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I3 TEXAS LM2576, LM2576HV
INSTRUMENTS SNVS107G — JUNE 1999 — REVISED MARCH 2023
LM2576xx Series SIMPLE SWITCHER® Power Converter 3-A Step-Down Voltage
Regulator
Requiring a minimum number of external

1 Features

* Newer products available:
— LMR51430 4.5 to 36-V, 3-A, 500-kHz and 1.1-
MHz synchronous converter
— LM76003 3.5 to 60-V, 3.5-A, 300-kHz to 2.2-
MHz synchronous converter
* For faster time to market:
— TLVM13630 3 to 36-V, 3-A, 200-kHz to 2.2-MHz
power module
* 3.3-V, 5-V, 12-V, 15-V, and adjustable output
versions
* Adjustable version output voltage range,1.23 V to
37 V (57 V for HV version) £4% maximum over line
and load conditions
» Specified 3-A output current
» Wide input voltage range: 40 V Up to 60 V for HV
version
* Requires only four external components
» 52-kHz fixed-frequency internal oscillator
* TTL-shutdown capability, low-power standby mode
» High efficiency
* Uses readily available standard inductors
» Create a custom design using the LMR33630 or
LM76003 with the WEBENCH® Power Designer

2 Applications

* Motor drives

* Merchant network and server PSU
* Appliances

* Test and measurement equipment

3 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 3-A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12V, 15V, and an adjustable
output version.

components, these regulators are simple to use
and include fault protection and a fixed-frequency
oscillator.

The LM2576 series offers a high-efficiency
replacement for popular three-terminal linear
regulators. It substantially reduces 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 +4% tolerance on output
voltage within specified input voltages and output
load conditions, and £10% on the oscillator frequency.
External shutdown is included, featuring 50-pA
(typical) standby current. The output switch includes
cycle-by-cycle current limiting, as well as thermal
shutdown for full protection under fault conditions.

The LM76003 requires very few external components
and has a pinout designed for simple, optimum PCB
layout for EMI and thermal performance. See the
device comparison table to compare specs.

Package Information

PACKAGE(") BODY SIZE (NOM)
KC (TO-220, 5) 10.16 mm x 8.51 mm
KTT (DDPAK/TO-263,
5)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

PART NUMBER

LM2576
LM2576HV

10.16 mm x 8.42 mm

Device Information

PART NUMBER Max Supply Voltage(")
LM2576 40V
LM2576HV 60V

(1)  See the Device Comparison Table..

Fixed Output Voltage Version Typical Application Diagram

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

ond F—————15- ON/OFF
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Figure 5-1. KC Package 5-Pin TO-220 Top View

15— ON/OFF 15— ON/OFF
TAB IS [ 134~ Feedback TAB IS [ 114~ Feedback
GND 13- Ground GND 13- Ground
[ 12~ Output > [ 112~ Output
- vy - V)
Side View Side View
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Figure 5-2. KTT Package 5-PIN DDPAK/TO-263 Top Figure 5-3. DDPAK/TO-263 (S) Package 5-Lead

View Surface-Mount Package Top View
Table 5-1. Pin Functions
PIN

G TEE 1/o(" DESCRIPTION
Supply input pin to collector pin of high-side transistor. Connect to power supply and input

1 VN bypass capacitors CIN. Path from V) pin to high frequency bypass Cy and GND must be as
short as possible.

2 OUTPUT o Emitter pin of the power transistor. This is a switching node. Attached this pin to an inductor
and the cathode of the external diode.

3 GROUND — Ground pin. Path to C;y must be as short as possible.

4 FEEDBACK Feedback sense input pin. Connect to the midpoint of feedback divider to set VOUT for ADJ
version or connect this pin directly to the output capacitor for a fixed output version.

5 ON/OFF Enable input to the voltage regulator. High = OFF and low = ON. Connect to GND to enable
the voltage regulator. Do not leave this pin float.

. TAB . Connected to GND. Attached to heatsink for thermal relief for TO-220 package or put a
copper plane connected to this pin as a thermal relief for DDPAK package.

