General Description

The LM2931 positive voltage regulator features a very low
quiescent current of 1 mA or less when supplying 10 mA
loads. This unique characteristic and the extremely low in-
put-output differential required for proper regulation (0.2V
for output currents of 10 mA) make the LM2931 the ideal
regulator for standby power systems. Applications include
memory standby circuits, CMOS and other low power proc-
essor power supplies as well as systems demanding as
much as 100 mA of output current.

Designed originally for automotive applications, the LM2931
and all regulated circuitry are protected from reverse battery
installations or 2 battery jumps. During line transients, such
as a load dump (60V) when the input voltage to the regula-
tor can momentarily exceed the specified maximum operat-
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LM2931 Series Low Dropout Regulators

Features
Very low quiescent current
Output current in excess of 100 mA
Input-output differential less than 0.6V

Reverse

battery protection

60V load dump protection

Short circuit protection

Internal thermal overload protection
Mirror-image insertion protection
Available in TO-220, TO-92, TO-263 or SO-8 packages
Available as adjustable with TTL compatible switch
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ing voltage, the regulator will automatically shut down to Output Pack
protect both internal circuits and the load. The LM2931 can- utpu Part Number ackage
not be harmed by temporary mirror-image insertion. Familiar Number Type
regulator features such as short circuit and thermal overload LM2931T-5.0, LM2931AT-5.0 |3-Lead TO-220
protection are also provided. LM2931S-5.0, LM2931AS-5.0 |3-Lead TO-263
The LM2931 family includes a fixed 5V output (+3.8% toler- 5V -0, 2.0 |5--ead 10~
ance for A grade) or an adjustable output with ON/OFF pin. LM2931Z-5.0, LM2931AZ-5.0 |TO-92
Both versions are available in a TO-220 power package,
TO-263 surface mount package, and an 8-lead surface LM2931M-5.0, LM2931AM-5.0|8-Lead SO
mount package. The fixed output version is also available in Adjustable, |LM2931CT 5-Lead TO-220
the TO-92 plastic package.
plasiic packag 8Vt 24V 1| mog3ics 5-Lead TO-263
LM2931CM 8-Lead SO
Typical Applications
LM2931 Fixed Output LM2931 Adjustable Output
Vin Vour Vee
UNREGULATED LM2931 REGULATED Q
INPUT | OUTPUT
cr* GND L coxx
0.1 I llu 100 uF
| R3
51k m
= = = o O Vout
TL/H/5254-4 OFF
*Required if regulator is located far from power supply filter. 1% e __‘_Tgi LM2931 S Ri
- . ) ) ~ ADJUSTABLE | € 26k
**C2 must be at least 100 pF to maintain stability. May be increased without 0.14F < +
bound to maintain regulation during transients. Locate as close as possible oN ﬂ" c2*
to the regulator. This capacitor must be rated over the same operating tem- SR 100 uF
perature range as the regulator. The equivalent series resistance (ESR) of <’H2
this capacitor is critical; see curve. >

Vout = Reference Voltage X

R1 + R2
R1

TL/H/5254-5

Note: Using 27k for R1 will automatically compensate for errors in Voyt due
to the input bias current of the ADJ pin (approximately 1 pA).
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Connection Diagrams and Ordering Information

FIXED 5V OUTPUT

TO-220 3-Lead Power Package
———=a0UT
O¢
(<]

——=—==0GND
—————IN

TL/H/5254-6

Front View

Order Number LM2931T-5.0 or LM2931AT-5.0
See NS Package Number T0O3B

8-Pin Surface Mount

ouT—jte 8—IN

GND = 2 7 |~ GND
GND— 3 6 |— GND
NC* —] 4 5 —=Nc*

TL/H/5254-7
*NC = Not internally connected
Top View

Order Number LM2931M-5.0 or LM2931AM-5.0
See NS Package Number M0OSA

ADJUSTABLE OUTPUT VOLTAGE
TO-220 5-Lead Power Package

O,

=
o

—oo———x2 ON/OFF
——3 1 ADJUST

TL/H/5254-9

Front View

Order Number LM2931CT
See NS Package Number TO5A

TO-263 Surface-Mount Package
ouTPUT

1= GND

= INPUT

TAB IS
GND

L}

TL/H/5254-11
Top View

TL/H/5254-12
Side View

Order Number LM2931S-5.0 or LM2931AS-5.0
See NS Package Number TS3B

TO-92 Plastic Package
out IN

GND
TL/H/5254-8

Bottom View

Order Number LM2931Z-5.0 or LM2931AZ-5.0
See NS Package Number Z03A

TO-263
5-Lead Surface-Mount Package
1= out
weell Bed
13 GND
L 15 ON/OFF
= ADJUST
TL/H/5254-13
Top View
TL/H/5254-14
Side View
Order Number LM2931CS

