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Very High Voltage Linear
Regulator, 150 V, 100 mA

NCP781

The NCP781 is a very high—voltage tolerant linear regulator that
offers the benefits of thermally enhanced DFN6 3.3 x 3.3 package and
is able to withstand continuous DC or transient input voltages up to
150 V. The device is stable with small 0.1 uF Ceramic Output
Capacitors which allows smaller PCB design at space constraining
applications. The devices features enable pin compatible with
standard CMOS logic.

Features
® Wide Input Voltage Range: 6 V to 150 V

® Qutput Voltage Versions:
Fixed: 3.3 V,5V,15V
Adjustable: from 1.23 Vupto 15V

12.5% Accuracy at Room Temperature

Very Low Quiescent Current of Typ. 25 uA

Standby Current: 1 uA

Stable with a 0.1 uF Ceramic Output Capacitor

Very High PSRR: 83/56 dB@1/100 kHz

Thermal Shutdown and Current Limit Protection

Available in Thermally Enhanced DFN6 3.3 x 3.3, 0.65P Package
Ideal for Harsh Environments

These are Pb—free Devices

Typical Applications
® Telecom, Industrial
® Bias Power Supplies, Led Lighting

Vin=6V-150V Vout=123V-15V
o IN ouT 0
Cin L NCP781 R,
1uF adj Cou|
o————- EN GND ADJ __1
uF
ENABLE R2

Vin=6V -150V Vout=15V-15V
[ IN ouT 0
Cin | NCP781
1 uF fix Cout__
o——P——EN GND SEN “1 uF
ENABLE
[ o
Figure 1. Typical Applications
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ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 13 of this data sheet.

Publication Order Number:
NCP781/D
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NCP781

NCP781 adj version
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Figure 2. Simplified Block Diagram for Adjustable Version
NCP781 fix version
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Figure 3. Simplified Block Diagram for Fixed Version
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NCP781

Table 1. PIN FUNCTION DESCRIPTION

Pin No.
DFN6 3.3 x 3.3 Pin Name
1 IN Positive Power Supply Input
2 EN Chip Enable pin (Active “H”")
3 NC Not Connected
4 GND Power Supply Ground
5 ouT Regulated Output Voltage
6 ADJ/SEN Output Voltage Adjust Input (Adjustable Version), Sense pin for output voltage sensing, connect
to pin 5 (Fixed Voltage Versions)
EP EP EP should be connected to GND potential

ABSOLUTE MAXIMUM RATINGS

Reflow (SMD Styles Only), Pb—Free Versions (Note 5)

Rating Symbol Value Unit
Input Voltage Range (Note 1) VN 150 \%
Output Voltage Range (Note 2) Vour -0.3t020V \Y;
Enable Input Range VEN -0.3to (Vin+0.3) V \%
Adjustable Input Range VapJ -0.3to5V \%
Output Short Circuit Duration unlimited S
Maximum Junction Temperature Ty(max) 150 °C
Storage Temperature Range TSTG -55t0 150 °C
ESD Capability, Human Body Model (Notes 3, 4) ESDHBM 2 kV
ESD Charged Device Model ESD (Notes 3, 4) ESDCDM 750 \%
Moisture Sensitivity Level MSL 1 -
Lead Temperature Soldering Tsip 260 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. Refer to ELECTRICAL CHARACTERISTIC and APPLICATION INFORMATION for Safe operating Area

2. The device has limited reverse bias protection. Reverse bias protection feature valid only if (Voyt — ViN) <7 V.

3. This device series incorporates ESD protection and is tested by the following methods:

ESD Human Body Model tested per AEC-Q100-002 (EIA/JESD22-A114)
ESD Charged-Device Model ESD Capability per JEDEC JSD22-C101E

Latchup Current Maximum Rating: <150 mA per JEDEC standard: JESD78

4. Except IN and EN pins.

5. For information, please refer to our Soldering and Mounting Techniques Reference Manual, SOLDERRM/D

Table 2. THERMAL CHARACTERISTICS

Rating

Symbol

Value

Unit

Thermal Characteristics, DFN6, 3.3 x 3.3 mm (Note 6)
Thermal Resistance, Junction-to-Air (Note 7)

125

°C/W

6. Refer to ELECTRICAL CHARACTERISTICS, RECOMMENDED OPERATING RANGES and/or APPLICATION INFORMATION for Safe

Operating parameters.

