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Abstract

This application note describes a detailed design strategy for
a high-efficiency compact flyback converter. Design
considerations and mathematical equations are presented. A
12V, 120W evaluation board is built to evaluate the
performance improvement by the SG6203.

Description

Generally, the conduction loss of the output diode is the
dominant loss component in low output voltage power
supplies. Thisloss can be reduced by using alow on
resistance MOSFET. Improved efficiency can be obtained
and asmaller heat sink can be used.

The SG6203 is designed to control and drive the
synchronous rectifier for the flyback converter. The
synchronous signal of the primary switch is obtained by a
single diode connected between the transformer secondary
winding and the SG6203. Using the SG6203, no additional
transformer winding is required and the circuit complexity
can be minimized.

In heavy load conditions, the flyback converter is usually
designed to operate in continuous conduction mode (CCM)
to have higher efficiency. To prevent the so called “shoot
through” or “cross conduction” problem in synchronous
rectifier applications, one external resistor and an internal
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Figure 1. SG6203 Pin Configuration

automatic tracking circuit is used to program a suitable dead
time for the primary switch and the synchronous rectifier.

On the other hand, the converter enters discontinuous
conduction mode (DCM) in light load conditions. To
improve light load efficiency, the synchronous rectifier is
turned off when the stored energy in the transformer is fully
released to the output. This feature can prevent reverse
energy flow and green-mode PWM IC in the primary side
can be used. To detect the secondary current flow and
determine the driving signal for the synchronous rectifier, a
current shunt or RC network for the output capacitor can be
used. An RC network is recommended for better efficiency.

Detailed operation and application information are presented
in the following section. A 12V, 120W evaluation board
using the SG6203 is built and the performance is measured
on this unit to show its improvement on the efficiency.
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o Vo
- I_n
c2 +
R6 ZZ_C1
VAC —
0—
v
DET OP IN-  IN+ ,‘Cg‘ag‘ag'“""‘:
Vee ; Van |
RT GND vz || 4 ng :
! 4 |
! I
R7 1= ;
W : |
— | Optional for Vo higher than 18V J'
Figure 3. Circuit Configure to Obtain the Primary Switch Synchronous Signal
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Synchronization

To achieve proper control of the synchronous rectifier in the
secondary side, the switching timing signal of the primary
switch should be obtained from the transformer secondary
winding. As shown in Figure 3, a detecting diode connected
from the DET pin to the transformer secondary winding is
used to detect the on/off information of the primary switch.
Once the primary switch turns on, the voltage on the cathode
of the DET diode is high enough to push the DET diodeto
reversed state. The high level on the DET pininitializes an
internal one-shot signal to mark the beginning of a new
switching cycle.

While the primary switch turns off, the voltage on the
primary switch starts to increase. Meanwhile, the secondary
winding voltage beginsto reverse accordingly. Once the
voltage on the secondary winding is large enough to forward
conduct the rectifier diode, D2, the energy stored in the
transformer starts to release to the secondary side. At that
time, the DET diode turns to forward-biased and the LOW
level ison the DET pin. Once the DET pin reduces to LOW
and the one-shot signal keeps HIGH status, the SG6203
output stage becomes HIGH to drive the external
synchronous rectifier.

The high duration of the internal one-shot signal is
programmed by an externa resistor between the RT and
GND pins. An internal automatic tracking mechanism
automatically extends the original one-shot signal to a
maximum of 180% to have a suitable dead time between the
primary switch and the secondary synchronous rectifier in
continuous conduction mode (CCM). Thisresultsin better
efficiency improvement than a fixed dead time mechanism.
The duration of this one-shot signal can be expressed as:

_ 15xRT(KQ)
- 24

If theresistor istoo small, the synchronous rectifier may be
turned off while the secondary rectifier diode is till
conducting, decreasing efficiency. If the RT resistor istoo
large, there is no dead time. The output of the SG6203 shuts
off immediately once the voltage on DET pin goes HIGH
before the one-shot signal reduces to LOW. The target value
for the RT resistor isto set the original one-shot signal to
around 75%, compared to the primary PWM period.
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Figure 4. Timing of the One-shot Signal
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Continuous Conduction Mode (CCM)

When the flyback converter operates under CCM, the
secondary rectifier diode does not turn off until the primary
switch isturned on. Therefore, an anti-shoot-through
mechanism is needed to prevent the cross conduction of the
primary switch and the secondary synchronous rectifier. To
achieve this, an internal automatic tracking circuit maintains
a suitable dead time under CCM conditions.

