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SGMICRO

SGM41603

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

GENERAL DESCRIPTION

The SGM41603
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 charger output, and
saves the existing 1S power architecture that is
powered from the same battery.

is an efficient 2:1 bidirectional

This 2-phase high switching frequency (1.5MHz, MAX)
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 98.5% efficiency which is the
highest in its class. Thermal management of such a low
loss device is simple, which 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 SGM41603

is available in a Green WLCSP-2.85%x2.59-42B
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-Phase Interleaved Operation (90° or 180°)
+ 8 Integrated N-Type MOSFET Switches
+ 10A Output Current Capability
+ 98.5% Peak Efficiency
® Low Ilg Current: 40pA Forward Operating
® 6.74A Shutdown Current
e I°C Interface with Interrupt Signaling
e Adjustable Soft-Start Current and Timeout
e 0.25MHz to 1.5MHz Adjustable Switching
Frequency
® | ow EMI with Switching Frequency Dithering
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
e Available in a Green WLCSP-2.85%2.59-42B Package

TYPICAL APPLICATION
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Figure 1. Typical Application Circuit
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SGM41603

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

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TEfn':,EE‘gifSRE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
064
SGM41603 | WLCSP-2.85x2.59-428 | -40°C to +85°C | SGM41603YG/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

XXXXX

XX # XX
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.

ABSOLUTE MAXIMUM RATINGS (BST1P - CF1P), (BSTAIN - CFAN)....cooovreevrceee. 0V to 5V
V2X 0 PGND....oooiiiiieeiie e -0.3V to 16V (CFIP - V1X), CF1IN ... 0V to 5.5V
BSTXP to PGND .......oeiiiiiiiiiiee e -0.3V to 16V (BST2P - CF2P), (BST2N - CF2N),.cceviiiieeieeeeen. 0V to 5V
BSTXN t0 PGND .......oiiiiiiieiiieeceee e -0.3V to 8V (CF2P - V1X), CF2N .....ooiiiiiiiieeeeee e 0V to 5.5V
BSTXP t0 CFXP...ooiiiiiiiiiie e -0.3V to 6V AVDD, (HVDD - V1X), VIO, EN....cocoviiiiiiiiiees 0V to 5V
BSTXN t0 CFXN ..oooiiiiiiiiie e -0.3V to 6V PGOOD .....oiiiiie et 0V to 1.8V
CFXP to PGND ......oooviiiieiieeeeeee e -0.3V to (Vvix + 6V) SDA, SCL, IRQB ..ot 0V to 5V
CFEXN, VIXtOPGND ... -0.3Vto 6V Junction Temperature Range..................... -40°C to +125°C
PGND to AGND ..o -0.3V to 0.3V OVERSTRESS CAUTION
- +
HVDD t0 AGND ..o 0.3V to (Vvix + 6V) Stresses beyond those listed in Absolute Maximum Ratings
AVDD, NC, IRQB, VIO to AGND .........cccevvuverenee -0.3V to 6V .
may cause permanent damage to the device. Exposure to
EN1tO AGND .....ooiiiiiieeee e -0.3V to 16V . . . .
absolute maximum rating conditions for extended periods
SDA, SCLt0 AGND .....cooiiiiiiieireee -0.3V to (Vvio + 0.3V) N . . .
may affect reliability. Functional operation of the device at any
PGOOD to AGND ......ooiiiiiieeeiiee e -0.3V to 2.0V s . .
. conditions beyond those indicated in the Recommended
V1X Continuous RMS Current (From V2X to V1X).......... 10A . - Lo L
. Operating Conditions sectionis not implied.
Package Thermal Resistance
WLCSP-2.85%2.59-42B, Ba......vveumreerrrernrrirerrenns 62°C/W ESD SENSITIVITY CAUTION
WLCSP-2.85%2.59-42B, By.......cervrrverrrrierennnnns 15.5°C/W This integrated circuit can be damaged if ESD protections are
WLCSP-2.85%2.59-42B, ByC.......cocvvvererrrrerrrnnnn. 25.6°C/W not considered carefully. SGMICRO recommends that all
Junction Temperature..........c.ccoeeeeeeeeieececceeceeeenas +150°C integrated circuits be handled with appropriate precautions.
Storage Temperature Range.............c.......... -65°C to +150°C Failure to observe proper handling and installation procedures
Lead Temperature (Soldering, 10S) .......cccooveeueeuenn... +260°C can cause damage. ESD damage can range from subtle
ESD Susceptibility performance degradation to complete device failure. Precision
HBIM. et 2000V integrated circuits may be more susceptible to damage
CDM e 1000V because even small parametric changes could cause the
device not to meet the published specifications.
RECOMMENDED OPERATING CONDITIONS P P
V2X oo 5V to 11V DISCLAIMER
VAKX e 2.8V to 5.5V SG Micro Corp reserves the right to make any change in
Ivix (Voltage Divider Mode)...........cocevevecvreeeereennene. 0A to 10A circuitdesign, or specifications without prior notice.
lvox (Voltage Doubler Mode) .........coeeiiiiiiiiiieieeenns 0A to 5A
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SGM41603

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

PIN CONFIGURATION

(TOP VIEW)
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WLCSP-2.85%2.59-42B
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I2C Controlled 10A Bidirectional

SGM41603 Switched-Capacitor Converter
PIN NAME TYPE" FUNCTION
A1,B1, E1, F1 PGND P Power Ground.
Flying Cap Phase 1 Negative Node. Connect at least two parallel 47uF capacitors between
A2,A3, B3 CFIN P CF1P and CF1N pins as close as possible to these pins.
A4, A5, B4, C4, VX P Lower Voltage (1X) Power Port. It is an input in forward mode and an output in reverse mode.
D4, E4, F4, F5 A 22uF capacitor is recommended between V1X and PGND.
Flying Cap Phase 1 Positive Node. Connect at least two parallel 47uF capacitors between
A6, A7, B6 CF1P P CF1P and CF1N pins as close as possible to these pins.
Bootstrap Capacitor Connection for Q¢ 1 Gate Driver Supply. Place a 47nF or larger ceramic
B2 BSTIN P ) -
capacitor between this pin and CF1N.
Bootstrap Capacitor Connection for Qcnt1 Gate Driver Supply. Place a 47nF or larger ceramic
B5 BST1P P ) o
capacitor between this pin and CF1P.
Higher Voltage (2X) Power Port. It is an input in forward and an output in reverse direction. A
B7,C7. D7, E7 Vax P 22F capacitor is recommended 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.
C2 SDA DIO I°C Interface Data Line.
C3 NC - No Connection. Leave this pin open.
C5 EN DI Active High Device Enable Input.
cé HVDD AO (Vvix + 5V) LDO Output. Decouple HVDD to V1X with at least 1uyF high quality ceramic
capacitor (X5R or better). Do not connect any external load to HVDD.
D1 AGND P Analog Ground.
D2 SCL DI I°C Interface Clock Line.
D3 VIO P Input Voltage Supply for 1/0 Circuits. Bypass this pin to AGND with at least 1uF high quality
ceramic capacitor (X5R or better).
D5 IRQB DO Open-Drain Active Low Interrupt Output. Pull it up with a 100kQ resistor to VIO. A low on
IRQB indicates a fault condition.
D6 PGOOD DO Power Good Output.
Bootstrap Capacitor Connection for Qc > Gate Driver Supply. Place a 47nF or larger ceramic
E2 BST2N P . o
capacitor between this pin and CF2N.
E3 F2 F3 CF2N P Flying Cap Phase 2 Negative Node. Connect at least two parallel 47uF capacitors between
e CF2P and CF2N pins as close as possible to these pins.
Bootstrap Capacitor Connection for Qch, Gate Driver Supply. Place a 47nF or larger ceramic
E5 BST2P P ) o
capacitor between this pin and CF2P.
Flying Cap Phase 2 Positive Node. Connect at least two parallel 47uF capacitors between
E6, F6, F7 CFap P CF2P and CF2N pins as close as possible to these pins.
NOTE:

1. P = Power, Al = Analog Input, AO = Analog Output, AIO = Analog Input/Output, DI = Digital Input, DO = Digital Output, DIO =
Digital Input/Output.
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS

(Vvax = 7.6V, Vvix = 3.8V, Crry/phase = 3 x 47uF, Vyio = 1.8V, fsw = 0.25MHz, T, = -40°C to +85°C, typical values are at T, =
+25°C, unless otherwise specified.)

