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ABSTRACT
The TL494 is one of the earliest pulse-width-modulation (PWM) controllers used in switched mode power
supplies. It incorporates all the functions required in the construction of a PWM control circuit on a single
chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the power-supply
control circuitry to a specific application. This application report discusses building a multiple-output low-
cost isolated flyback converter with the TL494. Component selection and magnetics design is also shown.
Before current mode control was successfully implemented, the TL494 PWM mode ensured low EMI and
noise operation due to its trailing edge modulation technique. The power supply is designed for +5-, +15-,
and +15-V outputs. It is self-contained with overcurrent and overvoltage protections, and the PI controller
is designed to limit the highest power output. Each stage of the flyback converter design and component
selection is explained. A MathCAD file is available along with this document, which helps in design
calculation.
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1 Specifications

1.1 User Specifications
• Nominal input voltage Vin_nom = 325 V
• Minimum input voltage Vin_min = 260 V
• Maximum input voltage Vin_max = 390 V
• Tolerance % = 20
• Output ripple voltage = 50 mV
• Output voltages VO = +15 V, +15 V, +5 V
• Maximum load current Io = 0.5 A, 0.5 A, 3 A
• Minimum load current Iomin = 0.1 A, 0.1 A, 0.3 A
• Maximum output power Po = 30 W

1.2 Designer Specifications
Switching frequency fSW = 40 kHz

1.3 Switch Specifications
Switch specifications are known to start the flyback magnetics design switch selected is the 2SK2605 N-
Channel enhancement type MOSFET 2SK2605 specifications:
• VDS_max = 800 V
• IDS_max = 5 A
• tr = 40 ns
• tf = 40 ns
• Rds on = 1.9 Ω
• Qg total = 34 nC
• VGS = 10 V
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www.ti.com Transformer Design

2 Transformer Design
Detailed calculations are shown in the MathCAD file and summarized in the following:

Step 1: Calculate turns ratio 1:n.

Considering a safety margin of 8%:

(1)

Step 2: Calculate maximum duty ratio Dmax.

Considering the equivalent primary referred buck-boost circuit:

(2)

A more accurate estimate for Dmax is calculated by considering a theoretical efficiency estimate of 70% as:

(3)

Step 3: Calculate inductor ripple current rating.

Average inductor current in input referred buck-boost circuit is given by Equation 4.

(4)

This gives Δi = r × ILdc, where r is the ripple factor, = 0.4 to 1.

Step 3a: CCM check at Iomin (if:

, then CCM ensured)

Step 3b: Flyback choke design

Inductance value in primary referred circuit:

(5)

Peak inductor current:

(6)

Core specifications: EE-42/21/15 core
• Ac = 1.82 × 10–4 m2

• Aw = 2.56 × 10–4 m2

• lm = 9.75 × 10–2 m
• Ap = 4.6592 × 10–8 m4

• ur = 2000
• Bm = 0.25 T

Air gap: Select air gap thickness lg as per selected core. To store energy, the transformer core needs an
air gap. This is the main difference in transformer design for a flyback versus a transformer design for
forward converter types.

(7)
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Wire Gauge Selection www.ti.com

Number of primary and secondary turns:

Equation 8 shows the number of primary turns.

(8)

Equation 9 shows the number of secondary turns.
Ns = n × Np (9)

Check for the possibility of core saturation. B < Bm ensures that the core will not saturate.

(10)

3 Wire Gauge Selection

3.1 Primary RMS Current
Equation 11 shows the equation for primary RMS current.

(11)

Required wire cross sectional area:

(12)

Choice of wire: SWG22

3.2 Secondary RMS Current
Equation 13 shows the equation for secondary RMS current.

(13)

Required wire cross sectional area:

(14)

Choice of wire: SWG 30 / 28
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4 Window Area Check
Choose a window utilization factor of Kw = 0.3.

Thus, the available window area is Aw × Kw = 0.0000768 m2.

