 32[33] 34| 35| 36 373820

o
=
3
=
o

CRC Data
R/W Reg. Address Data CRC
SEN ,
SCL
SDI 1 1x1x0x0x0x0 0 AGXA5XA4XA3XAZXA1XAO 0 JDF] D4D[*DCXDBXDAXDQXDBXD7XDGXD5XD4XD3XDZXDIXDO C7XC6XC5XCAXCBXC2X01XCO
SDO  {FauLT) FAULT
I ? —
FAULT="H":Previous Communication Ended Correctly FAULT="H":Communication Ended Correctly
FAULT=“L":Previous Communication Ended with Error FAULT="L":Communication Ended with Error

Fig.13.3.1 Data Communication Control Timing <Data Writing(2 Bytes)>
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13.3.2 Data Reading (2bytes)

The figure below is the timing chart of Data Reading (2 Bytes).

SEN pin to be kept “L” for more than
500ns before next communication.

0|1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |10|11|12|13|14|15|16|17|18|19|20|21|22|23. |24|25|26|27|28|29|30|31|32|33|34|35|36|37|38|39 40|41|42|43|44|45|46|47
CRC Data
RIW Reg. Address CRC
SEN ,
scL IR R R A R RUYUYYY
SDI 1)1 x 1 x 0 x 0 x 0 x 0 ( 1 [AelAslMXAaXAzlAlXA oc ceXcch4Xc3lchc1ch
Data CRC
SDO (FAU LT (DF*DE‘DE*DC*DB*DAXDS{DZ*D7XD6!D5XD4XD3XD2‘D1KD cichcch#calchcqc (FAULT
If CRC Error
SDO {FAU LT‘

<X 7=

FAULT="H":Previous Communication Ended Correctly FAULT="H":Communication Ended Correctly
FAULT="L":Previous Communication Ended with Error FAULT="L":Communication Ended with Error

Fig.13.3.2 Data Communication Control Timing <Data Reading(2 Bytes)>
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13.3 SPI Communication Mode

13.3.3 Continuous Reading (2bytes * M)

The figure below is the timing chart of Continuous Reading (2bytes * M).

o|1]2]3]4]s5]6]7]8]o]101122[1314]15]16[17]18[10]20]2122]23]24]25[26[27]28]29]30]31] 32]33[34[35[36[37]38]30]40[41]42|43|a4as]aela7
CRC Data
R/W Reg. Address Trans Num CRC

SEN |
scL UUURMURT VR UYWAY
SDI 1f1f1fo)o)o) o) 1 facfactadfacfafarfa 1 o crlcefccdedcdcafed

Continuous Reading Setting Bit Reading Data Number Setting Bits

1:continuous data reading (T6~TO = Data Number - 1)

0:single data reading

Datal

SDO FA?E FA;LT SEIszazzacsaszcas

FAULT="H":Previous Communication Ended Correctly FAULT="H":Communication Ended Correctly
FAULT="L":Previous Communication Ended with Error | | FAULT="L":Communication Ended with Error

SEN pin to be kept “L” for more than
500ns before next communicaltion.

o]

48l49]50[51/52|53[5455]56]57]58|59]60]6 1|6 2]63]¢ " (65|66|67]68]65|70]71|72]73]74]75[76]77|78 7els0[e1[s2[sals4ls5lsel8 788

— MUY YRR YY [URUUWRRA

Data2 >> DataM(Last Data) CRC(Datal,- -,DataM)

SETTISTQSS bbbebdodedodorb oo dodedododededededed Craur

i

FAULT="H":Communication Ended Correctly
FAULT="L":Communication Ended with Error

Fig.13.3.3 Data Communication Control Timing <Continuous Reading (2byte X M) >

June 30, 2021 Page 139 of 225 Rev 1.03



NUVOTON KA49517A
I

Description of Functions
13. SPI Communication Interface

13.4 SPI Communication Time

Table below listed required time for communication at different operation.

Table.13.4.1 Time for communication at different operation

Communication MCU - KA49517A Communication Time
Data Writing (L/fsck X 40) + tsen_Lp + tsen LG + tsEN_LO
Data Reading (1/fsck X 48) + tsen_tp + tsen_Lc + tsen_Lo
Continuous Reading (Lffsck X (40+(16 X M))) + tsen_tp + tsen Lo + tsen_Lo

M : continuous read data number
tsen xx - delay time for communication (refer to electrical characteristic)

13.5 Communication Error

During communication, SDO pin become “L” when communication error occur.
To find out the reason of the error, read SPI_F flag (address 0x21[12]).

13.6 CRC

Command CRC calculation:

KA49517A validates the command frame of SPI communication based on CRC judgment. Command
CRC is calculated employing the polynomial below, using the target bits of the command frame except
for the command CRC itself. The number of target bits is 32 bits for a write command, 16 bits for a read
command and 24 bits for a continuous read command.

* Polynomial (8-bit CRC) : X8+X7+X6+X4+X2+1
Initial value : OxD5, Calculation direction: MSB first
Calculation result : Non-inverted output
Table 13.6.1 shows an example of the command CRC calculation method.

Data CRC calculation:
In order for the MCU to validate the read-out data, data CRC is attached to the read-out data frame.

The Data CRC is calculated using the polynomial below with an 8-bit CRC for a read command and a 16-
bit CRC for a continuous read command.

* Polynomial (8-bit CRC) : X8+X7+X6+X4+X2+1
Initial value : OxD5, Calculation direction: MSB first
Calculation result : Non-inverted output
Table 13.6.2 shows an example of data CRC judgment.
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13.6 CRC

Table 13.6.1 Example of command CRC calculation (Target data: read command register 0x28)

Calculation direction: MSB first

011|213 |4 |5]|6|7[8|9|10/11|12|15|14|15;16|17|18|19(20(21(22 23
Inrsetuntn(ﬂxhlbu) 1 1 1 (8] (=] o (8] 1 (8] 1 (8] 1 (8] =] (8] =] (8] =] (8] =] (8] 8] (8] 8]
Initial value 1|1 |o|j1|]o]1]|of1
XOR ijl1i|jo|j1jojJojo|(ifofli|lo|lo|jlo|laldo |0 |0 |0 |0 |0 |00
Folynomial i1 |1 |Jo]j1]|]oj1|lof1l
XOR 1 1 1 (8] 1 1 1 1 (s ] (s ] (s ] (s ] (s ] (s ] (s ] (s ] (s ] (s ] (s ] (s ]
Palynamial 1 1 1 (8] 1 (8] 1 (8] 1
XOR i|lo|li|ldi|o|lo(loro (oo |lao o |0 |00
Palynomial 1 1 1 0] 1 0] 1 0] 1
XOR 110111010 (1|0 O|lo| 0|0
Polynomial 1 1 1 (] 1 (] 1 (] 1
XOR 1 8] 1 1 1 1 1 1 &) 8] &) 8] 8]
Faolynomial 1|11]1]|]0]1,0]1 |01
XOR i|lo|j1 o1 |01 |1 (00|00
Folynomial il1|]1]0of1]|0]1]|0]1
XOR i|lojlojo0|o0 1011|1000
Polynomial (8] (8] 8] 1
XOR ijJilo |1 |o0|0|1 |1 |00
Palynomial 1 111 0|1 0|1 0|1
XOR 111 |1 |o(o(1 1|0
\ )

I
Calculation result: CRC = OxE6

Table 13.6.2 Example of data CRC judgment (Target data: 0x1234 + CRC 0x2D)

Calculation direction: MSB first

7 9 11011 [12[13 |14 | 16 16:1? 18119 | 20 (21 [ 22 | 23 | 24

001 1101 [0]0

|
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o |
o |w
- |a
o |,
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Calculation result: normal = 0, abnormal = not 0
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13.7 Watchdog Timer of Communication

As part of the communication safety features, KA49517A has a Watchdog Timer (WDT) that will
countdown to the set time when there is no communication between the MCU and the IC. This feature
can be used as a safety mechanism to shutdown the system in case there is a problem with the MCU.

Upon expiry of the KA49517A WDT, it is possible to shutdown the MCU immediately through shutting
down the REGEXT power supply, assuming the MCU is powered by this Regulator. An interrupt will be
sent to the MCU about 100ms prior to the expiry of the WDT countdown via GPIO pin interrupt.

This serves as a form of interrupt to the MCU prior to actual WDT expiry. In case the MCU is able to
resume communication with the KA49517A before expiry of the WDT countdown, the WDT counter will
be reset and normal operation will be resumed. Refer to chapter 7 for GPIO interrupt settings details.

REGEXT shutdown behavior can be set by WDT_REGEXT_OFF bit register (address 0x03[13]). When
this bit is set to “1”, KA49517A will shut down the REGEXT (MCU supply) upon expiry of the WDT for the
first time and then restart the REGEXT output after a predetermined delay time. In the event that WDT
expires again for the second time, the REGEXT output as well as KA49517A will be shutdown
permanently until a wakeup signal is issued by the MCU again. This feature allows for the MCU to reboot
once in case of a nonpermanent fault. The IC internal register settings will also be reset after the first
WDT expiry so as to synchronize with the repowering up of the MCU.

When WDT_REGEXT_OFF bit (address 0x03[13]) is set to “0”, REGEXT output as well as KA49517A
will shut down upon WDT expiry, permanently until a wakeup signal is issued by the MCU again. Refer to
Fig 13.7.1 for the different cases upon WDT expiry.

The WDT can be programed from 1s ~ 4096s at SPI_WDTCOUNT[11:0] register (address 0x03[11:0]).

This function also be turned off by setting COMTIMON register (address 0x03[12]) to be “0”.

WDT function is available in both Active and Low power mode of operation. During Standby mode when
communication is turned OFF, WDT can still be turned ON by setting WDT_STB_EN register (address
0x03[14]) to be “1”. Do not change WDT Timing Setting when Watchdog Timer is already in operation.
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13.7 Watchdog Timer of Communication
The diagrams below show the timing of the Watchdog Timer upon expiry for the different detections.

(1) WDT_REGEXT_OFF (address 0x03[13]) = “0” case

IC State Any State X SHDN

WDT interrupt _I S
at GPIO = >

|‘\ WDT timeout

REGEXT

*REGEXT and IC enter shut down
state when WDT expiry.

(2) WDT_REGEXT_OFF bit (address 0x03[13]) = “1” case (SPlI is still not received after reset MCU)

IC State ! Any State X ACTIVE (All internal Registers reset) X SHDN
WDT interrupt — <100ms’- ' 100ms _
atGPIO | ) .
REGEXT U l
) i 10ms i
valid SPI —} i : :
command € - - > € - - - - - - - >
WDT timeout 1 V\ WDT timeout 2 '

All internal Registers reset

*WDT expires twice when there is no MCU SPI communication.
*REGEXT power OFF in two attempts; at the second attempt,
IC also enter Shutdown state

(3) WDT_REGEXT_OFF (address 0x03[13]) = “1” case (SPlI is received after reset MCU)

IC State | Any State X ACTIVE (All internal Registers reset) X Enter new state by MCU control
i 100ms i j
WDT interrupt 1 |r=eeees
atGPIO | i !
REGEXT : 10lrJns : SPI command received before second WDT
valid SPI —\ v H expiry. WDT counter is reset
command — —t ;
D ST > (Recommend to perform soft Reset for this SPI
WDT timeout :\ command, write into address 01h[0]="0")

All internal Registers reset

*WDT expire one time and SPI command is received next.
*REGEXT power OFF in 1 attempt. IC did not enter shutdown mode

Fig.13.7.1 Timing diagrams of the Watchdog Timer upon expiry for different scenario
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14.1 Description of Self-Control Fuse SCF (Chemical Fuse) Control Function

KA49517A includes a SCF Fuse Blow function which is able to provide a secondary protection in addition
to the CHG/DIS FET control. This function serves as a protection of last resort by blowing the fuse to
protect the battery in the event of battery cell fault and in addition to failure of the FETs to protect the cells.

This function operate in a certain algorithm by checking Cell voltage or cell current fault. This function can
be turned ON/OFF by MCU control by setting register FUSE_ENV (address 0x08[8]) and FUSE_ENC
(address 0x08[0]) respectively. Both the voltage and current abnormality are used as criteria to arrive at
the Fuse blow decision.

Refer to flow chart shown in figure 14.1.2 and 14.1.3 for the flow used to judge if SCF fuse blow circuit is
to be activated or not.

14.1.1 Self-Control Fuse SCF (Chemical Fuse) Gate driver circuit

The SCF Fuse Gate driver can be programmed to be output from any GPIO pin.
Refer to chapter 7 on how to output the Fuse gate driver to the selected GPIO pin.

An external NMOS accompany by suitable Gate RC filter are recommended to be connected to the
chemical fuse for this function (as shown in the Fig 14.1.1 below). External NMOS FET with suitable
power dissipation should be chosen such that it is able to handle the current when blowing the selected
chemical fuse.

Hr—a—  soF [
I 1 T
L L

CHG DIS

_'L\J—[]VBAT
A

: KA49517A

o GPIOX [].w\,..n_{
2 g =
= GND [];1:4

T+ SRN

< Pack- I

Fig.14.1.1 Example of SCF Fuse Gate Driver Circuit
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14.2 Flowchart of Self-Control Fuse SCF (Chemical Fuse) Decision (Over Voltage)

( START )

Y

OVTH: 3.5V~4.5V
(Step=50mV)

Cell Voltage>OVth ?
over OV_DLY period

OV_DLY:
200~1600 ms
(200ms step)

DLY_FUSELV: DLY_FUSEELV
200~1600 ms Counter Expired

(3 bits)

OVTH2=0OVTH+AmV
AmV = 50/100/150/200mV

Cell Voltage>OVth2 ?
over DLY_FUSE2V

DLY_FUSE2V=

1s ~ 3min (4 bits) Driver

NO [ Gate="L"

Cell Voltage >0OVth2?

FUSEB_ENV2="1"

|

DLY_FUSECUT=
30s ~ 5mins

Check 2x for cell >OVTH2 (2nd level OV) after Cell
goes over OVTH (1st level OV) before FUSE is CUT

Driver (default 3 mins)
Gate="H'__y > (4bits)
Start DLY_FUSECUT FUSE cut
YES FUSE cut Counter Expired? end
A
Driver
FUSEB_ENV=“1"
_ NO Gate= “L”
53h [7:0] \ 4
Register written Write

“OxFB”

FUSEB_F Flag =1

Fig.14.2.1 Chemical Fuse Blow Function Decision by Over Voltage Detection

Upon detection of continuous over voltage over OV, setting (address 0x0A[11:6] over the entire
duration of the OV_DLY (address 0x0B[6:4] counter(i.e Alarm condition triggered), KA49517A will enter
FUSE monitoring check if FUSEB_ENYV register(address 0x08[8]) is set to “1”. KA49517A will then
start the count down a counter that is preset in DLY_FUSE1V (address 0x08[11:9]). In a typical system,
the CHG and DIS FET should be turned OFF in the event of an Over voltage. Upon expiry of
DLY_FUSE1V counter, the cell voltage will be continuously checked if it exceeds a higher threshold of
OV, (address 0x09[7:6]) with countdown of another timer, DLY_FUSE2V (address 0x08[15:12]).
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14.2 Flowchart of Self-Control Fuse SCF (Chemical Fuse) Decision (Over Voltage)

If cell voltage goes below OVy,, before expiry of the DLY_FUSE2V counter, the counter will reset and
operation will return to monitor if Alarm condition happen or not again. On the other hand if cell voltage
goes above OVy,, upon the expiry of the DLY_FUSEZ2V counter, Fuse Blow operation will begin.

When fuse cutting process is activated, another counter, DLY_FUSECUT (address 0x09[3:0]) will start
counting down during the Fuse Blow operation. Fuse blow function will continue by turning on Driver
Gate="H” until DLY_FUSECUT counter has expired. Upon expiry of the DLY_FUSECUT counter, Fuse
Blow operation will be turned off (Driver Gate="L”) and Flag FUSEB_F (address 0x27[4]) will be written
with “1”.
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14.2.1 Registers setting of SCF Control (Over Voltage)

In the event Fuse cutting process is on-going, MCU can decide to abort the Fuse Blow operation by
setting another register, FUSEB_ENV2 (address 0x9[5])=“1", Fuse Blow operation will be aborted once
the cell voltage goes below OV,,, and DLY_FUSECUT counter will be reset.

MCU can also decide to start the Fuse Blow operation (bypassing all detection path) by directly writing
FUSEB_ENV=“1" and writing special code “OxFB” into FUSE_BLOW (address0x53h [7:0]) register (see
Fig.14.2.1). In this case Fuse Blow operation will be executed to completion until the DLY_FUSECUT
timer expiry. Before DLY_FUSECUT timer expiry, this operation can be terminated by writting any other
code other than “OxFB* into FUSE_BLOW register.

Below table 14.2.1 shows the required register settings to progam the fuse cut setting for voltage
abnormalities condition.

Table.14.2.1 Timing and Voltage Threshold Settings for Fuse Blow Function (Over Voltage)

Register Address [bit] Function

OVTH O0x0A [11:6] Over voltage threshold setting for alarm triggering

Over voltage delay after over voltage is triggered and

OV_DLY 0x0B [7:4] before alarm output

FUSEB_ENV 0x08 [8] Over Voltage Fuse blow algorithm function enable

DLY_FUSE_1V | 0x08[11:9] Over voltage fuse blow delay after alarm is triggered by OVTH

DLY_FUSE_2V | 0x08[15:12] | Over voltage fuse blow delay after OVTH?2 is triggered

Selection for OVTH2 threshold .
OVTH2_SEL 0x09 [7:6] Decide the additional voltage in additional to OVTH
before deciding to cut fuse

To enable OVTH2 to continue to be monitored when

FUSEB_ENV2 0x09 [3] fuse cutting is in progress

DLY_FUSECUT | 0x09 [3:0] Counter to hold Gate High after fuse is decided to be cut

Fuse blow function direct activation

Fuse blow function by MCU control will be activated when "0xFB" is
written to this register.