PARAMETER | symBoL | CONDITIONS | min | TYP | mAX |uNiTs
Global Input Supply
| EN = LOW, Vyo = 0V, Tu=+25°C 670 | 8.60
SHDNLV2X 1 \/y\ox = 8.4V — _AN° o
vax T,=-40°C to +85°C 6.70 11.25
Shutdown Supply Current MA
| EN = LOW, Vyio = OV, T,=+25°C 5.80 7.15
SHDN_V1X V - 42V _ o o
Vix T,=-40°C to +85°C 5.80 9.30
la_vax Vva2x = 8.4V, automatic mode 40
Quiescent Current = MA
lq vix Vvix = 4.2V, automatic mode 84
T,=+25°C 0.2 1.3
Shutdown VIO Current ISHDN_VIO V\/|o =55V HA
T,=-40°C to +85°C 0.2 1.5
Vyox = 4.2V, VIX_AD_EN =0, EN = LOW,
V1X Leakage Current Ik vix 0.1 1.0 pA

Vvio = OV (Measure at V1X pin), T,= +25°C

Input Under-Voltage Lockout

T,=+25°C 3.35 3.58 3.81
V2Xuvior | Vvax rising
} T,=-40°C to +85°C | 3.22 3.58 3.95
T,=+25°C 2.27 247 2.66
V2Xuvio_r | Vvex falling
} T,=-40°C to +85°C | 2.25 2.47 2.68
V2XU\/LO_HYS V2X UVLO hysteresis 1.10
Under-Voltage Lockout Threshold \%
T,=+25°C 2.55 2.76 297
V1Xuvio r | Vvix rising
- T,=-40°C to +85°C 2.53 2.76 2.99
T,=+25°C 2.27 2.46 2.66
V1Xuvio F | Vvax falling
- T,=-40°C to +85°C 2.25 2.46 2.68
V1 Xuvio mvs | VIX UVLO hysteresis 0.30

Enable Inputs and Logic

Deglitch between Vey rising above Vi and starting
soft-start action, when teypes = 0.125ms (I°C

EN Deglitch Time ten oec programmable from 0.125ms to 64ms, default 0.125 ms
0.125ms)
Logic Input Low Level Vi EN pin, T,= +25°C 0.80 \%
Logic Input High Level Vin EN pin, T, = +25°C 0.82 \%
EN Pull-Down Resistance Ren_po | Pulled down to AGND, T, = +25°C 0.95 1.20 1.50 MQ
EN Input Leakage Current lLk_En EN pin connected to 16V, T;= +25°C 0.01 0.40 HA
IRQB Pin Output High Leakage lik iras | IRQB pin, Viras = 5.5V, T, = +25°C 0.01 0.50 MA
T,=+25°C 4.55 4.90 5.30 \Y
AVDD Linear Regulator Output Voltage Vavop
T,=-40°C to +85°C 4.50 4.90 5.35 \%
HVDD Linear Regulator Output Voltage Vhvop Vyix = 1.5V 5.10 \Y
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SGM41603

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

ELECTRICAL CHARACTERISTICS (continued)

(Vvax = 7.6V, Vvix = 3.8V, Crry/phase = 3 x 47uF, Vyio = 1.8V, fsw = 0.25MHz, T, = -40°C to +85°C, typical values are at T, =

+25°C, unless otherwise specified.)

PARAMETER

| symsoL |

CONDITIONS

| min | TYP | mAX |uniTs

Switched-Capacitor Converter

Deglitch time between the time of Vy1x or Vyx falling
o . ) below its switching threshold and stopping the
Switching Stop Deglitch Time tsw_F pee switching action, when tsw ¢ pee = 108ys 108 us
(1*C programmable from Oms to 1ms, default Oms)
Vv1x > 0.25VV2)( when ISSﬁFWD =145mA
Forward Mode Soft-Start Current (all | ' " | (2C programmable from 145mA to 580mA, 145mA 130 mA
at V1X) -
per step, default 580mA)
szx < V2XVA|_|D when |R557|_c =100mA
lrss..c | (I°C programmable from 100mA to 250mA, default 175
Reverse Mode Soft-Start Current (all 150mA) _ mA
at V2X) szx > V2XVA|_|D when IRSSfHC =260mA
lrss.vc | (°C programmable from 260mA to 400mA, 20mA 440
per step, default 260mA)
Vvox  rising, threshold for
entering high current | Ty = +25°C 5.670 5.880 6.085
. ) soft-start, when V2Xyap =
Valid V2X Voltage During Soft-Start V2XyaLp 5.9V (IZC programmable from \Y
5.5V to 5.9V, 0.4V per step, | T,=-40°C to +85°C | 5.660 | 5.880 | 6.095
default 5.9V)
Liaht Load Effici NLIGHT1_FWD |v1x = 1mA, szx = 74V, REGOx0OF = OxFD 91.3 %
ight Loa iciency
NLIGHT2_FWD |v1x = 30mA, V\/zx = 74V, REGOx0OF = OxFD 97.6 %
Peak Efficiency NPEAK_FWD 98.5 %
Heavy Load Efficiency NHEAVY_FWD |v1x = 10A, V\/zx =9V 95.8 %
Light Load Efficiency (Reverse) NueHT Rvs | lvax = 1MA, Vyix = 3.7V, REGOX0F = 0xFD 941 %
Heavy Load Efficiency (Reverse) NHEAVY_RVS |v2x = 5A, Vv1x =4.5V 95.8 %
T,=+25°C 8.5 1.7
Roson of Qcrt and Qcre Ros_acH
T,=-40°C to +85°C 8.5 14.5
T,=+25°C 8.9 13.6
RDSON of QDH1 and QDHz RDS_QDH
T,=-40°C to +85°C 8.9 16.5
6.6 9.1 ma
T,=+25°C . .
Roson of Qcr1 and Qe Ros_act :
T,=-40°C to +85°C 6.6 1.5
Ty=+25°C 8.9 13.6
RDSON of QDL1 and QDLz RDS_QDL
T,=-40°C to +85°C 8.9 15.5
o When few = 250kHz (I°C|T,= +25°C 225 250 275
Switching Frequency faw programmable from 250kHz kHz
to 1.5MHz, default 250kHz) | Ts=-40°C to +85°C 220 250 280
When fsworie = 3% (°C|T,=+25°C 125 | £35 | 45
Switching Frequency Dither Rate fsw othr | programmable from 3% to 12% %
or OFF, default 3%) T,=-40°C to +85°C 2.5 3.5 4.5
R T,=+25°C 8.00 9.90 12.00
AD_V2X
N i i i T,=-40°C to +85°C 7.95 9.90 12.10
Active Discharge Resistance gglc\;’? (jjl_scré?r%e is enabled, | kQ
R Is disable T,=+25°C 0.91 1.03 1.18
AR T,= -40°C t0+85°C | 0.90 | 1.03 | 1.20
€ PP G Nicro Corp MARCH 2025
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SGM41603

I2C Controlled 10A Bidirectional

Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS (continued)

(Vvax = 7.6V, Vvix = 3.8V, Crry/phase = 3 x 47uF, Vyio = 1.8V, fsw = 0.25MHz, T, = -40°C to +85°C, typical values are at T, =

+25°C, unless otherwise specified.)

PARAMETER | symsoL | CONDITIONS | min | TYP | mAX |uniTs
Protections
Rising, when V2Xove r = 8.7V | T, = 425°C 8660 8700 8740
(1*C programmable from 8.3V mV
to 11V, default 9.5V) T,=-40°C to +85°C 8646 8700 8757
Rising, V2X0\/P_R_ACC when T,=+25°C 0.5 0.5 %
V2Xove r = 8.7V T,=-40°C to +85°C | -0.7 07
V2Xowr R | Rising, when V2Xove r = 11V | T, = +25°C 10945 | 11005 | 11064
(IZC programmable from 8.3V mV
to 11V, default 9.5V) T,=-40°C to +85°C | 10930 | 11005 | 11082
Rising, V2Xove r acc when T,=+25°C 06 0.6 o
V2X, =11V ?
OvPR T,=-40°C to +85°C -0.7 0.8
Over-Voltage Protection Threshold V2Xove_nvs | V2X OVP Hysteresis 180 mVv
Rising, when ViXowr =|T,=+25C 4332 | 4350 | 4368
4.35V (I°C programmable from mV
415V to 5.5V, default 5.3V) | Tu=-40°C to+85°C | 4324 | 4350 | 4380
Rising, V1X0\/P_R_ACC when TJ =+25°C 0.5 0.5 %
Vix V1Xove g = 4.35V T,=-40°C to +85°C | -0.7 0.7
"% [Rising, when VIXov r = 4.9V | T = +25°C 4876 | 4900 | 4924
(IZC programmable from 4.15V mV
to 5.5V, default 5.3V) T,=-40°C to +85°C | 4868 4900 4935
Rising, V1X0\/P_R_ACC when TJ =+25°C 0.5 0.5 %
V1Xove r = 4.9V T,=-40°C to +85°C | -0.7 0.8
V1Xovpe_nvs | VIX OVP Hysteresis 90 mV
- 2
VX OCP1 Threshold (Bidirectional) | i ocer | 1a 1 gp G0~ fdzfA()l C programmable from 4.2A1 5940 | 4215 | 4600 | mA
V1X OCP1 Accuracy IV1X70CP17ACC In the entire |V1X700P1 range -7.5 9.2 %
When V1Xocez = 310mV (°C | T, = +25°C 230 295 365
V1Xocez | programmable from 110mV to
310mV, default 310mV) T,=-40°C to +85°C | 225 295 370
_ Z
OCP2 Offset When V2Xocp2 = 620mV (I°C T,= +25°C 475 605 740 mV
V2Xocrs {)ro%r;\OmT/ab‘I‘% f{;)m 340th
(o} mV, 40mV per step, |+ _ ,no °
default 620mV) T,=-40°C to +85°C 465 605 750
Thermal Alarms and Shutdown
Thermal Alarm at +100°C Tinti00 | Ty rising, +15°C hysteresis 100 °C
Thermal Alarm at +120°C Tinti20 | Ty rising, +15°C hysteresis 120 °C
Thermal Shutdown Rising Threshold Toie otP R 160 °C
Thermal Shutdown Rising Threshold o
Hysteresis Toie_otp_Hys 20 C
SDA and SCL I/O Stage
Input Logic Low Level T,=+25°C 0.4 x Vyo \%
Input Logic High Level T,=+25°C 0.5 x Vyo \Y
SCL, SDA Logic Input Current VscL = Vspa = Vuio = 1.8V, T, = +25°C 0.01 1.00 MA
SCL, SDA Input Capacitance 10 pF
€ PP G Nicro Corp MARCH 2025

