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GENERAL DESCRIPTION FEATURES

The LM 2596 series of regulators are monolithic integrated o 3.3V, 5V, 12V, and adjustable output versions
circuitsthat provide al the active functions for a step-down ¢+ Adjugtableversion output voltagerange, 1.2V to 37V
(buck) S/vi.tching regulator, capable of drivi ng a3A Ioad.with o +4% max over line and load conditions
fexo_ellent line and load regulation. These devices are ava lable ¢ Availablein TO-220 and TO-263 packages

|o rL I;))Letdvgust'r())l;]t voltages of 3.3V, 5V, 12V, and an adjustable «  Guaranteed 3A output load current

Requiring a minimum number of externa components, these : g&uji\rgtjgley rznéfel:ggloci%)onmts
regulators are simple to use and include internal frequency . . e
compensation, and a fixed-frequency oscillator. ¢ Excdlent !lne and load regulanon spguﬂcahons
The LM 2596 series operates at a switching frequency of 150 * 150 kHz fixed frequency internal oscillator

kHz thus allowing smaller sized filter components than what ¢ TTL shutdown capability ,

would be needed with lower frequency switching regulators. ¢ Low power standby made, Iq typically 80 uA
Availablein astandard 5-lead TO-220 package with several + High efficiency

different lead bend options, and a5-lead TO-263 surfacemount ¢ Usesreadily available standard inductors
package. o Thermal shutdown and current limit protection

A standard series of inductors are available from severa
different manufacturers optimized for use with the LM 2596
series. This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed +4% tolerance on output
voltage under specified input voltage and output |oad
conditions, and +15% on the oscillator frequency. External
shutdown isincluded, featuring typically 80 pA standby
current. Self protection featuresinclude atwo stage frequency
reducing current limit for the output switch and an over
temperature shutdown for complete protection under fault
conditions.

TYPICAL APPLICATION (Fixed Output Voltage Versions)

APPLICATIONS

o Simplehigh-effidency gep-down (budk) regulator
¢ On-card switching regulators

o Positive to negative converter
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PIN FUNCTIONS

+V\n - Thisisthe positive input supply for the IC switching
regulator. A suitableinput bypass capacitor must be present at
this pin to minimize voltage trans ents and to supply the
switching currents needed by the regulator.

Ground - Circuit ground.

Output - Interna switch. The voltage at this pin switches
between (+Vn - Vsat ) and approximately -0.5V, with a duty
cycle of approximately Vout /Vin. TO minimize coupling to
sengitive circuitry, the PC board copper area connected to this
pin should be kept to a minimum.

Feedback —Senses the regul ated output voltage to complete
the feedback loop.

ON/OFF - Allows the switching regulator circuit to be shut
down using logic level signas thus dropping the totd input
supply current to approximately 80 pA. Pulling this pin below a
threshold voltage of approximately 1.3V turns the regulator on,

and pulling this pin above 1.3V (up to amaximum of 25V) shuts

the regulator down. If this shutdown feature is not needed, the
ON /OFF pin can be wired to the ground pin or it can be left

LM2596-3.3
ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Supply Voltage
ON /OFF Pin Input Voltage

+25V

Feedback Pin Voltage

Output Voltage to Ground
(Steady State)

Power Dissipation

45V
-0.3<V <

-0.3<V <+25V

-1V
Internaly limited

0C to +150%torage Temperature Range 65

ESD Susceptibility

Human Body Modd (Note 2)

Lead Temperature
S Package

V apor Phase (60 sec.)

Infrared (10 sec.)

T Package (Soldering, 10 sec.)
M aximum Junction Temperature

2kv

+215°C

+245°C

+260°C

OPERATING CONDITIONS

Temperature Ranoe

+150°C

-40°C<T<+125°C

Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Temperature

Range
L M2596-3.3 Units
Symboal Parameter Conditions Typ Limit (Limi{s)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vout Output Voltage 4.7V 55V n<40V, 0.2A<1 0ap<3A 3.3 \Y,
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency Vin=12V, |l 0ap=3A

73 %

LM 2596-5.0
ELECTRICAL CHARACTERISTICS

Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Temperature

L M2596-5.0 Units
Symboal Parameter Conditions Typ Limit (Limi{s)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vout Output Voltage 7V <V Nn$40V, 0.2A<1 0ap<3A 50 \%

4.800/4.750 V(min)
5.200/5.250 V (max)

n Efficiency Vin=12V, | 0ap=3A

80 %

LM 2596-12

ELECTRICAL CHARACTERISTICS

Spexifications with standard type face are for T;= 25°C, and those with boldface type apply over full Operating Temperature

