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SGMICRO

SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

GENERAL DESCRIPTION

The SGM2537 family is a compact electronic fuse
(eFuse) with circuit protection functions, which can be
used as a solution to power management. The FET
hot-swap device is also highly integrated in a small
package. With very few external components, the
SGM2537 can provide multiple protection modes. To
encounter overloads, voltage surges, short-circuits and
high inrush current, the device is suitable as a robust
defense.

A single external resistor can be used to set the output
current limit, and after detecting the voltage drop
across the resistor, it is possible to monitor the load
current accurately. Also, a single external capacitor is
enough to set the output slew rate for applications with
particular inrush current requirements. Using internal
clamping circuits alone can quickly limit over-voltage
events to a fixed maximum value within a safe range.

The SGM2537 is available in a Green TDFN-2x2-8AL
package.

SELECTABLE MODEL

FEATURES

¢ [nput Voltage: 2.7V to 18V, Surge up to 20V
® Low On-Resistance: 35mQ (TYP)

® Output Clamp Response Time: 5us (TYP)

® Programmable Current Limit: 0.5A to 4A

® *7.5% Current Limit Accuracy

® Load Current Monitor Output

® Quick Output Discharge (SGM2537-xRD)

® Programmable Soft-Start Time (SS)

e Over-Temperature Protection (OTP)

e Fault Flag (hnFAULT Pin)

e Available in a Green TDFN-2x2-8AL Package

APPLICATIONS

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

Printers

White Goods

Digital TVs

Quick Output

Model Output Clamp Voltage (V) Thermal Shutdown Enable Discharge
SGM2537-3.8L 3.8 Latch-Off High -
SGM2537-3.8R 3.8 Auto-Retry High -

SGM2537-3.8RD 3.8 Auto-Retry High Yes
SGM2537-5.7L 5.7 Latch-Off High -
SGM2537-5.7R 5.7 Auto-Retry High -

SGM2537-5.7RD 5.7 Auto-Retry High Yes
SGM2537-13.7L 13.7 Latch-Off High -

SGM2537-13.7R 13.7 Auto-Retry High -

SGM2537-UL Unavailability Latch-Off High -
SGM2537-UR Unavailability Auto-Retry High -
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4A, 35mQ eFuse with Selectable

SGM2537 Over-Voltage Clamping Function
PACKAGE/ORDERING INFORMATION
MODEL PACKAGE TE?II??E??I};ITI'ESRE ORDERING PACKAGE PACKING
DESCRIPTION RANGE NUMBER MARKING OPTION
SGM2537-3.8L | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-3.8LXTDE8G/TR %8& Tape and Reel, 3000
SGM2537-3.8R | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-3.8RXTDE8G/TR X(;(EXSX Tape and Reel, 3000
SGM2537-3.8RD | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-3.8RDXTDE8G/TR )&J)?x Tape and Reel, 3000
SGM2537-5.7L | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-5.7LXTDE8G/TR X(;(E)?X Tape and Reel, 3000
SGM2537-5.7R | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-5.7RXTDE8G/TR X(;(EX7X Tape and Reel, 3000
SGM2537-5.7RD | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-5.7RDXTDE8G/TR X(;&J)'(I'X Tape and Reel, 3000
SGM2537-13.7L | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-13.7LXTDE8G/TR X(;(E)?X Tape and Reel, 3000
SGM2537-13.7R | TDFN-2x2-8AL | -40°C to +125°C | SGM2537-13.7RXTDE8G/TR X(;(C;JX Tape and Reel, 3000
SGM2537-UL TDFN-2x2-8AL | -40°C to +125°C SGM2537-ULXTDE8SG/TR )?)%V(\;( Tape and Reel, 3000
SGM2537-UR TDFN-2x2-8AL | -40°C to +125°C SGM2537-URXTDE8G/TR X(;(E)?X Tape and Reel, 3000

MARKING INFORMATION
NOTE: XXXX = Date Code, Trace Code and Vendor Code.

Y Y Y— Serial Number
XXXX

T— Vendor Code
Trace Code
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

ABSOLUTE MAXIMUM RATINGS
Pin Voltage Range

IN L -0.3V to 20V

OUT e -0.3Vto Vin + 0.3V

ENJUVLO ..ot -0.3Vto 7V

NEAULT ... -0.3Vto 7V
Output Voltage Pulse (< 1US), VOUT PLS «cveerereerveerenenn >-1.2V
QOD Pin Voltage (SGM2537-xRD), Vaop............ -0.3Vto 7V
SS Pin Voltage, Vss ..ocooiiiiiieiiiee et 5V
NFAULT Pin Sink Current, [nFAULT ccveeveieeieiieeeeeeeeeeenn, 10mA
Maximum Continuous Switch Current......... Internally Limited
Package Thermal Resistance

TDFN-2%2-8AL, BA...eeecreiiiieeiiiiiee e 78°C/W
Junction Temperature..........ccccccceevccviiieeee e +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccuveeeeeeennnns +260°C
ESD Susceptibility
HBM ...t 4000V
CDM s 1000V

