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SGM2536

5.5A, 23.7mQ Electronic Fuse

SGMICRO Supporting Bidirectional Current Conduction

GENERAL DESCRIPTION

The SGM2536 family is a compact electronic fuse
(eFuse) with a full suite of protection functions. With
precision current limit, the device can provide excellent
accuracy and be well applied to many system
protection applications. The output current limit
threshold and the transient over-current blanking timer
can be adjusted by the user. Due to the back-to-back
FETs packaged inside the chip, the SGM2536 allows
bidirectional current to flow through the channel when it
is turned on, but prohibits bidirectional current flow
when it is turned off, 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. Programmable over-voltage
protection is used to turn off the device if the IN raises
over a threshold value and the downstream circuitry is
not damaged by unintended power supply.

The SGM2536 is available in a Green TQFN-2x2-10L
package.

APPLICATIONS

Tablet PC

USB OTG

POS Device
Smartphone
Digital Camera
Wireless Charger

FEATURES

¢ Input Voltage: 2.7V to 23V, Surge up to 28V
e Back-to-Back FETs Structure
® Low On-Resistance: 23.7mQ (TYP)
+ On-State: Bidirectional Current Flow
+ Off-State: Reverse Current Blocking
® Programmable Output Ramp Time
® Programmable Current Limit: 0.5A to 6A
(¥10% Accuracy for Iy > 1A)
® | oad Current Monitor
® Programmable Transient Blanking Timer (ITIMER
Pin) to Allow Peak Current up to 2 x |, |,
e UL Recognized Component (File No. E532373%)
e Full Set of Protections
¢+ Programmable Over-Voltage Lockout (OVLO)
+ Short-Circuit Protection on OUT Pin
+ Under-Voltage Lockout
¢+ Thermal Shutdown
® |[ndication Options
¢+ SGM2536Px: PG and PGTH
¢ SGM2536Fx: SPGD and nFAULT
e Behavior after Fault
¢+ SGM2536xR: Auto-Retry
¢+ SGM2536xL: Latch-Off

SIMPLIFIED SCHEMATIC
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TEfni'EEcgingE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
SGM2536PR | TQFN-2x2-10L | -40°C to +125°C | SGM2536PRXTSP10G/TR xOxExBx Tape and Reel, 3000
SGM2536PL | TQFN-2x2-10L | -40°C to +125°C | SGM2536PLXTSP10G/TR >?>I<E>(<:x Tape and Reel, 3000
SGM2536FR | TQFN-2x2-10L | -40°C to +125°C | SGM2536FRXTSP10G/TR >?xExDx Tape and Reel, 3000
SGM2536FL | TQFN-2x2-10L | -40°C to +125°C | SGM2536FLXTSP10G/TR x%?x Tape and Reel, 3000

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

Y Y Y— Serial Number
XXXX

L 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.

ABSOLUTE MAXIMUM RATINGS

Input Voltage Range, VIN .....coccveviieiiiiiecc e -0.3V to 28V
Output Voltage Range, Vour
Ty=425°C i MIN (28V, Vin + 22V)
Output Voltage Pulse (< 1US), VoUT PLS «cveerereerveereneen >-0.8V
Voltage Range
VEN/UVLO .......................................................... -0.3Vto 6.5V
Vov|_o .............................................................. -0.3Vto 6.5V
Vpg, VpaTH (SGM2536PX) ..o -0.3Vt0 6.5V
VSPGD, VnFAULT (SGM2536FX) .......................... -0.3V to 6.5V
V/SS trtueuenennnenenenenarenereter bbb erererererenaaae Internally Limited
VITIMER «-evveeeeeeeeaaannnnneeaaeasaaaneneeeaaesaaanneeneeas Internally Limited
AT T Internally Limited

Package Thermal Resistance

Vpa, VeetH (SGM2536PX) ..o 5v
VspeD, VrauLT (SGM2536FX) ...eeeeiiiiieiiiie e 5V
ITIMER Capacitor Voltage Rating, VITIMER ... .+vvveveeeeeennne >4V
SS Capacitor Voltage Rating, Vss ...c.ccoovecvvvveenennn. > VN + 5V
Resistance, RILIM «..cvvvveeeiiiiiiiiieeieeeeeeeeee 5490 to 6650Q
Maximum Continuous Switch Current, IMax ......ccceevveennens 5.5A

Operating Junction Temperature Range...... -40°C to +125°C

NOTE: 1. If the supply voltage is less than 5V, EN/UVLO pin
can be pulled up to the IN directly. If the supply voltage is
larger than 5V, a 350kQ (MIN) pull-up resistor is
recommended for the EN/UVLO pin.

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.

TQFN-2%2-10L, ByA vetiveerriieiie et 69°C/W

TQFN-2%X2-10L, BB .--vveeirreeeeeiiiie e 5.5°C/W

TQFN-2%2-10L, B4C.-vveeerrreeeiiriie e 46.6°C/W
Package Thermal Characterization Parameter

TQFN-2X2-10L, WyT..veeiveeerieiieeeree e 1.1°C/W
Junction Temperature..........cccccccoeveivieieee e +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S).........cccecvvvernineeen. +260°C
ESD Susceptibility
HBM (NC Pin 7) .ot 2000V
CDM e 1000V
MM 400V
RECOMMENDED OPERATING CONDITIONS
Input Voltage Range, VIN ...ccccovveiiiiiiiniiecciieee 2.7V to 23V
Output Voltage Range, VouT......cccuvveeee. MIN (23V, Vin + 20V)
Voltage Range

VENIUVLO w-vevvvsessressnesses s sv @

VOULO -ttt ettt ste ettt 0.5V to 1.5V
@ SG Micro Corp

sGmicRO WWW.sg-micro.com

SEPTEMBER 2024
2



5.5A, 23.7mQ Electronic Fuse

SGM2536 Supporting Bidirectional Current Conduction

PIN CONFIGURATIONS

SGM2536Px (TOP VIEW) SGM2536Fx (TOP VIEW)
IN ouT IN ouT
EN/UVLO 1 10 | ITMER EN/UVLO 1 10 | ITMER
,,,,,,, ‘@ —
ovLO 2 o |wum ovLO 2 o |wum
5 6 5 6
PG 3 i 8 |GND SPGD 3 i 8 |GND
PGTH 4 7 |ss nFAULT 4 7 |ss