Not dependent on Cell and current fault algorithm.

FUSE_BLOW | 0x53[7:0]

Fuse blow status
FUSEB_F 0x27 [4] 1: Fuse blow is completed
0: Fuse blow not completed (Default)
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14.3 Flowchart of Self-Control Fuse SCF (Chemical Fuse) Decision (Over Current)

( START )

OCC=10~200mV
OCD=25~800mV
SCP=25~800mV

OCC/OCD/SCP=H? NO
over OCC/D_DLY/SCP_DLY,

period

OCC/D_DLY:
10~320 ms
SCP_DLY:
0~968.75us
A
DLY_FUSEIC: DLY—FUSE_lC
200~1600 ms Counter Expired
(3 bits)
DLY_FUSE2C=
500ms ~ 5000ms Is IADC>0OCth? NO
(4 bits) .
over DLY_FUSE2C period
OCth= 2 hits Driver
0.1mV; 0.3mV;

0.6mV; 1mV (default)

|

FUSEB_ENC2="1" DLY_FUSECUT=

30s ~ 5mins

Check 2x for IADC>OCth after 1st alarm

triggered before FUSE is CUT

Driver (default 3 mins)
Gate="H" ¢ VES (4 bits)
Start DLY_FUSECUT FUSE cut
YES FUSE cut Counter Expired? end
A
NO Driver
FUSEB_ENC=“1"
- Gate= “L”
53h [7:0] y
Regifter WEitten Write
- OxFB FUSEB_F Flag =1

Fig.14.3.1 Chemical Fuse Blow Function Decision by Over Current Detection

In the event of continuous triggering of OCC/OCD/SCP condition over the threshold setting at address
0x13[15:0] over the entire duration of the OCD_DLY/OCC_DLY/SCP_DLY (address 0x14[14:0])
counter period.(i.e Alarm condition triggered) and if FUSEB_ENC=“1" (address 0x08[0]), KA49517A will
start the count down of the DLY_FUSE1C (address 0x8[3:1])counter. Upon expiry of this counter, the
current through the shunt resistor will be continuously checked if it exceed OCth (address Ox0A[11:6])
over the DLY_FUSE2C (address 0x8[7:4]) counter period, as shown in Fig.14.3.1.
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14.3 Flowchart of Self-Control Fuse SCF (Chemical Fuse) Decision (Over Current)

If IADC goes below OCth before expiry of the DLY_FUSE2C counter, the counter will reset and operation
will return to monitor if Alarm condition happen or not again. On the other hand, if IADC maintain above
OCth threshold, Fuse Blow operation will begin.

Another counter, DLY_FUSECUT (address 0x9[3:0]) will start counting down during the Fuse Blow
operation. Fuse blow function will continue by turning on Driver Gate="H” until DLY_FUSECUT counter
has expired. Upon expiry of the DLY_FUSECUT counter, Fuse Blow operation will be turned off (Driver
Gate="L") and Flag FUSEB_F (address 0x27[4]) will be written with “1”.
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14.3.1 Registers setting of SCF Control (Over Current)

In the event Fuse cutting process is on-going, MCU can decided to abort the Fuse Blow operation by
setting another register, FUSEB_ENVC="1", Fuse Blow operation will be aborted if IADC is checked to be
below OCth and DLY_FUSECUT can be reset.

MCU can also decide to start the Fuse Blow operation (bypassing all detection path) by writing
FUSEB_ENV=1" and writing special code “OxFB” into FUSE_BLOW (address 0x53h [7:0]) registe(see
Fig.14.3.1). In this case Fuse Blow operation will be executed to completion until the DLY_FUSECUT
timer expiry. Before DLY_FUSECUT timer expiry, this operation can be terminated by writting any other
code other than “OxFB® into FUSE_BLOW register

Below table shows the required register settings to progam the fuse cut setting for current abnormalities
condition.

Table.14.3.1 Timing and Voltage Threshold Settings for Fuse Blow Function (Over Current)

Register Address [bit] Function
SCD_D Setting of Over Charge; Over discharge and Short circuit detection
OCD_D 0x13 [14:0] current for alarm out ut,
oCC D P
SCD_DLY ) Setting of Over Charge; Over discharge and Short circuit detection
OCD_DLY Ox14 [14:0] delay after detection for alarm output
OCC_DLY y P
FUSEB_ENC 0x08 [0] Over current fuse blow algorithm function enable
) Over current fuse blow delay after alarm is triggered by
DLY_FUSE_1C | 0x08 [3:1] SCD/OCC/OCD fault
DLY_FUSE_2C | 0x08 [7:4] Over currgnt de’(ectlon (IADC>OCTH) delay period before
fuse blow is decided
) Current threshold settings to check for current abnormality before
OCTH_SEL 0x0A [13:12] Fuse cut after DLY_FUSE_1C delay has passed
FUSEB_ENC2 0X09 [4] To gnaplg IADC>0OCTH check to continue to be monitored when fuse
cutting is in progress
DLY_FUSECUT | 0x09 [3:0] Counter to hold Gate High after fuse is decided to be cut
Fuse blow function direct activation
FUSE_BLOW 0X53 [7:0] Fu_se blow f_unctlo_n by MCU control will be activated when "0OxFB" is
written to this register.
Not dependent on Cell and current fault algorithm.
Fuse blow status
FUSEB_F 0x27 [4] 1: Fuse blow is completed
0: Fuse blow not completed (Default)
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A.1 Overview of registers

This IC is equipped with registers for control, status and data. Each register consists of 16 bits flag.
The accessibility of each flag is defined as:

- R : Readable - R/W : Readable and writable always
bit/
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|Address|
ADC_ . . LDM_SLP|VPC_SLP|LDM_ST [VPC_STB . MSET_ MSET_ | MSET_ |[NPD_RS]
0x01 | O INTM_TIM[1:0] INTMSEL[1:0] "EN BN B EN EN AUTO_TIM[1:0] ote~ [MSET_LP| "gp SHDN T
STB_RE [ SLP_RE [INTM_RE[ STB_VD INTM_VD
0x02 |INT5_EN|INT4_EN|INT3_EN|INT2_EN|INT1_EN CHgEg'S - REGE',E\‘XT - GEXT_ | GEXT_ | GEXT_ |D55_LPE 2';'};’25 D55_ Resde”’e
- - LPEN | LPEN | LPEN N — LPEN
WDT_RE
0x03 . [WDTST) geyy | CoMT SPI_WDTCOUNTI[11:0]
B_EN MON
- OFF
FDRV_ | FDRV. FDRV
FDRV_ — ~ | NPD_ |FDRV_S — | FDRV_ | FDRV_ . FDRV_ |Reserve
0x04 ALM_SD ALN\I7 RC ALN}I{CL FDRV | EL CLK CH(_SFFE DIS_FET| sTBY Reserved FDRV_LEVEL[2:0] ouveiil  d
0x05 |CV16SEL|CV15SEL|CV14SEL|CV13SEL|CV12SEL|CV11SEL|CV10SEL| CVOSEL | CV8SEL | CV7SEL | CV6SEL | CV5SEL | CVASEL | CV3SEL | CV2SEL |CV1SEL
0x06 - - - - - - - - - - Reserved|Reserved|Reserved|Reserved [Reserved CV1L7SE
0x07 |reserved| YREF2 |REGEXT| vDD18 . . . GPAD2 | GPAD1 | VDD55 | TMONIS [ TMONI4 [ TMONI3 [ TMONI2 | TMONI1 | VPACK
SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL
0x08 DLY_FUSE_2V[3:0] DLY_FUSE_1V[2:0] FLIJES,\FVB— DLY_FUSE_2C[3:0] DLY_FUSE_1C[2:0] F%?\E:B—
.~ | FUSEB_ | FUSEB_ .
0x09 - - - - - - - - OVTH2_SEL[1:0] |ty | Enca DLY_FUSECUTI[3:0]
OX0A - - OCTH_SEL[1:0] OVTH[5:0] UVTH[5:0]
0x0B - OV_HYS[2:0] - UV_HYS[2:0] - OV_DLY[2:0] - UV_DLY[2:0]
ADC_TR ADIL_ | ADIH_ | ADV_
0x0C - - - - - - - CB_SET | UVMSK | OVMSK - G - waten | Laten | Latcn
. GPIO1_ | GPIO1_ | GPIO1_ | GPIO1_ | GPIO1_ [GPIO1_|
0x0D B B ) ) GPIO1SEL[3:0] ) ) CHDRV | OUT oD PD NOE E
. GPIO2_ | GPIO2_ | GPIO2_ | GPIO2_ | GPIO2_ [GPIO2_I
OXOE - ) . . GPIO2SEL[3:0] . . CHDRV | ouT ob PD NOE E
. GPIO3_ | GPIO3_ | GPIO3_ | GPIO3_ | GPIO3_ [GPIO3_|
0x0F B B . . GPIOSSEL[3:0] ) ) CHDRV | OUT oD PD NOE E
0x10 . . . . . . . . ) ) GPOH2_|GPOH1_ . GPOH_ |GPOH2_ |GPOH1_|
ALM_ST | ALM_ST FET EN EN
OVP_F_|TSD_F_ . ) ) OSCH_ |0SCL_DI . ) .
ox11 - SET SET oy v PULLUP_SEL[5:1] ACTV_DLY[1:0]
ox12 A"SAI‘;_M - - - - - - - - - - - EN_SCD|EN_OCD|EN_OCC| EN_CP
0x13 - SCD_D[4:0] OCD_D[4:0] OCC_D[4:0]
0x14 - SCD_DLY[4:0] OCD_DLY[4:0] OCC_DLY[4:0]
0x15 DI_CBSEL[16:1]
0x16 - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved DEIE[(iE]S
DIS_OSC SDI_ SCL_ | SEN_ ) PD_ )
0x17 |Reserved _OFF Reserved|Reserved - PLDW PLDW PLDW REGES Reserved|Reserved|Reserved Reserved(NPD_CB
ADI ADV.
IADSWHY|ADSWSD| ADIH_ | ISD_ I = ADIH_O
0x18 - - EN EN Reserved - Reserved|Reserved Reserved CSYNC | STOPEN LATCH_ | LATCH_ |ADIL_ON N
- - SET SET
0x19 INR_CV[15:0]
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Explanation of Registers
A.1 Overview of registers

This IC is equipped with registers for control, status and data. Each register consists of 16 bits flag.
The accessibility of each flag is defined as:

- R : Readable - R/W : Readable and writable always
bit/
15 14 13 12 11 10 € 8 7 6 5 4 3 2 1 0
JAddress|
Reserved
Ox1A - - - - - - - - - Reserved|Reserved|Reserved|Reserved INR_CV[17:16M]
. FET_DIA|FET_DIAG_SEL[1:0| DIAG_IH|DIAG_IS i i . )
0x1B ADIH_CSYNC_SEL[4:0] G.EN ] Y EN | DEN NPD_INR]
ST_GPIO|ST_GPIO|ST_GPIO FDRV_DI|FDRV_C [GPOH2_|GPOH1_| IADS_ | IADH_ | VAD_ ST_SDW
0x1C 3 5 1 Reserved S ST | HG.ST oT oT bonE | DoNE | ponE [ST-INTM| ST_LP N [ST_STBY|ST_ACT

ST_CV16|ST_CV15|ST_CV14|ST_CV13|ST_CV12|ST_CV11[ST_CV10| ST_CV9 | ST_CV8 | ST_CV7 [ ST_CV6 | ST_CV5|ST_CVv4 | ST_CV3 | ST_CVv2 |ST_CVvi

0x1D SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL
Ox1E - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved ST§(;_/17
ST_ ST_ ST_ ST_ ST_ ST_ ST_ ST_ ST_ ST_ ST_ ST_
Ox1F - - - TMONI5 | TMONI4 | TMONI3 | TMONI2 [ TMONI1 | GPAD2 | GPAD1 | VPACK | VDD18 [REGEXT| VDD55 |Reserved| VREF2
SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL
OVP_F_S
0x20 |Reserved Customer Reserved Reserved NPD_LD ET_REG UVP_F_S| LDM_
M = ET SHRT
EXT
0x21 |ST_SCD |ST_OCD|ST_OCC| SPI_F |Reserved MU)élA— - - SCD_F | OCD_F | OCC_F | TSD_F CFEEON CFFETFOF DFE:;ON DFELOF

0x22 | OV16_F |OV15_F | OV14_F [ OV13_F |OV12_F|OV11_F |OV10_F| OV9_F | OV8_F | OV7_F | OV6_F | OV5_F | OV4_F | OV3_F | OV2_F | OV1_F

0x23 - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved| OV17_F

0x24 | UV16_F |UV15_F | UV14_F | UVI3_F | UVI2_F |UV11_F |UVIO_F | UVO_F | UVS_F | UV7_F | UV6_F | UV5_F | UVA_F | UV3_F | UV2_F | UVL_F

0x25 - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved| UV17_F
0x26 - - - - - HVREF2 | LVREF2 |HBIAS1A|HBIAS1D|LBIAS1D |HBIAS2A[HBIAS2D|LBIAS2D |HBIAS3A|HBIAS3D|LBIAS3D
0x27 LD.IM —FDE VP.F —FDE WDT_F CU'?:—H— LD'\:':—H— LDM_L_F|VPC_H_F|VPC_L_F| - - - FUSEB_F| ST_OTH|ST_BIAS| ST_OV | ST_UV
0x28 CV01_AD[15:0]

0x29 CV02_AD[15:0]

O0x2A CV03_AD[15:0]

0x2B CV04_AD[15:0]

0x2C CV05_AD[15:0]

0x2D CV06_AD[15:0]

OX2E CV07_AD[15:0]

Ox2F CV08_AD[15:0]

0x30 CV09_AD[15:0]

0x31 CV10_AD[15:0]

0x32 CV11_AD[15:0]

0x33 CV12_AD[15:0]

0x34 CV13_AD[15:0]

0x35 CV14_AD[15:0]

0x36 CV15_AD[15:0]

0x37 CV16_AD[15:0]

0x38 CV17_AD[15:0]

0x39 Reserved

June 30, 2021 Page 152 of 225 Rev 1.03



NUVOTON KA49517A
R —

Explanation of Registers
A.1 Overview of registers

This IC is equipped with registers for control, status and data. Each register consists of 16 bits flag.
The accessibility of each flag is defined as:

- R : Readable - R/W : Readable and writable always
Adzir'jess 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x3A Reserved
0x3B Reserved
0x3C Reserved
0x3D Reserved
OX3E VPACK_AD[15:0]
Ox3F TMONI1_AD[15:0]
0x40 TMONI2_AD[15:0]
0x41 TMONI3_AD[15:0]
0x42 TMONI4_AD[15:0]
0x43 TMONI5_AD[15:0]
0x44 VDD55_AD[15:0]
0x45 GPIO1_AD[15:0]
0x46 GPI02_AD[15:0]
0x47 CVIH_AD[15:0]
0x48 CVIL_AD[15:0]
0x49 VDD18_AD[15:0]
OX4A REGEXT_AD[15:0]
0x4B VREF2_AD[15:0]
0x4C Reserved
0x4D |OV16_LF|OV15_LF|OV14_LF|OV13_LF|OV12_LF|OV11_LF|OV10_LF| OV9_LF | OV8_LF | OV7_LF | OV6_LF [ OV5_LF | OV4_LF | OV3_LF | OV2_LF | OV1_LF
Ox4E - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved|OV17_LF|
Ox4F |UV16_LF|UV15_LF|UV14_LF|UV13_LF|UV12_LF|UV1l_LF(UV10_LF| UV9_LF [ UV8_LF | UV7_LF | UV6_LF | UV5_LF [ UV4_LF | UV3_LF | UV2_LF | UV1_LF
0x50 - - - - - - - - - - Reserved|Reserved|Reserved|Reserved|Reserved|UV17_LF
0x51 CB_ST[16:1]
0x52 - - - - - - - - - - Reserved CE}?T
0x53 - - - - - - - - FUSE_BLOW([7:0]
0x54 |Reserved Reserved
0x55 - AUTO_ITHL[14:0]
0x56 - - - - - Reserved R55GAIN[2:0] R55TCJ[2:0] R55VC[2:0] Reserved
0x57 - . - - - - PULLUP_TMONI1[9:0]
0x58 PULLUP_TMONI3[7:0] PULLUP_TMONI2[7:0]
0x59 PULLUP_TMONI5[7:0] PULLUP_TMONI4[7:0]
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A.2 Detailed explanation

Address:
0x0L PWR_CTRL

bit | 15 14 | 13 12 | 11 10 9 8 7 6 | 5 4 3 2 1 0
Nam|ADC_| INTM_TIM INTMSEL LSEE':;'— \éFL)FC,— ;3';'— \s/ig_ AUTO_TIM |MSET|MSET|MSET |MSET_| NPD_
e |CONT [1:0] [1:0] e | e | En | ENT [1:0] _STB| _LP | _SLP |SHDN| RST
Initial] 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1
RW[RrRw |[rRW | RW|[rRW|[rRW|[rRW|[RW|[rRW|[rRW|[RrRW]|RrRW|[RrRW|[RW]|RW]| RW [ RW

bit Name Explanation Reference
ADC Operation Setting
1: Voltage and HS current measurement is performed during Active Mode. Once
15 | ADC_CONT this bit is set, measurement will be done repeatedly
0: Voltage and HS Current Measurement are performed only when register (OxOc)
ADC_TRG =1 (Default)
2 Bits programmable Delay to return from STB/Low Power mode to ACT mode to
check Cell voltage in intermittent mode
00: 20ms (Default)
01: 40ms
10: 80ms
11: 160ms
Intermittent mode selection
[12:1 00: No intermittent; (Stay at STB or Low Power mode) (Default)
1]' INTMSELJ[1:0] 01: Intermittent mode using no SPI>1s (intermittent mode of previous IC AN49503)
10: Intermittent mode using INTM_TIM; (Intermittent STB/Lower power mode)
11: Intermittent mode using AUTO TIM (Sense current auto mode)
Enable control by LDM pin
10 | LDM_SLP_EN 1: Enable return to active mode from SLP mode when Load is detected(Default)
0: No control
Enable control by VPC pin
9 | VPC_SLP_EN 1: Enable return to active mode from SLP mode when VPC is high (Default)
0: No control
Enable control by LDM pin
8 | LDM_STB_EN 1: Enable return to active mode from LP/STB mode when load is detected (Default)
0: No control
Enable control by VPC pin
7 | VPC_STB_EN 1: Enable return to active mode from LP/STB mode when VPC is high (Default)
0: No control
2 Bits programmable Delay to return to Active mode by checking sense current
using Fast ADC vs ITH_L in AUTO current detection mode
00: 10ms (Default)
01: 20ms
10: 40ms
11: 80ms
Standby mode control
4 | MSET_STB 1: Standby mode
0: Normal operation (Default)
Low sampling speed Active mode (Low power mode)
3 | MSET_LP 1: Low power mode
0: Normal operation (Default)
Sleep mode control
2 | MSET_SLP 1: Sleep mode
0: Normal operation (Default)
Shutdown control
1 | MSET_SHDN 1: Shutdown Mode
0: Normal operation (Default)
Soft Reset
1: Normal operation (Default)
0: Reset (Soft -reset is used to reset all registers to default setting.)
* |t returns to "1" automatically after writing "0".

