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LM2931 Series Low Dropout
G eneral Description
The LM2931 positive  vo ltage  regu la to r fea tures a very low 
qu iescent current o f 1 mA or less when supply ing 10 mA 
loads. Th is unique charac teris tic  and the  extrem ely low  in­
pu t-ou tpu t d iffe rentia l required fo r p roper regu la tion (0.2V 
fo r ou tpu t currents o f 10 mA) m ake the  LM2931 the  ideal 
regu la tor fo r standby pow er system s. A pp lica tions include 
m em ory standby circuits, C M O S and o ther low  pow er proc­
essor pow er supp lies as w ell as system s dem anding as 
m uch as 100 m A o f ou tpu t current.
Designed origina lly fo r au tom otive  app lica tions, the  LM2931 
and all regulated circuitry are p ro tected  from  reverse battery 
insta lla tions o r 2 battery jum ps. During line transients, such 
as a load dum p (60V) when the  input vo ltage  to  the  regula­
to r can m om entarily exceed the  specified  m axim um  operat­
ing vo ltage, the  regu la tor w ill au tom atica lly  shut down to  
p ro tect both  in ternal circu its and the  load. The LM2931 can­
not be harm ed by tem porary m irror-im age insertion. Fam iliar 
regu la tor fea tures such as sho rt circu it and therm al overload 
pro tection  are a lso provided.
The LM2931 fam ily includes a fixed 5V ou tpu t (± 3 .8 %  to le r­
ance fo r A  grade) o r an ad justab le  ou tpu t w ith  O N /O F F  pin. 
Both vers ions are available in a TO -220 pow er package and 
an 8-lead surface m ount package. The fixed  ou tpu t version 
is a lso ava ilab le  in the  TO -92 p las tic package.

Regulators
Features
■ Very low qu iescen t current
■ O utput cu rrent in excess o f 100 mA
■ Input-output d iffe ren tia l less than 0.6V
■ R everse ba ttery p ro tection
■ 60V load dum p p ro tection
■ - 5 0 V  reverse trans ien t p ro tection
■ S hort circu it p ro tection
■ Internal therm a l overload  pro tection
■ M irror-im age insertion pro tection
■ A va ilab le  in TO -220, TO -92 o r SO-8 packages
■ A vailab le  as ad justab le  w ith  TTL com patib le  sw itch

Output Voltage Options
LM2931T-5.0, LM 2931AT-5.0  5V
LM 2931Z-5.0, LM 2931AZ-5.0  5V
LM2931M -5.0, LM 2931AM -5.0  5V
LM 2931C T A djustab le  from  3V to  24V
LM2931 CM A djustab le  from  3V to  24V

C onnection D iagram s and O rdering In form ation
FIXED  5 V O U TPU T

TO -220 3 -Lead Pow er Package

TL/H/5254-6
Front V iew

O rder Num ber LM 2931T-5.0  or 
LM 2931A T-5.0

See NS P ackage N um ber T03B

AD JUSTA B LE O U TPU T VO LTA G E

8-Pin S urface  M ount
O U T - 1 •  8 —  IN

GND — 2 7 - G N D

GND — 3 6 - G N D

N C * - 4 5 - N C *
TL/H/5254-

*NC =  Not internally connected

T op  V iew

O rd er Num ber LM 2931M -5.0  o r  
LM 2931A M -5.0

See NS Package Num ber M 08A

TO -92 P lastic Package

GND
TL/H/5254-8

B ottom  V iew

O rder N um ber LM 2931Z-5.0  o r  
LM 2931A Z-5.0

S ee NS Package N um ber Z03A

TO -220 5-Lead  P ow er P ackage
5 OUT 
4 IN 
3 GND 
2 0N /0FF  
1 ADJUST

TL/H/5254-9
Front V iew

O rder N um ber LM 2931C T  
See NS Package N um ber T05A

8-Pin S urface  M ount
OUT — 1 o 8 - I N

GND — 2 7 -G N D

GND — 3 6 -G N D

ADJ — 4 5 — 0N /0FF
TL/H/5254-10

T op  V iew
O rd e r N um ber LM 2931CM  

See NS P ackage Num ber M 08A
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31
A bso lute M axim um  Ratings
If M ilitary /A e ro s p a c e  specified  devices are  required, 
please c on tac t the  N ational Sem iconductor Sales  
O ffic e /D is trib u to rs  fo r availability  and specifications.
Input V oltage

