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General Description

The LM2578A is a switchipg regulator which cap easily be
set up for such DC-to-DC voltage copversiop circuits as the
buck, boost, apd ipvertipg copfiguratiops. The LM2578A fea-
tures a upique cowm parator ipput stage which pot oply has
separate pips for both the ipvertipg apd pop-ipvertipg ipputs,
but also provides ap ipterpal 1.0V referepce to each ipput,
thereby sm plifyipg circuit desigp apd p.c. board layout. The
output cap switch up to 750# A apd has output pips for its
collector apd em itter to prom ote desigp flexibility. Ap exterpal
currept lm it tem ipale ay be referepced to either the groupd
or the V,, tem ipal, depepdipg upoyp the applicatiop. lp addi-
tiop, the LM2578A has ap op board oscillator, which sets the
switchipg frequepcy with a sipgle exterpal capacitor from <1
Hz to 100 kHz (typical).

The LM2578A is ap m proved versiop of the LM2578, offer-
ipg higherw axm wm ratipgs for the total supply voltage apd
output trapsistor ew itter apd collector voltages.
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Features

m |pvertipg apd pop-ipvertipg feedback ipputs

m 1.0V referepce at ipputs

m Operates from supply voltages of 2V to 40V

m Qutput currept up to 750w A, saturatiop less thap 0.9V
m Currept lm it apd them al shut dowp

m Duty cycle up to 90%

Applications

m Switchipg regulators ip buck, boost, ipvertipg, apd
sipgle-epded trapsfom er copfiguratiops

m Motor speed coptrol

B Law p flasher

Connection Diagram and Ordering Information

Dual-In-Line Package

= INPUT —
+ INPUT —
0SC —
GND —

~ D

-/

—VIN

— CURRENT LIMIT
— COLLECTOR

— EMITTER

o oo N

00871129

Order Number LM3578AM, LM2578AN or LM3578AN
See NS Package Number MOSA or NOSE
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LM2578A/LM3578A

Functional Diagram
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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.

ESD Tolerapce (Note 4)

Operating Ratings

Aw biept Tem perature Rapge

Total Supply Voltage 50V

Collector Output to Groupd -0.3V to +50V LM2578A

Ew itter Output to Groupd (Note 2) -1V to +50V

Power Dissipatiop (Note 3) Ipterpally Im ited LM3578A

Output Currept 750w A Jupctiop Tem perature Rapge
Storage Tem perature -65°C to +150°C LM2578A

Lead Tem perature LM3578A

(solderipg, 10 secopds)
Maxim wm Jupctiop Tewm perature

Electrical Characteristics
These specificatiops apply for 2V <V, <40V (2.2V < V| < 40V for T, < -25°C), tm ipg capacitor C = 3900 pF, apd 25% <

duty cycle < 75%, upless otherwise specified. Values ip stapdard typeface are for T, = 25°C; values ip boldface type apply for
operatiop over the specified operatipg jupctiop tewm perature rapge.

260°C
150°C

2 kV

—40°C< T,
<+85°C

0°'C < T, <+70°C

~40C<T,
<+125°C

0°C <T,<+125°C

LM2578A/
Symbol Parameter Conditions Typical LM3578A Units
(Note 5) | Limit (Note 6)
OSCILLATOR
fosc Frequepcy 20 kHz
24 kHz @ ax)
16 kHz @ ip)
Afosc/AT Frequepcy Drift with Tem perature -0.13 %I°C
Aw plitude 550 “ Voo
REFERENCE/COMPARATOR (Note 7)
Vg lpput Referepce Iy =1,=0w A apd 1.0 Vv
Voltage Iy =1, =14 A £1% (Note 8) 1.050/1.070 V @ ax)
0.950/0.930 |V @ ip)
AVg/AV N lpput Referepce Voltage Lipe ly=1,=0w A apd 0.003 %I\
Regulatiop
l; =1, =14 A £1% (Note 8) 0.01/0.02 %I\ @ ax)
linv Ipvertipg lpput Currept Iy =1, =0w A, duty cycle = 25% 0.5 A
Level Shift Accuracy Level Shift Currept = 1\ A 1.0 %
10/13 % @ ax)
AVg/At lpput Referepce Voltage Lopg Tem 100 pp= /1000h
Stability
OUTPUT
V¢ (sat) Collector Saturatiop Voltage lc = 750%, A pulsed, b itter 0.7 \
groupded 0.90/1.2 V @ ax)
Ve (sat) Ew itter Saturatiop Voltage lo = 80w A pulsed, 1.4 \Y
Vin = Ve = 40V 1.7/2.0 V @ ax)
lces Collector Leakage Currept Vin = Ve = 40V, Bw itter groupded, 0.1 pA
Output OFF 200/250 YA @ ax)
BVceosus) |Collector-Bw itter Sustaipipg Voltage | Isyst = 0.2A (pulsed), Vi =0 60 Vv
50 V @ ip)
CURRENT LIMIT
Ve Sepse Voltage Shutdowp Level Referred to V,\ or Groupd 110 "V
(Note 9) 80 “wV @ip)
160 w V @ ax)
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LM2578A/LM3578A

Electrical Characteristics (coptipued)
These specificatiops apply for 2V <V, <40V (2.2V < V| £ 40V for T, < -25°C), tm ipg capacitor C; = 3900 pF, apd 25% <
duty cycle < 75%, upless otherwise specified. Values ip stapdard typeface are for T, = 25°C; values ip boldface type apply for

operatiop over the specified operatipg jupctiop tem perature rapge.

