13 TEXAS
INSTRUMENTS

LM7310
ZHCSLY9A - OCTOBER 2020 - REVISED DECEMBER 2020

LM73100 BB N\ AR LRI A R R ThEERY 2.7V & 23V, 5.5A SV

—RE

(S
o WTARMINHETEHE 2.7V 2 23V
- YN ERAE N 28V
- AT A2 ERA -15 V B &
« BARFEBHMERAEXNE FET : Roy =
28.4mQ ( #TUME )
o B E W HE BB F EAR A S AR
o P R R
- WA Y 1.2 ns ( BAUE )
- WET T ESE (OVLO)
o FRAS HAIA) A T I 2 Tk I S R A T Bk A i 8
- Wi N A]y 500ns (SR )
- R e BT
o RGN 2 ST (IMON)
- HRYEHE : 0.5A £ 5.5A
- KB £15% ( = PNE ) (loutr = 1A)
o BRI R EBE RME (UVLO) s A
LTI
o AR AR SR ] (dVdt)
o AR
o HAAEATEME (PGTH) i HIEIEH K& (PG)
« /MRSF: QFN 2mm x 2mm , 0.45mm [A]H

2 N

«  HEZ K E H#/0ORIng

o IERLAEH R

o WS/ R S

« USB PD i [ {4

o PCIAECA N/ BoRas B
o HZ)TH/

+ POS %iji

3 i BA

LM73100 & — 2K R FH /N T 285 1) v 8 42 ol B DR 9 AT
HYRE BRI T o 1 Zas A AR A A58 e R R rT 2
PR AP | RERE AR R A OB R IR . )
PEL A AN 2 IR

i BhAE AT XY FET s £ BH W M % H 2% 0
WA, ZR Mt e E S RIEZ BE AR/
ORing N H . 1Za3 - RHIET &M ORIng %R, 7
FARSEEL LT N ZE I B A R, FF DU/ IE 1 R
& A T 2R A HORAR B AR ) AT N

VRV HL A R LR IR S AT DB AN AR L S AR R
SERHH LR TR A N T R I e R I ) W
W AT AR 73R S A2 i N TR S K R o 1% g IR
AT 2 30 1) 56 e 2 o Y A L R ik A e

12 F P E RSO EEL I 000 5 | R s R N B B R R
ZALEAT SR 2mm x 2mm 10 2| i HotRod QFN #f
# ) BESGERER RN RGN T

aFRAUE TS RERDY - 40°C % +125°C.,

HEEE
i) ) BRRT (IFRE )
LM73100RPW QFN (10) 2mm x 2mm

(1) & T TAE AR, S BB OR R R R T  h
o

Vi=27123V N e our Vo
i £

—
—
L
—

T
|

il

PGTH J—
ENUVLO | m73100 Viosts : \ Cour

OVLO
dvdt GND IMON i

CDVDTT % Rivon

%

e A i S 2L

ARG AENTTRRI , RAH R TP s P SORARIE R

PARA = s O 2L . A 5@ B 5 SRR I Bl (R 2, 7 )

www.ti.com , WA, TIAGRIERIERERIPENA . ESEER Bt Z 8T, 1 551578 Bl UK IS SCRRAS .

English Data Sheet: SNOSDCO


https://www.ti.com.cn/product/cn/lm7310?qgpn=lm7310
https://www.ti.com.cn/cn/lit/pdf/ZHCSLY9
https://www.ti.com/lit/pdf/SNOSDC0

I3 TEXAS
LM7310 INSTRUMENTS
ZHCSLY9A - OCTOBER 2020 - REVISED DECEMBER 2020 www.ti.com.cn
Table of Contents
TR e 1 8.1 Application Information.............ccceeveveveeeeeeerenne. 27
2 R e 1 8.2 Single Device, Self-Controlled.................cococoenines 27
BB e, 1 8.3 ACtiVe ORING....ceiiiiiiiiiiiie et 31
4 ReVISION HIStOTY...........voeoeoeeeeeeeeeeeeeee e 2 8.4 Priority Power MUXING........ccoooiiiiiiiiiiiiiiee e 33
5 Pin Conﬁguration and Functions..........coooveiiiii, 3 8.5 USB PD Port Protection.........cc.eeeeeeeeeeeeeeeeeeeeee, 35
6 SPECIfICAIONS............oveieeieeeeeeee e 4 8.6 Parallel Operation..........c.c.coeiiiiiiiiiiieeeeeeeeee 37
6.1 Absolute Maximum Ratings ............c.coevereeereerrerrnenn. 4 9 Power Supply Recommendations...................ccccc.oee. 39
6.2 ESD RAUNGS ..o 4 9.1 Transient Protection............ccccceeiiiiiieii e 39
6.3 Recommended Operating Conditions ...ovveii, 5 10 Layout ............ e T 41
6.4 Thermal Information .....oooee i 5 10.1 Layout GUIAEIINES. .o 41
6.5 Electrical CharacteriStics ....omvvneeeee e, 6 10.2 Layout EXampIe ...................................................... 42
6.6 Timing RequireMents ...........ccccceeveeeeeeeeeeeveeeeeeeeeeeenas 7 11 Device and Documentation Support.......................... 44
6.7 Sw|tch|ng CharacteriStiCS ....oomeee i, 8 11.1 DOCUI:nentatiO‘n Support .......................................... 44
6.8 Typical Characteristics. ............ccoeveveeeeeeeserereeeenns 9 11.2 B SR T e 44
7 Detailed Description..................cccocoeeeeeeeeeeeen 15 1.3 FERTE oo, 44
T OVEIVIBW. ... 15 = TSRS 44
7.2 Functional Block Diagram.............ccccovevrieineniennnnn. 16 11,5 BB S e 44
7.3 Feature Description.............c.ooooiiin, 17 I N U 44
7.4 Device Functional Modes.............cccooviiinnnnn, 26 12 Mechanical, Packaging, and Orderable
8 Application and Implementation............................ 27 INFOrMAtioN...........ooovieieciece e 45

4 Revision History
v DR RS B BTAS T BE -5 24 RS 1) TR AN (]

Changes from Revision * (October 2020) to Revision A (December 2020) Page
B 7 N = (= e e G B = e SO 1

2 Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: LM7310


https://www.ti.com.cn/product/cn/lm7310?qgpn=lm7310
https://www.ti.com.cn/cn/lit/pdf/ZHCSLY9
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSLY9A&partnum=LM7310
https://www.ti.com.cn/product/cn/lm7310?qgpn=lm7310

13 TEXAS
INSTRUMENTS

www.ti.com.cn

LM7310
ZHCSLY9A - OCTOBER 2020 - REVISED DECEMBER 2020

5 Pin Configuration and Functions
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& 5-1. LM73100 RPW Package 10-Pin QFN Top View

Z 5-1. Pin Functions

PIN
TYPE DESCRIPTION
NAME NO.
Anal Active High Enable for the device. A Resistor Divider on this pin from input supply to GND
EN/UVLO 1 I:a:tg can be used to adjust the Undervoltage Lockout threshold. Do not leave floating. Refer to
P i 7.3.2 for more details.
Analo A Resistor Divider on this pin from supply to GND can be used to adjust the Overvoltage
OVLO 2 In utg Lockout threshold. This pin can also be used as an Active Low Enable for the device. Do
P not leave floating. Refer to i 7.3.3 for more details.
Digital Power Good indication. This is an Open Drain signal which is asserted High when the
PG 3 gl internal powerpath is fully turned ON and PGTH input exceeds a certain threshold. Refer
Output - .
to 1 7.3.9 for more details.
PGTH 4 A;:Z'Stg Power Good Threshold. Refer to 77 7.3.9 for more details.
IN 5 Power |Power Input.
ouT 6 Power |Power Output.
DVDT 7 Analog |A capacitor from this pin to GND sets the output turn on slew rate. Leave this pin floating
Output | for the fastest turn on slew rate. Refer to 7 7.3.4.1 for more details.

