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Advance Information

Smart Hot Plug
The Smart Hot Plug is a controller/FET IC that saves design time

and reduces the number of components required for a complete hot
swap application. It is designed to allow safe insertion and removal
of electronic equipment to -48 volt backplanes. This chip features
simplicity of use combined with an integrated solution.

The Smart Hot Plug includes user selectable undervoltage and
overvoltage lockout levels. 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 temperature shutdown circuit greatly
increases the reliability of this device.

Features
• Integrated Power Device

• 100 Volt Operation
• Thermal Limit Protection

• Adjustable Current Limit

• No External Current Shunt Required
• Undervoltage & Overvoltage Lockouts

• 5 Amp Continuous Operation

Typical Applications
• -48 V Telecom Power Systems

• High Availability Systems
• Electronic Circuit Breaker

• Current Inrush Limiting Circuits

Figure 1. Block Diagram
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PIN FUNCTION DESCRIPTIONS

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 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 (Maximum ratings are those, that, if exceeded, may cause damage to the device. Electrical Characteristics are not
guaranteed over this range.)

Rating Symbol Value Unit

Input Voltage, Operating (Input + to Input -)
Transient (1 second)
Steady-State

Vin
-0.3 to 110
-0.3 to 100

V

Drain Voltage, Operating (Drain to Input -)
Transient (1 second)
Steady-State

VDD
-0.3 to 110
-0.3 to 100

V

Drain Current, Peak IDpk - I

Thermal Resistance, Junction-to-Air
0.1 in2 copper
0.5 in2 copper

QJA
-
-

°C/W

Thermal Resistance, Junction-to-Lead (Pin 1)2 QJL - °C/W

Power Dissipation @ TA = 25°C
SPAK
D2PAK

Pmax
-
-

W

Energy Rating
SPAK
D2PAK

Emax
-
-

J

Operating Temperature Range Tj -40 to 175 °C

Non-Operating Temperature Range Tj -55 to 175 °C

Lead Temperature, Soldering (?? Sec) TL - °C

Drain Current, Peak (Internally Limited) Ipk 25 A

Thermal Resistance, Junction-to-Air
0.5 in2 copper - SPAK
1.0 in2 copper - SPAK
0.5 in2 copper - D2PAK
1.0 in2 copper - D2PAK

R�JA
75
43
70
40

°C/W

Power Dissipation @ TA = 25°C (TJ = 130°C)
0.5 in2 copper - SPAK
1.0 in2 copper - SPAK
0.5 in2 copper - D2PAK
1.0 in2 copper - D2PAK

Pmax
1.4
2.4
1.5
2.6

W
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ELECTRICAL CHARACTERISTICS  (Unless otherwise noted: Vinput - = -48 volts, CL = 470 �F, Tj = 25°C for typical values. For
min/max values Tj is the applicable junction temperature.)

Characteristic Symbol Min Typ Max Unit

POWER FET

Charging Time (Turn-On to Rated Max Current) tchg - 5.0 - ms

ON Resistance RDSon - 36 40 m�

Zero Gate Voltage Drain Current
(VDS = 100 Vdc, VGS = 0 Vdc)

IDSS - 10 - �A

Output Capacitance (VDS = 100 Vdc, VGS = 0 Vdc, f = 1.0 MHz) - - - - pF

Source-Drain Diode Characteristics
Forward On-Voltage (IS = 5.0 A, VGS = 0 V (Note 1)
Reverse Recovery Time (IS = 5.0 A, VGS = 0 V, dIS/dt = 100
A/�s (Notes 1 and 2)

Reverse Recovery Stored Charge (Above Conditions)

