NCP400

150 mA CMOS Low Iq
Low-Dropout Voltage
Regulator with Voltage
Detector Output

The NCP400 is an integration of a low—dropout regulator and a
voltage detector in a very small chip scale package. The voltage
regulator is capable of supplying 150 mA with a low dropout of 160 mV
at 100 mA. It contains a voltage reference unit, an error amplifier,
comparators, PMOS power transistor, current limit and thermal
shutdown protection circuits for the regulator portion.

A highly accurate voltage detector with hysteresis and an externally
programmable time delay generator are implemented to prevent
erratic system reset operation. It features complementary output with
active low reset function.

The NCP400 is designed to work with low cost ceramic capacitors
and requires only a small 1.0 uF capacitor at regulator output. Its low
quiescent current is ideal for battery powered applications.

Features

* LDO Voltage Regulator and Voltage Detector Together ina Very
Small Wafer Level Package, 6 Bump Flip—Chip; 1.0 x 1.5 mm

® Low Quiescent Current of 50 A Typical

® Internal Current Limit and Thermal Shutdown Protection

® Low Cost and Small Size Ceramic Capacitors

® Input Voltage Range of 1.8 V.t0'5.0 V

® Voltage Regulator
¢ 1.8V (*) Output with 2% Accuracy

¢ Excellent Line and Load Regulation
¢ Low Dropout.of 160 mV at 100'mA.
® Voltage Detector
¢ 2.3V (*) Threshold with 2% Accuragy,
¢ Externally Programmable Time Delay Generator
¢ Excellent Line and Load Regulation
® This is a Pb—Free Device
(*) Other voltages can be developed upon request.
Please contact your ON Semiconductor representative.

Typical Applications

® Memory Cards

¢ Cellular Phones

*® Digital Still Cameras and Camcorders
® Battery Powered Equipment
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NCP400

TYPICAL OPERATION CIRCUIT
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Figure 1. Power Supply and Reset Circuit for Microprocessor and/or Memory Chip

PIN DESCRIPTION

Pin No. Symbol Description
1 VIN Positive power supply input voltage.
2 ENABLE This input is used to place the device into low—power standby. When this input is\pulled low, the device is
disabled. If this function is not'used, ENABLE should be connected to V.
3 RESET Voltage detect output signal.
4 CD Delay capacitor pin.
5 GND Power supply ground:
6 Vout Voltage regulator output voltage.

REPRESENTATIVE BLOCK DIAGRAM
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Figure 2. Representative Block Diagram
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NCP400

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage VN 0to5.5 \%
Enable Voltage ENABLE -0.3 to V|\+0.3
Output Voltage Vout -0.3to V|y+0.3 \Y
Delay Capacitor Pin Voltage Vep -0.3to V|y+0.3 \Y
Reset Pin Voltage Vreset -0.3to V|y+0.3 \Y
Reset Pin Current Ireset 70 mA
Power Dissipation and Thermal Characteristics for Microbump-6 °C/wW

Thermal Resistance Junction-to-Air (Note 3) RoJa Refer to Figure 22

Operating Junction Temperature Ty -40to +125 °C
Operating Ambient Temperature Ta -40to +85 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.
1. This device contains ESD protection and exceeds the following tests:

Human Body Model (HBM) +2000 V per MIL-STD-883, Method 3015

Machine Model (MM) +200 V.
2. Latchup capability (85°C)100 mA DC with trigger voltage.
3. PCB top layer uses a single copper layer and is tested @ 250 mW.
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NCP400