O perating Range 26V
O vervo ltage P rotection

LM 2931A, LM 2931C T A djustab le  60V
LM2931 50V

Internal Power D issipation 
(N otes 1 and 3)

O perating A m bien t Tem perature  Range 
M axim um  Junction Tem perature  
S torage Tem perature  Range 
Lead Tem p. (Soldering, 10 seconds) 
ESD To le rance  (N ote  4)

In ternally Lim ited 
—40°C to  +85°C  

125°C
— 65°C to  + 1 50°C 

230°C 
2000V

Electrical C haracteris tics fo r Fixed 5V  Version
V in =  14V, Iq  =  10 mA, T j  =  25°C, C2 =  100 juF (unless o therw ise specified) (N ote 1)

LM 2931A -5.0 L M 2931-5.0
Units
LimitP aram eter C onditions

Typ Lim it 
(N ote  2) Typ Lim it 

(N o te  2)

O utput V oltage 5 5.19 5.25 V MAX
4.81 4.75 VMIN

6.0V ^  V |N ^  26V, l0  =  100 mA 5 .2 5 5 .5 V MAX
—40°C £  Tj <; 125°C 4 . 7 5 4 .5 VMIN

Line R egulation 9V <; V|M £  16V 2 10 2 10 m VMAX
6V ^  V|N £  26V 4 30 4 30 m V M A X

Load R egulation 5 m A ^  Iq  ^  100 mA 14 50 14 50 m VMAx
O utput Im pedance 100 m A p c  and 10 m Arms, 

100 H z - 10 kHz
200 200 m ftMAX

Q uiescent C urrent l0 ^  10 mA, 6V ^  V |N ^  26V 
—40°C ^  Tj ^  125°C

0.4 1 .0 0.4 1 .0 m AMAx

l0  =  100 mA, V |N =  14V, Tj =  25°C 15 30 15 m A M A X

5 mAMiN
O utput Noise Voltage 10 H z - 100 kHz, C0 UT =  100 jaF 500 500 M^rmsMAX
Long Term  S tab ility 20 20 m V /1000 hr

R ipple R ejection f0  =  120 Hz 80 5 5 80 dB MiN

D ropout Voltage lo  =  10 m A 0.05 0.2 0.05 0.2 V MAX
lo  =  100 mA 0.3 0.6 0.3 0.6 V MAX

M axim um  O pera tiona l 33 33 V MAX
Input Voltage 26 26 V m in

M axim um  Line T ransien t R l  =  5 0 0 ft, V0  ^  5.5V, 
T  =  1 ms, t  < . 100 ms

70 60 70 50 V m in

Reverse P olarity Input 
V oltage, DC

V 0  :> -0 .3 V ,  R l =  5 0 0 ft
- 3 0 - 1 5 - 3 0 - 1 5 V m in

Reverse Polarity Input 
Voltage, T ransien t

T  =  1 ms, t  ^  100 ms, R l =  5 0 0 ft
- 8 0 - 5 0 - 8 0 - 5 0 V m in

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 j =  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 jmax, total thermal resistance 0ja, and ambient temperature Ta- The 
maximum allowable power dissipation at any ambient temperature is Pq =  (T jmax -  Ta) /0 ja- 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, 0ja is 195°C/W; in the SO-8 package, 0ja is 160°C/W, and in the TO- 
220 package, 0ja is 50°C/W. If the TO-220 package is used with a heat sink, 0ja 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.
Note 4: Human body model, 100 pF discharged through 1.5 kn.
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Electrical C haracteris tics fo r A djustable Version
V in  =  14V, V q u t  =  3V, Iq  =  10 mA, T j =  25°C, R1 =  27k, C2 =  100 jllF (unless o therw ise specified) (N ote  1)

