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3A Step-Down Voltage Regulator   

DESCRIPITION                      
    onoli thic  integrated circui t  that  provides al l  the act ive funct ions for  a  

s tep-down(buck) switching regulator ,  capable  of  dr iving 3A load with excel lent  l ine and 

 avai lable  in  f ixed output  vol tages of  3 .3V,  5V,  and an 

adjustable  output  version.  

Requir ing a  minimum number of  external  components ,  these regulators  are  s imple to  

use and include internal  f requency compensat ion and a  f ixed-frequency osci l la tor .  

 replacement  for  popular  three- terminal  l inear  

regulators .  I t  substant ial ly reduces the s ize of  the heat  s ink,  and in some cases  no heat  s ink 

is  required.  

A standard of  inductors  opt im  several  

different  manufacturers .  This  feature great ly s implif ies  the design of  switch-mode power 

suppl ies .  

Other  features  include a  guaranteed ±4% tolerance on output  vol tage within specif ied 

input  vol tages and output  load condit ions,  and ±10% on the osci l la tor  f requency.  External  

shutdown is  included,  featur ing 50 µA ( typical)  s tandby current .  The output  switch includes 

cycle-by-cycle  current  l imit ing,  as  wel l  as  thermal  shutdown for  ful l  protect ion under  faul t  

condi t ions.  

 

FEATURES                                APPLICATIONS 
z 3.3V, 5V, and adjustable  output  versions 

z S

 s

z E  

l

z O

z P

 c

 

z Guaranteed 3A output  current  

z Requires  only 4 external  components  

z 52 kHz f ixed frequency internal  osci l la tor  

z TTL shutdown capabi l i ty ,  low power s tandby mode 

z High eff iciency 

z Uses readi ly avai lable  s tandard inductors  

z Thermal  shutdown and current  l imit  protect ion 

z P+ Product  Enhancement  tes ted  
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tep-down (buck)  regulator  

ff ic ient  pre-regulator  for

inear  regulators  

n-card switching regulators

osi t ive to  negat ive 
onverter  (Buck-Boost)  



 
 

CONNECTION DIAGRAMS 

                      

BLOCK DIAGRAM     
              

 
 R2=3.1K 

 
ABSOLUTE MAXIMUM RATINGS (Ta=25°C)  

Character is t ic  Value Unit  
Maximum supply vol tage 45 V     
ON /OFF pin inpur  vol tage -0.3V≤V≤+V I N V 
Output  vol tage to  ground(steady s tate)  -1 V 
Power dissipat ion Internal ly l imited  
Operat ing temperature range -40~+125 °C 
Storage temperature range -65~+150 °C 
Maximum junct ion temperature 150 °C 
Minimum ESD Rating(C=100pF,R=1.5kΩ)  2  kV 
Lead Temperature(soldering,10seconds)  260 °C 
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LM2575-ADJ ELECTRICAL

LM2575-3.3 ELECTRICAL

LM2575-5.0 ELECTRICAL

 
 
RECOMMENDED OPERATING CONDITIONS  

Character is t ic  Symbol  Value  Unit  

Supply Voltage V C C 40 V 

 
 CHARACTERISTICS 

(Unless  otherwise specif ied:  T J  = 25°C,  and those with boldface type  apply over ful l  

Operat ing Temperature Range.)  

 

 CHARACTERISTICS 
(Unless  otherwise specif ied:  T J  = 25°C,  and those with boldface type  apply over ful l  

Operat ing Temperature Range.)  

 
 CHARACTERISTICS 
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ELECTRICAL CHARACTERISTICS 
(Unless  otherwise specif ied:  T J  = 25°C,  and those with boldface type  apply over  ful l  

Operat ing Temperature Range.  Unless  otherwise specif ied,  V I N  = 12V, I L O A D  = 500 mA. )  
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TEST CIRCUIT 
 
 

 
 
APPLICATION CIRCUIT 
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The 2576 (or  any of  the SIMPLE SWITCHER 

 
 
APPLICATION INFORMATION 
INPUT CAPACITOR (C I N ) 

To maintain s tabi l i ty,  the regulator  input  pin must  be bypassed with at  least  a  100 µF 

electrolyt ic  capaci tor .  The capaci tor’s  leads must  be kept  short ,  and located near  the 

regulator .  

