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NCP631

3.0 A Linear Voltage
Regulator with Soft-Start

The NCP631 is a low dropout positive voltage regulator that is

capable of providing a guaranteed output current of 3.0 A with a ON Semiconductor®
maximum dropout voltage of 1.25 V at 3.0 A over temperature. The
NCP631 is currently offered as a fixed voltage version at 3.47 V. On http://onsemi.com

chip trimming adjusts the reference/output voltemevithin +1.5%
accuracyThe Soft-Start function allows control start up times. This

prevents current spikes at start up due to output capacitor in—rush D2PAK
current. Internal protection features consist dpatfoldback current D2T SUFFIX
limiting, and thermal shutdown. The NCP631 is available 3RAX ! 4 CASE 936A
package.
Tab = Ground
Features Pin 1. Shutdown
e Output Current of 3.0 A ;: \éipound
e 1.25V Maximum Dropout Voltage at 3.0 A Over Tengiare 4. Vout
e \loltage on Shutdown Pin is TTL compatible 5. Soft-Start
e Reference/Output Voltage Trimmed #61.5 %
e Current Limit Protection MARKING DIAGRAM
e Thermal Shutdown Protection
e 0°C to 125C Junction Temperature Range I
® Pb-Free Packages are Available O -
Applications P631GD2T
e Microprocessor Power Supplies AWLYWWG
e SMPS Post Regulation U U U U U
e Battery Chargers

e DSP Power Supplies
NCP631GD2T = Device Code

A = Assembly Location
WL = Wafer Lot
Y =Year

WW = Work Week
G =Pb-Free Package

INPUT NCP631 Vout

[

4
G > c J‘ 3.47
1: i :i T-LSI Om]_: ORDERING INFORMATION

= Device Package Shipping T
Shutdown
NCP631GD2TR4 D2PAK | 800/Tape & Reel
. . L L 2
Figure 1. Typical Application Circuit NCP631GD2TR4G D“PAK | 800/Tape & Reel
(Pb-Free)
NCP631GD2T D2PAK | 50 Units / Tube
NCP631GD2TG D2PAK 50 Units / Tube
(Pb-Free)
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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NCP631

PIN DESCRIPTION

Pin No. | Symbol Description

1 Shutdown

unused then connect the pin high.

This input is used to place the NCP631 into shutdown mode. The NCP631 is active when a voltage greater than
2.0 Vis applied. The NCP631 will be placed into a shutdown mode when a voltage less then 0.8 V is applied. If left

2 Vin Positive Power Supply Input Voltage
3, Tab Ground | Power Supply Ground
4 Vout Regulated Output Voltage

5 Soft-Start
proper capacitor selection.

Soft-Start capacitor is placed from this pin to ground. Refer to applications information section on Page 6 for

MAXIMUM RATINGS

Rating Symbol Value Unit

Input Voltage (Note 1) Vin 9.0 \
Shutdown Voltage Enable -0.3to 7 \
Output Voltage Vout -0.3to Vi, + 0.3 \%
Power Dissipation and Thermal Characteristics
Case 936A (D2PAK)

Power Dissipation (Note 2) Pp Internally Limited W

Thermal Resistance, Junction—-to—Ambient Rgia 45 °C/W

Thermal Resistance, Junction-to—Case Rgic 5.0 °C/W
Operating Junction Temperature Range T, —40 to 125 °C
Storage Temperature Range Tstg -55to 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 JESD 22-A114-B
Machine Model JESD 22-A115-A

2. The maximum package power dissipation is:

_ Ty(max) — TA

PD
ReJA

ViN ©

THERMAL
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\D Soft-Start
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Figure 2. Simplified Block Diagram
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NCP631

ELECTRICAL CHARACTERISTICS (Cj, =68 uF, Cout = 47 + 470 uF, Vin = Vout + 1.5V, lgyt = 10 mA, for typical value T; = 25°C, for

min and max values T3 = 0°C to 125°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage Vadij \

(Vin=5.0Vto 7.0V, lout=10 mAto 3.0 A, T; = 25°C) 3.418 3.470 3.522

(Vin=5.0Vt0 7.0V, oyt =10 mA to 3.0 A, T; = 0°C to 125°C) 3.383 - 3.557
Line Regulation (T; = 25°C) (Note 3) Regjine %