See NS Package Number TS5B

8-Pin Surface Mount

ouT=—41e 8—IN
GND =] 2 7 |—=oGND
GND=—1 3 6 |—GND
ADJ —] 4 5 |— ON/OFF
TL/H/5254-10
Top View
Order Number LM2931CM

See NS Package Number MOSA
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Absolute Maximum Ratings

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

Internal Power Dissipation
(Notes 1 and 3)

Operating Ambient Temperature Range

Internally Limited
—40°Cto +85°C

Input Voltage Maximum Junction Temperature 125°C
Operating Range . 26V Storage Temperature Range —65°Cto +150°C
Overvoltage Protection . .

LM2931A, LM2931CT, LM2931CS Adjustable 60V Lead Temp. (Soldering, 10 seconds) 230°C
LM2931 50V ESD Tolerance (Note 4) 2000V
Electrical Characteristics for Fixed 5V Version
VIN = 14V, Ip = 10 mA, Ty = 25°C, C2 = 100 nF (unless otherwise specified) (Note 1)
LM2931A-5.0 LM2931-5.0
. Units
Parameter Conditions Limit Limit L
Typ Typ Limit
(Note 2) (Note 2)
Output Voltage 5 5.19 5.25 VMAX
4.81 4.75 VMIN
6.0V < V|y < 26V, o = 100 mA 5.25 5.5 VMAX
—40°C < Tj < 125°C 4.75 4.5 VMIN

Line Regulation 9V < V|y < 16V 2 10 2 10 mVMmAX

6V < V|y < 26V 4 30 4 30 mVMmAX

Load Regulation 5mA < Ip < 100 mA 14 50 14 50 mVpax

Output Impedance 100 mApc and 10 mA s, 200 200 MOMAX

100 Hz-10 kHz
Quiescent Current lo < 10mA, 8V < V|y < 26V 0.4 1.0 0.4 1.0 MAMAX
—40°C < Tj < 125°C
lo = 100 mA, V|y = 14V, Tj = 25°C 15 30 15 mAMAX
5 mAMIN

Output Noise Voltage 10 Hz-100 kHz, CoyTt = 100 nF 500 500 “Vimspax

Long Term Stability 20 20 mV/1000 hr

Ripple Rejection fo =120 Hz 80 55 80 dBmiN

Dropout Voltage lo =10mA 0.05 0.2 0.05 0.2 VMAX

lo = 100 mA 0.3 0.6 0.3 0.6 VMAX

Maximum Operational 33 33 VMAX

Input Voltage 26 26 VMIN

Maximum Line Transient RL = 5000, Vo < 5.5V,

T=1ms, 7 <100 ms 70 60 70 %0 VMIN

Reverse Polarity Input Vo = —0.3V, R = 500Q

Voltage, DC —30 —15 —30 -15 VMIN

Reverse Polarity Input T =1ms, 7 <100 ms, R_ = 5000

Voltage, Transient —80 —50 —80 —50 VMIN

Note 1: See circuit in Typical Applications. To ensure constant junction temperature, low duty cycle pulse testing is used.

Note 2: All limits are guaranteed for T; = 25°C (standard type face) or over the full operating junction temperature range of —40°C to +125°C (bold type face).

Note 3: The maximum power dissipation is a function of maximum junction temperature T jmay, total thermal resistance 65, and ambient temperature Ta. The
maximum allowable power dissipation at any ambient temperature is Pp = (Tymax — Ta)/0Ja. If this dissipation is exceeded, the die temperature will rise above
150°C and the LM2931 will go into thermal shutdown. For the LM2931 in the TO-92 package, 0 a is 195°C/W; in the SO-8 package, 64 is 160°C/W, and in the TO-
220 package, 04 is 50°C/W; and in the TO-263 package, 0,p is 73°C/W. If the TO-220 package is used with a heat sink, 64 is the sum of the package thermal
resistance junction-to-case of 3°C/W and the thermal resistance added by the heat sink and thermal interface.

