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SGMICRO

SGM25470
23V, 8A Electronic Fuse with
Bi-directional Power Delivery

GENERAL DESCRIPTION

The SGM25470 family is a compact electronic fuse
(eFuse) with a full suite of protection functions. With
very few external components, the SGM25470 can
modes:

provide multiple protection over-current,

over-voltage, short-circuit and reverse current blocking.

The output current limit threshold and the transient

over-current blanking timer can be adjusted by the user.

The analog output load current is monitored by the ILIM
pin. Programmable over-voltage protection is used to
turn off the device if the IN rises over a threshold value
and the downstream circuitry is not damaged by
unintended power supply. Due to the back-to-back
FETs packaged inside the chip, the SGM25470 can
block reverse current from flowing through the channel
when it is turned on, this function can be also disabled
by pulling RCBCTRL pin low, which is very suitable for
USB OTG. The Vgyr rise time can be programmed by
setting an additional capacitor to the SS pin, which can
minimize inrush current.

The SGM25470 is available in a
WLCSP-2.5%1.79-12L package.

Green

FEATURES

e [nput Voltage: 3.3V to 23V, Surge up to 28V
e Either IN or OUT Sourcing
o Back-to-Back FETs with True Reverse Blocking
® Low On-Resistance: 13.2mQ (TYP)
® Programmable Output Ramp Time
® Programmable Current Limit: 1A to 9A
(¥10% Accuracy for Iy > 3A)
® Load Current Monitor
(¥5% (TYP) Accuracy for loyr > 3A)
® Programmable Transient Blanking Timer (ITIMER
Pin)
® Fast-Trip Threshold: Adjustable (2 x I, ) + Fixed
® Full Set of Protections
+ Programmable Over-Voltage Lockout (OVLO)
+ Short-Circuit Protection on OUT Pin
¢ Under-Voltage Lockout
¢ Thermal Shutdown
e Digital Outputs: Supply Good (SPGD) and Fault
Indication (nFAULT)
e Available in a Green WLCSP-2.5%1.79-12L
Package

APPLICATIONS

Hot-Swap and Hot-Plug
Adapter Power Devices
SSD and HDD Drives
Set-Top Boxes

Printers

White Goods

Digital TVs

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

MAY 2026 -REV. A



23V, 8A Electronic Fuse with

SGM25470 Bi-directional Power Delivery
PACKAGE/ORDERING INFORMATION
SPECIFIED
PACKAGE ORDERING PACKAGE PACKING
wletlE L DESCRIPTION TEM;EEATURE NUMBER MARKING OPTION
GE
2P4
SGM25470AR | WLCSP-2.5x1.79-12L | -40°C to +125°C | SGM25470ARXG/TR | XXXXX | Tape and Reel, 4500
XXHXX
2HS
SGM25470CR | WLCSP-2.5x1.79-12 | -40°C to +125°C | SGM25470CRXG/TR | XXXXX | Tape and Reel, 4500
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.

SELECTABLE MODEL

Model SPGD Polarity | nFAULT or RCBCTRL | Steady-State Fast-Trip Threshold | Response to Fault
SGM25470AR Active-High nFAULT Adjustable (2 x Iuw) + Fixed " Auto-Retry
SGM25470CR Active-High RCBCTRL Adjustable (2 x Ipy) + Fixed () Auto-Retry

NOTE: 1. Fixed fast-trip threshold.
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

ABSOLUTE MAXIMUM RATINGS

Input Voltage Range, VIN MAX-««ccvcvereriieeeniieeenne -0.3V to 28V
Output Voltage Range, Vout MAX «veeeereeineeenneen. -0.3V to 28V
Minimum Output Voltage Pulse (< 1us), Vout MAX_PLS «eeveeenee
.................................................................................... >-0.8V
Enable Pin Voltage Range, Venuvio MAX «o........ -0.3Vto 6.5V
OVLO Pin Voltage Range, VoviLo MAX ««ecevveeenne -0.3Vt0 6.5V
SS Pin Voltage Range, Vss MAX -c-veeeveenenee. Internally Limited

ITIMER Pin Voltage Range, VitivEr mAX...... Internally Limited
RCBCTRL Pin Voltage Range, VrcacTrRL MaX.... -0.3V to 6.5V
SPGD Pin Voltage Range, VSpGD MAX «««ccvrerererreeerieeeeinneeenns

.......................................................................... -0.3V to 6.5V
nFAULT Pin Voltage Range, VirauLT MAX-......... -0.3Vto 6.5V
ILIM Pin Voltage Range, ViLiM MAX «veeeevveee. Internally Limited

Maximum Continuous Switch Current, IMax.....coooeeveviveveeeeeens

Package Thermal Resistance

WLCSP-2.5%1.79-12L, QA .eeevveeiiieiieeniieciee e 56.8°C/W

WLCSP-2.5%1.79-12L, BB ...coovvrieiieciieiicicccie 5.9°C/W

WLCSP-2.5%1.79-12L, ByC..cvvvvriviiniiiciecccicie 14.5°C/W
Junction Temperature..........cccccccoevccivieieee e +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S).........cccuveeeeeeennnns +260°C
ESD Susceptibility @
HBM. ..ot +2000V
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.

RECOMMENDED OPERATING CONDITIONS

Input Voltage Range, VIN ..cccocovvveriiviiiniecciieene 3.3V to 23V
Output Voltage Range, VouT.....ccoovvvvveeiieeeiecineen. 23V (MAX)

Enable Pin Voltage Range, VEN/UVLO -vvveeveeeeeennnnnes 5V (MAX)
OVLO Pin Voltage Range, Vovio vveveeeeveiveeeeeeeenn. 5V (MAX)
SS Capacitor Voltage Rating, Vss............. Vour + 5V (" (MIN)
RCBCTRL Pin Voltage Range, VRCBCTRL «««eee-eesvveees 5V (MAX)
nFAULT Pin Voltage Range, VirFAULT ---vveeeeeeeeannnnes 5V (MAX)
SPGD Pin Voltage Range, VspaD ....vvoovveeeeinnerennnns 5V (MAX)
ITIMER Capacitor Voltage Rating, ViTiMER .......vvvee... 4V (MIN)
ILIM Pin Resistance, RiLiM -...ccovvvvveeiiiiiiiiienn. 536Q to 4834Q

Continuous Switch Current, Ty < +125°C, lLoaD ...... 8A (MAX)
NOTE:

1. The SS capacitor rating should be higher than maximum
output voltage + 5V.

OVERSTRESS CAUTION

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

ESD SENSITIVITY CAUTION

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

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

PIN CONFIGURATION

(TOP VIEW)
IN ouT
.,"""n HE—
EN/UVLO I e . 110 ITIMER
______ P12 b
ovlo | 2t i S fol | LM
SPGD b3 e ' oo RN GND
______ P 6
nFAULT/RCBCTRL bl e Feenoooeee b7l ss
IN ouT

WLCSP-2.5%1.79-12L

PIN DESCRIPTION

PIN NAME FUNCTION
Enable and Under-Voltage Lockout Input. Asserting EN/UVLO pin high enables the device. Place a resistor divider
1 EN/UVLO 2
to set programmable under-voltage lockout threshold. Do not float this pin.
Over-Voltage Lockout Pin. The over-voltage lockout threshold is programmed by the resistor divider from the power
2 OVLO supply to the OVLO terminal to GND. The device is enabled when this pin is tied to low level. This pin cannot be left
floating.
Supply Good Indication (Active-High). This is an open-drain pin. When the input voltage is within the valid range and
3 SPGD - S :
the soft-start has finished, this pin goes high.
nEAULT SGM25470AR: Fault Event Indicator (Active-Low). This pin is an open-drain output. When a fault occurs, it will be
low.
4 SGM25470CR: Reverse Current Blocking Enable Input (Active-High). Active-high or leave this pin floating enable
RCBCTRL : . . g ] h
true reverse current blocking and active-low in steady state to disable this function.
5,12 IN Power Input.
6, 11 ouT Power Output.
7 ss Soft-Start Pin. The capacitor between SS and GND pins will set the slew rate according to the application
requirements. When this pin is left floating, the device will start up at the fastest rate.
8 GND GND.
Programming Current Limit Pin. A resistor between this pin and GND sets the overload and short-circuit current limit
9 ILIM . . < Y
levels. The analog output load current is monitored by this pin. Do not float this pin.
Place a capacitor between this pin and GND can set the over-current blanking time. At this stage, the output current
value can temporarily exceed the internally set current limit value (but not exceed the fast-trip threshold). After this
10 ITIMER ) . h TR 8 Sl - .
time, the device will take action if it is still in over-current state. Leaving this pin open will provide the fastest
response to an over-current event.
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

