LM2937

&National Semiconductor

LM2937 500 mA Low Dropout Regulator

General Description

The LM2937 is a positive voltage regulator capable of sup-
plying up to 500 mA of load current. The use of a PNP
power transistor provides a low dropout voltage characteris-
tic. With a load current of 500 mA the minimum input to
output voltage differential required for the output to remain
in regulation is typically 0.5V (1V guaranteed maximum over
the full operating temperature range). Special circuitry has
been incorporated to minimize the quiescent current to typi-
cally only 10 mA with a full 500 mA load current when the
input to output voltage differential is greater than 3V.

The LM2937 requires an output bypass capacitor for stabili-
ty. As with most low dropout regulators, the ESR of this
capacitor remains a critical design parameter, but the
LM2937 includes special compensation circuitry that relax-
es ESR requirements. The LM2937 is stable for all ESR
below 3. This allows the use of low ESR chip capacitors.
Ideally suited for automotive applications, the LM2837 will
protect itself and any load circuitry from reverse battery con-

nections, two-battery jumps and up to +60V/—50V ioad
dump transients. Familiar regulator features such as short
circuit and thermal shutdown protection are also built in.

Features

u Fully specified for operation over —40°C to +125°C

m Output current in excess of 500 mA

m Output trimmed for 5% tolerance under all operating
conditions

m Typical dropout voitage of 0.5V at full rated load
current

m Wide output capacitor ESR range, up to 30

m Internal short circuit and thermal overload protection

® Reverse battery protection

W 60V input transient protection

m Mirror image insertion protection

Connection Diagram and Ordering Information

TO-220 Plastic Package
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TL/H/11280-2
Front View

Order Number LM2937ET-5.0, LM2937ET-8.0,
LM2937ET-10, LM2937ET-12 or LM2937ET-15
See NS Package Number T03B

TO-263 Surface-Mount Package
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Top View

TL/H/11280-6
Side View

Order Number LM2937ES-5.0, LM2937ES-8.0,
LM2937ES-10, LM2937ES-12 or LM2937ES-15
See NS Package Number TS3B

Output Voltage NSC
Temperature Package | Package
Range 5.0 8.0 10 12. 15 Drawing
—40°C < Tp < 125°C | LM2937ES-5.0 | LM2937ES-8.0 | LM2937ES-10| LM2937ES-12| LM2937ES-15| TS3B | TO-263
LM2537ET-5.0 | LM2537ET-8.0 | LM2537ET-10 | LM2537ET-12| LM2537ET-15| T03B | TO-220
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Input Voltage

26V

Operating Conditions (ote 1)
Temperature Range (T ) (Note 2) —40°Cto +1256°C
Maximum Input Voltage 26V

entire operating temperature range, —

Electrical Characteristics
VIN = VNOM T 5V (Note 4), Ioyt = 500 mA, Coyt = 10 pF unless otherwise’ |nd|cated Boldfaco limits apply over the
—40°C < Ty < + 128°C, all other specifications are for To = Ty = 25°C.

Continuous

Transient (t < 100 ms) 60V
Internal Power Dissipation (Note 2) Internally Limited
Maximum Junction Temperature 150°C
Storage Temperature Range —65°Cto + 150°C
Lead Temperature (Soldering, 10 seconds) 230°C
ESD Susceptibility (Note 3) 2kV
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Output Voltage (Voyr) 5V 8V 10V Units
Parameter Conditions Typ Limit. | Typ Limit Typ Limit .
Output Voltage 5mA < loyT < 0.5A 4.85 7.76 9.70 V(Min)
. . 4.75 7.60 9.50 V(Min)
5.00 5.15 8.00 8.24 10.00 10.30 V(Max)
5.25 8.40 10.50 |  V(Max)
Line Regulation (Vout + V) < VN < 26V, 15 50 24 80 30 100 mV(Max)
louT = 5mMA
‘Load Regulation 5mA < loyT < 0.5A 5 50 8 80 10 100 mV{Max)
Qmesce}nt Current (Vout + 2V) < VN < 26V, 2 10 2 10 2 10, AME)
loyT = 5mMA
ViN = (Vout + 5V, 10 20 10 20 10 20 mA(Max)
lout = 0.5A
Output Noise 10 Hz-100 kHz
Voltage lout = 5 mA 150 240 300 pvrms
Long Term Stability 1000 Hrs. 20 32 40 mV
Drdpout Valtage lout = 500 mA 0.5 1.0 0.5 1.0 0.5 1.0 V(Max)
lout = 50 mA 110 250 110 250 110 250 mV(Max)
Short-Circuit Current ‘1.0 0.6 1.0 0.6 1.0 - 0.6 A(Min)
< = - .
Peak Line Transaent tr < 100 ms, R = 10002 76 60 75 60 75 60 V(Min)
Voltage :
Maximum Operational .
Input Voltage 26 26. 26 V(Min)
Reverse DC Vout = —0.6V, R, = 10002 _30 _15 _30 —15 _30 _4s5 V(Min)
Input Voltage
. < _
Reverse Transient t < 1ms, R = 1000 75 _=0 75 _s0 —75 50 V(Min)
Input Voltage
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Electrical Characteristics
ViN = VNOM + 5V (Note 4), loyt = 500 mA, Coyt = 10 pF unless otherwise indicated. Boldface limits apply over the
entire operating temperature range, —40°C < Ty < + 125°C, all other specifications are for Tp = T; = 25°C.

