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SGMICRO

SGM41580
SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

FEATURES

® 1-to 6-Cell Charging from a Variety of Input Types
+ 3.5V to 30V Input Operating Voltage Range
+ USB 2.0/3.0/3.1 (Type-C)/USB PD Input Current
Support
+ Seamless Buck «— Buck-Boost — Boost
Transitions
¢ Input Overload Protection (IDPM and VDPM
Regulation)
+ Up to 16.2A/8.1A Charge Current with 128mA/64mA
Resolution with 5mQ/10mQ Sensing Resistor
+ Up to 10A/6.35A Input Current Limit with
100mA/50mA Resolution with 5mQ/10mQ Sensing
Resistor
e CPU Throttling, Power and Current Monitoring
+ Full nPROCHOT Profile
¢ Input Current Monitoring
+ Battery Charge/Discharge Current Monitoring
+ System Power Monitoring
e Narrow Voltage DC (NVDC) Power Path Management
+ Instant-On with Depleted or No Battery
+ Battery Supplementation if Adapter is Fully Loaded
+ BATFET Ideal Diode Emulation in Supplement
Mode
e Power-Up USB Port from Battery (USB OTG)
+ 3V to 28.16V Adjustable OTG Voltage with 8mV
Resolution
¢ Up to 12.7A/6.35A Output Current Limit with
100mA/50mA Resolution
® Programmable Switching Frequency Dithering to
Improve EMI Performance
® Pass Through Mode (PTM) to Improve Efficiency
e Vmn Active Protection (VAP) Mode
® Fast Role Swap (FRS) Feature Following USB-PD
Specification

® Input Current Optimizer Maximizes Power Extraction

® 430kHz, 800kHz or 1.1MHz Selectable Switching

Frequency
e Configurable Pure Buck Operation for Reduced

External Component Cost
e SMBus Interface for Flexible System Configuration
¢ |nput Current Limit Setting Pin (without SMBus)
e Integrated ADC for Voltage/Current/Power Monitoring
e |Low Battery Quiescent Current
e High Accuracy

+ 10.4% for Charge Voltage Regulation

+ *2% for Charge Current Regulation

¢ *2.5% for Input Current Regulation

+ *2.5% for Input/Charge Current Monitor

+ *3% for Power Monitor
e Safety

¢ Thermal Shutdown

+ Input/System/Battery Over-Voltage Protection

¢ Input/MOSFET/Inductor Over-Current Protection
® Available in a Green TQFN-4x4-32AL Package

APPLICATIONS

Bluetooth Speakers, Drones, IP Cameras, Detachable Power
Supply
Portable Internet Devices and Accessory

Industrial and Medical Equipment

SIMPLIFIED SCHEMATIC
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Figure 1. Simplified Schematic
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

GENERAL DESCRIPTION

The SGM41580 is a synchronous Buck-Boost battery charge
controller with NVDC power path management. It can provide
high efficiency and low component count solution for 1-cell to

6-cell batteries charging applications.

The system is regulated slightly to be higher than the battery
voltage, but not lower than the programmable system
minimum voltage. Therefore, the system power is maintained
even if the battery is completely depleted or removed.
Dynamic power management (DPM) feature is also included
that automatically reduces the charge current if the input
current or voltage limit is reached. If the system load
continues to increase after reduction of charge current down
to zero, the battery enters the supplement mode and both

adapter and battery power the system.

A wide range of input sources are supported for SGM41580,
including traditional adapters, USB adapter and high voltage
USB PD sources. The converter is configured as Buck, Boost
or Buck-Boost during power-up, depending on the input
source and battery conditions. The charger automatically
switches among Buck, Boost and Buck-Boost without host

control.

When the input source is absent, the SGM41580 can work in
USB On-The-Go (OTG) mode to supply VBUS from battery.
The OTG output voltage can be programmed from 3V to
28.16V with 8mV resolution. The slew rate of the output
voltage transitions in OTG can be configured (by OTG current
setting) to comply with the USB PD 3.0 PPS specifications
and USB PD 3.1.

If there is no external load on the USB OTG port and the
system is powered by battery-only, the Vmin Active Protection
(VAP) feature is supported. In VAP, the VBUS voltage is
charged up by the battery and the energy is stored in the
input decoupling capacitors. When the system requires peak
power spike, the charge stored on the input capacitor
discharges to maintain the system voltage at minimum

system voltage.

USB Type-C Power Delivery Fast Role Swap (FRS) allows
fast power role transitions to prevent momentary power
interruption to devices connected to a dock. Integrated FRS

feature is provided by this device.

Switching frequency dithering helps reduce conducted EMI
over the entire 150kHz to 30MHz range. Selectable dithering

levels offer flexibility for various applications.

The SGM41580 supports pass through mode (PTM) that
improves efficiency across the full load range. In this mode,
input power is delivered directly to the system, reducing
switching losses in the MOSFETs and minimizing inductor

core losses for higher overall efficiency.

Adapter current, battery current and system power are
monitored in SGM41580. When the system power is too high
and exceeds available power from adapter and battery
together, a flexibly programmed nPROCHOT pulse is
asserted to inform CPU for throttle back.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

PACKAGE/ORDERING INFORMATION

SPECIFIED

PACKAGE ORDERING PACKAGE PACKING
MODEL DESCRIPTION TEM;ESQEURE NUMBER MARKING OPTION
SGM41580
SGM41580 | TQFN-4x4-32AL | -40°C to +125°C | SGM41580XTSE32G/TR XTSE32 Tape and Reel, 3000
XXXXX

MARKING INFORMATION

NOTE: XXXXX = Date Code, Trace Code and Vendor Code.
XX XXX

j - Vendor Code

Trace Code
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.

ABSOLUTE MAXIMUM RATINGS
Voltage Range (with Respect to GND)

ACN,ACP, VBUS ... -0.3V to 32V
ACN, ACP, VBUS (10MS).....cccciiriiiciiiieieecene -0.3V to 36V
SRN, SRP, VSYS, nBATDRYV .......cccoiiiiiie -0.3V to 32V
SRN, SRP, VSYS, nBATDRYV (25ns)............... -0.3V to 36V
SWH1, SW2 . -2V to 32V
SW1, SW2 (25nS) ..o, -4V to 36V
BTST1, BTST2, HIDRV1, HIDRV2 .................. -0.3V to 38V
BTST1, BTST2, HIDRV1, HIDRV2 (25ns) .......... -4V to 42V
LODRV1, LODRV2 (25n8)......ccccciiiiiiiiiiicie -4Vto 7V

SDA, SCL, REGN, CHRG_OK, OTG/VAP/FRS, ILIM_HIZ,
VDDA, CELL_BATPRESZ, LODRV1, LODRV2, nPROCHOT,

CMPIN, CMPOUT ... -0.3Vto 7V
COMP1, COMP2 ... -0.3V to 5.5V
IADPT, IBAT, PSYS ..., -0.3V to 3.6V

Differential Voltage Range
BTST1-SW1, BTST2-SW2, HIDRV1-SW1, HIDRV2-SW2

........................................................................... -0.3Vto 7V

SRP-SRN, ACP-ACN......ccccoviiiniiiniiieiieeen -0.5V to 0.5V
Package Thermal Resistance

TQFN-4%4-32AL, B0A.....ccoiiiiiiiiiiieiiee e 28.5°C/W

TQFN-4%4-32AL, BUB.......cvveeiiiiiiereeee e 8°C/W

TQFN-4%4-32AL, B4C (TOP) +vveeiavrereeairii e 23.6°C/W

TQFN-4%4-32AL, B4C (BOT) +vveeerrererirreesrreeeeairenennes 1.6°C/W
Junction Temperature...........cccccooiiiiiiiiiieenieeeeeen +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S).........cccuveeeeeeennnnns +260°C
ESD Susceptibility ()@
HBM .. +3000V
CDM s +1000V
NOTES:

1. For human body model (HBM), all pins comply with
ANSI/ESDA/JEDEC JS-001 specifications.
2. For charged device model (CDM), all pins comply with
ANSI/ESDA/JEDEC JS-002 specifications.

RECOMMENDED OPERATING CONDITIONS
Voltage Range (with Respect to GND)

ACN, ACP, VBUS........ccoo i 0V to 30V
SRN, SRP, VSYS ... 0V to 27V
SWH, SW2. .o -2V to 30V
BTST1, BTST2, HIDRV1, HIDRV2, nBATDRV

............................................................................. 0V to 36V
SDA, SCL, CHRG_OK, COMP1, COMP2, CMPIN, CMPOUT,
NPROCHOT ... 0V to 5.3V
CELL_BATPRESZ, ILIM_HIZ, LODRV1, LODRV2, VDDA,
REGN ... 0V to 6V
IADPT, IBAT, PSYS ..., 0V to 3.3V

Differential Voltage Range
BTST1-SW1, BTST2-SW2, HIDRV1-SW1, HIDRV2-SW2
............................................................................... 0V to 6V
SRP-SRN, ACP-ACN .......ccocoeiriiiiieenieeniee -0.5V to 0.5V
Operating Junction Temperature Range...... -40°C to +125°C

OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions section is not implied.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged if ESD protections are
not considered carefully. SGMICRO recommends that all
integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because even small parametric changes could cause the
device not to meet the published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

PIN CONFIGURATION

(TOP VIEW)
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TQFN-4x4-32AL
PIN NAME TYPE FUNCTION
1 VBUS P Charger Input. Place an RC low pass filter on this pin (R =1Q and C = 0.47uF).
2 ACN P Negative Terminal of the Input Current Sense Resistor. Place an RC low pass filter between this pin
and the sense resistor.
3 ACP P Positive Terminal of the Input Current Sense Resistor. Place an RC low pass filter between this pin and
the sense resistor.
Active High Open-Drain Good Power Source Status Output. Place a 10kQ resistor between this pin and
pull-up rail. CHRG_OK goes high with no fault (SYS short latch off, SYSOVP, BATOC, BATOVP,
4 CHRG_OK (0] ACOC, force latch off, and thermal shutdown) when VBUS voltage rises above Vvsus conven or falls
below Vacov. CHRG_OK goes low when VBUS falls below Vygus conven Or rises above Vacov or when
above fault occurs.
OTG, VAP or FRS Modes Enable Input (Active High).
OTG mode enable: OTG_VAP_MODE bit = 1, EN_OTG bit = 1 and pull this pin to high.
5 OTG/VAP/FRS VAP mode enable: OTG_VAP_MODE bit = 0, and pull this pin to high.
FRS mode enable: OTG_VAP_MODE bit = 1, EN_FRS bit = 1 and pull this pin to high in forward
operation.
Input Current Limit Setting Input. Connect this pin to a resistor divider between supply and ground to
set the target input current limit Ippym using the following equation:
6 ILIM_HIZ Vium iz = 1V + 40 % lppm % Rac
The actual input current limit is the lower setting of ILIM_HIZ pin and IIN_HOST register. The device
enters HIZ mode when Viuum 1z < 0.5V, and exits HIZ mode when Vuy niz > 0.9V.
Internal Reference Bias. Place a 10Q resistor from REGN to this pin, and place a 1uF ceramic
7 VDDA P . -
capacitor from this pin to ground.
Adapter Current Monitoring Output. Viaper = 20 or 40 x (Vacp - Vacn) and 20V/V or 40V/V can be selected
8 IADPT o in the IADPT_GAIN bit. Place a resistor from this pin to ground according to Inductance Detection
through IADPT Pin section. The resistor is 137kQ when L = 2.2uH. Connect a 100pF or less ceramic
decoupling capacitor from this pin to ground. IADPT output voltage is clamped below 3.2V.
Battery Current Monitoring Output. The charge current is monitored as Vigar = 8 or 16 x (Vgsrp - Vsrn),
9 IBAT o and the discharge current is monitored as Vigar = 8 or 16 x (Vsrn - Vsre). 8V/V or 16V/V can be selected
in the IBAT_GAIN bit. Connect a 100pF or less ceramic decoupling capacitor from this pin to ground.
IBAT pin can be left floating if not in use and its output voltage is clamped below 3.2V.
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

PIN DESCRIPTION (continued)

PIN NAME TYPE FUNCTION
System Power Monitoring Output (Current Mode). The output current of this pin is proportional to
the total power from the adapter and the battery refers to High-Accuracy Power Sense Amplifier

10 PSYS (0] (PSYS) section. The gain can be selected by SMBus. Connect a resistor between this pin and
ground to generate output voltage. PSYS pin can be left floating if not in use. And its output voltage
is clamped below 3.2V.
Active Low Open-Drain Processor Hot Indicator Output. The adapter input current, battery

1 APROCHOT o discharge current and system voltage are monitored, and a pulse is asserted if any event in the
nPROCHOT profile is triggered. The minimum pulse width is adjustable in PROCHOT_WIDTH[1:0]
bits.

12 SDA I/0 SMBus Data Signal. Use a 10kQ pull-up to the logic high rail.

13 SCL | SMBus Clock Signal. Use a 10kQ pull-up to the logic high rail.
Independent Comparator Input. The voltage sensed on this pin is compared with internal reference
by the independent comparator, and the output of comparator is on CMPOUT pin. The internal

14 CMPIN reference, output polarity and deglitch time are all selectable in the SMBus host. When CMP_POL
bit = 1, the internal hysteresis is determined by the resistor between CMPIN and CMPOUT. When
CMP_POL bit = 0, the internal hysteresis is 100mV. Connect this pin to ground if the independent
comparator is not in use.

15 CMPOUT o :;;i)len-Drain Independent Comparator Output. Place a resistor between this pin and pull-up supply

16 COMP1 | Buck-Boost Compensation Pin 1. Refer to Table 4 for the compensation network.

17 COMP2 | Buck-Boost Compensation Pin 2. Refer to Table 4 for the compensation network.
Battery Cell Selection Input. This pin is biased from VDDA, and sets the SYSOVP thresholds (6V
for 1-cell, 11.9V for 2-cell, 19.8V for 3-cell/4-cell, 24.6V for 5-cell and 28.5V for 6-cell). When the

18 CELL_BATPRESZ voltage on this pin is pulled below Vce sateresz raLL, it indicates battery removal. The device exits
LEARN mode, the charge current goes back to 0. And the MaxChargeVoltage/MinSystemVoltage
register goes to default.
Negative Input of the Charge Current Sense Resistor. This pin also senses the battery voltage.

19 SRN P Place an optional 0.1uF ceramic capacitor from this pin to GND for common-mode noise filtering.
Place a 0.1yF ceramic capacitor from SRP to SRN for differential mode noise filtering.
Positive Input of the Charge Current Sense Resistor. Place an optional 0.1uF ceramic capacitor

20 SRP P from this pin to GND for common-mode noise filtering. Place a 0.1uF ceramic capacitor from SRP
to SRN for differential mode noise filtering.
P-Channel BATFET Gate Driver Output. It is shorted to VSYS for turning off the BATFET and goes

21 nBATDRV © 11.7V below VSYS for fully on.

22 VSYS P System Voltage Sensing.

23 SW2 = Boost Mode Switching Node. Connect it to the source of the Boost mode high-side N-channel
MOSFET (Q4).

24 HIDRV2 (0] Boost Mode High-side N-Channel MOSFET (Q4) Driver. Connect it to the gate of Q4.

25 BTST2 P Boost Mode High-side N-Channel MOSFET (Q4) Driver Power Supply. Place a 47nF capacitor
between SW2 and BTST2. It is internally connected to the boost-strap diode cathode.

26 LODRV2 (0] Boost Mode Low-side N-Channel MOSFET (Q3) Driver. Connect it to the gate of Q3.

27 PGND GND | Power Ground.
6V LDO Output. It is supplied from VBUS or VSYS and the LDO is active when VBUS voltage is

28 REGN P above Vvsus conven. A 2.2uF or 3.3uF ceramic capacitor is recommended between this pin and
PGND.

29 LODRV1 (0] Buck Mode Low-side N-Channel MOSFET (Q2) Driver. Connect it to the gate of Q2.

30 BTST1 P Buck Mode High-side N-Channel MOSFET (Q1) Driver Power Supply. Place a 47nF capacitor
between SW1 and BTSTH1. ltis internally connected to the boost-strap diode cathode.

31 HIDRV1 (0] Buck Mode High-side N-Channel MOSFET (Q1) Driver. Connect it to the gate of Q1.

32 SWA P Buck Mode Switching Node. Connect it to the source of the Buck mode high-side N-channel
MOSFET (Q1).

Exposed Thermal Pad. It is the thermal pad to conduct heat from the device. Tie it externally to the PCB

Pad EP - power ground plane. Thermal vias under the pad are needed to conduct the heat to the PCB power

ground planes.

NOTE: 1. | = Input, O = Output, I/O = Input or Output, P = Power.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vysys 2 5V 3.5 30
Input Voltage Operating Range VinpuT 0P \Y
Vvsys < 5V, T, = +25°C 4.6 30

Regulation Accuracy

Max System Voltage Regulation

System Voltage Regulation Vsysmax rnve | Charge disabled, measured on Vysys 1.024 27.6 \%
. Vsrn + v
MaxChargeVoltage register 200mV
= 0x6270 (25.20V) 1 1 %
. Vsrn + v
MaxChargeVoltage register 200mV
= 0x5208 (21.00V) 1 1 %
. Vsrn + v
MaxChargeVoltage register 200mV
= 0x41A0 (16.800V) 15 15 o
System Voltage Regulation Vv ch disabled ol : %
Accuracy SYSMAX_ACC arge aisaple Vern +
MaxChargeVoltage register 200mV v
= 0x3138 (12.600V) 15 15 %
. Vsrn + v
MaxChargeVoltage register 200mV
= 0x20D0 (8.400V) 2 P %
. Vsrn + v
MaxChargeVoltage register 200mV
= 0x1068 (4.200V) 3 3 %
Minimum System Voltage Regulation
System Voltage Regulation Vsvsmin rve | Measured on Vysys 1.024 255 \%
MinSystemVoltage register 18.5 v
= 0xB900 -2 2 %
MinSystemVoltage register 15.4 v
= 0x9A00 2 2 %
MinSystemVoltage register 12.3 v
Minimum System Voltage VBAT below = 0x7BO0 -2 2 %
Regulation Accuracy Vsvsui rec acc | MinSystemVoltage
register setting MinSystemVoltage register 9.2 v
= 0x5C00 2 2 %
MinSystemVoltage register 6.6 v
= 0x4200 2 2 %
MinSystemVoltage register 3.6 v
= 0x2400 -1 3 %
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER | svmeoL | CONDITIONS | min | TYP | MAX | UNITS
Charge Voltage Regulation
Battery Voltage Regulation VBAT RNG 1.024 27.6 \%
MaxChargeVoltage register 25.2 v
= 0x6270 05 0.5 %
MaxChargeVoltage register 21 v
= 0x5208 0.3 0.6 %
MaxChargeVoltage register 16.8 v
) = 0x41A0 -0.4 0.4 %
Battery Voltage Regulation v, Charge enabled : : °
" BAT_REG_ACC o o
Initial Accuracy (0°C to +85°C) MaxChargeVoltage register 126 v
= 0x3138 -0.5 0.4 %
MaxChargeVoltage register 8.4 v
= 0x20D0 -0.5 05 %
MaxChargeVoltage register 42 v
= 0x1068 -1 1 %
Charge Current Regulation in Fast Charge
Charge Current Regulation
Diffe?entiaul Voltagegl;anlge Vires_che RN | VIReG cHe = Vsre - Vsra 0 81.28 mV
ChargeCurrent register 8192 mA
= 0x1000 -2 2 %
ChargeCurrent register 4096 mA
Charge Current Regulation VBAT above = 0x0800 -3 3 %
Initial Accuracy with 5mQ Ichre Rec acc | MinSystemVoltage
Sensing Resistor register setting ChargeCurrent register 2048 mA
= 0x0400 -5 5 %
ChargeCurrent register 1024 mA
= 0x0200 -10 10 %
Charge Current Regulation in LDO Mode
2-cell to 6-cell 384 mA
Pre-Charge Current Clamp lcLave 1-cell, Vsgn < 3V 384 mA
1-cell, 3V < Vsrn < Vsysmin 2 A
E)hargeCurrent register 384 mA
= 0x00C0
Pre-Charge Current VBAT below
Regulation Accuracy with | MinSvstemVoltage 2-cell to 6-cell -15 15 %
5mQ SRP/SRN Series PRECHRG_REG_ACC e ist);r settin 9 ChargeCurrent register 256 A
Resistor g g = 0x0080
2-cell to 6-cell -15 15 %
SRP, SRN Leakage Current
Mismatch 9 Y ILEAK_SrP_SRN -5 5 HA
Input Current Regulation
Input Current Regulation
Di?ferential Voltage Range Virec_ppm_rNG | ViRes opm = Vace - Vacn 0.5 64 mV
IIN_HOST register = 0x4E00 7600 7800 8000
Input Current Regulation Initial IIN_HOST register = 0x3A00 5600 | 5800 | 6000
Accuracy with 5mQ ACP/ACN | Ippy rec acc : mA
Series Resistor IIN_HOST register = 0x1C00 2600 2800 3000
IIN_HOST register = 0x0800 600 800 1000
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ACP/ACN Leakage Current Mismatch ILEAk_ACP_ACN -10 5 MA
Voltage Range for Input Current
Regulation (ILIM_HIZ Pin) ViRec_opm_RNG_iLM 1.15 4 Y,
Vium niz = 2.6V 7600 8000 8400
Input Current Regulation Accuracy on Viam iz = 1V Viuw iz = 2.2V 5600 6000 6400
ILIM_HIZ Pin with 5mQ ACP/ACN IDPM_REG_ACC_ILIM + 40 % lppy * — mA
Series Resistor Rac Vium_ niz = 1.6V 2600 3000 3400
Vium niz = 1.2V 600 1000 1400
ILIM_HIZ Pin Leakage Current ILeak LM -1 1 uA
Input Voltage Regulation
Input Voltage Regulation Range ViRec DPM_RNG Voltage on VBUS 3.2 27.776 \%
18688 mV
InputVoltage register = 0x3C80
-3 1 %
10880 mV
Input Voltage Regulation Accuracy Vbpm_REG_ACC InputVoltage register = 0x1E00 3 ] ”
- 0
4480 mV
InputVoltage register = 0x0500
-3 2 %
OTG Current Regulation
OTG Output C t Regulati
Differenuti:IuVoIg;eenRaESg ation VioTG_REG_RNG Viore_rec = Vace - Vacn 0 81.28 mV
OTG Output Current Regulation OTGCurrent register = 0x3C00 5600 6000 6400
Accuracy with 100mA LSB and 5mQ | lore_acc OTGCurrent register = Ox1E00 2600 3000 3400 mA
ACPIACN Series Resistor OTGCurrent register = 0x0A00 600 1000 1400
OTG Voltage Regulation
OTG Voltage Regulation Range Vore Rec RNG Voltage on VBUS 3 28.16 \%
28 \Y
OTGVoltage register = 0x36B0
-2.5 0.5 %
12 \Y
OTG Voltage Regulation Accuracy Vore Rec_Acc OTGVoltage register = 0x1770 5 p ”
= 0
5 \Y
OTGVoltage register = 0x09C4
-2 2 %
Reference and Buffer
REGN Regulator
REGN Regulator Volt
(OmA to gg;z)m orage Veeonres | Vvaus = 10V 5.7 6.0 6.3 v
REGN VoItage in Drop Out Mode VDROPOUT VVBUS = 5V, |LOAD =20mA 4.5 4.75 5
REGN C t Limit when C rt
is Enablelgren imit when Lonverter IREGN_LIM_Charging | Vvaus = 10V, force Vreen = 4V 40 70 mA
REGN Output Capacitor Required for _
Stablllty CREGN ILOAD = 1OOHA to 50mA 2.2 HF
VDDA Input Capacitor Required for _
Stablhty CVDDA ILOAD = 1OOHA to 50mA 1 LIF
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER

SYMBOL

CONDITIONS

| MIN | TYP | MAX |UNITS

Quiescent Current

Vear = 18V, EN_LWPWR =1,
EN_PROCHOT_LPWR =0, 13 18
in low power mode, PSYS disabled
Vear = 18V, EN_LWPWR =1,
EN_PROCHOT_LPWR =1,
System Powered by Battery, BATFET Egig}qosrf“mb? 1|1’ REGN off, 25 35
on, Isgn + Isrp + lsw2 + lgrsta + lsw1 + IBAT_BATFET_ON isavied, enable fow power HA
| ‘Si”l e e ~BATFET nPROCHOT
BTST1 ACP ACN VBUS VSYS VBAT - 18V, EN_LWPWR = 0’
PSYS_CONFIG[1:0] = 11, REGN on, 1300 1800
PSYS disabled, in performance mode
Vgar = 18V, EN_LWPWR =0,
PSYS_CONFIG[1:0] = 00, REGN on, 1400 1900
PSYS enabled
Input Current during PSM in Buck
Mode, No Load, IVBUS + IACP + IACN + | V|N = 20V, VBAT = 126V, 3-ce||, 292 mA
lvsys + Isrp + Isrn + Iswt + lersTt + lsw2 AC_SW_LIGHT Buck EN_OOA =0, MOSFET Q¢ = 8nC ’
+ Igrst2
Input Current during PSM in Boost
Mode, No Load, lyeus + lacp + lacn + | Vin =5V, Vear = 8.4V, 2-cell, 6.5 mA
lvsys + Isrp + Isrn + Iswt + lersTt + lsw2 AC_SW_LIGHT Boost EN_OOA =0, MOSFET Q¢ = 8nC ’
+ Igrst2
Input Current during PSM in
Buck-Boost Mode, No Load, lygys + | Vin =12V, Vgar = 12V, 392 mA
IACP + IACN + IVSYS + |5Rp + ISRN + |sw1 + AC_SW_LIGHT_BuckBoost EN_OOA = 0, MOSFET QG =8nC :
lerst1 + Iswz + laTsT2
i i i VBAT = 84\/‘ VVBUS =5V 3.5
Quiescent Current during PSM in EN_OOA =0,
oTG Mode, IVBUS + IACP + IACN + IVSYS + IOTGfSTANDBY 800kHz switching VVBUS =12V 4 mA
Isrp + Isrn + lswt + lsrsTi + lswz + lsrsT2 frequency,
MOSFET Qg = 8nC_| Yveus = 20V 4.5
Input Common Mode Range Vacein op Voltage on ACP/ACN 3.8 30 \Y
IADPT Output Clamp Voltage VIADPTfCLAMP 3.05 3.2 3.3 \Y
IADPT Output Current liappT 1 mA
) ) IADPT_GAIN =0 20
Input Current Sensmg Gain AIADPT VIADPT/V(ACP-ACN) |ADPT_GA|N -1 20 VIV
V(ACP-ACN) = 4096mV, -2 2.5
| tC t Monitor Initial A v |ADPT_GA|N =1 V(ACP-ACN) = 2048mV, -2.5 4 o
nput Current Monitor Initial Accurac o o
P y HOFTACE1(0°C to +85°C) Viacracy = 10.24mV, | -4.5 6.5 °
V(ACP-ACN) =5.12mV -8 12
Maximum Capacitance on IADPT Pin CiaDPT MAX 100 pF
Battery Common Mode Range VsreiN 0P Voltage on SRP/SRN 2.5 27.6 \Y
IBAT Output Clamp Voltage VIBATfCLAMP 3.05 3.2 3.3 \Y
IBAT Output Current lisat 1 mA
Charge and Discharge Current IBAT_GAIN =0 8
Sensing Gain on IBAT Pin Augar Vieat/Vsrn-sre) IBAT_GAIN = 1 16 VN
V(SRP-SRN) =40.96mV -2 2.5
Charge Current Monitor Initial IBAT_GAIN = 1 Visrp-sry) = 20.48mV | -2.5 4 0
. ViBAT_CHG_ACC o o %
Accuracy on IBAT Pin (0°C to +85°C) Visrp.sryy = 10.24mV | -4.5 6.5
V(SRP-SRN) =5.12mV -8 12
Maximum Capacitance on IBAT Pin CigaT MAX 100 pF
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

Threshold Hysteresis

PARAMETER | symeoL | CONDITIONS | miN | TYP | mAX | UNITS
System Power Sense Amplifier
PSYS Output Voltage Range Vpsys 0 3.3 \Y
PSYS Output Current Ipsys 0 160 MA
PSYS System Gain Apsys Vpsys/(Pm +PBAT), PSYS_RATlO =1 1 LIA/W

Adapter only with system power = 19.5V/45W, 3 3

. PSYS_RATIO =1, T, = -40°C to +85°C o

PSYS Gain Accuracy Vesvs aco Battery-only with system power = 11V/44W, 3 3 %
PSYS_RATIO =1, T, = -40°C to +85°C
PSYS Clamp VoItage VPSYS_CLAMP 2.5 3.2 3.9 \Y
Comparator
VSYS Under-Voltage Lockout Comparator
VSYS Under-Voltage Risin -
Threshold | ? Vusys uvioz | VSYS rising 2.3 25 2.65 v
VBUS Under-Voltage Falling . o
Threshold Vysys_uvio VSYS falling, VSYS_UVP[2:0] = 000 22 24 2.55 \
VBUS Under-Voltage Hysteresis Vvsys_uvio_HysT 100 mV
VBUS Under-Voltage Lockout Comparator
VBUS Under-Voltage Risin -
Threshold 96 TIeIng Vveus uwioz | VBUS rising 2.15 2.4 2.65 Y
VBUS Under-Voltage Falling .
Threshold VVBUSfUVLO VBUS falllng 2 2.25 25 \V;
VBUS Under-Voltage Hysteresis VvBus_uvLo HysT 150 mV
VBUS Converter Enable Risin .
Threshold v Sing VvBuUs_CoNvEN VBUS rising 3.1 3.5 3.8 \%
VBUS C rter Enable Falli .
Thresho;()jnve er=nable rafing Vveus_ convenz | VBUS falling 28 3.2 35 vV
VBUS Converter Enable
Hysteresis v VVBUS_CONVEN_HYST 300 mV
Battery Under-Voltage Lockout Comparator
VBAT Under-Volt Risi .
Thresho?d ervolage Rising VvBaT uvioz Vsrn rising, measured on Vysys 215 2.4 2.65 Vv
VBAT Under-Voltage Fallin .
Threshold 9 "9 Vveat_uvio Vsrn falling, measured on Vysys 1.95 2.2 2.45 \Y
VBAT Under-Voltage Hysteresis VVBAT UVLO_HYST 200 mV
VBAT OTG Enable Risin .
Threshold g VveaT_oTGeN Vsrn rising 3.6 3.6 3.75 \V;
VBAT OTG Enable Fallin .
Threshold "9 VVBAT_OTGENZ Vsrn falling 2.25 24 2.55 v
VBAT OTG Enable Hysteresis VVBATfOTGENiHYST 1200 mV
VBUS Under-Voltage Comparator (OTG Mode)
VBUS Under-Voltage Fallin .
Threshold 9 9 Vveus ote_uv As percentage of OTGVoltage register 85 %
VBUS Time Under-Voltage t 7 ms
De gI itch VBUS_OTG_UV
VBUS Over-Voltage Comparator (OTG Mode)
VBUS Over-Voltage Risin .
Threshold 9 9 Vveus ot ov As percentage of OTGVoltage register 110 %
VBUS Time Over-Voltage ¢ 10 ms
De gI itch VBUS_OTG_OV
Pre-Charge to Fast Charge Transition
LDO Mode to Fast Charge Mode | Veatsvsmnrise | As percentage of Vsrn rising 98 100 103 %
. . (1]

Threshold Vear sysmn_ra. | MinSystemVoltage register Vsr falling 97.5
Fast Charge Mode to LDO Mode Vear svsmin_Hyst | As percentage of MinSystemVoltage register 2.5 %
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | MmN | TYP | mAX | UNITS
Battery LOWV Comparator (Pre-Charge to Fast Charge Threshold for 1-Cell)
BATLOWYV Falling Threshold Vearwy rar | 1-cell 2.67 \Y
BATLOWYV Rising Threshold VearLy Rise 3.0 \
BATLOWYV Hysteresis VeatLv HysT 330 mV
Input Over-Voltage Comparator (ACOV)
VBUS Over-Voltage Rising Threshold Vacov rise | VBUS rising 30.6 31.4 32 Vv
VBUS Over-Voltage Falling Threshold |  Vacov ra. | VBUS falling 29.2 30.2 31.2 \Y
VBUS Over-Voltage Hysteresis Vacov_HysT 1.2 \Y
VBUS Deglitch Over-Voltage Rising tacov rise pee | VBUS converter rising to stop converter 100 us
VBUS Deglitch Over-Voltage Falling tacov raL pee | VBUS converter falling to start converter 1 ms
Input Over-Current Comparator (ACOC)
wrt V2 in Ve VIO Bits | Voo | AGORVTHET T et o | 200 | 20 | %
Measure between ACP and ACN Vacoc Froor | Set IDPM to minimum 45 50 55 mV
Measure between ACP and ACN Vacoc cewne | Set IDPM to maximum 173.5 178.5 183.5 mV
Rising Deglitch Time tacoc pec rise | Deglitch time to trigger ACOC 250 us
Relax Time tacoc reax | Relax time before converter starts again 250 ms
System Over-Voltage Comparator (SYSOVP)
1-cell 5.8 6.0 6.2
2-cell 11.6 11.9 12.2
103 | tes | 203 | v
5-cell 24 24.6 25.2
6-cell 27.9 28.5 29.1
1-cell 5.5
2-cell 11.6
System Dver-Voltage Falling Vevsovr e | 3-cell, 4-cell 19.5 v
5-cell 24.2
6-cell 28
e e SO | tsson_|onvevsn s -
BAT Over-Voltage Comparator (BATOVP)
1-cell 101 104 108
2-cell 102 104 106.5
As percentage of Vaar rec 3-cell 102 104 106
Over-Voltage Rising Threshold Veatove rise | In MaxChargeVoltage register %
- initial accuracy 4-cell 102 104 106
5-cell 102.5 104 105.5
6-cell 102.5 104 105.5
1-cell 99 102 105
2-cell 100 102 104
As percentage of Vear_rec 3-cell 100.5 | 102 103.5
Over-Voltage Falling Threshold Veatove ralL | in MaxChargeVoltage register %
- initial accuracy 4-cell 100.5 102 103.5
5-cell 100.5 102 103.5
6-cell 100.5 102 103.5
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
As percentage of Vgar rec
Over-Voltage Hysteresis Veatove nyst | in MaxChargeVoltage register 2 %
initial accuracy, 1-celll to 6-cell
Discharge Current during BATOVP lsaTove On VSYS pin 30 mA
Over-Voltage Rising Deglitch to t 20 ms
Turn Off BATDRYV to Disable Charge BATOVP_RISE
Converter Over-Current Comparator (Q2)
Q2_OCP =1 150
Converter Over-Current Limit Voce_imit_a2 mV
o Q2_OCP=0 230
- Q2_OCP =1 50
System Short Voce imi_svs = mV
SHORT_Q2 Q2_OCP=0 65
Converter Over-Current Comparator (ACX)
ACX_OCP =1, RSNS_RAC =0 150
ACX_OCP =1, RSNS_RAC =1 100
Converter Over-Current Limit Voce limit_ACX mv
o ACX_OCP =0, RSNS_RAC =0 280
ACX_OCP =0, RSNS_RAC =1 200
ACX_OCP =1, RSNS_RAC =0 90
- ACX_OCP =1, RSNS_RAC =1 60
System Short Voce imi_svs = mV
SHORT_ACX ACX_OCP =0, RSNS_RAC =0 150
ACX_OCP =0, RSNS_RAC =1 120
Thermal Shutdown Comparator
Thermal Shutdown Rising . . o
Temperature TsHut RisE Temperature increasing 155 C
Thermal Shutdown Falling . N
Temperature Tshut FALL Temperature reducing 135 C
Thermal Shutdown Hysteresis Tshut Hys 20 °C
Thermal Deglitch Shutdown Rising Tshut roEG 100 us
Thermal Deglitch Shutdown Falling TsHuT FHYs 12 ms
ICRIT PROCHOT Comparator
Input Current Rising Threshold for
Throttling as 10% above ILIM2 licriT_PRO Only when ILIM2 setting is higher than 2A 104 110 120 %
(ILIM2_VTH[4:0] Bits)
INOM PROCHOT Comparator
INOM Rising Threshold as 10% above
IIN linom_Pro 104 110 120 %
(IIN_HOST Register)
IDCHG PROCHOT Comparator
. IDCHG_VTH[5:0] = 01 0000, 16.384 A
IDCHG Threshold for Throttling CPU IocHe TH1 with 5mQ Rex current sensing resistor 95 1045 %
IDCHG Threshold1 Deglitch Time IocHe pEGH IDCHG_DEG][1:0] = 01 1.25 s
IDCHG Threshold2 for Throttling for | LD&'}'G—VTH[&O] = 010000, IDCHG_TH2[2:0] 24.576 A
IDSCHG of 6A pene_tz e i i 95 103 %
with 5mQ Rgg current sensing resistor o
IDCHG Threshold2 Deglitch Time lpche pec2 | IDCHG_DEG2[1:0] = 01 1.6 ms
Independent Comparator
CMP_REF = 1, CMPIN falling 1.16 1.2 1.22
Independent Comparator Threshold VinpEP_CMP Vv
CMP_REF =0, CMPIN falling 2.23 23 2.33
Independent Comparator Hysteresis Vinoer_cwp Hvs | CMP_POL = 0, CMPIN falling 100 mV
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER | svmeoL | CONDITIONS | mn | TP | mAX | UNITS
Power MOSFET Driver
PWM Oscillator and Ramp
PWM_FREQ = x, PWM_FREQ2 = 1 950 1100 1300
PWM Switching Frequency faw PWM_FREQ =0, PWM_FREQ2 =0 700 800 900 kHz
PWM_FREQ =1, PWM_FREQ2 =0 380 430 480
BATFET Gate Driver (BATDRV)
Gate Drive Voltage on BATFET VEATDRV_ON 1.2 1.7 12.2 \
during laeal Diods Operation | Ve oot 27 my
Me§;$gag\?y Sourcing 10pA Current ReAtoRv. on 44 5.9 74 kO
;\?I;isg'l;\e_l%tg/vsmking 10pA Current ReatoRv oFF 12 18 kQ
PWM High-side Driver (HIDRV Q1)
Eg}g;dni Eriver (HSD) Turn-On Ros_ i on a1 Vieeon = 6V 592
High-side Driver Turn-Off Resistance Ros_Hi_oFfF a1 Vreon = 6V 0.32 0.5
?ﬁfgigﬁ% I\?/?)H:SZ Comparator Falling Versrs RerresH :J/LBJITSSZ is_ rg@m S\t/(veréen low-side refresh 295 275 3.05 v
PWM High-side Driver (HIDRV Q4)
Eg}g;dni Eriver (HSD) Turn-On Ros i on s Vireon = 6V 52
High-side Driver Turn-Off Resistance Ros_Hi_oFF a4 Vgeen = 6V 0.32 0.5
?ﬁfgigﬁ% I\?/?)H:SZ Comparator Falling Versra RerresH :J/LBJITSS:is_ rgsnvés\t/géen low-side refresh 295 275 3.05 v
PWM Low-side Driver (LODRV Q2)
I'_q(;vg/i-sstigr?clgriver (LSD) Turn-On Ros 10 o a2 Vieay = 6Y 13
Low-side Driver Turn-Off Resistance Ros Lo ofF a2 Vgeen = 6V 0.32 0.5
PWM Low-side Driver (LODRV Q3)
I'_q(;vg/i-sstigr?clgriver (LSD) Turn-On Ros 10 on.as Vicay = 6Y 13
Low-side Driver Turn-Off Resistance Ros Lo oFF a3 Vreen = 6V 0.32 0.5
Internal Soft-Start during Charge Enable
Soft-Start Step Size SSSTEP_DAC 64 mA
Soft-Start Step Time tssster_bac 8 Hs
Integrated BTST Diode (D1)
Forward Bias Voltage ‘ VF b1 | Il = 20mA at +25°C, LODRV1 turn on ‘ | 0.8 ‘ ‘ \Y
Integrated BTST Diode (D2)
Forward Bias Voltage ‘ VE b2 | I = 20mA at +25°C, LODRV2 turn on ‘ | 0.8 ‘ ‘ \%
Interface
Logic Input (SDA, SCL and OTG/VAP/FRS)
Input Low Threshold ViN_Lo SMBus 0.8 \Y
Input High Threshold ViN_Hi SMBus 2 \Y
Logic Output Open-Drain (SDA, CHRG_OK, CMPOUT and nPROCHOT)
Output Saturation Voltage Vour Lo 5mA drain current 0.4 \%
Leakage Current lout Leak Connected to 7V -1 1 MA
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

ELECTRICAL CHARACTERISTICS (continued)

(Ty =-40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER | svmeoL | CONDITIONS | min [ TP | wmAXx [ uniTs

Analog Input (ILIM_HIZ)

Voltage to Get out of HIZ Mode Vhiz_HigH ILIM_HIZ pin rising 0.9 Vv
Voltage to Enable HIZ Mode Vhiz_ Low ILIM_HIZ pin falling 0.5 \Y
Analog Input (CELL_BATPRESZ)

6-Cell Configuration VeeLL 6s As percentage of VDDA 84.5 86 87.5 %
5-Cell Configuration VeeLL ss As percentage of VDDA 92 100 %
4-Cell Configuration VeceLL 4s As percentage of VDDA 68 75 81 %
3-Cell Configuration VeceLL 3s As percentage of VDDA 52 55 62 %
2-Cell Configuration VeeLL 2s As percentage of VDDA 35 40 45 %
1-Cell Configuration Veew 1s As percentage of VDDA 20 25 30 %
Battery is Present Vcew parrresz rise | CELL_BATPRESZ rising 18.5 %
Battery is Removed Vcew parpresz FalL | CELL_BATPRESZ falling 15. %

TIMING REQUIREMENTS

PARAMETER | svmBoL | CONDITIONS | MmN | TYP | mAX | uNITS

SMBus Timing Characteristics

SCLK/SDATA Rise Time tr 300 ns

SCLK/SDATA Fall Time te 300 ns

SCLK Pulse Width High twn) 0.6 50 us

SCLK Pulse Width Low tw) 1.3 us

Setup Time for START Condition tsu(sTa) 0.6 us

START _Condition Hold Time after sty 0.6 us

which First Clock Pulse is Generated

Data Setup Time tsupan) 100 ns

Data Hold Time thoaT) 300 ns

Setup Time for STOP Condition tsusTor) 0.6 us

Bus Free Tim_e between START and taur 13 us

STOP Condition

Clock Frequency fscL 10 400 kHz

Host Communication Failure

SMBus Release Timeout ") trimeouT 25 35 ms

Deglitch for Watchdog Reset Signal tsoot 10 ms
WDTMR_ADJ[1:0] = 01 4.0 5.0 6.0

Watchdog Timeout Period twol WDTMR_ADJ[1:0] =10 70 88 105 s
WDTMR_ADJ[1:0] = 11 140 175 210

NOTE:

1. A transfer will be timed out for participating devices when any SCL or SDA low period exceeds the minimum triveout (25ms).
The communication must be reset within the maximum triveout (35ms) if a timeout condition is detected. Both the master and
slave must take action within the maximum trimeout which has incorporated the master cumulative stretch limit (10ms) and slave
cumulative stretch limit (25ms).