Symbol

Parameter

Conditions

LM2578A/

Typical LM3578A Units

(Note 5) | Limit (Note 6)

CURRENT LIMIT

AV /AT Sepse Voltage Tewm perature Drift 0.3 %/°C
leL Sepse Bias Currept Referred to V,y 4.0 pA
Referred to groupd 0.4 HA
DEVICE POWER CONSUMPTION
Is Supply Currept Output OFF, Vg = 0V 2.0 " A
3.5/4.0 w A @ ax)
Output ON, Ic = 750+ A pulsed, 14 " A

Vg = 0V

Note 1: Absolute Maxm w Ratipgs ipdicate Im its beyopd which daw age to the devicew ay occur. DC apd AC electrical specificatiops do pot apply whep operatipg
the device beyopd its rated operatipg copditiops.

Note 2: For T, > 100°C, the Ew itter pip voltage should pot be drivepw ore thap 0.6V below groupd (see Applicatiop lpfom atiop).

Note 3: At elevated tem peratures, devicesw ust be derated based op package them al resistapce. The device ip the 8-pip DIPw ust be derated at 95°C/W, jupctiop
to am biept. The device ip the surfacew oupt package w ust be derated at 150°C/W, jupctiop-to-am biept.

Note 4: Hum ap bodyw odel, 1.5 kQ ip series with 100 pF.
Note 5: Typical values are for Ty = 25°C apd represept the » ost likely param etric pom .

Note 6: All Im its guarapteed at room tem perature (stapdard type face) apd at tew perature extrem es (bold type face). Room tem perature Iw its are 100% productiop
tested. Lim its at tem perature extrewm es are guarapteed via correlatiop usipg stapdard Statistical Quality Coptrol (SQC) » ethods. All lm its are used to calculate
AOQL.

Note 7: Ipput tem ipals are protected from accideptal shorts to groupd but if exterpal voltages higher thap the referepce voltage are applied, excessive currept will
flow apd should be lm ited to less thap 5w A.

Note 8: | apd I, are the exterpal sipk currepts at the ipputs (refer to Test Circuit).

Note 9: Coppectiop of a 10 kQ resistor from pip 1 to pip 4 will drive the duty cycle to itsw axim wm , typically 90%. Applyipg thew ipm tm Currept Lim it Sepse Voltage
to pip 7 will pot reduce the duty cycle to less thap 50%. Applyipg thew axm um Currept Lm it Sepse Voltage to pip 7 is certaip to reduce the duty cycle below 50%.
Ipcreasipg this voltage by 15« Ve« ay be required to reduce the duty cycle to 0%, whep the Collector output swipg is 40V or greater (see Groupd-Referred Currept
Lm it Sepse Voltage typical curve).

Typical Performance Characteristics

Oscillator Frequency Change

with Temperature Oscillator Voltage Swing
1.3 800
1.2 750 —~
5 . UPPER LIMIT I~
S T 700
3 M = L N
& T~ 2 300
s 10 &
o N w250 L
] < /
= 09 5 —
z N = 200 —
2 .8 > |_—T""LOWER LIMIT
: 150
Cr=4nF
0.7 100 L
-50 -25 0 25 50 75 100 125 150 -50-25 0 25 50 75 100 125150
TEMPERATURE (°C) TEMPERATURE (°C)
00871132 00871133
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Typical Performance Characteristics (coptipueq)

Input Reference Voltage
Drift with Temperature
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00871134
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Drift with Temperature
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00871138

COLLECTOR CURRENT (A)

DUTY CYCLE (%)

COLLECTOR VOLTAGE (V)
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(Sinking Current,
Emitter Grounded)
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00871135

Ground Referred
Current Limit Sense Voltage

100 , |
f=20kHz
C= 40V SWING

80 E = GROUND

INV INPUT =
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Current Limit Response Time
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LM2578A/LM3578A

Typical Performance Characteristics (coptipueq)

Current Limit Sense Voltage
vs Supply Voltage
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00871140
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E 3 .-~ 1 1
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o [ ——
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(&)
> OUTPUT OFF
a
o
=3 1
(%]

0
-50-25 0 25 50 75 100 125 150

TEMPERATURE (°C)
00871142

Test Circuit*

Param eter tests cap be w ade usipg the test circuit showp.
Select the desired V,,, collector voltage apd duty cycle with
adjustable power supplies. A digital volte eter with ap ipput
resistapce greater thap 100 MQ should be used tow easure

the followipg:

lpput Referepce Voltage to Groupd; S1 ip either positiop.
Level Shift Accuracy (%) = (Tpg(V)/1V) x 100%; S1 at 1, =1,
=1w A

lpput Currept i A) = (1V = T3 (V))/1 MQ: St at |y =1, =
Ow A.

Oscillator param eters cap bew easured at T, usipg a fre-
quepcy coupter or ap oscilloscope.

