InnoSwitch4-Pro Family

Digitally Controllable Off-Line CV/CC ZVS Flyback

power

integrations

Switcher IC with 750 V PowiGaN, Active Clamp Drive

and Synchronous Rectification

Product Highlights

Highly Integrated, Compact Footprint

¢ Quasi-Resonant (QR) or zero voltage switching (ZVS) flyback
controller when paired with ClampZero™ (active clamp IC)

¢ Unique control algorithm to enable ZVS in both DCM and CCM

e Robust 750 V PowiGaN™ primary switch

¢ Steady-state switching frequency up to 140 kHz minimizes
transformer size

* Synchronous rectification driver and secondary-side sensing

¢ Integrated FluxLink™, HIPOT-isolated, feedback link

¢ Drives low-cost N-channel FET series load switch

o Integrated 3.6 V supply for external MCU

Digitally Controlled via I?C Interface

Precise CV, CC, CP Control

Dynamic adjustment of power supply voltage and current
Selectable DCM-only operation to reduce SR FET voltage stress
Optimized command set to reduce I?C traffic

Telemetry for power supply status and fault monitoring

EcoSmart™ — Energy Efficient
¢ Efficiency up to 95%
e Less than 30 mW no-load including line sense and MCU
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Figure 1a. Typical Application — Active Clamp Flyback. (With ClampZero)

Advanced Protection / Safety Features

Series load switch short-circuit protection

Disable output fault response

Fast input line UV/OV protection

Programmable Output OV/UV fault detection and response
Open SR FET gate detection

Hysteretic thermal shutdown

Programmable watchdog timer for system faults

Full Safety and Regulatory Compliance

* Reinforced isolation >4000 VAC

e 100% production HIPOT testing

e UL1577 isolation voltage 4000 VAC (max) and TUV (EN62368) and
CQC (G4943.1) safety approved

Green Package
¢ Halogen free and RoHS compliant

Applications

¢ High density power adapters
¢ Multiprotocol adapters including USB PD + PPS, QC, VOOC, VFC, SCP
Direct-charge mobile device chargers

Multi-chemistry tool and general purpose battery chargers
Adjustable CV and CC LED ballast
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Figure 1b. Typical Application — QR Flyback.

Output Power Table!— ACF Mode

Output Power Table!— QR Mode

230 VAC % 15% 85-265 VAC 230 VAC % 15% 85-265 VAC
INN4373F 70W 75W 60 W 70 W INN4574F 80 W 90 W 65 W 85 W
INN4374F 8w oW W 8w INN4575F 90 W 100 W 75 W 90 W
INN4375F 90 W 100 W 80 W 90 W
INN4376F 115W 125 W 100 W 115 W INN4576F 15w 125w sow 15w
INN4377F 135W 145 W 115W 135 W INN4577F 125w 145 W 90w 135W
385 VDC (PFC Input) 385 VDC (PFC Input)
Product*> Product*>
Adapter? Open Frame? Adapter? Open Frame?
INN4474F 155 W 170 W INN4674F 145 W 170 W
INN4475F 160 W 180 W INN4675F 155 W 180 W
INN4476F 1BOW 200w INN4676F 170 W 200 W
INN4477F 200 W 220 W INN4677F 185 W 220 W
Table 1. Output Power Table. (See Table 1 Notes on page 2)
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InnoSwitch4-Pro

Description

The InnoSwitch™4-Pro family of ICs substantially reduces the size of and controller, isolated feedback and secondary controller with an I>C
power adapters. Switching frequency of up to 140 kHz and a very high  interface simplifies the development and manufacturing of fully

level of integration combine to reduce the component volume and PCB programmable, highly efficient power supplies.

board area required by a typical adapter implementation.

InnoSwitch4-Pro interfaces seamlessly with the ClampZero family of
active clamp ICs to achieve zero voltage switching in both continuous
and discontinuous conduction modes. Alternatively, InnoSwich4-Pro
can operate in QR mode using an RCD clamp with the appropriated
part number choice. Overall system efficiency exceeds 95%, allowing
designers to eliminate heat sinks, spreaders and potting materials for
thermal management, further reducing size, component cost and Figure 2a. High Creepage, Safety-Compliant InNSOP-T28D Package.
manufacturing complexity. The integration of PowiGaN primary switch
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Figure 2b. Pin Configuration.

