20 Watt Simple Switcher
Forward Converter

A 20W, 5V at 4A, step-down regulator can be developed us-
ing the LM2577 Simple Switcher IC in a forward converter to-
pology. This design allows the LM2577 IC to be used in
step-down voltage applications at output power levels
greater than the 1 A LM2575 and 3 A LM2576 buck regula-
tors. In addition, the forward converter can easily provide
galvanic isolation between input and output.

The design specifications are:

V; Range :20V-24v
Vo 5V

Io(max) 4A

AV, 120 mV

With the input and output conditions identified, the design
procedure begins with the transformer design, followed by
the output filter and snubber circuit design.

TRANSFORMER DESIGN

1. Using the maximum switch voltage, input voltage, and
snubber voltage, the transformer’s primary-to-clamp wind-
ings turns ratio is calculated:

VSW 2 Vimax + Vimax (Np/NC) + Vsnubber

Np/Nc < (Vsw = Vimax = Venubber)Vimax

Ny/N, < (BOV - 24V - 5V)/24V = 1.29
A let NN, = 1.25

The Vgnupwer VOItage is an estimate of the voltage spike
caused by the transformer’s primary leakage inductance.
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2. The duty cycle, t,,/T, of the switch is determined by the
volt-second balance of the primary winding.

During ty;
Vi :Lp (AI/TON) A (Vi/LP) ton
During tos
Vi = (Np/NQ) = Ly, (Aiftey) — Ai = (Np/Ng) (VilLy) tog
Setting Ai’'s equal;

(VI/Lp) t(Jn = (Np/Nc) (VI/Lp) toff
tonltort = Np/N¢
Since D = tonl T = tonl(ton + torr)

max. duty cycle = Dpax = (No/NG)/ [(Ng/NG) + 1]

Dmax = (1.25)/ (1.25 + 1) = 0.56 (56%)
3. The output voltage equations of a forward converter pro-
vides the transformer’s secondary-to-primary turns ratio:

Vo + Vdiode = Vimin X Dmax (Ns/Np)

Ng/Ng = (Vo + Vaiode) (Vimin X Dmax)

Ng/N,, = (5.5V)/(20V)(56%) = 0.49

Alet Ng/N, = 0.5

4. Calculate transformer’s primary inductance by finding the
maximum magnetizing current (Ai ) that does not allow the
maximum switch current to exceed it's 3 A limit (capital | for
DC current, Ai for AC current, and lower case i for total cur-
rent):
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where i, is the reflected secondary current and Ai, is the
primary inductance current.

iLor = iLo(Ng/Np) (i, reflected to primary)
iLo = lio £ Qi /2
A, is the output inductor’s ripple current
ILo = |, (the load current)
Lo = (o £ Al /2)(N/Np)
iLopry = (logmaxy * DiLo/2)(Ng/Np)
isw = low + Dig,,
iswipi) = iLo'pio * AiLp(pig
isw(piy = (logmasy + DiLo/2)(Ng/Np) + Al p(pi

Tsw(ple)
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Using standard inductors, a good practical value to set the
output inductor current (Ai, ) to is 30% of the maximum load
current (l,). Thus;

isw(pk) = (lo(max) + O-lSAiLo)(Ns/Np) + Ain(pk)
Ain(pk) = isw(pk) - (Io(max) + O-lSAiLu)(Ns/Np)
Dipeig = 3A — (4A + 0.15 X 4A)(0.5) = 0.7A
Lp: Vprl X AYAI = (Vi = Vsat)(ton/Ain(pk))
= (Vi(max) - Vsal)(Dmax/(Ain(pk) xf)
= (24V - 0.8V)(0.56/0.7 x 52 kHz)
L, = 357 pH
Alet L, = 350 pH

OUTPUT FILTER— INDUCTOR

The first component calculated in the design is the output in-
ductor, using the current-to-voltage relationship of an induc-
tor:

VL = L Bigo/ton)
Choosing an inductor ripple current value of 0.3l, and a
maximum output current of 4A:
Ni, = 0.3 (4A) = 1.2A

During ton;