410 NTM TIM[L:0]

[6:5] | AUTO_TIM[1:0]

0 | NPD_RST
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Address:
0X02" REG_INT_EN
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STB_ [ SLP_[INTM_

INT5 | INT4 | INT3 | INT2 | INT1 CHG_ REG REG | REG | REG STB_ [ SLP_ JINTM_ Reserv
Name DIS - EXT - VDD55|VDD55|VDD55

EN| EN [ _EN | _EN| EN| % EN EXT_| EXT_[EXT_ [ 5ol Lpenl Lren] €

— LPEN | LPEN | LPEN |~ — —

Initial| 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW]| RW | RRW | RI\W | RIW | RIW | RIW R R/W R RW | RW | R'W | R'\W | RIW | R/W | RIW

Bit Name Explanation Reference
Enable control of WDT_F flag trigger (WDT pre expiry warning interrupt)
15 |INT5_EN 1: Enable WDT_F flag to be triggered when WDT_TRG is rising

0: No status indication (Default)

Enable control of CUR_H_F flag trigger (Current detection interrupt when in Auto
current detection mode; current detected)

1: Enable CUR_H_F flag to be triggered when sense current is detected

0: No status indication (Default)

Enable current detection interrupt when in Auto current detection mode; current
release

1: Enable interrupt to be triggered when sense current is released

0: No status indication (Default)

Enable control of LDM_L_F & LDM_H_F flag trigger (LDM , Load detection
interrupt)

1: Enable LDM_L_F & LDM_H_F flag to be triggered when LDM is falling/rising
0: No status indication (Default)

Enable control of VPC_L_F & VPC_H_F flag trigger (VPC, charger detection
interrupt)

1: Enable VPC_L_F & VPC_H_F flag to be triggered when VPC is falling/rising
0: No status indication (Default)

Enable clear for FDRV_CHG_FET, FDRV_DIS_FET after enter sleep mode.

10 |CHG_DIS_CLR 1: Enable clear (Default)

0: No change

14 |INT4_EN

13 [INT3_EN

12 |INT2_EN

11 |INT1_EN

Enable REG_EXT by user setting
8 |REGEXT_EN 1: ON (Default)
0: OFF

Enable REGEXT to enter Low Power mode during Standby/Low Power mode
6 |STB_REGEXT_LPEN| 1: Select LP mode

0: Select HP Mode (Default)

Enable REGEXT to enter Low Power during Sleep mode

5 |SLP_REGEXT_LPEN | 1: Select LP mode

0: Select HP Mode (Default)

Enable REGEXT to enter Low Power during Intermittent mode

1: Select LP mode

0: Select HP Mode (Default)

Enable VDD55 to enter Low Power mode during Standby/Low Power mode
3 |STB_VDD55_LPEN 1: Select LP mode

0: Select HP Mode (Default)

Enable VDD55 to enter Low Power during Sleep mode

2 |SLP_VDD55_LPEN 1: Select LP mode

0: Select HP Mode (Default)

Enable VDDS55 to enter Low Power during Intermittent mode

1 |INTM_VDD55 _LPEN | 1: Select LP mode

0: Select HP Mode (Default)

0 |Reserved Please always set to "0".

INTM_REGEXT_LPE
N
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Address: 0x03 SPIWD_CTL

bit | 15 | 14 | 13 | 12 | 11 [ 10 ] 9 [ 8 | 7 [ 6 | 5 [ 4 ] 3 [ 2] 11]o
WDT_ V;EécT;_ COoM
Name - Sgﬁ_ EXT_ [TIMON SPI_WDTCOUNT[11:0]
OFF

mital] o | o ] o] o[l o] o] ol o] o] of 1] 1] 1 1 | 1
R/W R RW | RIW | RIW R/W
bit Name Explanation Reference
15 | -

Enable WDT during Standby mode
14 | WDT_STB_EN 1: Enable

0: Disable (Default)

REG_EXT status when WDT expires
13 | WDT_REGEXT_OFF

1: REG_EXT will be turned OFF — ON — OFF in 2 tries upon WDT expiry
0: REG_EXT will be turned OFF upon WDT expiry (Default)

12

COMTIMON

SPI communication watchdog timer control
1: ON
0: OFF (Default)

[11:0]

SPI_WDTCOUNT
[11:0]

Watchdog Timer Timing Setting
OXFFF: 4096s

~

0x03B: 60s (Default)

~

0x000: 1s

*Time = (value +1) x 1s
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Address: 0x04 FDRV_CTRL

KA49517A

bit

15 14 13

12 11

1

Name

FDRV_|FDRV_|FDRV |

ALM | ALM | ALM
_sD |_RrRev| _cLr

FDRV_|[FDRV_|FDRV_
SEL_C| cHG | DIS
LK | _FET| _FET

NPD_F
DRV

FDRV_|
STBY

FDRV_|

ouv
CTL

Rese
rved

Initial

0 0 0

1 | o] ol o] o] of ol o o | o] o

0

0

RIW

RIW | RIW | RIW

R/W | RIW | RIW | RIW | RIW

RIW

R/IW

bit

Name

Explanation

Reference

15

FDRV_ALM_SD

CHG/DIS FET and GPOH pins response to ALARM condition
1: CHG/DIS FET auto OFF and GPOH become value set, refer to specification
section 11

CHG FET OFF: OV/UV/OCC DIS FET OFF: OV/UV/OCD/SCD
0: CHG/DIS FET and GPOH no response to ALARM condition (Default)

14

FDRV_ALM_RCV

CHG/DIS FET and GPOH pins recover when ALARM(OV/UV) condition removed
(when FDRV_ALM_SD = 1) with the following setting.

1: Depend on FDRV_ALM_CLR

0: Recover when ALARM(OV/UV) condition is removed (Default)

13

FDRV_ALM_CLR

CHG/DIS FET and GPOH pins recover when ALARM(OV/UV/OCD/OCC/SCD)
condition removed (when FDRV_ALM_SD =1 & FDRV_ALM_RCV=1)

1: CHG/DIS FET and GPOH pins recover

0: No change (Default)

* This bit is not cleared automatically.

* |If ALARM condition continue and this bit is set, CHS/DIS FET remains OFF.

12

NPD_FDRV

Power down control of FET driver
1: Normal operation (Default)
0: Power down

11

FDRV_SEL_CLK

FDRYV clock division selection
1: 128 division (0.5 kHz)
0: 32 division (2 kHz) (Default)

10

FDRV_CHG_FET

External CHGFET control
1: FET ON
0: FET OFF (Default)

FDRV_DIS_FET

External DISFET control
1: FET ON
0: FET OFF (Default)

FDRV_STBY

FET driver's standby mode switch
1: power reduction mode (Standby)
0: Normal (Default)

[7:5]

Reserved

Please always set to "000".

[4:2]

FDRV_LEVEL[2:0]

Setting of external NMOS FET

Vs overdrive voltage (typical value).
111: Vg4g overdrive = 4V

110: Vg5 overdrive = 5V

101: Vg5 overdrive = 6V

100: Vg5 overdrive = 7V

011: Vg overdrive = 8V

010: Vgg overdrive = 9V

001: Vgg overdrive = 10V

000: Vg overdrive = 11V (Default)

FDRV_OUVCTL

CHG/DIS FET OFF mode setting when alarm is asserted
1: Both of CHG/DIS FET OFF when OV or UV
0: CHG FET OFF when OV, DIS FET OFF when UV (Default)

Reserved

Please always set to "0".
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Address: 0x05 CVSEL1

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CV16 | CV15 | CV14 [CV13 | CV12|CV1l|CVi0| CVv9 | CvB | CVv7 | CV6 | CV5 | Cv4 | CVv3 | CV2 [CVvl
SEL SEL SEL | SEL SEL SEL | SEL SEL SEL SEL SEL | SEL SEL SEL | SEL | SEL
Initial 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RW | RRW | RRW | RRW | R'W | RR\W | RI\W | R'W | R'W | R'W | R'W | RIW | RIW | R/IW | R/'W | R/IW | R/W

Name

bit Name Explanation Reference
ON/OFF switch for cell 16 voltage measurement
15 CV16SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 15 voltage measurement
14 CV15SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 14 voltage measurement
13 CV14SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 13 voltage measurement
12 CV13SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 12 voltage measurement
11 CV12SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 11 voltage measurement
10 CV11SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 10 voltage measurement
9 CV10SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 9 voltage measurement
8 CV9SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 8 voltage measurement
7 CV8SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 7 voltage measurement
6 CV7SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 6 voltage measurement
5 CV6SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 5 voltage measurement
4 CV5SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 4 voltage measurement
3 CVASEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 3 voltage measurement
2 CV3SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 2 voltage measurement
1 CV2SEL 1: Measurement ON (Default)

0: Measurement OFF

ON/OFF switch for cell 1 voltage measurement
0 CV1SEL 1: Measurement ON (Default)

0: Measurement OFF
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Address: 0x06 CVSEL2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name } ) ) } ) 3 ) B } } Reserv|Reserv|Reserv|Reserv|Reserv| CV17
ed ed ed ed ed SEL

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
R/W R R R R R R R R R R RW | RIW | RIW | RIW | RIW | RIW

bit Name Explanation Reference

15 -

14 -

13 -

12 -

11 -

10 -

9 -

8 -

7 -

6 -

5 Reserved

4 Reserved

3 Reserved

2 Reserved

1 Reserved

ON/OFF switch for cell 17 voltage measurement
0 CV17SEL 1: Measurement ON (Default)
0: Measurement OFF
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Address: 0x07 GVSEL

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ReservivReF2| REC |vbp1s GPAD2 |GPAD1 |[VDDS55| TMONI| TMONI TMONI | TMONI| TMONI |\ /0 5 ¢
Name d SEL EXT SEL - - - SEL SEL SEL 5 4 3 2 1 SEL
e SEL SEL | SEL | SEL | SEL | SEL
Initial | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
RW |RW | RW | RW | RW | R R R |RW |RW |RW|RW]|RW/|RW/|RW]|RW]|RW

bit Name Reference

15 | Reserved

VREF2 voltage monitor's ON/OFF switch

14 | VREF2SEL 1: Measurement ON

0: Measurement OFF (Default)

REG_EXT voltage monitor's ON/OFF switch

13 | REGEXTSEL 1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of VDD18 voltage monitor (result of measurement by system AD
measurement)

1: Measurement ON

0: Measurement OFF (Default)

12 | VDDI18SEL

10 | -

ON/OFF switch of analog measurement of terminal GPIO2
1: Measurement ON

8 GPAD2SEL 0: Measurement OFF (Default)

* Please set the GPIO2_NOE bit beforehand and set “1" and the GPIO2_IE bit to “1"
when making it to the GPAD2SEL bit "1".

ON/OFF switch of analog measurement of terminal GPIO1
1: Measurement ON

7 GPAD1SEL 0: Measurement OFF (Default)

* Please set the GPIO1_NOE bit beforehand and set “1" and the GPIO1_IE bit to “1"
when making it to the GPAD1SEL hit "1".

ON/OFF switch of VDD55 voltage monitor (result of measurement by system AD
watch)

1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of TMONIS5 voltage monitor

5 TMONISSEL 1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of TMONI4 voltage monitor

4 TMONI4SEL 1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of TMONI3 voltage monitor

3 TMONI3SEL 1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of TMONI2 voltage monitor

2 TMONI2SEL 1: Measurement ON

0: Measurement OFF (Default)

ON/OFF switch of TMONI1 voltage monitor

1 TMONI1SEL 1: Measurement ON

0: Measurement OFF (Default)

VPAC voltage monitor's ON/OFF switch

0 VPACKSEL 1: Measurement ON (Default)

0: Measurement OFF

6 VDD55SEL
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Address: 0x08 FUSE CTL1

bit | 15 [ 14 | 13 | 12 | 11 | 10 | 9 8 7 | 6 | 5 | 4 3 | 2 [ 1 0
FUSE FUSE
Name DLY_FUSE_2V[3:0] DLY_FUSE_1V[2:0] |B_EN DLY_FUSE_2C[3:0] DLY_FUSE_1C[2:0] B
\Y ENC
initial | 0 | o | o | o o ] o J] o] o[ o] o] o] o o [ o] o] o
R/W R/W R/W R/W R/W R/W R/W
bit Name Explanation Reference
Counter/delay?2 to judge to blow chemical fuse for voltage abnormality
0000 : 1000ms (Default) 0001 : 2000ms
0010 : 3000ms 0011 : 4000ms
0100 : 5000ms 0101 : 10000ms
[15:12]| DLY_FUSE_2V[3:0] | 0110 : 20000ms 0111 : 30000ms
1000 : 40000ms 1001 : 50000ms
1010 : 75000ms 1011 : 100000ms
1100 : 120000ms 1101 : 140000ms
1110 : 160000ms 1111 : 180000ms
Counter/delay1 to judge to blow chemical fuse for voltage abnormality
000 : 200ms (Default) 001: 400ms
[11:9] | DLY_FUSE_1V[2:0] | 010 :600ms 011 : 800ms
100 : 1000ms 101 : 1200ms
110 : 1400ms 111 : 1600ms
Enable bit for chemical fuse monitor function (Voltage abnormalities)
8 FUSEB_ENV 1: Enable
0: Disable (Default)
Counter/delay? to judge to blow chemical fuse for current abnormality
0000 : 500ms (Default) 0001 : 800ms
0010 : 1100ms 0011 : 1400ms
0100 : 1700ms 0101 : 2000ms
[7:4] | DLY_FUSE_2C[3:0]| 0110 : 2300ms 0111 : 2600ms
1000 : 2900ms 1001 : 3200ms
1010 : 3500ms 1011 : 3800ms
1100 : 4100ms 1101 : 4400ms
1110 : 4700ms 1111 : 5000ms
Counter/delayl to judge to blow chemical fuse for current abnormality
000 : 200ms (Default) 001 : 400ms
[3:1] | DLY_FUSE_1C[2:0]| 010 :600ms 011 : 800ms
100 : 1000ms 101 : 1200ms
110 : 1400ms 111 : 1600ms
Enable bit for chemical fuse monitor function (Current abnormalities)
0 FUSEB_ENC 1: Enable
0: Disable (Default)
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Address: 0x09 FUSE CTL2

bit | 15 [ 14 | 13 [ 12 [ 11 | 10 | 9 8 7 | 6 5 4 3 | 2 [ 1] o
FUSE | FUSE

Name | - - B . _ . ) ) OVT[I;%_]SEL B B DLY_FUSECUT[3:0]
' ENV2| ENC2

mital | 0 | o [ o [ o[ o] o] o] o] o] o] o] o] 1] o] 11]o

RW | R R R R R R R R RIW RW | RW RIW

bit Name Explanation Reference

15 | -

14 | -

13 | -

12 | -

1 | -

10 | -

Selection for OVTH2 threshold (additional from OVTH settings from address 0x0A)
00 : +200mV (Default)

[7:6] | OVTH2_SEL[1:0] 01 : +150mV

10 : +100mV

11: +50mV

Enable OVTH2 to continue to be monitored when fuse cutting in progress
5 FUSEB_ENV2 1: Enable
0: Disable (Default)

Enable OCTH to continue to be monitored when fuse cutting in progress
4 FUSEB_ENC2 1: Enable
0: Disable (Default)