RECOMMENDED OPERATING CONDITIONS
Pin Voltage Range

IN e 2.7Vto18v ™"
OUT e OV to Vin + 0.3V
ENJUVLO oo oV to 6V @
NFAULT (SGM2537-XX) ... 0V to 6V
QOD (SGM2537-XRD) ......oeereereeeeeeeerereereseenees 0V to 6V
Continuous Output Current
Ty =-40°C t0 +125°C, IMAX c+eneeeeeieeeieeeeeeeeeee e 4A
Ty = -40°C 10 +105°C, IMAX «veevreerreeereeereeereerresereeseesereens 5A ©)

Resistance of ILIM Pin (Limiting Output Current), Rum .........
....................................................................... 487Q to 5000Q

SS Capacitor Value, Css......ceeeeeeeiiiiiiiiiiieeeeiiieeee. > 3300pF
SS Pin Capacitor Voltage Rating, Vss ....ccccoovcvveveiiienenns > 5V
Operating Junction Temperature, T,............ -40°C to +125°C
NOTES:

1. It is recommended to limit the nominal input voltage
according to the output clamp voltage.

2. When supply voltages are below 6V, the EN/UVLO and IN
pins can be connected directly. When supply voltages exceed
6V, a suitable resistor divider should be used from IN,
EN/UVLO to GND pin. This resistor is used to guarantee that
the EN/UVLO pin voltage is within the set limits.

3. Guaranteed by design, not by tests at production.

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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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

PIN CONFIGURATIONS

SGM2537-xx (TOP VIEW)

SGM2537-xRD (TOP VIEW)

_____ ® @
SS| 14 T i 8 | GND §s| 1 T 1 8 | GND
ENJUVLO | 2 | P7 ] m ENAUVLO [ 2} 7 | ium
GND GND
IN[ 3! i 6 | nFAULT IN[3] ! 6 [QoD
IN[at i | 5 |out N2} b {5 |out
TDFN-2x2-8AL TDFN-2x2-8AL
PIN NAME TYPE FUNCTION
1 Ss Analog 1/0 Soft-Start P|r_1. C_onnectlng a gapacnor to GND can set the output turn-on slew
rate. Float this pin for the maximum slope of turn on slew rate.
Enable and Under-Voltage Lockout Input. Active-high logic-enable for the
2 EN/UVLO Analog Input device. Use a resistor divider to set programmable under-voltage lockout
threshold. Do not float this pin.
3,4 IN Power Input Supply Voltage.
5 ouT Power Output of the Device.
Alert Open-Drain Output Pin. SGM2537-xx Only. When detecting a fault, this
nFAULT fault event indicator will be pulled low. An external RpuLL-ur is needed for this
6 Digital Output | open-drain output.
QoD Quick Output Discharge Pin. SGM2537-xRD Only. Tied to OUT directly or
through external resistor.
Current Limit Programming Pin. Use this dual function pin for limiting and
7 ILIM Analog /0 monitoring the output current. Connecting this pin to GND can set the output
9 current limit. It is also possible to monitor the load current with this pin voltage.
Do not float this pin.
8 GND Ground Ground.
Exggzed GND Thermal/Ground | Connect to GND.
€ PP G Nicro Corp NOVEMBER 2023
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

ELECTRICAL CHARACTERISTICS

(Ty = -40°C to +125°C, Vin = 12V for SGM2537-13.7x/SGM2537-Ux, Vin = 5V for SGM2537-5.7x/5.7RD, Vin = 3.3V for
SGM2537-3.8x/3.8RD, Ven = 5V, Rium = 1000Q, Css = Open, OUT = Open, typical values are at T, = +25°C, unless otherwise
noted.)

PARAMETER SYMBOL CONDITIONS | miN | TP | mAX | uNITs
Input Supply (IN)
Input Voltage Range Vin 27 18 \Y
Under-Voltage Protection Vin Rising 246 | 2.55 | 264
Threshold Voe o Falling 224 | 232 | 240 v
Supply Quiescent Current la Ven 2 Vuvio 148 220 MA
Vin € 5V 0.25
Supply Shutdown Current lsb Ven < 0.5V MA
5V < Vi < 18V 0.73 | 5.00
On-Resistance (IN - OUT)
T, = +25°C 35 mQ
Viy =5V to 18V T, =-40°C to +85°C 65 mQ
On-Resistance Rox T,=-40°C to +125°C 70 mQ
T, = +25°C 40 mQ
Vin = 2.7V to 5V T, = -40°C to +85°C 70 mQ
T, =-40°C to +125°C 80 mQ
Output Voltage Clamp (OUT)
SGM2537-3.8x/3.8RD 370 | 3.90 | 4.10 v
Over-Voltage Clamp Threshold Vove | SGM2537-5.7x/5.7RD \Fi'('jﬁiji;‘gm 553 | 572 | 590 v
SGM2537-13.7x 13.30 | 13.70 | 14.30 %
SGM2537-3.8x/3.8RD 340 | 360 | 3.80 %
Output Voltage while Clamping Vo | SGM2537-5.7x/5.7RD ?Qsi\ch; R 520 | 545 | 5.70 v
SGM2537-13.7x 13.00 | 13.60 | 14.10 Y%
. SGM2537-3.8x/5.7x/13.7x/ lour = 4A 5 Hs
Output Clamp Response Time tove 3 8RD/5.7RD oo = 100mA 10 o
Output Current Limit and Monitor (ILIM)
lour = 4A, T, = +25°C 253 | 280 | 308
lout = 4A, Ty = -40°C to +125°C @ 235 280 320
ILIM Pin Current Monitor Gain lour = 2A, T, = +25°C 255 272 293
(lumlour) o S 2A T, = 40°C 1o +125C O 2 | 22 | 28 | "0
lour = 1A, T, = +25°C 237 | 273 | 304
lour = 1A, T, = -40°C to +125°C " 220 | 273 310
Rium = 487Q, T, = +25°C 381 | 4.10 | 4.49
Rim = 487Q, T, = -40°C to +125°C @ 362 | 410 | 459
Rium = 1000Q, T, = +25°C 198 | 204 | 2.11
Rim = 10000, T, = -40°C to +125°C ¥ 183 | 204 | 219
lour Current Limit L Rium = 1780Q, T, = +25°C 1.08 | 1.16 | 1.28 A
Rum = 1780Q, T, = -40°C to +125°C ¥ 0.99 | 1.16 | 1.31
Rum = 4420Q, T, = +25°C 0.40 | 0.49 | 0.60
Rim = 44200, T, = -40°C to +125°C ¥ 0.35 | 049 | 062
Rium = Open 0
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