Supply Current

T T T
EMITTER = GND

= OUTPUT ON
£ 3 leoL = 0
=
=z
[}
(24
= 2
o —"1 OUTPUT OFF
=
[«
[«
= 1
[%2]

0

0 10 20 30 40

SUPPLY VOLTAGE (V)
00871141

Collector Current with
Emitter Output Below Ground

-2.0 T T T T
COLLECTOR =V, = 15V
16
= N
4 N
= -12 \\\
S \\\ looL = 10 mA
= -0.8 I~
£ N
= ot =10 AL N
o4 \\
-0

-50-25 0 25 50 75 100 125 150

TEMPERATURE (°C)
00871143

The Currept Lm it Sepse Voltage isw easured by coppectipg
ap adjustable 0-to-1V floatipg power supply ip series with the
currept lm it tem ipal apd referripg it to either the groupd or
the V,, tem ipal. Set the duty cycle to 90% apd= opitor test
poipt Tps While adjustipg the floatipg power supply voltage
uptil the LM2578A’s duty cycle just reaches 0%. This voltage
is the Currept Lm it Sepse Voltage.

The Supply Currept should bew easured with the duty cycle
at 0% apd S1 ip the |, = |, = 0w A positiop.

*LM2578A specificatiops are w easured usipg autom ated
test equipm ept. This circuit is provided for the custom er’s
copvepiepce whep checkipg parawm eters. Due to possible
variatiops ip testipg copditiops, the » easured values from
these testipg proceduress ay pote atch those of the factory.

www.patiopal.com




Test Circuit* (Coptipued)

Vin VeoLLECTOR
270 40V 5710 4oV b, +1sV
3 !
22 iF ran, R, |
E‘ R
INPUT L Stk D, b3 53?(
REFERENCE Ry = Vin Sow 1N914 <
VOLTAGES 10k I Rg !
TP1D—WV—T—C (-)N 100k
C AV 4 -~ LM385

Op an p supplies are =15V
DVM ipput resistapce >100 MQ
*LM2578w ax duty cycle is 90%

Definition of Terms

Input Reference Voltage: The voltage (referred to groupd)
thate ust be applied to either the ipvertipg or pop-ipvertipg
ipput to cause the regulator switch to chapge state (ON or
OFF).

Input Reference Current: The currept thate ust be drawp
from either the ipvertipg or pop-ipvertipg ipput to cause the
regulator switch to chapge state (ON or OFF).

Input Level Shift Accuracy: This specificatiop detem ipes
the output voltage tolerapce of a regulator whose output
coptrol depepds op drawipg equal currepts from the ipvertipg
apd pop-ipvertipg ipputs (see the lpvertipg Regulator of Fig-
ure 21, apd the RS-232 Lipe Driver Power Supply of Figure
23).

Level Shift Accuracy is tested by usipg two equal-value
resistors to draw currept from the ipvertipg apd pop-ipvertipg
ipput tem ipals, thepw easuripg the perceptage differepce ip
the voltages across the resistors that produces a coptrolled
duty cycle at the switch output.

Collector Saturation Voltage: With the ipvertipg ipput ter-
» ipal groupded thru a 10 kQ resistor apd the output trapsis-
tor’s em itter coppected to groupd, the Collector Saturatiop-
Voltage is the collector-to-em itter voltage for a givep
collector currept.

Emitter Saturation Voltage: With the ipvertipg ipput tem i-
yal groupded thru a 10 kQ resistor apd the output trapsistor’s
collector coppected to V;,, the bw itter Saturatiop Voltage is
the collector-to-em itter voltage for a givep em itter currept.

Collector Emitter Sustaining Voltage: The collector-
ew itter breakdowp voltage of the output trapsistor, «» ea-

sured at a specified currept.

|

00871103

Current Limit Sense Voltage: The voltage at the Currept
Lim it pip, referred to either the supply or the groupd tem ipal,
which (via logic circuitry) will cause the output trapsistor to
turp OFF apd resets cycle-by-cycle at the oscillator fre-
quepcy.

Current Limit Sense Current: The bias currept for the
Currept Lm it tem ipal with the applied voltage equal to the
Currept Lim it Sepse Voltage.

Supply Current: The IC power supply currept, excludipg the
currept drawp through the output trapsistor, with the oscilla-
tor operatipg.

Functional Description

The LM2578A is a pulse-width « odulator desigped for use
as a switchipg regulator coptroller. lt« ay also be used ip
other applicatiops which require coptrolled pulse-width volt-
age drive.

A coptrol sigpal, usually represeptipg output voltage, fed ipto
the LM2578A’s com parator is com pared with ap ipterpally-
geperated referepce. The resultipg error sigpal apd the os-
cillator’s output are fed to a logic petwork which detem ipes
whep the output trapsistor will be turped ON or OFF. The
followipg is a brief descriptiop of the subsectiops of the
LM2578A.

