General Description

The LM2575 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 1A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an
adjustable output version.

Requiring a minimum number of external components,
these regulators are simple to use and include internal fre-
quency compensation and a fixed-frequency oscillator.

The LM2575 series offers a high-efficiency replacement for
popular three-terminal linear regulators. It substantially re-
duces the size of the heat sink, and in many cases no heat
sink is required.

A standard series of inductors optimized for use with the
LM2575 are available from several different manufacturers.
This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed *4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and £10% on the oscillator frequency. External
shutdown is included, featuring 50 nA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.
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LM1575/LM1575HV/LM2575/LM2575HV Series
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator
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Features
m 3.3V, 5V, 12V, 15V, and adjustable output versions
W Adjustable version output voltage range,
1.23V to 37V (57V for HV version) +4% max over
line and load conditions
m Guaranteed 1A output current
m Wide input voltage range, 40V up to 60V
for HV version
W Requires only 4 external components
W 52 kHz fixed frequency internal oscillator
B TTL shutdown capability, low power standby mode
| High efficiency
B Uses readily available standard inductors
B Thermal shutdown and current limit protection
m P+ Product Enhancement tested

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regualtor for linear regulators

m On-card switching regulators

m Positive to negative converter (Buck-Boost)

Typlcal Application (Fixed Output Voltage Versions)
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If Military/Aerospace specified
please contact the National

Maximum Supply Voltage
LM1575/LM2575
LM1575HV/LM2575HV

ON/OFF Pin Input Voltage

Output Voltage to Ground
(Steady State)

Power Dissipation
Storage Temperature Range

Absolute Maximum Ratings (note 1)

devices are required,
Semiconductor Sales

Office/Distributors for availability and specifications.

45V
63V

—03V<V<<+Vpy

-1V
Internally Limited
—65°Cto +150°C

Minimum ESD Rating

(C =100 pF,R = 1.5kQ)
Lead Temperature

(Soldering, 10 sec.)
Maximum Junction Temperature

Operating Ratings

Temperature Range
LM1575/LM1575HV
LM2575/LM2575HV

Supply Voltage
LM1575/LM2575
LM1575HV/LM2575HV

LM1575-3.3, LM1575HV-3.3, LM2575-3.3, LM2575HV-3.3

Electrical Characteristics specifications with standard type face are for T; = 25°C, and those with boldface
type apply over full Operating Temperature Range.

—55°C < T,
—40°C < Ty

IN A

2kV

260°C
150°C

+150°C
+125°C

40V
60V

LM1575-3.3 LM2575-3.3
. LM1575HV-3.3 | LM2575HV-3.3 | ynits
Symbol Parameter Conditions Typ L
Limit Limit (Limits)
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
VouTt Output Voltage ViN = 12V, IL.paDp = 0.2A 3.3 \%
Circuit of Figure 2 3.267 3.234 V(Min)
3.333 3.366 V(Max)
Vout Output Voltage 475V < V)N < 40V,0.2A < lipap < 1A | 83 \"
LM1575/LM2575 Circuit of Figure 2 3.200/3.168 | 3.168/3.135 | V(Min)
3.400/3.432 | 3.432/3.465 | V(Max)
Vout Output Voltage 475V < VN < 60V,0.2A <lpap<1A | 33 \"
LM1575HV/LM2575HV | Circuit of Figure 2 3.200/3.168 | 3.168/3.135 | V(Min)
3.416/3.450 | 3.450/3.482 | V(Max)
n Efficiency VIN = 12V, ILoaD = 1A 75 %

LM1575-5.0, LM1575HV-5.0, LM2575-5.0, LM2575HV-5.0

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM1575-5.0 LM2575-5.0

. LM1575HV-5.0 | LM2575HV-5.0 Units

Symbol Parameter Conditions Typ L
Limit Limit (Limits)

(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2

Vout Output Voltage VIN = 12V, I oap = 0.2A 5.0 \
Circuit of Figure 2 4.950 4.900 V(Min)
5.050 5.100 V(Max)

Vout Output Voltage 0.2A < Il oap < 1A, 5.0 Vv
LM1575/LM2575 8V < V)N < 40V 4.850/4.800 4.800/4.750 V(Min)
Circuit of Figure 2 5.150/5.200 5.200/5.250 V(Max)

Vout Output Voltage 0.2A <l poaDp < 1A, 5.0 \"
LM1575HV/LM2575HV 8V < V|y < 60V 4.850/4.800 4.800/4.750 V(Min)
Circuit of Figure 2 5.175/5.225 5.225/5.275 V(Max)

n Efficiency VIN = 12V, I oap = 1A 77 %
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LM1575-12, LM1575HV-12, LM2575-12, LM2575HV-12

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM1575-12 LM2575-12
Symbol Parameter Conditions T LM1575HV-12 LM2575HV-12 Units
4 P Limit Limit (Limits)
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2

Vout Output Voltage VIN = 25V, ILpaDp = 0.2A 12 \
Circuit of Figure 2 11.88 11.76 V(Min)
12.12 12.24 V(Max)

VouTt Output Voltage 0.2A < I poaD < 1A, 12 "
LM1575/LM2575 15V < V)N < 40V 11.64/11.52 11.52/11.40 V(Min)
Circuit of Figure 2 12.36/12.48 12.48/12.60 V(Max)

VouTt Output Voltage 0.2A < I oaD < 1A, 12 \"
LM1575HV/LM2575HV 15V < VN < 60V 11.64/11.52 11.52/11.40 V(Min)
Circuit of Figure 2 12.42/12.54 12.54/12.66 V(Max)

M Efficiency ViN = 15V, ILoap = 1A 88 %

LM1575-15, LM1575HV-15, LM2575-15, LM2575HV-15

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM1575-15 LM2575-15
Symbol Parameter Conditions T LM1575HV-15 LM2575HV-15 Units
4 e Limit Limit (Limits)
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
VouTt Output Voltage VIN = 30V, ILpap = 0.2A 15 \'
Circuit of Figure 2 14.85 14.70 V(Min)
15.15 15.30 V(Max)
VouTt Output Voltage 0.2A <l poaDp < 1A, 15 \'%
LM1575/LM2575 18V < V)y < 40V 14.55/14.40 14.40/14.25 V(Min)
Circuit of Figure 2 15.45/15.60 15.60/15.75 V(Max)
VouTt Output Voltage 0.2A <l poaDp < 1A, 15 \"
LM1575HV/LM2575HV 18V < V)y < 60V 14.55/14.40 14.40/14.25 V(Min)
Circuit of Figure 2 15.525/15.675 15.68/15.83 V(Max)
n Efficiency ViN = 18V, Il poap = 1A 88 %

LM1575-ADJ, LM1575HV-ADJ, LM2575-ADJ, LM2575HV-ADJ

Electrical Characteristics
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem-
perature Range.

LM1575-ADJ LM2575-ADJ
Symbol Parameter Conditions T LM1575HV-ADJ | LM2575HV-ADJ | Units
4 e Limit Limit (Limits)
(Note 2) (Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
VouTt Feedback Voltage ViN = 12V, IL.paDp = 0.2A 1.230 \%
VouTt = 5V 1.217 1.217 V(Min)
Circuit of Figure 2 1.243 1.243 V(Max)
VouT Feedback Voltage 0.2A <l paDp < 1A, 1.230 \%
LM1575/LM2575 8V < V|y < 40V 1.205/1.193 1.193/1.180 V(Min)
Vout = 5V, Circuit of Figure 2 1.255/1.267 1.267/1.280 V(Max)
VouT Feedback Voltage 0.2A <l poaDp < 1A, 1.230 \%
LM1575HV/LM2575HV | 8V < V|y < 60V 1.205/1.193 1.193/1.180 V(Min)
Vout = 5V, Circuit of Figure 2 1.261/1.273 1.273/1.286 | V(Max)
n Efficiency ViN = 12V, IL.oaDp = 1A, VouTt = 5V 77 %
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All Output Voltage Versions

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range. Unless otherwise specified, V|y = 12V for the 3.3V, 5V, and

Adjustable version, V| = 25V for the 12V version, and V| = 30V for the 15V version. I pap = 200 mA.
LM1575-XX LM2575-XX
. LM1575HV-XX | LM2575HV-XX | Units
Symbol Parameter Conditions T e
v e Limit Limit (Limits)
(Note 2) (Note 3)
DEVICE PARAMETERS
Iy Feedback Bias Current | Voyt = 5V (Adjustable Version Only) 50 100/500 100/500 nA
fo Oscillator Frequency (Note 13) 52 kHz
47/43 47/42 kHz(Min)
58/62 58/63 kHz(Max)
VsaT Saturation Voltage lout = 1A (Note 5) 0.9 \%
1.2/1.4 1.2/1.4 V(Max)
DC Max Duty Cycle (ON) (Note 6) 98 %
93 93 % (Min)
loL Current Limit Peak Current (Notes 5 and 13) 2.2 A
1.7/1.3 1.7/1.3 A(Min)
3.0/3.2 3.0/3.2 A(Max)
I Output Leakage Current | (Notes 7 and 8) Output = 0V 2 2 mA(Max)
Output = —1V | 7.5 mA
Output = —1V 30 30 mA(Max)
Il Quiescent Current (Note 7) 5 mA
10/12 10 mA(Max)
Istey | Standby Quiescent ON/OFF Pin = 5V (OFF) 50 A
Current 200/500 200 nA(Max)
AN Thermal Resistance K Package, Junction to Ambient 35
04c K Package, Junction to Case 1.5
0JA T Package, Junction to Ambient (Note 9) 65
04a T Package, Junction to Ambient (Note 10) | 45 °C/W
04c T Package, Junction to Case 2
AVN N Package, Junction to Ambient (Note 11) | 85
AN M Package, Junction to Ambient (Note 11) | 100
0JA S Package, Junction to Ambient (Note 12) | 37
ON/OFF CONTROL Test Gircuit Figure 2
ViH ON/OFF Pin Logic VouT = OV 1.4 2.2/2.4 2.2/2.4 V(Min)
ViL Input Level Vout = Nominal Output Voltage 1.2 1.0/0.8 1.0/0.8 V(Max)
IH ON/OFF Pin Input ON/OFF Pin = 5V (OFF) 12 rA
Current 30 30 nA(Max)
I ON/OFF Pin = 0V (ON) 0 rA
10 10 rA(Max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.
Note 2: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All limts are used to calculate Average
Outgoing Quality Leel, and all are 100% production tested.

Note 3: All limits guaranteed at 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 correlation using standard Statistical Quality Control (SQC) methods.

Note 4: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the
LM1575/LM2575 is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics.
Note 5: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.

Note 6: Feedback (pin 4) removed from output and connected to OV.

Note 7: Feedback (pin 4) removed from output and connected to + 12V for the Adjustable, 3.3V, and 5V versions, and + 25V for the 12V and 15V versions, to
force the output transistor OFF.

Note 8: V| = 40V (60V for the high voltage version).
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Electrical Characteristics (Notes) (Continued)

Note 9: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with ¥ inch leads in a socket, or on a PC
board with minimum copper area.

Note 10: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1 inch leads soldered to a PC
board containing approximately 4 square inches of copper area surrounding the leads.

Note 11: Junction to ambient thermal resistance with approxmiately 1 square inch of pc board copper surrounding the leads. Additional copper area will lower
thermal resistance further. See thermal model in Switchers made Simple software.

Note 12: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package: Using
0.5 square inches of copper area, 8,4 is 50°C/W; with 1 square inch of copper area, 6, is 37°C/W; and with 1.6 or more square inches of copper area, 04 is
32°C/W.

Note 13: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which causes the regulated output voltage to drop
approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Note 14: Refer to RETS LM1575K, LM1575HVK for current revision of military RETS/SMD.

Typical Performance Characteristics (Circuit of Figure 2)
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Typical Performance Characteristics (continueq)

Minimum Operating Voltage
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Adjustable Version Only
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Typical Performance Characteristics (circuit of Figure 2) (Continued)

Feedback Pin Current
100

Adjustable Version Only
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Test Circuit and Layout Guidelines

Fixed Output Voltage Versions

FEEDBACK
+,
N m2s7sHv |
7] FIXED OUTPUT | oureur L
Vin
100 pF N 2 330 pH
UNREGULATED  © “Fono '3 onsorr [ 5 P
0C INPUT ¢ o1
W 110006

|

Switching Waveforms
10V
A { 0
0
1A

(s

1A

| |
4 | LES

= | g
TL/H/11475-6

Vout = 5V

A: Output Pin Voltage, 10V/div

B: Output Pin Current, 1A/div

C: Inductor Current, 0.5A/div

D: Output Ripple Voltage, 20 mV/div,

AC-Coupled

Horizontal Time Base: 5 us/div

As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For
minimal inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as
possible. Single-point grounding (as indicated) or ground
plane construction should be used for best results. When
using the Adjustable version, physically locate the program-
ming resistors near the regulator, to keep the sensitive feed-
back wiring short.

Cin— 100 pnF, 75V, Aluminum Electrolytic
Cout — 330 pF, 25V, Aluminum Electrolytic
D1 — Schottky, 11DQ06
L1 — 330 pH, PE-52627 (for 5V in, 3.3V out,
use 100 pH, PE-92108)

Vour

Adjustable Output Voltage Version

TL/H/11475-8

FEEDBACK
"] LM2575HV- |
[ Vour _ ( + &)
ADJ OUTPUT L 5.00v Vour = Vaer | 1 R1
7V - 8OV — 2
UNREGULATED 100 uF oo [ onjorr | 5 mm)”” J_* Cour _iE | R2 = R1 (—VOUT - 1)
DC INPUT O 330 uF VRer
110Q06 < g A
D
1 3 where VRgr = 1.23V, R1 between 1k and 5k.
£ R1— 2k, 0.1%
= TL/H/11475-9 R2— 612K 01%
—6.12k, 0.1%
Note: Pin numbers are for the TO-220 package.
FIGURE 2
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LM2575 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Output Voltage Versions)

EXAMPLE (Fixed Output Voltage Versions)

Given:
Vout = Regulated Output Voltage (3.3V, 5V, 12V, or 15V)
Vin(Max) = Maximum Input Voltage
ILoap(Max) = Maximum Load Current

1. Inductor Selection (L1)
A. Select the correct Inductor value selection guide from
Figures 3, 4, 5, or 6. (Output voltages of 3.3V, 5V, 12V or
15V respectively). For other output voltages, see the
design procedure for the adjustable version.
B. From the inductor value selection guide, identify the
inductance region intersected by V|n(Max) and
ILoap(Max), and note the inductor code for that region.
C. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 9. Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2575 switching frequency (52 kHz) and
for a current rating of 1.15 X I pap. For additional
inductor information, see the inductor section in the
Application Hints section of this data sheet.

2. Output Capacitor Selection (CoyT)
A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation and an acceptable
output ripple voltage, (approximately 1% of the output
voltage) a value between 100 uF and 470 uF is
recommended.
B. The capacitor’s voltage rating should be at least 1.5
times greater than the output voltage. For a 5V regulator,
arating of at least 8V is appropriate, and a 10V or 15V
rating is recommended.
Higher voltage electrolytic capacitors generally have lower
ESR numbers, and for this reasion it may be necessary to
select a capacitor rated for a higher voltage than would
normally be needed.

3. Catch Diode Selection (D1)
A. The catch-diode current rating must be at least 1.2
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2575. The most stressful
condition for this diode is an overload or shorted output
condition.
B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

4. Input Capacitor (Cin)
An aluminum or tantalum electrolytic bypass capacitor
located close to the regulator is needed for stable
operation.

Given:

Vout = 5V

Vin(Max) = 20V

ILoap(Max) = 0.8A

Inductor Selection (L1)

A. Use the selection guide shown in Figure 4.

B. From the selection guide, the inductance area
intersected by the 20V line and 0.8A line is L330.

C. Inductor value required is 330 pwH. From the table in
Figure 9, choose AIE 415-0926, Pulse Engineering
PE-52627, or RL1952.

Output Capacitor Selection (CoyT)

A.Coyt = 100 uF to 470 nF standard aluminum
electrolytic.

B. Capacitor voltage rating = 20V.

Catch Diode Selection (D1)

A. For this example, a 1A current rating is adequate.

B. Use a 30V 1N5818 or SR103 Schottky diode, or any of
the suggested fast-recovery diodes shown in Figure 8.

Input Capacitor (Cin)
A 47 uF, 25V aluminum electrolytic capacitor located near
the input and ground pins provides sufficient bypassing.
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LM2575 Series Buck Regulator Design Procedure (continued)
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)

MAXIMUM INPUT VOLTAGE (V)

MAXIMUM INPUT VOLTAGE (V)
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LM2575 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Given:
Vout = Regulated Output Voltage
Vin(Max) = Maximum Input Voltage
ILoaD(Max) = Maximum Load Current
F = Switching Frequency (Fixed at 52 kHz)
1. Programming Output Voltage (Selecting R1 and R2, as
shown in Figure 2)

Use the following formula to select the appropriate
resistor values.

R2
VouT = VREr (1 + E) where Vger = 1.23V

R1 can be between 1k and 5k. (For best temperature
coefficient and stability with time, use 1% metal film

resistors)
V
R2 = Ri (—OUT - 1)
VREF

2. Inductor Selection (L1)

A. Calculate the inductor Volt ® microsecond constant,

E o T (V @ us), from the following formula:

VouTt . 1000
VIN  F(inkHz)
B. Use the E ® T value from the previous formula and
match it with the E ® T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 7.
C. On the horizontal axis, select the maximum load
current.
D. Identify the inductance region intersected by the E® T
value and the maximum load current value, and note the
inductor code for that region.
E. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 9. Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2575 switching frequency (52 kHz)
and for a current rating of 1.15 X I pap. For additional
inductor information, see the inductor section in the
application hints section of this data sheet.

EeT = (Vin — Vour

(Ve ps)

3. Output Capacitor Selection (CoyT)

A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation, the capacitor must
satisfy the following requiremti/nt:(M )

N IN(Max

Cour = 7785~ "0y )

The above formula yields capacitor values between 10 uF
and 2000 uF that will satisfy the loop requirements for
stable operation. But to achieve an acceptable output
ripple voltage, (approximately 1% of the output voltage)
and transient response, the output capacitor may need to
be several times larger than the above formula yields.
B. The capacitor’s voltage rating should be at last 1.5
times greater than the output voltage. For a 10V regulator,
arating of at least 15V or more is recommended.
Higher voltage electrolytic capacitors generally have
lower ESR numbers, and for this reasion it may be
necessary to select a capacitor rate for a higher voltage
than would normally be needed.

Given:
Vout = 10V
Vin(Max) = 25V
lLoap(Max) = 1A
= 52 kHz
1. Programming Output Voltage (Selecting R1 and R2)

R2
Vout = 1.23(1 + E) Select R1 = 1k

VouTt ) ( 10v )
R2=R1|———1) =1kl—-—1
(VREF 1.23V

R2 = 1k (8.13 — 1) = 7.13k, closest 1% value is 7.15k

2. Inductor Selection (L1)
A. Calculate E® T (V ® us)

10 1000
EeT=(25—10)e—s
25 52

=115Vepus

B.EeT=115Veus

C.l oap(Max) = 1A

D. Inductance Region = H470

E. Inductor Value = 470 uH Choose from AIE
part #430-0634, Pulse Engineering

part #PE-53118, or Renco part #RL-1961.

3.  Output Capacitor Selection (CoyT)
5 —
T0e150  130KF
However, for acceptable output ripple voltage select
Cout = 220 uF
CouT = 220 uF electrolytic capacitor

A.Coyt > 7,785

http://www.national.com
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LM2575 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

. Catch Diode Selection (D1)
A. The catch-diode current rating must be at least 1.2
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2575. The most stressful
condition for this diode is an overload or shorted output.
See diode selection guide in Figure 8.
B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.
Input Capacitor (Cin)
An aluminum or tantalum electrolytic bypass capacitor
located close to the regulator is needed for stable
operation.

4. Catch Diode Selection (D1)
A. For this example, a 3A current rating is adequate.
B. Use a 40V MBR340 or 31DQ04 Schottky diode, or any of the
suggested fast-recovery diodes in Figure 8.

5. Input Capacitor (Cin)
A 100 pF aluminum electrolytic capacitor located near the input
and ground pins provides sufficient bypassing.

To further simplify the buck regulator Schottky Fast Recovery
design procedure, National Semicon- VR 1A 3A 1A 3A
ductor is making available computer
design software to be used with the 20V 1N5817 1N5820
Simple Switcher line of switching regu- MBR120P MBR320
lators. Switchers Made Simple (ver- SR102 SR302
sion 3.3) is available on a (31”) disk- 30V 1N5818 1N5821
ette for IBM compatible computers MBR130P MBR330
from a National Semiconductor sales 11DQO3 31DQ03 The following The following
office in your area. SR103 SR303 diodes are all diodes are all
40V 1N5819 IN5822 rated to 100V rated to 100V
MBR140P MBR340
11DQ04 31DQ04 11DF1 31DF1
SR104 SR304 MUR110 MURD310
50V MBR150 MBR350 HER102 HER302
11DQO05 31DQ05
SR105 SR305
60V MBR160 MBR360
11DQ06 31DQ06
SR106 SR306
FIGURE 8. Diode Selection Guide
Inductor Inductor Schott Pulse Eng. Renco
Code Value (Note 1) (Note 2) (Note 3)
L100 100 pH 67127000 PE-92108 RL2444
L150 150 uH 67127010 PE-53113 RL1954
L220 220 pH 67127020 PE-52626 RL1953
L330 330 pH 67127030 PE-52627 RL1952
L470 470 uH 67127040 PE-53114 RL1951
L680 680 uH 67127050 PE-52629 RL1950
H150 150 uH 67127060 PE-53115 RL2445
H220 220 pH 67127070 PE-53116 RL2446
H330 330 uH 67127080 PE-53117 RL2447
H470 470 pH 67127090 PE-53118 RL1961
H680 680 uH 67127100 PE-53119 RL1960
H1000 1000 uH 67127110 PE-53120 RL1959
H1500 1500 pH 67127120 PE-53121 RL1958
H2200 2200 uH 67127130 PE-53122 RL2448
Note 1: Schott Corp., (612) 475-1173, 1000 Parkers Lake Rd., Wayzata, MN 55391.
Note 2: Pulse Engineering, (619) 674-8100, P.O. Box 12236, San Diego, CA 92112.

