NIS5101

SMART HotPlug™ IC/Inrush
Limiter/Circuit Breaker

The SMART HotPlug Integrated Circuit combines the control
function and power FET into a single IC that saves design dinte
reduceshe number of components required for a complete hot swap
application. It is designed to allow safe insertion and removal of
electronic equipmentto —48 V backplanes. This chip features
simplicity of use combined with an integrated solution.

The SMART HotPlug includes useselectableundervoltageand
overvoltagelockoutlevels. It also has adjustable current limiting that
can be reduced from the maximum level with a single resistor
Operation at the maximum current level requires no extra external
components. An internal temperatureshutdown circuit greatly
increaseghe reliability of this device.

Features

Integrated Power Device

100 V Operation

Thermal Limit Protection

Adjustable Current Limit

No External Current Shunt Required
Undervoltage and Overvoltage Lockouts
6.5 A Continuous Operation

UIS Rated

Main/Mirror MOSFET Current Ratio 820:1
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PIN FUNCTION DESCRIPTION

Pin Symbol Description
1,2 Input - Negative input voltage to the device. This is used as the internal reference for the IC.
3 Current Limit This pin is shorted to the Input — pin for maximum current limit setting. If a reduced current limit level is
desired, a series resistor is added between this pin and the Input — pin.
4,8 Drain Drain of power FET, which is also the switching node for the load.
5 OVLO The overvoltage shutdown point is programmed by a resistor from this pin to the Input + supply.
6 UVLO/ENABLE | A resistor from Input + to the UVLO pin adjusts the voltage at which the device will turn on. An open drain
device can be connected to this pin, which will inhibit operation, when in its low impedance state.
7 Input + Positive input voltage to the device.

MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage, Operating (Input + to Input -) Vin \%
Transient (1 second) -0.3t0 110
Steady-State -0.3 to 100
Drain Voltage, Operating (Drain to Input -) Vpp \%
Transient (1 second) -0.3t0 110
Steady-State -0.3 to 100
Drain Current, Continuous (Ta = 25°C, 2.0 in2 Cu, double-sided board, 1 0z.) Ipavg 6.5 A
Operating Temperature Range Tj —40 to 145 °C
Non-Operating Temperature Range Tj -551t0 175 °C
Lead Temperature, Soldering (10 Seconds) TL 260 °C
Drain Current, Peak (Internally Limited) Ipk 20 A
Thermal Resistance, Junction—to—Air Rgia °C/W
0.5 in2 copper 75
1.0 in2 copper 43
Power Dissipation @ Tp = 25°C Pmax W
0.5 in2 copper 1.4
1.0 in2 copper 2.4
ESD Immunity for Device Handling (All Pins) HBM 2.0 kv
JESD22-A114-B
ESD Immunity Board Level (Note 1) IEC 61000-4-2 6.0 kv
(Level 3)
Lightning, Surge (8 x 20 usec) (Note 1) IEC 61000-4-5 2.0 kv
(Level 3) 18 A

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

1. Applied between Input + and Input - pins only, and using an external 68 V bi—directional TVS device (P6SMB68AT3) connected across these

pins.
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ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise noted.)

Characteristic Symbol | Min | Typ | Max | Unit
POWER FET
Charging Time (Turn—On to Rated Max Current) tehg - 5.0 - ms
ON Resistance Rpson - 43 50 mQ
Zero Gate Voltage Drain Current Ibss - 10 - uA
(Vbs =100 Ve, Vas = 0 Vgc)
Sense Voltage Tolerance (Vinput = 48 V, Rextl it = 20 ) Vsense - 3.0 - %
Output Capacitance (Vps = 48 Vg, Vs = 0 Vyc, f = 10 kHz) - - 326 - pF
THERMAL LIMIT
Shutdown Junction Temperature (Note 4) Tsp 125 135 145 °C
Hysteresis (Note 4) Thyst 35 40 45 °C
OVER/UNDERVOLTAGE
Turn—-On Voltage (Rextyy o = ) Von 41.5 46 50.5 \%
Hysteresis (Rextyy o = «) Vhyst 6.3 8.0 9.7 \%
Turn—-On Voltage (Rextyy o = 270 kQ) Von 29 33 37 \%
Hysteresis (Rextyy o = 270 kQ) Vhyst 3.5 5.0 6.5 \%
Zener Voltage (UVLO Pin Voltage at Turn—On) Vz 14.3 16 17.5 \%
OVLO Threshold (Input + Increasing, RextoyLo = ®) Vov 100 - - \%
OVLO Threshold (Input + Increasing, Rextoy o = 300 kQ) Vov 65 74 83 \%
OVLO Hysteresis (Input + Decreasing, Rextoy o = 300 kQ) Vovhyst 3.0 4.7 6.4 \%
CURRENT LIMIT
Short Circuit Current Limit (Rextl T = 20 ) (Note 5) ILim 3.5 4.2 5.0 A
Overload Current Limit (Rextly 1 = 20 Q) (Notes 4 and 5) ILim2 5.4 6.0 6.6 A
TOTAL DEVICE
Bias Current (Operational) (Vinput = 48 V, RuvLo = *) IBias - 14 - mA
Bias Current (Non-Operational) (Vinput = 30 V, RyvLo = ®) IBias - 800 - uA
Minimum Operating Voltage (Ryyio = 30 kQ) ViNmin - 18 - \%

