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Introduction

The following is a general description and basic design procedure for a discontinuous
flyback transformer. It can be useful for further development of an existing design, where
some parameters are known, or for communicating changes with a transformer design
house.

The flyback transformer can be used in isolated or non-isolated power supplies for almost
any output voltage. The discontinuous flyback transformer has a triangular current waveform
and commonly uses a 50% duty cycle at full load and minimum input line. A lower duty cycle
can be used but the peak and RMS current is higher. A higher duty cycle involves more
complicated means for stability and a lower bandwidth. The frequency is selected based on
many considerations - for example, a smaller transformer can be used with higher frequency
but the switching losses are higher.

The application requirements dictate the design and include minimum AC input voltage,
maximum output power (Pomay), efficiency (n), operating frequency (f), output voltage (V,)
and diode drop (V4,).- Some of the other circuit considerations, which are a result of the
design, include switching device current rating, peak current (for peak current limit),
switching device drain to source voltage and output rectifier reverse voltage (from maximum
input voltage), wire size, and auxiliary voltage if required.

This technical note presents one of the many procedures used to design a discontinuous
flyback transformer for a low power application, including application requirements.
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Vip - the minimum DC voltage from the minimum AC input (V)
Po... maximum output power (W)

n: ef;‘iciency, initially based on experience

f: operating frequency (Hz)

V,: output voltage (V)

V4o: output voltage diode drop (V)

Vaux: auxiliary voltage (V)

V4a: auxiliary voltage diode drop (V)

Estimate

Choose G, = 0.015 in. A gap size range starting point is about 0.010 to 0.020 in. If the gap
is too small the manufacturing tolerances are difficult and if the gap is too large, fringing
around the gap can be a problem. Estimate the core size and use the effective core area

(Ae)-

Procedure

1.

Determine the minimum DC input voltage from the minimum AC voltage minus about
20 V of ripple voltage. Choose a flyback voltage (V) equal to the minimum DC input
voltage. This sets the duty cycle (D).

Vinmm = VACmin,\/é_20 (V)
- Vit = Viin

Calculate the duty cycle, which is 50% or less for the discontinuous mode flyback.

Vi
Vin, + Vg

min

—_ D -

max

Calculate the peak device current (Ic). There may be a switching device limit (for
example, the VIPer53-E has a current limit of 1.7 A).

2 Pomax

|, = —  Omax
Pk ne Vinmm ® Dmax

Calculate the primary inductance (Lp). This is the inductance used for the current in the
switching device to reach the peak current during the duty cycle.

) oD
iNmin max

IpKOf
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5. Calculate the primary turns (Np):

G254 Lp
- NP = |/
A4110

where Gj, is in inches, and A, is in square centimeters.
6. Calculate the secondary turns (Ns) and auxiliary turns (Ng,y):

= Ng=Np (Vo +Vgo) / Vi

Naux = Np (Vaux +Vaa) / Vi
7. Calculate the maximum flux density (Bm, Gauss), which depends on the core material.
8

= Bm=Lplk10°/ Ny Ag
Flyback transformers vary in size and shape, but the most common is an E-E type core with
a gap in the center leg. It is basically an inductor where the energy is stored in the center leg
(note the polarity of the transformer windings). The cores have an effective core area (A,)
which can be estimated for a transformer design. A gap is selected and then other values
are calculated. If the resulting parameters are not reasonable, another core can be selected
with an Ag which works better with the application. The bobbin area for the selected core is
also difficult to estimate because it is the result of all previous calculations, wire size,
number of turns and safety requirements such as creepage and clearance, and bobbin pin

spacing. Core size starting points for the following devices are: VIPer22ADIP-E - 20 mm,
and VIPer53-E - 25 mm.

Reasonable results include Dy, 50%, I < a specified limit, a gap between 0.005 and
0.03 in., Bjhax < X000 Gauss (depends on core material), meets safety spacing
requirements, does not run too hot and fits on the bobbin/core.

What if

® The wire does not fit:

a) Choose a somewhat smaller gap which decreases the turns (check the flux
density).

b) Increase the operating frequency, which decreases the number of turns and the
flux density.

c) Reduce the flyback voltage, which increases the peak current (check the limit),
reduce the primary inductance and reduce the number of turns (the flux density
will be the same).

d) Select a larger bobbin/core.
® The flux density is too high:

a) The gap can be increased somewhat which also increases the number of primary
turns (check the size).

b) Increase the operating frequency, which decreases the number of turns and the
flux density.

c) A larger core with a larger effective core area (Ag) can be used.
® The peak current is too high:

a) Use a device with a higher peak limit.

b) Check that the duty cycle is up to 50%.
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Section 1.4 is a spreadsheet, containing the above equations, which can be used for
calculations. Section 1.5is a Mathcad version. The minimum DC voltage used is 100 V from
the minimum input voltage of 85 Vjc.

1.4 Transformer design equations:

® Forthe VIPer53-E, 1.7 A ka limit:
- Vinmm = 100V ; V; = 100V; Pomax = 35W;n=0.85; f = 100 kHz
= Dmax=10.50 (50% max); I, = 1.65 A (less than I, limit); L, = 304 uH (from Dyyay,
ka)
—  Ag=0.315 (from core selection)
- Gj,=0.015 (Gj, range 0.010 to 0.020 in., 0.005 min, 0.030 max)
- Vy=2250V; Vy4,=0.70 V; V3 x =15 V; V4= 0.60 V
- Np=541;Ng=125
- Nyix=84
- Bax=2936

1.5 Flyback transformer equations:
® Forthe VIPer53-E, 1.7 A ka limit

—  Vj, = 100V; pick Vq=100V; P, = 35W;n=0.85; pick f = 100 10°
Equation 1
\Y
Dinax = o———v =0.
max Vmmin + Vfl Dmax 0 3]
maximum 50%
Equation 2
| 2+ Py lpi=1.65
Pl ™ ne Vinmin ® Dinax Pr=r
Ipk less than switching device limit
Equation 3
V. oD
L, = —Cmn__ThoX Lp = 3.040 107"

[ o f
from Dmayx, lpk

® Foran EF20 core; A,=0.315; choose A,=0.315
—  Choose Gj,=0.015; 0.010 to 0.020 in; min 0.005; max 0.030 in
= Vp=22.5V; Vy,=0.70 V; Va,=15 V; V4,=0.60 V
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® For primary turns:

Equation 4

Gpe254sL,

N = [—n =77 7P
P WAgedeme 10
® Forsecondary turns:
Equation 5
_ Np* (Vo + Vo)
® Vi
e For auxiliary turns:
Equation 6
N — Np ° (Vaux + Vda)
aux Vfl
® For maximum flux density:
Equation 7
8
L el , e10
By = 2Pk L
m Ny A,
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N=54.1

Ng=12.5

Ngyx=8.4

=2094e107°
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Revision history

Table 1. Revision history
Date Revision Changes
18-Jan-2007 1 First issue

03-Aug-2012

— Updated Section 1.2: Procedure, list item 5 to specify the units of

measure for G, and A

— Changed all references to part number VIPer53DIP-E to VIPer53-E
— Removed references to VIPer12ADIP-E
— Minor text changes throughout the document
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