Output Power Table 1 Notes
. Maximum output power is dependent on the design, with maximum IC package temperature kept <125 °C.
. Minimum continuous power in a typical non-ventilated enclosed typical size adapter measured at 40 °C ambient.
. Minimum peak power capability.
. F Package: InSOP-T28D.
. INN43xx/INN45xx series optimized for universal AC input designs.
INN44xx/INN46xx series optimized for peak power designs with PFC input.
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Figure 4. Secondary Controller Block Diagram.
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InnoSwitch4-Pro

Pin Functional Description

ISENSE (IS) Pin (Pin 1)

Connection to the power supply return output terminals. An external
current sense resistor should be connected between this and the
SECONDARY GROUND pin.

SECONDARY GROUND (GND) (Pin 2)

Ground reference for the secondary IC. Note this is not the power
supply output ground due to the presence of the sense resistor
between this and the ISENSE pin.

NC Pin (Pin 3)
Leave open. Should not be connected to any other pins.

SECONDARY BYPASS (BPS) Pin (Pin 4)
It is the connection point for an external bypass capacitor for the
secondary IC supply.

I2C Clock (SCL) Pin (Pin 5)
I2C serial communication protocol clock line sourced by the Bus
master.

I2C Serial Data (SDA) Pin (Pin 6)
12C serial communication protocol data line sourced by the Bus
master.

External VCC Supply (uVCC) Pin (Pin 7)
This is 3.6 V supply for an external controller.

VBUS Series Switch Drive and Load Discharge (VB/D) Pin (Pin 8)
VBUS enable and driver for NMOS gate for VOUT to VBUS series pass
FET(s). This pin is also used to discharge output load voltage (VBUS).

SYNCHRONOUS RECTIFIER DRIVE (SR) Pin (Pin 9)
Gate driver output and connection to external SR FET gate.

OUTPUT VOLTAGE (VOUT) Pin (Pin 10)

Connected directly to the output voltage providing current for the
secondary IC and sense for output voltage regulation. This pin also
has an active/programmable pull-down current source.

FORWARD (FWD) Pin (Pin 11)

The connection point to the switching node of the transformer output
winding providing information on the primary switch timing plus
providing power for the secondary IC when VOUT is below a
threshold value.

V15
NC 16
BPP 17
HSD 18

S19

D 28

PI-9404-081022

Figure 5.  Pin Configuration.

NC Pin (Pin 12-14)
Leave open. Should not be connected to any other pins.

UNDER/OVER INPUT VOLTAGE (V) Pin (Pin 15)

A high-voltage pin connected to the AC or DC side of the input bridge
for detecting under and overvoltage conditions at the power supply
input. When connected to the AC side of the bridge, a high-voltage
switch is opened when not sensing to reduce power consumption.
This pin should be tied to GND to disable UV/OV protection.

NC Pin (Pin 16)

Leave open or connect to SOURCE pin or BPP pin.

PRIMARY BYPASS (BPP) Pin (Pin 17)

The connection point for an external bypass capacitor for the primary

IC supply. This is also the ILIM selection pin for choosing standard
ILIM or ILIM+1. Must be connected to BP1 pin of ClampZero.

HSD Pin (Pin 18)

High-side drive signal for active clamp. Must be connected to IN pin
of ClampZero. In QR mode HSD pin is tied to ground.

SOURCE (S) Pin (Pin 19)

These pins are the power switch source connection. It is also ground
reference for primary BYPASS pin.

DRAIN (D) Pin (Pin 28)

This pin is the power switch drain connection.
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InnoSwitch4-Pro Functional Description

The InnoSwitch4-Pro combines a high-voltage power switch, along
with both primary-side and secondary-side controllers in one device.

The architecture incorporates a novel inductive coupling feedback
scheme (FluxLink) using the package lead frame and bond wires to
provide a safe, reliable, and cost-effective means to transmit
accurate, output voltage and current information from the secondary
controller to the primary controller.

The InnoSwitch4-Pro secondary controller consists of a transmitter
circuit that is magnetically coupled to the primary receiver, an I°C
interface to control power supply parameters and telemetry func-
tions, a 4.5 V regulator on the SECONDARY BYPASS pin, synchronous
rectifier FET driver, oscillator and timing functions, and a host of
integrated protection features.