€ P> G Micro Corp JANUARY 2026
semICRO WWW.sg-micro.com %



SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL APPLICATION CIRCUIT

Rac

2.2uH (fsy = 800kHz)

5mQA0mQ _
_L _L il a1 Q2 Opt. _| 47nF  47nF Opt. w ¢
’—H—‘ 10nF ==1nF 7 x 10uF
on | T [ oof D| fow o oof fon| L do qm [
HIDRV1 LODRV1 SW1 BTST BTST2 SW2 LODRV2 HIDRV2
10
T VBUS VSYS o VSYS
470nF _L
T 2 x 33pF
7S ACN nBATDRV n—}I
so00 L o e
5V to 28V (TYP: 20V/65W) 4990 L srp 102
Adapter © ' . . ACP *
1 1 o g
220 L3F Lo, o %0F 1y Rex
IO‘“' I T P ! T 5mQ/10mQ
1WF
g 2x 1OHFJ_ _L+ BaT

0 H PGND ( "
I_ 1t06-C
ional .05Vo . nPROCHOT

Snubber SGM41580 REGN|—
:; 2.2pF to 3.3uF
To
.3V or 5V
33Vor5 oPu REGN
100Q
VDDA
10kQ  310kQ  310kQ  $10kQ
ILIM_HIZ
SMBus | | SDA
»|SCL
- CHRG_OK CELL_BATPRESZ
»| OTG/VAP/FRS
< CMPOUT PSYS
--------- COMP1 COMP2 IADPT IBAT

100pF

33p|:—,—_1 169k 10kQ ’_—L15pF 100p|r—,—_1 137kQ I
=F3.30F 1200pF?—,7

Figure 2. Typical Application Circuit (fsw = 800kHz)
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL APPLICATION CIRCUITS (continued)

Rac 2.24H (fsw = 800KHzZ)

5mQ/10mQ
ot L a7F 47oE ] o
’_O|p|t._‘ mnFI —% ﬁi g:pt.—{oo 40:1—{ T T vamm:

HIDRV1 LODRV1 SW1 BTST! BTST2 SW2 LODRV2 HIDRV2

—L470nF VBUS VSYS _T_ oVsYS

I 2 x 33uF

o
a900 oo AON reATRY —lﬁ}I
Adag\é rzo CZBV(TYP 20V/65W) 400 L . srp | 192 -
fm | sauF _Lex mpF% 33nF YFas Ren 1F
- Iopt I T J T 5mQ/10mQ

2 x 10uF
: oo o
Optional 1.05Vo - nPROCHOT I I
SGM41580 REGN[—

Snubber
:'; 2 2uF to 3.3uF
3.3V or 5V To
e cPU REGN
10Q
VDDA
10kQ  $10kQ  $10kQ  $10kQ
ILIM_HIZ
SMBus - >| SDA
»|SCL
- CHRG_OK CELL_BATPRESZ
»| OTG/VAP/FRS
- CMPOUT PSYS
--------- COMP1 COMP2 IADPT IBAT

100pF

I — T
33pF 16.9kQ 10kQ 15pF 100pF

: L 137kQ I
—%33% 1200pF?—,7

Figure 3. Pure Buck Application Circuit (fsw = 800kHz)
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.

Light Load Efficiency (EN_OOA = 0) Light Load Efficiency (EN_OOA = 0)
100 100
Vyy = 5V Vi = 12V A ‘ ‘
— = | — |
80 — 80 7
|
//
e 60 & 60 I -
S 40 Vour = 4.2V S 40 Voyr =42V |
E Vour = 8.4V = Vour = 8.4V
Vour = 12.6V w Vour = 12.6V
20 | 20 | §
' Vour = 21V Vour = 21V
0 0 |
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
System Load Current (A) System Load Current (A)
Light Load Efficiency (EN_OOA = 0) Light Load Efficiency (EN_OOA = 0)
100 100
Vi = 20V ‘ ‘ ‘ Vin =28V ‘ ‘ ‘
80 —
/_- —
< 60 | / | = ]
S 0
3 40 | / Vour = 4.2V - e Vour = 4.2V -
5 Vour = 8.4V w Vour = 8.4V
Vour = 12.6V Vour = 12.6V
20 y y
/ Vour = 21V Vour = 21V
0 | |
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
System Load Current (A) System Load Current (A)
System Efficiency System Efficiency
100 T 100
T ]
r V4 L —
~ 95 \ ~— = \\
é \\ é [ —
) ™ 3
g NG ~— 3 88
(9] \ 0]
S 90 N S /
'-'EJ Vour = 3.7V ‘-'E-' 82 Vour = 3.7V
5] Vour = 7.4V 15 Vour = 7.4V
(%’ 85 Vour = 1.1V (% 6 Vour = 1.1V
Vour = 18.5V Vour = 18.5V
Vi =12V
80 70 ‘
0 2 4 6 8 10 12 0 2 4 6 8 10 12
System Load Current (A) System Load Current (A)
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.

100

92

84

76

System Efficiency (%)

68

60

100

80

60

40

Efficiency (%)

20

100

92

84

76

Efficiency (%)

68

60

System Efficiency

g — [ \
— N
T —

/ Vour = 3.7V

Vour = 7.4V
Vour = 1.1V
Vour = 18.5V
Vi = 20V :
|
0 2 4 6 8 10 12

System Load Current (A)

OTG Efficiency with 1-Cell Battery (Vgar = 4V)

—_~——
!

Vore = 5V
Vore =9V
Vore = 12V

Vorg = 20V

0 2 4 6 8 10

Output Current (A)

OTG Efficiency with 4-Cell Battery (Vgar = 16V)

[ —
f —
// — T ——
Vore =5V
Vore = 9V
Vorg = 12V
Vorg = 20V
!
0 2 4 6 8 10 12

Output Current (A)

System Efficiency (%)

Efficiency (%)

Efficiency (%)
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76
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60

100

92

84

76

68

60

100

92

84

76

68

60

System Efficiency

\ \ \ \
— —
M / T —

/
/ Vour =3.7V
Vour = 7.4V
Vour = 1.1V
Vour = 18.5V
Vi = 28V :
|
0 2 4 6 8 10 12
System Load Current (A)
OTG Efficiency with 3-Cell Battery (Vgar = 12V)
[ T T ]
Y- —
Vi —
{
Vore =5V
Vore =9V
Vorg = 12V
Vore = 20V
0 2 4 6 8 10 12
Output Current (A)
OTG Efficiency with 6-Cell Battery (Vgar = 24V)
S e s S —
Ve —
V4=
‘\
/ Vore =5V
Vore = 9V
Vore = 12V
Vore = 20V
0 2 4 6 8 10 12
Output Current (A)
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.

Power up from 20V, 4-cell without Battery Power up from 5V, 4-cell without Battery
Q. ! Q.
=3 B <
[$)] ()]
Vveus T S Vveus S
o =3
\ N \ I ;
VDDA 7 pusresmarreri N VDDA
< <
1=y = o
< <
VeHRro_ o | me——— 2 Verre ok @ %‘
S =X
VVSYS 1 < VVSYS l‘ <
Time (50ms/div) Time (50ms/div)
Power off from 15V, 4-cell Line Regulation, 4-cell without Battery
S 3
<
é Vveus i 2
VSW1 < §
‘ VSW1 <
2 g
Vsw2 I %
] I < Vw2 ¥ o
L. fr— E Vysys [ Vosvs with 12V Offsat g
IL Vear = 14V, lcue = 2A % Vveus = 5V to 12V E
S
Time (100us/div) Time (5ms/div)
PSM Operation PWM Operation
AC Coupled ‘ ‘ Con AC Coupled ;‘g
VVSYSE Tt el == g = S VSYS E
g g
| | s
< <
Vswi ‘ ! g Vsws B
]
P =3
Vswz | > Vsw2 B =
< N
A >
N =3
IL Ae ¥ ’ ¥ § ||_ Q_L' <
Vveus = 20V, Vusys = 12.3V, lvsys = 50mA | < Vveus = 20V, Vvsys = 12.3V, Ivsys = 2A
Time (20ps/div) Time (1ps/div)

€ Y 56 Micro Corp JANUARY 2026

sGmICRO WWW.sg-micro.com %



SGM41

580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rac = 5mQ, Rsr = 5mQ, L = 2.2uH, fsw = 800kHz, unless otherwise noted.
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

FUNCTIONAL BLOCK DIAGRAM
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION

Overview

The SGM41580 is a charger controller with narrow voltage
DC Buck-Boost topology that is suitable for portable
applications such as notebooks, tablets and other
rechargeable battery-powered mobile devices. It features
high light-load efficiency, fast transient response and seamless
automatic switching among Buck, Buck-Boost, and Boost
operation modes.

A variety of source types, including traditional AC/DC
adapters, USB PD and legacy USB ports with 3.5V to 30V
voltage range can power the device for charging 1-cell to
6-cell batteries. When there is no adapter, the USB
On-The-Go (OTG) function can be enabled to generate
adjustable 3V to 28.16V on the USB port with 8mV resolution
from a 2-cell to 6-cell batteries. The slew rate of the output
voltage transitions in OTG can be configured (by OTG current
setting) to comply with the USB PD 3.0 PPS specifications
and USB PD 3.1.

When there is only battery and no load connected to the USB
OTG port, Vmin Active Protection (VAP) feature is provided to
avoid system voltage drops when the load connected to
system has rapid changes between light load and heavy load.
When the system load is not heavy, the input decoupling
capacitors of Vveus are charged to store energy. During a
system power spike, the capacitors are discharged through
Buck-Boost converter to keep the system voltage above
minimum voltage, because the battery impedance causes the

significant system voltage drops during the system load steps.

This feature is strongly recommended by Intel for 2-cell
battery to smooth the power peaks and improve the system
performance when there are the high demands in the system.

USB Type-C power delivery Fast Role Swap (FRS) allows
fast power role transitions to prevent momentary power
interruption to devices connected to a dock. Integrated FRS
feature is provided by this device.

The DPM (dynamic power management) feature is provided
to avoid the input overload by limiting the input power. With
DPM, when the system power increases, the charging current
is reduced to keep the input current below the adapter rating.
Changing to the supplement mode may be required if the
charge current is decreased and reaches zero, but the input
is still overloaded. In this case, the charger reduces the
system voltage below the battery voltage to allow operation in
the supplement mode and provides a portion of system power
demand from the battery through the BATFET.

Switching frequency dithering helps reduce conducted EMI
over the entire 150kHz to 30MHz range. Selectable dithering
levels offer flexibility for various applications.

The SGM41580 supports pass through mode (PTM) that

improves efficiency across the full load range. In this mode,
input power is delivered directly to the system, reducing
switching losses in the MOSFETs and minimizing inductor
core losses for higher overall efficiency.

The PSYS function is provided to comply with Intel
IMVP8/IMVPY9, in which the total input power from the adapter
and the battery is monitored. Moreover, the device provides
an independent input current buffer (IADPT) and a battery
current buffer (IBAT) with the accurate amplifiers.

The SMBus interface enables precise control over the
registers for input current, charge current, and charge voltage,
delivering both high resolution and high accuracy regulation
limits.

Power-Up Sequence

The device is supplied from the higher of VBUS or VBAT
through an internal power selection circuit. When either input
exceeds its corresponding UVLO threshold, a power-on reset
(POR) is asserted. Following the detection of a valid supply,
all internal registers are initialized to their default states within
5ms. The user-accessible registers are available to the host
after an additional 5ms.

Power-Up from Battery without DC Source

If the battery is the only source and Vear > Vvsar_uvLoz, it will
be connected to the system by turning the BATFET on. By
default, the charger starts in low power mode (EN_LWPWR
bit = 1) with the lowest quiescent current and keeps the LDO
off. The host can change charger operation to the
performance mode (EN_LWPWR bit = 0). In this mode, the
host can enable IBAT buffer (to monitor discharge current),
the PSYS (to monitor total system power), nPROCHOT and
the independent comparator through SMBus. The REGN (LDO)
is kept on in the performance mode to provide an accurate
reference for other functions.

Power-Up from DC Source
After connecting a DC source, the input voltage is checked
before turning on the LDO and bias circuits. The input current
limit is also set before starting converters. The power-up
sequence from a DC source is:

1. 50ms after Vveus exceeds Vvsus conven, the 6V LDO is
enabled and CHRG_OK is pulled high.

2. Poor source detection.

3. Input voltage and current limits are set.

4. Battery cell configuration is determined by sensing the voltage
at the CELL_BATPRESZ pin and comparing it with VDDA. The
default values of the MaxChargeVoltage register, ChargeCurrent
register, MinSystemVoltage register, and the SYSOVP threshold
are loaded.

5. The converter powers up.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

CHRG_OK Indicator

The CHRG_OK is an open-drain, active high output, which
indicates the normal charger operation. It is activated when
the following conditions are met:

* VvBus > VvBUS_CONVEN.

* Vvsus < Vacov.

* There is no SYS short latch off, SYSOVP, BATOC,
BATOVP (only when charge is enabled), ACOC, force latch
off, and thermal shutdown.

Input Current and Charge Current Sense

Both 10mQ and 5mQ current sensing resistors are supported
for both input current and charge current sensing. The
sensing resistors can be configured through RSNS_RAC and
RSNS_RSR bits.

Note: 5mQ current sensing resistor can help improve charge
efficiency. At the same time, accuracy of PSYS, IADPT and
IBAT pins and IINDPM/ICHG/IOTG regulation gets worse.

When 10mQ is used for both input and charge current
sensing, the precharge current clamp is 384mA (2A for 1-cell
if Vsysmin > Vear > 3V), the maximum IIN_HOST setting is
clamped at 6.35A, and the maximum charge current is
clamped at 8.128A.

When 5mQ is used for both input and charge current sensing,
the precharge current is also clamped to be 384mA (2A for
1-cell if Vsysmin > Veat > 3V). The charger compensates under
5mQ current sensing to keep consistent between 10mQ and
5mQ. Under 5mQ current sensing application, charge current
range is doubled to 16.256A.

The maximum input current can also be extended based on
EN_FAST_5MOHM bit status and IADPT pin resistor:

1. If the IADPT pin resistor is less than 160kQ and EN_
FAST_5MOHM bit is set to 1, IIN_HOST DAC is clamped at
6.4A, writing IIN_HOST value beyond 6.4A will be neglected.

2. If the IADPT pin resistor is below 160kQ and EN_FAST _
5MOHM bit is set to 0, IIN_HOST DAC can be extended up to
10A, writing IIN_HOST value beyond 10A will be neglected.

3. If the IADPT pin resistor exceeds 160kQ, IIN_HOST DAC
can be extended up to 10A, writing IIN_HOST value beyond
10A will be neglected.

When unsymmetrical input current sense and charge current
sense resistors (10mQ + 5mQ) are used, PSYS function is
still valid. While RSNS_RAC and RSNS_RSR bits status
must be consistent with real used resistors.

Setting the Input Voltage and Current Limit

After CHRG_OK is asserted, the default input current limit
(3.25A under 10mQ or 3.2A under 5mQ input current sensing)
is set in IIN_HOST register. The actual limit is the lower of
IIN_HOST register and the ILIM_HIZ pin settings.

The VBUS measurement is enabled just before enabling the
converter (VBUS without any load). The VINDPM threshold is
VBUS (without any load on the converter) minus 1.28V (in
default). The VINDPM threshold is the input voltage level at
which the dynamic power management begins to reduce the
charge current to avoid further system voltage drop and gives
priority to system load rather than charging.

The charger can be powered up with the proper input current
and voltage limits settings. The host can always change these
limits after powering up to match the input source type.

Battery Cell Configuration

A resistor divider between VDDA and GND and tapped to
CELL_BATPRESZ should be used to define the battery
configuration for the charger. The bias voltage on the
CELL_BATPRESZ pin is measured by the device to detect
the battery configuration after the VDDA LDO is activated.
See Table 1 for the cell configuration voltage thresholds and
the other affected settings.

Device Hi-Z State

If the voltage of the ILIM_HIZ pin falls below 0.6V or if
EN_HIZ bit is set to 1, the charger will enter the Hi-Z mode
which operates in the low quiescent current mode. And the
system is powered by battery even when the input source is
present. During this mode, the LDO of REGN is enabled.

Table 1. Battery Cell Configuration
Cell Count |\, ;;:::;at%evnm) (MaxChi?g:{lil\tI:g: gReegister) Sl (MinSyst;’n?\rc?I?::\wg:: Register) Ancvsg?r/sﬁ;[t)CVBAT
6-Cell 86% 25.2V 28.5V 18.5V 11.52V
5-Cell 100% 21.0V 24.6V 15.4V 8.16V
4-Cell 75% 16.8V 19.8V 12.3V 2.88V
3-Cell 55% 12.6V 19.8V 9.2V 2.88V
2-Cell 40% 8.4V 11.9v 6.6V 2.88V
1-Cell 25% 4.2V 6V 3.6V 2.88V
Battery Removal 0% 4.2V 24.6V 3.6V 2.88V
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Two-Level Battery Discharge Current Limit
To mitigate battery degradation and prevent unintended
activation of the battery over-current protection, it is
recommended to enable the two battery current limit
thresholds (IDCHG_TH1 and IDCHG_TH2) within the
nPROCHOT profiles. Additionally, dedicated deglitch time
configuration registers (IDCHG_DEG[1:0] and IDCHG_
DEG2[1:0]) are available for both IDCHG_TH1 and
IDCHG_TH2 to ensure stable operation. Please refer to
Figure 5 for details.

IDCHG_TH2 = 1

IDCHG_TH1

0A (( ((

nPROCHOT >

- > >

IDCHG_DEGH1 IDCHG_DEG1 IDCHG_DEG2 IDCHG_DEG2
Figure 5. Two-Level Battery Discharging Current Trigger
nPROCHOT Diagram

Fast Role Swap (FRS) Feature

Fast Role Swap: The charger device can quickly swap from
power sink role (charge mode) to power source role (OTG
mode). When the original power source is disconnected, the
FRS feature can provide an OTG output voltage to
accessories.

Set EN_FRS bit = 1 enable FRS feature. When FRS is
enabled, EN_OTG bit and converter OTG mode is only
enabled after OTG/VAP/FRS pin is pulled up by the host.
When set EN_FRS bit = 0, EN_OTG bit will not be reset
automatically. To fully exit the OTG mode operation,
EN_OTG bit must to be set 0 by the host. Below are the steps
for FRS operation:

1. Set IOTG current limit through OTGCurrent Register.

2. Set VOTG voltage through OTGVoltage Register.

3. Set OTG_VAP_MODE bit = 1.

4. Set EN_FRS bit = 1.

5. Remove adapter and VBUS begin to drop.

6. USB Type-C port PD controller should pull up
OTG/VAP/FRS pin to enable OTG mode. If VBUS > VOTG at
the beginning the converter shuts down and waits for VBUS
dropping to VOTG. As long as VBUS < VOTG, the converter
resumes switching to regulate the VOTG.

Recommend to configure charger into target mode correctly
before OTG/VAP/FRS pin is pulled up. After OTG/VAP/FRS

pin is pulled up, it is not recommended to change
OTG_VAP_MODE and EN_FRS bit.

VMIN Active Protection (VAP) when
Battery-Only Mode

In the Vwmn Active Protection (VAP) mode, the VBUS
decoupling capacitors are charged to their highest possible
voltages (e.g. 20V) by the Buck-Boost converter from the
battery. For a system with 2S1P battery configuration, the
peak system power may reach 100W if the SoC and system
power spike at the same time. Such coincidence is normally
rare, but is still possible. At this time, the energy stored in the
input decoupling capacitors will be able to supplement the
battery through Buck-Boost converter to avoid system voltage
drops. With the VAP mode, the higher peak power levels can
be set to the SoC to provide much better turbo performance.

The following steps must be followed to enter VAP operation:

1. Set IOTG current limit through OTGCurrent Register.

2. Set VOTG voltage through OTGVoltage Register.

3. Set the system voltage regulation point in MinSystem-
Voltage register. The VSYS_MIN loop regulates VSYS at this
point when the input capacitors supplement the battery.

4. Set the VSYS threshold for triggering the VAP discharging
VBUS in VSYS TH1[5:0] bits. Recommend to set the
VSYS_TH1 threshold lower than Vsysmin.

5. Set the VSYS threshold to send an nPROCHOT active low
signal in VSYS_TH2[5:0] bits.

6. Enable VAP by setting OTG_VAP_MODE bit = 0 and
pulling the OTG/VAP/FRS pin high.

To terminate the VAP mode, either set the OTG_VAP_MODE
bit = 1 or pull the OTG/VAP/FRS pin low. With any regular
charger fault, the VAP mode is automatically terminated by
resetting OTG_VAP_MODE bit = 1.

Input Source Dynamic Power Management
The charger supports Dynamic Power Management (DPM) to
balance power delivery between the system load and the
battery. Under normal operation, the input source supplies
the system while charging the battery. When the input current
reaches the IIN_DPM limit or the input voltage drops to the
VINDPM threshold, the charger dynamically reduces the
charge current to prioritize the system load. As system
demand increases, the charge current is gradually reduced to
zero. If the system load continues to rise, the battery
automatically discharges to support the system load.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Input Current Optimizer (ICO)

The device provides the input current optimizer (ICO) to
identify the maximum power point of the input adapter source.
To avoid overloading the input adapter source and staying in
VINDPM, the ICO algorithm identifies the maximum input
current limit of the adapter and updates this input current limit
to IIN_DPM register.

The ICO function is disabled by default, and it can be enabled
by the host through setting EN_ICO_MODE bit = 1. When the
ICO routine is successfully executed, the ICO_DONE bit = 1
notifies ICO done.