COMPARATOR INPUT STAGE

The LM2578A’s com parator ipput stage is upique ip that both
the ipvertipg apd pop-ipvertipg ipputs are available to the
user, apd both coptaip a 1.0V referepce. This is accom -
plished as follows: A 1.0V referepce is fed ipto aw odified
voltage follower circuit (see FUNCTIONAL DIAGRAM).
Whep both ipput pips are opep, po currept flows through R1

www.patiopal.com
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LM2578A/LM3578A

Functional Description (coptipued)

apd R2. Thus, both ipputs to the com parator will have the
poteptial of the 1.0V referepce, V5. Whep ope ipput, for
exam ple the pop-ipvertipg ipput, is pulled AV away from V,,
a currept of AV/R1 will flow through R1. This sam e currept
flows through R2, apd the com parator sees a total voltage of
2AV betweep its ipputs. The high gaip of the system , through
feedback, will correct for this m balapce apd returp both
ipputs to the 1.0V level.

This upusual com parator ipput stage ipcreases circuit flex-
ibility, while » iph izipg the total pum ber of exterpal com po-
pepts required for a voltage regulator systew . The ipvertipg
switchipg regulator copfiguratiop, for exam ple, cap be set up
without havipg to use ap exterpal op awm p for feedback
polarity reversal (see TYPICAL APPLICATIONS).

OSCILLATOR

The LM2578A provides ap op-board oscillator which cap be
adjusted up to 100 kHz. Its frequepcy is set by a sipgle
exterpal capacitor, C,, as showp ip Figure 1, apd follows the
equatiop

fosc = 8x1075/C,

The oscillator provides a blapkipg pulse to lm it » axm m
duty cycle to 90%, apd a reset pulse to the ipterpal circuitry.

100

CAPACITANCE (nF)
/

0.1

1 10 100

FREQUENCY (kHz)
00871104

FIGURE 1. Value of Timing Capacitor vs
Oscillator Frequency

OUTPUT TRANSISTOR

The output trapsistor is capable of deliveripg up to 750« A
with a saturatiop voltage of less thap 0.9V. (see Collector
Saturation Voltage apd Emitter Saturation Voltage curves).

The ew itterw ust pot be pulled# ore thap 1V below groupd
(this Im it is 0.6V for T, > 100°C). Because of this Im it, ap
exterpal trapsistore ust be used to develop pegative output
voltages (see the lpvertipg Regulator Typical Applicatiop).
Other copfiguratiops w ay peed protectiop agaipst violatiop
of this Im it (see the B itter Output sectiop of the Applica-
tiops Ipfom atiop).

CURRENT LIMIT

The LM2578A’s currept lm itw ay be referepced to either the
groupd or the V;, pips, apd operates op a cycle-by-cycle
basis.

The currept lm it sectiop copsists of two com parators: ope
with its pop-ipvertipg ipput referepced to a voltage 110w V

below V;,, the other with its ipvertipg ipput referepced

110w V above groupd (see FUNCTIONAL DIAGRAM). The
currept lm it is activated whepever the currept Im it tem ipal
is pulled 110w V away from either V;, or groupd.

Applications Information

CURRENT LIMIT

Asw eptioped ip the fupctiopal descriptiop, the currept Im it
tem ipalw ay be referepced to either the V;, or the groupd
tem ipal. Resistor R3 copverts the currept to be sepsed ipto
a voltage for currept lm it detectiop.

Vin

LM2578A

R3

00871115

FIGURE 2. Current Limit, Ground Referred

A

LM2578A

6 R3

00871116

FIGURE 3. Current Limit, V;, Referred

CURRENT LIMIT TRANSIENT SUPPRESSION

Whep poise spikes apd switchipg trapsiepts ipterfere with
proper currept Im it operatiop, R1 apd C1 act together as a
low pass filter to coptrol the currept Im it circuitry’s respopse
thm €.

Because the sepse currept of the currept Im it tem ipal varies
accordipg to where it is referepced, R1 should be less
thap 2 kQ whep referepced to groupd, apd less thap 100Q
wheyp referepced to V,,.
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Applications Information (coptipued)

ViN
L1
1 8
2 7
5| va2s7ea |
>
4 5 R1
—_— C1
R2

00871117

FIGURE 4. Current Limit Transient Suppressor,
Ground Referred

ViN
o
1 8 | . |
— VW I
2 7 R2 |
LM2578A
— : )
4 5 R1

00871118

FIGURE 5. Current Limit Transient Suppressor,
Vi, Referred

C.L. SENSE VOLTAGE MULTIPLICATION

Whep a larger sepse resistor value is desired, the voltage
divider petwork, copsistipg of R1 apd R2,# ay be used. This
effectivelyw ultiplies the sepse voltage by (1 + R1/R2). Also,
R1 cap be replaced by a diode to ipcrease currept lm it
sepse voltage to about 800# V (diode V; + 110# V).

ViN

LM2578A

\4

R3

00871119

FIGURE 6. Current Limit Sense Voltage Multiplication,
Ground Referred

ViN

8 R3
AN R2

: 1

5 R1

LM2578A

00871120

FIGURE 7. Current Limit Sense Voltage Multiplication,
Vi, Referred

UNDER-VOLTAGE LOCKOUT

Upder-voltage lockout is accom plished with few exterpal
com popepts. Whep V;, becom es lower thap the zeper
breakdowp voltage, the output trapsistor is turped off. This
occurs because diode D1 will thep becom e forward biased,
allowipg resistor R3 to sipk a greater currept from the pop-
ipvertipg ipput thap is supk by the parallel com bipatiop of R1
apd R2 at the ipvertipg tem ipal. R3 should be ope-fifth of the
value of R1 apd R2 ip parallel.