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 area, 6 is 50°C/W; with 1 square inch of copper area, 6 4 is 37°C/W; and with 1.6 or more square inches of copper area, 6 4 is 32°C/W.

Note 4: Human body model, 100 pF discharged through 1.5 k.
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Electrical Characteristics for Adjustable Version
ViN = 14V, Vouyt = 3V, lIp = 10 mA, Ty = 25°C, R1 = 27k, C2 = 100 uF (unless otherwise specified) (Note 1)

- o Units
Parameter Conditions Typ Limit Limit
Reference Voltage 1.20 1.26 VMAX
1.14 VMIN
lo < 100 mA, —40°C < Tj< 125°C, R1 = 27k 1.32 VMmAaX
Measured from VoyT to Adjust Pin 1.08 VMIN
Output Voltage Range 24 Vmax
3 VMIN
Line Regulation VouTt + 0.6V < V|y < 26V 0.2 1.5 mV/Vpmax
Load Regulation 5mA < lp < 100 mA 0.3 1 Y% MAX
Output Impedance 100 mApc and 10 mAyms, 100 Hz-10 kHz 40 mQ/V
Quiescent Current lo=10mA 0.4 1 mMAMAX
lo = 100 mA 15 mA
During Shutdown R = 500Q 0.8 1 mMAMAX
Output Noise Voltage 10 Hz-100 kHz 100 wWVrms/V
Long Term Stability 0.4 % /1000 hr
Ripple Rejection fo =120 Hz 0.02 % IN
Dropout Voltage lo <10 mA 0.05 0.2 VMAX
lo = 100 mA 0.3 0.6 VMAX
Maximum Operational Input
Voltage 33 26 VMIN
Maximum Line Transient lo = 10 mA, Reference Voltage < 1.5V 70 60 v
T=1ms, 7 <100 ms MIN
Reverse Polarity Input Vo = —0.3V, R = 500Q
Voltage, DC —30 -15 VMIN
Reverse Polarity Input T =1ms, 7 <100 ms, R_ = 5000
Voltage, Transient —80 —50 VMIN
On/Off Threshold Voltage Vo=3V
On 2.0 1.2 VMAX
Off 2.2 3.25 VMIN
On/Off Threshold Current 20 50 rAMAX
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Typical Performance Characteristics

Dropout Voltage Dropout Voltage
0.6 0.6
€ s 2
] 3 05
s 04 lo = 100 mA ] g 04
3 ® 1 S o3t
3 3
§ 02 lo = 50 mA g 02 |
; — f ! =]
Io = = ;
g 01 L o = 10 mA § o1 "P’
- ’——yﬁ l ‘ -
0 0
0 40 80 120 0 50 100
Junction Temperature (C) Output Current (mA)
Output at Voltage Extremes Line Transient Response
2 ——r
0 LM2931-5.0 o 3 Vin - Vour = 9V _| |
[ AL = 500Q EE 12 \ €2 = 100uF
i 1P
f 4 J | . 3 < A
- | £
3 \ 28 B
0 T 58 3
g5 -
-2 0
-20 -10 0 10 20 30 40 50 60 0 15 30 45
Input Voltage (V) Time (us)
Peak Output Current Quiescent Current
600 30 T T
-IV ViN = 1V
500 1 _ p T
g Tj = 25°C £
£ 400 € 2
£ Tj=85C | g
£ a0 et 3
b / Tj = -40°C g
3 200 g 1
3 P4
[ 100 3 5 //
]
0 0
0 10 20 30 0 30 60 %0
Input Voltage (V) Output Current (mA)
Quiescent Current Ripple Rejection
35 85
o C2 = 100 uF TANT
30 ﬁ f
E 25 g ]
pos T c2=100,FAmM B\ || /1
[
g 20 lo = 100 mA _g 70
5 8 A
o 15 s 65
z e \v/
g w0 i 60 \
‘5’ 5 lo = 50 mA = 55 U
S e 50 | LM2931-60
lo = 10 mA lp = 10 mA
-5 — 45 .
-20-10 0 10 20 30 40 50 60 110 100 1k 10k 100k 1M
Input Voltage (V) Frequency (Hz)

Output Voltage (V)

Deviation (mV)
5

Load Current (mA) Output Voltage
Quiescent Current (mA)

Ripple Rejection (dB)

Low Voltage Behavior
6.0

[ LM2g3150]
lo = 100 mA
T

5.0

4.0

30

p 4

20
| {ﬂ

20 30 40 50 60
Input Voltage (V)

Load Transient Response

T
- C2 = 100uF
40 W y.