LM2937

Output Voltage (VouT) 12v 15V Units
Parameter Conditions Typ Limit Typ Limit
Output Voltage 5mA < lpyT < 0.5A 11.64 14.55 V (Min)
11.40 14.25 V(Min)
12.00 12.36 15.00 . 16.45 V(Max)
12.60 18.78 V(Max)
Line Regulation (Mout + 2V) < V|N < 26V, 36 120 45 150 mV(Max)
louT = 5mMA
Load Regulation 5mA < igyT < 0.5A 12 120 15 150 mV({Max)
Quiescent Current (Vout + 2V) < V|N < 26V, P 10 2 10 mAMax)
lour = 5MA
Vin = Vour + 5V), 10 20 10 | =20 mA(Max)
lout = 0.5A
Output Noise 10 Hz-100 kHz, .
Voltage lout = 5 MA 360 450 uVrms
Long Term Stability 1000 Hrs. 44 56 mvV
Dropout Voltage lout = 500 mA 05 1.0 0.5 1.0 V(Max)
lour = 50 mA 110 250 110 250 mV(Max)
Short-Circuit Current 1.0 0.6 1.0 0.6 A(Min)
N . < — E
Peak Line Transient tr < 100 ms, R = 100Q 75 60 7% 60 V(Min)
Voltage
Maximum Operational
Input Voltage 26 26 V(Min)
> —0.6V,R_ = )
Reverse DC Vout 0.6V, R = 1009 _a0 15 _a0 45 V(Min)
Input Voltage
. < _
Reverse Transient tr < 1 ms, R = 100Q —75 _50 —75 _s0 V(Min)
Input Voltage .
Note 1: i Ratings i limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device
outside of its rated Operating Conditions.
Note 2: The q power dissipation at any i P is Ppmax = (1256 — Ta)/84a, where 125 is the d junction temp ire for
operation, T, is the ambient temperature, and 8,4 is the junction-to-ambient thermal resistance. If this ion is the die will rise above

125°C and the electrical specifications do not apply. If the die temperature rises above 150°C, the LM2937 will go into thermal shutdown. For the LM2937, the
junction-to-ambient thermal resistance 8, is 65°C/W, for the T0-220, and 78°C/W for the TO-263. When used with a heatsink, 8,4 is the sum of the LM2937
junction-to-case thermal resistance @ ¢ of 3°C/W and the heatsink case-to-ambient thermal resistance. If the TO-263 package is used, the thermal resistance can
be reduced by increasing the P.C. board copper area thermally connected to the package. Using 0.5 Square inches of copper ares; 8,4 is 50°C/W; with 1 square
inch of copper area, 64 is 37°C/W; and with 1.6 or more sqaure inches of copper area, 8,4 is 32°C/W.

Note 3: ESD rating is based on the human body model, 100 pF discharged through 1.5 kQ.

Note 4: Typicals are at T; = 25°C and represent the most likely parametric norm.

252

B 501124 0095890 566 HE

This Material Copyrighted By Its Respective Manufacturer



DROPOUT VOLTAGE (V)

QUIESCENT CURRENT (mA)

OUTPUT VOLTAGE
DEVIATION {mV)

INPUT VOLTAGE
CHANGE (V)

QUTPUT IMPEDANCE ()

0.9
038
07
0.6
0.5
a4
0.3
0.2
0.t

20

-40 0 40 30

40

20

SV:'

ov

-10 a 10

0 100

Dropout Voltage vs
Qutput Current

T = 25°C

o

/

200 300 400
OUTPUT CURRENT (mA}

500

Quiescent Current vs
Temperature

500 mA

250 mA

SmA

120
TEMPERATURE {°C)

Line Translent Response

20 30 40
TIME (us)

50 80

Output Impedance

s T
Vin = 14V

Cour = 10 uF TANT.

