NCP500, NCV500

150 mA CMOS Low Noise
Low-Dropout Voltage
Regulator

The NCP500 series of fixed output low dropout linear regulators are
designed for portable battery powered applications which require low
noise operation, fast enable response time, and low dropout. The
device achieves its low noise performance without the need of an
external noise bypass capacitor . Each device contains a voltage
reference unit, an error amplifier , a PMOS power transistor , and
resistors for setting output voltage, and current limit and temperature
limit protection circuits.

The NCP500 has been designed to be used with low cost ceramic
capacitors and requires a minimum output capacitor of 1.0 uF.

Features

¢ Ultra—Low Dropout Voltage of 170 mV at 150 mA

® Fast Enable Turn—On Time of 20 usec

® Wide Operating Voltage Range of 1.8 V t0 6.0 V

® Excellent Line and Load Regulation

® High Accuracy Output Voltage of 2.5%

® Enable Can Be Driven Directly by 1.0 V Logic

® Typical RMS Noise Voltage 50 uV with No Bypass Capacitor
(BW =10 Hz to 100 kHz)

Very Small DFN 2x2.2 Package

NCV Prefix for Automotive and Other Applications Requiring
Unique Site and Control Change Requirements; AEC-Q100
Qualified and PPAP Capable

® These are Pb—Free Devices

Typical Applications

® Noise Sensitive Circuits — VCO’s, RF Stages, etc.
® SMPS Post—Regulation

® Hand-Held Instrumentation

® Camcorders and Cameras
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Figure 1. Simplified Block Diagram
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xx = Specific Device Code
M = Date Code

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 16 of this data sheet.

Publication Order Number:
NCP500/D



NCP500, NCV500

DIN FIINCTION DECARIDTION

TSOP-/; | DFN 2x2
PinNo. | PinNo. | Pin Name | Description
| 1 . 3 | Vin . | Positive power supply input voltage.
| 2 . 2,5 | GND . | Power supply ground.
| 3 . 1 | Enable . | This irnpurt isr used to p!ace th_erde\{ice into !ow—power slandby. When this input is pulleqrto a logic
" ! " S ) PO TR PO N T SRR o PPN
4 I - R : Dy gt g
5 4 | Vout | Regulated output voltage.
MAXIMUM RATINGS
! e b e tegtege TN
Input Voltage o I Y - I PRtR] I Vi !
Enable Voltage o o IR I v i
Output Voltage o I - I ERARE R LTS R ! o !
Output Short Circuit Duration o - - Infinite -
Thermal Resistance, Junction-to—Ambient Roua °C/W
TSOP-5 250
(S NS oo ' : At
Operating Junction Temperature - T 1120 v
Storage Temperature Tstg -65to +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.
1. This device series contains ESD protection and exceeds the following tests:

Human Body Model 2000 V per MIL-STD-883, Method 3015

Machine Model Method 200 V Latch up capability (85°C) +100 mA.
2. Device is internally limited to 160°C by thermal shutdown.
3. For more information, refer to application note, AND8080/D.

ELECTRICAL CHARACTERISTICS (Vi,=2.35V, Cj, = 1.0 uF, C oyt = 1.0 uF, for typical value Tp = 25°C, for min and
max values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-1.8V
Output Voltage (Tp = -40°C to 85°C, Iyt = 1.0 mA to 150 mA) Vout 1.755 1.8 1.845 \%
Line Regulation (Vi, =2.3 V10 6.0V, oy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (loy: = 1.0 mA to 150 mA) Regioad - 15 45 mvV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 140 200
(lout = 150 mA) - 270 350
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |, = 60 mA)
Quiescent Current lq uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9 V, loy = 1.0 mA) - 175 300
(Enable Input = 0.9 V, lo, = 150 mA) - 175 300
Enable Input Threshold Voltage VinEN) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - _
(Voltage Decreasing, Output Turns Off, Logic Low) _ _ 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA

