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IDP2303A iﬁneon

Digital Multi-Mode PFC + LLC Combo Controller

Product Highlights

e Integrated 600V startup cell
o Integrated floating driver based on coreless transformer technology
¢ Digital multi-mode operation for higher efficiency curve

e Supports low stand-by power by means of direct X-cap discharge function and
adaptive burst mode control

¢ Eliminates the auxiliary power supply by means of integrated startup cell and
burst mode

e UART interface for communication and in-circuit configuration

e Flexible design-in by means of one time programming capability for a wide
range of parameters

Description

The IDP2303A is a multi-mode PFC and LLC controller combined with a floating high side driver and a startup cell. A
digital engine provides advanced algorithms for multi-mode operation to support highest efficiency over the whole load
range. A comprehensive and configurable protection feature set is implemented. Only a minimum of external
components are required with the low pin count DSO-16 package. The integrated HV startup cell and adaptive burst
mode enable to achieve low stand-by power and low output ripple. In addition a one-time-programming (OTP) unit is
integrated to provide a wide set of configurable parameters that help to ease the design in phase.

Features

e Multi-mode PFC e Configurable soft-start

e Configurable PFC gate driver e V,cinput voltage sensing and X cap discharge via HV
e Synchronous PFC and LLC burst mode control pin

e Configurable non-linear LLC VCO curve

Applications

e Adaptors for TV, notebook and industry from 75W to 300W
e Generarl SMPS
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Figure1  Typical Application
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Pin Configuration and Description

1 Pin Configuration and Description
The pin configuration is shown in Figure 2 and Table 1. The Pin functions are described below.
Gbo A (1O 16 [TIHSGD
cso— |- 15| [THSVCC
VCCO |3 « | COHSGND
GNDO [« 8 1| mN.C.
zeomd] [s & 2| Oeb1
vsm ¢ & x| Fmest
Nc.O |7 ~ 10| [OHBFB
HvVO] (8 o] EOMFIO
PG-DS0O-16 (150mil)

Figure2  Pin Configuration

Table 1 Pin Definitions and Functions

Symbol Pin Type Function

GDO 1 0 Gate Driver Output 0 (PFC Gate Driver)

(PFCGD) Output for directly driving the PFC PowerMOS. The default peak source
current capability is 85 mA and the peak sink current capability is 800 mA.

€S0 2 I Current Sense 0 (PFC Current Sense)

(PFCCS) Pin CSO is connected to an external shunt resistor and the source of the PFC
PowerMOS.

VCC 3 P Positive Voltage Supply
IC power supply

GND 4 G Ground
IC ground

ZCD 5 | Zero Crossing Detection
Pin ZCD is connected to the auxiliary winding of the PFC choke.

VS 6 I Voltage Sensing
Pin VS is connected to a high ohmic resistor divider for directly sensing the bus
voltage.

N.C. 7 — Creepage Distance

HV 8 | High Voltage Input

Pin HV is connected to the AC input via an external resistor and 2 diodes or
connected after rectifier bridge. There is a 600 V HV startup-cell internally
connected that is used for initial VCC charge. It is also used to discharge the x-
capacitors of the EMI network. Furthermore sampled high voltage sensing is
supported for brownin/brownout detection.

MFIO 9 | MFIO

Pin MFIO provides a half duplex UART communication 10 interface for
parameter configuration and AC voltage detection.

HBFB 10 | Half Bridge Feedback

Pin HBFB is connected to an optocoupler for the feedback path to control the
LLC switching frequency.

CS1 11 I Current Sense 1 (Hallf Bridge current Sense)

(HBCS) Pin CS1 is connected to an external shunt resistor and the source of the

Datasheet 4 Rev.V2.0,2017-03-23
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Symbol |Pin | Type Function
PowerMOS in the half-bridge stage.

GD1 12 0 Gate Driver Output 1 (Half Bridge Low Side Gate Driver)

(LSGD) Output for directly driving the lowside PowerMOS in the half-bridge. The peak
source current capability is 120 mA and the peak sink current capability is 500
maA.