ELECTRICAL CHARACTERISTICS

(TJ =-40°C to +125°C, ViNn = 12V, OuUT = open, Venwvio = 2V, Vovio = 0V, Rum = 5360, SS = open, ITIMER
open, nFAULT = open for SGM25470AR, RCBCTRL = open for SGM25470CR. Typical values are at T,
otherwise noted.)

open, SPGD =
+25°C, unless

PARAMETER | svmBoL | CONDITIONS | min | TYP | mAx | uNiTs

Input Supply (IN)

VUVP_R_IN Rlsmg 2.43 2.75 2.97
IN Supply Under-Voltage Protection Threshold \Y

VUVPfFfIN Falllng 2.27 2.34 2.41
IN Supply On-State Quiescent Current la_on IN sourcing, Ven > Vuvio r 200 400 MA
IN Supply Off-State Current la_orr IN sourcing, Vsp_r < Ven < Vuvio r 60 150 pA
IN Supply Shutdown Current Isp N IN sourcing, Ven < Vsp ¢ 10 30 MA
OUT Supply Under-Voltage Protection Vuve rour | Rising 2.44 2.83 3.2 \
Threshold Vuw rour | Falling 2.23 2.34 2.45 Vv
On-Resistance (IN - OUT)

V|N = 12V, |OUT = 3A, TJ =+25°C 13.2 17
On-Resistance Ron Vin = 3.3V to 23V, lour = 3A, 25 mQ
T, =-40°C to +125°C

Enable/Under-Voltage Lockout (EN/UVLO)

Vuvio R Rising 1.19 1.21 1.23
EN/UVLO Pin Voltage Threshold = \%

Vuvio F Falling 1.085 1.105 1.125
EN/UVLO Pin Falling Threshold for Lowest
Shutdown Current Veo.r 0.4 0.74 v
EN/UVLO Leakage Current lenLka -0.3 0.3 pA
Output Supply (OUT)

OUT Supply On-State Quiescent Current la_on_our OUT sourcing, Ven > Vuvio r 190 400 MA
OUT Supply Off-State Current lo_orr_ o _our |y SOUrEING: Veo r < Vex < 60 150 uA
UVLO R
OUT Supply Shutdown Current Isp_our OUT sourcing, Ven < Vsp F 10 30 MA

Over-Voltage Lockout (OVLO)
Vov r Rising 1.19 1.21 1.23 \
OVLO Pin Voltage Threshold =
Vov r Falling 1.085 1.105 1.125 \
OVLO Leakage Current lovike Vovio =0V to 5V -0.1 0.1 MA
Over-Current Protection (OUT)
Rium = 2.43kQ 1.83 2.04 2.25 A
Over-Current Threshold ILim Rium = 1.62kQ 2.76 3.01 3.26 A
Rium = 604Q 7.35 7.9 8.45 A
ILIM pin open 0.19 A
Circuit-Breaker Threshold InFauLT
ILIM pin shorted to GND 14 1.9 A
Adjustable Fast-Trip Comparator Threshold laFT ILIM ratio 200 %
Fixed Fast-Trip Comparator Threshold == 25 A
VOUT Threshold to Exit Current Limit Foldback Vrs 1.40 1.93 2.35 \
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

ELECTRICAL CHARACTERISTICS (continued)

(TJ =-40°C to +125°C, ViNn = 12V, OuUT = open, Venwvio = 2V, Vovio = 0V, Rum = 5360, SS = open, ITIMER
open, nFAULT = open for SGM25470AR, RCBCTRL = open for SGM25470CR. Typical values are at T,

open, SPGD =
+25°C, unless

otherwise noted.)

PARAMETER | symeoL | CONDITIONS | min | TYP | mAX | uUNITS
Over-Current Fault Timer (ITIMER)
ITIMER Internal Pull-Up Voltage VNt 2.6 2.7 2.8 \Y
ITIMER Internal Pull-Up Resistance Rimimer 16.5 kQ
ITIMER Discharge Current, loyr > Ium liriver 1.3 1.96 2.6 MA
ITIMER Discharge Differential Voltage Threshold AViriver 1.45 1.58 1.71 \Y
Output Load Current Monitor (ILIM)
lour = 1A, lout < lum 111 127 143 MA/A
Analog Load Current Monitor Gain Gimon Imon:lout
lour = 3A to 8A, lour < lum 124 135 145 MA/A
Reverse Current Blocking (IN - OUT)
IN - OUT Forward Regulation Voltage Vewp lour = 10mA 0.15 6.5 15 mV
Vin - Vour Threshold for Fast BFET Turn-Off VRrevtH Enter reverse current blocking -45 -29 -15 mV
Vin - Vour Threshold for Fast BFET Turn-On VewoTH Exit reverse current blocking 60 98 135 mV
Rever.se Leakgge Current during Reverse Current RevLke 7 0.1 uA
Blocking Condition
Supply Good Indication (SPGD)
Vin > 3.3V, and strong pull-up 400 mV
SPGD Low Voltage Vsrop Zi,“l.fuﬁ'?’v' EN < Vso_r, weak 525 900 mv
Vin < 3.3V, EN < Vgp f, strong 650 900 mv
pull-up
SPGD High Leakage Current IspepLKG -3 3 MA
Fault Indication (nFAULT) or Reverse Current Blocking Control (RCBCTRL)
nFAULT Leakage Current InFAULTLKG -1 1 HA
nFAULT Pin Internal Pull-Down Resistance RnrauLt 13.8 Q
RCBCTRL Internal Pull-Up Current IrcBCTRL 5.6 MA
RCBCTRL Logic Detection Threshold Vi pomoree i 115 12 v
V\L_reseTRL 0.97 1.01 1.05 Vv
Over-Temperature Protection (OTP)
Thermal Shutdown Temperature Tso T, rising 155 °C
Thermal Shutdown Hysteresis Thys T, falling 20 °C
Slew Rate Control (SS)
SS Charging Current lss | 68 | | A
€ PP G Nicro Corp MAY 2026
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

TIMING REQUIREMENTS

(Typical values are at T; = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Over-Voltage Lockout Response Time tovio Vowio > Vov r to Vour] 1.2 us
Current Limit Response Time tum 1gUIToZT1§e2t;i;thgthLMSEARoefxlmed 250 us
Scalable Fast-Trip Response Time tsc lout > 3 % I to lout] 700 ns
Fixed Fast-Trip Response Time ter lout > Irer to lout) 600 ns
Auto-Retry Interval after Fault trsT 90 ms
OVLO Fast Recovery Response Time tswov Vowio < Vov f to Vour? 90 us
Reverse Current Blocking Recovery Time tswres Vin - Vout > Veworh to Vourt 50 us
R_everse Current Blocking Comparator Response t Vourt - Vin > 1.3 x Vgeyry to BFET 15 s
Time ReB off H

Supply Good Assertion De-Glitch tspepa 14 us
Supply Good De-Assertion De-Glitch tspeoD 14 us

NOTE: 1. Guaranteed by design.

SWITCHING CHARACTERISTICS

Over the entire normal operating voltage range, the output voltage’s rise rate is fixed internally to ensure that the load conditions
do not influence the start-up sequence. Adding capacitance between the SS pin and GND can change the OUT rising slope. A
larger Css value will reduce the slew rate (SR) of the output voltage. For further details on inrush current suppression (via the SS
pin) and slew rate control, refer to the relevant sections.

(RL = Open, Cout1 = 1uF, Cout2 = 0.1yF, typical values are at T, = +25°C, unless otherwise noted.)

