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LM2579 Switching Regulator

General Description

The LM2579 can easily be used in switching ragulator con-
figurations, such as the buck, boost, and inverting, to per-
form DC-to-DC voltage conversion. The LM2579 features a
unique comparator input stage which not only has separate
pins for both the inverting and non-inverting inputs, but also
provides an internal 1.0V reference to each input, thereby
simplifying circuit design and p.c. board layout. The output
can switch up to 3A and has output pins for both its collec-
tor and emitter to promote design flexibility. An external cur-
rent limit terminal may be referenced to either the ground or
the V| terminal, depending upon the application. In addi-
tion, the LM2579 has an onboard oscillator, which sets the
switching frequency with a single external capacitor, from
<1 Hz to 100 kHz (typical).

Features

8 Inverting and non-inverting feedback inputs

| 1.0V reference at inputs

& Operates from supply voltages of 3.5V to 40V

m Qutput current up to 3A, saturation less than 0.75V

@ Emitter output can swing below ground terminal, for
ease of use in inverting applications

m Current limit and thermal shutdown

m Duty cycle up to 90%

Applications

B Switching regulators in buck, boost, inverting, and sin-
gle-ended transformer configurations

# Motor speed control

o Lamp flasher

Functional Diagram
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LM2579

Absolute Maximum Ratings mote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Lead Temperature

Oftfice/Distributors for avallabllity and specifications.

Total Supply Voltage sov ESD Tolerance (Note 4)
Collector Output to Ground —0.3Vto +50V

Emitter Output to Ground (Note 2) — 20V to + 50V Operating Ratings
Power Dissipation (Note 3) Internally limited Ambient Temperature

Output Current 3A Junction Temperature

Storage Temperature —85°Cto +150°C Supply Voltage

Electrical Characteristics
These specifications apply for 3.5V < Vjy < 40V, timing capacitor Ct = 3800 pF, and 25% < duty cycle < 75%, unless
otherwise specified. Values in standard typeface are for Ty = 25°C, values in boldface type apply for —40°C < Ty < +125°C.

{Soldering, 10 seconds)
Maximum Junction Temperature

260°C
150°C
2kV

—40°C < Ty £ +85°C
—40°C < Ty < +128°C
3.5V < Vi < 40V

Typical Limit
Symbol Parameter Conditions (Note 5) (Note 6) Units
OSCILLATOR
fosc Frequency 20 kHz
24 kHz (max)
16 kHz (min)
Afosc/ AT Frequency Drift with Temperature -0.13 %/°C
Amplitude 550 mVp.p
REFERENCE/COMPARATOR (Note 7)
VR input Reference Voltage ly =1z = 0mAand 1.0 A
l{ = Iz = 1mA 1% (Note 8) 1.050/1.970 | V (max)
0.850/0.930 | V (min)
AVR/AVIN Input Reference Voltage ly = la = OmAand 0.003 %/V
Line Regulation l1 = la = 1 mA £ 1% (Note 8) 0.01/0.02 %/V (max)
liny Inverting Input Current I1 = I3 = 0 mA, duty cycle = 25% 0.5 BA
Level Shift Accuracy Level Shift Current = 1mA 1.0 %
10/13 % (max)
AVg/At Input Reference Voltage 100 ppm/1000h
Long Term Stabllity
OUTPUT
Vei(sat) Collector Saturation Voltage Ic = 3A Pulsed, Emitter Grounded 0.55 v
0.75/1.0 V (max)
VE(sat) Emitter Saturation Voltage lo = 3A Pulsed, V|y = Vg = 40V 1.7 v
1.8/2.0 V (max)
lces Collector Leakage Current ViN = Vcg = 40V, 0.1 A
Emitter Grounded, Output OFF 800/780 HA (max)
leex Emitter Leakage Current VIN = Vg = 20V, 0.1 A
VE = —20V, Output OFF 800/780 A (max)
BVceosusy | Collector-Emitter lsusT = 0.2A (Pulsed), Viy = 0 60 v
Sustaining Voltage 50 V (Min)
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Electrical Characteristics (continueq)
These specifications apply for 3.5V < V|y < 40V, timing capacitor Ct = 3900 pF, and 25% < duty cycle < 75%, unless
otherwise specified. Values in standard typeface are for T = 25°C, values in boldface type apply for —40°C < T; < +125°C.