ELECTRICAL CHARACTERISTICS (v|\ = VouT(nom,) + 1.0 V, ENABLE = V|, Cj\ = 1.0 uF, Coyt = 1.0 uF, Ta = 25°C, unless
otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Voltage (Tp = —40°C to 85°C) VIN 1.8 - 5.0 \Y
Output Voltage (Ta= 25°C, Igyt = 1.0 mA) Vourt 1.764 1.8 1.836 \Y
Output Voltage (Tp =—40°C to 85°C, gyt = 1.0 mA) Vourt 1.746 1.8 1.854 \Y,
Line Regulation (loyt = 10 mA, V|y =2.8 V10 5.0 V) Reg line - 1.0 3.5 mV/V
Load Regulation (Igyt = 1.0 mA to 150 mA) Reg load - 0.3 0.8 mV/mA
Maximum Output Current louT(nom.) - 150 - mA
Dropout Voltage (Ioyt = 100 mA, Measured at Voyt —3.0%) ViN—VouTt - 160 200 mV
Quiescent Current
(Enable Input = 0V, loyt =0 mA) la_sp - 0.25 1.0 uA
(Enable Input = V|, loyt = 1.0 mA to lo(nom.)) lo_EN - 37 100
Enable Input Threshold Voltage VTHEN)
(Voltage Decreasing, Output Turns Off, Logic Low) 0.17 0.25 - \'%
(Voltage Increasing, Output Turns On, Logic High) - 1.25 1.65
Output Short Circuit Current (Voyt =0V, V|n = 5.0 V) (Note 4) louT(MAX) 200 400 800 mA
Ripple Rejection (f = 1.0 kHz, lo = 60 mA) RR =~ 50 - dB
Output Noise Voltage (f = 20 Hz to 100 kHz, gyt = 60 mA) VN - 110 - uvrms
Output Voltage Temperature Coefficient Tc - +100 - ppm°C
Detector Threshold (Ta = 25°C) VpET 2.254 2:30 2.346 \%
Detector Threshold Hysteresis VHys 0:069 0.115 0.161 \%
Reset Output Current IRESET mA
N-Channel Sink Current (Reset=0.5V, V|y=1.8V) 1.0 7.0 -
P-Channel Source Current (Reset =2.4 V, V|yj=4.5V) 1.0 5.5 -
CD Delay Pin Threshold Voltage (Pin 4) (V;ny=2.0 V) VTH(CD) 0.76 0.97 1.14 \Y,
Delay Capacitor Pin Sink Current (Pin 4) led: sink mA
(Vin=1.8V,VCD=0.5V) 0.2 39 -
Delay Current Pin Source:Current (Pin.4) lep, SBURCE uA
(VCD=0,V|y=28YV) 0.78 1.56 3.12

4. Values are guaranteed by design.
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NCP400

TYPICAL CHARACTERISTICS
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Figure 5. Load Transient'‘Response
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Figure 6. Load Transient Response
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Figure 7. Output Voltage vs. Temperature
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NCP400

TYPICAL CHARACTERISTICS
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NCP400

TYPICAL CHARACTERISTICS
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NCP400

TYPICAL CHARACTERISTICS
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NCP400

OPERATION DESCRIPTION

Low Dropout Voltage Regulator

The low dropout voltage regulator contains a voltage
reference unit, an error amplifier, a PMOS power transistor,
resistors for setting output voltage, current limit and thermal
shutdown protection circuits.

Enable Operation

The enable pin will turn on or off the regulator. The limits
of threshold are covered in the electrical specification
section of this data sheet. If the enable is not used then the
pin should be connected to Vij,.

Voltage Detector

The NCP400 consist of a precision voltage detector that
drives a time delay generator. Figures 23 and 24 show a
timing diagram and a typical application. Initially consider
that input voltage Vj, is at a nominal level and it is greater
than the voltage detector upper threshold (Vpgr4). The

Input Voltage, Pin 1

Capacitor, Pin 4

Reset Output, Pin 3

voltage at CD Pin (Pin 4) will be at the same level as Vin, and
the reset output (Pin 3) will be in the high state. If there is a
power interruption and Vin becomes significantly deficient,
it will fall below the lower detector threshold (Vpgr-) and
the external time delay capacitor CD will be immediately
discharged by an internal N—-Channel MOSFET that
connects to Pin 4. This sequence of events causes the Reset
output to be in the low state. After completion of the power
interruption, Vi, will again return to its nominal level and
become greater than the Vpgrs. The voltage detector will
turn off the N—Channel MOSFET and allow internal current
source to charge the external capacitor CD, thus creating a
programmable delay for releasing the reset signal. When the
voltage at CD Pin 4 exceeds the inverter threshold, typically
0.97 V, the reset output will revert back to its original state.
The detail reset output time delay calculation is shown in
Figure 24.

Figure 23. Timing diagram

http://onsemi.com



NCP400

APPLICATION NOTES

ViN A

23V+Vyys +H———————

23V T — —— -3 |
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Figure 24. Timing Diagram

(Cx AVThED)
[o]n)
where: C isithe CD pin capacitor

AVihep is the delay threshold 'voltage
Icp s delay current source.

Delay Time: (At) =

As targetuse C = 3300 pEand haveAt =2 ms:
With internal AVhcp = 0.97-Vand [cp =1.56 A, then

(3300 pF x 0.97 V)

1.56 iA = 2.05ms

={PDelay Time:\ (At) =
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NCP400

APPLICATION INFORMATION

Low Dropout Voltage Regulator

Input Decoupling

A 1.0 uF capacitor either ceramic or tantalum is
recommended and should be connected close to the NCP400
package. Higher values and lower ESR will improve the
overall line transient response.

