1A, 52kHz, Step-Down Switching Regulator LM2575

FEATURES

® 3.3V, 5.0V, 12V, 15V, and Adjustable Output Versions

@ Adjustable Version Output Voltage Range, 1.23 to 37V
+/= 4% AG10 Maximum Over Line and Load Conditions

@ Guaranteed 1A Output Current

@® Wide Input Voltage Range

@ Requires Only 4 External Components

® 52kHz Fixed Frequency Internal Oscillator

@ TTL Shutdown Capability, Low Power Standby Mode

@® High Efficiency

® Uses Readily Available Standard Inductors

® Thermal Shutdown and Current Limit Protection

@® Moisture Sensitivity Level 3

Applications

® Simple High—Efficiency Step—Down(Buck) Regulator
@ Efficient Pre—Regulator for Linear Regulators

@® On-Card Switching Regulators

@ Positive to Negative Converter(Buck-Boost)

@® Negative Step—Up Converters

@ Power Supply for Battery Chargers

DESCRIPTION

The LM2575 series of regulators are monolithic integrated
circuits ideally suited for easy and convenient design of a
step—down switching regualtor(buck converter).

All circuits of this series are capable of driving a 1A load
with excellent line and load regulation. These devices are
available in fixed output voltages of 3.3V, 5.0V,12V, 15V,
and an adjustable output version.

TO-220 PKG
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TO-220V PKG

TO-263 PKG
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1.Vin 2. Output 3. Ground
4. Feedback 5. On/Off

ORDERING INFORMATION

Device Marking Package

LM2575T-X.X LM2575T-X.X TO-220

LM2575TV-X.X | LM2575T-X.X TO-220V

LM2575R LM2575R-X.X TO-263

These regulatiors were designed to minimize the number of externalcomponents to simplify the
power supply design. Standard series of inductors optimized for use with the LM2575 are offered

by several different inductor manufacturers.

Since the LM2575 converter is a switch—-mode power supply, its efficiency is significantly higher in

comparison with popular three—terminal limear reguators, especially with higher input voltages.

In many cases, the power dissipated is so low that no heatsink is required or its size could

be reduced dramatically. 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. The LM2575 features include a guaranteed +/— 4% tolerance

on output voltage within specified input voltages and output load conditions, and +/-10% on the

oscillator frequency (+/— 2% over 0C to 125 C).

External shutdown is included, featuring 80 rA(typical) standby current. The output switch includes

cycle—bycycle current limiting, as well as thermal shutdown for full protection under fault conditions.
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1A, 52kHz, Step-Down Switching Regulator LM2575
Typical Application (Fixed Output Voltage Versions)
T "\ Feedback
70V-40V Wl | L1
Unregulated 3 LM2575 100 uH
OC Input 1 || Qutput L o 50V Regulated
100 EF - I 2 D1, . Output 1A Load
l si_Gnd ETUNJOFF } ihsezz T -
Representative Block Diagram and Typical Application
lf_ ______________________ 1
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Figure 1. Block Diagram and Typical Application

ABSOLUTE MAXIMUM RATINGS

(Absolute Maximum Ratings indicate limits beyond which damage to the device may occur)

Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 \Y;
On/Off Pin Input Voltage - —0.3V.=V = +Vin \
Output Voltage to Ground (Steady—State) — -1.0 V
Power Dissipation
TO-220 5Lead Pp Internally Limited W
Thermal Resistance, Juntion to Ambient Poua 65 T/W
Thermal Resistance, Juntion to Case PeJc 5.0 T/W
TO-263 5Lead Pb Internally Limited W
Thermal Resistance, Juntion to Ambient Peua 70 T/W
Thermal Resistance, Juntion to Case PeJc 5.0 CT/W
Storage Temperature Range Tstg -60 to +150 T
Minimum ESD Rating(Human Body Model : B 50 KV
C=100 pF, R=1.5kQ)
Lead Temperature (Soldering,10seconds) — 260 T
Maximum Junction Temperature Ty 150 C
HTC