    I f  the operat ing temperature range includes temperatures  below -25°C,  the input  

capaci tor  value may need to be larger .  With  most  e lectrolyt ic  capaci tors ,  the capaci tance 

value decreases  and the ESR increases with lower temperatures  and age.  Paral le l ing a  

ceramic or  sol id  tantalum capaci tor  wil l  increase the regulator  s tabi l i ty  at  cold 

temperatures .  

INDUCTOR SELECTION 

All  switching regulators  have two basic  modes of  operat ion:  cont inuous and 

discont inuous.  The difference between the two types relates  to  the inductor  current ,  whether  

i t  is  f lowing cont inuously,  or  i f  i t  drops to  zero for  a  per iod of  t ime in the normal  switching 

cycle .  Each mode has dis t inct ively different  operat ing character is t ics ,  which can affect  the 

regulator  performance and requirements .  

family)  can be used for  both cont inuous 

and discont inuous modes of  operat ion.  

When using inductor  values shown in the inductor  select ion guide,  the peak-to-peak 

inductor  r ipple  current  wil l  be approximately 20% to 30% of  the maximum DC current .  With 

relat ively heavy load currents ,  the circui t  operates  in  the cont inuous mode ( inductor  current  

a lways f lowing) ,  but  under  l ight  load condit ions,  the circui t  wil l  be forced to the 

discont inuous mode ( inductor  current  fal ls  to  zero for  a  per iod of  t ime).  This  discont inuous 

mode of  operat ion is  perfect ly acceptable .  For  l ight  loads( less  than approximately 300 mA) 

i t  may be desirable  to  operate  the regulator  in  the discont inuous mode,  pr imari ly because of  

the lower inductor  values required for  the discont inuous mode.  

The select ion guide chooses inductor  values sui table  for  cont inuous mode operat ion,  

but  i f  the inductor  value chosen is  prohibi t ively high,  the designer  should invest igate  the 

possibi l i ty of  discont inuous operat ion.  The computer  design software Switchers  Made 

Simple  will  provide al l  component  values for  discont inuous (as  well  as  cont inuous)  mode of  

operat ion.  

Inductors  are  avai lable  in  different  s tyles  such as  pot  core,  tor iod,  E-frame,  bobbin 

core,  e tc . ,  as  well  as  different  core mater ials ,  such as  ferr i tes  and powdered i ron.  The least  
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expensive,  the bobbin core type,  consis ts  of  wire wrapped on a  ferr i te  rod core.  This  type of  

construct ion makes for  an inexpensive inductor ,  but  s ince the magnet ic  f lux is  not  

completely contained within the core,  i t  generates  more electromagnet ic  interference (EMI).  

This  EMI can cause problems in sensi t ive circui ts ,  or  can give incorrect  scope readings 

because of  induced vol tages in  the scope probe.  

The inductors  l is ted in  the select ion chart  include ferr i te  pot  core construct ion for  AIE,  

powdered i ron toroid for  Pulse Engineering,  and ferr i te  bobbin core for  Renco.  

An inductor  should not  be operated beyond i ts  maximum rated current  because i t  may 

saturate .  When an inductor  begins to  saturate ,  the inductance decreases  rapidly and the 

inductor  begins to  look mainly resis t ive ( the DC resis tance of  the winding) .  This  wil l  cause 

the switch current  to  r ise  very rapidly.  Different  inductor  types have different  saturat ion 

character is t ics ,  and this  should be kept  in  mind when select ing an inductor .  

The inductor  manufacturer’s  data  sheets  include current  and energy l imits  to  avoid 

inductor  saturat ion.  

INDUCTOR RIPPLE CURRENT 

When the switcher  is  operat ing in  the cont inuous mode,  the inductor  current  waveform 

ranges from a t r iangular  to  a  sawtooth type of  waveform (depending on the input  vol tage) .  

For  a  given input  vol tage and output  vol tage,  the peak-topeak ampli tude of  this  inductor  

current  waveform remains constant .  As the load current  r ises  or  fal ls ,  the ent i re  sawtooth 

current  waveform also r ises  or  fal ls .  The average DC value of  this  waveform is  equal  to  the 

DC load current  ( in  the buck regulator  configurat ion) .  