6.5¢

Typlcal Limit
Symbol Parameter Conditions (Note 5) (Note 6) Units
CURRENT LIMIT
VoL Sense Voltage Shutdown Level Referred to Vi or Ground 115 mV
B0 mv (min)
160 mV (max)
AVp /AT Sense Voltage Temperature Drift 0.3 % /°C
leL Sense Bias Current Referrad to Viy 40 nA
Referred to Ground 0.4 BA
DEVICE POWER CONSUMPTION
I Supply Current Output OFF, Vg = OV 3.0 mA
5.0/7.0 mA (max)
Output ON, I = 3A Pulsed, 55 mA, peak
VE =0V 75/180 (max)

Note 1: Absolute Maximum Ratings indicate limits bayond which damage to the device may occur. DG and AC electrical specifications do not apply when oparating
the device beyond its raled operating canditions.

Note 2: Maximum voltage between emitter and collector or supply is S0V.

Note 3: At elavated temperatures, devices must be derated based on package thermal resistance. The device in the 11-lead TO-220 package must be derated at
36°C/W, junction to ambient, or 1°C/W, junction to case.

Note 4: Human body model, R = 1.5 k1, C = 100 pF.
Note 5: Typical values are for Tj = 25°C and represent the most likely parametric norm.

Note 6: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). Room temperature limits are 100%
production tested. Limits at temperature extremes are guaranteed via correlation using standard Statisticai Quality Control (SQC) methads. Al kmits are used to
calculate Average Outgoing Quadity Level (AOQL).

Note 7: Input terminals are protected from accidental shorts to ground but if externat voltages higher than tha reference voltage is applied, excessive current will
flow and should be limited 1o less than 5 mA.

Note 8: |4 and | are the external sink currents at the inputs (refer to Test Circuit).

Connection Diagram and Ordering Information

/ T | T
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> 9
A R
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O T R T
> 5 EMOTER
[ > 4 GND

. B -
"> 2 (#) INPUT
N > 1 (=) INPUT
TL/H/10355-2
Top View
Tab conneacted ta Pin 4 (Ground)
*N.C. = No internal connection
Order Number LM2579T
See NS Package Number TA11B
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LM2579

Typical Performance Characteristics
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Test Circuitt

Parameter tests can be made using the test circuit shown.
Selact the desired Vi, coilector voltage and duty cycle with
adjustable power supplies. A digital voit meter with an input
resistance greater than 100 MQ should be used to measure
the following:

Input Reference voltage to Ground; S1 in either position.

Level Shift Accuracy (%) = Tpa(V)}/1V) ® 100%; S1 at
{1 =l = 1mA.
input current (mA) = (1V — Tpa(V))/1 M£L; S1 at
H = Ip = 0O mA,
Oscillator parameters can be measured at TP4 using a fre-
guency counter or an oscilloscope.

The Current Limit Sense Voltage is measured by connecting
an adjustable 0-to-1V floating power supply in series with
the current limit terminal and referring it to either the ground
or the Vjy terminal. Set the duty cycle to 80% and monitor
test point Tps while adjusting the floating power supply volt-
age until the LM2579’s duty cycle just reaches 0%. This
voltage is the Current Limit Sense Voltage.

The Supply Current shouid be measured with the duty cycle
at 0% and S1in the I{ = |l = 0 mA position.

tTLM2579 specifications are measured using automated test
equipment. This circuit is provided for the customer’s conve-
nience when checking parameters. Due to possible varia-
tions in testing conditions, the measured values from these
testing proceduras may not match those of the factory.

Definition of Terms

Input Reference Voltage: The reference voltage referred
to ground, applied to either the inverting or non-inverting
inputs, which will cause the output to switch ON or OFF.

Input Reference Current: The current applied to either the
inverting or the non-inverting input which will cause the out-
put to switch ON or OFF.

Input Level Shift Accuracy: If there are two equal resistors
sinking current from the inverting and non-inverting input
terminals, the Input Level Shift Accuracy is the ratio of the
voliage across the resistors to produce a given duty c¢ycle at
the output.

Collector Saturation Voitage: With the inverting input ter-
minal grounded through a 10 kfd resistor and the output
transistor's emitter connected to ground, the Collector Satu-
ration Voltage is the collector-to-emitter voltage for a given
collector current.

Emitter Saturation Voltage: With the inverting input termi-
nal grounded through a 10 k€ resistor and the output tran-
sistor’s collector connected to V|, the Emitter Saturation
Voltage is the collector-to-emitter voltage for a given emitter
current.