TQFN-2x2-10L TQFN-2x2-10L

PIN DESCRIPTION

PIN NAME TYPE FUNCTION
Enable and Under-Voltage Lockout Input. Asserting EN/UVLO pin high enables the device. As a
1 EN/UVLO Analog Input UVLO pin, the UVLO threshold is programmed by an external resistor divider. This pin cannot
be left floating.
Over-Voltage Lockout Pin. The over-voltage lockout threshold is programmed by the resistor
2 OVLO Analog Input divider from the power 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.
Power Good Indication (SGM2536Px). This is an open-drain pin, when the internal channels of
PG the chip are all turned on and the PGTH signal value is higher than the set value, the pin is set
3 Digital Output to high level.
SPGD Supply Good Indication (SGM2536Fx). This is an open-drain pin, when the input voltage is
within the valid range and the surge has finished, this pin goes high.
PGTH Analog Input Power Good Threshold (SGM2536Px).
4 - — - -
nFAULT Digital Output Fgult Event Indicator (SGM2536Fx). This pin is an open-drain output, and when a fault occurs, it
will be low.
5 IN Power Input Supply Voltage.
6 ouT Power Output of the Device.
7 ss Analoa Outout Soft-Start Pin. The capacitor between SS and GND pins will set the slew rate according to the
9 P application requirements. When this pin is left floating, the device will start up at the fastest rate.
8 GND Ground GND.
9 ILIM Analog Output Programm!ng Currept !_imit Pin. A resistor bgtwgen this pin and GND sets the overload and
short-circuit current limit levels. 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
10 ITIMER Analog Output not exceed the fast-trip threshold). After this 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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SGM2536

5.5A, 23.7mQ Electronic Fuse
Supporting Bidirectional Current Conduction

ELECTRICAL CHARACTERISTICS
(Ty =-40°C to +125°C, Vin = 12V, Venuvio = 2V, Rium = 549Q, Vovro = 0V, OUT, SS, ITIMER, PGTH/nFAULT, PG/SPGD pins
are open, typical values are at T, = +25°C, unless otherwise noted.)

PARAMETER | symsoL | CONDITIONS | miN | TYP | mAX | uNiTs
Input Supply (IN)
Under-Voltage Protection Threshold Ve |Rising 247 254 201 \
Vuve ¢ | Falling 2.24 2.31 2.37
Supply Quiescent Current la_on 132 270 MA
Supply Disabled State Current la_orr | Vsp_r < Venwvio < Vuvio F 48 100 pA
Supply Shutdown Current lsb Venuvio < Vsp ¢ 3.2 10 MA
On-Resistance (IN - OUT)
Vin =12V, lour = 3A 23.7
On-Resistance Ron mQ
2.7V < Vin =23V, lour = 3A 40
Enable/Under-Voltage Lockout (EN/UVLO)
EN/UVLO Threshold Vuvio r | Rising Threshold 1.184 | 1.20 | 1.217 v
Vuwio r | Falling Threshold 1.076 | 1.09 | 1.108
CE:BI:z\rﬂ_O Falling Threshold for Lowest Shutdown Veo 0.35 0.71 v
EN/UVLO Leakage Current lentke -0.13 0.13 MA
Over-Voltage Lockout (OVLO)
OVLO Rising Threshold Voo r 1.184 | 1.20 | 1.217 \Y
OVLO Falling Threshold Vovio F 1.076 | 1.09 | 1.108 \Y,
Vowo = 0.5V -0.1 0.1
OVLO Pin Leakage Current lovike | Vovio = 1V -0.1 0.1 HA
Vowo = 1.5V -0.1 0.1
Over-Current Protection (OUT)
Rium = 6.65kQ, T, = +25°C 0.475 | 0.516 | 0.557
Rium = 6.65kQ, T, =-40°C to +125°C 0.467 0.581
Rium = 3.32kQ, T, = +25°C 0.969 | 1.014 | 1.061
Rium = 3.32kQ, T, =-40°C to +125°C 0.954 1.095
Over-Current Threshold i Rium = 1.65kQ, T, = +25°C 1.947 | 2.020 | 2.094 A
Rium = 1.65kQ, T, = -40°C to +125°C 1.924 2.131
Rium = 750Q, T, = +25°C 4.226 | 4.379 | 4.534
Rium = 750Q, T, = -40°C to +125°C 4.187 4.581
Rium = 549Q, T, = +25°C 5.730 | 5.946 | 6.163
Rium = 549Q, T, = -40°C to +125°C 5.674 6.231
ILIM pin open 0.1
Circuit Breaker Threshold InFauLT A
ILIM pin shorted to GND 1.1 1.5
Over-Current Fault Timer (ITIMER)
ITIMER Internal Pull-Up Voltage VNt 2.40 2.59 2.80 \%
ITIMER Internal Pull-Up Resistance Ririver 17 kQ
ITIMER Internal Discharge Current liriver lour > lium 1.1 1.8 2.5 MA
ITIMER Discharge Differential Voltage Threshold | AVimmer 1.40 1.49 1.55 \%
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SGM2536

5.5A, 23.7mQ Electronic Fuse
Supporting Bidirectional Current Conduction

ELECTRICAL CHARACTERISTICS (continued)
(Ty =-40°C to +125°C, Vin = 12V, Venuvio = 2V, Rium = 549Q, Vovro = 0V, OUT, SS, ITIMER, PGTH/nFAULT, PG/SPGD pins
are open, typical values are at T, = +25°C, unless otherwise noted.)

