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SGMICRO

SGM41612

I°’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

GENERAL DESCRIPTION

The SGM41612 is an efficient 16A switched-capacitor battery
charging device with I°C control that can be configured to 8
different operation modes: forward 4:1/3:1/2:1/1:1 step-down
1:4/1:3/1:2/1:1

It can charge single-cell

charging modes and reverse step-up

discharging modes. Li-lon or
Li-polymer battery in a wide 3.4V to 21V input voltage range
(VBUS) from smart wall adapters or wireless charger. In 4:1
mode, the switched-capacitor architecture is optimized for 50%
duty cycle to cut the input current to one-quarter of the battery
current and reduce the wiring drops, losses and temperature

rise in the application.

A two-channel switched-capacitor topology is used to reduce
the required input capacitors and minimize the output ripple. It
integrates a single channel driver for external OVPFETSs.

The SGM41612 a Green WLCSP-

3.4x4.44-80B package.

APPLICATIONS

Smart Phone, Tablet PC

is available in

TYPICAL APPLICATION
’—D

FEATURES

® 8 Different Operation Modes
+ Forward 4:1/3:1/2:1/1:1 Step-down Charging Modes
+ Reverse 1:4/1:3/1:2/1:1 Step-up Discharging Modes
® Efficiency Optimized Switched-Capacitor Architecture
¢ Up to 16A Output Current
+ 3.4V to 21V Input Voltage Range
¢ 200kHz to 1.5MHz Switching Frequency Setting
¢+ Above 97.2% Forward 4:1 Step-down Mode Efficiency
(When Vyour = 5V, lvout = 8A)
¢+ Above 96.1% Forward 4:1 Step-down Mode Efficiency
(When Vyour = 5V, lvout = 13A)
¢ Above 97.9% Forward 2:1 Step-down Mode Efficiency
(When Vyour = 5V, lvout = 2A)
¢ Above 97.4% Forward 2:1 Step-down Mode Efficiency
(When Vyour = 5V, lvout = 8A)
® Comprehensive Integrated Protection Features
+ External VUSB OVPFET Control
+ Input Over-Voltage and Over-Current Protection
¢ Input Under-Current Protection
¢ Output Over-Voltage Protection
+ Battery Over-Voltage and Over-Current Protection
¢ CrLy and Bootstrap Capacitor Diagnosis (PIN_DIAG)
+ Switch Peak Over-Current Protection
¢ Thermal Shutdown Protection
® 8-Channel 12-Bit (Effective) ADC Converter
+ VUSB, VBUS, IBUS, VOUT, VBAT1, VBAT2, IBAT,
TDIE for Monitoring
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Figure 1. Simplified Schematic
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger
PACKAGE/ORDERING INFORMATION
SPECIFIED
PACKAGE ORDERING PACKAGE PACKING
wletlE L DESCRIPTION TEM;EEQEURE NUMBER MARKING OPTION
SGM
SGM41612 | WLCSP-3.4x4.44-80B | -40°C to +85°C | SGM41612YG/TR ;‘)1(2;& Tape and Reel, 1500
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
XXX XX
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.
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger
ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS
VUSB (Converter not switching) ...........ccccccueee.. -0.3V to 35V VUSB ... 3.4V to 21V
USBGATE.......oi ettt -0.3V to 33V VBUS (Forward 4:1 Mode) .........ccovvevuveeviveennnnns 10.8V to 21V
USBGATE to USBSUB.........ccccvviiieeeeeeeee -0.3V to 12V VBUS (Forward 3:1 Mode) ........cccccvvveveeeeeeiiine. 8.1V to 16V
USBGATE to VBUS ........oooiiiiiiieeeeee e, -27V to 12V VBUS (Forward 2:1 Mode) ........ccoccvvveveeeeeeiiinne. 5.4V to 11V
USBSUB, VBUS, PMID (Converter not Switching) VBUS (Forward 1:1 Mode) ........ccoeeuvriereeeeeannns 3.4V to 5.5V
........................................................................... -0.3V to 27V VOUT, BATP (Forward 4:1/3:1/2:1 Mode)..........2.7V to 5.5V
PMID to VBUS ...t -0.3Vto 6V VOUT, BATP (Forward 1:1 Mode)..........c..ccuu.... 3.4V to 5.5V
PMID to CT3A/CT3B .....oeecvieeieeeiie e -0.3V to 20V (SRP =SRN)....cctiiiiiieiie e -0.05V to 0.05V
PMID to CT1A/CTIB ...ovveieeieeieee e -0.3V to 20V Junction Temperature Range..................... -40°C to +125°C

CB3A/CB3B to PGND, CT3A/CT3B to VOUT.... -0.3V to 18V
CB2A/CB2B to PGND, CT2A/CT2B to VOUT.... -0.3V to 18V
CT2A to CB3A, CT1A to CB2A, VOUT to CB1A.. -0.3V to 6V
CT2B to CB3B, CT1B to CB2B, VOUT to CB1B.. -0.3V to 6V
VOUT, CB1A/CB1B to PGND, BTSA-CT3A, BTSB-CT3B

............................................................................. -0.3V to 6V
BTS20 VOUT ....oiiiiiiiieieecee e -0.3V to 6V
SCL, SDA, nINT, nLPM, ADDR, REGN, BATP1, BATN1,
BATP2, BATN2, SRP, SRN, DP, DM .................. -0.3V to 6V
SRP 10 SRN.....ooiiiiiiiiiiie e -0.5V to 0.5V
Package Thermal Resistance

WLCSP-3.4%4.44-80B, ByA....ccccvviriveeiereririeneeenen 26.9°C/W

WLCSP-3.4x4.44-80B, B........ccccvveveiriiriciirinne, 1.4°C/IW

WLCSP-3.4x4.44-80B, Byc .....ccveveicieiiriciirie 4.7°C/IW
Junction Temperature...........cccccooiiiiiiiiiii e, +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccocvvvernireeen. +260°C
ESD Susceptibility @
HBM ... +3000V
CDM e +1000V
NOTES:

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

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

OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions 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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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

PIN CONFIGURATION

(TOP VIEW)
1 2 3 4 5 6 7 8
‘ T~ T~ T~ T~ T~ T~ T~ T~
/ \ / \ / \ / \ / \ / \ / \ \

A ( PGND) ( CBZA) [ cT1A ) ( VOUT) [ cT2A ) ( casA) ( PGND) [ NC )

\\ // \\ // \\ // \\ // \\ // \\ // \\ // N //
T~ T~ T~ T~ T~ T~ T~ T~
/ N\ / \ / \ / \ / \ / \ / \ / \

B ( PGND) ( CBZA) [ cT1A ) ( VOUT) [ cT2A ) ( CBSA) ( PGND) [ vusB )

A2 NP NP NP NP NP NP N
T~ T~ T~ T~ T~ T~ T~ T~
/ N\ / \ / \ / \ / \ / \ / \ / \

C [vBus ) [PMID )} (cCTsa) [vour) (cB1A} (PGND) [ sCL ) [usBGATE]

\\ 7 \\ e \\ 7 \\ e \\ 7 \\ 7 ~_.7 \\ 7
T~ T~ T~ T~ T~ T~ T~ -~
/ N\ / \ / \ / \ / \ / \ / \ / \

D [ vBUS ) [ PMID ) [ cT3A ) ( VOUT) ( CB1A) ( PGND) [ spA ! Iusssus)
A2 NP NP NP NP N NN
SUON D TON D TN TN TN TN TN T

/ /

E| (BTSA) [PMID) [CT3A) (VOUT) [ADDR) [nPM ! ( niNT ) [REGN !
\\ // \\ // \\ // \\ // \\ 4 \\ 4 ~N 4 \\ 4
//——\\ //——\\ //——\\ //——\\ //—\\ //‘\\ /,—‘\\ //‘\\

F| (erse} (PvD ) (cta) (vour; (BTs2) [ op ) ( DM | [AGND)
Ne 2 NL S N s N N s N N N .

T~ T~ T~ T~ T~ T~ T~ T~
/ N\ / \ / \ / \ / \ / \ / \ / \

G [ vBUS ) [ PMID ) [ cT3B ) ( VOUT) | cB1B ) ( PGND) {BATN1) [ SRN )
A2 NP NP NP NP NP NP N
//"\\\ //"‘\\ //"\\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\

H [VBUS ) [ PMID ; (CT3B, (VOUT, (CBIB, (PGND, (BATP1, | SRP |
\\ // \\ // \\ // \\ // \\ // \\ // \\ // ~ //
//"\\\ //"‘\\ //"\\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\

J |PGND, [ CB2B, (CTIB, (VOUT, (CT28, (CB3B, (PGND, (BATN2,
\\ // \\ // \\ // \\ // \\ // \\ // \\ // \\ //
//"\\\ //"‘\\ //"\\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\ //"‘\\

K| (PGND ) [ CB2B, (CTIB, [VOUT, [ CT28, [CB3B, (PGND, [BATP2,
\ / \ / \ / \ / \ / \ / \ 7/ \ /
.~ -~ .~ -~ .~ -~ .~ -~

WLCSP-3.4x4.44-80B
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

PIN DESCRIPTION

PIN NAME TYPE FUNCTION
A1,A7,B1, B7
C6, D6, G6, H6 PGND P Power Ground Pins.
J1,J7, K1, K7
A2 B2 CB2A = Channel-A Flying Capacitor Cgox Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT2A and CB2A pins as close as possible to the device.
A3 B3 CT1A = Channel-A Flying Capacitor Cg1a Top Plate Pins. Connect three 22uF or larger parallel capacitors
’ between CT1A and CB1A pins as close as possible to the device.
A4, B4, C4, D4 . - . .
E4 F4 G4 H4 VOUT = Output Pins. Connept to the battery pack positive terminal. At least three 10uF capacitors between
’ J4‘ K4‘ VOUT and PGND pins are recommended.
A5. B5 CT2A = Channel-A Flying Capacitor Crza Top Plate Pins. Connect three 22uF or larger parallel capacitors
’ between CT2A and CB2A pins as close as possible to the device.
A6. B6 CB3A = Channel-A Flying Capacitor Cgsn Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT3A and CB3A pins as close as possible to the device.
A8 NC N/A No Connection.
B8 VUSB Al USB Charging DC Voltage Sense Input Pin. Connect it to the drain of the external N-MOSFET, or
short it together with VBUS when USBGATE control function is disabled.
C1.D1 G1. H1 VBUS = Device Power Input Pins. Use at least two 4.7uF capacitors between VBUS and PGND pins close
rT T to the device.
C2,D2, E2, F2 . . . .
G2, H2 PMID P Power Stage Supply Input Pins. Bypass them with at least two 10uF ceramic capacitors to PGND.
C3 D3, E3 CT3A p Channel-A Flying Capacitor Cr3a Top Plate Pins. Connect three 22uF or larger parallel capacitors
o between CT3A and CB3A pins as close as possible to the device.
C5. D5 CB1A = Channel-A Flying Capacitor Cria Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT1A and CB1A pins as close as possible to the device.
Cc7 SCL DI I°C Interface Clock Line.
External Dual N-MOSFET Gate Control Pin. Connect to the gate of the external back-to-back
Cc8 USBGATE AO N-MOSFET in the USB charging path, or leave it shorted to ground to disable USBGATE control
function.
D7 SDA DIO I’C Interface Data Line. The SDA line is forced to release when the I°C timeout fault occurs.
D8 USBSURB Al External Back-to-Back N-MOSFET Common Source Input Pin. Connect it to VBUS pin when drive
the GaN FET as OVPFET (Quss). Leave it shorted to ground when USBGATE function is disabled.
E1 BTSA = Channel-A Bootstrap Pin. It is the bootstrap pin to supply Qia gate driver. Use a 0.1uF or larger
MLCC capacitor from this pin to CT3A pin.
E5 ADDR AlO This pin is used to assign the I°C address of the device during POR period. Connect ADDR pin
directly to AGND to select address 0x67. Leave ADDR pin floating to select address 0x68.
Low Power Mode Enable Input Pin with an internal 1MQ pull-down resistor. When battery only, the
logic low actives the low power mode with low quiescent current, and the I°C bus does not need to
E6 nLPM Al respond; when the VUSB is inserted or VBUS is present, the state of nLPM pin is ignored and the
device exits low power mode. A rising edge on nLPM pin and keeping high for more than 10ps
triggers a hard reset of the device. Excepted for the specified bits, all other register bits are reset
to their default values if a hard reset is triggered.
Open-Drain Interrupt Output Pin. Use a 10kQ pull up to the logic high rail. The nINT pin is active
E7 nINT DO low and sends a negative 256us pulse to inform the AP about a new charger status update or a
fault.
Internal Circuit Power Supply. Internal connected to VOUT after enable SCC_EN. Connect a
E8 REGN AO 4.7uF MLCC capacitor between this pin and AGND. It is recommended not to connect any
external load to REGN.
F1 BTSB = Channel-B Bootstrap Pin. It is the bootstrap pin to supply Qig gate driver. Use a 0.1uF or larger
MLCC capacitor from this pin to CT3B pin.
F3. G3. H3 CT3B = Channel-B Flying Capacitor Cesg Top Plate Pins. Connect three 22uF or larger parallel capacitors
T between CT3B and CB3B pins as close as possible to the device.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

PIN DESCRIPTION (continued)

PIN NAME TYPE FUNCTION
F5 BTS2 AIO Charge Pump for Gate Drive. Connect a 0.22uF MLCC capacitor between BTS2 and VOUT.
F6 DP AlIO USB Communication Interface Positive Line. Connect to the USB D+ data line.
F7 DM AlO USB Communication Interface Negative Line. Connect to the USB D- data line.
F8 AGND P Analog Ground Pin.
G5. H5 CB1B = Channel-B Flying Capacitor Crg Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT1B and CB1B pins as close as possible to the device.
a7 BATN1 Al Battery 1 Voltage Sensing Negative Input. Connect a 100Q) resistor between BATN1 and negative
terminal of the battery pack. Connect this pin to ground if not used.
Gs SRN Al High-side or Low-side Battery Current Sensing Negative Input. Place a 0.5mQ, 1mQ or 2mQ
(Rsns) shunt resistor between SRP and SRN pins. Short SRN to ground if not used.
H7 BATP1 Al Battery 1 Voltage Sensing Positive Input. Connect a 100Q resistor between BATP1 and positive
terminal of the battery pack. Connect this pin to ground if not used.
Hs SRP Al High-side or Low-side Battery Current Sensing Positive Input. Place a 0.5mQ, 1mQ or 2mQ (Rsns)
shunt resistor between SRP and SRN pins. Short SRP to ground if not used.
J2. K2 CB2B p Channel-B Flying Capacitor Crz Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT2B and CB2B pins as close as possible to the device.
J3. K3 CT1B p Channel-B Flying Capacitor Crsg Top Plate Pins. Connect three 22uF or larger parallel capacitors
’ between CT1B and CB1B pins as close as possible to the device.
J5. K5 CT2B = Channel-B Flying Capacitor Ce2g Top Plate Pins. Connect three 22uF or larger parallel capacitors
’ between CT2B and CB2B pins as close as possible to the device.
J6. K6 CB3B = Channel-B Flying Capacitor Crsz Bottom Plate Pins. Connect three 22uF or larger parallel
’ capacitors between CT3B and CB3B pins as close as possible to the device.
8 BATN2 Al Battery 2 Voltage Sensing Negative Input. Connect a 100Q resistor between BATN2 and negative
terminal of the battery pack. Connect this pin to ground if not used.
K8 BATP2 Al Battery 2 Voltage Sensing Positive Input. Connect a 100Q resistor between BATP2 and positive
terminal of the battery pack. Connect this pin to ground if not used.