LM 2596-12 Unite
Symboal Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vout Output Voltage 15V<V n<40V, 0.2A<1 0ap<3A 12.0 \%

11.52/11.40 V(min)
12.48/12.60 V (max)

n Efficienw Vin=12V, | oap=3A

90 %

LM2596-ADJ

TtEFERETERERA BEIJING ESTEK ELECTRONICS CO.,LTD
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Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM 2596-ADJ Units
Symboal Parameter Conditions Typ Limit (Limi t‘ 9
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5)Test Circuit Figure 1
Vout Output Voltage 4.5V <V \n<40V, 0.2A<] 0ap<3A 1.230 \Y
V out programmed for 3V. Circuit of 1.193/1.180 V(min)
Figure 1. 1.267/1.280 V (max)
n Efficiency Vin=12V, Vour=3V, Il oap=3A

ALL OUTPUT VOLTAGE VERSIONS

ELECTRICAL CHARACTERISTICS

Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, Vn = 12V for the 3.3V, 5V, and Adjustable version and Vn = 24V for the 12V version. | oap

=500 mA
LM 2596-XX Unite
Symbol Parameter Conditions Typ Limit (Li mi{ 9
(Note 3) (Note 4)
DEVICE PARAMETERS
b Feedback Bias Current Adjustable Version Only, V=13V 10 nA
50/100 nA (max)
fo Oscillator Frequency (Note 6) 150 kHz
127/110 kHz (min)
173/173 kHz (max)
Vear Saturation Voltage lout=3A (Notes 7, 8) 1.16 \
1.4/1.5 V (max)
DC Max Duty Cycle (ON) (Note 8) 100
Min Duty Cycle (OFF) (Note 9) 0
leL Current Limit Peak Current (Notes 7, 8) 45 A
3.6/3.4 A (min)
6.9/7.5 A (max)
I Output Leskage Current Output=0V (Notes 7, 9) 50 pA (max)
Output=-0.9V (Note 10) 10 mA
30 mA (max)
lg Quiescent Current (Note9) 5 mA
10 mA (max)
IstRY Standby ON/OFF pin=5V (OFF) (Note 10) 80 uA
Quiescent 200/250 uA (max)
0x  |Therma Resistance TO-220 or TO-263 Package, Jundtion to Case 2 °CIw
0 TO-220 Package, Jundtion to Arbient (Note 11) 50 oc/w
0 TO-263 Package, Jundtion to Arbient (Note 12) 50 oc/w
01 TO-263 Package, Junction to Ambient (Note 13) 30 °c/w
faa TO-263 Packege, Jundtion to Arrhient (Note 14) 20 cIwW
ON/OFF CONTROL Test Circuit Figure 1
ON/CFF Fin Lagic Input 13 \%
Vin Threshold Voltage Low (Regulator ON) 0.6 V (max)
VL High (Regulator OFF) 2.0 V (min)
In Loaic=2.5V (Regulator OFF) 5 pA
WN/OFF Pin Input Current 15 LA (max)
V0 ocic=0.5V (Regulator ON) 0.02 pA
S wA (max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device isintended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: The human body model isa 100 pF capacitor discharged through a 1.5k resistor into each pin.

Note 3: Typical numbers are at 25°C and represent the most likely norm.

Note 4: All limits guaranteed a room temperature (standard type face) and at temperature extremes (bold type face). All room
temperature limits are 100% production tested. All limits at temperature extremes are guaranteed via correlaion using standard
Statistical Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Note 5: Externa components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can
affect switching regulator system performance. When the LM 2596 is used as shown in the Figure 1 test circuit, system performance
will be as shown in system parameters section of Electrical Characteristics.

ItEPERERREFAIRLE BEIJING ESTEK ELECTRONICS CO.,LTD
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Note 6: The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is
determined by the severity of current over-load.

Note 7: No diode, inductor or capacitor connected to output pin.

Note 8: Feedback pin removed from output and connected to OV to force the output transistor switch ON.

Note 9: Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the ADJ. version, and 15V for the 12V
version, to force the output transistor switch OFF.

Note 10: V y = 40V.

Note 11: Junction to ambient thermal resistance (no externa heat sink) for the TO-220 package mounted verticaly, with the leads
soldered to aprinted circuit board with (1 0z.) copper area of approximately 1 in?

Note 12: Junction to ambient thermal resistance with the TO-263 package tab soldered to a single printed circuit board with 0.5 in?
of (1 0z.) copper area.