VSD
trr
ta
tb

QBB

-
-
-
-
-

0.8
-
-
-
-

1.0
-
-
-
-

V
ns
ns
ns
�C

Continuous Current (TA = 25°C, 0.5 in2 Pad) IDavg - 5.0 - A

THERMAL LIMIT

Shutdown Temperature (Note 3) TSD 170 180 190 °C

Hysteresis (Note 3) Thyst 8.0 10 12 °C

OVER/UNDERVOLTAGE

Turn-On Voltage (UVLO Pin Open) Von 41 44 47 V

Hysteresis (RextUVLO = �) Vhyst 6.0 6.5 7.0 V

Turn-On Voltage (RextUVLO = 270 k�) Von 30 32 34 V

Hysteresis (RextUVLO = 270 k�) Vhyst 4.2 4.6 5.0 V

Zener Voltage (UVLO Pin Voltage at Turn-On) VZ 15.2 16 16.8 V

OVLO Threshold (Input + Increasing, ROV = �) - 109 111 113 V

OVLO Hysteresis (Input + Decreasing, ROV = �) - 7.0 8.0 9.0 V

OVLO Threshold (Input + Increasing, ROV = 680 k) - 81 83 85 V

OVLO Hysteresis (Input + Decreasing, ROV = 680 k) - 4.3 5.3 6.3 V

CURRENT LIMIT

Current Limit (ILIMIT Pin Shorted to Input -) ILIM 17 20 23 A

Current Limit (1000 � between ILIMIT and Input -) ILIM 6.0 7.0 8.0 A

Response Time for Short Circuit toff - 3.0 - �s

Overshoot (Short Applied to Output, dIS/dt = 100 A/�s) IMAX - 40 - A

TOTAL DEVICE

Bias Current (Operational) ILIM - 1.4 - mA

Bias Current (Non-Operational) (Vinput = 30 V, RUVLO = �) ILIM - 800 - �A

Minimum Operating Voltage (RUVLO = 22 k) Vinmin - 17 - V

1. Pulse Test: Pulse width 300 �s, duty cycle 2%.
2. Switching characteristics are independent of operating junction temperatures.
3. Verified by design.
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Figure 2. Timing Diagram
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Figure 3. Current Limit Adjustment

Figure 4. OVLO Adjustment Figure 5. UVLO Adjustment

Figure 6. UVLO versus Resistance
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Figure 7. Typical Application
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OPERATION
The Smart Hot Plug monitors the input voltage by

sensing the voltage across the Input + to Input - pins. The
undervoltage lockout circuit allows the internal FET to turn
on, once its threshold is reached. At turn-on, the FET drive
is enabled by applying the drive voltage via a high
impedance gate drive circuit. This allows the current to
gradually ramp up over a period of approximately 1.0 ms.

When the current reaches its maximum allowable level,
the current limit circuit reduces the gate drive to a level that
holds the current constant. The current will reduce from its
maximum level when the output capacitor is fully charged,
or when the unit reaches its thermal limit.

Circuit Description
Undervoltage Lockout: The UVLO circuit holds the chip

off when the input voltage is less than the turn-on limit. It
includes internal hysteresis to assure clean on/off
switching. An internal divider sets the turn-on voltage
level at 44 volts. This voltage can be reduced by adding an
external resistor from the UVLO pin to the Input + pin. The
equivalent circuit is shown in Figure 9.
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Figure 9. Undervoltage Lockout Circuit
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The equation for the UVLO turn-on voltage is:

RUVLO �
215 Vin � 2970

46.8 � Vin
where RUVLO is in k�.

Figure 10. 
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Where Vin is the desired turn-on voltage, and RUVLO is
the programming resistance from the UVLO pin to the
Input + pin.

To reduce nuisance tripping due to transients and noise
spikes, a capacitor may be added from the UVLO pin to the
Input – pin. This will create a low pass filter with a cutoff
frequency of f. The required capacitance on this pin is:

C � 1

2� · f �150 k �	RUVLO · 200 k

RUVLO�200 k

�

Overvoltage Lockout: The overvoltage shutdown circuit
is an optional protection feature that can be disabled by
simply grounding the OVLO pin.