http://onsemi.com
2



NCP500, NCV500

ELECTRICAL CHARACTERISTICS (continued) (Vi, = 2.35 V, Cj, = 1.0 uF, C oy = 1.0 uF, for typical value Tp = 25°C, for min and
max values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Output Turn On Time (Enable Input = 0 V to Vi) - - 20 100 us
Characteristic Symbol Min Typ Max Unit
-1.85V
Output Voltage (Ta = —40°C to 85°C, Iyt = 1.0 mA to 150 mA) Vout 1.804 1.85 1.896 \Y
Line Regulation (Vi, =2.3 V10 6.0V, oy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (Ioyt = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - - -
(lout = 150 mA) - - -
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, f = 1.0 kHz, |5 = 60 mA)
Quiescent Current la uA
(Enable Input = 0 V) - 0.01 1.0
(Enable Input = 0.9 V, Iy, = 1.0 mA) - 175 300
(Enable Input = 0.9V, loy = 150 mA) - 175 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) _ _ 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input =0 V to Vj,) - - 20 100 us

ELECTRICAL CHARACTERISTICS (Vj, =3.0V, Cj, = 1.0 uF, C oy = 1.0 uF, for typical value Tp = 25°C, for min and max values

Ta = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-25V
Output Voltage Vout \
(Ta =—40°C to 85°C, oyt = 1.0 mA to 150 mA) 2.438 25 2.563
Line Regulation (Vi, =3.0 V10 6.0V, loy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (Ioy = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 100 170
(lout = 150 mA) - 190 270
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout nom,) + 1.0V + 0.5 Vpp,, f = 1.0 kHz, |5 = 60 mA)
Quiescent Current lg uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, loy = 1.0 mA) - 180 300
(Enable Input = 0.9V, Iy, = 150 mA) - 180 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current lisEN) - 3.0 100 nA
Output Turn On Time (Enable Input = 0 V to Vj,) - - 20 100 us
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NCP500, NCV500

ELECTRICAL CHARACTERISTICS (Vij;=3.1V ,Cj,=1.0 uF,C oy=1.0 uF, fortypical value T =25 °C, for min and max

values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-26V
Output Voltage Vout \
(Ta =—40°C to 85°C, Iy = 1.0 mA to 150 mA) 2.535 2.6 2.665
Line Regulation (Vi, =3.0 V10 6.0V, loy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (I, = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - - -
(lout = 150 mA) - - _
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |, = 60 mA)
Quiescent Current lg uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, lg,t= 1.0 mA) - 180 300
(Enable Input = 0.9V, Iy = 150 mA) - 180 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input =0V to Vj,) - - 20 100 us

ELECTRICAL CHARACTERISTICS (Vi,=32V ,Cin=1.0 uF,C oy =1.0 uF, fortypical value T A =25 °C, for min and max

values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-27V
Output Voltage Vout v
(Ta =—40°C to 85°C, oyt = 1.0 mA to 150 mA) 2.633 27 2.768
Line Regulation (Vi, =3.2V 10 6.0V, I, = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (I, = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 90 160
(lout = 150 mA) - 180 260
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |5 = 60 mA)
Quiescent Current la uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, lg,t= 1.0 mA) - 185 300
(Enable Input = 0.9V, Iyt = 150 mA) - 185 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input =0 V to Vj,) - - 20 100 us
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NCP500, NCV500

ELECTRICAL CHARACTERISTICS (Vi;=33V ,Cj,=1.0 uF,Coy=1.0 uF, fortypical value T =25 °C, for min and max

values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-2.8V
Output Voltage Vout \
(Ta =-40°C t0 85°C, lgy = 1.0 mA to 150 mA) 2.730 2.8 2.870
Line Regulation (Vi, =3.3 V10 6.0V, oy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (I, = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 90 150
(lout = 150 mA) - 170 250
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |, = 60 mA)
Quiescent Current lg uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, lg,t= 1.0 mA) - 185 300
(Enable Input = 0.9V, Iyt = 150 mA) - 185 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input =0V to Vj,) - - 20 100 us