When the ICO algorithm is enabled, it runs to dynamically and
continuously adjust the input current limit. The operation of
ICO algorithm depends on the battery voltage as following:

Case 1: When Vsat < Vsyswmin, the device starts ICO algorithm
with an initial value that equals to the Iinopm. Where the linopm
is the maximum input current limit determined by the host.

Case 2: When Vsat > Vsyswmin, the device starts ICO algorithm
with an initial value of min (500mA under 5mQ or 250mA
under 10mQ input current sensing, IIN_HOST).

During the optimization, if VINDPM s triggered, the ICO
algorithm decreases the input current limit to avoid input
source overloading. When the maximum input current limit is
detected, the IIN_DPM register reflects the optimal maximum
input current limit which does not trigger VINDPM, the
ICO_DONE bit = 1 indicates the maximum input current
detected.

In above case 1, if both VINDPM and I[INDPM are not
triggered, the IIN_DPM register keeps the initial value and the
ICO_DONE bit = 0 indicates that the ICO optimization is in
process. If the load becomes heavy, the VINDPM is still not
triggered, but [INDPM is triggered, and the ICO algorithm is
also completed. The IIN_DPM register remains the initial
value unchanged, and the ICO_DONE bit = 1 indicates the
maximum input current detected.

In above case 2, if the VINDPM is not triggered and the
converter is under light load condition, the IIN_DPM register
gives a little higher input current limit than the actual input
current. The ICO_DONE bit = 0 indicates that the ICO
optimization is in process. If the load becomes heavy, the ICO
algorithm automatically runs to set new IIN_DPM register
value.

After the ICO algorithm completes, the host changes the

IIN_HOST register or InputVoltage register to force the ICO
algorithm to run again.

USB On-The-Go (OTG)
The SGM41580 supports USB OTG operation and can power
other portable devices connected to the USB port from the
battery. The OTG output voltage and current limit are set in
OTGVoltage register and OTGCurrent register. The OTG
mode can be enabled if the following conditions are met:

1. VBAT should not cause a SYSOVP trip that stops
converter switching.

2. VvBus < VvBUS_CONVEN.

3. Set OTG output voltage by OTGVoltage register, in range
of 3.0V to 28.16V with 8mV step.

4. Set OTG output current by OTGCurrent register, in range
of OA to 12.7A under 5mQ input current sensing or OA to
6.35A under 10mQ input current sensing.

5. Pull OTG/VAP/FRS pin high, set EN_OTG bit = 1 and
OTG_VAP_MODE bit = 1.

6. 15ms after having all above conditions valid, the converter
starts to generate OTG output from the battery and VBUS
ramps up to the target voltage. The CHRG_OK pin goes high
only if OTG_ON_CHRGOK bit = 1.

Converter Operation Modes

A synchronous Buck-Boost converter with the external
N-channel MOSFET switches is used by this device, such
that it can charge batteries from a standard 5V or a higher
voltage source. It can operate in Buck, Boost or Buck-Boost
mode depending on the input/output voltage conditions. The
Buck-Boost covers all voltage conditions with smooth
transitions between them and continues the operation.

Table 2. MOSFET Operation

Mode Buck Buck-Boost Boost
Q1 Switching Switching On
Q2 Switching Switching Off
Q3 Off Switching Switching
Q4 On Switching Switching
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Inductance Detection through IADPT Pin

Before powering up the converter, the charger can be
informed about the inductance value (L) using an external
resistor connected to the IADPT pin. The recommended
resistor values for 1.0uH, 2.2uH, 3.3uH and 4.7uH inductances
are 90.9kQ, 137kQ, 169kQ and 191kQ, respectively, refer to
Table 3. A 3% or better chip resistor can be used for
inductance identification.

Table 3. Inductor Detection through IADPT Resistor

Inductor in Use Resistor on IADPT Pin

1.0uH (for 1.1MHz) 90.9kQ
1.5uH (for 800kHz) 121kQ
2.2uH (for 800kHz 137kQ or 140kQ
( 169kQ
(

)
3.3uH (for 800kHz)
)

4.7uH (for 430kHz 187kQ or 191kQ

Converter Compensation

The charger has two compensation pins COMP1 and COMP2
for converter compensation purpose. Appropriate RC network
is needed to guarantee converter steady state and transient
operation. Under different operation frequency corresponding
RC network value needs to be configured respectively as
shown in below table. The definition of these RC components
can be referred to Table 4. It is not recommended to change
the compensation network value due to the complexity of
various operation modes.

SGM41580

COMP1 COMP2

Reomp1 Ceompap Reowmp2

Ccompip
—IV{CCOMM —IV{CCOMM

Figure 6. Compensation RC Network

Continuous Conduction Mode (CCM)

When the system load or charging current is large enough,
the inductor current ripples are always above zero which is
defined as CCM. Taking Buck operation as an example, a

Table 4. Compensation Configuration

new switching cycle is started by turning on the high-side
switch (HS) each time, and the internal ramp comes up from a
pre-biased offset. The HS will turn off and low-side switch (LS)
turns on when the ramp exceeds the error amplifier output.
When the ramp resets, the LS turns off and a new cycle will
begin. A short dead time in which both MOSFETSs are off is
considered using break-before-make logic to avoid
shoot-through during transition. During the dead time, the LS
body-diode conducts the inductor current. The LS is turned on
when the HS turns off. This keeps the losses low and
provides safe charging at high currents.

Pulse Skip Mode

For better light-load efficiency, the converter operates with
PSM (pulse skip mode) at light loads. In PSM, the effective
switching frequency is reduced as the load decreases. The
lowest PSM frequency can be limited to 25kHz by setting the
OOA (out-of-audio frequency) bit (EN_OOA bit = 1). The
OOA feature is enabled by default.

Switching Frequency and Dithering

Under normal operation, the IC switches at a fixed frequency,
which is programmable through the PWM_FREQ or PWM_
FREQ2 bit. The charger also supports switching frequency
dithering function to improve EMI performance over the entire
150kHz to 30MHz frequency range. This function is disabled
by default when setting EN_DITHER([1:0] bits = 00b. When
EN_DITHER[1:0] bits is set to 01b, 10b, or 11b, frequency
dithering is enabled, corresponding to dithering ranges of
+2%, +4%, and £6%, respectively.

Pure Buck Operation

The charger can operate in Pure Buck mode to reduce
external component cost. In this mode, the Boost leg low-side
MOSFET can be removed, and the Boost leg high-side
MOSFET can be replaced with a Schottky diode to prevent
reverse current. Set PURE_BUCK bit = 1 while the converter
is not switching (writing 1 while the converter is operating has
no effect) to enable Pure Buck operation. The LODRV2 and
HIDRV2 pins can be left floating but must not be tied to
ground. Refer to Figure 3 for the pure Buck application circuit.

Value L (uH) Rcowme1 (kQ) Ccowmp1 (nF) Ccowmrip (PF) Rcowmr2 (kQ) Ccowr2 (PF) Ccowmpze (PF)
430kHz 4.7 24 4.7 33 15 680 15
800kHz 3.3 16.9 3.3 33 15 1200 15
800kHz 22 16.9 3.3 33 10 1200 15
800kHz 1.5 16.9 3.3 33 6.8 1200 15
1.1MHz 1.0 16.9 3.3 33 5 1200 15
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Current and Power Monitor

High-Accuracy Current Sense Amplifier

(IADPT and IBAT)

Accurate current sense amplifiers (CSA) for monitoring the
IADPT (input current in forward charging, or the output
current during OTG) and IBAT (the battery charge or
discharge current) are provided as an industry standard
feature. IADPT voltage is 20 or 40 times the ACP to ACN
differential voltage, and IBAT voltage is 8 or 16 times the SRP
to SRN differential voltage (charging and discharging gains
are selectable separately). And if the input or battery voltage
is below UVLO level, IADPT output will not be valid.

In summary:

* Viappt = 20 or 40 x (Vacp - Vacn) in the forward mode.

* Viappt = 20 or 40 x (VacN - Vacp) in the reverse OTG mode.
* Vigar = 8 or 16 x (Vsrp - Vsrn) in the forward mode when
EN_ICHG_IDCHG bit = 1.

* Vigatr = 8 or 16 x (Vsrn - Vsre) in the supplement mode, or
the reverse OTG mode when EN_ICHG_IDCHG bit = 0.

It is recommended that a small decoupling capacitor (100pF
MAX) be connected to these outputs to absorb high
frequency noise. An additional RC filter can be used carefully
if needed. Pay attention that the filter will increase the
response delay.

Table 5. PSYS Configuration

High-Accuracy Power Sense Amplifier (PSYS)

The total system power can also be monitored by the device.
In the forward mode, the input adapter powers the system,
and in the reverse OTG mode, the battery powers the system
and the VBUS output. The PSYS pin output current is
proportional to the total system power. The Kpsys, which is
the ratio of the PSYS pin output current to the total system
power, can be set in PSYS_RATIO register and its default
value is 1TuA/W. A resistor connects this output to GND to
convert the current to an output voltage. The input and battery
current sense resistor values (Rac and Rsr) are defined for
the PSYS calculation in RSNS_RAC register and RSNS_RSR
register. Use Equation 1 to calculate the PSYS voltage,
where when an adapter is connected and the device is in
forward charging, Iin > 0 and Isat < 0. While during battery
discharge, Isat > 0:

Vpsys = Rpsys x Kpsys (Vace % IINn + VBaT % IgaT) (1)

And during OTG mode, there are two selectable modes in
PSYS_OTG_IDCHG register. When PSYS_OTG_IDCHG bit
= 0 (default), the PSYS reports the battery discharge power
minus OTG output power (for Equation 1, in OTG mode, Iin <
0 and Isat > 0). When PSYS_OTG_IDCHG bit = 1, the PSYS
reports the battery discharge power only.

Rac and Rsr values should be 5mQ or 10mQ for proper PSYS
function.

The PSYS function is disabled by default to minimize the
quiescent current. Set PSYS_CONFIG[1:0] bits = 00 to enable
this function (see Table 5 for details).

Case PSYS_CONFIG[1:0] PSYS_OTG_IDCHG Bit PSf(cSmgz:::ingﬁ-:‘:ion PSYS"ZSﬂ':;gfation
1 00 0 PSYS = PBUS + PBAT PSYS = PBUS + PBAT
2 00 1 PSYS = PBUS + PBAT PSYS = PBAT
3 01 X PSYS = PBUS PSYS =0
4 11 X PSYS = 0 (Disabled) PSYS = 0 (Disabled)
5 10 X PSYS = 0 (Reserved) PSYS = 0 (Reserved)

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

JANUARY 2026
29




SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Two-Level Adapter Current Limit (Peak
Power Mode)

An adapter is generally able to provide higher than its rated
DC current in a few milliseconds to tens of milliseconds. This
overloading capability is used by charger through two-level
input current limit (also called peak power mode) to minimize
battery usage when the CPU goes into turbo mode. The peak
power mode can be enabled in EN_PKPWR_IDPM register
and EN_PKPWR_VSYS register. The main current limit (ILim1)
is set equal to the adapter current limit, read from IIN_DPM
register. And the overload limit (lLimz) is set as ratio of ILm1 in
ILIM2_VTHI[4:0] register.

As shown in Figure 7, a peak power cycle starts when an
input current surge/battery discharge is detected by the
charger due to a load transient (adapter and battery supply
the system together), or by detecting a system voltage drop
below 96% Vsvysmin. The charger first applies lumz limit for a
period of Tovp (set in PKPWR_TOVLD_DEG[1:0] register)
and then applies ILim1 for up to Tmax - Tovip time (Twax is setin
PKPWR_TMAX][1:0] or PKPWR_TMAX2[1:0] register). A new
peak power cycle will repeat if the overload continues after
tmax. If the tovip = tmax, the peak power mode will always be
on. To enter peak power mode:

1. Set EN_IIN_DPM bit = 1
2. Set EN_EXTILIM bit = 0

3. Set IIN_HOST as the level 1 current limit (ILm1) based on
adapter output current rating

4. Set ILIM2_VTH[4:0] as the level 2 current limit (lLim2)
according to the adapter overload capability.

5. Set PKPWR_TOVLD_DEG]1:0] as I.mz effective duration
time based on adapter capability.

6. Set PKPWR_TMAX as each peak power mode operation
cycling time based on adapter capability.

Depending on the battery's remaining charge and its charging
status, peak power mode can be enabled using two different
approaches:

1. When the battery is depleted (Vsat < Vsysmin) or removed,
peak power mode can be enabled by setting
EN_PKPWR_VSYS bit = 1. In this case, the mode is triggered
by a system voltage undershoot, with the undershoot
threshold defined by the MinSystemVoltage register, which
represents the system regulation point before any load
transient occurs.

2. When the battery is not depleted (Vsar = Vsysmin), peak
power mode can be enabled by setting EN_PKPWR_IDPM
bit = 1. In this case, the mode is triggered by an input current
overshoot, and the overshoot threshold is determined by the
IIN_DPM register, corresponding to the level-1 current limit
(ILIM1).

Loop Response Time
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Figure 7. Two-Level Adapter Current Limit Timing Diagram
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Processor Hot Indication

In turbo mode, the peak system power may exceed total
power available from adapter and battery. Typical indicators
of such overload are system voltage drops or reaching the
adapter or battery (discharge) maximum currents. These
events are observed by the processor hot function in the
device that sends an nPROCHOT pulse to CPU, asking for
load reduction. The monitored events are:

1. lcriT: Adapter peak current reaches 110% of ILimz.

2. Inom: Adapter average current reaches 110% of input
current limit (ILim1).

3. IocHe1: Battery discharge current reaches its programmed
NPROCHOT threshold value 1, lbochc > IpcHe vrh1 with
tiocHe_pec1 deglitch.

4. |oche2: Battery discharge current reaches its programmed
nPROCHOT threshold value 2, loche > IpcHe viH2 with
tiocHe_beG2 deglitch.

5. Vvsvys: System voltage on VSYS pin reaches its
programmed nPROCHOT threshold value. (Vvsys < Vsys_tH2
when PROCHOT_PROFILE_VSYS = 1 and EN_CON_VAP
bit = 0).

6. VBUS_VAP: Vvsus < Vsus vap_tH when PROCHOT_
PROFILE_VBUS_VAP bit = 1.

7. Adapter removal: Upon adapter removal that results in
CHRG_OK pin to go low when Vysus < VvBus_CONVENZ.

8. Battery removal: Upon battery removal that results in
CELL_BATPRESZ pin to go low.

9. CMPOUT: Independent comparator output (CMPOUT pin)
goes from high to low.

10. VDPM: VBUS falls below 83% or 91% (by
PROCHOT_VDPM_80_90) or 100% (LOWER_PROCHOT _
VDPM) of the VINDPM threshold.

11. EXIT_VAP: The charger exits VAP mode.

The thresholds for the lbche1, IbcHe2, Icrm, Vvsys or VDPM
events, and the deglitch times of the Ibchae1, IbcHez, IcriT, INnom
or CMPOUT events are SMBus programmable. Triggering by
each event is individually enabled or disabled in
ProchotOption1[7:0] bits (SMBus address = 0x34) except for
the PROCHOT_EXIT_VAP which is always enabled. If any
enabled event is triggered, a low pulse with minimum width
programmable in PROCHOT_WIDTHI[1:0] bits is generated
on nPROCHOT. If the event is still active at the end of the
pulse, NPROCHOT will still be low until the event is cleared.

By enabling nPROCHOT pulse extension mode (set
EN_PROCHOT_EXT bit = 1), the nPROCHOT output
remains low until the host writes a 0 to PROCHOT_CLEAR

bit even if the triggering event is already cleared. For the
STAT_VDPM and STAT_EXIT_VAP events trigged, the
nPROCHOT output will be low until the host writes STAT_VDPM
or STAT_EXIT_VAP to clear the event, independent of
EN_PROCHOT_EXT bit.

nPROCHOT during Low Power Mode

The device provides a low power nPROCHOT function with
very low quiescent current consumption if the device is in low
power mode (EN_LWPWR bit = 1). In this mode, the
independent comparator is used for system voltage
monitoring, and sends an nPROCHOT signal to CPU if an
overload condition occurs. The independent comparator
threshold is always 1.2V. The register settings needed to
enable nPROCHOT system voltage monitoring in low power
mode are as follows:

* EN_LWPWR bit = 1 (enable charger low power mode).

* ProchotOption1[7:0] = 0x40.

» ChargeOption1[6:4] = 100b.

* Independent comparator threshold is always 1.2V.

* When EN_PROCHOT_LPWR bit = 1, the charger can
monitor the system voltage by connecting CMPIN pin to a
voltage proportional to system. The nPROCHOT will be
pulled from high to low when CMPIN voltage (which is
proportional to system voltage) falls below 1.2V to indicate an
overload condition occurs.

nPROCHOT Status

The event that has triggered nPROCHOT sets the
corresponding bit in ProchotStatus[8:0] bits. This status bit
(except STAT_VDPM and STAT_EXIT_VAP bits) can be
reset to O if it is not active anymore after being read by the
host. The STAT_VDPM and STAT_EXIT_VAP bits can be
reset to 0 after the host writes the corresponding bit to 0.

If an nPROCHOT event occurs while another event is active,
both status bits will be 1. The nPROCHOT pulse will be
extended if one of the events is still active after the normal
nPROCHOT pulse width.

SGM41580
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Figure 8. nPROCHOT Low Power Mode Implementation
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Device Protection

Watchdog Timer

An internal watchdog timer can terminate the charging if in a
175s window (selectable in WDTMR_ADJ[1:0] bits), a write to
MaxChargeVoltage register or ChargeCurrent register does
not occur. Except ChargeCurrent register, which is reset to
zero and suspends battery charging, the other registers are
not changed after watchdog timeout. Therefore, within each
watchdog cycle, at least one write to MaxChargeVoltage
register or ChargeCurrent register is necessary to reset
watchdog timer and continue (or resume) charging if the
values are valid. The watchdog timer can be disabled by
writing 00 to WDTMR_ADJ[1:0] bits.

Input Over-Voltage Protection (ACOV)

The device has a fixed input over-voltage threshold (the input
is conventionally called AC adapter). If Vvsus exceeds ACOV
threshold Vacov_rise for more than 100ps, it is considered as
adapter over-voltage. An ACOV event disables the converter
and pulls the CHRG_OK low. BATFET will turn on while Vsys
drops below Vsar. When Vvsus returns below ACOV (adapter
back to normal voltage) Vacov_raLL for more than 1ms, the
CHRG_OK will be released to go high again and the
converter automatically resumes if the other enable
conditions are valid.

Input Over-Current Protection (ACOC)

If the input current exceeds the ACOC threshold, the
converter stops switching. It will retry switching after 250ms.
The ACOC is set by Iuimz_vtr (ILIM2_VTHI[4:0] bits) multiplied
by 1.33 or 2 (ACOC_VTH register).

System Over-Voltage Protection (SYSOVP)

After the converter starts, the CELL_BATPRESZ pin is read
to set the MaxChargeVoltage register. It also sets the
SYSOVP threshold to 6V (1-cell battery), or 11.9V (2-cell
battery) or 19.8V (3-cell or 4-cell battery) or 24.6V (5-cell
battery) or 28.5V (6-cell battery). Before the host writes to
MaxChargeVoltage register, the battery configuration is set
by CELL pin voltage. If a system over-voltage occurs, the
converter will be latched off and SYSOVP_STAT bit = 1. The
latch off can be cleared to restart the converter by writing 0 to
this bit or by adapter remove-reconnect.

Battery Over-Voltage Protection (BATOVP)

A battery over-voltage may occur by inserting a wrong battery
or due to removal of the battery during charge. Battery
over-voltage threshold is 104% of the regulation voltage
(MaxChargeVoltage register). In case of a BATOVP, the
Buck-Boost stops switching and the VSYS pin starts to sink
30mA until Vear falls below 102% of the regulation voltage
(MaxChargeVoltage register). BATOVP is always enabled.
When BATOVP rising condition is triggered, the converter will
shut down.

There is no user-accessible status bit for monitoring BATOVP
events. The VBAT voltage used for BATOVP detection is
measured at the SRN pin.

Battery Short

If Vear drops below Vsysmin voltage during charging, the
maximum current will be limited to 384mA for multicell
operation.

System UVP & Hiccup Mode

The VSYS_UVP is defined to protect the converter from
system short-circuit, enabled by POR, and can be disabled by
setting VSYS_UVP_ENZ bit to 1. The IIN_DPM is clamped to
0.5A automatically when VSYS is lower than 2.4V. The
system UVP threshold can be programmable through
VSYS_UVP register bits.

When the VSYS_UVP_NO_HICCUP bit is set to 0, hiccup
mode is enabled. In this mode, the charger shuts down for
500ms. If Vvsys remains below 2.4V, the charger restarts for
10ms and then shuts down again. If the restart fails seven
times within 90 seconds, the charger is latched off. The Fault
VSYS_UVP bit is set to 1 to indicate a system short fault.
Writing the Fault VSYS_UVP bit to 0 re-enables the charger.

When the VSYS_UVP_NO_HICCUP bit is set to 1, hiccup
mode is disabled. The charger shuts down and is latched off if
Vvsys is below 2.4V. The Fault VSYS_UVP bit is set to 1 to
indicate a system short fault. Writing the Fault VSYS_UVP bit
to 0 re-enables the charger.
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Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Battery Discharge Over-Current (BATOC)

The charger monitors the battery discharge current through
SRN-SRP cross voltage to protect the battery from
overcurrent (BATOC). Writing EN_BATOC to 1 enables
BATOC. BATOC threshold can be programmed via
BATOC_VTH to either 133% or 200% of IDCHG_THZ2, and is
also clamped in range of 100mV~360mV SRN-SRP
differential voltage.