GND 8 Ground |This is the ground reference for all internal circuits and must be connected to system GND.
Analog load current monitor. The pin voltage can be used to monitor the output load
current. An external resistor from this pin to ground sets the current monitor gain.

IMON 9 'gt?rlﬁ Recommended to connect external clamp to limit the voltage below abs max rating in case
of large current spikes. Connect to ground if not used. Do not leave floating. Refer to 7
7.3.5 for more details.

DNC 10 X Internal test pin. Do not connect anything on this pin.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

Parameter Pin MIN MAX| UNIT

Maximum Input Voltage Range, - 40 C < T, < 125 C max (- 15, V0U2T1; 28| v
ViN IN

Maximum Input Voltage Range, -~ 10 C < T, < 125 C max (=15, V°U2T2; 28| v

ln\éljaximum Output Voltage Range, -40 C < T; < 125 ~03  min (28, Vjy + 21)
Vour ouT

lo\éaximum Output Voltage Range, - 10 C < T; < 125 ~03  min (28, Vjy + 22)
VoutpLs | Minimum Output Voltage Pulse (< 1 us) ouT -0.8
Venuvio | Maximum Enable Pin Voltage Range @) EN/UVLO -0.3 65 V
Vovio Maximum OVLO Pin Voltage Range @ OVLO -0.3 65 V
Vavdr Maximum dVdT Pin Voltage Range dvdt Internally Limited \%
VpGTH Maximum PGTH Pin Voltage Range @ PGTH -0.3 65 V
Vpg Maximum PG Pin Voltage Range PG -0.3 6.5 \%
ViMoN Maximum IMON Pin Voltage Range IMON 1.8 \%
Imax Maximum Continuous Switch Current IN to OUT 5.5 A
T, Junction temperature Internally Limited °C
TLeaD Maximum Lead Temperature 300 °C
Tste Storage temperature -65 150| °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) If this pin has a pull-up up to V), it is recommended to use a resistance of 350 kQ or higher to limit the current under conditions where
IN can be exposed to reverse polarity.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, +2000
all pins(") -
V(Esp) Electrostatic discharge P - — \
Charged device model (CDM), per JEDEC specification +500
JESD22-C101, all pins®@ B

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process precautions.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

Parameter Pin MIN MAX| UNIT
VN Input Voltage Range IN 2.7 23 \%
Vout Output Voltage Range ouT min (23, Viy + 20) \%
Venuvio | Enable Pin Voltage Range EN/UVLO 5@ v
VovLo OVLO Pin Voltage Range OVLO 0.5 1.5 \%
VavaT dVdT Capacitor Voltage Rating dvdt Vin+5Vv M \Y
VpaTH PGTH Pin Voltage Range PGTH 5@ v
Vpg PG Pin Voltage Range PG 5@ v
ViMoN IMON Pin Voltage IMON 15| V
Imax Continuous Switch Current, , Ty < 125 C IN to OUT 5.5 A
T, Junction temperature -40 125 °C

(1) In a PowerMUX/ORing scenario with unequal supplies, the dVdt capacitor rating for each device should be chosen based on the
highest of the 2 rails.

(2) For supply voltages below 5V, it is okay to pull up the EN pin to IN directly. For supply voltages greater than 5V or systems which can
be exposed to reverse polarity on input supply, it is recommended to use a pull-up resistor with a minimum value of 350 kQ.

(3) For systems which can be exposed to reverse polarity on input supply, if this pin is referred to input supply, it is recommended to use a
pull-up resistor with a minimum value of 350 kQ to limit the current through the pin.

6.4 Thermal Information

LM73100
THERMAL METRIC () RPW (QFN) UNIT
10 PINS
41.7 @ °C/W
R ja Junction-to-ambient thermal resistance
7450 °C/wW
Wr Junction-to-top characterization parameter 1 °C/W
. o 20 @ °C/W
LU Junction-to-board characterization parameter
2760 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

(2) Based on simulations conducted with the device mounted on a custom 4-layer PCB (2s2p) with 8 thermal vias under device

(3) Based on simulations conducted with the device mounted on a JEDEC 4-layer PCB (2s2p) with no thermal vias under device
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6.5 Electrical Characteristics
(Test conditions unless otherwise noted) - 40°C < T; < 125°C, VN =12V, Venuvio =2V, Voo =0V, dVdT = Open,

Rivon = 549 Q, PGTH = Open, PG = Open, OUT = Open. All voltages referenced to GND.

Product Folder Links: LM7310

Par.;en:::ter Description MIN TYP MAX UNITS
INPUT SUPPLY (IN)
VuvPR) IN supply UVP rising threshold 2.44 2.53 2.64 \%
VuvpF) IN supply UVP falling threshold 2.35 2.42 2.55 \%
IN supply quiescent current, Viy = 2.7 V 347 492 MA
laon) IN supply quiescent current, Viy =12V 426 509 HA
IN supply quiescent current, Viy =23 V 459 612 uA
loreB) IN supply quiescent current during RCB, Voyt > VN 189.7 234 HA
la(oFF) IN supply disabled state current (Vspr) < Ven < VuvLor)) 74.5 97.6 HA
Isp IN supply shutdown current (Ven < Vsp(r)) 4.6 8.2 uA
lqovLo) IN supply OFF state current (OVLO condition), Vout > Vin 191 uA
IINLKG(IRPP) IN supply leakage current (Viy= - 14V, Vour=0V) -3.5 uA
ON RESISTANCE (IN - OUT)
Ron VN=12V,lout=3A,T;=257C 28.4 mQ
27 <VN<23V, -40C<Ty<125°C 44.85 mQ
ENABLE/UNDERVOLTAGE LOCKOUT (EN/UVLO)
VuvLoRr) EN/UVLO rising threshold 1.183 1.2 1.223 \Y
VuvLoF) EN/UVLO falling threshold 1.076 1.09 1.116 \%
Vsp(F) EN/UVLO falling threshold for lowest shutdown current 0.45 0.74 \Y
lENLKG EN/UVLO leakage current -0.1 0.1 WA
OVERVOLTAGE LOCKOUT (OVLO)
VovRr) OVLO rising threshold 1.183 1.2 1.223 \Y
Vov(r) OVLO falling threshold 1.076 1.09 1.116 \Y
loviLkG OVLO pin leakage current, 0.5V <Vgpy 0 <15V -0.1 0.1 uA
loutLkg(ovLo) |OUT leakage current (OVLO condition), Voyt > VN 317 uA
FIXED FAST-TRIP (OUT)
e Fixed fast-trip current threshold 21.9 A
OUTPUT LOAD CURRENT MONITOR (IMON)
1AT|OQ load current monitor gain (Iyon : louT), loutr = 0.5 A to 144 181 216 UAIA
Gimon Analog load current monitor gain (Iyon : lout), lout =1 Ato
55A ’ 153 181 207 uA/A
REVERSE CURRENT BLOCKING (IN - OUT)
VEwbp (VN - Vour) forward regulation voltage, loyt= 10 mA 4.8 16.4 28.4 mV
Veevth %%Tnt_ l\)/I|(;\,C)ktirr1]r;>)shoId for fast BFET turn off (enter reverse 297 29.3 36.5 mv
Voot f;\él;:"e;n\t/g?gc)*tmg)shdd for fast BFET turn on (exit reverse 85.9 105.8 125 mv
IREVLKG(OFF) \R/’e\\;ers:eolevakage current (unpowered condition), Voyt = 12 48 uA
» VIN
IREVLKG Reverse leakage current, (Voyt - Vin) =215V 10.10 15.86 pA
OUTLKG(RCE) \C/)ll:;l'=le1al\(/age current during RCB state while ON, (Voyr - 2476 322 uA
6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.5 Electrical Characteristics (continued)
(Test conditions unless otherwise noted) -40°C < T; < 125°C, Vin =12V, Venuvio =2V, Vovio = 0V, dVdT = Open,