We need an area of Np × apri + Ns × asec.

Thus Np × apri + Ns × asec < AW × KW.

Calculate the transformer magnetic details from the previously submitted MATLAB design file for EE4215
core.

To summarize:
• NP = 62T (split primary is used, 31T in one layer of 28 SWG wire gauge)
• NS1 (5 V) = 5T (22 SWG wire gauge)
• NS2 (15 V) = 17T (30 SWG wire gauge)
• NS3 (15 V) = 17T (30 SWG wire gauge)
• NBias (12 V) = 12T (30 SWG wire gauge)
• LP = 370 µH (leakage of < 5 µH)

Discontinuous mode of operation is chosen. Thus, the ripple factor KRF = 1.

Figure 1. Inductor Current Ripple Factor
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5 Snubber Design
By practical measurement, the leakage inductance for the flyback choke was found to be Llk = 10 µH. The
power dissipated in the snubber circuit is given by:

PS = ½ × VS × IPK × tS × fS (15)

where

(16)

Figure 2 reveals a knee. The closer VS is to VO / n, the greater the power dissipation.

Figure 2. PS vs VS

VS is constrained to be less than: VDS_max – Vin_max = 110 V.

Thus, select VS ≈ 100 V.

Time to reset leakage inductance:

(17)

Snubber resistance:

(18)
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Snubber capacitance:

Allow a voltage ripple: ΔVS = 8% of VS = 8.3 V

Thus,

6 Output Capacitor Design
In the primary side referred buck-boost converter circuit, CO reflects as Cop = n2 × CO An output ripple of
ΔVO = 50 mV is equivalent to an input referred ripple of:

(19)

This gives:

Output capacitors are designed as per the previously submitted MATLAB file.

To summarize:
• 5-V output capacitors: 1000 µF (x3)
• 15-V output capacitors: 100 µF (x2)
• 15-V output capacitors: 100 µF (x2)
• 12-V bias output capacitors: 22 µF (x1)

7 Soft Start Circuit
A soft start circuit is provided to reduce stress on switching transistors at startup.
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8 Compensator Design
Open loop plant transfer function:

Effective inductance value in output LC filter:

(20)

This gives double pole location at:

(21)

Right half-plane zero location:

(22)

ESR zero location:

(23)

(24)

Plant transfer function:

(25)

Thus, compensator should add a 0 at fp. Also, the user must limit the BW of the system with an open-loop
crossover of:

(26)

This is one of the major drawbacks of voltage mode control wherein the transient response of the system
is poor for load and line transients.

The open loop bode plot is shown in Figure 3.
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Figure 3. Open Loop Bode

The compensator circuit is shown in Figure 4:

Figure 4. Compensator Circuit

The compensator zero is positioned to cancel one of the double poles at ƒp.
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Thus:

(27)

Rf1 = 50 kΩ and Rf2 = 10 kΩ in order to get 2.5 V from 15 V at the reference pin of TL431.

This gives 2.5 V at the reference pin of TL431.

This gives Cf = 24.11 nF.

R1 = 4 kΩ is selected by taking into consideration the minimum bias current of TL431 and maximum
forward diode current of MCT2E.

To achieve an open loop crossover frequency of fcross = 800 Hz, compensator gain is required to be equal

to , where AO = 1.7782 at 800 Hz from the previous plot.

Thus, Equation 28 gives R2 ≈ 4 kΩ considering a CTR = 0.6 for the MCT2E.

(28)

Figure 5.
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9 Gate Drive
The PNP in drive circuit ensures primary MOSFET gate charge is removed for fast turn-off.

Calculation of resistance in MOSFET drive:

The total gate charge requirement = 63 nC.

The turn-on time should be at most 2% of total on-time duration.

Thus:

(29)

td(ON) + tr = 56 ns is the maximum turn on time limit.

½ IMt = QG provides the value of IM = 1.26 A.