When discharge current is higher than the threshold, BATOC
fault is triggered, Fault BATOC status bit is set 1. OTG will be
disabled when BATOC is triggered, while BATFET status is
not impacted.

250ms after BATOC fault is removed, converter automatically
resumes, while Fault BATOC is only cleared by host read.

Bus Over-Voltage Protection (BUS OVP) in
OTG/VAP/FRS Mode

During OTG/VAP/FRS operation, when Vveus > 110%
OTGVoltage register, the BUS OVP is triggered. In case of a
BUS OVP, the Buck-Boost stops switching and the VBUS pin
starts to sink current. Fault_OTG_OVP bit = 1 indicates BUS
over-voltage fault. In OTG mode, if VBUS OV exceeds 10ms,
it exits OTG (by setting EN_OTG bit to 0) automatically.

Bus Under-Voltage Protection (BUS UVP) in
OTG/VAP/FRS Mode

During OTG/VAP operation, OTG output current is limited in
OTGCurrent register, when the BUS load is heavier than the
current limit, VBUS voltage decreases. For OTG mode, when
Vveus < 85% OTGVoltage register, OTG BUS UVP is
triggered. Fault_OTG_UVP bit = 1 indicates BUS
under-voltage fault. If the BUS UV condition lasts for 7ms
deglitch (for OTG startup, the BUS UVP deglitch time is
400ms), it exits OTG (by setting EN_OTG bit to 0)
automatically. For VAP mode, if Vvsus < 2.4V for 7ms, it exits
VAP (by setting OTG_VAP_MODE bit = 1) automatically. In
OTG/VAP mode, BUS short-circuit protection is mainly
provided by the OTG output current limit loop. Extremely fast
short-circuit events may exceed the loop response capability,
potentially causing inductor current overshoot.

Thermal Shutdown (TSHUT)

The device uses a TQFN package with low thermal
impedance and excellent junction to ambient thermal
conduction. If the junction temperature (Ts) exceeds +155°C,
the converter will shut down. The device resumes its normal
operation (with soft-start) when T, returns below +135°C.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Device Functional Modes

Forward Mode

When a qualified input source is connected to VBUS, the
device is in the forward mode, regulates the system output
and charges the battery.

System Voltage Regulation with Narrow VDC Architecture
The SGM41580 is an NVDC charger and uses the external
P-type BATFET transistor to separate the system bus and
battery. Using BATFET, the Vvsys can be regulated above the
minimum system voltage (Vsyswmin is set in MinSystemVoltage
register) even if the battery is fully depleted. If Vsar is below
Vsysmin, the BATFET will operate in linear mode (LDO mode)
and as Vsar rises, it gradually goes to fully on state when Vear
reaches Vsysmin. In fast charge and supplement modes, the
BATFET is fully on, Veatr = Vvsys (the difference is only the
Vps of the BATFET). Normally, the Vvsys is regulated to
200mV + Vear when BATFET is off (not in charging or
supplement modes).

Refer to the System Voltage Regulation section for more
details about system voltage regulation and how it is
programmed.

Battery Charging Control

The device can charge 1-cell to 6-cell batteries with constant
current (CC) and constant voltage (CV) modes. The
CELL_BATPREZ pin voltage setting is read to set the default
battery voltage (4.2V/cell) in MaxChargeVoltage register.
Depending on the battery capacity, the host should program
proper charge current in ChargeCurrent register. If the battery
is fully charged or it is not in proper charge condition, the host

can terminate the charge by setting CHRG_INHIBIT bit to 1 or
clearing ChargeCurrent register.

USB On-The-Go

The USB OTG function is supported with 2-cell to 6-cell
batteries, and the device can send power from the battery to
another portable device connected to the USB port (reverse
mode). The OTG mode voltage is USB PD compliant and
includes 5V, 9V, 15V and 20V outputs. The output current is
also USB type-C compliant and includes 500mA, 1.5A, 3A
and 5A currents. Similar to the forward mode, in the OTG
mode, the converter can also switch from PWM to pulse skip
mode at light loads for efficiency improvement.

Pass Through Mode (PTM)

In pass-through mode, the Buck-Boost high-side MOSFETs
are turned on while the low-side MOSFETs are turned off,
directly connecting the system to the input source through the
high-side MOSFETSs. This mode is used in light load or when
the system is in the sleep mode to minimize losses. The
switching and inductor core losses are avoided in PTM mode.

Setting EN_PTM bit = 1 will transfer charger to PTM from
normal Buck-Boost operation. To leave PTM mode, set
EN_PTM bit = 0.

The device exits PTM automatically if any of conditions below
is triggered:

1. ACOC
2. TSHUT
3. BATOC
4. BATOV
5. VINDPM
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SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)

Programming

SMBus Write-Word or Read-Word charger protocol
commands are supported by SGM41580. The charger can be
identified by the 16-bit ManufacturelD and DevicelD registers
located at OFEh and OFFh respectively. The ManufacturelD
always returns 07h. All registers of the SGM41580 are 16-bit
which are divided into a high byte and a low byte.

SMBus Interface

The SGM41580 is a slave device with the 7-bit address of
09h (0 0001 001b). As a slave device, it will not initiate a
communication on the bus. A host is needed to control and
program communications through the SMBus. A simplified
subgroup of the System Management Bus Specification V1.1
commands (available from www.smbus.org) is supported for
communication with the smart battery using read-word and
write-word protocols.

Both data (SDA) and clock (SCL) pins use Schmitt-trigger
inputs to allow slow pulse edges. Use 10kQ pull-ups on both

SMBus Write-Word and Read-Word Protocols

Table 6. Write-Word Format

lines to provide the required SMBus rise/fall times. The
master (usually the host) starts a communication by creating
a START condition on the bus and terminates it by creating a
STOP condition. Then the bus will be free for a new
transaction. START condition is created by an SDA high-to-low
transition while SCL is high, and a STOP condition is issued
by an SDA low-to-high transition while SCL is high. See
Figure 8 and Figure 9 for the timing diagrams of the SMBus
interface signals. The address, command, and data bytes are
all exchanged between the START and STOP conditions.
During transactions, the SDA state only can change when the
SCL is low, except for the START and STOP conditions. Data
is transmitted bit by bit starting from MSB to LSB and one
byte (8-bits) at a time. Data bits are sampled from SDA line at
the rising edges of the SCL. A 9" acknowledge bit is also
transmitted by receiver, so nine clock cycles are required for
transferring each byte. The write-word and read-word
command protocols are provided in Table 6 and Table 7.

Bits | S/SR | Slave Addr | Write Bit | ACK | Command Byte | ACK | Low Data Byte | ACK | High Data Byte | ACK S(TFE;P
Creator | MTR MTR MTR | SLV MTR sLv MTR sLv MTR sV | MTR
# of Bits 7 1 1 8 1 8 1 8 1

Order MSB LSB MSB LSB MSB LSB MSB LSB
Table 7. Read-Word Format

. Slave | Write Cmnd. Slave | Read Low Data High Data STOP

Bits | SisR | Q3w | "Hi® | Ack | G| ack | sisr | Jave | Fead | ack | bop B | ack | MDA | ek | STD
Creator | MTR | MTR |MTR | SLV | MTR | SLV |MTR | MTR [MTR | sLv | sLv |MTR| sSLv | MTR| MTR
# of Bits 7 1 1 8 1 7 | o | 1 8 1 8 1

Order MSB MSB MSB MSB MSB

LSB LSB LSB LSB LSB
NOTES:

1. MTR: Master, SLV: Slave.
2. S = START condition, SR = Repeated START condition, P = STOP condition.
3. Write bit (W) and ACK are logic low.
4. Read bit (R) and NCK (Not acknowledge) are logic high.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)
Timing Diagrams
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

DETAILED DESCRIPTION (continued)
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER ADDRESS MAPPING

Slave Device Address: 0x09 (0 b000 1001 + W/R).

Table 8. Command Register Summary

AS dnz?:sss Register Name Description Type Links
0x12 ChargeOption0 Register Charge Option and Function Enable/Disable R/W Go
0x14 ChargeCurrent Register Charge Current Setting R/W Go
0x15 MaxChargeVoltage Register Charge Voltage Setting R/W Go
0x20 ChargerStatus Register Charger Status R Go
0x21 ProchotStatus Register Prochot Status R Go
0x22 IIN_DPM Register ﬁggﬁltgr;?ut Current Limit Programmed by IIN_HOST or ICO R Go
0x23 ADCVBUS/ADCPSYS Register Digital Output of Input Voltage and System Power R Go
0x24 VBUS_A12/ADCIBAT Register \éErLrJe?rﬁAm and Digital Output of Battery Charge/Discharge R Go
0x25 ADCIIN/ADCCMPIN Register Digital Output of Input Current and CMPIN Voltage R Go
0x26 ADCVSYS/ADCVBAT Register Digital Output of System and Battery Voltage R Go
0x30 ChargeOption1 Register Charge Option 1 R/W Go
0x31 ChargeOption2 Register Charge Option 2 R/W Go
0x32 ChargeOption3 Register Charge Option 3 R/W Go
0x33 ProchotOption0 Register PROCHOT Option 0 R/W Go
0x34 ProchotOption1 Register PROCHOT Option 1 R/W Go
0x35 ADCOption Register ADC Option R/W Go
0x36 ChargeOption4 Register Charge Option 4 R/W Go
0x37 VuinActiveProtection Register Vwuin Active Protection R/W Go
0x3B OTGVoltage Register OTG Voltage Setting R/W Go
0x3C OTGCurrent Register OTG Output Current Setting R/W Go
0x3D InputVoltage Register Input Voltage Setting R/W Go
0x3E MinSystemVoltage Register Minimum System Voltage Setting R/W Go
O0x3F IIN_HOST Register Input Current Limit Set by Host R/W Go
OxFE ManufacturelD Register Manufacture ID - 0x07 R Go
OxFF DevicelD Register Device ID R Go
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA

Bit Types:
R/W:

R:

RC:
PORV:

n:

Read/Write bit(s)
Read only bit(s)

Bit(s) cleared to 0 by being read
Power-On Reset Value
Parameter code formed by the bits as an unsigned binary number.

Setting Charge and nPROCHOT Options

ChargeOption0 Register (SMBus Address = 0x12) [Reset = 0xE70E]
Table 9. ChargeOption0 Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
Low Power Mode Enable
0 = Disable low power mode. With battery-only, the current/power monitor buffer,
nPROCHOT, and comparator follow register setting

D[15] EN_LWPWR 1 = Enable low power mode. With battery-only, the device enters low power mode for 1 R/W
lowest quiescent current. The LDO of REGN is turned off. IBAT function, PSYS
function and ADC are disabled. Independent comparator and NnPROCHOT refer to
nPROCHOT during Low Power Mode section (default)
Watchdog Timer Adjust
00 = Disable watchdog timer
01="5s
10 = 88s
11 = 175s (default)
Set maximum delay between consecutive SMBus writes of charge voltage or charge

D[14:13] WDTMR_ADJ[1:0] current command. 11 R/W

If a write on the MaxChargeVoltage register or the ChargeCurrent register is not done
within the watchdog period, the watchdog timer expires, and the charger will be
suspended (the ChargeCurrent register resets to OmA).
The watchdog timer that is time out will be reset with the first write to ChargeCurrent
register, MaxChargeVoltage register or WDTMR_ADJ[1:0]. The charger will resume if
the proper values are written.
IDPM Auto Disable
0 = Disable the IDPM auto disable function. CELL_BATPRESZ going low will not
disable IDPM (default)

D[12] |IDPM_AUTO DISABLE I1[:)TDII\E/|nabIe the IDPM auto disable function. CELL_BATPRESZ going low will disable 0 RIW
If CELL_BATPRESZ pin is low, the IDPM function will be disabled automatically by
setting EN_IDPM bit = 0. The IDPM function can be enabled later by writing EN_IDPM
bit = 1.
Add OTG to CHRG_OK

D[11] | OTG_ON_CHRGOK (97 Disabie (default 0 RIW

= Enable

In OTG mode, drive CHRG_OK to high.
Out-of-Audio Enable

D[10] EN_OOA 0 = No lower limit for PSM burst frequency 1 R/W
1 = Limit PSM burst frequency to above 25kHz for avoiding audio noise (default)
Switching Frequency Selection Bit (Choose Based on the Inductor Value)
0 = 1100kHz
1 = 800kHz (default)

D[9] PWM_FREQ 1100kHz is recommended for 1uH. 1 R/W
800kHz is recommended for 2.2uH or 3.3pH.
430kHz is recommended for 4.7uH.
This bit is only active when REGOx3CJ[1] = 0.
Switching HS MOSFET turn on gate drive strength.

D[8] DIS_STRGRV 0 = Enable HS MOSFET strong turn on gate drive strength 1 R/W
1 = Disable HS MOSFET strong turn on gate drive strength (default)
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

Table 10. ChargeOption0 Register Details (continued)

BITS BIT NAME DESCRIPTION PORV TYPE
This bit will latch the Independent comparator output after it is triggered at low
state. If enabled in PROCHOT profile PROCHOT_PROFILE_COMP bit = 1,
STAT_COMP bit keeps 1 after triggered until read by host and clear.
DI7] EN_CMP_LATCH 0 = Independent comparator output will not latch when it is low (default) 0 RIW
1 = Independent comparator output will latch when it is low, host can clear
CMPOUT pin by toggling this bit.
System Under-Voltage Protection (UVP) Disable Bit
D[6] VSYS_UVP_ENZ 0 = Enable UVP (default) 0 R/wW
1 = Disabled UVP
In LEARN mode, the battery is allowed to discharge while the adapter is present.
Over a complete discharge/charge cycle, the battery gauge is calibrated. When
Vgar falls below the battery depletion threshold, the power supply of the system
needs to be switched from battery to the input adapter by the host.
DI5] EN_LEARN The device exits LEARN mode and this bit is reset to 0 when CELL_BATPRESZ 0 RW
pin is low.
0 = Disable LEARN mode (default)
1 = Enable LEARN mode
IADPT Amplifier Gain Ratio Selection Bit
D[4] IADPT_GAIN ‘1) - 42182 (default) 0 RIW
The ratio of IADPT voltage to the sense voltage across ACP and ACN.
IBAT Amplifier Gain Ratio Selection Bit
0=28x
D[3] IBAT_GAIN 1= 16x (default) 1 R/W
The ratio of IBAT voltage to the sense voltage across SRP and SRN.
LDO Mode Enable
0 = Disable LDO mode. BATFET is fully on and charge current follows the
ChargeCurrent register setting even when battery voltage is below the
D[2] EN_LDO programmed minimum system voltage setting in MinSystemVoltage register 1 R/W
1 = Enable LDO mode. BATFET is in LDO mode and pre-charge current follows
the ChargeCurrent register setting and is clamped below 384mA (2-cell to 6-cell).
The system is regulated at the minimum system voltage (default)
IDPM Enable
D[1] EN_IDPM 0 = Disable IDPM 1 R/wW
1 = Enable IDPM (default)
Charge Inhibit
0 = Enable charge (default)
DI[0] CHRG_INHIBIT 1 = Inhibit charge 0 R/W
The device starts charging battery depending on the valid charge current and
charge voltage programmed in registers if this bit is 0.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeOption1 Register (SMBus Address = 0x30) [Reset = 0x3300]
Table 11. ChargeOption1 Register Details

BITS BIT NAME DESCRIPTION PORV TYPE

IBAT Output Buffer Enable

0 = Disable IBAT buffer to minimize |l (default)

1 = Enable IBAT buffer

IBAT buffer is disabled even this bit is 1 if EN_LWPWR bit = 1.

Enable nPROCHOT during Battery-Only Low Power Mode

0 = Disable low power nPROCHOT (default)

1 = Enable VSYS monitor low power nPROCHOT

With battery-only, enable VSYS monitor in nPROCHOT with low power
consumption, refer to nPROCHOT during Low Power Mode section. When
adapter is present, this function should be disabled.

PSYS Enable and Definition Register

Enable PSYS sensing circuit and output buffer (whole PSYS circuit). In low
power mode (EN_LWPWR bit = 1), PSYS sensing and buffer are always
disabled regardless of this bit value.

00 = PSYS = PBUS + PBAT

01 =PSYS = PBUS

10 = Reserved

11 = Turn off PSYS buffer to minimize |l (default)

Input Sense Resistor Rac
D[11] RSNS_RAC 0 =10mQ (default) 0 R/W
1=5mQ

Charge Sense Resistor Rgr
D[10] RSNS_RSR 0 =10mQ (default) 0 R/wW
1=5mQ

PSYS Gain Ratio

0 =0.25uAW

1 = 1uA/W (default)

The ratio of PSYS output current to the total power of input and battery.
IIN_HOST Extension Bit

0 =1IN_HOST DAC can be extended up to 10A under 5mQ RAC

(RSNS_RAC bit = 1b), writing IIN_HOST value higher than 10A will be neglected
1 =1IN_HOST DAC is clamped at 6.4A under 5mQ RAC

(RSNS_RAC bit = 1b), writing IIN_HOST value higher than 6.4A will be
neglected (default)

If IADPT pin is configured larger than 160kQ, this bit is disabled regardless of this
bit value.

D[15] EN_IBAT 0 RIW

D[14] EN_PROCHOT_LPWR 0 R/wW

D[13:12] | PSYS_CONFIG[1:0] 11 RIW

D[9] PSYS_RATIO

D[8] EN_FAST_5MOHM
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

Table 12. ChargeOption1 Register Details (continued)

BITS BIT NAME DESCRIPTION PORV TYPE
Internal Reference Voltage of Independent Comparator

D[7] CMP_REF 0 = 2.3V (default) 0 RW
1=1.2V

Output Polarity of Independent Comparator

0 = Negative. CMPOUT is low when CMPIN is above internal reference threshold
DI[6] CMP_POL (internal hysteresis) (default) 0 R/W
1 = Positive. CMPOUT is low when CMPIN is below internal reference threshold
(external hysteresis)

Deglitch Time of Independent Comparator

00 = Enable independent comparator with 5us output deglitch time (default)
01 = Enable independent comparator with 2ms output deglitch time

10 = Enable independent comparator with 20ms output deglitch time

11 = Enable independent comparator with 5s output deglitch time

Only applied to the CMPOUT falling edge (HIGH — LOW).

Force Converter Off Function

When independent comparator triggers, (CMPOUT pin pulled down) converter latches
off, at the same time, CHRG_OK signal goes LOW to notify the system. Charge current
is also set to zero internally, but charge current register setting keeps the same. To get 0 RIW
out of converter latches off, firstly set FORCE_CONV_OFF bit = 0 and secondly read
clear the Fault Force_Converter_Off status.

0 = Disable this function (default)

1 = Enable this function

PTM Enable

D[2] EN_PTM 0 = Disable PTM (default) 0 R/W
1 = Enable PTM

D[5:4] | CMP_DEG[1:0] 00 RIW

D[3] | FORCE_CONV_OFF

Discharge Battery for Shipping Mode
0 = Disable shipping mode (default)
D[1] EN_SHIP_DCHG |1 = Enable shipping mode 0 R/W
When set to 1, discharge battery with 20mA discharge current in 140ms. After the
140ms period, this bit is reset to 0.

Auto Wakeup Enable

0 = Disable (default)

1 =Enable

When set to 1, if battery voltage is below the minimum system voltage programmed in
MinSystemVoltage register, wake-up charge with 128mA (with 5mQ Sense Resistor)
charge current for 30mins is automatically enabled. When VBAT exceeds the minimum
system voltage, this bit is reset to 0 and the wake-up charge is terminated. Writing a
non-zero charge current in ChargeCurrent register also resets this bit to 0.

D[0] |AUTO_WAKEUP_EN
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeOption2 Register (SMBus Address = 0x31) [Reset = 0x00B7]
Table 13. ChargeOption2 Register Details

BITS BIT NAME DESCRIPTION PORV TYPE

Input Overload Time in Peak Power Mode
00 = 1ms (default)

D[15:14] | PKPWR_TOVLD_DEGI[1:0] |01 =2ms 00 RW
10 = 5ms

11 = 10ms

Enable Input Current Overshoot to Trigger Peak Power Mode

0 = Disable input current overshoot to trigger peak power mode (default)
D[13] EN_PKPWR_IDPM 1 = Enable input current overshoot to trigger peak power mode 0 R/W
If both EN_PKPWR_IDPM and EN_PKPWR_VSYS are 0, the peak power
mode is disabled. These bits are both reset to 0 when adapter removal.

Enable System Voltage Under-Shoot to Trigger Peak Power Mode

0 = Disable system voltage under-shoot to trigger peak power mode (default)
D[12] EN_PKPWR_VSYS 1 = Enable system voltage under-shoot to trigger peak power mode 0 R/W
If both EN_PKPWR_IDPM and EN_PKPWR_VSYS are 0, the peak power
mode is disabled. These bits are both reset to 0 when adapter removal.
Indicator that the device is in overloading cycle. Write 0 to get out of
overloading cycle.

0 = Not in peak power mode (default)

1 = In peak power mode

Status bit indicates that it is in relax cycle. Write 0 to this bit to exit the relax
cycle.

0 = Not in relax cycle (default)

1 =In relax cycle

Peak Power Mode Overload and Relax Cycle Time

00 = 20ms (default)

D[9:8] PKPWR_TMAX[1:0] 01 =40ms 00 R/W
10 = 80ms

1M1=1s

Enable ILIM_HIZ Pin to Set External Input Current Limit

0 = Disable ILIM_HIZ pin to set external input current limit
D[7] EN_EXTILIM 1 = Enable ILIM_HIZ pin to set external input current limit. The actual input 1 R/W
current limit is set by the lower value of external input current limit, IN_DPM
and IIN_HOST registers (default)

0 = IBAT pin output represents discharge current (default)

1 = IBAT pin output represents charge current

Q2 OCP Threshold Sensed by Q2 Vps Voltage

0 =230mV

DI5] Q2_ocP 1 = 150mV (default) 1 RW
It is the valley current limit for Q2.

