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ABSTRACT

This report presents literature and detailed theory of the synchronous
converter. The objective of the project is to Design and analyze synchronous d.c. to
d.c. converter. Synchronous rectification could be found in two main circuit
topologies (i) Forward converters and (ii) flyback converter. The Flyback converter is
a d.c. to d.c. converter. The author analyzed both converter types and came up with
successful results. Synchronous Conversion is a growing concept; where the main
objective is to reduce down power losses during rectification of power. By using
synchronous rectifiers we manage to minimize the size of the power supplies used in

portable appliances like Laptops and Mobile phones.

In order to design and analyze the circuit some parameters are to be fixed like;
operating frequency as 300 KHz, primary voltage for transformer as 15 Vdc,
secondary voltage as 3.3 Vdc and the output current as 0.8A. Any Mobile Phone
charger is having the same parameters. The author can claim that this would not be
the conventional/normal Mobile Phone charger as Synchronous rectification concept

is used.
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CHAPTER 1
INTRODUCTION

This chapter coniains Introduction to the Project, some definitions, background
of study, project objective and problem statement. And it also includes the progress

made that relates to this part of the chapter.

A DC to DC converter is a circuit which converts a source of direct current
(DC) from one voltage to another. It is a class of power converter, DC to DC
converters are important in portable electronic devices such as cellular phones and
laptop computers, which are supplied with power from batteries. Such electronic
devices often contain several sub-circuits with each sub-circuit requiring a unique
voltage level different than that supplied by the battery (sometimes higher or lower
than the battery :voltage, and possibly even negative voltage). Additionally, the battery

voltage declines as its stored power is drained.

Owing to rapid development in power electronics, Speed of data processing is
continuously being increased and Prevent power consumption from being extreme are
great task to handle. The power supply voltages for these circuits are being reduced to
5 to 3.3 volts and even up to 1 volt for some Portable Electronic Instruments; this is
achieved by using low- output-voltage dc power supplies. With this development we
are facing the problem like conduction power loss in rectifiers of the power supply
feeding. The rectifier conduction loss is proportional to the product of its forward-
voltage drop, V'F, and the forward conduction current, /F. In order to keep progressing
we need to have .smart enough system to avoid above problem (power loss) efficiently
by using like, Synchronous Rectifier. A solution to a dilemma is needed is a rectifier
more suitable for high- frequency operation also than any of these above. The
rectification can be achieved by using the active devices also like; Bipolar Junction

Transistor (BJT) or MOSFET. In order to cause active devices to behave as rectifiers,



the base or gate signal must be synchronized with the ac wave to be rectified. This
accounts - for the name of process synchronized rectification; the circuitry for

accomplishing ac to dc conversion is appropriately called a synchronous rectifier [3].
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Figure 1: Forward-voltage comparison between synchronous rectifier and diode

rectifier. Area has conduction loss saving by using synchronous rectifiers

1.1 Advantages of de-to-de Converters

¢ DC to DC converters offer a method of generating multiple controlled voltages

from a single variable battery voltage.

e Saving space instead of using multiple batteries to supply different parts of the

device,



1.2 Problem Statement

Step-down (buck) switching converters are integral to modern electronics.
They can convert a voltage source (typically 8 V to 25 V) into a lower regulated
voltage (typically 0.5 V to 5 V). Step-down converters transfer small packets of energy
using a switch, a diode, an inductor and several capacitors. Though substantially larger
and noisier than their linear-regulator counterparts, buck converters offer highér

efficiency in most cases.

Rapid developments in power electronics, (i) Speed of data processing is
continuously being increased and (ii) Prevent power consumption from being extreme
are great task to handle. The power supply voltages for these circuits are being reduced
to 5 to 3.3 volts and even up to 1 volt for some Portable Electronic Instruments; this is
achieved by using low- output-voltage dc power supplies. With this development we
are facing the problem like conduction power loss in rectifiers of the power supply

feeding.

Despite their widespread use, buck-converter designs can pose challenges to
both novice and intermediate power-supply designers because almost all of the rules of
thumb and some of the calculations governing their design are hard to find. And
though some of the calculations are readily available in IC data sheets, even these
calculations are occasionally reprinted with errors. Buck-converter manufacturers
often specify a typical application circuit to help engineers quickly design a working
prototype, which in turn often specifies component values and part numbers. What
they rarely provide is a detailed description of how the components are selected.
Suppose a customer uses the exact circuit provided. When a critical cbmponent
becomes obsolete or a cheaper substitute is needed, the customer is usually without a

method for selecting an equivalent component.

For this project “Design and analysis of Synchronous DC — DC Converter” author
is proposing same technique above specified. With the assistance from International
Rectifiers Company it is proposed to design the circuit schematic diagram and their
values. But just before, to know about circuit components, following design

parameters are required.



. Design Parameters:

o Input Voltage=15V

8]

Qutput Voltage =33V

Output Current = 0.8 Amp

@)

o Converter's Switching Frequency = 300 KHz

1.3 Background of study

Electronic switch-mode DC to DC converters are available to convert one DC
voltage level to another. These circuits, very similar to a switched mode power supply,
generally perform the conversion by applying a DC voltage across an inductor or
transformer for a period of time (usually in the 100 kHz to 5 MHz range) which
causes current to flow through it and store energy magnetically, then switching this
voltage off and causing the stored energy to be transferred to the voltage output in a
controlled manner. By adjusting the ratio of on/off time, the output voltage can be
regulated even as the current demand changes. This conversion method is more power
efficient (often 80 % to 95 %) than linear voltage conversion which must dissipate
unwanted power. This efficiency is beneficial to increasing the running time of battery
operated devices. A drawback to switching converters is the electronic noise they

generate at high frequencies, which must sometimes be filtered.

Isolated DC-DC converters convert a DC input power source to a DC output
power while niaintaining isolation between the input and the output, generally
allowing differeﬁces in the input-output ground potentials in the range of hundreds or
thousands of volts. They can be an exception to the definition of DC-DC converters in

that their output voltage is often (but not always) the same as the input voltage.

A current-output DC-DC converter accepts a DC power input, and produces as
its output a constant current, while the output voltage depends on the impedance of the

load. The various topologies of the DC to DC converter can generate voltages higher,



lower, higher and lower or negative of the input veltage; their names are Buck ,Boost
JBuck-boost ,Inverting ,Forward, Flyback, Push-pull, Half bridge, Full bridge, Cuk,
SEPIC. The author is using Flyback topology circuit here.

In general, the term "DC to DC converter" almost always refers to one of these
switching converters. Switching DC to DC converters are available in a wide variety
of input and fixed or adjustable output voltages. DC to DC converters are now
available as integrated circuits needing minimal extra components to build a complete
converter. DC to DC converters are also available as complete hybrid circuits, ready

for use within an electronic device.