ELECTRICAL CHARACTERISTICS (Vi,=35V ,Cin=1.0 uF,C oy =1.0 uF, fortypical value T A =25 °C, for min and max

values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-3.0V
Output Voltage Vout v
(Ta =—40°C to 85°C, oyt = 1.0 mA to 150 mA) 2.925 3.0 3.075
Line Regulation (Vi, =3.5V 10 6.0V, I, = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (I, = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 85 130
(lout = 150 mA) - 165 240
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |5 = 60 mA)
Quiescent Current la uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, lg,t= 1.0 mA) - 190 300
(Enable Input = 0.9V, Iyt = 150 mA) - 190 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input =0 V to Vj,) - - 20 100 us
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NCP500, NCV500

ELECTRICAL CHARACTERISTICS (Vi,=38V ,Cj,=1.0 uF,C oy=1.0 uF, fortypical value T =25 °C, for min and max
values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-3.3V
Output Voltage Vout \
(Ta =—40°C to 85°C, Iy = 1.0 mA to 150 mA) 3.218 3.3 3.383
Line Regulation (Vi, =3.8 V10 6.0V, loy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (Ioy = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 80 110
(lout = 150 mA) - 150 230
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, T = 1.0 kHz, |, = 60 mA)
Quiescent Current lg uA
(Enable Input = 0 V) - 0.01 1.0
(Enable Input = 0.9V, lgyt= 1.0 mA) - 195 300
(Enable Input = 0.9V, lg,t = 150 mA) - 195 300
Enable Input Threshold Voltage VinENn) \%
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Qutput Turn On Time (Enable Input = 0 V to Vj,) - - 20 100 us

ELECTRICAL CHARACTERISTICS (Vijy=55V ,Cjy=1.0 uF,C o=1.0 uF, fortypical value T =25 °C, for min and max
values Tp = -40°C to 85°C, Tjmax = 125°C, unless otherwise noted)

Characteristic Symbol Min Typ Max | Unit |
-5.0V
Output Voltage Vout \
(Ta =—40°C t0 85°C, lgy = 1.0 mA to 150 mA) 4.875 5.0 5.125
Line Regulation (Vi, =5.5V 10 6.0V, loy = 1.0 mA) Regiine - 1.0 10 mV
Load Regulation (Ioyt = 1.0 mA to 150 mA) Regioad - 15 45 mV
Dropout Voltage (Measured at V1 -2.0%, Ta = -40°C to 85°C) Vin-Vout mV
(lout = 1.0 mA) - 2.0 10
(lout = 75 mA) - 60 100
(lout = 150 mA) - 120 180
Output Short Circuit Current lout(max) 200 540 700 mA
Ripple Rejection RR - 62 - dB
(Vin = Vout (nom.) + 1.0 V + 0.5V, = 1.0 kHz, |, = 60 mA)
Quiescent Current lq uA
(Enable Input =0 V) - 0.01 1.0
(Enable Input = 0.9V, lg,t= 1.0 mA) - 210 300
(Enable Input = 0.9V, Iy, = 150 mA) - 210 300
Enable Input Threshold Voltage VinEn) \
(Voltage Increasing, Output Turns On, Logic High) 0.9 - -
(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.15
Enable Input Bias Current liBEN) - 3.0 100 nA
Output Turn On Time (Enable Input = 0 V to Vj,) - - 20 100 us

4. Maximum package power dissipation limits must be observed.

pp = Wmax) —TA
ReJA
5. Low duty cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.
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Vin = Vout, Dropout Voltage (mV)

Vin = Vout, Dropout Voltage (mV)

Vin = Vout, Dropout Voltage (mV)

NCP500, NCV500

70 T :
Vout(nom.) =33V
60
50
" 50 mA Load
40
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20 10 mA Load
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1.0 mA Load
0 f
-50 -25 0 25 50 75 100 125
Temperature (°C)
Figure 2. Dropout Voltage vs. Temperature
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Figure 4. Dropout Voltage vs. Temperature
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Figure 6. Dropout Voltage vs. Temperature

Vin = Vout, Dropout Voltage (mV)

Vin = Vout, Dropout Voltage (mV)