INN437xF and INN447xF

The primary controller on InnoSwitch4-Pro is a zero voltage
switching (ZVS) flyback controller that has the ability to operate in
continuous conduction mode (CCM), and discontinuous conduction
mode (DCM) with virtually no switching loss. The controller uses
both variable frequency and variable current limit control scheme.
The primary controller consists of a frequency jitter oscillator, a
receiver circuit magnetically coupled to the secondary controller, a
current limit controller, 5 V regulator on the PRIMARY BYPASS pin,
bypass overvoltage detection circuit, a lossless input line sensing
circuit, current limit selection circuitry, over-temperature protection,
leading edge blanking and power switch.

INN457xF and INN467xF

The primary controller on InnoSwitch4-Pro is a Quasi-Resonant (QR)
flyback controller that has the ability to operate in continuous
conduction mode (CCM). The controller uses both variable frequency
and variable current control schemes. The primary controller consists
of a frequency jitter oscillator; a receiver circuit magnetically coupled
to the secondary controller, a current limit controller, 5 V regulator on
the PRIMARY BYPASS pin, bypass overvoltage detection circuit, a
lossless input line sensing circuit, current limit selection circuitry,
over-temperature protection and leading edge blanking.

Figure 3 and Figure 4 show the functional block diagrams of the
primary and secondary controller with the most important features.

Primary Controller

InnoSwitch4-Pro is a variable frequency controller allowing CCM/CrM/
DCM operation for enhanced efficiency and extended output power
capability.

PRIMARY BYPASS Pin Regulator

The PRIMARY BYPASS pin has an internal regulator that charges the
PRIMARY BYPASS pin capacitor to V,, by drawing current from the
DRAIN pin whenever the power switch is off. The PRIMARY BYPASS
pin is the internal supply voltage node. When the power switch is on,
the device operates from the energy stored in the PRIMARY BYPASS
pin capacitor.

In addition, a shunt regulator clamps the PRIMARY BYPASS pin
voltage to V., when current is provided to the PRIMARY BYPASS
pin through an external resistor. This allows the InnoSwitch4-Pro to
be powered externally through a bias winding, decreasing the
no-load consumption to less than 30 mW in a 5 V output design.

Primary Bypass ILIM Programming

InnoSwitch4-Pro ICs allows the user to adjust current limit (ILIM)
settings through the selection of the PRIMARY BYPASS pin capacitor
value. A ceramic capacitor can be used.

There are 2 selectable capacitor sizes — 0.47 uF and 4.7 uF for setting
standard and increased ILIM settings respectively.

Primary Bypass Undervoltage Threshold

The PRIMARY BYPASS pin undervoltage circuitry disables the power
switch when the PRIMARY BYPASS pin voltage drops below ~4.5 V
(Vipp = Vo)) N steady-state operation. Once the PRIMARY BYPASS
pin voltage falls below this threshold, it must rise to V. to
re-enable turn-on of the power switch.

SHUNT

Primary BYPASS Pin Overvoltage Function

The PRIMARY BYPASS pin has an optional latching OV protection
feature. A Zener diode in parallel with the resistor in series with the
PRIMARY BYPASS pin capacitor is typically used to detect an
overvoltage on the primary bias winding and activate the protection
mechanism. In the event that the current into the PRIMARY BYPASS
pin exceeds I, the device will latch-off or disable the power switch
switching for a time t, ., after which time the controller will restart
and attempt to return to regulation.

VOUT OV protection is also included as an integrated feature on the
secondary controller (see Output Voltage Protection).

Over-Temperature Protection

The thermal shutdown circuitry senses the primary switch die
temperature. The threshold is set to T, with either a hysteretic or
latch-off response.

Hysteretic response: If the die temperature rises above the threshold,
the power switch is disabled and remains disabled until the die
temperature falls by Topp at which point switching is re-enabled. A
large amount of hysteresis is provided to prevent over-heating of the
PCB due to a continuous fault condition.

Latch-off response: If the die temperature rises above the threshold
the power switch is disabled. The latching condition is reset by
bringing the PRIMARY BYPASS pin below Vi, ..c.r, Of by going below
the UNDER/OVER INPUT VOLTAGE pin UV (I,,,) threshold.
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Figure 6.  Normalized Primary Current vs. Frequency.