Note 13: Junction to ambient thermal resistance with the TO-263 package tab soldered to asingle sided printed circuit board with
2.5in? of (1 0z.) copper area.

Note 14: Junction to ambient thermal resistance with the TO-263 package tab soldered to adouble sided printed circuit board with
3in? of (1 0z.) copper area on the LM 2596S side of the board, and approximately 16 in? of copper on the other side of the p-c
board.

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1)

Nor malized Output Voltage Line Regulation Efficiency
< 15 < 0.4 95 N
= V=20V = V=5V 3A Il_oadl 20V
L loaw=3A __| w 0.3 =100A y
a 1.0 N ) 5] loan= TUOA 90 t 7
= ormallzoed at] Z 02 T=25C 12\//
I o5 T=25°C = 85
(&} . o 0.1
S o — - & o ] 80 -
= 7 = = A
S -05 3 01 >Y
= ) 75—}
= = -0.2 I
> -1.0 = /]
= a -0.3 70 4
3 .ok =

750 25 0 25100025 75° 65

Q5 % 10 15 20 25 30 0 5 10 15 20 25 30
JUNCTION TEMPERATURE (°C) 35 40

INIP T A AL TACST AR

Switch Saturation

N Switch Current Limit Dropout Voltage
1.4 5.5 — 1 =1.6
VI vV =12y = " L=33uH
V=12V - -
13 Vour =5 E 1.4 Ry,=0.040Q
1.2 / 5.0 E ) vourzlvﬂtc'5omv
11 T %40 C| _AA E I
1.0 P’e 45 62 I 3A
> oAj
0.9 / // é 1.0 _—
0.8 / // 4.0 CDI) I \\\
. v Nt
0.7 | .25,C4 2
=
0.6 1?5 ¢ 3.5 ~0.6
0 1 2 3 4 -50 -25 0 25 50 100 125 -50 -25 0 25 50 100 125
SWITCH CURRENT (A) JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
TtEFERETEREAA BEIJING ESTEK ELECTRONICS CO.,LTD
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1) (Continued)

Operating
Quiescent Current
24 4.5V<V, <40V
20 s '| " 0 —
~
SN
16
Switch ON
12
8
Switch OFF
A
0
-50 -25 O 25 50 100125

JUNCTION TEMPERATURE (°C)

Shutdown
Quiescent Current
120 1
100 AV 5V
]
T 25C /;//
80—l
"1 T

soLFT_[7=-40°C AND 125°C

—
Il

40

20

0 10 20 30 40
SUPPLY VOLTAGE (V)

1

0

Minimum Operating

Supply Voltage
\\

~—

\\\
S~
[V, =1.23V
| op=120mA
-50 -25 O 25 50 100 125

JUNCTION TEMPERATURE (°C)

“ON/OFF Threshold ‘ON/OFF Pin
Voltage _ Switching Frequency
o5 8 Current (Smkl'ng) ' 160
5 V, =40V |
2.0 . -40°C<T £125°C 155
OFF
1.5 4 5 — 150 /’
1.0 T 4= 4
' v 3 140
ON 5
05 135
1
130
-50 -25 0 25 50 100 125 0 n n > > .50 -25 0 25 50 100 125
JUNCTION TEMPERATURE (°C) 0 0 S 0 S JUNCTION TEMPERATURE (°C)
ON/OF PIN VOLTAGE (V)
Feedback Pin
10
75 —T N
L \
5.0 =]
25 ADJUSTABLE VERSION ONLY \
0 \
\
-5.0
.50 -25 0 25 50 100 125
JUNCTION TEMPERATURE (°C)
tmFRmETARAR BEIJING ESTEK ELECTRONICS CO.,LTD
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TYPICAL PERFORMANCE CHARACTERISTICS

Continuous M ode Switching Wavefor ms
VIN=20V, Vout=5V, lLoap=2A

L=32uH, Cout=220uF, CoutESR=50mQ Cout=330uF, CoutESR=45mQ
20V [ =% ] 20V =
A 10V A { 10V
ov Je—— | t— ov i_._
2A // f;\ // 1A
B§ 1A ™ B § 0.5A A / /\
on on | Y INL/ /
50mV {1 00mV
C\ AC/ A~ C\ AC/ A
div \\/, \\ / | div / \\ /

Discontinuous M ode Switching Wavefor ms
ViN=20V, Vout=5V, | Loap=500mA L=10;,lH,

A: Output Pin Voltage, 10V/ div
B: Inductor Current 1A/ div
C: Output Ripple Voltage,50mV/ div

A: Output Pin Voltage,10V/ div
B: Inductor Current 1A/ div
C: Output Ripple Voltage,100mV/div