Note 3: Renco Electronics Inc., (516) 586-5566, 60 Jeffryn Blvd. East, Deer Park, NY 11729.
FIGURE 9. Inductor Selection by Manufacturer’s Part Number

1
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Application Hints

INPUT CAPACITOR (Cjy)

To maintain stability, the regulator input pin must be by-
passed with at least a 47 uF electrolytic capacitor. The ca-
pacitor’s leads must be kept short, and located near the
regulator.

If the operating temperature range includes temperatures
below —25°C, the input capacitor value may need to be
larger. With most electrolytic capacitors, the capacitance
value decreases and the ESR increases with lower temper-
atures and age. Paralleling a ceramic or solid tantalum ca-
pacitor will increase the regulator stability at cold tempera-
tures. For maximum capacitor operating lifetime, the capaci-
tor’s RMS ripple current rating should be greater than

t

12 % (ﬂ) X ILoAD
T

t \

where ON _ mfor a buck regulator
VIN
t V

and 2N = [Vourl for a buck-boost regulator.

T outl + Vin

INDUCTOR SELECTION

All switching regulators have two basic modes of operation:
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether it is flow-
ing continuously, or if it drops to zero for a period of time in
the normal switching cycle. Each mode has distinctively dif-
ferent operating characteristics, which can affect the regula-
tor performance and requirements.

The LM2575 (or any of the Simple Switcher family) can be
used for both continuous and discontinuous modes of oper-
ation.

The inductor value selection guides in Figures 3 through 7
were designed for buck regulator designs of the continuous
inductor current type. When using inductor values shown in
the inductor selection guide, the peak-to-peak inductor rip-
ple current will be approximately 20% to 30% of the maxi-
mum DC current. With relatively heavy load currents, the
circuit operates in the continuous mode (inductor current
always flowing), but under light load conditions, the circuit
will be forced to the discontinuous mode (inductor current
falls to zero for a period of time). This discontinuous mode
of operation is perfectly acceptable. For light loads (less
than approximately 200 mA) it may be desirable to operate
the regulator in the discontinuous mode, primarily because
of the lower inductor values required for the discontinuous
mode.

The selection guide chooses inductor values suitable for
continuous mode operation, but if the inductor value chosen
is prohibitively high, the designer should investigate the pos-
sibility of discontinuous operation. The computer design
software Switchers Made Simple will provide all compo-
nent values for discontinuous (as well as continuous) mode
of operation.

Inductors are available in different styles such as pot core,
toriod, E-frame, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-

pensive, the bobbin core type, consists of wire wrapped on
a ferrite rod core. This type of construction makes for an
inexpensive inductor, but since the magnetic flux is not com-
pletely contained within the core, it generates more electro-
magnetic interference (EMI). This EMI can cause problems
in sensitive circuits, or can give incorrect scope readings
because of induced voltages in the scope probe.

The inductors listed in the selection chart include ferrite pot
core construction for AIE, powdered iron toroid for Pulse
Engineering, and ferrite bobbin core for Renco.

An inductor should not be operated beyond its maximum
rated current because it may saturate. When an inductor
begins to saturate, the inductance decreases rapidly and
the inductor begins to look mainly resistive (the DC resist-
ance of the winding). This will cause the switch current to
rise very rapidly. Different inductor types have different satu-
ration characteristics, and this should be kept in mind when
selecting an inductor.

The inductor manufacturer’s data sheets include current
and energy limits to avoid inductor saturation.

INDUCTOR RIPPLE CURRENT

When the switcher is operating in the continuous mode, the
inductor current waveform ranges from a triangular to a
sawtooth type of waveform (depending on the input volt-
age). For a given input voltage and output voltage, the peak-
to-peak amplitude of this inductor current waveform remains
constant. As the load current rises or falls, the entire saw-
tooth current waveform also rises or falls. The average DC
value of this waveform is equal to the DC load current (in
the buck regulator configuration).

If the load current drops to a low enough level, the bottom
of the sawtooth current waveform will reach zero, and the
switcher will change to a discontinuous mode of operation.
This is a perfectly acceptable mode of operation. Any buck
switching regulator (no matter how large the inductor value
is) will be forced to run discontinuous if the load current is
light enough.

OUTPUT CAPACITOR

An output capacitor is required to filter the output voltage
and is needed for loop stability. The capacitor should be
located near the LM2575 using short pc board traces. Stan-
dard aluminum electrolytics are usually adequate, but low
ESR types are recommended for low output ripple voltage
and good stability. The ESR of a capacitor depends on
many factors, some which are: the value, the voltage rating,
physical size and the type of construction. In general, low
value or low voltage (less than 12V) electrolytic capacitors
usually have higher ESR numbers.

The amount of output ripple voltage is primarily a function of
the ESR (Equivalent Series Resistance) of the output ca-
pacitor and the amplitude of the inductor ripple current
(Aljp)- See the section on inductor ripple current in Appli-
cation Hints.

The lower capacitor values (220 uF-680 wF) will allow typi-
cally 50 mV to 150 mV of output ripple voltage, while larger-
value capacitors will reduce the ripple to approximately
20 mV to 50 mV.

Output Ripple Voltage = (Aljnp) (ESR of Coyrt)

http://www.national.com
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Application Hints (continued)

To further reduce the output ripple voltage, several standard
electrolytic capacitors may be paralleled, or a higher-grade
capacitor may be used. Such capacitors are often called
“high-frequency,” “low-inductance,” or “low-ESR.” These
will reduce the output ripple to 10 mV or 20 mV. However,
when operating in the continuous mode, reducing the ESR
below 0.05Q can cause instability in the regulator.

Tantalum capacitors can have a very low ESR, and should
be carefully evaluated if it is the only output capacitor. Be-
cause of their good low temperature characteristics, a tanta-
lum can be used in parallel with aluminum electrolytics, with
the tantalum making up 10% or 20% of the total capaci-
tance.

The capacitor’s ripple current rating at 52 kHz should be at
least 50% higher than the peak-to-peak inductor ripple cur-
rent.

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 LM2575 using short leads
and short printed circuit traces.

Because of their fast switching speed and low forward volt-
age drop, Schottky diodes provide the best efficiency, espe-
cially in low output voltage switching regulators (less than
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery
diodes are also suitable, but some types with an abrupt turn-
off characteristic may cause instability and EMI problems. A
fast-recovery diode with soft recovery characteristics is a
better choice. Standard 60 Hz diodes (e.g., 1N4001 or
1N5400, etc.) are also not suitable. See Figure 8 for
Schottky and “soft” fast-recovery diode selection guide.

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply will contain
a sawtooth ripple voltage at the switcher frequency, typically
about 1% of the output voltage, and may also contain short
voltage spikes at the peaks of the sawtooth waveform.

The output ripple voltage is due mainly to the inductor saw-
tooth ripple current multiplied by the ESR of the output ca-
pacitor. (See the inductor selection in the application hints.)

The voltage spikes are present because of the the fast
switching action of the output switch, and the parasitic in-
ductance of the output filter capacitor. To minimize these
voltage spikes, special low inductance capacitors can be
used, and their lead lengths must be kept short. Wiring in-
ductance, stray capacitance, as well as the scope probe
used to evaluate these transients, all contribute to the am-
plitude of these spikes.

An additional small LC filter (20 uH & 100 uF) can be added
to the output (as shown in Figure 15) to further reduce the
amount of output ripple and transients. A 10 X reduction in
output ripple voltage and transients is possible with this fil-
ter.

FEEDBACK CONNECTION

The LM2575 (fixed voltage versions) feedback pin must be
wired to the output voltage point of the switching power
supply. When using the adjustable version, physically locate
both output voltage programming resistors near the LM2575
to avoid picking up unwanted noise. Avoid using resistors
greater than 100 kQ because of the increased chance of
noise pickup.

ON/OFF INPUT

For normal operation, the ON/OFF pin should be grounded
or driven with a low-level TTL voltage (typically below 1.6V).
To put the regulator into standby mode, drive this pin with a
high-level TTL or CMOS signal. The ON/OFF pin can be
safely pulled up to + V)y without a resistor in series with it.
The ON/OFF pin should not be left open.

GROUNDING

To maintain output voltage stability, the power ground con-
nections must be low-impedance (see Figure 2). For the
TO-3 style package, the case is ground. For the 5-lead
TO-220 style package, both the tab and pin 3 are ground
and either connection may be used, as they are both part of
the same copper lead frame.

With the N or M packages, all the pins labeled ground, pow-
er ground, or signal ground should be soldered directly to
wide printed circuit board copper traces. This assures both
low inductance connections and good thermal properties.

HEAT SINK/THERMAL CONSIDERATIONS

In many cases, no heat sink is required to keep the LM2575

junction temperature within the allowed operating range. For

each application, to determine whether or not a heat sink
will be required, the following must be identified:

1. Maximum ambient temperature (in the application).

2. Maximum regulator power dissipation (in application).

3. Maximum allowed junction temperature (150°C for the
LM1575 or 125°C for the LM2575). For a safe, conserva-
tive design, a temperature approximately 15°C cooler
than the maximum temperature should be selected.

4. LM2575 package thermal resistances 64 and 6 c.

Total power dissipated by the LM2575 can be estimated as
follows:

Pp = (ViN) (IQ) + (Vo/ViN) (ILoaD) (VsaT)
where |q (quiescent current) and VgaT can be found in the
Characteristic Curves shown previously, V|y is the applied
minimum input voltage, Vo is the regulated output voltage,
and I poap is the load current. The dynamic losses during
turn-on and turn-off are negligible if a Schottky type catch
diode is used.

13
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Application Hints (continued)

When no heat sink is used, the junction temperature rise
can be determined by the following:

ATy = (Pp) (6,p)
To arrive at the actual operating junction temperature, add

the junction temperature rise to the maximum ambient tem-
perature.

Tyg=ATy+ Ta
If the actual operating junction temperature is greater than
the selected safe operating junction temperature deter-
mined in step 3, then a heat sink is required.

When using a heat sink, the junction temperature rise can
be determined by the following:

ATy = (Pp) (yc + Ointerface T OHeat sink)
The operating junction temperature will be:
Tyg=Ta + ATy
As above, if the actual operating junction temperature is
greater than the selected safe operating junction tempera-
ture, then a larger heat sink is required (one that has a lower
thermal resistance).

When using the LM2575 in the plastic DIP (N) or surface
mount (M) packages, several items about the thermal prop-
erties of the packages should be understood. The majority
of the heat is conducted out of the package through the
leads, with a minor portion through the plastic parts of the
package. Since the lead frame is solid copper, heat from the
die is readily conducted through the leads to the printed
circuit board copper, which is acting as a heat sink.

For best thermal performance, the ground pins and all the
unconnected pins should be soldered to generous amounts
of printed circuit board copper, such as a ground plane.
Large areas of copper provide the best transfer of heat to
the surrounding air. Copper on both sides of the board is
also helpful in getting the heat away from the package, even
if there is no direct copper contact between the two sides.
Thermal resistance numbers as low as 40°C/W for the SO
package, and 30°C/W for the N package can be realized
with a carefully engineered pc board.

Included on the Switchers Made Simple design software is
a more precise (non-linear) thermal model that can be used
to determine junction temperature with different input-output
parameters or different component values. It can also calcu-
late the heat sink thermal resistance required to maintain
the regulators junction temperature below the maximum op-
erating temperature.

Additional Applications

INVERTING REGULATOR

Figure 10 shows a LM2575-12 in a buck-boost configuration
to generate a negative 12V output from a positive input volt-
age. This circuit bootstraps the regulator’s ground pin to the
negative output voltage, then by grounding the feedback
pin, the regulator senses the inverted output voltage and
regulates it to —12V.

For an input voltage of 12V or more, the maximum available
output current in this configuration is approximately 0.35A.
At lighter loads, the minimum input voltage required drops to
approximately 4.7V.

The switch currents in this buck-boost configuration are
higher than in the standard buck-mode design, thus lower-
ing the available output current. Also, the start-up input cur-
rent of the buck-boost converter is higher than the standard
buck-mode regulator, and this may overload an input power
source with a current limit less than 1.5A. Using a delayed
turn-on or an undervoltage lockout circuit (described in the
next section) would allow the input voltage to rise to a high
enough level before the switcher would be allowed to turn
on.

Because of the structural differences between the buck and
the buck-boost regulator topologies, the buck regulator de-
sign procedure section can not be used to to select the
inductor or the output capacitor. The recommended range
of inductor values for the buck-boost design is between
68 uH and 220 pH, and the output capacitor values must be
larger than what is normally required for buck designs. Low
input voltages or high output currents require a large value
output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak
switch current, can be calculated from the following formula:

~ loap Vin + Vo) | VinIVol 1

VIN ViN + Vol ~ 2L fosc
Where fosc = 52 kHz. Under normal continuous inductor
current operating conditions, the minimum Vy represents
the worst case. Select an inductor that is rated for the peak
current anticipated.
Also, the maximum voltage appearing across the regulator
is the absolute sum of the input and output voltage. For a
—12V output, the maximum input voltage for the LM2575 is
+28V, or +48V for the LM2575HV.
The Switchers Made Simple (version 3.3) design software
can be used to determine the feasibility of regulator designs
using different topologies, different input-output parameters,
different components, etc.

Ip

+12 TO +25V
UNREGULATED FEEDBACK
DC INPUT +Vy p

LM2575HV-12 L1
N | 1 OUTPUT
G

100 uF 2 100 pH
3|GND 5| ON/OFF
_ D1 + _—
=-—C
ouT
1N5819 T 2200 4F
-12V @0.35A
REGULATED
OUTPUT

TL/H/11475-15
FIGURE 10. Inverting Buck-Boost Develops — 12V
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Additional Applications (continued)

NEGATIVE BOOST REGULATOR

Another variation on the buck-boost topology is the nega-
tive boost configuration. The circuit in Figure 11 accepts an
input voltage ranging from —5V to —12V and provides a
regulated —12V output. Input voltages greater than —12V
will cause the output to rise above —12V, but will not dam-
age the regulator.

Because of the boosting function of this type of regulator,
the switch current is relatively high, especially at low input
voltages. Output load current limitations are a result of the
maximum current rating of the switch. Also, boost regulators
can not provide current limiting load protection in the event
of a shorted load, so some other means (such as a fuse)
may be necessary.

- y 4.Fezedback i Cout -
IN 1000 uF
LM2575 —12 | output 1 #
5 Low ESR
2
3 5
iy 1N5817
ul IO ON/OFF
T 100 kF Vour = =12V
Vi 150 pH
OO Typical Load Current
=5 to —12V 200 mA for Viy = —5.2V

TL/H/11475-16 500 mAforViy = —7V
Note: Pin numbers are for TO-220 package.

FIGURE 11. Negative Boost

UNDERVOLTAGE LOCKOUT

In some applications it is desirable to keep the regulator off
until the input voltage reaches a certain threshold. An un-
dervoltage lockout circuit which accomplishes this task is
shown in Figure 12, while Figure 13 shows the same circuit
applied to a buck-boost configuration. These circuits keep
the regulator off until the input voltage reaches a predeter-
mined level.

VTH = Vz1 + 2VEe (Q1)
DELAYED STARTUP

The ON/OFF pin can be used to provide a delayed startup
feature as shown in Figure 74. With an input voltage of 20V
and for the part values shown, the circuit provides approxi-
mately 10 ms of delay time before the circuit begins switch-
ing. Increasing the RC time constant can provide longer de-
lay times. But excessively large RC time constants can
cause problems with input voltages that are high in 60 Hz or
120 Hz ripple, by coupling the ripple into the ON/OFF pin.

ADJUSTABLE OUTPUT, LOW-RIPPLE

POWER SUPPLY

A 1A power supply that features an adjustable output volt-
age is shown in Figure 15. An additional L-C filter that reduc-
es the output ripple by a factor of 10 or more is included in
this circuit.

VN VN
L g 11 LM2575 — XX
+

R1 S 20k & 20k —
b3 Gn 5] oN/oFF 3|Gnd

1 - —
a1

R2 $ 10k

TL/H/11475-17
Note: Complete circuit not shown.
Note: Pin numbers are for the TO-220 package.

FIGURE 12. Undervoltage Lockout for Buck Circuit

VN
LM2575 - XX

R ON/OFF 3| 6nd
Z1
R2

~Vour

TL/H/11475-18
Note: Complete circuit not shown (see Figure 10).
Note: Pin numbers are for the TO-220 package.

FIGURE 13. Undervoltage Lockout
for Buck-Boost Circuit

+V, +V,
X9 LM2575 - XX
i 0.1 uF
A pF e
. CDT 5] on/oFF jind
¢
"™ Tioo KF Rp :E 47k —

TL/H/11475-19
Note: Complete circuit not shown.

Note: Pin numbers are for the TO-220 package.
FIGURE 14. Delayed Startup
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Additional Applications (continued)

Note: Pin numbers are for the TO-220 package.

Definition of Terms

BUCK REGULATOR

A switching regulator topology in which a higher voltage is
converted to a lower voltage. Also known as a step-down
switching regulator.

BUCK-BOOST REGULATOR

A switching regulator topology in which a positive voltage is
converted to a negative voltage without a transformer.
DUTY CYCLE (D)

Ratio of the output switch’s on-time to the oscillator period.

t V,
for buck regulator D = -ON _ YouT
T VIN
ton _ _ IVol

for buck-boost regulator D =
T Vol + Vi

CATCH DIODE OR CURRENT STEERING DIODE

The diode which provides a return path for the load current
when the LM2575 switch is OFF.

EFFICIENCY (n)
The proportion of input power actually delivered to the load.
_Pour___ Pour
PiN  Pout *+ PLoss
CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR)

The purely resistive component of a real capacitor’s imped-
ance (see Figure 16). It causes power loss resulting in ca-
pacitor heating, which directly affects the capacitor’s oper-
ating lifetime. When used as a switching regulator output
filter, higher ESR values result in higher output ripple volt-

ages.
ESR ESL ¢
TL/H/11475-21

FIGURE 16. Simple Model of a Real Capacitor

Most standard aluminum electrolytic capacitors in the
100 nF-1000 nF range have 0.50 to 0.1Q ESR. Higher-
grade capacitors (“low-ESR”, “high-frequency”, or “low-in-
ductance’) in the 100 uF-1000 nF range generally have
ESR of less than 0.15Q.

FEEDBACK
60V iy "
F———————
e et 7|-M2575HV-ADJ L1 | L2 | OuTPUT
OUTPUT VOLTAGE
— 000 —o L 50— 1
—1 2 150 uH RZ 1 90 un I +1.2 to 55V
+| SN 3] 6ND 5| ON/OFF c < 50k | o 1 @A
+ | “our < +
D1 1 |
100 pF
11DQ06 2000 uF I 100 uF |
< Ri 1 1
Stk | 1
1 .
= = = — 1 — I

optional output ripple filter
TL/H/11475-20

FIGURE 15. 1.2V to 55V Adjustable 1A Power Supply with Low Output Ripple

EQUIVALENT SERIES INDUCTANCE (ESL)

The pure inductance component of a capacitor (see Figure
16). The amount of inductance is determined to a large
extent on the capacitor’s construction. In a buck regulator,
this unwanted inductance causes voltage spikes to appear
on the output.

OUTPUT RIPPLE VOLTAGE

The AC component of the switching regulator’s output volt-
age. It is usually dominated by the output capacitor’'s ESR
multiplied by the inductor’s ripple current (Aljnp). The peak-
to-peak value of this sawtooth ripple current can be deter-
mined by reading the Inductor Ripple Current section of the
Application hints.

CAPACITOR RIPPLE CURRENT

RMS value of the maximum allowable alternating current at
which a capacitor can be operated continuously at a speci-
fied temperature.

STANDBY QUIESCENT CURRENT (IsTBY)

Supply current required by the LM2575 when in the standby
mode (ON/OFF pin is driven to TTL-high voltage, thus turn-
ing the output switch OFF).

INDUCTOR RIPPLE CURRENT (Aljnp)

The peak-to-peak value of the inductor current waveform,
typically a sawtooth waveform when the regulator is operat-
ing in the continuous mode (vs. discontinuous mode).

CONTINUOUS/DISCONTINUOUS MODE OPERATION

Relates to the inductor current. In the continuous mode, the
inductor current is always flowing and never drops to zero,
vs. the discontinuous mode, where the inductor current
drops to zero for a period of time in the normal switching
cycle.

INDUCTOR SATURATION

The condition which exists when an inductor cannot hold
any more magnetic flux. When an inductor saturates, the
inductor appears less inductive and the resistive component
dominates. Inductor current is then limited only by the DC
resistance of the wire and the available source current.

OPERATING VOLT MICROSECOND CONSTANT (E*Top)

The product (in Volteus) of the voltage applied to the induc-
tor and the time the voltage is applied. This E®Top constant
is a measure of the energy handling capability of an inductor
and is dependent upon the type of core, the core area, the
number of turns, and the duty cycle.

http://www.national.com 16




Connection Diagrams
(XX indicates output voltage option. See ordering information table for complete part number.)