1A, 52kHz, Step-Down Switching Regulator LM2575

OPERATING RATINGS(Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range Ty —40 to +125 C
Supply Voltage Vin 40 V

ELECTRICAL CHARACTERISTICS / SYSTEM PARAMETERS ([Note 1] Test Circuit Figure 15)
(Unless otherwise specified, Vin =12 V for the 3.3 V, 5.0 V, and Adjustable version, Vin = 25 V for
the 12 V version, and Vin = 30 V for the 15 V version. ILoad = 500 mA. For typical values TJ = 25°C,
for min/max values TJ is the operating junction temperature range that applies [Note 2], unless
otherwise noted )

Characteristics symbol | Min | T1YP | wmax | unit
LM2575-3.3V ([Note 1] Test Circuit Figure 2)
Output Voltage (Vin = 12V, 1L0a0=0.5A, TJ=25C) Vout | 3.234 | 3.3 | 3.366 | V
Output Voltage (6.0V=Vin<40V, 0.5A<lL0a0<1A
T=25C Vout | 3.168 | 3.3 | 3.432| V
Ti= —40C ~ +125C 3135 | - | 3.465
Efficiency (Vin=12V, lLoao=1A) n - 75 - %

LM2575-5.0V ([Note 1] Test Circuit Figure 2)

Output Voltage (Vin = 12V, ILoap=0.5A, TJ=25T) Vout 4.9 5.0 5.1 Y,
Output Voltage (8.0V<Vin<40V, 0.5A<IL.oAb<1A
T=25C Vout 4.8 5.0 5.2 vV
TJ=-40TC ~ +125TC 4.75 - 5.25
Efficiency (Vin=12V, lLoap=1A) n - 77 = %

LM2575-12V ([Note 1] Test Circuit Figure 2)

Output Voltage (Vin = 25V, lLoap=0.5A, TJ=25TC) Vout 11.76 12 12.24 V
Output Voltage (15V=Vin<40V, 0.5A<ILoAD<1A
Ti=25C Vout 11.52 12 12.48 v
T)=-40TC ~ +125T 11.4 - 12.6
Efficiency (Vin=12V, lLoap=1A) n - 88 - %

LM2575-ADJ ([Note 1] Test Circuit Figure 2)

Feedback Voltage (Vin=12V, lLoap=0.5A, Ts)=25C) Vout | 1.217 | 1.23 | 1.243 | V
Feedback Voltage(8.0V<Vin<40V, 0.5A<ILoAD=<1A, Vout=5.0V)
T/=25C Vout | 1193 | 1.23 | 1.267 | V
T)=—-40C ~ +125C 1.18 - 1.28
Efficiency (Vin=12V, lLoap=1A, Vout=5.0V) n - 77 - %

1. External components such as the catch diode, inductor, input and output capacitors can affect
switching regulator system performance.
When the LM2575 is used as shown in the Figure 15 test circuit, system performance will be as
shown in system parameters section .
2. Tested junction temperature range for the LM2575: Tlow = -40°C Thigh = +125°C
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1A, 52kHz, Step-Down Switching Regulator LM2575

ELECTRICAL CHARACTERISTICS / Device Parameters

(Unless otherwise specified, Vin =12 V for the 3.3 V, 5.0 V, and Adjustable version, Vin = 25 V for the 12
V version, and Vin = 30 V for the 15 V version. ILoad = 500 mA. For typical values TJ = 25°C, for min/max
values TJ is the operating junction temperature range that applies [Note 2], unless otherwise noted.)