NOTE: P = power, Al = analog input, AO = analog output, AlO = analog input/output, DI = digital input, DIO = digital input/output.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

TYPICAL APPLICATION CIRCUITS

Cran Craa Cria
3x224F/ 3x224F/ 3x224F/
10V/0603 10V/0603 10V/0603
CBTSA
Optional 0.1uF/ )—‘
o6 10V/0402|
rr.!_vy-rb.) /—4 F——
Wi ADDR BTSA CT3A CB3A CT2A CB2A CT1A CBIA
ireless
TRX
BTS2
C
AWV VUSB 1_ T
00/0402 0.22uF/
a USBSUB vouT 1C(i(\)/f402
USB
usB 3x10pF/
VBUS
=S5 10V/0603 | Batte:
e ‘—_{—‘L' - T SVZU; FI35V/0603 e _I o
: x4. 7l e e ]
‘ Optional L USBGATE BATP1 1000 3
o SGM41612 S a—
DM BATN1
1.8V/1.2v SRP
- t
1 | %2m0 !
! :
I ' 1 scL R E—— 1
! SDA =
: AP : TNT BATP2
] f nLPM BATN2
! |
I REGN AGND PMID BTSB CT3B CB3B CT28 CB2B CT1B CB1B =

Crean J_

CPM D

4.7yF/10V/0603 2x10uF/
35VI0603 BTSB
= 1ow0402

Crss Crzs Cris
3x22uF/
10V/0603

3x22uF/
10V/0603

3x22uF/
10V/0603

Figure 2. Single SGM41612 Typical Application Circuit
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger

TYPICAL APPLICATION CIRCUITS (continued)

CFBA CFQA CFU\
3x22uF/ 3x22uF/ 3x22uF/
10V/0603 10V/0603 10V/0603
Coarsa
0.1uF/ ¢—]
0a 10V/0402
ADDR BTSA CT3A CB3A CT2A CB2A CT1A CB1A
Uss BTS2 Cor
A
00/0402 0.22yF/
USBSUB VOUuT 10V/0402
CVOUT
usB 3x10pF/
Adapter =i _L Cisus VBUS PGND 10V/0603 | Battery
o 1_\{—’_ TEene ---..Pack
ional = H
| p 35VI0603 | | opoate saTP1 1000 H
DP SGM41612 woa | o
DM BATNI |—AWW\ ;
1.8V/1.2V !
_—— SRP :
| ! l % 2mQ!
| < '
I jScL scL SRN :
! DA SDA =
I AP nINT nINT BATP2
[}
! 1oL nLPM BATN2
! 1
b REGN AGND PMID BTSB CT38 CB3B CT28 CB2B CTIB CB1B =
c
CREGN J— PMID ‘—“—
2x10pF/
4.7uF/10V/0603 $ I35woso3 Cmsa
= 1owo4oz
Cras Cer2s Crig
3x224F/ 3x224F/ 3x224F/
10V/0603 10V/0603 10V/0603
CFSA CFZA CFU\
3x22uF/ 3x22uF/ 3x22uF/
10V/0603 10V/0603 10V/0603
CBTSA
0.1uF/ ¢—]
1owo4oz
ADDR BTSA CT3A CB3A CT2A CB2A CT1A CB1A
BTS2 Cores
VUSB oBEl
Wireless 10V/0402
vout
i oy VBUS Cvour
== 2x4.TyF/ 3x10pF/
= 35V/0603 PGND 10V/0603
F USBGATE <
USBSUB
BATP1
= SGM41612
op BATNI1
—|b™ SRP
scL scL SRN
SDA DA
nINT NT BATP2
nLPM nLPM BATN2
REGN AGND PMID BTSB CT38 CB3B CT28 CB2B CTIB CBIB =
CPMD
c \_||__|
4. 7uF/10VI0603 J_ 2x10uF/ -
l 135V/0603 e
= 1owo4oz
- Ce2s Crig
3x224F/ 3x224F/ 3x224F/
10V/0603 10V/0603 10V/0603
Figure 3. Dual SGM41612 Typical Application Circuit
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger

ELECTRICAL CHARACTERISTICS

(Ty = -40°C to +85°C, typical values are measured at T, = +25°C, unless otherwise noted.)

sGmicRO WWW.sg-micro.com

PARAMETER . symBoL | CONDITIONS | MIN | TYP | MAX | UNITS
Supply Currents
ADC disabled, SCC disabled, Quss used with
driver disabled (USBGATE_EN =0, 03 05 mA
USBGATE_MODE B 1), VUSBfOVPiR =23V ' :
. (VUSB_OVP[3:0] bits = 4'b1100), Vuss = 21V
VUSB Quiescent Current lavuse  "ADC disabled, SCC disabled, Quss used with
driver enabled (USBGATE_MODE = 0) 09 15 mA
Vuss owe r = 23V (VUSB_OVP[3:0] bits = ’ ’
4’b1100), Vvuss = 21V
SCC enabled (SCC_MODE[2:0] = 3'b000,
. SCC_EN = 1), Qusg used with both drivers
VBUS Quiescent Current la_veus disabled, no i0ad, Vvsus = 20V > (4 x Vyour), 15 mA
fsw = 600kHz
. ADC disabled, SCC disabled, nLPM pin = high,
Battery Only Quiescent Current lq vour VUSB and VBUS not present, Vyour = 4.2V 10 20 MA
ADC disabled, SCC disabled, nLPM pin = low,
Battery Only Shutdown Current IsHon_vouT VUSB and VBUS not present: Vyour = 4.2V 5 10 MA
Leakage Current at pin BATP1, | Vvour < Vvout_present F 1 A
BATP2, BATN1, BATN2 LKG_BAT ADC enabled 5 H
VUSB UVLO Rising Threshold Vuyse uvio R Viuss rising, for active I°C 29 3.15 \Y
VUSB UVLO Falllng Threshold VUSBfUVLOfF VVUSB falllng 2.7 \Y
VUSB UVLO Hysteresis VUsB_UVLO_HYS 200 mV
VBUS UVLO Rising Threshold Veus.uvior | Vvaus rising, for active I°C 2.9 3.15 \
VBUS UVLO FaIImg Threshold VBUS_UVLO_F VVBUS faIIlng 2.7 \Y
VBUS UVLO Hysteresis Vius_uvio_Hvs 200 mV
VOUT UVLO Rising Threshold Vvour wwo r | VOUT pin, Vyour rising, for active I’c 25 Vv
VOUT UVLO FaIIlng Threshold VVOUT_UVLO_F VOUT pin, VVOUT falIlng 2.3 \Y
VOUT UVLO Hysteresis VvouT uvio_Hs 200 mv
VBAT_INSERT_R VOUT pin, VVOUT rising, forward mode 2.8 \Y
VBAT Insert Threshold VBAT INSERT F VOUT pin, Vyour falling, forward mode 2.7 \Y
Vear_inserT_Hys | Hysteresis 100 mv
External OVPFET Control
I°C programmable, GATE_HI_SET bit = 0, 46 5 5.95
External OVPFET Gate Drive v VUSBGATE - VUSBSUB when VVUSB >3V ’ i Vv
Voltage (Initialization) QOVP_GATE  ['2C programmable, GATE_HI_SET bit = 1, 8 9 10
Vusseate - Vusssus when Vyyss 2 4.75V
VUSB Insert Rising Threshold Vuse nsert R~ | VUSB pin, Vyuss rising 3.2 3.4 \%
VUSB Insert Falling Threshold Vuse nsert F | VUSB pin, Vyyss falling 3.1 \%
VUSB Insert Hysteresis VusB_INSERT_HYS 100 mV
Deglitch between Vyysg rising above
Vuss_insert_ r @and sending an nINT pulse, then to
VUSB Insert Rising Threshold t start external Qusg turn-on 10 ms
Deglitch Time USBGATE_ON.DEG | (USBGATE_MODE =0,
USBGATE_ON_DEG][1:0] = 2’b00), Reon vuss
PoorSRC qualification during tysscate on pec
VUSB Insert Falling Threshold t Deglitch between Vyysg falling below 2 ms
Deglitch Time USBGATE_OFF_DEG | \/s iisert F @and sending an nINT pulse
\égr?gBeOVP Rising Threshold Vussowr | I°C programmable, 11V by default 6.5 25 v
VUSB OVP Threshold Accuracy VUSBfOVPRiACC VUSBfOVPiR =12V or 22V -2 2 %
VUSB OVP Threshold Hysteresis | Vuss ove s | s 1o (© (UM on Quss again after VUSE 1 v
. . ) Deglitch between Vyysg rising above Vyss_ove_r
VUSB OVP Rising Deglitch Time tvuss_ovp DEG and triggering the protection action 100 ns
€ PP G Nicro Corp JULY 2026




SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

ELECTRICAL CHARACTERISTICS (continued)

(Ty = -40°C to +85°C, typical values are measured at T, = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
VUSB Pull-down Resistor Reowvuss | \1oss” S Moo POTLEN =1, 350 o
VBUS Pull-down Resistor Reon veus xBUS_ag\‘j E“Q'BSP'EEN EN =1 10 kQ
VBUS — s | ., -
Switched-Cap Converter
VBUS to VOUT Resistance Rvsusavout Forward 1:1 mode 17 mQ
. V =18V, V =45V, lps=1A
Roson of Reverse Blocking FET Ros_ars (ir\;zllﬁ ding pécl!ggg resisténzse) 4 mQ
Vysus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qiais Ros_ar (including package resistance) 5 mQ
Vveus = 18V, Vyour = 4.5V, Ips = 1A
Rpson Of Qaas Ros a2 (including package resistance) 10 mQ
Vysus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qsass Ros_as (including package resistance) 12 mQ
Vysus = 18V, Vyour = 4.5V, Ips = 1A
Roson Of Quas Ros a4 (including package resistance) 14 mQ
Vveus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qsasss Ros_as (including package resistance) 3 mQ
Vveus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qsaes Ros_as (including package resistance) " mQ
Vysus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qrars Ros o7 (including package resistance) 8 mQ
Vveus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qsasss Ros_as (including package resistance) 8 mQ
Vveus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Qeaes Ros_as (including package resistance) 8 mQ
Vysus = 18V, Vyour = 4.5V, Ips = 1A
Roson of Q1oaros Ros a0 (including package resistance) 8 mQ
VBUS Present Rising Threshold Veus present R | Vvaus fising 3.2 34 \
VBUS Present Falllng Threshold VBUS_PRESENT_F VVBUS falImg 3.1 \Y
VBUS Present Hysteresis VBUs_PRESENT HYS 100 mV
VBUS Present Falling Threshold t Deglitch between Vygys falling below 2 ms
Deglitch Time VBUS_OUT.DEG | \/gus present F and sending an nINT pulse
VBAT Brown-In Threshold for . .
Reverse Mode VEAT BRN_IN VOUT pin, Vyour rising, reverse mode 3.2 \%
VBAT Brown-Out Threshold for Vaar srnour | VOUT pin, Vuour falling, reverse mode 2.8 v
VBAT Brown-In/Out Threshold .
Hysteresis VBAT_BRN_HYS VOUT pin 400 mV
VBAT Brown-In Threshold t Deglitch between Vyour rising above Vear grn in 1 ms
Deglitch Time VBAT_BRN_IN.DEG | and enabling the AP to read to reset the flag bit
VBAT Brown-Out Threshold t Deglitch between Vyour falling below Vear srny_our 48 ms
Deglitch Time VBAT_BRN_OUTDEG | 5nd exit reverse mode switching
gg%ee”er Switching Frequency fow I’C programmable Range, 600kHz by default 200 1500 | kHz
Converter Switching Frequency _ ) o
Initial Accuracy fow_ace fow = 600kHz 5 5 Yo
Protection
nINT Low Pulse Duration when a t 256 s
Protection Occurs INT H
2
Id;apﬁlct)grammable, 22V by 14 26.6 Vv
In forward 4:1
Jreverse 1:4 mode | Accuracy at 22V Veys_ove_r -2 2 %
VBUS OVP Rising Threshold Veus ovm & Vaus ove hysteresis 800 mv
| ! 2
Range Id;;ﬁgrammable, 16.5V by 105 19.95 Vv
In forward 3:1
Ireverse 1:3 mode | Accuracy at 16.5V Veys ove r | -2 2 %
Veus_ove hysteresis 600 mV
€ PP G Nicro Corp JULY 2026
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

ELECTRICAL CHARACTERISTICS (continued)

(Ty = -40°C to +85°C, typical values are measured at T, = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
2
Idgcapﬁltigrammable, 11V by 7 133 v
In forward 2:1
Ireverse 1:2 mode | Accuracy at 11V Veus_ove r -2 2 %
VBUS OVP Rising Threshold v Vaus ove hysteresis 400 mv
Range BUS_OVPR I°C programmable, 5.5V by
3.5 6.65 \
default
In forward 1:1
Jreverse 1:1 mode | Accuracy at 5.5V Vius ove_r -1.5 2.5 %
Vaus_ove hysteresis 200 mV
- . ) Deglitch between Vygys rising above Veys_ove_r
VBUS OVP Rising Deglitch Time tveus ovPr DEG and triggering protection action 1 ms
IBUS UCP Rising Threshold lsus uce R 100 200 300 mA
IBUS UCP Falllng Threshold IBUSfUCPiF Falllng, IBUSfUCPiF =100mA 50 100 150 mA
Deglitch between lgys falling below lsus uce ¢
IBUS UCP Falling Deglitch Time tisus ucer pee | and triggering protection action 0.002 256 ms
I°C programmable, 8us by default
. ) Duration from charging beginning
IBUS UCP Blanklng Time tlBUSfUCPﬁBLK I2C programmable, 100ms by default 12.5 10240 ms
I’c programmable, forward mode, 3.4A by default 1 7.2 A
IBUS OCP Threshold Range lsus_oce 2
- 1°C programmable, reverse mode, 3.4A by default 1 A
lsus_oce = 3.4A, forward mode -5 %
IBUS OCP Threshold Accuracy lsus ocp acc
lsus ocp = 3.4A, reverse mode -5 5 %
Deglitch between Igys rising above lsus oce and
IBUS OCP Deglitch Time tisus_oce pec | trigger protection action, I°C programmable, 4us 4 64 us
by default
L PMID pin, I°C programmable, n x (Vyour + nx nx
PMIDZ2VOUT OVP Rising Vewozvour ove | 400mV) by default (n = 1, 2, 3, or 4, depending | (Vyour + (Vour+ | mV
9 on the operation mode) 200mV) 900mV)
PMID2VOUT OVP Threshold vV, PMID pin, PMID2VOUT_OVP[2:0] = 3'b010, 19.12 20.08 Vv
Accuracy PMID2VOUT_OVP_ACC | \/\0y7 = 4.5V, forward 4:1 charger mode (n = 4) : :
L . Deglitch between Vpyp rising above
.ﬁ.’l'\rf]IEZVOUT ovP Rlsmg Deg“tCh tPMIDZ\/OUT_OVPR_DEG VPMIDZVOUT_OVP_R and triggering protection action, 0.1 128 MS
I°C programmable, 100ns by default
. PMID pin, I°C programmable, n x (Vyour - 150mV) n x n x
?l"'\I/II’IGZﬁXSUR-;:\gP Fa”mg VPMIDZVOUT_UVP by default (n = 1, 2, 3, or 4, depending on the (VVOUT‘ (VVOUT‘ mV
9 operation mode) 450mV) 100mV)
PMID2VOUT UVP Threshold vV PMID pin, PMID2VOUT_UVP[2:0] = 3'b001, 17.02 1778 Vv
Accuracy PMIDVOUT_VPACE | \/yout = 4.5V, forward 4:1 charger mode (n = 4) : :
PMID2VOUT UVP Falling Seglltch between \épM!D fall!ng below _ _ 01 o
Deglitch Time temiD2vouT UVP DEG /eminavout_uve_F and triggering protection action, . us
1°C programmable, 100ns by default
VOUT OVP Rising Threshold Range Vvour ove R I’c programmable, 200mV per step, 5V by default 4.8 5.4 Vv
VOUT OVP Threshold Accuracy VVOUT_O\/P_ACC VVOUT_OVP_R =5V -2 2 %
VOUT OVP Threshold Hysteresis | Vvour ove_Hvs 100 mV
- . ) Deglitch between Vyour rising above Vvour ove_r
VOUT OVP Rising Deglitch Time tvout ovPR DEG and triggering protection action 1 us
\R/,I:nA;;( OVP Rising Threshold Vearx ovp R I’C programmable, 25mV per step, 4.5V by default 4.5 5.275 \Y
noaraey. | reshold Inital Verove ace | Vesrs ove g = 4.5V 05 05 | %
VBATx OVP Threshold Hysteresis | Vgarx ove Hvs 100 mV
Deglitch between Vgarx rising above Vearx ove r
VBATx OVP Rising Deglitch Time tvear over pE¢ | @nd triggering protection action 0.1 10 us
I°C programmable, 100ns by default
Bidirectional Igar
IBAT OCP Threshold Range Isat_ocp 2C programmable, 10A by default 8 20.5 A
IBAT OCP Threshold Initial IBATiocp = 10A, RSNS = 2mQ, forward mode 2.5 2.5 %
Accurac IBATfOCPiACC
y Isat_oce = 10A, Rsns = 2mQ, reverse mode -2.5 2.5 %
€ PP G Nicro Corp JULY 2026
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

ELECTRICAL CHARACTERISTICS (continued)

