@ IIE/ll;'i’;oelectronics ET2 0 1 76 H

3.0 ~ 26V, 0.7 ~ 5A, Current Limit Power Switch with
Output Over-Voltage Clamp and Reverse Block

General Description

The ET20176H is a current limit N-Channel MOSFET power switch. It is designed to protect circuitry on the
output from transients on the input. It also protects the input from undesired shorts and transients coming from
the output.

The current limit magnitude is controlled by an external resistor from ILIMIT to GND. It is fixed 2.5A when
ILIMIT is floating. Programmable soft-start time controls the slew rate of the output voltage during the start-up
time. It can be controlled by the DV/DT pin setting and MODE pin setting. The output voltage is limited by the
OVP function. The clamping voltage can be set by the MODE connection.

The ET20176H offer a GATE drive signal connected to an external N-Channel MOSFET gate to block current
flowing from the output to the input when the IC is disable, power off or thermal shutdown.

Features

e VIN Operating Range: 3.0V to 26V

e Programmable Current Limit and Soft-Start Time

e Selectable Over-Voltage Clamping Voltage

e Fast Output Over-Voltage Protection(OVP) Response
e  Short-Circuit Protection

e Typical Ron: 30mQ From input to output power path

e Very Low Quiescent Current: 100pA (Typ)

e Reverse-Blocking MOSFET Driver

e  Over-Current Protection (Hiccup Mode)

e Internal Thermal Shutdown Protection

e ESD Human Body Model (JESD22-A114) Protected: All pins 2KV
e UL Listed- File No.E479717, Volume X2

e Package Information

Part No. Package MSL
ET20176H DFN8 (1.5mm x 2.0mm) Level 1
Application

e SSD Hard Disk

e PC Cards/Server PC

e Wireless Modem Data Cards

e USB Power Distribution/USB Protection
e USB 3.1 Power Delivery
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ET20176H

Pin Configuration
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DFN8 (ET20176H)
Pin Function
Pin Name Description
1 DV/DT Soft start programming pin. Connect a capacity from DV/DT to GND to set the
DV/DT slew rate.
5 VCC Power supply input. Must be closely decoupled to GND pins with a 1uF or greater
ceramic capacitor. Connect VCC using a wide PCB trace.
3 ILIMIT Current limit programming pin. Program the current limit by connecting a resistor
to GND. Floating ILIMIT pin to achieve a 2.5A fixed current limit.
4 GND Ground pin.
Output over-voltage protection clamp voltage select pin. Connecting a resistor to
5 MODE GND to sets the OVP threshold voltage. Three digital inputs are provided for
MODE as VCC/GND/Floating.
6 SOURCE | Source of internal power n-channel MOSFET and the output terminal.
7 EN Enable pin. Force EN high to enable the IC. Floating or pull to GND to disable the
IC. Full EN up to VCC through a 300kQ resistor for quick start-up mode.
8 GATE Gate pin for external reverse-current block MOSFET.
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ET20176H

Block Diagram
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ET20176H

Operation

ET20176H is an integrated power switch with a low Rdson N-Channel MOSFET, programmable current
limiting and OVP clamp voltage. When the ET20176H turns on, it can deliver up to 5A continuous current to
load. When the device is active, the device only consumes 100uA supply current if no load.

Power Supply Considerations

A 10pF MLCC capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the output pin(s) is recommended when the output load is heavy. This precaution
reduces power-supply transients that may cause ringing on the input and minimize the input voltage droops.
Additionally, bypassing the output with a 10pyF MLCC capacitor improves the immunity of the device to
short-circuit transients.

Current Limit(ILIMIT)

A sense FET is employed to check for over current conditions. When an over current condition is detected,
the device maintains a constant output current and reduces the output voltage accordingly. ET20176H will
limit the current until the overload condition is removed or the device begins to thermal cycle.

The current limit can be programmed by an external resistor. It can be approximated with equation below.

0.55
luir =% 3870

LIMIT
If the current limit condition lasts longer than 2ms, the ET20176H enters hiccup mode with 2ms of on time and
700ms of off time.

The ET20176H allows ILIMIT to be floated during operation. The internal fixed current limit threshold is set at
2.5A.

When short ILIMIT to GND, the normal current limit function is disabled, but the secondary current limit still
works. The secondary current limit is set at 8A. When the OCP is triggered, the power MOSFET will be
shutdown immediately.