Discontinuous Conduction Mode (DCM)

When operated under DCM, the energy stored in the
transformer during the on time of the primary switch is
completely released during the subsequent off time.
Therefore, the secondary current reduces to zero before the
primary switch isturned on. To prevent the discharge of the
output capacitor through the conducting synchronous
rectifier, the synchronous rectifier must be terminated once
the secondary current reaches zero or shortly thereafter.
Accordingly, a zero current crossing detector is needed
when the converter is operated under DCM. To achieve this,
two different configurations can be used: a current sensing
resistor method and an output capacitor ESR method.
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Figure 5. Current Sensing Resistor Method
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Figure 6. Outpdt Capacitor ESR Method
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Asshown in Figure 5, a current sensing resistor, R5, isused
to sense the secondary winding current. This sensing resistor
must be placed within the current rectifier loop
(ns>C1->D2), but not after C1. Thisis different from the
usual secondary over-current protection application, which
puts a current sensing resistor after C1 and a DC value that
represents the output loading is obtained. Here, the need is
for the discharging current waveform to obtain the zero
current crossing timing signal. Once zero current crossing
occurs, the voltage on IN+ islower than that on IN- and the
driving signal for the synchronous rectifier isturned off to
prevent the excessive energy circulating between the
primary and secondary.

Theinterna current Iy, and I;y. from IN+ and IN-,
respectively, resultsin a DC value on these two pins.
Adjusted external resistors connected outside IN+ and IN-
can modulate the turn-off current level of the synchronous
rectifier. To prevent switching noise interfering with the
comparator operation, an external capacitor with 2.2nF to
4.7nF is recommended between the IN+ and IN- pins.

Figure 6 shows another current sensing method. This
method uses a high pass RC (R5 and C2) network to capture
the discharging current waveform of the secondary winding
across the R5 resistor. Theresistors (R4 & R6), connected
to IN+ and IN-, are used to adjust the DC level on these two
pins, then adjust the turn-off timing.
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Figure 7. IN+/- and Primary Switch Signal

Because the synchronization signal of the primary switch is
through the transformer secondary winding, false trigger
conditions may occur in light loads. To prevent this, a series
resistor (R1: 2~3kQ) in the DET diode and a capacitor (C5:
22~47pF) connecting DET to GND, are recommended.
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Figure 8. False Synchronization Caused by Ringing on
the Transformer Winding
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Figure 9. Add RC_fiIter to prevent false trigger

Built-in 18V Zener Diode

An 18V Zener diodeis built in to the SG6203. When the
converter output voltage is higher than 18V, alinear
regulator formed by a BJT and the internal Zener can be
used to limit the voltage supplied to the SG6203, then clamp
the driving voltage for the synchronous rectifier to a safe
level. If the converter output voltage is lower than 18V, the
SG6203 can be directly powered by the output voltage. The
operating voltage of the SG6203 can be from 6 to 20V.

Voltage Stress on Synchronous Rectifier

When the output diode is replaced by alow on resistance
MOSFET, the conduction lossis reduced. However, another
side effect of the turn-off spike on the synchronous rectifier
should be considered. The added synchronous MOSFET
introduces a stray capacitor (Cps of MOSFET), which leads
to alarger turn-off spike. This condition becomes even
serious when the converter is operated under CCM. To
overcome this side effect, re-design the transformer to
reduce the turn-off voltage stress on the secondary side.

