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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent
current ideal diode

Rev. 1 — 26 July 2024

1. General description

The NID5100 is an integrated ideal diode capable
of replacing traditional diodes in low voltage
systems unable to tolerate the high voltage drops of
conventional Schottky components.

When enabled and forward biased, the device
regulates the voltage between the IN and OUT

pins resulting in a forward voltage drop, Vreg,
approximately an order of magnitude smaller than
similarly rated Schottky diodes. When OUT voltage is
higher than IN voltage, the NID5100 becomes reverse
biased with very low leakage current.

Integrated Reverse-Polarity Protection (RPP) prevents
damage to components connected to the OUT pin in
the event of a supply voltage reversal.

The enable pin, EN determines if NID5100 operates in
forward regulation mode or body-diode mode.

A variety of power OR-ing configurations are supported
for system flexibility:

« Two, or more, NID5100 devices in combination
» NID5100s and conventional Schottky diodes
* An NID5100 and an external PMOS

An open-drain status pin, ST, is high-impedance when
NID5100 is enabled and in forward conduction and low
when disabled or in a reverse biased condition. The ST
pin can be used to control an external PMOS to OR an
additional supply, or connected to a microcontroller to
indicate the status condition of NID5100.

The NID5100 is available in a standard

TSSOP6 (SOT363-2) with 2.1 mm x 1.25 mm x

0.95 mm body package compatible with industry SC88/
SC70-6 packages providing a small PCB footprint
compared to conventional low-current diodes.
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2. Features and benefits

* Low loss replacement for power OR-ing diodes

» Automatic transition between OR-ed supplies

» Operating voltage range: 1.2V t0 5.5V

» Reverse voltage protection V|y: -6 V absolute
maximum

»  Supports forward currentup to 1.5 A

« Forward regulation voltage, Vgrgg : 31 mV (typ) at
lOUT =10 mA, VIN =33V

« Active LOW control pin, EN

*  Output status indication, ST

* Low current consumption:
3.3V shutdown current, lysp): 170 nA (typ)
+ 3.3V quiescent current, liyq): 240 nA (typ)

» Specified over Ty -40 °C to +125 °C

3. Applications

* Building automation
* Smart meters
* OR-ed primary and battery backup
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Fig. 1. Simplified application
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Nexperia NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

4. Ordering information

Table 1. Ordering information
Type number |Package

Temperature range |Name Description Version

NID5100GW -40 °C to +125 °C TSSOP6 plastic thin shrink small outline package; 6 leads; SOT363-2
body width 1.25 mm

5. Marking

Table 2. Marking code
Type number Marking code

NID5100GW ut

6. Pin configuration and description

6.1. Pin configuration

NID5100GW package
SOT363-2 (TSSOP6)
IN[1] O [ 6 |out
GND[ 2] [5]sT
EN[3] [4]nc
aaa-039726

Fig. 2. Pin configuration SOT363-2 (SC-88)

6.2. Pin description

Table 3. Pin description

Symbol Pin 110 Description

IN 1 | Device input. Analogous to the "anode" pin of a diode.

GND 2 - Device ground.

EN 3 I Active-low enable input. Drive EN low to enable the device. Drive high to
disable the device. Drive this pin to a valid high or low level. Do not leave this
pin floating.

n.c. 4 - Not internally connected. Can be tied to GND or left floating.

Must be soldered to PCB pad for mechanical reliability.

ST 5 (0] Active-low output. High-Z when chip is enabled and regulating IN to OUT
voltage, Vreg. Pulled low when the chip is disabled, or reverse current
blocking. Connect to GND or leave floating if not used.

ouT 6 (0] Device output. Analogous to the "cathode" pin of a diode.

NID5100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
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7. Specifications

NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

7.1. Limiting values

Table 4. Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).

Symbol |Parameter Conditions Min Max Unit
VN supply voltage -6.0 +6.0 \%
Vour output voltage -0.3 +6.0 \Y,
VEN enable pin voltage -0.3 +6.0 \%
Vst status pin voltage -0.3 +6.0 \%
Isw(max) | continuous switch current - +1.5 A
Isw(pLs) | maximum pulsed switch <120 ms, 2% Duty Cycle - +25 A
current
IppLsy | maximum pulsed body <0.1 ms, 0.2% Duty Cycle - +25 A
diode current

IsT status pin current -1.0 - mA
T junction temperature -40 150 °C
Tstg storage temperature - 65 150 °C
Tiead lead temperature (10 s soldering time) - 300 °C
7.2. ESD ratings

Table 5. ESD ratings

Symbol |Parameter Conditions Value Unit

o HBM: ANSI/ESDA/JEDEC JS-001 class 2 +2000 \Y,
Vesp electrostatic discharge
CDM: ANSI/ESDA/JEDEC JS-002 class C2a +500 \Y,

7.3. Recommended operating conditions
Table 6. Recommended operating conditions

Voltages are referenced to GND (ground = 0 V).

