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LM2935 Low Dropout Dual Regulator
G eneral D escription
The LM 2935 dual 5V  regu la to r provides a 750 mA ou tpu t as 
w e ll as a 10 mA standby output. It fea tures a  low  qu iescen t 
current o f 3 m A o r less w hen supply ing 10 m A loads from  
the  5V standby regu la to r output. Th is unique charac teris tic  
and the  extrem ely low  inpu t-ou tput d iffe rentia l required fo r 
proper regu la tion (0.55V  fo r ou tpu t currents o f 10 m A) m ake 
the  LM 2935 the  ideal regu la to r fo r pow er system s th a t in­
clude standby m em ory. A pp lica tions include m icroprocessor 
pow er supp lies dem anding as m uch as 750 mA o f output 
current.
D esigned fo r au tom otive  app lica tions, the  LM 2935 and all 
regulated c ircu itry are p ro tected  from  reverse ba ttery ins ta l­
la tions o r 2 ba ttery jum ps. During line transients, such as a 
load dum p (60V) when the  input vo ltage  to  the  regu la to r can 
m om entarily exceed the  specified  m axim um  operating vo lt­
age, the  0.75A  regu la to r w ill au tom atica lly  shut dow n to  p ro­
te c t both in ternal circu its and the  load w hile the  standby 
regu la tor w ill con tinue  to  pow er any standby load. The 
LM 2935 canno t be harm ed by tem porary m irror-im age in ­
sertion. Fam iliar regu la to r fea tures such as short c ircu it and 
therm al overload p ro tection  are a lso provided.

Features
■ Tw o 5V  regulated ou tpu ts
■ O utpu t current in excess o f 750 mA
■ Low  qu iescent current standby regu la tor
■ Input-output d iffe rentia l less than 0 .6V  at 0.5A
■ R everse battery p ro tection
■ 60V load dump protection
■ - 5 0 V  reverse trans ient pro tection
■ S hort circu it p ro tection
■ Internal therm a l overload p ro tection
■ A va ilab le  in 5-lead TO -220
■ O N /O F F  sw itch con tro ls  high current ou tpu t
■ R eset e rro r flag
■ P +  P roduct E nhancem ent tested

Typical A pplication Circuit
VlN

•Required if regulator Is located far from power 
supply filter.

**C ou t  must be at least 10 f iF  to maintain stability. 
May be increased without bound to maintain reg­
ulation during transients. Locate as close as pos­
sible to the regulator. This capacitor must be rat­
ed over the same operating temperature range 
as the regulator. The equivalent series resistance 
(ESR) of this capacitor is critical; see curve.

C onnection D iagram
TO -220  5 -Lead

---------- -----------  ̂ 5 STANDBY OUTPUT
" "" 4 SWITCH/RESET
---------- — ------- > 3 GROUND

......... 2 OUTPUT VOLTAGE (Vout)
.........1 1NPUT VOLTAGE (Vin)

TL/H/5232-8
Front V iew

O rd er N um ber LM 2935T  
S ee NS Package N um ber T05A

O
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A bsolute M axim um  Ratings
If M ilitary /A ero sp ace  specified  devices  are  required, 
please con tact the N ational S em 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 60V

Electrical C haracteris tics fo r V o u t
V |n  =  14V, Iq  =  500 mA, T j  =  25°C (N ote 4), C2 =  10 juF (unless o therw ise  specified)

Internal Pow er D issipation (Note 1) In ternally Lim ited
O perating Tem perature  Range I o 6 o + 125°C
M axim um  Junction  Tem perature 150°C
Storage Tem peratu re  Range —65°C to  + 150°C
Lead Tem p. (Soldering, 10 seconds) 230°C

Tested Units
Lim itP aram eter C onditions Typ Lim it 

(N ote  3)

O utput Voltage 6 V ^ V |N <;26V, 5 m A < ;lo ^ 5 0 0  mA, 5.00 5.25 V m a x
-4 0 ° C < ;T j <;125oC (N ote 2) 4.75 V m in