Straight Leads Bent, Staggered Leads
5-Lead TO-220 (T) 5-Lead TO-220 (T)
ond |—————15- ON/0OFF ond F—T—T—15- ON/0FF
1 4- Feedback [—T—T—14- Feedback
O 13- Ground O —T—T1T—3-Ground
——————17- Output —T—1—1 - Output
[¢) 1-Viy o 1=V
TL/H/11475-22 TL/H/11475-23
Top View Top View
LM2575T-XX or LM2575HVT-XX Pins 1.3 & 5
See NS Package Number TO5A ’
Pins 2 & 4

TL/H/11475-24
Side View

LM2575T-XX Flow LB03 or LM2575HVT-XX Flow LB03
See NS Package Number TO5D

16-Lead DIP (N) 24-Lead Surface Mount (M)
L -/ 16 1 -/ 24,
L] —Vin PWR GND —] @ —
3 14 . 3 22
OUTPUT —— [——GND — —
o4 EER GND * _4 i *
5 12 . 5 20
GND —— [——GND — —
* _6 b GND * _6 i *
7 10 7 18
FB— — FB — ——OUTPUT
. 8 9 8
— —ON/OFF SIG GND —— ——VOUTPUT
. 9 16
- 10 15
TL/H/11475-25 ON/OFF Vin
*No Internal Connection N 11 14
Top View 13 Vin
PWR GND — —"
LM2575N-XX or LM2575HVN-XX

See NS Package Number N16A
TL/H/11475-26

*No Internal Connection

Top View

LM2575M-XX or LM2575HVM-XX
See NS Package Number M24B

4-Lead TO-3 (K)
CASE IS GROUND

+ViN

ON/OFF FEEDBACK

TL/H/11475-27

Bottom View

LM1575K-XX or LM1575HVK-XX/883
See NS Package Number K0O4A
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Connection Diagrams (continued)
(XX indicates output voltage option. See ordering information table for complete part number.)

Ordering Information

TO-263(S)

5-Lead Surface-Mount Package

TAB IS
GND

Top View

13 5- ON/OFF
[ 4~ Feedback
[133- Ground
[ 13 2- Output
1= V)

TL/H/11475-29

LR

Side View

TL/H/11475-30

LM2575S-XX or LM2575HVS-XX
See NS Package Number TS5B

Package NSC Standard High Temperature
Type Package Voltage Rating Voltage Rating Range
Number (40V) (60V)
5-Lead TO-220 TO5A LM2575T-3.3 LM2575HVT-3.3
Straight Leads LM2575T-5.0 LM2575HVT-5.0
LM2575T-12 LM2575HVT-12
LM2575T-15 LM2575HVT-15
LM2575T-ADJ LM2575HVT-ADJ
5-Lead TO-220 TO5D LM2575T-3.3 Flow LB03 LM2575HVT-3.3 Flow LB03
Bent and LM2575T-5.0 Flow LB03 LM2575HVT-5.0 Flow LB03
Staggered Leads LM2575T-12 Flow LB03 LM2575HVT-12 Flow LB03
LM2575T-15 Flow LB03 LM2575HVT-15 Flow LBO3
LM2575T-ADJ Flow LB03 LM2575HVT-ADJ Flow LB03
16-Pin Molded N16A LM2575N-5.0 LM2575HVN-5.0
DIP LM2575N-12 LM2575HVN-12 —40°C < Ty < +125°C
LM2575N-15 LM2575HVN-15
LM2575N-ADJ LM2575HVN-ADJ
24-Pin M24B LM2575M-5.0 LM2575HVM-5.0
Surface Mount LM2575M-12 LM2575HVM-12
LM2575M-15 LM2575HVM-15
LM2575M-ADJ LM2575HVM-ADJ
5-Lead TO-236 TS5B LM2575S-3.3 LM2575HVS-3.3
Surface Mount LM2575S-5.0 LM2575HVS-5.0
LM2575S-12 LM2575HVS-12
LM2575S-15 LM2575HVS-15
LM2575S-ADJ LM2575HVS-ADJ
4-Pin TO-3 KO4A LM1575K-3.3/883 LM1575HVK-3.3/883

LM1575K-5.0/883
LM1575K-12/883
LM1575K-15/883
LM1575K-ADJ/883

LM1575HVK-5.0/883
LM1575HVK-12/883
LM1575HVK-15/883
LM1575HVK-ADJ/883

—55°C < Ty < +150°C

http://www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

0.420-0.500 0.525-0.350
[10.67-12.70] [8.26-8.89]
- —— [0.980-1020 0.060-0.070
wotisiaiy ~[ GRS e
S I 0.490-0.510
L~ R[12.45-12.95]
_;
q
-
20189 \ 2 (2535 25 24]
e e N R o IR
0.038-0.043 x72°
4% 8 [0.97-1.00] | — L
ﬂ_ 0.460-0.480 \
[11.68-12.19] 2x g 0-168-0.178 UNCONTROLLED L
[4.27-4.52] LEAD DIA
0.025 5y | 0.116 g
[0.64] [2.95]
SEATING PLANE — Ko4s (REV )
4-Lead TO-3 (K)
Order Number LM1575K-3.3/883, LM1575HVK-3.3/883,

LM1575K-5.0/883, LM1575HVK-5.0/883, LM1575K-12/883,
LM1575HVK-12/883, LM1575K-15/883, LM1575HVK-15/883,
LM1575K-ADJ/883 or LM1575HVK-ADJ/883
NS Package Number K04A

= B30
15.60
15.20
z4zszzz1ﬁ)ﬁﬁ17 16 15 14 13
0.4190
03940
10.65
LEAD NO 1 02992 "%
IDENTIFICATION ~N\—)- - - - a8l
7.4
—C-]
10 11
~ Q)
0.0125
80998 00991 1Yp ALL LEADS
0.23
mr

(A AEEEEEEL | e

SEATING

PLANE
0.014
0.35

Order Number LM2575M-5.0, LM2575HVM-5.0, LM2575M-12,
LM2575HVM-12, LM2575M-15, LM2575HVM-15,

by
? = e T
0.0500 A
ALL LEAD TIPS
00180 1vp ALL LEADS
0.40 M24B (REV F)

14-Lead Wide Surface Mount (WM)

LM2575M-ADJ or LM2575HVM-ADJ
NS Package Number M24B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.843-0.870
0.090
= 21.41-22.10
% {2.286)—] ( )
e N | [ [ [ [ @ [ [ [
2X) |
0.250 :0.005
PIN NO. 1 IDENT ‘(:) it
N ( ) {6.350 :0.127)
0.280 e
a2 = g0 L) L2) 3] (o] Lsf L] 2] ]
MIN —
(0.762)
0300-0320 | gy 0040
{7.620-8.128) 0.065  0.060 _— 0.130 +0,005
| — - (1.016) ——
| l {1.651) (1524} ‘ Typﬂ ’f (3.302+0.127) 1
) S— — -
+ [ == L] =T 0.145-0.200
¥ (3.683-5.080)
95°+5° 0.009-0.015 90°+4° b2
T {02z5-0381) e 1 2
0075 :0015 _| L H_ 0.018:0003  0.125-0.140 (0.5%6)
0325 000 {1.9050.381) > ™ (457 s0.078) (3-175-3.556)
—_—— 0.100 :0.010
8.255 +1.016) —_—
( ~0.381 (2.540 :0.254)
N18A (REV E)
16-Lead Molded DIP (N)
Order Number LM2575N-5.0, LM2575HVN-5.0, LM2575N-12, LM2575HVN-12,
LM2575N-15, LM2575HVN-15, LM2575N-ADJ or LM2575HVN-ADJ
NS Package Number N16A
- 20 . 0.030-0.040
[2.54-3.05] /_ [3.78-3.89] 5X [0.76-1.02] T
T
)
0.400 533
+0.38 + - - '_'_'_"'_i
[10.16 1333 — _ — o
\ T_ 4x 0-057-0.077
PIN #1 1D [1.45-1.96]
_,|0.240-0.260 | 0.330-0.350 __|
[6.10-6.60] [8.38-8.89]
SEATING PLANE
| [
70 . 0.015 257007
i 7 0,181 1YP
[0.38700% —l
0.175-0.185 4
[e45-470] 4 ’_‘_/ / / }
1
i t
T 0°-6° \44/ 0.105 10010
. -0.015
0.048-0.052 0.525-0.555 —
[1.22-1.32] ([13.34-14410]) ’ [2.67 103
TAPER SIDES 1°© 1.005-1.035

[25.53-26.29] T05A (REV J)

5-Lead TO-220 (T)
Order Number LM2575T-3.3, LM2575HVT-3.3, LM2575T-5.0, LM2575HVT-5.0, LM2575T-12,
LM2575HVT-12, LM2575T-15, LM2575HVT-15, LM2575T-ADJ or LM2575HVT-ADJ
NS Package Number TO5A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

/100430 TP
0.057-0.077
[ | [1.45-1.96] TvP
0.260-0.280 - _L 0.575 |
[6.60-7.11] = [14.61] 0.085 10
0.390-0.410 — T _’I [2.16]
[9.91-10.41] QU= Tooms-o0s_, 0405 =
\ \ [0.71-0.97] [10.80] =r
0.330-0.350 PIN#1 1D =1
1 [8.38-8.89] ™
0.030 == 0.067
R MAX TYP = [1.70]
[0‘05‘1 MAX = [~ [0.76] P
1.27 0.015-0.030
bol I~ 70 " 0.410
[~ ”\ [0.38-0.76] o35 [10.41] Ff00472] YP
0.175-0.183 [0.89] .
[4.45-4.65] i A - ——F—- LEAD POSITION OVERLAY
Y — 1 [D]o.004[0.10]
M | T TAPERED —7 !
0.048-0.052 SIDES 19 o/) T| 0°-6°
[1:22-1:32) 000,006 ermnecore] |
-000-0.006 srAND-OFF
[0-0.15]
e~ 0.490 \ay—»
[12.45]
0.565 ax
[14.35]
CONTROLLING DIMENSION: INCH
0.250 ) —» .
[6.35]
'§
0.200
[5.08]
\ 7558 (REV B)

TO-263, Molded, 5-Lead Surface Mount

Order Number LM2575S-3.3, LM2575HVS-3.3, LM2575S-5.0, LM2575HVS-5.0, LM2575S-12,

LM2575HVS-12, LM2575S-15, LM2575HVS-15, LM2575S-ADJ or LM2575HVS-ADJ
NS Package Number TS5B

21
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LM1575/LM1575HV/LM2575/LM2575HV Series

SIMPLE SWITCHER 1A Step-Down Voltage Regulator

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

¢ 015120002
0.110£0.010 - 3.84£0.05
2.79£0.25 _’I ‘
——T> 0.035 £0.005
089£0.13 117
+0.015 a1 o
0.400-5905 }
0.38 ot - — it
10.1629:3%
O\ — - ——
b 0.06740.005
17020135 /"
| opmzone |
| 0.2500.010] ' ’ PIN ONE ID
6.35£0.25
0.13440.015 0.015*3:319
3402038 *l I* l_ 0587027
TAPERED SIDES 1° T
0.343
7 - 0324
‘ 8.70
0.180 £0.005 tO 005 ¥ 8.24
57013 ¥ 0.105
¢ 2.67
T SEATING PLANE
0.050 £0.002 0.622 0.176 £0.009
T27£0.05 15.80 — 1093
1.27£0.05 0.704 4.4720.23
17.88 TOS5D (REV A)

Bent, Staggered 5-Lead TO-220 (T)
Order Number LM2575T-3.3 Flow LB03, LM2575HVT-3.3 Flow LB03,
LM2575T-5.0 Flow LB03, LM2575HVT-5.0 Flow LB03,
LM2575T-12 Flow LB03, LM2575HVT-12 Flow LB03,
LM2575T-15 Flow LB03, LM2575HVT-15 Flow LB03,
LM2575T-ADJ Flow LB03 or LM2575HVT-ADJ Flow LB03
NS Package Number TO5D

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
to the user.

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.
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Fax: 1(800) 737-7018 English Tel: +49 (0) 180-532 78 32
Frangais Tel: +49 (0) 180-532 93 58
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Hong Kong Ltd.
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Ocean Centre, 5 Canton Rd.
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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.




LM2576/LM2576HV Series

General Description

The LM2576 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving 3A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an
adjustable output version.

Requiring a minimum number of external components,
these regulators are simple to use and include internal fre-
quency compensation and a fixed-frequency oscillator.

The LM2576 series offers a high-efficiency replacement for
popular three-terminal linear regulators. It substantially re-
duces the size of the heat sink, and in some cases no heat
sink is required.

A standard series of inductors optimized for use with the
LM2576 are available from several different manufacturers.
This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed +4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and +10% on the oscillator frequency. External
shutdown is included, featuring 50 pA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.

&National Semiconductor

SIMPLE SWITCHER® 3A Step-Down Voltage Regulator

September 1996

Features
m 3.3V, 5V, 12V, 15V, and adjustable output versions
W Adjustable version output voltage range,
1.23V to 37V (57V for HV version) +4% max over
line and load conditions
m Guaranteed 3A output current
m Wide input voltage range, 40V up to 60V for
HV version
W Requires only 4 external components
B 52 kHz fixed frequency internal oscillator
B TTL shutdown capability, low power standby mode
W High efficiency
W Uses readily available standard inductors
B Thermal shutdown and current limit protection
m P+ Product Enhancement tested
Applications
m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators
m On-card switching regulators
W Positive to negative converter (Buck-Boost)

Typlcal Application (rixed Output Voltage Versions)

7V - 40V
(60V for HV)
UNREGULATED

DC INPUT

LM2576/

Vin

LM2576HV-

FEEDBACK
4

+5Y
REGULATED
OUTPUT

L1

IO0

OUTPUT _

1
)'I N
| 100 uf

Block Diagram

5.0
2
HEE G 01 4
N5822 | 1000 pf

FIGURE 1

100 pH +] coyp 3A LOAD

TL/H/11476-1

| inTernaL |

I ON/OFF

ER
I | REGULATOR [

FIXED GAIN

k2 ERROR AMP

BACK

3.3V R2 = 1.7k

1.23V

COMPARATOR

>

BAND-GAP
REFERENCE

5V, R2 = 3.1k
12V, R2 = 8.84k

52 kHZ
OSCILLATOR

I THERMAL

CURRENT
SHUTDOWN

LIMIT

15V, R2 = 11.3k

For ADJ. Version
R1 = Open, R2 = 00

Patent Pending
SIMPLE SWITCHER® is a registered trademark of National Semiconductor Corporation.

TL/H/11476-2

©1996 National Semiconductor Corporation TL/H/11476

RRD-B30M106/Printed in U. S. A. http://www.national.com
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Absolute Maximum Ratings (note 1)

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

Maximum Supply Voltage

Minimum ESD Rating
(C =100 pF,R = 1.5kQ)
Lead Temperature
(Soldering, 10 Seconds)

LM2576
LM2576HV

ON/OFF Pin Input Voltage

Output Voltage to Ground
(Steady State)

Power Dissipation
Storage Temperature Range

45V
63V

—03V<V<<+Vpy

Temperature Range

-1V
Internally Limited

—65°Cto +150°C LM2576

LM2576HV

LM2576-3.3, LM2576HV-3.3

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2576/LM2576HV
Supply Voltage

Maximum Junction Temperature

Operating Ratings

2kV

260°C
150°C

—40°C < Ty < +125°C

40V
60V

LM2576-3.3
. LM2576HV-3.3 Units
Symbol Parameter Conditions ; Limit (Limits)
yp (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

VouTt Output Voltage ViN = 12V, IL.paDp = 0.5A 3.3 \
Circuit of Figure 2 3.234 V(Min)
3.366 V(Max)

VouTt Output Voltage 6V < V|y < 40V, 0.5A < | pap < 3A 3.3 Vv
LM2576 Circuit of Figure 2 3.168/3.135 V(Min)
3.432/3.465 V(Max)

VouTt Output Voltage 6V < V|y < 60V, 0.5A < | pap < 3A 3.3 Vv
LM2576HV Circuit of Figure 2 3.168/3.135 V(Min)
3.450/3.482 V(Max)

n Efficiency VIN = 12V, I .oap = 3A 75 %

LM2576-5.0, LM2576HV-5.0

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2576-5.0

o LM2576HV-5.0 Units

Symbol Parameter Conditions -
T Limit (Limits)

yP (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vout Output Voltage ViN = 12V, ILoaDp = 0.5A 5.0 Vv
Circuit of Figure 2 4.900 V(Min)
5.100 V(Max)

Vout Output Voltage 0.5A < I oaD < 3A, 5.0 Vv
LM2576 8V < V|y < 40V 4.800/4.750 V(Min)
Circuit of Figure 2 5.200/5.250 V(Max)

Vout Output Voltage 0.5A <l paD < 3A, 5.0 \
LM2576HV 8V < V|y < 60V 4.800/4.750 V(Min)
Circuit of Figure 2 5.225/5.275 V(Max)

M Efficiency ViN = 12V, lLoap = 3A 77 %

http://www.national.com




LM2576-12, LM2576HV-12

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2576-12

o LM2576HV-12 Units

Symbol Parameter Conditions -
T Limit (Limits)

ypP (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vout Output Voltage VIN = 25V, I paDp = 0.5A 12 \Y
Circuit of Figure 2 11.76 V(Min)
12.24 V(Max)

Vout Output Voltage 0.5A < I paD < 3A, 12 \Y
LM2576 15V < V)N < 40V 11.52/11.40 V(Min)
Circuit of Figure 2 12.48/12.60 V(Max)

Vout Output Voltage 0.5A < I paD < 3A, 12 Y
LM2576HV 15V < Viy < 60V 11.52/11.40 V(Min)
Circuit of Figure 2 12.54/12.66 V(Max)

n Efficiency ViN = 15V, ILoap = 3A 88 %

LM2576-15, LM2576HV-15

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2576-15

LM2576HV-15 i
Symbol Parameter Conditions — l{nl_ts
T Limit (Limits)

yp (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

VouTt Output Voltage VIN = 25V, I paDp = 0.5A 15 \
Circuit of Figure 2 14.70 V(Min)
15.30 V(Max)

VouTt Output Voltage 0.5A <l paDp < 3A, 15 Vv
LM2576 18V < V)y < 40V 14.40/14.25 V(Min)
Circuit of Figure 2 15.60/15.75 V(Max)

Vout Output Voltage 0.5A <l paDp < 3A, 15 \"
LM2576HV 18V < V) < 60V 14.40/14.25 V(Min)
Circuit of Figure 2 15.68/15.83 V(Max)

n Efficiency ViN = 18V, I paDp = 3A 88 %

LM2576-ADJ, LM2576HV-ADJ

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range.

LM2576-ADJ

LM2576HV-ADJ i
Symbol Parameter Conditions L!nl_ts
T Limit (Limits)

yP (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

VouT Feedback Voltage ViN = 12V, ILoaD = 0.5A 1.230 %
Vout = 5V, 1.217 V(Min)
Circuit of Figure 2 1.243 V(Max)

Vout Feedback Voltage 0.5A < I paD < 3A, 1.230 \
LM2576 8V < V|y < 40V 1.193/1.180 V(Min)
Vout = 5V, Circuit of Figure 2 1.267/1.280 V(Max)

Vout Feedback Voltage 0.5A < I paD < 3A, 1.230 \"
LM2576HV 8V < V|y < 60V 1.193/1.180 V(Min)
Vout = 5V, Circuit of Figure 2 1.273/1.286 V(Max)

n Efficiency ViN = 12V, IL.oaDp = 3A, Vout = 5V 77 %
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All Output Voltage Versions

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range. Unless otherwise specified, Viy = 12V for the 3.3V, 5V, and Adjustable
version, V|y = 25V for the 12V version, and V|y = 30V for the 15V version. | pap = 500 mA.

LM2576-XX
LM2576HV-XX i
Symbol Parameter Conditions l!nl_t S
T Limit (Limits)
yp (Note 2)
DEVICE PARAMETERS
Ip Feedback Bias Current VouT = 5V (Adjustable Version Only) 50 100/500 nA
fo Oscillator Frequency (Note 11) 52 kHz
47/42 kHz (Min)
58/63 kHz (Max)
VsaT Saturation Voltage louT = 3A (Note 4) 1.4 Vv
1.8/2.0 V(Max)
DC Max Duty Cycle (ON) (Note 5) 98 %
93 % (Min)
loL Current Limit (Notes 4 and 11) 5.8 A
4.2/3.5 A(Min)
6.9/7.5 A(Max)
IL Output Leakage Current (Notes 6 and 7) Output = 0V 2 mA(Max)
Output = —1V 7.5 mA
Output = —1V 30 mA(Max)
la Quiescent Current (Note 6) 5 mA
10 mA(Max)
IsTBY Standby Quiescent ON/OFF Pin = 5V (OFF) 50 A
Current 200 rA(Max)
AT Thermal Resistance T Package, Junction to Ambient (Note 8) 65
AT T Package, Junction to Ambient (Note 9) 45 °C/W
04c T Package, Junction to Case 2
ATN S Package, Junction to Ambient (Note 10) 50
ON/OFF CONTROL Test Gircuit Figure 2
ViH ON/OFF Pin Vout = 0V 1.4 2.2/2.4 V(Min)
Vi Logic Input Level Vout = Nominal Output Voltage 1.2 1.0/0.8 V(Max)
IH ON/OFF Pin Input ON/OFF Pin = 5V (OFF) 12 RA
Current 30 rA(Max)
I ON/OFF Pin = 0V (ON) 0 RA
10 rA(Max)

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

Note 2: All limits guaranteed at 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 correlation using standard Statistical Quality Control (SQC) methods.

Note 3: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the
LM2576/LM2576HYV is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics.

Note 4: Output pin sourcing current. No diode, inductor or capacitor connected to output.
Note 5: Feedback pin removed from output and connected to OV.

Note 6: Feedback pin removed from output and connected to + 12V for the Adjustable, 3.3V, and 5V versions, and +25V for the 12V and 15V versions, to force
the output transistor OFF.

Note 7: Vi = 40V (60V for high voltage version).

Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/ inch leads in a socket, or on a PC
board with minimum copper area.