7. Values based on copper area of 645 mm?2 (or 1 in2) of 1 oz copper thickness and FR4 PCB substrate.
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3


http://www.onsemi.com/

NCP781

Table 3. ELECTRICAL CHARACTERISTICS - Adjustable -40°C < T, < 125°C; V)\ = Voutnom + 10 V, Cj\y = Coyt = 1 uF, unless
otherwise noted. Typical values are at Tp = +25°C. (Notes 8, 9)

| Parameter | Test Conditions | Symbol | Min | Typ | Max | Unit |
INPUT REGULATOR
| Operating Input Voltage | | VIN | 6 | 150 | \%
OUTPUT REGULATOR
Reference Voltage Accuracy -40°C < T £125°C, loyT = 50 uA -3% 1.23V +3% %
6V<sVNys150V
Reference Voltage Accuracy Ty =25°C, oyt = 50 pA -25% | 1.23V | +2.5% %
6V<sV| <150V
Line Regulation 15V<V)y<150V Regjine 0.25 0.5 % Vout
lout = 50 pA
Load Regulation Regioad 0.4 0.8 % Vout
Dropout Voltage (Note 10) Vpo = ViN = (Vout - (3% Voutnom)) Vpo \%
3.3V | =100 mA - 4 6.5
50V ouT - 4 7.0
120V - 4.4 7.5
15.0V - 4.7 9.5
DISABLE, QUIESCENT AND GROUND CURRENTS
Disable Current VeEn=0V,V|y=150V Ipis - 1 10 uA
Quiescent Current louT=0mA lq - 25 55 uA
Ground Current loyT = 100 mA laND - 250 400 uA
Enable Pin Current 1.5V <Vgn<150V IEN 500 nA
ADJ Pin Current 6V <V|y<150V, ADJ = Vour laDJ 5 nA
CURRENT LIMIT PROTECTION
Current Limit (Note 11) VOUT = VOUTNOM - (10% VOUTNOM) ILlM 110 mA
Short Circuit Current Limit Vout=0V,Vin=25V Isc 220 mA
ENABLE THRESHOLDS
Enable Input Threshold Voltage VTHEN) \Y
Voltage Increasing, Logic High High 15 - -
Voltage Decreasing, Logic Low Low - - 0.4
PSRR AND NOISE
Power Supply Ripple Rejection (Note 12) VN =25V + 200 mVp, modulation PSRR dB
Vout =1.23V, Cout = 1.0 uF
loyT = 10 MA
f=1kHz - 83 -
f=10 kHz - 75 -
f=100 kHz - 56 -
Output Noise Voltage (Note 12) Vout = 1.23V, Vi, =150 V VNOISE Wrms
lout =1 mA, Cout = 1.0 uF 130
f=100 Hz to 100 kHz - -
THERMAL SHUTDOWN
Thermal Shutdown Temperature (Note 12) Tsp - 160 - °C
Thermal Shutdown Hysteresis (Note 12) TsH - 15 - °C

8. Performance guaranteed over the indicated operating temperature range by design and characterization production tested at Tj = Ta = 25°C.
Low duty cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

9. loyt >50uA at V|y > 50V
10.Not characterized at Voytnom < 3.3 V.
11. Respect to SOA

12.Guaranteed by design and characterization
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NCP781