Rivon = 549 Q, PGTH = Open, PG = Open, OUT = Open. All voltages referenced to GND.

Par-:;er:tteter Description MIN TYP MAX UNITS

POWER GOOD INDICATION (PG)

\F;SGD?::(lo:vz\goﬁaAge while de-asserted, ViN < Vyypr), VEN < 067 0.9 Vv
VpeD \F;G piln Io:vz\;ozltagAe while de-asserted, VN < Vyypr), VEN < 0.78 1 Vv

sDs PG H

PG pin low voltage while de-asserted, V|y > Vyvpr) 0.6 \Y
lpcLkG PG pin leakage current while asserted 0.5 uA
POWERGOOD THRESHOLD (PGTH)
VPGTHR) PGTH rising threshold 1.183 1.2 1.223 \%
VPGTH(F) PGTH falling threshold 1.076 1.09 1.116 \Y
IPGTHLKG PGTH leakage current -1 1 pA
OVERTEMPERATURE PROTECTION (OTP)
TSD Thermal shutdown rising threshold, T, t 154 °C
TSDuys Thermal shutdown hysteresis, T | 10 °C
DVDT
lgvdt ‘dth pin charging current 1.15 2.34 3.66 MA
6.6 Timing Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

tovLo Overvoltage lock-out response time Vovio > Vov(r) to Vour ¢ 1.1 us
ter Fixed fast-trip response time lout > lpT to loyt ¥ 500 ns
tswres Reverse Current Blocking recovery time (ViN - Vour) > Vewoth to Vour 1 50 us
trcs rReZ\’/)ir:;aeCiiLror]r:nt Blocking fast comparator (Vour - Vin) > 1.3 X Vrgyry to BFET OFF 1 us
tpca PG Assertion de-glitch 12 us
tpeD PG De-assertion de-glitch 12 us
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6.7 Switching Characteristics

The output rising slew rate is internally controlled and constant across the entire operating voltage range to ensure the turn
on timing is not affected by the load conditions. The rising slew rate can be adjusted by adding capacitance from the dVdt pin
to ground. As Cqyqt is increased it will slow the rising slew rate (SR). See Slew Rate and Inrush Current Control (dVdt)
section for more details. The Turn-Off Delay and Fall Time, however, are dependent on the RC time constant of the load
capacitance (CoyT) and Load Resistance (R, ). The Switching Characteristics are only valid for the power-up

sequence where the supply is available in steady state condition and the load voltage is completely discharged before the
device is enabled.Typical Values are taken at T; = 25°C unless specifically noted otherwise. R = 100 Q, Coyt =1 uF

ouT

PARAMETER Vin Cavat = Open | Cqyat = 1800 pF gg’g‘; UNIT

27V 12.14 0.87 0.5

SRoN Output Rising slew rate 12V 28.1 1.09 0.61 V/ms
23V 44.78 1.25 0.71
2.7V 0.09 0.6 0.97

tp,oN Turn on delay 12V 0.1 1.32 2.35 ms
23V 0.11 1.99 3.69
27V 0.17 2.51 4.33

tr Rise time 12V 0.35 8.1 15.37 ms
23V 0.40 14.4 25.89
27V 0.27 3.1 5.31

ton Turn on time 12V 0.45 10.08 17.72 ms
23V 0.50 16.41 29.57
27V 64.44 64.44 64.44

tp oFF Turn off delay 12V 25.32 25.32 25.32 us
23V 23.02 23.02 23.02

4
w1 |
EN/UVLO WoR~ AT Vuvior) ~ ‘\‘ -
0 l l
— Sl bt

5

Time

A 6-1. LM73100 Switching Times
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6.8 Typical Characteristics

35 0.2
lout Ta (°C)
34 — 1A 018 — 40
— 3A — 25
% — 4A s 91—z P
32 — 5.5A o 0.14 /
o
g 3 \ S 012 //
Zz 30 \ g o1 ]
3 29 \\ ® 008 ]
14 — 5
28 O 0.06
2 £ 00 ]
7 .04 —
26 0.02 ;ﬁ/
25 0
25 5 75 10 125 15 175 20 225 25 0 05 1 15 2 25 3 35 4 45 5 55
Vin (V) lout(A)
& 6-2. ON-Resistance vs Supply Voltage & 6-3. Forward Voltage Drop vs Load Current
480 600
=
450
500
, = m
< 7~ <
\; — T % 400
S 9 350
5 390 Th (°C) =
A
220 300 Vin (V)
360 —Z 250 —
— 105 200 —_— 12
— 125 — 23
330 150
2 4 6 8 10 12 14 16 18 20 22 24 40 20 0 20 40 60 80 100 120 140
Vin(v) Ta(°C)
& 6-4. IN Quiescent Current vs Supply Voltage 6-5. IN Quiescent Current vs Temperature
2.54 1.22
\\\__
2.52 1.2
2.5 1.18
S 248 — Rising ZO 1.16 — Rising
: — Falling S — Falling
S 246 > 114
2.44 1.12
242 F— 1.1
2.4 1.08
-40  -20 0 20 40 60 80 100 120 140 -40  -20 0 20 40 60 80 100 120 140
Ta (°C) Ta (°C)
& 6-6. IN Undervoltage Threshold vs Temperature & 6-7. EN/UVLO Threshold vs Temperature

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: LM7310


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/lm7310?qgpn=lm7310
https://www.ti.com.cn/cn/lit/pdf/ZHCSLY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSLY9A&partnum=LM7310
https://www.ti.com.cn/product/cn/lm7310?qgpn=lm7310

LM7310
ZHCSLY9A - OCTOBER 2020 - REVISED DECEMBER 2020

13 TEXAS
INSTRUMENTS

www.ti.com.cn

6.8 Typical Characteristics (continued)
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6.8 Typical Characteristics (continued)
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6.8 Typical Characteristics (continued)
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6.8 Typical Characteristics (continued)
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&l 6-31. Input Reverse Polarity Protection - Slow Ramp
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6.8 Typical Characteristics (continued)
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7 Detailed Description
7.1 Overview

The LM73100 is an integrated ideal diode that is used to ensure safe power delivery in a system. The device
starts its operation by monitoring the IN bus. When the input supply voltage (V|y) exceeds the undervoltage
protection threshold (Vyyp), the device samples the EN/UVLO pin. A high level (> Vyyor)) on this pin enables
the internal power path (BFET+HFET) to start conducting and allow current to flow from IN to OUT. When EN/
UVLO pin is held low (< VyyLoF)), the internal power path is turned off. In case of reverse voltages appearing at
the input, the power path remains OFF thereby protecting the output load.