PARAMETER SYMBOL Vin Css = Open Css = 3.3nF Css = 6.8nF UNITS

3.3V 0.33 0.42 0.52

Turn-On Delay to on 12v 0.34 0.46 0.57 ms
23V 0.35 1.07 1.91
3.3v 13.20 2.31 1.20

Output Rising Slew Rate SRon 12V 44.44 2.15 1.07 V/ms
23V 63.89 2.16 1.07
3.3V 0.25 1.43 2.75

Rise Time tr 12V 0.27 5.57 11.25 ms
23V 0.36 10.65 21.52
3.3V 1.34 3.9 6.32

Turn-On Time ton 12V 1.48 7.88 14.45 ms
23V 1.52 12.49 24.21
3.3V 8.12 8.12 8.12

Turn-Off Delay to_orr 12V 4.78 4.78 4.78 us
23V 3.14 3.14 3.14
3.3V

Fall Time tr 12v Depends on Rour and Cour us
23V
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SGM25470

23V, 8A Electronic Fuse with

Bi

-directional Power Delivery

BLOCK DIAGRAM

A Temp Sense &
O Over-Temperature — TSD
6.5mV Protection
BFET HFET 0
IN [} Y1 Ly [ ] out
* ] ElE' INRUSH_DONE
&
d) 6.8uA
» []ss
9
+ nUVP
275v 4 | N >
2.34V y 135uA/A
OVLO [ ] -
[] 21 nOVLO
1.105Vy sC - 2x
+
EN/UVLO [ | nUVLO
L] 1.21v 4
1.105Vy © Control Logic oc - 1%
+ ] ILIM
- Short
> SD Detect
— I+
0.74Vy ILIM Pin Short
SD in Shol
e >{r  na
RETRY 2.7V
RETRY 112w
16.5kQ
90ms
TSD FAULT
ILIM Pin Short D s Q TIMER ] ITMER
ITIMER_EXPIRED
Current Limt | |
ITIMER_ EXPIRCD Amplifier o
SPGD [ 1.960A
\_CE INRUSH | DONE ] GND
f nOVLO =
SGM25470AR
nFAULT

Figure 1. SGM25470AR Block Diagram
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SGM25470

23V, 8A Electronic Fuse with

Bi-directional Power Delivery

BLOCK DIAGRAM (continued)

Temp Sense & Over-
Temperature —» TSD
6.5mV Protection
BFET HFET 3
IN L] IYI 1¥1 { ] ouTt
[ ] INRUSH_DONE
CP !
Eb =
() 6-8uA
> []ss
+ nuUVP
275v 4 | <
2.34V y 135uA/A
OVLO [j—' nOVLO
121v4 |
1.105Vy
sc -2
+
EN/UVLO [} nUVLO
1.21v 4
1.105V§ - Control Logic oc T 1x
+ []m
- SD Short
_l+ Detect
0.74V y . |
ILIM Pin Short
[ ] RCBCTRL
SD 2.7V
nUVP nQ
RETRY§> R 112V ¥y
REIRY 16.5kQ
. [~
FLT [ 9oms [ ] ITMER
ILIM Pin sTr%Er)tD S Q TIMER ITIMER_EXPIRED ‘
Current Limit [ |
o oc
Amplifier
SPGD [ }—‘ 1.96pA
\_CE INRUSH_DONE ] GND
nUVLO
f nOVLO =
- SGM25470CR

Figure 2. SGM25470CR Block Diagram
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23V, 8A Electronic Fuse with

SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS

Ty = +25°C, unless otherwise noted.

On-Resistance vs. Temperature
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IN Supply Off-State Current vs. Temperature
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C,

18
15

12

OUT Supply Shutdown Current (uA)
©

unless otherwise noted.

OUT Supply Shutdown Current vs. Temperature
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, unless otherwise noted.

Over-Current Threshold vs. ILIM Resistor RCB - Forward Regulation Voltage vs. Temperature
10 —~ 10
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23V, 8A Electronic Fuse with

SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, unless otherwise noted.

OUT Leakage Current during Off-State Reverse Current Blocking vs.
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, unless otherwise noted.
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, unless otherwise noted.
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23V, 8A Electronic Fuse with
SGM25470 Bi-directional Power Delivery

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, unless otherwise noted.
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23V, 8A Electronic Fuse with

SGM25470 Bi-directional Power Delivery
DETAILED DESCRIPTION
Overview device for under-voltage protection. In addition, the

SGM25470 is an eFuse with internal integration of
back-to-back FETs (BFET + HFET). It ensures the
safety of the power delivery system due to its rich
features. When the V) is greater than Vyye g, the
device starts to sample the voltage of the EN/UVLO pin
(VEN/UVLO)- If VEN/UVLO exceeds VUVLO_Ra BFET and HFET
start to operate, and current can flow from the input to
the output. When the V\y is less than Vyyp ¢ Or Venuvio
< Vyvio r, both BFET and HFET are turned off to
realize the reverse current blocking.

After device start-up, the SGM25470 will monitor the
V\y and forward current (from IN to OUT). By controlling
HFET, the load current cannot exceed the set current
limit threshold (I v), and over-voltage spikes are cut-off
if they exceed the user-adjustable over-voltage lockout
threshold (Voyo)- The fast-trip response of the device
can provide rapid protection against serious
over-current during short-circuit of OUT pin, so as to
prevent the system from being damaged by harmful
voltage and current. In addition, the device also
provides a user-adjustable over-current blanking timer
to allow short-time over-current in the power path
without tripping the device frequently. Therefore,
SGM25470 not only provides complete protection
functions, but also ensures the maximum system
uptime during transient events.

The device incorporates a built-in reverse current
blocking FET (BFET) that functions similarly to an ideal
diode. During forward conduction, the BFET is linearly
controlled to sustain a low and stable forward voltage
drop (Vrwp). When the output voltage rises above the
input voltage, the BFET is fully turned off to prevent
reverse current flow. SGM25470CR is equipped with
external control pin (RCBCTRL) which is used to
disable the reverse current blocking function, thereby
enabling bidirectional current flow. This feature is
crucial for applications such as USB on-the-go (OTG)
or dual-role ports (DRP), where dynamic role switching
between power supply and load needs to be achieved.

There is an integrated thermal sensor to protect itself
when the device temperature exceeds the Tgp.

Under-Voltage Lockout (UVLO and UVP)

The SGM25470 implements under-voltage protection
at IN pin to prevent IN voltage from being too low for
normal operation of system and equipment. A fixed
locking threshold voltage (Vyvp) is provided inside the

comparator on the EN/UVLO terminal can be used to
set the user-adjustable under-voltage protection
threshold through the external resistor divider. Figure 3
and Equation 1 show how to set the specific value of
under-voltage protection threshold using an external
resistor divider.

Vi = (1)
IN_UV R,
Vsys © * IN
.
EN/UVLO
SGM25470
R: S
GND
N

Figure 3. Adjustable Under-Voltage Lockout

Over-Voltage Lockout (OVLO)

The SGM25470 implements over-voltage lockout at
OVLO pin to prevent IN voltage from being too high for
normal operation of system and equipment. The
comparator on the OVLO pin is used to set the
user-adjustable over-voltage protection threshold
through the external resistor divider. If the voltage of
OVLO pin exceeds the Voyio g, the device will shut
down the power path. When the voltage of OVLO pin is
lower than the Voyi o f, the power path will be reopened
with inrush control. There is a hysteresis between the
rising threshold and falling threshold of OVLO. The
Equation 2 and Figure 4 show how to set the specific
value of over-voltage protection threshold using an
external resistor divider.

Voo % (R, +R,)

VlN_ov =L R2 (2)
Vsys © 4 IN
2
OVLO
SGM25470
R:<
GND
N

Figure 4. Adjustable Over-Voltage Lockout
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

During recovery from an OVLO (over-voltage lockout)
event, the SGM25470 employs a unique startup
strategy that bypasses the conventional soft-start (SS)
inrush current control mechanism. This design
approach enables the system to initiate operation with

current limit characteristics, achieving dual benefits:
significantly reduced turn-on time and effective
mitigation of power supply voltage dips during transient
conditions.

Over-Voltage Event Over-Voltage Removed
IN ——
oV
Vovio PVEO-R -+
OVLO  ~
ov
- = tovio
- tswon <
ouT — —
Current Limited Start-up /%
ov
nFAULT VirauLT
SGM25470AR
oV
Vspep
SPGD
ov

Figure 5. Over-Voltage Lockout and Recovery

Inrush Current, Over-Current, and

Short-Circuit Protection

SGM25470 adopts four levels of forward over-current

protection function:

+ Programmable slew rate (SR) for inrush current
protection.

¢ Programmable current limit threshold (I ) for
over-current in steady state or start-up.

¢+ Programmable threshold (Isc) for severe
over-current in steady state or start-up.

+  Fixed Ig7 for fast-trip function when short-circuit of
OUT occurs.

Slew Rate (SR) and Inrush Current Protection

When hot-plug or system charging large capacitive load
occurs, a large inrush current is generated in the
equipment power path. The input connector may be
damaged or the input power rail voltage may drop,

which affects the normal operation and even restarts
other equipment in the system.

For a given Cqur, the relationship between the slew
rate (SR) and inrush current (lnrusq) IS shown in
Equation 3.

SR (V/mS) — IINRUSH (mA)

Cour (UF)
The slew rate can be controlled by connecting a
capacitor at the SS pin to reduce inrush current. For a
given slew rate, the corresponding Css can be
calculated by Equation 4. When the SS pin is left
floating, the fastest output slew rate can be obtained.