Input Current OCP Threshold Sensed by the Voltage across ACP and ACN
0 = 280mV (RSNS_RAC bit = 0) or 200mV (RSNS_RAC bit = 1)
1=150mV (RSNS_RAC bit = 0) or 100mV (RSNS_RAC bit = 1) (default)
It is the peak current limit for Q1.

ACOC Enable

0 = Disable ACOC (default)

1 =Enable ACOC

If ACOC is detected, the converter is disabled.

ACOC Limit (Adapter Average Current as Percentage of ILIM2)

D[2] ACOC_VTH 0=133% 1 R/W
1 =200% (default)

Battery Discharge Over-Current (BATOC) Enable

0 = Disable BATOC

1 = Enable BATOC (default)

If BATOC is detected, the converter is disabled.

Battery Discharge Over-Current Threshold Sensed by the Voltage across SRN
and SRP

DI[0] BATOC_VTH (As Percentage of IDCHG_VTH2[5:0]) 1 R/W
0=133%

1 =200% (default)

D[11] STAT_PKPWR_OVLD

D[10] PKPWR_RELAX_STAT

DI6] EN_ICHG_IDCHG

D[4] ACX_OCP

D[3] EN_ACOC

D[] EN_BATOC
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeOption3 Register (SMBus Address = 0x32) [Reset = 0x0434]
Table 14. ChargeOption3 Register Details
BITS BIT NAME DESCRIPTION PORV TYPE

HIZ Mode Enable
0 = Disable HIZ mode (default)
1 = Enable HIZ mode

D[15] EN_HIZ In HIZ mode, the device operates with the low quiescent current. And the system 0 RIW
is powered from battery when the input source is present. During this mode, the
LDO of REGN is enabled.
Reset Registers
All the registers are reset to default except VINDPM register.
0 = Idle (default)

D[14] RESET_REG 1 = Reset the registers to default. This bit is reset to 0 after reset 0 RIW
Using this bit to reset the registers to default is not recommended when the
battery voltage is below minimal system voltage or in battery removal.
Reset VINDPM Threshold
0 = Idle (default)

D[13] RESET_VINDPM 1 = Temporary disable the converter to measure VINDPM threshold. After the 0 RIW
measurement is done, this bit is reset to 0 and converter restarts
OTG Enable

D[12] EN_OTG 0 = Disable OTG (default) 0 R/W
1 =Enable OTG
Enable ICO

D[11] EN_ICO_MODE 0 = Disable ICO (default) 0 R/W
1 =Enable ICO
Enable BATFET Control

D[10] EN_PORT_CTRL 0 = Disable BATFET control pin by HIZ BATDRYV pin 1 R/W
1 = Enable BATFET control pin by activate BATDRV pin
Enable VSYS_MIN Soft Slew Rate Transition

D[9] ENE\(/)S,’:\;SQQN— 0 = Disable VSYS_MIN soft slew rate transition (default) 0 RIW

1 = Enable VSYS_MIN soft slew rate transition (1LSB/8us = 12.5mV/us)
Enable OTG Compensation for VBUS Effective Capacitance Larger than 33uF
0 = Disable OTG large VBUS capacitance compensation (recommended for
D[8] EN_OTG_BIGCAP VBUS effective capacitance smaller than 33pF) (default) 0 R/W
1 = Enable OTG large VBUS capacitance compensation (recommended for
VBUS effective capacitance larger than 33pF)

Turn Off BATFET under Battery-Only Mode

If charger is not in battery-only mode this bit is not allowed to be written to 1.
D[7] BATFET_ENZ Under battery-only OTG mode, this bit is forced to be Ob. 0 R/W
0 = Not force turn off BATFET (default)

1 = Force turn off BATFET

Enable the Conservative VAP Mode

0 = Disabled. When Vysys < Vsys TH2, generate an nPROCHOT pulse if
DI[6] EN_CON_VAP PROCHOT_PROFILE_VSYS bit = 1 (default) 0 R/W
1 = Enabled. When Vygys < VVBUS_CONVENZ and Vysys < Vsys_‘er generate an
nPROCHOT pulse if PROCHOT_PROFILE_VSYS bit = 1

OTG/VAP Pin Control Selection

D[5] OTG_VAP_MODE 0 = The OTG/VAP pin controls the Enable/Disable of VAP 1 R/W
1 = The OTG/VAP pin controls the Enable/Disable of OTG (default)
Inductor Average Current Clamp Selection

00 = 6A

D[4:3] IL_AVG[1:0] 01 =10A 10 R/W
10 = 15A (default)

11 = Disabled

Enable Independent Comparator with Effective Low
D[2] CMP_EN 0 = Disabled 1 R/wW
1 = Enabled (default)

BATFET On/Off during HIZ Mode

D[1] BATFETOFF_HIZ 0 = On (default) 0 R/W
1= Off
PSYS Function during OTG Mode

D[0] PSYS_OTG_IDCHG 0 = PSYS reports the battery discharge power minus OTG output power (default) 0 R/W

1 = PSYS reports the battery discharge power only
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeOption4 Register (SMBus Address = 0x36) [Reset = 0x0048]
Table 15. ChargeOption4 Register Details

BITS BIT NAME DESCRIPTION PORV TYPE

VSYS under-voltage lockout after UVP is triggered the charger enters hiccup
mode, and then the charger is latched off if the restart fails 7 times in 90s The
hiccup mode during the UVP can be disabled by setting REG0x12[6]
VSYS_UVP_ENZ bit = 1.

000 = 2.4V (default)

001 =3.2V

010 = 4.0V

011 =4.8V

100 = 5.6V

101 = 6.4V

110=7.2V

111 =8.0V

Frequency Dither Configuration

00 = Disable Dithering (default)

D[12:11] EN_DITHER[1:0] 01 = Dither 1X (¥2% fsw dithering range) 00 RwW
10 = Dither 2X (+4% fsw dithering range)

11 = Dither 3X (+6% fsw dithering range)
Disable VSYS_UVP Hiccup Mode Operation
0 = Enable VSYS_UVP Hiccup mode (default) 0 R/W
1 = Disable VSYS_UVP Hiccup mode
VBUS_VAP PROCHOT Profile

0 = Disable (default) 0 R/W
1 =Enable

PROCHOT Profile VBUS_VAP Status Bit
The status is latched until a read from host.
0 = Not triggered (default)

1 = Triggered

Battery Discharge Current Limit 2 Deglitch Time (Minimum Value)
00 = 100ps

D[7:6] IDCHG_DEG2[1:0] 01 = 1.6ms (default) 01 R/W
10 =6ms

11 =12ms

Note IDCHG_TH2 setting higher than 32256mA should lose accuracy
derating between target value and 32256mA.

000 = 125% IDCHG_TH1

001 = 150% IDCHG_TH1 (default)

010 = 175% IDCHG_TH1

011 =200% IDCHG_TH1

100 = 250% IDCHG_TH1

101 = 300% IDCHG_TH1

110 = 350% IDCHG_TH1

111 =400% IDCHG_TH1

IDCHG2 PROCHOQOT Profile
0 = Disable (default) 0 R/W
1 = Enable

D[15:13] VSYS_UVP[2:0] 000 RIW

VSYS_UVP_NO

D[10] _HICCUP

PROCHOT_PROFILE_

DI9] VBUS_ VAP

D[8] STAT_VBUS_VAP 0 RIW/RC

D[5:3] IDCHG_TH2[2:0] 001 RIW

PROCHOT_PROFILE_I

D[2] DCHG2

The status is latched until a read from host.
D[1] STAT_IDCHG2 0 = Not triggered (default) 0 RC
1 = Triggered

PTM Operation Status Bit Monitor
DI[0] STAT_PTM 0 = Not in PTM operation (default) 0 R
1 =In PTM operation
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ProchotOption0 Register (SMBus Address = 0x33) [Reset = 0x4A81 (2-cell to 6-cell)]
Table 16. ProchotOption0 Register Details

BITS BIT NAME DESCRIPTION PORV | TYPE

lmz Threshold Sensed by the Voltage between ACP and ACN (As Percentage of the
Value Setting in IIN_HOST Register)

00001 - 11001 = 110% - 230%, step 5%

11010 - 11110 = 250% - 450%, step 50%

11111 = Out of range (ignored)

Default: 150%, or 01001

ICRIT Deglitch Time to Trigger nPROCHOT
|CR|T is 110% of |LIM2-

00 = 15us

01 = 100ps (default)

10 = 400ps (500ps MAX)

11 = 800us (1ms MAX)

Lower Threshold of the PROCHOT_VDPM Comparator (As Percentage of VINDPM
Threshold)
PROCHOT_VDPM_8 | 0 = 83% (default)

0_90 1=91%
The threshold of the PROCHOT_VDPM comparator is determined by this bit if
LOWER_PROCHOT_VDPM bit = 1.

VSYS Threshold to Discharge VBUS in VAP Mode
In VAP mode, when the VSYS pin voltage is below this threshold with fixed 5us

deglitch time, VBUS starts to discharge.
D[7:2] VSYS_TH1[5:0] For 2-cell to 6-cell batteries: 10 0000 RAW
000000 - 111111 = 3.2V - 9.5V with 0.1V step
Default: 0b100000, Vsys TH1 = 6.4V

INOM Deglitch Time

0 = 1ms (MAX) (default)

1 =50ms (MAX 60ms)

INOM is 110% of the input current limit setting in IIN_HOST register. When the
current sensed by voltage across ACP and ACN is above INOM with this deglitch
time, INOM is triggered.

Lower Threshold of the PROCHOT_VDPM Comparator Enable

0 = Disable. The PROCHOT_VDPM comparator threshold follows the InputVoltage
register setting 1 R/W
1 = Enable. The PROCHOT_VDPM comparator threshold is lower and determined
by PROCHOT_VDPM_80_90 bit setting (default)

D[15:11] ILIM2_VTH[4:0] 01001 | RW

D[10:9] ICRIT_DEG[1:0] 01 RIW

D[8]

D[] INOM_DEG

LOWER_PROCHOT _

DI0] VDPM
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ProchotOption1 Register (SMBus Address = 0x34) [Reset = 0x41A0]
Table 17. ProchotOption1 Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
IDCHG Threshold with 10mQ Sense Resistor
IDCHG is measured by the sensed voltage between SRN and SRP. IDCHG is
. . triggered when the discharge current is above this threshold.
D[15:10] | IDCHG_VTHIS:O0] | poige from OA to 32256mA with 512mA step. 010000 | RW
If the value is programmed to 000000b, PROCHOT is always triggered.
Default: 010000b or 8192mA
IDCHG Deglitch Time
00 = 78ms
D[9:8] IDCHG_DEGJ[1:0] 01 = 1.25s (default) 01 R/W
10 =5s
11 =20s
Enable PROCHOT_PROFILE_VDPM
PROCHOT_PROFILE_ | 0 = Disable
DI7] VDPM 1 = Enable (default) 1 RIW
This bit detects the VBUS voltage.
Enable PROCHOT_PROFILE_COMP
pie] | PROCHOT_PROFILE_ | 4’ hicaple (default) 0 RIW
COMP _
1 =Enable
Enable PROCHOT_PROFILE_ICRIT
D[5] PROCHOgﬁ'IDTROF'LE—' 0 = Disable 1 RIW
1 = Enable (default)
Enable PROCHOT_PROFILE_INOM
D[4] PROCHOJ(—)';AROF'LE—' 0 = Disable (default) 0 RIW
1 =Enable
Enable PROCHOT_PROFILE_IDCHG
D[3] PROCH%TC—:(EOF'LE—' 0 = Disable (default) 0 RIW
1 =Enable
Enable PROCHOT_PROFILE_VSYS
0 = Disable (default)
D2 | PROCHQLTROFILE- |1 = Enable (one-shot trigger) 0 RIW
When the device enters the VAP mode, PROCHOT_PROFILE_VSYS bit will be
automatically set to 1.
Enable PROCHOT_PROFILE_BATPRES
0 = Disable (default)
ppt) | PROCEOTPROFILE_ |1 = Enable (one-shot falling edge triggered) 0 RIW
If PROCHOT_PROFILE_BATPRES is enabled in nPROCHOT after the battery
removal, one-shot nPROCHOT pulse will be send immediately.
Enable PROCHOT_PROFILE_ACOK
PROCHOT_PROFILE_ | 0 = Disable (default)
D[0] ACOK 1 = Enable (one-shot trigger) 0 RIW
This bit detects adapter removal.
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

Charge and nPROCHOT Status

ChargerStatus Register (SMBus Address = 0x20) [Reset = 0x0000]
Table 18. ChargerStatus Register Details

BITS

BIT NAME

DESCRIPTION

PORV

TYPE

D[15]

AC_STAT

0 = Input not present (default)
1 = Input is present

D[14]

ICO_DONE

The bit is set to 1 when the ICO routine is successfully executed.
0 = ICO is not complete (default)
1 =1CO is complete

D[13]

IN_VAP

0 = Not in VAP mode (default)
1 =In VAP mode

D[12]

IN_VINDPM

0 = Not in VINDPM during the forward mode, or not in voltage regulation during OTG
mode (default)
1 = In VINDPM during the forward mode, or in voltage regulation during OTG mode

D[11]

IN_IINDPM

0 = Not in IINDPM (default)
1=1In [INDPM

D[10]

IN_FCHRG

0 = Not in fast charge (default)
1 = In fast charger

D[9]

IN_PCHRG

0 = Not in pre-charge (default)
1 =In pre-charge

D[8]

IN_OTG

0 = Not in OTG (default)
1=InOTG

D[7]

Fault ACOV

0 = No fault (default)
1 =ACOV fault has occurred. After the ACOV fault disappears, host reads this bit to
resetitto 0

RC

D[6]

Fault BATOC

BATOC falut is latched until a read from host. During normal operation, this bit
indicates BATOC fault only. However, this bit indicates both BATOVP and BATOC in
PTM mode.

This bit is not effective when EN_BATOC=0b.

0 = No fault (default)

1 = BATOC fault has occurred. After the BATOC fault disappears, host reads this bit
toresetitto 0

RC

D[5]

Fault ACOC

0 = No fault (default)
1 = ACOC fault has occurred. After the ACOC fault disappears, host reads this bit to
resetitto 0

RC

D[4]

SYSOVP_STAT

SYSOVP Status and Clear Bit

0 = Not in SYSOVP (default)

1 = SYSOVP has occurred. During SYSOVP, the converter is disabled. To clear
SYSOVP condition and re-enable the converter (after OVP cleared), the adapter
must be unplugged or this bit must be reset to 0 by the host.

RW

D[3]

Fault VSYS_UVP

VSYS_UVP fault status and clear. VSYS_UVP fault is latched until a clear from host
by writing this bit to 0.

0 = No fault (default)

1 =VSYS UVP Fault has occurred (VSYS_UVP_ENZ = 0), VSYS_UVP 7 times
restarts fail fault has occurred. Host writes this bit to 0 to clear the VSYS_UVP latch

RW

D[2]

Fault
Force_Converter_Off

The status is latched if triggered until a read from host.
0 = No fault (default)
1 = Force converter off triggered (when FORCE_CONV_OFF (REG0x30[3] = 1)

RC

D[1]

Fault OTG_OVP

0 = No fault (default)
1 = OTG OVP fault has occurred. After the OTG OVP fault disappears, host reads
this bit to reset it to 0

RC

D[0]

Fault OTG_UVP

0 = No fault (default)
1 = OTG UVP fault has occurred. After the OTG UVP fault disappears, host reads
this bit to reset it to 0

RC
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ProchotStatus Register (SMBus Address = 0x21) [Reset = 0xB800]
Table 19. ProchotStatus Register Details

BITS BIT NAME DESCRIPTION PORV | TYPE

D[15] Reserved Reserved. 1 R

nPROCHOT Pulse Extension Enable
0 = Disable (default)

D[14] EN_PROCHOT_EXT |1 =Enable 0 R/W
When it is enabled, the nPROCHOT pin voltage keeps low until PROCHOT_CLEAR
bit = 0 is written.

Minimum nPROCHOT Pulse Width when EN_PROCHOT_EXT Bit=0

00 = 100ps

D[13:12] | PROCHOT_WIDTH[1:0] |01 = 1ms 1 RwW
10 =5ms

11 = 10ms (default)

nPROCHOT Pulse Clear when EN_PROCHOT_EXT Bit =1
D[11] PROCHOT_CLEAR |0 = Clear nPROCHOT pulse and drive nPROCHOT pin high 1 R/W
1 = Idle (default)

TDIE Thermal Shutdown Fault Status Bit

0 = No TDIE thermal shutdown fault (default)

1 = Device in TDIE thermal shutdown fault status

After the TSHUT fault disappears, the host reads this bit to reset it to 0.

The failure that charging VBUS for 7 consecutive times in VAP mode shows either
VBAT is too low to enter VAP mode, or the VAP load current is set too high.

D[9] STAT_VAP_FAIL 0 = Not in VAP failure (default) 0 R/W
1 = In VAP failure, charger exits VAP mode automatically (OTG_VAP_MODE bit =
1), and latches off until the host resets this bit to 0

In VAP mode, the charger can exit VAP mode by either being disabled through host,
or any charger faults occurs.

D[10] TSHUT

D[8] STAT_EXIT_VAP 0 = STAT_EXIT_VAP is not active (default) 0 RW
1 = STAT_EXIT_VAP is active. nPROCHOT pin keeps low until host writes 0 to this
bit
0 = Not triggered (default)

D[7] STAT_VDPM 1 = Triggered. nPROCHOT pin keeps low until host writes 0 to this bit when 0 R/W

PROCHOT_PROFILE_VDPM bit = 1
0 = Not triggered (default)

D[6] STAT_COMP 1 = Triggered. Generate an nPROCHOT pulse when PROCHOT_PROFILE_COMP 0 RC
bit = 1. After CMPOUT pin goes high, host reads this bit to reset it to 0

0 = Not triggered (default)

1 = Triggered. Generate an nPROCHOT pulse when PROCHOT_PROFILE_ICRIT

DI5] STAT_ICRIT bit = 1. After adapter peak current falls below 110% of I.m2, host reads this bit to 0 RC
resetitto 0
0 = Not triggered (default)
1 = Triggered. Generate an nPROCHOT pulse when PROCHOT_PROFILE_INOM

DI4] STAT_INOM bit = 1. After adapter average current falls below 110% of IINDPM, host reads this bit 0 RC
to reset it to 0
0 = Not triggered (default)
1 = Triggered. Generate an nPROCHOT pulse when PROCHOT_PROFILE_IDCHG

D3] STAT_IDCHG bit = 1. After battery discharge current falls below IDCHG_VTH, host reads this bit to 0 RC
resetitto 0
0 = Not triggered (default)
1 = Triggered. Generate an nPROCHOT pulse (one shot trigger, not extend with the

D[2] STAT_VSYS fault condition) when PROCHOT_PROFILE_VSYS bit = 1. Host reads this bit to 0 RC
resetitto 0
0 = Not triggered (default)
1 = Triggered. Generate an nPROCHOT pulse (one shot trigger, not extend with the

D[1] | STAT_Battery_Removal | ¢, it condition) when PROCHOT PROFILE_BATPRES bit = 1. Host reads this bitto|  ° RC
resetitto 0
0 = Not triggered (default)

D[0] STAT Adapter Removal 1 = Triggered. Generate an nPROCHOT pulse (one shot trigger, not extend with the 0 RC

fault COﬂditiOﬂ) when PROCHOT_PROF”_E_ACOK bit = 1. After VVBUS > V\/BUS_CON\/EN
and CHRG_OK pin goes high, host reads this bit to reset it to 0
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeCurrent Register
Charge current is set in ChargeCurrent register (REG0x14). When a 5mQ sense resistor is used, the charge current range is 128mA to
16.256A with 128mA resolution. While if a 10mQ sense resistor is used, the charge current range is 64mA to 8.128A with 64mA resolution.

The ChargeCurrent register will be set to 0A when:

1. Auto wakeup is not active after POR.

2. The CELL_BATPRESZ goes low.

3. Write MaxChargeVoltage register to 0.

4. Set RESET_REG bit = 1 to reset all registers.
5. Adapter plugs out.

6. Watchdog timer out.

The default current sense resistor Rsr between SRP and SRN is 10mQ, other value resistor can also be used. Larger sense
resistor will increase the regulation accuracy but increase the conduction loss at the same time, thus values above 20mQ are not
recommended.

Battery Pre-Charge Current Clamp

In pre-charge, BATFET operates in linear (LDO) mode when EN_LDO bit = 1. For 2-cell to 6-cell batteries, VSYS voltage is
regulated at minimum system voltage and the maximum pre-charge current is 384mA. For 1-cell battery, the pre-charge current
is clamped at 384mA. When Vear is above 3V but below minimum system voltage, the BATFET operates in LDO mode and the
charge current is clamped at 2A.