Counter to hold Gate High after FUSE decided to cut

0000 : 30000ms 0001 : 45000ms
0010 : 60000ms 0011 : 75000ms
0100 : 90000ms 0101 : 105000ms
[3:0] | DLY_FUSECUT[3:0] | 0110 : 120000ms 0111 : 135000ms
1000 : 150000ms 1001 : 165000ms
1010 : 180000ms (Default) 1011 : 195000ms
1100 : 210000ms 1101 : 225000ms
1110 : 240000ms 1111 : 300000ms
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Address: 0XOA OUVCTL1

bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8 [ 7 [ 6 5 | 4 | 3] 2] 1 ]o
Name| - - OCE%]SEL OVTH[5:0] UVTH[5:0]
mtal] o | o | o ] o [ 1 [ 1] o] 1] o] o | | o] o[ o] o
R/W R R R/W | R/IW R/W R/W
bit Name Explanation Reference
15 | -
14 | -
Current threshold settings to check for current abnormality before Fuse cut
. 11:0.1mV
[13]'12 OCTH_SELJ[1:0] 10:0.3mV
01:0.6mV

00 : 1.0mV (Default)

Over-Voltage Detection Threshold
110100 : 4.50V (Default)

~

100000 : 3.50V

~

000010 : 2.00V

111111~110101 (remains at 4.5V)
000001, 000000: Prohibited

[11:6]| OVTH[5:0]

Under-Voltage Detection Threshold
110010 : 3.00V

UVTH[5:0] ~

000000 : 0.50V (Default)
111111-110011: Prohibited

[5:0]
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Address: 0xOB OUVCTL2

bit | 15 [ 14 | 13 | 12 | 11 [ 10 | 9 [ 8 7 6 | 5 | 4 3 2 [ 1 ] o
Name| - OV_HYS[2:0] - UV_HYS[2:0] - OV_DLY[2:0] - UV_DLY[2:0]
Initial | O 0o | 1t T 12 ]l oo 1] 1]olo] 1] 1] o] o] 1]1
R/W R R/W R R/W R R/W R R/W
bit Name Explanation Reference
15 | -
QV Detection Hysteresis level
[14:12 000 : 25mV 001 : 50mV
]' OV_HYSJ[2:0] 010 : 75mV 011 : 100mV (Default)
100 : 125mV 101 : 150mV
110:175mV 111 : 200mV
11 -
UV Detection Hysteresis level
000 : 25mV 001 : 50mV
[10:8] | UV_HYS[2:0] 010 : 75mV 011 : 100mV (Default)
100 : 125mV 101 : 150mV
110 : 175mV 111 : 200mV
7 -
OV ALARM Delay Time
000 : 200ms 001 : 400ms
[6:4] | OV_DLY[2:0] 010 : 600ms 011 : 800ms (Default)
100 : 1500ms 101 : 3000ms
110 : 4500ms 111 : 6000ms
3 -
UV ALARM Delay Time
000 : 200ms 001 : 400ms
[2:0] | UV_DLY[2:0] 010 : 600ms 011 : 800ms (Default)
100 : 1500ms 101 : 3000ms
110 : 4500ms 111 : 6000ms
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Address: 0x0OC OP_MODE

KA49517A

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name } } ) ) ) ) ) CB_ | Uv ov ) ADC_ _ |ADIL_|ADIH_| ADV_
SET | MSK | MSK TRG LATCH|LATCH|LATCH
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R/W | RIW | RIW R R/W R R/W | RIW | RIW
bit Name Explanation Reference
15 | -
14 | -
13 | -
12 | -
11 | -
10 | -
9 -
Cell balance operation control
8 CB_SET 1: Cell balance operation ON
0: Cell balance operation OFF (Default)
Cell Voltage Under-Voltage Detection ON/OFF
7 UVMSK 1: UV OFF
0: UV ON (Default)
Cell Voltage Overvoltage Detection ON/OFF
6 OVMSK 1: OV OFF
0: OV ON (Default)
5 -
Manual ADC Measurement Trigger
4 ADC TRG 1: Volta_ge ADC Measurement Start, when ADC_CONT = 0 (Auto returns to O after
- completion)
0: When ADC_CONT = 1, always set this bit = 0 (Default)
3 -
Low Speed Current ADC Measurement Result Latch
2 ADIL LATCH 1: Measured result latched to register 0x48 (Auto returns to 0 after data latch
— completed)
0: No effect (Default)
High Speed Current ADC Measurement Result Latch
1 ADIH LATCH 1: Measured result latched to register 0x47 (auto return to O after data latch
- completed)
0: No effect (Default)
Voltage ADC Measurement Result Latch
0 ADV LATCH 1: Measured result latched to register 0x28~0x46 (auto return to O after data latch
- completed)
0: No effect (Default)
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Address: 0xOD GPIO CTL1

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 6 5 4 3 2 1 0
_ GPIO1_|GPIO1|GPIO1|GPIO1|GPIO1|GPIO1

Name - - - - GPIO1SEL[3:0] - * |cHDRV| ouT| oD | PD | NOE| _IE

Initial | 0 0 0 0 o | o] o] o 0 0 0 0 0 0 1 0

RW | R R R R RIW R R |RW | RW|RW|RW]|RW]|RW

bit Name Explanation Reference

15 | -

14 | -

13 | -

12 | -

GPIO1 output selection

0000 : GPIO (General) (Default)
0001 : GPOH1 Data output

0010 : GPOH2 Data output

0011 : ADIRQ1 output

0100 : ADIRQ2 output

0101 : High speed OSC divided output
[11:8]| GPIO1SEL[3:0] 0110 : Low speed OSC divided output
0111 : Active mode state output

1000 : Standby mode state output
1001 : Low Power mode state output
1010 : FUSE FET output

1011 : Alarm2 output

1101 : MCU INT OR output

1100, 1110 ~ 1111 : Prohibited

GPIO1 Pin Output Drivability
5 GPIO1_CHDRV 1: 4mA
0: 2mA (Default)

GPIO1 pin digital output data
GPIO1_0OD = 0 (push pull)

4 GPIO1_OUT 1: Output “H” 0: Output “L” (Default)
GPIO1_0OD =1 (open drain)
1: Output “Hi-Z” 0: Output “L” (Default)

GPIO1 Pin Output Configuration
3 GPIO1_OD 1: Nch Open Drain
0: Push Pull (Default)

GPIO1 Pin Pull-Down Resistor
2 GPIO1_PD 1: Pull-down resistor ON
0: Pull-down resistor OFF (Default)

GPIO1 Pin Output Enable
1 GPIO1_NOE 1: Disabled (Default)
0: Enabled

GPIO1 Pin Input Enable
0 GPIO1_IE 1: Enabled
0: Disable (Default)
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Address: OXOE GPIO _CTL2

bit | 15 | 14 | 13 [ 12 | 112 | 10 | 9 | 8 7 5 4 3 2 1 0
. GPI02_|GPIO2|GPIO2|GPIO2|GPIO2|GPIO2
Name - - - - GPIO2SEL[3:0] - CHDRV| OUT| OD | PD | NOE| IE
mitial | 0 | o | o | o [ o [ o J] o] oo o | ol ol o1 ]o
R/W R R R R R/W R RW | RRW | RIW | RIW | RIW | RIW
bit Name Explanation Reference
15 -
14 | -
13 -
12 -
GPI0O2 output selection
0000 : GPIO (General) (Default)
0001 : GPOH1 Data output
0010 : GPOH2 Data output
0011 : ADIRQ1 output
0100 : ADIRQ2 output
0101 : High speed OSC divided output
[11:8] | GPIO2SEL[3:0] 0110 : Low speed OSC divided output
0111 : Active mode state output
1000 : Standby mode state output
1001 : Low Power mode state output
1010 : FUSE FET output
1011 : Alarm2 output
1101 : MCU INT OR output
1100, 1110 ~ 1111 : Prohibited
GPIO2 Pin Output Drivability
5 GPIO2_CHDRV 1: 4mA
0: 2mA (Default)
GPIO2 pin digital output data
GPIO2_0OD =0 (push pull)
4 GPIO2_OuUT 1: Output “H” 0: Output “L” (Default)
GPIO2_0OD =1 (open drain)
1: Output “Hi-Z” 0: Output “L” (Default)
GPIO2 Pin Output Configuration
3 GP102_0OD 1: Nch Open Drain
0: Push Pull (Default)
GPI02 Pin Pull-Down Resistor
2 GPIO2_PD 1: Pull-down resistor ON
0: Pull-down resistor OFF (Default)
GPIO2 Pin Output Enable
1 GPIO2_NOE 1: Disabled (Default)
0: Enabled
GPIO2 Pin Input Enable
0 GPIO2_IE 1: Enabled
0: Disable (Default)
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Address: 0xOF GPIO CTL3

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 6 5 4 3 2 1 0
, GPI03_|GPIO3|GPIO3|GPIO3|GPIO3|GPIO3

Name| - - - - GPIO3SEL[3:0] - - |cHDRY| OUT| 0D | .PD | NOE| _IE

Initial | 0 0 0 0 o | o] o] o 0 0 0 0 0 0 1 0

RW | R R R R RIW R R |RW | RW|RW|RW]|RW]|RW

bit Name Explanation Reference

15 | -

14 | -

13 | -

12 | -

GPIO3 output selection

0000 : GPIO (General) (Default)
0001 : GPOH1 Data output

0010 : GPOH2 Data output

0011 : ADIRQ1 output

0100 : ADIRQ2 output

0101 : High speed OSC divided output
[11:8]| GPIO3SEL[3:0] 0110 : Low speed OSC divided output
0111 : Active mode state output

1000 : Standby mode state output
1001 : Low Power mode state output
1010 : FUSE FET output

1011 : Alarm2 output

1101 : MCU INT OR output

1100, 1110 ~ 1111 : Prohibited

GPIO3 Pin Output Drivability
5 GPIO3_CHDRV 1: 4mA
0: 2mA (Default)

GPI0O3 pin digital output data
GPIO3_0OD = 0 (push pull)

4 GPIO3_OUT 1: Output “H” 0: Output “L” (Default)
GPIO3_0OD =1 (open drain)
1: Output “Hi-Z” 0: Output “L” (Default)

GPIO3 Pin Output Configuration
3 GPI03_0OD 1: Nch Open Drain
0: Push Pull (Default)

GPIO3 Pin Pull-Down Resistor
2 GPIO3_PD 1: Pull-down resistor ON
0: Pull-down resistor OFF (Default)

GPIO3 Pin Output Enable
1 GPIO3_NOE 1: Disabled (Default)
0: Enabled

GPIO3 Pin Input Enable
0 GPIO3_IE 1: Enabled
0: Disable (Default)
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Address: 0x10 GPOH CTL

bit | 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
GPOH2|GPOH1 GPOH |GPOH2|GPOHL1
Name| - ; - - - - - - - - | AM|_AM]| - i R
ST | _sT _FET | -
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R R R R R R R R R R R/W | RIW R R/W | RIW | RIW

bit Name Explanation Reference

If using FET at GPOH2 pin, to set GPOH2 pin data to output during ALARM.
Effective only when FDRV_ALM_SD=1 & GPOH_FET=1.

1: Low output

0: Hi-Z (Default)

5 | GPOH2_ALM_ST

If using FET at GPOH1 pin, set GPOH1 pin data to output during ALARM.
Effective only when FDRV_ALM_SD=1 & GPOH_FET=1.

1: Low output

0: Hi-Z (Default)

4 | GPOH1_ALM_ST

FET control settings of GPOH Pin
1: FET control used

Control of FET driver ON/OFF is possible in GPOH pin by FDRV_CTL(0x04).
0: FET control not in use (Default)

2 GPOH_FET

GPOH2 output data
1 GPOH2_EN 1: Low output
0: Hi-Z (Default)

GPOHL1 output data
0 GPOH1_EN 1: Low output
0: Hi-Z (Default)
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Address: 0x11 GPIO CTL4

bit | 15 | 14 | 13 | 12 | 11 | 10 9 8 7 | 6 | 5 [ 4 | 3 2 1 | o
ovP
~|Tsb_F OSCH|OscCL , ACTV_DLY
Name | - F ol ser| - - - | b | D PULLUP_SEL[5:1] - 0]
_SET
Initial [ 0 1 1 0 0 0 1 1 0 0 0 0 0 0 o [ 1
RW| R |RW|RW]| R R R |RwW|RW|RW|RW/|RW/|RW|RW]/| R RIW
bit Name Explanation Reference
15 | -

Transition to shutdown when abnormal high voltage is detected at VDD55/VDD18
14 | OVP_F_SET 1: No change (Default)

0: Shutdown immediately

Transition to shutdown when abnormal high temperature is detected
13 | TSD_F_SET 1: No change (Default)
0: Shutdown immediately

12 | -
11 | -
10 | -

Setting of GPIO output dividing frequency of OSCH
9 | OSCH_DIV 1: 1/512 = 40kHz (Default)
0: 1/128 = 160kHz

Setting of GPIO output dividing frequency of OSCL
8 OSCL_DIV 1: 1/64 = 4.096kHz (Default)
0: 1/1 = 262.144kHz

Pull up setting for TMONI1 to TMONIS5 pin
[7:3] | PULLUP_SELJ[5:1] 1: Pull-up resistor ON
0: Pull-up resistor OFF (Default)

Number of ADC scan cycles after returning back to Active when INTSEL==2'b11
(intermittent auto current detection mode)

00: 1 cycle

01: 2 cycles (Default)

10: 3 cycles

11: 4 cycles

[1:0] | ACTV_DLY[1:0]
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Address: 0x12 ALARM CTL1

bit | 15 [ 14 | 13 | 12 [ 11 [ 10 | 9 | 8 | 7 [ 6 | 5 | 4 | 3 [ 2 | 1 | o0
Name |ALARM| ] ] ] ] . . ] ] ] | EN_ | EN_ | EN_ | EN_
SEL ScD | ocD | ocC | cP
miial | 0 [ o [ o [ o | o[ o[ o] o] ofofo]o]of[ ol o]o
RWIRW| R | R|IRJR|R|IR|RIR|RI|RI|RIRW[RW|RW]|RW

bit Name Explanation Reference

ALARML1 pin setting

1: ALARM for SCD (ALARM2 can be used for OV/UV/OCD/OCC ALARM when at
any of the 3 GPIO pins based on GPIOnSEL bits.)

0: ALARM for OV/UV/OCD/OCC/SCD (Default)

15 ALARMSEL

Short circuit detection at discharge
3 EN_SCD 1: Enable
0: Disable (Default)

Overcurrent detection at discharge
2 EN_OCD 1: Enable
0: Disable (Default)

Overcurrent detection at charge
1 EN_OCC 1: Enable
0: Disable (Default)

Current Protection
0 EN_CP 1: Enable
0: Disable (Default)
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Address: 0x13 ALARM CTL2

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 | 7 | 6 | 5 4 | 3] 21 ]o
Name SCD_D[4:0] OCD_D[4:0] OCC_D[4:0]
Initial | 0 o | o] o] o] 1 o | o] o] o 1 o | o] o] o 1
R/W R R/W R/W R/W
bit Name Explanation Reference
15 -
Short circuit detection at discharge threshold
Ox1F: 640mV
[14:10]| SCD_DI[4:0] 0x01: 40mV (Default)
0x00: 20mV
* Threshold = (SCD_D[4:0]+1) x 20mV
Overcurrent detection at discharge threshold
Ox1F: 320mV
[9:5] | OCD_D[4:0] 0x01: 20mV (Default)
0x00: 10mV
* Threshold = (OCD_DJ[4:0]+1) x 10mV
Overcurrent detection at charge threshold
0x17~0x1F: 120mV
[4:0] | OCC_D[4:0] 0x01: 10mV (Default)
0x00: 5mV
* Threshold = (OCC _DJ[4:0]+1) x 5mV
June 30, 2021 Page 172 of 225 Rev 1.03



NUVOTON KA49517A
R —

Explanation of Registers
A.2 Detailed explanation

Address: 0x14 ALARM_CTL3

bit | 15 | 14 | 13 | 12 | 11 | 10 9 | 8 | 7 | 6 | 5 4 | 3 ] 2] 1] o
Name - SCD_DLY[4:0] OCD_DLY[4:0] OCC_DLY[4:0]
Initial | 0 o | o] o] o] 1 o ] o] o] o] o o ] o] o] o] o
R/W R R/W R/IW RIW
bit Name Explanation Reference
15 | -
Delay time for Short circuit detection at discharge
O0x1F: 968.75us
[14:10 . 0x01: 31.25us (Default)
]| SCDDLY4:0] 0x00: Ous
* Time = SCD_DLY[4:0] x 31.25us
* If alarm condition continues after delay time, ALARM will be turned ON.
Overcurrent detection at discharge delay time
0x1F: 320ms
[9:5] | OCD_DLY[4:0] 0x00: 10ms (Default)
* Time = (OCD_DLY[4:0]+1) x 10ms
* |f alarm condition continues after delay time, ALARM will be turned ON.
Overcurrent detection at charge delay time
O0x1F: 320ms
[4:0] | OCC_DLY[4:0] 0x00: 10ms (Default)
* Time = (OCC_DLY[4:0]+1) x 10ms.
*If alarm condition continues after delay time, ALARM will be turned ON.

June 30, 2021 Page 173 of 225 Rev 1.03



NUVOTON KA49517A
R —

Explanation of Registers
A.2 Detailed explanation

Address: 0x15 CBSEL

bit | 15 | 24 | 13 [ 12 | 11 [ 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3| 2 | 1] o0
Name DI_CBSEL[16:1]
mital] o [ o [ o [ o ] o J] o] o] o] o] o] o] o] o] o] olo
R/W R/W
bit Name Explanation Reference
Selection of cell for balancing
[15:0] | DI_CBSEL[16:1] 1: Cell balance selected
0: Cell balance not selected (Default)

Address: 0x16 CBSEL 17

bit 15 14 | 13 12 11 10 9 8 7 6 5 | 4 | 3 [ 2 | 1 0
DI_CB
Name - - - - - - - - - - Reserved SEL
[17]

Initial | 0 0 0 0 0 0 0 0 0 0 o] o] o] o] o 0
R/W R R R R R R R R R R R/W

bit Name Explanation Reference

15 -

14 -

13 | -

12 -

11 -

10 | -

9 -

8 -

7 -

6 -
[5:1] | Reserved Please always set to "00000".