(Ty = -40°C to +85°C, typical values are measured at T, = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Deglitch between lgar rising above Igar oce and
IBAT OCP Deglitch Time tisar ocr pec | triggering protection action 0.1 1 ms
I’c programmable, 1ms by default
Reverse Mode Soft-start Timeout trvs_ss TMO Range, 1’c programmable, 128ms by default 128 256 ms
TDIE OTP Rising Threshold Toie_ote R 150 °C
TDIE OTP Threshold Hysteresis Toie_ote_Hvs 20 °C
Watchdog Timeout Range twor I°C programmable, disabled by default 0.2 30 s
ADC Specification
ADC Resolution ADCrges 12 bits
ADC VUSB Voltage Readable in v Effective Range 0 25.6 v
REGO0x1B and REGOx1C USB_ADC LSB 6.25 mv
VVUSB = 10V, TJ = +25°C -0.5 0.5 %
., Vyuss = 10V -1 1 %
VUSB ADC Initial Accuracy Vuss_apc Acc
Vyuss = 20V, T, = +25°C -0.5 0.5 %
VVUSB =20V -1 1 %
ADC VBUS Voltage Readable in v Effective Range 0 25.6 v
REGO0x19 and REGOx1A Bus_ADC LSB 6.25 mv
Vyeus = 10V, T, = +25°C -0.5 0.5 %
VVBUS =10V -1 1 %
VBUS ADC Initial Accuracy Vsus_abc_Acc
Vyeus = 20V, T, = +25°C -0.5 0.5 %
VVBUS =20V -1 1 %
ADC IBUS Current Readable in | Effective Range 0 6.4 A
REGOx17 and REGOx18 BUS_ADC LSB 15625 mA
IBUS =1A -7 7 %
IBUS ADC Initial Accuracy IBUSfADCfACC IBUS =2A -5 5 %
IBUS =5A -4 4 %
ADC VBAT1 Voltage Readable in v Effective Range 0 5.12 v
REGOx1F and REG0x20 BATIADG [ 5B 125 mv
ADC VBAT2 Voltage Readable in v Effective Range 0 5.12 v
REGO0x23 and REG0x24 BAT2_ADC LSB 1.25 mV
VBAT1/2 ADC Initial Accuracy VBAT1/2_ADC_ACC VBAT1/2 =2.7V to 4.6V -0.5 0.5 %
ADC IBAT Current Readable in | Effective Range 0 20 A
REGOx21 and REG0x22 BAT_ADC LSB 5 mA
IBAT = 1A, RSNS =2mQ -10 10 %
IBAT ADC Initial Accuracy IBATfADCfACC IBAT = 2A, RSNS =2mQ -5 5 %
IBAT = 10A, RSNS =2mQ -2 2 %
ADC VOUT Voltage Readable in| |, Effective Range 0 5.12 v
REGOx1D and REGOX1E OUTADC LSB 125 mv
VOUT ADC Initial Accuracy VOUTﬁADCfACC VVOUT =2.7V to 5V -0.5 0.5 %
ADC DIE Temperature Readable T Effective Range 0 150 °C
in REG0x25 and REG0x26 DIE_ADC LSB 05 °C
TDIE ADC Accuracy Toie_abc_acc 7 C

€ PP G Nicro Corp JULY 2026
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

ELECTRICAL CHARACTERISTICS (continued)

(Ty = -40°C to +85°C, typical values are measured at T, = +25°C, unless otherwise noted.)

PARAMETER . symBoL | CONDITIONS | MIN | TYP | MAX | UNITS
I°C Interface (SCL and SDA Pins)
High Level Input Voltage ViH_i2c SCL and SDA pins 0.825 V
Low Level Input Voltage I SCL and SDA pins 0.4 Vv
Low Level Output Voltage VoL spa Sink 2mA, SDA pin 0.4 \%
SCL Clock Frequency fork 1000 kHz
Logic I/O Threshold (nLPM, nINT Pins)
High Level Input Voltage Viy nLPM pin 0.825 \Y
Low Level Input Voltage Vi nLPM pin 0.4 \%
nLPM Pull-down Resistance Reon_nLpm Pulled down to AGND 1 MQ
Low Level Output Voltage VoL Sink 2mA, nINT pin 0.4 \%
BC1.2 Detection (DP and DM Pins)
gghic(éontact Detect Current lop sk DP pin 7 10 13 uA
DM Pull-down Resistance Rom pwn DM pin 16 20 24 kQ
_l?r?rteas(;glr&tact Detect Logic Low Viee Low DP pin 0.8 Vv
Qata Contact Detect Debounce tocn oeNG 10 15 ms
Time -
DP Force Detect Voltage Vop_ske DP pin 0.5 0.6 0.7 \Y
DM Sink Current Iom_snk DM pin 50 100 150 MA
DP Voltage Source On Time tvopsrc_oN DP pin 40 60 80 ms
Pull-down Detect Threshold Vour rer 0.25 0.325 0.4 \Y
DM Force Detect Voltage Vom_sre DM pin 0.5 0.6 0.7 \Y
DP Sink Current lop_snk DP pin 50 100 150 MA
DM Voltage Source On Time tvomsre_oN DM pin 40 60 80 ms
UFCS (DP and DM Pins)
High Level Input Voltage Vi4_op DP pin 2.31 3.3 3.6 Vv
Low Level Input Voltage VL pp DP pin -0.3 0.54 \%
High Level Output Voltage Von pm DM pin, source 0.5mA, Vyysg = 3.3V 1.44 3.3 3.6 \
Low Level Output Voltage VoL om DM pin, sink 0.5mA 0.5 V
High Level Output Rise Time trise DM pin, from 20% to 80%, C. = 200pF 1 us
Low Level Output Fall Time traLL DM pin, from 80% to 20%, C, = 200pF 1 us
NOTE: 1. Guaranteed by design.
@ SG Micro Corp JULY 2026
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS

Charge Efficiency vs. Charge Current

Device Loss vs. Charge Current

99 4.5
4:1 Mode, Vgar =5V, Cry = 3 x 22uF per Channel (0603, 10V) 4:1 Mode, Vgar =5V, Cry =3 x 22uF per Channel (0603, 10V)
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM41612

I’C Controlled High Voltage 4:1

16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VUSB_ADC Accuracy vs. VUSB Voltage VUSB_ADC Error vs. VUSB Voltage
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I*’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM41

612

I*’C Controlled High Voltage 4:1

16A Switched-Capacitor Charger

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

FUNCTIONAL BLOCK DIAGRAM

BTSA PMID CT3A CB3A CT2A CB2A CT1A CB1A
Jj {—_1 T—? {—3 {+—1
VBUS imgml i i
VBUS [ I & Tt iTa o 1,
Bias Driver
Power Control Qs
REGN (] Select !_"A_\
&LDO CB3A ll% 141
VUSB ppse I Tour S S
ceA I3 191 {1 VOUT
vour
Qion
IBUS_OCP CBIA r—;‘DI\
USBSUB %‘M E cTan o [
Qu Qs =% on
18U uce e SCL
External vour_ovp vour ICBIA SDA
OVPFET vour = N N nINT
USBGATE (. Control
nLPM
DP
DM
Switched Cap Control lesl Digital
& Driver Control |« WUSB_
Analog Circuit " |l VBUS
& Protection 1BUS
BATP1 12-bit | OU—
BATN1 [} ADC | VBAT!
BATP2 [ = = s | VBAT2_
BATN2 cT38 - ITE;;
SRP (] 1698 %= 1= o ey L
> /CBI1B ¥
SRN CFLY_DIAG jD cB1B o
IPK_Qxx T3 T T#T vour
e oo e e 0 vour
TD\Ej> Qe Qs
TDIE_OTP el % - PGND
< = il
Qus
i a. 731 Q8
Cie =
—0 é &4 —3 17
BTS2 BTSB CT3B CB3B CT2B CB2B CT1B CB1B

Figure 4. Functional Block Diagram
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION

The SGM41612 is an efficient 16A battery charger that can
operate in 8 different modes (forward 4:1/3:1/2:1/1:1
step-down charging modes and reverse 1:4/1:3/1:2/1:1
step-up discharging modes). A two-channel
switched-capacitor core is integrated in the device to
minimize the ripples and improve efficiency. Two power paths
control, a reverse blocking NFET and all other necessary
protection features for safe charging are included. A high
speed 12-bit ADC converter is also included to provide bus
voltage, bus current, battery voltage, battery current, and die
temperature information for the charge management host via
I°C serial interface.

Forward 4:1 Mode & Reverse 1:4 Mode

In forward 4:1 mode, ignoring small energy loss in each
switching period in steady state operation, the SGM41612

generates a VOUT voltage of Veuip/4 and is capable of
supplying up to 16A output current. In reverse 1:4 operation, it
generates a PMID voltage of 4Vyout. Each channel of the 180°
interleaved switched-capacitor charger operates with a fixed
50% duty cycle and reduces the ripple on the output voltage
and current. The simplified single channel 4:1/1:4
switched-capacitor charger is shown in Figure 5.

Selecting high quality Cry capacitors and proper switching
frequency are the key factors for a well performing capacitor
voltage divider. Switching frequency selection is a trade-off
between efficiency and capacitor size. An optimum switching
frequency can be found for any selected Cry capacitor to
minimize losses.

1o Qux
L PMID
VBUS o—2T; LS—¢CT3X

Qix = Crax

vouT
I
1o 15w I
CT2X
== C,
F2Xx ng
CB2X L CT1X
[
CF1>< Q10X
CB1X

=& Qux

Figure 5. Power Stage of Single Channel 4:1/1:4 Switched-Capacitor Charger
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

Forward 3:1 Mode & Reverse 1:3 Mode

The SGM41612 can be configured to operate in forward 3:1
mode or in reverse 1:3 mode, where Qsa/Qss/Q7a/Q7s are
always on, Qi0a/Qios are always off. It generates a VOUT
voltage of Vemin/3 and is capable of supplying up to 14A
output current. In reverse 1:3 operation, it generates a PMID
voltage of 3Vyour. Each channel of the 180° interleaved
switched-capacitor charger operates with a fixed 50% duty
cycle and reduces the ripple on the output voltage and current.
The simplified single channel 3:1/1:3 switched-capacitor
charger is shown in Figure 6.

Forward 2:1 Mode & Reverse 1:2 Mode

The SGM41612 can be configured to operate in forward 2:1
mode or in reverse 1:2 mode, where Qsa/Qsa/Qoa/Qos are
always off and Qua/Q4g are always on. It generates a VOUT
voltage of Vemin/2 and is capable of supplying up to 12A
output current. In reverse 1:2 operation, it generates a PMID
voltage of 2Vyour. Each channel of the 180° interleaved
switched-capacitor charger operates with a fixed 50% duty
cycle and reduces the ripple on the output voltage and current.
The simplified single channel 2:1/1:2 switched-capacitor
charger is shown in Figure 7.
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I
5 Qu 5 Qu Qe I
L PMID =
VBUS o— 2L T L —¢CT3X
RBFET Q7x Lo
:I: QBX
= CB3X g CT2X
: C
-1 VYF2X ng
CB2X ey CT1X
= Crix
CB1X
Q10X

J?Qm

J?st £Q7x

Figure 6. Power Stage of Single Channel 3:1/1:3 Switched-Capacitor Charger
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Figure 7. Power Stage of Single Channel 2:1/1:2 Switched-Capacitor Charger
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

Forward 1:1 Mode & Reverse 1:1 Mode

The SGM41612 is designed to operate in bidirectional bypass
mode when Vygus is close to the Vvour. Here,
Q1A/Q18/Q2A/Q28/Q3a/Q36/Qaa/Qas/Qsa/Qse/Qsa/Qer/Q7a/ Q78
are always on and Qga/Qss/Qoa/Qos/Q10a/Q108 are always off.
With proper settings, the device enters bypass mode, all
switches between VBUS and VOUT are fully turned on. When
Vsus is near Vyour, the bypass mode offers the best efficiency
and the device is capable of sourcing up to 5A. The simplified
single channel bypass mode switched-capacitor charger is
shown in Figure 8.

The output voltage is close to the input minus a voltage drop

caused by the on-resistances of the RBFET plus the four
high-side switches of the two channels in parallel:

Reer (Bypass mode) =
Ros_ars *+ (Ros_a1a + Ros_a2a) || (Ros_a1s + Ros_a2s)

where Rps_axx is the on-resistance of the switch Qxx.

Charge System

The SGM41612 is a slave charger device and needs a host.
The host must set up all protection functions and disable the
main charger before enabling the SGM41612. The host must
monitor the nINT interrupts especially during high current
charging. It must also communicate with the wall adapter to
control the charge current.

Figure 9 shows the block diagram of a charge system using
the SGM41612 along with other devices. In this system, the
SGM41612 can be used to detect the adapter by BC1.2 and
the PD controller is used to communicate with adapter by PD
protocol. When the smart wall adapter is detected, the AP unit
controls the switching charger (SGM41516) that powers the
load system and the switched capacitor charger (SGM41612)
that provides high current charging. The communication
between those devices is through I°C interface.

VOUT
I
7‘ QZX 7‘ Q4X TQGX I
VBUS i PMID CT3X B
D
- _]_ Qix
RBFET I Lo
= CB3X CT2X
QBX
= Crax
CB2X CTIX
QQX
= Crix
CB1X
Q10X

anx

j Qsx

£Q7x

Figure 8. Power Stage of Single Channel 1:1 Switched-Capacitor Charger
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)
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Figure 9. Simplified Charge System
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Figure 10. SGM41612 System Charging Profile
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

A typical charge profile for a high-capacity battery using
switching charger and switched capacitor charger together is
shown in Figure 10. During the trickle charge and pre-charge,
the charging is controlled by the switching charger. Once the
battery voltage reaches Vgar nserT R, the adapter can
negotiate for a higher bus voltage and enable the SGM41612
for charging (4:1, 3:1, 2:1 or 1:1 mode). Once the battery
voltage approaches the constant charging voltage point
(VREG), the SGM41612 will notify the AP to reduce the IBUS
current, and the AP will negotiate with adapter for a lower bus
voltage to effectively taper the current until a point where the
IBUS current ramps down below lgus_ucp F.

Startup Sequence in Forward Charge Mode
The SGM41612 is powered from the greater of VUSB, VBUS
or VOUT. When Vyour rises above Vvour uvio r and the
nLPM pin is connected to high, or Vyuss/Vvsus rises above its
UVLO rising threshold, the I°C interface is ready for
communication and all the registers are reset to default
values.

The device does not start charging after powered up,
because by default the charger is disabled but the ADC can
be enabled and the AP can read the system parameters
before enabling charge. The charge can be enabled only if

VvBus > VBus_pPrResent R @nd Vvout > VBAT INSERT R-

Startup Sequence in Reverse Converter
Mode

When only battery is present, the SGM41612 can work in
reverse converter mode, and provide the power input to
wireless transmitter circuit. If the Vvour > Vear Brn N and
reverse mode setting is set properly, device turn on RBFET
firstly, and then start the reverse mode soft-start by controlling
the MOSFET, a controlled current will charge the PMID until
Vemip > n x (Vyour - 100mV) (n =1, 2, 3, 4, depending on the
operation mode). During startup stage, any fault such as
VBUS short, reverse mode soft-start timeout can reset the
SCC_EN bit and set the corresponding flag bit to 1.

Device Power up from Battery without
Input Source

To reduce the quiescent current and maximize the battery run
time when it is the only available source, low power mode can
be set by pulling low the nLPM pin to achieve very small
battery leakage. In low power mode, the REGN LDO and
most of the sensing circuits are turned off, except
VUSB_INSERT and VBUS_PRESENT functions. The
SGM41612 exits low power mode when nLPM pin is pulled
high or Vyuse/Vveus rises above its UVLO rising threshold.

Device Power up from Input Source

When an input source is plugged-in and the conditions of
Vveus > Veus present R and Vvour > Vear INserT R are valid,
the AP must initialize all protections to the desired thresholds
before enabling charge. The protection thresholds that need
to be set are VUSB_OVP, PMID2VOUT_OVP,
PMID2VOUT_UVP, VBUS_OVP, IBUS_OCP, IBUS_UCP,
VOUT_OVP, VBAT_OVP, IBAT_OCP, IBAT_OCP, and
TDIE_OTP. If one of the protection trigger conditions is met,
the charger stops switching. It will also be turned off the
corresponding external OVPFETs Quss when VUSB_OVP or
VBUS_SCP event occurs.

After setting protections, the VBUS voltage is checked to be
between Vgus Lo and Vsus ni to allow forward charge mode
operation. Charging is enabled and current flows into the
battery when the AP sets forward mode by writing the
corresponding bits in the SCC_MODE[2:0] bits. Then raising
the VBUS voltage will increase the battery charge current.
When the converter is on, any command to change the
charge mode is ignored. To do so, the charging must be
disabled first, and then the charge mode can be changed by
I°C serial interface.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

Input Power Path Management

The SGM41612 has the USBGATE pin to drive the
back-to-back N-channel FETs or GaN FET. Once the battery
voltage, VUSB or VBUS voltage is over the UVLO threshold,
POR occurs, the device will check whether the USBGATE is
shorted to ground for one time. If the USBGATE is shorted to
ground, then the USBGATE function is disabled and update
the USBGATE_CONFIG _STAT bit to 0; On the contrary, the
USBGATE function is enabled and update the
USBGATE_CONFIG_STAT bit to 1.