N.C. 13 — Creepage Distance

HSGND | 14 G High side Ground

Ground for floating high side driver

HSVCC |15 P High side VCC

Power supply of the high side floating driver, supplied via bootstrap

HSGD 16 0 High side floating Gate Driver

Output for directly driving the high side PowerMOS in the half-bridge. The
peak source current capability is 0.52 A and the peak sink current capability is
1.3 A. Refer to item 4.4.9 for more details.
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Representative Blockdiagram

2 Representative Blockdiagram

A simplified functional block diagram is given in Figure 3. Note that this figure only represents the
principle functionality.

IDP2303A digital combo-PFC & LLC controller consists of an Infineon 66MHz (fuci.xk) NanoDSP processor
to actualize both the power factor correction (PFC) and a half-bridge resonant function. The PFC and LLC
controllers function with their configured parameter to optimize the performance. The current sense,
zero-crossing and voltage sense provide the controller as well as the processor inputs for its control.

J |
GDO HSGD
Y. | Memory .

PFC Driver ']
OTP
Sy RAM HSVCC
Current [~ N ROM
Sense
vee HSGND
| ——
7ero Crossing _—_I_
Input Processor
GND NC
Voltage L ——
| —
[Ijl sense LLC EF
ZCD Driver GD1
n
Timers  |——J3 —— Clock —
VS Oscillators| CS1
N
Current E"‘{
Input power supply f Sense Lri
NC RHBFB_PU% HBFB
DEPLS
Block K_.ﬂ
DEPLG | Parameter LIA
HV MFIO
S ey
GPIO Block
HV Startup cell
i ; Regulator
1.5V digital domains > Internal Gate T
| l Diode driver reference
— - - - Ground
|3.3V analog/digital domalnsl |Deplet|on TranS|stor| D Pin L reference

Figure 3  Representative Blockdiagram

Datasheet 6 Rev.V2.0,2017-03-23



o,
IDP2303A Infineon
Digital Multi-Mode PFC + LLC Combo Controller

Functional Description

3 Functional Description

The functional description gives an overview about the integrated functions and features and their
relationship. The mentioned parameters and equations are based on typical values at To = 25°C. The
correlated minimum and maximum values are shown in the electrical characteristics in Chapter 4.

This chapter contains following main descriptions:
e Introduction (Chapter 3.1)
e Overview Controller Features (Chapter 3.2)
e General control features (Chapter 3.3)
e PFC Controller (Chapter 3.4)
e Half-bridge LLC Controller (Chapter 3.5)
e Operation Flow (Chapter 3.6)
e Overview Protection Features (Chapter 3.7)

e Fixed and configurable parameters (Chapter 3.8)

3.1 Introduction

The IDP2303A is a digital Combo-LLC controller to support application topologies with a multi-mode PFC
and half-bridge LLC stage. The IC consists of a smart digital core that provides advanced algorithms for
multi-mode operation and a variety of protection features. A high degree of forward integration is
realized by implementing a floating HV gate driver and a HV startup cell in a slim PG-DSO-16 package.
Multifunctional pins ensure a very low component count in the application. General controller features
are summarized in Table 2.

The IC supports highest design-in flexibility in the application by means of an advanced set of
configurable parameters. The configuration can be done via a half duplex UART interface at pin MFIO.

3.2 Overview Controller Features

e General Controller Features (Table 2)
e PFC Controller Features (Table 5)
e LLC Controller Features (Table 6)

3.3 Overview Controller Features

This chapter provides an overview of functional blocks for Figure 3. The general control features are

Table 2 General Controller Features

System and Devices overview Chapter 3.3.1
IC Power System and High Voltage Startup Cell Chapter 3.3.2
Direct AC input monitoring combined with VCC startup function Chapter 3.3.2.1
X-cap discharge function via the integrated HV startup-cell Chapter 3.3.2.2
Standby Mode with synchronous PFC-LLC burst operation Chapter 0

IC protection Chapter 3.3.4
Auto restart mode Chapter 3.3.4.4
AC detection Chapter 3.3.5

Datasheet 7 Rev.V2.0,2017-03-23
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Functional Description

3.3.1 System and Device overview

The device is dominantly used in an AC/DC application with a working scenario as illustrated below. The
device on powering-up enters start-up and soft-start stage. Once the voltage at the primary side and
secondary side of the transformer stabilizes, depending on the load condition, the device operates in
extremely light load or normal operation.