Selection of cell for balancing
0 DI_CBSEL[17] 1: Cell balance selected
0: Cell balance not selected (Default)
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Address: 0x17 OTHCTL

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Reserv| (D)ISSE ReserviReserv| SDI_ | SCL_ | SEN_ ) PD_ |Reserv|Reserv|Reserv| Reserv| NPD_

ed OFF ed ed PLDW |PLDW |PLDW REG55| ed ed ed ed CB

Initial 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0
R/W | RIW | RIW | RIW | RIW R R/W | RIW | RIW R R/W | RIW | RIW | RIW R R/W | R/IW

bit Name Explanation Reference
15 Reserved Please always set to "0".
OSCL ON/OFF control during Sleep mode
14 DIS_OSC_OFF 1: OSCL ON in Logic clocking during Sleep mode
0: OSCL OFF in Logic clocking during Sleep mode (Default)
13 Reserved Please always set to "0".
12 Reserved Please always set to "0".
11 -

SDI pin pull-down control signal
10 SDI_PLDW 1: Pull-down ON (Default)
0: Pull-down OFF

SCL pin pull-down control signal
9 SCL_PLDW 1: Pull-down ON (Default)
0: Pull-down OFF

SEN pin pull-down control signal
8 SEN_PLDW 1: Pull-down ON (Default)
0: Pull-down OFF

VDD55 regulator power down
6 PD_REG55 1: Power down
0: Normal (Default).

5 Reserved Please always set to "0".
4 Reserved Please always set to "0".
3 Reserved Please always set to "0".
2 -

1 Reserved Please always set to "0".

Cell balance control power down
0 NPD_CB 1: Normal.
0: Power down (Default).
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Address: 0x18 ADCTL

bit 15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
AD AD ISD_ | ADI_ | ADV_
Name - - SWHY|SWSD Res(;erv - Resc(ierv Resderv Reserved é‘;l(:e STOP |LATCH| LATCH Ag:\ll‘— A?)I,:' -
EN| EN| € e e EN | _SET | _SET
Initial 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
R/W R R R/W | RIW | R/W R RW | RRW | R\W | RIW | RIW | RIW | RIW | RIW | RIW | RIW

Bit Name Explanation Reference

14 -

High-speed current ADC input switch enable
13 ADSWHY_EN 1: ON
0: OFF (Default)

Low-speed current ADC input switch enable

12 ADSWSD_EN 1: ON
0: OFF (Default)
11 Reserved Please always set to "0".
10 -
Reserved Please always set to "1".
Reserved Please always set to "0".
[7:6] | Reserved Please always set to "00".

Enable V-I sync function
5 ADIH_CSYNC 1: Enable
0: Disable (Default)

Low Speed Current ADC Stop Control
4 ISD_STOPEN 1: Disable Low Speed Current ADC for high speed current ADC operation. (Default)
0: Enable simultaneous operation high speed and low speed current ADC

High-speed current ADC measurement data Latch timing switch

1: After issuing ADIH_LATCH, on-going 1 ADC cycle is completed

3 ADI_LATCH_SET and subsequently latched

0: After issuing ADIH_LATCH, recent available data is latched immediately
(Default)

Voltage measurement ADC measurement data Latch timing switch

1: After issuing ADV_LATCH, on-going 1 ADC cycle is completed

2 ADV_LATCH_SET and subsequently latched
0: After issuing ADV_LATCH, recent available data is latched immediately
(Default)
Enable Low-speed current ADC operation
1 ADIL_ON 1: Enable

0: Disable (Default)

Enable High-speed current ADC operation
0 ADIH_ON 1: Enable
0: Disable (Default)
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Address: 0x19 INRCV1

bit | 15 | 14 | 13 | 12 | 11 [ 10 [ 9 | 8 | 7 | 6 | 5 | 4 | 3 2 | 1 [ o
Name INR_CV[15:0]
mtal] o0 | o | o ] o ] o J] o] o] o] o] o] o] ol]o o [ o] o
R/W R/W
bit Name Explanation Reference
Selection of cell for open detection
[15:0] | INR_CVI[15:0] 1: Open Detection selected
0: Open Detection not selected (Default)
Address: Ox1A INRCV2
bit | 15 | 14 | 13 | 12 | 112 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 2 | 1 ]| o
Name - - - - Reserved INR_CV[17:16]
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R R R R R R R R R R/W | RIW | RIW | RIW | RIW | RIW | RIW
bit Name Explanation Reference
15 -
14 -
13 -
12 -
11 -
10 | -
[6:3] | Reserved Please always set to "00000".
Selection of cell for open detection
2 INR_CV[17] 1: Open Detection selected
0: Open Detection not selected (Default)
Selection of cell for open detection
1 INR_CV[16] 1: Open Detection selected
0: Open Detection not selected (Default)
Selection of cell for open detection
0 INR_CV[16M] 1: Open Detection selected
0: Open Detection not selected (Default)
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Address: 0x1B INR CTL DIAG EN

bit | 15 | 14 | 13 | 12 | 11 | 10 9 | 8 7 6 5 4 3 2 1 0
FET_ DIAG | DIAG

Name ADIH_CSYNC_SEL[4:0] DIAG FESLT_?::.%? - | mvy | asp| - - ; - '\:Za—
EN | - : _EN | _EN

mtial | 0o | o [ o | o [ o 0 o | o 0 0 0 0 0 0 0 0

RIW RIW RIW RIW R |RW]|RW]| R R R R | RIW

bit Name Explanation Reference

Cell selection for V-I sync function

0x11: Fast speed current measurement sync with Cell 17 voltage measurement
0x01: Fast speed current measurement sync with Cell 1 voltage measurement
0x00, 0x17~0x1F : Prohibited

ADIH_CSYNC_SEL

15:111] 40;

Enable Diagnostic check for CFET and DFET
10 FET_DIAG_EN 1: Enable
0: Disable (Default)

Diagnostic check for CFET and DFET
00 : CFET ON check (Default)

[9:8] | FET_DIAG_SEL[1:0]| 01: DFET ON check

10 : CFET OFF check

11 : DFET OFF check

Diagnosis for High Speed Current ADC
6 DIAG_IHY_EN 1: Enable
0: Disable (Default)

Diagnosis for Low Speed Current ADC
5 DIAG_ISD_EN 1: Enable
0: Disable (Default)

RPN |[W (>
'

Selection of open detection at Cell pins
0 NPD_INR 1: Open Detection ON
0: Open Detection OFF(Default)
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Address: 0x1C STAT1

bit | 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Name | ST- | ST_ | ST_ |Reserv FDDng/ Fgﬁg GPOH2|GPOHL(IADS_|IADH_[VAD_| ST_ | | ST_| ST_ | ST_
GPIO3|GPIO2|GPIOL| ed | —of | =g | -ST | ST |DONE|DONE|DONE| INTM |~ =" |SDWN| STBY | ACT
Initial | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | R R R R R R R R | RW | RW | RW | R R R R R

bit Name Explanation Reference
State of GPIO3 pin input (It is effective only at GPIO3_IE=1).
15 | ST_GPIO3 1: Input level “H”
0: Input level “L”
State of GPIO2 pin input (It is effective only at GPIO2_|E=1).
14 | ST_GPIO2 1: Input level “H”
0: Input level “L”
State of GPIO1 pin input (It is effective only at GPIO1_IE=1).

13 | ST_GPIO1 1: Input level “H”
0: Input level “L”
12 | Reserved Please always set to "0".
Discharge FET status
11 | FDRV_DIS_ST 1: Discharge FET is ON

0: Discharge FET is OFF
Charge FET status

10 | FDRV_CHG_ST 1: Charge FET is ON

0: Charge FET is OFF
GPOH2 state

9 GPOH2_ST 1: Output “L”
0: Hi-Z
GPOH1 state

8 GPOH1_ST 1: Output “L”
0: Hi-Z

Low-speed current ADC completion flag
1: Measurement completed

0: Measurement incomplete

It is cleared to “0” by writing "1“.
High-speed current ADC completion flag
1: Measurement completed

0: Measurement incomplete

It is cleared to “0” by writing "1*.

Voltage measurement ADC completion flag
1: Measurement completed

0: Measurement incomplete

It is cleared to “0” by writing "1“.
Intermittent mode (Operation Mode) Flag
4 ST_INTM 1: Intermittent Mode

0: Not in Intermittent Mode

Low Power mode (Operation Mode) Flag
3 ST LP 1: Low Power Mode

0: Not in Low Power Mode

Shutdown mode(Operation Mode ) Flag
2 ST_SDWN 1: Shutdown Mode

0: Not in Shutdown Mode.

Standby mode (Operation Mode) Flag

1 ST_STBY 1: Standby Mode

0: Not in Standby Mode

Active mode (Operation Mode) Flag

0 ST_ACT 1: Active Mode

0: Not in Active Mode

7 IADS_DONE

6 IADH_DONE

5 VAD_DONE
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Address: 0x1D STAT2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_
Name | CV16 [ CV15 | CV14 | CV13 | CV12|CV11|CVl10| CV9 | Cv8 | CV7 | CV6 | CV5 | Cv4 | CV3 | CV2 | CV1
SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R R R R R R R R R R R R R R R R

bit Name Explanation Reference
ON / OFF setting status of cell 16 voltage measurement
15 ST_CV16SEL 1: ON

0: OFF

ON / OFF setting status of cell 15 voltage measurement
14 ST_CVI15SEL 1: ON

0: OFF

ON / OFF setting status of cell 14 voltage measurement
13 ST_CV14SEL 1: ON

0: OFF

ON / OFF setting status of cell 13 voltage measurement
12 ST_CV13SEL 1: ON

0: OFF

ON / OFF setting status of cell 12 voltage measurement
11 ST_CV12SEL 1: ON

0: OFF

ON / OFF setting status of cell 11 voltage measurement
10 ST_CV11SEL 1: ON

0: OFF

ON / OFF setting status of cell 10 voltage measurement
9 ST_CV10SEL 1: ON

0: OFF

ON / OFF setting status of cell 9 voltage measurement
8 ST_CV9SEL 1: ON

0: OFF

ON / OFF setting status of cell 8 voltage measurement
7 ST_CV8SEL 1: ON

0: OFF

ON / OFF setting status of cell 7 voltage measurement
6 ST_CV7SEL 1: ON

0: OFF

ON / OFF setting status of cell 6 voltage measurement
5 ST_CV6SEL 1: ON

0: OFF

ON / OFF setting status of cell 5 voltage measurement
4 ST_CV5SEL 1: ON

0: OFF

ON / OFF setting status of cell 4 voltage measurement
3 ST_CVA4SEL 1: ON

0: OFF

ON / OFF setting status of cell 3 voltage measurement
2 ST_CV3SEL 1: ON

0: OFF

ON / OFF setting status of cell 2 voltage measurement
1 ST_CV2SEL 1: ON

0: OFF

ON / OFF setting status of cell 1 voltage measurement
0 ST_CVI1SEL 1: ON

0: OFF
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Address: OxX1E STAT3

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name ) ) ) ) ) ) ; ) ) _ |Reserv|Reserv|Reserv|Reserv|Reserv (:SJfY
ed ed ed ed ed SEL

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R R R R R R

bit Name Explanation Reference

15 -

14 -

13 -

12 -

11 -

10 -

9 -

8 -

7 -

6 -

5 Reserved

4 Reserved

3 Reserved

2 Reserved

1 Reserved

ON / OFF setting status of cell 17 voltage measurement
0 ST_CV17SEL 1: ON
0: OFF
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Address: Ox1F STAT4

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ST
ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ | ST_ gga ST_ Reserv|VRE
Name - - - |TMONI5|TMONI4|TMONI3 TMONI2|TMONI1| GPAD2 | GPAD1 | VPACK |VDD18| -, |VDD55 d
SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL | SEL SEL e F2
SEL SEL
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R R R R R R R R R R R R R R R R
bit Name Explanation Reference
15 | -
14 | -
13 | -
ON / OFF setting status of TMONI5 measurement
12 | ST_TMONI5SEL 1: ON
0: OFF
ON / OFF setting status of TMONI4 measurement
11 | ST_TMONI4SEL 1: ON
0: OFF
ON / OFF setting status of TMONI3 measurement
10 | ST_TMONI3SEL 1: ON
0: OFF
ON / OFF setting status of TMONI2 measurement
9 ST_TMONI2SEL 1: ON
0: OFF
ON / OFF setting status of TMONI1 measurement
8 ST_TMONI1SEL 1: ON
0: OFF
ON / OFF setting status of GPIO2 measurement
7 ST_GPAD2SEL 1: ON
0: OFF
ON / OFF setting status of GPIO1 measurement
6 ST_GPADI1SEL 1: ON
0: OFF
ON / OFF setting status of VPACK measurement
5 ST_VPACKSEL 1: ON
0: OFF
ON/OFF setting condition for internal VDD18 voltage measurement
4 ST_VDD18SEL 1: ON
0: OFF
ON/OFF setting condition for REG_EXT voltage measurement
3 ST_REGEXTSEL 1: ON
0: OFF
ON/OFF setting condition for VDD55 voltage measurement
2 ST_VDD55SEL 1: ON
0: OFF
1 Reserved
ON/OFF setting condition for VREF2 voltage measurement
0 ST_VREF2SEL 1: ON
0: OFF

June 30, 2021 Page 182 of 225 Rev 1.03



NnuvoTonN
e —— D8 .. —

Explanation of Registers
A.2 Detailed explanation

Address: 0x20 ANA CTL

KA49517A

bit | 15 [ 14 | 13 | 12 [ 11 [ 10 [ 9 | 8 | 7 6 | 5 | 4 3 2 1 0
OVP_F|UVP_F
Reserv NPD_L| SET_ | SET_|LDM_
Name ed Customer Reserved Reserved DM |REGE | REGE |SHRT
XT XT
Initial 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
R/W R RW | RRW | RIW | RIW | RIW | RIW | RIW R/W RW | RIW | RIW | RIW | RIW | RIW | R/W
bit Name Explanation Reference
15 Reserved Read only bit, fix to “1”
14:7 | Customer Reserved | Reserved for customer specific usage
6:4 Reserved Please always set to "000".
LDM load or load short function enable
3 NPD_LDM 1: Enable
0: Disable (Default)
OVP E SET REGE Tr.ansmon to shutdown when abnormal high voltage is detected at REGEXT
2 T - 1: No change (Default)
0: Shutdown immediately
UVP F SET REGE Tr.ansmon to shutdown when abnormal low voltage is detected at REGEXT
1 N - 1: No change (Default)
0: Shutdown immediately
LDM current drive selection
0 LDM_SHRT 1: 400uA output current
0: 50uA output current (Default)
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Address: 0x21 OTHSTAT

bit | 15 | 14 | 13 | 12 | 11 [ 10 | © 8 7 6 5 4 3 2 1 0
sT | sT_ | sT_ Reserv| MUX | ] ocb_|occ_ CFET | CFET | DFET | DFET
Name | S5 | ocb | occ [SP-F| ed | 1A F SCD_F ¢ F|"SP_F|lon_F|oFr_F|oN_FloFF F
Initial |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | RW | RW | RW | RW | R R R R R R R R R R R R

Bit Name Explanation Reference
SCD detection with alarm assertion

1: SCD detected

15 | ST_SCD 0: SCD not detected

If SCD is detected, ST_SCD=1 and it is cleared by writing “1”.
ALARM1 pin outputs LOW when ST_SCD=1.