sGmicRO WWW.sg-micro.com

7




I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

ELECTRICAL CHARACTERISTICS (continued)
(Vvax = 7.6V, Vvix = 3.8V, Crry/phase = 3 x 47uF, Vyio = 1.8V, fsw = 0.25MHz, T, = -40°C to +85°C, typical values are at T, =
+25°C, unless otherwise specified.)

PARAMETER | symeoL | CONDITIONS | min [ TYP | mAX [uNITs

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 tLow 0.5 us
CLK High Period tHicH 0.26 us
Setup Time Repeated START Condition tsu:sTa 0.26 us
DATA Hold Time tHo:DAT 0 us
DATA Valid Time tvo:par 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 and START tsur 0.5 us
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

TYPICAL PERFORMANCE CHARACTERISTICS

Vvox = 7.4V, Vyio = 1.8V, Crry/phase = 2 x 47uF, Cyix = 67uF, fsw = 0.5MHz, unless otherwise specified.

10A Load Transient 10A Load Transient
fow = 0.5MHz,vautomatic mode é\ fsw = 0.5MHz,vfixed-frequency é
3 3
AC Coupled < AC Coupled <
Vvax fo Vvax foy
LQ < 13 <
AC Coupld | Mwmw : o e coues MW B
Vvix M 8 vix F-_ =
3 3
9 s 2 s
< <
N N
lout § lout §
& g
Time (100us/div) Time (100us/div)
1V Line Transient Soft-Start Waveform

fow = 0.5MHz, I oo = 2A = 580mA Setting, Cyx = 470uF 2
Vvax | =3 Vvax =3
i AC Coupled < i
Vyix e N <
AC Coupled 8 o
3 2 3
S § §

< I
z
9 <

N \

Verin é V1X@ 2
= o
< Verin <

Time (2ms/div) Time (2ms/div)
3% Dithering Frequency Spectrum Dithering Disabled Frequency Spectrum
fsw = 0.5MHz fsw = 0.5MHz
3kHz Spacing
4.37dBV
-3.12dBV
[iid @
N
s
5 N
Q. Q.
< @
%
500kHz Center, 10kHz/div 500kHz Center, 10kHz/div
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vvox = 7.4V, Vyio = 1.8V, Crry/phase = 2 x 47uF, Cyix = 67uF, fsw = 0.5MHz, unless otherwise specified.

Automatic Mode Efficiency vs. Output Current Automatic Mode Efficiency vs. Output Current
100 T T T LN R R T T T LR 100 T T T TTTTT T T T TTTTT T T
fsw = 0.5MHz, 2 x 47uF/Phase, REGOxOF = 0xFD Vyox = 7.4V, REGOXOF = OxF
o - iy aljll .
’—"____/— N/ \,\\ 98 = ’_\ J
=] LN~
—~ 96 // / d \ - ’ﬂ' // \‘./—-‘L\\\
z / il \ £ 96 sLal AN
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SGM41603

I2C Controlled 10A Bidirectional

Switched-Capacitor Converter

FUNCTIONAL BLOCK DIAGRAM
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Figure 2. SGM41603 Block Diagram
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

REGISTER MAPS

All registers are 8-bit and individual bits are named from D[0] (LSB) to D[7] (MSB).

I’C Slave Address of SGM41603 is: 0x68 (0b1101000 + W/R)

FUNCTION FLAG MASK STATUS | THRESHOLD SETTING ENABLE DEGLITCH
V2X_OVP 0x00[7] 0X01[7] 0x02[7] 0x08[7:3] — —
VIX_OVP 0x00[6] 0x01[6] 0x02[6] 0x09[4:0] — _
VIX_OC_ALM 0x00[5] 0x01[5] 0x02[5] OX0A[7] — _
V1X_OCP 0x00[4] 0x01[4] — wizggﬁ;; 8§8’§E§§8§ V1X_OCP2: 0x0B[3:0] —
T_ALMA 0x00[3] 0x01[3] 0x02[3] — — —
T_ALM2 0x00[2] 0x01[2] 0x02[2] _ — —
T_SHDN 0x00[1] 0X01[1] 0x02[1] — — —

FSS_FLT 0x00[0] 0x01[0] — F%Ei_slgf+:()32()o([:?;%] — 0x0C[2:0]
V2X_VALID_INT 0x03[7] OX04[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] _ — —

RVS_ISS_HC: 0xOD[7:5]
RSS_FLT 0x03[2] 0x04[2] — RVS_ISS_LC: 0x0D[4:3] — 0x0D[2:1]
RVS_SS_T: 0x0D[2:1]

V2X_OCP 0x03[1] 0X04[1] _ xgi—ggﬁgi 8§8’§{‘7‘§2% V2X_OCP2: 0x0B[7:4] —

PWRON_INT 0x03[0] — — — — —
RPUPD_EN — — — — 0x05[7] =
DCVIO — — — — 0x06[7] 0x05[6:4]
EN_DEG — — — — — 0x05[3:1]
SCC_EN — — — — 0x05[0] —
SFT_DISCHG_T — — — — — 0x06[5:4]
OOA_EN — — — — 0x06[3] —
V2X_AD_EN — — — — 0x06[2] —
VAX_AD_EN — — — — 0x06[1] —
FIX_FREQ — — — — 0x06[0] =
SCC_DIR — — — 0x07[7:6] — —
DTHR — — — 0x07[5:4] 0x07[5:4] —
FREQ — — — 0x07[2:0] — —
V2X_SW_F — — — 0x08[1:0] — 0x09[6:5]
VAX_SW_F — — — 0x09[7] — 0x09[6:5]
RESTART_EN — — — — O0xO0E[3] —
WAIT_T — — — 0xO0E[1:0] — —
F2S_DROP — — — 0xOF[7:6] = =
SKIP_HYST — — — O0xOF[1:0] — —
S2F_DROP — — — 0xOF[5:4] — —
OTP_VER — — — 0x10[7:4] — —
CHIP_VER — — — 0x10[3:0] = =
DEVICE_ID — — — 0x11[7:0] (0x03) — —
@ SG Micro Corp MARCH 2025
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SGM41603

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

REGISTER MAPS (continued)

Bit Types:

R:
R/W:
RC:

R/WC:

Read only
Read/Write

Read clears the bit
Read/Write. Writing a ‘1’ clears the bit. Writing a ‘0’ has no effect.

REGO0x00: INT_SRC Register Address [reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7]

V2X_OVP_INT

RC

V2X_OVP Fault Flag Bit

0 = No V2X_OVP fault

1 = V2X_OVP fault has occurred, or the V2X_OVP status bit is reset from ‘1’ to
‘0’ when the fault is cleared. It generates an interrupt on IRQB pin if unmasked.
Read this bit to reset it to 0.

D[6]

V1X_OVP_INT

RC

V1X_OVP Fault Flag Bit

0 = No V1X_OVP fault

1 = V1X_OVP fault has occurred, or the V1X_OVP status bit is reset from ‘1’ to
‘0’ when the fault is cleared. It generates an interrupt on IRQB pin if unmasked.
Read this bit to reset it to 0.