Current Limit Operation

The primary-side controller has a current limit threshold ramp that is
inversely proportional to the time from the end of the previous
primary switching cycle (i.e. from the time the primary switch turns
off at the end of a switching cycle).

This characteristic produces a primary current limit that increases as
the switching frequency (load) increases (Figure 6).
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This algorithm enables the most efficient use of the primary switch
with the benefit that this algorithm responds to digital feedback
information immediately when a feedback switching cycle request is
received.

At full load, switching cycles have a maximum current approaching
100% I,,,,- This gradually reduces to 30% of the full current limit as
load decreases. Once 30% current limit is reached, there is no
further reduction in current limit (since this is low enough to avoid
audible noise). The time between switching cycles will continue to
increase as load reduces.

Jitter

The normalized current limit is modulated between 100% and 95% at
a modulation frequency of f,, this results in a frequency jitter of

~7 kHz with average frequency of ~100 kHz.

Auto-Restart

In the event a fault condition occurs (such as an output overload,
output short-circuit, or external component/pin fault), the
InnoSwitch4-Pro enters auto-restart (AR) or latches off. The latching
condition is reset by bringing the PRIMARY BYPASS pin below

\Y or by going below the UNDER/OVER INPUT VOLTAGE pin

BPP(RESET)

UV (1,,) threshold.

In auto-restart, switching of the power switch is disabled for t
There are 2 ways to enter auto-restart:

AR(OFF)"

1. Continuous secondary requests at above the overload detection
frequency f, for longer than 82 ms (t,.).

2. No requests for switching cycles from the secondary for > t,. ., .

The second is included to ensure that if communication is lost, the
primary tries to restart. Although this should never be the case in
normal operation, it can be useful when system ESD events (for
example) causes a loss of communication due to noise disturbing the
secondary controller. The issue is resolved when the primary restarts
after an auto-restart off-time.

The auto-restart is reset as soon as an AC reset occurs.

SOA Protection

In the event that there are two consecutive cycles where 110% I, .
is reached within ~500 ns (the blanking time + current limit delay
time), the controller will skip 2.5 cycles or ~25 us. This provides
sufficient time for the transformer to reset with large capacitive loads
without extending the start-up time.

Input Line Voltage Monitoring
The UNDER/OVER INPUT VOLTAGE pin is used for input undervoltage
and overvoltage sensing and protection.

A sense resistor is tied between the high-voltage DC bulk capacitor
after the bridge (or to the AC side of the bridge rectifier for fast AC
reset) and the UNDER/OVER INPUT VOLTAGE pin to enable this
functionality. This function can be disabled by shorting the UNDER/
OVER INPUT VOLTAGE pin to primary GND.

At power-up, after the primary bypass capacitor is charged and the
ILIM state is latched, and prior to switching, the state of the UNDER/
OVER INPUT VOLTAGE pin is checked to confirm that it is above the
brown-in and below the overvoltage shutdown thresholds.

In normal operation, if the UNDER/OVER INPUT VOLTAGE pin current
falls below the brown-out threshold and remains below brown-out for
longer than t, the controller enters auto-restart. Switching will only
resume once the UNDER/OVER INPUT VOLTAGE pin current is above
the brown-in threshold.

In the event that the UNDER/OVER INPUT VOLTAGE pin current is
above the overvoltage threshold, the controller will also enter
auto-restart. Again, switching will only resume once the UNDER/

OVER INPUT VOLTAGE pin current has returned to within its normal
operating range.

The input line UV/OV function makes use of a internal high-voltage
MOSFET on the UNDER/OVER INPUT VOLTAGE pin to reduce power
consumption. If the cycle off-time t .. is greater than 50 us, the
internal high-voltage MOSFET will disconnect the external sense
resistor from the internal IC to eliminate current drawn through the
sense resistor. The line sensing function will activate again at the
beginning of the next switching cycle.

HSD Operation (INN437xF and INN447xF)

When the primary controller receives a request from the secondary
to begin a conduction cycle the InnoSwitch4-Pro first sends a signal
through the HSD pin to turn on the high-side switch in the ClampZero
for a fixed time of t, .. The amount of time required to build up
energy in transformer for ZVS is a function of clamp capacitor and
transformer leakage inductance. After this on-time, the InnoSwitch4-Pro
will wait for a programmed delay (see: HSD to ZVS Delay Program-
ming) before turning on the main primary switch to begin a flyback
conduction cycle.