PARAMETER | symsoL | CONDITIONS | miN | TP | mAX | uNiTs
Output Load Current Monitor (ILIM)
lour = 0.5A, T, = +25°C 165 176 188
lour = 0.5A, T, =-40°C to +125°C 154 195
lour = 0.75A, T, = +25°C 169 179 187
lour = 0.75A, T, = -40°C to +125°C 162 191
lour = 1A, T, = +25°C 172 180 187
Analog Load Current Monitor Gain (Ivon: lour) Gimon lour = 14, Ty = A0°C to +125%C 197 190 MA/A
lour = 2A, T, = +25°C 175 182 187
lour = 2A, T, = -40°C to +125°C 173 191
lour = 4A, T, = +25°C 176 183 189
lour = 4A, T, =-40°C to +125°C 175 192
lour = 5.5A, T, = +25°C 176 183 190
lour = 5.5A, T, = -40°C to +125°C 175 192
Power Good (PG) Indication: SGM2536Px or Supply Good (SPGD) Indication: SGM2536Fx
Vin < Vuve_r, Ven > Vuvio r, Weak pull-up 0.52 1
(e = 26pA)
PG/SPGD Voltage while De-asserted Veep X'P";i\éz\gﬁFA,)VEN > Vyvio r, strong pull-up 0.65 1 Vv
Vin > Vuve r, Ven < Vsp F, e = 10mA 0.16 0.27
PG/SPGD Leakage Current, PG/SPGD Asserted lpaike 0.9 3 pA
Power Good Threshold (PGTH): SGM2536Px
PGTH Threshold Veetir | Rising 1.183 | 1.20 | 1.218 \Y
Veer | Falling 1.076 | 1.09 | 1.108 \Y
PGTH Leakage Current lpaTHLKG -0.1 0.3 pA
Fault (nFAULT) Indication: SGM2536Fx
nFAULT Leakage Current InFAULTLKG -1 1 HA
nFAULT Pull-Down Resistance RnrauLt 13 20 Q
Over-Temperature Protection (OTP)
Thermal Shutdown Rising Threshold Tso 155 °C
Thermal Shutdown Hysteresis Thvs 30 °C
SS
SS Pin Charging Current | s | | 100 | 201 | 300 | A
TIMING REQUIREMENTS
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNITS
Over-Voltage Lockout Response Time tovio Vowio > Vov r to Vour] 25 us
Current Limit Response Time tum Ielz%ir:edzgIJS:TseTtIi:l-gztoxl.LI:;IM and lmwer 250 us
Scalable Fast-Trip Response Time tsc lour > 3 % lium to lout] 500 ns
Auto-Retry Interval after Fault (SGM2536xR) trsT 110 ms
PG Assertion De-Glitch trca 15 us
PG De-Assertion De-Glitch trep 15 us
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SGM2536

5.5A, 23.7mQ Electronic Fuse
Supporting Bidirectional Current Conduction

SWITCHING CHARACTERISTICS

(RL=100Q, Cour = 10pF, typical values are at T, = +25°C, unless otherwise noted.)

PARAMETER SYMBOL Vin Css = Open Css = 1800pF Css = 3300pF UNITS

Vin =27V 7.4 0.86 0.47

Output Rising Slew Rate SRon Vin =12V 22 0.96 0.48 Vims
Vin = 23V 35 0.97 0.46
Vin =27V 0.58 3.9 6.6

Turn-On Time ton Vi =12V 0.79 124 24.3 ms
Vin = 23V 0.87 226 46.2
Vin =27V 0.29 1.4 2

Turn-On Delay to_on Vin =12V 0.35 24 4.4 ms
Vin =23V 0.35 3.6 6.2
Vin =27V 0.29 25 46

Rise Time tr Vin =12V 0.44 10 19.9 ms
Vin =23V 0.52 19 40
Vin =27V 48 48 50

Turn-Off Delay to orr Vin =12V 15 15 15.4 us
Vin = 23V 9 8 10

In the entire normal voltage range, the output voltage rise rate is set by the internal circuit and remains unchanged to
ensure that the load state does not affect the start-up sequence. Adding capacitance between the SS pin and GND
can change the OUT rising slope. Increasing capacitor Cgs will reduce the rate of rise (SR) of the output voltage. For
a detailed description, please refer to the relevant sections on inrush current suppression (SS) and slew rate.
However, the time that Voyr falls when the device is turned off is determined by the RC time constants of the load
resistor (R.) and load capacitor (Coyt). The control of the switch only affects the power-on sequence when the chip

is turned on.

VEnuWLO }
EN/UVLO UvLO 7Z
ov |
~—ton—>
VN L ;
ouT tbon> =

~tg>

X

—> 4— tD_O FF

Figure 1. SGM2536 Switching Times
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS

25.1

24.8

24.5

242

23.9

On-Resistance (mQ)

23.6

23.3

23.0

80

70

60

50

40

30

Supply Disabled State Current (uA)

20

On-Resistance vs. Input Voltage

\

lour = 1A

Llour = 3A
lour = 4A

| lour = 5.5A

2 5 8 11 14 17 20 23
Input Voltage (V)
Supply Disabled State Current vs. Temperature

V= 2.7V
| V=5V
V=12V
Vi = 23V /é
/‘/ /
=
S
-50 -25 0 25 50 75 100 125

Temperature (°C)

Under-Voltage Protection Threshold vs. Temperature

2.7

2.6

2.5

24

23

22

Under-Voltage Protection Threshold (V)

2.1

Rising

Falling

50 -25 0 25 50 75 100 125

Temperature (°C)

N N
o w
o o

-
)
o

-
-
o

©
o

Supply Quiescent Current (UA)
=
o

a
o

12

10

Supply Shutdown Current (uA)
»

1.220

-
N
=
[¢;]

1.210

1.205

EN/UVLO Rising Threshold (V)
S5
[(e] o
[$)] o

1.190

Supply Quiescent Current vs. Temperature

I
V= 2.7V
| Viy =5V
Vi = 12V
V), = 23V
/
/
—
%Z// "
5/ /7//
am—
L
//

-50 -25 0 25 50 75 100 125

Temperature (°C)

Supply Shutdown Current vs. Temperature

I
V= 2.7V

| Vin=5V
Vi =12V
Vi =23V
"
//
_——-//
g

-50 -25 0 25 50 75 100 125

Temperature (°C)

EN/UVLO Rising Threshold vs. Temperature

I
V=27V
| Vi =5V

V= 12V
Vi =23V /

50 -25 0 25 50 75 100 125

Temperature (°C)

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

SEPTEMBER 2024

7



SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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5.5A, 23.7mQ Electronic Fuse
SGM2536 Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM2536

5.5A, 23.7mQ Electronic Fuse
Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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VPG 2