ViN
(o]

LM2578A

00871122

FIGURE 8. Under-Voltage Lockout

MAXIMUM DUTY CYCLE LIMITING

Thew axim m duty cycle cap be exterpally Im ited by adjust-
ipg the charge to discharge ratio of the oscillator capacitor
with a sipgle exterpal resistor. Typical values are 50 pA for
the charge currept, 450 pA for the discharge currept, apd a
voltage swipg from 200w V to 750 » V. Therefore, R1 is
selected for the desired chargipg apd dischargipg slopes
apd C1 is readjusted to set the oscillator frequepcy.

www.patiopal.com
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LM2578A/LM3578A

Applications Information (coptipued)

ViN
(o]

LM2578A

C1

00871121

FIGURE 9. Maximum Duty Cycle Limiting

DUTY CYCLE ADJUSTMENT

Whep w» apual ore echapical selectiop of the output trapsis-
tor’s duty cycle is peeded, the cirucit showp below s ay be
used. The output will turp op with the begippipg of each
oscillator cycle apd turp off whep the currept supk by R2 apd
R3 from the pop-ipvertipg tem ipal becom es greater thap the
currept supk from the ipvertipg tem ipal.

With the resistor values as showyp, R3 cap be used to adjust
the duty cycle from 0% to 90%.

Whep the st of R2 apd R3 is twice the value of R1, the
duty cycle will be about 50%. C1# ay be a large electrolytic
capacitor to lower the oscillator frequepcy below 1 Hz.

00871123

FIGURE 10. Duty Cycle Adjustment

REMOTE SHUTDOWN

The LM2578A w ay be rem otely shutdowp by sipkipg a
greater currept from the pop-ipvertipg ipput thap from the
ipvertipg ipput. Thisw ay be accom plished by selectipg re-
sistor R3 to be approxm ately ope-half the value of R1 apd
R2 ip parallel.

00871124

FIGURE 11. Shutdown Occurs when V| is High

EMITTER OUTPUT

Whep the LM2578A output trapsistor is ip the OFF state, if
the Bw itter output swipgs below the groupd pip voltage, the
output trapsistor will turp ON because its base is clam ped
pear groupd. The Collector Current with Emitter Output Be-
low Ground curve shows the am oupt of Collector currept
drawp ip this » ode, vs tew perature apd B itter voltage.
Whep the Collector-Em itter voltage is high, this currept will
cause high power dissipatiop ip the output trapsistor apd
should be avoided.

This situatiop cap occur ip the high-currept high-voltage
buck applicatiop if the Bw itter output is used apd the catch
diode’s forward voltage drop is greater thap 0.6V. A fast-
recovery diode cap be added ip series with the Bw itter
output to coupter the forward voltage drop of the catch diode
(see Figure 2). For better efficiepcy of a high output currept
buck regulator, ap exterpal PNP trapsistor should be used as
showy ip Figure 16.

Vin

D N]| >

>~ | w | N | —_

;

'—‘"'TOVO
B |

D2 =4

00871130

FIGURE 12. D1 Prevents Output Transistor from
Improperly Turning ON due to D2’s Forward Voltage

SYNCHRONIZING DEVICES

Whep several devices are to be operated at opce, their
oscillators » ay be sypchropized by the applicatiop of ap
exterpal sigpal. This drive sigpal should be a pulse wavefom
with ae ipm m pulse width of 2 ps. apd ap am plitude from
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Applications Information (coptipued)

1.5V to 2.0V. The sigpal source » ust be capable of 1.)
drivipg capacitive loads apd 2.) deliveripg up to 500 pA for
each LM2578A.

Capacitors C1 thru CN are to be selected for a 20% slower
frequepcy thap the sypchropizatiop frequepcy.

LM2578A LM2578A)- ===~ LM2578A

ALL DIODES ARE 1N914

B 3 3
1.5V b C1py c2 DN CN
70 | l l
2v | |
ov o—e o
-

2 ps.
(min.)

00871125

FIGURE 13. Synchronizing Devices

Typical Applications

The LM2578Aw ay be operated ip either the coptipuous or
the discoptipuous copductiop » ode. The followipg applica-
tiops (except for the Buck-Boost Regulator) are desigped for
coptipuous copductiop operatiop. That is, the ipductor cur-
rept is pot allowed to fall to zero. Thise ode of operatiop has
higher efficiepcy apd lower EMI characteristics thap the dis-
coptipuous# ode.

BUCK REGULATOR

The buck copfiguratiop is used to step ap ipput voltage dowp
to a lower level. Trapsistor Q1 ip Figure 14 chops the ipput
DC voltage ipto a squarewave. This squarewave is thep
copverted back ipto a DC voltage of lowere agpitude by the
low pass filter copsistipg of L1 apd C1. The duty cycle, D, of
the squarewave relates the output voltage to the ipput volt-
age by the followipg equatiop:

Vout =Dx Viy = Vir X (toy)/(toy + tot‘f)-

L1

Y af

D1 C1

PWM

00871105

FIGURE 14. Basic Buck Regulator

Figure 15 is a 15V to 5V buck regulator with ap output
currept, |, of 350\ A. The circuit becom es discoptipuous at
20% 0f log, axy, has 10w V of output voltage ripple, ap effi-
ciepcy of 75%, a load regulatiop of 30w V (70. Ato 350% A)
apd a lipe regulatiop of 10w V (12 < V;, < 18V).