After a successful start-up sequence, the device now actively monitors its load current and input voltage, and
controls the internal HFET to ensure that the fast-trip threshold (1) is not exceeded and overvoltage spikes are
cut-off once they cross the user adjustable overvoltage lockout threshold (Voy o). This helps to keep the system
safe from harmful levels of voltage and current.

The device has integrated reverse current blocking FET (BFET) which operates like an ideal diode. The BFET is
linearly regulated to maintain a small constant forward drop (Vgwp) in forward conduction mode and turned off
completely to block reverse current from OUT to IN if output voltage exceeds the input voltage.

The device also has a built-in thermal sensor based shutdown mechanism to protect itself in case the device
temperature (T,) exceeds the recommended operating conditions.
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7.2 Functional Block Diagram
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7.3 Feature Description

The LM73100 integrated ideal diode is a compact, feature rich power management device that provides
detection, protection and indication in the event of system faults.

7.3.1 Input Reverse Polarity Protection

The LM73100 device is internally protected against transient and steady state negative voltages applied at the
input supply pin. The device blocks the negative voltage from appearing at the output, thereby protecting the
load circuits. There’ s no reverse current flowing from output to the input in this condition. The maximum
negative voltage the device can handle at the input is limited to -15 V or Voyt - 21V, whichever is higher. It’ s
also recommended that all signal pins (e.g. EN/UVLO, OVLO, PGTH) which are derived from input supply
should have a sulfficiently large pull-up resistor to limit the current flowing out of these pins during reverse
polarity conditions. Please refer to Absolute Maximum Ratings table for more details.

7.3.2 Undervoltage Protection (UVLO & UVP)

The LM73100 implements undervoltage protection on IN in case the applied voltage becomes too low for the
system or device to properly operate. The undervoltage protection has a default lockout threshold of Vyp which
is fixed internally. Apart from that, the UVLO comparator on the EN/UVLO pin allows the undervoltage Protection
threshold to be externally adjusted to a user defined value. The ¥ 7-1 and J7 25 1 below show how a resistor
divider can be used to set the UVLO set point for a given voltage supply.

Power

Supply IN
Ry

EN/UVLO

=:

GND

i 7-1. Adjustable Undervoltage Protection

Vuvox (R1 + R2)
R2 (1)

7.3.3 Overvoltage Lockout (OVLO)

The LM73100 allows the user to implement overvoltage lockout to protect the load from input overvoltage
conditions. The OVLO comparator on the OVLO pin allows the overvoltage protection threshold to be adjusted to
a user defined value. Once the voltage at the OVLO pin crosses the OVLO rising threshold Voy(r), the device
turns off the power to the output. Thereafter, the devices wait for the voltage at the OVLO pin to fall below the
OVLO falling threshold VoyF) before the output power is turned ON again. The rising and falling thresholds are
slightly different to provide hysterisis. The & 7-2 and /523X 2 below show how a resistor divider can be used to
set the OVLO set point for a given input supply voltage.

Vinov) =
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Power
Supply IN
Ry
ovLo
Rzz
GND
B 7-2. Adjustable Overvoltage Protection

Vovx (R1 + R2)

Vinovy = R

While recovering from an overvoltage event,

Input Overvoltage Event

)
the LM73100 starts up with inrush control (dVdt).

Input Overvoltage Removed
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B 7-3. LM73100 Overvoltage Lockout and Recovery
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7.3.4 Inrush Current control and Fast-trip
LM73100 incorporates 2 mechanisms to handle overcurrent:

1. Adjustable slew rate (dVdt) for inrush current control
2. Fixed threshold (IgT) for fast-trip response to transient overcurrent events during steady-state

7.3.4.1 Slew Rate (dVdt) and Inrush Current Control

During hot-plug events or while trying to charge a large output capacitance at start-up, there can be a large
inrush current. If the inrush current is not managed properly, it can damage the input connectors and/or cause
the system power supply to droop leading to unexpected restarts elsewhere in the system. The inrush current
during turn on is directly proportional to the load capacitance and rising slew rate. /5 #£ = 3 can be used to find
the slew rate (SR) required to limit the inrush current (Iinrush) for a given load capacitance (Coyr):

IinrusH (MA)

SR(V/ms) = Cour (i) 3)

A capacitor can be connected to the dVdt pin to control the rising slew rate and lower the inrush current during
turn on. The required Cgyyqt Capacitance to produce a given slew rate can be calculated using the following
equation:

2000

Cavat (pF) = SR(V/ms) @)

The fastest output slew rate is achieved by leaving the dVdt pin open.
#HIE

For Cqvgt > 10 nF, it's recommended to add a 100-Q resistor in series with the capacitor on the dVdt
pin.

7.3.4.2 Fast-Trip During Steady State

During certain system faults, the current through the device can increase very rapidly. In such events, the device
provides fast-trip response with a fixed threshold (1) during steady state. Once the current exceeds Igt, the
HFET is turned off completely within te1. Thereafter, the device remains latched-off until it's power cycled or re-
enabled by toggling the EN/UVLO pin.
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4 ITransient overcurrent
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K 7-4. LM73100 Fast-Trip Response

#HIE
The LM73100 fast-trip response is active only during steady state and offers one level of fast
response to severe overcurrents of transient nature. However, for systems which may experience

persistent faults such as short-circuits or overloads, it's recommended to use an additional level of
overcurrent protection in series for safety.

7.3.5 Analog Load Current Monitor Output

The device allows the system to accurately monitor the output load current by providing an analog current sense
output on the IMON pin which is proportional to the current through the FET. The user can sense the voltage
(Vimon) across the Rjyon to get a measure of the output load current.

Vimon (V) x 10-6

lour (A) = Rimon () x Gimon (MA/A) N

The waveform below shows the IMON signal response to a dynamically varying load profile at the output.
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£

£re2

ViN=12V, Coyt =22 uF, Rmon = 1.15 kQ, loyt varied dynamically between 0 A and 3.5 A

K 7-5. Analog Load Current Monitor Output Response

&k
It's recommended to choose Rjyon such that Viyon < 1.5 V at the maximum DC load current.
It's also recommended to add a zener diode on the IMON pin to clamp the voltage below 1.8 V
during high current transients.
3. Connect IMON pin to GND if not used. Do not leave the pin floating.