(1) 1=INPUT, O = OUTPUT
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6 Specifications
6.1 Absolute Maximum Ratings

over the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted)() (2

MIN MAX UNIT

Maximum supply voltage LM2576 45 \%

LM2576HV 63
ON /OFF pin input voltage -0.3V sV <+ \Y
Output voltage to ground (Steady-state) -1 \%
Power dissipation Internally Limited
Maximum junction temperature, T, 150 °C
Storage temperature, Tgg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

6.2 ESD Ratings

VALUE UNIT
V(Esp) Electrostatic discharge ‘ Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000 \Y

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted)

MIN MAX UNIT
Temperature LM2576, LM2576HV -40 125 °C
LM2576 40
Supply voltage LM2576HV 60 v

6.4 Thermal Information

LM2576, LM2576HV
THERMAL METRIC(") (2) ©) KTT (TO-263) KC (TO-220) UNIT
5 PINS 5 PINS
Resa Junction-to-ambient thermal resistance 42.6 324 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 43.3 41.2 °C/W
Rgus Junction-to-board thermal resistance 22.4 17.6 °C/W
Wyt Junction-to-top characterization parameter 10.7 7.8 °C/W
Wis Junction-to-board characterization parameter 21.3 17 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 0.4 0.4 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953 and the Using New Thermal Metrics applications report, SBVA025.

(2) The package thermal impedance is calculated in accordance with JESD 51-7

(3) Thermal Resistances were simulated on a 4-layer, JEDEC board.
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6.5 Electrical Characteristics: 3.3V

Specifications are for T; = 25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9()
VIN =12 V, ILOAD =05A
Output Voltage Circuit of Figure 8-3 and Figure 8-9 3.234 33 3366 V
6V<VNS40V,05A< I opp|T0=25°C 3.168 3.3 3.432
_ <3A Appli full
Output Voltage: LM2576 S ) pplies over u \%
v P 9 Circuit of Figure 8-3 and operating temperature 3.135 3.465
out Figure 8-9 range
BV<VNS60V,05A%]opp|ls=25°C 3.168 3.3 3.45
. <3A Appli full
Output Voltage: LM2576HV S ) pplies over iu \%
P g Circuit of Figure 8-3 and operating temperature 3.135 3.482
Figure 8-9 range
n Efficiency ViN=12V, lLpap =3 A 75%

M

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.6 Electrical Characteristics: 5V

Specifications are for T; = 25°C for the Figure 8-3 and Figure 8-9 (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
VIN =12 V, ILOAD =05A
Vour Output Voltage Circuit of Figure 8-3 and Figure 8-9 4.9 5 5.1 v
0.5A<loap<3A, Ty =25°C 48 5 5.2
Vour Output Voltage 8 V S_V|N 5_40 \ Applies over full v
LM2576 Circuit of Figure 8-3 and operating temperature 4.75 5.25
Figure 8-9 range
05A<Ioap<3A, Ty=25°C 4.8 5 4.75
Vour Output Voltage 8 V s_V|N S_GO \ Applies over full Vv
LM2576HV Circuit of Figure 8-3 and operating temperature 5.225 5.275
Figure 8-9 range
n Efficiency ViN=12V, I oap=3A 77%

M

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 Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.7 Electrical Characteristics: 12V

Specifications are for T; = 25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9()
V|N =25V, ILOAD =05A
Vour Output Voltage Circuit of Figure 8-3 and Figure 8-9 1.76 12 1224 v
05A<loap<3A, T,=25°C 11.52 12 12.48
Vour Output Voltage 15 \Y < ViN < 40V Applies over full Vv
LM2576 Circuit of Figure 8-3 and operating temperature 1.4 12.6
Figure 8-9 and range
05A<IloapS3A, Ty=25°C 11.52 12 12.54
Vour Output Voltage 15V=sVin=60V Applies over full v
LM2576HV Circuit of Figure 8-3 and operating temperature 11.4 12.66
Figure 8-9 range
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Specifications are for T; = 25°C (unless otherwise noted).
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
n Efficiency ViN = 15V, ILOAD =3A 88%

(1) 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 Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.8 Electrical Characteristics: 15V

over operating free-air temperature range (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
VIN =25 V, ILOAD =05A
Vour  Output Voltage Circuit of Figure 8-3 and Figure 8-9 14.7 15 153V
05A<Iloap<3A, Ty,=25°C 14.4 15 15.6
Vour Output Voltage 18V=sVn=40V Applies over full v
LM2576 Circuit of Figure 8-3 and operating temperature 14.25 15.75
Figure 8-9 range
05A< ILOAD <3 A, TJ =25°C 14.4 15 14.25
Vour Output Voltage 1&_3 \Y < Vin < 60V Applies over full v
LM2576HV Circuit of Figure 8-3 and operating temperature 15.68 15.83
Figure 8-9 range
n Efficiency ViN=18Y, ILOAD =3A 88%