D[5]

V1X_OC_ALM_INT

RC

V1X Over-Current Alarm Flag Bit

(including forward mode and reverse mode)

0 = No V1X over-current alarm

1 = V1X over-current alarm has occurred, or the V1X_OCP_ALM status bit has
been reset from ‘1’ to ‘0’ when the alarm is cleared. It generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.

D[4]

V1X_OCP_INT

RC

V1X Over-Current Fault Flag Bit

(including V1X_OCP1 and V1X_OCP2)

0 = No V1X over-current fault

1 = V1X over-current fault has occurred. It generates an interrupt on IRQB pin if
unmasked. Read this bit to reset it to 0.

D[3]

T_ALM1_INT

RC

Toie Over 100°C Alarm Flag Bit

0 = No Tpe over 100°C alarm

1 = Toie over 100°C alarm has occurred, or the T_ALM1 status bit is reset from
‘1’ to ‘0’ when the alarm is cleared. It generates an interrupt on IRQB pin if
unmasked. Read this bit to reset it to 0.

D[2]

T_ALM2_INT

RC

Toie Over 120°C Alarm Flag Bit

0 = No Tpie over 120°C alarm

1 = Toie over 120°C alarm has occurred, or the T_ALM2 status bit is reset from
‘1’ to ‘0’ when the alarm is cleared. It generates an interrupt on IRQB pin if
unmasked. Read this bit to reset it to 0.

D[1]

T_SHDN_INT

RC

Toie Thermal Shutdown Fault Flag Bit

0 = No Tpie thermal shutdown fault

1 = Tpie thermal shutdown fault has occurred, or the T_SHDN status bit is reset
from ‘1’ to ‘O’ when the fault is cleared. It generates an interrupt on IRQB pin if
unmasked. Read this bit to reset it to 0.

D[O]

FSS_FLT_INT

RC

Forward Mode Soft-Start Fault Flag Bit

0 = No soft-start fault

1 = Forward mode soft-start fault has occurred. It generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.
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SGM41603

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

REGISTER MAPS (continued)

REGO0x01: INT_SRC_M Register Address [reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7]

V2X_OVP_M

R/W

Mask Bit for the V2X_OVP Fault Interrupt

0 = V2X_OVP fault interrupt can work (default)

1 = Mask V2X_OVP fault interrupt. V2X_OVP_INT bit sets after the fault occurs
or is cleared, but no interrupt signal is sent on IRQB pin.

DI6]

V1X_OVP_M

R/W

Mask Bit for the V1X_OVP Fault Interrupt

0 = V1X_OVP fault interrupt can work (default)

1 = Mask V1X_OVP fault interrupt. V1X_OVP_INT bit sets after the fault occurs
or is cleared, but no interrupt signal is sent on IRQB pin.

D[5]

V1X_OC_ALM_M

R/W

Mask Bit for the V1X Over-Current Alarm Interrupt

0 = V1X over-current alarm interrupt can work (default)

1 = Mask V1X over-current alarm interrupt. V1X_OC_ALM_INT bit sets after the
alarm occurs or is cleared, but no interrupt signal is sent on IRQB pin.

D[4]

V1X_OCP_M

R/W

Mask Bit for the V1X Over-Current Fault Interrupt

0 = V1X over-current fault interrupt can work (default)

1 = Mask V1X over-current fault interrupt. V1X_OCP_INT bit sets after the fault,
but no interrupt signal is sent on IRQB pin.

D[3]

T_ALM1_M

R/W

Mask Bit for the Tpie Over 100°C Alarm Interrupt

0 = Tpie over 100°C alarm interrupt can work (default)

1 = Mask Tpie over 100°C alarm interrupt. T_ALM1_INT bit sets after the alarm
occurs or is cleared, but no interrupt signal is sent on IRQB pin.

D[2]

T_ALM2_M

R/W

Mask Bit for the Tpie Over 120°C Alarm Interrupt

0 = Tpie over 120°C alarm interrupt can work (default)

1 = Mask Tpie over 120°C alarm interrupt. T_ALM2_INT bit sets after the alarm
occurs or is cleared, but no interrupt signal is sent on IRQB pin.

D[]

T_SHDN_M

R/W

Mask Bit for the Tpie Thermal Shutdown Fault Interrupt

0 = Toie thermal shutdown fault interrupt can work (default)

1 = Mask Tpe thermal shutdown fault interrupt. T_SHDN_INT bit sets after the
fault occurs or is cleared, but no interrupt signal is sent on IRQB pin.

DIO]

FSS_FLT M

R/W

Mask Bit for the Forward Mode Soft-start Fault Interrupt

0 = Soft-start fault interrupt can work (default)

1 = Mask forward mode soft-start fault interrupt. FSS_FLT_INT bit sets after the
fault, but no interrupt signal is sent on IRQB pin.
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SGM41603

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

REGISTER MAPS (continued)

REGO0x02: STATUS Register Address [reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7]

V2X_OVP

0

R

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

DI6]

V1X_OVP

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

D[5]

V1X_OC_ALM

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

D[4]

SW_DIR

SCC Switching Direction Status Bits
0 = Forward direction
1 = Reverse direction

D[3]

T_ALM1

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

D[2]

T_ALM2

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

D[1]

T_SHDN

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

DI0]

V2X_VALID

Vy2x above V2Xyaup Threshold Status Bit (update only during reverse direction
soft-start)

0 = Vvax < V2XvaLp

1 = Vvax > V2XvaLip
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SGM41603

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

REGISTER MAPS (continued)

REGO0x03: INT_SRC2 Register Address [reset = 0x00]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
V2X_VALID Status Change Event Flag Bits
0 = No V2X_VALID status change event
D[7] V2X_VALID_INT 0 RC 1 = V2X_VALID status change event has occurred. When the V2X_VALID
status bit has changed, it generates an interrupt on IRQB pin if unmasked. Read
this bit to reset it to 0.
Cry Charging Fault Flag Bit
0 = No Cr.y charging fault
DI6] CFLY_FLT_INT 0 RC 1 = Crwy charging fault has occurred. It generates an interrupt on IRQB pin.
Read this bit to reset it to 0.
HVDD Charging Fault Flag Bit
0 = No HVDD charging fault
DI5] HVDD_FLT_INT 0 RC 1 = HVDD charging fault has occurred. It generates an interrupt on IRQB pin.
Read this bit to reset it to 0.
SCC Switching Direction Transition Event Flag Bit
0 = No SCC switching direction transition event
D[4] SW_DIR_INT 0 RC 1 = SCC switching direction transition event has occurred. When the SW_DIR
status bit is changed, it generates an interrupt on IRQB pin if uynmasked. Read
this bit to reset it to 0.
DI[3] Reserved 0 R Reserved
Reverse Mode Soft-Start Fault Flag Bit
0 = No reverse mode soft-start fault
D[2] RSS_FLT_INT 0 RC 1 = Reverse mode soft-start fault has occurred. It generates an interrupt on
IRQB pin if unmasked. Read this bit to reset it to 0.
V2X Over-Current Fault Flag Bit
(including V1X_OCP1 during reverse mode and V2X_OCP2)
D[1] V2X_OCP_INT 0 RC 0 = No V2X over-current fault
1 = V2X over-current fault has occurred. It generates an interrupt on IRQB pin if
unmasked. Read this bit to reset it to 0.
Device Power-on Event Flag Bit
(Vv1x or Vyox rising above its UVLO threshold and I>’C communication ready )
DI[0] PWRON_INT 0 RC 0 = No device power-on event
1 = Device power-on event has occurred. It generates an interrupt on IRQB pin.
Read this bit to reset it to 0.

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

MARCH 2025
16



SGM41603

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

REGISTER MAPS (continued)

REGO0x04: INT_SRC2_M Register Address [reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7]

V2X_VALID_M

R/W

Mask Bit for the V2X_VALID Status Change Event Interrupt

0 = V2X_VALID status change event interrupt can work (default)

1 = Mask V2X_VALID status change event interrupt. V2X_VALID_INT bit sets
after the event occurs, but no interrupt signal is sent on IRQB pin.

D[6]

CFLY_FLT_M

R/W

Mask Bit for the Cry Charging Fault Interrupt

0 = Crvy charging fault interrupt can work (default)

1 = Mask CrLy charging fault interrupt. CFLY_FLT_INT bit sets after the fault
occurs, but no interrupt signal is sent on IRQB pin.

D[5]

HVDD_FLT M

R/W

Mask Bit for the HVDD Charging Fault Interrupt

0 = HVDD charging fault interrupt can work (default)

1 = Mask HVDD charging fault interrupt. HYDD_FLT_INT bit sets after the fault
occurs, but no interrupt signal is sent on IRQB pin.