HSD to ZVS Delay Programming (INN437xF and INN447xF)
In order to successfully achieve zero voltage switching (ZVS), some
delay is necessary between turn-off of the ClampZero switch and
conduction of the InnoSwitch4-Pro. At low input line/full load in CCM
operation, the required delay time is a function of the drain node
capacitance and the leakage inductance of the transformer. To tune
this delay t,, ,, a resistor must be placed between the HSD pin and
the SOURCE pin. This resistor can program one of four delays.
Centering this delay at the lowest point of the Drain voltage is critical
for optimizing ZVS operation.

HSD Resistor Programmed Delay (t )
130 kQ 80 ns
60 kQ 100 ns
30 kQ 120 ns
15 kQ 140 ns

At high input line/full load in DCM operation, the required delay time
is a function of the drain node capacitance and the sum of magnetiz-
ing and leakage inductance of the transformer. The delay is

pre-programmed to t,, ,, ~450 ns.

This delay switches between t,  and t, , based on input line voltage
information. When the UNDER/OVER VOLTAGE pin current rises

above 53.75 pA, the delay becomes t,, ,, and remains t, ; until the
current falls by 7.5 pA at which point t, , is enabled. Hysteresis is

provided to ensure longer delay for high-line ZVS.

Primary-Secondary Handshake

At start-up, the primary-side initially switches without any feedback
information (this is very similar to the operation of a standard
TOPSwitch™, TinySwitch™ or LinkSwitch™ controllers).

If no feedback signals are received during the auto-restart on-time
(t,o), the primary goes into auto-restart mode. Under normal
conditions, the secondary controller will power-up via the FORWARD
pin or from the OUTPUT VOLTAGE pin and take over control. From
this point onwards the secondary controls switching.

If the primary controller stops switching or does not respond to cycle
requests from the secondary during normal operation (when the
secondary has control), the handshake protocol is initiated to ensure
that the secondary is ready to assume control once the primary
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begins to switch again. An additional handshake is also triggered if
the secondary detects that the primary is providing more cycles than
were requested.

The most likely event that could require an additional handshake is
when the primary stops switching as the result of a momentary line
brown-out event. When the primary resumes operation, it will
default to a start-up condition and attempt to detect handshake
pulses from the secondary.

If secondary does not detect that the primary responds to switching
requests for 8 consecutive cycles, or if the secondary detects that the
primary is switching without cycle requests for 4 or more consecutive
cycles, the secondary controller will initiate a second handshake
sequence. This provides additional protection against cross-conduc-
tion of the SR FET while the primary is switching. This protection
mode also prevents an output overvoltage condition in the event that
the primary is reset while the secondary is still in control.

Wait and Listen

When the primary resumes switching after initial power-up recovery
from an input line voltage fault (UV or OV) or an auto-restart event, it
will assume control and require a successful handshake to relinquish
control to the secondary controller.

As an additional safety measure the primary will pause for an
auto-restart on-time period, t,, (~82 ms), before switching. During
this “wait” time, the primary will “listen” for secondary requests. If it
sees two consecutive secondary requests, separated by ~30 us, the
primary will infer secondary control and begin switching in slave
mode. If no pulses occurs during the t,, “wait” period, the primary
will begin switching under primary control until handshake pulses are
received.

Secondary Controller

As shown in the block diagram in Figure 4, the IC is powered by a
4.5V (V,,,) regulator which is supplied by either VOUT or FWD. The
SECONDARY BYPASS pin is connected to an external decoupling
capacitor and fed internally from the regulator block.

The FORWARD pin also connects to the negative edge detection
block used for both handshaking and timing to turn on the SR FET
connected to the SYNCHRONOUS RECTIFIER DRIVE pin. The
FORWARD pin voltage is used to determine when to turn off the
SR FET in discontinuous mode operation. This is when the voltage

across the R, of the SR FET drops below zero volts.

In continuous conduction mode (CCM) the SR FET is turned off
before the pulse request is sent to the primary to demand the next
switching cycle, providing excellent synchronous operation, free of
any overlap for the FET turn-off.

The output voltage is regulated on the VOUT pin and defaults to 5 V
at start-up.

