«>»

SGMICRO

SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

GENERAL DESCRIPTION

The SGM41603B is an efficient 2:1/1:2 bidirectional
switched-capacitor converter with integrated power switches.
It can deliver 10A in forward direction (2:1 voltage divider) and
5A in the reverse direction (1:2 voltage doubler). This device
allows using a 2S Li+ power source as a 1S Li+ solution by
inserting it between the 2S battery pack and Buck charger
output and saves the existing 1S power architecture that is
powered from the same battery.

This 2-channel high switching frequency (MAX 1.5MHz) and
inductor-less topology allow low profile design with small
footprint. The high switching frequency also reduces the size
and quantity of the required capacitors. Safe operation is
assured by over-voltage, under-voltage, over-current and
thermal protections. Interference is also minimized by the
built-in frequency dithering option. This device can achieve
99.3% efficiency which is among the highest in its class.
Thermal management of such a low loss device is simple that
makes it an ideal choice for industrial, consumer, and medical
applications.

The I°C interface allows flexible parameter settings including
OCP, OVLO, switching frequency thresholds and soft-start
currents and durations. The SGM41603B is available in a tiny
WLCSP-2.85%2.59-42B-A package.

APPLICATIONS

Smartphones, Tablets, Ultrabooks,
Chromebooks, DSLR and Mirrorless Cameras,
Power Banks, 2S Li+ Battery Applications,
Smartphone Direct Charging, Portable Printers,
Portable Gaming Devices, Two-Way Radios

FEATURES

e Bidirectional Switched Capacitor Converter
+ Forward Direction 2:1 Conversion, Reverse
Direction 1:2 Conversion
¢ 2-Channel Interleaved Operation (90° or 180°)
+ 8 Integrated N-Type MOSFET Switches
+ 10A Output Current Capability
+ 99.3% Peak Efficiency
® Low Iq Current: 50puA Forward Operating
e 11pA V2X Consumption Current in Ship Mode
e Support System Reset and Ship Mode
e I°C Interface with Interrupt Signaling
e Adjustable Soft-Start Current and Timeout
e (0.25MHz to 1.5MHz Adjustable Switching Frequency
e Low EMI with Switching Frequency Dithering
e Enable Input
® Out-of-Audio Option at Light Load
® Power Good Output
® Programmable V1X & V2X Over-Voltage Lockout
® Separate OCP Adjustment for Each Direction
® Thermal Alarm and Protection
® Available in a Green WLCSP-2.85%2.59-42B-A
Package

TYPICAL APPLICATION
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Figure 1. Typical Application Circuit
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I2C Controlled 10A Bidirectional

SGM41603B Switched-Capacitor Converter
PACKAGE/ORDERING INFORMATION
SPECIFIED
PACKAGE ORDERING PACKAGE PACKING
o DESCRIPTION TEMRPEEATURE NUMBER MARKING OPTION
GE
261
SGM41603B | WLCSP-2.85x2.59-42B-A | -40°C to +85°C | SGM41603BYG/TR | XXXXX | Tape and Reel, 5000
XXHXX

MARKING INFORMATION

NOTE: XXXXX = Date Code, Trace Code and Vendor Code. XX#XX = Coordinate Information and Wafer ID Number.
Date Code - Year

Trace Code
_,__ Vendor Code
XX XXX
XX # XX

—I_— Coordinate Information
Wafer ID Number ("A" = 01, "B" = 02, --- "Y" = 25)
Coordinate Information

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.
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I2C Controlled 10A Bidirectional

SGM41603B Switched-Capacitor Converter
ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS
VAC tO PGND ... -0.3V to 28V VAC et 22V (MAX)
V2X 10 PGND........ovocieeieeeeeeeeeeeeeeeeeen. -0.3V to 16V V2X (Forward Mode)® ...........ccocoviiiiiieeeee. 4.1V to 11V
BSTXP 10 PGND ...t -0.3V to 16V V1X (Reverse Mode) ™ ........coovvvvereeeesee 2.7V t0 5.5V
BSTXN to PGND ... -0.3V to 8V Ivix (Forward Mode, Continuous) ...........cccceeeernneee. 0A to 10A
BSTXP t0 CFXP...cooeeiiieieee e -0.3V to 6V Ivax (Reverse Mode, Continuous).........c.cocceeeirneennn. 0A to 5A
BSTXN t0 CFXN ..ooeiiiiiiiiie e -0.3V to 6V (BST1P - CF1P), (BSTIN - CFIN)..coeiiieeeieeeeen. 0V to 5V
CFXP to PGND .....ooooiiiiieieeeeee e -0.3V to (Vv1x + 6V) (CFIP - V1X), CF1IN ... 0V to 5.5V
CFXNto PGND .....oooiiiiiieeiiee e -0.3V to 6V (BST2P - CF2P), (BST2N - CF2N)..cceviiieeeiereeeee. 0V to 5V
VAXEO PGND...oooiiiiiiie e -0.3V to 6V (CF2P - V1X), CF2N ... 0V to 5.5V
PGND t0 AGND ........oiiiiiiiieiiiee e -0.3V 10 0.3V AVDD, (HVDD = VAX) eetiiiiiiee it 0V to 5V
HVDD t0 AGND ...ccoiiiiiiiiiieeieeeciee e -0.3V to (Vvix + 6V) EN, RSTO, RSTT .. 0V to 12V
AVDD t0 AGND ....ooiiiiiieeeee e -0.3V to 6V PGOOD ..ot 0V to 1.8V
EN, RSTO, RST1to AGND .....ccoevviieeeiiieee -0.3V to 16V DISCHG, SDA, SCL, IRQB ........ccceeeiiieeeeee e 0V to 5V
DISCHG, IRQB to AGND.......ccoeeeeieiiieeeeeeeeeen, -0.3Vto 6V Junction Temperature Range...................... -40°C to +125°C
SCL, SDAtO AGND .....ooiiiiiiiiiieee e -0.3V to 6V NOTES:
PGOOD tf) AGND ...oooiiiiiie e -0.3V to 2.0V 3. The V2X voltage must be higher than V2Xew x for
V1X Continuous RMS .Current (Forward Mode)............... 10A switching, and the SGM41603B can switch down to 4.1V V2X
Package Thermal Resistance . o
voltage after starting switching.

WLCSP-2.85%2.59-42B-A, Bya.cccveeiieeriieiieenanenn 38.7°C/W

WLCSP-2.85%2.59-42B-A, B8 .....cvvvereererierieienieens 6.3°C/W 4. The V1X voltage must be higher than V1Xsw r for

WLCSP-2.85%2.59-42B-A, B)C .....cviveeaeerieneaeennnn. 14.6°C/W switching, and the SGM41603B can switch down to 2.7V V1X
JUNCON TeMPErature...........cccvoveeeeeeeeeeeeeeeeeeeeeenn +155°C voltage after starting switching.
Storage Temperature Range........................ -65°C to +155°C OVERSTRESS CAUTION
Lead Temperature (Soldering, 10S).........cccvvveeeeennns +260°C Stresses beyond those listed in Absolute Maximum Ratings
ESD Susceptibility @ .

may cause permanent damage to the device. Exposure to

L= SRS +2000V absolute maximum rating conditions for extended periods
CDM L +1000V may affect reliability. Functional operation of the device at any
NOTES: conditions beyond those indicated in the Recommended

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.

Operating Conditions sectionis 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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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

PIN CONFIGURATION
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

PIN DESCRIPTION

PIN NAME |TYPE FUNCTION
A1,B1,E1,F1| PGND P Power Ground.
Channel-1 Flying Capacitor Negative Node. Connect three parallel 22uF capacitors
A2,A3, B3 CFIN P between CF1P and CF1N pins as close as possible to these pins.
A4, A5, B4, VAX ) Lower Voltage (1X) Power Port. It is an output in forward mode and an input in reverse
E4, F4, F5 mode. Two 10uF capacitors are recommended to be placed between V1X and PGND.
Channel-1 Flying Capacitor Positive Node. Connect three parallel 22uF capacitors
AB, AT, BO CF1P P between CF1P and CF1N pins as close as possible to these pins.
Bootstrap Capacitor Connection for QcL1 Gate Driver Supply. Place a 47nF or larger
B2 BST1N P . : o
ceramic capacitor between this pin and CF1N.
Bootstrap Capacitor Connection for Qcr1 Gate Driver Supply. Place a 47nF or larger
B5 BST1P P . ; o
ceramic capacitor between this pin and CF1P.
B7 C7 D7 E7 V2X P Higher Voltage (2X) Power Port. It is an input in forward mode and an output in reverse
T T mode. Two 10uF capacitors are recommended to be placed between V2X and PGND.
C1 AVDD AO 5V LDO Output. Decouple AVDD to AGND with at least 1uF high quality ceramic
capacitor (X5R or better). Do not connect any external load to AVDD.
2 . . . 2 .
co SDA DIO Iog;lrsterface Data Line. The SDA line is forced to release when the I1°C timeout fault
System Discharge Pin in Reset Mode. When both RSTO and RST1 are low for at least
C3 DISCHG AIO  |tsys_rsT, chip discharges the DISCHG pin with 10mA sink for 500ms. Keep it short to
V1Xif not used.
Reset Input 0. 1.8V Internal Pull-up.
1. If VAC is not present, when both RSTO and RST1 are low for at least tsys_rst, chip
C4 RSTO DI stops switching and discharges the DISCHG pin with 10mA sink for 500ms.
2. When RSTO keeps low for tshipmone, chip exits the ship mode.
Keep it floating or short to V1X if not used.
C5 EN DI Active High Device Enable Input.
C6 HVDD AO (Vvix + 5V) LDO Output. Decouple HVDD to V1X with at least 1uF high quality ceramic
capacitor (X5R or better). Do not connect any external load to HVDD.
D1 AGND P Analog Ground.
I°C Interface Clock Line. The device I°C controller block is forced to reset when receiving
D2 SCL DI -
9 clock pulses on the SCL line.
VBUS Sense and Power Supply for Internal Circuit. Bypass this pin to AGND with at
least 0.1uF high quality ceramic capacitor (X5R or better). Keep it floating or short to
D3 VAC P .
ground if not used.
When VAC OVP is triggered, device will stop the linear charging current if it exists.
Reset Input 1. 1.8V Internal Pull-up.
D4 RST1 DI When both RSTO and RST1 are low for tsys_rsT, chip stops switching and discharges the
DISCHG pin with 10mA sink for 500ms.
Keep it floating or short to V1X if not used.
Open-Drain Active Low Interrupt Output. A low on IRQB indicates a fault condition. The
D5 IRQB DO h
external pull-up resistor should be greater than 1kQ.
D6 PGOOD DO Power Good Output.
Bootstrap Capacitor Connection for Qc2 Gate Driver Supply. Place a 47nF or larger
E2 BST2N P . ; Lo
ceramic capacitor between this pin and CF2N.
E3 F2 F3 CF2N p Channel-2 Flying Capacitor Negative Node. Connect three parallel 22uF capacitors
T between CF2P and CF2N pins as close as possible to these pins.
Bootstrap Capacitor Connection for Qcr2 Gate Driver Supply. Place a 47nF or larger
ES BST2P P . ; L
ceramic capacitor between this pin and CF2P.
E6. F6. F7 CF2P ) Channel-2 Flying Capacitor Positive Node. Connect three parallel 22uF capacitors
T between CF2P and CF2N pins as close as possible to these pins.
NOTE:

1. P = Power, AO = Analog Output, AIO = Analog Input/Output, DI = Digital Input, DO = Digital Output, DIO = Digital Input/Output.
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS

(Vvax = 7.6V, Vyix = 3.8V, fsw = 0.5MHz, T, = -40°C to +85°C, typical values are at T, = +25°C, unless otherwise specified.)