Horizontal Time Base: 2us/div Horizontal Time Base: 2us/div

Load Transient Response for Discontinuous M ode
V|N:20V, VOUT:5V, | Loap=500mA to 2A

Load Transient Response for Continuous M ode
V|N:20V, VOUT:5V, | Loap=500mA to 2A

L=32uH, Cour=220uF, CourESR=50mQ2 L=10uH, Cour=330yF, CourESR=45mQ2
A S AC A AC

div P o

oA 2A
B 1A B 1A

0A 0A

A: Output Voltage,100mV/ div. (AC)
B: 500mA to 2A Load Pulse

A: Output Voltage, 100mV/ div.(AC)
B: 500mA to 2A Load Pulse
/div

Horizontal Time Base: 100 Horizontal Time Base: 200us/div

TtEPARRETHIRAT BEIJING ESTEK ELECTRONICS CO.,LTD
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TEST CIRCUIT AND LAYOUT GUIDELINES

L M 2596

Fixed Output Voltage Versions
KEEP FEEDBACK WIRING AWAY o =

4| Feedback _L—FROM INDUCTOR FLUX i E

1
+ *Vin]  Lm2596 ' '
Output Regulated Output 1 '
FIXED OUTPUT PU ~ 9 P 1 !
Unregulated 2 L1 1+ L : i
DC Input C|N GND D1 T Cour |a : '
l ON/OF l > i :
HEAVY LINES MUST BE KEPT SHORT AND USE [ LOW ESR !
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 1 SHORT LEADS E

B o o o -

Cw - 470 E ,50V,Aluminum Electrolytic Nichicon “PL
Cor -220 K ,25V,Aluminum Electrolytic Nichicon “PL
Series” D1 - 5A,40V Schottky Rectifer,1IN5825

LT - ,L38

OPTIONAL POST RIPPLE FILTER

Adjustable Outgut Voltage Versions

—F——  LOCATE THE PROGRAMMING RESISTORS NEAR
R1 R2 THE FEEDBACK PIN USING SHORT LEADS

W—p—M

KEEP FEEDBACK WIRING AWAY
4| Feedback _— FROM INDUCTOR FLUX
+ *Vin] L2596
Regulated Output
AuUSTABLE. JOUPUL v oul P

Unregulated + 5| 2 L1 |+ g
DC Input Cn S’ND D1 = Cour |a
l T ONOF B

HEAVY LINES MUST BE KEPT SHORT AND USE
GROUND PLANE CONSTRUCTION FOR BEST RESULTS

v Ré’nlw(‘)

where V,..=1. 23V

Vour
R=R( D

Select R1 to be approximatelylk € use al% resistor for best
Cy - 470 F ,50V,Aluminum Electrolytic Nichicon “PL

Cour - 220 F ,35V,Aluminum Electrolytic Nichicon “PL
Series” D1 - 5A,40V Schottky Rectifer, IN5825

L - ,L38

R1 -

C see Application Information Section

Figure 1. Standard Test Circuits and Layout Guides

Asin any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance can generate
voltage transients which can cause problems. For minimal inductance and ground loops, the wires indicated by heavy lines should
bewide printed circuit tracesand

should be kept as short as possible. For best results, externa components should be located as close to the switcher IC as possible
using ground plane construction or single point grounding.

If open coreinductorsare used, specia care must be taken asto the location and positioning of this type of inductor. Allowing

the inductor flux to intersect sensitive feedback, IC groundpath and Cout wiring can cause problems.

When using the adjustable version, special care must be taken as to the location of the feedback resistors and the associated wiring.
Physically locate both resistors near the |C, and route the wiring away from the inductor, especially an open core type of inductor.

ItEPEREREFAIRLE BEIJING ESTEK ELECTRONICS CO.,LTD
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LM 2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (FIXED OUTPUT)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Given:

Given:

Vout = Regulated Output Voltage (3.3V, 5V or 12V)
VN (Mmax) = Maximum DC Input Voltage

1. Inductor Selection (L1)

A. Select the correct inductor value selection guide from Figures
Figure 4, Figure 5,or Figure 6. (Output voltages of 3.3V, 5V, or
12V respectively.) For al other voltages, see the design procedure
for the adjustable version.

B. From the inductor value selection guide, identify the inductance
region intersected by the Maximum Input V oltage line and the
Maximum Load Current line. Each region isidentified by an
inductance value and an inductor code (LXX).