Characteristics | symbol| Min | TYP | Max | Unit
All Output Voltage Versions
Feedback Bias Current (Vout=5.0V [Adjustable Version Only])
Ti=25TC lb - 25 100 nA
Ts= —-40to +125TC — — 200
Oscillator Frequency [Note 3]
T=25C - 52 -
Tu= 010 +125C Fosc | 47 - 58 | M7
Ts= —-40to +125TC 42 — 63
Saturation Voltage (lout=1A [note 4])
Ty=25T Vsat - 1.2 1.4 Vv
TJ= —40 to +1257TC — — 1.7
Max Duty Cycle ("0") [Note 5] DC 94 98 - %
Current Limit (Peak Current [Note 3 and 4])
Ty=25T lcL 4.2 5.8 6.9 A
Ti= —-40to +125T 3.5 - 7.5
Output Leakage Current [Note 6 and 7], Ti=25C
Output = 0V IL - 0.8 50 mA
Output = =1.0V — 6 30
Quiescent Current [Note 6]
Ty=25T la - 5 9 mA
TJ= —40 to +1257TC — — 11
Standby Quiescent Current (ON/OFF Pin = 5.0V ("off"))
T=25C IsTBY - 80 200 1A
Ts= —-40to +125TC — — 400
ON/OFF Pin Logic Input Level (Test circuit Figure 15)
Vout=0V
Ty=25C VK 2.2 1.4 - v
Ts= —-40to +125TC 2.4 — —
Vout=Nominal Output Voltage
T=25C Vi - 1.2 1 Vv
TJ= —40 to +1257TC — — 0.8
ON/OFF Pin Input Current (Test Circuit Figure 15)
ON/OFF Pin = 5.0V (Regulator OFF), TJ=25T liH - 15 30 A
ON/OFF Pin = 0V (Regulator ON), TJ=25C e — 0 5.0

3. 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 dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

4. Output (Pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.

5. Feedback (Pin 4) removed from output and connected to 0 V.

6. Feedback (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0V ersions,
and +25 V for the 12 V and15 V versions, to force the output transistor “off”.

7.Vin=40V.
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1A, 52kHz, Step-Down Switching Regulator

LM2575

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)
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1A, 52kHz, Step-Down Switching Regulator

LM2575

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)
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1A, 52kHz, Step-Down Switching Regulator LM2575

Fixed Output Voltage Versions
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Where V5= 123V, R1
between 1.0 k and 5.0 k

< Figure 15. Typical Test Circuit >
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1A, 52kHz, Step-Down Switching Regulator LM2575

PIN FUNCTION DESCRIPTION

Symbol Description

1 vin This pin is the positive input supply for the LM2575 step—down switching
regulator.In order to minimize voltage transients and to supply the switching
currents needed by the regulator, a suitable input bypass capacitor must be
present .(Cin in Figure 1).

2 Output |This is the emitter of the internal switch. The saturation voltage Vsat of this
output switch is typically 1.5 V. It should be kept in mind that the PCB area
connected to this pin should be kept to a minimum in order to minimize
coupling to sensitive circuitry.

3 Gnd Circuit ground pin. See the information about the printed circuit board layout.

4 | Feedback [This pin senses regulated output voltage to complete the feedback loop.
The signal is divided by the internal resistor divider network R2, R1 and
applied to the non—inverting input of the internal error amplifier. In the
Adjustable version of the LM2575 switching regulator this pin is the direct
input of the error amplifier and the resistor network R2, R1 is connected
externally to allow programming of the output voltage.

5 ON/OFF [It allows the switching regulator circuit to be shut down using logic level
signals, thus dropping the total input supply current to approximately 80 mA.
The threshold voltage is typically 1.4 V. Applying a voltage above this value
(up to +Vin) shuts the regulator off. If the voltage applied to this pin is lower
than 1.4V or if this pin is left open, the regulator will be in the "on" condition
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1A, 52kHz, Step-Down Switching Regulator

LM2575

Procedure (Fixed Output Voltage Version) In order to simplify the switching regulator design, a step—hy-step

design procedure and some examples are provided.