1.3.1 Application of Synchronous Rectifier (SR)

SR Application

h 4 h

Forward Converter Flyback Converter

Figure 2: Applications of SR



1.3.2  Driving Strategies

After selecting the application of the synchronous rectifiers i.e. “Flyback
converter” the next step is to choose the control strategy of the circuit. This can be
achieved by considering two options (1) is by using hardware, by implementing any
analog circuit like Pulse Width modulation (PWM) circuit. And it also can be achicved

by (2) software implementation; like using C language or Assembly language.

When we use any Microprocessor, C language (software) code is generated and
if we want to use any DSP (Digital signal Processing) IC, Assembly Language
(software) code is to be generated. After code generation we interface our power
circuit with any PC through DSP IC/ microprocessor and then we download the code
over circuit. Both strategies are successfully having been used so for. Now the author
has proposed other option is to use one of the branded IC (integrated chip) by IOR

(International Rectifier).

Driving strategy

Y A

Control driven Self driven

h A h A

Software driven Analog circuit driven

Figure 3: Driving SR

The progress shows the over all working and simulation of Forward converter
circuit topology. The circuit topology which author worked over it is “Forward
Converter with Control-Driven Synchronous rectifiers (SR)” could not satisfy the
objectives of project (according to authors knowledge). Its simulation is not workable

and circuit brief description was not available (see CHAPTER 4 for simulation results)



so for. Therefore the author proposes to one of the Flyback converter circuit topology
that is “Constant-Frequency (CF) Continuous-Conduction-Mode (CCM)”. This report

also shows the work done for both circuit topologies.

1.4 Synchronous Rectification in Forward Converter

As already discussed about different types of circuit topologies to achieve
Synchronous Rectification, the author has worked on control driven SR using the
forward Converter that is “Forward Converter with Control-Driven Synchronous
rectifiers (SR)”. In a control-driven SR implementation, the SRs are driven by gate-
drive signals derived from the gate-drive of the main switch as shown in blow Figure
4. After some minor changes made to actual circuit which was taken from [5] is given
blow also in Figure 5. So for the figure 4 seems to be converter, therefore input supply
is d.c and output also d.c. In order to work this circuit as a rectifier author changed the
circuit some how. The reason was, supply voltage because designing a rectifier must

have the a.c. input where as the actual circuit do not have. .
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Figure 5: Forward converter with control driven Sr. (After minor change)




1.4.1 How Forward Converter Works

The circuit of Figure 4 operates as the full-wave synchronous rectifier. We know
that the MOSFET also provided with an internal diode, in order to keep the internal
diode from becoming forward-biased in to its conduction region we should have to
have low Rd (drain resistance). In this circuit, transistors Q2 and Q3 are driven by
gate-drive signals derived from the primary-switch gate drive. As a result, the
conduction times of the synchronous rectifiers are independent of the transformer-
resetting method, but solely depend on the timing of the gatedrive signals. The gate-
drive timing of SRs should allow no conduction of the body diodes of the SRs. Now
the question appears that, how can we know either the SRs are rectifying or the
internal diodes. It is simple to know, the output voltage should be well below 600 mv
to ensure that the rectification is not being performed by the internal diodes of the
MOSFETS. If this condition can not be meet under worst condition (full-load and
maximum operating condition), Or otherwise finally it is needed to select a power

MOSFET with lower voltage drop under operating conditions.

e At one time either MOSFETs (Q3,Q2) works or Internal Diodes works
(D3,D2)

e MOSFETs works simultaneously, as to rectify synchronously

*» By looking at output voltage, that rectification is done through diodes or
MOSFETs

» MOSFET Gate signal is given externally

1.5 Synchronous Rectification in Flyback Converter

A number of applications of the SR in the flyback converter have also been
reported. However, in all of these applications, the main purpose of the SR was to

provide

e Post-regulation of output voltage - The post-regulation of the output voltage
and not to maximize the conversion efficiency. Specifically,

* Voltage-controlled resistor - The SR is used as a voltage-controlled resistor in a
control loop which adjusts the SRs resistance so that the output voltage is

maintained within the regulation range



Generally, the regulation range of these post-regulation approaches is
limited to the forward-voltage drop of the SR body diode, i.e., ~ 0.7 V. Moreover,
since the voltage drop across the SR is not minimized because of the resistance
modulation, the conversion efficiency of these post regulators is reduced, compared to

that of the converter with the “true” SR.

1.5.1 How SRs Work in Flyback Converter

A flyback converter with the SR is shown in Figure: 6 taken [2]. For proper
operation of the converter, conduction periods of primary switch SW and secondary-
side switch SR must not overlap. To avoid the simultaneous conduction of the SW and
the SR, a delay between the turnoff instant of switch SW and the turn-on instant of the
SR as well as between the turn-on instant of the SW and turn-off instant of the SR
must be introduced in the gate-drive waveforms of the switches. With properly
designed gate drives, the operation of the circuit shown in Figure 4 is identical to that
with a conventional diode rectifier. Namely, during the time switch SW is turned on,
energy is stored in the transformer magnetizing inductance and transferred to the

output after SW is turned off.

Generally, the circuit sown in Figure 6 can work in Continuous Conduction Mode
(CCM) or Discontinuous Conduction Mode (DCM) either with a constant or variable
switching frequency PWM control. Design considerations and SR loss estimates for
various modes of operation and different control approaches are explained in the next

chapter [2].
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Figure 6: Flyback Converter with SR Example



This chapter includes the literature study made by the author. This section also
includes the circuit operation principles and some technical terms. Flyback converters
can run over two principles (i) Continuous Conduction Mode (CCM) and (ii)
Discontinuous Conduction Mode (DCM). For this project author propose the CCM. In

this chapter the author has detailed about the working of a common CCM operation

CHAPTER 2

LITERATUE REVIEW

and also about the circuit used for the project.

2.1 Constant-Frequency (CF) Continuous-Conduction-Mode (CCM)

The key waveforms of the flyback converter with the SR operating in CCM are given

in Figure 7, [2].
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Figure 7: Key waveforms of CF CCM flyback converter with SR.
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(Body diode of SR conducts in shaded area)



During delay times 7p on and TD off secondary current isec flows through the
body diode of the SR. From Figure 7; the conduction of body diode DSR not only
increases the conduction loss when primary switch SW is turned on. The conduction
loss of the SR is given by the sum of the channel-resistance loss and body-diode loss

as

2 ar (J—Dﬂ
PSR =R 0o, T-sec
D.S(OH)] ]"‘"D 13 J

+ VI (T + T ),

cond

‘Where

e RDS(on) is the SR on-resistance,

e D= Ton/Ts is the duty-ratio of the primary switch SW,

¢ Jo is the output current,

o Disec is the secondary peak-to-peak ripple current,

e VD and ID are the forward voltage drop and current of the body diode,

respectively.