Inrush Current with Resistive and Capacitive Load

Ta.on

Venuvio = 3.3V, Cour = 220pF, Royr = 5Q,
Css = 3300pF, V| stepped up to 12V

10.0m 20.0m s0.0u 20.0uz

Time (10ms/div)

AIP/AS

AIP/YWO0Z  ANIP/IANC  NP/AG AIP/YWO0S  AIP/AL

ANIP/ANC NP/NS

ANIP/YC

\/()UT

\V/()LJT

Start-up with IN Supply

‘J\A/EN/UVLO =3.3V, Cour = 30pF, Css = Open,

V\y ramped up to 12V

120

Time (5ms/div)

Inrush Current with Capacitive Load

[FoanA

== Vin = 12V, Cour = 220pF, Css = 3300pF,
Venuvio stepped up to 1.4V
Cr— )

Time (5ms/div)

Over-Voltage Lockout Response

Vovio a1 Cour = 220uF, lour = 0.5A, V) over-voltage threshold set

to 22V, V,y ramped up from 20V to 23V

—2.00m 0.0 2.00m 4.00m 5.00ms

Time (1ms/div)

AIP/YWOO0Z AIP/AC  NP/IAG

ANIP/AC  NP/ING

AIp/YWQOo L

AIP/AWO0S  AIP/AS
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Transient Over-Current Blanking Timer Response

ooV

Vour gl e
Virver B"°
Tl
Iin w2 Viy =12V, Crriver = 2.2nF, Coyr = 470uF, Ryuw = 549Q,
i loutr ramped from 4A — 8A— 4A within Tms
Time (500us/div)
Active Current Limit Response Followed by Tsp
Bt S—
J
L
VOUT o
I\N
VnFAULT a0 ‘

Vin = 12V, Crver = 2.20nF, Cour = 220pF, Ry = 549Q,
loyr stepped from 3A — 9A |

en 5.78m a.78ms

Time (2ms/div)

OUT Pin Short-Circuit during Steady State
(Zoomed In)

VOUT

" [\
|OUTlE'"

20V )y = 12V, Rium = 549Q, Venuvio = 3.3V, OUT stepped
from open — short-circuit to GND

-50.0u —20.0u 0.0u 60.0u 100us

Time (20us/div)

APy NIPINC - NIP/AOL

NP/N\E

ANP/VE

ANIP/A\C

AIP/AS

ANIP/Y0C

Active Current Limit Response

1o w
<
o
.00 =
6.00 w
2
7 o>
2.00 <
Vour . . N
I\N S
o
VFAULT gof-2-00 <
| Vin=12V, Cirmer = 2.2nF, Coyr = 220uF, Ryym = 549Q,
loyr, stepped from 3A — 9A 2> 3A within 5ms
Time (2ms/div)
OUT Pin Short-Circuit during Steady State
100 1
[$)]
Foo <
X
<
Vour gfeo-e =
N
| ®
ouT = i i s . TS
uT iR =
<
0.y = 12V, Riym = 549Q, Venuvio = 3.3V, OUT stepped
from open — short-circuit to GND
Time (1ms/div)
Power-up with OUT Pin Short-Circuit to GND
Vour s é
&
Vpe e R
<
1.00 9
<
! >
I 4P g
N7V = 5V, Coyr = Open, OUT short-circuit to GND, <
Rius 750Q, Veyvio stepped,from 0V tg 3.3V .

Time (5ms/div)
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5.5A, 23.7mQ Electronic Fuse

SGM2536 Supporting Bidirectional Current Conduction

FUNCTIONAL BLOCK DIAGRAM

Cument
Sense
5 : ™ [*] e
N[5 ] 7 a s 117 7 i 1 | 6] out
BFET HFET INRUSH u
Charge @ Charge | GH! GS _DONE ‘
Pump0 |~ Pump1 Detect
2.54V ‘ 182pA/A T [7]ss
231V L
BFET
Control l
GHI
L)
INRUSH
_DONE Current 9 ]I
Limit Vref
&
FT
& ILIM
Logic Open
& I
HEET Short
Control Detect
&
Logic
oTP 2.59V
1.1V
fl
z 10| ITIMER
OC ------ ]
1.8uA %
SGM2536Px
Figure 2. SGM2536Px Block Diagram
Current
Sense
N[5 ] N 6] our
| I 141 111 ! ! U
Charge BFET HFE @ Charge | GH! GS %FE,%SEH ‘HJ
Pump0 Pump1 Detect
2.54V ‘ 182pA/A T N [71ss
231V L

BFET
Control

i

!

0.71—- ™
+j INRUSH
_DONE Current 9 | ILIM
ENLVLO | 1 + Limit Vref
7 > &
p FT
1.2v L&. LM
1.09V ogic O%en L
- T HFET Short
OVLO | 2 + Control Detect
&
NFAULT [ 4 Logic oTP 2,59V
1.1V
f :
: @ ITIMER
SPGD | 3 OC ------
1.80A
GND
AV SGM2536Fx

Figure 3. SGM2536Fx Block Diagram
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION

Overview

SGM2536 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 conducting and the current can flow in both
directions. When the Vy is less than Vyyp r Or Venuvio
< Vyvio r, both BFET and HFET are turned off to
realize the reverse current blocking.

After device start-up, the SGM2536 will monitor the Vg
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,
SGM2536 not only provides complete protection
functions, but also ensures the maximum system
uptime during transient events.

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

Under-Voltage Lockout (UVLO and UVP)
The SGM2536 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
device for under-voltage protection. In addition, 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 4
and Equation 1 show how to set the specific value of
under-voltage protection threshold using an external
resistor divider.

V, R, +R
Vin_wv = e Xé Ry (1)
2
Vsys IN
R4
EN/UVLO
R, SGM2536
GND

Figure 4. Under-Voltage Lockout

Over-Voltage Lockout (OVLO)

The SGM2536 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 Voy 0 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 5 show how to set the specific
value of over-voltage protection threshold using an
external resistor divider.