Symbol |Parameter Conditions Min Max Unit
VN supply voltage 1.2 55 Vv
Vout output voltage Vinz1.2V 0.5 5.5 \Y
Vst status pin voltage 55 \%
VEN enable pin voltage 55 Vv
At/AV enable pin input transition |V|y=1.2t05.5V; 0 200 ms/V

rise and fall rate Ven=0toVporViytoOV

NID5100
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Nexperia NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

7.4. Recommended components

Table 7. Recommended components
Nominal component values, not including derating factors.

Symbol |Parameter Conditions Min Nom Max Unit

CiN capacitance on IN 0.1 1 - uF

Court capacitance on OUT An output capacitor is required for 0.1 0.47 100 uF
proper operation.

Ren resistor on EN Connected to GND [1] 0 50 100 kQ

Rst resistor on ST 25 50 100 kQ

[1] Ifthe EN pin is driven by a microcontroller, the value of Rgy should be chosen in accordance with the microcontrollers I/O pin drive
capability (Von and Vg ).
7.5. Thermal information

Table 8. Thermal information
Thermal resistance according to JEDEC51-5 and -7

Symbol Parameter SOT363-2 Unit
Reoua junction-to-ambient thermal resistance 256 °C/W
ReJc(ropr) junction-to-case (top) thermal resistance 177 °C/W
Y- junction-to-top characterization parameter 78 °C/W

NID5100
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

7.6. Electrical characteristics

Table 9. Static characteristics

Ciy = 0.1 uF in parallel with 1 uF, Coyr = 0.1 uF, VeEn =0V, 1.5 V< V|y < 5.5 V. Typical values are at T4, = 25 °C with an
input voltage of 3.3 V (unless otherwise noted).

Symbol ‘ Parameter

Conditions

\ Min \ Typ \ Max \ Unit

Input supply (IN)

IIN(SD) shutdown current VOUT = VIN = Vm =33V Tamb =25°C - 0.17 | 0.24 |JA
lout =0 A (Vour = open) Tamp = -40°C to 125°C | - - 1030

Iine) quiescent current Vour=ViN; VEn=0V Tamp = 25°C - 0.24 | 0.35 | pA
lout =0 A (Vour = open) Tamp = -40°C t0 125°C | - - 040

Forward voltage regulation, Vreg

VREG forward regulation ViNn=5V,or Ven=0V Tamp = -40°C to 125°C 7 31 50 mV
voltage Vin=33V lout = 10 mA
VRreG = Vin - Vour

ON-resistance (Roy)- See Fig. 26.

Ron on-state resistance  |transistor fully Vin=33V Tamb = 25°C - 115 - mQ

enhanced lout = - 500 mA
Ven=0V

Reverse Current Blocking (RCB) and body diode characteristics

VRce R |reverse current (MouT - VIN), Vour rising above VN | Tamp = 25°C - 30.5 - mV
blocking activation Ven=0V
voltage

VReB_F reverse current (VouT - VIN), Vour falling below VN | Tamp = 25°C - |-335 - mV
blocking deactivation |Vgy =0V
voltage

Vewd body diode forward  |loyt = 10 mA Tamp =-40°Ct0125°C | 0.3 | 0.5 | 0.9 \Y
voltage VEN = VIN

NID5100

Submit document feedback

Product data sheet

Al information provided in this document is subject to legal disclaimers.