Vin = Vout, Dropout Voltage (mV)
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Figure 3. Dropout Voltage vs. Temperature
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Figure 5. Dropout Voltage vs. Temperature
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Vout, Output Voltage (V)

NCP500, NCV500

Vout, Output Voltage (V)

Ig, Quiescent Current (uA)

3.308 T T T 2.804
Vin = Vout(nom.) +0.5 V
3.306 [~ Vout(nom,) = 3.3V 2.802
| lo=1.0mA s
3.304 7 S 28
3.302 e g
. ~ )
— S 2.798
T >
3.300 7 5
/ £279%
3.298 v 5]
/ 52794
3.296 >
3.294 2.792
3.292 2.790
-50 -25 0 25 50 75 100 125
Temperature (°C)
Figure 8. Output Voltage vs. Temperature
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/ 5 170
1.8015 Vin = Vouthom) + 0.5V + &
/ Vout(nom,) = 1.8 V g
1.801 / lo=1.0mA _ 160
1.8005 | | | 150
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Temperature (°C)
Figure 10. Output Voltage vs. Temperature
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Figure 12. Quiescent Current vs. Input Voltage
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Figure 9. Output Voltage vs. Temperature
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Figure 11. Quiescent Current vs. Temperature
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Figure 13. Quiescent Current vs. Input Voltage
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Ground Pin Current (uA)

Current Limit (mA)

Vout, Output Voltage Noise (nV/VHZ)

NCP500, NCV500
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200 — /
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lout = 50 mA
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25 Tp = 25°C
0 | |
0 1.0 2.0 3.0 4.0 5.0 6.0
Input Voltage (V)
Figure 14. Ground Pin Current vs. Input Voltage
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Figure 16. Current Limit vs. Input Voltage
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Figure 18. Output Noise Density

Ground Pin Current (

RR, Ripple Rejection (dB)

Vin, Input Voltage (V)

—

Output Voltage
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Figure 15. Ground Pin Current vs. Input Voltage
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Figure 17. Ripple Rejection vs. Frequency
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NCP500, NCV500

=< 5.0 __ 225
3 < =< Vih=3.8V
£ 940 = £ 150 Vout=3.3V
=3 a0 0.8 75 Cou = 1007
e e e S 23 et
200 N — NN TN
150 Vin=3.8Vt048V | 200
%E Vout = 3.3V 9 < 100 \
£ S100 Cout = 1.0 uF —{8E N—_
4>_‘ S lout = 10 MA (>) g 0
= — 8
%.g 50 3 ©-100
[ofs — 33
0 \— \/ O 0-200
_50 -300
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50 60
Time (us) Time (us)
Figure 20. Line Transient Response Figure 21. Load Transient Response
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Figure 22. Load Transient Response
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Figure 23. Turn-off Response
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Figure 24. Output Voltage vs. Input Voltage
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Figure 25. Output Voltage vs. Input Voltage
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Figure 26. Output Voltage vs. Input Voltage
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DEFINITIONS

Load Regulation
The change in output voltage for a change in output load
current at a constant temperature.

Dropout Voltage

The input/output differential at which the regulator output
no longer maintains regulation against further reductions in
input voltage. Measured when the output drops 2% below its
nominal. The junction temperature, load current, and
minimum input supply requirements affect the dropout level.

Output Noise Voltage

This is the integrated value of the output noise over a
specified frequency range. Input voltage and output load
current are kept constant during the measurement. Results

are expressed in uWVRMS or nV /Hz.

Quiescent Current

The current which flows through the ground pin when the
regulator operates without a load on its output: internal IC
operation, bias, etc. When the LDO becomes loaded, this
term is called the Ground current. It is actually the difference
between the input current (measured through the LDO input
pin) and the output current.

Line Regulation

The change in output voltage for a change in input voltage.
The measurement is made under conditions of low
dissipation or by using pulse technique such that the average
chip temperature is not significantly affected.

Line Transient Response
Typical over and undershoot response when input voltage
is excited with a given slope.