I f  the load current  drops to  a  low enough level ,  the bot tom of  the sawtooth current  

waveform wil l  reach zero,  and the switcher  wil l  change to  a  discont inuous mode of  

operat ion.  This  is  a  perfect ly  acceptable  mode of  operat ion.  Any buck switching regulator  

(no matter  how large the inductor  value is)  wil l  be forced to  run discont inuous i f  the load 

current  is  l ight  enough.  

OUTPUT CAPACITOR 

An output  capaci tor  is  required to  f i l ter  the output  vol tage and is  needed for  loop s tabi l i ty.  

The capaci tor  should be located near  the D2576 using short  pc board t races .  Standard 

aluminum electrolyt ics  are  usual ly adequate,  but  low ESR types are  recommended for  low 

output  r ipple  vol tage and good s tabi l i ty.  The ESR of  a  capaci tor  depends on many factors ,  

some which are:  the value,  the vol tage rat ing,  physical  s ize and the type of  construct ion.  In  

general ,  low value or  low vol tage ( less  than 12V) electrolyt ic  capaci tors  usual ly have 

higher  ESR numbers .  
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The amount  of  output  r ipple  vol tage is  pr imari ly a  funct ion of  the ESR (Equivalent  

Series  Resis tance)  of  the output  capaci tor  and the ampli tude of  the inductor  r ipple  current  

(∆I I N D ) .  See the sect ion on inductor  r ipple  current  in  Applicat ion Hints .  

The lower capaci tor  values (220 µF–1000 µF) wil l  a l low typical ly 50 mV to 150 mV of  

output  r ipple  vol tage,  while  larger-value capaci tors  wil l  reduce the r ipple  to  approximately 

20 mV to 50 mV. 

Output  Ripple  Voltage = (∆ I I N D )  (ESR of  C O U T ) 

To fur ther  reduce the output  r ipple  vol tage,  several  s tandard electrolyt ic  capaci tors  

may be paral le led,  or  a  higher-grade capaci tor  may be used.  Such capaci tors  are  of ten cal led 

“high-frequency,” “low-inductance,”  or  “low-ESR.” These wil l  reduce the output  r ipple  to  

10 mV or  20 mV. However ,  when operat ing in  the cont inuous mode,  reducing the ESR 

below 0.03Ω  can cause instabi l i ty  in  the regulator .  

Tantalum capaci tors  can have a  very low ESR, and should be careful ly evaluated i f  i t  is  

the only output  capaci tor .  Because of  their  good low temperature character is t ics ,  a  tantalum 

can be used in  paral le l  with aluminum electrolyt ics ,  with the tantalum making up 10% or  

20% of  the total  capaci tance.  

The capaci tor’s  r ipple  current  rat ing at  52 kHz should be at  least  50% higher  than the 

peak-to-peak inductor  r ipple  current .  

CATCH DIODE 

Buck regulators  require  a  diode to  provide a  return path for  the inductor  current  when 

the switch is  off .  This  diode should be located close to  the D2576 using short  leads and 

short  pr inted circui t  t races.  

Because of  their  fast  switching speed and low forward vol tage drop,  Schottky diodes 

provide the best  eff ic iency,  especial ly in  low output  vol tage switching regulators  ( less  than 

5V).  Fast-Recovery,  High-Efficiency,  or  Ultra-Fast  Recovery diodes are  also sui table ,  but  

some types with an abrupt  turn-off  characteris t ic  may cause instabi l i ty  and EMI problems.  

A fast-recovery diode with soft  recovery character is t ics  is  a  bet ter  choice.  Standard 60 Hz 

diodes (e .g. ,  1N4001 or1N5400,  e tc . )  are  also not  sui table .   

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS 

The output  vol tage of  a  switching power supply wil l  contain a  sawtooth r ipple  vol tage 

at  the switcher  f requency,  typical ly about  1% of  the output  vol tage,  and may also contain 

short  vol tage spikes at  the peaks of  the sawtooth waveform. 

The output  r ipple  vol tage is  due mainly to  the inductor  sawtooth r ipple  current  mult ipl ied 

by the ESR of  the output  capaci tor .  (See the inductor  select ion in  the appl icat ion hints . )  
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4.  2575 package thermal  resis tances 

ear  the 2575 to  avoid picking up unwanted 

3.  Maximum al lowed junct ion temperature (125°C for  the 2575).  For  a  safe ,  

The 2575 (f ixed vol tage versions)  feedback pin must  be wired to  the output  vol tage 

 
 

The vol tage spikes are  present  because of  the the fast  switching act ion of  the output  switch,  

and the parasi t ic  inductance of  the output  f i l ter  capacitor .  To minimize these vol tage spikes,  

special  low inductance capaci tors  can be used,  and their  lead lengths must  be kept  short .  

