Pick the right turns ratio
for a Fly-Buck™ converter

Wip TEXAS INSTRUMENTS

While the Fly-Buck™ is a convenient option for a simple isolated bias voltage, one must still be
cautious when considering running at high duty ratios.

Robert Koliman,
Senior Applications Manager, Texas Instruments

Sometimes you are faced with a
need for a simple, low-power isolated
output voltage from a wide-ranging
input source. Regulation may not

be important, but cost and board
area may be. A good solution to
these requirements is a Fly-Buck
power supply, which is simply a buck
regulator with a coupled-winding.

Regulation is achieved by rectifying
the secondary winding of the coupled
inductor, when the low-side primary
switch is on. This reflects a voltage to
the secondary that is set by the output
voltage of the buck times the turns-
ratio of the coupled inductor.

For an overview of the circuit operation,
see “Design a simple, isolated
bias supply”.

Figure 1 shows how simple a
Fly-Buck can be. In this design,

the sync-buck power switches are
contained within the control IC and

it only takes a handful of discrete
parts plus a transformer to complete
the design. The real trick for a
successful design is the specification
or selection of the coupled inductor.
In particular, requirements for turns,
leakage inductance, and magnetizing
inductance need to be established.

Reprinted with permission from EE Times.
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Figure 1: The Fly-Buck is a simple way to provide a regulated, isolated output.

In the circuit shown in Figure 1,

the turns-ratio of the transformer

is established by the primary and
secondary output voltages. It will
simply be the ratio of the primary
voltage to the secondary voltage plus
allowances for the diode (D1) voltage
and any winding resistance drops. In
this case, the relationship between
the primary output voltage and the
minimum input voltage needs to be
understood. Clearly, the buck cannot
provide an output higher than the input.
If the two are too close together, the
circuit may not function properly. You
may be limited by the maximum duty
cycle of the control since the output

voltage is approximately the duty factor
times the input.

The second challenge is in the
circuit operation at extremely high
duty factors, where the currents can
be become quite high. These high
currents can result from both charge
conservation and the basic circuit
operation.

From charge conservation, the output
capacitor is only charged when

the switch node is low. During the
remainder of the period, it sources the
load current. On an average basis, to
conserve charge:

Iout * (D) = Icharge * (1 — D)

Icharge = lout * (

1-D

_ Vout
© Vin

) = Jout * Vout/(Vin — Vout)
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Selecting turns for DC/DC ratio converter

This result is plotted in Figure 2 where Icharge/lout is plotted
versus D. At duty factors above 75%, the ratio is above three
and climbs quite rapidly with increasing duty factor. The high
current impacts regulation of the secondary output. During
diode conduction, the coupled inductor places a reflected
primary output voltage across the series combination of

the coupled inductor leakage inductance, series parasitic
resistances and the output filter capacitor.
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Figure 2. Capactior C7 charge current is high for high duty
factor or Vo near Vin.

The current waveform in the secondary shown in the bottom
traces of Figure 3 are strongly influenced by the leakage
inductance which will impact regulation. The leakage
inductance determines how quickly the current in the
secondary winding can ramp. With small amounts of leakage
inductance, the currents ramp quickly to a high value which
charges the output capacitor quickly. As the inductance is
increased, the current rise is slowed which can result is less
charge being supplied to the output capacitance and less
output voltage.

Figure 3. Recharge current wave shape is strongly impacted by
leakage inductance. (Green = 10 nH, Red = 100 nH, Blue = 1 yH)

Reprinted with permission from EE Times.
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Figure 4. Leakage inductance is a killer on regulation.

Figure 4 shows the simulated impact of the leakage
inductance on the secondary output regulation. This chart
plots primary output voltage and secondary output voltage
as a function of duty factor and leakage inductance. This was
based on a 1:1 transformer with a 2.5 pyH primary inductance
and varying amounts of leakage. The input voltage was

5 V. The primary was loaded with 1 A of current and the
secondary was loaded with 0.2 A.

The first curve is the primary output voltage, which shows a
linear relationship between duty factor and output voltage.
The remainder shows that there is not a linear relationship for
the secondary output voltage.

There are two things that are degrading the secondary
regulation. On the left, at lower duty factors, the secondary
output voltage is approximately one diode drop less than the
primary voltage. This could be improved with synchronous
rectification. On the right, at higher duty factors, the shorter
conduction time increases the peak currents and the impact
of the leakage inductance becomes significant.