V _ Vouo x(R;+R,)
INOV = R

()

2

Vsys IN
R4

OVLO

SGM2536

GND

A%

Figure 5. Adjustable Over-Voltage Protection
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5.5A, 23.7mQ Electronic Fuse

SGM2536 Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

ilnput Over-Voltage Event

Input Over-Voltage Removed

IN E—

ov

VOVLOYI—O VIO R %

OvLO

ov

j* tovio
ouT

ov

+SS Limited Start-up

- i=tpep

PG W
SGM2536Px

ov

- < tpga

speb Wi

SGM2536Fx

ov

Figure 6. Over-Voltage Lockout and Recovery

Inrush Current, Over-Current, and

Short-Circuit Protection

SGM2536 adopts four levels of forward over-current

protection function:

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

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

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

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

severe

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.
— IINRUSH (mA)

SR (V/ms) Cour (0F) (3)
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.

2000
= (4)
SR (V/ms)
NOTE: For Css > 10nF, a 100Q resistor is recommended to
be in series with the Css on the SS pin.

Css (PF)

Current Limit

In case of output over-current, the device actively limits
the current after the blanking timer expiring. When the
load current exceeds the over-current threshold (I m),
but is less than the short-circuit threshold (2 x I, ), the
device discharges Ciymer on the ITIMER pin through an
internal 1.8uA pull-down current source. Once the load
current decreases below the over-current threshold
before the Ciqjver is discharged by AV rjyer, the ITIMER
pin will be pulled up to V|t internally and the current
limit will not be triggered. If the over-current condition
still exists after the Ciyyer voltage drops by AV mmer,
the device will limit the current to the over-current
threshold by regulating HFET. At the same time, the
ITIMER pin is recharged to the V|yr to maintain the
default state before the next over-current event, which
ensures a complete blanking time for each over-current
event. In general, the device can provide protection
against over-current events and also allow transient
current pulses to flow through the power path. For a
given over-current threshold, the value of R can be

calculated by Equation 5.

3260 3334
= — =
um (Q) I,y -0.03 (A) or um (Q) L (A)

(®)
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

NOTES:

1. The device only provides forward (from IN to OUT)
over-current protection function.

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 (0V < Vour < Vkg), the
current limit threshold is smaller than the current limit
threshold (lium) 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,rauLt 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.
AVier (V)% Crrper (F)

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 Ryum is still valid during
start-up, which ensures that the load current does not exceed
lium 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 active current limit, there is more power
dissipation on the HFET because the output voltage
drops. If the internal temperature of the device exceeds

- (ms)= (6) . . .
lrwer (HA) the Tgp, the HFET will be turned off, and the device will
either be latched off (SGM2536xL) or restarted
automatically after a certain time interval (SGM2536xR).
Transient Over-Current ;Persistent Output Overload Overload Removed ITIMER Expired
ITIMER Expired Persistent Output Overload Thermal Shutdown
2% lim tium — e S tiLm
lout e Current Limit o
B Operation e Current Limit
Operation
0A
t 1,
V|NT i UTIMER UTIMER
ITIMER AVirmer
t
ov
VIN —-— R
N
ouT ov
PGTH 1.2V -
semz2s3ePx 0%V
ov tpap — -— trea— -— tpap— -—
pg Ve
SGM2536Px
ov
VnFAULT
nFAULT
SGM2536Fx
ov
T }
se THYS
T
T,

Figure 7. Current Limit Response
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

Short-Circuit Protection

When a serious over-current event similar to a
short-circuit event occurs, the SGM2536 triggers a
fast-trip response to prevent the system from being
damaged by excessive current flowing through the
device. A fast-trip comparator with scalable threshold
(Isc = 2 x Ilu) 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.
HFET will be completely turned off within ter if the
current exceeds |zt or Isc. Then the device will turn
HFET on again after a short of deglitch time in a current
limit mode. In this way, the rapid recovery of HFET can
be realized after a transient severe over-current event,
and the drop of OUT voltage can be minimized. If the
fault persists, the devices continue to operate in the
current limit mode, causing the internal temperature of
the device to rise until the thermal shutdown.

Trangir:rteietwere Persistent Severe Over-Current Output Hard Short-Circuit to Ground
Thermal Shutdown Thermal Shutdown
Over-Current Removed Short-Circuit Removed
Vin A \ _Retry Timer Elapsed:|" _. Retry Timer Elapsed "
IN
0
- —ri—tsc ——tsc eter
2 xlym
lout lum
) —
0 [ Y————1/ L — W/ L _
VIN
out _/< .
0 | --—Current Limit Start-up S Limit Start-up SS Limit Start-up
— +—tpap —* “—trep —4 —tpep
%
PG
SGM2536Px 0
—trsT —tRrsT—! !
TSD Ty S
T \/\ \\\ \\‘ T
Ty — L /\ G /¥

NOTE: 1. SGM2536xR only.

Figure 8. Short-Circuit Response
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

Load Current Monitor Output

The device provides an analog current sensing output
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.

lor (A)= Vium (V)

Rium (Q) x Gy (HA/A) (7)

NOTES:

1. 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.

2. The analog load current monitor is only applicable to the
forward current (from IN to OUT).

Reverse Current Protection

The SGM2536 is internally integrated with back-to-back
MOSFETs connected in a common drain configuration.
When the device is disabled or shutdown, both FETs
are turned off, so the current in both directions is
blocked.

Over-Temperature Protection (OTP)

The SGM2536 always monitors the temperature (T,) of
the internal die. Once the internal temperature exceeds
the Tgp, the device shuts down immediately. The
SGM2536 will not turn on until the internal temperature
is lower than a safe threshold (Tsp - Thys)-

When SGM2536xL triggers the thermal shutdown, it
stil remains in the shutdown state unless the
equipment is re-enabled or power cycled. When
SGM2536xR 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 the device
is still enabled.

Table 1. Thermal Shutdown

Fault Response and Indication (nFAULT)
Table 2 shows the protection response of equipment
under different fault conditions. The SGM2536Fx
provides an active-low external fault flag pin.

A latched fault can be cleared by power cycling (pulling
Viy to 0V) or re-enable (pulling EN/UVLO pin below
Vgp). This will also reset the trst in SGM2536xR. It is
worth mentioning for the whole SGM2536 series,
pulling down EN/UVLO below the UVLO threshold
cannot clear the latched fault. The SGM2536xR will
retry automatically after the trst timer expiring when a
fault has occurred.

Power Good Pin (PG)

The SGM2536Px provides an active-high open-drain
output (PG) as the indication pin of power good. It is
asserted as high according to the PGTH pin voltage
and the equipment working state. PG pin needs to be
pulled up to an external power supply.