PARAMETER | symeoL | CONDITIONS MIN TYP MAX | UNITS
Global Input Supply
Ship mode, Vyox = 8.4V, T,= +25°C 1 18
ISHDN7V2X
Shutdown Supply Current EN =low, SCC_EN =0, Vy2x = 8.4V 11 uA
ISHDN7V1X EN = |OW, SCC_EN = O, Vv1x =42V 1
la vax Vyax = 8.4V, automatic mode 50 A
g
lg vax ooa | Vivox = 8.4V, Out-of-Audio mode 760
Quiescent Current —
la_vix Vvix = 4.2V, automatic mode 100 A
v
IQfV1X700A Vv1x = 42V, Out-of-Audio mode 1550
V1X Leakage Current Ik vix Vvax = 4.2V, VIX_AD_EN =0, EN = low 0.1 MA
Input Under-Voltage Lockout
V2XUV|_07R szx rising 3.20 3.55
VZXUVLoJ: szx falllng 2.90
Under-Voltage Lockout Threshold | V1Xuwo r | Vvix rising 2.77 2.97 \Y
V1XUV|_0_F Vv1x fa|||ng 2.47
VXUVLOfHYS V1X, V2X UVLO hysteresis 0.3
Enable Inputs and Logic
Deglitch between Vey rising over Vi, and starting
. . soft-start action, when ten peg = 0.125ms
EN Deglitch Time ten_oee (I”C programmable from 0.125ms to 64ms, 0.125 ms
default 0.125ms)
Logic Input Low Level Vi EN pin 0.4 Vv
Logic Input High Level Vin EN pin 1.1 V
EN Pull-Down Resistance Ren_pp Pulled down to AGND 1.5 MQ
EN Input Leakage Current Ik _en EN pin connected to 3.3V, RPUPD_EN =0 0.1 MA
IRQB Pin Output High Leakage Ik 1raB IRQB pin, Viras = 5.5V 0.1 pA
Switched-Capacitor Converter
V2Xsw r | Rising, when V2Xsw ¢ = 3.8V 4.0
Falling, when V2Xsw r = 3.8V
V2Xsw ¢ | (”C programmable from 3.8V to 4.4V, 0.2V per 3.8
step, default 3.8V)
Thresholds for Switching V1Xsw r | Rising, when V1Xsw F = 2.6V 2.8 \
Falling, when V1Xsw r = 2.6V
V1Xsw ¢ | (’C programmable from 2.6V to 2.7V, 0.1V per 26
step, default 2.6V)
VXsw nvs | V1X, V2X switching threshold hysteresis 0.2
Deglitch time between the time of Vyix or Vyax
falling below its switching threshold and stopping
Switching Stop Deglitch Time tsw r pec | the switching action, when tsw r pec = 108us 108 us
(I*C programmable from Oms to 1ms, default
0ms)
X Vvax V2XSW7F VZXOVFLR
Input Operating Voltage Range \Y
Vvix VAXsw_r V1Xovp_r
Forward Mode Soft-Start | 30 mA
Current (all at V1X) SS_AwD
€ PP G Nicro Corp MAY 2025
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS (continued)

(Vvax = 7.6V, Vyix = 3.8V, fsw = 0.5MHz, T, = -40°C to +85°C, typical values are at T, = +25°C, unless otherwise specified.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
\s/?#tds\git( Voltage During V2Xuato |\|/er21§ |::i:i<1r],g\}vr:2rnef/hzc>)a:gr=eg\? kzllizr(])gpsrlgi;pranr;lcr)g:b?; 6 v
from 5.6V to 6V, default 6V)
Light Load Efficiency NueHt1 Fwp | lvix = TMA, Vyox = 7.4V 90.8 %
Light Load Efficiency NueHt2 Fwp | lvix = 30mA, Vvox = 7.4V 99.1 %
Light Load Efficiency Nuehts Fwp | lvix = 100MA, Vyox = 7.4V 99.3 %
Light Load Efficiency Nuehts Fwp | lvix = 1A, Vvax = 7.4V 99.1 %
Heavy Load Efficiency NHeavy fwp | lvix = 10A, Vyax = 9V 96.4 %
Light Load Efficiency (Reverse) | nNuehrirvs | lvex = 1MA, Vyix = 3.7V 94.3 %
Heavy Load Efficiency (Reverse) | nueavy rvs | lvax = 5A, Vvix = 4.5V 96.3 %
Roson of Qcrt and Qe Ros_ac | Vvax = 7.6V, Vyix = 3.8V, lvix = 0.5A 13
Roson of Qox1 and Qorz Ros aph | Vvax = 7.6V, Vvix = 3.8V, lvix = 0.5A 1 o
Roson of Qci1 and Qci2 Ros act | Vvax = 7.6V, Vyix = 3.8V, lvix = 0.5A 10
Roson of Qo1 and Qoi2 Ros apt | Vvax = 7.6V, Vyix = 3.8V, lvix = 0.5A 10
When fsw = 500kHz
Switching Frequency few (I*C programmable from 250kHz to 1.5MHz, 440 500 560 kHz
default 500kHz)
=30
g‘gtig’hing Frequency Dither fon oTHR ngeliéﬁ‘r?%?naﬁlﬁ from 3% to 12% or OFF, +3 %
default OFF)
Active Discharge Resistance EAD’VZX Active discharge is enabled, SCC is disabled 110 kQ
AD_V1X

Protections

Rising, when V2Xovp r = 8.7V

V2Xowr r | (I°C programmable from 8.3V to 11V, default 8.48 8.7 8.92
10.5V)
Over—VoItage Protection V2XOVP7HYS V2X OVP Hysteresis 0.2 v
Threshold Rising, when V1Xovp r = 4.35V
V1Xove R (IZC programmable from 4.15V to 5.5V, default 4.3 4.35 4.4
5.3V)
V1XOVP7HYS V1X OVP Hysteresis 0.1
When |V1X700P1 =16.5A
V1X OCP1 Threshold lix o | (C programmable from 13.2A to 20.9A, default 16.5 A
(Bidirectional) - 16.5A)
V1X OCP1 Accuracy lvix_ocp1_acc | In the entire lyix_oce1 range, T, = +25°C -12 12 %
When V1Xoop2 = 340mV
V1Xoce2 | (I*C programmable from 100mV to 660mV, 340
default 340mV)
OCP2 Offset When V2Xocr, = 580mV mv
V2Xoce2 | (I*C programmable from 300mV to 860mV, 580
40mV per step, default 580mV)
Thermal Alarms and Shutdown
Thermal Alarm at +100°C Toie_am_100 | Ty rising, +15°C hysteresis 100 °C
Thermal Alarm at +120°C Toie_am 120 | Tyrising, +15°C hysteresis 120 °C
Thermal Shutdown Rising o
Threshold Toie_ote r 155 C
Thermal Shutdown Rising Toe ot vs 15 c

Threshold Hysteresis

€ PP G Nicro Corp MAY 2025
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SGM41603B

I2C Controlled 10A Bidirectional

Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS (continued)

(Vvax = 7.6V, Vyix = 3.8V, fsw = 0.5MHz, T, = -40°C to +85°C, typical values are at T, = +25°C, unless otherwise specified.)

PARAMETER | symeoL | CONDITIONS MIN TYP MAX | UNITS
SDA and SCL /O Stage
Input Logic Low Level ViL i2c 0.36 \
Input Logic High Level ViH_i2c 0.92 \%
‘(S:SrLr,eStDA Logic Input Leakage I i VsoL = Veps = 1.8V p 1 uA
SCL, SDA Input Capacitance Cin_i2c 10 pF
Output Low Voltage (SDA only) VoL spa Sinking 5mA 0.4 \%
I’c Compatible Interface Timing for Standard, Fast, and Fast-Mode Plus Speeds
Clock Frequency fscL 1000 kHz
Hold Time (Repeated) START
Condition tho:sTa 0.26 us
CLK Low Period tow 0.5 us
CLK High Period thicH 0.26 us
Setup Time Repeated START
Condition fsussa 0.26 us
DATA Hold Time tHD:DAT 0 us
DATA Valid Time tvo:paT 0.45 us
DATA Valid Acknowledge Time tvp:ack 0.45 us
DATA Setup time tsu:par 50 ns
Setup Time for STOP Condition tsu:sto 0.26 us
Bus-Free Time Between STOP t 05 s
and START BUF . u
Pulse Width of Spikes that Must
be Suppressed by the Input tsp 50 ns
Filter
Ship Mode and System Reset
System Reset Time tsys pp DISCHG pin pulling down time 0.5 S
System Reset Confirmation Time tsys rsT By pulling down both RST0 and RST1 10 s
Exit Shipping Mode Time tsiemone | By pulling down RSTO 2 s
Delay Time for Entering Ship ts I°C programmable from 20s to 30s, 10s per step, 20 s
Mode HIPMODE DELAY | default 20s
VAC Threshold and Related Function
Rising Threshold 3.75 V
VAC Present Vvac_PRESENT
- Hysteresis 100 mV
Rising Threshold 3.20 3.55 \Y
VAC UVLO Vvac_uvio
- Hysteresis 300 mV
VVAC = 5V, V\/zx = 3V, from VAC to V2X (|ZC
Linear Charging Current to V2X Isrc_vax programmable from 50mA to 200mA, 50mA per 100 mA
step, default 100mA)
VVAC OVP R Rlsmg threshold for VVAC ovP = 14V 14 \Y
VAC OVP —— =
VVACfOVPiHYS Hysteresis 100 mV
€ PP G Nicro Corp MAY 2025
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

TYPICAL PERFORMANCE CHARACTERISTICS

Vv2x = 7.6V, Crry/channel = 3 x 22uF, fsw = 0.5MHz, unless otherwise specified.