Note 9: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/, inch leads soldered to a PC board
containing approximately 4 square inches of copper area surrounding the leads.

Note 10: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package. Using
0.5 square inches of copper area, 6,4 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, 04 is
32°C/W.

Note 11: The oscillator frequency reduces to approximately 11 kHz in the event of an output short or an overload which causes the regulated output voltage to drop
approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.
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Typical Performance Characteristics (Circuit of Figure 2)

Normalized Output Voltage Line Regulation Dropout Voltage
+1.0 T T | 1.4 2.0 I ‘ ‘
Vi =20V lLoap = 500 mA = L, = 150 uH
w 108 ILoap =500 mA w 2 T, =259 = i low = 34
= +0.6 — Normalized at ML = LT 1
o =259 &S = B
2 04 Ty =259 2 o8 > g
S 402 S 08 Y I — = 1A
i 0 w 04 / E 10 < T ———] LOAD ~
<] & o
2 L~ E o ]330, 5V & Ay a ~] ~—
3 O g o Z 12V & 15V ] z
o 04 yd . 0 2 losp = 200mA [~
5 7 5 7 o5
E -0s E 02 VAR 5
S -08 S 04 =
Ryp = 0.10
-1.0 -0.6 0
-50 -25 -0 25 50 75 100 125 0 10 20 30 40 50 60 -75 -50 =25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Standby
Current Limit Quiescent Current Quiescent Current
65 20 i 200 .
Viy = 25V Vour =5V = Vi = 40V
N s Measured at 2 = =
6.0 < Ground Pin = T
= £ L] z
= 4 ™N S8 T,=25° g 10
= Z u 2
]
£ N g it VaR/ore = 3V
H 3 12 Z 100
- \ - lLoap = 3A 2
5 50 = 10 o 1
= \ & 3 Vin = 12V I
3 H 8 ~ 50
45 3 2 I
6 Z
=
o
40 4 0
-75-50-25 0 25 50 75 100 125150 0 10 20 30 40 50 60 -50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Switch Saturation
Oscillator Frequency Voltage Efficiency
8 — T T T 1.6 100 T
Normalized at 25°C Lo = 3A [ T, = 250
~ s 1.4 95 \ |
8 . z ., = 0 \ lLosp = 200mA
g g | -ssec_L— ® 15v our == ’
5 = 10 e id E g
g g -~ 3
& 0 Z o8 Z 80
2 = 052 g 75| s I~ T
~ - - 7
5 N Vv =40V / E “i500¢ & oo = 34
-t L// 2 04 70 |— LoAD
& ‘M <
g 3
L) | 0.2 65
ILOAD = 200mA
-8 L 0 60 L L
-75-50-25 0 25 50 75 100125150 0 05 10 15 20 25 30 0 10 20 30 40 50 60
JUNCTION TEMPERATURE (C) SWITCH CURRENT (A) INPUT VOLTAGE (V)
Quiescent Current Feedback Voltage
Minimum Operating Voltage vs Duty Cycle vs Duty Cycle
0 20.0 T T T 20 T T T
Adjustable Version Only Adjustable Version Only = Adjustable Version Only
45 175 P % E —od
4.0 < IN= -~ ! =500mA
= ~ E 150 N 810 \\ LOAD
z 3 t 7 H AN |
5 30 ™ z 125 < R N |
g 2 / ° \\vm = 40V
525 3 100 Vi = 40V e 0 S
- = / | = V=7V R~
5 20 Vour ~ 1.23V 5 78 7 T E =~
5 ~
£ 15— M7, 2 lLoap = 500 mA
= lLoap = 500 mA 2 5o / LoAD & -1
1.0 = 2
| s 2 -15
05 i - i
0 0 -20
-50-25 0 25 50 75 100 125 0 20 40 60 80 100 0 20 40 60 80 100
JUNCTION TEMPERATURE (°C) DUTY CYCLE (%) DUTY CYCLE (%)

TL/H/11476-3
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Qutput
Voltage
Change

Load
Current

100
75
50
25

FEEDBACK PIN CURRENT (nA)
o

=100

POWER DISSIPATION (W)

Feedback Pin Current

Typical Performance Characteristics (Circuit of Figure 2 (Continued)

Maximum Power Dissipation
(TO-263) (See Note 10)

0, = 32°C/W
N
N
3D
8 =37°c /AN
~
2 \‘ \Q\
™~
™~ o)1 =50°C/W
1 N
0, =73°C/W
0 1]

0 10 20 30 40 50 60 70 80 90100

AMBIENT TEMPERATURE (°C)
TL/H/11476-24

Switching Waveforms

Adjustable Version Only

50V
A
0

Y.

N

B | 2A

(G

(4A

Cl2A

R .

-75-50-25 0 25 50 75 100125150

+100 mV
0

=100 mv

JUNCTION TEMPERATURE (°C)

5 ps/div

TL/H/11476-4

Load Transient Response

100 ps/div

Vout = 15V
A: Output Pin Voltage, 50V/div
B: Output Pin Current, 2A/div
C: Inductor Current, 2A/div

AC-Coupled
Horizontal Time Base: 5 us/div

D: Output Ripple Voltage, 50 mV/div,

TL/H/11476-6

As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For
minimal inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as
possible. Single-point grounding (as indicated) or ground
plane construction should be used for best results. When

using the Adjustable version, physically locate the program-

TL/H/11476-5 o
feedback wiring short.

ming resistors near the regulator, to keep the sensitive
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Test Circuit and

Layout Guidelines

Fixed Output Voltage Versions
FEEDBACK
LM2576Hv- |*

+Vin

A\

FIXED OUTPUT OUTPUT L1 Vour

UNREGULATED
DC INPUT [

l

GND § 3 ON/OFF

100 pH

D1
MBR360

TL/H/11476-7

Adjustable Output Voltage Version

FEEDBACK
+V,
W] Lm2576HV- [4 Vour
ADJ OUTPUT Lt _ 5.00V
7V - 80V — 100 pH J_ <
UNREGULATED GND I 3 BN /oFF | 5 * Cour sr |l
D1 1000 uF
DC INPUT Cn WBR360 H —3; A
l I I

TL/H/11476-8
FIGURE 2

Cin— 100 pF, 75V, Aluminum Electrolytic
Cout — 1000 pF, 25V, Aluminum Electrolytic
D1 — Schottky, MBR360
L1 — 100 pH, Pulse Eng. PE-92108
Ry — 2k, 0.1%
Ry — 6.12k, 0.1%

Rz
Vout = VRer (1 + R_1)

V

where VRgr = 1.23V, R1 between 1k and 5k.

http://www.national.com



LM2576 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Output Voltage Versions)

EXAMPLE (Fixed Output Voltage Versions)

Given:
Vout = Regulated Output Voltage (3.3V, 5V, 12V, or 15V)
Vin(Max) = Maximum Input Voltage
ILoap(Max) = Maximum Load Current

1. Inductor Selection (L1)
A. Select the correct Inductor value selection guide from
Figures 3, 4, 5, or 6 . (Output voltages of 3.3V, 5V, 12V or
15V respectively). For other output voltages, see the
design procedure for the adjustable version.
B. From the inductor value selection guide, identify the
inductance region intersected by V|n(Max) and
ILoap(Max), and note the inductor code for that region.
C. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 3 . Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2576 switching frequency (52 kHz) and
for a current rating of 1.15 X I pap. For additional
inductor information, see the inductor section in the
Application Hints section of this data sheet.

2. Output Capacitor Selection (CoyT)
A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation and an acceptable
output ripple voltage, (approximately 1% of the output
voltage) a value between 100 uF and 470 uF is
recommended.
B. The capacitor’s voltage rating should be at least 1.5
times greater than the output voltage. For a 5V regulator,
arating of at least 8V is appropriate, and a 10V or 15V
rating is recommended.
Higher voltage electrolytic capacitors generally have lower
ESR numbers, and for this reason it may be necessary to
select a capacitor rated for a higher voltage than would
normally be needed.

3. Catch Diode Selection (D1)
A. The catch-diode current rating must be at least 1.2
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2576. The most stressful
condition for this diode is an overload or shorted output
condition.
B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

4. Input Capacitor (Cin)
An aluminum or tantalum electrolytic bypass capacitor
located close to the regulator is needed for stable
operation.

Given:

Vout = 5V

Vin(Max) = 15V

lLoap(Max) = 3A

Inductor Selection (L1)

A. Use the selection guide shown in Figure 4 .

B. From the selection guide, the inductance area
intersected by the 15V line and 3A line is L100.

C. Inductor value required is 100 pwH. From the table in
Figure 3. Choose AIE 415-0930, Pulse Engineering
PE92108, or Renco RL2444.

Output Capacitor Selection (CoyT)

A. CoyTt = 680 uF to 2000 uF standard aluminum
electrolytic.

B. Capacitor voltage rating = 20V.

Catch Diode Selection (D1)

A. For this example, a 3A current rating is adequate.

B. Use a 20V 1N5823 or SR302 Schottky diode, or any of
the suggested fast-recovery diodes shown in Figure 8 .

Input Capacitor (Cin)

A 100 uF, 25V aluminum electrolytic capacitor located
near the input and ground pins provides sufficient
bypassing.
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LM2576 Series Buck Regulator Design Procedure (continued)
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)

MAXIMUM INPUT VOLTAGE (V)

60
40
30
25

MAXIMUM INPUT VOLTAGE (V)

ig Loz0 A / 4 / 58
%g Kﬂ!/ // // A A Tono’| HEB0Y HA70) TH33of H220) [h15g
/ = |
; :v{u,;u/ / // / i’ L1680
10 7 % / g 15 L4704 —
s/ B e/ /1 A 5 ., N 550
M AA Do/ /S VAN AN AVAD 4
a4 %LIGO y 5 10 A
/ y L68 2 9/ / /~L150 /
6 = L1100
( //, \ 2 7\VL68
/ L47 = 8 f\
/ / = L47
5 / A / N 7
0.3 040506 0.8 1 15 2 253 0.3 040506 08 11.215 2 253
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
TL/H/11476-9 TL/H/11476-10
FIGURE 3. LM2576(HV)-3.3 FIGURE 4. LM2576(HV)-5.0
D .
NMTINIRINNE NSNS
ww"‘f{{mooo%\\ w 30 H15°°&ﬁ\moc WaN
Hsm % w25 H330;
%7\% Mw H150: § 22 > H150,
AENVAN AN = A NN
il : A AR 4
L680 A S AL ) N %
4
/ L”/SSO// / 2 //L“yLsso /| /7
/| A 1220 / ERIRT / /220 » /
V' )/ // L150 Ly/ / / /Myuoo/
L68
) “ / /LBB
3 4 5 .6.7.8 1.0 1.5 2.0 2.53.0 3 4 5 6 .7.8 1.0 1.5 2.0 2.53.0
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
TL/H/11476-11 TL/H/11476-12
FIGURE 5. LM2576(HV)-12 FIGURE 6. LM2576(HV)-15
300
250
200
H2200
150
N\
DO H 10003\ H6 80 H4703\H330 H220
100
90 H150
__ 80
:‘i 70 R
2 goPhLes0
=
DY b / / /
45 /
10 i L470 L1330 1220 LA L150 t1oo £ Les
VBN VRN
30
A
25 / / \L47
’ / / N
20 / /
0.3 0.4 05060708 1.0 1.5 2.0 2.5 3.0

MAXIMUM LOAD CURRENT (A)
FIGURE 7. LM2576(HV)-ADJ

TL/H/11476-13
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LM2576 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Given:
Vout = Regulated Output Voltage
Vin(Max) = Maximum Input Voltage
ILoaD(Max) = Maximum Load Current
F = Switching Frequency (Fixed at 52 kHz)
1. Programming Output Voltage (Selecting R1 and R2, as
shown in Figure 2)

Use the following formula to select the appropriate
resistor values.

R
VouT = VREF (1 + R—f) where Vger = 1.23V

R1 can be between 1k and 5k. (For best temperature
coefficient and stability with time, use 1% metal film

resistors)
V
R = Ry (M —1 )
Inductor Selection (L1)

VREF

A. Calculate the inductor Volt ® microsecond constant,

E o T (V @ us), from the following formula:
VouTt . 1000
VIN  F(inkHz)
B. Use the E ® T value from the previous formula and
match it with the E ® T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 7.
C. On the horizontal axis, select the maximum load
current.
D. Identify the inductance region intersected by the E® T
value and the maximum load current value, and note the
inductor code for that region.
E. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 9. Part numbers are listed for three inductor
manufacturers. The inductor chosen must be rated for
operation at the LM2576 switching frequency (52 kHz)
and for a current rating of 1.15 X I pap. For additional
inductor information, see the inductor section in the
application hints section of this data sheet.

EeT = (Vin — Vour

(Ve ps)

Output Capacitor Selection (CoyT)

A. The value of the output capacitor together with the
inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation, the capacitor must
satisfy the following requireme\r}t: (Med)
N INUMax

CouT = 13,300 —VOUT «L(uH)
The above formula yields capacitor values between 10 uF
and 2200 uF that will satisfy the loop requirements for
stable operation. But to achieve an acceptable output
ripple voltage, (approximately 1% of the output voltage)
and transient response, the output capacitor may need to
be several times larger than the above formula yields.
B. The capacitor’s voltage rating should be at last 1.5
times greater than the output voltage. For a 10V regulator,
arating of at least 15V or more is recommended.
Higher voltage electrolytic capacitors generally have
lower ESR numbers, and for this reason it may be
necessary to select a capacitor rate for a higher voltage
than would normally be needed.

(1F)

Given:
Vout = 10V
Vin(Max) = 25V
lLoap(Max) = 3A
= 52 kHz
1. Programming Output Voltage (Selecting R1 and RZ2)

R
Vout = 1.23(1 + R—f) SelectR1 = 1k
10V

1) = (i)

Ro = 1k (8.13 — 1) = 7.13k, closest 1% value is 7.15k

Inductor Selection (L1)
A. Calculate E® T (V ® us)

10 1000
EeT=(25—10)e—s
25 52

=115Vepus

B.EeT=115Veus

C.l oap(Max) = 3A

D. Inductance Region = H150

E. Inductor Value = 150 uH Choose from AIE
part #415-0936 Pulse Engineering

part #PE-531115, or Renco part #RL2445.

Output Capacitor Selection (Coyr)
A. CoyTt > 13,300 _®
10 ¢ 150
However, for acceptable output ripple voltage select
CouT = 680 uF
CouTt = 680 uF electrolytic capacitor

=222 uF

http://www.national.com
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LM2576 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voltage Versions) EXAMPLE (Adjustable Output Voltage Versions)
. Catch Diode Selection (D1) 4. Catch Diode Selection (D1)
A. The catch-diode current rating must be at least 1.2 A. For this example, a 3.3A current rating is adequate.
times greater than the maximum load current. Also, if the B. Use a 30V 31DQO03 Schottky diode, or any of the suggested
power supply design must withstand a continuous output fast-recovery diodes in Figure 8.

short, the diode should have a current rating equal to the
maximum current limit of the LM2576. The most stressful
condition for this diode is an overload or shorted output.
See diode selection guide in Figure 8 .

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

Input Capacitor (Cjn) 5. Input Capacitor (Cin)
An aluminum or tantalum electrolytic bypass capacitor A 100 pF aluminum electrolytic capacitor located near the input
located close to the regulator is needed for stable and ground pins provides sufficient bypassing.
operation.
v Schottky Fast Recovery
R 3A 4A-6A 3A 4A-6A
20V 1N5820 1N5823
MBR320P
SR302
30V 1N5821 50WQ03 To further simplify the buck regulator
MBR330 1N5824 design procedure, National Semicon-
31DQ03 . The following ductor is making available computer
SR303 'gh%followmglgl diodes are all design software to be used with the
40V 1N5822 MBR340 : a'é’e c?foa;%gv rated to 100V SIMPLE SWITCHER line of switching
MBR340 50WQ04 regulators. Switchers Made Simple
31DQ04 1N5825 31DF1 50WF10 (Version 3.3) is available on a (315”)
SR304 HER302 MUR410 diskette for IBM compatible computers
50V MBR350 50WQ05 HER602 from a National Semiconductor sales
31DQ05 office in your area.
SR305
60V MBR360 50WR06
DQO06 50SQ060
SR306
FIGURE 8. Diode Selection Guide
Inductor Inductor Schott Pulse Eng. Renco
Code Value (Note 1) (Note 2) (Note 3)
L47 47 uH 67126980 PE-53112 RL2442
L68 68 uH 671 26990 PE-92114 RL2443
L100 100 puH 67127000 PE-92108 RL2444
L150 150 uH 67127010 PE-53113 RL1954
L220 220 uH 67127020 PE-52626 RL1953
L330 330 uH 67127030 PE-52627 RL1952
L470 470 pH 67127040 PE-53114 RL1951
L680 680 uH 671 27050 PE-52629 RL1950
H150 150 uH 67127060 PE-53115 RL2445
H220 220 pH 67127070 PE-53116 RL2446
H330 330 uH 671 27080 PE-53117 RL2447
H470 470 puH 67127090 PE-53118 RL1961
H680 680 uH 67127100 PE-53119 RL1960
H1000 1000 pH 67127110 PE-53120 RL1959
H1500 1500 uH 67127120 PE-53121 RL1958
H2200 2200 pH 67127130 PE-53122 RL2448

Note 1: Schott Corporation, (612) 475-1173, 1000 Parkers Lake Road, Wayzata, MN 55391.
Note 2: Pulse Engineering, (619) 674-8100, P.O. Box 12235, San Diego, CA 92112.
Note 3: Renco Electronics Incorporated, (516) 586-5566, 60 Jeffryn Blvd. East, Deer Park, NY 11729.
FIGURE 9. Inductor Selection by Manufacturer’s Part Number
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Application Hints
INPUT CAPACITOR (C|N)

To maintain stability, the regulator input pin must be by-
passed with at least a 100 pF electrolytic capacitor. The
capacitor’s leads must be kept short, and located near the
regulator.

If the operating temperature range includes temperatures
below —25°C, the input capacitor value may need to be
larger. With most electrolytic capacitors, the capacitance
value decreases and the ESR increases with lower temper-
atures and age. Paralleling a ceramic or solid tantalum ca-
pacitor will increase the regulator stability at cold tempera-
tures. For maximum capacitor operating lifetime, the capaci-
tor’s RMS ripple current rating should be greater than

t
1.2 X (%) X ILoAD

1 \
where ON_ Mfor a buck regulator
T VIN
t Vi
and ON _ [Vourl for a buck-boost regulator.

T Voutl + Vin
INDUCTOR SELECTION

All switching regulators have two basic modes of operation:
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether it is flow-
ing continuously, or if it drops to zero for a period of time in
the normal switching cycle. Each mode has distinctively dif-
ferent operating characteristics, which can affect the regula-
tor performance and requirements.

The LM2576 (or any of the SIMPLE SWITCHER family) can
be used for both continuous and discontinuous modes of
operation.

The inductor value selection guides in Figure 3 through Fig-
ure 7 were designed for buck regulator designs of the con-
tinuous inductor current type. When using inductor values
shown in the inductor selection guide, the peak-to-peak in-
ductor ripple current will be approximately 20% to 30% of
the maximum DC current. With relatively heavy load cur-
rents, the circuit operates in the continuous mode (inductor
current always flowing), but under light load conditions, the
circuit will be forced to the discontinuous mode (inductor
current falls to zero for a period of time). This discontinuous
mode of operation is perfectly acceptable. For light loads
(less than approximately 300 mA) it may be desirable to
operate the regulator in the discontinuous mode, primarily
because of the lower inductor values required for the dis-
continuous mode.

The selection guide chooses inductor values suitable for
continuous mode operation, but if the inductor value chosen
is prohibitively high, the designer should investigate the pos-
sibility of discontinuous operation. The computer design
software Switchers Made Simple will provide all compo-
nent values for discontinuous (as well as continuous) mode
of operation.

Inductors are available in different styles such as pot core,
toriod, E-frame, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-
pensive, the bobbin core type, consists of wire wrapped on
a ferrite rod core. This type of construction makes for an
inexpensive inductor, but since the magnetic flux is not com-
pletely contained within the core, it generates more electro-
magnetic interference (EMI). This EMI can cause problems
in sensitive circuits, or can give incorrect scope readings
because of induced voltages in the scope probe.

The inductors listed in the selection chart include ferrite pot
core construction for AIE, powdered iron toroid for Pulse
Engineering, and ferrite bobbin core for Renco.

An inductor should not be operated beyond its maximum
rated current because it may saturate. When an inductor
begins to saturate, the inductance decreases rapidly and
the inductor begins to look mainly resistive (the DC resist-
ance of the winding). This will cause the switch current to
rise very rapidly. Different inductor types have different satu-
ration characteristics, and this should be kept in mind when
selecting an inductor.

The inductor manufacturer’s data sheets include current
and energy limits to avoid inductor saturation.

INDUCTOR RIPPLE CURRENT

When the switcher is operating in the continuous mode, the
inductor current waveform ranges from a triangular to a
sawtooth type of waveform (depending on the input volt-
age). For a given input voltage and output voltage, the peak-
to-peak amplitude of this inductor current waveform remains
constant. As the load current rises or falls, the entire saw-
tooth current waveform also rises or falls. The average DC
value of this waveform is equal to the DC load current (in
the buck regulator configuration).

If the load current drops to a low enough level, the bottom
of the sawtooth current waveform will reach zero, and the
switcher will change to a discontinuous mode of operation.
This is a perfectly acceptable mode of operation. Any buck
switching regulator (no matter how large the inductor value
is) will be forced to run discontinuous if the load current is
light enough.

OUTPUT CAPACITOR

An output capacitor is required to filter the output voltage
and is needed for loop stability. The capacitor should be
located near the LM2576 using short pc board traces. Stan-
dard aluminum electrolytics are usually adequate, but low
ESR types are recommended for low output ripple voltage
and good stability. The ESR of a capacitor depends on
many factors, some which are: the value, the voltage rating,
physical size and the type of construction. In general, low
value or low voltage (less than 12V) electrolytic capacitors
usually have higher ESR numbers.