C. Select an appropriate inductor from the four manufacturer’ s part
numbers listed in Figure 8.

2. Output Capacitor Selection (Cour)

A. Inthe mgjority of applications, low ESR (Equivalent Series
Resistance) electrolytic capacitors between 82 puF and 820 pF and
low ESR solid tantalum capacitors between 10 pF and 470 pF
provide the best results. This capacitor should be located closeto
the I1C using short capacitor leads and short copper traces. Do not
use capacitors larger than 820 puF.

B. To simplify the capacitor selection procedure, refer to the quick
design component selection table shown in Figure 2. Thistable
contains different input voltages, output voltages, and load
currents, and lists various inductors and output capacitors that will
provide the best design solutions.

C. The capacitor voltage rating for electrolytic capacitors should be
at least 1.5 times greater than the output voltage, and often much
higher voltage ratings are needed to satisfy the low ESR
requirements for low output ripple voltage.

3. Catch Diode Selection (D1)

A. The catch diode current rating must be at leect 1.3 times greater than the
maximum load current. Alsg, if the power supply design must withstand a
continuous output <hart, the diode should have a current rating equal to the
maximum current limit of the LM 2596. The mogt stressful condition for
thisdiodeisan overload or shorted output condition.

Vour =5V
Vin (max) =12V

1. Inductor Selection (L1)
A. Use the inductor selection guide for the 5V version shown in Figure 5.

B. From the inductor value selection guide shown in Figure 5, the
inductance region intersected by the 12V horizonta line and the 3A
vertical lineis 33 pH, and the inductor codeis L40.

C. Theinductance vaue required is 33 uH. Fromthetablein Figure 8, goto the
L40 line and choose an inductor part number from any of the four menufacturers
shown. (In mogt in-gtance, both through hole and surface mount inductorsare
avalable)

2. Output Capacitor Selection (Cour)
A. See section on output capacitors in application information section.

B. From the quick design component sdection table shown in Figure 2, locate the
5V output voltage section. In theload current column, choosetheload current line
thet isdosest to the current needed in your gpplication, for thisexample, usethe 3A
line. Inthemaximum input voltage column, sHect thelinethat coverstheinput
voltage nesded in your gpplication, in thisexample, usethe 15V line. Continuing on
thisline are recommended inductors and cgpacitorsthat will providethe best overall
performance.

The cgpaditor list contains both through hole dectrolytic and surface mount tantalum
capaditorsfrom four different capacitor maenufacturers. It is recommended that both
the menufacturers and the menufacturer’ s sriesthat areligted in the teble be used.
Inthis example duminum dectrolytic capacitors from severd different
manufacturers are available with the range of ESR numbers nesded.

330 pF 35V Panasonic HFQ Series

330 uF 35V Nichicon PL Series

C. Far a5V output, a capacitor valtage rating at leest 7.5V or more i< needed. But
even alow ESR, switching grade, 220uF 10V duminum dectrolytic cgpacitor
would exhibit goproximately 225 mW of ESR (seethe curvein Figure 14 for the
ESR vsvaltagerating). Thisamount of ESR would result in relatively high output
ripplevoltage. To reducetherippleto 1% of the output voltage, or less, acapeditor
with ahigher vaue or with ahigher voltage rating (lower ESR) should be selected.

A 16\ or 25\/ canaritar will redi ice the rinnle vnlt-ane hv annroximatel v haAf

3. Catch Diode Selection (D1)

A. Refer to the table shown in Figure 11. In this example, a5A, 20V, 1N5823
Schottky diode will provide the best performance, and will not be overstressed even
or ashorted output.

B. Thereverse voltagerating of thediode should be at leest 1.25 timesthe
maximuminput voltage

C. Thisdiode must befast (short reverse recovery time) and must belocated
doseto the LM 2596 usng short leeds and short printed circuiit traces.
Because of thair fagt switching gpeed and low forward voltage drop,
Schoattky diodes provide the best performance and efficiency, and should be
thefirst choice, espedidly in low output voltage gpplications.

Ultra-fast recovery, or High-Effidency redtifiersd so provide good results.
Ultra-fast recovery diodestypicaly have reverse recovery times of 50 nsor
less Redtifiers such asthe 1IN5400 series are much too dow and should not
be used.