ChargeCurrent Register with 10mQ Sense Resistor (SMBus Address = 0x14) [Reset = 0x0000]
Table 20. ChargeCurrent Register with 10mQ Sense Resistor Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15] Reserved Internal use only. Do not modify this bit. 0 R/W
Peak Power Mode Overload and Relax Cycle Time
00 = The time follows the same PKPWR_TMAX][1:0] bits setting in
D[14:13] PKPWR_TMAX2[1:0] grir%%(gﬁqt;onZ Register (SMBus Address = 0x31) (default) 00 RIW
10 = 500ms
11 = 1000ms
. 0 = Add OmA of charger current (default)
D[12] Charge Current, Bit 6 1 = Add 4096mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
D[] Charge Current, Bit 5 1 = Add 2048mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
D[1o] Charge Current, Bit 4 1 =Add 1024mA of charger current 0 RW
. 0 = Add OmA of charger current (default)
Do) Charge Current, Bit 3 1 = Add 512mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
Di8] Charge Current, Bit 2 1 = Add 256mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
2y Charge Current, Bit 1 1 =Add 128mA of charger current 0 RW
. 0 = Add OmA of charger current (default)
DIe] Charge Current, Bit 0 1 = Add 64mA of charger current 0 RIW
DI[5:0] Reserved Internal use only. Do not modify this bit. 00 0000 R/W
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ChargeCurrent Register with 5mQ Sense Resistor (SMBus Address = 0x14) [Reset = 0x0000]
Table 21. ChargeCurrent Register with 5mQ Sense Resistor Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15] Reserved Internal use only. Do not modify this bit. 0 R/W
Peak Power Mode Overload and Relax Cycle Time
00 = The time follows the same PKPWR_TMAX][1:0] bits setting in
D[14:13] PKPWR_TMAX2[1:0] grirgiggr?]t;onz Register (SMBus Address = 0x31) (default) 00 RIW
10 = 500ms
11 = 1000ms
. 0 = Add OmA of charger current (default)
D[12] Charge Current, Bit 6 1 = Add 8192mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
D[] Charge Current, Bit 5 1 = Add 4096mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
D[10] Charge Current, Bit 4 1 = Add 2048mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
Do) Charge Current, Bit 3 1 =Add 1024mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
Di8] Charge Current, Bit 2 1 = Add 512mA of charger current 0 RIW
. 0 = Add OmA of charger current (default)
D[] Charge Current, Bit 1 1 = Add 256mA of charger current 0 RW
. 0 = Add OmA of charger current (default)
D[6] Charge Current, Bit 0 1 =Add 128mA of charger current 0 RIW
DI[5:0] Reserved Internal use only. Do not modify this bit. 00 0000 R/W
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

MaxChargeVoltage Register
Charge voltage is set in MaxChargeVoltage register (REGOx15). The charge voltage range is 1.024V to 27.6V with 8mV
resolution.

MaxChargeVoltage Register (SMBus Address = 0x15) [Reset Value Based on CELL_BATPRESZ Pin Setting]
The MaxChargeVoltage register is set to 4200mV for 1-cell, 8400mV for 2-cell, 12600mV for 3-cell or 16800mV for 4-cell or
21000mV for 5-cell or 25200mV for 6-cell by default. After CHRG_OK goes high, the charge will start depending on the charge
current setting in ChargeCurrent register and the charge voltage setting in MaxChargeVoltage register. MaxChargeVoltage
register needs to be set before ChargeCurrent register for correct battery voltage setting if battery voltage is different from
4.2V/cell. Writing MaxChargeVoltage register to 0 will set MaxChargeVoltage register to the corresponding value depending on
CELL_BATPRESZ pin (refer to Battery Cell Configuration section).

The battery voltage is sensed on SRN pin for regulation, and the battery should be placed as close to SRN pin as possible.

Table 22. MaxChargeVoltage Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
s | pueeuox |0 fomaoontor o o |
ot | oot st |32t e o [
D[13] Max Charge Voltage, Bit 10 ‘1) z ﬁgg ng\g;f\f*;?Lghzrr;g'rtf‘/gﬁa(g:fa”'t) 0 RIW
o | e o[RS et s o
o | v e srs |32 At e oot o [
oo | v v or7 |32t o o [
D[9] Max Charge Voltage, Bit 6 (1) = ﬁgg gTQ/m(’vf g?i;%erg;’ftzﬁgg(gefa““) 0 RIW
o1 | WoxCrago otge st |92 AS190Y o chter g i) o |
D[7] Max Charge Voltage, Bit 4 O o g?i[}%‘iggﬁ'\ﬁﬂ:ége‘ca“”) 0 RIW
D[6] Max Charge Voltage, Bit 3 (1) = ﬁgg gT%’&g?gﬁ;%g;;’ggﬁgge(defa““) 0 RIW
D[5] Max Charge Voltage, Bit 2 (1) z ﬁgg gzm%/\fgfgﬁggrgg;’sgﬁggédefa“'t) 0 RIW
D[4] Max Charge Voltage, Bit 1 0 A ?Gm%/\fggzﬁggrg;;’sgﬁggédefa”'t) 0 RIW
D[3] Max Charge Voltage, Bit 0 (1) = ﬁgg gm g; Sﬂiigii Xgliigi (default) 0 RIW
D[2:0] Reserved Internal use only. Do not modify this bit. 000 R/W
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)
MinSystemVoltage Register

The minimum system voltage is set in MinSystemVoltage
register (REGOx3E). The minimum system voltage range is
1.0V to 25.5V with 100mV resolution. Any out-of-range write
is ignored. The MinSystemVoltage register is set to 3.6V for
1-cell, 6.6V for 2-cell, 9.2V for 3-cell, 12.3V for 4-cell, 15.4V
for 5-cell and 18.5V for 6-cell by default. Writing
MinSystemVoltage register to 0 will set MinSystemVoltage
register to the corresponding value depending on
CELL_BATPRESZ pin (refer to Battery Cell Configuration
section).

System Voltage Regulation
The system is separated from battery by BATFET, and the
system is regulated above the minimum system voltage
setting in MinSystemVoltage register even if the battery is
completely depleted or removed.

The BATFET is in LDO mode and the system is regulated
above Vsysumin when the battery voltage is below Vsysmin.

When the battery voltage is above Vsysumin, the BATFET is
fully on (during charge or in the supplement mode) and the
system voltage is regulated at battery voltage plus the Vbs of

BATFET. The BATFET is off and the system voltage is
regulated at battery voltage plus about 200mV when the
charge is disabled and not in supplement mode.

VSYS is shorted to SRP if BATFET is removed. At this
condition, LDO mode must be disabled before starting
converter. Follow the sequence below to configure charger.

1. Before the adapter is plugged in, set the charger into HIZ
mode by pulling ILIM_HIZ pin to ground or setting EN_HIZ bit
to 1.

2. Disable LDO mode by setting EN_LDO bit to 0.
3. Disable auto-wakeup mode by
AUTO_WAKEUP_EN bit to 0.

4. Make sure the battery voltage is set properly in
MaxChargeVoltage register.

5. Set pre-charge/charge current in ChargeCurrent register.
6. Exit HIZ mode by releasing ILIM_HIZ from ground and set
EN_HIZ bit to 0.

setting

When exiting HIZ mode, the low input current limit (a few
hundred milliamps) should be set to avoid accidental SW
mistakes.

MinSystemVoltage Register (SMBus Address = 0x3E) [Reset Value Based on CELL_BATPRESZ Pin Setting]

Table 23. MinSystemVoltage Register Details

BITS BIT NAME

DESCRIPTION PORV TYPE

D[15] Minimum System Voltage, Bit 7

0 = Add OmV of system voltage (default)
1 =Add 12800mV of system voltage

0 RW

D[14] Minimum System Voltage, Bit 6

0 = Add OmV of system voltage (default) 0 RIW
1 = Add 6400mV of system voltage

0 = Add OmV of system voltage (default)

1 = Add 800mV of system voltage

D[13] Minimum System Voltage, Bit 5 1 = Add 3200mV of system voltage 0 R/W
. . 0 = Add OmV of system voltage (default)

D[12] Minimum System Voltage, Bit 4 1 = Add 1600mV of system voltage 0 R/W

D[1] | Minimum System Voltage, Bit3 |© = Add OmV of system voltage (default) 0 RIW

D[10] Minimum System Voltage, Bit 2

0 = Add OmV of system voltage (default) 0 RIW
1 = Add 400mV of system voltage

0 = Add OmV of system voltage (default)

DI[9] Minimum System Voltage, Bit 1 1 = Add 200mV of system voltage 0 R/W
. . 0 = Add OmV of system voltage (default)

DI[8] Minimum System Voltage, Bit 0 1 = Add 100mV of system voltage 0 R/W

D[7:0] Reserved Reserved. 8388 R/W
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

Input Current and Input Voltage Registers
for Dynamic Power Management

The SGM41580 features dynamic power management (DPM).

When the input current tries to exceed the input current limits
or the input voltage tends to fall below the input voltage limit,
the device gives priority to provide system load by reducing
the battery charge current adequately to avoid the input
parameter (voltage or current) exceeding the limit.

If the charge current is decreased and reached to zero, but
the input is still overloaded, the system voltage starts to drop
with the system load rising. When the system voltage drops
below the battery voltage, the device operates in the
supplement mode and the battery provides a portion of
system power demand through BATFET.

Input Current Limit Registers

The input current limit is set in [IN_HOST register (REGOx3F).
With a 10mQ sense resistor, the input current limit range is
50mA to 6350mA with 50mA resolution. The input current
limit is reset to the default value when the adapter is removed,
and the input current limit is 50mA when the [IN_HOST
register code is set to 0. The default nominal input current
limit is 3.25A. Upon adapter removal, the input current limit is
reset to the default value of 3.25A.

While with a 5mQ sense resistor, the input current limit range
is 100mA to 10000mA with 100mA resolution if IADPT pin
resistor is larger than 160kQ. Same input current limit range
applies to that IADPT pin resistor is smaller than 160kQ and
EN_FAST_5MOHM bit = 0. Input current limit range is 100mA
to 6400mA, with 100mA resolution if IADPT pin resistor is
smaller than 160kQ and EN_FAST_5MOHM bit = 1, writing
value higher than limitation will be neglected. And the input
current limit is 100mA when the IIN_HOST register code is
set to 0. The default current limit is 3.2A. Upon adapter
removal, the nominal input current limit is reset to the default
value of 3.2A. The default current sense resistor Rac between
ACP and ACN is 5mQ, the other value resistor such as 10mQ
can also be used. Larger sense resistor will increase the
regulation accuracy, but will increase the conduction loss at
the same time.

External input current limit can be set by ILIM_HIZ pin voltage
using the following equation, in which Iopwm is the target input
current limit.

Vium_Hiz = 1V + 40 % (Vacp - Vacn) = 1+ 40 x Ippm X Rac (2)

Writing EN_EXTILIM bit to 0 or pulling ILIM_HIZ pin above
4.0V can disable ILIM_HIZ pin.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

IIN_HOST Register with 10mQ Sense Resistor (SMBus Address = 0x3F) [Reset = 0x4100]

Table 24. IIN_HOST Register with 10mQ Sense Resistor Details

BITS BIT NAME DESCRIPTION PORV | TYPE
D[15] Reserved Reserved. 0 R/W
D[14] | Input Current set by Host, Bit 6 ‘1) :ﬁgg gg‘&g&”&“i;g‘dzfﬂﬁrem (dofaul 1 RIW
D3] | Input Current set by Host, Bit 5 | _ A% ?g&gj\”&“&gﬂf&?ﬁrgﬁf&‘““) 0 RIW
D[12] | Input Current set by Host, Bit 4 (1’ :ﬁgg g?ﬁm‘ﬁ m‘égﬁ‘::ﬂ;ﬁef&‘“'t) 0 RIW
D[11] | Input Current set by Host, Bit 3 (1’ :ﬁgg gg“(fm‘ji ic:}piﬁgﬁ‘:gjr”r;ﬁefa“'t) 0 RIW
D[0] | Input Current set by Host, Bit 2 ‘1) :ﬁgg gg‘(fm‘;i Qﬁﬁ;}ﬁi‘gjﬂgﬁem“'“ 0 RIW
D[9] Input Current set by Host, Bit 1 | § 2290 9MA T gﬁﬂ;ﬁfgﬁ;}aﬁem““) 0 RIW
D[8] Input Current set by Host, Bit 0 (1’ :ﬁgg gg“rﬁ:‘;'f”lgghf‘é:sg;t (defaut 1 RIW
D[7:0] Reserved Reserved. 0000 0000 R

NOTE: The low clamp value is 0 bO00 0001.

When 10mQ is used for both input and charge current sensing, the precharge current clamp is 384mA (2A for 1-cell if Vsysmin >
Veat > 3V), the maximum IIN_HOST setting is clamped at 6.35A, and the maximum charge current is clamped at 8.128A.

IIN_HOST Register with 5mQ Sense Resistor (SMBus Address = 0x3F) [Reset = 0x2000]

Table 25. IIN_HOST Register with 5mQ Sense Resistor Details

BITS BIT NAME DESCRIPTION PORV | TYPE
D[15] Reserved Reserved. 0 R/W
D[14] | Input Current set by Host, Bit 6 | _ A% gT&gA”&ﬂ;gﬂ;fﬂ:rgﬁfau“) 0 RIW
D[13] | Input Current set by Host, Bit5 | _ A% g?&g;”;ﬂ;gﬂ[fﬂﬁrem (dfaut 1 RIW
D[12] | Input Current set by Host, Bit 4 (1’ :ﬁgg ?g&ﬂ;”gﬁ;g‘d[fﬂﬁrﬁfa“'t) 0 RIW
D[11] | Input Current set by Host, Bit 3 ‘1) :ﬁgg ggé“m‘g Qﬁﬁ;ﬁ;‘gjﬁgﬁem““) 0 RIW
D0] | Input Current set by Host, Bit 2 | _ 449 ImAf gﬁﬂ;ﬁfgﬁrﬁgﬁem““) 0 RIW
D[9] Input Current set by Host, Bit 1 (1’ Zﬁﬂﬂ gg}fm‘ﬁ Eﬁﬁ;ﬁfgjgteﬁefa“”) 0 RIW
D[8] Input Current set by Host, Bit 0 (1’ :ﬁgg ?g“(fm‘ji mﬁgﬁ?gﬂgﬁemun) 0 RIW
D[7:0] Reserved Reserved. 0000 0000 R

NOTE: The low clamp value is 0 bO00 0001.
The maximum input current can also be extended based on EN_FAST_5MOHM bit status and IADPT pin resistor:

1. If the IADPT pin resistor is less than 160kQ and EN_ FAST_5MOHM bit is set to 1, IIN_HOST DAC is clamped at 6.4A, writing
IIN_HOST value beyond 6.4A will be neglected.

2. If the IADPT pin resistor is below 160kQ and EN_FAST_ 5MOHM bit is set to 0, IN_HOST DAC can be extended up to 10A,
writing IIN_HOST value beyond 10A will be neglected.
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

IIN_DPM Register with 10mQ Sense Resistor (SMBus Address = 0x22) [Reset = 0x4100]
IIN_DPM register reports the actual input current limit programmed by [IN_HOST or ICO algorithm. ICO algorithm may change
the input current limit and the value in [IN_DPM register.

For normal adapter application, to read the nominal input current limit, there is 50mA offset for 10mQ sense resistor and 100mA
offset for 5mQ sense resistor when IIN_DPM register code is 0. Note: this offset is only for code 0. Refer to Table 26.

Table 26. IIN_DPM Register with 10mQ Sense Resistor Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15] Reserved Reserved. 0 R
. . 0 = Add OmA of input current
D[14] Input Currentin DPM, BIt6 | 1 _ 544 3500mA of input current (default) 1 R
. . 0 = Add OmA of input current (default)
D[13] Input Currentin DPM, Bit 5 | 4 _ Adq 1600mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[12] Input Currentin DPM, Bit4 | 4'_ % 44 800mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[11] Input Current in DPM, Bit 3 | 4 _ 4 400mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[10] Input Current in DPM, Bit2 | 4 _ 44 200mA of input current 0 R
. . 0 = Add OmA of input current (default)
DI9] Input Currentin DPM, Bit1 | 1 _ a44 100mA of input current 0 R
. . 0 = Add OmA of input current
D[8] Input Current in DPM, Bit 0 1 = Add 50mA of input current (default) 1 R
D[7:0] Reserved Reserved. 0000 0000 R
NOTE: The low clamp value is Ob 0000 0001
IIN_DPM Register with 5mQ Sense Resistor (SMBus Address = 0x22) [Reset = 0x2000]
Table 27. IIN_DPM Register with 5mQ Sense Resistor Details
BITS BIT NAME DESCRIPTION PORV TYPE
D[15] Reserved Reserved. 0 R
. . 0 = Add OmA of input current (default)
D[14] Input Current in DPM, Bit 6 1 = Add 6400mA of input current 0 R
. . 0 = Add OmA of input current
D[13] Input Currentin DPM, BIt5 | 1 _ 544 3200mA of input current (default) 1 R
. . 0 = Add OmA of input current (default)
D[12] Input Currentin DPM, Bit4 | 1 _ 544 1600mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[11] Input Current in DPM, Bit 3 |1 _ 4 800mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[10] Input Current in DPM, Bit2 | 4 _ 4 400mA of input current 0 R
. . 0 = Add OmA of input current (default)
D[] Input Current in DPM, Bit 1 1 = Add 200mA of input current 0 R
. . 0 = Add OmA of input current (default)
DI8] Input Current in DPM, Bit 0 1 = Add 100mA of input current 0 R
D[7:0] Reserved Reserved. 0000 0000 R

NOTE: The low clamp value is Ob 0000 0001
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)
InputVoltage Register (SMBus Address = 0x3D) [Reset = VBUS - 1.28V]

The input voltage limit is set in InputVoltage register (REG0x3D). When the input voltage drops below the value programmed in
InputVoltage register, the charger enters VINDPM. The default value of input voltage limit is 1.28V below the no-load VBUS
voltage, and the value is 3.2V when the InputVoltage register code is set to 0. Refer to Table 28.

Table 28. InputVoltage Register Details

BITS BIT NAME DESCRIPTION PORV | TYPE
D[15] Reserved Internal use only. Do not modify this bit. 0 R/W
o | mevnnsre__[1 Tt ot o | e
D[13] Input Voltage, Bit 7 0 A gqﬂg\;r‘:{\}”{s“‘i;;ﬁ'ttigﬁ;ggfa““) 0 RIW
D[12] Input Voltage, Bit 6 0 A ggng\g%f\}”g‘i;‘éﬁ'ttigﬁ;geefa“'t) 0 RIW
D[11] Input Voltage, Bit 5 07 Aad gomdfg%f\}”cﬁul;;ﬁ'ttigﬁ a(nga“'t) 0 RIW
oo | mrvnsve_[1 ottt o e
on | rem s 1ot o e
o | e[S St o
D[7] Input Voltage, Bit 1 g e o of L:}ﬁﬁ;ﬁ?czﬁgg(gefa““) 0 RIW
on | rwom e [1oi o | e
D[5:0] Reserved Internal use only. Do not modify this bit. 00 0000 R/W

€ P> G Micro Corp JANUARY 2026
semICRO WWW.sg-micro.com 2



SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

OTGVoltage Register (SMBus Address = 0x3B) [Reset = 0x09C4]

The OTG output voltage limit is set in OTGVoltage register (REG0x3B). The range of OTG output voltage limit is 3V to 28.16V.
Although it is possible to successfully write the registers with a value below the minimum or above the maximum, the actual OTG
output voltage is limited.

Table 29. OTGVoltage Register Details

BITS BIT NAME DESCRIPTION PORV | TYPE
D[15:14] Reserved Internal use only. Do not modify this bit. 00 R/W
ot | orovaege st |92ASmY LCTC vlage oo o | e
D[12] OTG Voltage, Bit 10 (1’ :ﬁgg 2’1“9\23“\/0;%%%2%3:@““) 0 RIW
o) | orevme e [JAREVICTO | e
D[10] OTG Voltage, Bit 8 ‘1) :ﬁgg g?‘:/&?]fvo;%%tigﬁ;g:fa“”) 0 RIW
o1 | oTavatape 7 |02ASY oOTC e oo o | e
w1 | orovamenms |SIAMIV AT | e
DI7] OTG Voltage, Bit 5 (1) :ﬁgg g?e;/mc\); 8‘TOGT\gl\3ilgtzge (default) 1 RIW
DI6] OTG Votage Bit4 | a4 15amy oongT\gt?)ﬁde (default) 1 RIW
D[5] OTG Voltage, Bit3 |9 ZA% gTrXVOL?g%"%ﬁggédefa“'t) 0 RIW
o | oravtmpez | 92ASIY 0T g ) o | e
o1 | oTavatape 1 |02ASIY 0T v G o | e
w1 | oravameno [(IANIVACT | e
D[] PSM_LOWIQ (1) N Eirf':tf’lf (default) 0 RIW
DI[0] Reserved Internal use only. Do not modify this bit. 0 R/W
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SGM41580

SMBus NVDC Buck-Boost
Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

OTGCurrent Register (SMBus Address = 0x3C) [Reset = 0x3C00]
The OTG output current limit is set in OTGCurrent register (REG0x3C).

Table 30. OTGCurrent Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15] Reserved Internal use only. Do not modify this bit. 0 R/W
D[14] OTG Current Set by Host, Bit 6 DI6:0] 0 R/W
n = D[6:
D[13] OTG Current Set by Host, Bit 5 1 R/W
. OTG Output Current Limit Value = 50 x n (mA)
DI12] OTG Current Set by Host, Bit4 | &2 ge: OmA (0000000) - 6350mA (1111111) (base on 10mQ ! RIW
D[11] OTG Current Set by Host, Bit 3 Sensing Resistor) 1 R/W
D[10] OTG Current Set by Host, Bit2 | 51G Qutput Current Limit Value = 100 x n (mA) 1 RW
D[9] OTG Current Set by Host, Bit 1 Range: OmA (0000000) - 12700mA (1111111) (base on 5mQ 0 R/W
Sensing Resistor)
D[8] OTG Current Set by Host, Bit 0 0 R/W
D[7:2] Reserved Internal use only. Do not modify this bit. 0000 00 R/W
Switching Frequency Selection Bit 2 (Choose Based on the
Inductor Value)
0 = Follow REG0x12[9] PWM_FREQ (default)
D[1] PWM_FREQ2 1 =430kHz 0 RW
1100kHz is recommended for 1uH.
800kHz is recommended for 2.2uH or 3.3uH.
430kHz is recommended for 4.7uH.
DI[O0] Reserved Internal use only. Do not modify this bit. 0 R/W
€ Y 56 Micro Corp JANUARY 2026
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

VMIN ActiveProtection Register (SMBus Address = 0x37) [Reset = 0x006C (2-cell to 6-cell)]
VBUS_VAP_PROCHOT trigger threshold is set in Register (REG0x37[15:9]). The VBUS_VAP_PROCHOT trigger threshold
range is 3.2V (0000 000b) to 15.9V (1111 111b) with 100mV resolution. The fixed offset is 3.2V and the Power-On Rest Value of
VBUS_VAP_PROCHOT trigger threshold is 3.2V (0000 000b).