The amount of output ripple voltage is primarily a function of
the ESR (Equivalent Series Resistance) of the output ca-
pacitor and the amplitude of the inductor ripple current
(AliND)- See the section on inductor ripple current in Appli-
cation Hints.

The lower capacitor values (220 wF-1000 uF) will allow
typically 50 mV to 150 mV of output ripple voltage, while
larger-value capacitors will reduce the ripple to approxi-
mately 20 mV to 50 mV.

Output Ripple Voltage = (Alinp) (ESR of Coyt)

http://www.national.com
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Application Hints (continued)

To further reduce the output ripple voltage, several standard
electrolytic capacitors may be paralleled, or a higher-grade
capacitor may be used. Such capacitors are often called
“high-frequency,” “low-inductance,” or “low-ESR.” These
will reduce the output ripple to 10 mV or 20 mV. However,
when operating in the continuous mode, reducing the ESR
below 0.03Q can cause instability in the regulator.

Tantalum capacitors can have a very low ESR, and should
be carefully evaluated if it is the only output capacitor. Be-
cause of their good low temperature characteristics, a tanta-
lum can be used in parallel with aluminum electrolytics, with
the tantalum making up 10% or 20% of the total capaci-
tance.

The capacitor’s ripple current rating at 52 kHz should be at
least 50% higher than the peak-to-peak inductor ripple cur-
rent.

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 LM2576 using short leads
and short printed circuit traces.

Because of their fast switching speed and low forward volt-
age drop, Schottky diodes provide the best efficiency, espe-
cially in low output voltage switching regulators (less than
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery
diodes are also suitable, but some types with an abrupt turn-
off characteristic may cause instability and EMI problems. A
fast-recovery diode with soft recovery characteristics is a
better choice. Standard 60 Hz diodes (e.g., 1N4001 or
1N5400, etc.) are also not suitable. See Figure 8 for
Schottky and “soft” fast-recovery diode selection guide.

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply will contain
a sawtooth ripple voltage at the switcher frequency, typically
about 1% of the output voltage, and may also contain short
voltage spikes at the peaks of the sawtooth waveform.

The output ripple voltage is due mainly to the inductor saw-
tooth ripple current multiplied by the ESR of the output ca-
pacitor. (See the inductor selection in the application hints.)

The voltage spikes are present because of the the fast
switching action of the output switch, and the parasitic in-
ductance of the output filter capacitor. To minimize these
voltage spikes, special low inductance capacitors can be
used, and their lead lengths must be kept short. Wiring in-
ductance, stray capacitance, as well as the scope probe
used to evaluate these transients, all contribute to the am-
plitude of these spikes.

An additional small LC filter (20 uH & 100 uF) can be added
to the output (as shown in Figure 15) to further reduce the
amount of output ripple and transients. A 10 X reduction in
output ripple voltage and transients is possible with this fil-
ter.

FEEDBACK CONNECTION

The LM2576 (fixed voltage versions) feedback pin must be
wired to the output voltage point of the switching power
supply. When using the adjustable version, physically locate
both output voltage programming resistors near the LM2576
to avoid picking up unwanted noise. Avoid using resistors
greater than 100 kQ because of the increased chance of
noise pickup.

ON/OFF INPUT

For normal operation, the ON/OFF pin should be grounded
or driven with a low-level TTL voltage (typically below 1.6V).
To put the regulator into standby mode, drive this pin with a
high-level TTL or CMOS signal. The ON/OFF pin can be
safely pulled up to + V) without a resistor in series with it.
The ON/OFF pin should not be left open.

GROUNDING

To maintain output voltage stability, the power ground con-
nections must be low-impedance (see Figure 2'). For the
5-lead TO-220 and TO-263 style package, both the tab and
pin 3 are ground and either connection may be used, as
they are both part of the same copper lead frame.

HEAT SINK/THERMAL CONSIDERATIONS

In many cases, only a small heat sink is required to keep the

LM2576 junction temperature within the allowed operating

range. For each application, to determine whether or not a

heat sink will be required, the following must be identified:

1. Maximum ambient temperature (in the application).

2. Maximum regulator power dissipation (in application).

3. Maximum allowed junction temperature (125°C for the
LM2576). For a safe, conservative design, a temperature
approximately 15°C cooler than the maximum tempera-
tures should be selected.

4. LM2576 package thermal resistances 63 and 60c.

Total power dissipated by the LM2576 can be estimated as
follows:

Pp = (ViN)(l@) + (Vo/ViN)(ILoAD)(VsAT)
where |q (quiescent current) and VgaT can be found in the
Characteristic Curves shown previously, V|y is the applied
minimum input voltage, Vo is the regulated output voltage,
and I poap is the load current. The dynamic losses during
turn-on and turn-off are negligible if a Schottky type catch
diode is used.

When no heat sink is used, the junction temperature rise
can be determined by the following:

ATy = (Pp) (64p)
To arrive at the actual operating junction temperature, add
the junction temperature rise to the maximum ambient tem-
perature.

Ty=ATy+ Ta
If the actual operating junction temperature is greater than
the selected safe operating junction temperature deter-
mined in step 3, then a heat sink is required.
When using a heat sink, the junction temperature rise can
be determined by the following:

ATy = (Pp) (8yc + Ointerface T OHeat sink)
The operating junction temperature will be:
Tyg=Ta + ATy
As above, if the actual operating junction temperature is
greater than the selected safe operating junction tempera-
ture, then a larger heat sink is required (one that has a lower
thermal resistance).

Included on the Switcher Made Simple design software is
a more precise (non-linear) thermal model that can be used
to determine junction temperature with different input-output
parameters or different component values. It can also calcu-
late the heat sink thermal resistance required to maintain
the regulators junction temperature below the maximum op-
erating temperature.

13
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Additional Applications

INVERTING REGULATOR

Figure 10 shows a LM2576-12 in a buck-boost configuration
to generate a negative 12V output from a positive input volt-
age. This circuit bootstraps the regulator’s ground pin to the
negative output voltage, then by grounding the feedback
pin, the regulator senses the inverted output voltage and
regulates it to —12V.

For an input voltage of 12V or more, the maximum available
output current in this configuration is approximately 700 mA.
At lighter loads, the minimum input voltage required drops to
approximately 4.7V.

The switch currents in this buck-boost configuration are
higher than in the standard buck-mode design, thus lower-
ing the available output current. Also, the start-up input cur-
rent of the buck-boost converter is higher than the standard
buck-mode regulator, and this may overload an input power
source with a current limit less than 5A. Using a delayed
turn-on or an undervoltage lockout circuit (described in the
next section) would allow the input voltage to rise to a high
enough level before the switcher would be allowed to turn
on.

Because of the structural differences between the buck and
the buck-boost regulator topologies, the buck regulator de-
sign procedure section can not be used to to select the
inductor or the output capacitor. The recommended range
of inductor values for the buck-boost design is between
68 uH and 220 pH, and the output capacitor values must be
larger than what is normally required for buck designs. Low
input voltages or high output currents require a large value
output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak
switch current, can be calculated from the following formula:

|~ loap (Vi + Vo) , Vin Vol 1

P Vin Vin+ Vol 2Ly fosc
Where fosc = 52 kHz. Under normal continuous inductor
current operating conditions, the minimum VN represents
the worst case. Select an inductor that is rated for the peak
current anticipated.

+12 7O +45V
UNREGULATED

FEEDBACK

DC INPUT +Yjy Y
LM2576HV-12 L1
o g OUTPUT
N 2
100 pF - 68 uH J_—
3|GND 5[ ON/oFF -
= > M
A Cour
N5822 Tzzu”
-12V @0.74

REGULATED
OUTPUT

TL/H/11476-14
FIGURE 10. Inverting Buck-Boost Develops — 12V

Also, the maximum voltage appearing across the regulator
is the absolute sum of the input and output voltage. For a
—12V output, the maximum input voltage for the LM2576 is
+28V, or +48V for the LM2576HV.

The Switchers Made Simple (version 3.0) design software
can be used to determine the feasibility of regulator designs
using different topologies, different input-output parameters,
different components, etc.

NEGATIVE BOOST REGULATOR

Another variation on the buck-boost topology is the nega-
tive boost configuration. The circuit in Figure 11 accepts an
input voltage ranging from —5V to —12V and provides a
regulated —12V output. Input voltages greater than —12V
will cause the output to rise above —12V, but will not dam-
age the regulator.

- Feedback 1 Cour
v, =
N 4 2200 pF
B LM2576 -12 Output q Low E:R
‘—0
z L
3 5
2 1N5820
Gy end ON/OFF
T 100 uF Vour = —12V
-Viy 100 pH ” Tﬁaifcal\ll_oad Cugezr:;
fm\ 400 mA for ViN :77 .
-5 to =12V 750 mA for Viy = —7V

Note: Heat sink may be required. TL/H/11476-15

FIGURE 11. Negative Boost

Because of the boosting function of this type of regulator,
the switch current is relatively high, especially at low input
voltages. Output load current limitations are a result of the
maximum current rating of the switch. Also, boost regulators
can not provide current limiting load protection in the event
of a shorted load, so some other means (such as a fuse)
may be necessary.

UNDERVOLTAGE LOCKOUT

In some applications it is desirable to keep the regulator off
until the input voltage reaches a certain threshold. An un-
dervoltage lockout circuit which accomplishes this task is
shown in Figure 12, while Figure 13 shows the same circuit
applied to a buck-boost configuration. These circuits keep
the regulator off until the input voltage reaches a predeter-
mined level.

VTH = Vz1 + 2VBe (Q1)

iy +Vy

:L 1

S —
Ri g 20k g 20k Tey “sTon/orr 3|GND

Z1 —

LM2576 — XX

Q1

R2 10k

TL/H/11476-16
Note: Complete circuit not shown.

FIGURE 12. Undervoltage Lockout for Buck Circuit
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Additional Applications (continued)

ADJUSTABLE OUTPUT, LOW-RIPPLE

+Viy +Vin POWER SUPPLY
i 1 LM2576 — XX A 3A power supply that features an adjustable output volt-
R1 20k S 20K — age is shown in Figure 15. An additional L-C filter that reduc-
$ Gn 5] ON/OFF 3 |GND es the output ripple by a factor of 10 or more is included in
—_ this circuit.
Z1
al v Vin
~Vour | 5

ON/OFF 3 |GND

TL/H/11476-17 Gy 700 uF <
| > —
Note: Complete circuit not shown (see Figure 10). ¢ Rﬂj>|_47k _—

FIGURE 13. Undervoltage Lockout
for Buck-Boost Circuit

J_ ] LM2576 — XX
R2 & 10k Co 2= 0.1 uF
. +

TL/H/11476-18
DELAYED STARTUP Note: Complete circuit not shown.

The ON/OFF pin can be used to provide a delayed startup FIGURE 14. Delayed Startup

feature as shown in Figure 74. With an input voltage of 20V

and for the part values shown, the circuit provides approxi-

mately 10 ms of delay time before the circuit begins switch-

ing. Increasing the RC time constant can provide longer de-

lay times. But excessively large RC time constants can

cause problems with input voltages that are high in 60 Hz or

120 Hz ripple, by coupling the ripple into the ON/OFF pin.

FEEDBACK
S5V *Vin 4 p————————
UNREGULATED LM2576HV-ADJ I § OUTPUT
DC INPUT ! OUTPUT L P § VOLTAGE
030 i 00 1
— 2 150 pH R2 } 20 pH H +1.2 to 50V
i [ 3leno 5| oN/oFF o cour s sok | Jer ) oex
—_— >
Tioour D1 4—l 1 1
1N5822 2000 uF 1 100 uF §
SRk 1
> 1.21k | I
L 1 + L
= = = = = = 1 - 1

=
optional output ripple filter
TL/H/11476-19

FIGURE 15. 1.2V to 55V Adjustable 3A Power Supply with Low Output Ripple
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Definition of Terms

BUCK REGULATOR

A switching regulator topology in which a higher voltage is
converted to a lower voltage. Also known as a step-down
switching regulator.

BUCK-BOOST REGULATOR

A switching regulator topology in which a positive voltage is
converted to a negative voltage without a transformer.
DUTY CYCLE (D)

Ratio of the output switch’s on-time to the oscillator period.

! V,
for buck regulator D =-9ON_ YouT
T VIN
ton _ Vol

for buck-boost regulator D =

T Vol + Vi
CATCH DIODE OR CURRENT STEERING DIODE

The diode which provides a return path for the load current
when the LM2576 switch is OFF.

EFFICIENCY (7))

The proportion of input power actually delivered to the load.
_ Pout _ Pout
PN Pout + PLoss

CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR)

The purely resistive component of a real capacitor’s imped-
ance (see Figure 16). It causes power loss resulting in ca-
pacitor heating, which directly affects the capacitor’s oper-
ating lifetime. When used as a switching regulator output
filter, higher ESR values result in higher output ripple volt-

ages.
ESR ESL ¢
TL/H/11476-20

FIGURE 16. Simple Model of a Real Capacitor
Most standard aluminum electrolytic capacitors in the
100 wF-1000 uF range have 0.5Q to 0.1Q ESR. Higher-
grade capacitors (“low-ESR”, “high-frequency”, or “low-in-
ductance’) in the 100 uF-1000 nF range generally have
ESR of less than 0.150.

EQUIVALENT SERIES INDUCTANCE (ESL)

The pure inductance component of a capacitor (see Figure
16). The amount of inductance is determined to a large
extent on the capacitor’s construction. In a buck regulator,
this unwanted inductance causes voltage spikes to appear
on the output.

OUTPUT RIPPLE VOLTAGE

The AC component of the switching regulator’s output volt-
age. It is usually dominated by the output capacitor’'s ESR
multiplied by the inductor’s ripple current (Aljyp). The peak-
to-peak value of this sawtooth ripple current can be deter-
mined by reading the Inductor Ripple Current section of the
Application hints.

CAPACITOR RIPPLE CURRENT

RMS value of the maximum allowable alternating current at
which a capacitor can be operated continuously at a speci-
fied temperature.

STANDBY QUIESCENT CURRENT (IsTgY)

Supplyc_urrent required by the LM2576 when in the standby
mode (ON/OFF pin is driven to TTL-high voltage, thus turn-
ing the output switch OFF).

INDUCTOR RIPPLE CURRENT (Alnp)

The peak-to-peak value of the inductor current waveform,
typically a sawtooth waveform when the regulator is operat-
ing in the continuous mode (vs. discontinuous mode).

CONTINUOUS/DISCONTINUOUS MODE OPERATION

Relates to the inductor current. In the continuous mode, the
inductor current is always flowing and never drops to zero,
vs. the discontinuous mode, where the inductor current
drops to zero for a period of time in the normal switching
cycle.

INDUCTOR SATURATION

The condition which exists when an inductor cannot hold
any more magnetic flux. When an inductor saturates, the
inductor appears less inductive and the resistive component
dominates. Inductor current is then limited only by the DC
resistance of the wire and the available source current.

OPERATING VOLT MICROSECOND CONSTANT (E*T,p)

The product (in Volteus) of the voltage applied to the induc-
tor and the time the voltage is applied. This E®Top, constant
is a measure of the energy handling capability of an inductor
and is dependent upon the type of core, the core area, the
number of turns, and the duty cycle.

http://www.national.com
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Connection Diagrams
(XX indicates output voltage option. See ordering information table for complete part number.)
Straight Leads

5-Lead TO-220 (T)
Top View

Bent, Staggered Leads
5-Lead TO-220 (T)
Top View

f—T—T1T—5- ON/OFF
[T T 1 4- Feedback
—T—1T—13-Ground
[—T—1—12- Output
——T—11-Vy

|———5- ON/OFF
————14- Feedback
————13- Ground
[————172- Output
——1- V)

Gnd

O

Gnd

O

(o]

TL/H/11476-21

LM2576T-XX or LM2576HVT-XX

TL/H/11476-22

NS Package Number TO5A Side View
TO-263 (S) PINS 1,3,&5
5-Lead Surface-Mount Package
Top View PINS 2 & 4
15— ON/OFF TL/H/11476-23
Tag 1s 5 hoodback LM2576T-XX Flow LBO03
Ll 12— output or LM2576HVT-XX Flow LB03
- v, NS Package Number T05D
TL/H/11476-25
Side View
LM2576S-XX or LM2576HVS-XX
NS Package Number TS5B
LM2576SX-XX or LM2576HVSX-XX
NS Package Number TS5B, Tape and Reel
Ordering Information
Temperature Output Voltage NS Package|Package
Range 3.3 5.0 12 15 ADJ Number Type
LM2576HVS-3.3 |LM2576HVS-5.0 |LM2576HVS-12 |LM2576HVS-15 |LM2576HVS-ADJ TS58
LM2576S-3.3 LM2576S-5.0 LM2576S-12 LM2576S-15 LM2576S-ADJ T0.263
LM2576HVSX-3.3| LM2576HVSX-5.0| LM2576HVSX-12|LM2576HVSX-15|LM2576HVSX-ADJ TS5B
LM2576SX-3.3 |LM2576SX-5.0 |LM2576SX-12 |LM2576SX-15 |LM2576SX-ADJ |Tape & Reel
—40°C < Tp LM2576HVT-3.3 |LM2576HVT-5.0 |LM2576HVT-12 [LM2576HVT-15 |LM2576HVT-ADJ TO5A
< 125°C
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
LM2576HVT-3.3 |LM2576HVT-5.0 |LM2576HVT-12 |LM2576HVT-15 |LM2576HVT-ADJ T0O-220
Flow LB03 Flow LB03 Flow LB0O3 Flow LB03 Flow LB03 T05D
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
Flow LB03 Flow LB03 Flow LB03 Flow LB03 Flow LB03
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Physical Dimensions inches (millimeters) unless otherwise noted

(E.;gg:g‘ég? g 0:149-0.153 5x 0:030-0.040
. . /_ [3.78-3.89] [0.76-1.02]

)
+0.015
0.400 1g'0os
[10.16 *0-3¢ + - - '_'_'_"'_l
10 -0.13 — — — _
Ol= - =
\ PIN #1 ID
_,|0.240-0.260 | __ 0.330-0.350
[6.10-6.60] [8.38-8.89]

[0.38 75031

SEATING PLANE

—> I~ +0.007
7° /\ /\ 0.015 10007
+0.18 T

1

0.057-0.077
A% [1.45-1.96]

‘EJI?Z;SSJ_ . // /

f

J \/(4— D —
0.048-0.052 0.525-0.555
[1.22-1.32] ([13.34—14‘10])
1.005-1.035
o e ——
TAPER SIDES 1 [25.53-26.29]

5-Lead TO-220 (T)

Order Number LM2576T-3.3, LM2576HVT-3.3,
LM2576T-5.0, LM2576HVT-5.0, LM2576T-12,
LM2576HVT-12, LM2576T-15, LM2576HVT-15,
LM2576T-ADJ or LM2576HVT-ADJ
NS Package Number TO5A

| 0.105 15518

+0.25
[2.67 038 ]

TO5A (REV J)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

¢ 0151£0.002
0.110£0.010 T3.84£0.05
T2.79£0.25 _’l I‘_
I —— D058 0000
¥ 089£0.13 117
+0.015 1 |
0.400$3:94% I}
0.8 - - - —T—1 - >—
10.1639-3%
Q - T o.0s7s0.008
1708015 0
| opmsonn |
0.250£0.010 ) ' PIN ONE 1D
6.35£0.25
0.134£0.015 0.015*3-949
3.40£0.38 0.25
j ’f l_ 0.389-22
TAPERED SIDES 1° 0343
_ 0.324
8.70
0.180£0.005 tO 005 Y 8.24
4. 57 +0.13 i 0.105
¢ 2.67
: T SEATING PLANE
0.050 £0.002 0.622 0.176 £ 0.009
15.80
1.27£0.05 0704 4.47£0.23
17.88 T05D (REV A)

Order Number LM2576T-3.3 Flow LB03, LM2576T-XX Flow LB03, LM2576HVT-3.3 Flow LB03,

Bent, Staggered 5-Lead TO-220 (T)

LM2576T-5.0 Flow LB03, LM2576HVT-5.0 Flow LB03,
LM2576T-12 Flow LB03, LM2576HVT-12 Flow LB03,
LM2576T-15 Flow LB03, LM2576HVT-15 Flow LB03,

LM2576T-ADJ Flow LB03 or LM2576HVT-ADJ Flow LB03

NS Package Number TO5D
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LM2576/LM2576HV Series SIMPLE SWITCHER 3A Step-Down Voltage Regulator

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
/100230 TP

0.057-0.077
/ | [1.45-1.96] TP
0.260-0.280 —- 0.575
[6.60-7.11] —— [14.61] 0.085 1o
0.390-0.410 :l—{ T _'I [2.16]
[9‘9‘110‘“] QIE=="T 0.028-0.038 - 0.425 =
\ e IIgo.71—0.97] [10.80] -E]-—i
_, ] 0.330-0.350 | ™ =
[8.38-8.89] 0.030 3= 0.067
Riq o1 MAX TYP = [1.70]
0.050 \yax -] | [0.76]
[1.27] 0.015-0.030 — TP
=70 e [0.38-0.76] | . F—m 11]—4 0.042 1p
: : 1.07
0.175-0.183 [0.89] [1.07]
[4.45-4.65) I » j A -——f—-1 LEAD POSITION OVERLAY
- — % [&]o.004]0.10] —
[EYE ) TAPERED Tz I
0.048-0.052 SIDES 1° 0°-6°
[1.22-1.32] 0°-6¢2 !
0.000-0.006 STAND-OFF
[0-0.15]
e 0.490 iy ol
[12.45]
0.565 \ax
[14.35]
CONTROLLING DIMENSION: INCH
0.250
MIN [
6,35 "N~
{ |
0.200 ;1
[5.08]
\ [ 1558 (REV B)

5-Lead TO-263 (S)

Order Number LM2576S-3.3, LM2576S-5.0,
LM2576S-12,LM2576S-15, LM2576S-ADJ,
LM2576HVS-3.3, LM2576HVS-5.0, LM2576HVS-12,
LM2576HVS-15, or LM2576HVS-ADJ
NS Package Number TS5B

5-Lead TO-263 in Tape & Reel (SX)

Order Number LM2576SX-3.3, LM2576SX-5.0,
LM2576SX-12, LM2576SX-15, LM2576SX-ADJ,
LM2576HVSX-3.3, LM2576HVSX-5.0, LM2576HVSX-12,
LM2576HVSX-15, or LM2576HVSX-ADJ
NS Package Number TS5B

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
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systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
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with instructions for use provided in the labeling, can
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support device or system, or to affect its safety or
effectiveness.
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General Description

The LM2595 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 1A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, and an adjust-
able output version.