N —

7.3.6 Reverse Current Protection

The LM73100 functions like an ideal diode and blocks reverse current flow from OUT to IN under all conditions.
The device has integrated back-to-back MOSFETs connected in a common drain configuration. The voltage drop
between the IN and OUT pins is constantly monitored and the gate drive of the blocking FET (BFET) is adjusted
as needed to regulate the forward voltage drop at Vrywp. This closed loop regulation scheme enables graceful
turn off of the MOSFET during a reverse current event and ensures there's no DC reverse current flow.

The device also uses a conventional comparator (VgreytH) based reverse blocking mechanism to provide fast
response to transient reverse currents.Once the device enters reverse current blocking condition, it waits for the
(ViN - Vour) forward drop to exceed the Vewpty before it performs a fast recovery to reach full forward
conduction state. This provides sufficient hysterisis to prevent supply noise or ripple from affecting the reverse
current blocking response. The recovery from reverse current blocking is very fast (tswrcg)- This ensures
minimum supply droop which is helpful in applications such as power MUX/ORing.
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& 7-6. Reverse Current Blocking Response

The waveforms below illustrate the reverse current blocking performance in various scenarios.

During fast voltage step at output (e.g. hot-plug), the fast comparator based reverse blocking mechanism
ensures minimum jump/glitch on the input rail.

& 7-7. Reverse Current Blocking Performance During Fast Voltage Step at Output

During slow voltage ramp at output, the linear ORing based reverse blocking mechanism ensures there's no DC
current flow from OUT to IN, thereby avoiding input rail from getting slowly charged up to output voltage.
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& 7-8. Reverse Current Blocking Performance During Slow Voltage Ramp at Output

When the input supply droops or gets disconnected while the output storage element (capacitor bank or super
capacitor) is charged to the full voltage, the linear ORing scheme minimizes the self-discharge from OUT to IN.
This ensures maximum hold-up time for the output storage element in critical power back-up applications.

It also prevents incorrect supply presence indication in applications which sense the input voltage to detect if the
supply is connected.

£i) 20Vidiv MO 8:250M
@@ 20Vidiv MO Byi500M

A\ 388V 2000msid 50.0kSs  20.0us
None Auto_J| stoppea
RL:100.0K

||||||

& 7-9. Reverse Current Blocking Performance During Input Supply Failure

7.3.7 Overtemperature Protection (OTP)

The LM73100 monitors the internal die temperature (T,) at all times and shuts down the part as soon as the
temperature exceeds a safe operating level (TSD) thereby protecting the device from damage. The device will
not turn back on until the junction cools down sufficiently, that is the die temperature falls below (TSD - TSDpys).

When the device detects thermal overload, it will shut down and remain latched-off until the device is power
cycled or re-enabled by toggling the EN/UVLO pin.

Z 7-1. Thermal Shutdown

Enter TSD Exit TSD
T, <TSD - TSDyys
T, =TSD V|n cycled to 0 V and then above Vyypry OR EN/UVLO toggled
below VSD(F)
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7.3.8 Fault Response
The following table summarizes the LM73100 response to various fault conditions.

% 7-2. Fault Summary

Event Protection Response Fault Latched Internally
Overtemperature Shutdown Y
Undervoltage (UVP or UVLO) Shutdown N
Input Reverse Polarity Shutdown N
Overvoltage Shutdown N
Reverse Current Reverse Current Blocking N
Transient overcurrent during steady state Shutdown Y

Faults which are not latched internally are automatically cleared once the trigger condition goes away and
thereafter the device recovers without any external intervention. Faults which are latched internally can be
cleared either by power cycling the part (pulling V|y to 0 V and then above Vyyp(r)) or by pulling the EN/UVLO
pin voltage below Vgp ).

After a latched fault, pulling the EN/UVLO just below the UVLO threshold (VyyLo)) has no impact on the device.

7.3.9 Power Good Indication (PG)
The LM73100 provides an active high digital output (PG) which serves as a power good indication signal and is

asserted high depending on the voltage at the PGTH pin along with the device state information. The PG is an
open-drain pin and needs to be pulled up to an external supply.

After power up, PG is pulled low initially. The device initiates a inrush sequence in which the HFET is turned on
in a controlled manner. When the HFET gate voltage reaches the full overdrive indicating that the inrush
sequence is complete and the voltage at PGTH is above Vpgrhr), the PG is asserted after a de-glitch time
(traa)-

PG is de-asserted if at any time during normal operation, the voltage at PGTH falls below Vpgri ), Or the device
detects a fault. The PG de-assertion de-glitch time is tpgp.
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0
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Time
& 7-10. LM73100 PG Timing Diagram
# 7-3. LM73100 PG Indication Summary
Event Protection Response PG Pin PG Delay
Undervoltage (UVP or UVLO) Shutdown L
Input Reverse Polarity Shutdown L
Overvoltage (OVLO) Shutdown L treD
H (If PGTH pin voltage >V, !
Steady State N/A ( P 9e > VeaTH(R)) PGA
L (lf PGTH pin voltage < VPGTH(F)) tPGD
Transient overcurrent during Fast-tri H (If PGTH pin voltage > VpgTH(R)) trea
Steady state P L (lf PGTH pln voltage < VPGTH(F)) treD
Reverse current (Voyut - ViN) >
((Vour-Vin) Reverse current blocking L tpcD
VREVTH)
Overtemperature Shutdown L tpaD
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When there is no supply to the device, the PG pin is expected to stay low. However, there is no active pull-down
in this condition to drive this pin all the way down to O V. If the PG pin is pulled up to an independent supply
which is present even if the device is unpowered, there can be a small voltage seen on this pin depending on the
pin sink current, which is a function of the pull-up supply voltage and resistor. Minimize the sink current to keep
this pin voltage low enough not to be detected as a logic HIGH by associated external circuits in this condition.

7.4 Device Functional Modes

The device has one mode of operation that applies when operated within the Recommended Operating
Conditions.
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8 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

8.1 Application Information

The LM73100 is an integrated 5.5-A ideal diode that is typically used for power rail monitoring and protection
applications . It operates from 2.7 V to 23 V with adjustable overvoltage and undervoltage protection. It provides
ability to control inrush current and protection against input reverse polarity as well as reverse current conditions.
It also has integrated analog load current monitoring and digital power good indication with adjustable threshold.
It can be used in a variety of systems such as set-top boxes, smart speakers, handheld power tools/chargers,
PC/notebooks and Retail ePOS (Point-of-sale) terminals.

The design procedure explained in the subsequent sections can be used to select the supporting component
values based on the application requirement. Additionally, a spreadsheet design tool LM73100 Design Calculator
is available in the web product folder.

8.2 Single Device, Self-Controlled

Vin= 2.7to23V k ouT VOUT

;: Cour
EN/UVLO PGTH Vioaic
LM73100
OVLO

PG
dvdt GND IMON

& 8-1. Single Device, Self-Controlled

Other variations:

In a Host MCU controlled system, EN/UVLO or OVLO can also be driven from the host GPIO to control the
device.