10A Load Transient 10A Load Transient
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vv2x = 7.6V, Crry/channel = 3 x 22uF, fsw = 0.5MHz, unless otherwise specified.
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I2C Controlled 10A Bidirectional

SGM41603B

Switched-Capacitor Converter

FUNCTIONAL BLOCK DIAGRAM

HVDD VAC V2X BST1P CF1P CF1IN BST1N
; L_IJ—D T {} {} T J]
| s
AVDD LJ] Bias Power Qchi 1¥1 Y1 Qo1 b PGND
Select _| _|
& LDO - _—
Driver . Qont - Qe Driver
Control J - b |_ Control ha
PGOOD C HvDDJ A 1 R 1 A L vix
\.I} 1
RSTO
VX OCP1/ALVJ>_ o
V2XIN "1  switched | _ RST1
Capacitor Control | Digital SCL
V1X Control SDA
V2X IRQB
CFxP CFLY_FLT EN
CFxN
HVDD_FLT Control &
HVDD _ Protection
VIX {1 V1X
V1X
VIX_OVP HVDD— y v
V2X
V2X_OVP Driver {El_ Driver <]
TDIE Control Qo2 Qcr2 Control
TDIE_ALM/OTP 1
AGND []1 IPK_Qxx ’/ Qchaz —, —, Qoi2 _‘
CONV_OCP l 'J_I E:L 'L ._‘I:L 'J_I [lj PGND
DISCHG V2X BST2P CF2P CF2N BST2N
Figure 2. SGM41603B Block Diagram
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

I’C REGISTERS ADDRESS MAP
7-Bit I2C Slave Device Address: 0b1101 000 + W/R

FUNCTION FLAG | MASK | STATUS | THRESHOLD SETTING ENABLE DEGLITCH
REG_RST - - - - 0x05[6] -
WDT_TIMEOUT 0x12[3] - - 0x12[2:0] 0x12[2:0] =
VAC_OVP - - 0x15[6] 0x15[5] - -
V2X_OVP 0x00[7] | 0x01[7] | O0x02[7] 0x08[7:3] 0x08[7:3] -
V1X_OVP 0x00[6] | 0x01[6] | O0x02[6] 0x09[4:0] 0x09[4:0] -
V1X_OC_ALM 0x00[5] | 0x01[5] | O0x02[5] O0X0A[7] - -
VIXOCP | 000M] | 0014 |~ | ViX 00k 00B30] | VX O0P2 (x0B(30) | ViX.OGR2: 0007 6]
T_ALM1 0x00[3] | 0x01[3] | O0x02[3] = - =
T_ALM2 0x00[2] | 0x01[2] | 0x02[2] - - -
T_SHDN 0x00[1] | 0x01[1] | Ox02[1] - - -
FSS_FLT 0x00[0] | 0x01[0] - FWD_SS_TMO: 0x0C[2:0] - -
CONV_OCP_INT | 0x03[3] | 0x04[3] - = - =
LIN_CHG - - 0x10[4] 0x11[1:0] - -
LIN_CHG_TMO_INT | 0x10[0] | Ox10[2] | 0x10[6] - - -
LIN_CHARGE_DELAY - - 0x15[1] 0x11[3:2] - -
VFWD_SS_VOLT - - - 0x11[6:4] - -
SHIP_MODE 0x10[1] | 0x10[3] | Ox10[5] - SEIL\:Efu"(;BI\éSPEE\;:OSS%%] -
SHIP_MODE_DELAY - - - OXOE[2] - -
V2X_VALID_INT 0x03[7] | 0x04[7] | 0x02[0] 0x0D[0] - -
CFLY_FLT 0x03[6] | 0x04[6] - - - -
HVDD_FLT 0x03[5] | 0x04[5] - - - -
SW_DIR_INT 0x03[4] | 0x04[4] | 0x02[4] - - -
V2X_OCP 0x03[1] | 0x04[1] - V2X_OCP2: 0x0B[7:4] V2X_OCP2: 0x0B[7:4] -
PWRON_INT 0x03[0] - - - - -
RPUPD_EN - - - - 0X05[7] -
EN_HARD_RST - - - = 0x05[5] =
EN_DEG - - - - - 0x05[3:1]
SCC_EN - - - - 0X05[0] -
PGOOD_DELAY - - - 0X06[7] - -
SFT_DISCHG_T - - - 0x06[5:4] - =
OOA EN - - - - 0x06[3] -
V2X_AD_EN - - - - 0x06[2] -
V1X_AD_EN - - - - 0X08[1] -
V2X_PDN_EN - - - - O0X0A[5] =
V1X_PDN_EN - - - - O0X0A[6] -
VAC_PDN_EN - - - - 0Xx0D[7] -
FIX_FREQ - - - - 0x06[0] -
DTHR - - - 0X07[5:4] 0X07[5:4] -
FREQ - - - 0x07[2:0] - -
V2X_SW_F - - - 0x08[1:0] - 0X09[6:5]
VIX_SW_F - - - 0x09[7] - 0X09[6:5]
€ Y 56 Micro Corp MAY 2025

sSGmICRO WWW.sg-micro.com 2



I2C Controlled 10A Bidirectional

SGM41603B Switched-Capacitor Converter
I’C REGISTERS ADDRESS MAP (continued)
FUNCTION FLAG | MASK | STATUS | THRESHOLD SETTING ENABLE DEGLITCH
DEEP_SKIP - - - OXOE[5:4] -
RESTART_EN - - -~ - OXOE[3]
WAIT_T - - - OXOE[1:0] -
F2S_DROP: OXOF[7:6]
o Do - - - F2S_FWD OFFSET: Ox15[2] -
S2F_DROP - - - OXOF[5:4] -
SAG_FWD - - — OXOF[3:2] -
LO_V2X_SW - - 0x10[7] - -
BATFET_DET - - -~ - 0x11[7]
OTP_VER - - - 0x13[7:4]
CHIP_VER - - — 0x13[3:0] -
DEVICE_ID - - - 0x14[7:0] (0x09)
LO_V2X_SKIP_EN - - -~ - 0x15[7]
€ PP G Nicro Corp MAY 2025
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

REGISTER AND DATA
REGO0x00: INT_SRC Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY

V2X_OVP Fault Flag Bit

0 = No V2X_OVP fault (default)
D[7] V2X_OVP_INT 0 RC 1 =V2X_OVP fault has occurred, or the V2X_OVP status bit is N/A
reset from ‘1’ to ‘0’ when the fault is cleared. Generates an
interrupt on IRQB pin if unmasked. Read this bit to reset it to 0.

V1X_OVP Fault Flag Bit

0 = No V1X_OVP fault (default)
D[6] V1X_OVP_INT 0 RC 1 = V1X_OVP fault has occurred, or the V1X_OVP status bit is N/A
reset from ‘1’ to ‘0’ when the fault is cleared. Generates an
interrupt on IRQB pin if unmasked. Read this bit to reset it to 0.

V1X Over-Current Alarm Flag Bit

(including forward mode and reverse mode)
0 = No V1X over-current alarm (default)
D[5] V1X_OC_ALM_INT 0 RC 1 = V1X over-current alarm has occurred, or the VIX_OCP_ALM | N/A
status bit has been reset from ‘1’ to ‘0’ when the alarm is cleared.
Generates an interrupt on IRQB pin if unmasked. Read this bit to
reset it to 0.

V1X Over-Current Fault Flag Bit
(including V1X_OCP1 and V1X_OCP2)
Dr4] V1X_OCP_INT 0 RC 0 = No V1X over-current fault (default) N/A
1 = V1X over-current fault has occurred. Generates an interrupt
on IRQB pin if unmasked. Read this bit to reset it to 0.

Toie Over 100°C Alarm Flag Bit

0 = No Tpe over 100°C alarm (default)
D[3] T_ALM1_INT 0 RC |1 = Tpe over 100°C alarm has occurred, or the T_ALM1 status bit | N/A
is reset from ‘1’ to ‘0’ when the alarm is cleared. Generates an
interrupt on IRQB pin if unmasked. Read this bit to reset it to 0.

Toie Over 120°C Alarm Flag Bit

0 = No Tpe over 120°C alarm (default)
D[2] T_ALM2_INT 0 RC 1 = Tpe over 120°C alarm has occurred, or the T_ALM2 status bit | N/A
is reset from ‘1’ to ‘0’ when the alarm is cleared. Generates an
interrupt on IRQB pin if unmasked. Read this bit to reset it to 0.

Toie Thermal Shutdown Fault Flag Bit
0 = No Tpe thermal shutdown fault (default)
1 = Toie thermal shutdown fault has occurred, or the T_SHDN

Dl T_SHDN_INT 0 RC status bit is reset from ‘1’ to ‘0’ when the fault is cleared. N/A
Generates an interrupt on IRQB pin if unmasked. Read this bit to
reset it to 0.
Forward Mode Soft-Start Fault Flag Bit

D[0] FSS_FLT_INT 0 RC 0 = No soft-start fault (default) N/A

1 = Forward mode soft-start fault has occurred. Generates an
interrupt on IRQB pin if unmasked. Read this bit to reset it to 0.
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x01: INT_SRC_M Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY

Mask Bit for the V2X_OVP Fault Interrupt

0 = V2X_OVP fault interrupt can work (default) Hard-reset or
D[7] V2X_OVP_M 0 R/W |1 =Mask V2X_OVP fault interrupt. V2X_OVP_INT bit sets after |REG_RST or

the fault occurs or is cleared, but no interrupt signal is sent on WDT

IRQB pin.

Mask Bit for the V1X_OVP Fault Interrupt

0 = V1X_OVP fault interrupt can work (default) Hard-reset or
D[6] V1X_OVP_M 0 R/W |1 =Mask V1X_OVP fault interrupt. V1X_OVP_INT bit sets after |REG_RST or

the fault occurs or is cleared, but no interrupt signal is sent on WDT

IRQB pin.

Mask Bit for the V1X Over-Current Alarm Interrupt

0 = V1X over-current alarm interrupt can work (default) Hard-reset or
D[5] V1X_OC_ALM_M 0 R/W |1 = Mask V1X over-current alarm interrupt. VIX_OC_ALM_INT REG_RST or

bit sets after the alarm occurs or is cleared, but no interrupt signal | WDT

is sent on IRQB pin.

Mask Bit for the V1X Over-Current Fault Interrupt
D[4] V1X OCP M 0 RIW 0 = V1X over-current fault interrupt can work (default) gglg-r}:sse_lE g';

— - 1 = Mask V1X over-current fault interrupt. VIX_OCP_INT bit sets WDT

after the fault, but no interrupt signal is sent on IRQB pin.

Mask Bit for the Tpie Over 100°C Alarm Interrupt

0 = Tpie over 100°C alarm interrupt can work (default) Hard-reset or
D[3] T_ALM1_M 0 R/W |1 =Mask Tpe over 100°C alarm interrupt. T_ALM1_INT bit sets |REG_RST or

after the alarm occurs or is cleared, but no interrupt signal is sent wDT

on IRQB pin.

Mask Bit for the Tpie Over 120°C Alarm Interrupt

0 = Tpie over 120°C alarm interrupt can work (default) Hard-reset or
D[2] T_ALM2_M 0 R/W |1 =Mask Tpe over 120°C alarm interrupt. T_ALM2_INT bit sets |REG_RST or

after the alarm occurs or is cleared, but no interrupt signal is sent WDT

on IRQB pin.

Mask Bit for the Tpie Thermal Shutdown Fault Interrupt

0 = Tpie thermal shutdown fault interrupt can work (default) Hard-reset or
D[1] T_SHDN_M 0 R/W |1 = Mask Tpe thermal shutdown fault interrupt. T_SHDN_INT bit |REG_RST or

sets after the fault occurs or is cleared, but no interrupt signalis | WDT

sent on IRQB pin.

Mask Bit for the Forward Mode Soft-Start Fault Interrupt

0 = Soft-start fault interrupt can work (default) Hard-reset or
DIo] FSS_FLT_M 0 RIW 1 = Mask forward mode soft-start fault interrupt. FSS_FLT_INT bit %%@r—RST or

sets after the fault, but no interrupt signal is sent on IRQB pin.
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x02: STATUS Register [reset = 0x00]

BITS

BIT NAME

RESET

TYPE

DESCRIPTION

RESET BY

D[7]

V2X_OVP

0

R

V2X_OVP Fault Status Bit
0 = No V2X_OVP fault (default)
1 = Device is in V2X_ OVP fault status.