Pulse Test: Pulse width 300 us, duty cycle 2%.

Verified by design.

apwN
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Switching characteristics are independent of operating junction temperatures.

3

Please refer to explanation about the device’s current limit operation in short circuit and overload conditions.
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TYPICAL PERFORMANCE CURVES
(Ta = 25°C unless otherwise noted)
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Figure 2. Current Limit Adjustment
(For Main/Mirror MOSFET Current Ratio explanation,
see page 11)
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Figure 6. OVLO Adjustment, T j =-40°C
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TYPICAL APPLICATION CIRCUIT & OPERATION WAVEFORMS
(Ta = 25°C unless otherwise noted)
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Figure 8. Typical Application
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ADDITIONAL APPLICATION CIRCUITS FOR DIFFERENT FUNCTIONS
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TYPICAL DEVICE PERFORMANCE FOR DIFFERENT SYSTEM INDUCTANCE VALUES
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OPERATION DESCRIPTION

Turn—on Faults

The SMART HotPlug monitors the input voltage by Oncethe load capacitance is cbad,the SENSEFET
sensinghe voltage across the Input + to Input — pins. When will become fully enhanced as long as the current does not
the UVLO voltage has been reached, the internal circuitry reachthecurrent limit threshold, or is shut—-down due to an
slowly chages the gate of the internal SENSEFET overvoltage, undervoltage or thermal fault. Both the
Therewill be a slight delay of several milliseconbisfore UVLO and OVLO circuitdncorporatehysteresis to assure
the SENSEFET begins conduction. This may be increasedcleanturn—on and turn—d& with no chatter The thermal
by adding a capacitor to the UVLO pin. For a discussion of latching circuit will require the input power to be recycled
this, see application note AND&%/D. to resume operation after a fault. The current limit is always

The SENSEFET will increase the loadirrentwith a active, so any transient or overload will always be limited.
controlled di/dt until the current limit level has been
reachedAt this point the SENSEFET will enter a constant . . o

Circuit Description

current mode of operation untll_th_e load capac!tor has been Undervoltagel ockout: The UVLO circuit holds the chip
fully chaged. If the thermal limit threshold is reached ] ) o
off when the input voltage is less than then—onlimit. It

before the capacitor reachdts final chage level, the . . .
X . : . includes internal hysteresis to assure cleam/off
device will shut down until the die temperature reaches _ "~ : L
switching. An internal divider sets the turn—-on voltage

95°C andthenrestart, if it is the auto-retry device. The level at 46 V. This voltage can be reduced by adding an

thermallatching version must not be allqweq to rem externalresistor from the UVLO pin to the Input + pin. The
thermal shutdown level at turn—on as this will cause it to . N L
equivalentcircuit is shown in Figure 17

latchin an of state.
During the capacitor chaying period, the dv/dt of the
capacitoris:

ILiMIT
dv/dt = =01
/ CLOAD

ENABLE

uvLO/ : 0—'\/\/\«——'\/\/\,J E
L T § |—|

cee[} eccccccccacncnccacanss
AN\
@
x~
|

Figure 17. Undervoltage Lockout Circuit
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The theoretical equation for the UVLO turn-on voltége

215 Vjn — 2970

46.8 — Vin

WhereVj, is the desired turn—on voltage, angyRo is
the programming resistance from the UVLO pin to the
Input + pin.