Rev. 1 — 26 July 2024

© Nexperia B.V. 2024. All rights reserved

5/28




Nexperia

NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

Symbol ‘ Parameter

Conditions

‘ Min ‘ Typ ‘ Max ‘ Unit

Leakage currents

louT- OUT to IN leakage ViN=33V;Vour=4V;Ven=0V | Tamp =25°C - 130 | 180 | nA
IN(REV) gﬁi&omoﬂN’ Tamp = -40°Ct085°C | 200 | - | 200 | nA
reverse biased) Tampb = -40°C to 125°C | -220 - 220 | nA
) ViN=33V;Vour=5V;Ven=0V | Tamp =25°C - 130 | 180 | nA
device enabled
Tamb = -40°C to 85°C -200 - 200 | nA
Tampb = -40°C to 125°C | -220 - 220 | nA
VIN=2V;Vour=5.5V;Ven=0V | Tamp = -40°C to 85°C -220 | 130 | 220 | nA
loutrev) |currentinto OUT ViN=33V;Vour=4V;Ven=0V | Tomp =25°C - 330 | 410 | nA
(reverse biased) Tomp = -40°C to 85°C _ B 500 | nA
device enabled Tamb = -40°C to 125°C - - 800 | nA
Vin=33V;Vour=5V;VeEn=0V |Tamp =25°C - 420 | 500 | nA
Tamb = -40°C to 85°C - - 600 | nA
Tamp = -40°C to 125°C - - 11000 | nA
VIN=2V;Vour=5.5V;Ven =0V |Tamp = -40°C to 85°C - 530 | 700 | nA
louT- OUT to IN leakage ViIN=Ven=4.5V;Vour=5.5V Tamp = 25°C - 150 | 500 | nA
INDIS) EﬁimomonN, Tomp = -40°C to 85°C - | - 800 nA
reverse biased) Tamb = -40°C to 125°C - - 825 | nA
. . ViIN=Ven=15V;Vour=5.5V Tamb = -40°C to 85°C - - 13300 nA
device disabled
Tamb = -40°C to 125°C - - 13500 | nA
VIN=VEn=0V;Vour =55V Tamb = -40°C to 85°C - - 11500 | nA
Tamb = -40°C to 125°C - - 11650 | nA
Enable (EN)
Vi LOW-level input device enabled Tamb = -40°C to 125°C - - 0.4 \%
voltage
ViH HIGH-level input device disabled Tamp = -40°C to 125°C 1.2 - - \
voltage
Vuys enable pin hysteresis Tamp = 25°C - 45 - mV
I LOW-level input Ven=0V Tambp = 25°C -30 0 30 nA
current Tamp = -40°C t0 125°C | -100 | - | 100 | nA
I HIGH-level input ViN=3.3V Tamp = 25°C - 15 - nA
current Ven=3.3V Tomp = -40°Ct0125°C | - | - | 150 | nA
HIGH-level input Vin=33V Tamp = 25°C - 20 - nA
wgeztvm) Ven=5V Tomp = -40°Ct0125°C | - | - | 150 | nA
Status indication (ST)
VoisT) LOW-level output IsT=1mA; V=218V Tamb = -40°C to 125°C - - 0.1 \%
IsT=0.1mA; V<18V Tamp = -40°C to 125°C - - 0.1 \Y
IsT ST pin leakage Vst =VIN Tamp = -40°C to 125°C | -150 - 150 | nA
current Ven=0V
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

7.7. Dynamic characteristics

Table 10. Dynamic characteristics

At recommended operating conditions; voltages are referenced to GND (ground = 0 V); typical values at T pp = 25 °C;
Ciy = 0.1 uF in parallel with 1 uF; and a load of C; = 100 nF in parallel with R, = 1 kQ. See Fig. 22 and Fig. 23.

Symbol | Parameter Conditions Min | Typ | Max | Unit
ton turn-on time Vin=15V - 90 - us
Vin=18V - 100 - us
ViN=25V - 130 - us
Vin=33V - 165 - us
ViNn=5V - 240 - us
torr turn-off time Vin=15V - 60 - us
Vin=18V - 50 - us
ViN=25V - 38 - us
Vin=3.3V - 30 - us
ViNn=5V - 10 - us
trALL output FALL time Vin=15V - 35 - us
Vin=18V - 25 - us
ViNn=25V - 20 - us
ViN=3.3V - 15 - us
ViN=5V - 10 - us
tsTLZ status, ST pin, delay time: low to high-impedance Vin=15V - 80 - us
EI:Ttrzaggltll(%nfofmm high to low V=18V B 90 B us
ViN=25V - 125 - us
Vin=33V - 160 - us
ViN=5V - 220 - us
tsTzL status, ST pin, delay time: high-impedance to low Vin=15V - 38 - us
EI:TtLaggltll(%ntsoﬁl’Em low to high Vin=18V R 33 R us
ViN=25V - 25 - us
Vin=3.3V - 18 - us
ViNn=5V - 1 - us

NID5100
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

7.8. Typical Characteristics

ViN=33V,GND=0V,Vey =0V, Cin=0.1+1pF, Cout + CL = 0.1 + 1 pF to GND.

otherwise noted.