Procedure

Example

Given Parameters:
Woys = Regulated Cufput Voltage (3.3, 5.0V, 12V or 15 V)
Vinjmax) = Maximum Input Voltage
| padimax = Maximum Load Current

Given Parameters:
Vo= 0.0
Vingma) = 13V
|L:na;:|[rrax: =30A

1. Controller IC Selection
Accarding to the required ingut voltage, output voltage and
current, select the approprate type of the controller 1C cutput
voltage version.

1. Controller IC Selection
According to the required input voltage, output voliage,
current polarity and current value, use the LM2575-5.0
controller 1IC

2. Input Capacitor Selection (C,)
To prevent large voltags transients from appearing at the input
and for stable cperation of the converter, an aluminium or
tantalum electrolytic bypass capacitor is needed betwesn the
input pin +Vin and ground pin GHD. This capacitor should be
located close to the IC wusing shor leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.

2. Input Capacitor Selection (i)
A 100 wF, 25 % aluminium electrolytic capacitor located near
to the input and ground pins provides sufficient bypassing.

3. Catch Diode Selection (D1)

A, Since the diode maximum peak current excesds the
regulator maximum load current the catch diode current
rating must be at l2ast 1.2 times greater than the maximum
Ioad current. For a robust design the diode should have a
current rating equal to the maximum current limit of the
LMZETE to be able to withstand a continuous output short

B. The reverse voltage rafing of the dicde should be at least
1.25 times the maximurm ingut voliage.

3. Catch Diode Selection (D1)
A, For this example the current rating of the dicde is 2.0 A

B. Uss a 20V 1NS820 Schottky dicde, or any of the
suggested fast recovery diodes

4. Inductor Selection (L1)
A, According to the required working conditions, select the
correct inductor value using the selection guide from

B. From the appropriate inductor sslection guide, identify the
inductance region intersected by the Maximum Input
Violtage line and the Mazimum Load Current line. Each
regicn is identified by an inductance value and an inductor
code.

C. Select an appropnate inductor from the several different
manufacturers part numbers
The designer mugt realize that the inductor current rafing
must be higher than the maximum peak current flowing
through the inductor. This maximum peak current can be
calculated as follows:

| | N |Vinaut] fon
pimax) Loadimax)  — 2L
where t, is the “on” time of the power switch and
tn = 2 x 1L
“in fasc
For additional information about the inductor, see the

inductor gection in the “Application Hintz® zection of
thiz data sheet.

4. Inductor Selection (L1)
A, From the selection guide, the inductance area intersected
by the 15 ing and 3.0 & line is L100.

B. Inductor value required iz 100 uH. chooze
an inductor from any of the listed manufacturers.
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1A, 52kHz, Step-Down Switching Regulator LM2575

Procedure (Fixed Output Voltage Version) (continued)in order to simplify the switching regulator design, a step-hy-step
design procedure and some examples are provided.

Procedure Example
5. Output Capacitor Selection (Cg ) 5. Output Capacitor Selection (Cg)
A, Since the | LM2575 s & forward-mode switching regulatar A, Cgyt = 580 wF to 2000 wF standard aluminium elecirolytic.

with voltage mode confrol, ite open loop 2-pole-1-zero
frequency characteristic has the dominant pole—pair
determinad by the output capacitor and inductor values. For
stable operation and an acceptable ripple voltage,
{approximately 1% of the cutput voltage) a value between
680 uF and 2000 wF iz recommendead.

B. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the cuiput capacitor's voltage rating should be at
least 1.5 imes greater than the output voltage. Fora 5.0V
regulator, a rating at least 8.0 iz appropriate, and a 10 or
16 % rating is recommended.