ELECTRICAL CHARACTERISTICS (continued)

(Ty = -40°C to +125°C, Vin = 12V for SGM2537-13.7x/SGM2537-Ux, Vin = 5V for SGM2537-5.7x/5.7RD, Vin = 3.3V for
SGM2537-3.8x/3.8RD, Ven = 5V, Rium = 1000Q, Css = Open, OUT = Open, typical values are at T, = +25°C, unless otherwise
noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNITS

A

Current Limit Response Time tum lout > lumir + 20% * lumir to lour < lumir 250 us

Short-Circuit Response Time tsc lout > lsc to lout < lumir 5 us

Enable/Under-Voltage Lockout (EN/UVLO)

EN/UVLO Leakage Current len Ven =5V -2.5 2.5 MA
Vuvio r | Ven rising 1.13 1.20 1.27

Under-Voltage Lockout Threshold = \Y
Vuvio r | Venfalling 1.03 1.10 1.17

Fault Indication (nFAULT) (SGM2537-xx)

nFAULT Resistance RnrauLt nFAULT |, Isnk = TmA, test Viraulr 13 Q

nFAULT Leakage Current lnFauLT Ven = 2V, Viraut = 6V -2 2.5 uA

Quick Output Discharge (QOD) (SGM2537-xRD)

IN connected to EN, OUT connected to QOD,

QOD Effective Resistance Raop EN | to 1V 15 Q
Over-Temperature Protection (OTP)
Thermal Shutdown Temperature Tsp T, rising 155 °C
Thermal Shutdown Hysteresis Thvs T, falling 15 °C
2.7V <Vn=<3.3V 72 ms
m::\rlr;?l Shutdown Auto-Retry trso. Rer iﬁjMTZJSS?SXDR-/);'}:YDS: enabled 3.3V < Vi <5V 85 ms
5V < V<18V 110 ms
NOTES:
1. Takes the values based on 4aG.
2. Guaranteed by design, not by tests at production.
SWITCHING CHARACTERISTICS
(Rout = 100Q, Cout = 1uF, typical values are at T, = +25°C, unless otherwise noted.)
PARAMETER SYMBOL CONDITIONS Css = Open Css = 3300pF UNITS
Vin = 3.3V 30 10
Output Rising Slew Rate SRon Vin =5V 40 10 Vims
Vin =12V 85 10
Vin = 3.3V 125 180
Turn-On Delay to_on Vin =5V 130 202 us
Vin =12V 130 280
Vin = 3.3V 88 270
Rise Time tr Vin =5V 100 390 us
Vin =12V 112 925
Vin = 3.3V 10.5 10.5
Turn-Off Delay to_orF Vin =5V 9.6 9.6 us
Vin =12V 6.5 6.3
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM2537

4A,

35mQ eFuse with Selectable

Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, Vin = 12V, Rium = 487Q), unless otherwise noted.
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SGM2537

4A, 35mQ eFuse with Selectable

Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, Vin = 12V, Rium = 487Q, Cour = 1uF, unless otherwise noted.
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta = +25°C, Rium = 487Q, Cour = 1uF, nFAULT= 3.3V through 10kQ, unless otherwise noted.
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4A, 35mQ eFuse with Selectable
SGM2537 Over-Voltage Clamping Function

FUNCTIONAL BLOCK DIAGRAM

IN [+ 141 A []OUT
+
g " Charge Current
UvP ovC Pump lel.t & —1ILIM
Monitor
EN/UVLO [ Control Logic
(1SS
UvVLO nFAULT @
Over-Temperature s+ TJGND
Protection N
NOTES:
1. SGM2537-Ux does not include this block.
2. For SGM2537-xRD, this pin is QOD.
Figure 1. Block Diagram
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

DETAILED DESCRIPTION

Overview

SGM2537 is an integrated eFuse, which ensures the
safety of the power delivery system due to its rich
features. The device has many user- or factory-adjustable
settings to suit the needs of different application
scenarios. The device can be used to protect
downstream equipment from input voltage fluctuations
and over-current events, while a thermal shutdown
mechanism is integrated to protect the device itself
during fault conditions.