Furthermore, the USBGATE drive capabilty can be
programmed by USBGATE_SRC_CURRJ[1:0] for supporting
the GaN FET with high gate to source/drain leakage current.
Once USBGATE start to turn on the OVPFET, a soft-start

Table 1. USBGATE Configuration

timer (set by OVPFET_SS_TMO bit, 10ms by default) is
initiated too. If the Vypus is less than 95% of the Vyusg in
forward mode (or Vyuss is less than 95% of the Vygus in
reverse mode) after timeout, the OVPFET_SS_TMO_FLAG
bit is set to 1, and an INT pulse is asserted, USBGATE will
turn off OVPFET immediately and try to turn on it after 512ms
delay.

For forward charging operation (Adaptor power the mobile
device through USB port), USBGATE can operate in two
modes: auto-mode and manual mode. In reverse mode
(mobile device power to the USB port), OVPFET can only
operate in manual mode. The table below summarizes the
turn-on and turn-off conditions for USBGATE control.

Operation Mode USBGATE Turn-on Conditions

USBGATE Turn-off Conditions

Vyuss > VUSB_INSERT_R and
Vyvuss < Vuss_ ove Fand

Vyuss < VUSB_INSERT_F or
Vvuss > Vuse ove r OF

and Vyysg < VUSBfINSERTﬁF before turn-on action

Forward {USBGATE_MODE = 0 or (USBG_ATE_MODE =1 (USBGATE_MODE = 1 and USBGATE_EN = 0)or
and USBGATE_EN = 1) }and V >V before turn-on action
VVBUS < VBUS PRESENT F before turn-on action VBUS BUS_PRESENT R
Vyvsus < VBus_PReESENT F OF
Vveus > VBUS_PRESENT_R and Vyuss > VUSB_O\/P_R or
Reverse {USBGATE_MODE = 1 and USBGATE_EN = 1} {(USBGATE_MODE = 1 and USBGATE_EN = 0) or

USBGATE_MODE = 0} or
Vwuse > Vuss insert r before turn-on action

Forward Auto-Mode

For the OVPFET forward operation, USBGATE can operates
in auto-mode by setting USBGATE_MODE to 0. In this mode,
USBGATE is automatically turned on and off according to the
conditions as shown in Table 1. Once the VUSB input source
is inserted, only when the VUSB voltage is in the valid range
(exceeds Vuss_insert and lower than Vuss_ovp thresholds) and
VBUS voltage is lower than Veus_present F, the USBGATE will
be turned on after tusseate_on pec deglitch time. When VUSB
is outside of the valid range, USBGATE will be automatically
turned off.

Manual Mode

For the OVPFET forward operation, USBGATE can operates
in manual-mode by setting USBGATE_MODE to 1. In this
mode, when the VUSB voltage is in the valid range (exceeds
VUSB_INSERT and lower than Vuss_ovp threshold) and VBUS
voltage is lower than Vsus _present F, the USBGATE will turn
on the OVPFET after tusssate on_pes deglitch time. If VUSB
OVP occurs, USBGATE will be turned off immediately.

For the OVPFET reverse operation, USBGATE can only
operates in manual-mode by setting USBGATE_MODE to 1.
In this mode, if the USBGATE_EN bit are equal to 1, the
USBGATE will turned on the OVPFET when VBUS is present

and VUSB voltage is lower than Vuss inserT F. If VUSB OVP
occurs, USBGATE will be turned off immediately.

I’C Address Setting

The ADDR pin is used to set the default I°C address during
the POR procedure. Connect ADDR pin directly to AGND to
select address 0x67. Leave ADDR pin floating to select
address 0x68. Changes are not allowed after the startup
procedure.

ADC

The SGM41612 integrates a fast 8-channel, 12-bit ADC
converter to monitor input/output currents and voltages and
the temperature of the device. The ADC is controlled by the
ADC_CTRLXx registers. Setting the ADC_EN bit to 1 enables
the ADC. This bit can be used to turn off the ADC and save
power when it is not needed. The ADC_RATE bit allows
choosing continuous conversion or 1-shot conversion mode.
The ADC operates independent of the faults, unless the AP
sets the ADC_EN bit to 0.

The ADC can operate if Vwuss > VUSB_INSERT_R or Vyeus >
VBus PRESENT R OF Vvoutr > Vear INserT R condition is valid.
Otherwise the ADC conversion is postponed until one of them
is satisfied. The ADC readings are valid only for DC values
and not for transients.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

By default, all ADC channels are converted in continuous
conversion mode except the channels disabled by the
ADC_CTRLx registers. If the 1-shot conversion mode is
selected, the ADC_DONE_FLAG bit is set to 1 when all
channels are converted, then the ADC_EN bit is reset to 0. In
the continuous conversion mode, the ADC_DONE_FLAG bit
is set to 0.

nINT Pin, flag and Mask Bits

The nINT pin is an open-drain output and must be pulled up
to a logic high rail. It is pulled low with a duration of tint to
notify the AP when it is triggered by an event. See the register
map for all event flag bit and control bits.

Fault —| _—
Flag —|

STAT _ L
256ps o
ot
I’C Flag H
Read

(a

When an event occurs, a nINT signal is sent to the AP and the
corresponding flag bit is set to 1. The flag bit can be read and
some of them can be reset only after the fault is cleared. The
nINT signal is not re-sent if an event is still present after the
flag bit is read, unless another kind of event occurs. If an
event mask bit is set, that event will not send nINT signal, but
the flag bit is still updated independent of the mask bit.

The INT pulse generation behavior examples are shown in
Figure 11.

Fault-A —l_l
Flag-A —|

Fault-B

Flag-B f
T 256ys . 256s

e T

256us

I°C Flag
Read

(b)

__ 256ps
256us

Figure 11. nINT Pulse Generation Behavior Examples
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

Input Over-Voltage Protection (VUSB_OVP)
The SGM41612 monitors the adapter voltage on the VUSB
pin to use the USBGATE output to control the external
OVPFETs Quss respectively. Taking VUSB_OVP as an
example, the VUSB over-voltage protection circuit is powered
by VUSB and is enabled if Vyusg rises above Vuss_InserT Rr. If
Vyvuse is above Vuse insert R for at least tusseate_on_pec time,
when USBGATE_MODE bit is set to forward auto-mode, the
USBGATE will output drive signal to turn on the external
OVPFET Qusg. If the Vyuss reaches the Vuss_ove_r threshold,
the gate voltage starts to drop and eventually the OVPFET
Qusg is fully turned off. tuss_ove_rsm (128ms) is deglitch time
between Vyusg falling below Vuse ove F and USBGATE
restarting to turn on. Figure 12 shows the VUSB_OVP and
USBGATE operation timings. The Vusgs ovp r threshold can
be set by I°C serial interface. The adapter voltage must never
exceed the absolute maximum rating of the VUSB pin and the
external OVPFETs.

Input Short-Circuit Protection (VBUS_SCP)
The VBUS_SCP function monitors the VBUS pin for
short-circuit. This function is enabled if the external OVPFETs
are turned on or if Vygus rises above Veus_present r. If the
Vveus falls below 2.5V, the OVPFETs are turned off, and
operation is stopped. SCC_EN bit is reset to 0 (disable). Also,
VBUS_ABSENT_FLAG bit is set to 1, and an INT pulse is
asserted. The device will wait for 512ms before automatically
re-enabling and initiating startup sequence.

A
V(t)

Vuss ow R

VBUS Charge Voltage Range (VBUS_LO &
VBUS_HI)

The VBUS_LO and VBUS_HI functions are included to avoid
problems due to wrong VBUS setting for forward charging. If
Vyeus is beyond the range between Vgus Lo (= n x 0.99 x
Vvou‘r) and VBUS_HI (= nx 115 x V\/QUT, n = 1, 2, 3, 4,
depending on the operation mode), the device remains in
charge initiation operation. Once Vygus is within the charge
range, forward charging will start and VBUS_LO and
VBUS_HI functions will be disabled.

Input, Output and Battery Over-Voltage
Protection (VBUS_OVP, VOUT_OVP and
VBATx_OVP)

The VBUS_OVP, VOUT_OVP and VBAT_OVP functions
detect input and output voltage conditions. If either input or
output voltage is higher than the protection threshold, the
operation is stopped and the SCC_EN bit is reset to 0
(disable). The VBUS_OVP functions monitor VBUS pin
voltage. The VOUT_OVP function monitors VOUT pin voltage.
The VBATx_OVP uses BATPx and BATNx remote sense pins
to monitor differential voltage between the battery terminals.
To minimize the risk of battery terminal short in the
manufacturing process, a 100Q resistor needs to be
connected in series to the BATPx and BATNX pin respectively.
The VBUS_OVP, VOUT_OVP and VBATx_OVP thresholds
can be set by I°C serial interface.

Vuse ow_F

VUSBGATE

Vaowp_caTe I

VUSB INSERT_R

VUsB INSERT F |-

oV

!
tusBGATE ON_DEG

i
"
tvuss_ovp pEG -

i !
tuss ovp_Rsm tusBGATE OFF DEG

Figure 12. USBGATE Operation Timing
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

DETAILED DESCRIPTION (continued)

Bidirectional Bus and Battery Over-Current
Protection (IBUS_OCP and IBAT_OCP)

The IBUS_OCP function monitors the bidirectional current via
Qgres. If SCC_EN bit is set to enable forward/reverse operation,
the Qgrs is turned on and the IBUS_OCP function starts
detecting the current. If the Igus reaches lsus ocp threshold,
the device stops operation and resets SCC_EN bit to 0
(disable). The bidirectional battery current is monitored by the
voltage across an external series shunt resistor. This
differential voltage is measured between SRP and SRN pins.
If Isat_ocp threshold is reached, the device stops operation
and resets SCC_EN bit to 0 (disable). The IBUS_OCP and
IBAT_OCP thresholds can be set by I°C serial interface.

Input Under-Current Protection (IBUS_UCP)
The IBUS_UCP function detects the input current via Qrs
during forward charging. After charging is started, the
tisus_ucp BLk timer is enabled and lgys current is compared
with lsus uce r. If lsus cannot exceed Igus uce R Within
tisus_ucp_sLk, the charging will be stopped and SCC_EN bit is
reset to O (disable). If lgus exceeds Igus uce R When
tisus_uce Bk times out, from then on, if lgus falls below the
lsus_ucp F threshold, the charging will be stopped and
SCC_EN bit is reset to 0 (disable). The tisus_ucr sLk timer can
be set by I°C serial interface.

PMID Charge Voltage Range
(PMID2VOUT_UVP & PMID2VOUT_OVP)
The PMID2VOUT_UVP and PMID2VOUT_OVP functions are
included to avoid problems caused by abnormal input or
output transients during forward or reverse operation. If Vemip
is beyond the range between Vpmip2voutr uve and
Vemip2vout ovp, the operation will be stopped and SCC_EN bit
isresetto 0 (disable). The VPMIDZVOUT_UVP and VPMIDZVOUT_OVP
thresholds can be set by I°C serial interface.

CFLY and Bootstrap Capacitor Diagnosis
(PIN_DIAG)

The CFLY diagnosis function identifies the health of flying
capacitors before and during forward or reverse operation.
The device initialization process is started after SCC_EN bit is

set to 1. When Vvesus/Vvour is in the charge range, the flying
capacitors in both channels are pre-charged. A Crry, CgTsa,
Cersg, Cers2 open/short-circuit is detected if they cannot be
charged. If so, the initialization process is stopped and
SCC_EN bit is reset to 0 (disable). Even if CFLY capacitors
pass the open/short-circuit test in the initialization process,
the CFLY diagnosis function remains active and whenever a
Vcexx voltage falls, the operation is stopped and SCC_EN bit
is reset to 0 (disable). The PIN_DIAG_FAIL_FLAG bitis set to
1 and an INT pulse is generated as well. During a CFLY
short-circuit event, other protection events such as
IBUS_OCP, VBAT_OVP or PEAK_OCP may occur.

A CFLY discharge circuit is activated before the flying
capacitors are pre-charged to prevent over-current stress at
the start of charging.

VOUT Short-Circuit Protection (VOUT_SCP)
The VOUT_SCP function monitors the VOUT pin for
short-circuit. This function is enabled during forward or
reverse operation. If Vyour falls below 2.6V, the operation is
stopped and SCC_EN bit is reset to 0 (disable). Also, the
VOUT_SCP_FLAG bit is set to 1, and an INT pulse is
generated.

Bidirectional Converter Peak Over-Current
Protection (PEAK_OCP)

The PEAK_OCP function monitors the converter switch
operating currents. If the bidirectional Qx, Qsx, Qsx, Qrx and
Q1ox current reach switch peak OCP threshold during forward
or reverse operation, the PEAK_OCP_FLAG bit is set to 1
and an INT pulse is generated, the operation is stopped and
SCC_EN bit is reset to 0 (disable).

TDIE Over-Temperature Protection
(TDIE_OTP)

The TDIE_OTP function prevents operation
temperature condition. The die temperature is monitored and
if the Toie_oTp_r threshold is reached, the operation is stopped
and SCC_EN bit is reset to 0 (disable). The startup sequence
cannot be initiated again until the die temperature falls down
with a 20°C hysteresis.

in over-
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger

I°’C REGISTER ADDRESS MAP

All registers are 8-bit and individual bits are named from D[0] (LSB) to D[7] (MSB).
The device 1°C Address is determined by the state of ADDR pin in the POR sequence, as described in I’C Address Setting

section.

FUNCTION STAT FLAG MASK | THRESHOLD SETTING ENABLE DEGLITCH
REG_RST - - - - 0xX0E[3] -
SCC_MODE 0x0A[1] - - OXOE[2:0] 0x0B[7] -
WATCHDOG - Ox13[4] Ox14[4] 0x0D[2:0] 0x0D[2:0] -
FSW_SET - - - 0X0C[7:3] - -
FSW_DITHER - - - 0x0C[1] 0x0C[1] -
USBGATE 0x10[7] - - 0x2B[3] 0xOB[4] & 0XOB[3] | OXOB[6:5]

VUSB_OVP 0x03[4] 0x03[5] 0x03(6] 0x03(3:0] OXOF[2] -
VUSB_REMOVE 0x10[0] ox11[1] 0x12[1] - - -
VUSB_INSERT 0x10[0] 0x11[0] 0x12[0] - - -
VUSB_PDN 0X0A[S] - - - 0x0B[1] & 0X0B[O] -
VBUS_OVP - 0x13[1] Ox14{1] 0x05[7:2] OXOF1] -
VBUS_PRESENT 0x10(2] ox1112] 0x12[2] - - -
VBUS_PDN - - - - 0x0B[2] -
VBUS_ABSENT 0x10[2] ox11[7] 0x12[7] - - -
VBUS_LO OX0A4] - - - 0x0D[7] -
VBUS_HI 0x0A[3] - - - 0x0D[7] -

PMID2VOUT_UVP - 0x09[3] 0x09[4] 0x09[2:0] 0x09[7] 0x09[5]

PMID2VOUT_OVP - 0x08[3] 0x08[4] 0x08[2:0] 0x08[7] 0x08[5]

IBUS_OCP - 0x06(5] 0x06[6] 0x06[4:0] 0x06[7] 0x2B[5]

IBUS_UCP_FALL - 0x07[0] 0x07[1] - 0x07[7] 0x07[5:4]
IBUS_UCP_RISE - 0x07[2] 0X07[3] - - -
IBUS_UCP_BLK_TMO - 0x13(5] Ox14(5] 0x0D[5:3] - -
RVS_SS_OK - 0x27[5] 0x28[5] - - -
RVS_SS_FAIL - 0x13(2] 0x14(2] - - -
VOUT_OVP - 0x13[0] 0x14[0] 0x05[1:0] OXOF[0] -
VOUT_SCP - 0x27[3] 0x28[3] - - -
VBAT_INSERT 0x10[4] Ox11[4] 0x12[4] - - -
- 0x01[5] 0x01[6] VBAT1: 0x01[4:0] 0x01[7]
VBAT_OVP OXOE[6]
- 0x04(5] 0x04[6] VBAT2: 0x04[4:0] 0X04(7]

IBAT_OCP - 0x02[4] 0x02[5] 0x02[6] & 0x02[3:0] 0x02[7] 0x2A[5]
(Bﬂﬁﬁf&%ﬁzl) - 0x13[3] 0x14[3] - OXOF[3] 0x29[7]
PIN_DIAG - 0X0A[O] - - - -
TDIE_OTP - 0x13[6] Ox14(6] - OXOF[4] -

ADC 0x15[5] 0x15[4] 0x15[3] 0x15[6] O0x15[7] -
OVPFET_SS_TMO - 0x27[6] 0x28[6] 0x2A[4] - -
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger
I’C REGISTER ADDRESS MAP (continued)
FUNCTION STAT FLAG MASK THRESHOLD SETTING ENABLE DEGLITCH

RVS_SS_LMT - - - 0x2A[0] - -
VBAT_BRN_IN_REV 0x10[5] 0x11[5] 0x12[5] = = =
USBGATE_SRC_CURR -- - -- 0x2B[1:0] - -
POR = OX0A[7] = = = =
VOUT UVLO 0x10[3] 0x11[3] 0x12[3] -- - -
VOUT_OK_SW_REGN 0x10[6] 0x11[6] 0x12[6] = = =

REGISTER AND DATA

Bit Types:

R: Read only

R/W: Read/Write

RC: Read clears the bit

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

NOTE: Excepted for the specified bits, all other register bits are reset to their default values if a hard reset is triggered.