OCD detection with alarm assertion

1: OCD detected

14 | ST_OCD 0: OCD not detected

If OCD is detected, ST_OCD=1 and it is cleared by writing “1”.
Either ALARM1 pin or ALARM2 pin outputs LOW when ST_OCD=1.
OCC detection with alarm assertion

1: OCC detected

13 | ST_OCC 0: OCC not detected

If OCC is detected, ST_OCC=1 and it is cleared by writing “1”.
Either ALARM1 pin or ALARM2 pin outputs LOW when ST_OCC=1.
SPI communication error flag

1: Communication Error

12 | SPLF 0: No Communication Error
If communication error (CRC error) is detected, SPI_F=1. It is cleared by writing "1".
11 | Reserved Please always set to "0".
Error for sequence control counter measurement system diagnostic check
10 | MUX1A_F 1: Abnormal
0: Normal
9 -
8 -

SCD detection flag

7 SCD_F 1: SCD detected (auto cleared when short circuit condition is removed)

0: SCD not detected

OCD detection flag

1: OCD detected (auto cleared when over current at discharge condition is
removed)

0: OCD not detected

OCC detection flag
5 OCC_F 1: OCC detected (auto cleared when over current at charge condition is removed)
0: OCC not detected

TSD detection flag

4 TSD_F 1: TSD detected

0: TSD not detected

Output bit to indicate CFET ON diagnostic check result
3 CFETON_F 1: OK

0: NG (Default 0 if function is off)

Output bit to indicate CFET OFF diagnostic check result
2 CFETOFF_F 1: OK

0: NG (Default 0 if function is off)

Output bit to indicate DFET ON diagnostic check result
1 DFETON_F 1: OK

0: NG (Default 0 if function is off)

Output bit to indicate DFET OFF diagnostic check result
0 DFETOFF_F 1: OK

0: NG (Default O if function is off)

6 |OCD F
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Address: 0x22 OVSTAT1

bit 15 14 13 12 11 10 9

8 7 6 5 4 3 2 1 0
OV16 | OV15 | OV14 | OV13 | OV12 |OV11|OV10| OV9 | OV8 | OV7 | OV6 | OV5 | OV4 | OV3 | OV2 | OV1
F|l F| F| F| F| F|_F F F F F F

Initial 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R

Name

0 0
R R

Bit Name Explanation Reference
Cell 16 OV detection output (*Automatic update)
15 | OV1e_F 1: Abnormal

0: Normal

Cell 15 OV detection output (*Automatic update)
14 |OV15_F 1: Abnormal

0: Normal

Cell 14 OV detection output (*Automatic update)
13 |OV14_F 1: Abnormal

0: Normal

Cell 13 OV detection output (*Automatic update)
12 |OVI13_F 1: Abnormal

0: Normal

Cell 12 OV detection output (*Automatic update)
11 |OV12_F 1: Abnormal

0: Normal

Cell 11 OV detection output (*Automatic update)
10 |OV1l F 1: Abnormal

0: Normal

Cell 10 OV detection output (*Automatic update)
9 OV10_F 1: Abnormal

0: Normal

Cell 9 OV detection output (*Automatic update)
8 OoV9_F 1: Abnormal

0: Normal

Cell 8 OV detection output (*fAutomatic update)
7 OV8_F 1: Abnormal

0: Normal

Cell 7 OV detection output (*Automatic update)
6 OV7_F 1: Abnormal

0: Normal

Cell 6 OV detection output (*Automatic update)
5 oVv6_F 1: Abnormal

0: Normal

Cell 5 OV detection output (*fAutomatic update)
4 OV5_F 1: Abnormal

0: Normal

Cell 4 OV detection output (*fAutomatic update)
3 OoV4_F 1: Abnormal

0: Normal

Cell 3 OV detection output (*Automatic update)
2 OV3_F 1: Abnormal

0: Normal

Cell 2 OV detection output (*Automatic update)
1 OV2_F 1: Abnormal

0: Normal

Cell 1 OV detection output (*fAutomatic update)
0 OV1_F 1: Abnormal

0: Normal
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Address: 0x23 OVSTAT2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name ) ) ) ) ) ) ) ) ) ) Reserv|Reserv|Reserv|Reserv|Reserv| OV17
ed ed ed ed ed _F

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R R R R R R

bit Name Explanation Reference

15 -

14 -

13 -

12 -

11 -

10 -

9 -

8 -

7 -

6 -

5 Reserved

4 Reserved

3 Reserved

2 Reserved

1 Reserved

Cell 17 OV detection output (*Automatic update)
o | ovire o v
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Address: 0x24 UVSTAT1
bit 15 14 13 12 11 10 9 8 7 6 1 0

5 3 2
UV16 | UV15 | UV14 | UVI3 | UVI2 [ UVI1|UVIO | UV | UV8 | UV7 | UV6 | UV5 | UV4 | UV3 | UV2 | UVl
F| F| F| F| F| _F|_F F F F F F

| | | _F _F _F _ _
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R

Name

bit Name Explanation Reference
Cell 16 UV detection output (*Automatic update)
15 | UV16_F 1: Abnormal

0: Normal

Cell 15 UV detection output (*Automatic update)
14 | UV15_F 1: Abnormal

0: Normal

Cell 14 UV detection output (*Automatic update)
13 | UV14_F 1: Abnormal

0: Normal

Cell 13 UV detection output (*Automatic update)
12 | UV13_F 1: Abnormal

0: Normal

Cell 12 UV detection output (*Automatic update)
11 | UV12_F 1: Abnormal

0: Normal

Cell 11 UV detection output (*Automatic update)
10 |UV11l_F 1: Abnormal

0: Normal

Cell 10 UV detection output (*Automatic update)
9 UV10_F 1: Abnormal

0: Normal

Cell 9 UV detection output (*Automatic update)
8 Uvo_F 1: Abnormal

0: Normal

Cell 8 UV detection output (*Automatic update)
7 uvs _F 1: Abnormal

0: Normal

Cell 7 UV detection output (*Automatic update)
6 UV7_F 1: Abnormal

0: Normal

Cell 6 UV detection output (*Automatic update)
5 uUve_F 1: Abnormal

0: Normal

Cell 5 UV detection output (*Automatic update)
4 UV5_F 1: Abnormal

0: Normal

Cell 4 UV detection output (*Automatic update)
3 uv4a F 1: Abnormal

0: Normal

Cell 3 UV detection output (*Automatic update)
2 UV3_F 1: Abnormal

0: Normal

Cell 2 UV detection output (*Automatic update)
1 Uv2_F 1: Abnormal

0: Normal

Cell 1 UV detection output (*Automatic update)
0 UVl F 1: Abnormal

0: Normal
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Address: 0x25 UVSTAT?2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name ) ) ) ) ) ) ) ) ) ) Reserv|Reserv|Reserv|Reserv|Reserv| UV17
ed ed ed ed ed _F

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R R R R R R R R R R R R R R R R

bit Name Explanation Reference

15 -

14 | -

13 -

12 -

11 -

10 -

9 -

8 -

7 -

6 -

5 Reserved

4 Reserved

3 Reserved

2 Reserved

1 Reserved

Cell 17 UV detection output
o | vars o v
*Automatic update
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Address: 0x26 BIASSTAT

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reserv|Reserv| HVRE [LVREF|HBIAS |HBIAS| LBIAS [HBIAS|HBIAS| LBIAS |HBIAS|HBIAS | LBIAS

ed ed F2 2 1A 1D 1D 2A 2D 2D 3A 3D 3D
0
R

Name - - -

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R R R R R

bit Name Explanation Reference
15 | -
14 | -
13 | -
12 | Reserved

11 Reserved

VREF2 OV Flag

10 HVREF2 1: OV detected

0: OV not detected
VREF2 UV Flag

9 LVREF2 1: UV detected

0: UV not detected
VDD18 Analog OV Flag
8 HBIAS1A 1: OV detected

0: OV not detected
VDD18 Digital OV Flag
7 HBIAS1D 1: OV detected

0: OV not detected
VDD18 Digital UV Flag
6 LBIAS1D 1: UV detected

0: UV not detected
REG_EXT Analog OV Flag
5 HBIAS2A 1: OV detected

0: OV not detected
REG_EXT Digital OV Flag
4 HBIAS2D 1: OV detected

0: OV not detected
REG_EXT Digital UV Flag
3 LBIAS2D 1: UV detected

0: UV not detected
VDD55 Analog OV Flag
2 HBIAS3A 1: OV detected

0: OV not detected
VDD55 Digital OV Flag
1 HBIAS3D 1: OV detected

0: OV not detected
VDD55 Digital UV Flag
0 LBIAS3D 1: UV detected

0: UV not detected
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Address: 0x27 STATS

bit 15 14

13

12 11 10 9 8 7 6 5 4 3

LDM_ | VPC_

Name |\ o e FlpeT F

WDT_

CUR_|LDM_|LDM_ ST
H_F

N N _ OTH

ST
BIAS

ST_OV|ST_UV]

Initial 0 1

0 0 0 0 0 0 0 0 0 0

0 0

R/W R R

R/W

R/W | RIW | RIW

R R

bit Name

Explanation

Reference

15 | LDM_DET_F

Status of Load
1: Load is detected
0: No load

14 | VPC_DET_F

Status of VPC
1: VPC pin is "H"
0: VPC pinis "L"

13 | WDT_F

Flag for watchdog timer

1: WDT will be timeout in 100ms

0: WDT timeout is not detected (Default)
It is cleared by writing "1".

12 | CUR_H_F

Flag for event of Current from "L" > "H"
1: Event is detected

0: Event is not detected (Default)

It is cleared by writing "1".

11 |LDM_H_F

Flag for event of Load from no load -> load detected
1: Event is detected (AFE return to Active mode)

0: Event is not detected (Default)

It is cleared by writing “1”.

10 |LDM_L_F

Flag for event of Load from load detected - load released
1: Event is detected

0: Event is not detected (Default)

It is cleared by writing “1”.

9 |VPC HF

Flag for event of VPC pin from "L" > "H"
1: Event is detected

0: Event is not detected (Default)

It is cleared by writing "1".

8 |VvPC LF

Flag for event of VPC pin from "H" > "L"
1: Event is detected

0: Event is not detected (Default)

It is cleared by writing "1".

4 FUSEB_F

Fuse blow status
1: Fuse blow is completed
0: Fuse blow not completed (Default)

3 | ST OTH

Others fault status display

1: Other fault detected.

0: No Other fault

If any of the bitin OTHSTAT register is "1", ST _OTH=1.

2 ST_BIAS

BIAS fault status display

1: BIAS fault detected.

0: No BIAS fault

If any of the bit in BIASSTAT register is "1", ST BIAS=1.

1 |sT ov

OV detection status display

1: OV detected

0: OV not detected

If QV is detected in any cell, ST _OV=1.

0 |sT uv

UV detection status display

1: UV detected

0: UV not detected

If UV is detected in any cell, ST UV=1.

June 30, 2021

Page 190 of 225

Rev 1.03



NUVOTON KA49517A
R —

Explanation of Registers
A.2 Detailed explanation

Address: 0x28 CV01 AD

bit 15 | 14 | 13 | 12 | 12 [ 10 ] 9 [ 8 | 7 | 6 | 2 | 1 ] o
Name CV01_AD[15:0
mital | 0 | o | o ] o [ o] o] o] o] o 0 | o [ o] o
R/W R
bit Name Explanation Reference
Cell 1 Voltage Measurement output
Value:
Ox3FFF: 4.999695V
0x2000: 2.5V
[15:0] | CVOL_AD[15:0] 0x0001: 0.000305V
0x0000: 0V
Measured Voltage = Value x 0.000305V
* Bitl5 and 14 are always "0"
Address: 0x29 CV02 AD
bit 15 | 14 | 13 | 12 | 12 [ 10 | 9 | 8 | 7 | 6 | 2 | 1] o
Name CV02_AD[15:0
mnitial] o | o | o | o [ o] o] o] ol]o 0 | o [ o] o
R/W R
bit Name Explanation Reference
Cell 2 Voltage Measurement output
[15:0] | CV02_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x2A CV03 AD
bit 15 | 14 | 13 | 12 | 12 [ 10 ] 9 [ 8 | 7 | 6 | 2 | 1 ] o
Name CV03_AD[15:0
nitial] o | o ] o ] o [ o] o] o] ol]oo 0 | o ] o] o
R/W R
bit Name Explanation Reference
Cell 3 Voltage Measurement output
[15:0] | CV0O3_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x2B CV04 AD
bit 15 | 14 | 13 | 12 | 12 [ 10 ] 9 [ 8 | 7 | 6 | 2 | 1] o
Name CV04_ADI[15:0
mital | o | o | o ] o [ o] o] o] o] o 0 | o [ o] o
R/W R
bit Name Explanation Reference
Cell 4 Voltage Measurement output
[15:0] | CV04_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x2C CV05 AD

bit | 15 | 14 | 13 | 12 | 112 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV05_AD[15:0
mital] o | o ] o ] o] o] o] o] o] o 0 o ] o] o
R/W R
bit Name Explanation Reference
Cell 5 Voltage Measurement output
[15:0] | CV05_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bit15 and 14 are always "0"
Address: 0x2D CV06 _AD
bit | 15 | 14 [ 13 | 12 | 11 | 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV06_ADI[15:0
niial] o | o ] o ] o] o] o] o] oo 0 o] o] o
R/W R
bit Name Explanation Reference
Cell 6 Voltage Measurement output
[15:0] | CV06_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bit15 and 14 are always "0"
Address: 0x2E CV07 _AD
bit | 15 | 14 | 13 | 12 | 112 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CVO07_ADI[15:0
niial] o | o ] o ] o] o] o] o] oo 0 0o ] o] o
R/W R
bit Name Explanation Reference
Cell 7 Voltage Measurement output
[15:0] | CV0O7_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x2F CV08 AD
bit | 15 | 14 | 13 | 12 | 12 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV08 ADI[15:0
mital] o | o | o ] o] o] o] o] o] o 0 o [ o] o
R/W R
bit Name Explanation Reference
Cell 8 Voltage Measurement output
[15:0] | CV08_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x30 CV09 AD

bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8 | 7 [ 6 | 5 | 4 | 3 | 2 [ 1] o
Name CV09 _AD[15:0
mital] o | o | o ] o ] o[ o] o] o] o 0 o ] o] o
R/W R
bit Name Explanation Reference
Cell 9 Voltage Measurement output
[15:0] | CV09_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bit15 and 14 are always "0"
Address: 0x31 CV10 AD
bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV10_AD[15:0
mital] o | o ] o ] o] o] o] o] o] o 0 o] o] o
R/W R
bit Name Explanation Reference
Cell 10 Voltage Measurement output
[15:0] | CV10_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x32 CV11 AD
bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV11_AD[15:0
mital] o | o [ o ] o] o] o] o] oo 0 o] o] o
R/W R
bit Name Explanation Reference
Cell 11 Voltage Measurement output
[15:0] | CV11_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x33 CV12 AD
bit | 15 | 14 | 13 | 12 | 112 [ 10 | 9 | 8 | 7 | 6 2 | 1] o
Name CV12 AD[15:0
mital ] o | o | o ] o ] o[ o] o] o] o 0 o [ o] o
R/W R
bit Name Explanation Reference
Cell 12 Voltage Measurement output
[15:0] | CV12_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x34 CV13 AD
bit 15 14 13 | 12 11 10 | 9 8 7 | 6 5 4 2 1 0
Name CV13 AD[15:0
Initial | 0 0 0o | o 0 0o [ o 0 0 0 0 0 0 0 0
R/W R
bit Name Explanation Reference
Cell 13 Voltage Measurement output
[15:0] | CV13_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x35 CV14 AD
bit 15 | 14 13 12 | 11 10 9 8 | 7 6 5 | 2 | 1 0
Name CV14 AD[15:0
mital ] 0 | 0 0 0 0 0 0 o] o 0 0 | 0 0 0
R/W R
bit Name Explanation Reference
Cell 14 Voltage Measurement output
[15:0] | CV14_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x36 CV15 AD
bit 15 14 | 13 12 11 10 | 9 8 7 | 6 5 2 1 0
Name CV15_AD[15:0
Initial | 0 0 0o | o 0 0o [ o 0 0 0 0 0 0 0
R/W R
bit Name Explanation Reference
Cell 15 Voltage Measurement output
[15:0] | CV15_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x37 CV16 AD
bit 15 | 14 13 12 | 11 10 9 | 8 7 6 5 3 2 | 1 0
Name CV16 _AD[15:0
nital ] 0 | o 0 o [ o 0 0 0 0 0 0 0 o | o 0
R/W R
bit Name Explanation Reference
Cell 16 Voltage Measurement output
[15:0] | CV16_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x38 CV17 AD
bit 15 14 | 13 12 11 10 | 9 8 7 | 6 5 | 3 2 1 0
Name CV17_AD[15:0
Initial 0 0 0 0 0 o [ o 0 0 0 0 0 0 0
R/W R
bit Name Explanation Reference
Cell 17 Voltage Measurement output
[15:0] | CV17_AD[15:0] * Refer to CV01_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x3E VPACK_AD

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 | 7 | 6 | 5 | 4 [ 3 [ 2 [ 1] o0
Name VPACK_AD[15:0]

mittal] o [ o [ o [ o ] o] o] o] o] o] o] o] o] o] o] ol]o
RIW R

bit Name Explanation Reference

VPACK Voltage Measurement output
Value:
O0x3FFF: 109.9933V

~

0x2000: 55.001088V

~

0x0001: 0.006714V
0x0000: OV

[15:0] | VPACK_AD[15:0]

Measured Voltage = Value x 0.006714V

* Bitl5 and 14 are always "0"
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Address: 0x3F TMONI1 AD

bit | 15 | 14 | 13 [ 12 [ 12 [ 10 [ 9 [ 8 | 7 | 6 | 5 | 1 | o
Name TMONI1_AD[15:0]
mital | o [ o [ o [ o ] o] o] o] o] o] o] o] 0o [ o
R/W R
bit Name Explanation Reference
TMONI1 Voltage Measurement output
Value:
Ox3FFF: 4.999695V
0x2000: 2.5V
[15:0] | TMONI1_ADI[15:0] 0X0001: 0.000305V
0x0000: OV
Measured Voltage = Value x 0.000305V
* Bitl5 and 14 are always "0"
Address: 0x40 TMONI2_ AD
bit | 15 | 14 | 13 [ 12 | 11 | 10 | 9 | 8 | 7 | 6 | 5 | 1 | o
Name TMONI2_AD[15:0]
mtial | 0 [ o ] o ] o J] o] o] o] o] o] o] o] o | o
R/W R
bit Name Explanation Reference
TMONI2 Voltage Measurement output
[15:0] | TMONI2_AD[15:0] * Refer to TMONI1_ADJ[15:0] explanation for values
* Bitl5 and 14 are always "0"
Address: 0x41 TMONI3_AD
bit | 15 | 14 | 13 [ 12 [ 11 [ 10 [ 9 [ 8 | 7 | 6 | 5 | 1 | o
Name TMONI3_AD[15:0]
mital] o [ o [ o [ o ] o[ o] o] o] o] o] o] o [ o
R/W R
bit Name Explanation Reference
TMONI3 Voltage Measurement output
[15:0] | TMONI3_AD[15:0] * Refer to TMONI1_ADJ[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x42 TMONI4 AD

bit | 15 | 14 | 13 [ 12 [ 12 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 ]| 2] 1o
Name TMONI4_AD[15:0]
mital] 0 | o [ o [ o J] o] o] o] o] o] o] o] o] o] o] o]o
R/W R
bit Name Explanation Reference
TMONI4 Voltage Measurement output
[15:0] | TMONI4_AD[15:0] * Refer to TMONI1_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"