Collector-Emitter Sustaining Voltage: The coilector-emit-
ter breakdown voltage of the output transistor, measured at
a specified current.

Vi VeoLLECTOR
3570 40V 5 TO 40V b, *18Y
v
e B

4 TANT.
INPUT L I

REFERENCE R,
YOLTAGES 1ok

Te1

Tp2

T COLLECTOR

SWING
T Tes

LEVEL SHIFT ACCURACY 75% = =045V
AND INPUT CURRENT 50% = =0.9V
Ryg 25% = =1.35V
2% Rys 0%=-2v
Tpy L 5.1k Rya
OSCILLATOR FREQUENCY, J = | l ' 1ok
AMPLITUDE AND SCOPE SYNC ——] |-4—M.~——_—L
Ris ¢ =
™ jo0pF

Note 1: Op amp supplies are + 15V,
Note 2: DVM input resistance > 100 MQ.
Note 3: "LM257¢ max duty cycle is 80%.

TL/H/10355-4
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LM2579

Definition of Terms (continued)

Current Limit Sense Voltage: The voltage at the current
Limit pin, referred to either the V|y terminal or the ground
terminal, which {via logic circuitry) will cause the output tran-
sistor to turn OFF. The logic circuitry is reset at the begin-
ning of each oscillator cycle. '

Current Limit Sense Current: The bias current for the Cur-
rent Limit tarminal with the applied voltage equal to the Cur-
rent Limit Sense Voltage.

Supply Current The IC power supply current, excluding
current drawn through the output transistor, with the oscilla-
tor operating.

Functional Description

The LM2579 is a puise-width modulator designed for use as
a switching regulator controlier. It may also be used in other
applications which require controlled pulse-width voltage
drive.

A control signal, usually representing output voltage, fed
into the LM2579's comparator is compared with an internal-
{y-generated reference. The resulting error signal and the
oscillator's output are fed to a logic network which deter-
mines when the output transistor will be turned ON or OFF,
The following is a brief description of the subsections of the
LM2579.

COMPARATOR INPUT STAGE

The LM2579's comparator input stage is unique in that both
the inverting and non-inverting inputs are available to the
user, and both contain a 1.0V reference. This is accom-
plished as follows: A 1.0V reference is fed into a modified
voltage follower circuit (see FUNCTIONAL DIAGRAM).
When both input pins are open, no current flows through R4
and R». Thus, both inputs to the comparator will have the
potential of the 1.0V reference, Va. When one input, for
example the non-inverting input, is pulled AV away from Va,
a current of AV/R4 will flow through R4. This same current
flows through Ro, and the comparator sees a total voltage
of 2AV between its inputs. The high gain of the system,
through feedback, will correct for this imbalance and return
both inputs to the 1.0V level.

This unusual comparator input stage increases circuit flexi-
bility, while minimizing the total number of external compo-
nents required for a voltage regulator system. The inverting
switching regulator configuration, for example, can be set up

100 ;
o N
0
B . N
=
g S
3 10

01

1 10 100

FREQUENCY (kHz)
TL/H/10355-5
FIGURE 1. Value of Timing Capacitor
vs Osclllator Frequency

without having to use an external op amp for feedback po-
larity reversal (See TYPICAL APPLICATIONS]).

OSCILLATOR

The LM2579 provides an qn-board oscillator which can be
adjusted up to 100 kHz. Its frequency is set by a single
external capacitor, C4, as shown in Figure 7, and follows the
equation

fosc = B X 10-5/C,
The oscillator provides a blanking pulse to limit maximum
duty cycle to 90%, and a reset pulse to the internal circuitry.

OUTPUT TRANSISTOR

The output transistor is capable of delivering up to 3A with a
saturation voltage of less than 0.75V (see Collector Satura-
tion Voltage and Emitter Saturation Voltage curves).

The amitter can be pulled below ground, as long as the total
voltage between the emitter pin and collector or supply pin
does not exceed 50V. This feature altows the LM2579 to be
used in an inverting regulator configuration without an addi-
tional output transistor which would normally be required to
protect the device from the negative output voltage.

CURRENT LIMIT

The LM2579’s current limit may be reterenced to either the
ground or the V)y pin, and operates on a cycle-by-cycle
basis.