B. Capacitor voltage rating = 20 V.

Procedure (Adjustable Output Version: LM2575-ADJ

Procedure Example
Given Parameters: Given Parameters:
Wyt = Regulated Cutput Voltage Vo= 8.0
Vinjmax) = Maximum OC Input Voltages Vinjmax) =23V
|Lpadimax) = Maximum Load Current ILoadimae = 2.5 A
1. Programming Output Violtage 1. Programming Cutput Voltage (selecting R1 and R2)
To select the right programming resistor R1 and 2 value Select R1 and R2:

uze the following formula: ¢ R2)
Vout = 123 1.0 + ﬁ.:' Select R1 = 1.8 k@2

v v (10 B2 . .
Vout = Vies| 10+ ﬁ__:' where Vrgs = 1.23 .

Y, \ ; " X
Resistor R1 can be between 1.0 k and 5.0 k2. (For best RZ = Ri [ﬂ =10 ’ =18 Hﬁ% = 1.0
temperature coefficient and stability with time, use 1% metal . ref i
film resistors). L . R2 =991 kL2, choose a 9.853 k metal film resistor.

Y, \
R2 - R1(.,_.i‘t-1.u |
. ref

2. Input Capacitor Selection (Cig) 2. Input Capacitor Selection {Cjp)

To prevent large voltage transients from agpearing at the input A 100 wF, 130 % aluminium electrolylic capacitor located near
and for stable operation of the converter, an aluminium or the input and ground pin provides sufiicient bypassing.

tantalum electrolyiic bypass capacitor is needed between the

input pin +Vig and ground pin GHD This capacitor should be

located close to the IC using short leads. This capacitor should

have a low ESR (Equivalent Series Resistance) value.

For additional information see input capacitor section in the

“Application Hinte" section of this data shest.

3. Catch Diode Selection (D1) 3. Catch Diode Selection (D1)

A, Since the diode maximum peak current excesds the A, For this example, a 3.0 A current rating is adeguats.
regulator maximum load current the catch diode current
rating must be at l=ast 1.2 times greater than the maximum B.Use a 30 \/ 1N5821 Schottky diode or any suggested fast
load current. For a robust design, the diode should have a recovery diode

current rating equal 1o the maximum current limit of the
LM2ETE to ke able to withetand a continucus output short.

B. The reverse voltage rafing of the dicde should be at least
1.25 times the maximum input voltage.
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1A, 52kHz, Step-Down Switching Regulator

LM2575

Procedure (Adjustable Qutput Version: LM2575-ADJ (continued)

Procedure

Example

4. Inductor Selection (L1)
A, Use the following formula to calculate the inductor Volt x
microsecond [V x ng] constant:

e e Vout . 108
ExT= |."'ir‘|_"Cl'..It|| —HXW [\ ns]

B. Match the calculated E x T value with the comesponding
number on the veriical axis This E x T constant is a
measure of the energy handling capability of an inductor and
iz dependent upon the type of core, the core area, the
number of furns, and the duty cycle.

C. Mext step s to ideniify the inductance region intersected by
the E x T valus and the maximum load current value on the
horzontal axis

D From the inductor code, identify the inductor value. Then
select an appropriate inductor
The inductor chosen must be rated for a switching
frequency of 52 kHz and for a current rating of 1.15 x I gaqd.
The inductor current rating can alzo be determined by
calculating the inductor peak current:

| 0 + {Yin = Vout/ Ton
pirmax) ~  Load{max) 2L

where ty, is the “on” time of the power switch and

_ Vout, 10
fon = 5 " * e
in OS5

For additional information about the inductor, see the
inductor saction in the “Extermal Componentz” seclion of

thiz data sheet.

4. Inductor Selection (L1)
A, Calculate E x T [V x ns] constant:

{ o E‘D 1000 nns
= - 10 2 — = \
Ex (25-8.00x =55 X 55 80 [V x ns]
B.ExT=350[Vxus]

C. |_u:ad['11ax] =254
Inductance Region = H150

D. Proper inductor valug = 150 uH
Chooss the inductor from Takble 2.

5. Output Capacitor Selection (Cg, )

A, Since the LM2576 is a forward-mode switching regulator
with voltage mode confral, its open loop 2-pole-1-zero
frequency characteristic has the dominant pole—pair
determined by the output capacitor and inductor values.

