NCP346

Overvoltage Protection IC

The NCP346 Overvoltage Protection circuit (OVP) tpots
sensitive electronic circuitry from overvoltage transients and power
supply faults when used in conjunction with an external P-channel
FET. The device is designed to sense an overvoltage condition and
quickly disconnect the input voltage supply from the load before any
damage can occur. The OVP consists of a precisageteference, a
comparator withhysteresis, control logic, and a MOSFET gate driver
The OVP is designed on a robust BICMOS processsaimtended to
withstand voltage transients up to 30 V.

The device is optimized for applications that have an external
AC/DC adapter or car accessory charger to power the product and/or
recharge thénternal batteries. The nominal overvoltage thrigshare
4.45 and 5.5 V and can be adjusted upward withsestog divider
between the ¥c, IN, and GND pins. It is suitable for single cell
Li-lon applications as well as 3/4 cell NiCD/NiMhplications.

Features

e Overvoltage Turn-Off Time of Less Than Lifec

e Accurate Voltage Threshold of 4.45 V and 5.5 V (Nioa)
® CNTRL Input Compatible with 1.8 V Logic Levels

® These are Pb—Free Devices

Typical Applications
e Cellular Phones
e Digital Cameras

ON Semiconductor®
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e Portable Computers and PDAs

e Portable CD and other Consumer Electronics

ORDERING INFORMATION

Device Package Shipping T
NCP346SN1T1G [ SOT-23-5 | 3000/ Tape & Reel
NCP346SN2T1G (Pb-Free) (7 inch Reel)

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.
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Note: This device contains 89 active transistors
Figure 1. Simplified Application Diagram
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Figure 2. Detailed Block Diagram

PIN FUNCTION DESCRIPTIONS

Pin # Symbol Pin Description

1 ouT This signal drives the gate of a P—channel MOSFET. It is controlled by the voltage level on IN or the logic state of
the CNTRL input. When an overvoltage event is detected, the OUT pin is driven to within 1.0 V of V¢ in less
than 1.0 usec provided that gate and stray capacitance is less than 12 nF.

2 GND Circuit Ground

3 CNTRL This logic signal is used to control the state of OUT and turn—on/off the P—channel MOSFET. A logic High results
in the OUT signal being driven to within 1.0 V of V¢ which disconnects the FET. The input is tied Low via an
internal 50 kQ pull-down resistor. It is recommended that the input be connected to GND if it is not used.

4 IN This pin senses an external voltage point. If the voltage on this input rises above the overvoltage threshold (Vy,),
the OUT pin will be driven to within 1.0 V of V¢, thus disconnecting the FET. The nominal threshold level can be
increased with the addition of an external resistor divider between IN, V¢, and GND.

5 Vee Positive Voltage supply. OUT is guaranteed to be in low state (MOSFET ON) as long as V¢ remains above
2.5V, and below the overvoltage threshold.

TRUTH TABLE

IN CNTRL ouT
Vi L GND
<Vih H Vee
>V L Vee
>Vih H Vee
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NCP346

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.)

Rating Pin Symbol Min Max Unit
OUT Voltage to GND 1 Vo -0.3 30 \Y
Input and CNTRL Pin Voltage to GND 4 Vinput -0.3 30 \%

3 VCeNTRL -0.3 13

Input Pin Voltage to V¢ 4,5 V(Vce, IN) -0.3 15 \%
Vcc Maximum Range 5 Vee(max) -0.3 30 \%
Maximum Power Dissipation at T = 85°C - Pp - 0.216 w
Thermal Resistance, Junction—-to—Air - Rgia - 300 °CIW
Junction Temperature - T, - 150 °C
Operating Ambient Temperature - Ta -40 85 °C
VenTrL Operating Voltage 3 - 0 5.0 \Y,
Storage Temperature Range - Tstg -65 150 °C

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.

ATTRIBUTES
Characteristic Value

ESD Protection

Human Body Model (HBM) per JEDEC Standard JESD22-A114 < 25kV

Machine Model (MM) per JEDEC Standard JESD22-A114 < 250V
Moisture Sensitivity, Indefinite Time Out of Drypack (Note 1) Level 1
Transistor Count 89
Latchup Current Maximum Rating per JEDEC Standard EIA/JESD78 < 150 mA

1. For additional Moisture Sensitivity information, refer to Application Note AND8003/D.
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NCP346

ELECTRICAL CHARACTERISTICS (NCP346SN1T1)

(For typical values Tp = 25°C, for min/max values T = —40°C to +85°C unless otherwise noted.)