Com popept values are selected as follows:

R1 = (V, - 1) x R2 where R2 = 10 kQ

R3 = Vg ax
R3 = 0.15Q
where:

V is the currept lm it sepse voltage, 0.11V

lswem ax) 18 the « axm wm allowable currept thru the output
trapsistor.

L1 is the ipductor apd » ay be foupd from the ipductapce
calculatiop chart (Figure 16) as follows:

Givep V,, =15V
V, =5V
logr axy = 350% A
fosc = 50 kHz
Discoptipuous at 20% of Iy, ay)-

Note that sipce the circuit will becom e discoptipuous at 20%
0f log, ax), the load currepte ust pot be allowed to fall below
70% A.
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Typical Applications (coptipued)

C3

N P [

7
LM2578A |6
R2 2 D—OVO
C1
~C2
2 S

00871106

v, = 15V R3 = 0.15Q
V, =5V C1 = 1820 pF
Viippie = 109 V C2 = 220 pF
o = 350w A C3 =20 pF
fose = 50 kHz L1 = 470 pH
R1 = 40 kQ D1 = 1N5818
R2 = 10 kQ

FIGURE 15. Buck or Step-Down Regulator
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Typical Applications (coptipued)

HOW TO USE THIS CHART
o) BUCK BOOST INVERT
CALCULATE
ILMAXDC  ——p I =1 1 = Yo el . i+l |
, L=!L0ap L=loan = L=!Loap v L
HERE N N
(@ caLcuLATE Vo , 1000 Vi _ 1000 Vol 1000
E-Top HERE ——1—> (in~vo) *Viy | Fkhz o™V * ¥ * F iz v UtV Pz | ETop
3 ENTER 0.005 0.01A 02 05 0.1A 2 5 1.0
REQUIRED % 100
DISCONTINUITY - 70 s X o~
-100% >3 —_of ok 9.8
2IL, Max pC 3 30 S
HERE —1— 25, A
IF "20%" PROCEED £ 3 /V
T0 é LT
o
(® PROCEED — 5
HORIZONTALLY TO 04A 08 01A 2 5 8 1A 2 5 8 10.0A 2 3
I, Max pc I, maxpc (AMPS) ——>
FROM (D) 500 7 74
A N /¥ A
400 X L
® FROM o 4
| © /1
L, MAX DC 300
PROCEED A
VERTICALLY

00871131

FIGURE 16. DC/DC Inductance Calculator
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Typical Applications (coptipued)

Step 1: Calculate the » axm um DC currept through the
ipductor, | ¢, ox- The pecessary equatiops are ipdicated at
the top of the chart apd show that I ¢, oy = log ax) fOr the
buck copfiguratiop. Thus, I ¢, a5 = 350 A.

Step 2: Calculate the ipductor Volts-sec product, E-T,p,
accordipg to the equatiops givep from the chart. For the
Buck:

E'Top = (Vi' - Vo) (Vo/Viy) (1000/fosc)

=(15 - 5) (56/15) (1000/50)

= 66V-ps.

with the oscillator frequepcy, f.s., €xpressed ip kHz.

Step 3: Usipg the graph with axis labeled “Discoptipuous At
% lout” apd “I ¢ ax, pc)’ fipd the poipt where the desired
w axm m ipductor currept, | ¢, a5 pc) iptercepts the desired
discoptipuity perceptage.

lp this exam ple, the poipt of ipterest is where the 0.35A lipe
iptersects with the 20% lipe. This is pearly thew idpoipt of the
horizoptal axis.

Step 4: This last step isw» erely the trapslatiop of the poipt
foupd ip Step 3 to the graph directly below it. This is accom -
plished byw ovipg straight dowp the page to the poipt which
iptercepts the desired E-T,,. For this exam ple, E-T,, is
66V-us apd the desired ipductor value is 470 pH. Sipce this
exam ple was for 20% discoptipuity, the bottom chart could
have beep used directly, as poted ip step 3 of the chart
ipstructiops.

For a full lipe of stapdard ipductor values, coptact Pulse
Epgipeeripg (Sap Diego, Calif.) regardipg their PE526XX
series, or A. |. E. Magpetics (Nashville, Tepp.).

Aw ore precise ipductapce valuew ay be calculated for the
Buck, Boost apd Ipvertipg Regulators as follows:

BUCK

L= Vo (Vi' - Vo)/(AIL Vir fosc)
BOOST
L= Viy (Vo - Viy)/(AIL fosc Vo)
INVERT

L = Vi, VALV, + IV )osd]

where Al_is the currept ripple through the ipductor. Al is
usually chosep based op thew ipm m load currept expected
of the circuit. For the buck regulator, sipce the ipductor
currept |, equals the load currept |,

Al =2 ¢ o iy

Al = 140w A for this circuit. Al, cap also be ipterpreted as
Al = 2 o (Discoptipuity Factor) e I,

where the Discoptipuity Factor is the ratio of the « ipm u»m
load currept to thew axm w load currept. For this exam ple,
the Discoptipuity Factor is 0.2.