N/A

DI6]

V1X_OVP

V1X_OVP Fault Status Bit
0 = No V1X_OVP fault (default)
1 = Device is in V1X_OVP fault status.

N/A

D[5]

V1X_OC_ALM

Bidirectional V1X Over-Current Alarm Status Bit
0 = No V1X over-current alarm (default)
1 = Device is in V1X over-current alarm status.

N/A

D[4]

SW_DIR

SCC Switching Direction Status Bits
0 = Forward direction (default)
1 = Reverse direction

N/A

D[3]

T_ALM1

Toie Over 100°C Alarm Status Bit
0 = No Tpe over 100°C alarm (default)
1 = Device is in Tpe over 100°C alarm status.

N/A

D[2]

T_ALM2

Toie Over 120°C Alarm Status Bit
0 = No Tpe over 120°C alarm (default)
1 = Device is in Tpie over 120°C alarm status.

N/A

D[1]

T_SHDN

Toie Thermal Shutdown Fault Status Bit
0 = No Tpie thermal shutdown fault (default)
1 = Device is in Tpe thermal shutdown fault status.

N/A

DI0]

V2X_VALID

Vvax above V2Xyap Threshold Status Bit
0= szx < V2XVA|_|D (default)
1= Vvax > V2XvaLip.

N/A

REGO0x03: INT_SRC2 Register [reset = 0x00]

BITS

BIT NAME

RESET

TYPE

DESCRIPTION

RESET BY

D[7]

V2X_VALID_INT

RC

V2X_VALID Status Change Event Flag Bits

0 = No V2X_VALID status change event (default)

1 = V2X_VALID status change event has occurred. When the
V2X_VALID status bit has changed, generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.

N/A

D[6]

CFLY_FLT_INT

RC

CrLy Charging Fault Flag Bit

0 = No Cg.y charging fault (default)

1 = CrLy charging fault has occurred. Generates an interrupt on
IRQB pin. Read this bit to reset it to 0.

N/A

D[S

HVDD_FLT_INT

RC

HVDD Charging Fault Flag Bit

0 = No HVDD charging fault (default)

1 = HVDD charging fault has occurred. Generates an interrupt on
IRQB pin. Read this bit to reset it to 0.

N/A

D[4]

SW_DIR_INT

RC

SCC Switching Direction Transition Event Flag Bit

0 = No SCC switching direction transition event (default)

1 = SCC switching direction transition event has occurred. When
the SW_DIR status bit is changed, generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.

N/A

D[3]

CONV_OCP_INT

RC

SCC Real-Time Converting Over-Current Event Flag Bit

0 = No SCC converting over-current event (default)

1 = SCC converting over-current event has occurred. When the
CONV_OCP_INT status bit has changed, it generates an interrupt
on IRQB pin if unmasked. Read this bit to reset it to 0.

N/A

D[2]

Reserved

Reserved

N/A

D[]

V2X_OCP_INT

RC

V2X Over-Current Fault Flag Bit

(including V1X_OCP1 during reverse mode and V2X_OCP2)

0 = No V2X over-current fault (default)

1 = V2X over-current fault has occurred. Generates an interrupt
on IRQB pin if unmasked. Read this bit to reset it to 0.

N/A

D[O]

PWRON_INT

RC

Device Power-on Event Flag Bit

(1. VAX or V2Xrising above its UVLO threshold and the chip is
enabled; 2. VAC rising above its present threshold)

0 = No device power-on event (default)

1 = Device power-on event has occurred. Generates an interrupt
on IRQB pin. Read this bit to reset it to 0.

N/A
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x04: INT_SRC2_M Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Mask Bit for the V2X_VALID Status Change Event Interrupt
0 = V2X_VALID status change event interrupt can work (default) | Hard-reset
D[7] V2X_VALID_M 0 R/W |1 =Mask V2X_VALID status change event interrupt. or REG_RST
V2X_VALID_INT bit sets after the event occurs, but no interrupt | or WDT
signal is sent on IRQB pin.
Mask Bit for the Cqy Charging Fault Interrupt Hard-reset
0 = CrLy charging fault interrupt can work (default)
DI6] CFLY_FLT M 0 R |1 = Mask Crry charging fault interrupt. CFLY_FLT_INT bit sets or \F/QV%C%—RST
after the fault occurs, but no interrupt signal is sent on IRQB pin.
Mask Bit for the HYDD Charging Fault Interrupt Hard-reset
0 = HVDD charging fault interrupt can work (default)
DI5] HVDD_FLT_M 0 R 11 = Mask HVDD charging fault interrupt. HVDD_FLT_INT bit sets | R=0-RST
after the fault occurs, but no interrupt signal is sent on IRQB pin.
Mask Bit for the SCC Switching Direction Transition Event Interrupt
0 = SCC switching direction transition event interrupt can work Hard t
(default) a&érgsgg
D4l SW_DIR_M 0 RW 1 = Mask SCC switching direction transition event interrupt. g: WDT
SW_DIR_INT bit sets after the event occurs, but no interrupt
signal is sent on IRQB pin.
Mask Bit for the SCC Converting Over-Current Event Interrupt
0 = SCC converting over-current event interrupt can work (default). | Hard-reset
D[3] CONV_OCP_INT_M 0 R/W |1 = Mask SCC converting over-current event interrupt. or REG_RST
CONV_OCP_INT bit sets after the event occurs, but no interrupt | or WDT
signal is sent on IRQB pin.
D[2] Reserved 0 R Reserved N/A
Mask Bit for the V2X Over-Current Fault Interrupt Hard-reset
0 = V2X over-current fault interrupt can work (default)
Dl V2X_OCP_M 0 RW 1 = Mask V2X over-current fault interrupt. V2X_OCP_INT bit sets g; W%GT—RST
after the fault, but no interrupt signal is sent on IRQB pin.
D[0] Reserved 0 R Reserved N/A
REGO0x05: EN_CFGO Register [reset = 0x80]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Enable Bit of EN Pin Input Pull-Down Resistor Activation Hard-reset
D[7] RPUPD_EN 1 R/W |0 = Disabled or REG_RST
1 = Enabled (default) or WDT
Reset all the registers (this bit returns to 0 when the reset action is Hard
done) "REG, RST
DI6] REG_RST 0 RIW 0 = No Registers Reset (default) or -
_ . or WDT
1 = Reset Registers
Enable Bit of Hard Reset
0 = Disabled (default) Hard-reset
DI[5] EN_HARD_RST 0 R/W |1 =Enabled or REG_RST
If host performs the system reset, at the end of system reset|or WDT
period, all the registers will be reset to the default values.
Enable/Disable and Status Bit for the Ship Mode
0 = Disabled (default)
1 = Enabled. Enter ship mode after 20s/30s delay time (setting by | Hard-reset
D4l EN_SHIP_MODE 0 RW | REGOXOE[2]) when both EN_SHIP_MODE = 1 and SHIP_MODE_ | or REG_RST
KEY = 1; When the device exits the ship mode, this bit is clear to 0
automatically.
(S)g(t)ﬂg%B;;sSgSEN Pin Input High Deglitch Time Hard-reset
D311 EN_DEG[2:0] 000 RW 1001 ~ 111: tey oes = 2 A (EN_DEG[2:0] - 1) x 1ms ivecd
Default: 0x0, ten pec = 0.125ms
Switched Capacitor Converter Enable Bit Hard-reset
D[O] SCC_EN 0 Ry |0 = Disabled (default) . . or REG_RST
1 = Enabled. If an HVDD or Cr.y charging fault occurs, device or WDT
returns to standby mode and this bit is automatically reset to 0.
€ PP G Nicro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x06: SCC_CFG1 Register [reset = 0x16]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
PGOOD Output Delay Time Bit after V1X Soft Starts Successfully | Hard-reset
D[7] PGOOD_DELAY 0 R/W |0 =100ms (default) or REG_RST
1 = No delay or WDT
Key Bit to Enable/Disable the Ship Mode Hard-reset
D[6] SHIP_MODE_KEY 0 R/W |0 = Disabled (default) or REG_RST
1 = Enabled or WDT
Soft-Discharge Time (tsrr piscHe) Setting Bits
00 = 50ms Hard-reset
D[5:4] SFT_DISCHG_T[1:0] 01 R/W |01 = 100ms (default) or REG_RST
10 = 200ms or WDT
11 = 300ms
Skip Out-of-Audio (OOA) Mode Enable Bit
0 = Out-of-audio mode is disabled when converter is in Skip mode | Hard-reset
D[3] OOA_EN 0 R/W | (default) or REG_RST
1 = Out-of-audio mode is enabled when converter is in Skip mode, | or WDT
and the pulse skipping frequency is maintained above 30kHz
V2X Active Discharge Enable Bit Hard-reset
D[2] V2X_AD_EN 1 R/W |0 = Disabled or REG_RST
1 = Enabled (default) or WDT
V1X Active Discharge Enable Bit Hard-reset
D[1] V1X_AD_EN 1 R/W |0 = Disabled or REG_RST
1 = Enabled (default) or WDT
Fixed-Frequency Operation Mode Enable Bit Hard-reset
DI[0] FIX_FREQ 0 R/W |0 = Disabled (default) or REG_RST
1 = Enabled or WDT
REGO0x07: SCC_CFG2 Register [reset = 0x32]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
V1X OCP1 Function Disable Bit Hard-reset
D[7] V1X_OCP1_DIS 0 R/W |0 = Enable (default) or REG_RST
1 = Disable or WDT
D[6] Reserved 0 R Reserved N/A
Setting Bits of Switching Frequency Dithering Enable and Ratio
00 = Dithering varies switching frequency between +3% Hard-reset
D[5:4] DTHR[1:0] 11 R/W |01 = Dithering varies switching frequency between 6% or REG_RST
10 = Dithering varies switching frequency between +12% or WDT
11 = Dithering is OFF (default)
Setting Bit of Phase Delay Between Channel-1 and Channel-2 Hard-reset
DI[3] PH_DEL 0 R/W |0 = 180 degree delay (default) or REG_RST
1 =90 degree delay or WDT
SCC Switching Frequency Setting Bits
000 = 250kHz
001 = 375kHz
010 = 500kHz (default) Hard-reset
D[2:0] FREQ[2:0] 010 R/W | 011 = 625kHz or REG_RST
100 = 750kHz or WDT
101 = 1000kHz
110 = 1200kHz
111 = 1500kHz
€ PP G Nicro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x08: V2X_OVP_SW Register [reset = 0xB0]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Vv2x OVP Protection Rising Threshold Setting Bits
00000 ~ 0 1100: V2Xovp r = 8.3V + V2X_OVP_R[4:0] x 0.05V
0 1101 ~ 1 0010: V2Xove r = 7.7V + V2X_OVP_R[4:0] x 0.10V Hard-reset
D[7:3] V2X_OVP_R[4:0] 10110 R/W {10011~ 11000: V2Xove r = 5.0V + V2X_OVP_R[4:0] x 0.25V or REG_RST
11001 ~ 1 1110: V2Xovwp r = 11V or WDT
11111 = V2X OVP Disabled
Default: 0x16, V2Xove r = 10.5V
D[2] Reserved 0 R Reserved N/A
Setting Bits of Vy2x Falling Threshold to Exit Switching
00 = 3.8V (default) Hard-reset
D[1:0] V2X_SW_F[1:0] 00 R/W |01=4V or REG_RST
10 =4.2V or WDT
11 =4.4V
REGO0x09: VIX_OVP_SW Register [reset = 0x15]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Setting Bit of V/y1x Falling Threshold to Exit Switching Hard-reset
D[7] VAX_SW_F 0 R/W |0 =2.6V (default) or REG_RST
1=2.7V or WDT
Setting Bits of Deglitching Time for Vy1x or Vyox to Exit Switching
00 = Oms (default) Hard-reset
DI[6:5] SW_F_DEG[1:0] 00 R/W |01 =108us or REG_RST
10 = 500ps or WDT
11=1ms
Vy1x OVP Protection Rising Threshold Setting Bits
00000 ~ 0 1100: V1Xove r = 4.15V + VIX_OVP_R[4:0] x 0.025V Hard-reset
D[4:0] VIX_OVP_R[4:0] 10101 RIW 01101 ~1 0111:.V1XOVP7R =_3.20V + V1X_OVP_R[4:0] x 0.1V or REG_RST
10111 ~11110: V1Xovwe r = 5.5V or WDT
11111 = V1X OVP Disabled
Default: 0x15, V1Xovwe r = 5.3V
REGOx0A: OCP1 Register [reset = 0x93]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
V1X Over-Current Alarm Threshold Setting Bits Hard-reset
D[7] OCP_ALM_TH 1 R/W |0 =80% of lvix ocp1 or REG_RST
1=90% of |V1X 0CP1 (default) or WDT
V1X Pull-Down Resistor Enable Bit Hard-reset
0 = Pull-down disabled (default)
DI6] VIX_PDN_EN 0 R 14 = Pull-down enabled. When enabled, the V1X is pulled down by | °F REC_RST
or WDT
1kQ Rap vix-
V2X Pull-Down Resistor Enable Bit Hard-reset
0 = Pull-down disabled (default)
DI5] V2X_PDN_EN 0 RW 1 = Pull-down enabled. When enabled, the V2X is pulled down by or REG_RST
or WDT
10kQ Rap vax-
V1X OCP1 Protection Deglitch Time Setting Bits
00 = 3pus Hard-reset
D[4:3] V1X_OCP1_DGL[1:0] 10 R/W |01 =200ps or REG_RST
10 = 1ms (default) or WDT
11 =2ms
Bidirectional V1X OCP1 Protection Threshold Setting Bits Hard-reset
D[2:0] V1X_OCP1[2:0] 011 RW | lvix oce1 = 13.2A + VIX_OCP1[2:0] x 1.1A or REG_RST
Default:0x3, |v1x ocP1 — 16.5A or WDT
€ PP G Nicro Corp MAY 2025
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I2C Controlled 10A Bidirectional