But it (conduction of body diode) also introduces a reverse-recovery loss when
primary switch SW is turned on. The reverse-recovery loss of the SR body diode is

given by

V'n
Prz = Ora(Vo + =00

Where

e Orris the recovered charge of the SR body diode, and

o Vo+ Vu/n is the steady-state reverse voltage across the SR.

11



2.2 CCM operation in Project Circuit:

Refer to figure 8; taken from an application note “Design of secondary side
rectification using IR1167 SmartRectifier control IC” [2]. The SmartRectifier Control
Technique is based on sensing the voltage across the MOSFET and comparing it with
two negative thresholds to determine the turn on and off transition for the device. A
higher negative threshold, VTH2, detects current through the body diode and hence,
controls the turn on transition for the power device. Similarly, a second externally
programmable smaller negative threshold, VTH1, determines the level of the current at
which the device turns off. Additional control logic has been incorporated to prevent
false turn off and gate chattering when the device current transitions between its body

diode and channel.

/I\
Vs

v

Ve

Vorhi Vioras

Figure 8: IR1167 SmartRectifier™ control IC differential voltage sensing thresholds

When the power device is turned on, the instantaneous sensed voltage reduces to
RDSon. I and depending on the level of the device current could fall below the turn off
threshold and cause false device turn off. Additionally, the device turn on is also
associated with some parasitic ringing between the transformer leakage inductance and

device output capacitance.

2.2.1  Operation and analysis in Continuous Conduction Mode (CCM) in Flyback

The IR1167 SmartRectifier™ IC can emulate the operation of diode rectifier by
properly driving a Synchronous Rectifier (SR) MOSFET. The rectifier current is
sensed by the input comparator using the power MOSFET RDSon as a shunt resistance
and the GATE pin of the MOSFET is driven accordingly depending on the level of the
sensed voltage with respect to the 3 thresholds shown in Figure 8. Internal blanking

12



logic is used to prevent spurious transitions and guarantee operation in continuous
(CCM), discontinuous (DCM) and critical (CrCM) conduction mode. The modes of
operation for a Flyback circuit differ mainly for the turn-off phase of the SR switch,
while the turn-on phase of the secondary switch (which corresponds to the turn off of

the primary side switch) is identical.

2.2.2 Turn On Phase

Refer to Figure 9, taken from an application note [2]. When the conduction phase
of the SR FET is initiated, current will start flowing through its body dicde, generating
a negative Vds voltage across it. The body diode has generally a much higher voltage
drop than the one caused by the MOSFET on resistance and therefore will trigger the
turn-on threshold VTH2. At that point, the IR1167 will drive the gate of MOSFET on
which will in turn cause the conduction voltage Vds to drop down. This drop is usually
accompanied by some amount of ringing, that can trigger the input comparator to turn
off; hence, an externally programmable Minimum On Time (MOT) blanking period is
used that will maintain the power MOSFET on for a minimum amount of time. The
programmed MOT will limit also the minimum duty cycle of the SR MOSFET and, as

a consequence, the max duty cycle of the primary side switch.

Notice both Minimum On Time and Blanking time logic are allowed only once
per switching cycle; it is necessary that Vds reaches VTH3 (therefore primary turn on)

for them being enabled again (therefore ready for the next switching cycle).

Figure 9: Secondary side CCM operation, MOT and Tblank during operation

13



2.2.3 CCM Turn Off Phase

Refer to Figure 10, taken from [2]. During the SR FET conduction phase the
current will decay linearly, and so will Vds on the SR FET. Once the primary switch
will start to turn back on, the SR FET current will rapidly decrease crossing VTHI1 and
turning the gate off. The turn off speed is more critical here to avoid cross conduction
on the primary side and reduce switching losses. The blanking period is also applied in

this case, but given the very fast nature of this transition, it will be reset as soon as Vds

crosses VTH3 [2].

ST =R

T1 | T2

time

time

Figure 10: Primary and secondary currents and voltages for CCM

14



CHAPTER 3

METHODOLOGY

The methodology section is where the objective for this project is to be achieved and

realized. Below were the steps taken in order for objectives to realize.

3.1 Design and verification

Research has been done in order to achieve the project objective “Design and
analysis d.c. to d.c. synchronous rectifier”. The author could review information
through many resources as to come to find final working circuit prototype. After
research over many circuit topologies finally the Flyback converter topology (Figure
11, [1]) could fulfill the objective. Much information is already discussed and given in

this report about the circuit. Circuit parameters are;

o Primary voltage = 15 Vdc
o Secondary Voltage =3.3 Vdc
o Secondary side current = 0.8 Amp

o Operating frequency = 300 KHz

l o YVout +
o -il
? Rt I 1T
[ WO T Gl B Cout |,
et bt .§Ulad
R2

>
: [r®] 51
1166
i C‘{]: IR1167A
’ ) (“-¥ Vout -
[N e 5
R

Figure 11: Flyback converter circuit fopology
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Refer Figure 12 taken from [1], Below IR1167S is a smart secondary-side driver
IC designed to drive N-Channel power MOSFETs used as synchronous rectifiers in
isolated Flyback converters. The IC can control one or more paralleled MOSFETSs to
emulate the behavior of Schottky diode rectifiers [1]. The drain to source voltage of

the MOSFET is sensed differentially to;

¢ Determine the level of the current and

o The device is turned on and off in close proximity of the zero current transition

Lead Assignment Pin# Symbol Descrigtion
VCC Supply Voltage
NS 2 ovT QOffset Voltage Trimming
. vCC VGATE B !
3 MOT Minimum On Time
o
[:{Z ovT ey GND _TU 4 EN Enable
3 MOT i vs [ & ! 5 Ve FET Drain Sensing
& V5 FET Source Sensing
4 EN Ve 5 ]
GND Ground
8 GATE Gate Drive Cutput

Figure 12: IR1167 Smart Rectifier control IC pin assignment

¢ Detailed Pin Description

o GND: Ground

This is ground potential pin of the integrated control circuit. The internal

devices and gate driver are referenced to this point.

o MOT: Minimum On Time

The MOT programming pin controls the amount of minimum on time. Once
Ve is crossed for the first time, the gate signal will become active then turn on the
power FET. Spurious ringing and oscillations can trigger the input comparator off. The

MOT blanks the input comparator keeping the FET on for a minimum time.