Under-Voltage Protection (UVP) and
Under-Voltage Lockout (UVLO)

SGM2537 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 (Vyyp) is provided inside the device
for under-voltage protection. During start-up, if the V|y
voltage exceeds Vyypr), the device turns on the FET.
During the on-process, if the VIN voltage is lower than
VuvrE) the device shuts down the FET. There is a
hysteresis between the rising threshold and falling
threshold of UVP.

For the SGM2537, the UVLO comparator on the
EN/UVLO pin can be used to set the user-adjustable
under-voltage lockout threshold through the external
resistance voltage divider. Figure 2 shows how to set
the specific value of under-voltage lockout threshold
using an external resistance voltage divider. There is a
hysteresis between the rising threshold and falling
threshold of UVLO.

Vivio X (R +R;)

VsupeLy = ~ R, (1)
Vin © IN
.
< EN/UVLO
Re S SGM2537
GND

Figure 2. Under-Voltage Lockout

Over-Voltage Protection

The SGM2537-3.8x/3.8RD, SGM2537-5.7x/5.7RD and
SGM2537-13.7x devices provide the over-voltage clamp
(OVC) function which continuously monitors the input
voltage and ensures the output clamp voltage to V¢ ame
level within a very short time toyc once the input voltage
exceeds the over-voltage clamp threshold Voyc.

When the input voltage falls below the over-voltage
clamp threshold Vg, the clamp will release the output
voltage, which can protect the safety of output device,
and continuous output clamping condition usually
results in thermal shutdown as shown in Figure 3. Once
the junction temperature exceeds +155°C, the power
MOSFET will be turned off by the thermal shutdown
circuitry. For SGM2537-xL, if the power supply or
EN/UVLO is reset (pulled low and then pulled up), the
device tries to turn on the power MOSFET again. For
SGM2537-xR/xRD, the device is designed with an
auto-retry cycle after device temperature drops by Tyys
and an additional delay of trsp rst. Unless the fault is
removed, the auto-retry cycle will be continued.

Vuwo
EN
oV Input Auto-Restart Input
Over-Voltage with Input Over-Voltage
Event Over-Voltage Removed
IN
ov ;
- * tove
Veave i
ouT 1 e
ov
VnFAULT
nFAULT - [« trsp RrsT
ov
TSD
THYS
T, P
N \
T

Figure 3. SGM2537-xR/xRD Over-Voltage Clamp
Response (Auto-Retry)

As is shown in SELECTABLE MODEL, multiple device
options apply to different clamping voltage thresholds.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

DETAILED DESCRIPTION (continued)

Inrush Current, Over-Current and
Short-Circuit Protections

SGM2537 adopts three levels of forward over-current
protection function:

1. Adjustable slew rate (SS) for inrush current protection.

2. Adjust threshold (ILIM) for over-current in steady state
or start-up.

3. Adjust threshold (lsc) for severe over-current such as
hard short-circuits in steady state or start-up.

Slew Rate and Inrush Current Control (SS)
When hot plugging or system charging large capacitive
load occurs, the equipment power path will generate a
large inrush current. The inrush current is proportional
to the load capacitance and the output voltage slew
rate. For a given load capacitance Coyr, the
relationship between the slew rate (SRon) and inrush
current (livrusn) is shown in Equation 2.

Inrusn(MA)

SR =G ) @)

The slew rate can be controlled by connecting a
capacitor at the SS pin to lower inrush current. For a
given slew rate, the corresponding Css can be
calculated by Equation 3.

33000

Css(PF) = SR (V/ms) (3)

Active Current Limit
The device will actively monitor the load current in both
start-up and normal mode. When the load current rises
to the over-current threshold It set by Rywm, the
device adjusts the FET to restrict the load current to
lumit in the time of t u. When the load current falls
below the current limit, the device exits the current limit.
Given a desired current limit I, the value of Ry can
be calculated from Equation 4.

1998

Rim = m 4)

During the active current limit, there is more power
dissipation on the device because the output voltage

drops. If the internal temperature (T,) of the device
exceeds the thermal shutdown threshold (Tgp), the FET
will be turned off, and the device will either be latched
off (SGM2537-xL) or restarted automatically after a
certain time interval (SGM2537-xR/xRD) as shown in
the OTP section.