P a ra m e te r C o n d it io n s T y p L im it U n its
L im it

R eference Voltage 1.20 1.26 V m a x
1.14 V m IN

l0  ^  100 mA, — 40°C <; Tj <; 125°C, R1 =  27k 1 .3 2 V m a x
M easured from  V q u t  to  A djust Pin 1 .0 8 v m in

O utput V oltage Range 24 V m a x
3 V m in

Line R egulation V ou T  T- 0.6V ^  V|N 26V 0.2 1.5 " iV /V m a x

Load Regulation 5 m A ^  Iq  ^  100 mA 0.3 1 % MAX
O utput Im pedance 100 itiA dc  and 10 rnArms, 100 H z - 10 kHz 40 m ft /V

Q u iescent C urrent lo  =  10 m A 0.4 1 mAMAX
lo  =  100 m A 15 mA
During S hutdow n R l =  5 0 0 ft 0.8 1 n iA m a x

O utput N oise Voltage 10 H z - 100 kHz 100 ]*V rms/V

Long Term  S tability 0.4 % /1 0 0 0  hr

R ipple R ejection f0  =  120 Hz 0.02 % /V

D ropout Voltage lo  ^  10 mA 0.05 0.2 V m a x
Iq  =  100 mA 0.3 0.6 V m a x

M axim um  O perationa l Input 
V oltage 33 26 V m in

Maxim um  Line T ransient lo  =  10 mA, R eference V oltage ^  1.5V 
T  =  1 ms, r  <; 100 ms 70 60 v m in

Reverse Polarity Input 
Voltage, DC

V 0  ^  -0 .3 V ,  R l =  5 0 0 ft
- 3 0 - 1 5 V m in

R everse Polarity Input 
Voltage, T ransient

T  =  1 ms, r  <; 100 ms, R l =  5 0 0 ft
- 8 0 - 5 0 V m in

O n /O ff T hresho ld  V oltage

>COIIO>

On 2.0 1.2 V m a x
O ff 2.2 3.25 V m in

O n /O ff Thresho ld  C urrent 20 50 M m ax
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Typical P erform ance C haracteris tics

O utput Im pedance

1 10 100 Ik 10k 100k 1M

FREQUENCY(Hz)

O peration  During Load
Dum p R eference  V o ltage

0 3 6 9 12 15 18 21 24

OUTPUT VOLTAGE (V )

M axim um  P ow er D issipation  
(SO -8)

0 10 20  30 40  50  60 70 80 90

M axim um  P ow er Dissipation  
(TO -220)

0 10 20  30 40  50  6 0  70  80 90  100

M axim um  Pow er Dissipation  
(TO -92)

AMBIENT TEMPERATURE(°C) AMBIENT TEMPERATURE (° C ) AMBIENT TEMPERATURE(°C)

O n /O ff Threshold

0 3 6 9 12 15 18 21 24

O utput C apacitor ESR
Co u t " 'i OOajF

-V 0  =  5V

V
V
V 
\
S a v

x \ \ \

STABLE
REGION

' v V W

\
V
N

l M  I
0 20  40  6 0  80 100

OUTPUT VOLTAGE(V) OUTPUT CURRENT (m A)

T L / H /5 2 5 4 - 3
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Typical Applications

LM2931 Fixed O utput

‘ Required if regulator is located far from power supply filter.
**C2 must be at least 100 jaF to maintain stability. May be increased without 

bound to maintain regulation during transients. Locate as close as possi­
ble to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator. The equivalent series resistance 
(ESR) of this capacitor is critical; see curve.