(1)  External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.9 Electrical Characteristics: Adjustable Output Voltage

over operating free-air temperature range (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
VIN =12 V, ILOAD =05A
Vout Feedback voltage Voutr=5V, 1.217 1.23 1.243 \%
Circuit of Figure 8-3 and Figure 8-9
05A<loap<3A, T,=25°C 1.193 1.23 1.267
Vv Feedback Voltage 8V<sVy=40V Applies over full Vv
out LM2576 Vour =5V, Circuit of Figure | operating temperature 118 128
8-3 and Figure 8-9 range
05A<loap<3A, T,=25°C 1.193 1.23 1.273
Vv Feedback Voltage 8V<Vy=s60V Applies over full v
out LM2576HV Vour =5V, Circuit of Figure | operating temperature 1.18 1.286
8-3 and Figure 8-9 range
n Efficiency VIN =12 V, ILOAD =3 A, VOUT =5V 7%

(1)  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 Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.10 Electrical Characteristics: All Output Voltage Versions

over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP(M) MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9()
T,=25°C 100 50
I Feedback Bias Current | /ouT = 3V (Adjustable Applies over nA
Version Only) full operating 500
temperature range
) T,=25°C 47 52 58
fo Oscillator Frequency!(”) kHz
Applies over full operating temperature range 42 63
6 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP(M) MAX| UNIT
Ty=25°C 1.4 1.8
Vgar  Saturation Voltage lour=3A0G Applies over Y
full operating 2
temperature range
DC Max Duty Cycle (ON)®*) 93% 98%
Ty=25°C 4.2 5.8 6.9
Il Current Limit® @ J A
Applies over full operating temperature range 3.5 7.5
Output=0V
I Output Leakage Current |Output =-1V 2 7.5 30 mA
Output = -1V () ©)
lq Quiescent Current(®) 5 10| mA
IsTay gfr’r‘s:g’ Quiescent ON /OFF Pin = 5 V (OFF) 50 200| uA
N /OFF CONTROL TEST CIRCUIT Figure 8-3 and Figure 8-9
VOUT =0V TJ =25°C 2.2 1.4
Viy Applies over vV
full operating 2.4
ON /OFF Pin temperature range
Logic Input Level Vout = Nominal Output T,=25C 1.2 1
Vi Voltage Applies over vV
full operating 0.8
temperature range
m ON /OFF Pin Input ON /OFF Pin = 5V (OFF) 12 30| pA
I Current ON /OFF Pin =0V (ON) 0 10| pA

@)

@)
(4)
®)

(6)
@)

All limits specified at room temperature (25°C) unless otherwise noted. All room temperature limits are 100% production tested. All
limits at temperature extremes are specified through correlation using standard Statistical Quality Control (SQC) methods.

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.
Output pin sourcing current. No diode, inductor or capacitor connected to output.

Feedback pin removed from output and connected to OV.

Feedback pin removed from output and connected to +12 V for the Adjustable, 3.3-V, and 5-V versions, and +25 V for the 12-V and

15-V versions, to force the output transistor OFF.
V\y =40V (60 V for high voltage version).

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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6.11 Typical Characteristics
(Circuit of Figure 8-3 and Figure 8-9)

OUTPUT VOLTAGE CHANGE (%)
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Figure 6-1. Normalized Output Voltage
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Figure 6-2. Line Regulation
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Figure 6-18. Switching Waveforms
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Figure 6-19. Load Transient Response
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7 Detailed Description
7.1 Overview

The LM2576 SIMPLE SWITCHER® power converter regulator is an easy-to-use, non-synchronous step-down
DC-DC converter with a wide input voltage range from 40 V to up to 60 V for a HV version. It is capable of
delivering up to 3-A DC load current with excellent line and load regulation. These devices are available in fixed
output voltages of 3.3V, 5V, 12V, 15V, and an adjustable output version. The family requires few external
components, and the pin arrangement was designed for simple, optimum PCB layout.

7.2 Functional Block Diagram

VIN =Ty,
ON/OFF
egulated o yJ‘y Internal —_—
DC Input 1 Rgulator ON/OFF 5

Ci L
I

Feedback

3 Amp
Switch

Fixed Gain
Driver
OUTPUT L1 Vour

Error Amp
} I Comparator
2 2
+
!
1 Cour

D
123V
52 kHZ THERMAL CURRENT ;@j — —
BAND-GAP RESET =
REFERENGE OSCILLATOR SHUTDOWN LIMIT —

CEXI

GND

33VR2=17k5V,R2=3.1k12V,R2=8.84k 15V, R2 = 11.3 k For ADJ. Version R1 = Open, R2 = 0 Q Patent Pending

7.3 Feature Description

7.3.1 Undervoltage Lockout

In some applications it is desirable to keep the regulator off until the input voltage reaches a certain threshold.
Figure 7-1 shows an undervoltage lockout circuit that accomplishes this task, while Figure 7-2 shows the same
circuit applied to a buck-boost configuration. These circuits keep the regulator off until the input voltage reaches
a predetermined level.