Table 11. Typical Characteristics

Typical values at T, = 25 C, unless
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode
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Fig. 9. Enable threshold voltage versus temperature
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Fig. 10. Status pin output low level voltage
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Nexperia NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode
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Fig. 11. Reverse current blocking threshold voltage Fig. 12. Body diode forward voltage versus input
versus temperature voltage
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Fig. 13. Forward regulation voltage vs output current Fig. 14. Forward regulation voltage vs output current
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode
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Fig. 15. Forward regulation voltage vs output current
6 - aaa-039797
4 —
VIN 5
v o |
6 —
4 —
vout 5 /\
V) o
6 —
4 —
W 27 |
0 T T T
0 20 40 60
time
(us)

Vin=5V; Vgy = 0 V; C_ =100 nF; R_ = 1 kQ
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NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode
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Fig. 20. Enable and disable response
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Fig. 23. Timing diagram
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Nexperia NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

8. Functional Description

8.1. Functional diagram

IN ouT
EN [> ST
GND reverse

polarity

protection

aaa-039971

Fig. 24. Functional diagram

8.2. Overview

The NID5100 consists of an internal PMOS transistor with its body diode oriented from IN (anode) to OUT (cathode);
reverse current protection; reverse polarity protection; gate regulation amplifier; control logic and a status flag, ST. The
device conducts from IN to OUT when enabled and forward biased and blocks when reverse biased. It mimics the behavior
of low voltage Schottky diodes with a fraction of the forward voltage drop and significantly lower reverse leakage current. It is
designed to operate from a 1.2 to 5.5 V supply making it suitable for use in a variety of low voltage applications.

OR-ing: The NID5100 supports a variety of power supply OR-ing, or redundant power backup, scenarios:

1. Low loss using "2 to n" NID5100s

2. Low loss dual OR-ing circuit consisting of one NID5100 and an external PMOS
3. Hybrid with one, or more, NID5100(s) in combination with Schottky diodes

4. Paralleling two or more NID5100s for high current loads

See application information sections for suggested implementations.

8.3. Feature Description

8.3.1. Enable, control logic and ST pin

The enable pin, EN, determines if the NID5100 operates in regulated conduction mode, Vey < V), or body diode mode,
Vm 2 V|H.

When the EN pin voltage, Vey < V|, the gate amplifier and control logic are operational and the device consumes low
quiescent current, loEn).

The open-drain status, ST, pin provides real-time indication of the internal PMOS. See functional modes. When NID5100

is enabled, the ST pin indicates high when the internal PMOS is conducting. It indicates low when reverse biased and
blocking. The ST pin is low when NID5100 is disabled. ST can be connected to a MCU input to provide status information or
control an external PMOS in a low-loss dual OR-ing application. If the ST pin is unused, connect to ground.

NID5100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
Submit document feedback

Product data sheet Rev. 1 — 26 July 2024 13/28



Nexperia

8.3.2. Device functional modes

Table 12 summarizes the device operating modes.

Table 12. Device functional modes

NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

EN State IN-to-OUT Power Dissipation Status PIN State
HIGH OFF Diode lout * VEwp L

LOW ON Forward conduction lout % (ViN - Vour) high-Z

LOW RCB Diode lout(rRev) * Vour [1] L

[1] OUT current is leakage into device when reverse biased. See electrical characteristics tables.

8.3.3. Reverse Polarity Protection (RPP)

Reverse polarity conditions can occur when a power source's terminals are connected with opposite polarity, or a battery
is inserted incorrectly. Lossy power diodes and complicated ground connected discrete PMOS transistor circuits have
historically been used to protect sensitive downstream circuits from polarity reversal conditions.

The NID5100 operates similarly. If a negative input voltage is applied to an unpowered NID5100, the PMOS will remain
off and prevent reverse current flow protecting downstream components. If the NID5100 is initially powered on and
subsequently experiences an input polarity reversal, the internal PMOS will turn off preventing the load from negative
voltage. RPP is active regardless of the state of the EN pin.

For autonomous operation with RPP, the EN pin must be tied to GND. A pull-down resistor, Rgy, is optional, but
recommended. If the ST pin is used for monitoring, it should be connected via a resistor, Rgt, to OUT or another voltage
source immune to reverse polarity conditions. Rgt should be sized to prevent exceeding the ST pin leakage current
(see IsT). Fig. 25 provides an application example.

ViN N~y OUT

>
RsT
VIN == CiN== EN ST =Cout [] RL
GND
ReN

oV ——

aaa-039933

Fig. 25. Single supply reverse polarity protection circuit

8.3.4. Gate regulation amplifier

When the NID5100 is enabled and forward biased, the gate regulation amplifier adjusts the internal PMOS gate voltage

to maintain the IN to OUT voltage, Vreg. When operating in the forward voltage regulation region, the voltage drop is
approximately ten times smaller than a conventional Schottky diode aiding in the reduction of system power losses. At light
loads, the forward voltage drop from IN to OUT is maintained at Vrgg. As load current increases, the PMOS eventually
becomes fully enhanced and the IN to OUT voltage drop becomes proportional to the on-resistance of the PMOS multiplied
by the load current. See right side inset of Fig. 26.
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8.3.5. Reverse Current Blocking (RCB)
Reverse current blocking (RCB) protection is always active, regardless of the state of EN.