Short-Circuit Protection (SCP)

The secondary current limit is set at 8A. If the load current reaches 8A rapidly due to a short-circuit event, a
fast turn-off circuit activates to turn off the MOSFET. The total short-circuit response time is about 1us. After
switched off, the MOSFET restarts. If the short still exists, the ET20176H regulates the MOSFET to hold the
current at threshold level. If it lasts for 2ms, the MOSFET enters hiccup mode with 2ms of on time and 700ms
of off time.

To prevent safe operating area(SOA) damage during a high input voltage short-circuit protection(SCP)
condition, the IC current limit folds back when the power MOSFET VDS voltage is above the typical 11V and
the junction temperature is over 100°C.
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OVP Clamp Voltage

The OVP clamp voltage can be programmed by MODE pin. Three digital inputs are provided for MODE. Drive
MODE to VCC to set the OVP clamp voltage at 15.2V. Drive MODE to GND to set it at 5.75V. Float MODE pin
for no clamp function. Also clamp voltage can be set by connecting a resistor from MODE to GND.

Soft Start

The soft start time can be set by an external capacity connecting from DV/DT to GND. Different clamp MODE
have different soft start time. The soft start time can be calculated with Equation:

t (ms) = \AN—(\/)
s dV/dt(V/ms)

The dV/dt slew rate is determined by external DVDT capacitor and voltage clamp mode.

Reverse-Blocking MOSFET Driver

The ET20176H has a GATE pin to provide an external N-channel MOSFET gate drive signal for
reverse-current blocking (RCB). Three events can pull down the GATE voltage: VIN below the under-voltage
lockout (UVLO), the enable (EN) voltage below the low level threshold, or thermal shutdown. If any of these
conditions occur, GATE sinks the current from the gate of the external MOSFET to initiate a fast turn-off.

For 3.3V low input voltage application, it is recommended to choose a small threshold voltage (VGS<1.6V)
reverse-blocking MOSFET to reduce the voltage drop.

A 100pF capacitor is required on GATE if it is not connected to external MOSFET.

Thermal Protection

Thermal protection prevents damage to the IC when heavy-overload or short-circuit faults are present for
extended periods of time. The ET20176H implements a thermal sensing to monitor the operating junction
temperature of the power MOSFET. In an over-current or short-circuit condition, the junction temperature
rises due to excessive power dissipation.

Once the die temperature rises to approximately 155°C due to over-current conditions, the internal thermal
sense circuitry turns the power switch off, thus preventing the power switch from damage. When the
temperature drops below its lower threshold (typically 125°C), the chip is enable again after a 700ms delay.

Note: Test condition is as Vin=5V, lum=2.5A, Ta=25°C, Coutr=0uF. Current Limit Response Time is the time
difference between lout first exceeding Ium and falling back to lum. and falling back to Ium. Short-circuit
Response Time is the time difference between lout exceeding 8A and falling back to OA.
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Absolute Maximum Ratings

Symbol Parameters Min Max Unit
Vce,Vsource VCC,SOURCE to GND -0.3 29 \Y,
Vmobe MODE to GND -0.3 29 \Y,
Veate GATE to GND -0.3 Vsource+5.5 \Y
Viumir Ven ,Vovor ILIMIT, EN, DV/DT to GND -0.3 7 \%
Po Power Dissipation at Ta= +85°C(1(2 1.05 W
Ty Junction Temperature -40 +150 °C
Tstc Storage Junction Temperature -65 +150 °C
TsoLp Soldering Temperature (reflow) +260 °C
. Human Body Mode,
Electrostatic 12 KV
i ESDA/JEDEC JS-001-2017
VEsD Discharge -
» Charged Device Mode,
Capability +1.5 KV
ESDA/JEDEC JS-002-2018
Thermal Resistance
Package PCB VERSION 0.a 0.c Unit
DFN8(1.5mmx2.0mm) ETPB4259 78 20 °C/W

Notes:

1. The maximum allowable Power Dissipation is recording to maximum allowable Junction Temperature.
Pomaxy @Ta=(Timax)-Ta)/ B3a.