In extremely light load condition, the device operates in burst, meaning the gate drivers are driven at a
lower frequency ranges and switching on periodically only to maintain the supply voltage and the VCC of
the device.

In normal operating condition, the device actively switches its gate driver to regulate the voltage and
current supplies to the load.

In Figure 4, when overcurrent protection mechanism is triggered, the device shall shut down its LLC and
PFC controller and enter a restart of the system and attempt to re-power the system. There are many
protection and shut-down scenario. For further detail, please refer to Chapter 3.7.

IC Vee / T [\

o o g

ocpP

PFC current MMM

Lo

LLC current WW”

PFC Bus T
HBFB T\ \ me
Vout 1 — ,_j \

Burst off Burst on

LLC gate HHHHIIHII|\|||||||\||||||H||IIHIIHIIIHII||||| WAl

PFC gate IHI\II||HIIIHIHIHHHHIIIHH TR j

POWER_on L
Start up Zsf(t: I;I(;g Burg:)modz/ Normal Operation OCP1,  Autorestart protection Normal Bus OVP1 Normal ACtumn PFC IC
start  start standby mode OCP2 or Operation or OVP2 Operation off  UVP reset
OLP triggered triggered

Figure 4  IDP2303A Operation Overview

3.3.1.1 Processor and memory operations

This chapter describes the IC power processor function and its operation.

On powering up, the device’s processor initializes and loads its configuration from its one-time-
programmable memory and configures the device to its application needs. The timer for the scheduler is
programmed and the processor run within a scheduler timing function to continuous monitor for any
protection event as well as optimize the parameter for the PFC and LLC controllers.

The processor runs in an active scheduler mode when the PFC and the LLC controller are running and
runs in the following mode in specific condition of the system.

e HV-startup: System “cold start” with VCC startup via the integrated HV startup cell.

e Standby: System operates in synchronous PFC-LLC burst operation to keep output voltage
regulated and yet maintain very low system power consumption

Datasheet 8 Rev.V2.0,2017-03-23
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Functional Description

e Auto-restart: A protection mode that stops all PFC and LLC switching operations, puts the IC into a
suitable sleep mode, and initiates a new startup after a configurable break time 1.

Vcc_on threshold reached

l HV Startup
Processor initialised g Auto_restart
\ 4
Parameter loading
\ 4
. ) . Enter/Exit
Clocks and Timer configuration standoy |
 Z2
Scheduler/timers < Interrupts |
A
Watchdog T
check < > < > >
\ 4 l l l
LLC control PFC control Protection Communication | | Register/
Check status
v
System shut off

Figure5  Overview of Processor operations

The processor runs its program from its Read Only Memory (ROM) with random access memory (RAM)
as main data space for computation and control-flow state records during operation.

The processor monitors and processes the analog-to-digital (ADC) data. The processed data is provided
to control the power-factor-correction (PFC) and Resonant LLC converter. The processor also monitors
the input line (AC), its own monitoring lines as well as the output load feedback voltage for protection
condition and mitigates according to the conditions with the protection function. All the information are
registered and interrupts are triggered when interrupt event occurs.

1 Please refer to Chapter 4.7 for more detail about the protection mechanisms.

Datasheet 9 Rev.V2.0,2017-03-23
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Functional Description

3.3.1.2 Communication interface

The communication to external host is via the MFIO pin and is handled by the processor in firmware. A
half-duplex UART communication data between the host and the device is transferred through internal
UART.

3.3.1.3  Voltage and current sensors

IDP2303A sensing nodes are multiplexed to an analog-to-digital (ADC) module to allow the device to
monitor the system behavior and its internal behavior. The voltage and current sensors are multiplexed
to the ADC as well.