R ETARAE

BEIJING ESTEK ELECTRONICS CO.,LTD




7,
STEK
4 L M 2596

PROCEDURE (Fixed Output Voltage Version) EXAMPLE (Fixed Output Valtage Version)

4. Input Capadtor (Cin) 4. Input Capadtor (Cin)

A low ESR duminum or tantalum bypass capaditor isnesded between the | The impoartant parameters for the Input capecitar are the input voltage rating and the
input pin and ground pin to prevent large volt-age transients from gppearing |RMS current reting. With anomind

a the inout. This canacitar should be located close to the IC input voltage of 12V, an duminum electrolytic capecitar with avoltage rating
using short leads. In adcition, the RM'S current rating of the input capacitor greater than 18V (1.5 x Vv ) would be needed. The next higher capacitor voltage
should be sHlected to be a lesst 1/2 the DC load current. The capacitor raingis25Vv. ) ) . o

manufacturers datasheet must be checked to assurethat thiscurrent rating | The RM'S current rating requirement for theinput capecitor in

isnot exceeded. The curve shown in Figure 9 showstypical RMS current abuck regulator isgpproximetey 1 /2 the DC load current. Inthisexample, with a

retingsfor several different duminum dectrolytic capacitor values 3A load, acapaditor with aRMS current reting of & leest 1.5A isneeded. The
For an duminum dectrolytic, the capacitor voltage rating should be curves shown in Figure 9 can be used to select an gppropriteinput capaditor.
approximately 1.5 times the maximuminput voltage Fromthe curves locatethe 35V line and note which cepecitor valueshave RMS

The tantalum capacitor voltage rating should be 2 timesthe maximum current retings greeter than 1.5A. A 680LIF/35V capacitor could beused.
input voltage and it is recommended that they be surge current tested by~ |FOr athrough hole design, a680IF/35V dectrolytic capaditor (Panasonic HFQ

themanufacturer. sriesor Nichicon PL seriesor equivaent) would be adequate. other types or other
Use caution when using ceramic capacitors for input bypassing, becauseit | Menufacturers capacitors can be used provided the RM S ripple current ratings are:
Mav A ISE SBVEre rinnina a the Vi nin, adequate

For surface mount designs, solid tanta um cgpaditors can be used, but caution must
be exercisad with regard to the capacitor surge current rating. The TPS series
avalablefrom AV X, and the 593D series from Sprague are both surge current

tested.
LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (FIXED OUTPUT) (Continued)
- Output Capacitor
Conditions Through Hdle Eledralytic Surface Mount Tantalum
Output L ced Max Input Inductance | Inductor Panason!c Nichicon PL AVX T PS Sprague 595D Series
Voltage Current Voltage(V) (H) ® HFQ Series o Hies WFN)
V) (A) (WFIV) SeiesWFM) | pny .
33 3 5 22 L41 470/25 560/16 330/6.3
390/6.3
7 22 L41 560/35 560/35 330/6.3
39063
2 10 Rz 4T 68035 680735 330/6.3
OM0.5
A0 33 146 560/35 A70/35 330163
390/6:3
5 3 6 22 | 133 470125 47035 33063
300/6.3
10 33 L32 330/35 330/35 330/6.3
3906.3
2 40 47 139 330/35 27050 220110
330/10
8 2 L41 470/25 560/16 22010
12 3 330/10
10 22 L41 560/25 560/25 220/10
330710
15 33 L40 330/35 330/35 220/10
2 330110 ' ’
40U r:nlnn LS9 U39 ZIU 35 ZZ0 10
9 oazlzm £33 47025 560/16 22016
22010
LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (ADJUSTABLE QUTPUT)
PROCEDURE (Adjustable Output Voltage Version) EXAMPLE (Adjustable Output Voltage Version)
Given:
Given:
Vout = Regulated Output Voltage Vout = 20V
Vin(max) = Maximum Input Voltage Vin(max) = 28V
I oap(max) = Maximum Load Current I oap(max) = 3A
1. Pragramming Output Voltage (Selecting Ry and R», asshown in 1. Programming Output Voltage (Selecting R; and Rz, as shown
Figure 1) in Figure 1)
Use the following formula to select the appropriate resistor values. Select Ry to be 1 k2. 1%. Solve for R,
R2
Vout =VRrer(1+ ) Vrer =1.23
Select avaue for R; between 24002 and 1.5kQ2. The lower resistor V REE 23V
values minimize noise pickup in the sensitive feedback pin. (For the _ _ :
lowest temperature coefficient and the best stability with time, use 1% 22__155(36"(2'1)_15'2%' closest 1% valueis 15.4k2
metal film resistors.) 27 :
IR EFAHRAA BEIJING ESTEK ELECTRONICS CO.,LTD
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PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Valtage Version)

R, -R: (VOUT
1) Vrer
2. Inductor Selection (L1)
tnhe?(S“O\;Vl ng férfﬁulé‘L"‘ VT T e T e e
B T=(Viv-Vour-Ver) o—— Voo 10004y 5)
Vin-Vear-Vo - kHz

where Vsat = interna switch saturation voltage = 1.16V
and Vp = diode forward voltage drop = 0.5V

B. Use the EoT vaue from the previous formula and match it with the
EeT number on the vertical axis of the Inductor Vaue Selection Guide
cshown in Fiaure 7.