IMON pin can be connected to the MCU ADC input for current monitoring purpose.

Either V|y or Vout can be used to drive the PGTH resistor divider depending on which supply needs to be
monitored for power good indication.
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8.2.1 Typical Application
VIN =12V IN =I I: ouT VOUT
o A
) R4 L.
47kQ 7T Tout
D2 470 uF
EN/UVLO PGTH 33V
LM73100 I
R2 \V4
— 5.6 kQ
Dl*\X\ ~T~Cnn 47 kQ
ovLo PG
dvdt GND IMON
Cavdt Rimon D3*
3300 pF 5490 18V
° °

* Optional circuit components needed for transient protection depending on input and output inductance. Please
refer to Transient Protection section for details.
&l 8-2. AC-DC Adapter Powered System - Barrel Jack Input Protection

8.2.1.1 Design Requirements

% 8-1. Design Parameters
PARAMETER VALUE
Adapter nominal output voltage (V|n) 12V
Maximum input reverse voltage -12V
Undervoltage threshold (Vinuv)) 10.8V
Overvoltage threshold (Vinov)) 13.2V
Output Power Good threshold (Vpg) 114V
Max continuous current (loutmax) 5A
Analog load current monitor voltage range (Vimonmax) 0.5V
Output capacitance (Coyt) 470 v F
Output rise time (tR) 20 ms
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8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Setting Undervoltage and Overvoltage Thresholds

The supply undervoltage and overvoltage thresholds are set using the resistors R1, R2 & R3 whose values can
be calculated using ;£ 6 and 2= 7:

Vuviow) X (R1 + R2 + R3)
Vinowvy = R2 + R3 ©)

Vov) X (R1 4+ R2 + R3)
Vinv) = R3 7)

Where VyyLo() is the UVLO rising threshold and Voyr) is the OVLO rising threshold . Because R1, R2 and R3
leak the current from input supply V), these resistors must be selected based on the acceptable leakage current
from input power supply V|y- The current drawn by R1, R2 and R3 from the power supply is IR123 = V| / (R1 +
R2 + R3). However, leakage currents due to external active components connected to the resistor string can add
error to these calculations. So, the resistor string current, IR123 must be chosen to be 20 times greater than the
leakage current expected on the EN/UVLO and OVLO pins.

From the device electrical specifications, both the EN/UVLO and OVLO leakage currents are 0.1 p A (max),
Vovr) = 1.2 V and VyyLoRr) = 1.2 V. From design requirements, Viyov) = 13.2 V and Vyuy) = 10.8 V. To solve
the equation, first choose the value of R1 =470 kQ and use the above equations to solve for R2 = 10.7 kQ and
R3=48 kQ.

Using the closest standard 1% resistor values, we get R1 =470 kQ,R2=11kQ,and R3=47 kQ.
8.2.1.2.2 Setting Output Voltage Rise Time (tg)
The slew rate (SR) needed to achieve the desired output rise time can be calculated as:

Vin (V 12V
W) _ = 0.6 V/ms

SR(V/ms) = tr (ms) ~ 20 ms (8)

The Cgyyqt Needed to achieve this slew rate can be calculated as:

2000 2000
= 3333 pF

G O = SR w/ms) ~ 06 ©)

Choose the nearest standard capacitor value as 3300 pF.

For this slew rate, the inrush current can be calculated as:
TinrUSH (mA) =SR (V/ms) x Cout (uF) =0.6x470 = 282 mA (10)

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

I A)xVin (V) 0.282x12
inrush (A) x Vin ( )= =169W

PDinrust (W) = > 2 (11)

The power dissipation is below the allowed limit for a successful start-up without hitting thermal shut-down within
the target rise time as shown in the [ 8-3.
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& 8-3. Thermal shut-down plot during inrush

8.2.1.2.3 Setting Power Good Assertion Threshold

The Power Good assertion threshold can be set using the resistors R4 & R5 connected to the PGTH pin whose
values can be calculated as:

Vo = Vreeta®) X (R4 + R5)

RS (12)
Because R4 and R5 leak the current from the output rail Vgoyr, these resistors must be selected to minimize the
leakage current. The current drawn by R4 and R5 from the power supply is IR45 = Vgyt / (R4 + R5). However,
leakage currents due to external active components connected to the resistor string can add error to these
calculations. So, the resistor string current, IR123 must be chosen to be 20 times greater than the PGTH
leakage current expected.

From the device electrical specifications, PGTH leakage current is 1 1A (max), Vpgrhr) = 1.2 V and from
design requirements, Vpg = 11.4 V. To solve the equation, first choose the value of R4 = 47 kQ and calculate R5
=5.52 kQ. Choose nearest 1% standard resistor value as R5 = 5.6 kQ.

8.2.1.2.4 Setting Analog Current Monitor Voltage (IMON) Range
The analog current monitor voltage range can be set using the R on resistor whose value can be calculated as:

Vimonmax (V) x 10-6 _05x10° =54950

Rivon () = (&) % Givon (UA/A) ~ 5 x 182 (13)

Choose nearest 1% standard resistor value as 549 Q.

HIE
An additional 1.8 V zener may be needed in parallel with the Ryyon in applications which expect large
transient currents. Please refer to the Analog Load Current Monitor section for more details.
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8.2.1.3 Application Curves
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@@ 5o 10 Byis00m None Nomal | stoppea singlo sea
& 8-6. Analog Load Current Monitor Output

8.3 Active ORing

A typical redundant power supply configuration is shown in & 8-7 below. Schottky ORing diodes have been
popular for connecting parallel power supplies, such as parallel operation of wall adapter with a battery or a hold-
up storage capacitor. Similar ORing requirements can be seen in end equipements such as PC, Notebook,
Docking stations, Monitors etc.. which can take power from multiple USB ports and/or power adapter. The
disadvantage of using ORing diodes is high voltage drop and associated power loss. The LM73100 with
integrated, low-ohmic, back-to-back FETs provides a simple and efficient solution. Figure below shows the Active
ORing implementation using the devices.
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ENUVLO | 73100 PGTH qv\ Cour
OVLO PG ‘ PG_SYS
VIN1 VIN2 IMON
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IN h i+ our
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il 1]
Vioeic
EN/UVLO LM73100 PcTHH
OVLO PG I
IMON

& 8-7. Two Devices, Active ORing Configuration

The linear ORing mechanism in LM73100 ensures that there's no reverse current flowing from one power source
to the other during fast or slow ramp of either supply.

The following waveforms illustrate the active ORing behavior.

<! ;
Jiiinal _g— Y : o "\
| —— —_—
L o @
S0 o - R T S= = | e
@ 200.0mAIdiy M By120M Auto @ 20Vidiv MQ 8,250 Auto
Vint =12V, Royt =25 Q, COUT =440 v F, IN2 stepped up to Ving =12V, Rout =25 Q, COUT =440 v F, IN2 stepped up to
13 V and then ramped down 13 V and then ramped down
] 8-8. Active ORing Response K 8-9. Active ORing Response

When bus voltages (IN1 and IN2) are matched, device in each rail sees a forward voltage drop and is ON
delivering the load current. During this period, current is shared between the rails in the ratio of differential
voltage drop across each device.
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In addition to supply ORing, the devices protect the system from overvoltage, excessive inrush current and
transient overcurrent events during steady state.