Line Regulation 9V<:V |N <;16V, lo  =  5 m A 4 25 m VMAX
6V <;V |N <;26V, l0  =  5 m A 10 50 mVMAX

Load Regulation 5 m A ^ lo ^ 5 0 0  mA 10 50 mVMAX
O utpu t Im pedance 500 idA d c  and 10 m Arms, 100 H z -1 0 kHz 200 m ft

Q uiescent Current lo ^  10 mA, No Load on Standby 3 mA
lo  =  500 mA, No Load on S tandby 40 100 m A MAX
lo = 7 5 0  mA, No Load on S tandby 90 m A

O utput N oise Voltage 10 H z - 100 kHz 100 /J-Vrms

Long Term  Stability 20 m V /1 0 0 0  hr

R ipple Rejection f0  =  120 Hz 66 dB

D ropout V oltage Iq  =  500 mA 0.45 0.6 V MAX
lo  =  750 mA 0.82

C urrent Lim it 1.2 0.75 A m in

M axim um  O perationa l 
Input V oltage 31 26 V m in

Maxim um  Line T ransient V0 ^ 5 .5 V 70 60 V

R everse Polarity Input 
Voltage, DC

- 3 0 - 1 5 V

Reverse Polarity Input 1 %  Duty C yc le ,r  ̂  100 ms, - 8 0 - 5 0 V
Voltage, Transien t 10 f l  Load

R eset O utput V oltage
Low R 1 = 2 0 k , V |N =  4.0V 0.9 1.2 V m a x
High R 1 = 2 0 k , V 1N= 1 4 V 5.0 6.0 V m a x

4.5 V m in

R eset O utput C urrent R eset =  1.2V 5 m A

O N /O F F  R esistor R1 (±  10%  Tolerance) 20 k^M AX
Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W(TO-220). Thermal resistance for TO- 
50° C/W .
Note 2: The temperature extremes are guaranteed but not 100% production tested. This parameter is not used to calculate 
Note 3: Tested Limits are guaranteed and 100% tested in production.
Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used.

(-220 case to ambient temperature is 

outgoing AQL.

2-37

LM2935



LM
29

35
E lectrical C haracteris tics fo r S tandby O utput
Iq = 10 mA, V|n = 14V, S1 open, Co u t = 10 M-F, T j =  25°C (N ote 4), (unless o therw ise specified)

Param eter Standby O utput 
C onditions Typ Tested

Limit
Units
Lim it

O utput V oltage lo ^ 1 0 m A ,  6 V ^ V |N^ 2 6 V , 5.00 5.25 V m a x
-4 0 ° C < ;T j^ 1 2 5 oC 4.75 V MIN

Tracking V o u T -S ta n d b y  O utput V oltage 50 200 m VMAX
Line Regulation 6 V ^ V |n <£26V 4 50 itiV m a x

Load Regulation 1 m A ^ lo ^ lO  mA 10 50 mVMAX
O utput Im pedance 10 m A p c  and 1 m Arms, 100 H z - 10 kHz 1 ft
Q uiescent Current Iq ^ 10 mA, 

V o u t O FF  (N ote 2)
2 3 mAMAX

O utput Noise V oltage 10 H z - 100 kHz 300 juV

Long Term  S tab ility 20 m V /1000 hr

R ipple R ejection f0  =  120 Hz 66 dB

D ropout Voltage Iq ^ 10 mA 0.55 0.7 V m a x

Current Lim it 70 25 mAMiN
M axim um  O perationa l 
Input V oltage

V0 ^ 6 V 70 60 V MIN

Reverse Polarity Input 
Voltage, DC

V0 ^ - 0 . 3 V ,  5 1 0 ft Load - 3 0 - 1 5 V MIN

Reverse Polarity Input 1 % Duty Cycle T  ̂  100 ms - 8 0 - 5 0 V MIN
Voltage, T ransient 5 0 0 ft Load