Characteristic Pin Symbol Min Typ Max Unit
V¢ Operating Voltage Range 5 Vee(opy 25 - 25 \%
Total Supply Current (IN Connected to V¢cc; ON Mode, Ve = 4.0V, 45 lec on - 650 1200 UA
CNTRL Pin Floating, Steady State)
Total Supply Current (IN Connected to Vcc; OFF Mode Driven by 4,5 lec off - 700 1200 uA
CNTRL Pin, Vcc = 4.0V, VenTrL = 1.5V, Steady State) CNTRL
Total Supply Current (IN Connected to Vcc; OFF Mode Driven by 4,5 lec off IN - 750 1200 uA
Overvoltage, Vcc = 5.0 V, CNTRL Pin Floating, Steady State)
Input Threshold (IN Connected to V¢c; Ve Increasing) 4 Vin (LH) 4.3 4.45 4.6 \%
Input Threshold (IN Connected to V¢c; Vcc Decreasing) 4 Vin (HL) 4.3 4.4 4.6 \%
Input Hysteresis (IN Connected to V) 4 Vhyst - 50 - mV
Input Impedance of IN Pin 4 Rin 30 55 85 kQ
CNTRL Voltage High 3 Vin 15 - - \%
CNTRL Voltage Low 3 ViL - - 0.5 \%
CNTRL Current High (Vi, = 5.0 V) 3 liH - 90 200 uA
CNTRL Current Low (V;; =0.5V) 3 m - 9.0 20 uA
Output Voltage High (IN Connected to Ve, Vec =5.0V) 1 Voh - - \%
Isource = 10 MA Vee - 1.0
Isource = 0.25 mA Vee—0.25
Isource = 0 MA Vec-01
Output Voltage Low (IN Connected to Ve, Ve = 4.0 V, CNTRL Pin 1 Vol - - 0.1 \%
Floating)
|5ink =0mA
Output Sink Current (IN Connected to Ve, Voc = 4.0 V, CNTRL Pin 1 Isink 4.0 10 16 uA
Floating, Voytr=1.0 V)
Turn ON Delay — Input (IN Connected to Vcc; Ve Steps Down from 1 ton IN - 1.8 35 msec
5.0V 10 4.0V, Cigag = 12 nF, Measured to Vg < 1.0 V)
Turn OFF Delay — Input (IN Connected to Vcc; Ve Steps Up from 1 toff IN - 0.6 1.0 usec
4.0V 10 5.0V, Cigaq = 12 nF, Measured to Voyt > Ve —1.0V)
Turn OFF Delay — CNTRL (IN Connected to Vcc; Vec = 4.0 V, VenTRL 1 tof - 0.5 1.0 usec
CNTRL

Steps from 0.5 V t0 2.0 V, Cjgaq = 12 nF, Measured to Voyt > Vee -
1.0V)
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NCP346

ELECTRICAL CHARACTERISTICS (NCP346SN2T1)

(For typical values Tp = 25°C, for min/max values T = —40°C to +85°C unless otherwise noted.)

Characteristic Pin Symbol Min Typ Max Unit
V¢ Operating Voltage Range 5 Vee(opy 25 - 25 \%
Total Supply Current (IN Connected to Vcc; ON Mode, Vec =5.0V, 4,5 lec on - 650 1200 UA
CNTRL Pin Floating, Steady State)
Total Supply Current (IN Connected to Vcc; OFF Mode Driven by 4,5 lec off - 700 1200 uA
CNTRL Pin, Vcc = 5.0 V, VentrL = 1.5V, Steady State) CNTRL
Total Supply Current (IN Connected to Vcc; OFF Mode Driven by 4,5 lec off IN - 750 1200 uA
Overvoltage, Vcc = 6.0 V, CNTRL Pin Floating, Steady State)
Input Threshold (IN Connected to V¢c; Ve Increasing) 4 Vin (LH) 5.3 55 5.7 \%
Input Threshold (IN Connected to V¢c; Vcc Decreasing) 4 Vin (HL) 5.3 5.45 5.7 \%
Input Hysteresis (IN Connected to V) 4 Vhyst - 50 - mV
Input Impedance of IN Pin 4 Rin 30 60 100 kQ
CNTRL Voltage High 3 Vin 15 - - \%
CNTRL Voltage Low 3 ViL - - 0.5 \%
CNTRL Current High (Vi, = 5.0 V) 3 liH - 95 200 uA
CNTRL Current Low (V;; =0.5V) 3 m - 9.0 20 uA
Output Voltage High (IN Connected to V¢, Vec = 6.0 V) 1 Voh - - \%
Isource = 10 MA Vee - 1.0
Isource = 0.25 mA Vee—0.25
Isource = 0 MA Vec-01
Output Voltage Low (IN Connected to Ve, Ve = 5.0 V, CNTRL Pin 1 Vol - - 0.1 \%
Floating)
|5ink =0mA
Output Sink Current (IN Connected to Ve, Vee = 5.0 V, CNTRL Pin 1 lsink 4.0 10 16 uA
Floating, Voytr=1.0V)
Turn ON Delay — Input (IN Connected to Vcc; Ve Steps Down from 1 ton IN - 1.8 4.5 msec
6.0 V10 5.0V, Cigag = 12 nF, Measured to Vg, < 1.0 V)
Turn OFF Delay — Input (IN Connected to Vcc; Ve Steps Up from 1 toff IN - 0.5 1.0 usec
5.0V 10 6.0V, Cigaq = 12 nF, Measured to Voyt > Vcc - 1.0 V)
Turn OFF Delay — CNTRL (VcenTrL Steps Up from 0.5V to 2.0 V, Ve 1 toff - 0.6 1.0 usec
=5.0V, Cipad = 12 nF, Measured to Voyt > Vec — 1.0 V) ICNTRL
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APPLICATION INFORMATION
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Figure 3.