#E

1. ORIing can be done either between two similar rails (suchas 12V & 12V; 3.3V & 3.3 V) or
between dissimilar rails (such as 12V & 5 V).

2. For ORing cases with skewed voltage combinations, care must be taken to design circuit
components on PGTH, EN/UVLO & OVLO pins for the lower voltage channel device such that the
absolute maximum ratings on those pins are not exceeded when higher voltage is present on the
other channel. Also, the dVdt pin capacitor rating should be chosen based on the highest of the 2
supplies. Refer to Absolute Maximum Ratings and Recommended Operating Conditions tables for
more details.

8.4 Priority Power MUXing

Applications having two or more power sources such as POS terminals, Tablets and other portable battery
powered equipment require preference of one source to another. For example, mains power (wall-adapter) has
the priority over the internal battery back-up power. These applications demand for switchover from mains power
to backup power only when main input voltage falls below a user defined threshold. The LM73100 devices
provide a simple solution for priority power multiplexing needs.

8-10 below shows a typical priority power multiplexing implementation using LM73100 devices. When the
primary (priority) power source (IN1) is present and above the undervoltage (UVLO) threshold, the primary path
device path powers the OUT bus irrespective of whether auxiliary supply voltage condition. The device in
auxiliary path is held in off condition by forcing its OVLO pin to high using the EN/UVLO signal of the primary
path device.

Once the primary supply voltage falls below the user-defined undervoltage threshold (UVLO), the primary path
device is turned off. At the same the auxiliary, the auxiliary path device turns on and starts delivering power to
the load.

In this configuration, supply overvoltage protection is not available on both channels.

The PG pins of the devices can be used as a digital indication to identify which of the 2 supplies is active and
delivering power to the load.

A key consideration in power MUXing applications is the minimum voltage the output bus droops to during the
switchover from one supply to another. This in turn depends on multiple factors including the output load current
(ILoap), output bus hold-up capacitance (Coyt) and switchover time (tsy).

While switching from one supply rail to the other, the minimum bus voltage can be calculated using /7 f£3 14
below. Here, the maximum switchover time (tsy) is the time taken by the device to turn on and start delivering
power to the load, which is equal to the device turn on time (toy), which in turn includes the turn on delay (tp on)
and rise time (tr) determined by the dVdt capacitor (C4yq4t) and bus voltage.

. t (us) x| (A)
Vour(mn (V) =min(Viy, Vig - ot )
auman (V) = (Vow Vi) = =6 S (14)
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& 8-10. Two Devices, Priority Power MUX Configuration
HIE

1. Power MUXing can be done either between two similar rails (such as 12-V Primary & 12-V Aux;
3.3-V Primary & 3.3-V Aux) or between dissimilar rails (such as 12 V-Primary & 5-V Aux or vice
versa).

2. For Power MUXing cases with skewed voltage combinations, care must be taken to design circuit
components on PGTH, EN/UVLO & OVLO pins for the lower voltage channel devices such that
the absolute maximum ratings on those pins are not exceeded when higher voltage is present on
the other channel. Also, the dVdt pin capacitor rating should be chosen based on the highest of
the 2 supplies. Refer to Absolute Maximum Ratings and Recommended Operating Conditions
tables for more details.
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8.5 USB PD Port Protection

End equipments like PC, Notebooks, Docking Stations, Monitors etc. have USB PD ports which can be
configured as DFP (Source), UFP (Sink) or DRP (Source+Sink). LM73100 can be used independently or in
conjunction with TPS259470x to handle the power path protection requirements of USB PD ports as shown in
8-11 below.

LM73100 provides overvoltage protection on the sink path, while blocking reverse current from internal sink rail
to the port.

TPS259470x provides overcurrent & short-circuit protection in the source path, while blocking any reverse
current from the port to the internal source power rail. The fast recovery from reverse current blocking ensures
minimum supply droop during Fast Role Swap (FRS) events. The PD controller can also use the OVLO pin as
an active low enable signal to control the power path. Holding the OVLO pin high keeps the device in OFF state
in sink mode and blocks current in both directions. Once the PD controller determines the need to start sourcing
power, it can pull the OVLO pin low to trigger a fast recovery from OFF to ON state, meeting the FRS timing
requirements.
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& 8-11. USB PD Port Protection

A}
/

The linear ORing mechanism in TPS259470x & LM73100 ensures that there's no reverse current flowing from
one power source to the other during fast or slow ramp of either supply.

The following waveforms illustrate the LM73100 reverse current blocking behavior in USB applications.
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& 8-12. LM73100 Reverse Current Protection
During 20-V Hot-Plug at Output

&l 8-13. LM73100 Reverse Current Protection
During 20-V Voltage Ramp at Output

8.6 Parallel Operation

Applications which need higher steady state current can use multiple LM73100 devices connected in parallel as
shown in 8-14 below. In this configuration, the first device turns on initially to provide the inrush current
limiting. The second device is held in an OFF state by driving its EN/UVLO pin low by the PG signal of the first
device. Once the inrush sequence is complete, the first device asserts its PG pin high, allowing the second
device to turn. The second device asserts its PG signal to indicate that it has turned on fully, thereby indicating to

the system that the parallel combination is ready to deliver the full steady state current.

Once in steady state, the devices share current nearly equally. There could be a slight skew in the currents

depending on the part-to-part variation in the Roy as well as the PCB trace resistance mismatch.
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IN > te ouT
11l 14
Vioaic
EN/UVLO
LM73100
PGTH
PG
OVLO
dvdt
V|N =271t023V GND IMON VOUT
_—) >
Cavat —
1~ Cour
V
V
IN > te ouT
[+l 14
Vioaic
*—1 EN/UVLO
LM73100
L1 PGTH To
PG ® ] downstream
OVLO IMON enable
dvdt GND
&l 8-14. Two Devices Connected in Parallel for Higher Steady State Current Capability
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9 Power Supply Recommendations

The LM73100 devices are designed for a supply voltage range of 2.7 V < V)y < 23 V. An input ceramic bypass
capacitor higher than 0.1 v F is recommended if the input supply is located more than a few inches from the
device. The power supply must be rated higher than the set current limit to avoid voltage droops during
overcurrent and short-circuit conditions.

The maximum negative voltage the device can handle at the input is limited to -15 V or Vgyt - 21V, whichever
is higher. Any low voltage signals (e.g. EN/UVLO, OVLO, PGTH) derived from the input supply must have a
sufficiently large pull-up resistor to limit the current through those pins to < 10 v A during reverse polarity
conditions. Please refer to Absolute Maximum Ratings table for more details.

9.1 Transient Protection

When the device interrupts current flow in the case of a fast-trip event or during normal switch off, the input
inductance generates a positive voltage spike on the input, and the output inductance generates a negative
voltage spike on the output. The peak amplitude of voltage spikes (transients) is dependent on the value of
inductance in series to the input or output of the device. Such transients can exceed the absolute maximum
ratings of the device if steps are not taken to address the issue. Typical methods for addressing transients
include:

* Minimize lead length and inductance into and out of the device.