SGM41603B Switched-Capacitor Converter

REGISTER AND DATA (continued)

REGOx0B: OCP2 Register [reset = 0x76]

sGmicRO WWW.sg-micro.com

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
V2X OCP2 Protection Threshold Setting Bits
0000 ~ 1110: V2Xocp2 = 300mV + V2X_OCP2[3:0] x 40mV
1111 = OFF Hard-reset
D[7:4] V2X_OCP2[3:0] 0111 R/W Default: 0x7, V2Xogpz = 580mV Z;SV%GT_RST
Note: V2X OCP2 is triggered when Vyox < 2Vy1x - V2Xocp2 in
reverse direction
V1X OCP2 Protection Threshold Setting Bits
0000 ~ 1110: V1Xocpz = 100mV + V1X_OCP2[3:0] x 40mV
1111 = OFF Hard-reset
DI[3:0] V1X_OCP2[3:0] 0110 R/W Default: 0x6, V1Xogpz = 340mV g; EV%GT_RST
Note: V1X OCP2 is triggered when Vyix < Vyax/2 - V1Xocez in
forward direction.
REGOx0C: FWD_SS_CFG Register [reset = 0x41]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
OCP2 Protection Deglitch Time Setting Bits
00 =0.1ps Hard-reset or
DI[7:6] OCP2_DGL[1:0] 01 R/W |01 = 0.8ys (default) REG_RST or
10 = 1.6us WDT
11 =3.2us
D[5:3] Reserved 000 R Reserved N/A
Forward Mode Soft-Start Timeout Setting Bits Hard-reset or
D[2:0] FWD_SS_TMOJ[2:0] 001 R/W | tss pwo = 62.5ms + FWD_SS_TMO[2:0] x 62.5ms REG_RST or
Default: 0X1, tss FwD = 125ms WDT
REGOx0D: V2X_VALID Register [reset = 0x06]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
VAC Pull-Down Resistor Enable Bit Hard-reset or
0 = Pull-down disabled (default)
D7l VAC_PDN_EN 0 R 14 = Pull-down enabled. When enabled, the VAC is pulled down by | REC-RST or
: WDT
a 2kQ resister.
D[6:1] Reserved 00 0011 R Reserved N/A
Setting Bit of V2X Valid Threshold during V2X Soft-Start
0 =6V (default)
1=56V Hard-reset or
DI[O] V2X_VALID_TH 0 R/W | When V2X is higher than V2X_VALID_TH, the skip mode is REG_RST or
enabled at light load; WDT
When V2X is lower than V2X valid falling threshold (V2Xyaup- 0.2V),
the chip is forced in Fixed-Frequency mode.
€ PP G Nicro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGOx0E: REQNFLT_CFG Register [reset = 0x1A]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
D[7:6] Reserved 00 R Reserved N/A
Setting Bits of Deglitch Time for Entry to Deep Skip Mode
00 = 56us Hard-reset or
D[5:4] DEEP_SKIP[1:0] 01 R/W |01 = 88us (default) REG_RST or
10 = 120ps WDT
11 = 152us
Enable Bit of Restart After Faults Hard-reset or
D[3] RESTART_EN 1 R/W |0 = Disabled REG_RST or
1 = Enabled (default) WDT
Setting Bit of Ship Mode Entry Delay Time Hard-reset or
D[2] SHIP_MODE_DELAY 0 R/W |0 = 20s (default) REG_RST or
1=230s WDT
Setting Bits of Restart Wait Time after Faults
00 = 0.25sec Hard-reset or
D[1:0] WAIT_T[1:0] 10 R/W |01 =0.38sec REG_RST or
10 = 0.5sec (default) WDT
11 =0.75sec
REGOxO0F: SKIP_CFG Register [reset = 0x40]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Setting Bits of Threshold for Quitting Fixed fsw Mode and Entering
Skip Mode
(In forward mode, device enters skip mode when Vy1x exceeds
Vvax/2 - AVE2s rwp threshold, where AVezs pwp = F2S_DROP[1:0] | Hard-reset or
D[7:6] F2S_DROPI[1:0] 01 R/W | x10mV + 40mV - F2S_FWD_OFFSET x 30mV) REG_RST or
00 = 10mV WDT
01 = 20mV (default)
10 = 30mV
11 =40mV
Setting Bits of Threshold for Quitting Skip Mode and Entering
Fixed fsw Mode
(In forward mode, device enters fixed fsyy mode when Vyx falls
below the Vy2x/2 - AVszr rwp threshold, where AVsar pwp = Hard-reset or
D[5:4] S2F_DROP[1:0] 00 R/W | AVezs pwp + S2F_DROP[1:0] X 5mV + 10mV) REG_RST or
00 = 10mV (default) WDT
01 =15mV
10 = 20mV
11 =25mV
Setting Bits of Allowed Voltage Sag before Entering Fixed fsw
Mode
(In forward operation skip mode) Hard-reset or
D[3:2] SAG_FWDI[1:0] 00 R/W |00 = 5mV (default) REG_RST or
01 =10mV WDT
10 = 15mV
11 =20mV
D[1:0] Reserved 00 R/W | Reserved N/A
€ PP G Nicro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)

REGO0x10: MISC1 Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Low V2X SW|tch|ng (szx < VZXVAUD) Status Bit
D[7] LO_V2X_SW_STATUS 0 R 0 = Not in low V2X switching (default) N/A
1 = Device is in low V2X switching
Linear Charging Timeout (30 Minutes) Status Bit
D[6] CHG_TMO_STATUS 0 R (1) f go I?nea_r ghal_'ging timeoyt fal_JIt (default) N/A
= Device is in Linear charging timeout
Reset to 0 when VAC is below VAC present falling edge.
Ship Mode Status Bit
DI[5] SHIP_MODE_STATUS 0 R 0 = Not in ship mode (default) N/A
1 = Device is in ship mode
Linear Charging Status Bit
Dr4] LIN_CHG_STATUS 0 R 0 = Not in linear charging status (default) N/A
1 = Device is in linear charging status
Mask Bit for the Ship Mode Status Change Interrupt
0 = SHIP_MODE Status Change interrupt can work (default) Hard-reset or
D[3] SHIP_MODE_INT_M 0 R/W |1 = Mask SHIP_MODE Status Change interrupt. SHIP_MODE_ | REG_RST or
INT bit sets after the fault occurs or is cleared, but no interrupt | WDT
signal is sent on IRQB pin.
Mask Bit for the LIN_CHG_TMO Fault Interrupt
0 = LIN_CHG_TMO fault interrupt can work (default) Hard-reset or
D[2] LIN_CHG_TMO_INT_M 0 R/W |1 = Mask LIN_CHG_TMO fault interrupt. LIN_CHG_TMO_INT bit | REG_RST or
sets after the fault occurs or is cleared, but no interrupt signal is | WDT
sent on IRQB pin.
Ship Mode Status Change Event Flag Bit
0 = No Ship Mode status change event (default)
D[1] SHIP_MODE_INT 0 RC 1 = Ship Mode status change event has occurred. When the [ N/A
EN_SHIP_MODE bit has changed, generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.
Linear Charging Timeout (30 Minutes) Fault Flag Bit
0 = No Linear Charging Timeout fault (default)
Do) LIN_CHG_TMO_INT 0 RC 1 = Linear Charging Timeout fault has occurred. Generates an N/A
interrupt on IRQB pin. Read this bit to reset it to 0.
REGO0x11: MISC2 Register [reset = 0x59]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Disable Bit for Detecting the ON Status of BATFET Hard-reset or
D[7] BATFET_DET_DIS 0 R/W |0 = Enabled (default) REG_RST or
1 = Disabled WDT
Soft-Start Control Voltage for V1X Pin Hard-reset or
D[6:4] VFWD_SS_VOLT[2:0] 101 R/W | Vewp_ss vour = 2.5 + VFWD_SS_VOLT[2:0] x 100mV REG_RST or
Default: 0X5, VFWD SS VOLT — 3V WDT
Linear Charging Current Delay Time when V2X Voltage is Greater
LIN CHARGE ghoag E)Sead Battery Threshold (equal to V2Xsw g). Hard-reset or
D[3:2] DELAY[1:0] 10 RW 01 = 25 \I/RVIIIDC_SI__RST or
10 = 3s (default)
11=4s
Linear Charging Current Setting Bit for Dead Battery
00 = 50mA Hard-reset or
D[1:0] |ICHG_DEAD_VBAT[1:0] 01 R/W |01 = 100mA (default) REG_RST or
10 = 150mA WDT
11 = 200mA
€ PP G Nicro Corp MAY 2025
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x12: MISC3 Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY

D[7:4] Reserved 0000 R Reserved N/A

Watchdog Timeout Event Flag Bit
0 = No Watchdog Timeout (default)
D[3] WDT_TIMEOUT_INT 0 RC 1 = Watchdog Timeout happens. Generates an interrupt on IRQB [ N/A
pin. Read this bit to reset it to 0 and start the watchdog timer if
watchdog timer is enabled.