Typical C ircuit W avefo rm s

FIGURE 2
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Typical Performance Characteristics
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Typical Performance Characteristics (Continued)
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Typical Performance
Characteristics (Continued)
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Definition o f Term s
D ropout Vo ltage: The input-output vo ltage  d iffe ren tia l at 
w h ich the  circu it ceases to  regulate aga inst fu rthe r reduc­
tion  in input vo ltage. M easured when the  ou tpu t vo ltage  has 
dropped 100 m V from  the  nom inal va lue obta ined  a t 14V 
input, d ropout vo ltage  is dependent upon load current and 
junction  tem perature .
Input V oltage: 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 R egulation: 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 pu lse te ch ­
n iques such tha t the  average chip tem perature  is no t sign ifi­
can tly  a ffected.

Load Regulation: The change in ou tpu t vo ltage  fo r a 
change in load current at cons tan t chip tem perature .
Long Term  Stability: O utput vo ltage  stability under a cce l­
era ted life -test cond itions a fte r 1000 hours w ith  m axim um  
rated vo ltage  and junction tem perature .
O utput Noise Voltage: The rm s AC vo ltage a t the  output, 
w ith constan t load and no input ripple, m easured ove r a 
specified  frequency range.
Q uiescent C urrent: The part o f the  positive inpu t cu rrent 
tha t does not contribute  to  the  positive  load current. The 
regu la tor ground lead current.
Ripple Rejection: The ratio  o f the  peak-to-peak input ripple 
vo ltage  to  the  peak-to-peak ou tpu t ripple vo ltage. 
Tem pera tu re  Stability o f V q : The percentage change in 
ou tpu t vo ltage  fo r a therm al varia tion  from  room  tem pera ­
ture  to  e ither tem perature  extrem e.

Application Hints
E XTER N AL C A PA C ITO R S
The LM 2935 output capacito rs are required fo r stability. 
W ithou t them , the regu la tor ou tpu ts w ill oscilla te, som etim es 
by m any vo lts. Though the  10juF show n are the  m inim um  
recom m ended values, actual size and type m ay vary d e ­
pending upon the  app lica tion load and tem pera tu re  range. 
C apacitor e ffective  series resistance (ESR) a lso fa c to rs  in 
the IC stability. S ince ESR varies from  one brand to  the  
next, som e bench w ork m ay be required to  de term ine  the  
m inim um  capacito r value to  use in production. W orst-case  is 
usually determ ined at the  m inim um  am bient tem pera tu re  
and m axim um  load expected.
O utpu t capacitors can be increased in size to  any desired 
va lue above the m inimum. One possib le  purpose o f th is 
w ould  be to  m ainta in the  ou tpu t vo ltage  during brief co n d i­
tions o f negative  input trans ients  th a t m ight be cha rac te ris­
tic  o f a particu la r system .
C apacitors m ust also be rated a t all am bient tem pera tu res 
expected  in the  system . M any a lum inum  type e lec tro ly tics  
w ill freeze a t tem peratures less than -3 0 ° C , reducing the ir 
e ffective  capacitance to  zero. To m aintain regu la to r stab ility  
dow n to  -4 0 ° C , capacitors rated a t tha t tem pera tu re  (such 
as tantalum s) m ust be used.
No capacito r m ust be a ttached to  the  O N /O F F  and ERROR 
FLAG pin. Due to  the  in terna l c ircu its o f the  IC, osc illa tion  on 
th is pin could result.