Requiring a minimum number of external components,
these regulators are simple to use and include internal fre-
quency compensationt, and a fixed-frequency oscillator.

The LM2595 series operates at a switching frequency of
150 kHz thus allowing smaller sized filter components than
what would be needed with lower frequency switching regu-
lators. Available in a standard 5-lead TO-220 package with
several different lead bend options, and a 5-lead TO-263
surface mount package. Typically, for output voltages less
than 12V, and ambient temperatures less than 50°C, no
heat sink is required.

A standard series of inductors are available from several
different manufacturers optimized for use with the LM2595
series. This feature greatly simplifies the design of switch-
mode power supplies.

Other features include a guaranteed *4% tolerance on out-
put voltage under specified input voltage and output load
conditions, and *15% on the oscillator frequency. External
shutdown is included, featuring typically 85 uwA stand-by cur-
rent. Self protection features include a two stage frequency
reducing current limit for the output switch

&National Semiconductor

February 1996

LM2595 SIMPLE SWITCHER® Power Converter
150 kHz 1A Step-Down Voltage Regulator

and an over temperature shutdown for complete protection
under fault conditions.

Features

m 3.3V, 5V, 12V, and adjustable output versions

W Adjustable version output voltage range, 1.2V to 37V
+4% max over line and load conditions
Available in TO-220 and TO-263 (surface mount)
packages

Guaranteed 1A output load current

Input voltage range up to 40V

Requires only 4 external components

Excellent line and load regulation specifications
150 kHz fixed frequency internal oscillator

TTL shutdown capability

Low power standby mode, Iq typically 85 uA
High efficiency

Uses readily available standard inductors
Thermal shutdown and current limit protection

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators

m On-card switching regulators

m Positive to negative converter

Typlcal Application (Fixed Output Voltage Versions)

Feedback

12v Wiy

Unregulated 7
DC Input
+ Cn

LM2595

Bent and Staggered Leads, Through Hole Package
5-Lead TO-220 (T)

TL/H/12565-2

Order Number LM2595T-3.3, LM2595T-5.0,
LM2595T-12 or LM2595T-ADJ
See NS Package Number TO5D

‘TPatent Number 5,382,918.

4
Qutput

1
3 5
220 uf 5_
5 lenn ON/OFF

Connection Diagrams and Ordering Information

L1 Regulated
Output
68 uH £l coyr 1A Load

D1
| 120 pF
IN5822 #

TL/H/12565-1

Surface Mount Package
5-Lead TO-263 (S)

Pins 1, 3 & 5 Sd
Pins 2 & 4 1oe &
View
B —TT115 - ON/OFF
GND 15 - ON/OFF T Metal [T 114 - Feed Back
14 - Feed Back op Tab [T 113 - Ground
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Absolute Maximum Ratings (vote 1)

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

Maximum Supply Voltage

ON/OFF Pi

n Input Voltage

Feedback Pin Voltage
Output Voltage to Ground (Steady State) -1V
Power Dissipation

Storage Temperature Range

ESD Susce|
Human B

ptibility
ody Model (Note 2)

LM2595-3.3

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range

45V
—03 <V < +25V
—03 <V <+25V

Internally limited
—65°Cto +150°C

2kV

Lead Temperature

S Package
Vapor Phase (60 sec.)
Infrared (10 sec.)

T Package (Soldering, 10 sec.)
Maximum Junction Temperature

Operating Conditions

Temperature Range
Supply Voltage

+215°C
+245°C

+260°C
+150°C

—25°C < Ty +125°C

4.5V to 40V

LM2595-3.3 Unit
i nits
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
VouTt Output Voltage 4.75V < V| < 40V, 0.1A < I oap < 1A 3.3 \
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency VIN =12V, ILOAD =1A 78 %
LM2595-5.0

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range

LM2595-5.0 Unit
. nits
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
Vout Output Voltage 7V < V|N < 40V,0.1A <l pap < 1A 5.0 \
4.800/4.750 V(min)
5.200/5.250 V(max)
n Efficiency VIN = 12V, I oaDp = 1A 82 %
LM2595-12

Electrical Characteristics Specifications with standard type face are for Tj = 25°C, and those with boldface
type apply over full Operating Temperature Range

LM2595-12 Unit
. nits
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
VouTt Output Voltage 15V < V)N < 40V, 0.1A < | pap < 1A 12.0 \
11.52/11.40 V(min)
12.48/12.60 V(max)
n Efficiency VIN = 25V, ILOAD =1A 90 %




LM25

95-ADJ

Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface
type apply over full Operating Temperature Range

LM2595-ADJ Unit
- nits
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2
VEB Feedback Voltage 4.5V < V|y <40V,0.1A < I pap < 1A 1.230 \
Vout programmed for 3V. Circuit of Figure 2 1.193/1.180 V(min)
1.267/1.280 V(max)
n Efficiency ViN = 12V, Vout = 3V, lILoap = 1A %

All Output Voltage Versions
Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface

type apply over full Operating Temperature Range. Unless otherwise specified, V|y =

Adjustable version and V|y = 24V for the 12V version. I pap = 200 mA

12V for the 3.3V, 5V, and

LM2595-XX Unit
- nits
Symbol Parameter Conditions Typ Limit (Limits)
(Note 3) (Note 4)
DEVICE PARAMETERS
lp Feedback Bias Current Adjustable Version Only,Vgg = 1.3V 10 nA
50/100 nA (max)
fo Oscillator Frequency (Note 6) 150 kHz
127/110 kHz(min)
173/173 | kHz(max)
VsaT Saturation Voltage lout = 1A (Notes 7 and 8) 1 \'
1.2/1.3 V(max)
DC Max Duty Cycle (ON) (Note 8) 100 %
Min Duty Cycle (OFF) (Note 9) 0 )
loL Current Limit Peak Current (Notes 7 and 8) 1.5 A
1.2/1.15 A(min)
2.4/2.6 A(max)
IL Output Leakage Current (Notes 7, 9, and 10) Output = 0V 50 nA(max)
Output = —1V 2 mA
15 mA(max)
la Quiescent Current (Note 9) 5 mA
10 mA(max)
IsTBY Standby Quiescent ON/OFF pin = 5V (OFF) (Note 10) 85 nA
Current 200/250 nA(max)
04c Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 °C/W
04 TO-220 Package, Junction to Ambient (Note 11) 50 °C/W
0Ja TO-263 Package, Junction to Ambient (Note 12) 50 °C/W
0JA TO-263 Package, Junction to Ambient (Note 13) 30 °C/W
0JA TO-263 Package, Junction to Ambient (Note 14) 20 °C/W
ON/OFF CONTROL Test Circuit Figure 2
ON/OFF Pin Logic Input 1.3 v
ViH Threshold Voltage Low (Regulator ON) 0.6 V(max)
ViL High (Regulator OFF) 2.0 V(min)
Iy ON/OFF Pin Viogic = 2.5V (Regulator OFF) 5 pA
Input Current 15 pA(max)
I VLoaic = 0.5V (Regulator ON) 0.02 nA
5 nA(max)




Electrical Characteristics continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended 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 is a 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 at 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 correlation using standard Statistical Quality Control (SQC) methods. All limits are used
to calculate Average Outgoing Quality Level (AOQL).

Note 5: External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect switching regulator
system performance. When the LM2595 is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of
Electrical Characteristics.

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
overload.

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: Viy = 40V.

Note 11: Junction to ambient thermal resistance (no external heat sink) for the TO-220 package mounted vertically, with the leads soldered to a printed circuit
board with (1 0z.) copper area of approximately 1 in2.

Note 12: Junction to ambient thermal resistance with the TO-263 package tab soldered to a single printed circuit board with 0.5 in2 of (1 0z.) copper area.
Note 13: Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5 in2 of (1 0z.) copper area.

Note 14: Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in2 of (1 0z.) copper area on
the LM2595S side of the board, and approximately 16 in2 of copper on the other side of the p-c board. See Application Information in this data sheet and the
thermal model in Switchers Made Simple® version 4.2 software.

Typical Performance Characteristics (Circuit of Figure 2)
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Typical Performance Characteristics (Circuit of Figure 2) (Continued)
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Typical Performance Characteristics (circuit of Figure 2)

Continuous Mode Switching Waveforms
VIN = 20V, Vout = 5V, ILoaD = 1A
L = 68 uH, Coyt = 120 uF, Coyt ESR = 100 mQ)

20V

A 10V
ov

1A

B 0.5A
0A

50 mV

C AC/
div.

e e,

TL/H/12565-17

A: Output Pin Voltage, 10V/div.

B: Inductor Current 0.5A/div.

C: Output Ripple Voltage, 50 mV/div.
Horizontal Time Base: 2 us/div.

Load Transient Response for Continuous Mode
VIN = 20V, VoyTt = 5V, ILoaD = 250 mA to 750 mA
L = 68 uH, Coyt = 120 uF, Coyt ESR = 100 mQ2

100 mV
A AC/
div.

1A

B 0.5A
0A

TL/H/12565-19

A: Output Voltage, 100 mV/div. (AC)
B: 250 mA to 750 mA Load Pulse
Horizontal Time Base: 100 us/div.

Block Diagram

ON/OFF
—

Discontinuous Mode Switching Waveforms
VIN = 20V, Vout = 5V, ILoaD = 600 mA
L = 22 uH, Coyt = 220 uF, Coyt ESR = 50 mQ
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A 10V
ov

1A

By 05A
0A

50 mV

C AC/
div.

TL/H/12565-18
A: Output Pin Voltage, 10V/div.
B: Inductor Current 0.5A/div.
C: Output Ripple Voltage, 50 mV/div.
Horizontal Time Base: 2 us/div.

Load Transient Response for Discontinuous Mode
VIN = 20V, VouT = 5V, ILoaD = 250 mA to 750 mA
L = 22 uH, Coyt = 220 uF, Coyt ESR = 50 mQ

100 mV
A AC/
div.

1A

B 0.5A
0A

TL/H/12565-20

A: Output Voltage, 100 mV/div. (AC)
B: 250 mA to 750 mA Load Pulse
Horizontal Time Base: 200 us/div.
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Test Circuit and Layout Guidelines

Fixed Output Voltage Versions

4 | FEEDBACK

*in] Lm2s95 |outeur
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2 1

KEEP FEEDBACK WIRING AWAY
~—"" FROM INDUCTOR FLUX

UN;E%';,’[‘JTTED i IEN 3leND SloN/OFF

HEAVY LINES MUST BE KEPT SHORT AND USE

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

Cin  — 120 uF, 50V, Aluminum Electrolytic
Nichicon “PL Series”

Cout — 120 uF, 25V Aluminum Electrolytic,
Nichicon “PL Series”

REGULATED OUTPUT 1 3 uH 1
1 1
1 00 1
1 1
1 L1
1 iy ol
i sour |A]1
1 1
1 B Dl
1 1
1 1
| Low ESR !
1 SHORT LEADS \
P H

OPTIONAL POST RIPPLE FILTER
TL/H/12565-22

LOCATE THE PROGRAMMING RESISTORS NEAR

KEEP FEEDBACK WIRING AWAY

D1 — 3A, 40V Schottky Rectifier, 1N5822
L1 — 100 uH, L29
Adjustable Output Voltage Versions
Crr
| THE FEEDBACK PIN USING SHORT LEADS
R1 R2
AVAVAV AWA' -
1k
4 | FEEDBACK

Yin] LM2595

T 7| rosusTaBLE

+

QUTPUT

<~ FROM INDUCTOR FLUX

REGULATED OUTPUT

1
UN[';CE%'E‘;TTED | ay 3|GND slm/orr

TL/H/12565-23

HEAVY LINES MUST BE KEPT SHORT AND USE Cin  — 120 uF, 50V, Aluminum Electrolytic

GROUND PLANE CONSTRUCTION FOR BEST RESULTS

R
VouT = VRer (1 + H—f) where Vggr = 1.23V

V

Select Ry to be approximately 1 kg2,
use a 1% resistor for best stability.

Nichicon “PL Series”

Cout — 120 pF, 25V Aluminum Electrolytic,
Nichicon “PL Series”

D1 — 3A, 40V Schottky Rectifier, 1N5822
L1 —100 pH, L29

Ry —1kQ, 1%

Crr — See Application Information Section

FIGURE 2. Standard Test Circuits and Layout Guides

As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance
can generate voltage transients which can cause problems.
For minimal inductance and ground loops, the wires indicat-
ed by heavy lines should be wide printed circuit traces
and should be kept as short as possible. For best results,
external components should be located as close to the
switcher IC as possible using ground plane construction or
single point grounding.

If open core inductors are used, special care must be
taken as to the location and positioning of this type of induc-
tor. Allowing the inductor flux to intersect sensitive feed-
back, IC groundpath and Coyt 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
IC, and route the wiring away from the inductor, especially
an open core type of inductor. (See application section for
more information.)




LM2595 Series Buck Regulator Design Procedure (Fixed Output)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Given:
Vout = Regulated Output Voltage (3.3V, 5V or 12V)
Vin(max) = Maximum DC Input Voltage
ILoap(max) = Maximum Load Current

1. Inductor Selection (L1)

A. Select the correct inductor value selection guide from
Figures 5, 6, or 7. (Output voltages of 3.3V, 5V, or 12V
respectively.) For all other voltages, see the design pro-
cedure for the adjustable version.

B. From the inductor value selection guide, identify the
inductance region intersected by the Maximum Input
Voltage line and the Maximum Load Current line. Each
region is identified by an inductance value and an induc-
tor code (LXX).

C. Select an appropriate inductor from the four manufac-
turer’s part numbers listed in Figure 9.
2. Output Capacitor Selection (CoyT)

A. In the majority of applications, low ESR (Equivalent
Series Resistance) electrolytic capacitors between
47 nF and 330 uF and low ESR solid tantalum capaci-
tors between 56 uF and 270 pF provide the best results.
This capacitor should be located close to the IC using
short capacitor leads and short copper traces. Do not
use capacitors larger than 330 uF.

For additional information, see section on output ca-
pacitors in application information section.

B. To simplify the capacitor selection procedure, refer to
the quick design component selection table shown in
Figure 3. This table contains different input voltages, out-
put voltages, and load currents, and lists various induc-
tors and output capacitors that will provide the best de-
sign solutions.

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

D. For computer aided design software, see Switchers
Made Simple® version 4.2 or later.

3. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2595. The most stressful
condition for this diode is an overload or shorted output
condition.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

C. This diode must be fast (short reverse recovery time)
and must be located close to the LM2595 using short
leads and short printed circuit traces. Because of their
fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and effi-
ciency, and should be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or High-

Procedure continued on next page.

Given:

Vout = 5V
Vin(max) = 12V
ILoap(max) = 1A

. Inductor Selection (L1)

A. Use the inductor selection guide for the 5V version
shown in Figure 6.

B. From the inductor value selection guide shown in Fig-
ure 6, the inductance region intersected by the 12V hori-
zontal line and the 1A vertical line is 68 uH, and the
inductor code is L30.

C. The inductance value required is 68 uH. From the
table in Figure 9, go to the L30 line and choose an induc-
tor part number from any of the four manufacturers
shown. (In most instance, both through hole and surface
mount inductors are available.)

. Output Capacitor Selection (Coyr)

A. See section on output capacitors in application
information section.

B. From the quick design component selection table
shown in Figure 3, locate the 5V output voltage section.
In the load current column, choose the load current line
that is closest to the current needed in your application,
for this example, use the 1A line. In the maximum input
voltage column, select the line that covers the input volt-
age needed in your application, in this example, use the
15V line. Continuing on this line are recommended in-
ductors and capacitors that will provide the best overall
performance.

The capacitor list contains both through hole electrolytic
and surface mount tantalum capacitors from four differ-
ent capacitor manufacturers. It is recommended that
both the manufacturers and the manufacturer’s series
that are listed in the table be used.

In this example aluminum electrolytic capacitors from
several different manufacturers are available with the
range of ESR numbers needed.

220 uF 25V Panasonic HFQ Series
220 nF 25V Nichicon PL Series

C. For a 5V output, a capacitor voltage rating at least
7.5V or more is needed. But, in this example, even a low
ESR, switching grade, 220 uF 10V aluminum electrolytic
capacitor would exhibit approximately 225 mQ of ESR
(see the curve in Figure 14 for the ESR vs voltage rat-
ing). This amount of ESR would result in relatively high
output ripple voltage. To reduce the ripple to 1% of the
output voltage, or less, a capacitor with a higher voltage
rating (lower ESR) should be selected. A 16V or 25V
capacitor will reduce the ripple voltage by approximately
half.

. Catch Diode Selection (D1)

A. Refer to the table shown in Figure 712. In this example,
a 3A, 20V, 1N5820 Schottky diode will provide the best
performance, and will not be overstressed even for a
shorted output.

Example continued on next page.




LM2595 Series Buck Regulator Design Procedure (Fixed Output) (continued)

PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

Efficiency rectifiers also provide good results. Ultra-fast
recovery diodes typically have reverse recovery times of
50 ns or less. Rectifiers such as the 1N5400 series are
much too slow and should not be used.

4. Input Capacitor (C|y)
A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground pin to prevent
large voltage transients from appearing at the input. This
capacitor should be located close to the IC using short
leads. In addition, the RMS current rating of the input
capacitor should be selected to be at least 1/, the DC
load current. The capacitor manufacturers data sheet
must be checked to assure that this current rating is not
exceeded. The curve shown in Figure 13 shows typical
RMS current ratings for several different aluminum elec-
trolytic capacitor values.
For an aluminum electrolytic, the capacitor voltage rating
should be approximately 1.5 times the maximum input
voltage. Caution must be exercised if solid tantalum ca-
pacitors are used (see Application Information on input
capacitor). The tantalum capacitor voltage rating should
be 2 times the maximum input voltage and it is recom-
mended that they be surge current tested by the manu-
facturer.
Use caution when using ceramic capacitors for input by-
passing, because it may cause severe ringing at the VN
pin.
For additional information, see section on input ca-
pacitors in Application Information section.

4. Input Capacitor (Cin)

The important parameters for the Input capacitor are the
input voltage rating and the RMS current rating. With a
nominal input voltage of 12V, an aluminum electrolytic
capacitor with a voltage rating greater than 18V (1.5 X
V|N) would be needed. The next higher capacitor voltage
rating is 25V.

The RMS current rating requirement for the input capaci-
tor in a buck regulator is approximately 1/, the DC load
current. In this example, with a 1A load, a capacitor with
a RMS current rating of at least 500 mA is needed. The
curves shown in Figure 13 can be used to select an ap-
propriate input capacitor. From the curves, locate the
25V line and note which capacitor values have RMS cur-
rent ratings greater than 500 mA. Either a 180 uF or
220 wuF, 25V capacitor could be used.

For a through hole design, a 220 uF/25V electrolytic
capacitor (Panasonic HFQ series or Nichicon PL series
or equivalent) would be adequate. other types or other
manufacturers capacitors can be used provided the
RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors
can be used, but caution must be exercised with regard
to the capacitor surge current rating (see Application In-
formation on input capacitors in this data sheet). The
TPS series available from AVX, and the 593D series
from Sprague are both surge current tested.

Conditions Inductor Output Capacitor

Through Hole Electrolytic Surface Mount Tantalum
Voltage | Curront | 'Voltage | Mductance | inductor | JESSSRL | pl'Carics | “Series | 598D Seres

v) A) v) #H) * ) (uF/V) (uF/V) (uF/V)

5 22 L24 330/16 330/16 220/10 330/10

1 7 33 L23 270/25 270/25 220/10 270/10

10 47 L31 220/25 220/35 220/10 220/10

3.3 40 68 L30 180/35 220/35 220/10 180/10

6 47 L13 220/25 220/16 220/10 220/10

0.5 10 68 L21 150/35 150/25 100/16 150/16

40 100 L20 150/35 82/35 100/16 100/20

8 33 L28 330/16 330/16 220/10 270/10

’ 10 47 L31 220/25 220/25 220/10 220/10

15 68 L30 180/35 180/35 220/10 150/16

5 40 100 L29 180/35 120/35 100/16 120/16

9 68 L21 180/16 180/16 220/10 150/16

0.5 20 150 L19 120/25 1200/25 100/16 100/20

40 150 L19 100/25 100/25 68/20 68/25

15 47 L31 220/25 220/25 68/20 120/20

; 18 68 L30 180/35 120/25 68/20 120/20

30 150 L36 82/25 82/25 68/20 100/20

12 40 220 L35 82/25 82/25 68/20 68/25

15 68 L21 180/25 180/25 68/20 120/20

0.5 20 150 L19 82/25 82/25 68/20 100/20

40 330 L26 56/25 56/25 68/20 68/25

FIGURE 3. LM2595 Fixed Voltage Quick Design Component Selection Table




LM2595 Series Buck Regulator Design Procedure (Adjustable Output)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

Given:

1.

2,

Ee

3.