C. on the horizontal axis, select the maximum load current.

D. Identify the inductance region intersected by the EeT vadue and the
Maximum Load Current vaue. Each region is identified by an
inductance value and an inductor code (LXX).

E. Select an appropriate inductor from the four manufacturer’ s part
numbers listed in Fioure 8.

3. Output Capacitor Sdlection (Cour)

A. Inthemgority of gpplications, low ESR dectrolytic or solid tantdum
capaditors between 82 UF and 820 F provide the best results This cgpacitor
should be located dose to the |C using short cgpaditor leads and short copper
traces. Do not use capecitars laroer than 820 UF.

B. To smplify the capacitor sdection procedure, refer to the quick
design table shown in Figure 3. This table contains different output
voltages, and lists various output capacitors that will provide the best
design <olutions.

2. Inductor Selection (Ll)

P N U [ (I TR SO P PR RS |y

e—hmn

&,
1000
BT- 20 1 —20 (Vopis)
28 I +0 150
EeT=( 684)e— « = .
205
C.

D. From the inductor value selection guide shown in Figure 7, the
inductance region intersected by the 34 (Veps) horizontal line anc
the 3A verticd lineis 47 pH, and the inductor code is L39.

E. Fromthetable in Figure 8, locate line L39, and select an
inductor part number from the list of manufacturers part numbers.

3. Output Capacitor Sel ection (Cour)

B. Fromthe quick design table shown in Figure 3, locate the output voltage
column. Fromthat column, locate the output voltage d osest to the output
voltagein your goplication. Inthisexample, sdect the24V line. Under the
output capaditor section, sdect acgpaditor fromthelist of through hole
dectrolytic or surface mount tantalum types from four different capeacitor
menufecturers It isrecommended that both the menufacturers and the
menufecturers sariesthat arelisted in the table beused.

In thisexample, through hole duminum dectrolytic capacitorsfrom
sverd different menufcturersare available.

220 U35V Panasonic HFQ Series

150 uF/35V Nichicon PL Series

C. The capacitor voltage rating should be at least 1.5 times greater thar
the output voltage, and often much higher voltage ratings are needed tc
satisfy the low ESR requirements needed for low output ripple voltage.

4. Feedforward Capacitor (Crr ) (See Figure 1)

For output voltages greater than approximately 10V, an additional
capacitor is required. The compensation capacitor istypicaly between
100 pF and 33 nF, and iswired in parallel with the output voltage
setting resistor, R2. It provides additiond stability for high output
voltages, low input-output voltages, and/or very low ESR output
capacitors, such as <olid tantalum capecitors.

Cr __ 1
—3x= 10
This capacitor type can be ceramic, plastic, silver mica, etc. (Because of
the unstable characteristics of ceramic capacitors made with Z5U
material, they are not recommended.)

C. For a20V output, a capacitor rating of at least 30V or moreis
needed. In this example, either a35V or 50V capacitor would
work. A 35V rating was chosen, athough a50V rating could also
be used if alower output ripple voltage is needed.

Other manufacturers or other types of capacitors may also be used,
provided the capacitor specifications (especialy the 100 kHz
ESR) closely match the typeslisted in the table. Refer to the
capacitor manufacturers data sheet for this information.

4. Feedforward Capacitor (Cgr)

The table shown in Figure 3 contains feed forward capacitor
vaues for various output voltages. In this example, a 560 pF
capacitor is needed.

R ETARAE
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LM 2596 SERIES BUCK REGULATOR DESING PROCEDURE (ADJUSTABLE OUTPUT)

Through Hale Output Capacitor Surface M ount Output Capacitor
Output i ichi i i
Voltagr:a V) panag;rr\;; HFQ |Nichicon PL Series Eeectforwar d AVX(TE/?/ )Serles spraé;];? :595D Fec dforyvar d
(uFIV) H Capacitor
(WEN) (uF/\)
2 820/35 820/35 33nF 330/6.3 470/4 33nF
4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF
6 470/25 470/25 3.3nF 220/10 330/10 3.3nF
9 330/25 330/25 1.5nF 100/16 180/16 1.5nF
12 330/25 330/25 1nF 100/16 180/16 1nF
15 220/35 220/35 680 pF 68/20 120/20 680 pF
24 220/35 150/35 560 pF 33/25 33/25 220 pF
28 100/50 100/50 390 pF 10/35 15/50 220 pF