Each of the sensing node samples its voltage or current and the sampling is multiplexed onto the ADC
where the digital read-out is measured.

GDO Memory HSGD
OTP
Temperature RAM
— ROM
CS0 N HSVCC
Processor
vCC Sel Rl I HSGND
(O :
9
1 Clock
GND g\ s ‘ Oscillators NC
Mux [ t N
O]_ | Voltage J C |e
sense ;
ZCD s GD1
S / Timers

VS Cs1

& S

1 Input power supply
4 Current B|OCk HBFB

SR Parameter _e

<L f

HV Startup cell

NC

DEPLS
DEPLG

| 1.5V digital domains | > Internal Gate
Diode driver

|3.3V analog/digital domains| |Depletion Transistor| D Pin iR rg‘;?lej::ge

Figure 6  Voltage and current sensing multiplexing to ADC
Figure 6 shows the sensing paths that are multiplexed to the ADC. The ADC sensing is time-multiplexed to

the sensing nodes and is managed internally by the processor. Timers are used to enable and disable the
sample and hold circuit in the current sense block. Within each of the sensing block, there are sub-sensing
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Functional Description

nodes that allow measurement for each specific function. See Chapter 4.4.3 and Chapter 4.4.4 for further
details.

3.3.2 IC Power Supply and High Voltage Startup Cell

This chapter describes the IC power supply approach and the functions correlated with the high voltage
startup cell for Figure 1. The functions supported by the high voltage startup cell are

e Direct AC input monitoring combined with VCC startup function (Chapter 3.3.2.1)

e X-cap discharge function via the integrated HV startup-cell (3.3.2.2)
IDP2303A contains four power supply pins VCC, GND, HSVCC and HSGND. The VCC is the main low
voltage supply input at the IC. All the internal circuits except the integrated floating driver are connected
to pin VCC and pin GND, which is the common ground. A capacitor needs to be placed directly at the pins
VCC and GND to provide a proper buffering of the IC power supply voltage.
The pins HSVCC and HSGND are the power supply pins for the integrated floating high side driver. The
high side driver is supplied by an external bootstrap buffer capacitor that also needs to be connected
close to pins HSVCC and HSGND. The external bootstrap capacitor is charged via an external bootstrap
diode and resistor which are connected in serial to the VCC supply.

In order to avoid unexpected delay of startup cell, upper resistance of the voltage divider at VS pin is
strongly suggested to be over 8M().

3.3.2.1 Direct AC input monitoring combined with VCC startup function

There are two main functions supported at pin HV, with the connection of the rectified input voltage via a
resistor, Ruv (51kQ) (See Figure 8).

The integrated HV startup-cell is switched on during the VCC startup phase, when the IC is inactive. A
current is flowing from pin HV to pin VCC via an internal diode, which charges the capacitor at pin VCC.
This current is limited by the Ruv and the Rpsen) of the HV startup-cell. Once the voltage at pin VCC
exceeds the VCC on- threshold, the active operating phase is entered.

F troy L.

VCC Voltage

Power generation via auxiliary winding status and supplies the device

VCC_ONthreshold — | — - — - — — - — - — - > — — - —- —

UVLO Threshold
o | >
Time
I(HV)
3 (LRI g
Time
VCC supply by Dep_SW VCC supply by LLC Auxiliary
Device behaviour Depletion gate on Depletion gate off
Device off ‘ Device on

Figure 7 VCC voltage illustration of Direct AC input powering up behavior

Within the device, the rectified input voltage monitoring is supported by a resistive sense that is switched
on periodically by an internal timer. The timer switches on the HV startup cell and the switch T2 for a
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Functional Description

very short time after a defined period. During this short on-time, the voltage across Rsu is sensed to
estimate the HV voltage (See Figure 8).