VouT = Regulated Output Voltage

Vin(max) = Maximum Input Voltage

ILoap(max) = Maximum Load Current

F = Switching Frequency (Fixed at a nominal 150 kHz).
Programming Output Voltage (Selecting R1 and Ry, as
shown in Figure 2)

Use the following formula to select the appropriate resis-
tor values.

R
VouT = VRer (1 + R—f) where VRgr = 1.23V

Select a value for R1 between 2400 and 1.5 kQ. The
lower resistor values minimize noise pickup in the sensi-
tive feedback pin. (For the lowest temperature coeffi-
cient and the best stability with time, use 1% metal film

resistors.)

V

Ro = Ry (—OUT - 1)

VREF
Inductor Selection (L1)
A. Calculate the inductor Volt ® microsecond constant
E o T (V ® us), from the following formula:

1000

150 kHz

Vour + Vb
VIN = VsaT *+ Vp

T = (Vin — Vout — Vsam) ® (Vo pus)

where VgaT = internal switch saturation voltage = 1V
and Vp = diode forward voltage drop = 0.5V

B. Use the E ® T value from the previous formula and
match it with the E ® T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 8.

C. on the horizontal axis, select the maximum load cur-
rent.

D. Identify the inductance region intersected by the E® T
value and the Maximum Load Current value. Each region
is identified by an inductance value and an inductor code
(LXX).

E. Select an appropriate inductor from the four manufac-
turer’s part numbers listed in Figure 9.

Output Capacitor Selection (Coyr)

A. In the majority of applications, low ESR electrolytic or
solid tantalum capacitors between 47 uF and 330 uF
provide the best results. This capacitor should be locat-
ed close to the IC using short capacitor leads and short
copper traces. Do not use capacitors larger than 330 uF.
For additional information, see section on output ca-
pacitors in application information section.

B. To simplify the capacitor selection procedure, refer to
the quick design table shown in Figure 4. This table con-
tains different output voltages, and lists various output
capacitors that will provide the best design solutions.

C. The capacitor voltage rating 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 needed for low output ripple voltage.

Procedure continued on next page.

Given:

VouTt = 20V

V|n(max) = 28V

ILoap(max) = 1A

F = Switching Frequency (Fixed at a nominal 150 kHz).

. Programming Output Voltage (Selecting R1 and Ry, as

shown in Figure 2)
Select Ry to be 1 k2, 1%. Solve for Rj.
V, 20V
Rz = Ry (ﬂ—1> = 1k(——1)
VREF 1.23V

R2 = 1k (16.26 — 1) = 15.26k, closest 1% value is
15.4 kQ.

Ry = 15.4 kQ.

. Inductor Selection (L1)

A. Calculate the inductor Volt ® microsecond constant
(EeT),

20 + 0.5
28 —1+05

1000
¢ (Veps)

EeT=(28—-20—1)e
150

20.5

©6.67 (Ve us) =348 (Veus
275 (Vo us) (V@ us)
B.EeT = 34.8(V® pus)
C. ILOAD(max) =1A
D. From the inductor value selection guide shown in Fig-
ure 8, the inductance region intersected by the 35 (V e
us) horizontal line and the 1A vertical line is 100 pwH, and
the inductor code is L29.
E. From the table in Figure 9, locate line L29, and select
an inductor part number from the list of manufacturers
part numbers.

EeT=(7)e

. Output Capacitor Selection (CoyT)

A. See section on CoyT in Application Information sec-
tion.

B. From the quick design table shown in Figure 4, locate
the output voltage column. From that column, locate the
output voltage closest to the output voltage in your appli-
cation. In this example, select the 24V line. Under the
output capacitor section, select a capacitor from the list
of through hole electrolytic or surface mount tantalum
types from four different capacitor manufacturers. It is
recommended that both the manufacturers and the man-
ufacturers series that are listed in the table be used.

In this example, through hole aluminum electrolytic ca-
pacitors from several different manufacturers are avail-
able.

82 uF, 35V Panasonic HFQ Series
82 uF, 35V Nichicon PL Series
Example continued on next page.
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LM2595 Series Buck Regulator Design Procedure (Adjustable Output)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

. Feedforward Capacitor (Cgf) (See Figure 2)

For output voltages greater than approximately 10V, an
additional capacitor is required. The compensation ca-
pacitor is typically between 50 pF and 10 nF, and is wired
in parallel with the output voltage setting resistor, Ro. It
provides additional stability for high output voltages, low
input-output voltages, and/or very low ESR output ca-
pacitors, such as solid tantalum capacitors.

_ 1

31 X 103 X Ry

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 recom-
mended.)

. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2595. The most stressful
condition for this diode is an overload or shorted output
condition.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

C. This diode must be fast (short reverse recovery time)
and must be located close to the LM2595 using short
leads and short printed circuit traces. Because of their
fast switching speed and low forward voltage drop,
Schottky diodes provide the best performance and effi-
ciency, and should be the first choice, especially in low
output voltage applications. Ultra-fast recovery, or High-
Efficiency rectifiers are also a good choice, but some
types with an abrupt turn-off characteristic may cause
instability or EMI problems. Ultra-fast recovery diodes
typically have reverse recovery times of 50 ns or less.
Rectifiers such as the 1N4001 series are much too slow
and should not be used.

. Input Capacitor (C|y)

A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground to prevent
large voltage transients from appearing at the input. In
addition, the RMS current rating of the input capacitor
should be selected to be at least 1/, the DC load current.
The capacitor manufacturers data sheet must be
checked to assure that this current rating is not exceed-
ed. The curve shown in Figure 13 shows typical RMS
current ratings for several different aluminum electrolytic
capacitor values.

This capacitor should be located close to the IC using
short leads and the voltage rating should be approxi-
mately 1.5 times the maximum input voltage.

If solid tantalum input capacitors are used, it is recom-
ended that they be surge current tested by the manufac-
turer.

Use caution when using a high dielectric constant ce-
ramic capacitor for input bypassing, because it may
cause severe ringing at the V| pin.

Crr

For additional information, see section on input capaci-
tors in application information section.

C. For a 20V output, a capacitor rating of at least 30V or
more is needed. In this example, either a 35V or 50V
capacitor would work. A 35V rating was chosen, although
a 50V rating could also be used if a lower output ripple
voltage is needed.

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

4. Feedforward Capacitor (Cgf)

The table shown in Figure 4 contains feed forward ca-
pacitor values for various output voltages. In this exam-
ple, a 1 nF capacitor is needed.

5. Catch Diode Selection (D1)

A. Refer to the table shown in Figure 12. Schottky diodes
provide the best performance, and in this example a 3A,
40V, 1N5822 Schottky diode would be a good choice.
The 3A diode rating is more than adequate and will not
be overstressed even for a shorted output.

6. Input Capacitor (Cin)

The important parameters for the Input capacitor are the
input voltage rating and the RMS current rating. With a
nominal input voltage of 28V, an aluminum electrolytic
aluminum electrolytic capacitor with a voltage rating
greater than 42V (1.5 X V|y) would be needed. Since
the the next higher capacitor voltage rating is 50V, a 50V
capacitor should be used. The capacitor voltage rating of
(1.5 X V|n) is a conservative guideline, and can be modi-
fied somewhat if desired.

The RMS current rating requirement for the input capaci-
tor of a buck regulator is approximately 1, the DC load
current. In this example, with a 1A load, a capacitor with
a RMS current rating of at least 500 mA is needed.

The curves shown in Figure 13 can be used to select an
appropriate input capacitor. From the curves, locate the
50V line and note which capacitor values have RMS cur-
rent ratings greater than 500 mA. Either a 100 uF or
120 uF, 50V capacitor could be used.

For a through hole design, a 120 uF/50V electrolytic
capacitor (Panasonic HFQ series or Nichicon PL series
or equivalent) would be adequate. Other types or other
manufacturers capacitors can be used provided the
RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors
can be used, but caution must be exercised with regard
to the capacitor surge current rting (see Application In-
formation or input capacitors in this data sheet). The TPS
series available from AVX, and the 593D series from
Sprague are both surge current tested.

To further simplify the buck regulator design procedure, Na-
tional Semiconductor is making available computer design
software to be used with the Simple Switcher line ot switch-
ing regulators. Switchers Made Simple (version 4.2 or lat-
er) is available on a 315" diskette for IBM compatible com-
puters.
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LM2595 Series Buck Regulator Design Procedure (Adjustable Output)

(Continued)
Through Hole Electrolytic Output Capacitor Surface Mount Tantalum Output Capacitor
\(I):I:::: Panasor_iic Nichic?n PL Feedforward AvX T PS Spragu? Feedforward
V) HFQ Series Series Capacitor Series 595D Series Capacitor
(+F/V) (+F/V) (+F/V) (uF/V)
1.2 330/50 330/50 0 330/6.3 330/6.3 0
4 220/25 220/25 4.7 nF 220/10 220/10 4.7 nF
6 220/25 220/25 3.3nF 220/10 220/10 3.3nF
9 180/25 180/25 1.5nF 100/16 180/16 1.5nF
12 120/25 120/25 1.5nF 68/20 120/20 1.5nF
15 120/25 120/25 1.5nF 68/20 100/20 1.5nF
24 82/35 82/35 1nF 33/25 33/35 220 pF
28 82/50 82/50 1nF 10/35 33/35 220 pF

FIGURE 4. Output Capacitor and Feedforward Capacitor Selection Table

LM2595 Series Buck Regulator Design Procedure
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)
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LM2595 Series Buck Regulator Design Procedure (continued)

Inductance | Current Schott Renco Pulse Engineering Coilcraft
(uH) (A) Through | Surface Through Surface Through Surface Surface
Hole Mount Hole Mount Hole Mount Mount

L4 68 0.32 67143940 | 67144310 | RL-1284-68-43 | RL1500-68 | PE-53804 | PE-53804-S | DO1608-68
L5 47 0.37 67148310 | 67148420 | RL-1284-47-43 | RL1500-47 | PE-53805 | PE-53805-S | DO1608-473
L6 33 0.44 67148320 | 67148430 | RL-1284-33-43 | RL1500-33 | PE-53806 | PE-53806-S | DO1608-333
L9 220 0.32 67143960 | 67144330 | RL-5470-3 RL1500-220 | PE-53809 | PE-53809-S | DO3308-224
L10 150 0.39 67143970 | 67144340 | RL-5470-4 RL1500-150 | PE-53810 | PE-53810-S | DO3308-154
L11 100 0.48 67143980 | 67144350 | RL-5470-5 RL1500-100 | PE-53811 | PE-53811-S | DO3308-104
L12 68 0.58 67143990 | 67144360 | RL-5470-6 RL1500-68 | PE-53812 | PE-53812-S | DO3308-683
L13 47 0.70 67144000 | 67144380 | RL-5470-7 RL1500-47 | PE-53813 | PE-53813-S | DO3308-473
L14 33 0.83 67148340 | 67148450 | RL-1284-33-43 | RL1500-33 | PE-53814 | PE-53814-S | DO3308-333
L15 22 0.99 67148350 | 67148460 | RL-1284-22-43 | RL1500-22 | PE-53815 | PE-53815-S | DO3308-223
L16 15 1.24 67148360 | 67148470 | RL-1284-15-43 | RL1500-15 | PE-53816 | PE-53816-S | DO3308-153
L17 330 0.42 67144030 | 67144410 | RL-5471-1 RL1500-330 | PE-53817 | PE-53817-S | DO3316-334
L18 220 0.55 67144040 | 67144420 | RL-5471-2 RL1500-220 | PE-53818 | PE-53818-S | DO3316-224
L19 150 0.66 67144050 | 67144430 | RL-5471-3 RL1500-150 | PE-53819 | PE-53819-S | DO3316-154
L20 100 0.82 67144060 | 67144440 | RL-5471-4 RL1500-100 | PE-53820 | PE-53820-S | DO3316-104
L21 68 0.99 67144070 | 67144450 | RL-5471-5 RL1500-68 PE-53821 | PE-53821-S | DO3316-683
L22 47 1.17 67144080 | 67144460 | RL-5471-6 — PE-53822 | PE-53822-S | DO3316-473
L23 33 1.40 67144090 | 67144470 | RL-5471-7 —_ PE-53823 | PE-53823-S | DO3316-333
L24 22 1.70 67148370 | 67144480 | RL-1283-22-43 —_ PE-53824 | PE-53824-S | DO3316-223
L26 330 0.80 67144100 | 67144480 | RL-5471-1 —_ PE-53826 | PE-53826-S | DO5022P-334
L27 220 1.00 67144110 | 67144490 | RL-5471-2 —_ PE-53827 | PE-53827-S | DO5022P-224
L28 150 1.20 67144120 | 67144500 | RL-5471-3 — PE-53828 | PE-53828-S | DO5022P-154
L29 100 1.47 67144130 | 67144510 | RL-5471-4 — PE-53829 | PE-53829-S | DO5022P-104
L30 68 1.78 67144140 | 67144520 | RL-5471-5 — PE-53830 | PE-53830-S | DO5022P-683
L35 47 2.15 67144170 — RL-5473-1 — PE-53935 | PE-53935-S —

FIGURE 9. Inductor Manufacturers Part Numbers
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LM2595 Series Buck Regulator Design Procedure (continued)

Coilcraft Inc. Phone | (800) 322-2645 Nichicon Corp. Phone (708) 843-7500
FAX (708) 639-1469 FAX (708) 843-2798
Coilcraft Inc., Europe Phone | +11 1236 730 595 Panasonic Phone (714) 373-7857
FAX +44 1236 730 627 FAX (714) 373-7102
Pulse Engineering Inc. Phone | (619) 674-8100 AVX Corp. Phone (803) 448-9411
FAX (619) 674-8262 FAX (803) 448-1943
Pulse Engineering Inc., | Phone | +353 9324 107 Sprague/Vishay Phone (207) 324-4140
Europe FAX +353 93 24 459 FAX (207) 324-7223
Renco Electronics Inc. | Phone | (800) 645-5828 FIGURE 11. Capacitor Manufacturers Phone Numbers
FAX (516) 586-5562
Schott Corp. Phone | (612) 475-1173
FAX (612) 475-1786

FIGURE 10. Inductor Manufacturers Phone Numbers

1A Diodes 3A Diodes
VR Surface Mount Through Hole Surface Mount Through Hole
Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast
Recovery Recovery Recovery Recovery
SK12 1N5817 1N5820
20V SR102 SK32 SR302
All of All of All of All of
these these these MBR320 these
SK13 diodes 1N5818 diodes diodes 1N5821 diodes
30V are are are are
MBRS130 rated to SR103 rated to SK33 rated to MBR330 rated to
at least 11DQ03 at least at least 31DQ03 at least
SK14 50V. 50V. 50V. 1N5822 50V.
40V | MBRS140 1N5819 SK34 SR304
10BQ040 SR104 MBRS340 MBR340
10MQ040 MURS120 11DQ04 MUR120 30WQ04 MURS320 31DQ04 MUR320
50V | MBRS160 10BF10 SR105 SK35 30WF10 SR305 30WF10
or 10BQO50 MBR150 MBR360 MBR350
More | 10MQ060 11DQ05 30WQ05 31DQ05

FIGURE 12. Diode Selection Table
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Application Information

PIN FUNCTIONS

+ ViN—This is the positive input supply for the IC switching
regulator. A suitable input bypass capacitor must be present
at this pin to minimize voltage transients and to supply the
switching currents needed by the regulator.

Ground—Circuit ground.

Output—Internal switch. The voltage at this pin switches
between (+V|y — VsaT) and approximately —0.5V, with a
duty cycle of approximately Voyt/V|N. To minimize coupling
to sensitive circuitry, the PC board copper area connected
to this pin should be kept to a minimum.

Feedback—Senses the regulated output voltage to com-
plete the feedback loop.

ON/OFF—Allows the switching regulator circuit to be shut
down using logic level signals thus dropping the total input
supply current to approximately 85 uA. Pulling this pin be-
low a threshold voltage of approximately 1.3V turns the reg-
ulator on, and pulling this pin above 1.3V (up to a maximum
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 open, in either case the regulator will be in
the ON condition.

EXTERNAL COMPONENTS

CiN—A low ESR aluminum or tantalum bypass capacitor is
needed between the input pin and ground pin. It must be
located near the regulator using short leads. This capacitor
prevents large voltage transients from appearing at the in-
put, and provides the instantaneous current needed each
time the switch turns on.

The important parameters for the Input capacitor are the
voltage rating and the RMS current rating. Because of the
relatively high RMS currents flowing in a buck regulator’s
input capacitor, this capacitor should be chosen for its RMS
current rating rather than its capacitance or voltage ratings,
although the capacitance value and voltage rating are di-
rectly related to the RMS current rating.

The RMS current rating of a capacitor could be viewed as a
capacitor’s power rating. The RMS current flowing through
the capacitors internal ESR produces power which causes
the internal temperature of the capacitor to rise. The RMS
current rating of a capacitor is determined by the amount of
current required to raise the internal temperature approxi-
mately 10°C above an ambient temperature of 105°C. The
ability of the capacitor to dissipate this heat to the surround-
ing air will determine the amount of current the capacitor
can safely sustain. Capacitors that are physically large and
have a large surface area will typically have higher RMS
current ratings. For a given capacitor value, a higher voltage
electrolytic capacitor will be physically larger than a lower
voltage capacitor, and thus be able to dissipate more heat
to the surrounding air, and therefore will have a higher RMS
current rating.

The consequences of operating an electrolytic capacitor
above the RMS current rating is a shortened operating life.
The higher temperature speeds up the evaporation of the
capacitor’s electrolyte, resulting in eventual failure.

Selecting an input capacitor requires consulting the manu-
facturers data sheet for maximum allowable RMS ripple cur-
rent. For a maximum ambient temperature of 40°C, a gener-
al guideline would be to select a capacitor with a ripple cur-
rent rating of approximately 50% of the DC load current. For
ambient temperatures up to 70°C, a current rating of 75% of
the DC load current would be a good choice for a conserva-
tive design. The capacitor voltage rating must be at least
1.25 times greater than the maximum input voltage, and of-
ten a much higher voltage capacitor is needed to satisfy the
RMS current requirements.

A graph shown in Figure 13 shows the relationship between
an electrolytic capacitor value, its voltage rating, and the
RMS current it is rated for. These curves were obtained
from the Nichicon “PL” series of low ESR, high reliability
electrolytic capacitors designed for switching regulator ap-
plications. Other capacitor manufacturers offer similar types
of capacitors, but always check the capacitor data sheet.

“Standard” electrolytic capacitors typically have much high-
er ESR numbers, lower RMS current ratings and typically
have a shorter operating lifetime.

Because of their small size and excellent performance, sur-
face mount solid tantalum capacitors are often used for in-
put bypassing, but several precautions must be observed. A
small percentage of solid tantalum capacitors can short if
the inrush current rating is exceeded. This can happen at
turn on when the input voltage is suddenly applied, and of
course, higher input voltages produce higher inrush cur-
rents. Several capacitor manufacturers do a 100% surge
current testing on their products to minimize this potential
problem. If high turn on currents are expected, it may be
necessary to limit this current by adding either some resist-
ance or inductance before the tantalum capacitor, or select
a higher voltage capacitor. As with aluminum electrolytic ca-
pacitors, the RMS ripple current rating must be sized to the
load current.

FEEDFORWARD CAPACITOR
(Adjustable Output Voltage Version)

Crr-A Feedforward Capacitor Cgr, shown across R2 in Fig-
ure 2 is used when the output voltage is greater than 10V or
when Coyt has a very low ESR. This capacitor adds lead
compensation to the feedback loop and increases the
phase margin for better loop stability. For Cg selection, see
the design procedure section.
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Application Information (continued)
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FIGURE 13. RMS Current Ratings for Low ESR
Electrolytic Capacitors (Typical)

OUTPUT CAPACITOR

Cout—An output capacitor is required to filter the output
and provide regulator loop stability. Low impedance or low
ESR Electrolytic or solid tantalum capacitors designed for
switching regulator applications must be used. When select-
ing an output capacitor, the important capacitor parameters
are; the 100 kHz Equivalent Series Resistance (ESR), the
RMS ripple current rating, voltage rating, and capacitance
value. For the output capacitor, the ESR value is the most
important parameter.

The output capacitor requires an ESR value that has an
upper and lower limit. For low output ripple voltage, a low
ESR value is needed. This value is determined by the maxi-
mum allowable output ripple voltage, typically 1% to 2% of
the output voltage. But if the selected capacitor's ESR is
extremely low, there is a possibility of an unstable feedback
loop, resulting in an oscillation at the output. Using the ca-
pacitors listed in the tables, or similar types, will provide
design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is re-
quired, refer to the section on Output Voltage Ripple and
Transients for a post ripple filter.

An aluminum electrolytic capacitor’s ESR value is related to
the capacitance value and its voltage rating. In most cases,
higher voltage electrolytic capacitors have lower ESR val-
ues (see Figure 14). Often, capacitors with much higher
voltage ratings may be needed to provide the low ESR val-
ues required for low output ripple voltage.

The output capacitor for many different switcher designs
often can be satisfied with only three or four different capac-
itor values and several different voltage ratings. See the
quick design component selection tables in Figures 3 and 4
for typical capacitor values, voltage ratings, and manufac-
turers capacitor types.

Electrolytic capacitors are not recommended for tempera-
tures below —25°C. The ESR rises dramatically at cold tem-
peratures and typically rises 3X @ —25°C and as much as
10X at —40°C. See curve shown in Figure 15.

Solid tantalum capacitors have a much better ESR spec for
cold temperatures and are recommended for temperatures
below —25°C.