Charge Pump Control

REGO0x00: DEVICE_VER Register [Reset = 0x0A]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] DEVICE_VERJ[3:0] 0000 R Device Version N/A
. . Device ID
D[3:0] DEVICE_ID[3:0] 1010 R 1010 = SGM41612 N/A
REGO0x01: VBAT1_OVP Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
VBAT1 OVP Disable Bit Hard-reset or
D[7] VBAT1_OVP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled -
Mask VBAT1 OVP Fault Interrupt
VBAT1_OVP_ - Hard-reset or
DI[6] MASK 0 RW |0 = Not masked (default) REG RST
1 = Masked -
VBAT1 OVP Event Flag Bit
0 = No VBAT1 OVP event
D[5] VBAT1_OVP_FLAG 0 RC 1 =VBAT1 OVP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
Battery 1 Over-Voltage Protection Setting
When the battery 1 voltage exceeds the OVP threshold, an INT is sent
. . and SCC_EN bit is set to 0. Hard-reset or
D[4:0] VBAT1_OVP[4:0] 0 0000 R/W n = VBAT1_OVP[4:0] REG RST
VBAT1_O\/P_R (V) =4.5V + n x 25mV
Default: 4.5V (5’b00000)
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SGM4

1612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x02: IBAT_OCP Register [Reset = 0x04]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
IBAT OCP Disable Bit Hard-reset or
D[7] IBAT_OCP_DIS 0 R/W |0 = Enable the IBAT_OCP protection (default) REG RST
1 = Disable the IBAT _OCP protection —
IBAT OCP Offset Bit Hard-reset or
D[6] IBAT_OCP_OFFSET 0 R/W |0 = 0A (default) REG RST
1=5A -
Mask IBAT OCP Fault Interrupt Hard-reset or
D[5] IBAT_OCP_MASK 0 R/W | 0 = Not masked (default)
_ REG_RST
1 = Masked
IBAT OCP Event Flag Bit
0 = No IBAT OCP event
DI4] IBAT_OCP_FLAG 0 RC 1 = IBAT OCP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
BAT Over-Current Protection Setting for Forward mode or Reverse
Mode.
When the battery current exceeds the OCP threshold, an INT is sent
. . and SCC_EN bit is set to 0. Hard-reset or
D[3:0] IBAT_OCPI[3:0] 0100 R/wW n = IBAT_OCP[3:0] REG_RST
k = IBAT_OCP_OFFSET
lear oce R(A) = 8A+n x 0.5A + k x 5A
Default: 10A (4'b0100)
REGO0x03: VUSB_OVP Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
Mask VUSB OVP Fault Interrupt Hard-reset or
D[6] VUSB_OVP_MASK 0 R/W | 0 = Not masked (default)
_ REG_RST
1 = Masked -
VUSB OVP Event Flag Bit
0 =No VUSB OVP event
DI5] VUSB_OVP_FLAG 0 RC 1 =VUSB OVP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
VUSB OVP Status Bit
D[4] VUSB_OVP_STAT 0 R 0 = Not in VUSB OVP status N/A
1=1In VUSB OVP status.
VUSB Over-Voltage Protection Setting
When the VUSB voltage exceeds the OVP threshold, the external
OVPFET will be turned off by USBGATE. Hard-reset or
D[3:0] VUSB_OVPI[3:0] 0000 R/W | n=VUSB_OVP[3:0] REG RST
VUSB_OVP_R(V)=11V+HX 1V whenn< 15 —
VUSB_OVP_R (V) =6.5V whenn=15
Default: 11V (4’b0000)
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x04: VBAT2_OVP Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
VBAT2 OVP Disable Bit Hard-reset or
D[7] VBAT2_OVP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled
Mask VBAT2 OVP Fault Interrupt
VBAT2_OVP_ _ Hard-reset or
DI[6] MASK 0 R/W (1) ; '\N/Ic;ts rknee;jsked (default) REG_RST

VBAT2 OVP Event Flag Bit
0 = No VBAT2 OVP event

DI5] VBAT2_OVP_FLAG 0 RC 1 =VBAT2 OVP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
Battery 2 Over-Voltage Protection Setting
When the battery 2 voltage exceeds the OVP threshold, an INT is sent
. i and SCC_EN bit is set to 0. Hard-reset or
D[4:0] VBAT2_OVP[4:0] 0 0000 R/W n = VBAT2 OVP[4:0] REG_RST

Vear2 ove r (V) = 4.5V + n x 25mV
Default: 4.5V (5’b00000)

REGO0x05: VOUT_VBUS_OVP Register [Reset = 0xA1]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY

VBUS Over-Voltage Protection Setting.

When the VBUS pin voltage exceeds the OVP threshold, an INT is
sent and SCC_EN bit is set to 0.

n = VBUS_OVP[5:0]

4:1 charger mode/1:4 converter mode

VBUSfOVPiR (V) =14V + n x 0.2V

Default: 22V (6’b101000)

3:1 charger mode/1:3 converter mode -

D[7:2] | VBUS_OVP[5:0] | 101000 | RW |y oo V)2 10,5V £ 1% 015V ';grg fosetor
Default: 16.5V (6’b101000) -

2:1 charger mode/1:2 converter mode
VBUSfOVPiR (V) =7V+nx01V
Default: 11V (6'b101000)

1:1 mode

VBUS_OVP_R (V) =3.5V +n x 0.05V

Default: 5.5V (6'b101000)

VOUT Over-Voltage Protection Setting.

When the VOUT pin voltage exceeds the OVP threshold, an INT is
sent and SCC_EN bit is set to 0. Hard-reset or
n =VOUT_OVP[1:0] REG_RST
Vvout ove R= 4.8V + n x 0.2V
Default: 5V (2’'b01)

D[1:0] | VOUT OVP[1:0] 01 RIW

@ SG Micro Corp —
sSGmICRO WWW.sg-micro.com 7



SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x06: IBUS_OCP Register [Reset = 0x0C]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
IBUS OCP Disable Bit Hard-reset or
D[7] IBUS_OCP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled
Mask IBUS OCP Fault Interrupt Hard-reset or
D[6] IBUS_OCP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked
IBUS OCP Event Flag Bit
0 = No IBUS OCP event
DI5] IBUS_OCP_FLAG 0 RC 1 =1BUS OCP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
IBUS OCP Setting for Forward mode or Reverse Mode.
When the IBUS exceeds the OCP threshold, an INT is sent and
SCC_EN bit is set to 0.
n = IBUS_OCP[4:0]
. . Forward charger mode: Hard-reset or
D[4:0] IBUS_OCPI[4:0] 01100 R/W laus oce g (A) = 1A + n x 0.2A REG_RST
Reverse converter mode:
IBUS_OCP_R (A) =1A+nx0.2Awhenn<20
IBUSfOCPiR (A) =5A whenn =20
Default: 3.4A (5'b01100)
REGO0x07: IBUS_UCP Register [Reset = 0x10]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
IBUS UCP Disable Bit Hard-reset or
D[7] IBUS_UCP_DIS 0 R/W |0 = Enabled (default)
i REG_RST
1 = Disabled -
DI[6] Reserved 0 R Reserved N/A
IBUS UCP Protection Falling Deglitch Time Setting Bit
This is deglitch time (tisus ucer pec) between the moment Igys falling
. IBUS_UCP_FALL bel(zw Isus_uce_r threshold and triggering protection action. Hard-reset or
D[5:4] DEG[1:0] 01 R/W |00 =2ps REG RST
’ 01 = 8us (default) -
10 = 32ms
11 = 256ms
Mask IBUS UCP Rise Interrupt
IBUS_UCP_RISE_ _ Hard-reset or
DI[3] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
IBUS UCP Rise Event Flag Bit
D[2] IBUS_UCP_RISE_ 0 RC 0 = No IBUS UCP Rise event N/A
FLAG 1 =IBUS UCP Rise event has ever occurred. It generates an interrupt
on nINT pin if unmasked. Reading this bit will reset it to 0.
Mask IBUS UCP Fall Interrupt
IBUS_UCP_FALL_ - Hard-reset or
D[1] MASK 0 RW |0 = Not masked (default) REG RST
1 = Masked -
IBUS UCP Fall Flag Bit
IBUS_UCP_FALL_ 0 = No IBUS UCP Fall event
DI0] FLAG 0 RC 1 =1BUS UCP Fall event has ever occurred. It generates an interrupt N/A
on nINT pin if unmasked. Reading this bit will reset it to 0.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x08: PMID2VOUT_OVP Register [Reset = 0x02]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
PMID2VOUT OVP Disable Bit
D[7] PM'DZV(D)%T—OVP 0 RMW |0 = Enable the PMID2VOUT OVP protection (default) ggrg-rgzeTg or
— 1 = Disable the PMID2VOUT OVP protection —
D[6] Reserved 0 R Reserved N/A
PMID2VOUT OVP Protection Deglitch Time Setting Bit
This is deghtch time (tPMIDZVOUT_OVP_DEG) between the moment VPMID _
DI[5] PMID2VOUT_OVP 0 R/W | exceeding Vemibzvout ove threshold and triggering protection action. Hard-reset or
DEG _ - REG_RST
- 0 = 100ns (default) -
1=128us
Mask PMID2VOUT OVP Interrupt
PMID2VOUT_OVP - Hard-reset or
D[4] _MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
PMID2VOUT OVP Flag Bit
D3] PMID2VOUT_ 0 RC 0 = No PMID2VOUT OVP event N/A
OVP_FLAG 1 = PMID2VOUT OVP event has ever occurred. It generates an
interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
PMID2VOUT OVP Protection Rising Threshold Setting Bits
n=1,2, 3, or4 for forward 1:1/2:1/3:1/4:1 charger mode respectively
D[2:0] PMID2VOUT _ 010 RW |N= 1, 2, 3, or 4 for reverse 1:1/1:2/1:3/1:4 mode respectively Hard-reset or
’ OVP[2:0] k = PMID2VOUT_OVP[2:0] REG_RST
Vemibzvout_ove (V) = N X Vyoyr + n x (k+2) x100mV
Default: n x (Vvour + 400mV) (3'b010)
REGO0x09: PMID2VOUT_UVP Register [Reset = 0x01]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
PMID2VOUT UVP Disable Bit
D[7] PM'DZVSIgT—UVP— 0 RW |0 = Enable the PMID2VOUT UVP protection (default) ';ggrgsse% or
1 = Disable the PMID2VOUT UVP protection -
D[6] Reserved 0 R Reserved N/A
PMID2VOUT UVP Protection Deglitch Time Setting Bit
This is deglltch time (tPMIDZVOUT7UVP7DEG) between the moment VPMID _
DI[5] PMID2VOUT_UVP_ 0 R/W | exceeding Veminavout uve threshold and triggering protection action. Hard-reset or
DEG _ - REG_RST
0 = 100ns (default)
1=10ys
Mask PMID2VOUT UVP Interrupt
PMID2VOUT_UVP_ - Hard-reset or
D[4] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
PMID2VOUT UVP Flag Bit
D3] PMID2VOUT_ 0 RC 0 = No PMID2VOUT UVP event N/A
UVP_FLAG 1 =PMID2VOUT UVP event has ever occurred. It generates an
interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
PMID2VOUT UVP Protection Rising Threshold Setting Bits
n=1, 2, 3, or 4 for forward 1:1/2:1/3:1/4:1 charger mode respectively
D[2:0] PMID2VOUT _ 001 RW M= 1, 2, 3, or 4 for reverse 1:1/1:2/1:3/1:4 mode respectively Hard-reset or
’ UVP[2:0] k = PMID2VOUT_UVP[2:0] REG_RST
Vemipzvout uve (V) =N % Vyoyr- n % (k+2) x 50mV
Default: n x (Vvour - 150mV) (3'b001)
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SGM41612

I’C Controlled High Voltage 4:1

16A Switched-Capacitor Charger

REGISTER AND DATA (continued)

REGOx0A: CONVERTER STATE Register [Reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

RESET BY

D[7]

POR_FLAG

RC

Device POR Flag Bit

0 =No POR

1 = POR has ever occurred.

Indicate a POR event has ever occurred. An INT is sent when this
occurs and is cleared upon read.

N/A

D[6]

VUSB_PDN_STAT

VUSB Pull-down Status Bit
0 = VUSB Pull-down is not on-going
1 = VUSB Pull-down is on-going

N/A

D[5]

USBGATE_
CONFIG_STAT

USBGATE Configuration Status Bit

0 = USBGATE pin is tied to GND

1 = USBGATE pin is not tied to GND

This bit is updated only when the POR occurs.

N/A

D[4]

VBUS_LO_STAT

VBUS Low Status Bit
0 = Vygus is above the low threshold of VBUS range detection
1 = Vygus is below the low threshold of VBUS range detection

N/A

D[3]

VBUS_HI_STAT

VBUS High Status Bit
0 = Vygus is below the high threshold of VBUS range detection
1 = Vygus is above the high threshold of VBUS range detection

N/A

D[2]

RBFET_ON_STAT

RBFET On/Off Status Bit
0 = RBFET is OFF
1=RBFET is ON

N/A

D[]

SCC_SW_STAT

Charger or Converter is Active Status Bit
0 = Charge-pump is not switching
1 = Charge-pump is switching

N/A

D[0]

PIN_DIAG_FAIL_
FLAG

RC

Pin Diagnosis Fail Event Flag Bit

Trigger conditions: 1) Cexx is short or open before switching. 2) Cexx is
short after switching. 3) VBUS is found short when turn on RBFET in
reverse mode. 4) Cgrsa, Cerss, Cars2 capacitor is found short before
switching.

0 = No Pin Diagnosis Fail event

1 = Pin Diagnosis Fail event has ever occurred. It generates an
interrupt on nINT pin. Reading this bit will reset it to 0.

N/A
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x0B: CTRL1 Register [Reset = 0x20]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Switc_hed Capacitor Converter Enable Bit Hard-reset or
D[7] SCC_EN 0 Rw |9 7 Disaned (defaul . REG_RST or
= Enabled. If any fault has ever occurred, device returns to standby WDT
mode and this bit is automatically cleared to 0.
USBGATE Turn on Deglltch Time (tUSBGATEioNiDEG) Settlng Bit
00 = 10ms
. USBGATE_ON_ 01 = 20ms (default) Hard-reset or
D[6:5] DEG[1:0] o1 RW 110 = 40ms REG_RST
11 = 80ms
Note: only valid when VUSB is inserted in forward mode.
Hard-reset or
USBGATE Operation Mode Setting Bit REG_RST or
D[4] USBGATE_MODE 0 R/W |0 = Auto mode (default) \VBUS
1 = Manual mode Present
Falling Edge
USBGATE Driver Enable Bit
0 = Disable USBGATE output Hard-reset or
DI3] USBGATE_EN 0 RW 14 = Enable USBGATE output high (default) REG_RST
Note: Ignore this bit when USBGATE_MODE = 0.
VBUS Pull-Down Resistor Enable Bit
0 = Pull-down disabled (default) Hard-reset or
D[2] VBUS_PDN_EN 0 R/WC |1 = Pull-down enabled. When enabled, the device pull down the VBUS REG RST
by RPDN_VUSB for 512ms, and puII down the PMID by RPDN_PMID -
respectively for 512ms, then this bit is automatically reset to 0.
Mode Bit for VUSB Pull-down function
0 = Manual Mode (default) Hard-reset or
D[] VUSB_PDN_MODE 0 RIW 1 = Auto Mode. Pull down for tyyss pon When VUSB drop below VUSB REG_RST
INSERT falling edge
VUSB Pull-Down Resistor Enable Bit (Only valid in manual mode)
0 = Pull-down disabled (default) Hard-reset or
DI0] VUSB_PDN_EN 0 RMWC | 1 = pull-down enabled. When enabled, the device pull down the VUSB [REG_RST
by Repon vuss for tvuse pon, then this bit is automatically reset to 0.