Figure 3. Output Capacitor and Feedforward Capacitor Selection Table

LM 2596 SERIESBUCK REGULATOR DESIGN PROCEDURE
Inductor Value Selection Guides (For Continuous Mode Operation)

40V F B\ Z ] 40VF 57 - \ 4
LY 6 v >amren p A WE 30V A1 7Y
10V Lzl {LSZ L41 2oV ) 138 /),
- VP —
8V L22 \< L33 18V L29- L30
v Y 4 17V /%‘
v ’( L23 Q L34 16V 12121
L24
L 15y 122
L15 L25 L23
sv_J e 14V
06 08 10 15 20 25 0.6 08 10 15 20 25
3.0 3.0
Figure 4. LM2596-3.3 Figure 6. LM2596-12
dmfPEeEFARATAE BEIJING ESTEK ELECTRONICS CO.,LTD
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40V T — s 70 Eiguge 7.1 M25!
20V NPl B Sl gg B R s ‘w'%ma
L36
15V a g 40 L28 37 L\
12v / 20 L29 =~ 138 /,
10V [-L21 —132 41 25 L30 39
9V 14 t 20 t \ L31 L40
k22 L33 15 2L | 7h
— ) L32
8V 4 f 22| L33
7 123 L34 10 _
0 A L23 ] L34
L24 24 1 —
d s —= 1 U
5 [ Lo |_2|5 ]
v LA Lad ~ 4 L\
0.6 08 1.0 1.5 20 25 06 08 1.0 15 2.0 25
3.0 3.0
MAXIMUM LOAD CURRENT (A)
LM2596 SERIES BUCK REGULATOR DESIGN PROCEDURE (Continued)
Cur- Schott Renco Pul<e
(uH) rent | Through Surface | Through Hole | Surface Through Surface Surface M ount
(A) Hole M ount M ount Hole M ount
L15 22 0.99 67148350 | 67148460 RL-1284-22-43 RL1500-22  PE-538[L5 PE-53815-S
D03308-223
21 68 0.99 67144070 | 67144450 RL-5471-5 RLI500-68 PE-53821 PE-S3821-S
DU3316-0665
LZZ a7 117 o7 144U0U o7 144400 RE=5471-6 - PE-330622 PE-23042-S5
DO3316-473
L2333 1.40— 67144090 67144470 RL-5471-7 PE-53823—PE53823-S
DQO3316-333
124 | 22 170 | 67148370 | 67148480 | RI-12832243 - PE-%53824 PE-53825-S
D03316-223
L25 15 2.10 67148380 | 67148490 RL-1283-1543 - PE-53825 PE-53824-S
D03316-153
L26 330 0.80 67144100 | 67144480 RL-5471-1 - PE-53826 PE-53826-S
DOB0P2P-334
27 | 220 T.00 | 67144110 | 67144490 RL-5471-2 - PE-53827 PE-53827-S
DEBAPIP-224
128 156 1.26 671441201 67144500 RE=5471-3 = PE=53828 PE53828-S
DOB0; 1654
L 29 100 1 47 67144130 67144510 Rl -5471-4 - PE-53829 | PE-53820.S
DOS0R2P-104
L30 68 1.78 67144140 | 67144520 RL-5471-5 - PE-53830 PE-53830-S
DO50R2P-683
L31 47 2.20 67144150 | 67144530 RL-5471-6 - PE-53831 PE-53831-S
DOROP2P-473
L32 33 2.50 67144160 | 67144540 RL-5471-7 - PE-53932 PE-53932-S
DOS0P2P-333
£33 22 310 671483901 67148500 RE=12832243 = PE-$53933 PEB3933FS—
DOS0R2P-223
1 21 - 1= 2 AN a’271/A0A4ANN a’71121070N DI 127072 15 A2 DCE E20241 CC E2024 C
=
=
L %88 Typical RMS current ratings
= of low ESR Electrol ic ”Z
£ 1800 [Capacitor. 100kHz,@I 05°C /?
= > :
® iigg 680uF P Figure 9. RMS Current Ratings for Low ESR
= z D o Electrolytic Capacitors (typical)
= 1200 / i A
L 1000 /| 270uF
£ 800 /S 180uF
73 >
3 600 7/ L 120uF
S —
=
< 400
=
< 0O 10 20 30 40 50 60 70
CAPACITOR VOLTAGE RATING (V)
dbmPReEFHRAA BEIJING ESTEK ELECTRONICS CO.,LTD
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