D[4]

SW_DIR_M

R/W

Mask Bit for the SCC Switching Direction Transition Event Interrupt

0 = SCC switching direction transition event interrupt can work (default)

1 = Mask SCC switching direction transition event interrupt. SW_DIR_INT bit
sets after the event occurs, but no interrupt signal is sent on IRQB pin.

D[3]

Reserved

Reserved

D[2]

RSS_FLT M

R/W

Mask Bit for the Reverse Mode Soft-Start Fault Interrupt

0 = Reverse Mode soft-start fault interrupt can work (default)

1 = Mask reverse mode soft-start fault interrupt. RSS_FLT_INT bit sets after the
fault, but no interrupt signal is sent on IRQB pin.

D[1]

V2X_OCP_M

R/W

Mask Bit for the V2X Over-Current Fault Interrupt

0 = V2X over-current fault interrupt can work (default)

1 = Mask V2X over-current fault interrupt. V2X_OCP_INT bit sets after the fault,
but no interrupt signal is sent on IRQB pin.

D[O]

Reserved

Reserved

REGO0x05: EN_CFGO Register Address [reset = 0xB0]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
Enable Bit of EN Pin Input Pull-down Resistor Activation
D[7] RPUPD_EN 1 R/W 0 = Disabled
1 = Enabled (default)
Setting Bits of Vvio Power-off Deglitch Time torr pec
. . 000 = No deglitch
D[6:4] OFF_DEGJ[2:0] 011 R/W 001 ~ 111: torr oo = 200FF-PECRA-1) « gmg
Default: tOFF DEG — 32ms (011)
Setting Bits of EN Pin Input High Deglitch Time ten pec
. . 000 = 0.125ms
D[3:1] EN_DEGJ[2:0] 000 R/W 001 ~ 111: tey pec = 2EN-PEC201-1) x 4mg
Default: ten peg = 0.125ms (000)
Switched Capacitor Converter Enable Bit
D[0] SCC_EN 0 RIW 0 = Disabled (default)

1 = Enabled. If an HVDD or Cry charging fault occurs, device returns to standby
mode and this bit is automatically reset to 0.
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

REGISTER MAPS (continued)
REGO0x06: SCC_CFG1 Register Address [reset = 0x16]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
Enable Bit of VIO_OK to Turn-off Switched Capacitor Converter
D[7] DCVIO 0 RwW 0 = Enabled. SCC turns off if Vyio falls below Vo ok with torr pec. (default)
1 = Disabled. VIO_OK has no effect on the SCC output state.
D[6] Reserved 0 R Reserved
Setting Bits of Soft-Discharge Time tser piscre
00 = 50ms
D[5:4] | SFT_DISCHG_T[1:0] 01 R/W 01 = 100ms (default)
10 = 200ms
11 = 300ms
Skip Out-of-Audio (OOA) Mode Disable:
D[3] OOA_EN 0 RIW 0 = Out-of-audio mode is disabled when converter is in Skip mode. (default)

1 = Out-of-audio mode is enabled when converter is in Skip mode, and the pulse
skipping frequency is maintained above 30kHz.
V2X Active Discharge Enable Bit

D[2] V2X_AD_EN 1 R/W 0 = Disabled

1 = Enabled (default)

V1X Active Discharge Enable Bit

D[1] V1X_AD_EN 1 R/W 0 = Disabled

1 = Enabled (default)

Fixed Frequency Operation Mode Enable Bit
DI[0] FIX_FREQ 0 R/W 0 = Disabled (default)

1 = Enabled

REGO0x07: SCC_CFG2 Register Address [reset = 0x00]

BITS BIT NAME DEFAULT TYPE DESCRIPTION

SCC Converter Operating Direction Control Bits

00 = Forward direction (default)

D[7:6] SCC_DIR[1:0] 00 RwW 01 = Bidirectional

10 or 11 = invalid (not allowed)

These bits are forbidden to be changed during switching.
Setting Bits of Switching Frequency Dithering Enable and Ratio
00 = Dithering varies switching frequency between +3% (default)
D[5:4] DTHR[1:0] 00 R/W 01 = Dithering varies switching frequency between +6%

10 = Dithering varies switching frequency between +12%

11 = Dithering is OFF (Disabled)

Setting Bit of Phase Delay Between Phase-A and Phase-B
D[3] PH_DEL 0 R/W 0 = 180 degree delay (default)

1 =90 degree delay

SCC Switching Frequency Setting Bits

000 = 250kHz (default)

001 = 500kHz

D[2:0] FREQ[2:0] 000 RwW 010 = 750kHz

011 = 1000kHz

100 = 1200kHz

101 ~ 111 = 1500kHz
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

REGISTER MAPS (continued)
REGO0x08: V2X_OVP_SW Register Address [reset = 0x90]

BITS BIT NAME DEFAULT TYPE DESCRIPTION

Setting Bits of Vv.x OVP Protection Rising Threshold V2Xove r
00000 ~ 0 1100: V2Xou & = 8.3V + V2X_OVP_R[4:0] x 0.05V
_ _ 01101 ~ 1 0010: V2Xoum & = 7.7V + V2X_OVP_R[4:0] x 0.10V
D[7:3] | V2X_OVP_R[4:0] 10010 RW 110011 ~ 1 1000: V2Xous & = 5.0V + V2X_OVP_R[4:0] x 0.25V
11001 ~ 1 1111: V2Xoup g = 11V
Default: V2Xoue & = 9.5V (1 0010)

D[2] Reserved 0 R Reserved

Setting Bits of Vv.x Falling Threshold (V2Xsw ¢) to Exit Switching
00 = 5.0V (default)

D[1:0] V2X_SW_F[1:0] 00 R/W 01=5.1V

10=5.2V

11=5.3V

REGO0x09: VIX_OVP_SW Register Address [reset = 0x15]

BITS BIT NAME DEFAULT TYPE DESCRIPTION

Setting Bit of Vyix Falling Threshold (V1Xsw f) to Exit Switching
D[7] VIX_SW_F 0 R/W 0 = 2.8V (default)

1=2.9V

Setting Bits of Deglitching Time (tsw _r pec) for Vvix or Vvax to Exit Switching
00 = Os (default)

D[6:5] SW_F_DEG[1:0] 00 R/W 01 =108us

10 = 500us

11=1ms

Setting Bits of Vv1x OVP Protection Rising Threshold V1Xove r

0 0000 ~ 0 1100: V1Xove r =4.15V + VIX_OVP_R[4:0] x 0.025V

D[4:0] V1X_OVP_R[4:0] 10101 R/W 01101 ~ 1 0111: V1Xove r = 3.20V + V1X_OVP_R[4:0] x 0.1V

11000 ~ 1 1111: V1Xove r = 5.5V

Default: V1 Xove r = 5.3V (1 0101)

REGOx0A: OCP1 Register Address [reset = 0x9D]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
V1X Over-Current Alarm Threshold Setting Bit
DI[7] OCP_ALM_TH 1 R/W 0 = 80% of lvix_ocp1
1 =90% of |\/1>< OCP1 (default)
D[6:5] Reserved 00 R Reserved

Setting Bits of V1X OCP1 Protection Threshold lvix ocpi
00000 ~ 1 1011: yax ocer = 4.2A + VIX_OCP1[4:0] x 0.2A
D[4:0] | V1X_OCP1[4:0] 11101 Rw |1 1100=10A

' s ' 11101 = 10.4A (default)
11110 = 11A
11111 = 11.6A

REGOx0B: OCP2 Register Address [reset = 0x7E]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
Setting Bits of V2X OCP2 Protection Threshold V2Xocp,

D[7:4] V2X_0CP2[3:0] 0111 RIW (1)2)1010:(;::1F0 V2Xocpz = 340mV + V2X_OCP2 [3:0] x 40mV
Default: V2Xocez = 620mV (0111)
Setting Bits of V1X OCP2 Protection Threshold V1Xocp2

) . 0000 ~ 1101: V1Xocp2 = 110mV + V1X_OCP2 [3:0] x 10mV

D[3:0] V1X_OCP2[3:0] 1110 R/W 1110 = 310mV (default)

1111 = OFF
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

REGISTER MAPS (continued)
REGOx0C: FWD_SS_CFG Register Address [reset = 0x31]

BITS BIT NAME DEFAULT TYPE DESCRIPTION

D[7:6] Reserved 00 R Reserved

Setting Bits of Forward Mode Soft-Start Current lss rwp
(total at V1X)

00 = 145mA

01 = 290mA

10 = 435mA

11 = 580mA (default)

DI[3] Reserved 0 R Reserved

Setting Bits of Forward Mode Soft-Start Time tss rwp
D[2:0] FWD_SS_T[2:0] 001 R/W tss Fwp = 62.5ms + FWD_SS_T [2:0] x 62.5ms
Default: tss pwp = 125ms (001)