Jiig

il “l
i

FREQUENCY (Hz)

i

10k

100k

QUTPUT VOLTAGE

LOAD
CURRENT (&)

DROPOUT VOLTAGE (V)

QUIESCENT CURRENT (maA)

DEVIATION (mY)

POWER DISSIPATION (W)

1.0
03
03
0.7
0.6
0.5
a4
0.3
0.2
Q.1
0.0

100

50

=50

400

Typical Performance Characteristics

Dropout Voltage vs
Temperature

5a] LT

\ o

0.254

T
0.05A

B e
ol l

40 [ 40 80 120
TEMPERATURE (°C)

Quiescent Current vs
Input Voltage

T
Vour = 5V ]
T, = 25°C _|

0.25A

0.054
0 5 10 15 20 25 30 35
INPUT VOLTAGE (V)

Load Translient Response

TINE (100 us)

Maximum Power
Dissipation (T0-220)

INFINITE HEAT SINK

A
10°C/W HEAT SINK [\
\

\

NO HEAT SINK
[ = r—t—

40 0 40 80 120

AMBIENT TEMPERATURE (°C)

Output Voltage vs

Temperature
5.10 ————1
508} R = toon
5.06
5.04
5.02
5.00
4.98
4.96
4.94
492

4.90
~40 o 40 80 120

TEMPERATURE (°C)

OUTPUT VOLTAGE (V)

Quiescent Current vs
Output Current

[ iy = 14V
Yaur = 5Y
T, = 25°

QUIESCENT CURRENT (mA)

=R VR I T W SRy

0 100 200 300 400
QUTPUT CURRENT (mA)

500

RIPPLE REJECTION (dB)

UL

10 100 1k
FREQUENCY {Hz}

100k tM

Maximum Power Dissipation
(TO-263) (See Note 2)

8, = 32°C/W

N

NN

6 -5003 N

JAT

1 \\IL =]

JA=73TC/Y\
1

8, =37°CAN
~<
I~

POWER DISSIPATION (W)

0
0 10 20 30 40 50 60 70 80 90 100

AMBIENT TEMPERATURE (°C)
TL/H/11280-3

B L501124 0095891 uT2 WM

—

2-53

LE6ZNN

This Materi al

Copyrighted By Its Respective

Manuf act ur er




[ o
o
. . g
& | Typical Performance Characteristics (continued)-
=
-l
Low Voltage Behavior Low Voltage Behavior Low Voltage Behavior
H 14 18
. R 1 -
loyy = 500 mA loyr = 500ma _ loyy = 500 mA Vour = 15V
ChT=2sec /) 12} 7)< 250¢ Your = 10V 15| 7, = 250¢
) Vour = 5¥ 4 Z z /
w / w /’ w 12
g g . g /
g g / / g 9 Y, = 12V
: . s A Your = 8% : A
2 2 / g 6 .
& g, &
3 ] raNE 2 /
1 2 3 J
0 ° J °
ot 2 3 4 5 & O 2 4 6 8 10 12 14 0 3 6 "9 12 15 18
INPUT VOLTAGE (¥} INPUT VOLTAGE (V) INPUT YOLTAGE (V)
Output at Voltage Output at Voltage )
Extremes Extremes Output Capacitor ESR
2 20 —— . 100 - v
R = 1000 L 1 R = 1000 Vour = 15V s Coyr = 10 4F
10 N 16 ¥ g Vour = 3V
= Vour = 10Y = 2
s 7] e 12 2 >
‘é 6 71 Vour =8Y 1 g [ / g
g 4 g 8 — g 1o
Z o _ z Vour = 12V &
2 l Vour = 5V 2 4 o STABLE REGION
3 ? ] 3 { Z ot 44
1] <
o "l .;-=>-’. /
-2 - -4 001
-30 -20°-10° 0 10 20 30 40 -30 -20 10 0 10 20 30 40 ¢ 100 200 300 400 500
INPUT VOLTAGE (V) INPUT VOLTAGE (V) QUTPUT CURRENT (mA)
Peak Qutput Current
15
VIN = 14V
2 _-_~_—.,______
= 10
&
g .
3
=
2 o5
3
(]
40 ¢ 40 8 120
TEMPERATURE (°C)
TL/H/11280-4
. .
Typical Application
UNREGULATED _ Yin LM2937 Vour REGULATED
INPUT ouTPUT
Ll "
GN ly Cour
0.1 uf 10 uf
- - - TL/H/11280-1
*Required if the regulator is located more than 3 inches from the power supply filter capacitors.
**Roquired for stability. Cot must be at least 10 uF (over the full ted operating range) and focated as close as possible to the regulator. The
equivalent series resistance, ESR, of this capacitor may be as high as 3.
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