16



o OVT: Offset Voltage Trimming

The OVT pin will program the amount of input offset voltage for the turn-off
threshold Vyp. The pin can be optionally tied to ground, to Vcc or left floating, to
select three ranges of input offset trimming. This programming feature allows for

accommodating different RDSon MOSFETs.

o GATE: Gate Drive Output

This is the gate drive output for the IC. Drive voltage is internally limited and
provides 2A peak source and 5A peak sink capability. Although this pin can be
directly connected to the direct MOSFET gate, the use of minimal gate resistor is
recommended, especially when putting multiple FETs in parallel. Care must be taken
in order to keep gate loop as short and as small as possible in order to achieve optimal

switching performance.

o VS: Source Voltage Sense

VS8 is the differential sense pin for the power MOSFET source. This pin must
not be connected directly to the power ground pin (7) but must be used to creat a

Kelvin contact as close as possible to the power MOSFET source pin.

o VD: Drain Voltage Sense

VD is the voltage sense pin for the power MOSFET Drain. This is a high
voltage pin and particularly care must be taken in properly routing the connection to
the power MOSFET drain. Additionally filtering and or current limiting on this pin os

not recommended as it would limit switching performance of the 1C.

17



o VCC: Power Supply

This is the supply voltage pin of the IC and it is monitored by the under voltage
lockout circuit. It is possible to turn off the IC by pulling this pin below the minimum
turn off threshold voltage, without damage to the IC. The prevent noise problems, a
bypass ceramic capacitor connected to Vec and GND should be placed as close as

possible to the IRI167S. This pin is internally clamped.

o EN: Enable

This pin is used to activate the IC “sleep” mode by pulling the voltage level
below 2.5V (typ). In sleep mode the IC will consume a minimum amount of current.

However all switching functions will be disabled and the gate will be inactive.

18
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3.1.2 Circuit development
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Figure 14: Flow Chart of the circuit development
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CHAPTER 4

RESULTS AND DISCUSSION

In order to achieve the results of the circuit for the both circuit topologies (i)
Forward converters and (ii) Flyback converters, simulation has been done on Multisim
Simulation software. The simulation was done for both circuits which author has

already discussed. The required circuit parameters are given below in order to

simulate.
e Qutput voltage=3.3V

e Bias Voltage =150V
¢ Qutput current = 0.8 A
e Switching frequency = 300 KHz

4.1 Forward Converter Simulation Results

Author has shown the simulation results in Figure 16 for the Forward converter
circuit. The wave form shows the exact circuit parameters as expected discussed in
beginning of this chapter. The required results were achieved successfully as expected

i.e. output voltage, current and the power.
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Figure 15: Forward converter (After minor change)
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4.2 Flyback Converter Simulation Results

Table 1 which shows the components and the values. These components and
values are got with the help of online database of International Rectifiers Company.
These component values are for the flyback converter circuit in Figure 17. This is the
actual circuit for the flyback converter circuit [1]. The circuit was simulated using the
Multisim Simulation software. It was simulated using the circuit parameters, presented
in Table 1.

Figure 8 shows the simulation of flyback converter without the control IC
IR1167A. In order to conform, author contacted one of the Engineers of International
Rectifiers Company. He replied that; successful results will be achieved after building

the circuit and testing in laboratory.

Table 1: SR components value

. . Ref - Power . =~ :
Component’ Des Value Dissipation’ -Calculqtmns
Controller U1 IR11665PBF 0.406 W 102.0°CT]j
Sync Rec MOSFET Q1 [RFRs'(ié?ZPBF 2421 W 99.9 °C Te max
“ioltage Drop
Resictor R1 30.0 9 033 W
MOT Resistar R2 36.0kQ 1.44 s min ON time
Gate Resistor R3 1.00 0131w
Decoupling ; 281 mV Veec may ripple
Capacitor C1 1.00 uF N/A voltage
Start time .
Capacitor c2 0.33 nF NfA, 90 ps start time
i 3
vin + o1 Vout +
i
B
]
Kl 1 Cout |
o o g
Vin - - - éL.&)ad
- Ry S
116G & :
IR1IETA i
U_E:D 5 Vout -
= - >
al =

Figure 17: Flyback converter circuit topology
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The main objective of the final year project “Design and analysis of
synchronous d.c. to d.c. converter” has been achieved successfully. Research was
done, in order to design and analyze the converter. Author focused two main circuit
topologies for synchronous converters, (1) Forward Converter with Control-Driven
Synchronous rectifiers (SR} and (ii) Flyback converter with Constant-Frequency (CF)
Continuous-Conduction-Mode (CCM). This report details the brief back ground study,
literature review, results and discussion about the both converter type i.e. Forward
converters and Flyback converters. Author achieved the required converter parameters
by using Multisim simulation software. Author believes that Synchronous Conversion
is a growing concept; where the main objective is to reduce down power losses during
rectification of power. By using synchronous rectifiers we manage to minimize the

size of the power supplies used in portable appliances like Laptops and Mobile phones.

5.2 Recommendation

Author believes that, continuation to his work can achieve the remarkable work in
future. One can easily understand and get to know as to continue this work. His work
came up with some new things. Author remains successful to achieve objective of the
project. This project’s main concern was to design and analyze and now he

recommend, building and constructing this circuit since the simulation went success.
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AUTOMOTIVE MOSFET

PD -94740A

IRFR3710Z
IRFU3710Z

HEXFET® Power MOSFET
Features 5
» Advanced Prooes_s Technology Vpss = 100V
« UltraLowOn-Resistance
« 175°C Operating Temperature -
« Fast Switching s j o Rbs(on) = 18ME2
« Repetitive Avalanche Allowed up to Tjmax
s Ip = 42A
Description
Specifically designed for Automotive applications, this HEXFET®
Power MOSFET utilizes the latest processing techniques to :
achieve extremely low on-resistance per silicon area. Additional @‘ @
features of this design are a 175°C junction operating tempera- Q ' E
ture, fast switching speed and improved repetitive avalanche :
rating . These features combine to make this design an exiremealy
efficient and reliable device for use in Automotive applications and D-Pak I-Pak
a wide variety of other applications. IRFR37102 IRFU3710Z
Absolute Maximum Ratings
Parameter Max. Units

Ip @ T = 25°C [Continuous Drain Current, Vag @ 10V (Silicon Limited) 56
Ip @ T = 100°C|Continuous Drain Gurrent, Vgs @ 10V 39 A
Ip @ Tg =25°C |Continuous Drain Current, Vas @ TOV {Package Limitad) 42
Iom Fulsed Drain Gurrent © 220
Pp @T¢ = 25°C |Power Dissipation 140 W

Linear Derating Factor 0.95 W/eC
Vas Gate-to-Source Veltage %20 v
Eas (rhermaly imilegy | =IN01€ Pulse Avalanche Energy@ 150 mJd
Eag(Tested ) Single Pulse Avalanche Energy 1ested Value © 200
lam Avalanche Current O See Fig.12a, 12b, 15, 18 A
= Hepeliive Avelanche Chergy © >y
Ty Operating Junction and -55 to+ 175
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case }