Introduction dVv/dT rise that occurs during the brief time it eakto

In many electronic products, an external AC/DC wall turn—off the MOSFET. For battery powered applicasioa
adapter is used to convert the AC line voltage into alow-forward voltage Schottky diode such as the
regulated DC voltage or a current limited source. Line MBRM120LT3 can be placed in series with the MOSFET to
surges or faults in the adapter may result in overvoltageblock the body diode of the MOSFET and prevent titgr
events that can damage sensitive electronic componentshe battery out if the input is accidentally shotiedround.
within the product. This is becoming more critieal the This provides additional voltage margin at the |eatte
operating voltages of many integrated circuits have beenthere is a small forward drop across this diodé rduces

lowered due to advances in sub—micron silicon tjtaphy.
In addition, portable products with removable batfgacks
pose special problems since the pack can be renaiaety
time. If the user removes a pack in the middlehafrging,
a large transient voltage spike can occur whichdzamage
the product. Finally, damage can result if the ydegs in
the wrong adapter into the charging jack. The engjé of

the voltage at the load.

When the protection circuit turns off the MOSFHIere
can be a sudden rise in the input voltage of tivicdeThis
transient can be quite large depending on the iapez of
the supply and the current beithigawn from thesupply at the
time of an overvoltage event. This inductive spik@ be
clamped with a Zener diode from IN to ground. Tdfisde

the product designer is to improve the robustnéshie breakdown voltage should be well above the worst case
design and avoid situations where the product can besupply voltage provided from the AC/DC adapter or
damaged due tanexpected, but unfortunately, likely events Cigarette Lighter Adapter (CLA), since the Zener is only
that will occur as the product is used. intended to clamp the transient. The NCP346 igydesi so
that the IN and ¥c pin can safely protect up to 25 V and
withstand transients to 30 V. Since these spikaeavery
Rarrow in duration, it is important to use a higimtwidth
probe and oscilloscope when prototyping the prodoct
verify the operation of the circuit under all the transient
conditions. A similar problem can result due to contact
bounce as the DC source is plugged into the product

For portable products it is normal to have a capacitor to
ground in parallel with the battery. If the produwts a
battery pack that is easily removable during chaygthis
scenario should be analyzed. Under that situation, the
charging current will go into the capacitor and Woétage
may rise rapidly depending on the capacitor vathe,
charging current and the power supply response time

Circuit Overview

To address these problems, the protection system abov
has been developed consisting of the NCP346 Ovegel
Protection ICand a P-channel MOSFET switch such as the
MGSF3441. The NCP346 monitors the input voltage and
will not turn on the MOSFET unless the input voltage is
within asafe operating window that has an upper limit ef th
overvoltage detection threshold. A Zener diode can be
placed in parallel to the load to provide for secondary
protectionduring the brief time that it takes for the NCP346
to detect the overvoltage fault and disconnecMRSFET.
The decision to use this secondary diode is a fomci the
charging currents expected, load capacitance adhass
battery, and the desirguiotection voltage by analyzing the

http://onsemi.com
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NCP346

Normal Operation which equates to:
Figure 1 |Ilgstrates a typical conflguraFlon. Theeznal Vce = Vx(@ + R1/R2 + R1/Rin) ,
adapter provides power to the protection system so the (eq.2)

circuitry is only active when the adapter is cortadcThe So, as R, approaches infinity:

OVP monitors the voltage from the charger and & th

voltage exceeds the overvoltage thresholg, the OUT Vee = Vx( + R1/R2) (eq. 3)
signal drives the gate of the MOSFET to within 1.0 V. of  Thjs shows that R shifts the \f, detection point in
Ve, thus turning off the FET and disconnecting theree accordance to the ratio of RR,. However, if R << Ry,

from the loadThe nominal time it takes to drive the gate to thjs shift can be minimized. The following stepswstthis
this state is 400 nsec (1@sec maximum for gate procedure.

capacitance of < 12 nF). The CNTRL input can be used to

interruptcharging and allow the microcontroller to measure Designing around the Maximum Voltage Rating

the cell voltage under a normal condition to gehare Requirements, V(V cc, IN)

accurate measure of the battery voltage. Once the The NCP346’s maximum breakdown voltage between
overvoltage is removed, the NCP346 will turn on the PinsVccand INis 15 V. Therefore, care must be taken that
MOSFET. The turn on circuitry is designed to turn on the the design does not exceed this voltage. Norméily,
MOSFET more gradually to limit the in—rush curreftis designer shorts ¢ to IN, V(Vcc, IN) is shorted to 0 V, so
characteristic is a function of the threshold ef MIOSFET  there is no issue. However, one must take carenwhe
and will vary depending on the device charactesssuch ~ adjusting the overvoltage threshold.

as the gate Capacitance. In Figure 4, the R1 resistor of the VOItage dividetides
There ardéwo events that will cause the OVP to drive the the V(Vcc, IN) voltage to a given voltage threshold equal to
gate of the FET to a HIGH state. (Vce, IN) = Vee * (RL/(R1 + (R2//Rin))) (eq. 4)
e \ltage on IN Rises Above the Overvoltage Detection
Threshold V(V e, IN) worst case equals 15 V, angMwvorst case

equals 30V, therefore, one must ensure that:

e CNTRL Input is Driven to a Logic HIGH
R1/(R1 + (R2//Rin)) < 0.5

(eq. 5)
Adjusting the Overvoltage Detection Point with

External Resistors

The separate IN and@¢ pins allow the user to adjust the
overvoltage threshold, (¥, upwards by adding a resistor
dividerwith the tap at the IN pin. However;.Rloes play a
significant role in the calculation since it is several
10’s of K. The following equation shows the effects gf.R

Vce = Vx(1 + R1/(R2//Rin))

Where 0.5 = V(\¢c, IN)max/Vecmax

Therefore, the NCP346 should only be adjusted to
maximum overvoltage thresholds whiate less than 15 V.
If greater thresholds are desired than can be atcalated
by the NCP346, ON Semiconductor offers the NCP345
which can withstand those voltages.

(eq. 1)

GND

Figure 4. Voltage divider input to adjust overvolta  ge
detection point

http://onsemi.com
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NCP346

Design Steps for Adjusting the Overvoltage Threshol d

1. Use Typical R, and \{, Values from the Electrical
Specifications

2. Minimize Ry Effect by Selecting R<< Ry, since:
Vov = Vih(1 + R1/R2 + R1/Rin). (eq. 6)

3. Let X =R,/ Ry = 100.

4. Identify Required Nominal Overvoltage Threshold.

5. Calculate nominal Rand R from Nominal Values:
R1 = Rin/X (eq.7)

R1
= .8
Vov/Vih — Ri/Rin — 1) (q-8)
6. Pick Standard Resistor Values as Close as Pegsibl

these Values

R2

7. Use min/max Data and Resistor Tolerances to
Determine Overvoltage Detection Tolerance:
Vovmin = Vthmin(1 + R1imin/R2max + Rimin/Rinmax)

(eq.9)
Vovtyp = Vthtyp(1 + Rityp/R2typ + Rityp/Rintyp)
(eq. 10)
Vovmax = Vthmax1 + RiminR2max+ Rimax/ Rinmin)
(eq. 112)

The specification takes into account the hysterasike
comparator, so the minimum input threshold voltagg)(V
is the falling voltage detection point and the maxin is the
rising voltage detection point. One should design the input
supply such that its maximum supply voltage in normal
operation is less than the minimum desired overvoltage
threshold.
8. Use worst case resistor tolerances to deterrhae t
maximum V(Mcc,IN)

V(Vce, IN)min = VcCmax * (R1min/(R1min + R2max))
(eq. 12)

V(vVee, INtyp = Vecmax * (Rityp/(Rityp + R2typ)) (eq. 13)

V(Vce, IN)max = Vccmax * (R1max/(R1max + R2min))
(eq. 14)

This is shown empirically in Tables 2 through 4.