2. Measured on ETPB4433, 2-layer PCB, 10z Cu, 60mmx42mm.

Recommended Operating Conditions

Symbol Parameter Min Max Unit
VIN DC Input Voltage 3.0 26 V
lout DC Output Current Limit 0.7 5.0 A
Ta Operating Temperature Range -40 +85 °C
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ET20176H

Electrical

Characteristics

Unless otherwise noted, Vcc=5V, Rumt=NS, Cout=10uF, Ta=-40°C+85°C, typical value is tested at Ta=25°C.

Symbol | Parameters Conditions ‘ Min | Typ ‘ Max ‘ Unit
Basic Operation
VIN Input Voltage 3.0 26 \%
EN = High
60 100 MA
o ViN MODE = VCC/GND/float
Quiescent Current EN = High
MODE series resistor to GND 100 150 uA
Is Vin Shutdown Current EN = GND 5 15 uA
Power MOSFET
Ron On-Resistance of lour=1A 30 60 | mQ
Switch IN-OUT
toELAY Turn-on Delay Time DV/DT float, MODE float 500 us
lorr Off-state Vee = 12V, Ven = GND 0.1 1 uA
Leakage Current
Vuvio R Under Voltage VN Rising 26 2.8 3.0 \%
- Lockout Threshold
VUNLOHYS UVLO Hysteresis 200 mV
Vwmope = GND 55 5.75 6 v
Vwmope = VCC 14.2 15.2 16.2
VeLrp Output clamping Rwmope = 76.8kQ 3.60 3.84 4.08 \%
voltage® Rwmobe = 115kQ 5.35 5.75 6.15 \Y
Rwope = 324kQ 14.9 16.2 17.5 Y
Rwope = 422kQ 19.3 211 22.9 Y
DVIDT
DV/DT float, Vmope = GND 0.4 0.8 1.2 Vims
DV/DT DV/DT slew rate DV/DT float, Vmope = VCC 1.3 2 2.7 V/ms
DV/DT float, MODE float 2.8 3.8 4.8 V/ms
lovioT DV/DT current® Vpviot = 0.5V 6.5 uA
Current Limit
o ILIMIT float, Vcc=5V 2.3 2.5 2.7 A
lLimim_No Current “mlt_ at Rumit = 604Q, Vcc=5V 3.3 3.5 3.7 A
normal operation(®
Rumit = 3kQ, Vee=5V 0.6 0.75 0.9 A
Enable (EN)
VEN_RISING EN rising threshold 1.86 2 2.16 Vv
VEN_HYS EN hysteresis 350 mV
Ren EN pull-down resistor 14 2.2 3.0 MQ
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ET20176H

Electrical Characteristics(Continued)

Unless otherwise noted, Vcc=5V, Rumt=NS, Cout=10uF, Ta=-40°C+85°C, typical value is tested at Ta=25°C.

Symbol | Parameters ‘ Conditions ‘ Min | Typ | Max | Unit
GATE
GATE Maximum
lc_source loutr = 1A 7 12 uA
Source Current
GATE Maximum Vcc = Vsource = 5.5V,
lc_sink . 3 mA
Sink Current Veare = 10.5V

Output Discharge

Rois Discharge resistor | 580 | 980 | 1300 | 0
Over-Temperature Protection
Tsp Thermal Shutdown 155 °C
Thermal-shutdown
Tsp_Hys . 30 °C
Hysteresis
Notes:

3. The OVP clamp threshold can be set by connecting a resistor from MODE to GND as below.
Veiae =0.05XRy0pe (k.Q)

4. For cases with an external DV/DT capacitor, the slew rate of Vsource can be calculated with equation:

dv/dt(v/ms) = 02K *K1
CDV/DT (nF)
K1 factor is as below.
MODE Connection K1
GND 5.75
VCC 15.2
FLOAT 27
Rwmope _Jeuwe
6.8uxRuope

5. The current limit can be approximated with Equation below.

0.55

luwir = > 3870

LIMIT
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ET20176H

Typical Performance Characteristics

Unless otherwise noted, Vcc=5V, Ven=5V, Rumit=604Q, Cour=10uF, MODE floating, DVDT floating, Ta=25°C.