Mounting Torque, 6-32 or M3 screw 10 Ibf+in (1.1N*m)
Thermal Resistance

Parameter Typ. Max. Units

Reuc Junction-to-Case — 1.05
Rasa JURGToN-To-AmBIenT (PCE mour) @ — o G
Raun Junction-to-Ambient _— 110
HEXFET® s a registered trademark of International Rectifier.
www.irf.com 1
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IRFR/

U3710<Z

International

IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Varioss Drain-to-Source Breakdown Voltage 10 — | — Vo |Vag =0V, Ip = 250pA
AVipross/ATy |Breakdown Voltage Temp. Cosfficient | — {0.088| — | V/°C |Reference to 25°C, I = TmA
Rosgony Static Drain-to-Source On-Resistance | — | 15 | 18 | M2 |[Vgg= 10V, [ =334 @
Vs Gate Threshold Voltage 20| — 1 4.0 V  |Vbs = Vas, Ip = 2504A
gfs Forward Transconductance | —F — 8 {Vps =25V, 15 = 33A
Ioss Drain-to-Source Leakage Current — | — 1 20 HA }Vps = 100V, Vg = 0V
— | — | 250 Vps = 100V, Vag =0V, Ty = 125°C
lass Gate-to-Source Forward Leakage e | — ] 200 | DA [Vgs=20V
Gate-to-Source Reverse Leakage _— | — | -200 Vs =-20V
Qq Total Gate Charge - | 89 | 100 In=33A
Qs Gate-to-Source Charge — | 15| — | nC |Vo==80V
Qgu Gate-to-Drain ("Miller") Charge — 25 | — Vag =10V @
tatony Tum-On Delay Time — | 14 | — Voo = 50V
1 Rise Time — ] 43 | — Ip = 33A
Yooty Turm-Off Delay Time — | 33 | — [ ns |Re=68Q
I Fall Time — | 42 | — Vos= 10V @
[ Internal Drain Inductance — | 45 | — Between lead, P
nH |6mm (0.25in.} '
Ls Internal Source Inductance — 1 75| — from package G(@
and center of die contact S
Ciss Input Capacitance — | 2930 — Vas = OV
Cose Qutput Capacitance — ] 280 | — Vps = 25V
Cres Reverse Transfer Capacitance — ] 180 | = | pF {f =1.0MHz
Cose Qutput Capacitance —_ | 1200 | - Vas =0V, Vps = 1.0V, f = 1.0MHz
Cose Qutput Capacitance — | 180 | — Vas =0V, Vg =80V, f=1.0MHz
Cose eff. Effective Output Gapacitance — | 430 [ — Vag = 0V, Vpg = 0V to B0V @
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max.{Units Conditions
lg Centinuous Source Current — | — | 56 MOSFET symbel a
{Body Diode) A |showing the
Ism Pulsed Source Current — ] — | 220 infegral reverse s
{Body Diode) @ p-n junction diode. N
Vep Biode Forward Voltage — =—— | 1.3 V T, =25°C, g =33A, Vae =0V @
b Reverse Recovery Time - 35 53 ns |Ty=25°C, Ip = 33A, Vpp = 50V
Qrr Reverse Recovery Charge — | #1 62 | nG |diidt=100A/s @
ton Forward Turn-On Time Intrinsie turn-on time is negligible (turn-on is dominated by LS+LD}
2 www.irf.com
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200 Notes on Repetitive Avalanche Curves , Figures 15, 16:
TOP Single Pulse (For further info, see AN-1005 at www.irf.com)
BOTTOM 1% Duty Cycls 1. Avalanche failures assumption:
— Ip = 33A Purely a thermal phenomenon and failure oceurs at a
E 150 temperature far in excess of Tjp,, This is vaiidated for
= every part type.
g’ h 2. Safe operation in Avalanche Is allowed as long asTjyy, is
5 N not exceeded.
o \\ Ny 3. Equation below based con circuit and waveforms shown in
@ 100 ) Figures 12a, 12b.
] \ NG 4. Pp (ave) = Average power dissipation per single
g " N avalanche pulse.
. \ .\ 5. BV = Rated breakdown voltage (1.3 factor accounts for
E 50 "\ voltage increase during avalanche).
1 \\ 8. Iy, = Allowable avalanche current.
‘\ 7. AT = Allewable rise in junclicn temperature, not to exceed
\ Timax (assumed as 25°C in Figure 15, 16),
D tay = Average time in avalanche.
25 ¢ ¥5 100 126 150 178 D = Duty cycle in avalanche = gy f
: Zinge(D. tay) = Transient thermal resistance, see figure 11
Starting T j . Junction Tamperature (°C) /ol tae) Y )
. . PO (avey = 1/2 ( 1.3-BV-ly,) = AT/ Zjpye
Fig 16. Maximum Avalanche Energy fay = 20T/ [1.3-BV-Zy]

vs. Temperature Eas (ar) = PD (ave) tav
www.irf.com 7
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» Low Leakage Inductance

@

Current Transformer

IR Rectifier
® Driver Gate Drive Bw
D.U.T . oy Period L= porod
4 1‘ IOV*
! X Circuit Layout Considerations (t @s”
+ Low Stray Inductance 17
« Ground Plane
<

D.U.T. igp Waveform
¥
Reverse ___]—v—v‘g
@ ﬂ @ Recovery | Body Diode Forward
g - - Current * ™ Current diret /'
T T @jouT Vpg Waveform Diode Recove
10, : i N M
}-—) ‘XDD
=4 x « dvidt controlled by R VDD Re-Applied N {
= :j— + Driver same type as DU, 1+ Voltage Body Olode * * Forward Dhop
= lgp convolled by Duty Factor "D" T @ |inductor Curent
+ D.UT. - Device Under Test (}_“___‘__—‘:*——_
Ripple < 5% sty
i
*Vag = 5V for Logic Level Devices
Fig 17. Peak Diode Recovery dv/dt Test Circuit for N-Channel
HEXFET® Power MOSFETs
Rp
Vpe AN
A
< }_‘“K D.UT.
RG A,
tL T-Voo
i1 1ov
Pulse Width < 1 ps
Outy Factor 0.1 %
L

Fig 18a. Switching Time Test Circuit

Vos
90%

\‘/

10%
Vas

d o

\

\

| ¥
A
ir i

taon) ta(otf)

Fig 18b. Switching Time Waveforms
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D-Pak (TO-252AA) Package QOutline

Dimensions are shown in millimeters (inches)
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A DIMERION W1 & <f RPRULD T0 BASE WETAL 4NLY,

M DATUN A & B 10 BE DEERNINED AT DATUM PLANE .