Address: 0x43 TMONI5 AD

bit | 15 | 14 [ 13 | 12 | 112 | 10 | 9 | 8 | 7 | 6 [ 5 | 4 [ 3 | 2 [ 1] o0
Name TMONI5_AD[15:0]
mtial] 0 | o [ o [ o] o] o] o] o] o] o] o] o] o] o] o]o
R/W R
bit Name Explanation Reference
TMONI5 Voltage Measurement output
[15:0] | TMONI5_AD[15:0] * Refer to TMONI1_AD[15:0] explanation for values
* Bit1l5 and 14 are always "0"
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Address: 0x44 VDD55 AD

bit 15 | 14 | 13 | 12 | 12 | 10 | 9 | 8 [ 7 | 6 | 5 | 4 | 3 | 2 | 1] o
Name VDD55_ AD[15:0]
mital | 0 | o ] o ] o ] o] o] o] o] o] o] o] o] o]o]ol]o
R/W R
bit Name Explanation Reference
VDD55 Voltage Measurement output
Value:
OX3FFF: 7.499542V
0x2000: 3.75V
[15:0] | VDD55_AD[15:0] 5)'( 0001 0.000458Y
0x0000: OV
Measured Voltage = Value x 0.000458V
* Bitl5 and 14 are always "0"
Address: 0x45 GPIO1 AD
bit 15 | 14 | 13 | 12 | 12 | 10 | 9 | 8 [ 7 | 6 | 5 | 4 | 3 | 2 | 1] o
Name GPIO1 AD[15:0]
mitial] o | o [ o [ o] o J] o] o] o] o o] ol o] o] o] o]o
R/W R
bit Name Explanation Reference
GPIO1 Voltage Measurement output
Value:
Ox3FFF: 4.999695V
0x2000: 2.5V
[15:0] | GPIO1_AD[15:0] & 0001: 0.000305Y
0x0000: OV
Measured Voltage = Value x 0.000305V
* Bitl5 and 14 are always "0"
Address: 0x46 _GPI02 AD
bit 15 | 14 | 13 | 12 | 12 | 10 | 9 | 8 [ 7 | 6 | 5 | 4 | 3 | 2 | 1] o
Name GPIO2_AD[15:0]
mital] o | o [ o ] o] o J] o] o] o] o] o] o] o] o] o] olo
R/W R
bit Name Explanation Reference
GPIO2 Voltage Measurement output
[15:0] | GPIO2_AD[15:0] * Refer to GPIO1_AD[15:0] explanation for values
* Bitl5 and 14 are always "0"
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Address: 0x47 CVIH AD

bit | 15 | 14 | 13 [ 12 [ 12 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 ]| 2] 1o
Name CVIH_AD[15:0]
mital ] o [ o [ o [ o ] o] o] o] o] o] o] o] o] o] o] o]o
RIW R

bit Name Explanation Reference

High-speed current ADC Measurement output

Value:

Ox7FFF: 179.994507mV

0x0001: 0.005493mV

0x0000: 0V

[15:0] | CVIH_AD[15:0] OxFFFF: -0.005493mV

0x8001: -179.994507mV Measured voltage = 2's complement
data * 360mV/2"16

0x8000: -180mV

Voltage/step = 0.005493mV

Address: 0x48 CVIL AD

bit | 15 | 14 | 13 [ 12 [ 12 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 ]| 2] 1]0o
Name CVIL_AD[15:0]
mital] o0 [ o [ o [ o J] o] o] o] o] o] o] o] o] o] o] o]o
RIW R

bit Name Explanation Reference

Low-speed current ADC measurement output

Value:

OX7FFF: 179.994507mV

0x0001: 0.005493mV

0x0000: OV

[15:0] | CVIL_ADI[15:0] OxFFFF: -0.005493mV

0x8001: -179.994507mV Measured voltage = 2’s complement
data * 360mV/2°16

0x8000: -180mV

Voltage/step = 0.005493mV
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Address: 0x49 VDD18 AD

bit | 15 | 14 | 13 [ 12 [ 12 [ 10 [ 9 | 8 | 7 [ 6 [ 5 | 4 | 3 [ 2| 1] o0
Name VDD18_AD[15:0]
mital] o [ o [ o [ o ] o] o] o] o] o] o] o] o] o] o] o]o
R/W R
bit Name Explanation Reference
VDD18 Voltage Measurement output
Value:
Ox3FFF: 4.999695V
0x2000: 2.5V
[15:0] | vDD18_ ADI[15:0] &0001: 0.000305V
0x0000: OV
Measured Voltage = Value x 0.000305V
* Bitl5 and 14 are always "0"
Address: 0x4A REGEXT AD
bit | 15 | 14 | 13 [ 12 | 11 | 10 | 9 | 8 | 7 | 6 | 5 | 4 [ 3 | 2 | 1 | o
Name REGEXT_AD[15:0]
mitial | 0 | o | o o ] o] o] o] o] o 0o ] ol o] o] o] ol]o
R/W R
bit Name Explanation Reference
REGEXT Voltage Measurement output
Value:
Ox3FFF: 7.499542V
0x2000: 3.75V
[15:0] | REGEXT_ADI[15:0] &0001: 0.000458V
0x0000: OV
Measured Voltage = Value x 0.000458V
* Bitl5 and 14 are always "0"
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Address: 0x4B VREF2 AD

bit | 25 | 14 | 13 | 12 | 11 [ 10 [ 9 [ 8 [ 7 | 6 | 5 | 4 | 3 [ 2 [ 1] 0
Name VREF2_AD[15:0]

mttal | o | o | o ] o J] o] o] o] o] o] o] o] o] o] o] ol]o
RIW R

bit Name Explanation Reference

VREF2 Voltage Measurement output
Value:
O0x3FFF: 4.999695V

~

0x2000: 2.5V

~

0x0001: 0.000305V
0x0000: OV

[15:0] | VREF2_AD[15:0]

Measured Voltage = Value x 0.000305V

* Bitl5 and 14 are always "0"
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Address: 0x4D OVL STAT1
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OV16_|0V15_[0OV14 |OV13_|OV12_|OV11_|OV10_|OV9_|OV8 |OV7_| OV6_|OV5_|0OV4_|OV3_|OV2_| OVl
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | RRW | R'W | RIW | RI'W | R'W | RI'W | RIW | RIW | RIW | R'W | RIW | R/IW | RIW | RIW | R/IW | R/W

Name

bit Name Explanation Reference
Cell 16 OV detection flag

1: OV detected

15 | OV16_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 15 OV detection flag

1: OV detected

14 | OV15_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 14 OV detection flag

1: OV detected

13 | OV14_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 13 OV detection flag

1: OV detected

12 | OV13 LF 0: OV not detected (Default)

*If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 12 OV detection flag

1: OV detected

11 | OV12_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 11 OV detection flag

1: OV detected

10 | OV11_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 10 OV detection flag

1: OV detected

9 OV10_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 9 OV detection flag

1: OV detected

8 OV9_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 8 OV detection flag

1: OV detected

7 OV8_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.
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Address: 0x4D OVL STAT1

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OV16_|0OV15_|0OV14_|0V13_[OV12_|OV11_|{OV10_|OV9_ |OV8_|OV7_|OV6_|OV5_|OV4_ | OV3_ | OV2_ | OVl_
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | RRW | RW | RIW | RI'W | R'W | RI'W | RIW | RI'W | R/'W | RIW | RIW | RIW | RIW | RIW | R/IW | R/IW

Name

bit Name Explanation Reference
Cell 7 OV detection flag

1: OV detected

6 OV7_LF 0: OV not detected (Default)

*If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 6 OV detection flag

1: OV detected

5 oV6_LF 0: OV not detected (Default)

*If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 5 OV detection flag

1: OV detected

4 OV5_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 4 OV detection flag

1: OV detected

3 OoV4_LF 0: OV not detected (Default)

*If QV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 3 OV detection flag

1: OV detected

2 OV3_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 2 OV detection flag

1: OV detected

1 OV2_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.

Cell 1 OV detection flag

1: OV detected

0 OV1_LF 0: OV not detected (Default)

* If OV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4D or Ox4E.
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Address: 0x4E OVL STAT2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name ) } } ) } ) ) } ) B Reserv(Reserv|Reserv|Reserv|Reserv|OV17_j
ed ed ed ed ed LF
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R R R R R R R R R R R/W | RIW | RIW | RIW | RIW | RIW
bit Name Explanation Reference
15 -
14 -
13 -
12 -
11 -
10 -
9 -
8 -
7 -
6 -
5 Reserved Please always set to "0".
4 Reserved Please always set to "0".
3 Reserved Please always set to "0".
2 Reserved Please always set to "0".
1 Reserved Please always set to "0".
Cell 17 OV detection flag
1: OV detected
0 OV17_LF 0: OV not detected (Default)
* If OV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4D or Ox4E.
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Address: Ox4F UVL STAT1

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

UV16_[UV15_[UV14_|UV13_|UV12_|UV11l_[UV10_|UV9_|UV8_ | UV7_|UV6_|UV5_ |Uv4_ | UV3_|[UV2_ |UuVvi_
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF

Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | RRW | RW | RIW | R'W | R'W | RIW | R'W | RIW | RI'W | R'W | R/IW | RIW | R/IW | RIW | R/IW | R/IW

Name

bit Name Explanation Reference
Cell 16 UV detection flag

1: UV detected

15 UVvi16_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 15 UV detection flag

1: UV detected

14 | UV15_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 14 UV detection flag

1: UV detected

13 Uvi4_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 13 UV detection flag

1: UV detected

12 UV13_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 12 UV detection flag

1: UV detected

11 | UV12_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 11 UV detection flag

1: UV detected

10 UV1l LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 10 UV detection flag

1: UV detected

9 UV10_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 9 UV detection flag

1: UV detected

8 UV9_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.

Cell 8 UV detection flag

1: UV detected

7 Uv8_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this register,
write “0x0000” to register 0x4F or 0x50.
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Address: Ox4F UVL STAT1
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UV16_[UV15_|UV14_|[UV13_[UV12_|UV11_[UVIO0_|UV9_|UV8_|UV7_|UV6_|UV5_|[UV4_ |UV3_ | UV2_|UuUVi_
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | RRW | R'WW | RI'W | R'W | RIW | R'W | RIW | RIW | RIW | RIW | RIW | RIW | RIW | R/IW | RIW | RIW

Name

Bit Name Explanation Reference
Cell 7 UV detection flag

1: UV detected

6 UV7_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 6 UV detection flag

1: UV detected

5 UVv6_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 5 UV detection flag

1: UV detected

4 UV5_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 4 UV detection flag

1: UV detected

3 Uv4_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 3 UV detection flag

1: UV detected

2 UV3_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 2 UV detection flag

1: UV detected

1 UV2_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register 0x4F or 0x50.

Cell 1 UV detection flag

1: UV detected

0 UV1_LF 0: UV not detected (Default)

* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register Ox4F or 0x50.
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Address: 0x50 UVL STAT2

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name ) } B ) } } ) ) } _ |Reserv|Reserv|Reserv|Reserv|Reserv|UV17_|
ed ed ed ed ed LF
Initial 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R R R R R R R R R R RW | RIW | RIW | RIW | RIW | RIW
bit Name Explanation Reference
15 -
14 -
13 -
12 -
11 -
10 -
9 -
8 -
7 -
6 -
5 Reserved Please always set to "0".
4 Reserved Please always set to "0".
3 Reserved Please always set to "0".
2 Reserved Please always set to "0".
1 Reserved Please always set to "0".
Cell 17 UV detection flag
1: UV detected
0 UV17_LF 0: UV not detected (Default)
* If UV is detected, the related flag will become “1”. To clear any flag in this
register, write “0x0000” to register Ox4F or 0x50.
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Address: 0x51 CBSTAT1

bit | 15 [ 14 | 13 [ 12 | 12 | 10 | 9 | 8 | 7 | 6 | 5 [ 4 [ 3 [ 2] 1] o0
Name CB_ST[16:1]
mtial] 0 | o | o [ o J] o] o] o] o] o] o] o] o] o] o] olo
R/W R
bit Name Explanation Reference
Individual cell balance control status display
[15:0] | CB_ST[16:1] 1: Cell balance ON
0: Cell balance OFF

Address: 0x52 CBSTAT?2

bit | 15 [ 14 | 13 [ 12 | 11 | 10 [ 9 8 7 6 5 | 4 | 3 ] 2 | 1 0
Name - - - - - - - - - - Reserved 01[31—7?1—
mital] 0 | o | o [ o] o] o] o[ o] o] o] o] o] o] o] olo
R/W R R R R R R R R R R R
bit Name Explanation Reference
15 | -
14 | -
13 -
12 -
11 -
10 -
9 -
8 -
7 -
6 -
[5:1] | Reserved Please always set to "00000".
Individual cell balance control status display
0 CB_ST[17] 1: Cell balance ON
0: Cell balance OFF
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Address: 0x53 FUSE BLOW

bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2| 1] o0
Name| - - - - - - - - FUSE_BLOW][7:0]
mttal] o | o | o | o [ o [ o] o] o] o] o] o] o] o] o] o]o
R/W R R R R R R R R R/W
bit Name Explanation Reference
15 | -
14 | -
13 | -
12 -
11 -
10 | -
Fuse blow function activation
[7:0] | FUSE_BLOW[7:0] :eI;liJSstirt.)low function by MCU control will be activated when "OxFB" is written to this
Not dependent on Cell and current fault algorithm.
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Address: 0x54 Reserved

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3] 2] 1] o0
Name Reesderv Reserved

Initial | 0 o ] oJ] o] o] ol oJoJJ]o]Jo]o]o]o]]o]ol]lo
R/W | RIW R/W

bit Name Explanation Reference
15 Reserved Please always set to "0".

[14:0] | Reserved Please always set to "000000000000000".

Address: 0x55 AUTO ITHL

bit | 15 [ 14 | 13 | 12 | 112 [ 10 | 9 | 8 | 7 | 6 [ 5 | 4 [ 3 | 2| 1] o0
Name| - AUTO _ITHL[14:0]
Initial | 0 o ] oJ] o] o] ol oJoJJ]o]]o] o] o] o]]o]ol]lo
R/W R R/W
bit Name Explanation Reference
15 -

15 bit to set detection current level to enter Low power auto mode (compare by

IADC_fast)

Value:

OX7FFF: 179.994507mV
[14:0] | AUTO_ITHL[14:0] | ~

0x0001: 0.005493mV
0x0000: OV

Voltage/step = 0.005493mV
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Address: 0x56 VDD55 CTL

KA49517A

bit | 15 [ 14 | 13 [ 12 | 11 | 10 | 9 | 8 | 7 6 | 5 | 4 3 | 2 [ 1] o
Name| - - - - - Re:;” R55GAIN[2:0] R55TC[2:0] R55VC[2:0] Re:de“’
mital | 0 | o [ o [ o | o | o | o] o] o o [ o] o o ] o] oo
R/W R R R R R R/IW R/IW RIW RIW R/W
bit Name Explanation Reference
15 -
14 -
13 -
12 -
11 -
10 Reserved Please always set to "0".
NPN Hfe(Gain) Adjustment
(Vary the output Base current to drive the external BJT based on required NPN
BJT HFE specs)
000: IB = 0.89mA (Default)
001: IB = 0.79mA
[9:7] | R55GAIN[2:0] 010: IB = 0.7mA
011: 1B = 0.64mA
100: IB = 2.2mA
101: IB = 1.65mA
110: IB = 1.32mA
111: 1B = 1.09mA
NPN Temp coefficient adjustment against external NPN beta Temp variation
000: IB% change = +33% (-25deg to 25deg) ; -40% (25deg to 125deg) (Default)
001: IB% change = +28% (-25deg to 25deg) ; -35% (25deg to 125deq)
010: IB% change = +23% (-25deg to 25deg) ; -30% (25deg to 125deq)
[6:4] | R55TC[2:0] 011: IB% change = +18% (-25deg to 25deg) ; -25% (25deg to 125deg)
100: IB% change = +50% (-25deg to 25deg) ; -57% (25deg to 125deq)
101: IB% change = +46% (-25deg to 25deg) ; -53% (25deg to 125deq)
110: IB% change = +42% (-25deg to 25deg) ; -49% (25deg to 125deq)
111: IB% change = +38% (-25deg to 25deq) ; -44% (25deg to 125deq)
NPN VCE (Supply) coefficient adjustment against external NPN beta supply
variation
000: I1B% change from 30V to 62.9V = -16.5% (Default)
IB% change from 62.9V to 85V = -10.4%
001: I1B% change from 30V to 62.9V =-20.7%
IB% change from 62.9V to 85V = -13.4%
010: IB% change from 30V to 62.9V = -25.4%
IB% change from 62.9V to 85V = -16.9%
011: IB% change from 30V to 62.9V = -30.5%
[3:1] | R55VC[2:0] IB% change from 62.9V to 85V = -20.6%
100: 1B% change from 30V to 62.9V =-2.7%
IB% change from 62.9V to 85V = -2.3%
101: 1B% change from 30V to 62.9V =-5.1%
IB% change from 62.9V to 85V = -4.3%
110: IB% change from 30V to 62.9V =-10.0%
IB% change from 62.9V to 85V = -6.6%
111: IB% change from 30V to 62.9V = -16.5%
IB% change from 62.9V to 85V =-10.4%
0 Reserved Please always set to "0".
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Address: 0x57 TMONI1

bit | 15 | 14 | 13 | 12 | 11 [ 10 | 9 [ 8 [ 7 [ 6 [ 5 | 4 [ 3 [ 2 [ 1 ]o0
Name | - - - - - - PULLUP_TMONI1[9:0]
Initial | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | R R R R R R R R R R R R R R R R

bit Name Explanation Reference
15 | -
14 | -
13 | -
12 | -
1 | -
10 | -

PULLUP_TMONI1[9:| TMONI1 pin pull-up resistance value (absolute value)
0] * Refer to Application Notes Chapter 9 for details.