At the initial stage of power-on, PG is pulled down.
Then the device enters the start-up sequence, in which
the HFET has been controlled and not fully conductive.
When the gate voltage of HFET reaches overdrive,
HFET is fully conductive and the start-up sequence is
completed, Vpgry is higher than Vpgry g, and PG is
asserted high after a deglitch time (tpga).

The PG will be de-asserted when the PGTH voltage
falls below Vpgry_¢ Or when the system has faults other
than over-current during steady state. The deglitch time
is tpgp, When PG is de-asserted.

When the device is not powered, the PG pin should be
low. However, there is no effective power supply to
drive the PG pin down to GND in this case. If the PG is
pulled up by an independent power supply and the
device is not powered, there may be a small voltage on
the PG caused by sink current, which is a function of
the pull-up supply and pull-up resistance connected to
the PG. In order to avoid the small voltage on the PG
pin being detected as logic high by the external related
circuit, the sink current of the pin should be minimized.

Device Enter Tsp Exit Tsp
SGM2536xL (Latch-Off) T,2Tsp T, < Tsp - Thys, device power cycled or re-enabled (with EN/UVLO pin)
SGM2536xR (Auto-Retry) TJ > TSD TJ < TSD - THys, trsT timer expired

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

SEPTEMBER 2024
18



SGM2536

5.5A,

23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

Table 2. Fault Summary

Event Protection Response Fault Latched | o,y 7 pin status @ | "FAULT As(s1$rt|on
Internally Delay
Over-Temperature Shutdown Y L
Under-Voltage (UVP or UVLO) Shutdown N H
Over-Voltage Shutdown N H
Transient Over-Current (Iium < loutr < 2 X lium) None N H
Persistent Over-Current (from IN to OUT) Current Limit N L tmmer
OUT Short-Gircuit to GND Circuit Breaker Followed N H
by Current Limit
Over-Current during ILIM Open Shutdown N L tmmer
Over-Current during ILIM Shorted to GND Shutdown Y L
NOTE: 1. SGM2536Fx only.
Table 3. SGM2536Px PG Indication
Event Protection Response PG Pin Status PG Delay
Under-Voltage (UVP or UVLO) Shutdown L
Over-Voltage Shutdown L teep
H (If Vpat > VeaTH R) taa
Steady State NA =
y L (If Veath < VparH F) trep
H (If V, >V t
Transient Over-Current NA (If Vearn > Ve ) PeA
L (If Veath < VparH F) trep
H (If V, >V t
Persistent Overload (from IN to OUT) Current Limit (If Veors PGTH R) PoA
L (If Veath < Vet F) trep
OUT Short-Circuit to GND Fast-Trip followed by Current Limit L teep
Over-Current during ILIM Open Shutdown L teep
Over-Current during ILIM Shorted to GND Shutdown L teep
Over-Temperature Shutdown L teep

Overload Event

Device Enabled Over-Current Blanking, Timer Expired
Overload Removed
ENUVLO  Vuvior
IN
0 Slew Rate (SS) Controlled
Start-up/Inrush Current Limit
Vin Active CurrentLimﬂf
ouT
0
Vet R
PGTH PGTH_F
SGM2536Px 0
PG Veo —! |~ teea — | trep - |+ trea
SGM2536Px 0
SPGD Vspeo
SGM2536Fx 0
Vin
SS
0 —
Vout + 2.8V
Vhcate
0 —i tmmer i
lum
| INRUSH ===
out 0 ‘ |

Figure 9. PG Timing
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

DETAILED DESCRIPTION (continued)

Input Supply Good Indication (SPGD)

The SGM2536Fx 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.

At the initial stage of power-on, SPGD pin is pulled
down. Then the device enters the start-up sequence, in
which the HFET has been controlled and not fully
conductive. When the gate voltage of HFET reaches
overdrive, HFET is fully conductive and the start-up
sequence is completed, the SPGD is asserted high.

Table 4. SGM2536Fx SPGD Indication

When the device is not powered, the SPGD pin should
be low. However, there is no effective power supply to
drive the SPGD pin down to 0V in this case. If the
SPGD is pulled up by an independent power supply
and the device is not powered, there may be a small
voltage on the SPGD caused by sink current, which is a
function of the pull-up supply and pull-up resistance
connected to the SPGD. In order to avoid the small
voltage on the SPGD pin being detected as logic high
by the external related circuit, the sink current of the pin
should be minimized.

Device Functional Modes

When operating under the recommended operating
conditions, the device has one applicable operating
mode.

Event

SPGD Pin

Under-Voltage (UVP or UVLO)

L

Over-Voltage (OVLO)

Inrush

Steady State

Over-Current

OUT Short-Circuit to GND

Over-Current during ILIM Open

Over-Current during ILIM Shorted to GND

Over-Temperature

L
L
H
H
L
L
L
L
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

APPLICATION INFORMATION

Single Device, Self-Controlled

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

For the SGM2536Px, resistor divider of PGTH can be
connected to either IN or OUT, depending on which
voltage is more suitable as a power good indication.

Vin IN ouT

EN/UVLO PGTH

SGM2536Px

OVLO PG

SS ITIMER

il

Rim % CSSI JTCW\MER

ILIM  GND

Typical Application

Many smartphones are equipped with a USB OTG
function, which not only allows charging the phone
battery, but also allows the phone to be used as a USB
host or to charge accessories such as headphones. In
addition, some mobile phones are equipped with
wireless charging and support wireless charging to
charge other devices in reverse. The SGM2536 series
can be used as a bidirectional power switch in the
above system, as shown in Figure 11.