_ 6800
SR (V/ms)

NOTE: For Css > 10nF, a 100Q resistor is recommended to
be in series with the Css on the SS pin.

©)

Cgs (PF) (4)
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

Current Limit

When an output over-current condition occurs, the
device actively limits the current after the blanking timer
expires. If the load current exceeds the overcurrent
threshold (I ) but remains below the short-circuit
threshold (2 x I wm or Ige7), the device discharges the
Cimimer Voltage at the ITIMER pin using an internal
1.98pA sink current source. If the load current drops
below the over-current threshold before the Cirver
voltage has decreased by AV wer, the ITIMER pin is
internally pulled high to Vi1, and current limiting is not
triggered. If the overcurrent condition persists after the
Cimimer Voltage has dropped by AViwer, the device
regulates the HFET to clamp the current at the
overcurrent threshold. Additionally, this clamping is
subject to a power limitation: when the product of the
input-output voltage differential (Vv - Vout) and the loyr
exceeds the typical 55W threshold (i.e., (Vi - Vour) %
lout > 55W), the clamping IOUT is reduced to maintain
the total power at 55W (TYP) ITIMER pin is then
recharged to V|yt, resetting its state before the next
overcurrent event to ensure full blanking time for
subsequent occurrences. This mechanism provides
overcurrent protection while allowing transient current
pulses to pass through the power path. For a given

Transient Over-Current Persistent Output Overload

over-current threshold, the value of the R,y resistor
(Equation 5) can be calculated to configure the current
limit.

3960

RILIM(Q) = W (5)

NOTES:

1. The SGM25470 is limited by 2 x Iym for the ITIMER
duration.

2. Leave the ILIM pin floating to set the over-current threshold
near zero, and the device can hardly be loaded.

3. The current limit circuit implements the fold-back
mechanism. In the fold-back region (OV < Vour < Vrs), the
current limit threshold (Ium) is smaller than the current limit
threshold under steady state.

4. When the ILIM is short to the GND under normal
operations, it will be detected as a fault case. There is a
minimum I,eaut Which the device allows in this case before
the pin short condition is detected.

The blanking time can be adjusted by changing the
capacitance connected to the ITIMER pin. Over-current
blanking time can be calculated by Equation 6.

AVirver (V)X Ciryer (NF)
lrver (HA)

tITIMER (ms) =

(6)

Overload Removed ITIMER Expired

leer ITIMER Expired Persistent Output Overldad Thermal Shutdown
2w tum —» - N tim
lour h Current Limit »
Operation - Curren? Limit
Operation
0A
l D (1 — trver
ITIMER Vier —
AViTiver
ov
VIN - — R
N
ouT ov
VarauLt
nFAULT
SGM25470AR
ov
T !
* Thys
Ty I

T, —

Figure 6. Current Limit Response
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

NOTES:

1. Leaving the ITIMER pin floating or short to GND sets the
minimum over-current blanking time. But it is not
recommended to leave ITIMER pin short to GND, because it
increases the current consumption of the device.

2. The active current limit set by Rium is still valid during
start-up, which ensures that the load current does not exceed
lum during start-up. However, there is no over-current
blanking time in the start-up process.

3. Increasing Cimimer can increase the over-current blanking

time, but it also increases the time for Citiver to charge to Vinr.

If the next over-current case occurs before the Ciriver is fully
charged to the VN, the current blanking time of this event will
be shorter than intended.

During the activation of current limiting, the output
voltage will drop. This is because the field-effect
transistor (HFET) will consume more power. If the
internal temperature of the device exceeds the limit

Transient Severe
Current

Persistent Severe Over-Current

temperature (Tgsp), this field-effect transistor will be
turned off. The device will automatically restart after a
certain time interval.

Short-Circuit Protection

When a serious over-current event similar to a
short-circuit event occurs, the SGM25470 triggers a
fast-trip response to prevent the system from being
damaged by excessive current flowing through the
device.

For the SGM25470AR and SGM25470CR, the fast-trip
comparator with scalable threshold (Isc = 2 x I y) is
adopted inside the device, which allows users to
program the fast-trip threshold in low current system. A
fixed fast-trip threshold is also set inside the device for
fast protection against hard short-circuit events in
steady state. It is recommended that the fixed fast-trip
threshold be greater than the maximum value of the
scalable fast-trip threshold.

Output Hard Short-Circuit to Ground

Thermal Shutfown Thermal Shutdown
Over-Current Removed Short-Circuit Removed
Vin A \ _Retry Timer Elapsed, __Retry Timer Elapsed
IN
0 i
It —ie—tsc —nie—tsc —e—ter
2 xlum
lour lum S—— :
o ] — /i — W/ i —
VIN
ouT .
0 V—/Clgent Limit Start-up /Q@ L SS Limit Start-up
VnFAULT
nFAULT
SGM25470AR N |
T —trsT — —tRsT—>
SD S, Ty S
T
| Sl L R P N
Figure 7. Short-Circuit Response
Load Current Monitor Output o (A) = Vi (HY) 7)
. . . ouT -
The device provides an analog current sensing output Rium (Q) x Gyyoy (MA/A)

proportional to the load current at the ILIM pin, which
enables the device to monitor the load current (from IN
to OUT). The user can calculate the load current
through the voltage of the ILIM pin connected to the
Rium- The relationship between V, y and loyt is shown
in Equation 7.

NOTE: ILIM pin is sensitive to capacitive loads. In order to
ensure the normal operation of the device, the parasitic
capacitance of the ILIM pin needs to be less than 50pF.
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

Reverse Current Protection

The SGM25470 operates in ideal diode mode,
preventing reverse current from flowing from the OUT
to IN terminals under all operating conditions. This
functionality is achieved through a common-source
topology integrating back-to-back MOSFETs. By
continuously monitoring the voltage drop between the
IN and OUT pins, the chip dynamically adjusts the
blocking FET (BFET)'s gate drive voltage, enabling
precise regulation of the forward conduction voltage
(Vrwp)- The closed-loop linear ORing control scheme
ensures smooth MOSFET turn-off during reverse
current events while maintaining near-zero DC reverse
current.

To address transient reverse currents, the device
incorporates a traditional comparator-based reverse

RCB Fast Comparator Response

BFET Fast Disable (RCB Entry)

blocking mechanism (Vgeyth), which provides a
nanosecond-level response time (trcg). Upon detecting
a reverse current condition, the device holds the
blocking state until the forward voltage differential (V| -
Vout) exceeds the preset threshold (Vrwprh), at which
point it triggers a rapid recovery process (tswrcg) to
restore full forward conduction. This hysteresis
mechanism suppresses interference from supply noise
or ripple in the reverse protection circuit.

The fast recovery capability significantly reduces
supply voltage droop, making the device ideal for
applications such as power multiplexing/ORing and
USB fast role swap (FRS), where quick transitions and
stable voltage delivery are critical.

BFET Operating State

—>

VFWD

IN ——pp}———out

BFET Fast Enable (RCB Exit)

Linear Oring Loop Response BFET Tumed Off | BFET Regulation | BFET Full Condition
Vin - Vour - >
Vievh ov Vewo Vewo
ViNn + 5V
Veate

Vin >

Iin 0A 0A Vewn/Ron

(Reverse) (Forward)

Figure 8. Reverse Current Blocking Response
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

The subsequent waveform demonstrates the reverse
current suppression capability across multiple
operating conditions.

Under rapid output voltage transitions (e.g., during
hot-swap event), the comparator-driven reverse
blocking strategy effectively suppresses voltage
fluctuations on the input terminal, minimizing spikes or
transient disturbances.

o 13}
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10.0 WO P Sp—— . g'-

- : <

V. = [¢]
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o

\Y <
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Ven f S
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o
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1 3
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,,,,,, | . =

Time (20ps/div)
Figure 9. Reverse Current Blocking Performance during
Fast Voltage Step at Output

The figure below illustrates the reverse current
prevention mechanism under slow output voltage
transitions. By employing a linear ORing topology, the
reverse blocking strategy minimizes steady-state
current leakage from OUT to IN, thereby inhibiting the
input supply voltage from asymptotically approaching
the output potential.

13}
.} N
— N
=N
<
/

VOUT eiormere e e LT
13}
<
Ving* a
<
N
Ven <
N
=}
<
N
o
i S
In | g
=N
<

Time (100us/div)
Figure 10. Reverse Current Blocking Performance during
Slow Voltage Ramp at Output

During a gradual voltage ramp-up at the output, the
linear-ORing-based reverse blocking mechanism
suppresses DC current flow from output to input to
near-zero levels, thereby preventing the input rail from
gradually charging toward the output voltage and
maintaining stable input voltage regulation.