Start-up Test
Start-up through Input voltage(lout=0A) Start-up through Input voltage(lout=3A)
1 200 2 200V 3 1.4802 60008/ =k £ 1 233 1 200¥ 2 200V 3 2004/ 1.008¢ 14302 500.0&/ FiE £ 1 233
KEYSIGHT| KEYSIGHT|
FE FE
HRAE AR AR
200MSals 100MSa/s
7 i 7 . A
" e oo M 0C B 10.0
oc 10.0 Dc 10.0
vy i 10.0: e P 0c 100
= 2N OUT
/ +440.000000uf +1.530000000m|
i 174X alen 17AX
/’ +2.2720kH LT +653.59H
AY(2)
QVOUT +4.00000 ‘ ‘ +3.90000
HATEERE REESES
QO  fEx ) il ) i3 By ¥1:-10.000000us 7. B00.00my o MEEER L) it QO BE
Fah YouT K2 ~P %2: 430.000000us ¥2: 4 50000V por YIN £
500us/div 500us/div
Start-up through EN(lour=0A) Start-up through EN(lout=3A)
12008 2 200V 200 1.4102 500.0%¢ #ik F 3 Ja4y 1 200W 2 200V 3 2004/ 1.008¢ 1.490% 500.0%/ (21 £ 3 243V
KEYSIGHT] KEYSIGHT]|
FE FE
iR R
100MSals 100MSa/s
EE 8 HIE
OC BW 1000: - DC BwW 10.0
s 100 e o 10.0
A i 100 n // oc 100
- £ 1 e ik
A 2gjvout AX:
| +370.000000y +1.530000000m|
3 >rm T A 3 EN 17Ax
B / +27027kH | +528.93H
AV(2) 2]
Zg\/OuT +4.00000! ‘ +3.50000
EBEAMESTES KEES
O HEEX s U A | AN 2 M shEE o MEEER Lw) o QO BE
i Bt o o 40.0ns - oy EN 5
500us/div 500us/div
Shut-down Test
Shut-down through input voltage(lout=0A) Shut-down through input voltage(lout=3A)
1200y 2 200V 3 2000 508/ 11.002 20.00%/ ik T 1 2.33Y 1200y 2 ooy, 3 200W/ 1.004¢ 540.0% 200.0% Zik 1 233V
KEYSIGHT] EYSIGH
23 FE
R FREAR
2 50MSals 260MSals
OC BW 1000: DC BWw 10.0
< P oc 100 o 10.0
. nc 100 oc 100
LL’VI W_TL»VIN
T — Fres 3 bidad
Zg\/OUT AN ZL»VOUT AL
) +1.530000000m| +1.530000000m
ol 1A% alen 17AX
HEN e W S +653,53H
AV Af[2)
‘ ‘ i ‘ ‘ +3.90000 l +3 90000
hEFEE KRR
o REET 2 # O #E o kEEHE 10 " D HE
s VIN * ok YWIN 3
20ms/div 200us/div
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Typical Performance Characteristics(Continued)

Shut-down through EN(lout=0A) Shut-down through EN(lout=3A)
1200V 7 200V 3 200V 4 1004 W00 BO0DY g ¥ 3 243y | 1 200y 2 200w 3 2008 4 1008 190 W000¢  mE % 3 243
KEYSIGHT| T KEYSIGHT|
TECHNOLOGIES | | TECHNOLOGIES
{¥2 = 13.600000000ms RE i R
T ﬂil R
10.0MSars SO0MSals
e ; T
A\ OC BW 100 ! 00 BW 1001
\ i 10.0 \ oC 100
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WERE WEEE
ComEE" 0 W O #E ComEEn W O mE
i EN * hin EN %
5ms/div 100us/div
Current Limit Test
Current Limit(Electronic Load) Current Limit(Resistor Load)
1200V 2 200V 5 WvDDN 740.0 1.0002¢ ik £ 1.254 1200V 2 200W @ 1.004¢ 740.0¢ 1.000%/ [ £ 1.254
KEYSIGHT] KEYSIGHT|
TECARGLOGIEY TECANGLSAIES
FE RE
A R
100MSas 50.0MSa/s
e : mE
0 B 00 DG BW 1001
o i DL 100
IVIN g WO ahrn 0C 100
ot ) AX 2ofvout N
+2.200000000m| +1,880000000m{
T/AX T7AX
+454,55H +531 81H,
A2l AV
‘ ‘ ‘ +3.90000 +3,30000
RERAIAEER ERRATHE R
O HEEE Ooms R A 7T TR 1 st O EEEX 0 ma e el EM st
L Bt 7 7 40.0ns - a4 =500 = = 40.0ns ~-
1ms/div 1ms/div
Short Circuit Test
Short Circuit during Normal Operation Short Circuit during Normal Operation
1 200 2 200V 5008/ 1500:  S0OO0Y @i £ 1948 | 1 200w 2 200 5008/ 1490: 5000 @k £ 1,988
b KEYSIGHT]| R ¢ KEYSIGHT
TECHNOLOGIES | TECHNOLOGIES
2 R |
R YT
200MSals il 200654/
[
p— F I f \/\, [ -
100 f 0C 1001
ool |\ ,,
: i \
[E— [ -
{VIN BAET(1) 1VIN RAwT(])
6.97 6.97V|
. L RAwE() FyEa
;r:.\\l ) 2.54 L:!H J 2.62V
WFESIX M =[scope_33 MERXDNE TR
waEe gaze PV BT O BEEK ne BEWE w3 E shag
- ks - w7 8% "AlC - ™ 400ns -
500us/div Sus/div
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Application Circuits