REGO0x0C: CTRL2 Register [Reset = 0x40]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Switched-Cap Converter Switching Frequency Setting Bits
00000 = 200kHz 00001 = 250kHz 00010 = 300kHz
00011 = 350kHz 00100 = 400kHz 00101 = 450kHz
00110 = 500kHz 00111 = 550kHz 01000 = 600kHz (default)
. . 01001 = 650kHz 01010 = 700kHz 01011 = 750kHz Hard-reset or
D[7:3] | FSW_SET[4:0] 01000 | RW 141100 =800kHz 01101 =850kHz 01110 = 900kHz REG_RST
01111 = 950kHz 10000 = 1000kHz 10001 = 1100kHz
10010 = 1200kHz 10011 = 1300kHz 10100 = 1400kHz
10101, others = 1500kHz
Note: These bits are allowed to change during in switching status.
D[2] Reserved 0 R Reserved N/A
Switching Frequency Dithering Enable Bit Hard-reset or
D[1] FSW_DITHER_EN 0 R/W |0 = Disabled (default) REG RST
1 = Enabled. Dither varies switching frequency +10% -
DI[0] Reserved 0 R Reserved N/A
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x0D: CTRL3 Register [Reset = 0x18]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
VBUS High and Low Range Detection Disable Bit Hard-reset or
D[7] VBUS_HI_LO_DIS 0 R/W |0 = Enabled (default) REG RST
1 = Disabled -
VUSB Pull-down Timeout (tvuss_pon) Setting Bit
D[6] | VUSB_PDN_TMO 0 RW |0 = 512ms (default) ) ggrg'r%ﬁf or
1=32ms -
Blanking Time (tisus_uce_sik) Setting Bits to Enable the IBUS UCP
Protection in Forward Mode
000 = 12.5ms 001 = 25ms
. IBUS_UCP_ 010 = 50ms 011 = 100ms (default) Hard-reset or
D[5:3] BLKI[2:0] 011 RW 1100 = 200ms 101 = 400ms REG_RST
110 = 800ms 111 =10.24s
Device starts the blanking timer after switching, and enables the IBUS
UCP protection after the timeout occurs.
Watchdog Timeout Protection Bit
000 = Disable watchdog (default)
001=0.2s
010 =0.5s
011 =1s Hard-reset or
D[2:0] WDT_TIMER[2:0] 000 R/wW 100 = 5s REG_RST
101 = 30s
110, 111 = Disable watchdog.
If the watchdog timer is enabled, the timer will be reset by any I°C
read/write.

REGOx0E: CTRL4 Register [Reset = 0x20]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
External IBAT Current Sense Resistor Position Setting Bit Hard-reset or
D[7] IBAT_RSNS_POS 0 R/W |0 = Low side (default)
o ) REG_RST
1 = High side
Deglitch time for VBAT1 and VBAT2 OVP protection
i Hard-reset or
D[6] VBAT_OVP_DEG 0 R/W |0 =100ns (default)
1=10ps REG_RST
External IBAT Current Sense Resistor Setting Bit
00 = 0.5m0 Hard-reset or
D[5:4] IBAT_RSNS 10 R/W |01=1mQ REG RST
10 = 2mQ (default) -
11 =2mQ

Register Reset Bit

0 = No register reset (default)

DI[3] REG_RST 0 R/WC |1 = Reset registers to their default values. When enabled, the
associated register bits are reset to their default values and then this
bit is automatically reset to 0.

Switched-Cap Converter Operation Mode Control Bits

000 = Forward 4:1 charger mode (default)

001 = Forward 3:1 charger mode

010 = Forward 2:1 charger mode

011 = Forward 1:1 charger mode

100 = Reverse 1:4 converter mode

101 = Reverse 1:3 converter mode

110 = Reverse 1:2 converter mode

111 = Reverse 1:1 converter mode

Note: These bits are not allowed to change when SCC_EN =1'b1.

Hard-reset or
REG_RST

Hard-reset or
REG_RST or
WDT

D[2:0] | SCC_MODE[2:0] 000 RIW
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sSGmICRO WWW.sg-micro.com 7



SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGOx0F: CTRL5 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Disable Bit for Verifying Vvsus < Veus present r before Reverse Mode
Startup
D[7] VBUS_PRE_RVS_ 0 R/W |0 = Enabled. Reverse mode cannot start until Vygus < Vsus_present F Hard-reset or
DIS (default) - - REG_RST
1 = Disabled. Reverse mode can start with Vygus < Vus present F
VBUS SCP Disable Bit Hard-reset or
DI[6] VBUS_SCP_DIS 0 R/W |0 = Enabled (default)
= REG_RST
1 = Disabled -
CFLY Short Protection Disable Bit in Normal Switching Status Hard-reset or
DI[5] CFLY_SHORT_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled -
TDIE OTP Disable Bit Hard-reset or
D[4] TDIE_OTP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled -
Peak OCP Disable Bit Hard-reset or
D[3] PEAK_OCP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled -
VUSB OVP Disable Bit Hard-reset or
D[2] VUSB_OVP_DIS 0 R/W |0 = Enabled (default)
g, REG_RST
1 = Disabled
VBUS OVP Disable Bit Hard-reset or
D[1] VBUS_OVP_DIS 0 R/W |0 = Enabled (default)
g, REG_RST
1 = Disabled
VOUT OVP Disable Bit Hard-reset or
DI[O0] VOUT_OVP_DIS 0 R/W |0 = Enabled (default)
e REG_RST
1 = Disabled
REGO0x10: INT1_STAT Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Status Bit of USBGATE Driver
DI[7] USBGATE_STAT 0 R 0 = USBGATE Driver is OFF (default) N/A
1 = USBGATE Diriver is ON
Power Source for REGN Status Bit
D[6] V(IB{LI:!-CFB_I\IO};?SAYFV_ 0 R |0=PMID power the REGN N/A
— 1 = VOUT power the REGN
Status Bit indicates that the VOUT is higher than the brown-in threshold
D[5] VBAT_BRN_IN_ 0 R or not in the reverse mode N/A
REV_STAT 0 = VOUT is less than the brown-in threshold
1 =VOUT is higher than the brown-in threshold
VBAT INSERT Status Bit indicates that the VBAT is inserted or not in forward mode
D[4] STAT - 0 R 0 = VOUT is less than the insert threshold in the forward mode N/A
1 =VOUT is higher than the insert threshold in the forward mode
Status Bit indicates that the VOUT is above the UVLO threshold or not
DI[3] VOUT_UVLO_STAT 0 R 0 = VOUT is less than the UVLO threshold N/A
1 =VOUT is greater than the UVLO threshold
Status Bit indicates that the VBUS is above the present threshold or not
Dz | VBYS-LRESENT- 0 R |0=VBUSis less than the present threshold N/A
1 = VBUS is greater than the present threshold
D[1] Reserved 0 R Reserved N/A
Status Bit indicates that the VUSB is inserted or not
D[0] VUSBS—'T')'\‘?ERT— 0 R |0=VUSBis less than the inserted threshold N/A
1 = VUSB is greater than the inserted threshold
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x11: INT1_FLAG Register [Reset = 0x00]

sGmicRO WWW.sg-micro.com

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
VBUS Absent (Lower than present falling threshold) Event Flag Bit
D[7] VBUS_ABSENT_ 0 RC 0 = No VBUS absent event N/A
FLAG 1 = VUSB absent event has ever occurred. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
VOUT Power the REGN Event Flag Bit
D[6] VOUT_OK_SW_ 0 RC 0 = No VOUT power the REGN event N/A
REGN_FLAG 1 =VOUT has ever power the REGN. It generates an interrupt on nINT
pin if unmasked. Reading this bit will reset it to 0.
VBAT Brown-in Event Flag Bit in the reverse mode
D[5] VBAT_BRN_IN_ 0 RC 0 = No battery brown-in event N/A
REV_FLAG 1 = VBAT brown-in event has ever occurred. It generates an interrupt
on nINT pin if unmasked. Reading this bit will reset it to 0.
VBAT INSERT Event Flag Bit in the forward mode
D[4] VBAT_INSERT_ 0 RC 0 = No battery inserted event N/A
FLAG 1 = VBAT inserted event has ever occurred. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
VOUT Change Event Flag Bit (VOUT UVLO Rising/Falling edge)
0 = No VOUT Change event
D3] VOUT_CHG_FLAG 0 RC 1 =VOUT Change event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
VBUS Present Event Flag Bit
D[2] VBUS_PRESENT _ 0 RC 0 = No VBUS present event N/A
FLAG 1 = VBUS present event has ever occurred. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
VUSB Removal (Lower than insert falling threshold) Event Flag Bit
D[1] VUSB_REMOVE_ 0 RC 0 = No VUSB removal event N/A
FLAG 1 = VUSB removal event has ever occurred. It generates an interrupt
on nINT pin. Reading this bit will reset it to 0.
VUSB Insert Event Flag Bit
D[0] VUSB_INSERT _ 0 RC 0 = No VUSB inserted event N/A
FLAG 1 =VUSB inserted event has ever occurred. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
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SGM41612

I’C Controlled High Voltage 4:1

16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x12: INT1_MASK Register [Reset = 0x00]

sGmicRO WWW.sg-micro.com

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Mask VBUS_ABSENT Interrupt
VBUS_ABSENT_ _ - Hard-reset or
D[7] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
o] | VOUT-OK SW_ 0 W ?)Aistc:{?nL;ZEng@Se\f/ZGBEGN Interrupt Hard-reset or
REGN_MASK _ REG_RST
1 = Masked
Mask VBAT_BRN_IN_REYV Interrupt
VBAT_BRN_IN_ _ - T Hard-reset or
DI[5] REV_MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
Mask VBAT_INSERT Interrupt
VBAT_INSERT_ _ - Hard-reset or
D[4] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
Mask VOUT_CHG Interrupt Hard-reset or
D[3] VOUT_CHG_MASK 0 R/W | 0 = Not masked (default)
_ REG_RST
1 = Masked
Mask VBUS_PRESENT Interrupt
VBUS_PRESENT _ _ - Hard-reset or
D[2] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
Mask VUSB_REMOVE Interrupt
VUSB_REMOVE_ _ - Hard-reset or
D[1] MASK 0 R/W |0 = Not masked (default) REG_RST
1 = Masked
Mask VUSB_INSERT Interrupt
VUSB_INSERT _ _ - Hard-reset or
DI[O0] MASK 0 R/W |0 = Not masked (default) REG RST
1 = Masked -
REGO0x13: INT2_FLAG Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
TDIE OTP Event Flag Bit
0 =No TDIE OTP event
DI6] TDIE_OTP_FLAG 0 RC 1 = TDIE OTP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
IBUS UCP BLK Timeout Event Flag Bit
D[5] IBUS_UCP_BLK _ 0 RC 0 = No IBUS UCP blanking timeout event N/A
TMO_FLAG 1 = IBUS UCP blanking timeout event has ever occurred. It generates
an interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
Watchdog Timeout Event Flag Bit
WD_TIMEOUT_ 0 = No watchdog timeout event
D[4] FLAG 0 RC 1 = Watchdog timeout event has ever occurred. It generates an N/A
interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
Peak OCP Event Flag Bit (Any one for Q1x,Q3x,Q5x,Q7x,Q10x)
0 = No peak OCP event
DI3] PEAK_OCP_FLAG 0 RC 1 = Peak OCP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
Reverse Mode Soft-start Failure Event Flag Bit
0 = No reverse mode soft-start failure event
D[2] RVS—FSL'SA—GF AllL_ 0 RC 1 = Reverse mode soft-start failure event has ever occurred. It N/A
generates an interrupt on nINT pin if unmasked. Reading this bit will
reset it to 0.
VBUS OVP Event Flag Bit
0 = No VBUS OVP event
D[] VBUS_OVP_FLAG 0 RC 1 =VBUS OVP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
VOUT OVP Event Flag Bit
0 =No VOUT OVP event
DI0] VOUT_OVP_FLAG 0 RC 1 =VOUT OVP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x14: INT2_MASK Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
Mask TDIE_OTP Interrupt Hard-reset or
DI[6] TDIE_OTP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked
pis] | 'BYS_UCP_BLK_ 0 RIW ('\)A ist;?rﬂislkfdP(gé_féJtl;w EOUT Interrupt Hard-reset or
TMO _MASK _ REG_RST
1 = Masked
Mask WD_TIMEOUT Interrupt
WD_TIMEOUT _ _ — Hard-reset or
D[4] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
Mask PEAK_OCP Interrupt Hard-reset or
DI[3] PEAK_OCP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked -
Mask RVS_SS_ FAIL Interrupt
RVS_SS_FAIL_ _ — = Hard-reset or
D[2] MASK 0 RW |0 = Not masked (default) REG RST
1 = Masked -
Mask VBUS_OVP Interrupt Hard-reset or
D[1] VBUS_OVP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked -
Mask VOUT_OVP Interrupt Hard-reset or
DI[O0] VOUT_OVP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked -
REGO0x15: ADC_CTRL1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
ADC Conversion Enable
0 = Disabled (default)
1 = Enabled Hard-reset or
D[7] ADC_EN 0 R/W | Note: In 1-shot mode when the selected channel conversions are REG_RST or
completed, the ADC_EN bit is automatically reset to 0. WDT
Note1: All channel conversions can be enabled separately even when
the device is not in switching status.
ADC Conversion Mode Control Hard-reset or
D[6] ADC_RATE 0 R/W | 0 = Continuous conversion (default)
_ A REG_RST
1 = 1-shot conversion
Status Bit indicate that ADC conversion is on-going in 1-shot
DI5] | ADC_DONE_STAT 0 R |conversionmode , N/A
0 = ADC conversion is on-going
1 =ADC conversion is done
ADC Conversion Done Event Flag Bit in 1-shot conversion mode
0 = No ADC Conversion Done event
D[4] ADC_DONE_FLAG 0 RC 1 = ADC Conversion Done event has ever occurred. It generates an N/A
interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
Mask ADC_DONE Interrupt Hard-reset or
D[3] ADC_DONE_MASK 0 R/W |0 = Not masked
_ REG_RST
1 = Masked
Average Times of ADC Sampling Hard-reset or
D[2] ADC_AVG 0 R/W |0 =1 time (default)
Cas REG_RST
1= 8times
VBAT2 ADC Control Bit Hard-reset or
D[1] VBAT2_ADC_EN 0 R/W |0 = Disable conversion (default)
_ 8 REG_RST
1 = Enable conversion
IBUS ADC Control Bit Hard-reset or
D[0] IBUS_ADC_DIS 0 R/W | 0 = Enable conversion (default)
e . REG_RST
1 = Disable conversion
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x16: ADC_CTRL2 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
VBUS ADC Control Bit Hard-reset or
D[7] VBUS_ADC_DIS 0 R/W |0 = Enable conversion (default)
= . REG_RST
1 = Disable conversion
VUSB ADC Control Bit Hard-reset or
DI[6] VUSB_ADC_DIS 0 R/W |0 = Enable conversion (default)
= . REG_RST
1 = Disable conversion
DI[5] Reserved 0 R Reserved N/A
VOUT ADC Control Bit Hard-reset or
D[4] VOUT_ADC_DIS 0 R/W | 0 = Enable conversion (default)
. . REG_RST
1 = Disable conversion
VBAT1 ADC Control Bit Hard-reset or
DI[3] VBAT1_ADC_DIS 0 R/W | 0 = Enable conversion (default)
. ; REG_RST
1 = Disable conversion -
IBAT ADC Control Bit Hard-reset or
D[2] IBAT_ADC_DIS 0 R/W | 0 = Enable conversion (default)
. ; REG_RST
1 = Disable conversion -
D[1] Reserved 0 R Reserved N/A
TDIE ADC Control Bit Hard-reset or
DI[0] TDIE_ADC_DIS 0 R/W |0 = Enable conversion (default)
o . REG_RST
1 = Disable conversion -
REGO0x17: IBUS_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC IBUS Data (1.5625mA resolution) Hard-reset or
D[3:0] | IBUS_ADC[11:8] 0000 R | MSB<3:0>: 3200mA, 1600mA, 800mA, 400mA REG RST
REGO0x18: IBUS_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Low Byte of the 12-bit ADC IBUS Data (1.5625mA resolution) Hard-reset or
D[7:0] IBUS_ADCJ7:0] 0000 0000 R LSB<7:0>: 200mA, 100mA, 50mA, 25mA, 12.5mA, 6.25mA, 3.125mA,
REG_RST
1.5625mA -
REGO0x19: VBUS_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC VBUS Data (6.25mV resolution) Hard-reset or
D[3:0] | VBUS_ADC[11:8] | ~ 0000 R | MSB<3:0>: 12800mV, 6400mV, 3200mV, 1600mV. REG RST
REGOx1A: VBUS_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Low Byte of the 12-bit ADC VBUS Data (6.25mV resolution) Hard-reset or
D[7:0] VBUS_ADC[7:0] 0000 0000 R LSB<7:0>: 800mV, 400mV, 200mV, 100mV, 50mV, 25mV, 12.5mV,
REG_RST
6.25mV
REGO0x1B: VUSB_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC VUSB Data (6.25mV resolution) Hard-reset or
D[3:0] VUSB_ADC[11:8] 0000 R MSB<3:0>: 12800mV, 6400mV, 3200mV, 1600mV REG_RST
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x1C: VUSB_ADCO Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Low Byte of the 12-bit ADC VUSB Data (6.25mV resolution) Hard-reset or
D[7:0] VUSB_ADC[7:0] | 0000 0000 R |LSB<7:0>: 800mV, 400mV, 200mV, 100mV, 50mV, 25mV, 12.5mV,
REG_RST
6.25mV
REGO0x1D: VOUT_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC VOUT Data (1.25mV resolution) Hard-reset or
D[3:0] | VOUT_ADC[11:8] 0000 R | MSB<3:0>: 2560mV, 1280mV, 640mV, 320mV REG_RST
REGOx1E: VOUT_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
. . Low Byte of the 12-bit ADC VOUT Data (1.25mV resolution) Hard-reset or
D[7:0] | VOUT_ADC[7:0] | 00000000 | R || gp_7.05- 160mV, 80mV, 40mV, 20mV, 10mV, 5mV., 2.5mV, 1.25mV |REG RST
REGOx1F: VBAT1_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC VBAT1 Data (1.25mV resolution) Hard-reset or
D[3:0] | VBAT1_ADC[11:8] | = 0000 R | MSB<3:0>: 2560mV, 1280mV, 640mV, 320mV REG RST
REGO0x20: VBAT1_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
. . Low Byte of the 12-bit ADC VBAT1 Data (1.25mV resolution) Hard-reset or
D[7:0] | VBAT1_ADC[7:0] | 00000000 | R || gpc7.05: 160mV, 80mV, 40mV, 20mV, 10mV, 5mV, 2.5mV, 1.25mV |REG RST
REGO0x21: IBAT_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC IBAT Data (5mA resolution) Hard-reset or
D[3:0] | IBAT_ADC[11:8] 0000 R | MSB<3:0>: 10240mA, 5120mA, 2560mA, 1280mA REG RST
REGO0x22: IBAT_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
. . Low Byte of the 12-bit ADC IBAT Data (5mA resolution) Hard-reset or
D[7:0] | IBAT_ADC[7:0] | 00000000 | R | gp_7.05. 640mA, 320mA, 160mA, 80mA, 40mA, 20mA, 10mA, 5mA |REG RST
REGO0x23: VBAT2_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:4] Reserved 0000 R Reserved N/A
. . Higher 4 Bits of the 12-bit ADC VBAT2 Data (1.25mV resolution) Hard-reset or
D[3:0] | VBAT2_ADC[11:8] | = 0000 R | MSB<3:0>: 2560mV, 1280mV, 640mV, 320mV REG RST
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x24: VBAT2_ADCO Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
. . Low Byte of the 12-bit ADC VBAT2 Data (1.25mV resolution) Hard-reset or
D[7:0] | VBAT2_ADC[7:0] | 00000000 | R || gpc7.05: 160mV, 80mV, 40mV, 20mV, 10mV, 5mV, 2.5mV, 1.25mV |REG RST
REGO0x25: TDIE_ADC1 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:1] Reserved 000 0000 R Reserved N/A
Higher 1 Bit of the 9-bit ADC TDIE Data (0.5°C resolution) Hard-reset or
D[O TDIE_ADC[8 0 R
o -ADCIE] MSB: 128°C REG_RST
REGO0x26: TDIE_ADCO Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Low Byte of the 9-bit ADC TDIE Data (0.5°C resolution) Hard i
D[7:0] | TDIE_ADC[7:0] | 00000000 | R  [LSB<7:0>:64°C, 32°C, 16°C, 8°C, 4°C, 2°C, 1°C, 0.5°C ReG Rt
TDIE(°C) = TDIE_ADCI8:0] x 0.5°C B
REGO0x27: INT3_FLAG Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
External OVPFETSs (Quss) Soft-start Timeout Event Flag Bit
0 = No OVPFET soft-start timeout event
D[6] OVPFE;__I—Eig—TMO 0 RC 1 = OVPFET soft-start timeout event has ever occurred. It generates  |[N/A
- an interrupt on nINT pin if unmasked. Reading this bit will be reset it to
0.
Reverse Mode Soft-start Success Flag Bit
RVS SS OK 0 = No successfully reverse mode soft-start event
DI[5] N 0 RC 1 = Successfully reverse mode soft-start has ever occurred. When N/A
FLAG ;
reverse mode soft-start successfully, It generates an interrupt on nINT
pin. Reading this bit will reset it to 0.
D[4] Reserved 0 R Reserved N/A
VOUT SCP Event Flag Bit
0 = No VOUT SCP event
D3] VOUT_SCP_FLAG 0 RC 1 =VOUT SCP event has ever occurred. It generates an interrupt on N/A
nINT pin if unmasked. Reading this bit will reset it to 0.
D[2:0] Reserved 000 RC Reserved N/A
REGO0x28: INT3_MASK Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
Mask OVPFET_SS_TMO Interrupt
OVPFET_SS_TMO _ s Hard-reset or
DI[6] MASK 0 RW |0 = Not masked (default) REG_RST
1 = Masked
Mask RVS_SS_OK Interrupt
RVS_SS_OK_ _ — T Hard-reset or
DI[5] MASK 0 R/W |0 = Not masked (default) REG RST
1 = Masked -
D[4] Reserved 0 R Reserved N/A
Mask VOUT_SCP Interrupt Hard-reset or
D[3] VOUT_SCP_MASK 0 R/W |0 = Not masked (default)
_ REG_RST
1 = Masked -
D[2:0] Reserved 000 R/W |Reserved N/A
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x29: PEAK_OCP Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Peak OCP Blanking Time Setting Bit Hard-reset or
D[7] PEAK_ OCP_BLK 0 R/W |0 = 50ns (default)
_ REG_RST
1=100ns
D[6:0] Reserved 00 0000 R Reserved N/A
REGO0x2A: MISC_CTRL1 Register [Reset = 0x24]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:6] Reserved 00 R Reserved N/A
IBAT Bidirectional OCP Protection Deglitch Time Setting Bit
0=0.1ms Hard-reset or
D[5] IBAT_OCP_DEG 1 R/W |1 =1ms (default) REG RST
This is deglitch time (tisat oce pec) between the moment IBAT -
exceeding IBAT_OCP threshold and triggering protection action.
USBGATE Soft-start Timeout Setting Bits Hard-reset or
D[4] OVPFET_SS_TMO 0 R/W Of 10ms (default) REG_RST
1=5ms
D[3:2] Reserved 01 R Reserved N/A
Soft-Start Timeout Timer in Reverse Mode
0 = 128ms (default)
1 =256ms
When the RBFET is turn on in reverse mode, the timer is initiated and [Hard-reset or
DMl | RVS_SS_TIMER 0 RIW' 1 stop to count when Vewo > n x (Vyour - 100mV) (n = 1, 2, 3, 4 for REG_RST
reverse 1:1/1:2/1:3/1:4 mode respectively) and timeout does not occur;
If Vemip < n % (Vyour - 100mV) after timeout, RVS_SS_FAIL_FLAG bit
is setto 1, an INT is sent out and SCC_EN bit is cleared to 0.
Soft-start Current Limit Setting Bits in Reverse Mode (For Q8x,
Q9x,Q10x) Hard-reset or
DIO] RVS_SS_LMT 0 RIW 0 = 100mA (default) REG_RST
1=200mA
REGO0x2B: MISC_CTRL2 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
o7 | VBUS_PRESENT_ o rw | Slich Tire for VBUS Present Rising Edge Hard-reset or
7] DEG = Sms (default) REG RST