Figure 11. 
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This circuit contains an internal zener diode/resistor
combination in series with the gate of a FET. When the
input + to input - voltage reaches a level sufficient to apply
the required gate voltage to the FET, operation of the Smart
Hot Plug will be inhibited. There is a hysteresis circuit built
in that will eliminate on/off bursts due to noise on the input.

The equation for the OVLO trip point is:

ROVLO �
290 Vin � 3200

113.7 � Vin
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Where ROVLO is the overvoltage programming resistor
from the OVLO pin to Input +, and Vin is the desired trip
point for the overvoltage shutdown to occur.

Similar to the undervoltage lockout circuit, the noise
sensitivity of this circuit can be reduced by adding a
capacitor from the OVLO pin to Input -. The capacitor
required for the desired pole frequency is:

COVLO �
(1 � 31.3 · 10- 6 · ROVLO)

2�f · ROVLO
Temperature Limit: The temperature limit circuit senses

the temperature of the Power FET and removes the gate
drive if the maximum level is exceeded. There is a nominal
hysteresis of 10°C for this circuit. After a thermal
shutdown, the device will automatically restart when the
temperature drops to a safe level as determined by the
hysteresis.

Current Limit: The current limit for the Smart Hot Plug,
is a simple, single level limit. In this device, the maximum
current is limited by an internal circuit. The limit level can
be set by a single external resistor. The current limit will not
shut down the device, but only restrict the maximum
current allowable. If a high level of current occurs for a
substantial period of time, the part may overheat, at which
time the thermal limit circuit will shut down the device.
Once it is shut down, restart will depend on the current limit
option selected (hysteretic or latching).

The Smart Hot Plug uses a SENSEFET� to measure the
Drain current. The SENSEFET develops a voltage across
the sense resistor, which is internal to this device. If the
voltage drop across this resistor reaches 150 millivolts, the
current limit circuit will reduce the gate drive of the FET
to maintain a safe level of current.

The negative end of the sense resistor is available at the
current limit pin for external adjustment. If the device is to
be used at its maximum current rating, this pin should be
connected to the Input - pin. If it is desired to reduce the
maximum current limit level, an external resistor can be
added.

E � 1�2 · CL · V2

There is a minimum current limit level and lower current
limitations cannot be achieved regardless of the value used
for the current limit resistor. This occurs because the
voltage generated at the source of the FET is derived from
the voltage that exists at the drain. Since the trip point is 150

millivolts, if the voltage at the drain terminal is less than
150 millivolts, the source voltage can never reach this
level, and the device will not current limit.

Turn-on  Surge: During the turn-on event, there is a large
amount of energy dissipated due to the linear operation of
the power device. Over this period of time, the energy
absorbed by the power FET does not have time to be
conducted to the surface of the part for dissipation by
conduction or convection means.

The energy rating for a given device is listed in the
absolute maximum ratings table. This rating is the amount
of energy that the device can absorb before the thermal
limit circuit will shut the unit down. The calculation for the
energy is very simple if the load is not operational when the
hot swap is turned on. In this case the energy is given by the
equation:

where:

CL is the total load capacitance (F)

V is the input voltage (v)

If the load will be active during the charging event, the
load current must also be considered. The energy required
to charge the capacitor will not change, however, the losses
due to the load current must also be calculated over the
period of time from when the load begins to draw current,
and when the current is reduced to its steady state level. The
equation for this will vary dependent on whether the load
is a constant current, constant resistance, constant power or
non-linear , and at what voltage the load begins to draw
current.

Enable: The UVLO pin serves a double function. In
addition to the UVLO function, it can also be used to
disable the chip when it is pulled to the input- rail, with an
open drain type of device. The open drain device must be
able to sink the current from the internal 100 kOhm resistor
in parallel with the external adjustment resistor, at the
highest input voltage required.