VL = Vs =V =V, [where Vg = (V; = Vo (N/N)]
Thus,
[(vi _Vsal)(Ns/Np) = Vg = Vo] = L, (Qi/D) f
Lo = [(Vi - Vsat)(Ns/Np) = Vg = Vo] x D/Ai o x f
L, = [(24V-0.8V)(0.5)-0.5V-5V] 56%/1.2Ax52 kHz
Lo = 55 pH
AletL, = 60 uH

b=l

Ai,

Yoy torr
VL4

Vs-Vo-%

=(Vo +Vp)

AN011216-3

www.national.com




OUTPUT FILTER — CAPACITOR
Since the output capacitor’'s current is equal to inductor’s
ripple current, the output capacitor’s value can be found us-
ing the inductor's ripple current. Starting with the
current-voltage relationship, the output capacitance is calcu-
lated:
AV, = 1/C, [ idt
= Ai o/ 4C, (TR/2)
= (i, * T)/ 8C,
C, =(li, ¢ T)/ 8AV,
However, the equivalent series resistance (ESR) of the ca-
pacitor multiplied by the inductor’s ripple current creates a
parasitic output ripple voltage equal to:
AV, = ESR, * D, = ESR¢, * 0.3 1,
This parasitic voltage is usually much larger than the inher-
ent ripple voltage. Hence, the output capacitor parameter of
interest, when calculating the output ripple voltage, is the
equivalent series resistance (the capacitance of the output
capacitor will be determined by the frequency response
analysis). Using a standard-grade capacitor with ESR of
0.05Q produces a total output ripple voltage of:
AV, = 0.05Q ¢ 1.2A = 60 mV

To get output ripple voltage of 20 mV or less (as was part of
the design specs) requires a capacitor with ESR of less than
17 mQ.

SNUBBER CIRCUIT
A snubber circuit (Cg, Rg, Dg) is added to reduce the voltage
spike at the switch, which is caused by the transformer's
leakage inductance. It is designed as follows: when the
switch is off,
Ve = Vece = Vin— Vo

ViL = Vb + Vi = Vin(N/N)
Substituting for Vg, the voltage across the leakage induc-
tance, V, is,

Using the current-voltage relationship of inductors,
ts = lpri(LL/VLD)
Substituting for V|,
ts = lpri Li/(Vee = Vin(L + Np/N))
Calculating for the average leakage inductance current, |, -
L(AVE),
ILLavey = lpriguaxy (ts)/2T
= IPRI(MAX)2 Lif2(Veg = Vin(1 + Np/No))
Solving for the snubber resistor;
Rs = Ve/lLiave
Substituting I, (avey and Vi results in,
Rs =2 (Vee = Vin(1 + Ny/No)) X
(Vee = Vin = Vo)/(LL (|PR|(MAx))2f)
Choosing L, to equal 10% of L,
Rs = 2 (65V — 24V - 1V) X (65V - 24V(2.25))/
(7 uH (3A)? 52 kHz)
= 268.9Q =270Q
Using the current-voltage relationship of capacitors,
AVg = (T - tg) Ic/Cs = (T - tg) Vr/RsCs = Vr/RsCsf
The capacitor Cg equates to,
Cs = Vr/Rg f AV
Cs = 40V/(270Q)(52 kHz) 10V = 0.28 uF = 0.33 pF
The snubber diode has a current rating of 1A peak and a re-
verse voltage rating of 30V.

OTHER COMPONENTS

Diodes, Dg and Dg, used in the secondary are 5A, 30V
Schottky diodes. The same diode type is used for D, how-
ever a lower current diode could have been used.

A compensation network of R; and C. optimizes the regula-
tor's stability and transient response and provides a
soft-start function for a well-controlled power-up.

The finished circuit is shown below.

5V, 4 A Forward Converter Circuit Schematic
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\':ert}cal: :Ll-AE{dN/d‘ Vertical: 10 V/div
orizontal: 5 ps/div Horizontal: 5 ps/div

Switch Current Switch Voltage
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Vertical: 1 A/div
Horizontal: 5 ps/div

Vertical: 20 mV/div
Horizontal: 10 ps/div

Inductor Current Output Ripple Voltage

100 mv

=100 mV

400 mA

B 200 mA

. (BT -
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A: Output Voltage Change, 100 mV/div
B: Output Current, 200 mA/div
Horizontal: 10 ms/div

Load Step Response
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2.

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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