\
\

b

150

0 15 30 45
Time (us)

Quiescent Current

s
b1
<

-40 0 40 80 120
Junction Temperature (°C)

Ripple Rejection

85

80
75

65
60
55

50 lo = 120 Hz
AN
0 25 50 75 100
Output Current (mA)

TL/H/5254-2

http://www.national.com



Typical Performance Characteristics
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Schematic Diagram
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Application Hints

One of the distinguishing factors of the LM2931 series regu-
lators is the requirement of an output capacitor for device
stability. The value required varies greatly depending upon
the application circuit and other factors. Thus some com-
ments on the characteristics of both capacitors and the reg-
ulator are in order.

High frequency characteristics of electrolytic capacitors de-
pend greatly on the type and even the manufacturer. As a
result, a value of capacitance that works well with the
LM2931 for one brand or type may not necessary be suffi-
cient with an electrolytic of different origin. Sometimes actu-
al bench testing, as described later, will be the only means
to determine the proper capacitor type and value. Experi-
ence has shown that, as a rule of thumb, the more expen-
sive and higher quality electrolytics generally allow a smaller
value for regulator stability. As an example, while a high-
quality 100 uF aluminum electrolytic covers all general ap-
plication circuits, similar stability can be obtained with a tan-
talum electrolytic of only 47 wF. This factor of two can gen-
erally be applied to any special application circuit also.

Another critical characteristic of electrolytics is their per-
formance over temperature. While the LM2931 is designed
to operate to —40°C, the same is not always true with all
electrolytics (hot is generally not a problem). The electrolyte
in many aluminum types will freeze around —30°C, reducing
their effective value to zero. Since the capacitance is need-
ed for regulator stability, the natural result is oscillation (and
lots of it) at the regulator output. For all application circuits
where cold operation is necessary, the output capacitor
must be rated to operate at the minimum temperature. By
coincidence, worst-case stability for the LM2931 also oc-
curs at minimum temperatures. As a result, in applications
where the regulator junction temperature will never be less
than 25°C, the output capacitor can be reduced approxi-
mately by a factor of two over the value needed for the
entire temperature range. To continue our example with the
tantalum electrolytic, a value of only 22 wF would probably
thus suffice. For high-quality aluminum, 47 uF would be ad-
equate in such an application.

Another regulator characteristic that is noteworthy is that
stability decreases with higher output currents. This sensible
fact has important connotations. In many applications, the
LM2931 is operated at only a few milliamps of output cur-
rent or less. In such a circuit, the output capacitor can be
further reduced in value. As a rough estimation, a circuit that
is required to deliver a maximum of 10 mA of output current
from the regulator would need an output capacitor of only
half the value compared to the same regulator required to
deliver the full output current of 100 mA. If the example of
the tantalum capacitor in the circuit rated at 25°C junction
temperature and above were continued to include a maxi-
mum of 10 mA of output current, then the 22 uF output
capacitor could be reduced to only 10 uF.

In the case of the LM2931CT adjustable regulator, the mini-
mum value of output capacitance is a function of the output
voltage. As a general rule, the value decreases with higher
output voltages, since internal loop gain is reduced.

At this point, the procedure for bench testing the minimum
value of an output capacitor in a special application circuit
should be clear. Since worst-case occurs at minimum oper-
ating temperatures and maximum operating currents, the
entire circuit, including the electrolytic, should be cooled to
the minimum temperature. The input voltage to the regulator
should be maintained at 0.6V above the output to keep in-
ternal power dissipation and die heating to a minimum.
Worst-case occurs just after input power is applied and be-
fore the die has had a chance to heat up. Once the mini-
mum value of capacitance has been found for the brand
and type of electrolytic in question, the value should be dou-
bled for actual use to account for production variations both
in the capacitor and the regulator. (All the values in this
section and the remainder of the data sheet were deter-
mined in this fashion.)