Vin IN ouT

L L™
I COUT

EN/UVLO

nFAULT
SGM2536Fx

OVLO SPGD

SS ITIMER

il

Rim % CSSI JTCW\MER

ILIM  GND

Figure 10. Single Device, Self-Controlled

<

]

ovLO

SGM2536Px

EN/UVLO

PGTH

ILIM GND SS ITIMER

PG

1

Rim % CssI JTCWMER

—
o
g

System Load

VBUS sYs

Wireless
Charger

i

o |

ovLO

SGM2536Px

EN/UVLO

MCU o——

PGTH

ILIM  GND SS ITIMER

SGM41511

PG

Current Monitor ADC
Rium

wwwwww

PMID BAT

i1
o]

Figure 11. Power Path Example for Smartphone
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5.5A, 23.7mQ Electronic Fuse

SGM2536 Supporting Bidirectional Current Conduction

APPLICATION INFORMATION (continued)

When the USB interface is externally connected to the
charger to charge the mobile phone battery, the
SGM2536 provides the current path from IN to OUT,
and the battery charging IC manages the output control
signal to control the charging process of the battery
while supplying power to other circuits inside the mobile
phone. In this case, the SGM2536 provides
over-current and over-voltage protections. Another
situation is that when the USB interface is connected to
the accessories such as headphones that require the
mobile phone battery to provide power, the internal
MCU of the mobile phone recognizes the accessories

and configures the battery charging IC to BOOST mode
and supplies power to the accessories through the USB
interface. The SGM2536 needs to provide a current
from OUT to IN, and since the IN pin requires a certain
voltage (Vyve r) to turn on the power switch, a diode
and resistor in parallel with the device can provide the
required bias voltage. The MCU then enables the
SGM2536 and establishes a low impedance path to
deliver power to the accessories.

Similarly, the device provides a bidirectional power flow
path during wireless charging and wireless reverse

charging.
"

BAT

T

* IN
D2* Csusl Ry
TVS2200 10}JFI 470kQ

OvLO

Rs L
100kQ

PGTH

l?é.SkQ ILIM GND 8S ITIMER

System Load

ouT VBUS SYS
L Cour Vicsic

IMpF
L % SGM41511

PG

Rz
| 4.2 SGM2536Px MCU

EN/UVLO

Rim

CSSL LC\T\MER
1050Q 1100pFI ]’2.2nF

* Transient protection requires optional circuit componer?ts. See the Transient Protection section for details.

Figure 12. USB On-the-Go Port Protection

Design Requirements

Table 5. Design Parameters

Parameter Value
Bus Voltage during Charging, Vy Vv
Over-Voltage Protection Threshold during Charging, Vin_ov 14V
Bus Power Good Threshold, Vpg 4.5V
Max Continuous Charging Current 3A
Load Transient Blanking Interval during Charging, tiriver 2ms
Output Capacitance, Cour 47uF
Output Rise Time, tg 5ms
Over-Current Threshold (I,um) during Charging 3.25A
Start-up Load Current Supported during USB OTG Operation, l.oap 100mA
Fault Response Auto-Retry
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

APPLICATION INFORMATION (continued)

Detailed Design Procedure
SGM2536PR is selected according to the actual
application scenario.

Setting Over-Voltage Threshold
The over-voltage threshold is set by a resistor divider
connected to the OVLO pin. This threshold can be
calculated from Equation 8:

Vo = VOVfR x(R,+R;) )

_ R2

where Voy r is the rising threshold of the OVLO pin and
R, & R, are the resistors of the resistor divider. Since
R; & R, causes 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 & R;
from the supply voltage is g, = Vp/(Ri + Ro).
Considering that an external active device connected to
a resistor divider causes additional leakage current, this
increases the calculation error of the supply
over-voltage threshold. Therefore, the leakage current
flowing through Ry & R; (Ir12) should be greater than 20
times the leakage current expected by the OVLO pin.

As can be seen from the EC table, the maximum
leakage current of the OVLO pin is 0.1pA, and Voy g =
1.2V. According to the application scenario
requirements, Viy ov = 14V. Given Ry = 470kQ, R, =
44.06kQ can be obtained according to the above
equation.

Selecting the nearest standard 1% resistor values, R, =
470kQ & R, = 44.2kQ are chosen.

Setting Output Voltage Rise Time (tr)

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 larger 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.

After rise time (1r) is determined, the slew rate (SR) can
be calculated by:

SR (V/ms) :M:ﬂztswms 9)

t; (ms) 5ms
The value of the capacitance (Css) on the SS pin
corresponding to this SR can be calculated by the

following equation:
2000 2000

CSS(pF):m—W:‘HﬂpF (10)

Select the nearest standard capacitor with a

capacitance of 1100pF.
The inrush current can be calculated as:

s (MA)=SR (VIms)xCyr (F)=1.8x47 =84.6mA (11)

During inrush, the average power dissipation inside the
device can be calculated as:

(W)= Inrust (A)x Vi (V) _ 0.085x9

INRUSH 2 2

PD,

=0.38W (12)

Based on the calculated power dissipation, the
corresponding thermal shutdown time must be higher
than the output rise time. Figure 13 shows that for
0.38W, the device thermal shutdown time is greater
than 100ms, which is much larger than the output rise
time (5ms). Therefore, setting the output rise time to
5ms has no negative impact on device security.

200
160
5
E
2 120
; \
S
g 80
E
40
T —
0
0 10 20 30 40 50

Power Dissipation (W)

Figure 13. Thermal Shutdown Plot during Inrush
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

APPLICATION INFORMATION (continued)

Power Good Assertion Threshold
The power good assertion threshold is set by a resistor
divider connected to the PGTH pin. This threshold can
be calculated from Equation 13:

V. = VPGTHiR x(R;+R,)

PG R4

where Vpgry R is the rising threshold of the PGTH pin
and R; & R, are the resistors of the resistor divider.
Since R; & R4 causes additional leakage current to flow
out of the output voltage, their values need to be taken
into account for the acceptable leakage current of the
system. The leakage current flowing through R; & R4
from the supply is Irss = Vin/(R3 + Ry). Considering that
an external active device connected to a resistor divider
causes additional leakage current, this increases the
calculation error of the supply over-voltage threshold.
Therefore, the leakage current flowing through R; & R,
(Irss) should be greater than 20 times the leakage
current expected by the PGTH pin.

(13)

As can be seen from the EC table, the maximum
leakage current of the PGTH pin is 0.3pA, and Vpgti r
= 1.2V. According to the application scenario
requirements, Vpg = 4.5V. Given R; = 100kQ, R4 =
36.4kQ can be obtained according to the above
equation.

Choose the nearest standard 1% resistor values, R; =
100kQ & R4 = 36.5kQ are recommended.