2N3019 can source a maximum current of 1 A. Thus, connect a 20-Ω resistor in series with the MOSFET
gate to satisfy the fast turn-on requirement.

10 Current Limit
A basic current limit circuit is provided to switch off the MOSFET if current exceeds ICLIM, thus protecting
the switch from damage. It consists of an operational-amplifier comparator driving a NPN to turn off the
gate drive when current limit exceeds the set threshold.
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11 Final Circuit Diagram
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12 Test Results
Switch Voltage Waveform: The MOSEFT VDS waveform is shown in Figure 6. Frequency was measured to
be about 40 kHz and a duty cycle of 0.18.

Figure 6.

The simulated waveform is shown in Figure 7.

Figure 7.
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12.1 Snubber Action
The actual VDS waveform’s leading edge is seen in Figure 8. The snubber clamps this spike to a voltage
below VDS_max, thus preventing damage to the MOSFET.

Figure 8.

A simulation test reveals the possible waveform without the snubber circuit in place (see Figure 9). The
leakage inductance, Llk, and MOS parasitic capacitance, CDS, are found to resonate at a very-high
frequency. The peaks are seen to cross VDS_max, thus possibly damaging the MOSFET.

Figure 9.

With the snubber in place, the user gets the following clean wave shape (see Figure 10).
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Figure 10.

The blue curve indicates the ripple voltage across the snubber capacitor in AC coupling mode. It is
apparent that the capacitor charges as the initial voltage spike energy is diverted to the snubber circuit.
The ripple voltage amplitude was kept at 8% of VS = 8.3 V, as stated earlier.
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Figure 11.

12.2 Switch Current
A 0.1-Ω resistor was used in series with the MOSFET. The current is seen to ramp up linearly when the
MOSFET turns on.
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Figure 12.
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12.2.1 First +15-V Load Regulation

Table 1. First +15-V Load Regulation

RL (Ω) VO (V)
20 15.03
25 15.03

33.33 15.03
50 15.03

Figure 13.
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12.2.2 Second +15-V Load Regulation

Table 2. Second +15-V Load Regulation

R_L (Ω) V_o (V)
20 15.04
25 15.04

33.33 15.04
50 15.04

Figure 14.
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12.2.3 5-V Load Regulation

Table 3. 5-V Load Regulation

RL (Ω) VO (V)
20 5.05
10 5.04
5 5.02
2 5.00

Figure 15.

20 Isolated Multiple Output Flyback Converter Design Using TL494 SLVA666 –April 2014
Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com


www.ti.com Test Results

12.2.4 Line Regulation: First +15-V

Table 4. Line Regulation: First +15-V

Vin RMS (V) VO (V)
120 14.96
130 14.984
140 15.006
150 15.052
160 15.06
170 15.067
180 15.083
190 15.089
200 15.101
210 15.112
220 15.136
230 15.139
240 15.145
250 15.149
260 15.15

Figure 16.
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12.2.5 Line Regulation: Second +15-V

Table 5. Line Regulation: Second +15-V

Vin RMS (V) VO (V)
120 14.96
130 14.984
140 15.006
150 15.052
160 15.06
170 15.067
180 15.083
190 15.089
200 15.101
210 15.112
220 15.136
230 15.139
240 15.145
250 15.149
260 15.15

Figure 17.
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12.2.6 Line Regulation: +5-V

Table 6. Line Regulation: +5-V

Vin RMS (V) VO (V)
120 4.96
130 4.984
140 5.006
150 5.052
160 5.06
170 5.067
180 5.083
190 5.089
200 5.101
210 5.112
220 5.136
230 5.139
240 5.145
250 5.149
260 5.15

Figure 18.
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13 Conclusion
This user's guide explained the design and selection of components for a multiple output flyback
converter. The TL494 device was used for PWM control of this flyback converter. The 30-W three-output
flyback converter was realized in a cost-efficient manner using simple components to provide the complete
feature set of a standard flyback supply.
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