[9:0]

Address: 0x58 TMONI23

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 | 6 | 5 ] 4] 3] 2] 1]o0
Name PULLUP_TMONI3[7:0] PULLUP_TMONI2[7:0]

Initial [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | R R R R R R R R R R R R R R R R

bit Name Explanation Reference
[15:8] PULLUP_TMONI3[7:| TMONI3 pin pull-up resistance value (difference)
' 0] * Refer to Application Notes Chapter 9 for details.
(7:0] PULLUP_TMONI2[7:| TMONIZ2 pin pull-up resistance value (difference)
' 0] * Refer to Application Notes Chapter 9 for details.

Address: 0x59 TMONI45

bit | 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 | 6 | 5 [ 4] 3] 2] 1]o0
Name PULLUP_TMONIS5[7:0] PULLUP_TMONI4[7:0]

Initial |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW | R R R R R R R R R R R R R R R R

bit Name Explanation Reference
[15:] PULLUP_TMONI5[7:| TMONIS pin pull-up resistance value (difference)
' 0] * Refer to Application Notes Chapter 9 for details.
[7:0] PULLUP_TMONI4[7:| TMONI4 pin pull-up resistance value (difference)
' 0] * Refer to Application Notes Chapter 9 for details.
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

il | VERTESITD ) Internal Circuit Description
No.| voltage
D Py
CVDD
100k .
Pin 1 Power ON Reset Output
1 DC 9 Pin
(NRST)
-
PIN 2
O * Digital 10 Power Supply Pin
2 bC (CVDD)
VDD55
D e P
; /
Pin3,4,5,6,7 .
g DC " 10k N Analog Voltage Input Pin
5 1K (TMONI1-5)
7
PIN 8 500  20M
8 DC I__, Shutdown Control Signal
Input Pin (SHDN)
820k 5p
l 777
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

KA49517A

Pin| Waveform / Internal Circuit Description
No.| voltage
PIN 9
O % Test Mode Setting Pin
9 DC 1k (MODE)
VDD55
I:/\ Py
. PIN 11
Internal Regulator Pin
11 bC ! —O (VDD18)
2M
PIN 12
12 DC O * REGSEL
VDD55
D Py
-
PIN 13
13 DC 1 O REGEXT
o é
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

Pin | Waveform /

No. voltage Internal Circuit Description
PIN 14 5.5V Regulator Pin
14 °e (vDD55)
2.5M

S

5.5V Regulator
15 DC PIN 15 External NPN Base Pin

500
%T( ) (REGB)

C\
v

17 DC PIN 17 2.4k LDM

PIN18

20M Wake Up Signal Pin
18 DC [, s
8M 2.5p
J; 777
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

Py | BErEieTm Internal Circuit Description
No.| voltage
5K PIN <g;,zo
19 DC _”f High Breakdown Voltage
20 J? GPO Pin (GPOH2/GPOH1)
VBAT
D Py
25 DC P'Né‘:‘ A VPACK
PIN26
G . o O No—e
J External DIS_FET (NMOS)
26 AC Gate Driver Pin
VPACK \O (DIS)
PIN21
4 O YOo—
21 AC BIND2 i Charge Pump Capacitor Pin
i oNo— (CP1)
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

Pin | Waveform /

Internal Circuit Description
No.| voltage

PIN26
‘ ‘ Charge Pump Capacitor Pin
22 AC
VPACK CN1
- | o (CN1)
PIN21
No—
23 AC Charge Pump Capacitor Pin

oNo— (CN2)

3—»'—0 3—»'—0

PIN27

Q—%Lj—@\o_"_
Charge Pump Capacitor Pin
24 AC VBAT | ~ (CP2)

PIN24
* 0 No—
PIN23 i External CHG_FET
27 AC * oNo— (NMQOS) Gate Driver Pin
i (CHG)
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

Pl | i | Internal Circuit Description
No.| voltage
PIN 29
G i 9.6k N
017% 2.4k o
29 DC 77 ‘l' Cell Volt Input Pi
ell Voltage Input Pin
VBAT
D_ii /)O (C17)
PIN 30
G * o ng;’k——o\o—
c16 24K NGO
VBAT /)
[®]
Cell Voltage Input Pin
30 DC (C16)
PIN 31 0 6k
Oty LI
C16M 2.4k o
31 VBAT .
36 .
37
38 Cn l
39 G yy ! 9.6k ~
40
41 % 2':4k oMo
42 DC Cell Voltage Input Pin
43 DC “ \l, (C16M, C15, C14...C2)
a4 VBAT /J
@]
45
46
47 Cn-1
48 O o4y 98k So—
49 % 2.4k N
n=3,4,--+,20
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Input and Output Pin Circuit Diagram

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

KA49517A

::g] Ws(\)/ﬁ;(;rén / Internal Circuit Description
} SN $¢
50 DC PIN 50 T 0 6k Cell Voltage Input Pin
¢ : No— (C1)
c1
777 777
/;
PIN 51 9.6k
51 DC * ' >No— Cell Voltage Input Pin
co (CO)
777
VDD18
=
Shunt Current Monitor Pin
53 DC Pin 53 (+ve)
200
~No— (SRP)
200 E‘
VDD18
=
55 Shunt Current Monitor Pin
DC Pin 55 200 (—ve)
© (SRN)
200 E‘
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Input and Output Pin Circuit Diagram

KA49517A

Note) The characteristics listed below are reference values based on the design: it is not a guaranteed value.

Eg] Vvsgﬁzgzn/ Internal Circuit Description
I:\/ Py
CVDD
-
Pin 56,57
56 DC 100k GPIO1/2 Pin
57 DC - (GPIO1/GP102)
—oNo———
D P
CVDD
-
Pin 58
GPIO3 Pin
58 DC . 100k (GPIO3)
=
CVDD
59 B Pin 59,61 Digital Output Pi
. igital Output Pin

61 DC O (ALARM1,SDO)

_1Ei ji

D a
CVDD

60 Pin 62,63,64 Pin 60
62 DC N o203 Digital Input Pin
63 (FETOFF, SDI,SCL,SEN)
64 100k
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Dimensions

* TQFP 64L 10x10mm2, Thickness 1mm, Lead Pitch 0.5mm, Lead Length 1mm,
EP Size 5.5x5.5mm

D Unit: mm
D1
48 33
D3 ]
|
|
[ ) o |
|
|
— [ ) L =
|
|
| yd 113
i |
\
f4 I 17/
1 16
VARIATIONS (ALL DIMENSIONS SHOWN IN MM)
- SYMBOLS MIN. NOM. MAX.
/ - ¢ A - - 1.20
o¢ / C\, -
1 A AAAARAARARAAAAAE N s | 005 010 | 0z
‘\ \ o ﬁ A2 1.00REF
4— CCC \ D 11.80 12.00 12.20
DETAIL C
SEATING PLANE 47 dd@ D1 9.90 10.00 10.10
D2 5.50 — —
D3 - - 7.00
= 11.80 12.00 12.20
JE— ) E1 9.90 10.00 10.10
/ o
e\ =) E2 5.50 — —
| - - 7.00
— i GAUGE PLANE E3
] /‘Q SEATING PLANE L 0.45 0.60 0.75
R L1 1.00REF
b 0.15 0.20 0.25
DETA‘L C c 0.10 0.15 0.20
e 0.50BsC
ddd 0.10
ccc 0.10
4 0.0° ‘ — ‘ 8.0
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IMPORTANT NOTICE

1. When using the IC for new models, verify the safety including the long-term reliability for each product.

2. When the application system is designed by using this IC, please confirm the notes in this book.
Please read the notes to descriptions and the usage notes in the book.

3. This IC is intended to be used for measuring battery cell voltage in automotive application.

Consult our sales staff in advance for information on the following applications: Special applications in which exceptional
quality and reliability are required, or if the failure or malfunction of this IC may directly jeopardize life or harm the human
body.
Any applications other than the standard applications intended.

(1) Space appliance (such as artificial satellite, and rocket)

(2) Traffic control equipment (such as for automotive, airplane, train, and ship)

(3) Medical equipment for life support

(4) Submarine transponder

(5) Control equipment for power plant

(6) Disaster prevention and security device

(7) Weapon

(8) Others : Applications of which reliability equivalent to (1) to (7) is required
Our company shall not be held responsible for any damage incurred as a result of or in connection with the IC being used for
any special application, unless our company agrees to the use of such special application.
However, for the IC which we designate as products for automotive use, it is possible to be used for automotive.

4. This IC is neither designed nor intended for use in automotive applications or environments unless the IC is designated by
our company to be used in automotive applications.

Our company shall not be held responsible for any damage incurred by customers or any third party as a result of or in
connection with the IC being used in automotive application, unless our company agrees to such application in this book.

5. Please use this IC in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. Our company shall not be held responsible for any damage
incurred as a result of our IC being used by our customers, not complying with the applicable laws and regulations.

6. Pay attention to the direction of the IC. When mounting it in the wrong direction onto the PCB (printed-circuit-board),
it might be damaged.

7. Pay attention in the PCB (printed-circuit-board) pattern layout in order to prevent damage due to short circuit between pins.
In addition, refer to the Pin Description for the pin configuration.

8. Perform visual inspection on the PCB before applying power, otherwise damage might happen due to problems such as
solder-bridge between the pins of the IC. Also, perform full technical verification on the assembly quality, because the same
damage possibly can happen due to conductive substances, such as solder ball, that adhere to the IC during transportation.

9. Take notice in the use of this IC that it might be damaged when an abnormal state occurs such as output pin - VBAT short,
output pin — CVDD fault (Power supply fault), output pin-GND short (Ground fault), output-to-output-pin short (load short), or
leakage current between pins. Safety measures such as installation of fuses are recommended because the extent of the
above-mentioned damage will depend on the current capability of the power supply.

10. The protection circuit is for maintaining safety against abnormal operation. Therefore, the protection circuit should not work

during normal operation.
Especially for the thermal protection circuit, if the area of safe operation or the absolute maximum rating is momentarily
exceeded due to output pin to VBAT short, output pin to CVDD short (Power supply fault), or output pin to GND short
(Ground fault), the IC might be damaged before the thermal protection circuit could operate.

11. Verify the risks which might be caused by the malfunctions of external components.
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Revision History

Control Number Rev 1.00

Date | Page Item Before After
25 — |Initial Release — —
Dec
2020
Control Number rev 1.01
Date | Page Item Before After
16,22 |Bottom note Added note *1
REGEXT can be used for as power supply for CVDD pin
and external circuit. 1uF capacitor (CREGEXT) is
necessary at REGEXT output. It is recommended to
connect a maximum of 1uF capacitor for CVDD pin and
external circuit, which is compatible with default CVDD55
23 |Bottom note *3 updated and VDD55 NPN device (Diodes Inc MJD340)
If it is necessary to increase these total capacitor value,
Jan the capacitor CVDD55 must be increased proportionally
with about 5 times ratio to ensure stability. Please note
Feb start-up time of VDD55 and REGEXT would increase
2021 proportionally by doing this.
The value decoded should be around +100mV for both
The value decoded should be around +100mV for both |high speed and slow speed current ADC to ensure
121 high speed and slow speed current ADC to ensure proper operation. Current diagnostic check value will be
proper operation. able to be measured by internal current ADC to be within
+10mV from 100mV during normal operation.
Min: OuA Min: --
6 |Specs for Igats Typ: -- Typ: OuA
Max: 1uA Max: 1uA
Control Number Rev 1.02
Date | Page Item Before After
25 vAvgsggogﬁsngpt'on of startup _ Added description at section 2.2 and added
CVDD=REGEXT case waveform for Fig 2.21.a and Fig 2.2.1b
Added description on SPI .
. Added recommendation of command type
143 nggfp?r;m case (3) of before second WDT expiry
Soft Reset
Soft Reset . .
Added description for soft 1: Normal operation (Default) %; ggggf('ggf‘tftésgggt(igi?g(ljt)m eset al
154 |reset description at register 0: Reset registers to default setting.)
* nqn i :
table It !'etulfnf to "1" automatically after * |t returns to "1" automatically after writing
writing "0". g
SCD_F flag (address 0x21[7])
OCD_F flag (address 0x21[6])
Update SCD/OCD/OCC_F OCC_F flag (address 0x21[5])
Mar 103 |and ST_SCD/OCD/OCC - ST_SCD(address 0x21[15])
2021 address ST_OCD(address 0x21[14])
ST_OCC(address 0x21[13])
32 |Update ACTV_DLY default |Defaultis 1 cycle Default is 2 cycle
Bit 15 description: Bit 15 description:
183 |Added bit 15 description Please always set to Read only bit, fix to “1”
"000000000000000".
103 HFlag set uVvn_LF flag (address 0x4F[15:0]; UVn_LF flag (address 0x4F[15:0];
Voltage Flag address 0x4F[0]) address 0x50[0])
3 i Ta s
211 Raparsd RV T
| o [ o [ o] (R T
W e
105 |Paragraph 4 ...and ST_OQV flag (STAT:bp9)) ... ... and ST_QV flag (address 0x27[1]) ...
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Revision History
Control Number Rev 1.03

Date | Page Item Before After
- 420 | '
- T 4 - —— W
&2 Sl l iz. Y | (. l,i‘f} ®
64 |Added R resistor at =y e EH T, |l [ e 1'5“ 1L
MOSFET gate on Fig 8.1.2 [’"—*,‘—— I
. vu-- "‘.”"l e T . :».__.'.‘._.
1 t } % __,}\.; l.
Change register timing for
161 |PLY_FUSE_ICI201& = 155 1200ms
DLY_FUSE_1V[2:0] for bit
101 setting
114 |GPOH2_EN flag address 0x04[1] 0x10[1]
93-96 ADIH_LATCH flag address  |0x18][3] 0x0C[1]
- """ |ADV_LATCH flag address  |0x18[3] 0x0C|0]
M 94:97 ADIL_LATCH flag address  |0x18[3] 0x0C[2]
20‘;{ ! ||ADL_DONE naming IADL_DONE IADS_DONE
ADIH_CSYNC_SEL flag . .
99,100(] 1 iress 0x1B[4:0] 0x1B[15:11]
latched to data register
69 |“0x28~0x4C” by setting 0x28~0x4C 0x28~0x4B
ADV_LATCH flag
Added Ambient Temp Ta 9 o
~ . N - = =+
6~15 value in the header portion Ta=25C£2C
5 |Power dissipation rating 38.6 'C/W 37.7 'CIW
**  This function can be selectable to be ON/OFF by
registers.
**  This function can be selectable to be ON/OFF by
registers. #  This function can be selectable to be ON/OFF by
30 In the event both LDM and VPC detection are set registers.
to OFF, the system will automatically select VPC In the event both LDM and VPC detection are set to
as detection OFF, the system will automatically select VPC as
to return from Sleep to Active mode detection
to return from Sleep to Active mode
110 |SCD threshold setting bit SCD_DJ[3:0]) SCD_D[4:0])
. . . *1: REGEXT voltage setting can only be set to 5V or
1: There is a requirement for the usage of REGEXT 3.3V when using as direct connection with CVDD.
16.22 and CVDD total capacitor value. Thereis a requiremeng for the usage of REGEXT
! Please refer to page 23 bottom note (*3) for more and CVDD total capacitor value.
detail. Please refer to page 23 bottom note (*3) for more
detail.
Only 5V or 3.3V should be set for system using
35 REGEXT note direct connection with CVDD.
#1: For this case, VPC is always at “high” state when
42 charger is connected or NMOS FET is turned On.
IC cannot be moved to Shutdown mode unless
charger is removed and NMOS FET is turned Off.
. MCU write “1”
113 |Fig11.5.2 ST_OCC/OCD/SCD command to bits
ST_OCC/OCD/SCD
High-speed current ADC measurement data Latch timing
High-speed current ADC measurement data Latch switch
30 timing setting 1: After issuing ADIH_LATCH, on-going 1 ADC cycle is
176 ADI_LATCH_SET 1: Synchronous update completed and subsequently latched
June 0: Instant update (Default) 0: After issuing ADIH_LATCH, recent available data is
2021 latched immediately (Default)
Voltage measurement ADC measurement data Latch
Voltage measurement ADC measurement data Latch |timing switch
timing setting 1: After issuing ADV_LATCH, on-going 1 ADC cycle is
176 ADV—LATCH—SET 1: Synchronous update completed and subsequently latched
0: Instant update (Default) 0: After issuing ADV_LATCH, recent available data is
latched immediately (Default)
Table.11.3.4 - OVthreshold  Bits lz\lc?t\é/3T?1\é Iow?e/rslimit for OVTH can be restricted to 20V 6
107 |Note 2.0V by seting OVHLMT flag (QUVCTL2:bp15) | Ote deteted
to “0”
Note: OVTH[5] will be fixed to “1” when OVHLMT flag
107 |(Table 11.3.5 (OUVCTL2:bp15) is set to *1”. Note deleted
102 |OV threshold 2.0V/3.5V  6/5bits 2.0V  6bits
P - ACTIVE (All internal Registers reset)
143 |Words in diagram - valid SPI command
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Revision History

Control Number Rev 1.03
Date | Page Item Before After

30
June
2021
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any malfunction or
failure of which may cause loss of human life, bodily injury or severe property damage. Such applications are
deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy control
instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or safety systems
designed for vehicular use, traffic signal instruments, all types of safety devices, and other applications intended
to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to Nuvoton as a
result of customer’s Insecure Usage, customer shall indemnify the damages and liabilities thus incurred by
Nuvoton.

Please note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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