The following tables show an exalepf obtaining a 6 V
detection voltage from the NCP346SN2T2, which has a
typical Vi, of 5.5 V.

http://onsemi.com
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Table 1. Design Steps 1-5

NCP346

Parameter Typical Design Steps
IN Pin Input Impedance (ly) 54000 1)
Input Threshold (Vi) 5.5 1)
Ratio of Rj, to R (X) 100 (2,3)
Desired Overvoltage Threshold (Voy) 6 (4)
Ry 540 (5)
Ry 6674 (5)
Table 2. Design Steps 6-7 with 1% Resistors
1% Resistors
Parameter Min Typical Max Design Steps
R1 543.51 549 554.49 (6)
Ry 6583.5 6650 6716.5 (6)
Vin 5.3 5.5 5.7 (6)
Rin 30000 54000 100000 (6)
Vov 5.76 6.01 6.29 (@)
V(Vee, IN) @ Veemax 2.25 2.29 2.33 (8)
Table 3. Design Steps 6-7 with 5% Resistors
5% Resistors
Parameter Min Typ Max Design Steps
R1 532 560 588 (6)
Ry 6460 6800 7140 (6)
Vin 5.3 5.5 5.7 (6)
Rin 30000 54000 100000 (6)
Vov 5.72 6.01 6.33 (@)
V(Vee, IN) @ Veemax 2.08 2.28 2.50 (8)
Table 4. Design Steps 6-7 with 10% Resistors
10% Resistors
Parameter Min Typ Max Design Steps
=5 504 560 616 (6)
Ry 6120 6800 7480 (6)
Vin 5.3 5.5 5.7 (6)
Rin 30000 54000 100000 (6)
Vov 5.68 6.01 6.39 @
V(Vee, IN) @ Veemax 1.89 2.28 2.74 (8)
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NCP346
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NCP346

Tek Run: 250M5S/s Hi Res

B e e

MOSFET = NTHS4101PT1

Cl=N/C
Load =50 Q
(See Figure 3)
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Figure 13. Typical Turn—off Time CNTRL (NCP346SN1)
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Figure 14. Typical Turn—off Time CNTRL (NCP346SN2)

http://onsemi.com
12



Tek Run: 500ks/s

NCP346
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Figure 15. Typical Turn—on Time CNTRL (NCP346SN1)
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Figure 16. Typical Turn—on Time CNTRL (NCP346SN2)
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NCP346

THIN SOT-23-5 POWER DISSIPATION

The power dissipation of the Thin SOT-23-4a iunction The values for the equation are found in the maximum
of the pad size. This can vary from the minimum giad for ratings table on the data sheet. Substituting thesesvialize
soldering to a pad size given for maximum power the equation for an ambient temperatute25°C, one can
dissipation. Power dissipation for a surface malavice is calculate the power dissipation of the device which in this
determined by Jmax) the maximum rated junction case is 400 milliwatts.
temperature ahe die, B§a, the thermal resistance from the 150°C — 25°C o
device junction to ambient, and the operating temperature, Po = “So0cw — 47 milliwatts
TA: Using the values provided on the data sheet for the The 300C/W for the Thin SOT-23-5 package assumes
Thin SOT-23-5 packagepRan be calculated as follows: the use of the recommended footprint on a glassyepo

Timay—T A printed circuit board to achieve a power dissipataf
" R 417mw.
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.

3. MAXIMUM LEAD THICKNESS INCLUDES LEAD FINISH
THICKNESS. MINIMUM LEAD THICKNESS IS THE
MINIMUM THICKNESS OF BASE MATERIAL.

. DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH, PROTRUSIONS, OR GATE BURRS. MOLD
FLASH, PROTRUSIONS, OR GATE BURRS SHALL NOT
EXCEED 0.15 PER SIDE. DIMENSION A.

. OPTIONAL CONSTRUCTION: AN ADDITIONAL
TRIMMED LEAD IS ALLOWED IN THIS LOCATION.
TRIMMED LEAD NOT TO EXTEND MORE THAN 0.2
FROM BODY.

MILLIMETERS
MIN MAX
2.85 3.15
1.35 1.65
0.90 1.10
0.25 0.50

0.95 BSC
0.01 0.10
0.10 0.26
0.20 0.60

0° 10°
2.50 3.00
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GENERIC
MARKING DIAGRAM*

sl s
XXXAYWn XXX M=
apugn RuRERn

Analog Discrete/Logic

XXX = Specific Device Code XXX = Specific Device Code
A = Assembly Location M = Date Code

Y =Year = = Pb-Free Package

W = Work Week

=  =Pb-Free Package

(Note: Microdot may be in either location)

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “ =
may or may not be present.
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