Watchdog Timer Setting Bits
000 = Disable watchdog timer (default)

001 =0.5s
010 =1s
011 =2s
100 = 20s Hard-reset or
D[2:0] WDT_TIMEOUTI[2:0] 000 R/W | 101 f405 REG RST
110 = 80s -
111 = 160s
Watchdog timeout event will reset all the registers except WDT_
TIMEOUT[2:0] and status and flag bits to the default values. Any
I°C read/write will reset the watchdog timer if not disabled.
Note: The watchdog timer will stop and be reset in ship mode.
REGO0x13: CHIP_REV Register [reset = 0x00]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
D[7:4] OTP_VER[3:0] 0000 R OTP Receipt Version N/A
D[3:0] CHIP_VERJ[3:0] 0000 R IC Version N/A
REGO0x14: DEVICE_ID Register [reset = 0x09]
BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
. . Device ID
DI[7:0] DEVICE_ID[7:0] 0000 1001 R/W 0000 1001 = SGM41603B N/A
€ Y 56 Micro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

REGISTER AND DATA (continued)
REGO0x15: Debug Register [reset = 0x00]

BITS BIT NAME RESET TYPE DESCRIPTION RESET BY
Skip Mode Enable Bit when Low V2X Switching (Vvax < V2Xyaup) Hard-reset or
D[7] LO_V2X_SKIP_EN 0 RIW ]9 = Disable skip mode w_hen Vvax < V2XvaLp, device is forced in REG_RST or
ixed-frequency mode at light load. (default) WDT
1 = Enable skip mode when Vypx < V2Xvaup
VAC OVP Status Bit
DI[6] VAC_OVP_STATUS 0 R 0 = Not in VAC OVP status (default) N/A
1 =In VAC OVP status
VAC OVP Rising Threshold
0 = 14V (default) Hard-reset or
D[5] VAC_OVP 0 RW |1=6.5V REG_RST or
Device only stops the linear charging current when VAC OVP is | WDT
triggered.
Dr4] Reserved 0 R Reserved N/A
Device Control Bit to Enter Ship Mode Depending on VAC
Present Threshold Hard-reset or
D[3] VAC_SHIP 0 RIW ?h_ Device can’t enter ship mode when VAC is above present REG_RST or
reshold (default) WDT
1 = Device can enter ship mode and ignore the VAC present
condition
Voltage Offset for Setting AVrzs rwo Threshold
0 = 30mV (default) Hard-reset or
D[2] F2S_FWD_OFFSET 0 R/W |1=0mV REG_RST or
AVe2s pwp = F2S_DROP[1:0] x 10mV + 40mV - F2S_FWD_ WDT
OFFSET x 30mV
LDO between VAC and V2X Status Bit during Linear Charge
D[1] VAC2_V2X_LDO_ 0 R Delay Time N/A
STATUS 0 = LDO between VAC and V2X is disabled (default)
1 =LDO between VAC and V2Xis enabled
D[0] Reserved 0 R Reserved N/A
€ PP G Nicro Corp MAY 2025
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

TYPICAL APPLICATION CIRCUITS
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Figure 3. Typical Application Circuit 1
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

TYPICAL APPLICATION CIRCUITS (continued)
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION

New electronic devices require more electric current and this
demand is constantly increasing with every new generation of
the equipment. Higher current requires larger batteries to
keep the portable device running. Larger batteries in turn
need higher charging currents to keep the charge time
reasonably short. To reduce the charge current losses, it is
preferred to have battery cells in series rather than in parallel,
but the battery pack voltage will be higher. However, even for
some low-voltage applications, it is beneficial to configure the
batteries as 2-series (2S) cell and use an efficient 2-to-1
bidirectional voltage converter to interface the battery for
powering the LV system. It is much faster to charge a 2S
battery compared to a 2-parallel battery (2P) with the same
current. To power the system the converter acts as a
current-doubler and delivers double current to the system as
if the source is 2P, but during charge the charging current is
almost half. The SGM41603B is an ultra-efficient
switched-capacitor (inductor-less) converter with small
solution size that perfectly fits such job.

The Switched-Capacitor Converter (SCC)

A switched-capacitor converter uses capacitors as energy
storage and transfer element for DC/DC conversion.
Compared to converters that use inductors (like Buck
converter), the SCC provides higher efficiency, smaller
solution size and lower cost. The SGM41603B is a dual
channel bidirectional 2:1 SCC with 10A output current
capability in forward mode. In forward direction, half of the
input voltage (1/2 x Vy2x) is generated on the output (V1X). In
the reverse direction, the doubled input voltage (2 x Vy1x) is

generated on the output (V2X) with 5A capability. The
converter operates with a fixed 50% duty cycle and change
between forward and reverse modes is automatic. To reduce
the output voltage and current ripples, the converter is
composed of two channels (90° or 180° selectable).

Enable Input (EN)

The EN pin is an active high enable input for the SGM41603B.
When EN is pulled high and after the deglitch time (ten_pea),
first the soft discharge is activated for tsrr_piscig and then the
soft-start is initiated. The SCC full activation occurs only after
a successful soft start. If EN is pulled low, the SCC turns off
with 8ms (TYP) EN falling deglitch time. The ten_peg deglitch
time and tsrrpische  soft-discharge-time  are I’Cc
programmable. See Figure 5 for enable and soft-start timings
in both directions. In this figure:

e t1 is the EN deglitch time (EN_DEG[2:0] in REG0x05) and
can be set from 0.125ms to 64ms (default 0.125ms).

o 1, is the standby time which is 125us (minimum time in
STANDBY state).

e t3 is the soft-discharge time (SFT_DISCHG_T[1:0] in
REGOx06) that can be set from 50ms to 300ms (default
100ms).

Enable/Disable by I’C

Except enabling the device by EN pin, the host also can
enable the device output by setting SCC_EN bit to 1 in
REGOx05 when EN is low. The host can reset SCC_EN to 0,
to disable the output (See Figure 6).

:
V2Xuwo_r % -
V2x :

'
he At i
r——————P
EN

ViX

—60uS-t—

PGOOD

Figure 5. EN, Soft-Start and Power Good Timings (t1: EN Deglitch Time; t2: Standby Time; t3: Soft Discharge Time)
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

V2Xuwo_r -f
V2X

EN

ViX + /

SDA/SCL ‘ ‘

SCC_EN =1

SCC_EN=0

Figure 6. Enable Timing Waveform with I’C Command (t3: Soft Discharge Time)

Charge System with SGM41603B

A charge system for 2-cell batteries can be implemented with
the SGM41603B along with a Buck converter and a host. All
protection functions must be set before enabling the
SGM41603B by the host. The host must also watch the IRQB
interrupts during charge and communicate with the Buck
charger to control the charge current.

The block diagram of a charge system is shown in Figure 7.
In this system, the Buck switching charger (SGM41516D)
powers the SGM41603B (SCC) and the load system. The
SCC interface acts like an interface between the 2-cell battery
and the system and provides high charging current for the
batteries. The communication between devices is through
I’C.

Figure 8 shows a typical charge profile for such configuration
with a high-capacity battery. When V2X (connected with
battery positive terminal) is lower than the V2Xsw_r (setting by
REGO0x08[1:0], default 3.8V, TYP), SGM41603B will try to pull

down the V1X to ground by an internal 400mA current sink,
and then enable the 100mA (by default) linear charging
current from VAC to V2X. Once V2X reaches V2Xsw r
(default 4V, TYP), SGM41603B stops the linear charging
process and releases the pulling down of V1X. SGM41603B
begins to perform forward soft-start charging, and the V1X
voltage is charged to about 1/2 of V2X finally. Note that the
LDO between VAC and V2X remains on to supply power for
forward soft-start before the Buck charger startup, until linear
charge delay time (setting by REGO0x11[3:2], default 3s)
expires. With the Buck charger startup successfully, Buck
charge starts to charge the V1X, and SGM41603B changes
to reverse charging automatically, then V2X voltage
increases slowly. Once V2X rises above V2Xyaup, the
V2X_VALID_INT bit will set to ‘1’ and the IRQB goes low to
notify the host that V2X is above V2XvaLp. It is noted that in
the charging process, if system load exceeds the adapter
current capability, SGM41603B can switch to forward mode
automatically to power the system.
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)
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Figure 7. A Simplified Charge System with SGM41603B
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Figure 8. Charging Profile of the SGM41603B in the System
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Startup and Soft-Start in Forward Direction
During the SGM41603B start up in forward direction, the
flying capacitors (CrLy) appear in parallel with the output (V1X)
capacitor. In normal operation, the capacitors are charged to
a voltage near the final value (Vv2x/2) with a 30mA (TYP)
soft-start current. If within tss_Fwp (soft-start time) and for 10
successive tries, the output does not reached near Vy2x/2
voltage, A FSS_FLT_INT (forward mode soft-start fault)
interrupt will be generated and the device returns back to the
STANDBY state. But if the soft- start is successful, normal
operation will begin. The tss_rwp soft-start time can be set by
I°C.

BATFET ON Status Detection

In the charger application as shown in Figure 4, SGM41603B
provides a BATFET (an N-FET in the Buck charger) ON
status detection function, which can avoid the OCP at the
moment of BATFET turn-on. After the chip is enabled and
then the soft discharge time expires, V1X is charged to
Vrwp_ss voLT (setting by REGOx11[6:4], default 3V) and
DISCHG is charged to about 100mV lower than Vyix. At the
same time, SGM41603B initiates a 2s timer and detects the
voltage difference between V1X pin and DISCHG pin. Finally
SGM41603B starts the forward soft-start process if voltage
difference is less than about 30mV or the 2s timer times out.
The BATFET ON status detection function is disabled when
VAC is present or BATFET_DET_DIS bitis 1.

PGOOD

PGOOD is a push-pull power good indicator output with
200pA capability. When V1X is close to V2X/2 in forward
soft-start, after Os or 100ms delay setting by PGOOD_DELAY
bit, PGOOD goes to high state (1.8V) and remains high while
A Vy1x at Forward Direction

the converter is operating normally. An external RC filter (1kQ,
10nF) should be connected to PGOOD if this pin is used.

PGOOD MCU_GPIO

1kQ
10nF

L

Figure 9. PGOOD Filter Example Circuit
Skip Mode and Fixed-Frequency Mode

In normal operation, the converter operates with 50% duty
cycle and the switching frequency is set by the SCC_CFG2
register (REG0x07).

In the fixed-frequency mode, the converter generates
unregulated outputs (Vv2x/2 at the V1X pin in forward mode or
2 x Vy1x at the V2X pin in reverse mode).

By setting the FIX_FREQ bit in REG0x06 to 0, the device is
allowed for automatic entry to skip mode at light load. To keep
the device in Fixed-Frequency mode and avoid skip mode the
FIX_FREQ bit must be set to 1. Figure 10 illustrates the skip
mode operation. For example, when the Vy1x output exceeds
the (Vv2x/2 - AVr2s_rwp) threshold in forward mode, the device
enters skip mode. It will return to Fixed-Frequency mode
when Vyix falls below the (Vvox/2 - AVsor pwp) threshold.
Similar behavior occurs in reverse mode. The skip mode
saves power at light loads and keeps the high efficiency over
the entire load range, and in the same time maintains the Vy1x
output near Vvax/2.