Wiring inductance,  s t ray capaci tance,  as  wel l  as  the scope probe used to  evaluate  these 

t ransients ,  a l l  contr ibute  to  the ampli tude of  these spikes.  

An addi t ional  small  LC f i l ter  (20 µH & 100 µF) can be added to the output  to  fur ther  

reduce theamount  of  output  r ipple  and t ransients .  A 10 x reduct ion in  output  r ipple  vol tage 

and t ransients  is  possible  with this  f i l ter .  

FEEDBACK CONNECTION 

point  of  the switching power supply.  When using the adjustable  version,  physical ly locate  

both output  vol tage programming resis tors  n

noise.  Avoid using resis tors  greater  than 100 k.  because of  the increased chance of  noise 

pickup.  
   
ON /OFF INPUT 
                             

For  normal  operat ion,  the ON /OFF pin should be grounded or  dr iven with a  low-level  

TTL vol tage ( typical ly below 1.6V).  To put  the regulator  into s tandby mode,  dr ive this  pin  
                                        
with a  high-level  TTL or  CMOS signal .  The ON /OFF pin can be safely pul led up to +V I N   
                                                                                  

wi thout  a  resis tor  in  ser ies  with i t .  The ON /OFF pin should not  be lef t  open.  

GROUNDING 

To maintain output  vol tage s tabi l i ty,  the power ground connect ions must  be 

low-impedance.  For  the5-lead TO-220 astyle  package,  both the tab and pin 3 are  ground and 

ei ther  connect ion may be used,  as  they are  both part  of  the same copper  lead frame.  

HEAT SINK/THERMAL CONSIDERATIONS 

temperature within the al lowed operat ing range.  For  each appl icat ion,  to  determine whether  

or  not  a  heat  s ink wil l  be required,  the fol lowing must  be ident i f ied:  

1 .  Maximum ambient  temperature ( in  the appl icat ion) .  

2 .  Maximum regulator  power diss ipat ion ( in  appl icat ion) .  

conservat ive design,  a  temperature approximately 15°C cooler  than the maximum 

temperatures  should be selected.  

θ J A  and θ J C .  
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Total  power diss ipated by the 2575 can be est imated as  fol lows:  

 
P D  = (V I N )(I Q )  + (V O /V I N )(I L O A D )(V S A T )  

where I Q  (quiescent  current)  and VSAT can be found in the Character is t ic  Curves shown 

previously,  V I N  is  the appl ied minimum input  vol tage,  V O  is  the regulated output  vol tage,   

 

 

and I L O A D  is  the load current .  The dynamic losses  during turn-on and turn-off  are  negl igible  

i f  a  Schottky type catch diode is  used.  

When no heat  s ink is  used,  the junct ion temperature r ise  can be determined by the 

fol lowing:      ∆T J  = (P D ) (θ J A )  

To arr ive at  the actual  operat ing junct ion temperature,  add the junct ion temperature 

r ise  to  the maximum ambient  temperature.     T J  = ∆T J  + T A

If  the actual  operat ing junct ion temperature is  greater  than the selected safe  operat ing 

junct ion temperature determined in s tep 3,  then a  heat  s ink is  required.  

When using a  heat  s ink,  the junct ion temperature r ise  can be determined by the 

fol lowing:  ∆T J  = (P D ) (θ J C  + θ interface + θ Heat  s ink)  

The operat ing junct ion temperature wil l  be:  T J  = T A  + ∆T J

As above,  i f  the actual  operat ing junct ion temperature is  greater  than the selected safe  

operat ing junct ion temperature,  then a  larger  heat  s ink is  required (one that  has  a  lower 

thermal  resis tance) .  

Included on the Switcher  Made Simple  design software is  a  more precise (non-l inear)  

thermal  model  that  can be used to  determine junct ion temperature with different  

input-output  parameters  or  different  component  values.  I t  can also calculate  the heat  s ink 

thermal  resis tance required to  maintain the regulators  junct ion temperature below the 

maximum operat ing temperature.  
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CHARACTERISTIC CURVES 
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OUTLINE DRAWING 

  TO-220(T) 
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