Auto- Retry
(Short
Removed)

Auto- Retry

Soft Short on VOUT into Short

lour

lonair

0A

VN —
ouT v
oV et i tum

VarauLt

nFAULT - |etrsp rst - [+trsp_Rst

ov

Tsp

Thys
i =
T, — \
Figure 4. SGM2537-xR/xRD Over-Current Response
(Auto-Retry)

Vuwo

EN
ov Soft Short on VOUT
Manual
Short Restart

Removed (Device

! Re-enabled)
ouT

lonair

0A

V\N -
ouTt
ov i - tum

VarauLt

nFAULT
ov

Tso
Thvs

T
T, —

Figure 5. SGM2537-xL Over-Current Response
(Latch-Off)
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

DETAILED DESCRIPTION (continued)

Short-Circuit Protection
When a serious over-current event similar to a
short-circuit event occurs, the SGM2537 triggers a
fast-trip response and limits the current to It in order
to prevent the system from being damaged by
excessive current flowing through the device. When the
current falls below the current limit I w1, the device
exits the current limit. If the fault persists, the device
continues to operate in the current limit mode, causing
the internal temperature of the device to rise until the
thermal shutdown. Thereafter, the device will either be
latched off (SGM2537-xL) or restarted automatically
after a certain time interval (SGM2537-xR/xRD) as

Table 1. SGM2537 Thermal Shutdown

Device Enter Tsp Exit Tsp
T, < Tsp, device power
SGM2537-xL (Latch-Off) T,2Tsp cycled or re-enabled
(with EN/UVLO pin)
SGM2537-xR/xRD T,>T TJ < TSD - THys, tTSDiRST
(Auto-Retry) J=sp timer expired

nFault Indication (nFAULT)

Table 2 shows the protection response of equipment
under different fault conditions. The SGM2537 provides
an active-low external fault indication pin.

Table 2. SGM2537 Fault Summary

. . . nFAULT
shown in the OTP section. Event/Fault Protection Response Indication
v Over-Temperature Shutdown Yes
EN/UVLO
g Output Voltage Clamp (OVC)
EN Over-Voltage | g\ 12537-3.8x/5.7x/13.7x Only) No
ov Hard Short on VOUT .
ard Short on Short Removed Under-Voltage Shutdown (UVP or UVLO) No
Over-Current Current Limit No
oot 1 Short-Circuit Current Limit No
oA ILIM Pin Open Shutdown No
ILIM Pin Short Shutdown (lout > Icg) Yes
(lour > Ics)
Vi — A latched fault can be cleared by power cycling (pulling
out V)n to OV) or re-enable.
ov
e Quick Output Discharge (QOD)
VnFAULT

nFAULT
ov

T

T

Figure 6. SGM2537 Short-Circuit Response

Over-Temperature Protection (OTP)

The SGM2537 always monitors the temperature (T,) of
the internal die. Once the internal temperature exceeds
the thermal shutdown threshold (Tgp), the device shuts
down immediately. When SGM2537-xL triggers the
thermal shutdown, it still remains in the shutdown state
unless the equipment is power cycled or re-enabled.
When SGM2537-xR/XRD triggers the thermal shutdown,
it remains in the shutdown state until the internal
temperature of the equipment drops by Thys. After that, it
will retry to turn on automatically after a trst delay time if
it is still enabled. See Table 1.

Some applications require the output capacitor to be
discharged quickly when the eFuse is turned off, so that
downstream devices will not take unexpected actions
due to slow discharge of the output capacitor.
SGM2537-xRD internally integrates the Quick Output
Discharge function, which can be enabled by
connecting the OUT pin to the QOD pin. The QOD pin
has an internal FET to provide a fast discharge path.
Initially the FET operates in the saturation region and
causes a constant current discharge in the output
capacitor. The FET then operates in the linear region,
where the output capacitor discharges through an
equivalent resistance.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

DETAILED DESCRIPTION (continued)

The QOD function of the chip can be equivalent to an
RC discharge circuit to simplify the analysis. Among
them, the discharge time of the output capacitor is the
same as the charging time of the output capacitor
under the same conditions. The discharge resistor
RQOD is the equivalent resistance of the FET when it is
used for discharge. It takes 5 times the time constant (1
= RxC) to discharge the capacitor voltage to 0.7% of
the initial value. For example, when the equivalent
QOD resistance is 15Q), the time required to discharge
a 100uF output capacitor from 5V to 35mV can be
calculated by Equation 5.

t =5x15Q x100uF =7.5ms (5)

Discharge

Device Functional Modes
The specific characteristics of the device depend on the
operation mode.

EN/UVLO and nFAULT Pins Functional Mode 1:
Single Device
Self-Controlled
In this operation mode, there is no external host. The
input power supply enables this device. The nFAULT
pin pulls up to an external power supply and can
optionally be monitored by an external host. See Figure
7.

VoeauLt
RorauLt
GPIOo nFAULT
Vin

IN SGM2537

Ry
EN/UVLO

R2

Figure 7. Single Device, Self-Controlled

Host-Controlled

In this operation mode, an external host can enable the
device via a GPIO driving the EN/UVLO pin. The
nFAULT pin pulls up to an external power supply and
can optionally be monitored by an external host. See
Figure 8.

Viraur
RnrauLt
GPIOo nFAULT
Vi
IN SGM2537

GPIOo»—— EN/UVLO

Figure 8. Single Device, Host-Controlled

EN/UVLO and nFAULT Pins Functional Mode 2:
Multiple Devices
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

DETAILED DESCRIPTION (continued)

Self-Controlled

In this operation mode, there is no host, so the devices
are all self-controlling. EN/UVLO, nFAULT pins of no
more than three devices are connected as shown in
Figure 9, so that one device can automatically disable
other devices when a fault event is detected.