Thermal Protection

Internal thermal shutdown circuitry is provided to protect
the integrated circuit in the event that the maximum junction
temperature is exceeded. When activated at typically 160°C,
the regulator turns off. This feature is provided to prevent
failures from accidental overheating.

Maximum Package Power Dissipation

The power dissipation level at which the junction
temperature reaches its maximum operating value, i.e.
125°C.

APPLICATIONS INFORMATION

The NCP500 series regulators are protected with internal
thermal shutdown and internal current limit. A typical
application circuit is shown in Figure 27.

Input Decoupling (C1)

A 1.0 uF capacitor either ceramic or tantalum is
recommended and should be connected close to the NCP500
package. Higher values and lower ESR will improve the
overall line transient response.

Output Decoupling (C2)

The NCP500 is a stable component and does not require
a minimum Equivalent Series Resistance (ESR) or a
minimum output current. The minimum decoupling value is
1.0 uF and can be augmented to fulfill stringent load
transient requirements. The regulator accepts ceramic chip
capacitors as well as tantalum devices. Lar ger values
improve noise rejection and load regulation transient
response. Figure 29 shows the stability region for a range of
operating conditions and ESR values.

Noise Decoupling

The NCP500 is a low noise regulator without the need of
an external bypass capacitor. It typically reaches a noise level
of 50 uWVRMS overall noise between 10 Hz and 100 kHz. The

classical bypass capacitor impacts the start up phase of
standard LDOs. However ,thanks to its low noise
architecture, the NCP500 operates without a bypass element
and thus offers a typical 20 us start up phase.

Enable Operation

The enable pin will turn on or of f the regulator. These
limits of threshold are covered in the electrical specification
section of this data sheet. The turn —on/turn—off transient
voltage being supplied to the enable pin should exceed a
slew rate of 10 mV/ us to ensure correct operation. If the
enable is not to be used then the pin should be connected
to Vip.

Thermal

As power across the NCP500 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
effect the rate of junction temperature rise for the part. This
is stating that when the NCP500 has good thermal
conductivity through the PCB, the junction temperature will
be relatively low with high power dissipation applications.
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The maximum dissipation the package can handle is
given by:

pp = 1d(max) —TA
RaJA

If T j is not recommended to exceed 125  °C, then the
NCP500 can dissipate up to 400 mW @ 25°C.

The power dissipated by the NCP500 can be calculated
from the following equation:

Ptot = [Vin*Ignd (loud| + [Vin — Vout! * lout
or

. Ptot + Vout " lout
VinMAX = " lgnd + lout

If a 150 mA output current is needed the ground current
is extracted from the data sheet curves: 200 pA @ 150 mA.
For a NCP500SN18T1 (1.8 V), the maximum input voltage

will then be 4.4V, good for a 1 Cell Li-ion battery.

Hints

Please be sure the Vi, and GND lines are sufficiently wide.
When the impedance of these lines is high, there is a chance
to pick up noise or cause the regulator to malfunction.

Set external components, especially the output capacitor,
as close as possible to the circuit, and make leads as short
as possible.

Package Placement
DFN packages can be placed using standard pick and

place equipment with an accuracy of £0.05 mm.
Battery or V,
Unregulated OT(I O 5 o)
Voltage C1 .
Cc2

1
=

Figure 27. Typical Application Circuit

Component pick and place systems are composed of a vision
system that recognizes and positions the component and a
mechanical system which physically performs the pick and
place operation. T wo commonly used types of vision
systems are: (1) a vision system that locates a package
silhouette and (2) a vision system that locates individual
bumps on the interconnect pattern. The latter type renders
more accurate place but tends to be more expensive and time
consuming. Both methods are acceptable since the parts
align due to a self-centering feature of the DFN solder joint
during solder re—flow.

Solder Paste
Type 3 or Type 4 solder paste is acceptable.