When EN is low and the output, OUT, is forced above the input, IN, the internal PMOS will switch off to stop the reverse
current. When the IN to OUT differential returns below Vrcg ., the device will turn back on and regulate IN to OUT at Vrgg.

When EN pin voltage is high, the internal PMOS is turned off and reverse current blocking (RCB) occurs through body diode
action when Vgyr is greater than V|y + Vewp. Forward conduction through the PMOS body diode resumes when V |y + VEwp
is greater than Vour.

The NID5100 blocks reverse current via two mechanisms when enabled:

1. The Vggg amplifier responds to common transients by naturally increasing the PMOS transistor resistance as the IN
to OUT voltage differential decreases. When Voyt nears and becomes larger than V,\ the amplifier is regulating the
transistor gate and Rpgon wWell below full enhancement increasing the impedance from OUT to IN until the PMOS
becomes full disabled.

2. In the event of an extremely fast transition to a reverse biased condition, such as a shorted input, the fast trip RCB
comparator reacts disabling the PMOS when Voyrt - VN = VRreg R to limit reverse current.

Vin VRCB_R \ lour
N
VRE
Vout L/ \RES /11/Ron
toFF — toN —= (= 1/ Vgeec/Ron
| b [ - VRCB_R‘
ouT |
oA \y v Vees  V=VIN-Vour
a4
IrcB ¥l Vree_R/ Ron

aaa-039934

Fig. 26. Reverse current blocking overview

Forward conduction: V|N 2 (VouT *+ VREG)
Reverse current blocking: VN < VouT

IN__ g OUT

>t
Rst
VIN = CiNm= EN ST =Cout [] RL
GND
ReN

aaa-039935

Fig. 27. Reverse current blocking
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9. Application information

Note: Application implementation information in the following sections is not part of the Nexperia component
specification. Nexperia’s device users are responsible for determining suitability of components for their purposes, as
well as validating and testing their design implementation to confirm system functionality.

The NID5100 ideal diode is a versatile device suitable for protecting circuits from reverse polarity connections, reverse
current conditions, OR-ing and simple power multiplexing. The following sections provide application examples to aid the
design of products using NID5100.

9.1. Reverse polarity protection

Universal DC power supplies are often used to replace an OEM wall charger which has been lost or broken. Commonly
these supplies are capable of reversing voltage polarity and if the user does not take care to ensure proper universal power
supply polarity setup, negative voltages could be applied to the device being powered causing it to be damaged. The
NID5100 senses reverse polarity connections and protects downstream components from exposure to negative voltages.

When reverse polarity protection is used, the ST pin should be connected to OUT or left floating. Connecting ST to IN may
result in device malfunction during supply reversal.

universal - Rst
__)_ J—
power VIN CiN== EN ST =Court [] RL
supply _+-)_ |j GND
REN

Fig. 28. Single supply reverse polarity protection scenario

aaa-039936

Fig. 29 demonstrates the operation of NID5100 in the event of a positive to negative polarity reversal. Vy is initially 5 V, then
rapidly reverses to -5 V. Vgt drops to 0 V and the ST pin transitions from high to low.

5 aaa-039822
VIN 0+
v 5
6 -
. 4
EN
2 —
V) 5
6 —
4 ;—————‘
VOUT
2 —
v 5]
6 —
4
ST
v 27
0 T T T T
0 20 40 60 80
time
(ms)
Fig. 29. 5V to -5V reverse polarity transition

Reverse polarity conditions can also occur in dual supply scenarios. Fig. 30 illustrates a situation in which a wall supply is
providing power with an incorrectly installed backup battery. So long as the OUT to IN conditions in limiting values are be
observed, the NID5100 can be use as shown without additional protection. For applications requiring a higher OUT to IN

differential, an external PMOS can be added in the power path, or paths, where reversal may occur - see Fig. 31 .

NID5100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
Submit document feedback

Product data sheet Rev. 1 — 26 July 2024 16 /28



Nexperia

NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

IN__~_OUT
=g

universal + _ Rst
power ViNt Cn=m EN ST ==Cour

supply
ReN

Wbl e L
L= ]

Fig. 30. Dual supply reverse polarity protection
scenario: |Viygl <3 Vand [Viyo| 3V

@
h—z

RL %CL

aaa-039937

IN__~y_OuT
Izl

i1
universal - _ Rst
power Vint Cin EN ST Cout
supply = Rep GND
REN

]

RL %CL

=
i RsT
Vinz CiNz= EN ST ==Cout
GND
REN l
-

Fig. 31. Dual supply reverse polarity protection with
PMOS: |V|N1I <5Vand |V|N2| <3V

aaa-039938
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9.2. OR-ing examples

9.2.1. n+1 OR-ing using ideal diodes

There is no specific limitation to the number of NID5100 ideal diodes used for power OR-ing. The example below illustrates
a common two power supply scenario with smooth transitions between supplies.