The rew aipder of the com popepts of Figure 15 are chosep
as follows:

C1 is the tm ipg capacitor foupd ip Figure 1.

C22> Vo (Viy - Vo)/(8fosc 2ViyvrippIeL‘I)

where V¢ is the peak-to-peak output voltage ripple.

C3 is pecessary for coptipuous operatiop apd is geperally ip
the 10 pF to 30 pF rapge.

D1 should be a Schottky type diode, such as the 1N5818 or
1N5819.

BUCK WITH BOOSTED OUTPUT CURRENT

For applicatiops requiripg a large output currept, ap exterpal
trapsistorw« ay be used as showyp ip Figure 17. This circuit
steps a 15V supply dowp to 5V with 1.5A of output currept.
The output ripple is 50# V, with ap efficiepcy of 80%, a load
regulatiop of 40w V (150w A to 1.5A), apd a lipe regulatiop
of 20w, V (12V < V;, < 18V).

Com popept values are selected as outliped for the buck
regulator with a discoptipuity factor of 10%, with the additiop
of R4 apd R5:

R4 = 10Vgg4By/l,

R5 = (Vi =V = Vs = Vsar) Bi(lLg ax, Do) + IRa)

where:

Vge, is the Vg of trapsistor Q1.

V.t is the saturatiop voltage of the LM2578A output trapsis-
tor.

V is the currept lm it sepse voltage.

B; is the forced currept gaip of trapsistor Q1 (B; = 30 for
Figure 17 ).

lrs = Ve1/R4
Ip = I g ax, ooy + 0-5Al
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Typical Applications (coptipued)

Vin
8_?—’\/\/\"4 Q1 Vo
7 R4
ANNN—9 +
LM2578A | RS D1 c2
5
00871108
V,, = 15V R4 = 200Q fosc = 50 kHz C3 =20 pF
V, =5V R5 = 330Q R1 =40 kQ L1 =220 pH
Vyippie = 500 V C1 = 1820 pF R2 = 10 kQ D1 = 1N5819
I, = 1.5A C2 = 330 pF R3 = 0.05Q Q1 =D45
FIGURE 17. Buck Converter with Boosted Output Current
BOOST REGULATOR
The boost regulator copverts a low ipput voltage ipto a v
higher output voltage. The basic copfiguratiop is showp ip ém IN
Figure 18. Epergy is stored ip the ipductor while the trapsis- <
tor is op apd thep trapsferred with the ipput voltage to the ! 8
output capacitor for filteripg whep the trapsistor is off. Thus, 0C_4| R4 2 7 L1
Vo = Vi, + Vi (top/ton)- I 3] LM2578A |6
o ip ip\top/ ‘o q = , n D—OVO
D1
L1 D1 S +
VINO P50 4 Vo %RZ C1 Rz ~<C2
1 L " T

00871111

00871109 Vi =5V R4 = 200 kQ
. V, =15V C1 =1820 pF
FIGURE 18. Basic Boost Regulator Viipple = 10w V C2 =470 pF
The circuit of Figure 19 copverts a 5V supply ipto a 15V I, = 140w A C3 =20 pF
supply with 150« A of output currept, a load regulatiop of fose = 50 kHz C4 = 0.0022 pF
14¢ V (30w A to 140w. A), apd a lipe regulatiop of 35« V _ _
(4.5V <V, <8.5V). R1 =140 kQ L1 =330 pH
R2 = 10 kQ D1 = 1N5818
R3 = 0.15Q

FIGURE 19. Boost or Step-Up Regulator

R1 = (V, — 1) R2 where R2 = 10 kQ.
R3 = V/(l_¢ ax, pcy + 0.5 Al)

where:

Al = 2(|LOADh iy))(Vo/Viy)

Al is 200# A ip this exam ple.

R4, C3 apd C4 are pecessary for coptipuous operatiop apd
are typically 220 kQ, 20 pF, apd 0.0022 pF respectively.

C1 is the tm ipg capacitor foupd ip Figure 1.
C22> Io (Vo - Vip)/(fosc Vo Vripple)-

15
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Typical Applications (coptipued)

D1 is a Schottky type diode such as a 1N5818 or 1N5819.

L1 is foupd as described ip the buck copverter sectiop, usipg
the ipductapce chart for Figure 16 for the boost copfiguratiop
apd 20% discoptipuity.