STA ND B Y O UTPUT
The LM 2935 d iffe rs from  m ost fixed vo ltage  regu la tors in 
th a t it is equipped w ith tw o  regu la to r outputs instead o f one. 
The add itiona l output is in tended fo r use in system s requ ir­
ing standby m em ory circuits. W hile  the high cu rrent regu la­
to r output can be con tro lled  w ith  th e  O N /O F F  pin described 
below , the  standby ou tpu t rem ains on under all cond itions 
as long as su ffic ien t input vo ltage  is applied to  the  IC. Thus, 
m em ory and o ther c ircu its pow ered  by th is  ou tpu t rem ain 
una ffected  by positive  line transients, therm a l shutdow n, 
etc.
The standby regu la tor c ircu it is designed so th a t the  qu ies­
cen t current to  the IC is very low  (< 3  mA) w hen th e  o th e r 
regu la to r ou tpu t is off.
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Application Hints (Continued)
In app lica tions w here the  standby ou tpu t is no t needed, it 
may be d isabled by connecting a resisto r from  the  standby 
ou tpu t to  the  supp ly vo ltage. Th is e lim inates th e  need fo r a 
m ore expensive capacito r on the  ou tpu t to  p reven t unw ant­
ed osc illa tions. The  va lue o f the  res is to r depends upon the  
m inim um  input vo ltage  expected fo r a  given system . S ince 
the s tandby ou tpu t is shunted w ith  an in terna l 5.7V zener 
{Figure 3), th e  current through the  externa l res is to r should 
be su ffic ien t to  bias R2 and R3 up to  th is  po in t. A pprox i­
m ate ly 60 p,A w ill suffice, resulting in a 10k externa l resisto r 
fo r m ost app lica tions {Figure 4).

TL/H/5232-6
FIGURE 4. D isabling S tandby O utput to  E lim inate C3  

HIGH C U R R E N T O U TPU T
U nlike th e  s tandby regulated output, w h ich m ust rem ain on 
w henever possib le, the  high current regu la ted o u tpu t is fau lt 
p ro tected  aga inst overvo ltage  and a lso inco rpo ra tes th e r­
mal shutdow n. If th e  input vo ltage  rises above approx im ate­
ly 30V (e.g., load dump), th is ou tpu t w ill au tom atica lly  shu t­
down. Th is p ro tec ts  the in ternal c ircu itry and enables the  IC 
to  survive h igher vo ltage  trans ients  than  w ould  o therw ise  be 
expected. Therm al shutdow n is e ffective  aga inst d ie ove r­
heating s ince the  high current ou tpu t is the  dom inan t source 
o f pow er d issipation in the  IC.

TL/H/5232-7
FIG U R E 5. C ontro lling O N /O F F  Term inal w ith  

a Typ ica l O pen C o llecto r Logic G ate

O N /O F F  A N D  ERROR FLAG PIN
Th is pin has the  ab ility  to  serve a dual purpose if 
desired. W hen con tro lled  in the  m anner show n in Figure 1 
(com m on in au tom otive  system s w here  S1 is the  ignition 
sw itch), the  pin a lso serves as an output flag  tha t is active  
low  w henever a fau lt cond ition  is de tected  w ith  the  high 
current regu la ted output. In o ther words, under norm al 
operating cond itions, th e  ou tpu t vo ltage  o f th is  pin is high 
(5V). Th is is se t by an in ternal c lam p. If the  high current 
ou tpu t becom es unregula ted fo r any reason (line transients , 
short circuit, the rm a l shutdow n, low  input vo ltage, etc.) the  
pin sw itches to  the  active  low  state, and is capable  o f s ink­
ing several m illiam ps. Th is ou tpu t signal can be used to  in iti­
a te any rese t o r start-up procedure  th a t may be required o f 
the  system .
The O N /O F F  pin can a lso be driven d irectly from  open co l­
lec to r logic circuits. The  on ly requ irem ent is tha t the  20k 
pull-up resisto r rem ain in p lace (Figure 5). This w ill no t a ffe c t 
the  logic gate  since the  vo ltage  on th is pin is lim ited by the  
in terna l c lam p in the  LM 2935 to  5V.

(w ith  approx im ate ly  300 m s de lay)
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