D[5:4] FWD_ISS[1:0] 11 RIW

REGOx0D: RVS_SS_CFG Register Address [reset = 0x0F]

BITS BIT NAME DEFAULT TYPE DESCRIPTION

Setting Bits of Reverse Mode High Soft-Start Current Irss nc
(total at V2X)

000 ~ 111: lrss Hec = 260mA + V2X_ISS_HC[2:0] x 20mA
Default: Irss nc = 260mA (000)

Setting Bits of Reverse Mode Low Soft-Start Current Irss c
(total at V2X)

00 = 100mA

01 = 150mA (default)

10 = 200mA

11 = 250mA

Setting Bits Reverse Mode Soft-Start Time tss rvs

D[2:1] RVS_SS_T[1:0] 11 RwW tss rvs = 10min + RVS_SS_T [1:0] x 10min

Default: tss rvs = 40min (1 1)

Setting Bit of V2X Valid Threshold (V2Xyaup) during V2X Soft-start
DI[0] V2X_VALID_TH 1 R/W 0=5.5V

1 =5.9V (default)

D[7:5] | RVS_ISS_HC[2:0] 000 RIW

D[4:3] | RVS_ISS_LC[1:0] 01 RIW

REGOXOE: REQNFLT_CFG Register Address [reset = 0x1A]

BITS BIT NAME DEFAULT TYPE DESCRIPTION
D[7:6] Reserved 00 R Reserved
Setting Bits of Deglitch Time for Entry to Deep Skip Mode
00 = 24ps
D[5:4] DEEP_SKIP[1:0] 01 RwW 01 = 48ps (default)
10 = 96ps
11 =120us
Enable Bit of Restart after Faults
D[3] RESTART_EN 1 R/W 0 = Disabled
1 = Enabled (default)
D[2] Reserved 0 R Reserved
Setting Bits of Restart Wait Time after Faults
00 = 0.25sec
D[1:0] WAIT_T[1:0] 10 R/W 01 =0.38sec
10 = 0.5sec (default)
11 =0.75sec
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SGM41603

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

REGISTER MAPS (continued)

REGOxO0F: SKIP_CFG Register Address [reset = 0x41]

BITS BIT NAME

DEFAULT

TYPE

DESCRIPTION

D[7:6] F2S_DROP[1:0]

01

RW

Setting Bits of Threshold for Quitting Fixed fsw Mode and Entering Skip Mode
(In forward mode, device enters skip mode when Vy1x exceeds Vyx/2 -
AVF257MD threshold, where AVFsz:WD = F28_DROP[1 0] x 10mV + 10mV)

00 = 10mV

01 = 20mV (default)

10 = 30mV

11 =40mV

D[5:4] S2F_DROP[1:0]

00

R/W

Setting Bits of Threshold for Quitting Skip Mode and Entering Fixed fsw Mode
(In forward mode, device enters fixed fsw mode when Vyx falls below the Vy2x/2
- AVSZFiFWD threshold, where AVSZFiFWD = AVF257MD + SZF_DROP“ O] x 5mV +
10mV)

00 = 10mV (default)

01 =15mV

10 = 20mV

11 = 25mV

D[3:2] SAG_FWD[1:0]

00

RW

Setting Bits of Allowed Voltage Sag Threshold before Entering Fixed fsw Mode
(AVsac_rwo in forward operation skip mode)

00 = 5mV (default)

01 =10mV

10 = 15mV

11 =20mV

D[1:0] | SKIP_HYST[1:0]

01

RW

Setting Bits of Hysteresis AVskp rwp during Skip Mode
(AVske_rwp in forward operation skip mode)

00 =2mV

01 = 4mV (default)

10 =6mV

11 =8mV

REGO0x10: CHIP_REV Register Address [reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION
D[7:4] | OTP_VER[3:0] 0000 R OTP Receipt Version
D[3:0] | CHIP_VER[3:0] 0000 R IC Version

REGO0x11: DEVICE_ID Register Address [reset = 0x03]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION
D[7:0] | DEVICE_ ID[7:0] | 00000011 Rw  |Device ID

0000 0011 = SGM41603
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

TYPICAL APPLICATION CIRCUITS

1
L °°
B yEN
SYS (V2X)| gqomataos LY1X Pkn\llc
AC/DC OVP ) Buck-Boost
Adapater Charger
BAT
AP
4:2 SCC / Direct HY
Charging Switch Load
Fuel
% Rsns Gauge
Figure 3. Typical Application Circuit 1
Vear
V2X (Vear)
p— HV
f—— SGM41603 PMIC HV Load
‘ V1X
Fuel LV PMIC Load
Gauge Rsns
AP
Figure 4. Typical Application Circuit 2
SYS LV PMIC AP
|: AC/IDC | ovp Buck Charger
Adapater
V2X (W,
VIX | sGM41603 Vor)
4:2 SCC/Direct
Charging Switch HV Load

Fuel
% Rsns Gauge

Figure 5. Typical Application Circuit 3
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SGM41603

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 SGM41603 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
SGM41603 is a dual phase bidirectional 2:1 SCC with
10A output current capability in forward mode. In
forward direction, half of the input voltage (1/2 x Vy,x) 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. When SCC_DIR[1:0] = 00
(default), the SGM41603 is configured as a voltage
divider and can only work in forward direction. When
SCC_DIR[1:0] = 01, the SGM41603 works in
bidirectional mode and the change between forward
and reverse directions is automatic. To reduce the
output voltage and current ripples, the converter is
composed of two phases (90° or 180° phase delay
selectable).

Enable Input (EN)

The EN pin is an active high enable input for the
SGM41603. When EN is pulled high and after the
deglitch time (ten pes), first the soft discharge is
activated for tser piscne and then the soft-start is
initiated. The SCC full activation occurs only after a
successful soft-start. If EN is pulled low while VIO is
invalid, the SCC turns off right away. The ten pec
deglitch time and tser piscre soft-discharge-time are 1°C
programmable. See Figure 6 for enable and soft-start
timings in bidirectional mode. In this figure:

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

e t, 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).
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

i/
V2Xuior - f-
V2Xx :

VX

—-i60psa— —»-{50psta—

PGOOD

a. Forward Direction

i/
V1Xuvior -4~
ViX E

V2X

—-160ps-— —-i60psia—

PGOOD

b. Reverse Direction

Figure 6. EN, Soft-Start and Power Good Timings for Bidirectional Mode (t1: EN Deglitch Time; t2: Standby Time; t;: Soft
Discharge Time)
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SGM41603

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

DETAILED DESCRIPTION (continued)

Enable/Disable by EN and Vo

After being enabled, if EN goes low but a valid VIO
voltage is present, the device remains enabled and
holds the output. In this case EN can be used as a
push-button to control operation. If EN goes low while
VIO is invalid, the device will disable. When the output
is on hold, the converter can be turned off by turning
the VIO regulator off (if the DCVIO bit in REGO0x06 is
set to 0). When Vyo goes low, the converter turns off
after torr pec deglitch time. Because Vo is usually the
IO voltage rail of the system, this feature allows
enabling the device conveniently by a push-button (and
disable by system shutdown). See Figure 7 for the
enable timing when the DCVIO bit is set in forward

direction. In this figure, t; shows the ten pec deglitch
time (EN_DEG[2:0] in REG0x05) and is adjustable from
0.125ms (default) to 64ms by I°C. t, is the VIO
power-off deglitch time, (OFF_DEG[2:0] in REGO0x05)
and is programmable from Oms to 512ms (default
32ms).

Enable/Disable by I’C

In applications that VIO can be turned on before
enabling the IC, the host can enable the device output
by setting SCC_EN bit to 1 in REGOx05 even if EN is
low. The host can reset SCC_EN to 0, to disable the
output (See Figure 8).

V2Xuvio r - 7['
Vax

EN — [

VIX 3

VIO from

1
Vio_voLp ! t>

' ' |
- - >

/ \ v

Main PMIC

Figure 7. Enable Timing Waveform with VIO Hold when Enabled DCVIO (Forward Direction)

V2Xuuior - 7['
V22X

EN

V1X

-

‘%‘ Vio_ok|

V10 from
Main PMIC

SDA/SCL

SCC_EN = 1

SCC_EN=0

Figure 8. Enable Timing Waveform with I’C Command (Forward Direction)
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SGM41603

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

DETAILED DESCRIPTION (continued)

Charge System with SGM41603

A charge system for 2-cell batteries can be
implemented with the SGM41603 along with a Buck
converter and a host. All protection functions must be
set before enabling the SGM41603 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 9. In this system, the Buck switching charger
(SGM41516D) powers the SGM41603 (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.

Before soft starting SGM41603 in reverse direction
(charging the battery), the charging current limit must
be set in the Buck charger. Charge can be terminated
by the Buck charger or by triggering a V2X over-voltage
protection.