The UVLO trip point voltage calculated through the
theoreticalformula may show small variations with respect
to Figure 3therefore it is recommended to use the formulas
gotten from the UVLO characterization, which are shown
below:

RUVLO (kQ) = el(y+44706)/ 6.4484]: for T;= 25°C
Ruvio (kQ) = el(y+46185)/6.8525} for T; = 120°C
RUVLO (kQ) = el(y+5:7642)/ 6.7234]: for Ty= -40°C
where “y” is the desired UVLO value.

RuvLo (k) =

Input +

280 k

o

OVvLO

Il

Input -

R — I . — L
N
IS}
~
NV

Figure 18. Overvoltage Lockout Circuit

To reduce nuisance tripping duettansientsandnoise
spikes,a capacitor may be added from the UVLO pin to the
Input — pin. This will create a low pass filter with a cutof
frequency of f. The required capacitance on this pin is:

C = 1

- RUVLO - 200 k
2 - f[lso Ko+ (Fuwo 20 k)]

Overvoltagel ockout: The overvoltage shutdown circuit
is an optional protection feature that damdisabledby
simply grounding the OVLO pin.

This circuit contains an internal Zener diode/resistor
combinationin series with the gatef a FET. When the
input + to input —voltage reaches a lev&lfficient to apply
the required gate voltage to the FEdperationof the
SMART HotPlug will be inhibited. There is a hysteresis
circuit built in that will eliminateon/off bursts due to noise
on the input. The equivalent circuit is shown in Figure 18.

The equation for the OVLO trip point is:

290 Vin — 3200

113.7 — Vin

Where Ryyo is the overvoltage programming resistor
from the OVLO pin to Input +, and;Yis the desired trip
point for the overvoltage shutdown to occur

The OVLO trip point voltage calculated through the
theoreticalformula may show small variations with respect
to Figures 45and 6 therefore it is recommendedusethe
formulas gotten from the OVLO characterization, which
areshown below:

ROVLO (kQ) = e[(y+695)/ 2482]; for TJ =25C
RovLo (kQ) = el(y+6056)/ 2327 for Ty = 120C
ROVLO (kQ) = e[(y+66-47)/ 2352]; for TJ =-40C

where “y” is the desired OVLO value.

Similar to the undervoltage lockout circuit, the noise
sensitivity of this circuit can be reduced by addiag
capacitorfrom the OVLO pin to Input —. The capacitor
requiredfor the desired pole frequency is:

(1 +31.3-1076 . RoyLO)

2xnf - RovLO

Temperatue Limit: The temperature limit circuienses
the temperature of the Power FET and removesgtite
drive if the maximum level is exceeded. There is a nominal
hysteresis of 40°C for this circuit. After a thermal
shutdown,the device will automatically restart when the
temperaturedrops to a safe level as determined by the
hysteresis.

CurrentLimit: The SMAR HotPlug uses a SENSEFET
to measurethe Drain Current. The behavior of the
SENSEFETIn a short circuit condition varidseom thatin
an overload because there is fatiént voltageacrossthe
drainto source terminals fahe sense current to follow the
ratio of the sense cells to main FET cells. This is not the
casewhenthe device is fully enhanced, since there are only
a few millivolts from drain to source. In this conditighe
sensevoltagefollows a different set of equations.

RovLo (kQ) =

CovLo =

http://onsemi.com
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An overload condition is one in which the FET is fully it is important to know is that the current sense reference
enhancedand operating at & minimum Rpsyp. A short voltageof the device is 50 m\Knowing this information,
circuit condition occurs when eith#éite load has shorted or it is possible to use Figurecthe datasheet for the current
uponturn on, as the load capacitor to tiw swapdevice limit to calculate the ratio for any condition.
initially looks like a short circuit. For "normal” operating condition, the overload curve

A single resistor will determine both the short circuit and would apply If a 100Q for the Limj; resistor is used, the
overload current. For example, alQ Q resistor would sensecurrent would be 50 mV/ 10Q at the current limit
resultin a 1 A current limit when chging the capacitance  level, which results in 50@A. The drain current is 2.7 A
at turn on, but once the FET is fully enhanced, it would under this condition, so the ratio is 5400:1.
allow the load to operate at a current up to 2.5 A. Once the Sameanalysis can be made for “short circuit” conditions,