Table 4. ELECTRICAL CHARACTERISTICS - 3.3 V -40°C < T, < 125°C; Vour = 3.3 V typical, V|y = 13.3V, Cjy = Cout = 1 uF,
unless otherwise noted. Typical values are at Ty = +25°C. (Notes 13, 14)

| Parameter | Test Conditions | Symbol | Min | Typ | Max | Unit |
INPUT REGULATOR
| Operating Input Voltage | | VIN | 6 | 150 | \%
OUTPUT REGULATOR
Output Voltage Accuracy -40°C <Ty;<125°C -3% 3.3 +3% \%
(Voutnom +10V) =V |y 150V
Output Voltage Accuracy Ty =25°C, oyt = 50 pA -2.5% 3.3 +2.5% \%
Moutnom +10V) =V )y 150V
Line Regulation 15V<V)y<150V Regjine 8.3 16.5 mV
lout = 50 pA
Load Regulation (Note 16) ViN=13.3V Regioad 13.2 26.5 mV
Dropout Voltage (Note 15) loyT = 100 mA Vpo 4.0 6.5 \%
DISABLE, QUIESCENT AND GROUND CURRENTS
Disable Current VeEn=0V,V|y=150V Ipis - 1 10 uA
Quiescent Current lout =0 mA la - 27 57 uA
Ground Current louT = 100 mA laND - 250 400 uA
Enable pin current 1.5V <VgN<150V IEN 500 nA
CURRENT LIMIT PROTECTION
Current Limit (Note 16) VouT = VouTtnom — (10% VouTtnom) ILim 110 mA
Short Circuit Current Limit Vout=0V,Vin=25V Isc 220 mA
ENABLE THRESHOLDS
Enable Input Threshold Voltage VTHEN) \%
Voltage Increasing, Logic High High 1.5 - -
Voltage Decreasing, Logic Low Low - - 0.4
PSRR AND NOISE
Power Supply Ripple Rejection (Note 17) VN =25V + 200 mVp, modulation PSRR dB
Vout =33V, Coyr = 1.0 uF
loyT = 10 MA
f=1kHz - 75 -
f=10kHz - 62 -
f=100 kHz - 48 -
Output Noise Voltage (Note 17) Vout =33V, Vi, =150V VNOISE Wrms
|OUT =1mA, COUT =1.0 uF 260
f=100 Hz to 100 kHz - -
THERMAL SHUTDOWN
Thermal Shutdown Temperature (Note 17) Tsp - 160 - °C
Thermal Shutdown Hysteresis (Note 17) TsH - 15 - °C

13. Performance guaranteed over the indicated operating temperature range by design and characterization production tested at Tj = Ta = 25°C.

Low duty cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

14.lpyT > 50 pA at V|y > 50 V

15.Characterized when Vgyr falls 99 mV below the regulated voltage and only for devices with Voytnom = 3.3 V

16.Respect to SOA

17.Guaranteed by design and characterization
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NCP781

Table 5. ELECTRICAL CHARACTERISTICS - 5.0 V -40°C < T, < 125°C; VouT = 5.0 V typical, Viy = 15V, Cjy = Coyt = 1 uF,
unless otherwise noted. Typical values are at Ty = +25°C. (Notes 18, 19)

| Parameter | Test Conditions | Symbol | Min | Typ | Max | Unit |
INPUT REGULATOR
| Operating Input Voltage | | VIN | 6 | | 150 | \% |
OUTPUT REGULATOR
Output Voltage Accuracy -40°C <Ty;<125°C -3% 5.0 +3% \%
(Moutnom + 10V) =V |y =150V
Output Voltage Accuracy Ty =25°C, oyt = 50 pA -2.5% 5.0 +2.5% \%
Moutnom +10V) =V )y 150V
Line Regulation 15V<V)y<150V Regjine 12.5 25 mV
lout = 50 pA
Load Regulation (Note 21) Vin =15V, 50 pA < lgyT £ 100 mA Regioad 20 40 mV
Dropout Voltage (Note 20) Vpo 4 7.0 \%
DISABLE, QUIESCENT AND GROUND CURRENTS
Disable Current VeEn=0V,V|y=150V Ipis - 1 10 uA
Quiescent Current lout =0 mA la - 27 57 uA
Ground Current louT = 100 mA laND - 250 400 uA
Enable pin current 1.5V <VgN<150V IEN 500 nA
CURRENT LIMIT PROTECTION
Current Limit (Note 21) VouT = VouTtnom — (10% VouTtnom) ILim 110 mA
Short Circuit Current Limit Vout=0V,Vin=25V Isc 220 mA
ENABLE THRESHOLDS
Enable Input Threshold Voltage VTHEN) \%
Voltage Increasing, Logic High High 15 - -
Voltage Decreasing, Logic Low Low - - 0.4
PSRR AND NOISE
Power Supply Ripple Rejection (Note 22) VN =25V + 200 mVp, modulation PSRR dB
Vout =5.0V, Coyr = 1.0 uF
loyT = 10 MA
f=1kHz - 65 -
f=10kHz - 56 -
f=100 kHz - 45 -
Output Noise Voltage (Note 22) Vout =50V, Vi, =150V VNOISE Wrms
|OUT =1mA, COUT =1.0 uF 300
f=100 Hz to 100 kHz - -
THERMAL SHUTDOWN
Thermal Shutdown Temperature (Note 22) Tsp - 160 - °C
Thermal Shutdown Hysteresis (Note 22) TsH - 15 - °C