* Use alarge PCB GND plane.

* Connect a Schottky diode from the OUT pin ground to absorb negative spikes.

* Connect a low ESR capacitor of value greater than 1 1 F at the OUT pin very close to the device.

* Use a low-value ceramic capacitor C;y =1 1 F to absorb the energy and dampen the transients. The
capacitor voltage rating should be atleast twice the input supply voltage to be able to withstand the positive
voltage excursion during inductive ringing.

The approximate value of input capacitance can be estimated with J5 f£: 15:

LIN
VSPIKE(Absolute) = VIN + ILOAD X o
IN

(15)

where

* V)y is the nominal supply voltage.

* Il oap is the load current.

* L,y equals the effective inductance seen looking into the source.
* Cj\ is the capacitance present at the input.

Some applications may require the addition of a Transient Voltage Suppressor (TVS) to prevent transients from
exceeding the absolute maximum ratings of the device. In some cases, even if the maximum amplitude of the
transients is below the absolute maximum rating of the device, a TVS can help to absorb the excessive energy
dump and prevent it from creating very fast transient voltages on the input supply pin of the IC, which can couple
to the internal control circuits and cause unexpected behavior.

HIE
If there's a likelihood of input reverse polarity in the system, it's recommended to use a bi-directional
TVS, or a reverse blocking diode in series with the TVS.

The circuit implementation with optional protection components is shown in & 9-1.
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V|N =2.7to 23V IN bl I: ouT VOUT
—_— @ J_ _L @ L 4 >
EN/UVLO PGTH D2 < Cour
LM73100 Viosrc
DT A TCn

— OVLO PG
dvdt GND IMON

§ Covor —— Rimon

& 9-1. Circuit Implementation with Optional Protection Components
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10 Layout

10.1 Layout Guidelines

* For all applications, a ceramic decoupling capacitor of 0.1 1 F or greater is recommended between the IN
terminal and GND terminal.

* The optimal placement of the decoupling capacitor is closest to the IN pin and GND terminals of the device.
Care must be taken to minimize the loop area formed by the bypass-capacitor connection, the IN pin and the
GND terminal of the IC.

* High current-carrying power-path connections must be as short as possible and must be sized to carry at
least twice the full-load current.

* The GND terminal of the device must be tied to the PCB ground plane at the terminal of the IC with the
shortest possible trace. The PCB ground must be a copper plane or island on the board. It's recommended to
have a separate ground plane island for the device. This plane doesn't carry any high currents and serves as
a quiet ground reference for all the critical analog signals of the device. The device ground plane should be
connected to the system power ground plane using a star connection.

* The IN and OUT pins are used for heat dissipation. Connect to as much copper area on top and bottom PCB
layers using as possible with thermal vias. The vias under the device also help to minimize the voltage
gradient accross the IN and OUT pads and distribute current unformly through the device, which is essential
to achieve the best on-resistance and current sense accuracy.

* Locate the following support components close to their connection pins:

- Rimon

- Cavar
- Resistors for the EN/UVLO, OVLO and PGTH pins

* Connect the other end of the component to the GND pin of the device with shortest trace length. The trace
routing for the Cqy 4t must be as short as possible to reduce parasitic effects on the soft-start timing. These
traces must not have any coupling to switching signals on the board.

* Protection devices such as TVS, snubbers, capacitors, or diodes must be placed physically close to the
device they are intended to protect. These protection devices must be routed with short traces to reduce
inductance. For example, a protection Schottky diode is recommended between OUT terminal and GND
terminal to address negative transients due to switching of inductive loads. It's also recommended to add a
ceramic decoupling capacitor of 1 1 F or greater between OUT and GND. These components must be
physically close to the OUT pins. Care must be taken to minimize the loop area formed by the Schottky
diode/bypass-capacitor connection, the OUT pin and the GND terminal of the IC.
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10.2 Layout Example

Inner GND layer IN © ouT
© ©® © © ©® ©
©
Power layer © © ©
© o © © ©
©
Top layer © s B
by © © RS ] © ©
© ©
© _________________
® ® © ©©@©O© e © ®
© ©® ~ AU © ©
©
s e ©0 00 o © o
5 © 50 e ©
© © ©
© @ ©
© ©
©

& 10-1. Layout Example - Single LM73100 with PGTH Referred to OUT
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10-2. Layout Example - 2 x LM73100 in ORing Configuration
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11 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:

* LM73100EVM Ideal Diode Evaluation Board
* Application note - eFuses for USB Type-C protection
* LM73100 Design Calculator
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM73100RPWR Active Production  VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AEH
LM73100RPWR.A Active Production ~ VQFN-HR (RPW) |10 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2AEH

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM73100RPWR VQFN- RPW 10 3000 180.0 8.4 23 23 | 115 | 4.0 8.0 Q2
HR
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\‘ /}#\
. 7
\\ /
T
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM73100RPWR VQFN-HR RPW 10 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
RPWOO10A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

.1_7 e

PIN 1 IDENTIFICATION %/

[l \N]
o

0.1) TYP

T
0.05 J * SEATING PLANE

1 MAX

i 2X[1.45 i
\ PKG |
\ ¢ o ax
4X[0.475 }— 2x[0.25] SQ (0.15) TYP
‘ 5 6 ‘
g T AN )
A .
i ] 4 0.35
pars] ‘ ‘ ~ .25
N 0.1M|C|A (B
2xf_-§ 2x[0.45] +—-—-— 1 - PkGe
Y= ] | C
n - 453
. | ] ] 10 $wLCFLAF@
] ‘ l N 0.05M|C
PIN1ID 0.3
(OPTIONAL) 8x 03 J‘—-j 2x 933 X5

025 0.1M|C|A (B
q}o:l—@‘%—f—@ ¢ 0.05M) |C

4225183/A 08/2019

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.

i3 Texas
INSTRUMENTS

www.ti.com


AutoCAD SHX Text
 

AutoCAD SHX Text
 


EXAMPLE BOARD LAYOUT

RPWOO10A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

(1.8) ‘
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o
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|
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-
| 1]
‘ ), 4X
. T (0.65)
(R0.05) TYP ‘ &
2X (0.3) | 4X(0.25)
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¢

LAND PATTERN EXAMPLE
SCALE: 30X

SOLDER MASK
0.05 MAX 0.05 MIN
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|
|
|

o METAL [ METAL UNDER
SOLDER MASK
~—____ SOLDER MASK

|
|
|
OPENING \\ ..
D EXPOSED METAL

EXPOSED METAL -

NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4225183/A 08/2019

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

RPWOO10A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

(1.8)
(1.425)
4X (0.4625) —=——=

|

|

| |

2X (0.25) f ‘ ‘
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|
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— 4X (0.275)
4X
P s

4
(0.65)
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(R0.05)
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4% (0.28)

|
|
\
PKG 8X (0.6)

SOLDER PASTE EXAMPLE
BASED ON 0.100 mm THICK STENCIL

PADS 1, 4,7 & 10: 93%; PADS 5 & 6: 82%

SCALE: 30X
4225183/A 08/2019
NOTES: (continued)
5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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