2.5A limit is reached, any furthereductionin load the only difference is that the short circuit curve of

impedancewill result in a short circuit condition and the Figure?2 is used to do the ratio calculations instead.

currentwill be reduced to 1 amp. Thereis a5 Q resistor inseries with the sense cells. This
As with all SMART HotPlug devices, the currelimnit has a tolerance of about 10% and shoblkltakeninto

will nevershut down the limitelOnly the thermal limit will accountwhen making the above calculations.

stop the flow of current to the load. Once the currient Turn—onSuge: During the turn—on event, there is agar

stopped due to the thermal limit, it will remairf omtil amountof enegy dissipated due to the linear operation of

input power is recycled for the latching version, or it will the power device. The ergr rating is the amount of emgr
continuously retry to start again if it is the auto-retry thatthe device can absorb before the thermal limit circuit
version. will shut the unit down. This is very important specially for
The ILimit graph shown ifrigure2 was generated from the latch of device as it determines the maximum load
the data of the|limj; characterization, the formulas for each capacitancehat the device can clyggrbeforethe thermal
of the curves and temperatures are shown below: limit shuts the device down. The calculation of this is not
Ritimit (Q) = (56.55 / y§-20 for T; = 25C very simple as it depends on several factors such as the
Riimit (Q) = (52.91 / y$-22 for Ty = 120°C mpgt voltage (W), Ioaq capacitance ((, <_:urrent limit
settings (limit) and devices thermal transient response,
RiLimit () = (44.80 / y§-33 for Ty= -40°C therefore,it is recommended to do lab evaluations for these
where “y” is the desired ILimit value. purposesFigure 19showsthe devices thermaltransient
Main/Mirror MOSFET Curent Ratio. The ratio varies  responsdor minimum pad.
with current and sense resistance. The key parameter that

100
.~ T ’
s 10 f
) —
= 1 =
2 =
L -
F o1
v
0.01
0.00001  0.0001 0.001 0.01 0.1 1 10 100 1000

TIME (seconds)

Figure 19. Thermal T ransient Response
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PACKAGE DIMENSIONS

S-PAK-7
EX SUFFIX
CASE 553AA-01
ISSUE O
NOTES:
1. DIMENSIONS AND TOLERANCING PER
K * AA1 > - ANSI Y14.5M, 1982.
~ > | 2. CONTROLLING DIMENSION: INCH.
U —> 3. PACKAGE OUTLINE EXCLUSIVE OF MOLD
FLASH AND METAL BURR.
T T T T 4. PACKAGE OUTLINE INCLUSIVE OF
PLATING THICKNESS.
| [ v M 5. FOOT LENGTH MEASURED AT INTERCEPT
B | | H POINT BETWEEN DATUM A AND LEAD
SURFACE.
l L | l AT
[ T T 1T ] | ) INCHES MILLIMETERS
|:|ﬂ|:|j |:|ﬂ|:|ﬂ 2 / DIM[ MIN | MAX | MIN | MAX
j‘ A | 0365 | 0375 | 927 | 952
D7pL |<— DETAIL A Al | 0350 [ 0360 | 889 | 914
G — — B | 0310 | 0.320 | 7.87 8.13
- >~ C | 0070 | 0080 | 1.78 | 203
/ LN D [ 0025 | 0031 | 063 079
/ \ E 0.010 BSC 0.25 BSC
/ \ G 0.050 BSC 1.27 BSC
i _L \ H | 0.410 [ 0.420 | 1041 | 10.67
C / K | 0030 | 0050 | 076 | 1.27
| \ P \ L [ 0001 [0005 [ 003 013
T N | M | 0.035 | 0.045 | 089 | 1.14
G \ T N 0.010 BSC 0.25 BSC
\ ) / P [ 0031 [0041 [ 079 | 1.04
\ W / R 0° 6° 0°| 6°
\ ~ R / U 0.256 BCS 6.50 BSC
v 0.316 BSC 8.03 BSC
\\ —A- // w 0.010 BSC 0.25 BSC
\\_//
DETAIL A

The product described herein (NIS5101), may be covered by one or more of the following U.S. patents: 6,781,502; 7,099,135. Other patents may be pending.
SENSEFET and SMART HotPlug are trademarks of Semiconductor Components Industries, LLC.
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