Vh = Vzq + 2VEe(Q1) (1
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R —
20 k Cin —
20 k 5| ON/OFF 3| GND
Z1 -
Q1
R2
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Complete circuit not shown.

Figure 7-1. Undervoltage Lockout for Buck Circuit

v v
ML . il LM2576-XX
o]
R —
20 k Cin —
20 k 5 | ON/oFF 3 | GND
71
Q1
R2
10k
-Vour

Complete circuit not shown (see Figure 8-1).

Figure 7-2. Undervoltage Lockout for Buck-Boost Circuit

7.3.2 Delayed Start-Up

The ON /OFF pin can be used to provide a delayed start-up feature as shown in Figure 7-3. With an input
voltage of 20 V and for the part values shown, the circuit provides approximately 10 ms of delay time before the
circuit begins switching. Increasing the RC time constant can provide longer delay 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.

7.3.3 Adjustable Output, Low-Ripple Power Supply

Figure 7-4 shows a 3-A power supply that features an adjustable output voltage. An additional LC filter that
reduces the output ripple by a factor of 10 or more is included in this circuit.
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Complete circuit not shown.

Figure 7-3. Delayed Start-Up
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Figure 7-4. 1.2-V to 55-V Adjustable 3-A Power Supply With Low Output Ripple

optional output ripple filter

7.4 Device Functional Modes
7.4.1 Shutdown Mode

The ON/OFF pin provides electrical ON and OFF control for the LM2576. When the voltage of this pin is higher
than 1.4V, the device is in shutdown mode. The typical standby current in this mode is 50 pA.

7.4.2 Active Mode

When the voltage of the ON/OFF pin is below 1.2 V, the device starts switching, and the output voltage rises until
it reaches the normal regulation voltage.

7.4.3 Current Limit

The LM2576 device has current limiting to prevent the switch current from exceeding safe values during an
accidental overload on the output. This current limit value can be found in Section 6.10 under the heading of I¢ .

The LM2576 uses cycle-by-cycle peak current limit for overload protection. This helps to prevent damage to the
device and external components. The regulator operates in current limit mode whenever the inductor current
exceeds the value of Ig_ given in Section 6.10. This occurs if the load current is greater than 3 A, or the
converter is starting up. Keep in mind that the maximum available load current depends on the input voltage,
output voltage, and inductor value. The regulator also incorporates short-circuit protection to prevent inductor
current run-away. When the voltage on the FB pin (ADJ) falls below about 0.58 V the switching frequency is
dropped to about 11 kHz. This allows the inductor current to ramp down sufficiently during the switch OFF-time
to prevent saturation.
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8 Application and Implementation

Note
Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information
8.1.1 Input Capacitor (Cyy)

To maintain stability, the regulator input pin must be bypassed with at least a 100-yF electrolytic capacitor. The
capacitor leads must be kept short, and placed near the regulator.

If the operating temperature range includes temperatures below -25°C, the input capacitor value can need to
be larger. With most electrolytic capacitors, the capacitance value decreases and the ESR increases with lower
temperatures and age. Paralleling a ceramic or solid tantalum capacitor increases the regulator stability at cold
temperatures. For maximum capacitor operating lifetime, the RMS ripple current rating of the capacitor must be
greater than:

t
1-2(%)(ILOAD) @)
Where for a buck regulator:

t vV
ON _ YOUuT 3)

T VIN

Where for a buck-boost regulator:

toN [Vourl
_ 4)

T 7 Vourl +ViN
8.1.2 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 flowing continuously, or if it drops to zero for
a period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulator performance and requirements.

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

The inductor value selection guides in Figure 8-4 through Figure 8-8 are 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 ripple current is approximately 20% to 30% of the maximum 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 is 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 can 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 must investigate the possibility of discontinuous operation.

Inductors are available in different styles such as pot core, toriod, E-frame, bobbin core, and so on, as well as
different core materials, such as ferrites and powdered iron. The bobbin core is the least expensive type, and
consists of wire wrapped on a ferrite rod core. This type of construction makes for an inexpensive inductor;
however, because the magnetic flux is not completely contained within the core, the bobbin core generates
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more electromagnetic 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 must not operate beyond its maximum-rated current because it can saturate. When an inductor
begins to saturate, the inductance decreases rapidly, and the inductor begins to look mainly resistive (the DC
resistance of the winding), causing the switch current to rise very rapidly. Different inductor types have different
saturation characteristics, and this must be considered when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
8.1.3 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 voltage). 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 sawtooth current waveform also rises or falls. The average DC value of this waveform is equal to the
DC load curr