Output Decoupling
The NCP400 is a stable Regulator and does not require
any specific Equivalent Series Resistance (ESR) or a

minimum output current. Capacitors exhibiting ESRs
ranging from a few m€2 up to 10 Q can thus safely be used.
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. Larger values improve noise rejection and
load regulation transient response. Figure 25 shows the
stable area of the regulator with different output capacitor
ESR and output current.

e

UNSTABLE

10

I

Cout=1uF TO 10 uF

Ta = 25°C to 125°C

Vih=upto 55V

0.1

ESR, OUTPUT CAPACITOR (?)

0.01

UNSTABLE

50

75 100 125 150

lg, OUTRUT CURRENT (mA)
Figure 25. Output Capacitor versus Output Current

Thermal Protection

Internal thermal shutdown«eireuit is provided to\protect
the integrated circuit in the évent:that the ' maximum junction
temperature is exceeded., When /the thermal protection
activated, higher.than 150°C, the regulator turns off. This
feature is provided to prevent failures_from-accidental
overheating.

Voltage Detector

Thevoltage detector has built—in hysteresis to prevent
erratic reset operation. This device is specifically designed
for use as reset controllers in portable microprocessor based
systems, it can offer a cost—effective solution in numerous
applications where precise voltage monitoring and time
delay are required. Figures 26 through 27 shows various
application examples.
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NCP400

APPLICATION CIRCUIT INFORMATION

2.346 V — -_— -_—
2254V =— — ——
Vin < 2.254 ON
4 3
O NCP400 —O
cD RESET
W\ Vin > 2.346 ON

SiGND

Figure 26. Input Voltage Indicator
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Figure 27. Microproce
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NCP400

PCB LAYOUT RECOMMENDED

Please be sure that Vin 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. The following shows the NCP400 demo
board schematic, layout and suggested bill of materials:

‘IE:T
VOUT U1 VIN
VOUT VIN _L ;
CIN DA
GND ENABLE 1MF'§05ED
CD RESET
couT_L NCP400 - R1
1uF T 499 RESET
L CD
T 3300 pF
D2
\\GREEN
R2
My
= 301
Figure 28. Demo Board Schematic
WNZIIV | 070w/l IFF

VIN

Tl

T2
13

Te

RESET
RevQ, Narch 2403

WINdnondd1.366 | D1 ON/DZ OFF

NCPLOO [Qermz Board
ON Senicanductaor

vaurt
T3

Th

Figure 29. Top and Silkscreen Layer

Figure 30. Bottom Layer
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Bill of Materials

NCP400

Item Used # Part Description Designators Suppliers Part Number
1 1 NCP400 150 mA CMOS LDO regulator (6 Bump) U1 ON Semi NCP400
2 2 Chip Capacitor 1 uF (0603) Cin:Cout TDK C1608X5R1A105K
3 1 Chip Resistor +1% 499 Q (0603) R1 Vishay CRCW06034990F
4 1 Chip Resistor +1% 301 Q (0603) R2 Vishay CRCWO06033010F
5 1 SMT Chip LED Red D1 Agilent HSMH-C150
6 1 SMT Chip LED Green D2 Agilent HSMG-C150
7 1 Chip Capacitor 3300 pF (0603) CD Vishay VJ0B603Y332KXXA
8 6 Right Angle Mounted Header Vins VouTs EN, AMP/Tycp 4-103765-0

GND, RESET
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MECHANICAL CASE OUTLINE

PACKAGE DIMENSIONS
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NOTES:
1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.
2. CONTROLLING DIMENSION: MILLIMETERS.
3. COPLANARITY APPLIES TO SPHERICAL
CROWNS OF SOLDER BALLS.

MILLIMETERS
DIM| MIN MAX
0.448 | 0.533

A
A1 | 0210 | 0.270
A2 | 0.238 | 0.263
D | 1.000BSC
E 1.50 BSC
b [ 0.290 [0.340
e 0.500 BSC
E1| 1.000BSC

GENERIC
MARKING DIAGRAM*

Al
XXX A

ALYW

XXX = Specific Device Code

A = Assembly Location
L = Wafer Lot

Y = Year

W = Work Week

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

0.0098 - 0.0108

mm )
inches

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

DOCUMENT NUMBER:| 98AON15006D

Electronic versions are uncontrolled except when accessed directly from the Document Repository.
Printed versions are uncontrolled except when stamped “CONTROLLED COPY” in red.

DESCRIPTION: | 6 PIN FLIP-CHIP, NCP400, 1.00 X 1.5 MM, 0.50 MM PITCH
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