Startup and Soft-Start in Forward Direction
During the startup of SGM41603 in forward direction,
the Cry capacitors appear in parallel with the output
(V1X) capacitor. In normal operation, the capacitors are

charged to a voltage near the final value (Vy2x/2 - 20mV)
with a soft-start current that is adjustable from 145mA
to 580mA via I°C. If within tss_rwp (soft-start time) and
for 10 successive tries, the output does not reach near
Vyox/2 voltage, an 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_Fwp SOft-start time can be set by I°C.

Startup and Soft-Start in Reverse Direction
During reverse direction startup, the Buck charger sets
the V1X current limit. When the PoorSRC qualification
timer expires (tser pische) for VIX/V2X, and the
following two conditions are met for V1X, then V2X
charging will start with the Irss ¢ current.

1. Vv1x > (V1XSW_F + 02V) and
2. Vv1x > (V\/zx/2 + BOmV)

The soft-start current will increase to Irss 1c when V2X
voltage exceeds the V2Xya p threshold. Finally, if V2X
reaches to (2Vvix - V2Xocp2 + 20mV) threshold, the
converter starts full switching as a 1:2 SCC. The
tsrr_piscHas Irss_te: V2Xvaup and Irss_nc parameters are
I°C adjustable.

! W | VBUS| - SGM41516D!
L il ;
Love || - |
; System
"""""" i SYS
VBUS | T S i CF1N|_”—|CF1P
: {BAT vix| | Phaset }—J
————————————— Type C !
H VAC P : ! V2X
: Controller 4 | | =777 ano TR ol | SGM41603
i D+ 3 Phase 2 }J
P ypec D- : 4:2SCC i CFZNLHJCFZP
i Controller 3 Direct Charging Switch
cet 1 CO1ym--mmmm=== =
: (3(;1i e T
: GGz cc2i— €G24 controller | =
e °C Bus
[===== I """ 1
Smart Wall P )
Adapter Portable Device

Figure 9. A Simplified Charge System with SGM41603

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

MARCH 2025
26



SGM41603

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

DETAILED DESCRIPTION (continued)

PGOOD

PGOOQOD is a push-pull power good indicator output with
200pA capability. After soft-start, the PGOOD goes to
high state (1.8V) and remains high while the converter
is operating normally. An external RC filter (1kQ, 10nF)
should be connected to PGOOD if this pin is used.

1kQ

PGOOD W MCU_GPIO

10nF

il

Figure 10. 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 (Vy.x/2 at the V1X pin in forward
mode or 2xVy,x 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 11 illustrates the skip mode operation. For
example, when the Vy4x output exceeds the (Vy,x/2 -
AVeys pwp) threshold in forward mode, the device
enters skip mode. It will return to fixed frequency mode
when Vyx falls below the (szx/z - AVSZFiFWD) 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
simultaneously maintains the Vyqx output near Vy,x/2.

A Vvix at Forward Direction
LV b PR bemem oo
H H |
: ; : Heavy Load
E i i J\”FZSJ:WD
1 E i (set by F2S_DROP[1:0])
VVZXIQ'AVFZS_FWD e ”‘: ””””””””””””””””””””””””””” ‘i ””” 1: ”””””””””””””””
J AViskp_pwp i
T e e T T T T T T T TR T T T T TN T T AV'sar pwp - AVe2s_rwp
(set by SKIP_HYST| ! (set by S2F_DROP[1:0])
T E AVsag_Fap i
1 (set by SAG_FWD[1:0]) !
Viyawl2 - AVszp pup fmmmmmmm e e g e e N
i i Time
Fixed-Frequency Mode E Skip Mode without OOA i Fixed-Frequency Mode
a. Forward Direction
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SGM41603

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

DETAILED DESCRIPTION (continued)

A Vyzx at Reverse Direction

R

2Vyix - 2AVpzs pp fom-mmmmmmmmmmmmmmmmmmoommeme oo 1: -----------------

2Vyix - 2AVs2k_Fup

Heavy Load
2AVEzs_Fap

2(AVszr_Fwo - AVras_Fwp)

Fixed-Frequency Mode

A
i
A

Skip Mode without OOA

Time
Fixed-Frequency Mode

I S
A

b. Reverse Direction

Figure 11. SGM41603 Skip Mode Operation

Out-of-Audio (OOA) Mode

When the SCC operates in skip mode, the skip
frequency can fall in the audio range (20Hz to 20kHz).
This can generate audible noise in multilayer chip
capacitor. The SGM41603 offers an Out-of-Audio

A Vy1x at OOA Mode

Fixed-Frequency Mode

Skip Mode without OOA

(OOA) Mode feature that if enabled, keeps the
minimum skip frequency above 30kHz.

Operating details for the OOA mode during skip interval
is illustrated in Figure 12. During skip mode, the
maximum skip interval does not exceed tpoa When
OOA is enabled.

Fixed-Frequency Mode
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SGM41603

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

DETAILED DESCRIPTION (continued)

Under-Voltage Lockout (UVLO)

The SGM41603 will shut down if a UVLO event occurs
in which Vyx falls below V2Xyyi0 r and Vyx falls below
VAXuvio r- It will not restart until one of the port
voltages exceeds its UVLO threshold (either Vy,x
exceeds the V2Xyy o r threshold or Vyqx exceeds the
V1XUVLO_R 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
configurable via I°C 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 SGM41603 has two layers of over-current
protection in forward direction. The V1X output current
is monitored for ly1x_ocps 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 lyix ocpr OF if Vyix
falls below (Vy2x/2 - V1 Xocp2)- lvix_ocp1 €an be set from
4.2A to 9.6A in 0.2A steps or to 10.0A, 10.4A, 11.0A,
and 11.6A values through I°C. V1Xocp2 can be turned
off or adjusted from 110mV to 240mV in 10mV steps
and to 310mV.

In reverse direction, not only the V1X input current is
monitored for detecting ly1x_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 V\,x falls below (2VV1X - V2Xocp2). The
V2Xocp2 can be set from 340mV to 900mV in 40mV
steps or turned off.

High Current Alarm (OCPa.n)

When V1X current (in or out) exceeds the OCPp
threshold (80% or 90% of the Ilyxoce), the
VAX_OC_ALM_INT interrupt bit and V1X_OC_ALM

status bits are set. The OCP4y can be set to 80% or 90%
(default). The V1X_OC_ALM bit resets when the V1X
current falls below 75% or 85% (default) of the ly1x_ocp.

Over-Temperature Alarms and Fault

The die temperature (T,) is monitored for thermal
protection. If T, exceeds +160°C (Tsypn), the device
enters in the thermal shutdown state and the
T_SHDN_INT interrupt bit is set. If T, falls for around
20°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 Vy,x, the V2Xovp r Over-voltage
threshold is adjustable from 8.3V to 11V in
REGO0x08[7:3] with 9.5V default value. For Vyx the
V1Xove r is adjustable from 4.15V to 5.5V in
REGO0x09[4:0] with 5.3V default value.

Auto Restart Features after Faults

Two after-fault auto restart features are included in this
device. Since the SGM41603 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 all following conditions are valid:

(1) the fault condition is removed

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

(3) RESTART_EN bit is 1

(4) At least one of the V1X or V2X voltages is above its
switching start threshold ((V1Xsw ¢ + 0.2V) or (V2Xsw ¢
+ 0.2V) respectively)

then after a wait time (adjustable by WAIT_T[1:0] bits)
the device conducts an active discharge if enabled and
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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SGM41603

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

DETAILED DESCRIPTION (continued)

I°C Interface
The SGM41603 acts as an I°C  Slave
Transmitter/Receiver at the following slave addresses:

Slave Address (7 bit): 1101 000
Slave Address (Write): 1101 0000 (0xDO0)
Slave Address (Read): 1101 0001 (0xD1)

SDA

I’C System Configuration

A “Transmitter” is a device on the I°C bus that
generates a "message” on the bus. 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 ]
Receiver

Figure 13. Configurations of the I’C Devices

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 14). 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

SCL

START STOP

Figure 14. I’C Bus in START and STOP Conditions

Bit Transfer

With each clock pulse one data bit can be transferred
as shown in Figure 15. 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).

o / X

SCL —\—

Data Line Stable { Change of Data
and Data Valid iAllowed

Figure 15. I’C Bus Bit Transfer
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SGM41603

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

DETAILED DESCRIPTION (continued)

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 8" 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.