The phenomenon of extra voltage spike introduced by
synchronous MOSFET can be duplicated on the original
power board (without synchronous rectifier). Add a
synchronous MOSFET in parallel with the original output
diode (drain connected to cathode of diode, source
connected to anode of diode, and gate connected to source),
and observe the turn-off voltage spike between the output
diode. The voltage spike increases after the synchronous
MOSFET is added.
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Evaluation Board Description

A 12V, 120W evaluation board with full range input voltage
(90~264V 5¢c) and PFC function is available to analyze the
performance improvement contributed by the synchronous

APPLICATION NOTE

rectifier. The SG6902 combo controller is used to control

the primary switches (PFC & PWM). The measured

performance on this evaluation board is shown as below:

Table 1. Performance Comparison Between Diode Rectifier and MOSFET Synchronous Rectifier

Efficiency (%)
Io (A) 90Vac 264V ac
20A Schottky MOS (15mQ Rps) 20A Schottky MOS (15mQ Rps)
+ 1A Schottky + 1A Schottky
1 81.8 80.2 81.8 79.1
2 83.2 85.4 82.4 815
3 82.6 85.0 83.6 85.8
4 81.7 83.5 83.1 85.7
5 82.0 84.3 82.9 85.3
6 81.8 84.1 835 85.4
7 814 83.7 83.3 85.4
8 80.8 83.0 83.1 84.7
9 80.2 82.1 83.1 84.8
10 79.5 81.3 82.7 84.3

The efficiency improvement isaround 1.7~3% in heavy load
conditions. The improvement is highly dependent on the
synchronous MOSFET rectifier chosen to replace the diode

rectifier. The lower the Rps oy the chosen synchronous
MOSFET has, the larger the improvement achieved.
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Figure 10. Performance Comparison Between Diode Rectifier and MOSFET Synchronous Rectifier at 90Vac

86.0%
85.0% r

84.0% I

83.0% ‘v
——264Vac 20A Schottky

82.0% /
K ! —# = )64Vac 1A Schottky + 15mohm MOS

81.0% /

80.0% /

79.0%

78.0%
1A 2A 3A 4A 5A 6A TA 8A 9A 10A

Figure 11. Performance Comparison Between Diode Rectifier and MOSFET Synchronous Rectifier at 264Vac
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Table 2. Eval Board Bill of Materials (BOM)

Ref Des Part Number Description
c2 1pF

C5 22pF

D1 FR102 100V/1A
D2 SB1100 100V/1A
D3 1N4148 100V/0.2A
Q1 PSMNO015-110P 110V/75A; 15mQ
R1 2.2KQ

R2 220

R3 47KQ

R4 1.8KQ

R5 2KQ

R6 0

R7 16.2kQ2
Lab Notes

Before rework or solder/de-solder on the power supply,
it is suggested to discharge the primary capacitor s by
an external bleeding resistor to avoid the PWM IC
being destroyed by external high voltage during

solder/de-solder.

Thisdeviceis sensitive to ESD discharge. To improve
production yield, the production line should be ESD
protected according to ANSI ESD S1.1, ESD S1.4,
ESD S7.1, ESD STM 12.1, and EOS/ESD S6.1.
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Figure 12. Evaluation Board Schematic

Related Datasheets
SG6203 — Synchronous Rectifier Controller for

Flyback Converter
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DISCLAIMERS

LIFE SUPPORT

System General’ s products are not designed to be used as components in devices intended to support or sustain human life.
Use of System General’ s products in components intended for surgical implant into the body, or other applications in which
failure of System General’s products could create a situation where personal death or injury may occur, is not authorized
without the express written approval of System General’s Chief Executive Officer. System General will not be held liable for
any damages or claims resulting from the use of its productsin medical applications.

MILITARY

System General's products are not designed for use in military applications. Use of System General’s products in military
applications is not authorized without the express written approval of System General’s Chief Executive Officer. System
General will not be held liable for any damages or claims resulting from the use of its products in military applications.

RIGHT TO MAKE CHANGES

System General reserves the right to change this document and/or this product without notice. Customers are advised to
consult their System Genera sales representative before ordering.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS
PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be
(b) support or sustain life, or (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in significant injury to the user.
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