LM 2931 A djustable  Output
vcc

Note: Using 27k for R1 will automatically compensate for errors in Vo u t  due 
to the input bias current of the ADJ pin (approximately 1 jxA).

Schem atic Diagram

TL/H/5254-1
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A pplication  Hints
O ne o f the  distinguishing facto rs  o f the  LM2931 series regu­
la tors is the  requ irem ent o f an output capacito r fo r device 
stability . The va lue required varies greatly depending upon 
the  app lica tion  circu it and o ther facto rs . Thus som e com ­
m ents on the  charac teris tics o f both capacito rs  and the  reg­
u la to r are in order.
H igh frequency charac teris tics  o f e lec tro ly tic  capacito rs  de­
pend grea tly on the  type and even the  m anufacturer. A s a 
result, a va lue o f capacitance tha t w orks w ell w ith  the  
LM2931 fo r one  brand o r type m ay no t necessary be su ffi­
c ie n t w ith  an e lec tro ly tic  o f d iffe ren t origin. S om etim es actu ­
al bench testing, as described later, w ill be the on ly m eans 
to  de term ine  the  proper capacito r type  and value. Experi­
ence  has show n that, as a rule o f thum b, the m ore expen­
sive and h igher qua lity  e lec tro ly tics genera lly  a llow  a sm a lle r 
va lue fo r regu la tor stability. As an exam ple, w h ile  a high- 
qua lity  100 juiF alum inum  e lec tro ly tic  covers all general ap­
p lica tion  circuits, sim ilar s tab ility  can be ob ta ined w ith  a tan ­
ta lum  e lec tro ly tic  o f on ly 47 juF. Th is fa c to r o f tw o  can gen­
e ra lly be app lied to  any specia l app lica tion c ircu it also. 
A no th e r critica l charac teris tic  o f e lec tro ly tics  is the ir per­
fo rm ance  over tem perature . W hile  the  LM2931 is designed 
to  opera te  to  -4 0 ° C , the  sam e is no t a lw ays true  w ith  all 
e lec tro ly tics  (hot is generally  not a problem ). The  e lec tro ly te  
in m any alum inum  types w ill freeze around -3 0 ° C , reducing 
the ir e ffective  va lue to  zero. S ince the  capacitance  is need­
ed fo r regu la to r stability, the  natural resu lt is osc illa tion  (and 
lo ts o f it) a t the  regu la tor output. For all app lica tion  c ircuits 
w here  co ld  operation is necessary, the  ou tpu t capacito r 
m ust be ra ted to  opera te  a t the  m inim um  tem perature . By 
co incidence, w orst-case  s tab ility  fo r the  LM2931 a lso o c ­
curs a t m inim um  tem peratures. A s a result, in app lica tions 
w here the  regu la to r junc tion  tem perature  w ill never be less 
than 25°C, the  ou tpu t capacito r can be reduced approxi­
m ate ly by a  fa c to r o f tw o  over the  va lue needed fo r the  
en tire  tem pera tu re  range. To con tinue  our exam ple w ith  the  
tan ta lum  e lectro ly tic , a value o f on ly  22 juF w ould  p robably 
thus su ffice . For h igh-quality a lum inum , 47 juF w ould  be ad­
equate  in such an application.
A no th e r regu la to r characteris tic  th a t is no tew orthy is th a t 
s tab ility  decreases w ith higher ou tpu t currents. Th is sensib le  
fa c t has im portan t connota tions. In m any app lica tions, the  
LM2931 is operated a t on ly a few  m illiam ps o f ou tpu t cu r­
ren t o r less. In such a circuit, the ou tpu t capacito r can be 
fu rth e r reduced in value. A s a rough estim ation, a circu it th a t 
is required to  de liver a m axim um  o f 10 mA o f ou tpu t cu rrent 
from  the  regu la to r w ould  need an ou tpu t capacito r o f on ly 
ha lf th e  va lue com pared to  the  sam e regu la to r required to  
de live r the  fu ll output cu rrent o f 100 mA. If the  exam ple o f 
the  tan ta lum  capacito r in the  circu it rated a t 25°C junc tion  
tem pera tu re  and above w ere continued to  inc lude  a m axi­
m um  o f 10 m A o f ou tpu t current, then the  22 ju,F ou tpu t 
cap a c ito r cou ld  be reduced to  on ly 10 ju F .