Setting Over-Current Threshold (li_m)
The over-current threshold can be set by the resistor
Rium connected to the ILIM pin, and its value can be

calculated by Equation 14:
3334 3334
RILIM(Q) = =

= =227 ~1025.8Q (14)
low (A) 3.25A

Choose the nearest standard 1% resistor values, Ry v

=1050Q is recommended.

Setting Over-Current Blanking Interval
(tmmer)

The over-current blanking time can be set by Cyer,
and it can be calculated as following.

Cirmer (NF)= iruer Xcs)x I”K;)R (uA) = 2: 13'8 =2.4nF (15)
ITIMER .

Select the nearest standard with a

capacitance of 2.2nF.

capacitor

Choosing External Bias Resistor (Rs)

In OTG mode, the initial state of the SGM2536PR is off.
The initial voltage across the USB bus through the
diode (D1) and resistor (Rs) can be calculated by:

Veus (V) = Vour (V) - VE (V) - lLoap (A) x Rs (Q)  (16)

where:

Vour is the voltage supplied by the battery charging IC
in Boost mode.

Ve is the forward voltage drop across diode D1.

lLoap is the current drawn by USB powered peripheral
initially.

The USB bus voltage must be higher than Ve r to
ensure that the SGM2536PR can be turned on and can
provide sufficient current for USB peripheral devices.
Given Ve =04V, VOUTiMIN =4.5YV, VUVPiR = 2.54V, |l oap
= 100mA, the maximum Rs value of 15.6Q can be
calculated. Select R5 = 11Q.

The power dissipation of R5 under initial conditions can
be calculated from Equation 17.

Po (W) = lLoap (A) % lLoap (A) X Rs (Q) (17)

When the load current is 100mA and Rs is 11Q, the
power dissipation across Rs is 0.11W. Therefore, a
resistor with a power rate of 0.25W is appropriate.

External Diode (D1) Selection

1. The diode forward voltage drop should be as small
as possible to ensure that there is enough headroom
for the USB bus voltage to be greater than Vyyp r.

2. The diode can flow more than the maximum current
required by the USB peripheral.

3. It must have small footprint.

Power Supply Recommendations

The SGM2536 is designed for a supply voltage from
2.7V to 23V. If the power 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.
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SGM2536

5.5A, 23.7mQ Electronic Fuse

Supporting Bidirectional Current Conduction

APPLICATION INFORMATION (continued)

Transient Protection

If the short-circuit or over-current limit case occurs, 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:

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

¢ 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 alarge PCB GND plane.

¢+ Connect a low ESR ceramic capacitor larger than
10uF near the OUT pin.

¢ A ceramic capacitor greater than 10uF is
connected near the input pin to absorb and
suppress transient voltage spikes and ringing.

The value of the input capacitance can be calculated

from the Equation 18:

I_IN
o (18)

IN
where Vy is the rating of the input voltage, I oap is the
load current, Ly is the effective inductance seen
looking into the source, and C)y is the capacitance of
the input.

VSPIKE (Absolute) — VlN + ILOAD x

For applications such as USB-C interfaces, the power
cord may be plugged into the output of the device. In
this case, the voltage stress from OUT to IN may
exceed the absolute maximum rating, so it is
recommended to add a TVS diode from OUT to IN to
clamp the voltage for safety.

D3 D4

>t

Vin=2.7V to 23V IN ouT
. Vour

D1 Cm‘L D2 % L Cour
1 1 z= SGM2536 1 I
- - s——— EN/UVLO PGTH/NFAULT -
R,
————{ OVLO PG/SPGD
Rs
i ILIM GND SS ITIMER
Rw% (‘;SSJ*I JTCWIMER
Figure 14. Application 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

In any application, it is recommended to connect a
decoupling capacitor of 0.1uF or greater between IN
and GND. This decoupling capacitor should be as close
as possible to IN and GND pins.

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.

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

The IN and OUT pins of the device are used to
dissipate heat. Therefore, these two pins should be
dissipated as much as possible through the copper
plane on the top layer or bottom layer on the PCB.
Placing thermal vias on the copper plane improves
on-resistance as well as current sensing accuracy.

External components of the device as follows should be
placed as close to the corresponding pins as possible:
*  Ruim

CSS

CITIMER

Resistor dividers of EN/UVLO, OVLO and PGTH

* & o

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 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

TQFN-2x2-10L
[ D ‘ 8 x L2 —=— e f——8 x L
\ - [ ] | ]
PIN 1# ﬁ\. j ‘ \ t
DETAILA%;F\ } ‘ \ Mo o—4xb
*%377;1 ]
E e =2 T
e N I —
| 2
N b [ 57
2 x b1+}—‘«
TOP VIEW BOTTOM VIEW
1.80
SEATING PLANE [Jeeec] 8%03 = rioso)
\ ninEnn
—
i B I ey T
A | ‘ ‘ ‘ 4 x0.25
1 L]
1.75 |0.45 f—f}ﬁ*} 2x240
Az | =3 |1 |l] 1] 3=
A SIDE VIEW TR \ i | 0.475
RIS
o o i L
4 x0.65— ‘ ‘ ‘
ALTERNATE A-1  ALTERNATE A-2 2 x0.30 E— T 8 x 0.60
DETAIL A
A TG UNAL RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN NOM MAX
A 0.700 - 0.800
A1 0.000 - 0.050
A2 0.203 REF
b 0.200 - 0.300
b1 0.250 - 0.350
D 1.900 - 2.100
E 1.900 - 2.100
0.450 BSC
el 0.500 BSC
e2 0.475BSC
L 0.300 - 0.500
L1 0.350 - 0.550
L2 0.150 REF
eee 0.080
NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

P2+

TAPE DIMENSIONS

- D D D
o %
W Q1 Q2 Q1 Q2 Q1 Q2 ‘ —K‘J
I I BO
Q3 Q4 03\/(14 Q3 T Q4 \ I
—
~——— Reel Diameter ——— =t \ W
1l P1 - A0—| »—KOL
Reel Width (W1) -
==mmp DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Packade Tyoe Reel | RS a0 | B0 | ko | PO | P1 | P2 | W Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TQFN-2x2-10L 7" 9.5 2.30 2.30 1.10 4.0 4.0 2.0 8.0 Q2
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

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

KEY PARAMETER LIST OF CARTON BOX

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