The external current sense resistor connected between ISENSE and
SECONDARY GROUND pins is used to regulate the output current in
constant current regulation mode.

Programmable Voltage and Current

The operating voltage and current set points are set fully programmable
through I°C interface. The output voltage is fully user programmable
with a range from 3 V to 24 V. The fast response feedback loop of
the IC features 10 mV (AVOUT) voltage change resolution. The
programmable current set point features 15% to 100% operating
range, with a programming step size of 0.52% of full scale current.
Below 5 V and for load current less than 50 mA, voltage command
step size of 10 mV may result in non-montonicity since operating
frequency is very low.

Minimum Off-Time

The secondary controller initiates a cycle request using the FluxLink
connection to the primary. The maximum frequency of secondary-
cycle requests is limited by a minimum cycle off-time of .. This
is in order to ensure that there is sufficient reset time after primary
conduction to deliver energy to the load.

Maximum Switching Frequency

The maximum switch-request frequency of the secondary controller
iS fopeor
Internal uVCC Generation, Bus Switch Driver and Discharge
The internal LDO generates 3.6 V uVCC for MCU which simplifies the
system design. InnoSwitch4-Pro also has an internal driver that
guarantees turn-on of an n-channel FET series bus switch with
source voltage as high as 24 V. The VB/D pin which enables the bus
switch is also configurable as the discharge path for the load.

Programmable Protections

User programmable protection features include output undervoltage
(UV) and overvoltage (OV) protection and over-temperature
protection.

The UV/QV thresholds are dynamically programmable. Users can
program four responses to these protections, including auto-restart,
latch-off, disable output, and no-response. An auto-restart (AR) or
latch-off (LO) response does not inherently open the series bus
switch. The I?’C master must send a command to open it if this is the
desired behavior.

The secondary controller also features generation of an interrupt
signal if one or more of the faults is detected. The SCL pin is pulled
down for ~55 pus to generate an interrupt for MCU.

In the case when the MCU loses communication with the secondary
controller, a watchdog timer triggers a reset to reassert a safe 5V
condition and opens the series bus switch.

Telemetry Feature

The controller communicates to the MCU to report back the status of
the power supply. Output voltage and current is measured by
internal ADC and available to MCU through I?C. The telemetry
features also covers CV, CC and constant power set points, OV/UV
thresholds, all protection settings, interrupt status, and complete
fault status.

Frequency Soft-Start

At start-up the primary controller is limited to a maximum switching
frequency of f_, and 75% of the maximum programmed current limit
at the switch-request frequency of 100 kHz.

After hand-shake is completed the secondary controller linearly
ramps up the switching frequency from f,, to f .., over the
~10 ms time period.

In the event of a short-circuit or overload at start-up, the device will
move directly into CC (constant-current) mode. The device will go
into auto-restart (AR), if the output voltage does not rise above the
3.6 V before the expiration of the soft-start timer after handshake
has occurred.

If the output voltage reaches regulation within the soft-start time
period, the frequency ramp is immediately aborted and the secondary
controller is permitted to go full frequency. This will allow the
controller to maintain regulation in the event of a sudden transient
loading soon after regulation is achieved. The frequency ramp will
only be aborted if quasi-resonant-detection programming has already
occurred.
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Maximum Secondary Inhibit Period

Secondary requests to initiate primary switching are inhibited to
maintain operation below maximum frequency and ensure minimum
off-time. Besides these constraints, secondary-cycle requests are
also inhibited during the "ON" time cycle of the primary switch (time
between the cycle request and detection of FORWARD pin falling
edge). The maximum time-out in the event that a FORWARD pin
falling edge is not detected after a cycle requested is ~30 ps.

SECONDARY BYPASS Pin Overvoltage Protection

The InnoSwitch4-Pro secondary controller features SECONDARY
BYPASS pin OV feature similar to PRIMARY BYPASS pin OV feature.
When the secondary is in control: in the event the SECONDARY
BYPASS pin current exceeds I, o, the secondary will initiate a fault
response dictated by sec-fault response.

SR Disable Protection

In each cycle SR is only engaged if a set cycle was requested by the
secondary controller and the negative edge is detected on the
FORWARD pin. In the event that the voltage on the ISENSE pin
exceeds approximately 3 times the CC threshold, the SR FET drive is
disabled until the surge current has diminished to nominal levels.