The turn on voltage at the UVLO pin is approximately 15
volts, so any device that can sink the required amount of
current should have a saturation voltage well below this
requirement.  The maximum sinking current can be
calculated by the following equation:

Ienable(max) � Vin(max)
100 k � RUVLO
100 k � RUVLO
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PACKAGE DIMENSIONS

S-P AK�

TBD SUFFIX
CASE 936J-01

ISSUE O

3  6  °°

NOTES:
1. DIMENSIONS AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSIONS A AND B DO NOT INCLUDE MOLD

FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAX.

A

J

L

C

D 7 PL

G

0.076 (0.003)

7 PL

B MNP
DIM

A

MIN MAX MIN MAX

MILLIMETERS

0.350 0.360 8.89 9.14

INCHES

B 0.350 0.360 8.89 9.14

C 0.070 0.080 1.78 2.03

D 0.026 0.030 0.66 0.76

E 0.005 0.015 0.13 0.38

F 0.031 0.041 0.79 1.04

G 0.050 BSC 1.270 BSC

H 0.008 0.012 0.199 0.301

J 0.410 0.420 10.41 10.67

K 0.365 00.375 9.27 9.53

L 0.040 REF 1.02 REF

M 0.367 9.16 9.31

N 0.310 0.320 7.87 8.13

P 0.394 0.400 10.00 10.16

R 0.002 −−− 0.05 −−−

S 0.070 0.080 1.78 2.03

U 0.001 0.005 0.03 0.13

V

W 0.296 REF 7.52 REF

Y 0.075 REF 1.91 REF

AA 0.071 REF 1.81 REF

AB 0.140 REF 3.56 REF

AC 0.220 REF 5.58 REF

AD 0.281 REF 7.14 REF

AE 12

AF 3  6  

AE

DETAIL AG

-T-
SEATING
PLANE

S

K

Y

AD

W

AA

AC
AB

THERMAL
DIE PAD AF

DETAIL AG

U

F

H
E

R
(TOP OFFSET)

R 0.20 (0.008)

R 0.25 (0.010)

V

° °
° 12 °

12 ° 12 °

0.361
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PACKAGE DIMENSIONS

7 LEAD D2PAK (DPS7)
TBD SUFFIX

CASE 936H-01
ISSUE O

-T-

DIM MIN MAX MIN MAX

MILLIMETERSINCHES

A 0.326 0.336 8.28 8.53

B 0.396 0.406 10.05 10.31

C 0.170 0.180 4.31 4.57

D 0.026 0.036 0.66 0.91

E 0.045 0.055 1.14 1.40

F 0.058 0.078 1.41 1.98

G 0.050 BSC 1.27 BSC

H 0.100 0.110 2.54 2.79

J 0.018 0.025 0.46 0.64

K 0.204 0.214 5.18 5.44

M 0.055 0.066 1.40 1.68

N 0.000 0.004 0.00 0.10

NOTES:
1. DIMENSIONS AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS

B AND M.
4. DIMENSIONS A AND B DO NOT INCLUDE MOLD

FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAX.

B

N

A

K

M
E

C

SEATING

PLANE

F

H

J

D 7 PL

G

TM0.13 (0.005) MB

1 2 3 4 5

U 0.256 REF 6.50 REF

V 0.305 REF 7.75 REF

6 7

8

U

V
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ON Semiconductor  and          are registered trademarks of Semiconductor Components Industries, LLC (SCILLC).  SCILLC reserves the right to make
changes without further notice to any products herein.  SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages.  “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time.  All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts.  SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur.  Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part.  SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION
JAPAN : ON Semiconductor, Japan Customer Focus Center
2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
Phone : 81-3-5773-3850

ON Semiconductor Website :  http://onsemi.com

For additional information, please contact your local
Sales Representative.

NIS5101/D

The product described herein (NIS5101), may be covered by U.S. patents. Other patents may be pending, including ON Semiconductor
disclosures ONS00448 and ONS00458.
SENSEFET is a trademark of Semiconductor Components Industries, LLC.

Literature Fulfillment :
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone : 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email : ONlit@hibbertco.com

N. American Technical Support : 800-282-9855 Toll Free USA/Canada