When the input supply voltage droops or becomes
disconnected while the output storage element (bulk
capacitor or super capacitor) is fully charged, the
linear-ORing-based scheme suppresses reverse
self-discharge currents from the output (OUT) to the
input (IN). This maximizes the hold-up time of the
storage element in critical power-backup applications
by maintaining its energy capacity. Additionally, the
mechanism prevents erroneous supply presence
indications in systems that rely on input voltage sensing
to detect active power connections, thereby ensuring
reliable system operation during backup modes.

VIN

()]
S
[} 3
N
Vour i 2
=y
3
N
VSPGD S
Q.
S

A

Time (50ps/div)
Figure 11. Reverse Current Blocking Performance during
Input Supply Failure

The reverse current blocking functionality in
SGM25470CR device variants is configurable through
the RCBCTRL pin interface. Under steady-state
conditions, the reverse current suppression mechanism
remains active when the control pin is either held at a
high logic level or maintained in a floating state,
whereas applying a low voltage to this pin deactivates
the reverse current protection circuitry.

Over-Temperature Protection (OTP)

The SGM25470 always monitors the temperature (T,)
of the internal die. Once the internal temperature
exceeds the Tgp, the device shuts down immediately.
The SGM25470 will not turn on until the internal
temperature is lower than a safe threshold (Tsp - Thys).
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

When SGM25470 triggers the thermal shutdown, it
remains in the shutdown state until the internal
temperature of the equipment drops by Tys. After that,
it will retry to turn on automatically after a trst delay
time if the device is still enabled.

Table 2. Fault Summary

Table 1. Thermal Shutdown

Device Enter Tsp Exit Tsp
Ty <Tsp - Thys, Vin < Vuve F,
SGM25470xR | T2 Tsp or Ve < Vsp F, OF trst timer expired

Fault Response and Indication (nFAULT)
Table 2 shows the protection response of equipment
under different fault conditions. The SGM25470AR
provides an active-low external fault flag pin.

Event Protection Response | Fault Latched Internally | nFAULT Pin Status ! | nFAULT Assertion Delay "
Over-Temperature Shutdown Y L
Under-Voltage
(UVP or UVLO) Shutdown N H
Over-Voltage Shutdown N H
Transient Over-Current
(lum < lout <2 % Iym or leer
for duration less than None N H
timimer)
Continuous Over-Current .
Condition Current Limit N L trimer
o Current Limit Function
Output Port Short-Circuited After Circuit Breaker N H
to GND S
Activation
ILIM Pin Open lour (TYP) > 100mA
(During Steady State) Shutdown N L Shutdown
ILIM Pin Shorted to GND Shutdown Y L
Reverse Current .
(Vour - Vin > Veevin) Reverse Current Blocking N L

NOTE: 1. SGM25470AR only.

A latched fault can be cleared by power cycling (pulling
Vin to 0V) or re-enable (pulling EN/UVLO pin below
Vgp). This will also reset the trst in SGM25470. It is
worth mentioning for the SGM25470AR, pulling down
EN/UVLO below the UVLO threshold cannot clear the
latched fault. The SGM25470 will retry automatically
after the trst timer expiring when a fault has occurred.

Input Supply Good Indication (SPGD)

The SGM25470 provides an active-high open-drain
output (SPGD) as a supply valid status indication to the
downstream load or system supervisor. SPGD is
asserted when the IN voltage is in a proper range
(UVP/UVLO < V)y < OVLO) and the inrush sequence of
the device is completed. SPGD pin needs to be pulled
up to an external power supply. For the
SGM25470AR/SGM25470CR, SPGD is an active-high
output.

Upon power-up, the SPGD pin is initially de-asserted,
and the device initiates an inrush current control
sequence by gradually turning on the high-side FET
(HFET). Once the FET gate voltage reaches full
overdrive, signifying completion of the inrush sequence
and readiness to deliver full power, the SPGD pin is
asserted. Thereafter, this pin remains asserted unless
the input supply voltage falls below the UVP/UVLO
threshold or exceeds the OVLO threshold; load-side
events or faults have no influence on its de-assertion.
The pin serves dual purposes: it controls the auxiliary
channel in a priority power multiplexer (MUX)
configuration when two SGM25470 devices are
interconnected, and it indicates supply validity to
downstream loads or system supervisors as a status
signal.
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

DETAILED DESCRIPTION (continued)

Device Enabled

Overload Event
Over-Current Blanking Time
Overload Romoved

EN/UVLO Vuvo r

Slew Rate (SS) Controlled
Startup/Inrush Current Limit

Active Current Limit

ov R —
IN ov
V
out "
ov
V
SPGD SPGD
ov
Vin
SS
ov R —
Vour + 2.8V
Vueate
ov E—

— trmer—>

I
lour

/

liNRUSH

0A —— J

Figure 12. SPGD Timing

Table 3. SGM25470 SPGD Indication

When SGM25470 is unpowered, the SPGD pin

Event/Condition SPGD Pin remains in a low state but lacks an active pull-down to
Supply Brownout (UVP) L ensure it reaches 0V. If the pin is connected to an
Shutdown L independent supply via a pull-up resistor even when
(Ve < Vsp) unpowered, a small voltage may appear depending on
Under-Voltage (UVLO) L its sink current, which is determined by the pull-up
Over-Voltage (OVLO) L voltage and resistor values. To ensure the voltage stays
Inrush L below logic-high thresholds for external circuits (thus
Steady State H .av0|d|n.g gnlntended shytdown of the au>l(|I|ary c.hgnr]el
in a priority power multiplexer configuration), minimize
Over-Current H the sink current to keep the SPGD signal undetectable
Short-Circuit H as an active high in this condition.
ILIM Pin Open H Device Functional Modes
ILIM Pin Shorted to GND H Table 4. SGM25470CR Reverse Current Blocking
Operation
R C t (Vour - Vin > ing i
everse li;l’en (Vour - Vin H RCBCTRL Pin Connection Reverse Current Blocking in
REVTH) Steady-State
Over-Temperature H Low Disabled
Open or High Enabled
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

APPLICATION INFORMATION

The SGM25470 is a 3.3V to 23V, 8A electronic fuse
(eFuse) designed to protect power rails across a wide
range of applications. Operating within the 3.3V to 23V
voltage range, it provides programmable over-voltage
and under-voltage protection while controlling inrush
current. Additionally, it incorporates an ideal diode

conditions. This device is commonly deployed in
systems such as adapter/charger input protection, USB
PD protection for smartphones, tablets, PCs,
notebooks, monitors, docks, servers, and
motherboards, as well as enterprise storage solutions
(RAID, HBA, SAN, eSSD) and power multiplexing

function to safeguard against reverse current (ORing) systems.
Single Device, Self-Controlled
3.3V to 23V
Vin IN ouT T o Vour
Cour
EN/UVLO ITIMER —_| 1
VDD R CITIMER
OVLO SGM25470AR ILIM |-
- SPGD GND
° nFAULT SS ]
CSS —_
3.3V to 23V
Vin IN ouT _L o Vour
ICOUT
EN/UVLO ITIMER —_| L
v R Cirver
%DD OVLO SGM25470CR ILIM |-
N— - SPGD GND
° RCBCTRL SS ]
C

Figure 13. Single Device, Self-Controlled

Other variations:

In a system where the MCU is the host, the EN/UVLO
or OVLO pin of the device can be driven by the GPIO of
the host to realize the control of the device. The ILIM

pin can be used as an ADC input to the MCU for current
monitoring.

NOTE: To ensure stable operation, the parasitic capacitance
on the ILIM pin should remain below 50pF.
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23V, 8A Electronic Fuse with
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APPLICATION INFORMATION (continued)

Typical Application

Modern smartphones integrate USB on-the-go (OTG)
functionality, allowing their USB ports to serve dual
purposes, both charging the device and enabling it to
act as a USB host to power accessories such as
headphones, USB drives, and other peripherals. Some
smartphones also support wireless charging with
power-sharing capabilities, allowing wireless power
delivery to other devices. The SGM25470CR can
function as a bidirectional power switch in these
applications, as shown in Figure 15.

When an external charger is connected to the USB port,
the SGM25470CR establishes a conductive path from
the IN pin to the OUT pin, enabling the battery charger
IC to simultaneously charge the battery and power the
system load. The device further integrates over-voltage

(OVP) and over-current (OCP) protection to safeguard
the power path under fault conditions.