SR Static Pull-Down

To ensure that the SR gate is held low when the secondary is not in
control, the SYNCHRONOUS RECTIFIER DRIVE pin has internal
nominally "ON" device to pull the pin low and reduce any voltage on
the SR gate due to capacitive coupling from the FORWARD pin.

Open SR Protection

In order to protect against an open SYNCHRONOUS RECTIFIER
DRIVE pin system fault the secondary controller has a protection
mode to ensure the SYNCHRONOUS RECTIFIER DRIVE pin is
connected to an external FET. If the external capacitance on the
SYNCHRONOUS RECTIFIER DRIVE pin is below ~200 pF, the device
will assume the SYNCHRONOUS RECTIFIER DRIVE pin is “open” and
there is no FET to drive. If the pin capacitance detected is above
~200 pF, the controller will assume an SR FET is connected.

In the event the SYNCHRONOUS RECTIFIER DRIVE pin is detected to
be open, the secondary controller will stop requesting pulses from
the primary to initiate auto-restart.

If the SYNCHRONOUS RECTIFIER DRIVE pin is tied to ground at
start-up, the SR drive function is disabled and the open
SYNCHRONOUS RECTIFIER DRIVE pin protection mode is also
disabled.

ZVS Operation in DCM and CCM Operating Modes

(INN437xF and INN447xF)

In order to improve conversion efficiency and eliminate switching
losses, the InnoSwitch4-Pro features a drive signal to the companion
ClampZero device as means to force the voltage across the primary
power switch to zero before every conduction cycle. This mode of
operation is automatically engaged in both DCM and CCM, dramatically
simplifying system design. In DCM, stress across the high-side clamp
switch is minimized to control the timing of the clamp-switch turn-on.
By restricting conduction cycles to the peak of the drain voltage ring,
switching loss across the ClampZero switch is minimized. See Figure 7a.

Rather than detecting the magnetizing ring peak on the primary-side,
the valley voltage of the FORWARD pin voltage as it falls below the
output voltage level is used to gate secondary requests to initiate the
switch “"ON”" cycle in the primary controller.

The secondary controller detects when the controller enters in
discontinuous-mode and opens secondary cycle request windows
corresponding to maximum switching voltage across the primary
power switch.

Secondary valley switching is enabled for 20 ps after DCM is detected
or when (FORWARD Pin) ring amplitude (pk-pk) >2 V. Afterwards,
valley switching is disabled, at which point switching of the active
clamp switch may occur at any time a secondary request is initiated.

The secondary controller includes blanking of ~1200 ns to prevent
false detection of the primary "ON” cycle when the FORWARD pin
rings below ground.

Unlike in InnoSwitch3 devices, the valley switching mode does not
play a direct role in initiating the turn-on of the primary-side power
switch, instead the active clamp circuit creates the low VDS condition
on the primary power switch necessary for it to operate with ZVS.

Intelligent Quasi-Resonant Mode Switching

(INN457xF and INN467xF)

In order to improve conversion efficiency and reduce switching
losses, the InnoSwitch4-Pro features a means to force switching when
the voltage across the primary switch is near its minimum voltage
when the converter operates in discontinuous conduction mode
(DCM). This mode of operation is automatically engaged in DCM and
disabled once the converter moves to continuous conduction mode
(CCM). See Figure 7b.

Rather than detecting the magnetizing ring valley on the primary-
side, the peak voltage of the FORWARD pin voltage as it rises above
the output voltage level is used to gate secondary requests to initiate
the switch "ON" cycle in the primary controller.

The secondary controller detects when the controller enters in
discontinuous-mode and opens secondary cycle request windows
corresponding to minimum switching voltage across the primary
power switch.

Quasi-Resonant (QR) mode is enabled for 20 usec after DCM is
detected. QR switching is disabled after 20 psec, at which point
switching may occur at any time a secondary request is initiated.
The secondary controller includes blanking of ~1 psec to prevent
false detection of primary "ON" cycle when the FORWARD pin rings
below ground.

ZVS and QR Switching Window Optimization

InnoSwitch4-Pro allows for optimization of switching to achieve QR/
Valley switching as close to the peak/minimum FORWARD voltage
respectively. Command register 0x02 = 0x1F is recommended for
optimal switching.

Default value is 0x01.
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