SCL

SDA

I’C Slave Address

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" bit, 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

Figure 16. I’C Data Transfer and Acknowledge Bit
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Master Transmits Protocol (Write Mode)
Figure 17 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 } Frame 2 4>(

1 9 1 9

I 1.
NV 00.9:.0.0.00\EFA 0O O00C0C

,,,,,,,,,,,,,, ~ e

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

1 9 1 9
o U T
(Continued)
—> —
2 Xonxoso Xoa )Xo (o) o o oo o)X o2 ) o2 X o1 o
(Continued)
N N e
Byte#3 Data Byte 1 to SGM41603 Register ADCK by Byte#4 Data Byte 2 to SGM41603 Register ACK. by
evice Device
}4— Frame N }
1 9
SCL
(Continued)
, L] o o
SDA .
(Continued) DO

~N T i

) ACKby  STOP by
Byte#N Data Byte n to SGM41603 Register Device Master

Figure 17. I°C Write Protocol Master Transmits
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Master Reads from Slave after Setting Register Address (Write Register Address and Read Data)
Figure 18 shows how master should read a specific register (it must first write the required register address).

‘ Frame 1 ‘ Frame 2 —»‘
) T

1 9 1 ‘9

scL ﬂ LI LI LI {_
BP0 000000\ e@@@@@@ Ya

J
N e T e

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
SCL
(Continued)
— —
990.090.00.0WOOC0O0OAE
(Continued) -
N N
START by Byte#3 I°C Slave Address Byte ACK by Byte#4 Data Byte 1 from Device ACK by
Master Device Master
} Frame 5 } e o o }47 Frame N }
1 9 1 9
SCL
(Continued)
—> e o o
SDA /_ N -
(Continued) Do \_
N e N e
Byte#5 Data Byte 2 from Device ACK by Byte#N Data Byte n from Device NCKby STOP by
Master Master Master

Figure 18. I°C Read Protocol (Master Reads after Setting Register Address)
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I°’C Controlled 10A Bidirectional
SGM41603 Switched-Capacitor Converter

DETAILED DESCRIPTION (continued)

Block Read: Master Reads Register Data without Setting Register Address (Read Mode)
The format given in Figure 19 can be used to read registers continuously starting from the first register address.

‘ Frame 1 ‘ Frame 2 —r‘

1 9 1 9

« U
V000,000 0OW OO0

~ N e
START by Byte#1 I°C Slave Address Byte ACK by Byte#2 Data Byte 1 from Device ACK by
Master Device Master
‘ Frame 3 ;{ o o o ‘47 Frame N r‘
1 9 1 9
SCL
(Continued) _
—> e o o
SDA /_ a S
comimen X7 K08 X205 )06 03X 02X 01X o0 (orXoe o5 o)oKz ooy N/
N N e
Byte#3 Data Byte 2 from Device ACK by Byte#N Data Byte n from Device NCKby  STOP by
Master Master Master

Figure 19. I°’C Master Block Read Starting from the First Register
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SGM41603

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

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 Cy,x and Cyx 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 22uF 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 (Cry)

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 Cr_y is selected
in a trade-off between efficiency and power density.
Smaller Cgy capacitance increases the output
voltage/current ripples and reduces efficiency. A large

CrLy reduces the output ripples and improves efficiency.

The Cry per phase can be calculated based on the
equation below:

C - IV1X
T AfswVerLy ree

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

voltage:

ly1x
Crv = gorfvons FonVor (1)
where
ly1x is the V1 X input/output current;
fsw is the switching frequency;

VceLy rep is the peak-to-peak voltage ripple over Cey.

The switching frequency can be set using the
FREQ[2:0] bits in REGOx07 (default value is 250kHz).
A lower switching frequency improves efficiency at light
load but will also increase voltage/current ripples.

Output Capacitor Design (Cy2x or Cy1x)

The Cyox or Cyqx output capacitor selection is similar to
the Cry 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 Cgy capacitor, and can be
calculated based on the equation below:

c lvixtoeap
VX 0.5Vyix_rep

()

IV2XtDEAD

®)

Cvax = 0.5Vvax _rep

where

toeap is the deadtime between 2-phase.

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

Vyv2x ree is the peak-to-peak output voltage ripple which
can be set as 2% of Vyx.

Considered the bias voltage derating for the capacitors,
as the Coyr may be biased to the battery voltage, and
this will affect their effective capacitance, a typical 22uF
ceramic capacitor 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 CgsTxn)

The bootstrap capacitors, Cgstye and Cgstyen, provide
the gate driver voltage for internal charging phase
switching FETs Qcpx 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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SGM41603

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

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. 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.

REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

5.

Use symmetrical power traces across the two
phases as much as possible. For example, place
the CF1P and the CF1N symmetrically, and route
V1X trace symmetrically on both phases.

. Vias are inevitable for connection of the inner pins

(under the device), especially for BSTxP/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
dissipation.

(filed) thermal vias for better heat

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.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

WLCSP-2.85%2.59-42B
| |
| : . ol
Pad ] b
A1 CORNER —
€ >
E = -
| € >
A= € >
T € >
]
TOP VIEW RECOMMENDED LAND PATTERN (Unit: mm)
7 6 5 4 3 2 1 42 x qu
AN ’/
4 o
\{\ } 5
Y | { e
oA ()OO C) ) ; { }D
f SEATING PLANE 1— E
[ ]ccc]C] e { }
TP YOr
N R
SIDE VIEW BOTTOM VIEW
Dimensions In Millimeters
Symbol
MIN NOM MAX
A 0.602 0.640 0.678
A1 0.186 0.206 0.226
D 2.823 2.853 2.883
E 2.563 2.593 2.623
d 0.240 0.260 0.280
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 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
€ Y 56 Micro Corp TX20000.000

sGmicRO WWW.sg-micro.com



	GENERAL DESCRIPTION
	APPLICATIONS
	FEATURES
	TYPICAL APPLICATION
	PACKAGE/ORDERING INFORMATION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	PIN CONFIGURATION
	PIN DESCRIPTION
	ELECTRICAL CHARACTERISTICS
	TYPICAL PERFORMANCE CHARACTERISTICS
	FUNCTIONAL BLOCK DIAGRAM
	REGISTER MAPS
	I2C Slave Address of SGM41603 is: 0x68 (0b1101000 + W/R)
	REG0x00: INT_SRC Register Address [reset = 0x00]
	REG0x01: INT_SRC_M Register Address [reset = 0x00]
	REG0x02: STATUS Register Address [reset = 0x00]
	REG0x03: INT_SRC2 Register Address [reset = 0x00]
	REG0x04: INT_SRC2_M Register Address [reset = 0x00]
	REG0x05: EN_CFG0 Register Address [reset = 0xB0]
	REG0x06: SCC_CFG1 Register Address [reset = 0x16]
	REG0x07: SCC_CFG2 Register Address [reset = 0x00]
	REG0x08: V2X_OVP_SW Register Address [reset = 0x90]
	REG0x09: V1X_OVP_SW Register Address [reset = 0x15]
	REG0x0A: OCP1 Register Address [reset = 0x9D]
	REG0x0B: OCP2 Register Address [reset = 0x7E]
	REG0x0C: FWD_SS_CFG Register Address [reset = 0x31]
	REG0x0D: RVS_SS_CFG Register Address [reset = 0x0F]
	REG0x0E: REQNFLT_CFG Register Address [reset = 0x1A]
	REG0x0F: SKIP_CFG Register Address [reset = 0x41]
	REG0x10: CHIP_REV Register Address [reset = 0x00]
	REG0x11: DEVICE_ID Register Address [reset = 0x03]

	TYPICAL APPLICATION CIRCUITS
	DETAILED DESCRIPTION
	The Switched-Capacitor Converter (SCC)
	Enable Input (EN)
	Enable/Disable by EN and VIO
	Enable/Disable by I2C
	Charge System with SGM41603
	Startup and Soft-Start in Forward Direction
	Startup and Soft-Start in Reverse Direction
	PGOOD
	Skip Mode and Fixed-Frequency Mode
	Out-of-Audio (OOA) Mode
	Under-Voltage Lockout (UVLO)
	Frequency Dithering
	Over-Current Protections
	High Current Alarm (OCPALM)
	Over-Temperature Alarms and Fault
	Over-Voltage Lockout Protections for V2X and V1X
	Auto Restart Features after Faults
	I2C Interface
	I2C System Configuration
	Start and Stop Conditions
	Bit Transfer
	I2C Data Format and Acknowledge
	Master Transmits Protocol (Write Mode)
	Master Reads from Slave after Setting Register Address (Write Register Address and Read Data)
	Block Read: Master Reads Register Data without Setting Register Address (Read Mode)


	APPLICATION INFORMATION
	Input Capacitor Selection (CV2X or CV1X)
	Flying Capacitor Selection (CFLY)
	Output Capacitor Design (CV2X or CV1X)
	External Bootstrap Capacitors Selection (CBSTxP and CBSTxN)
	PCB Layout Guidelines

	REVISION HISTORY