Re-flow and Cleaning

The DFN may be assembled using standard IR/IR
convection SMT re —flow processes without any special
considerations. As with other packages, the thermal profile
for specific board locations must be determined. Nitrogen
purge is recommended during solder for no—clean fluxes.
The DFN is qualified for up to three re—flow cycles at 235°C
peak (J-STD-020). The actual temperature of the DFN is a
function of:
® Component density
® Component location on the board

® Size of surrounding components

ON
OFF 1] (6]
= (sl——
Battery or = = Vout
Unregulated ‘ [3] [4] | O
Voltage +

+
Cc2

|||——|

L

Figure 28. Typical Application Circuit
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10

\ i ! — Cout=1uFto 10 uF
UNSTABLE ———— T, = 40°C to 125°C

\\ Vin=upto 6.0V

L STABLE

0.1

Output Capacitor ESR (22)

0.01

0 25 50 75 100 125 150
lo, Output Current (mA)

Figure 29. Stability

Input Qi

Output
O  [E}4+—o

~ 1.0 uF

Il?

=}
=
B
Yl
]
I
o o] |4
Yl

Figure 30. Current Boost Regulator

The NCP500 series can be current boosted with a PNP transist-
or. Resistor R in conjunction with V gg of the PNP determines
when the pass transistor begins conducting; this circuit is not
short circuit proof. Input/Output differential voltage minimum is
increased by Vgg of the pass resistor.

Output
O [s}+—o

- 1.0uF

o
=
=
Yl
J1
I
o o] |-
)

Zl?

Figure 31. Current Boost Regulator with Short
Circuit Limit

Short circuit current limit is essentially set by theg¢ of Q2 and
R1.1sc = ((VBeqz - ib* R2) / R1) + lo(max) Regulator

http://onsemi.com
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Vout, Output Voltage (V)

Input

o

Input

Enable

NCP500, NCV500

@)

I1.0

R

Output
]iFiI——O

1.0 uF
L1

Output

IC

Figure 32. Delayed Turn-on

If a delayed turn —on is needed during power up of several

voltages then the above schematic can be used. Resistor R,
and capacitor C, will delay the turn-on of the bottom regulator.
A few values were chosen and the resulting delay can be seen

Time (ms)

in Figure 33.
4 I —
3 ——
5 Ta =25°C
Vin=3.4V
1 Vour=2.8V |
O \JI/I‘\L/
v/_\%\\_//_/
° —
5 No Dela:
2
5 *— R=1.0MQ
' R=1.0MQ C=1.0uF
1 C=0.1uF
5 1 1 1
X T
0O 10 20 30 40 50 60 70 80 90 100 110

Figure 33. Delayed Turn-on

The graph shows the delay between the enable signal and
output turn-on for various resistor and capacitor values.

o

Output
js

1.0 uF
le

Figure 34. Input Voltages Greater than 6.0 V

A regulated output can be achieved with input voltages that ex-
ceed the 6.0 V maximum rating of the NCP500 series with the
addition of a simple pre-regulator circuit. Care must be taken
to prevent Q1 from overheating when the regulated output
(Vout) is shorted to Gpgq.
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ORDERING INFORMATION

Nominal
Device Output Voltage Marking Package Shipping?

NCP500SN18T1G 1.8 LCS

NCP500SN185T1G 1.85 LFL

NCP500SN25T1G 25 LCT

NCP500SN26T1G 26 LFM

NCP500SN27T1G 27 LCU

NCP500SN28T1G 28 Lcv

NCP500SN30T1G 3.0 Lcw (lﬁ?lfr o 7,?%’&”8’:;;56/ o
NCP500SN33T1G 3.3 LCX

NCP500SN50T1G 5.0 LCY

NCV500SN185T1G* 1.85 LFL

NCV500SN18T1G* 1.8 LCS

NCV500SN28T1G* 28 Lcv

NCV500SN33T1G* 3.3 LCX

NCP500SQL18T1G 1.8 LD

NCP500SQL25T1G 25 LE

NCP500SQL27T1G 27 LF

NCP500SQL28T1G 28 LG D(';'B‘_GFZ;;-)Z 7,??2&”;%% o
NCP500SQL30T1G 3.0 LH

NCP500SQL33T1G 3.3 LJ

NCP500SQL50T1G 5.0 LK

For availability of other output voltages, please contact your local ON Semiconductor Sales Representative.