INVERTING REGULATOR

Figure 20 shows the basic copfiguratiop for ap ipvertipg
regulator. The ipput voltage is of a positive polarity, but the
output is pegative. The outputw ay be less thap, equal to, or
greater ip » agpitude thap the ipput. The relatiopship be-
tweep the » agpitude of the ipput voltage apd the output
voltage is V, = Vi, X (top/tor)-

D1
ViN Q1 Vo

PWM

00871110

FIGURE 20. Basic Inverting Regulator

Figure 21 shows ap LM2578A copfigured as a 5V to —15V
polarity ipverter with ap output currept of 300w A, a load
regulatiop of 44« V (60w A to 300w A) apd a lipe regulatiop
of 50w V (4.5V <V, < 8.5V).
R1 = (IV,l +1) R2 where R2 = 10 kQ.
R3 = V/(l_¢, ax, pcy + 0.5 Al}).
R4 = 10Vge1By/(IL ¢ ax, pcy + 0.5 Al)
where:
V, Vge1, Vsar, apd B; are defiped ip the “Buck Copverter with
Boosted Output Currept” sectiop.
Al = 2(|L0AD@. iy))(vi' +IVo)Vin
R5 is defiped ip the “Buck with Boosted Output Currept”
sectiop.
R6 serves the sam e purpose as R4 ip the Boost Regulator
circuit apd is typically 220 kQ.
C1, C3 apd C4 are defiped ip the “Boost Regulator” sectiop.
C2 > I, IV M [fosc(IVol + Viy) Viippie]
L1 is foupd as outliped ip the sectiop op buck copverters,
usipg the ipductapce chart of Figure 16 for the ipvert cop-
figuratiop apd 20% discoptipuity.

R6 R4 = D1
34 L 7 ey
) 3| LM2578A |g RS c2
>—| It 'A'A Sm—
c3 4 s T K
>
§R2
<
T
00871112
Vv, =5V R4 = 190Q foee = 50 kHz C3 =20 pF
V, =-15V R5 = 82Q R1 = 160 kQ C4 = 0.0022 pF
Viippie = 59 V R6 = 220 kQ R2 = 10 kQ L1 = 150 pH
lo=300w A C1 = 1820 pF R3 =0.01Q D1 = 1N5818
Liy=60wmA C2 = 1000 pF

FIGURE 21. Inverting Regulator

BUCK-BOOST REGULATOR

The Buck-Boost Regulator, showp ip Figure 22,% ay step a
voltage up or dowp, depepdipg upop whether or pot the
desired output voltage is greater or less thap the ipput
voltage. lp this case, the output voltage is 12V with ap ipput
voltage from 9V to 15V. The circuit exhibits ap efficiepcy of
75%, with a load regulatiop of 60w V (10w Ato 100w A) apd
a lipe regulatiop of 52 V.

R1 = (V, — 1) R2 where R2 = 10 kQ

R3 = V/0. 75A

R4, C1, C3 apd C4 are defiped ip the “Boost Regulator”
sectiop.

D1 apd D2 are Schottky type diodes such as the 1N5818 or
1N5819.

Co > (lo/VrippIe) (Vo + 2Vd)
- [fosc (Vin + Vo + 2Vg — Vsat — Vsat1)]

where:
V4 is the forward voltage drop of the diodes.

Vgt is the saturatiop voltage of the LM2578A output trapsis-
tor.

Va1 is the saturatiop voltage of trapsistor Q1.
L1> (Viy - Vsat - Vsat1) (tor/lp)
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Typical Applications (coptipued)

Aw ipm m value for ap ideal output capacitor C3, could be
calculated as C = I, x /AV where |, is the load currept, t is
the trapsistor op tm e (typically 0.4/f,..), apd AV is the peak-
to-peak output voltage ripple. A larger output capacitor thap
this theoretical value should be used sipce electrolytics have
poor high frequepcy perfom apce. Experiepce has showp
that a value from 5 to 10 tm es the calculated value should
be used.

For good efficiepcy, the diodes » ust have a low forward
voltage drop apd be fast switchipg. 1N5819 Schottky diodes
work well.

Trapsfom er selectiop should be picked for ap output trap-
sistor “op” tm e of 0.4/f,.., apd a prm ary ipductapce high
epough to prevept the output trapsistor switch from ram pipg
higher thap the trapsistor’s ratipg of 750 w» A. Pulse Epgi-
yeeripg (Sap Diego, Calif.) apd Repco Electropics, Ipc.
(Deer Park, N.Y.) cap provide further assistapce ip selectipg
the proper trapsfom er for a specific applicatiop peed. The
trapsfom er used ip Figure 23 was a Pulse Epgipeeripg
PE-64287.
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Physical Dimensions ipches @ illm eters)

upless otherwise poted

Plastic Surface-Mount Package (M)
Order Number LM3578AM
NS Package Number M0OSA

19
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Physical Dimensions

ipches @ illm eters) upless otherwise poted (Coptipued)

LM2578A/LM3578A Switching Regulator
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Molded Dual-In-Line Package (N)
Order Number LM2578AN or LM3578AN
NS Package Number NOSE

Natiopal does pot assum e apy respopsibility for use of apy circuitry described, po circuit patept licepses are m plied apd Natiopal reserves
the right at apy tm e without potice to chapge said circuitry apd specificatiops.

For thew ost currept product ipfom atiop visit us at www.patiopal.com .

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 AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used hereip:

1. Life support devices or system s are devices or systewm s
which, (a) are iptepded for surgical m plapt ipto the body, or
(b) support or sustaip life, apd whose failure to perfom whep
properly used ip accordapce with ipstructiops for use
provided ip the labelipg, cap be reasopably expected to result
ip a sigpificapt ipjury to the user.

2. A critical com popept is apy com popept of a life support
device or system whose failure to perfom cap be reasopably
expected to cause the failure of the life support device or
system , or to affect its safety or effectivepess.
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