VCC
SGM2537
EN/UVLO nFAULT
R4
R2 R2
R4
nFAULT EN/UVLO
SGM2537

vce
Figure 9. Multiple Devices, Self-Controlled

It should be noted that this connection method is only
suitable for the active high SGM2537-xR variants.

Figure 10 and Figure 11 are tested under the conditions
of Figure 9.

N

o

- S

| s

Vour1 [** <

s 5 3

\ |5
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VOUTZ 10,0 EEaEESs ——_ <
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G oy
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Figure 10. SGM2537-13.7R Self-Controlled Mode
Response with Overload Fault on OUT1 Followed by
Auto-Retry with Persistent Fault

ERe
10.0 =
=)
I S
Vour1 i <
10.0 p—— 8
\ <
L =R
Vourz 2
w00 3
<
<
Q.
.o <
Venz ?

H g
i1 Aot =
| S
3

,,,,,,,,

Time (20ms/div)

Figure 11. SGM2537-13.7R Self-Controlled Mode
Response with Overload on OUT1 Followed by Recovery

with Fault Removed

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

NOVEMBER 2023
20



SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

APPLICATION INFORMATION
Typical Application

V|N =2.7V to 18V

o

o IN i ouT R ~ VOCU)T

Poen® _L | 35mQ Lyl 3.3V Cour _L Riom
R § i 0.1uF l : | 1uF l 100Q
Mg SGM2537 Rs

R i 10kQ

EN/UVLO nFAULT
R, g ILIM SS GND
86.9kQ
ADC 0——9¢ GCss |

487Q

%7 RiLm ? 3.3nF

A\

NOTE: 1. Ciy is optional. A 0.1uF capacitor is recommended for transient suppression from the inductance of PCB routing or

input wiring.

Figure 12. Typical Application Schematic: Simple eFuse for Set-Top Boxes

Design Requirements
Table 3 shows the design requirements for the
SGM2537-13.7x.

Table 3. Design Parameters

Design Parameter Example Value

Input Voltage, Vin 12v
Under-Voltage Lockout Set Point, Vyy 4.3V
Over-Voltage Protection Set Point, Vov Default: Vove = 13.7V

Load at Start-Up, Ry(su) 4Q

Current Limit, luwr 3.7A

Load Capacitance, Cour 1uF

Maximum Ambient Temperatures, Ta +85°C

Programming the Current Limit Threshold: Ry, Selection
The over-current threshold can be set by the resistor
Rium connected to the ILIM pin, and its value can be
calculated by Equation 6:
1998
Ry=—"—"7"-#—/

lLIM (ILIMIT -0.03) ©)
For Iumr = 3.7A, according to Equation 5, Ry = 544Q.
Using the closest standard 1% resistor values, Ry =
549Q is chosen.

Under-Voltage Lockout Set Point
The supply under-voltage lockout (UVLO) threshold is
set by a resistor divider connected to the EN/UVLO pin.
This threshold can be calculated from Equation 7:

R +R,
R

Vv X VUVLO_R (7)

2

Where Vyyio r is the rising threshold (1.2V) of the
EN/UVLO pin. Ry and R, are the resistors of the
resistor divider. Since R; and R, cause additional
leakage current to flow out of the input voltage, their
values need to be taken into account for the acceptable
leakage current of the system. The leakage current
flowing through Ry and R, from the supply is Ir2 =
Vin/(R1 + Ry). Considering that an external active
device connected to a resistor divider causes additional
leakage current, this increases the calculation error of
the supply under-voltage threshold. Therefore, the
leakage current flowing through R4 and R, (lr12) should
be greater than 20 times the leakage current expected
by the EN/UVLO pin.

According to the application scenario requirements,
Vywr = 4.3V. Given Ry = 1MQ, R, = 387kQ can be
obtained according to the above equation.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

APPLICATION INFORMATION (continued)

Setting Output Voltage Ramp Time (tss)
During the design process, it must be ensured that the
junction temperature of the device does not meet the
thermal shutdown threshold under either start-up or
steady-state conditions. Given that the power stress to
which the device is subjected at start-up is typically an
order of magnitude greater than under steady-state
conditions, the determination of start-up time and
inrush current limit is particularly important to avoid
thermal shutdown at start-up. There are two possible
cases to discuss during start-up:

Case 1: Start-Up without Load. Output Capacitance
Draws Current

During start-up, the voltage stress of the FET
decreases as the output capacitor voltage increases.
Use Equation 8 to calculate the average power
dissipated on the device.

PD(INRUSH) =0.5x VlN x IINRUSH (8)

Given the output voltage rise time, the inrush current
can be calculated from Equation 9.
Vin

Inrusn = Cour X
ss

9)

The prerequisite for Equation 8 is that no load current is
generated until the output voltage rises to V.

Case 2: Start-Up with Load. Output Capacitance
and Load Draw Current

If the load keeps drawing current from the power supply
during start-up, the power dissipated on the device will
be greater. Assuming that the system has a resistive
load, Equations 10 to 13 give the power dissipated by
the resistive load during the start-up of the device.