1=10ms -
Disable Bit for Resetting the USBGATE_MODE bit
RST_USBGATE 0 = Enabled (default) Hard-reset or
DIl | oN_VBUSF_DIS 0 RW ] 1= Disabled REG_RST
— - When the bit is 0, the USBGATE MODE bit is reset to 0 at VBUS present -
falling edge.
Deglitch Time for IBUS OCP Hard-reset or
D[5] IBUS_OCP_DEG 0 R/W |0 = 4ps (default)
_ REG_RST
1=64pus _|
D[4] Reserved 0 R Reserved N/A
External OVPFET Gate Driver Voltage Setting Bit
VQOVFLGATE = (Vussearte - Vusasus) Hard-reset or
D3] GATE_HI_SET 0 RIW' 10 = The driver high level voltage is 5V (default) REG_RST
1 = The driver high level voltage is 9V
D[2] Reserved 0 R Reserved N/A
USBGATE Source Current Setting Bits
pit:0) | USBGATE_SRC_ 00 R 8(1’ z ;gﬂﬁ (default) Hard-reset or
CURR([1:0] 10 = 40pA REG_RST
11 = 120pA
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
UFCS Control
REGO0x30: UFCS_CTRL1 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
UFCS PHY Enable Control Bit
0 = Disable UFCS block (default) ggfgrgsée_; o
DI7] UFCS_EN 0 R/W | 1 = Enable UFCS block VUSB
This bit will be reset to the default value on a VUSB remove falling REMOVE
edge.
DI[6] Reserved 0 R Reserved N/A
Enable Bit for UFCS Handshaking
UFCS ) Hard-reset or|
DI[5] — 0 R/W |0 = Disable UFCS handshake (default)
HANDSHAKE_EN 1= Enable UFCS handshake REG_RST
Baud Rate Control Bits for Outing Data
00 = 115200 bps (default) Hard-reset or
D[4:3] BAUD_RATE[1:0] 00 R/W |01 =57600 bps REG RST
10 = 38400 bps -
11 = 115200 bps
Master Transmission Start Bit
0 = Not transaction (default) Hard-reset or|
D[2] SND_CMD 0 we 1 = Start transaction REG_RST
This bit is cleared to 0 when UFCS_EN = 0.
Send Reset Command to Cable
CABLE_ - Hard-reset or|
D[1] HARDRESET 0 WwC |0 = Not sent hard-reset cable (default) REG_RST
1 = Sent hard-reset cable
Send Reset Command to Source
SOURCE_ - Hard-reset or|
DI[0] HARDRESET 0 WwC |0 = Not sent hard-reset source (default) REG_RST
1 = Sent hard-reset source
REGO0x31: UFCS_CTRL2 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Pull-up Resistor Setting Bit for DP pin
D[7] PUUFL(E—PDEN 0 RW [0 = No 50kQ resistor pull-up to 3.3V (default) ggrg-rSZeTg or
— 1 = 50kQ resistor pull-up to 3.3V —
D[6] Reserved 0 R Reserved N/A
Clear Transmission Buffer Bit Hard-reset or
DI[5] TX_BUFFER_CLR 0 WC |0 = Not clear TX_BUFFER data (default) REG RST
1 = Clear TX_BUFFER data when it's not locked —
Clear Receive Buffer Bit Hard-reset or
D[4] RX_BUFFER_CLR 0 WC |0 = Not clear RX_BUFFER data (default) REG RST
1 = Clear RX_BUFFER data when it’s not locked —
Baud Rate Bits for Incoming Data
D[3:2] DETECTED_ 00 R 8(1’ : ;;gggobg‘s’s (default) Hard-reset of
BAUD_RATE[1:0] 10 = 38400 bps REG_RST
11 = Not used
UFCS Reply Setting Bit Hard-reset or
D[1] ACK_CABLE 0 R/W |0 = UFCS reply ACK or NCK to source (default) REG RST
1 = UFCS reply ACK or NCK to cable -
DM Pin HIZ-Mode Enable Bit
_ . Hard-reset or|
DI[O0] EN_DM_HIZ 0 R/W |0 = UFCS drive DM when enable UFCS block (default) REG RST
1 = UFCS doesn’t drive DM when enable UFCS block -
REGO0x32: Reserved Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:0] Reserved 0000 0000 R Reserved N/A
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x33: UFCS_INT_FLAG1 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
UFCS Error Flag of UFCS Failed Handshake
D[7] HANDSHAKE 0 RC (1) = lLJJE(C::SS rr:andshake success or not comp]ete (default) o N/A
FAIL FLAG = ands_hake fa||._|t g_enerate_s an interrupt on nINT pin if
— unmasked. Reading this bit will reset it to 0.
UFCS Event Flag of UFCS Suqcessful Handshake
D[6] HANDSHAKE 0 RC (1) = B'Egg Eandshake fail or not complete (defa_ult) o N/A
SUCC FLAG = ands_hake success. It gen_erates an interrupt on nINT pin if
- unmasked. Reading this bit will reset it to 0.
SENT_PACKET gv_egt Flag of UFCS Data Packet Transmission Complete
D[5] COMPLETE 0 RC = ent packet not complete or fail (defau!t) o N/A
- 1 = Sent packet complete. It generates an interrupt on nINT pin if
FLAG P -omplete. 1t g 4 p p
unmasked. Reading this bit will reset it to 0.
Received Slave Data is Ready for I°'C Read by Master
D[4] DATA_READY_ 0 RC 0 = Received data is not ready (default) N/A
FLAG 1 = Received data is ready. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
Error Flag of UFCS Receive Buffer Overflow
D[3] RX_OVERFLOW_ 0 RC 0 = RX data don’t exceed RX buffer length (default) N/A
FLAG 1 = RX data exceed RX buffer length. It generates an interrupt on nINT
pin if unmasked. Reading this bit will reset it to 0.
Event Flag of RX Buffer Busy when Receiving Message
0 = The last RX buffer data has been read while a new
D[2] RX_BUFFER_ 0 RC DATA_READY_FLAG received N/A
BUSY_FLAG 1 = The last RX buffer data has not been read while a new
DATA_READY_FLAG received. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
Error Flag of UFCS Failed Data Transmission
D[1] MSG_TRANS _ 0 RC 0 = No message sent fail N/A
FAIL_FLAG 1 = Message sent fail after retry three times. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
Error Flag of Receiving ACK Signal Timeout
D[0] ACK_RECEIVE_ 0 RC 0 = No ACK receive timeout event (default) N/A
TIMEOUT_FLAG 1 = ACK receive timeout. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x34: UFCS_INT_FLAG2 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Error Flag of UFCS Baud Rate
D[7] BAUD_RATE_ 0 RC 0 = BAUD_RATE_CHECK OK (default) N/A
ERROR_FLAG 1 = BAUD_RATE error. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
TRAINING ETO'F Fl.a.g obel:QS Rer::tei(\j/ir}g 'Il'training Byte
Dl6] | BYTES_ERROR_ 0 RC |97 qraming byiets g (default) . - N/A
FLAG = Training byte_ is error. _It ge_znerates_ an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
Error Flag of Data Byte Duration
D[5] DATA_BYTE_ 0 RC 0 = Data byte duration is within 600us (default) N/A
TMOUT_FLAG 1 = Data byte duration is beyond 600us. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
Error Flag of Received Data Length
D[4] LENGTH_ERROR _ 0 RC 0 = Received Data length is right (default) N/A
FLAG 1 = Received Data length is error. It generates an interrupt on nINT pin
if unmasked. Reading this bit will reset it to 0.
Error Flag of Received Data Start Byte
D[3] START_FAIL_ 0 RC 0 = Received Data start byte is right (default) N/A
FLAG 1 = Received Data start byte detects fail. It generates an interrupt on
nINT pin if unmasked. Reading this bit will reset it to 0.
Error Flag of Received Data Stop Byte
D[2] STOP_ERROR_ 0 RC 0 = Received Data stop byte is right (default) N/A
FLAG 1 = Received Data stop byte is error. It generates an interrupt on nINT
pin if unmasked. Reading this bit will reset it to 0.
Error Flag of CRC Check
D[1] CRC_ERROR_ 0 RC 0 = CRC_check OK (default) N/A
FLAG 1 = CRC error. It generates an interrupt on nINT pin if unmasked.
Reading this bit will reset it to 0.
Event Flag of UFCS Receiving Hard Reset Signal
D[0] HARD_RESET_ 0 RC 0 = Do not receive hard reset (default) N/A
FLAG 1 = Receive hard reset. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
REGO0x35: UFCS_INT_FLAG3 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Event Flag of Bus Conflict
D[7] BUS_CONFLICT_ 0 RC 0 = DP and DM bus don’t work conflict N/A
FLAG 1 = DP and DM bus work conflict. It generates an interrupt on nINT pin if
unmasked. Reading this bit will reset it to 0.
Event Flag of UFCS Baud Rate Change
0 = Baud-rate not changed
DI[6] BAUD'T:?_;EG—CHG— 0 RC 1 = Baud-rate is changed after RX ping message with different N/A
baud-rate. It generates an interrupt on nINT pin if unmasked. Reading
this bit will reset it to 0.
Error Flag of Data Bit
D[5] DATA_BIT_ERR_ 0 RC 0 = Data bit doesn’t changes in the range 1/4~3/4 of bit count N/A
FLAG 1 = Data bit changes in the range 1/4~3/4 of bit count. It generates an
interrupt on nINT pin if unmasked. Reading this bit will reset it to 0.
D[4:2] Reserved 000 RC Reserved N/A
TX Transmit Status Bit
D[1] TX_BUSY 0 R 0 = UFCS PHY TX s not in transmit process N/A
1 =UFCS PHY TXis during transmit process
RX Transmit Status Bit
DI[0] RX_BUSY 0 R 0 = UFCS PHY RXis not in transmit process N/A
1 = UFCS PHY RXis during transmit process
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0x36: UFCS_INT_MASK1 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
UFCS_ Mask UFCS_HANDSHAKE_FAIL Interrupt Hard-reset or
D[7] HANDSHAKE_ 0 R/W |0 = Not masked REG RST
FAIL_MASK 1 = Masked -
UFCS_ Mask UFCS_HANDSHAKE_SUCCESS Interrupt Hard-reset or
DI[6] HANDSHAKE_ 0 R/W |0 = Not masked REG RST
SUCC_MASK 1 = Masked -
SENT_PACKET_ Mask SENT_PACKET_COMPLETE Interrupt Hard-reset or
D[5] COMPLETE_ 0 R/W |0 = Not masked REG RST
MASK 1 = Masked -
Mask DATA_READY Interrupt
D[4] DATP,\‘A—ESE?DY— 0 RMW |0 = Not masked gggrgséﬁt. or
1 = Masked -
Mask RX_OVERFLOW Interrupt
D[3] RX—O,\\/AE\EFKLOW— 0 RMW |0 = Not masked gggrgséﬁt. or
1 = Masked -
Mask RX_BUFF_BUSY Interrupt ~
D[2] RX—BKAFAFS—KBUSY— 0 RMW |0 = Not masked 'F;'grg fesetor
1 = Masked —
Mask MSG_TRANS_FAIL Interrupt ~
D[1] MFsﬁtngE— 0 RMW |0 = Not masked 'F;'grg fesetor
— 1 = Masked —
Mask ACK_RECEIVE_TIMEOUT Interrupt ~
D[0] ACK_RECEIVE_ 0 RW |0 = Not masked Hard-reset or
TIMEOUT_MASK _ REG_RST
- 1 = Masked -
REGO0x37: UFCS_INT_MASK2 Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
Mask BAUD_RATE_ERROR Interrupt
om | SABFE | o | Aw [0l masi
- 1 = Masked -
TRAINING_ Mask TRAINING_BYTES_ERROR Interrupt Hard-reset or
D[6] BYTES_ERROR _ 0 R/W |0 = Not masked REG RST
MASK 1 = Masked -
Mask DATA_BYTE_TMOUT Interrupt ~
o | DIAETE |0 | e [0 Nl mases et
- 1 = Masked -
Mask LENGTH_ERROR Interrupt
D[4] "ENGT,\'A*K'SEEROR— 0 RMW |0 = Not masked gggrgséﬁt. or
1 = Masked -
Mask START_FAIL Interrupt
D[3] STA,\Fj/T@f(A'L— 0 RMW |0 = Not masked gggrgséﬁt. or
1 = Masked -
Mask STOP_ERROR Interrupt
D[2] STO';A—ESREOR— 0 RMW |0 = Not masked ';ggrgss?} or
1 = Masked —
Mask CRC_ERROR Interrupt
D[1] CRC,\—/E\E?R— 0 RMW |0 = Not masked ';ggrgss?} or
1 = Masked —
Mask HARD_RESET Interrupt ~
D[0] HAR',?M%iSET— 0 RMW |0 = Not masked 'F;'Erg resetor
1 = Masked -
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I’C Controlled High Voltage 4:1