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.

*NCV Prefix for Automotive and Other Applications Requiring Unique Site and Control Change Requirements; AEC-Q100 Qualified and PPAP
Capable.

http://onsemi.com
16



NCP500, NCV500

PACKAGE DIMENSIONS

TSOP-5
SN SUFFIX
CASE 483-02
ISSUE K
NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME

NOTE 5 Y14.5M, 1994.

5X

D 2. CONTROLLING DIMENSION: MILLIMETERS.
E 3. MAXIMUM LEAD THICKNESS INCLUDES LEAD FINISH

X E THICKNESS. MINIMUM LEAD THICKNESS IS THE

MINIMUM THICKNESS OF BASE MATERIAL.

M 4. DIMENSIONS A AND B DO NOT INCLUDE MOLD
0 20 T FLASH, PROTRUSIONS, OR GATE BURRS. MOLD
FLASH, PROTRUSIONS, OR GATE BURRS SHALL NOT
|<— EXCEED 0.15 PER SIDE. DIMENSION A.
K 5. OPTIONAL CONSTRUCTION: AN ADDITIONAL
DETAIL Z TRIMMED LEAD IS ALLOWED IN THIS LOCATION.
—’I TRIMMED LEAD NOT TO EXTEND MORE THAN 0.2
FROM BODY.
MILLIMETERS
TOP VIEW DIM| MIN | MAX
A 3.00 BSC
B 1.50 BSC
DETAIL Z c | o9 | 110
J D | 025 [ 050
1 ) G | o095BsC
H | 001 [ o010
et oo 7} LI e
SEATING K 0.20 0.60
PLANE END VIEW M 0° | 10°
SIDE VIEW s [ 250 [ 3.00
SOLDERING FOOTPRINT*
1.9
0.074
0.95
0.037
T
] N I ) IO
I I I
1 1 1
T T T
2.4
0.094
I ! !
T T
10 1] 4L
0.039 [ I
I I I
’ 0.028 028 : ( mm )
SCALE 10:1 (ote

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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SQL SUFFIX
CASE 506BA
ISSUE A
<—[D] —p—{A] L L o
B r
2.
|
' E DETAIL A
PIN ONE\_ -1 ALTERNATE TERMINAL
REFERENCE CONSTRUCTIONS
2X A l
alotofc A3
TOP VIEW EXPOSED Cu MOLD CMPD —
2X _Lf \)TL
C
HE
A A1
// 010lc DETAILB DETAIL B
coRTETE
L =g =] v
[ 008 c] SIDE VIEW SEATING
Al PLANE
<D PACKAGE
DETAIL A OUTLINE
6x L }5‘1_’! I:_E’ oL
() ! ¥

jisais

i !
J {H‘_M

NCP500, NCV500

PACKAGE DIMENSIONS

DFN6, 2x2.2, 0.65P

Al]

BOTTOM VIEW & 0.10
0.05

C

NOTE 3

NOTES:

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

CONTROLLING DIMENSION: MILLIMETERS.
DIMENSION b APPLIES TO PLATED TERMINAL
AND IS MEASURED BETWEEN 0.15 AND

0.20 mm FROM TERMINAL.

4. COPLANARITY APPLIES TO THE EXPOSED

PAD AS WELL AS THE TERMINALS.

MILLIMETERS
DIM| MIN | MAX

A | 080 | 1.00

A1 | 0.00 | 0.05

b | 020 [ 0.30

D | 2.00BSC
D2| 1.10 [ 1.30
E | 220BSC
E2| 070 | 0.90
e | 065BSC
K | 0.20

L | 025 | 035

L1| 000 | 0.10

SOLDERING FOOTPRINT*

6X
«—1.36 —> — 0.58

:|_|__ [

0

___|____

9
Y

2.50

|
6 |

|

|

] |
\

;
0.65
o%(sJ L_:I e PITCH

DIMENSIONS: MILLIMETERS

*For additional information on our PbFree strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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