9.- QUTLINE COHFORMS T FDEC QUTLINE To- 2574k,
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D-Pak (TO-252AA) Part Marking Information
: S 1S
EXAMPLE: THIS IS AN [RFR120 PART NUMBER
WITH ASSEMBLY INTERNATIONAL
LOT CODE 1234 RECTIFIER DATE CODE
ASSEMBLED CN WA 18, 2001 LOGC YEAR 1 = 2007
IN THE ASSEMBLY UNE "A’ WEEK 16
. ™ LINE A
Note: "P in assambly line position ASSEMBLY
indicates "Lend-Free” LOT CODE

B in assembly line position indicates
'Load-Free” quallfication o the consumer-level

INTERNATIONAL
RECTIFIER
LOGO

OR

ASSEMBLY
LOT COCE

www.irf.com

PART NUMBER

DATE COCE

P = DESIGNATES LEAD-FREE
PRODUGT (QPTIONAL)

P = DESIGNATES LEAD-FREE
PRODUGT QUALIFIED TO THE
CONSUMER LEVEL (OPTIONAL)

YEAR 1 = 2001

WEEK 16

A = ASSEMBLY SITE CODE

FER
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l-Pak (TO-251AA) Package Outline

Dimensions are shown in millimeters (inches)
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HolES
1. DINCHSEHIKG AND TOLCRAKOND PLR ASME ri4.4hi 1994
2 - OMCHSIOK ARE SHOKA 1§ CHCS (WULIVETERS]

/5 DIMCKI0N 0 & £ DD NOT HEIUDE MOLD FLASH. VBAO FLASH SHALL HOT EXCEED 005 [13] PER
TOE THESE DMENSCHS ARE WEASURED AT 1KE QUINGSI EXIREWES OF THE ALASNC HooY.

A THEANAL PAD CONIOUR CPTION KUY DIENSON 54, L2, €1 & DL
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{ﬁ— COITKION bl, b & £l APPLY 70 BASE NEFAL DHLY.

- DUIUME CONTGRMS 10 JECEC CUTLINE 10-250A4 (Dule 06/02)
B~ DONTRO.LMG DWINSON @ BICVES,
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E WAL | Mak || owd Wax E
o0
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B3| 076 | 104 0¥ | o4 ¢
bd | 495 | 545 J8s | 13 1
e | 046 | 06l .0E | 024
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I-Pak (TO-251AA) Part Marking Information
EXAMPLE: THIS IS AN |l 1 FART NUMBER
RFU120 INTERNATIONAL
‘[ETTHC'ZSSEE?EB;Y RECTIFER DATE CODE
LOGO YEAR 1 — 2001
ASSEMBLED CN W 19, 2001 WEEK 19
I[N THE ASSERMBLY LINE "A" UNE A
ASSEMBLY
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Note: 'P" in assombly lino position
indicates Lead-Froe"
OR
PART NUMBER
INTERNATIONAL
RECTIFIER DATE CCDE
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PRODUCT (OPTICNAL)
ASSEMBLY YEAR 1 2001
LOT CODE WEEK 19
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TR Rectifier
D-Pak (TO-252AA) Tape & Reel Information
Dimensiens are shown in millimsters (inches)

TR TRR TRL

9o b oG % [a&¢¢ 1

16.3¢ .641) 163 ( 641)
@ [EE 157¢ 619) 157 ( 619)
‘ % 1 4

I L
121 (.476) J.E—B-J FEED DIRECTION B1{.318) —L———e—l FEED DIRECTION
EEEEE——

11.9 (.469) 7.0(.312)

NOTES :

1., CONTROLLING DIMENSICN : MILLIMETER.

2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS { INCHES ).
3. QUTLINE CONFORMS TO EIA-481 & EIA-541.

03 13INCH Q __;' _

|

O
NOTES :
1. DUTLINE CONFGRMS TO ElA-481,
Notes:
@ Repetitive rating; pulse width limited by @ Cyes eff. is a fixed capacitance that gives the same charging time
max. junction temperature. (See fig. 11}. as Cegg While Vps is rising frem 0 to 80% Vpgs .
@ Limited by Tymax Starting Ty=25°C, L=0.28mH ® Limited by Tax . Se€ Fig.12a, 12b, 15, 16 for typical repetitive
Ra =250, lag = 33A, Vgs =10V. Part not avalanche performance.
recommenided for use above this value. ® This value determined from sample failure population. 100%
@ Pulse width < 1.0ms; duty cycle < 2%. tested 1o this value in production.

® When mounted on 1" square PCB (FR-4 or G-10 Material) .
For recommended footprint and soldering techniques refer 1o
applicatich nole #AN-894.

Data and specifications subject to change without notice.
This product has been designed and qualified for the Automotive [Q101] market.
Qualification Standards can be found on IR's Web site.

International
TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segunds, Catifornia 90245, USA Tel: (310) 252-7105
TAC Fax: (310} 262-7903
Visit us at www.irf.com for sales contact information.11/06
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eraneond IR1167ASPbF

TSGR Rectifier IR1167BSPbF
SmartRectifier'™™ CONTROL IC

Features

* Secondary side high speed SR controller * 30ns turn-off propagation delay

* DCM, CrCM and CCM flyback topologies * Voo range from 11.3V to 20V

* 200V proprietary IC technology b Dl_re_ct sensing of MOSFET drain voltage

* Max 500KHz switching frequency * Minimal component count

* Anti-bounce logic and UVLO protection * Simple design

* 7A peak turn off drive current * Lead-free

* Micropewer start-up & ullra low quiescent current * Compatible with W Standby, Energy Star, CECP, etc.
L ]

10.7/14.5V gate drive clamp

Description

IR1t678 is a smart secondary side driver IC designed to drive N-Channel power MOSFETs
used as synchronous rectifiers in isolated Flyback converters.

The IC can control ene or more paralleled N-MOSFETs to emulate the behavior of Schottky
dicde rectifiers. The drain to source vollage is sensed differentially to determine the polarity
of the current and turn the power switch on and off in proximity of the zero current transi-
tion.

Ruggedness and noise immunity are accomplished using an advanced blanking scheme
and double-pulse suppression which aliow reliable cperation in continuous, discontinuous

Package

8-Lead SCIC
and critical current mode operation and beth fixed and variable frequency modes.
IR1167 Application Diagram
Vin
o ’ .
Rs | ‘i Rde
XFM o
’ l :G s U1 l c
oi i Voo VeATE [ ’ | ~
| 2 Z g
== 1 OVT  GND ¢ == g
3 5] -
I—Zs MOT Vs Co
ki rmoTe L4 o 15
IR11678 Rg

Rtni

.|IE

www.irf.com
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TSR Rectifier

Absolute Maximum Ratings

Stress beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device.
These are stress ratings only and functional operation of the device at these conditions are notimplied. All voitages
are absolute voltages referenced to GND. Thermal resistance and power dissipation are measured under board
mounted and stilt air conditions.