SGM41612 16A Switched-Capacitor Charger

REGISTER AND DATA (continued)

REGO0x38: UFCS_INT_MASKS3 Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
b7 | BUS_CONFLICT_ 0 e | olask BUS_SONFLICT Interrupt Hard-reset or
MASK - REG_RST
1 = Masked
bjg] | BAUDRATE_CHG_ 0 o | olask BAUDRATE_CHG Interrupt Hard-reset or
MASK - REG_RST
1 = Masked
ois) | DATA BIT ERR_ 0 W ('\)"fsl'\‘l Et’ATA—kB'dT—ERR Interrupt Hard-reset or
MASK = ot maske REG_RST
1 = Masked
D[4:0] Reserved 0 0000 R Reserved N/A
REGO0x39: TX_LENGTH Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:0] | TX_LENGTH[7:0] | 00000000 | RMW |TX Data Length, except Training Byte and CRC Byte ggg'rgssﬁt. or
REGO0x3A ~ REG0Ox5D: TX_BUFFERX (x: 0 ~ 35) Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
. . Hard-reset or
D[7:0] | TX_BUFFERX[7:0] | 00000000 | RM |TX Data Buffer REG RST
REGOx5E: RX_LENGTH Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:0] | RX_LENGTH([7:0] | 0000 0000 R | RX Data Length, except Training Byte N/A
REGOx5F ~ REGOX9E: RX_BUFFERX (x: 0 ~ 63) Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:0] | RX_BUFFERX[7:0] | 0000 0000 R | RX Data Buffer N/A
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
BC1.2 Control
REGOxA1: BC1.2_FLAG Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:6] Reserved 00 R Reserved N/A
Event Flag Bit of VUSB Voltage Change
0 = No VUSB voltage change event
1 = VUSB voltage change event has ever occurred, namely that )
DI5] VUSB_CHG_FLAG 0 RC VUSB insert or absent event has ever occurred. It generates an Hard-reset
interrupt on nINT pin if unmasked. Reading this bit will reset it to
0.
Event Flag Bit of USB BC1.2 Device Status Bits Change
0 = No USB_DEVICE_STAT[2:0] bits change event
D[4] USB_DEVICE_CHG_FLAG 0 RC 1 = USB_DEVICE_STAT[2:0] bits change event has ever Hard-reset
occurred. It generates an interrupt on nINT pin if unmasked.
Reading this bit will reset it to 0.
D[3:0] Reserved 0000 R Reserved N/A
REGO0xA2: BC1.2_MASK Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:6] Reserved 00 R Reserved N/A
Mask Interrupt of VUSB Voltage Change Event
0 = Interrupt of VUSB voltage change event can work. (default)
D[5] VUSB_CHG_MASK 0 R/W |1 = Mask interrupt of VUSB voltage change event. Hard-reset
VUSB_CHG_FLAG bit sets after the fault, but this bit suppresses
the interrupt signal on nINT pin.
Mask Interrupt of USB BC1.2 Device Status Bits Change Event
0 = Interrupt of USB_DEVICE_STAT[2:0] bits change event can
D[4] |USB_DEVICE_CHG_MASK 0 Rw | Work: (default) Hard-reset
— — — 1 = Mask interrupt of USB_DEVICE_STAT[2:0] bits change
event. USB_DEVICE_CHG_FLAG bit sets after the fault, but this
bit suppresses the interrupt signal on nINT pin.
D[3:0] Reserved 0000 R Reserved N/A
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0xA3: DPDM_DETC Register [Reset = 0x00]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

RESET BY

D[7]

DPDM_DETC_EN

R/W

Enable Bit of DP/DM Detection for Debug

0 = Disabled (default)

1 = Enabled. The DP/DM detection results are updated every
8ms.

Hard-reset

D[6:4]

DP_RSLT[2:0]

000

DP Pin Voltage Detection Result Bits

000 = OV. The DP pin voltage is in the range of 0 to 0.05V.

001 = 0.2V. The DP pin voltage is in the range of 0.15V to 0.25V.
010 = 0.6V. The DP pin voltage is in the range of 0.55V to 0.65V.
011 =1.8V. The DP pin voltage is in the range of 1.65V to 1.95V.
100 = 3.3V.The DP pin voltage is in the range of 3V to 3.6V.

111 = Error. The DP pin voltage is not listed above.

Only valid when DPDM_DETC_EN bit is set to 1.

Hard-reset

D[3]

Reserved

Reserved

N/A

D[2:0]

DM_RSLT[2:0]

000

DM Pin Voltage Detection Result Bits

000 = 0V. The DM pin voltage is in the range of 0 to 0.05V.

001 = 0.2V. The DM pin voltage is in the range of 0.15V to
0.25V.

010 = 0.6V. The DM pin voltage is in the range of 0.55V to
0.65V.

011 = 1.8V. The DM pin voltage is in the range of 1.65V to
1.95V.

100 = 3.3V.The DM pin voltage is in the range of 3V to 3.6V.
111 = Error. The DM pin voltage is not in the ranges listed above.

Only valid when DPDM_DETC_EN bit is set to 1.

Hard-reset

REGO0xA4: BC1.2_CTRL Register [Re

set = 0x18]

BITS

BIT NAME

DEFAULT

TYPE

DESCRIPTION

RESET BY

D[7:6]

Reserved

00

R

Reserved

N/A

D[5:4]

DCD_TIMER[1:0]

01

DCD Timer tDCDﬁTIMEOUT Settlng Bits

00 = The DCD detection is disabled.

01 = 600ms (default)

10 = 900ms

11 = The DCD timer is infinite. The BC1.2 detection cannot step
forward until DP voltage is detected below V| ¢ Low-

Hard-reset

D[3]

DCD_DELAY

R/W

DCD Detection Delay Time Setting Bit for BC1.2

This is delay time (toco pLy) from when BC1.2 is enabled and
VBUS is present to when the DCD detection starts.
0=150ms

1 = 300ms (default)

Hard-reset

D[2]

BC_AUTO_EN

R/W

BC1.2 Automatic Detection Enable Bit

0 = Disabled (default)

1 = Enabled. When VBUS is present, it will automatically start
BC1.2 detection.

Hard-reset

D[1:0]

Reserved

00

Reserved

N/A
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

REGISTER AND DATA (continued)
REGO0xAS5: DPDM_CTRL Register [Reset = 0x00]

BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7:6] Reserved 00 R Reserved N/A
DP Pin Output Driver Voltage Setting Bits
00 = HiZ mode (default)
01 =0V (Voro_vsre) Hard-reset or
D[5:4] DP_DACI[1:0] 00 R/W {10 = 0.6V (Vops_ vsre) \VUSB
11 = 3.3V (Vap3 vsre) REMOVE
Note: The bit configurations are invalid during BC1.2 detection.
DM Pin Output Driver Voltage Setting Bits
00 = HiZ mode (default)
01 =0V (Vorg_vsre) Hard-reset or
D[3:2] DM_DACI1:0] 00 R/W {10 =0.6V (Vops_vsrc) \VUSB
11 = 3.3V (V3ps_vsrc) REMOVE
Note: The bit configurations are invalid during BC1.2 detection.
Enable Bit of DP/DM DAC Hard-reset or
D[1] DPDM_DAC_EN 0 R/W |0 = Disabled (default) \VUSB
1 = Enabled REMOVE
D[0] Reserved 0 R Reserved N/A
REGOxA8: USB_STAT Register [Reset = 0x00]
BITS BIT NAME DEFAULT | TYPE DESCRIPTION RESET BY
D[7] Reserved 0 R Reserved N/A
Status Bit of USB BC1.2 Device Detection
000 = No Input
001 = BC1.2 detection in progress
. . 010 = SDP device detected
D[6:4] | USB_DEVICE_STAT[2:0] 000 R 011 = Non-standard adapter detected Hard-reset
100 = DCP device detected
101 = CDP device detected
110 ~ 111 = Reserved
D[3:1] Reserved 000 R Reserved N/A
BC1.2 DCD Timeout Fault flag
0 = No BC1.2 DCD timeout fault
DI0] DCD_TIMEOUT_FLAG 0 RC 1 =BC1.2 DCD timeout fault has ever occurred. Generate an Hard-reset
interrupt on nINT pin. Read this bit to reset it to 0.
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SGM41612

I’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

APPLICATION INFORMATION

Input Capacitors (CVUSB, CVBUS and Cp|v||D)
Input capacitors are selected by considering two main factors:

1. Adequate voltage margin above maximum surge voltage;
2. Not too large voltage margin in order to limit the peak
currents drawn from the source and reduce the input noise.

For Cyuse, use a 1uF/25V ceramic capacitor with low ESR
placed close to the VUSB and PGND pin; For Cysus, use a
10pF/25V ceramic capacitor with low ESR placed close to the
VBUS and PGND pin. The Cpup are determined by the
minimum capacitance needed for stable operation and the
required ESR to minimize the voltage ripple and load step
transients. Typically, two 10uF/35V or larger X5R ceramic
capacitors are sufficient to meet the Cpuip requirements of
two channels. Consider the DC bias derating of the ceramic
capacitors. The X5R and X7R capacitors are relatively stable
against DC bias and high temperature. Note that the bias
effect is more severe with smaller package sizes, so choose
the largest affordable package size. Also consider a large
margin for the voltage rating for the worst-case transient input
voltages.

External OVPFETs (Qusg)

The maximum recommended input range is 21V. If the
supplied VUSB voltage is above 21V, two sets of
back-to-back N-CH OVPFETs are recommended between
the adapter inputs and the SGM41612. Choose a low Rpson
MOSFET for the OVPFET to minimize power losses.

FIying Capacitors CFLY (C|:3A/B, CF2AIB, C|:1A/B)
For selection of the CrLy capacitors, the current rating, ESR
and the bias voltage derating are critical parameters. The
CrLy capacitors are biased to different DC voltages according
to the operation mode. To trade-off between efficiency and
power density, set the Cr_y voltage ripple to the 2% of its DC
bias voltage as a good starting point. The CrLy for each phase
can be calculated by Equation 1:

Ly = lpar _ lgar (1)
8fSWVCFLY_RPP 160/°fSWVDC_CFLY

where Igar is the charging current and VcrLy rep is the
peak-to-peak voltage ripple of the CrLy.

Choosing a too small capacitor for Crry results in lower
efficiency and high output voltage/current ripples. However
choosing a too large Crry only provides minor efficiency and
output ripple improvements.

The default switching frequency is fsw = 600kHz. It can be
adjusted by FSW_SET[4:0] bits in REGOx0C. Lower
frequency increases efficiency by reducing switching losses
but requires larger capacitance to maintain low output ripple
and low output impedance. An optimum switching frequency
can be found for any selected CrLy capacitor to minimize
losses. Typically three 22uF, X5R or better grade ceramic
capacitors placed close to the CTxy (x =1, 2, 3,y = A or B)
and CBxy pins provide stable performance of two channels.

Output Capacitor (Cvour)

Cvour selection criteria are similar to the Cry capacitor.
Larger Cyour value results in less output voltage ripple, but
due to the dual-phase operation, the Cvour RMS current is
much smaller than Cr_y, so smaller capacitance value can be
chosen for Cyour as given in Equation 2:

lsar > toean 2)

VOUT —
0.5x VVOUT_RF'P

where tpeap is the dead time between the two phases and
Vvourt rep is the peak-to-peak output voltage ripple and is
typically set to the 2% of Vour.

Cvour is biased to the battery voltage and its nominal value
should be derated for battery voltage DC bias. Typically three
10uF, X5R or better grade ceramic capacitors placed close to
the VOUT and PGND pins provide stable performance of two
channels.

External Bootstrap Capacitor (Cgrsa, Cerse
and Cgrs2)

The bootstrap capacitors provide the gate driver supply
voltage for the internal switches. It is recommended that place
a 220nF low ESR ceramic capacitor between BTS2 and
VOUT pin, and two 100nF low ESR ceramic capacitors
between BTSA and CT3A pin and between BTSB and CT3B
pin respectively.
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SGM41612

I*’C Controlled High Voltage 4:1
16A Switched-Capacitor Charger

APPLICATION INFORMATION (continued)
PCB Layout Guidelines

A good PCB layout is critical for stable operation of the
SGM41612. Follow these guidelines for the best results:

1

. Use short and wide traces for VBUS as it carries high

current.

. Minimize connectors wherever possible. Connector losses

are significant especially at high currents.

. Use solid thermal vias for better thermal relief.
. Bypass VBUS, PMID and VOUT pins to PGND with

ceramic capacitors as close to the device pins as possible.

5.

Place Cry capacitors as close as possible to the device
with small pad areas to reduce switching noise and EMI.

. Use wider copper plane to reduce the connection

resistance for CrLy capacitors.

. Connect or reference all quiet signals to the AGND pin.
. Connect and reference all power signals to the PGND pins

(preferably the nearest ones).

. Try not to interrupt or break the power planes by signal

traces.

The recommended layout is shown in Figure 13.
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I’C Controlled High Voltage 4:1
SGM41612 16A Switched-Capacitor Charger
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

WLCSP-3.4%x4.44-80B
| D |
- /80 x®0.23
A1 CORNER 4/. #
E
o 0.40
TOP VIEW RECOMMENDED LAND PATTERN (Unit: mm)
87654321ﬁ80x¢d
1 A
e
r B
C
A )()()((J()()(){ e
E
Al [ ]ecc|C] SEATING PLANE F
G
H
J
K
—et o=
SIDE VIEW BOTTOM VIEW
Dimensions In Millimeters
Symbol
MIN NOM MAX
A - - 0.625
A1 0.188 - 0.228
D 3.370 - 3.430
4.410 - 4.470
d 0.235 - 0.295
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

- A D D
@ -
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-3.4x4.44-80B 7" 124 3.70 | 4.70 0.70 4.0 8.0 2.0 12.0 Q1
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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

Length Width Height .
Reel Type (mm) (mm) (mm) Pizza/Carton
7" (Option) 368 227 224 8
(=]
=]
7" 442 410 224 18 %
€ Y 56 Micro Corp TX20000.000
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