The current limit section consists of twa comparators: cne
with its non-inverting input referenced o a voltage 115 mV
below V, the other with its inverting input referenced
115 mV above ground (see FUNCTIONAL DIAGRAM). The
current limit is activated whenever the current limit terminal
is pulled 115 mV away from sither V| or ground.

Application Information

CIRCUIT BOARD LAYOUT

Because of fast switching of high output currents, the circuit
board layout should be carefully thought out. The compara-
tor inputs are sensitive to noise, and should be kept away
from the high-energy switching signals. Feedback resistors
should be located near the input terminals. A single-point
ground should be used for the oscillator capacitor, device
ground, and feedback (when appropriate) to avoid ground
loops.

LEAD INDUCTANCE IMPACTS DIODE CHOICE

It is always important to use diodes designed for switching
applications. Schottky diodes generally provide superior
performance, although fast recovery diodes can also be
used. Fast recovery diodes differ from Schottky diodes in
their turm-on and turn-off characteristics, which can cause
voltage transients that wili affect circuit operation,

The turn-off, or “recovery,” time of a diode refers to the time
it takes for the charge that has been stored in the diode
during the forward conduction period to be depleted. During
this recovery period, the diode appears to be a short, caus-
ing a fast current pulse to flow through the switch. Since the
LM2579's autput is capable of switching current at a rate of
approximately 30 A/us, and one inch of 20-gauge wire has
approximately 30 nH of inductance, a transient of nearly 1V
can be generated for every inch of stray wire (V = L di/dt =
30 nH X 30 A/ps = 0.9V). Since the LM2579’s current limit
sense veltage is 115 mV (typ.), transients like these can
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Application Information (continueq)

greatly affect circuit operation. They can be minimized by
keeping all lead lengths short, thus reducing stray induc-
tances. Additional methods of suppressing noise spikes and
switching transients are described in the Current Limit Tran-
sient Suppression section.

The turn-on time of the switching diode must also be consid-
ared. A slow turn-on can cause an increase in the voltage
across the output transistor, which is rated for 50V (maxi-
mum} in the LM2579). This condition can exist in all configu-
rations.

Vee
v

N 4
S0V 1+
A0V 1

Vour = '

+ 40V :

Veg :

1

- |

| oy ! : P time
— — 4 t

TL/H/10355-6
FIGURE 2. Transient Applled to Output Transistor
by Slow Turn-On of Diode
Referring to Figure 2, at t4 the transistor turns OFF; at tp,
the diode turns ON. This delay allows buildup of voltage
across the non-conducting diode, which is applied to the
transistor untll the diode begins ¢onducting.

CURRENT LIMIT

As noted in the functional description, the current limit termi-
nal may be referred to either V| or ground (see Figures 3,
4). The resistor R converts the current to be sensed into
a voltage for current limit detection.

L1

[~ 1
~—

oo

N

LM25

o

ReL

TL/H/10386-7
FIGURE 3. Current Limit, Ground Referred

(=)
(+}
0SC_GND

sPalL
- TL/H/10355-8

FIGURE 4. Current Limit, V| Referred

[ |-

C.L.SENSE VOLTAGE MULTIPLICATION

When a larger sensa resistor valus is desired, a voltage
divider network may be used (see Figures 5, 6). This effec-
tively muftiplies the sense voltage by (1 + R1/R2). Alterna-
tively, R1 can be replaced by a diode to increase current
limit sense voltage to about 800 mV (diode V4 + 115 mV).

L1
Vin

TL/H/10355-B
FIGURE 5. Current Limit Sense Voltage
Multiplication, Ground Referred

|~ ]~
25
o
ug

0SC GND

3[4l
TL/H/10356-10

FIGURE 6. Current Limit Sense Voltage
Muitiplication, Viy Reterred

CURRENT LIMIT TRANSIENT S8UPPRESSION

When noise spikes and switching transients interfere with
proper current limit operation, an RC low-pass filter can be
used to control the current iimit clrcultry's respcnse time
(see Figures 7, 8).

Vin L1
8
Yin 7
1 c
—CIg fe
2 & ClL.
— %3 £ 5 S R
0SC GND _L: A5

»
>
)
>
3| 4‘ RcLE:

TL/H/10355~11
FIGURE 7. Current Limit Translent Suppressor,
Ground Referred
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Application Information (continued)

-

)
*

0SC GND

TiL
B TL/H/10D385-12

FIGURE 8: Current Limit Translent
Suppressor, V|y Referred

Because the input current of the current limit terminal varies
according to its reference point, Rg should be less than
2 kO when referred to ground, and less than 1002 when
referred to Vin. Cg is typically 0.01 pF.