18. Performance guaranteed over the indicated operating temperature range by design and characterization production tested at Tj = Ta = 25°C.

Low duty cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

19.lpyT > 50 pA at V|y > 50 V

20.Characterized when Vgyr falls 150 mV below the regulated voltage and only for devices with Voytnom = 5.0V

21.Respect to SOA

22.Guaranteed by design and characterization

www.onsemi.com
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NCP781

Table 6. ELECTRICAL CHARACTERISTICS - 15 V -40°C < T; < 125°C; Vout = 15.0 V typical, V|y = 25 V, Cjy = Cout = 1 uF,
unless otherwise noted. Typical values are at Tp = +25°C. (Notes 23, 24)

| Parameter | Test Conditions | Symbol | Min | Typ | Max | Unit |
INPUT REGULATOR
| Operating Input Voltage | | VIN | 6 | 150 | \%
OUTPUT REGULATOR
Output Voltage Accuracy -40°C <Ty;<125°C -3% 15.0 +3% \%
(Moutnom + 10V) =V |y =150V
Output Voltage Accuracy Ty =25°C, oyt = 50 pA -2.5% 15.0 +2.5% \%
Moutnom +10V) =V )y 150V
Line Regulation 25V<VN<150V Regjine 37.5 75 mV
lout = 50 pA
Load Regulation (Note 26) Vin =25V, 50 pA < lgyT £ 100 mA Regioad 60 120 mV
Dropout Voltage (Note 25) Vpo 4.7 9.5 \%
DISABLE, QUIESCENT AND GROUND CURRENTS
Disable Current VeEn=0V,V|y=150V Ipis - 1 10 uA
Quiescent Current lout =0 mA la - 27 57 uA
Ground Current louT = 100 mA laND - 250 400 uA
Enable pin current 1.5V <VgN<150V IEN 500 nA
CURRENT LIMIT PROTECTION
Current Limit (Note 26) VouT = VouTtnom — (3% Voutnom) ILim 110 mA
Short Circuit Current Limit Vout=0V,Vin=25V Isc 220 mA
ENABLE THRESHOLDS
Enable Input Threshold Voltage VTHEN) \%
Voltage Increasing, Logic High High 15 - -
Voltage Decreasing, Logic Low Low - - 0.4
PSRR AND NOISE
Power Supply Ripple Rejection (Note 27) VIN =25V + 200 mVp, modulation PSRR dB
Vout =15V, Coyt=1.0 uF
loyT = 10 MA
f=1kHz - 53 -
f=10kHz - 50 -
f=100 kHz - 43 -
Output Noise Voltage (Note 27) Vout =15V, Vi, =150V VNOISE Wrms
|OUT =1mA, COUT =1.0 uF 530
f=100 Hz to 100 kHz - -
THERMAL SHUTDOWN
Thermal Shutdown Temperature (Note 27) Tsp - 160 - °C
Thermal Shutdown Hysteresis (Note 27) TsH - 15 - °C

23.Performance guaranteed over the indicated operating temperature range by design and characterization production tested at Tj = Ta = 25°C.
Low duty cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

24. 1oyt >50pAatV)y>50V

25. Characterized when Vgyr falls 450 mV below the regulated voltage and only for devices with Voytnom = 15.0 V

26.Respect to SOA

27.Guaranteed by design and characterization
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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NCP781

APPLICATIONS INFORMATION

The NCP781 is very high input voltage regulator with
internal thermal shutdown and internal current limit. Typical
application circuits are shown in Figure 23.