With large amounts of leakage, the circuit is probably not
usable beyond 50% duty factor or a ratio of 2:1 between
input and output. With a nominal amount of leakage, the
circuit performed well up to 75% or 1.33:1. Finally, with a
heroic leakage inductance, the circuit is good to 83% duty
factor or a voltage ratio of 1.2:1. It should be noted as shown
in Figure 2, the peak and RMS at high duty factors can be
quite high. These are strongly influenced by parasitics and the
easiest way to understand them is through simulation.

To summarize, the Fly-Buck is a convenient choice for a
simple isolated bias voltage, but you need to be careful when
considering running at high duty ratios. Peak currents can
become quite high. Controlling leakage inductance allows
you to push the duty factor, but anything much more than
80% is probably impractical.
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Fly-Buck Transformer List

Vendor Transformer Part Number
Wurth-Midcom 750314442
Wurth-Midcom 750314461
Wurth-Midcom 750314459
Wurth-Midcom 750314460
Wurth-Midcom 750314462
Wurth-Midcom 750314624
Wurth-Midcom 750314441
Coilcraft LPD5030V-333ME
Wurth-Midcom 750342304
Wurth-Midcom 750311880
Wurth-Midcom 750312750
Wurth-Midcom 750342156
Wurth-Midcom 750314463
Wurth-Midcom 750314226
Wurth-Midcom 750315038
Wurth-Midcom 750311780
Wurth-Midcom 750314597
Premier Magnetics TSD-3425
Premier Magnetics TSD-3424
Wurth-Midcom 750342178
Wurth-Midcom 760390015
Premier Magnetics TSD-3426
Wurth-Midcom 750314225
Wurth-Midcom 750313995
Wurth-Midcom 750315039

Lpri (uH)
45
45
45
45
45
60
80
33
260
25
23
66
45

338
36.5

60
50
50

50

475
50
50
50
40

LIK (uH)
0.93
0.35

1
0.91
0.45
0.4
15
8
0.125
0.2
15
0.45
0.15
0.3
0.08
0.6

0.4
0.13
0.3

Turns Ratio
1:0.48:0.48:0.96:0.96
1:0.52:0.52:1.56
1:0.56:0.56:0.72:0.72
1:0.56:0.56:1.28:1.28
1:0.56:1.24:1.24
1:0.93:0.93:1.62:1.62
1:0.389:2.56
1:1
11
11
11
1:1:1
1:1.16:1.16:2.36
1:2:2
1:2.33:2.33:2.33:2.33
1:8
1.5:1
1.5:1
1.5:1:2

1.55:1.55:1.935:1.935:1

2:1
2:1
3:2:2
3:2:2:4:4
6:4:11:11

PMP/TI Design #
PMP9478
PMP10558
PMP10543
PMP10535.3
PMP10558
TIDA00174
TIDA-00129
LM5017 EVM
TIDA-00018
TPS55010EVM
LM34927EVAL
TIDA-00123
PMP10558
PMP9317
TIDA-00199
TPS55010 Dual Qutput EVM
LM5160A Fly-Buck EVM
PMP7993
PMP7993
TIDA-00118
TIDA-00119
TIDA-00017
TIDA-00123
PMP7993
PMP9316
PMP7993
PMP10532

Read a companion article Product How-to: Fly-Buck adds well-regulated isolated outputs to a buck with-

out optocouplers in EDN Magazine.

For additional Fly-Buck design resources, visit ti.com/fly-buck

For more information on using a Fly-Buck in high-power applications,
visit ti.com/widevinindustrial

To start your custom power supply design, go to ti.com/webench

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to Tl's standard terms
and conditions of sale. Customers are advised to obtain the most current and complete information about Tl products and services before placing orders.
Tl assumes no liability for applications assistance, customer’s applications or product designs, software performance, or infringement of patents. The
publication of information regarding any other company’s products or services does not constitute Tl’s approval, warranty, or endorsement thereof.

The platform bar and Fly-Buck are trademarks and WEBENCH is a
registered trademark of Texas Instruments. All other trademarks are I TEXAS
the property of their respective owners INSTRUMENTS SLPY004A
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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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com
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Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity
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