400
\\ TYPICAL ESR @ 25°C
3 350 FOR LOW ESR SERIES
g ELECTROLYTIC CAPACITORS
7300
©
: \
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© 200 \ N
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CAPACITOR VOLTAGE RATING (V)
TL/H/12565-29
FIGURE 14. Capacitor ESR vs Capacitor Voltage Rating
(Typical Low ESR Electrolytic Capacitor)

CATCH DIODE

Buck regulators require a diode to provide a return path for
the inductor current when the switch turns off. This must be
a fast diode and must be located close to the LM2595 using
short leads and short printed circuit traces.

Because of their very fast switching speed and low forward
voltage drop, Schottky diodes provide the best perform-
ance, especially in low output voltage applications (5V and
lower). Ultra-fast recovery, or High-Efficiency rectifiers are
also a good choice, but some types with an abrupt turnoff
characteristic may cause instability or EMI problems. Ultra-
fast recovery diodes typically have reverse recovery times
of 50 ns or less. Rectifiers such as the 1N5400 series are
much too slow and should not be used.

500
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ELECTROLYTIC CAPACITOR

N

200 N
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=20 0 20 40 60 80 100

TEMPERATURE (°C)
TL/H/12565-30
FIGURE 15. Capacitor ESR Change vs Temperature

INDUCTOR SELECTION

All switching regulators have two basic modes of operation;
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether it is flow-
ing continuously, or if it drops to zero for a period of time in
the normal switching cycle. Each mode has distinctively dif-
ferent operating characteristics, which can affect the regula-
tors performance and requirements. Most switcher designs
will operate in the discontinuous mode when the load cur-
rent is low.

The LM2595 (or any of the Simple Switcher family) can be
used for both continuous or discontinuous modes of opera-
tion.
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Application Information (continued)

In many cases the preferred mode of operation is the con-
tinuous mode. It offers greater output power, lower peak
switch, inductor and diode currents, and can have lower out-
put ripple voltage. But it does require larger inductor values
to keep the inductor current flowing continuously, especially
at low output load currents and/or high input voltages.

To simplify the inductor selection process, an inductor se-
lection guide (nomograph) was designed (see Figures 5
through 8). This guide assumes that the regulator is operat-
ing in the continuous mode, and selects an inductor that will
allow a peak-to-peak inductor ripple current to be a certain
percentage of the maximum design load current. This peak-
to-peak inductor ripple current percentage is not fixed, but is
allowed to change as different design load currents are se-
lected. (See Figure 16.)

70

60 ¢

40 / Z/////,,,,;;/ 7
» e

Alnp (% OF MAX DESIGN LOAD CURRENT)

20

0.2 0.4 0.6 0.8 1.0

MAXIMUM LOAD CURRENT (A)
TL/H/12565-31
FIGURE 16. (Aljnp) Peak-to-Peak Inductor Ripple Current
(as a Percentage of the Load Current) vs Load Current

By allowing the percentage of inductor ripple current to in-
crease for low load currents, the inductor value and size can
be kept relatively low.

When operating in the continuous mode, the inductor cur-
rent waveform ranges from a triangular to a sawtooth type
of waveform (depending on the input voltage), with the aver-
age value of this current waveform equal to the DC output
load current.

Inductors are available in different styles such as pot core,
toroid, E-core, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-
pensive, the bobbin, rod or stick core, consists of wire
wound on a ferrite bobbin. This type of construction makes
for an inexpensive inductor, but since the magnetic flux is
not completely contained within the core, it generates more
Electro-Magnetic Interference (EMI). This magnetic flux can
induce voltages into nearby printed circuit traces, thus caus-
ing problems with both the switching regulator operation
and nearby sensitive circuitry, and can give incorrect scope
readings because of induced voltages in the scope probe.
Also see section on Open Core Inductors.

When multiple switching regulators are located on the same
PC board, open core magnetics can cause interference be-
tween two or more of the regulator circuits, especially at
high currents. A torroid or E-core inductor (closed magnetic
structure) should be used in these situations.

The inductors listed in the selection chart include ferrite
E-core construction for Schott, ferrite bobbin core for Renco
and Coilcraft, and powdered iron toroid for Pulse Engineer-
ing.

Exceeding an inductor’s maximum current rating may cause
the inductor to overheat because of the copper wire losses,
or the core may saturate. If the inductor begins to saturate,
the inductance decreases rapidly and the inductor begins to
look mainly resistive (the DC resistance of the winding). This
can cause the switch current to rise very rapidly and force
the switch into a cycle-by-cycle current limit, thus reducing
the DC output load current. This can also result in overheat-
ing of the inductor and/or the LM2595. Different inductor
types have different saturation characteristics, and this
should be kept in mind when selecting an inductor.

The inductor manufacturer’s data sheets include current
and energy limits to avoid inductor saturation.

DISCONTINUOUS MODE OPERATION

The selection guide chooses inductor values suitable for
continuous mode operation, but for low current applications
and/or high input voltages, a discontinuous mode design
may be a better choice. It would use an inductor that would
be physically smaller, and would need only one half to one
third the inductance value needed for a continuous mode
design. The peak switch and inductor currents will be higher
in a discontinuous design, but at these low load currents
(400 mA and below), the maximum switch current will still be
less than the switch current limit.

Discontinuous operation can have voltage waveforms that
are considerable different than a continuous design. The
output pin (switch) waveform can have some damped sinus-
oidal ringing present. (See Figure 1 photo titled; Discontinu-
ous Mode Switching Waveforms) This ringing is normal for
discontinuous operation, and is not caused by feedback
loop instabilities. In discontinuous operation, there is a peri-
od of time where neither the switch or the diode are con-
ducting, and the inductor current has dropped to zero. Dur-
ing this time, a small amount of energy can circulate be-
tween the inductor and the switch/diode parasitic capaci-
tance causing this characteristic ringing. Normally this ring-
ing is not a problem, unless the amplitude becomes great
enough to exceed the input voltage, and even then, there is
very little energy present to cause damage.

Different inductor types and/or core materials produce dif-
ferent amounts of this characteristic ringing. Ferrite core in-
ductors have very little core loss and therefore produce the
most ringing. The higher core loss of powdered iron induc-
tors produce less ringing. If desired, a series RC could be
placed in parallel with the inductor to dampen the ringing.
The computer aided design software Switchers Made Sim-
ple (version 4.2) will provide all component values for con-
tinuous and discontinuous modes of operation.
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Application Information (continued)

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply operating in
the continuous mode will contain a sawtooth ripple voltage
at the switcher frequency, and may also contain short volt-
age spikes at the peaks of the sawtooth waveform.

The output ripple voltage is a function of the inductor saw-
tooth ripple current and the ESR of the output capacitor. A
typical output ripple voltage can range from approximately
0.5% to 3% of the output voltage. To obtain low ripple volt-
age, the ESR of the output capacitor must be low, however,
caution must be exercised when using extremely low ESR
capacitors because they can affect the loop stability, result-
ing in oscillation problems. If very low output ripple voltage
is needed (less than 20 mV), a post ripple filter is recom-
mended. (See Figure 2.) The inductance required is typically
between 1 uH and 5 uH, with low DC resistance, to main-
tain good load regulation. A low ESR output filter capacitor
is also required to assure good dynamic load response and
ripple reduction. The ESR of this capacitor may be as low as
desired, because it is out of the regulator feedback loop.
The photo shown in Figure 17 shows a typical output ripple
voltage, with and without a post ripple filter.

When observing output ripple with a scope, it is essential
that a short, low inductance scope probe ground connection
be used. Most scope probe manufacturers provide a special
probe terminator which is soldered onto the regulator board,
preferable at the output capacitor. This provides a very
short scope ground thus eliminating the problems associat-
ed with the 3 inch ground lead normally provided with the
probe, and provides a much cleaner and more accurate pic-
ture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action
of the output switch and the diode, and the parasitic induc-
tance of the output filter capacitor, and its associated wiring.
To minimize these voltage spikes, the output capacitor
should be designed for switching regulator applications, and
the lead lengths must be kept very short. Wiring inductance,
stray capacitance, as well as the scope probe used to eval-
uate these transients, all contribute to the amplitude of
these spikes.

When a switching regulator is operating in the continuous
mode, the inductor current waveform ranges from a triangu-
lar to a sawtooth type of waveform (depending on the input
voltage). For a given input and output voltage, the peak-to-
peak amplitude of this inductor current waveform remains
constant. As the load current increases or decreases, the
entire sawtooth current waveform also rises and falls. The
average value (or the center) of this current waveform is
equal to the DC load current.

If the load current drops to a low enough level, the bottom
of the sawtooth current waveform will reach zero, and the
switcher will smoothly change from a continuous to a dis-
continuous mode of operation. Most switcher designs (irre-
gardless how large the inductor value is) will be forced to
run discontinuous if the output is lightly loaded. This is a
perfectly acceptable mode of operation.
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FIGURE 18. Peak-to-Peak Inductor
Ripple Current vs Load Current

In a switching regulator design, knowing the value of the
peak-to-peak inductor ripple current (Aljnp) can be useful
for determining a number of other circuit parameters. Pa-
rameters such as, peak inductor or peak switch current,
minimum load current before the circuit becomes discontin-
uous, output ripple voltage and output capacitor ESR can all
be calculated from the peak-to-peak Aljyp. When the induc-
tor nomographs shown in Figures 5 through 8 are used to
select an inductor value, the peak-to-peak inductor ripple
current can immediately be determined. The curve shown in
Figure 18 shows the range of (Aljnp) that can be expected
for different load currents. The curve also shows how the
peak-to-peak inductor ripple current (Aljnp) changes as you
go from the lower border to the upper border (for a given
load current) within an inductance region. The upper border
represents a higher input voltage, while the lower border
represents a lower input voltage (see Inductor Selection
Guides).

These curves are only correct for continuous mode opera-
tion, and only if the inductor selection guides are used to
select the inductor value

Consider the following example:
VouT = 5V, maximum load current of 800 mA
V|N = 12V, nominal, varying between 10V and 14V.

The selection guide in Figure 6 shows that the vertical line
for a 0.8A load current, and the horizontal line for the 12V
input voltage intersect approximately midway between the
upper and lower borders of the 68 uH inductance region. A
68 uH inductor will allow a peak-to-peak inductor current
(Aljyp) to flow that will be a percentage of the maximum
load current. Referring to Figure 18, follow the 0.8A line
approximately midway into the inductance region, and read
the peak-to-peak inductor ripple current (Aljnp) on the left
hand axis (approximately 300 mA p-p).

As the input voltage increases to 14V, it approaches the
upper border of the inductance region, and the inductor rip-
ple current increases. Referring to the curve in Figure 18, it
can be seen that for a load current of 0.8A, the peak-to-
peak inductor ripple current (Aljyp) is 300 mA with 12V in,
and can range from 340 mA at the upper border (14V in) to
225 mA at the lower border (10V in).
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Application Information (continued)

Once the Aljyp value is known, the following formulas can
be used to calculate additional information about the switch-
ing regulator circuit.

1. Peak Inductor or peak switch current

AlnD 0.30
= | lLoap + - = | 0.8A + - = 0.95A

2. Minimum load current before the circuit becomes discon-
tinuous
Al 0.3
— 2IND _ 22 _ 5 45A
2 2
3. Output Ripple Voltage = (Aljnp) X (ESR of Court)

0.30AX0.16Q2 =48 mV p-p

or

4. ESRof Cour — Output Ripple Voltage (AVouT)

Alinp

OPEN CORE INDUCTORS

Another possible source of increased output ripple voltage
or unstable operation is from an open core inductor. Ferrite
bobbin or stick inductors have magnetic lines of flux flowing
through the air from one end of the bobbin to the other end.
These magnetic lines of flux will induce a voltage into any
wire or PC board copper trace that comes within the induc-
tor’s magnetic field. The strength of the magnetic field, the
orientation and location of the PC copper trace to the mag-
netic field, and the distance between the copper trace and
the inductor, determine the amount of voltage generated in
the copper trace. Another way of looking at this inductive
coupling is to consider the PC board copper trace as one
turn of a transformer (secondary) with the inductor winding
as the primary. Many millivolts can be generated in a copper
trace located near an open core inductor which can cause
stability problems or high output ripple voltage problems.

If unstable operation is seen, and an open core inductor is
used, it's possible that the location of the inductor with re-
spect to other PC traces may be the problem. To determine
if this is the problem, temporarily raise the inductor away
from the board by several inches and then check circuit
operation. If the circuit now operates correctly, then the
magnetic flux from the open core inductor is causing the
problem. Substituting a closed core inductor such as a tor-
roid or E-core will correct the problem, or re-arranging the
PC layout may be necessary. Magnetic flux cutting the IC
device ground trace, feedback trace, or the positive or neg-
ative traces of the output capacitor should be minimized.

Sometimes, locating a trace directly beneath a bobbin in-
ductor will provide good results, provided it is exactly in the
center of the inductor (because the induced voltages cancel
themselves out), but if it is off center one direction or the
other, then problems could arise. If flux problems are pres-
ent, even the direction of the inductor winding can make a
difference in some circuits.

This discussion on open core inductors is not to frighten the
user, but to alert the user on what kind of problems to watch
out for when using them. Open core bobbin or “stick’ induc-
tors are an inexpensive, simple way of making a compact
efficient inductor, and they are used by the millions in many
different applications.

THERMAL CONSIDERATIONS

The LM2595 is available in two packages, a 5-pin TO-220
(T) and a 5-pin surface mount TO-263 (S).

The TO-220 package can be used without a heat sink for
ambient temperatures up to approximately 50°C (depending
on the output voltage and load current). The curves in Fig-
ure 19 show the LM2595T junction temperature rises above
ambient temperature for different input and output voltages.
The data tor these curves was taken with the LM2595T (TO-
220 package) operating as a switching regutator in an ambi-
ent temperature of 25°C (still air). These temperature rise
numbers are all approximate and there are many factors
that can affect these temperatures. Higher ambient temper-
atures require some heat sinking, either to the PC board or a
small external heat sink.

The TO-263 surface mount package tab is designed to be
soldered to the copper on a printed circuit board. The cop-
per and the board are the heat sink for this package and the
other heat producing components, such as the catch diode
and inductor. The PC board copper area that the package is
soldered to should be at least 0.4 in2, and ideally should
have 2 or more square inches of 2 oz. (0.0028 in) copper.
Additional copper area improves the thermal characteristics,
but with copper areas greater than approximately 3 in2, only
small improvements in heat dissipation are realized. If fur-
ther thermal improvements are needed, double sided or
multilayer PC-board with large copper areas are recom-
mended.

The curves shown in Figure 20 show the LM2595S (TO-263
package) junction temperature rise above ambient tempera-
ture with a 1A load for various input and output voltages.
This data was taken with the circuit operating as a buck
switching regulator with all components mounted on a PC
board to simulate the junction temperature under actual op-
erating conditions. This curve can be used for a quick check
for the approximate junction temperature for various condi-
tions, but be aware that there are many factors that can
affect the junction temperature.

For the best thermal performance, wide copper traces and
generous amounts of printed circuit board copper should be
used in the board layout. (One exception to this is the output
(switch) pin, which should not have large areas of copper.)
Large areas of copper provide the best transfer of heat (low-
er thermal resistance) to the surrounding air, and moving air
lowers the thermal resistance even further.

Package thermal resistance and junction temperature rise
numbers are all approximate, and there are many factors
that will affect these numbers. Some of these factors in-
clude board size, shape, thickness, position, location, and
even board temperature. Other factors are, trace width, total
printed circuit copper area, copper thickness, single- or dou-
ble-sided, multilayer board and the amount of solder on the
board. The effectiveness of the PC board to dissipate heat
also depends on the size, quantity and spacing of other
components on the board, as well as whether the surround-
ing air is still or moving. Furthermore, some of these compo-
nents such as the catch diode will add heat to the PC board
and the heat can vary as the input voltage changes. For the
inductor, depending on the physical size, type of core mate-
rial and the DC resistance, it could either act as a heat sink
taking heat away from the board, or it could add heat to the
board.
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Application Information (continued)
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FIGURE 20. Junction Temperature Rise, TO-263
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DELAYED STARTUP

The circuit in Figure 21 uses the the ON/OFF pin to provide
a time delay between the time the input voltage is applied
and the time the output voltage comes up (only the circuitry
pertaining to the delayed start up is shown). As the input
voltage rises, the charging of capacitor C1 pulls the
ON/OFF pin high, keeping the regulator off. Once the input
voltage reaches its final value and the capacitor stops
charging, and resistor R, pulls the ON/OFF pin low, thus
allowing the circuit to start switching. Resistor R+ is included
to limit the maximum voltage applied to the ON/OFF pin
(maximum of 25V), reduces power supply noise sensitivity,
and also limits the capacitor, C1, discharge current. When
high input ripple voltage exists, avoid long delay time, be-
cause this ripple can be coupled into the ON/OFF pin and
cause problems.

This delayed startup feature is useful in situations where the
input power source is limited in the amount of current it can
deliver. It allows the input voltage to rise to a higher voltage
before the regulator starts operating. Buck regulators re-
quire less input current at higher input voltages.

UNDERVOLTAGE LOCKOUT

Some applications require the regulator to remain off until
the input voltage reaches a predetermined voltage. An un-
dervoltage lockout feature applied to a buck regulator is
shown in Figure 22, while Figures 23 and 24 applies the
same feature to an inverting circuit. The circuit in Figure 23
features a constant threshold voltage for turn on and turn
off (zener voltage plus approximately one volt). If hysteresis
is needed, the circuit in Figure 24 has a turn ON voltage
which is different than the turn OFF voltage. The amount of
hysteresis is approximately equal to the value of the output
voltage. If zener voltages greater than 25V are used, an
additional 47 k) resistor is needed from the ON/OFF pin to
the ground pin to stay within the 25V maximum limit of the
ON/OFF pin.
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Application Information (continued)
INVERTING REGULATOR

The circuit in Figure 25 converts a positive input voltage to a
negative output voltage with a common ground. The circuit
operates by bootstrapping the regulator’s ground pin to the
negative output voltage, then grounding the feedback pin,
the regulator senses the inverted output voltage and regu-
lates it.
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This circuit has an ON/OFF threshold of approximately 13V.

FIGURE 23. Undervoltage Lockout

for Inverting Regulator

This example uses the LM2595-5.0 to generate a —5V out-
put, but other output voltages are possible by selecting oth-
er output voltage versions, including the adjustable version.

Since this regulator topology can produce an output voltage
that is either greater than or less than the input voltage, the
maximum output current greatly depends on both the input
and output voltage. The curve shown in Figure 26 provides
a guide as to the amount of output load current possible for
the different input and output voltage conditions.

The maximum voltage appearing across the regulator is the
absolute sum of the input and output voltage, and this must
be limited to a maximum of 40V. For example, when con-
verting +20V to —12V, the regulator would see 32V be-
tween the input pin and ground pin. The LM2595 has a max-
imum input voltage spec of 40V.

Additional diodes are required in this regulator configuration.
Diode D1 is used to isolate input voltage ripple or noise from
coupling through the Cy capacitor to the output, under light
or no load conditions. Also, this diode isolation changes the
topology to closley resemble a buck configuration thus pro-
viding good closed loop stability. A Schottky diode is recom-
mended for low input voltages, (because of its lower voltage
drop) but for higher input voltages, a fast recovery diode
could be used.

Without diode D3, when the input voltage is first applied, the
charging current of Cjy can pull the output positive by sever-
al volts for a short period of time. Adding D3 prevents the
output from going positive by more than a diode voltage.
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FIGURE 24. Undervoltage Lockout with Hysteresis for Inverting Regulator
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FIGURE 25. Inverting — 5V Regulator with Delayed Startup
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Application Information (continued)
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FIGURE 26. Inverting Regulator Typical Load Current

Because of differences in the operation of the inverting reg-
ulator, the standard design procedure is not used to select
the inductor value. In the majority of designs, a 68 puH, 1.5A
inductor is the best choice. Capacitor selection can also be
narrowed down to just a few values. Using the values shown
in Figure 25 will provide good results in the majority of in-
verting designs.

This type of inverting regulator can require relatively large
amounts of input current when starting up, even with light

V- R4 6.2k
0 | OFF  sHUTDOWN

loads. Input currents as high as the LM2595 current limit
(approx 1.5A) are needed for at least 2 ms or more, until the
output reaches its nominal output voltage. The actual time
depends on the output voltage and the size of the output
capacitor. Input power sources that are current limited or

sources that can not deliver these currents without getting
loaded down, may not work correctly. Because of the rela-
tively high startup currents required by the inverting topolo-
gy, the delayed startup feature (C1, Ry and Ry) shown in
Figure 25 is recommended. By delaying the regulator start-
up, the input capacitor is allowed to charge up to a higher
voltage before the switcher begins operating. A portion of
the high input current needed for startup is now supplied by
the input capacitor (Cjy). For severe start up conditions, the
input capacitor can be made much larger than normal.

INVERTING REGULATOR SHUTDOWN METHODS

To use the ON/OFF pin in a standard buck configuration is
simple, pull it below 1.3V (@25°C, referenced to ground) to
turn regulator ON, pull it above 1.3V to shut the regulator
OFF. With the inverting configuration, some level shifting is
required, because the ground pin of the regulator is no long-
er at ground, but is now setting at the negative output volt-
age level. Two different shutdown methods for inverting reg-
ulators are shown in Figures 27 and 28.
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FIGURE 27. Inverting Regulator Ground Referenced Shutdown
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Application Information (continued)
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Application Information (continued)

TYPICAL THROUGH HOLE PC BOARD LAYOUT, ADJUSTABLE OUTPUT (2X SIZE)
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Physical Dimensions inches (millimeters)
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LM2595 SIMPLE SWITCHER Power Converter 150 kHz 1A Step-Down Voltage Regulator

Physical Dimensions inches (millimeters) (Gontinued)
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CONTROLLING DIMENSION: INCH
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558 (REV B)

5-Lead TO-263 Surface Mount Package (S)
Order Number LM2595S-3.3, LM2595S-5.0,
LM2595S-12 or LM2595S-ADJ
NS Package Number TS5B

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
to the user.

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.
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