In another use case, when an accessory like
headphones is connected to the USB port, the phone’s
MCU detects this and switches the battery charger to
OTG boost mode. This enables power delivery from the
battery to the USB port. The MCU simultaneously pulls
down the RCBCTRL pin to reverse the SGM25470CR’s
conduction path (OUT to IN), enabling a
low-impedance power path capable of high-power
output to the connected accessory.

Similarly, the SGM25470CR facilitates controlled
bidirectional power flow in wireless charging and
power-sharing subsystems, ensuring reliable power
distribution in both directions.

5V to 20V
Vin ‘ T ‘ IN ouT T Vaus SYS —=System Load
f Caus Cour PMID
1 l EN/UVLO ITIMER l SGM41511
C\T\MER BAT
v R
r OVLO SGM25470CR ILIM |- T
- SPGD GND
RCBCTRL ss —|
Css=
System MCU
Wireless
Charge T IN ouTt LC
OuT
l EN/UVLO ITIMER l
V R C\T\MER
g ovLOo SGM25470CR ILIM [
- SPGD GND
RCBCTRL ss —|
Css=
Figure 14. Smartphone Power Path Example
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SGM25470
APPLICATION INFORMATION (continued)
5 8V to20v | "
D1* LCBUS
vs2200 | 110“': EN/UVLO
Vioaic OVLO SGM25470CR
— SPGD
- RCBCTRL

Vour
out Cout L VBus SYS |——System Load
47uF
ITIMER L SGM41511

Rium l Cimiver BAT

7500 2.2nF
ILIM =

L
GND
ss |
Css™=
4000pF

*: The selection of optional transient protection components is dependent on the input/output inductance values in the circuit

design. Consult the Transient Protection section for further details.

Figure 15. Design Example of USB OTG Port Protection

Design Requirements
Table 5. Design Parameters

PARAMETER VALUE
Charging Bus Voltage (Vin) 20V
Over-Voltage Protec(té?]r;a I:I'hreshold (Vin_ov) during 29V
ging
Maximum Continuous Charging Current 5A
Load Transient Blanking Interval (triver) during Charging 2ms
Output Capacitance (Cour) 47uF
Output Rise Time (tr) 12ms
Over-Current Threshold (I.u) during Charging 5.5A

Detailed Design Procedure

Setting Over-Voltage Threshold

The supply over-voltage threshold is determined by
resistors Ry and R,, the resistance values of which can
be calculated using the formula below:

R, +R
:VOV_RX 1R 2 (8)
2

VlN_ov

The OVLO rising threshold Voy g is defined by resistors
R; and R,. Since these resistors draw leakage current
Ik = Vin !/ (Ry + Ry) from the input supply V|, their
values must be selected based on the allowable
leakage current. Leakage currents from external active
components connected to the resistor divider chain can
introduce calculation errors. To mitigate this issue, the
Ir current should be set to at least 20 times the
maximum leakage current at the OVLO pin (typically
0.1pA).

Based on the design requirements, Viy oy = 22V.
According to Ry = 470kQ and the formula, R, = 27.11kQ,
Selecting the nearest available standard 1% resistor
values, we get Ry = 470kQ, R, = 26.7kQ.

Setting Output Voltage Rise Time (tg)

To ensure a successful design, the device's junction
temperature must remain below its absolute maximum
rating during both dynamic (start-up) and steady-state
conditions. Dynamic power stresses are often an order
of magnitude higher than static power stresses,
necessitating the determination of appropriate start-up
time and inrush current limits required to accommodate
the system capacitance and prevent thermal shutdown
during the initial phase.

To determine the necessary slew rate (SR) for the
target output rise time, use the equation below:

Vin (V) _ 20(V)
tz(ms) 12(ms)

SR(V/ms)= =1.67(Vims)  (9)

The Css needed to meet the specified slew rate
requirement can be derived from the equation below:

6800

- ~ 6800
SR(V/ms)

= = 4071(pF)

C.. (pF Rt
s (P 1.67

(10)

Select the closest standard capacitor value of 4000pF.

The inrush current corresponding to this slew rate is
determined by the following equation:

hwsn (MA) = SR(V/Ms) x Coyr (HF) = 1.67V/ms x 47uF = 79mA
(1)
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APPLICATION INFORMATION (continued)

The average power dissipation inside the part during
inrush can be calculated as:

Vin (V) _ 20 _
5 =0079x7-=08(W)(12)

PDfINRUSH (W) = IINRUSH (A)X

Based on the calculated power dissipation, the
corresponding thermal shutdown time must be higher
than the output rise time. Time to Thermal Shutdown vs.
Power Dissipation shows that for 0.8W, the device
thermal shutdown time is greater than 10s, which is
much larger than the output rise time (12ms). Therefore,
setting the output rise time to 12ms has no negative
impact on device security.

Setting Over-Current Threshold (ILIM)

The over-current protection threshold is determined by
the R resistor, whose value is calculated using the
following equation:

Setting Over-Current Blanking Interval (tmver)

The Civer capacitor determines the over-current
blanking interval; its required value is calculated as
following equation:

Ciriver (nF) =1.24 xtryer (ms) (14)

Active ORing

A conventional redundant power supply arrangement is
depicted in Figure 16. Schottky ORing diodes have
historically been employed to parallelize multiple power
inputs, such as wall adapters coupled with batteries or
hold-up capacitors. A notable limitation of this approach
lies in the significant voltage loss across diodes and the
resultant energy dissipation. The SGM25470,
incorporating integrated, ultra-low resistance
back-to-back MOSFETs, delivers an optimized and
low-loss solution. Figure 16 below illustrates the active

ORing architecture realized with SGM25470AR
R ()= 3960 3960 —755(Q .
ILIM( )_ 0972 0972 ( ) (13) devices.
L (A) 5.5(A)
Choose nearest 1% standard resistor value as 750Q.
Vi Vinz Vint IN ouT L Vour
> ] Hot Swap Protecti Cour
> ot Swap Protection |:> oo TIMER l
v R CIT\MER
e ENUVLO  SGM25470AR ILIM | A
SPGD GND
SPGD73Y8<L
nFAULT SS |—|
Css=
Vinz IN ouT
ovLO ITIMER
VL05|C R CIT\MER
EnUVLo  SGM25470AR ILIM [ WA
SPGD GND
nFAULT SS —|
Css=
Figure 16. Two Devices, Active ORing Configuration
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APPLICATION INFORMATION (continued)

The SGM25470's linear ORing mechanism prevents
reverse current flow between power sources during
rapid or gradual voltage transitions of either input
supply.

The subsequent waveform demonstrates the active
ORing behavior under sequential ramp-up of the supply
rails.

When input voltages (V\y1 and Viy2) reach equilibrium,
the internal MOSFET in each channel operates in
forward-conduction mode, sourcing load current.
During this steady-state phase, current distribution
between the two rails depends on the voltage
differential across each device’s conduction path.

Beyond power ORing, the device continuously guards
against system-level risks, including over-voltage
events, excessive inrush current, overloads, and
short-circuit faults.

NOTE: ORing supports both symmetric and asymmetric
voltage configurations between rails. For setups with
mismatched voltages, the SS pin’s capacitor value must be
sized according to the higher supply voltage. Detailed
guidelines can be found in the RECOMMENDED
OPERATING CONDITIONS section.

Priority Power MUXing

Dual-power systems such as PCle cards, tablets, and
portable battery equipment often require prioritization of
one energy source over another. For instance, mains
supply (wall adapter) typically has higher priority than
internal battery backup. The SGM25470 enables
seamless transition to backup power exclusively when
the main input voltage drops below a defined threshold,
offering a streamlined solution for prioritized power
selection needs.

Figure 17 illustrates a typical priority power multiplexing
implementation using SGM25470 devices. Under
normal operation where the primary input (V1)

remains within its valid voltage range (not in UV/OV
condition), the primary path device continuously
delivers power to the output bus. The auxiliary path’s
OVLO pin is forced to a high state via the SPGD signal
from the primary device, thereby disabling the auxiliary
path device regardless of the auxiliary supply voltage
(Vin2) relative to Viy1. Once the primary supply voltage
enters a UV/OV fault state, the primary device ceases
asserting the SPGD signal, triggering the auxiliary path
device to enable instantaneously. The auxiliary device
then assumes power delivery by bypassing
conventional soft-start constraints, enabling rapid
output resumption within the tsywoy timeframe through a
fast-recovery mechanism. When the primary supply is
restored, the primary path gradually resumes full
operation at a predefined slew rate while reasserting
the SPGD signal to high, which forces the auxiliary path
into shutdown. This design ensures a smooth transition
from the auxiliary supply to the primary source,
minimizing output voltage droop and fully eliminating
shoot-through currents during the handover process.