1Vl

Pooan) = (g) R (10)

L(SU)

The total power dissipated during the start-up phase
can be calculated by Equation 11.

PD(STARTUP) = PD(INRUSH) + PD(LOAD) (11 )

The total current during the start-up phase can be
calculated by Equation 12.

ISTARTUP = IINRUSH + IL (t) (1 2)

If the total current during start-up exceeds I i, the
current is limited to I . Use Equation 13 to calculate
the current-limited charging time.

ILIMIT IINRUSH

X

tSS(Current-Limited) = COUT x RL(SU) - 1 + In

INRUSH IN

| -
LiMIT
I zL(SU)

(13)

For Css = Open, the slew rate is 85mV/us, and the
rising time tgg for 12V input is 112ps.

Use Equation 14 to calculate the current drawn by the
output capacitor during ramp-up.

1uF x85mV

=85mA 14
1us (14)

IINRUSH =

The dissipated power can be calculated by Equation
15.

Pyrusey = 0-5%x12x85mW =510mW  (15)

Thermal Shutdown Time vs. Power Dissipation shows
that for 510mW, T, = +85°C, the device thermal
shutdown time is infinite, which is much larger than the
output rise time tss = 112us. Therefore, setting the
output rise time to 5ms has no negative impact on
device security. Therefore, it is safe to use 112us as the
startup time without any load on the output.

The additional power dissipated during start-up due to
a 4Q resistive load can be calculated from Equation 10.

12x12
PD(LOAD) = 6><—4 =

6w (16)
The total power dissipated during start-up can be
calculated by Equation 17.

Posrarrom = 6W +510mW =6.51TW  (17)

Thermal Shutdown Time vs. Power Dissipation shows
that for 6.51W, T, = +85°C, the device thermal
shutdown time is more than 20ms, which is within the
acceptable limits to avoid using an external capacitor
Css with a 4Q) load. If the output capacitor Coyr is large,
it is recommended to increase the capacitance of Cgg
to reduce the power dissipation.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

APPLICATION INFORMATION (continued)

Support Component Selection: Cin
A ceramic capacitor in the range from 0.001uF to 0.1uF is connected near the input pin to absorb and suppress

transient voltage spikes and ringing.

VIN .50 -

VO ut

e
Ven 2|

i pglast
-100y 100w 300 s00u

N N
=) =)
< —— <
N N
=) =X
< <

- N - e I N
10.0 - ——
2 VIN /;:" S
o 4 g
=3 <
O
< Vot -
N N
S ";s.nn S
o) =X
< <
fisbivemsam mmm—
VEN Sg
0 .00 I\
S 2
3 =N
<
> I gt
=
<
200 2000 o 2on 4oty s00us

Time (100us/div)

Figure 13. Output Ramp without Any Load

Quick Output Discharge Using SGM2537-xRD
When the SGM2537-xRD is disabled, the internal FET is turned off and the OUT pin is left floating, where the OUT
voltage drop process is determined by the external load. In some applications, this can cause downstream
equipment to be in an unpredictable state because the OUT voltage is in an undesired state. Connect the QOD pin
to the OUT pin to realize the Fast Output Discharge function of the SGM2537-xRD, as shown in Figure 15. When the
SGM2537-xRD is disabled via EN, the QOD pin is pulled low and provides a fast discharge path for the output
capacitor. The output voltage discharge rate is determined by the output capacitance, the total resistance of the
discharge path (internal plus external), and the external load.

Time (100us/div)

Figure 14. Output Ramp with 4Q Load at Start-Up

Vour

T o IN ¢ OouT ) , Vo
; cn® _L : 35mQ J— i J— Cour _L Riomo
| 01pF l : 1uF l 100Q
SGM2537-xRD Racoext
""""""""""""" EN/UVLO QOD
ILIM SS GND
Css |
RiLim 3.3nF T
487Q

<~

Figure 15. Circuit Implementation with Quick Output Discharge Function Using SGM2537-xRD
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

APPLICATION INFORMATION (continued)

5 o
Vin S
R Q.
Vin = 5V Cour = 100uF, Rioap = 1000Q, Roopexr = Open <
:Ven Stepped from 5V to 0V
VOUT ey,
M
.15 “x\ é
\‘-\._-1.__,_‘%_ <
i S
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VEN T&—
2
PIENSS o
=
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Figure 16. Output Voltage Discharge Using
SGM2537-5.7RD without QOD

Power Supply Recommendations

The SGM2537 devices are suitable for a supply voltage
from 2.7V to 18V. If the input supply is more than a few
inches away from the device, it is recommended to
place an input bypass ceramic capacitor greater than
0.1uF. The rated current of the power supply must be
greater than the over-current threshold set by the
device, otherwise the supply voltage will drop in the
event of an over-current or short-circuit.