(Vin=Vout+1.5Vto7.0V) - 0.02 -

(Vin=Vout+1.5Vto 7.0V, T; = 0°C to 125°C) - 0.06 -

Load Regulation (T; = 25°C) (Note 3) Regioad %

(lowt =10 mMA to 3.0 A, Ty = 25°C) - 0.01 -

(lowt =10 mA to 3.0 A, T; = 0°C to 125°C) - 0.06 -

Dropout Voltage (Measured at Vgt — 2%) Vin—Vout \

(lout = 300 mA) - 0.75 1.0

(lout =3.0 A) - 1.0 1.25
Ground Pin Current in Normal Mode lend mA

(lout = 300 mA) - 0.4 1.0

(lout=3.0 A) - 1.0 2.0
Ground Pin Current in Shutdown Mode lend uA

(Vshutdown < 0.8) - 40 75
Peak Output Limit lout 3.0 - - A
Internal Current Limitation - 5.2 - A
Thermal Shutdown - 155 - °C
Shutdown Input Threshold Voltage Vith(shutdown) \

(Voltage Increasing, Output Turns On, Logic High) 2.0 - -

(Voltage Decreasing, Output Turns Off, Logic Low) - - 0.8
Shutdown Input Low Current (Vi, = 0.8 V), (Negative Current Flows out of Pin) I -10 -2.0 - uA
Shutdown Input High Current (V;, = 2.0 V), (Negative Current Flows out of Pin) IH -10 -2.0 - uA
Ripple Rejection RR dB

(Cout = 100 puF, f=1.0 kHz) - 76 -

Soft-Start Pin Current Iss - 11 - uA

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

4. Line regulation is defined as the change in output voltage for a change in input voltage. Load regulation is defined as the change in output
voltage for a change in output load current at a constant temperature. The limits for line and load regulation are contained within the reference
voltage specification, Vagj. Typical numbers are included in the specification for line and load regulation.
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Vout, OUTPUT VOLTAGE (V)

Vin = Vouts DROPOUT (V)

NCP631
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NCP631
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NCP631

APPLICATIONS INFORMATION

Input Capacitor Where:
The minimum capacitance required for stability @8aF lss = 11 uA
aluminumelectrolytic or tantalum capacitor. The maximum Cs = 10 nF (typ)
ESR allowed for stability is 5.0. The capacitor should be Vref = 1.2V (ea-2)
place as close as possible to the input of thecdevi Vout = 3.47V

The placement of a ceramic capacitor in parallel is not

recommend due to possible instabilities. Output current limitation during start-up:

Vout Iss
Output Capacitor lout = (m) *Cout* =5 (eq. 3)
A minimum output capacitor value of 8% is required for B B _
stability. The type of capacitor can be aluminueceblytic AN example for Gy = S00uF, Cs = 10 nF:
or tantalum c_a_pacnor. ESR can vary up to a maximum of lout = (3.47) «500E — 6+*11E =6 _ 159 A (eq. 4)
2.0Q for stability. The capacitor should be placedlase 12 10E -9
as possible to the output of the device. Time when the output voltage will reach target eatan be
The placement of a ceramic capacitor in parallel is not getermined by:

recommend due to possible instabilities. Cs
Ts = Vref*l— (eq- 5)
Soft-Start Function ss

Slope ofthe output voltage during startup (Shutdown pin An example for Cs = 10 nF:
goes from low to high) can be adjusted by value of Cs . ,10E-9 _ 6
capacitor. The basic formula for this function is: Ts=12 11E -6 1.09ms (eq. 6)
dv _ Iss _ lout , Vref

uv _ = .1
dt ~ Cs _ Cout Vout (eq- 1)

N
|
T

SHUTDOWN
VOLTAGE (V)

Ves, SOFT-START
CAPACITOR
VOLTAGE (V)

Vour, OUTPUT
VOLTAGE (V)
N
|
|

Vin=5.5V, Ryt = 6.0 Q, Cs = 10 nF
Cout =385 uF + 33 uF + 22 uF

louts OUTPUT
CURRENT (A)

| |
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
TIME (mS)

Figure 13. Typical Soft—Start Condition
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NCP631

Reverse Current

Some situations might occur were the output pmised
to a voltage while the input pin is at zero voltkis situation
will not damage the device.

If the output voltage is raised to a higher voltégn the
input voltage a diode is recommended from outpirtpat
with the anode connect to the output pin.