A critical design criterion in power multiplexing systems
is the minimum voltage droop experienced by the
output bus during supply transitions. This droop
magnitude is determined by three key parameters:
output load current (loap), output bus hold-up
capacitance (Coyr), and the switchover time (tsw). The
minimum achievable bus voltage when switching from
the primary (V\n1) to the auxiliary supply (Vin2) can be
calculated using Equation 15. This calculation uses the
switchover time (tsw), which is defined as the fast
over-voltage lockout recovery time (tswov) required for
the SGM25470 to fully activate its auxiliary path and
begin supplying the load.

l.onp (A
VOUTiMIN (V):min(vlmvvmz)_tsw (“S)XT((“F)) (15)
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APPLICATION INFORMATION (continued)

During the transition from the auxiliary supply (Vn2) to
the primary supply V\y¢, the minimum achievable bus

VOUTiMIN (V) = min(V

voltage is determined by Equation 16. In this case, the

maximum switchover time (tsw) corresponds to the
RCB recovery time (tswrcs), Which is contingent on the
initial condition where V\4 is equal to or lower than (V|y2)

prior to the switch.

IN1>

V

IN2 ) - VFWDTH (V) - tSWRCB (“S) x

lLoap (A)
Cour (PF)
(16)

The SPGD pin can be configured as a digital output
signal to identify the active power supply path and
indicate which supply is powering the load.

o Vour

Ving o IN ouT _L
Cour
EN/UVLO ITIMER :_[
V R CITIMER
toee OVLO SGM25470AR ILIM A
o % — nFAULT GND
IN1 Supply Active © SPGD SS —]
Css =
Ving © IN ouT
EN/UVLO ITIMER
V R CITIMER
toge | L SGM25470AR ILIM A
g‘% oVLO
o NFAULT GND
IN2 Supply Active © SPGD SS —
CSS —_

Figure 17. Priority Power MUXing with 2 x SGM25470AR (a)
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APPLICATION INFORMATION (continued)

This configuration offers the most compact priority
power multiplexer (MUX) architecture, incorporating
dual-channel active current limit protection and
over-voltage protection on the primary supply path,
while delivering the fastest switchover time from
primary to auxiliary supply. However, this comes at a
small trade-off: the auxiliary path incurs an increased
quiescent current when the primary supply is active.
Additionally, the design minimizes external component
count, yet sacrifices OVP on the auxiliary path, as this
protection is bypassed in favor of reduced external
elements.

The subsequent waveforms depict the operational
characteristics of the SGM25470AR in a priority power
multiplexer  (MUX)  configuration. To  enable
over-voltage protection on both supply channels, an
alternative circuit topology is implemented as shown in
Figure 18. This design incorporates an additional
N-channel MOSFET to trigger the OVLO pin of the
auxiliary path device, thereby activating its over-voltage
lockout mechanism. Crucially, the switchover time
remains consistent with the base configuration,
ensuring reliable and rapid load transfer without
compromising system performance.

Vit o IN ouT _L o Vour
Cour
EN/UVLO ITIMER :_l:
vV R CITIMER
roete OVLO SGM25470AR ILIM e
o % — nFAULT GND
IN1 Supply Active © SPGD SS —]
Css =
Vinz o ' IN ouT
J EN/UVLO ITIMER
J R CITIMER
Viosi OovVLO SGM25470AR ILIM WA
° nFAULT GND
IN2 Supply Active © SPGD SS _‘
CSS —_
Figure 18. Priority Power MUXing with 2 x SGM25470AR (b)
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APPLICATION INFORMATION (continued)

A modified configuration is proposed to minimize
quiescent current on the auxiliary channel when the
primary supply is active. This is achieved by
incorporating an additional N-channel MOSFET to
regulate the EN/UVLO pin of the auxiliary path device,
as illustrated in Figure 19. However, this design

introduces a trade-off: while the quiescent current is
reduced, the switchover delay from primary to auxiliary
supply increases compared to the baseline
configuration. The delay arises from the added
component’s activation sequence, though it preserves
system reliability during load transitions.

Vine o IN ouT _L o Vour
Cour
EN/UVLO ITIMER ﬁ :_l:
V R CITIMER
roee OVLO SGM25470AR ILIM [
° - nFAULT GND
IN1 Supply Active © SPGD SS —
Css =
Vinz o IN ouT
EN/UVLO ITIMER
J R CITIMER
Vioske OvLO SGM25470AR ILIM [
o 1 - nFAULT GND
IN2 Supply Active © SPGD SS _’
Css =

Figure 19. Priority Power MUXing with 2 x SGM25470AR (c)

The minimum acceptable bus voltage during a
transition from a higher to a lower supply rail is given by
Equation 17. The switchover time (tswrcg) in this
equation is the duration required for the device to exit
its reverse current blocking state, thereby defining the
latency before the auxiliary power path becomes active.

oo (A)
Cour (HF)
(17)

Equation 18 can be used to determine the minimum
acceptable bus voltage during a transition from a lower
to a higher supply rail. The switchover time (tsy) in this
context is defined as the total time required for the
device to achieve full conduction, which is equivalent to
its turn-on time (ton). This ton is the sum of the turn-on

VOUTiMIN (V) = min (V|N1 > Vinz ) ~Vewoth (V) —tswres (“S) x

delay (tp on) and the rise time (tz), both of which are set
by the slope compensation capacitor (Css) and the bus
voltage.

) | A
VOUTiMIN (V) = mln(\/IN1’\/IN2 ) —tsw (“S)X% (18)

NOTE:

For power multiplexing scenarios with asymmetric voltage
pairs (e.g., when channels operate at significantly different
voltages), it is critical to design the EN/OVLO pins of
lower-voltage channel devices to ensure their absolute
maximum ratings are not exceeded by voltages from the
opposing channel. Additionally, the SS pin’s capacitor rating
must be selected based on the higher supply voltage of the
two rails to maintain compatibility across all operating
conditions. Refer to RECOMMENDED OPERATING
CONDITIONS for detailed specifications.
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APPLICATION INFORMATION (continued)

Parallel Operation

For applications requiring higher steady-state currents,
multiple SGM25470 devices can be connected in
parallel (refer to Figure 20). In this configuration, the
first device initially activates to regulate the inrush
current, while the second device remains inactive by
having its EN/UVLO pin held low via the SPGD signal
from the first device. Once the inrush phase completes,
the first device drives its SPGD pin high to enable the

second device. The second device then asserts its

SPGD signal once it achieves full conduction, signaling

the system that the parallel setup is ready to deliver
maximum steady-state current. During steady-state
operation, current sharing between the devices occurs
nearly equally. However, minor current imbalances may
arise due to part-to-part variations in Roy (on-state

resistance) or mismatches in PCB trace resistance.

Vint o IN ouT i o Vour
Cour
EN/UVLO ITIMER l
V R CITIMER
roer é OVLO SGM25470AR ILIM |
° - nFAULT GND
SPGD SS —|
Ces=
IN ouT
EN/UVLO ITIMER
R Citimer
Viosic SGM25470AR ILIM WA
OVLO
nFAULT GND
To Downstream Enable SPGD SS —]
Css=
Figure 20. Enhanced Steady-State Current via Two-Device Parallel Architecture
The waveforms below demonstrate the parallel configuration behavior (during start-up and steady state).
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APPLICATION INFORMATION (continued)
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Figure 21. Power-Up Figure 22. Over-Voltage Protection
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Figure 25. Wake up into Short Protection Figure 26. Power-Up in OTG Mode
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APPLICATION INFORMATION (continued)
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Figure 27. Active ORing Response Figure 28. Active ORing Response
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Figure 31. Parallel Devices Sequencing Figure 32. Parallel Devices Load Current
during Start-Up during Steady State
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APPLICATION INFORMATION (continued)

USB PD Port Protection

End devices such as PCs, notebooks, docking stations,
and monitors support USB power delivery (PD) ports
configurable as a DFP (Source), UFP (Sink), or DRP
(Source/Sink). The SGM25470 can serve as a fully
integrated power path management solution for USB
PD ports, as illustrated in Figure 33.

SGM25470 integrates all essential protection features
required for USB power path management, including
over-voltage, over-current, and short-circuit protection,
along with real-time monitoring and control circuits. The
device's linear ORing mechanism ensures no reverse
current flows between power sources during voltage
transitions of either supply, whether rapid or gradual.