Some devices operate from a fixed power supply such as a standard 5 V USB port output in normal conditions but must
quickly transition to a 3 V battery backup when the power supply is disabled or unplugged. Using two NID5100 devices in a
power OR-ing configuration, the downstream load remains uninterrupted when either the DC supply or the backup battery
are disconnected.

(5V) IN ~ OUT
>
+ RsT
aéJaSp?er VN1 . CiN== EN ST = Cout
- GND
REN E]7

- Rp %CL

(V) IN ~ OUT

>t
RsT
ViNg = CiN== EN ST == Cout
GND
ReEN

aaa-039939

Fig. 32. OR-ing power supply and battery

The scope capture shows the output voltage (Voyt) being initially powered by V|yq at 5 V. When Vy1 is removed, V|2 at
3.3 V powers Voyt. When V|y1 is reconnected, Vour is once again powered by V|y1. The ST pins of the NID5100's transition
to indicate which ideal diode is supplying the load.

6 aaa-039824
VIN1 421 A“—‘L\_J
v ]
V) 27
6
VIN2 ‘2¥ -
v ]
(V) B
VOUT 421 1 L I
v 2
6 —
ST 4 4——1 J‘—
v ]
V) 3
6
T2 41 ' |
v) i
0 T T T
0 50 100 150
time
(ms)
Fig. 33. OR-ed output transitions
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9.2.2. OR-ing similar supply voltages

Some applications may require the OR-ing of supplies with similar voltages. Refer to Fig. 34 and Fig. 35. In this example,
the primary DC supply is 3.3 V with a 3 V battery backup. Consider the scenario where V4 is suppling the load, is removed
and subsequently restored.

Schottky circuit: As the two supplies differ by only 300mV, when V)y is restored, there may not be enough forward voltage,
VE, across the diode in the V|y¢ path to forward bias it until the battery voltage depletes sufficiently wasting energy in the
backup source.

NID5100 circuit: When V|1 is restored, the reverse current blocking deactivation threshold, Vrcs F, of the 3.3 V supplied
NID5100 is easily exceeded allowing the 3.3 V supply to carry the full load. As the OUT is approximately 300 mV above
Vin2, the 3 V supplied NID5100 becomes reverse biased and the battery drain is minimized.

(33V) (33V) ‘ N

ol o] Ll

M g e

BV) ‘ BVv) ‘ IN g OuT

| | Lo el
VIN2 == Cin Rpp H Cout ViNg == Cin EN oD ST Cout
| | I ]

aaa-039940 aaa-039941
Fig. 34. OR-ing supplies of similar voltages: Schottky Fig. 35. OR-ing supplies of similar voltages: NID5100

~1__OUT
7|

Vw1C

N\

Cout

N\
o
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2
@
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9.2.3. n+1 OR-ing using ideal and conventional diodes

When voltage drops and electrical losses of one of two power sources is not of concern, a combination of ideal diodes and
conventional diodes can be implemented as shown in Fig. 36. In this example the AC-DC adapter is the primary power
source supplying 5 V to the system with three alkaline cells providing a 4.5 V backup. As stated in the OR-ing similar supply
voltages section, consideration should be given to the V rating of the Schottky diode as well as worst case tolerances of the
supply voltages to ensure seamless transitions.

A resistor, Rpp, connected to ground in the Schottky diode path is recommended to prevent diode reverse leakage during
blocking conditions from charging Cin1 and raising V.

5V) N
L
universal 5
power ViN1 CIN== Rpp [] =Cout
supply ]
- RL % CL
(4.5V) IN__ ~y OUT
7|
I Rst
ViN2 CiN= EN ST = Cout
J-_ GND
'|' ReN

aaa-039957
RL=47Q
Fig. 36. OR-ing with a combination of ideal and Schottky diodes

aaa-039914

VIN1 gg 3—|
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O B | |
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Fig. 37. OR-ing NID5100 with Schottky (PMEG4010) output transitions
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9.2.4. Paralleling NID5100 for thermal and sustained high current considerations

As with using any power semiconductor component, thermal ratings must be observed to maintain device reliability. Refer to
the thermal information table. System thermal analysis should be performed to ensure the device junction temperature, T;,
remains below 150 °C under all operating conditions. If analyses of using a single NID5100 indicate a thermal violation, two
NID5100 can be paralleled to share the load current and lower internal power dissipation Fig. 38.