The VSYS_TH2 threshold to assert STAT_VSYS is set in register (REGOx37[7:2]). It's triggered when Vsvs < Vsys_tH2 with fixed
5us deglitch time. The Vsys_th2 threshold range is 3.2V (000 000b) to 9.5V (11 1111b) with 100mV resolution for 2S-6S. The
Power-On Rest Value of Vsys_tH2 threshold is 5.9V (011 011b) for 2S-6S.

Table 31. Vmin ActiveProtection Register Details

BITS BIT NAME DESCRIPTION PORV TYPE

0 = Add OmV of VAP mode VBUS PROCHOT trigger voltage threshold

D[15] | VBUS_VAP_TH, Bit6 | 1 _ Add 6400 mV of VAP Mode VBUS PROCHOT trigger voltage threshold 0 RW
o | veus e o [J= A SRS o v ool s e roie | |
o | vovs e e |32 AR e e o vomte |5 |
DIf2] | VBUS_VAP_TH,Bit3 |4 A0 e VAP mads VBUS PROCHOT tiguer voiage threshold 0 RIW
o1 | vous etz [J At e e BT o e ts |5 |
e I
D[9] VBUS_VAP_TH, Bit 0 0 = Add OmV of VAP mode VBUS PROCHOT trigger voltage threshold 0 RIW

1 = Add 100mV of VAP mode VBUS PROCHOQOT trigger voltage threshold

D[8] Reserve Reserve 0 R/W
0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold

D[7] VSYS_TH2, Bit5 |4 _ 44 3200mV of VAP Mode VSYS PROCHOT trigger voltage threshold 0 RW
. 0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold
DI6] VSYS_TH2,Bit4 | 1 _ A4d 1600mV of VAP Mode VSYS PROCHOT trigger voltage threshold 1 RIW
. 0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold
DI5] VSYS_TH2,Bit3 |1 _ Add 800mV of VAP mode VSYS PROCHOT trigger voltage threshold 1 RIW
. 0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold
DI4] VSYS_TH2, Bit2 |1 _ A4d 400mV of VAP mode VSYS PROCHOT trigger voltage threshold 0 RW
. 0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold
D[3] VSYS_TH2, Bit1 |4 = A4d 200mV of VAP mode VSYS PROCHOT trigger voltage threshold ! RW
. 0 = Add OmV of VAP mode VSYS PROCHOT trigger voltage threshold
D[2] VSYS_TH2,BIit0 |1 _ A4d 100mV of VAP mode VSYS PROCHOT trigger voltage threshold 1 RIW
Enable Internal VSYS_TH2 Follow VSYS_TH1 Setting Neglecting Register
ol1] EN_VSYSTH2._  |REGOX37[7:2] Setting 0 .
FOLLOW_VSYSTH1 |0 = Disable (default)
1 = Enable
Fast Role Swap Feature Enable Bit.
D[0] EN_FRS 0 = Disable (default) 0 RIW
1 = Enable
€ Y 56 Micro Corp JANUARY 2026
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ADCOption Register (SMBus Address = 0x35) [Reset = 0x2000]
The ADC registers reading order: VBAT, VSYS, ICHG, IDCHG, IIN, PSYS, VBUS, and CMPIN. In low power mode, ADC is
disabled.

Table 32. ADCOption Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
ADC Conversion Update Mode Selection
0 = One-shot update. Update the registers of ADCVBUS/ADCPSYS, ADCIBAT,
ADCIIN/ADCCMPIN and ADCVSYS/ADCVBAT once after ADC_START bit = 1

D[15] ADC_CONV (default) 0 R/W
1 = Continuous update. Update the registers of ADCVBUS/ADCPSYS, ADCIBAT,
ADCIIN/ADCCMPIN and ADCVSYS/ADCVBAT every 1 second
The typical time of ADC conversion is 10ms.
0 = No ADC conversion (default)

D[14] ADC_START 1 = Start ADC conversion 0 R/W
This bit automatically resets to 0 when the one-shot update is completed.
ADC Input Voltage Range

D[13] ADC_FULLSCALE 0 = 2.04V (recommended when input voltage is below 6V or 1-cell battery) 1 R/W
1 =3.06V (default)

D[12:8] Reserved Reserved. 0 0000 R/W

D[7] EN_ADCCMPIN | O = Disable (default) 0 RIW
1 =Enable

D[6] EN_ADCvBUs | = Disable (default) 0 RIW
1 =Enable

D[5] EN_ADCPSYS 0 i Disable (default) 0 RIW
1 =Enable

D4] EN_ADCIIN 0 f Disable (default) 0 RIW
1 =Enable

D3] EN_ADCIDCHG |9 = Disable (default) 0 RIW
1 =Enable

D[2] EN_ADCICHG 0 i Disable (default) 0 RIW
1 =Enable

D[] EN_ADCVSYS 0 f Disable (default) 0 RIW
1 =Enable

D[0] EN_ADCVBAT 0 f Disable (default) 0 RIW
1 =Enable
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SMBus NVDC Buck-Boost
SGM41580 Charge Controller for 1- to 6-Cell Battery

REGISTER AND DATA (continued)

ADCVBUS/ADCPSYS Register (SMBus Address = 0x23)

* VBUS: Range from 0V to 12000mV with 96mV LSB when VBUS_A12 bit = 0 (Vsus < 12000mV)

* VBUS: Range from 12000mV to 30480mV with 96mV LSB and 8.6V offset when VBUS_A12 bit = 1 (Veus > 12000mV)
* PSYS: Range from 0V to 3.06V with 12mV LSB (ADC_FULLSCALE bit = 1)

* PSYS: Range from OV to 2.04V with 8mV LSB (ADC_FULLSCALE bit = 0)

Table 33. ADCVBUS/ADCPSYS Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15:8] ADCVBUSJ[7:0] 8-Bit Digital Output of Input Voltage 0000 0000 R
D[7:0] ADCPSYS[7:0] 8-Bit Digital Output of System Power 0000 0000 R

VBUS_A12/ADCIBAT Register (SMBus Address = 0x24)

* ICHG: Range from OA to 8.128A with 64mA LSB (10mQ sense resistor)

* ICHG: Range from OA to 16.256A with 128mA LSB (5mQ sense resistor)

* IDCHG: Range from 0A to 32.512A with 256mA LSB, and maximum is clamped to 32.512A (10mQ sense resistor)
* IDCHG: Range from OA to 65.024A with 512mA LSB, and maximum is clamped to 65.024A (5mQ sense resistor)

Table 34. ADCIBAT Register Details
BITS BIT NAME DESCRIPTION PORV TYPE

0 = VBUS voltage is not greater than 12000mV (default).
1 = VBUS voltage is greater than 12000mV.

D[14:8] ADCICHGI6:0] 7-Bit Digital Output of Battery Charge Current 000 0000
D[7] Reserved Reserved. 0
D[6:0] ADCIDCHG[6:0] 7-Bit Digital Output of Battery Discharge Current 000 0000

D[15] VBUS_A12 0

|0 | 0| A

ADCIIN/ADCCMPIN Register (SMBus Address = 0x25)

« [IN: Range from OA to 12.75A with 50mA LSB (10mQ sense resistor)

* [IN: Range from 0OA to 25.50A with 100mA LSB (5mQ sense resistor)

* CMPIN: Range from 0V to 3.06V with 12mV LSB (ADC_FULLSCALE bit = 1)

* CMPIN: Range from 0V to 2.04V with 8mV LSB (ADC_FULLSCALE bit = 0)

Table 35. ADCIIN/ADCCMPIN Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15:8] ADCIIN[7:0] 8-Bit Digital Output of Input Current 0000 0000 R
D[7:0] ADCCMPINI[7:0] 8-Bit Digital Output of CMPIN Voltage 0000 0000 R

ADCVSYS/ADCVBAT Register (SMBus Address = 0x26)
» VSYS: Range from 2.88V to 19.2V with 64mV LSB (1-Cell to 4-Cell)

* VSYS: Range from 8.16V to 24.48V with 64mV LSB (5-Cell)

* VSYS: Range from 11.52V to 27.6V with 64mV LSB (6-Cell)

* VBAT: Range from 2.88V to 19.2V with 64mV LSB (1-Cell to 4-Cell)

* VBAT: Range from 8.16V to 24.48V with 64mV LSB (5-Cell)

* VBAT: Range from 11.52V to 27.6V with 64mV LSB (6-Cell)

Table 36. ADCVSYS/ADCVBAT Register Details
BITS BIT NAME DESCRIPTION PORV TYPE

D[15:8] ADCVSYS[7:0] 8-Bit Digital Output of System Voltage 0000 0000 R
D[7:0] ADCVBAT[7:0] 8-Bit Digital Output of Battery Voltage 0000 0000 R
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SMBus NVDC Buck-Boost

SGM41580 Charge Controller for 1- to 6-Cell Battery
REGISTER AND DATA (continued)
ID Registers

ManufacturelD Register (SMBus Address = 0xFE) [Reset = 0x0007]
Table 37. ManufacturelD Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15:8] Reserved Reserved. 0000 0000 R
D[7:0] MANUFACTURE_ID[7:0] | 0x07, read only. 0000 0111 R

DevicelD (DeviceAddress) Register (SMBus Address = 0xFF) [Reset = 0x0080]
Table 38. DevicelD (DeviceAddress) Register Details

BITS BIT NAME DESCRIPTION PORV TYPE
D[15:8] Reserved Reserved. 0000 0000 R
D[7:0] DEVICE_ID[7:0] 0x80 = SGM41580, read only. 1000 0000 R
€ Y 56 Micro Corp JANUARY 2026
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

APPLICATION INFORMATION

The SGM41580 is a synchronous Buck-Boost battery charge
controller with NVDC power path management. It is typically
used as a charger controller with portable applications such
as notebooks, tablets and other mobile devices with
rechargeable batteries.

Design Requirements

Table 39 provides a list of requirements for a typical
application design. Input voltage and current are specified
based on the adapter specifications and minimum system
voltage. Battery charge voltage and charge current are
determined based on the battery specifications.

Table 39. Design Requirements for a 3-Cell Battery
Application

Design Parameter

Example Values (for a 3-Cell battery)

Input Voltage 3.5V < Adapter Voltage < 28V
Input Current Limit 3.2A (for a 65W Adapter)
Battery Charge Voltage 12600mV

Battery Charge Current 3072mA

Minimum System Voltage 9200mV

Detailed Design Procedure

Many parameters such as charging current and voltage can
be configured by the software. Figure 2 shows a simplified
application circuit. Inductor, capacitor, and MOSFET are
essential for the converter.

ACP-ACN Input Filter

Because the SGM41580 uses average current mode control,
proper sensing of the input current is critical to recover the
inductor current ripple. This current is sensed by the
differential voltage between ACP and ACN across Rac
resistor. Parasitic inductances over the shunt and PCB

RAC
WA

connections must be avoided because they cause high
frequency ringing on ACP-ACN and deteriorate the sensed
current. Large parasitic inductance can also cause current
loop instability. The filter suggested in Figure 11 can be used
to remove such parasitic noises. Insignificant delays would
not deteriorate the loop stability.

Inductor Selection

Three fixed switching frequencies (fsw) can be selected.
Choose the higher one to reduce the inductor and capacitors
values. Select the inductor saturation current larger than
maximum charging current (lchg, plus system current if there
is any system load) plus half the peak-to-peak ripple current
(IripPLE_BUCK) for the Buck mode:

IsaT 2 Iche + (1/2) IriPPLE_BuUCK (3)

Select the inductor saturation current which is larger than the
maximum input current plus half the peak-to-peak ripple
current (IrippLE_BoOST) for the Boost mode:

Isat = Iin + (1/2) IRiPPLE_BOOST (4)

In Buck CCM mode (D = Veat/ViN), the inductor ripple current

is determined by:

Vj xDx(1-D) (5)
fow XL

And in Boost CCM mode (D = 1 - Vin/VBaT), the inductor ripple

current is determined by:

RIPPLE_BUCK —

IriPPLE_BOOST = (Vin * D)/(fsw x L)

J_G x10uF Rl
I (0805)  4990F
I
q Corr ¢

Cacp —r Open

33nF L

Q1
Tor Lo o

L Racn 10nF 1nF
7 4.990 1(0402) 1(0402)

j— Cacn

L 33nF

ACP ACN

SGM41580

HIDRV1

Figure 11. ACN-ACP Input Filter

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

JANUARY 2026
64



SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

APPLICATION INFORMATION (continued)

In Buck mode, the maximum ripple current occurs around D =
0.5. For example, for a 3-cell battery, the charging voltage
range is 9V to 12.6V and if a 20V adapter voltage is applied,
the inductor current ripple is maximum when the battery
voltage is around 10V. For a 4-cell battery (12V to 16.8V
voltage range), when battery voltage is 12V, the inductor
ripple current is at its maximum.

Typically, the inductance is selected such that the ripple is
within 20% to 40% of the maximum charging current for a
tradeoff between the inductor losses and its dimensions.

Input Capacitor

The input capacitor must tolerate the inductor ripple current.
With a pulse current duty cycle of D and the DC charging
current of Iche (plus system current if there is any system
load), the RMS current can be estimated of the Buck mode by

Equation 6:
lew_suck =lore X\/DX(1_D) (©6)

Note that around D = 0.5 the RMS current in the capacitor is
maximum.

The RMS current can be estimated of Boost mode by
Equation 7:

|
RIPPLE_BOOST _
lew_soost = ~0.29%lgppie_poost
2x+/3

(7)
Use low ESR ceramic capacitor (X7R or X5R etc.) for input
decoupling and place them before current sense resistor and
as close as possible to the power stage. The capacitance
between the Rac (current sense resistor) and the power stage
should not be too large. Otherwise, the ripple information of
the inductor current will be distorted. Consider ceramic
capacitor (MLCC) DC bias voltage derating (which may lead
to significant capacitance drop) of the capacitors for choosing
their rated voltage. Tantalum capacitors (POSCAP) can avoid
DC bias effect and temperature variation effect which is
recommended for higher power application.

In addition, the input capacitor of the system in OTG mode is
changed to the output capacitance of OTG. It should also be
considered that the input capacitance can affect the output
voltage ripple and transient response in OTG mode.

Output Capacitor

The output capacitor (on the system) must have enough RMS
current rating to carry the inductor switching ripple and
provides enough energy for system ftransient current
demands. For the Buck mode, Icout (Coutr RMS current) can
be calculated by:

|
ICOUTiBUCK = m;%jgw ~0.29x IRIPPLEiBUCK (8)
The output voltage ripple can be calculated by:
V, V,
AVO ok = ouT [1_ ouT j 9
-oueK 8LCOUTfSW2 Vieus ®

For the Boost mode, lcour (Cout RMS current) can be

calculated by:
loour_soost = I X\/DX(1_D) (10)

The output voltage ripple can be calculated by:

AV _ lene XD
0_BOOST ~§ 5
sw X “out

(11)

For the best stability, place at least a 10uF/0805 capacitor
after the charge current sense resistor (Rsr).

Power MOSFETs Selection

Four N-channel MOSFETs are needed for the charger's
synchronous switching converter along with one P-channel
MOSFET for BATFET. The internal gate drivers provide 6V
drive voltage. Choose 30V or higher rated MOSFETSs for 19V
~ 20V input voltage.

To tradeoff between conduction and switching losses, the
figure-of-merit (FOM) is a common parameter used for switch
comparison. The FOM is defined as the product of the
MOSFETs Rops(on to its gate-to-drain charge, and Qcp is for
top-side switches. The Rps(on) times total gate charge, and
Qg is for the bottom-side switches.

FOMropr = Rps(on) ¥ Qaep; FOMeoTtTom = Roson) X Qe (12)

A lower FOM value shows smaller total loss. Switches with
lower Rosion) in the same package are usually more
expensive.

The top-side MOSFET loss can be calculated as (Buck
mode):

1 13
Prop =D x |<:HG2 x RDS(ON) + 2 x Vi % lope % (tON +torr ) x fsw (13)
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

APPLICATION INFORMATION (continued)

The first and second terms represents the conduction and
switching losses respectively. ton and torr are switch turn on
and turn off times which are given by:

“Qsny_Qu (14)

tON = OFF — |

ION OFF

Where lon and lorr are gate drive currents. Qsw is the
switching charge. It can also be estimated by the following
equation if it is not given:

Qg :QGD+%XQGS (15)

The gate driving/sinking currents can be estimated from (16)
in which the Vreon is the REGN voltage, Vet is the MOSFET
plateau voltage, Ron is the total turn-on gate resistance, and
Rorr is the total driver turn-off gate resistance:

— VREGN _VPLT | _ VPLT (16)

oN slorF =
Ron R

OFF

For the bottom switches, the conduction loss in synchronous
continuous conduction mode is given by:

Psottom = (1 - D) % Icra? % Ros(on) 17)

For detailed efficiency calculation, please refer to the
application note “Lapfop Charging Application Design and
System Efficiency Estimation”.

Power Supply Recommendations

An adapter with 3.5V to 28V voltage which is capable to
provide at least 500mA can be used with this device.
CHRG_OK = HIGH shows that adapter is powering the
system through the charger. If the adapter is removed, the
system will connect to the battery through BATFET. Usually,
the battery depletion threshold is larger than the minimum
system voltage setting such that full battery capacity can be
utilized.
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SGM41580

SMBus NVDC Buck-Boost

Charge Controller for 1- to 6-Cell Battery

LAYOUT GUIDELINES

A good layout is critical for proper performance of a switching
charger. To reduce the switching losses, the hard switching

rise and fall times of the switching nodes should be minimized.

Also, to reduce electric and magnetic couplings and noise
radiation from the high frequency path, the loop area and
conductor surfaces must be minimized.

A list of PCB layout guidelines is given below. It is important
to prioritize these guidelines in the order in this list.

1. Place the input capacitor right on the supply and ground
connection points of switching legs and on the same layer as
the switches. Avoid vias in the high frequency current paths if
possible.

2. Keep the device close to the switch gate pins to minimize
gate drive trace lengths. The device can be placed on the
opposite side of the PCB. Connect the gates with some
parallel vias to minimize gate connection impedance.

3. Place the inductor pins as close as possible to the
switching nodes. Keep the switching node connections short
and wide with minimal copper area to minimize capacitive
coupling noise and radiation. Do not use multiple traces in
parallel layers. Try to minimize parasitic capacitance from this
area to any other trace or plane, especially the sensitive
analog signal traces.

4. Place the charge current sense resistor right next to the
inductor output. Use kelvin contact to connect the sense
traces across the shunt resistor and keep both traces on the
same layer, close to each other and away from high current
paths. Place a decoupling capacitor between sense lines just
before reaching the device.

5. Place one of the output capacitors next to the battery
sensing resistor and ground.

6. Connect the ground returns of the input and output
capacitors together and then connect them to the system
ground to minimize high frequency current loop areas and
path length.

7. Connect the charger power and analog grounds only at
one point just beneath the device (thermal pad). Pour analog
ground copper planes but keep them away from power pins to
minimize inductive and capacitive noise coupling.

8. Use separate routes for analog and power grounds.
Connect analog and power grounds at one point on the
thermal pad or use a 0Q resistor as connection to separate
analog and power ground nets in the layout. In this case, tie
the thermal pad to the analog ground if possible.

9. Always place the decoupling capacitors right next to the
device pins with the shortest possible traces.

10. It is important to solder the device thermal pad and use
proper thermal vias to conduct the heat to the backside
ground plane of the board for cooling.

11. Choose proper size and quantity of vias in each current
path.

Recommended PCB layout

The layout example of top layer (including all the key power
components) is shown below based on the above layout
guidelines.
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Figure 12. PCB Layout Example
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TQFN-4x4-32AL
PIN 1# | ° | Na2
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DETAIL A
TOP VIEW BOTTOM VIEW
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DETAIL A "7 | L
ALTERNATE TERMINAL 02— —-104]
CONSTRUCTION RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN NOM MAX
A 0.700 0.750 0.800
A1 0.000 - 0.050
A2 0.200 REF
D 3.900 4.000 4.100
E 3.900 4.000 4.100
D1 2.700 2.800 2.900
E1 2.700 2.800 2.900
0.150 0.200 0.250
0.400 BSC
L 0.250 0.300 0.350
NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

a%a

Reel Diameter

Reel Width (W1) -

P2+

TAPE DIMENSIONS

(PO —

Q1

Q2

Q1 Q2
]

Q3

Q4

Q3 Q4

Q1

Q2

Q3

Q4

i !

P1

===mp DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

—— A0 —+

Packaae Tvoe Reel Reem"dth A0 | B0 | KO PO P1 P2 w Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mMm) | Quadrant
TQFN-4x4-32AL 13" 12.4 4.30 4.30 1.10 4.0 8.0 2.0 12.0 Q2
€€ P 56 Nicro Corp TX10000.000
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(‘:: glt)h m(r’:)‘ I-(I::g:;t Pizza/Carton
o
o
13" 386 280 370 5 %
€€ P 56 Nicro Corp TX20000.000
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