Vpp_Hv =5V to 20V

? IN ouT o
OVLO ITIMER

- Rium
ENUVLO SGM25470AR ILIM
SPGD GND
nFAULT SS |—

Css=
VBUS =5V to 20V
USB o _L
PD Controller
5V
VBUS PP_5V

Figure 33. USB PD Port Protection

Power Supply Recommendations

The SGM25470 operates within a 3.3V to 23V supply
voltage range for both input (V) and output (Voyr) rails.
A ceramic bypass capacitor > 0.1uF is mandatory when
the input supply is positioned more than several inches
from the device. The power supply must support
currents exceeding the programmed over-current limit
to prevent voltage dips during short-circuit or
over-current events.

Transient Protection

During short-circuit events or when the output current
exceeds the programmed overload threshold, the
device interrupts current flow. The input inductance
generates a positive voltage spike across its terminals,
while the output inductance produces a negative spike
across its terminals. The peak amplitude of these
voltage transients is directly proportional to the series
inductance in the input/output paths. If unmitigated,
such transients may exceed the device’s absolute
maximum ratings, risking permanent damage.
Common mitigation strategies include:
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APPLICATION INFORMATION (continued)

® Reducing lead lengths and inductance in both input
and output paths to minimize energy storage during
current interruption.

® |mplementing a solid ground plane on the PCB to
provide a low-impedance return path, reducing noise
coupling.

® Connecting a reverse-biased Schottky diode
between the OUT pin and ground to clamp negative
voltage transients.

® Placing a low-ESR capacitor (> 1uF) at the output
pin in close proximity to the device to dissipate
energy and stabilize the output voltage.

® Adding a low-value ceramic capacitor (e.g., 1uF) on
the input side to absorb transient energy and
dampen inductive ringing. Ensure its voltage rating is
at least twice the input supply voltage to withstand
positive voltage excursions during transients.

The approximate value of input capacitance can be
calculated using the following Equation 19:

The key parameters are defined as follows:

® Vn: The nominal input supply voltage

® | oap: The steady-state or operating current drawn by
the load circuit

® | \: represents the effective inductance observed at
the power source side parasitic inductance in the
current path

® C\: Capacitor at the input end

In certain applications, a transient voltage suppressor
(TVS) may be required to ensure transient voltages do
not exceed the device’s absolute maximum ratings.
Even when transient amplitudes remain below these
ratings, a TVS can absorb excess energy to prevent
rapid voltage spikes on the IC’s input supply pin. Such
spikes might otherwise couple into internal control
circuits, leading to unintended operational anomalies.

For applications like USB-C ports with powered cables
connected to the device’s output, voltage stress from
OUT to IN can exceed the device’s absolute maximum

Vepie ass = Vin +loan x(l':i (19) ratings. To mitigate this risk, a TVS diode should be
IN added between OUT and IN to clamp the voltage within
safe limits. Figure 34 illustrates this protective circuit
configuration, including optional components.
32V - e X Vour
L L
D1 IC.N R D2 I
EN/UVLO ITIMER —_l — L
Ro R = Cimimer
OVLO SGM25470AR ILIM |- Ar
Rs
— SPGD GND
nFAULT SS _”_0
Css_:_

Figure 34. Modular Circuit with Optional TVS Protection Blocks

Output Short-Circuit Measurements
Short-circuit test results are inherently variable and
difficult to replicate. Key influencing factors include:

® Power source routing
® |nput lead characteristics
e PCB layout parasitic

® Component selection
® Short-circuit implementation method
® Short-circuit proximity to power nodes

Waveforms will not perfectly align with datasheet
examples, as every test environment introduces unique
parasitic effects and configuration dependencies.
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SGM25470

23V, 8A Electronic Fuse with
Bi-directional Power Delivery

APPLICATION INFORMATION (continued)

Layout

Layout Guidelines

For all applications, a ceramic decoupling capacitor of
at least 0.1uF must be placed between the IN and GND
terminals. High-current power paths require the
shortest possible trace lengths with cross-sectional
areas rated for double the full-load current. The IC’s
GND pin must connect directly to the PCB ground
plane via the shortest trace to ensure minimal
impedance. The PCB ground must form a continuous
solid copper plane or localized island to maintain low
impedance. A dedicated isolated ground plane is
required for eFuse circuitry, which must exclude
high-current paths and provide a noise-free reference
solely for critical analog signals involved in eFuse
operation. The device ground shall connect to the
system power ground through a star-point topology to
reduce interference and eliminate ground loops.

The IN and OUT pads are designed for heat dissipation.

To maximize thermal performance, connect them to
large-area copper regions on both the top and bottom
PCB layers via thermal vias. Strategically placing vias
beneath the device minimizes voltage gradients across
the IN and OUT pads and ensures uniform current
distribution through the component. These measures
are critical to achieving optimal on-resistance and
precise current-sense accuracy.

e Component Grounding: Connect the unused
terminal of the component to the device’s GND pin
via the shortest practicable trace to minimize
parasitic inductance.

® Signal Integrity for Critical Nodes: Route traces for
the Rium, Cimiver, and Css components to the device
with minimal length, ensuring the shortest possible

path to reduce parasitic inductance and capacitance.
This maintains accuracy in current-limiting,
over-current timing, and soft-start stability.

ILIM Pin Capacitance Control: Keep parasitic
capacitance on the ILIM pin below 50pF to prevent
oscillations or erroneous triggering, ensuring stable
over-current protection.

Switching Signal Isolation: All traces must avoid
coupling with high-frequency switching signals
elsewhere on the PCB to prevent cross-talk and
interference.

ILIM Node Isolation: The ILIM pin’s bias current
directly  determines  over-current  protection
thresholds. Route the ILIM node away from
switching noise sources (e.g., high-speed traces,
inductive loads) to prevent signal interference.
Protection components (TVS diodes, snubbers,
capacitors, or diodes) must be placed physically
adjacent to the device they protect to reduce
parasitic inductance.

All protection component traces must be kept as
short as possible to minimize inductive effects.

A Schottky diode is required to clamp negative
voltage transients caused by inductive load
switching, and must be directly connected to the
OUT pin.

A ceramic decoupling capacitor (= 1uF) must be
placed between the OUT pin and GND. This
capacitor must be positioned within 2mm of the OUT
pin to optimize decoupling performance.

The loop area formed by the Schottky diode, bypass
capacitor, OUT pin, and IC’s GND terminal must be
minimized to reduce electromagnetic interference
(EMI).
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

WLCSP-2.5%1.79-12L
| D | 4 xloare
T \
PIN 1# 4/. L | —] D
L ‘ 4L D 4 x[0.45]
E _ 4+ — |
i I
i D] 4x0.20-
- L—A 4 x[1.06]
8 x0.50
TOP VIEW RECOMMENDED LAND PATTERN (Unit: mm)
T—»mzﬁf x e2
T8 ] LA,
* 5 | | [ ]| 4xe3
A TQ ] i ,,,,, H— Sl
A1 [~ ]ecc[C] [ ‘ L
SEATING PLANE D \ D] 4xp
SIDE VIEW axpr] ‘ ‘
8 x b2 8 x b3 et
BOTTOM VIEW
Dimensions In Millimeters
Symbol
MIN NOM MAX
A - - 0.376
A1 0.070 - 0.100
D 2.470 - 2.530
1.760 - 1.820
b 0.185 - 0.215
b1 0.235 - 0.265
b2 0.185 - 0.215
b3 0.485 - 0.515
e 0.675 BSC
el 0.225 BSC
e2 0.476 BSC
el 0.450 BSC
e4 1.060 BSC
cce 0.050
NOTE: This drawing is subject to change without notice.
@ SG Micro Corp TX00505.000

sGmicRO WWW.sg-micro.com



PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

o

TAPE DIMENSIONS

D e
o %
¥ a1l @2 a1l Q2 (YY) ‘ |
N B0 -
Q3 Q4 Q3 Q4 Q3 Q4 \
—
Reel Diameter \
il P1 ——A0— »—KOL
Reel Width (W1) -
m=mup DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Package Tvoe Reel Reem"dth A0 | BO | KO | PO | P1 P2 w Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
WLCSP-2.5x1.79-12L 7" 9.5 1.97 2.72 0.47 4.0 4.0 2.0 8.0 Q2
€ Y 56 Micro Corp TX10000.000
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

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

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(enr:r?]t)h ‘?TITI\(::\’)] '}Ir?:?nr;t Pizza/Carton
7" (Option) 368 227 224 8
[=]
[=]
7" 442 410 224 18 g
€ Y 56 Micro Corp TX20000.000
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