Vyaf2 [rmmmemmznnennnes
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AVE2s Fap

\4

VV2>(/2 - AVFZSiFWD ------------------

A

AVsx Fwp - AVr2s Fap
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

A Vv at Reverse Direction

A s i

Heavy Load
2AVEs Fwp

2Vy1x - 2AVE2s_Fwp \ ...... \
/\\//\ 2(AVszx pwp - AVe2s Fap)
o

A
/ 2AVsag Fwp
2Vyix - 2AVsx_pap / S — //_ \4
tros pec 1 e tsr_pec e Time
Fixed-Frequency Mode Skip Mode without OOA Fixed-Frequency Mode

b. Reverse Direction
Figure 10. SGM41603B Skip Mode Operation

Out-of-Audio (OOA) Mode SGM41603B offers an Out-of-Audio (OOA) Mode feature that
When the SCC operates in skip mode, the skip frequency can if enabled, keeps the minimum skip frequency above 30kHz.
fall in the audio range (20Hz to 20kHz). This can create

) o ) : ) Operating details for the OOA mode during Skip interval is
audible noise in multilayer chip capacitor and the PCB. The

illustrated in Figure 11. During Skip mode, the maximum skip
interval does not exceed tooa when OOA is enabled.

} V1 at OOA Mode

Fixed-Frequency Mode Skip Mode with OOA Fixed-Frequency Mode
SIS SO SR— e ——— "
32us Heavy Load
S AVE2s_Fwp
/\ 32us:; 132us 32us: 132us §2ps
Vvax/2 - AVE2s_pwp x

=
!

/\ j/:\/\ //:\/\ AVsx Fwp - AVr2s Fap

A Y Y
AVSAGFFWD ﬁ
Vvax/2 - AVsx pap / i Y e Y

HHMHHHHHHHHHHHHHHHHHM TN RN

Figure 11. Skip Mode with Out-of-Audio (OOA) Operation at 500kHz
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Under-Voltage Lockout (UVLO)

The SGM41603B will shut down if a UVLO event occurs in
which Vyox falls below V2Xuvio F and Vyix falls below
V1XuviLo F and Vvac falls below Vvac uvio falling threshold. It
will not restart until one of the port voltages exceeds its UVLO
threshold (Vv2x exceeds the V2Xuvio r threshold or Vyix
exceeds the V1Xuyvwo r threshold or Vyac exceeds the
Vvac_uvio rising threshold).

Frequency Dithering

The fixed switching frequency of the switching converter
generates high peaks in EMI emission spectrum. By enabling
the frequency dithering, this frequency is cyclically varied in a
narrow band around the set frequency such that the emitted
energy is distributed over a wider frequency range and the
emission peaks are reduced. This feature is 1’c configurable
and can be disabled or set to 3%, 6% or 12% of the switching
frequency in the whole synthesized switching frequency
range (0.25MHz to 1.5MHz).

Over-Current Protections

The SGM41603B has two levels of over-current protection in
forward direction. The V1X output current is monitored for
Ivix_ocp1 over-current protection. For a faster short-circuit
protection, the V1X and V2X are also sensed for drops
(V1Xocp2). The output is disabled if the V1X output current
exceeds |V1X_OCP1 or if Vyix falls below (szx/2 - V1Xocp2).
Ilvix_ocp1 can be set from 13.2A to 20.9A in 1.1A steps
through I°C. V1Xocp2 can be turned off or adjusted from
100mV to 660mV in 40mV steps.

In reverse direction, not only the V1X input current is
monitored for detecting Ivix_ocp1 over-current, but also the
V1X and the V2X are sensed for drops for faster short-circuit
protection (V2Xocp2). The output will disable if Viox falls
below (2Vvix - V2Xocp2). The V2Xocpz can be set from
300mV to 860mV in 40mV steps.

High Current Alarm (OCPa.n)

When V1X current (in or out) exceeds the OCPam threshold
(80% or 90% of the Ilvix ocp1), the VIX_OC_ALM_INT
interrupt bit and V1X_OC_ALM status bits are set. The
OCPawm can be set to to 80% or 90% (default). The
V1X_OC_ALM bit resets when the V1X current falls below
OCPaum_Hys of the Ivix_ocpi1.

Over-Temperature Alarms and Fault

The die temperature (T,) is monitored for thermal protection.
If T, exceeds +155°C (Tshpn), the device enters in the
thermal shutdown state and the T_SHDN_INT interrupt bit is
set. If Ty falls for around 15°C, the thermal shutdown will
terminate and SCC can be enabled again.

Two additional alarming comparators that trip at +100°C and
+120°C can set the T_ALM1 and T_ALM2 interrupts
respectively.

Over-Voltage Lockout Protections for V2X
and V1X

The SCC output will disable if an over voltage occurs on V1X
or V2X. For Vv2x the V2Xovp r over voltage threshold is
adjustable from 8.3V to 11V in REGOx08[7:3] with 10.5V
default value. For Vvix the V1Xovp R is adjustable from 4.15V
to 5.5V in REGOx09[4:0] with 5.3V default value.

Converting Over-Current Protection

The CONV_OCP function monitors the converter switch
operating current of power MOSFETSs. If the Qcix or Qpix
current reaches switch converting OCP threshold during
forward or reverse mode, the CONV_OCP_INT bit is set to 1
and an interrupt is generated on IRQB pin, the operation is
stopped and the chip returns to standby mode.

Auto Restart Features after Faults

Two after-fault auto restart feature are included in this device.
Since the SGM41603B is usually the system power supply, in
most applications it cannot be re-enabled externally after a
fault (the auto restart feature is essential). After any fault, the
switcher is off and if the active discharge is enabled, it will
conduct an active discharge first. After that if all following
conditions are valid:

(1) The fault condition is removed.

(2) EN is higher than Vi or SCC_EN =1,

(3) RESTART_EN bit is 1.

(4) The V2X voltage is above its switching start threshold
(V2Xsw R)-

Then after a wait time (adjustable by WAIT_T[1:0] bits), the
device initiates a soft start.

Note that if RESTART_EN is 0, the EN pin must be toggled to
enable the output after a fault power down.
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Linear Charging for the Dead Battery

In 2-cell battery charging system, if V1X is not present and
battery voltage Vvax is lower than V2Xsw r threshold (4V by
default), SGM41603B stays in low power mode until VAC is
present. When Vyac is above the Vyac_present (3.75V, TYP)
and CHG_TMO_STATUS bit is not set, SGM41603B will pull
down V1X to ground with an internal 400mA current sink firstly,
and then start to charge the dead battery V2X with a 100mA
current (decided by REGO0x10[7]) flowing from VAC to V2X,
and LIN_CHG_STATUS is set to 1. Charging current will be
stopped once V2X voltage reaches the 4V (default); at the
same time, a 30 minutes safety timer starts to count when the
linear charging begins. If the V2X voltage reaches 4V in 30
minutes, SGM41603B stops the charging current and resets
the timer (LIN_CHG_STATUS changes to 0 when charging
stops), and then starts the forward soft-start process. On the
other side, if V2X voltage cannot be charged above the target
voltage after 30 minutes, SGM41603B stops the charging
current, LIN_CHG_TMO_INT and CHG_TMO_STATUS bits
are set, and the IRQB is pulled low if LIN_CHG_TMO_INT_M
bit is not masked. CHG_TMO_STATUS is clear when Vyac is
below the Vyac_present F.

Ship Mode and System Reset by RST0 and
RST1

When both EN_SHIP_MODE and SHIP_MODE_KEY bit are
set to 1 by host, SGM41603B stops switching after the ship
mode entry delay time (setting by REGOxO0E[2], 20s by
default), then enters the ship mode and consumes low current
(11pA, TYP).

SGM41603B exits the ship mode if any one of the following
conditions is valid:

(1) VAC present rising edge
(2) RSTO is pulled low for tsripmone (2s, TYP)
(3) EN_SHIP_MODE = 0 and SHIP_MODE_KEY = 1.

For condition 1 and 2, the EN_SHIP_MODE bit is clear
automatically.

SDA

Whenever SGM41603B enters or exits the ship mode, the
SHIP_MODE_INT bit will be set to 1, and the IRQB is pulled
low if SHIP_MODE_INT_M bit is not masked. The
SHIP_MODE_STATUS is set to 0 or 1 respectively when chip
is not in ship mode or in ship mode.

When RSTO & RST1 are pulled low for tsys rst (10s, TYP)
and VAC is not present, system reset happens. SGM41603B
stops switching and pulls down DISCHG with 10mA current
sink for 500ms. After 500ms, SGM41603B stops the sink
current, and then continues to work according to the setting.
Note that during the ship mode entry delay time, the reset
function will be ignored.

Hard Reset

In some application scenario, negative spike generated by
serious events such as circuit short may cause the chip in
latched status. SGM41603B provides hard reset mechanism
to solve the issue. The detail usage is: host sets the
EN_HARD_RST bit to 1 before SGM41603B starts switching.
If host finds that chip is in latched status, it needs to perform
the system reset. Once system reset period is over, chip will
reset the all the registers except status and flag bits to the
default values.

I2C Interface
The SGM41603B acts as an I°C Slave Transmitter/Receiver
at the following slave addresses:

Slave Address (7 bit) 1101 000
Slave Address (Write) 0xDO 1101 0000
Slave Address (Read) 0xD1 1101 0001

I’C System Configuration

A “Transmitter” is a device on the 1°C bus that generates
a "message” on the bus and a “Receiver’ is a device that
receives that message from the bus. The “Master” is the
device that controls the messaging, and a “Slave” is any
device that is controlled by the "Master".

SCL

Master Transmitter/

] Slave Receiver
Receiver

Slave Transmitter/
Receiver

Master Transmitter/

Master Transmitter A
Receiver

Figure 12. Configurations of the I’C Devices
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DETAILED DESCRIPTION (continued)

Start and Stop Conditions

When the bus is free (idle), both SDA and SCL remain high. A
START (S) condition is sent by master at the beginning of a
transaction with a high-to-low transition on the SDA line while
the SCL is high and all slaves will detect that. Similarly, one
(or more) STOP (P) condition is sent by master with a
low-to-high transition of the SDA line while the SCL is high to

terminate the transaction and release the bus (See Figure 13).

It is recommended to initiate the bus by sending a STOP
condition after power-up. The master may not release the bus
after a complete transaction with the slave and send a
repeated START (Sr) to initiate a new data exchange with the
slave.

SDA SDA

scL \ scL

START (S) STOP (S)

Figure 13. Placing the Start and Stop Conditions in the
I°C Bus

Bit Transfer

With each clock pulse one data bit can be transferred as
shown in Figure 14. The data on SDA line must remain stable
(setup and hold times must be met) during the high time of
the clock (SDA transitions during CLK high time are
interpreted as a control signal).