UNDER-VOLTAGE LOCKOUT

Under-voltage lockout requires few external components,
as shown in Figure 8. Whean V|y becomes lower than the
zener breakdown voltage, the LM2579’s output transistor is
turned OFF. This occurs because diode D1 will then be-
come forward biased, allowing resistor Ry to sink a greater
current from the non-inverting input than is sunk by the par-
allel combination of the feedback resistors, R1 and R2, at
the inverting terminal. Ry should be one-fifth of the value of
R1 and R2 in parallel.

C.L

[ |-
LM2579

Iu- Io |w

TL/H/10355-13

D1 = 1N457 or similar
FIGURE 9. Under-Voltage Lockout

MAXIMUM DUTY CYCLE LIMITING

The maximum duty cycle can be externally limited by adjust-
ing the charge-to-discharge ratio of the oscillator capacitor
with a single external resistor, as shown in Figure 10. Typi-
cal values are 50 pA for the charge current, 450 pA for the
discharge current and a voltage swing from 200 mV to
750 mV. Therefore, Rq is selected for the desired charging
and discharging slopes, and C1 is readjusted to set the os-
cillator frequency.

[ Je [~

TL/H/10355-14
FIGURE 10. Maximum Duty Cycle Limiting

DUTY CYCLE ADJUSTMENT

When manual or mechanical selection of the output transis-
tor's duty cycle is needed, the circuit shown in Figure 171
may be used. The output will turn ON with the beginning of
each oscillator cycie, and turn OFF when the currant sunk
by Ray and Ra2 from the non-inverting terminal bacomes
greater than the current sunk from the inverting terminal.

With the resistor values as shown, Rg2 can be used to ad-
just the duty cycle from 0% to 90%. When the sum of Raq
and Ry3 is twice the value of Ay, the duty cycle will be about
50%. C1 may be a large slectrolytic capacitor, to lower the
oscillator frequency below 1 Hz if appropriate for the appli-
cation.

™ 7
[ C
Rgl : (-) g 9
100k 2 2 @ 3 GL. :‘
ol PRS- |
L E S
Rz & $h 0SC GND
250k0 ] Sl 4
100k ¢4

TL/H/10355-15
FIGURE 11. Duty Cycle Adjustment

REMOTE SHUTDOWN

The LM2579 may be remotely shut down by sinking a great-
er current from the non-inverting input than from the invert-
ing input. This may be accomplished by selecting resistor
Rs to be approximately one-half the value of the parallel
combination of R1 and R2 (see Figure 12). Shutdown wil
cccur when V|_is high.
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Application Information (continued)

E g

R Ve ,
1 p——
e ]
2 Qclp—
k2 +) 3 5
- & 0SC GND
3| 4]
A} Q =

Q1 = 2N2222, 2N3904
or similar

TL/H/10355-16
FIGURE 12. Remote Shutdown

SYNCHRONIZING DEVICES

When several devices are to be operated at once, their 0s-
cillators may be synchronized by the application of an exter-
nal signal, as shown in Figure 73. This drive signal should
be a pulse waveform with a minimum pulse width of 2 us,
and an amplitude of from 1.5V to 2.0V. The signal source
must be capable of both driving capacitive ioads and deliv-
ering up to 500 pA for each LM2579.

Capacitors C1 through Cn are to be selected for a 20%
slower frequency than the synchronizing frequency.

LM2579 LM2579 L2579

All diodes are 1N814 or simllar

TL/H/10355-17
FIGURE 13. Synchronizing Devices

IMPROVING TRANSISTOR SATURATION

The efficiency of a switching regulator is highest when the
power transistor is allowed to fully saturate, minimizing the
Collector-Emitter voltage when the transistor is ON. When
the Collector is used as the output, with the Emitter ground-
ed, the output transistor will fully saturate. Saturation volt-
age depends on the load cwrrent (see Collector Saturation
Voltage curve), and is normally under 0.8V, cver tempera-
ture.

However, when the Emitter is used as the output (Collector
tied to VN, as in Figure 74), the output transistor cannot
{ully saturate because of the Darlington configuration of the
output stage. This results in a 1.7V drop (typically) across
the power device Q3 during the conduction period (refer to
Emitter Saturation Voltage curve).