In th e  case o f the  LM 2931C T ad justab le  regulator, the  m in i­
m um  va lue o f ou tpu t capacitance  is a function  o f the ou tpu t 
vo ltage . A s a  general rule, the  va lue decreases w ith  h igher 
ou tpu t vo ltages, since in ternal loop gain is reduced.

A t th is  point, the  p rocedure  fo r bench testing the  m inim um  
value o f an ou tpu t capacito r in a special app lica tion  circu it 
should be clear. S ince w orst-case  occurs a t m inim um  op e r­
ating tem pera tu res and m axim um  operating currents , the  
entire circuit, inc luding the  e lectro ly tic , should be coo led  to  
the  m inim um  tem perature . The input vo ltage to  the  regu la to r 
should be m ain ta ined a t 0.6V above the ou tpu t to  keep in­
terna l pow er d issipation and d ie heating to  a m inim um . 
W orst-case occurs jus t a fte r input pow er is app lied and be­
fo re  the  d ie has had a chance  to  heat up. O nce the  m in i­
mum va lue o f capacitance  has been found fo r the  brand 
and type o f e lec tro ly tic  in question, the  value should  be dou­
bled fo r actual use to  accoun t fo r production varia tions both 
in the  capacito r and the  regulator. (All th e  va lues in th is  
section and the  rem ainder o f the  data shee t w ere  d e te r­
m ined in th is fashion.)

Defin ition o f Term s
D ropout Voltage: The inpu t-ou tput vo ltage  d iffe ren tia l a t 
w h ich the  c ircu it ceases to  regu la te  aga inst fu rthe r reduc­
tion in input vo ltage. M easured w hen the ou tpu t vo ltage  has 
dropped 100 m V from  the  nom inal value obta ined  a t 14V 
input, d ropout vo ltage  is dependent upon load cu rren t and 
junction  tem perature .
Input Voltage: The  DC vo ltage  applied to  the  input te rm i­
nals w ith  respect to  ground.
Input-O utput D ifferentia l: The vo ltage d iffe rence  betw een 
the  unregula ted input vo ltage  and the  regulated ou tpu t vo lt­
age fo r w h ich the  regu la to r w ill operate.
Line Regulation: The change in output vo ltage  fo r a 
change in the  input vo ltage . The m easurem ent is m ade un­
der cond itions o f low  d issipation o r by using pulse te ch ­
niques such th a t the  average chip tem perature  is no t s ign ifi­
cantly a ffected.
Load R egulation: The change in output vo ltage  fo r a 
change in load cu rrent a t cons tan t chip tem perature .
Long Term  Stability: O utpu t vo ltage  stab ility  under a cce l­
era ted life -test cond itions a fte r 1000 hours w ith  m axim um  
rated vo ltage  and junc tion  tem perature.
O utput N oise Voltage: The rm s AC vo ltage a t the  output, 
w ith  cons tan t load and no input ripple, m easured o ve r a 
specified  frequency range.
Q uiescent C urrent: T ha t part o f the  positive  input cu rren t 
tha t does no t con tribute  to  the  positive load current. The  
regu la to r ground lead current.
Ripple R ejection: T he  ra tio  o f the  peak-to-peak inpu t ripple  
vo ltage  to  the  peak-to -peak ou tpu t ripple vo ltage  a t a spec i­
fied  frequency.
Tem pera tu re  S tability  o f V q : The percentage change in 
ou tpu t vo ltage  fo r a therm a l variation from  room  tem p e ra ­
ture to  e ither tem pera tu re  extrem e.
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