VIN 3 +
1 z
C1
1uF 5 8 6
R2 ——— MODE > SOURCE VOUT
— 300KQ J_
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L ILIMIT % DV/DT —_l_ 100pF &ip
R1 | —
6040 i ﬁg:[ GND
G\D GND GND
Typical Application Circuit without RCB Mosfet
VIN - :
1 z
1CI:,I1F 5 Q 6 .y
:|: R2 — MoDE S SOURCE [ I | : VOUT
= 300KQ l
GND c2
L cate 8 Iow
3 1 —

tILIMIT % DV/DT —4| GND
R1 [

C3
1 F]

GND GND GND

Typical Application Circuit with RCB Mosfet

Note*: This electric circuit only supplies for reference.
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PCB Layout Guide

PCB layout is very important to achieve stable operation. It is highly recommended to duplicate EVB layout for

optimum performance. If change is necessary, please follow these guidelines for reference.
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1) Keep the path of current short and minimize the loop area formed by Input and output capacitor.

2) Output capacitor and IC must be on the same side. The distance of out pin and output capacitor <3mm is

recommended.

3) Bypass ceramic capacitors are suggested to be put close to the VIN Pin.
4) Connect IN, OUT, and especially GND respectively to a large copper area to cool the chip to improve

thermal performance and long-term reliability.
5) Place a current-limit resistor close to ILIMIT.
6) Place the DV/DT capacitor close to DV/DT.
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Package Dimension
DFN8

[ ] [ ]
E e
[ ] [+ ]
[ ] D—br ]
L1 L
!
A A1
Common Dimensions
(Units: mm)
SYMBOL MIN NOM MAX
A 0.50 0.55 0.60
A1 0.025 0.05 0.075
b 0.20 0.25 0.30
D 1.40 1.50 1.60
E 1.90 2.00 2.10
e 0.50BSC
L 0.275 0.325 0.375
L1 0.01 0.05 0.09
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Tape Information

—=~— 0.25+0.02

Al A 2.20£0.05 L
— 1.13£0.05
4.020.1—~ ‘« B ©1.00.05
Section B-B’
1.70+0.05 —= [Feeding direction
Section A-A’ Unit : mm

Reel Information

Reel Diameter
180mm (TYP)

A
y

Reel Width -
9.5mm (TYP)
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Marking

20176H
XXXXX
[ ]

Pin1

20176H - Part Number

XXXXX - Tracking Number

Revision History and Checking Table

. . . Function & Package & Tape
Version Date Revision Iltem Modifier . .
Spec Checking Checking
1.0 2021-05-31 Initial Version Yangz Yangz Zhujl
1. Add ESD Item in Absolute
Maximum Ratings.
1.1 2021-08-14 ) ) o Yangz Yangz Zhujl
2. Modify Electrical Characteristics
3. Add SCP description.
1.2 2022-03-11 Modify Electrical Characteristics Yangz Yangz Zhujl
1.3 2022-09-21 Update Typeset Wuhs, Shibo Yangz Zhuijl
1.4 2023-12-6 Add Marking Shibo Yangz Liujy
1.5 2025-6-20 Update Format Caojc Yangz Liujy
1.6 2025-9-23 Add UL No. Simplified Reel diagram Shibo Yangz Liujy
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