Parameters Symbol| Min. | Max. | Units Remarks
Supply Voltage Vao 0.3 20 v
Enable Voltage Ven -0.3 20 V)
Cont. Drain Sense Voltage Vo -3 200 Vv
Pulse Drain Sense Voitage Vo -5 200 vV
Source Sense Voltage Vg -3 20 vV
Gate Vollage Vaate 0.3 20 Vo |Voo=20V, Gate off
Qperating Junction Temperature T, -40 150 °C
Sterage Temperature Ta -55 150 °C
Thermal Resistance Reua 128 *C/W |SOIC.-8
Package Power Dissipation Po 870 mW  |SOIC-8, Tau=25"C
ESD Protection Veso 2 kV {Human Body Model*
Switching Freguency fsw 500 kHz

* Per EIA/JESD22-A114-B{ discharging a 100pF capacitor through a 1.5kQ series resistor).

www.irf.com 2
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Electrical Characteristics

IR1167AS/BS

The electrical characteristics involve the spread of values guaranteed within the specified supply voltage and
junction temperature range T, from — 26° C to 125°C. Typical values represent the median values, which are
related to 25°C. If not otherwise stated, a supply voltage of Veg =15V is assumed for test condition.

‘Supply Section

Parameters Symboi] Min. | Typ. | Max. | Unlis Remarks
Supply Voltage Operating Range Voo 12 18 N GBD
Ve Turn On Threshold Ve an 9.8 10.5 11.3 v
Vge Turn Gff Threshold Vg wio 5.4 9 97 v
{Under Voltage Leck Cut)
Ve Turn On/Off Hysteresis Voo HysT 1.4 1.55 1.7 i
8.5 10 IR1167A Groap=1nF, fsw = 400kHz
. 50 65 Croap=10nF, gy = 400kHZz
Operating Current lee mA
10.3 12 IR11678 Croap=1nF, fsw = 400kHz
66 80 Craap=10nF, fgw = 400kHz
Quiescent Gurrent lace 1.8 2.2 mA
Start-up Current lco sTanT 100 200 PA  |Vee=Voo on - 0.1V
Sleep Current IsLeep 180 200 PA  [Ven=0V, Voo =15V
Enable Voltage High \T;Nm 2.25 2.75 3.1 \i
Enable Voitage Low Vena 1.3 1.6 1.9 v
Enable Pull-up Resistance Ren 1.5 MQ | GBD
Comparator Section
Parameters Symbol]l Min. [ Typ. | Max. | Units Remarks
-7 -3.56 0 OVT = 0V, Vg=0V
Turn-off Threshold Vi -18 -10.5 -7 my  |OVT floating, V=0V
23 -19 -15 OVT = Vg, V=0V
Turn-an Threshold Vrre -150¢ -50 mv
Hysteresis ViysT 55 my
Input Bias Current ligiast. 1 7.5 pA Vo= -B0my
Input Blas Current lipias2 30 100 pA  |Vo= 200V
Comparator input Offsat Vorrser 2 mV__| GBD
Input CM Voltage Range Voum -0.15 2 i
QOne-Shot Section :
Parameters Symboll Min. | Typ. | Max. | Units Remarks
Blanking pulse duration taLank 10 15 20 us
25 v Vgpe=10V - GBD
Reset Threshold V1rg =2 m Veos20v - GED
Hysteresis ViysTa 40 mv  |Vee=10V - GBD
Minimum On Time Section
Parameters Symbol| Min. | Typ. | Max, | Units Remarks
Miimum on fme Tomni 190 240 290 ns  |Ryoy =5k, V=12V
2.4 3 36 1S IRwuot =75k, Voc=12Y

www.irf.com
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Minimum On Time Section

IR1167AS/BS

Parameters Symbol| Min. | Typ. | Max. | Units Remarks
Minimum on time P 190 240 290 ns  |Ruor =5k, Voe=12V
2.4 3 38 Hs HMOT "—"TSkQ, VGG=1 2y
Gate Driver Section
Parameters Symbol| Min. | Typ. | Max. | Units Remarks
Gate Low Voltage VLo 0.3 0.5 V) laate = 200mMA
Gate High Voltage Varn 9.5 107 | 125 V  JIR1167A - Vo=12V-18V (internally clamped)
Gale High Voltage VeTm 125 14.5 18.5 vV IR1167B - Vec=12V-18V {internally clamped)
Rise Time 1t 18 ns  |Croap = 1nF, Veo=12V
12 125 ns  |Cioap = 10nF, Vo112V
Fall Time i i0 ns  |Cloap = 1nF, Voe=12V
e 30 ns Croap = 10nF, Vgo=12V
Turn on Propagation Delay tbon 80 80 ns  [Vps 10 Vaare -100mV overdrive
Turn off Propagation Delay trls 40 &5 ns  |Vps 10 Vaare -100mY overdrive
Pull up Resistance fup 4 Q laate = 1A - GBD
Pull down Resistance Fagun 0.7 Q laate = -200mMA
Output Peak Current (source) 1o source A GCioap = 10nF - GBD
Quiput Peak Current (sink) loy sink A Cioap = 10nF - GBD

" Guaranteed by Design

POWER ON

QGate Inactive

UVLO MODE
VGG < ¥GGon
Gate Inactive
ICC max = 200uA

VGG > VGGon VCC < VCCuvio

ared
ENAELE HIGH ENAB

or
LE LOW

NORMAL

Qate Active

STATE AND TRANSITIONS DIAGRAM
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Block Diagram

IR1167AS/BS

VGG

ENA

=
(=]
Q

Vs O ‘17

OVTO

VTH3

[

Min ON Time

JL

Ve

Lp—

Min OFF Time

e
VDD
g [ Lo
a
W REGULATOR
.

DFWE>———0 VQATE

o GOM

vpale

¥THY Yoo
Lead Assignments & Definitions
Lead Assignment Pin# Symbol Description
1 VCC Supply Voltage
\—/ 2 ovT Qifset Voltage Trimming
] | i vGC VGATE 8 | ]
3 MOT Minimum On Time
w
[Lz_Jjovr @ ew[ 7][][ 4 | en Enable
| l 3 MOT & VS 5] | 5 VD FET Drain Sensing
6 Vs FET Source Sensin
| | 4 EN VD 5 l I J
7 GND Ground
8 GATE Gate Drive Output

www.irf.com
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Detailed Pin Description

IR1167AS/BS

GND: Ground

This is ground potential pin of the integrated contral
circuil. The internal devices and gate driver are
referenced to this point.

