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AN-776 20 Watt Simple Switcher Forward Converter

ABSTRACT

This application note provides information about the 20-watt simple switcher forward converter.
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Overview

A 20W, 5V at 4A, step-down regulator can be developed using the LM2577 Simple Switcher IC in a
forward converter topology. 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 regulators. In
addition, the forward converter can easily provide galvanic isolation between input and output.

The design specifications are shown in Table 1.

Table 1. Design Specifications

V, Range 20Vv-24V
V, 5V

Io(max) 4A

AV, 20 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 windings turns ratio is calculated:

Vaw 2 Vinax + Vima (No/No) + Vonuoper

Np/Nc < (sz - Vimax - Vsnuhber)/vimax

N,/N, < (60V - 24V - 5V)/24V = 1.29
Alet NN, = 1.25

The V,..0er VOItage is an estimate of the voltage spike caused by the transformer's primary leakage
inductance.

2. The duty cycle, t,/T, of the switch is determined by the volt-second balance of the primary winding.
During t,,;
Vi =L, (AilToy) — Ai = (ViLp) to,
During t.q;
Vi = (N/Ng) = L, (Aifty) — Ai = (N/N) (VL)) tog
Setting Ai's equal;
(VIIL,) ton = (N/NG) (VL) tog
ton/tor = Np/N¢
Since D =t /T = t,./(t,, + torr)
max. duty cycle = Dy = (N/N)/ [(N/N.) + 1]
Dmax = (1.25)/ (1.25 + 1) = 0.56 (56%)

3. The output voltage equations of a forward converter provides the transformer's secondary-to-primary
turns ratio:

Vo + Viiode S Vimin X Dinax (Ns/Np)
Ns/Np 2 (Vo + Vdiode)/ (Vimin x Dmax)
N/N, 2 (5.5V)/(20V)(56%) = 0.49
Alet NJN, = 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 current):

@)
)
®)
(4)

isw = ipri = iLo‘ + Ain (5)
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Figure 1. Basic Forward Converter

Feedback

where i, is the reflected secondary current and Ai,, is the primary inductance current.

iLe = iLo(Ns/Np) (i, reflected to primary)

i, =1, xAi /2 (6)
Ai,, is the output inductor's ripple current )
I, =1, (the load current) (8)
iy = (I + Ai/2)(NJ/N,) )
iLo'(pk) = (Io(max) + AiLolz)(NS/Np) (10)
i, = Iy, + Aig, (12)
Isuphy = oy + Dty 12)
iswgiy = (lognaxy + Aio/2)(NJIN,) + Ay (13)

Isw(pk)

f iLo'(pk)

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) + OlsAlLo)(Ns/Np) + Ain(pk) (14)
Ain(pk) = isw(pk) - (lo(max) + OlSAILo)(Ns/Np) (15)
Ai 0 = 3A = (4A + 0.15 x 4A)(0.5) = 0.7A (16)
Lp: Vpri X At/AI = (VI - Vsat)(ton/Ain(pk)) (17)
= (Vl(max) - Vsat)(Dmax/(Ain(pk) X f) (18)
= (24V - 0.8V)(0.56/0.7 x 52 kHz) (19)
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L, = 357 pH (20)

Alet L, = 350 pH (21)

3 Output Filter—Inductor

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

V=L, (Big/ty,) (22)
Choosing an inductor ripple current value of 0.3, and a maximum output current of 4A:

Ai, =0.3 (4A) = 1.2A (23)
During t,;

VL= Vs =V, =V, [where V, = (V; = Vi) (N/N)] (24)

Thus,

[(Vi =Vead (Ns/Np) = Vg = Vo] = L, (Qi,/D) f

Lo = [(Vi = Vead(N/N,) = V4 = V] x D/Ai, * f

L, = [(24V-0.8V)(0.5)-0.5V-5V] 56%/1.2Ax52 kHz
Lo = 55 pH

AletL, =60 uH

o=l Aigo

< ton torr t

Vs-Vo-V¥

. 4

=(Vo +Vp) L

4 Output Filter—Capacitor

Since the output capacitor's current is equal to inductor's ripple current, the output capacitor's value can
be found using the inductor's ripple current. Starting with the current-voltage relationship, the output
capacitance is calculated:

AV, = 1/C, [ idt
= i,/ 4C, (TR/2)
= (Ai, » T)/ 8C,
C, =(Ai, * T)/ 8AV,

However, the equivalent series resistance (ESR) of the capacitor multiplied by the inductor's ripple current
creates a parasitic output ripple voltage equal to:

AV, = ESR,, * Ai,, = ESR_, * 0.3 |, (25)
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This parasitic voltage is usually much larger than the inherent 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 (26)
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.
5 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 =Ve = Vi - Vo (27)

Vi = Vp + Vi = Vii((NJ/N) (28)
Substituting for Vg, the voltage across the leakage inductance, V,, is,

Vi = Vee = V(1 + NJ/N) (29)
Using the current-voltage relationship of inductors,

ts = lr(L/VL) (30)
Substituting for V,,

ts = lory L/(Vee = Vin(1 + N/N,) (31)
Calculating for the average leakage inductance current, I, ave),

liave) = lorimaxy (ts)I2T (32)

= IPRI(MAX)Z Lif/2(Vee = Vil + N/N,)) (33)
Solving for the snubber resistor;

Rs = Vil jave) (34)
Substituting 1, (e and Vi results in,

Rs =2 (Ve = V(1 + NJ/N)) X (35)

(VCE - VIN - VD)/(LL (IPRI(MAX))Zf) (36)
Choosing L, to equal 10% of L,

Rg =2 (65V — 24V - 1V) X (65V — 24V(2.25))/ (37)

(7 WH (3A)? 52 kHz) (38)

= 268.9Q =270Q (39)
Using the current-voltage relationship of capacitors,

AV, = (T = tg) I/Cs = (T = t5) Vr/RCs = VR/RCf (40)
The capacitor C4 equates to,

Cs = Vi/Rs f AV, (42)

Cs = 40V/(270Q)(52 kHz) 10V = 0.28 UF = 0.33 uF (42)

The snubber diode has a current rating of 1A peak and a reverse voltage rating of 30V.

6 Other Components

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

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

The finished circuit is shown below.
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Figure 2. 5V, 4 A Forward Converter Circuit Schematic
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Figure 3. Switch Current
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Figure 5. Inductor Current
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Figure 7. Load Step Response
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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