SDA ><
SCL \

Data Line Stable; Change of Data
Data Valid Allowed

Figure 14. I’C Bit Transfer

SCL

SDA

START I°C Slave Address ACK

I’C Data Format and Acknowledge

The data is transmitted one byte at a time. After detecting the
START condition, the transmitter will send one byte (8-bit) of
data, bit by bit starting from the Most Significant Bit (MSB).
With each SCL pulse a new bit is placed on the SDA line.
After sending the gh bit, the transmitter releases the SDA line
during the 9" sCL pulse in order to receive an acknowledge
bit from the receiver. Therefore, a total of 9 bits is exchanged
for each byte. The number of bytes in one transaction is not
limited. After sending the ACK bit, if the receiver is busy and
cannot transfer another byte of data, it can hold the SCL line
low and keep the sender in wait state (clock stretching).
When it is ready for another byte of data, it releases the clock
line and the data transfer can continue with clocks generated
by the master.

The 9" bit is the receiver response (slave or master) to show
that the byte is received. Sending a low during the 9™ clock
cycle is interpreted as ACK. If the receiver responds a high or
does not respond at all, the sender will receive a high for the
9" bit that is considered as Not ACK (= NCK). An NCK means
that the receiver is not expecting more data. Therefore, the
response of the receiver to the last byte in a transaction is an
NCK. It can also show that there is a problem in the
communication link (rare). After the 9™ pit, a STOP or a
Repeated START (Sr) should be sent by master. A master
receiver must signal an end of data (NCK) to the transmitter
on the last byte that has been clocked out of the slave. In this
case, the transmitter must leave SDA high to enable the
master to generate a STOP condition.

Data Byte ACK

Figure 15. I°C Data Transfer and Acknowledge Bit
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DETAILED DESCRIPTION (continued)

Master Transmits Protocol (Write Mode)

Figure 16 shows how the master writes to (R/W = 0) a slave
register at a specific REGISTER ADDRESS, or group of
register in the successive addresses.

Frame 1

Master Reads from Slave after Setting Register
Address (Write Register Address and Read
Data)

Figure 17 shows how master should read a specific register
(it must first write the required register address).

SCL

SaNV0'000000N.

1 9

LU

~

Frame 2 —»‘

-
©

nninniE -
GOOOOCOS

~

START by Byte#1 I°C Slave Address Byte ACK by Byte#2 Register Address Byte ACK by
Master Device Device
}‘ Frame 3 ~{4 Frame 4 4>‘

s U T LI
(Continued)
—> -
SDA
D D
om0 o) o oo oo oo oz oron
N N e
. ACK by . ACK by
Byte#3 DataByte 1 to SGM41603B Register Device Byte#4 Data Byte 2 to SGM4 1603B Register Device
}4— Frame N —»{
1 9
SCL
(Continued)
, e e o
SDA .
(Continued) DO

~

Byte#N Data Byte nto SGM41603B Register

ACK by
Device

STOP by
Master

Figure 16. I’C Write Protocol Master Transmits
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I°’C Controlled 10A Bidirectional
SGM41603B Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)
‘F Frame 1 r}‘ Frame 2 —»‘

1 9 1 9

« U T
SNV 0.0.0.0.0.0. 00000000

N N

START by Byte#1 I°C Slave Address Byte ACK by Byte#2 Register Address Byte ACK by
Master Device Device

}: Frame 3 >}< Frame 4 —»{

1 9 1 9
= LU T
(Continued) P
> —
090900008 OOCO000CE
(Continued) -
- N e
START by Byte#3 1°C Slave Address Byte ACK by Byte#4 Data Byte 1 from Device ACK by
Master Device Master
} Frame 5 >} o o o }4— Frame N }
1 9 1 9
SCL
(Continued) P
—> o o o
SDA /_ N C
(Continued) Do \_
N e N e
Byte#5 Data Byte 2 from Device ACK by Byte#N Data Byte nfrom Device NCKby  STOP by
Master Master Master

Figure 17. I’C Read Protocol (Master Reads after Setting Register Address)
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SGM41603B

I°’C Controlled 10A Bidirectional
Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Block Read: Master Reads Register Data
without Setting Register Address (Read Mode)

The format given in Figure 18 can be used to read registers
continuously starting from the first register address.

I2C Timeout

In 1’C communication, some issues happen sometimes: 1)
I°C device pulls SDA forever to ground due to ground noise or

Frame 1

supply power noise. 2) SCL clock disappears sometimes
because of host interrupt or power down. For SGM41603B,
I°C circuit monitors the SCL and SDA line all the time once I°C
interface is alive. When the low level is kept over than 25ms
for SCL or SDA, I2C circuit will return to the idle state and
release the SCL & SDA line unconditionally.

e U A
o TN XXX XX AN AKX oo/
}4 Frame 3 ,} ¢ o0 }«— Frame N ‘}
S 5 B By W
connms 7Yoo)X o5 ) o403 x oz o oo\ OO0 OMNYE

~

~

Byte#3 Data Byte 2 from Device ACK by Byte#N Data Byte nfrom Device NCKby  STOP by
Master Master Master
Figure 18. I°’C Master Block Read Starting from the First Register
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APPLICATION INFORMATION

Input Capacitor Selection (Cy2x or Cyqx)

Two factors should be considered when choosing the input
capacitor. One is that it must be chosen to support the
maximum expected input surge voltage with adequate design
margin. The other is that it is required to reduce peak currents
drawn from the input source and reduce input noise.

The selection of Cy2x and Cy1x is determined by the effective
series resistance (ESR) that is required to minimize voltage
ripple and load step transients, as well as the amount of bulk
capacitance that is necessary to ensure that the operation is
stable. For most applications, ceramic capacitor which has
total capacitance greater than 20pF with X5R or better grade
can obtain stable performance.

A good design should consider the DC bias effect on a
ceramic capacitor: as the applied voltage approaches the
rated value, the capacitance value decreases. The X5R and
X7R type capacitors should be the primary choices due to
their stability versus both DC bias and temperature. For all
ceramic capacitors, the DC bias effect is even more
pronounced on smaller case sizes, so a good design will use
the largest affordable case size. Also, it is advisable to select
input capacitors with plenty of design margin in the voltage
rating to accommodate the worst-case transient input voltage.

Flying Capacitor Selection (Crry)

To select the capacitance of the flying capacitors, current
rating and ESR are critical parameters. Moreover, these
capacitors are biased to V1X voltage and their voltage rating
should be high enough to avoid capacitance drop due to DC
bias. The CrLy is selected in a trade-off between efficiency
and power density. Smaller CrLy capacitance increases the
output voltage/current ripples and reduces efficiency. A large
CrLy reduces the output ripples and improves efficiency. The
Cruy per channel can be calculated based on the equation
below:

Iv1x

Cry=g7—~——
4fswVcrLy RPP

To start, set the voltage ripple to 2% of the output voltage:

lv1x
CRLY = Botem Vi M
where
Ivix is the V1X input/output current.
fsw is the switching frequency.

VcrLy rep is the peak-to-peak voltage ripple over Cry.

The switching frequency can be set using the FREQ[2:0] bits
in REGOx07 (default value is 500kHz). A lower switching
frequency improves efficiency at light load but will also
increase voltage/current ripples.

Output Capacitor Design (Cy2x or Cy1x)

The Cyvox or Cvix output capacitor selection is similar to the
CrLy capacitor selection. More output capacitors result in
smaller output voltage ripple. Because of the lower RMS
current, the output capacitor value can be much less than the
CrLy capacitor, and can be calculated based on the equation
below:

_ lvaxtoeap
Cvix = 0.5Vy1x_rep @
Con = lvoxtoEAD 3)
V2X 0.5Vyox_rep

where

toeap is the dead time between 2 phases (Cry charging
phase: QcHx and QcLx turn on; CrLy discharging phase: Qpix
and Qp.x turn on).

Vvix_rep is the peak-to-peak output voltage ripple which can
be set as 2% of Vyix.

Vvax_rpp is the peak-to-peak output voltage ripple which can
be set as 2% of Vyax.

Considered the bias voltage derating for the capacitors, as
the Cout may be biased to the battery voltage, and this will
affect their effective capacitance, two typical 10uF ceramic
capacitors with X5R or better grade can be placed as close to
the V2X or V1X pins as possible to obtain stable
performance.

External Bootstrap Capacitors Selection
(Cestxp and Cpstxn)

This bootstrap capacitors, Cgstxr and Cgstxn, provide the gate
driver voltage for internal charging phase switching FETs
Qchx and Qcix. A 47nF low ESR ceramic capacitor is
recommended to be connected between the BSTxP pin and
the CFxP pin, and between the BSTxN pin and the CFxN pin.
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APPLICATION INFORMATION (continued)

PCB Layout Guidelines

For a stable and high-performance design the following
guidelines are considered in the design of the PCB layout:

1. Avoid connectors as much as possible to minimize losses
and hot spots.

2. Use short and wide traces for high current paths like V1X
and V2X.

3. VAC, V1X and V2X pins must be bypassed to GND by
ceramic capacitors placed as close as possible to these
pins.

4. CFLY capacitors must be placed as close as possible to
the device pins with minimal copper connection areas to
reduce switching noise and EMI.

5. Use symmetrical power traces across the two channels as
much as possible. For example, place the CF1P and

(oiscHe)  (RsTO )
AY

s \ s

N N

(VAC} (RsT1) [IRGB)
A 7 N 7/

CF1N symmetrically, and route V1X trace symmetrically
on both channels.

. Vias are inevitable for connection of the inner pins (under

the device), especially for BST1P/N, BST2P/N, and HVDD.
Use wide and short traces in the connecting layer to
connect these pins and minimize the path length to the
corresponding capacitors.

. Use solid (filled) thermal vias for better heat dissipation.
. Refer or decouple quiet signals to the AGND pin and

power signals to the PGND pins (nearest pins).

. Avoid interrupting or breaking the power planes by signal

traces as much as possible.

The recommended layout is illustrated in Figure 19.

Figure 19. PCB Layout Reference
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
WLCSP-2.85%2.59-42B-A

| D | / 42 x © 0.21
A1l CORNERf/. an N N
E
D 0 D)
N ) D)
TOP VIEW RECOMMENDED LAND PATTERN (Unit: mm)
7 6 5 4 3 2 1 42 x @d
- A
e N N N
B
A #‘ t c
| (SIS ESISEES)
J ) ) ) b
AT []eec|C] SEATING PLANE c
N D N F
ol edw
SIDE VIEW BOTTOM VIEW
Dimensions In Millimeters
Symbol
MIN NOM MAX
A - - 0.678
A1 0.186 - 0.226
D 2.818 - 2.878
2.558 - 2.618
d 0.230 - 0.290
e 0.400 BSC
cce 0.050
NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

P2+

TAPE DIMENSIONS

- D D D
o %
W Q1 Q2 Q1 Q2 Q1 Q2 ‘ —K‘J
I I BO
Q3 Q4 03\/(14 Q3 T Q4 \ I
—
~——— Reel Diameter ——— =t \ W
1l P1 - A0—| »—KOL
Reel Width (W1) -
==mmp DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Packade Tyoe Reel | RS a0 | B0 | ko | PO | P1 | P2 | W Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
WLCSP-2.85%2.59-42B-A 13" 124 2.70 3.00 0.80 4.0 8.0 2.0 12.0 Q2
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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(er:r?‘t)h m::r)' I-(I::&I;t Pizza/Carton
[=]
[=]
13" 386 280 370 5 g
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