Transient Protection

In the case of a short-circuit or over-current limit, the
device may cut off the current, and due to the parasitic
inductance in series at the input and output of the
device, a positive voltage spike will occur at the input
and output, and a negative voltage spike will occur at
the output. The amplitude of the voltage spike is
determined by the parasitic inductance. These
transients can cause the voltage on the device pins to
exceed their maximum absolute rating if the following
measures are not taken:
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Figure 17. Output Voltage Discharge Using
SGM2537-5.7RD with QOD

® The length of the wires at the input and output of the
device is as small as possible.

e A TVS diode is paralleled at the input port of the
device to absorb a positive voltage spike, and a
Schottky diode is connected in parallel to the output
port to absorb a negative voltage spike.

Choose a large PCB GND plane.
Connect a low ESR ceramic capacitor larger than
1WF near the output pin.

® A ceramic capacitor Cy in the range from 0.001uF
to 0.1uF is connected near the input pin to absorb
and suppress transient voltage spikes and ringing.

Use Equation 18 to calculate the input capacitance
value.
L

Vgpie (Absolute) = Vi +1 oap % (18)

IN
Where V| is the rating of the input voltage, | oap is the
load current, Ly is the effective inductance seen
looking into the source, and Cyy is the capacitance of
the input.
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SGM2537

4A, 35mQ eFuse with Selectable
Over-Voltage Clamping Function

APPLICATION INFORMATION (continued)

Figure 18 shows a circuit implementation with optional protection components.

Vin=2.7V to 18V

(@]
o IN i ouT . . VOCU)T
E cn® _I_ : 35mQ lljl- 33V l
R L 0.1pF : :
1M1Q § 5 l Cour Rioa
5 SGM2537 Rs 1pF 100Q
[ 10kQ
EN/UVLO nFAULT
R, g ILIM SS GND
86.9kQ
ADC O———9¢ Css |
RiLim 3.3nF T
v 487Q ?

A4

NOTE: 1. Ciy is optional. A 0.1uF capacitor is recommended for transient suppression from the inductance of PCB routing or

input wiring.

Figure 18. Circuit Implementation with Optional Protection Components

Output Short-Circuit Measurements

The output short-circuit waveform may be affected by
factors such as input leads, power supply bypass,
layout, device selection, circuit location, and output
short-circuit method. It is difficult to obtain repeatable
and similar output short-circuit test results. Therefore,
the short-circuit results in this datasheet are for
informational purposes only. Different short-circuit test
results may be achieved because of different test
conditions.

Layout Guidelines

® |n any application, it is recommended to connect a
0.1uyF or greater decoupling capacitor between IN
and GND. This decoupling capacitor should be as
close as possible to the IN and GND pins to
minimize the area of the IN-decoupling
capacitor-GND loop.

e The power path should be as wide and short as
possible, with a current-carrying capacity of more
than twice the device's current limit.

e The GND pin of the device must be connected to
PCB ground which is a copper plane or island as
short as possible.

In order to achieve the accuracy of the eFuse
function, it is recommended to provide the eFuse
with a ground plane that does not flow through large
currents. The ground plane of the device is
connected to the ground plane of the system via a
star connection.
External components of the device as follows
should be placed as close to the corresponding pins
as possible:

1. Rium

2. Css

3. Resistor dividers of EN/JUVLO
The other end of these components is connected to
ground via the shortest possible path. The ILIM pin
should have a parasitic capacitance of less than
50pF, and the connection path of this pin should be
away from the switching signal.
Protection components such as TVS, snubbers,
capacitors or Schottky diodes should be connected
to the device via a short path to avoid large line
inductance. It is important to note that the loop area
formed by the protection components should be as
small as possible.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TDFN-2x2-8AL

D eﬂ ‘
N8
URUBURY
L D1 }
E —+ Ef
. alaYalia
/ ) Ll
PIN 1# - : N
DETAIL A _/ b
TOP VIEW BOTTOM VIEW
SEATING PLANE\ E@ 1.60
VIO LT L L 7*7
A | e —
1l
t } | -
A2 |
Al - 090 1.90
SIDE VIEW ‘ i
ALTERNATE A-1 ALTERNATE A-2 ‘ ‘ ‘ ‘
0.25 =+ ~——0.50
DETAIL A D
ALTERNATE TERMINAL
consTueTIon RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN MOD MAX
A 0.700 0.750 0.800
Al 0.000 - 0.050
A2 0.203 REF
b 0.200 0.250 0.300
D 1.900 2.000 2.100
D1 1.450 1.600 1.700
E 1.900 2.000 2.100
El 0.750 0.900 1.000
k 0.150 0.250 0.350
0.450 0.500 0.550
0.200 0.300 0.400
eee 0.080

NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

Reel Diameter

Reel Width (W1) -

P2+

TAPE DIMENSIONS

N Y, Ny Y,
Q1 Q2 Q1 Q2 Q1 Q2
Q3 /04 Q3 Q4 Q3 /Q4

i

P1

m=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

~—— A0 —

s

Reel Width

Package Tvoe Reel W1 A0 B0 KO PO P1 P2 w Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TDFN-2x2-8AL 7" 9.5 2.30 2.30 1.10 4.0 4.0 2.0 8.0 Q2

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

TX10000.000

Lo00aa



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:rg:]t)h ‘?TITI‘(::")] '}Iri:?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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