TL/H/10855-18
FIGURE 14. Collector-Emitter Saturation Prevented
by Darlington Construction of Output Stage
(Simplified Schematic)

To achieve Collector-Emitter saturation, the base for the
LM2579 output transistor Q3 must be driven higher than its
Collector. This cannot happen if the Collector is tied to V|y.
However, by increasing Vy to 1.5V or more above Vi, Col-
lector-Emitter saturation can occur (see Figure 15). Tech-
niques for accomplishing this are shown in the Typical Appli-
cations examples.
jl-"m

- >=1.5Y

~D.55V (Sat.)

E
TL/H/10385-18
FIGURE 15. Increasing V|y Above Vg Allows
Collector-Emitter Saturation

ADAPTING LM1578 DESIGNS TO THE LM2579

All LM1578 designs may be adapted for use with the
LM2579 to achieve higher output power. The LM2579 is
based on the design of the LM1578 switching regulator con-
troller, with a few modifications. The output switching tran-
sistor is capable of delivering 3A (peak or DC), compared to
the 0.75A maximum current rating of the LM1578, and the
Emitter output can swing more negative than the ground
terminal. Because of the difference in current rating, the
LM25789 is in the TO-220 style package so it may be easily
heat-sunk. Heat sinking is necessary for most LM2579 de-
signs, especially those operating at high switch currents,
For example, the loss of 3W in the output switch of a con-
verter operating at 35°C ambient would raise the die temper-
ature near its maximum rating of 150°C if no heat sink were
used (see Note 3 in the Electrical Characteristics).

The other modification seen in the LM2579 is the 20 pF
capacitor that is used, in LM1578 applications, to inject an
and-of-cycle signal into the error comparator, improving
synchronization of the switching to the oscillator. It is not
necessary to add this capacitor in LM2578 applications.

Typical Applications

The LM2579 can be used in all standard configurations
which require a single switching transistor. These include
the buck (or step-down), boost (or step-up), invert, flyback,
and forward styles.
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Typical Applications (continue)

Several design examples follow which include a variety of
technigues to improve regulator psrformance.

Inductors having the standard values shown in the nomo-
graph of Figure 17 are available from Pulse Engineering
(San Diego, CA); AIE Magnetics, division of Vernatron (St.
Petersburg, FL); and Renco Electranics (Deer Park, NY).

BUCK REGULATOR

In the buck regulator of Figure 76, a 28V input is converted
to 5V, with a load of up to 2.5A. Efficiency at maximum load
is approximately 80%, and load regulation is approximately
0.05%/A in the range 0.3A < ljpap < 2.5A, Switching fre-
quency has been set to 40 kHz by the choice of 2 nF for C4
{seo Figure 1).

The value of the inductor, L, is determined by the uss of the
Inductance Calculator (Figure 17), or by the equation

L = Vo (VIN — Vo) / (Al Vin fosc)

where Al is the current ripple through the inductor. Al is
usually chosen based on the minimum load current expect-
ed of the circuit: For the Buck regulator, since i = I oap,
Al is twice the minimum load current value Al = 350 mA
for this circuit, so operation will become discontinuous at
{(AlL¢min)/2)(100%/ I (max)) = 7% of the maximum load cur-
rent. (This is the “% Discontinuity” referred to in the Induc-
tance Calculator.)

At this minimum value, the inductor current will just reach
zero at the end of every switching period. Below the “mini-
mum,"” the inductor wilt *'run dry” and the regulator will be
“discontinuous,” as the inductor current is zero for part of
each cycle. In this mode, the inductor is no longer storing
anergy, $o is not an effective part of the output filter. Regu-
lation will continue but performance will be degraded.

Qutput ripple voltage is about 40 mVpp when the output
fiter capacitor, Cp, is a standard 1000 uF electrolytic. Re-
placing this capacitor with a 1500 pF “low ESR” (equivalent
series resistance) capacitor reduces the ripple to 20 mVpp.
The minimum value of this capacitor can be determined by
the following equation

Cz2 = Vo (ViN — Vo) / (B ViN VRippLE L fosc®)
where Vgppg is the desired maximum output voltage ripple
in peak-to-peak Volts. The ripple will be greater than pre-
dicted by this aquation due to effects of ESR in Ca.