MOT: Minimum On Time

The MOT programming pin contrals the amount of
minimum on time. Once Vrya is crossed for the first
time, the gate signal will become active and turn on
the power FET. Spurious ringings and osciliations can
trigger the input comparator off. The MOT blanks the
input comparator keeping the FET on for a minimum
time.

The MOT is programmed between 200ns and 3us
{typ.) by using a resistor referenced to GND.

OVT: Offset Voltage Trimming

The OVT pin will program the amount of input offset
voltage for the turn-off threshold V..

The pin can be oplionaily tied to ground, to VCC ar
left floating, to select 3 ranges of input offset trimming.
This programming feature allows for accomodating
different RDSon MOSFETs.

GATE: Gate Drive Output

This is the gate drive output of the IC. Drive voltage
is internally limited and provides 2A peak source and
5A peak sink capabilify. Aithough this pin can be
directly connected to the power MOSFET gale, the
use of minimal gate resistor is recommended,
expecially when putting multiple FETs in parallel.
Care must be taken in order to keep the gate loop as
short and as small as possible in order to achieve
optimal switching performance.

VS: Source Voltage Sense

VS is the differential sense pin for the power MOSFET
Source. This pin must not be connected directly to
the power ground pin (7) bui must be used to create a

www.irf.com

kelvin contact as close as possible o the power
MOSFET source pin.

VD: Drain Voltage Sense

VD is the voltage sense pin for the power MOSFET
Brain. This is a high voltage pin and particular care
must be taken in properly routing the connection to
the power MOSFET drain.

Additional filtering and or current limiting on this pin is
not recommended as it would limit switching perfor-
mance of the 1C.

VCC: Power Supply

This is the supply voltage pin of the IC and it is
monitored by the under voltage lockout circuit, It is
possible to turn off the IC by pulling this pin below the
minimum turn off threshold voltage, without damage
to the IC.

To prevent noise problems, a bypass ceramic
capacitor connected to Vec and GND should be placed
as close as possible to the IR1167S.

This pin is internally clamped. -

EN: Enable

This pin is used to activate the IC "sleep” mode by
pulling the voltage level below 2.5V (typ). In sleep
mode the IC will consume a minimum amount of cur-
rent. However all switching functions will be disabled
and the gate will be inactive.
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STATES OF OPERATION

UVLO/Sleep Mode

The IC remains in the UVLO condition until the vollage
on the VCC pin exceeds the VCC turn on threshold
voltage, Vg o

During the time the IC remains in the UVLO state, the
gate drive circuit is inactive and the |C draws a
quiescent current of |, ;... The UVLO mode is
accessible from any other state of operation whenever
the IC supply voltage condition of VCC < V__ .o
occurs.

The sleep mode is initiated by pulling the EN pin below
2.5V (typ). Inthis mode the 1C is essentially shut down
and draws a very low guiescent supply current,

Normal Mode

The IC enters in normal operating mode once the
UVLO voltage has been exceeded. At this point the
gate driver is operating and the 1C will draw a
maximum of I from the supply voltage source.

www.irf,com
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GENERAL DESCRIPTION

The IR1167 Smart Rectifier iC can emulate the
operation of diode rectifier by properly driving a
Synchronous Rectifier (SR) MOSFET.

The direction of the rectified current is sensed by the
inpul comparator using the power MOSFET Rpgen
as a shunt resistance and the GATE pin of the
MOSFET is driven accordingly.

Internal blanking logic is used to prevent spurious
iransitions and guarantee operation in continuous.
(CCM), discountinuous (DCM) and critical (CrCM)
conduction mode.

Voot

Yoz

Ve ¥ Vrua

Input comparator thresholds

The medes of operation for a Flyback circuit differ
mainly for the turn-off phase of the SR swilch, while
the turn-on phase of the secondary switch {which
correspond to the turn off of the primary side switch}
is identical.

Turn-on phase

When the conduction phase of the SR FET is iniliated,
current will start flowing through its body diode,
generating a negative Vg voltage across it. The body
dicde has generally a much higher voltage drop than
the one caused by the MOSFET on resistance and
therefore will trigger the turn-on threshold V.

At that paint the IR1167 will drive the gate of MOSFET
on which will in turn cause the conduction voitage Vpg
to drop down. This drop is usually accompained by some
amountofringing, that can trigger the input comparater
to tun off; hence, aMinimum On Time (MCT) bianking
period is used that will maintain the power MOSFET on
for a minimum amount of time.

The programmed MOT will limit also the minimum duty
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cycle of the SR MOSFET and, as a consequence, the
max duty cycle of the primary side switch.

DCM/CrCM Turn-off phase

Once the SR MOSFET has been turned on, it will
remain on unlil the rectified current will decay to the
level where Vpg will cross the turn-off threshold V4.
This will happen differently depending on the mode
of operation.

In DCM the current will cross the threshold with a
relatively low dl/dt. Once the threshold is crossed, the
current will start lowing again through the body diode,

lreerss }
[
] e
/

i
: }
- \f;\f\_' i
| "

N

T2 | T8 | time

T1 |

I ‘f"'v,__.m

fime

Primary and secondary currents and
voltages for DCM mode

lorues 4 A

T1 | 12

i

A
| ‘ |
|

fime

[

s
time

Primary and secondary currents and
voltages for CrCM mode

causing the Vpg voitage to jump negative. Depending
on the amount of residual current, Vpg may trigger
ence again the turn on threshold: for this reason Vi

www.irf.com
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is blanked for & certain amount of time (Tg ank) after
V,,,, has been friggered.

The blanking time is internally set. As soon as Vpg
crosses the positive threshold V3 also the blanking
time is terminated and the i1C is ready for next

conduction cycle.

CCM Turn-off phase

in CCM mode the turn off transition is much steeper
and di/dt involved is much higher, The tur on phase
is identical to DCM or CrCM and therefore won't be
repeated here.

During the SR FET conduction phase the current will
decay lingarly, and so will VDS on the SR FET.

Iz

—~—2
T1 | T2 time

5
—cd
time

Primary and secondary currents and
voltages for CCM mode

Once the primary switch will start to turn back on, the
SR FET current will rapidly decrease crossing Vo
and turning the gate off.

The turn off speed is critical to avoid cross conduction
on the primary side and reduce switching losses.
also in this case a blanking period will be applied, but
given the very fast nature of this transition, it will be
reset as soon as Vpg crosses Viya.
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Fig 11. Max. Ve Veitage vs. Synchronous Rectifier
Switching Freq, T =125°C, T\ = 856°C, external Rg=1£),
1Q HEXFET Gate Resistance included
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Figures 11-14 shows the maximum aliowable Vg voltage vs. maximum switching frequency for
different loads which are calculated using the design methodology discussed in AN1087.
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Data and specifications subject to change without notice.
Qualification Standards can be found on IR's Web site.
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