IN .~y OUT

1
Rst
vn(D Cinz= EN ST ==Cout
. ET GND
EN

- RL % CL

N~ OUT

1
RsT
CiN== EN ST =Cout
GND
REN

Fig. 38. Paralleling two NID5100 ideal diodes for high current

aaa-039958

Fig. 39 shows two NID5100's supporting a combined 2 A load current with 1 A current flowing in each NID5100.

aaa-039913
VIN1 gg j' “
we B3 ‘
o B3 '
5.0 —f |
[ 1
1 5.0 —f ]
U ’
50 —F !
v 254 |
ILOAD 5 ] ]
w27 |
10UT1 1 ]
A ] |
:! T T T ‘
0 50 100 150
time
(ms)
Fig. 39. Load sharing using two NID5100 ideal diodes
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9.2.5. Priority OR-ing

More sophisticated systems may contain a microcontroller able to perform basic power management housekeeping
functions such as power source selection from supplies with similar voltages. In the example of figure Fig. 40, two NID5100
ideal diodes are connected in an OR-ing configuration from similar 5 V sources.

Refer to the device functional modes table for operation of the ST pin. In this application example, the ST pin of NID5100 U1
is connected via a pull-up resistor to V¢ and the EN of NID5100 U2 providing a polarity inversion of the GPIO signal. When
device U1 is enabled, device U2 is disabled, and vice-versa allowing the MCU to select which supply sources the load.

When the microcontroller drives the GPIO low, NID5100 U1 is enabled sourcing V|1 to OUT while U2 is disabled.
Conversely if the GPIO is driven high, NID5100 U2 is enabled sourcing Vin» to OUT and NID5100 U1 is disabled. In either
scenario the RCB circuity remains active disabling the device with a low EN if Vrcp g is exceeded.

Ren is recommended to be of high enough resistance to prevent loading the MCU GPIO output while ensuring EN is actively
driven in the event the GPIO is in a high impedance condition.

50+£0.25V IN ~y_ OUT
7|
VIN C) Cinz== _|EN ST = Cout
GND
NID5100 U1 R =G
I/0 pin D
R|
MCU ﬂ EN ViN1
50+0.25V T IN ~y_ OuT
7|
RsT1 RsT
Vi = Cin= | [EN ST ==Cour
GND
NID5100 U2 2aa-039959
Fig. 40. Priority OR-ing using microcontroller

The scope capture shows EN1, EN2, VoyT, ST1, ST2, GPIO priority signal (PRI) connected to EN1, and the OUT1 and
OUT2 currents.

Initially PRI is driven low pulling EN1 low, enabling NID5100 U1. VoyT is approximately equal to V4. Load is supplied from
OUT1. ST1, connected to EN2 is pulled above the V|4 of NID5100 U2 with ST2 low indicating the device is disabled.

Next, EN1 is driven high, disabling NID5100 U1 causing ST1 to transition low, enabling NID5100 U2.

aaa-039825
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Fig. 41. Priority OR-ing output transitions
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9.2.6. OR-ing with discrete MOSFET

In this application, the EN pin of the NID5100 is always grounded “enabling” the device. When both the 5V and 3.3 V
supplies are present, OUT is initially 5 V and the ST pin is high-Z with the Rgt resistor pulled up to V|4, keeping the gate of
the external PFET high.

» If V|nq is quickly removed, the ST pin output will transition low, enhancing the external PMOS. The load is then supplied
from V|N2-

* If V|nq is a slowly discharging battery, OUT will transition from being supplied by the NID5100 OUT pin to being supplied
by the external PMOS when V|1 decreases below VN2 by Vrwpext_pmos). Conversely, if Vi, is slowly recharged, OUT
will be supplied from the PMOS until V|N1 + VREG 2 V|N2 + VRDSON(ext_PMOS)

Note: The supply to the NID5100 (V|y1) should be the higher of the two supplies when both V|1 and V|, are present.

5V IN ~1 OuUT
>t
VIN1<> CiN== EN ST =Cour
GND
ReN

X R cL
Rst
ViNt —3

3.3V TTT
EpH
VIN2<> CN== RPD[] =Cour
T

aaa-039960

Fig. 42. OR-ing with external PMOS

The figures below show the switchover performance between V |y and V|y». A resistor, Rpp, to ground is recommended to
prevent any reverse leakage from charging the 3.3 V Cjy capacitor and raising the V |\, voltage in the event the 3.3 V supply
is disconnected.

aaa-039823
VINT 5.0 M
w858
VIN2 5.0 o |
v 55 |
VOUT 5.0
o8
ST1 50
G =i
200
I0UT1
(may 100 }—I |—1
out2 290
(mA) 108 ] T ! T T L ‘
0 50 100 150
time
(ms)
R.=47Q
Fig. 43. Switchover from V|y; (5 V )to V|2 (3.3 V) back to Viyq (5 V)
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10. Power supply recommendations

The device is designed to operate with a V| range of 1.2 V to 5.5 V. The V|5 power supply must be well regulated and
placed as close to the device terminal as possible. The power supply must be able to withstand all transient load current
steps.