Definition of Terms

Dropout Voltage: The input-output voltage differential at
which the circuit ceases to regulate against further reduc-
tion in input voltage. Measured when the output voltage has
dropped 100 mV from the nominal value obtained at 14V
input, dropout voltage is dependent upon load current and
junction temperature.

Input Voltage: The DC voltage applied to the input termi-
nals with respect to ground.

Input-Output Differential: The voltage difference between
the unregulated input voltage and the regulated output volt-
age for which the regulator will operate.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made un-
der conditions of low dissipation or by using pulse tech-
niques such that the average chip temperature is not signifi-
cantly affected.

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

Long Term Stability: Output voltage stability under accel-
erated life-test conditions after 1000 hours with maximum
rated voltage and junction temperature.

Output Noise Voltage: The rms AC voltage at the output,
with constant load and no input ripple, measured over a
specified frequency range.

Quiescent Current: That part of the positive input current
that does not contribute to the positive load current. The
regulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input ripple
voltage to the peak-to-peak output ripple voltage at a speci-
fied frequency.

Temperature Stability of Vo: The percentage change in
output voltage for a thermal variation from room tempera-
ture to either temperature extreme.

http://www.national.com




Physical Dimensions inches (millimeters) unless otherwise noted
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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| [1.45-1.96]
0.260-0.280 —
[6.60-7.11] ———
0.390-0.410 — T
[8.91-10.41] Q] _:'__—‘I—_ )
——= foo-0038
\ [0.71-0.97]
] 0.330-0.350 | -PIN#1 1D
[8.38-8.89] sos
0.050 \ipx ol e R [5.75] MAX TYP
(1.27] L] 0.015-0.030
[~ 7 [0.38-0.76]

0.175-0.183

4

| 0.575 |
14.61 0.085
| [ ]—>1 ’*[z.mﬂw
=3
0.425
[10.80] -EI——*—
=t
3= 0.067
-Ea:|; [1.70]
TYP
0.410
0.035 [10.41]_>| [01.?0472] e

[4.45-4.65] » I - r
- — 1 [&2]0.004[0.10
-M-T} TAPERED_/ | T !
O_R/0
0.048-0.052 SIDES 19~ 0°-6
[1:22-1:32] 400 oooso ™ I
-000-0.006 g7AND-OFF
[0-0.15]
. 0.490 \ay—»
[12.45]
0.565 yux
[14.35]

CONTROLLING DIMENSION: INCH

0.250 ] |—
6.5 MM
[
f
0.200
(5 oa] MY
b
\ [ |

5-Lead TO-263 Surface Mount Package
Order Number LM2931CS
NS Package Number TS5B

LEAD POSITION OVERLAY

558 (REV 8)

1
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LM2931 Series Low Dropout Regulators

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

/’*‘\ 5° 2 PLCS

4

SEATING PLANE —|

r==g

0.0145-0.0155

T

0.175-0.185
[4.45-4.70]

l

EJECTION MARK
g 0-065
[1.65]

0.015
¥ [0.38] MM

0500 T0.568-0.304] BEFORE LEAD FINISH
[12.70MN
| 0.135-0.145
0.090 [3.43-3.68]
[2.29] M | 0.045-0.055
(UNCONTROLLED |" [1.14-1.40]
LEAD DIA) 0.045-0.055
[1.14-1.40] 1"
— ——
_t
Dy
0.016-0.021 j
[0.41-0.53] TP g 0:090
[2.29] 10° 2 PLCS

2034 (REV F)

3-Lead TO-92 Plastic Package (Z)
Order Number LM2931AZ-5.0 or LM29312-5.0
NS Package Number Z03A

LIFE SUPPORT POLICY
NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR

USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: +49 (0) 180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2308
Arlington, TX 76017 Email: europe.support@nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

http://www.national.com

Deutsch Tel: +49 (0) 180-530 85 85
English Tel: +49 (0) 180-532 78 32
Francais Tel: +49 (0) 180-532 93 58
Italiano  Tel: +49 (0) 180-534 16 80

Tsimshatsui, Kowloon
Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