Vin=6V-150V Vout=1.23V-15V
[ )

IN ouT
NCP781
Cin= adj R1
1uF 1Cout
o——"—— EN GND ADJ --1 uF
_I ENABLE Ro
o o
Vin=6V-150V Vout=15V-15V
o IN ouT 0
Crnadk NCP781
in == )
1uF fix Cout__
o—MN——EN GND SEN T ur
_JENABLE
o o

Figure 23. Typical Application Circuits

Input Decoupling (Cij,)

A ceramic or tantalum 0.1 uF capacitor is recommended
and should be connected close to the NCP781 package.
Higher capacitance and lower ESR will improve the overall
line and load transient response.

Output Decoupling (Cout)

The NCP781 is a stable component and does not require
a minimum Equivalent Series Resistance (ESR) for the
output capacitor. The minimum output decoupling value is
0.1 uF and can be augmented to fulfill stringent load
transient requirements. The regulator works with ceramic
chip capacitors as well as tantalum devices up to 10 uF. The
larger values improve noise rejection, load regulation and
transient response.

Enable Operation

The enable pin will turn the regulator on or off. The
threshold limits are covered in the electrical characteristics
table in this data sheet. The turn-on/turn—off transient
voltage being supplied to the enable pin should exceed a
slew rate of 150 mV/us to ensure correct operation. If the
enable function is not to be used then the pin should be
connected directly to Viy,.

Output Voltage Adjust

The output voltage can be adjusted from 1.23 Vto 15V
using resistors between the output and the ADJ input. The
output voltage and resistors are chosen using Equation 1 and
Equation 2.

I:{1
Vour = 123 x (1 + R_z) + (lapy X Ry)  (eq. 1)

Ry X V+ (eq. 2)
outT _ 4
1.25

Input bias current Ippyj is typically less than 5 nA. Choose
R1 arbitrarily to minimize errors due to the bias current and
to minimize noise contribution to the output voltage. Use
Equation 2 to find the required value for R2. This device
does not require a minimal load.

Thermal Considerations

As power in the NCP781 increases, it might become
necessary to provide some thermal relief. The maximum
power dissipation supported by the device is dependent
upon board design and layout. Mounting pad configuration
on the PCB, the board material, and the ambient temperature
affect the rate of junction temperature rise for the part. When
the NCP781 has good thermal conductivity through the
PCB, the junction temperature will be relatively low with
high power applications. The maximum dissipation the
NCP781 can handle is given by:

[TJ(MAX) - TA]

PD(MAX) = T (eq. 3)

The power dissipated by the NCP781 can be calculated
from the following equations:

Pp = Vi, X (lGND @ loyr) + lout X (VIN — Vour) (ea. 4)

or

_ Pomax) + (VOUT X IOUT) (€q.5)

lout * lenp

VinMmax)

Hints

Vin and GND printed circuit board traces should be as
wide as possible. When the impedance of these traces is
high, there is a chance to pick up noise or cause the regulator
to malfunction. Place external components, especially the
output capacitor, as close as possible to the NCP781, and
make traces as short as possible.

www.onsemi.com
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NCP781

ORDERING INFORMATION

Part No. Output Voltage (V) Marking Package Shipping*
NCP781BMNADJTAG Adj 781N
BADJ
NCP781BMNO033TAG 3.3 781N 3000 / Tape & Reel
B033 DFN6 (Contact sales office
NCP781BMNO50TAG 5 781N (Pb—Free) for availability)
B050
NCP781BMN150TAG 15 781N
B150

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.

www.onsemi.com
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MECHANICAL CASE OUTLINE

PACKAGE DIMENSIONS

DFN6 3.3x3.3, 0.65P

WW = Work Week
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*For additional information on our Pb—Free strategy and soldering
details, please download the onsemi Soldering and Mounting
Techniques Reference Manual, SOLDERRM/D.

(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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