Figurs 16 illustrates the single-point grounding and supply
bypassing necessary for this type of moderate-to-high cur-
rent switching regulator. For best regulation, all high-current
paths, including ground, must be kept low-resistance.

*Note: When pin 5, the Emitter of the LM2579 output tran-
sistor, is used to drive the output filter, it may oscillate when
driven into positive saturation and when loaded with capaci-
tance of between 100 pF and 500 pF. This capacitance is
usually caused by socket capacitance, input capacitance of
external components (such as the Schottky diode), and
stray capacitance in the layout. The oscillation, which is usu-
ally near 30 MHz, can be sliminated by adding a series RC
of 4.70 to 1002 and 1 nF from the Emitter (pin 5) to Ground.

In the Emitter-driven configurations, the Collector output
(pin 7) is normally tied to V| (pin 8). If this connection uses
long lead lengths (greater than 3" total), the Collector
should be bypassed to V|y with 0.01 uF (or greater), at-
tached directly to the terminals. In addition, when current
limiting is used, connections to the Current Limit pin (pin 8)
should be made with short leads. Use of these techniques
to minimize lead inductance will also minimize switching
transients, thus reducing conducted noise.
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FIGURE 16. Buck Converter: 28V to 5V at 2.5A

*Refer to Note in text.
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Typical Applications (continued)
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LM2579

Typical Applications continued)

BOOST REGULATOR

The boost converter of Figure 18 produces 15V at up to
800 mA from a 5V input, with B2% efficiency. The output
ripple (with an BOD mA load) is 100 mV when a standard
1000 uF electrolytic output capacitor is used, or 75 mV if a
1500 pF low-ESR elactrolytic is used. The minimum value
of C> may be calculated using the same equation as shown
in the BUCK REGULATOR section.

The inductor value is selected either using the Inductance
Calculator (Figure 17), or by the equation

L = ViN2 (VO — VIN) / (Al Vo2 fosc)
where, as in the previous section, Al is determined by mini-
mum expected DG inductor current. For the boost regulator,

Al = 2l .oap(min) (Vo/VIN)
Load regulation for this circuit is approximately 0.04%/A in
the range 50 mA < l oap < 800 mA. Line regulation is
4 mV/V for the input range 4.5V < V| < 8.5V.
Stability of the circuit is improved with the use of a series
R-C network from the Current Limit pin to the Inverting In-
put.

5v
{input)
[}

INVERTING REGULATOR

The inverting regulator of Figure 79 converts a 15V input to
—15V at 1A. The load regulation is about 30 mV/A for the
range 0.1A < Il pap < 1.0A.

The inductor value is determined either by the Inductance
Calculator (Figure 17}, or by the equation

L = Vin2 [Vol / (Al (Min + [Va)2 fosc]
where Al is based on minimum DC inductor current, and
may be calculated as follows:

Al = 2 l.oap(miny Vin + [Vol) 7 Vin
The output voltage ripple (at full load) is approximately
120 mVpp when C» is a 1000 uF standard slectrolytic ca-
pacitor, or 60 mVpp when a 1500 uF low-ESR capacitor is
used. The minimum value of C2 may be calculated using the
aquation shown in the BUCK REGULATOR section.

The efficiency of this regulator is approximately 76%. To
achieve higher efficiency, the circuit may be modified (as
shown in Figure 20) to increase the supply voltage to the
LM2579, which reduces the saturation voltage of the output
transistor.
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FIGURE 18, Boost Converter: 5V to 15V at 800 mA
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Typical Applications (continued)
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FIGURE 19. inverting Regulator: + 156V to — 15V at 1A

To improve circuit stability, a series R-C network is added ~ **Note: The additional winding Lg shown in Figure 20 is

from the Gurrent Limit pin to the Inverting Input, In addition,  used to create a flyback effect which provides an axtra 3V

an R-C damper may be required from the Emitter to Ground,  to the LM2579 supply voltage. In this exampie, the inductor

as described in the BUCK REGULATOR section Note. L was 46 turns of 20-gauge wire on an Arnold 4F-068200-2
toroid core, providing 300 pH; booster winding Lg was 20
turns of #28 wire on the sams core.

Regulator efficiency will be increased to about 86% with the
boosted supply voltage, as this allows the saturation voltage
of the output transistor to decrease to about 0.55V (from the
typical Emitter saturation voltage of 1.7V).
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FIGURE 20. Optional Madification to Inverting Regulator of Figure 19 for Increased Efficiency
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