Thermal Considerations

This series contains an internal thermal limitinigruait
that is designed to protect the regulator in thenethat the
maximum junction temperature is exceeded. When
activated, typically at 15%&, the regulator output switches
off and then back on as the die cools. As a reftlie device
is continuously operated in an overheated conditiba
output will appear to be oscillating. This featprevides
protection from a catastrophic device failure due to

substitute for proper heatsinking. The maximum device
power dissipation can be calculated by:

_ Ty(max) — TA
ROJA
The devices are available in surface mourPAK
package. The package has an exposed metal tab that is
specifically designed to reduce the junction to air thermal
resistance, Rya, by utilizing the printed circuit board
copper as a heat dissipater. Figure 13 shows typigal R
values that can be obtained from a square pattern using
economical single sided 2.0 ounce copper board material.
The final product thermal limits should be tested and
quantified in order to insure acceptable performance and
reliability. The actual Rja can vary considerably from the
graphs shown. This will be due to any changes nratie
copper aspect ratio of the final layout, adjacent hmatss,

PDp (eq.7)

accidental overheating. It is not intended to be used as and air flow.

TAPE AND REEL SPECIFICATION

SOP Package Package Package Reel Tape Tape
Description Leads Length Width Thickness Quantity Pitch Width Vendor P/N
D2PAK 5 9.2 mm 10 mm 4.4 mm 800 16 mm 24 mm DDPAK-B

7
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NCP631

@ 1.55 +0.05
20401 —>| ~— s1somN L7501
0.30 * 0.05 _p/le— :
4.0 0.1 —> ———B
R 0.3 MAX See Note #2 |
|
\ FoFEIE I Ao b E S T
0.70 Max |
115 0.1
g | L/
20°
Max ___T T T T Bo __4%37__ __4<§9,/_._ ———€|3——'
2.40 9.00 | | L
Max__y 11+‘15 , , L 24.040.3
A
B = — =
— — 4.70 f<~— 16.00 —] L_g
1 Ko = A = 10.60 +0.15
SECTION B-B Bo = 16.50 +0.15
Ko =4.90 +0.15
- AO —
T I ¢ ALL DIMENSIONS IN MILLIMETERS
|

0.30 + 0.05 |
SECTIONA-A |9

NOTES:
1. Ap & Bo MEASURED AT 0.3 mm ABOVE BASE OF POCKET
2. 10 PITCHES CUMULATIVE TOTAL 0.2 mm

Figure 14. Package Carrier Dimensions

LOCK FEATURE 6 PLACES /— MATTE FINISH THESE AREAS

220.2 MIN
33000702 102.0 REF Nominal wy *3 W>MAX
’ Hub Depth -
0.5
"' 013057 4mm 4.4 7.1
20405

DETAIL "A" 8 mm 8.4 11.1

16 mm 16.4 19.1

—> W1 (MEASURED AT HUB) 28 mm 28.4 31.1

SEE DETAIL "A"

—»| |« W2 (MEASURED AT HUB)
U.S. PATENT 4726534

Figure 15. Reel Dimensions
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NCP631

PACKAGE DIMENSIONS

DZPAK 5
CASE 936A-02
ISSUE C
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
< - OPTIONAL 3. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS A
A CHAMFER —‘I AND K.
_L [ 4. DIMENSIONS U AND V ESTABLISH A MINIMUM
MOUNTING SURFACE FOR TERMINAL 6.
T K-’ 1 IS 5. DIMENSIONS A AND B DO NOT INCLUDE MOLD
@ FLASH OR GATE PROTRUSIONS. MOLD FLASH
B T _f AND GATE PROTRUSIONS NOT TO EXCEED 0.025
H (0.635) MAXIMUM.
INCHES MILLIMETERS
DIM[ MIN MAX MIN_| MAX
A | 038 | 0403 | 9.804 [10.236
B | 0356 | 0.368 | 9.042 | 9.347
N [¢ 0.170 | 0.180 | 4.318 | 4.572
D | 0026 | 0036 | 0660 | 0914
Rl E | 0045 | 0055 | 1.143 | 1.397
G 0.067 BSC 1.702 BSC
H [ 0539 [ 0579 [13.691 [14.707
K 0.050 REF 1.270 REF
L | 0000 [ 0010 | 0.000 [ 0.254
M | 0088 | 0102 | 2235 | 2501
N | 0018 | 0026 | 0457 | 0.660
P | 0058 | 0078 | 1.473 | 1.981
R 5° REF 5° REF
S 0.116 REF 2.946 REF
U 0.200 MIN 5.080 MIN
v 0.250 MIN 6.350 MIN
SOLDERING FOOTPRINT*
8.38
0.33
—
0.067 _l
—
—
10.66 _ I — |
0.42 1 T
1 1.016
3.05 0.04
0.12
16.02
0.63 |

mm
SCALE 3:1 (m)
*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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