For stable operation, the capacitor must satisfy the
following requirement:

LY
Yin{max)
C 123,300 ———— |
Vot ¥ L [uH]

B. Cagacitor values between 10 uF and 2000 uF will zatisfy
the loop requirements for stable operation. To achieve an
accepiable cutput ripple voltage and fransient response, the
output capacitor may need to be several times larger than
the above formula yislds.

. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the cuiput capacitor's voltage rating should be at
least 1.5 imes greater than the output voltage. Fora 5.0V
regulator, a rating of at least 8.0 iz appropriate, and a 10V
or 16 rating is recommendad.

uF]

-
out ~

5. Output Capacitor Selection (Cg )
A. 25
= s — > E
':u:uut = 13,200 x 53050 3325pF
To achizve an acceptabie ripple voltage, select
Cpoyt = 680 uF electrolytic capacitor.
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1A, 52kHz, Step-Down Switching Regulator

LM2575

LM2576 Series Buck Requlator Design Procedures (continued)
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1A, 52kHz, Step-Down Switching Regulator

LM2575

Table 1. Diode Selection Guide

Schotthy Fast Recovery
oA 40-60A oA 40-60A
Through Surface Through Surface Through Surface Through Surface
Vg Hole Mount Haole Mount Hole Mount Hole Mount
20V 1M5320 S5K3z 1M5323
MBR320P SRE02
SRa0z S5B520
v 1H5321 5K33 1M5324 50Wa03
MER230 I0wao3 SRE03
SR303 58530 MUR320 MURS320T3 MUR420 MURD&20CT
31Da03 31DF1 MURD320 HERA02 S0WF10
HER302 30WF10
40 W 1M5822 Sk34 1M5825 MERDE4DCT
MER340 20Wa0n4 SR504 BOWC04 (all diodes {all diodes (all dicdes (all diodes
SR304 MERS340T3 58540 rated rated rated rated
31D04 MERD340 o at least to at least to at least to at least
100 W) 100 W) 100 W) 100 W)
50V MBR250 S5K35 58550 50WQ0s
31DQ0s I0wWaQ0s
SR305
80V MBR3&0 MBRS360T3 5052030 MERDBEOCT
Do0g MERD360
SR30E
NOTE: Dicdes listed in bold are available frerm ON Semiconductor.
Table 2. Inductor Selection by Manufacturer's Part Number
Inductor Inductor
Code Value Tech 39 Schott Corp. Pulse Eng. Renco
L47 47 uH 7T 212 G671 26980 PE-53112 RLZ242
L&a 88 uH 77 282 &71 28250 PE-52114 RL2443
L1o0 100 uH 77 312 &71 27000 PE-52108 RL2444
L150 150 uH 77 380 &71 27010 PE-53113 RL1554
L220 220 uH 77 408 &71 27020 PE-52628 RL1853
L330 330 uH 7T 455 G71 27030 PE-52627 RL1852
L470 470 uH ' &71 27040 PE-53114 RL185
LG50 880 uH 77 506 &71 270580 PE-52628 RL1850
H150 150 uH 77 382 G71 27080 PE-53115 RL2445
H220 220 uH 77412 &71 27070 PE-53116 RL2445
H330 330 uH 7T 482 G71 27080 PE-53117 RL2447
H470 470 uH ' &71 27080 PE-53118 RL186
HE&0 880 uH 77 508 &71 27100 PE-53112 RL1860
H1000 1000 pH 77 556 871 27110 PE-53120 RL1852
H1500 1500 pH ' 71 27120 PE-53121 RL1858
H2200 2200 pH ' G71 27130 PE-53122 RL2445

NOTE: *Contact Manufacturer
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