In most situations, using an input capacitance (Cjy) of 0.1 + 1 yF is sufficient to prevent the supply voltage from drooping.
In cases where the power supply is slow to respond to a large transient current or large load current step, additional bulk
capacitance may be required on the input.

An effective capacitance of = 0.1 yF, after applying voltage and temperature derating factors, is required on the OUT pin to
ensure stability of the control loop Gm amplifier. NID5100 does not have over current protection and the maximum output
capacitance should not exceed approximately 100 pyF.

11. Layout

Layout guidelines

For best performance, all traces must be as short as possible. To be most effective, the input and output capacitors must be
placed close to the device to minimize the effects that parasitic trace inductances may have on normal operation. Using wide
traces for VN, Vout and GND helps minimize the parasitic electrical effects.

IN ouT
173
=z T &
GND ST
w
EN n.c
aaa-039972
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12. Package information

NID5100

1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode

12.1. Package outline

TSSOP6: plastic thin shrink small outline package; 6 leads; body width 1.25 mm SO0T363-2
| D »—[] e ]
1 / S
! | / \
‘ c .‘ |
(6x) \ //
| \ ;
i SR /
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w \ ]
0Dy | He ~ = @A
|———— —
| |
6 # 5 % 4
=
|
pin 1 index—H ‘
o " e
4_ L _L A1 $
1] 2 B v A
] * T
o, ~EW @B -l
(6x)
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Dimensions (mm are the original dimensions)
Unit A Ar A A3 bp ¢ DD EM e e Hg Lp v w y 8
max 1.1 01 1.0 0.30 025 22 1.35 24 046 8°
™M in 08 0 08 °'% 015 008 18 115 08 13 45 g2 03 01T 01 4
Note
1. Plastic or metal protrusions of 0.2 mm maximum per side are not included. s0t363-2_po
Outline References European Issue date
version IEC ‘ JEDEC ‘ JEITA projection
SOT363-2 MO-203 SC-88A g @ 21-12-16

Fig. 44. Package outline SOT363-2 (TSSOP6)
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0.4 (2x)

solder lands

L,

: ‘| solder resist

m solder paste

I~ 7 71 occupied area

Dimensions in mm

sot363-2_fr
Fig. 45. Reflow soldering footprint SOT363-2 (TSSOP6)
13. Abbreviations
Table 13. Abbreviations
Acronym Description
CDM Charged Device Model
ESD ElectroStatic Discharge
FET Field-Effect Transistor
HBM Human Body Model
IEC International Electrotechnical Commission
JEDEC Joint Electron Device Engineering Council
MOSFET Metal-Oxide Semiconductor Field-Effect Transistor
PCB Printed Circuit Board
PMOS P-channel Metal-Oxide Semiconductor
14. Revision history
Table 14. Revision history
Document ID Release date |Data sheet status Change notice |Supersedes
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15. Legal information

Data sheet status

Document status | Product Definition

[11[2] status [3]

Objective [short] Development | This document contains data from

data sheet the objective specification for
product development.

Preliminary [short] | Qualification This document contains data from

data sheet the preliminary specification.

Product [short] Production This document contains the product

data sheet specification.

[1]  Please consult the most recently issued document before initiating or
completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have
changed since this document was published and may differ in case of
multiple devices. The latest product status information is available on

the internet at https://www.nexperia.com.

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the relevant
full data sheet, which is available on request via the local Nexperia sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and customer have explicitly
agreed otherwise in writing. In no event however, shall an agreement be
valid in which the Nexperia product is deemed to offer functions and qualities
beyond those described in the Product data sheet.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
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injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable

and fit for the customer’s applications and products planned, as well as

for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — Nexperia products are

sold subject to the general terms and conditions of commercial sale, as
published at http://www.nexperia.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. Nexperia hereby expressly objects to applying the customer’s general
terms and conditions with regard to the purchase of Nexperia products by
customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified, the
product is not suitable for automotive use. It is neither qualified nor tested in
accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of non-automotive qualified
products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without Nexperia’s warranty of the

product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
Nexperia’s specifications such use shall be solely at customer’s own risk,

and (c) customer fully indemnifies Nexperia for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond Nexperia’s standard warranty and Nexperia’s
product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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1.2V to 5.5V, 1.5 A input polarity protected, low quiescent current ideal diode
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