Vbulk
HV
Startup-cell P
| Closed / Open Depletion-Cell [¥
¢ [ Driver <
3 AC Disconnect X-cap
) — Discharge
Detection s
Activation
Reio X-Cap Discharge Function

o > Sampling _control <

T2 <0 for Vin P

measurement |

Equivalent circuit diagram of
firmware implementation

Brownout / Brown-in Detection
VHVBOD + thveoDBIank » Brownin/
»
] L 4 — BrownOut
R [t‘* - Protection
SH V >
HVBID =

Figure 8  High voltage sensing at MFIO pin

3.3.2.2  X-cap discharge function via the integrated HV startup-cell

Safety standard requires X-caps to be discharged within two seconds once the switching mode power
supply is disconnected from the AC line. The AC waveform is closely monitored via a signal conditioning
circuit (R3, R4, R5, C1, ZD1 and Q1 in Figure 8) via a dedicated MFIO pin of IDP2303A.

An AC detection algorithm checks if there is an alternating voltage at the converter input. This function
works reliably for input voltages as specified in Table 3. As soon as the voltage stops alternating an AC
unplug event is detected and input capacitors (X-CAPs) are getting discharged via the depletion cell of
IDP2303A between pins HV and GND. AC unplug detection time is typically within a few hundred
Milliseconds and maximum 800 ms. The maximum discharge time constant for the maximum XCAP
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capacitance value of 2uF (see Table 4) is then appr. 104 ms (with Ryyv = 51kQ and the IC internal
resistance of about 1kQ). Therefore the X-CAPs are safely discharged within 1s to ES1 or SELV limits
according to IEC62368 and IEC60950.

The X-caps are then discharged to fulfil the safety standard. The discharging current is determined by the
external resistor Ruv (51 kQ) and Rgip (see Figure 8). The X-cap discharge function is a configurable
parameter.

Table 3 Input voltage ratings for reliable AC detection

Parameters Min. Max. Unit Remarks
Input voltage 90 264 VAC
Range 1 47 53 Hz
Frequency Range 2 57 63 | Hz

Table 4 X-CAP discharge component ratings

Parameters Min. Max. Unit Remarks
Total capacitance of all XCAPs 0.1 2 uF
Total discharge resistance from AC 51 51 kQ | Ruy

voltage to HV pin

3.3.3 Standby Mode with synchronous PFC-LLC burst operation

For IDP2303A, IC enters standby mode by detecting HBFB voltage. If Vugrs is less than V purst enter fOr a
blanking time of t pik purst, both PFC and LLC will stop switching immediately. The IC is put into power
saving mode. The controller enters into burst pause phase of standby mode.

During the standby mode, the HBFB pin is monitored to control the burst mode operation. When the
HBFB voltage rises up and reaches the burst on threshold V purst on, or VCC drops below Vvyee purst ofr, the
device will wake up and start burst mode operation. LLC burst on time t purst.onmax iS constant and
configurable with soft-start and soft-stop. After LLC completes one full busrt on switching, the device will
stop switching and enters sleep mode to save the power consumption.

The LLC busrt frequency f sw busrt and t purst on_max are optimized at typical standby power load in order to
achieve lowest input power and output ripple. Meanwhile, under ultra light load condition, e.g. no load
condition, LLC will increase burst frequency adaptively according burst off time. In the end, burst
frequency is stabilized so as to regulate busrt off time around maximum burst off time t purst off max. By
setting proper t purst off max, LLC can deliver right-fit energy adaptively to different load and avoid deep
saturation of feedback loop, which is able to reduce output ripple, minimize power consumption at
secondary feedback path and perform excellent dynamic load response.

When heavy load comes, the HBFB voltage will rise up and hit the leaving burst mode threshold V _purst_exit-
Then the device will leave burst mode operation. Another leaving burst mode condition is when the burst
off time reaches the minimum burst off time limit t burst off min.
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3.34 IC protection

3.34.1 Undervoltage lockout for VCC

There is an undervoltage lockout unit (UVLO) implemented, that ensures a defined enabling and disabling
of the IC operation depending on the supply voltage at pin VCC. The UVLO contains a hysteresis with the
voltage thresholds Vyccon for enabling the IC and Vyccotr for disabling the IC.

3.34.2 Overvoltage protection for VCC

Overvoltage protection at VCC is triggered when Vycc exceeds a threshold of V_vccove for a blanking time of
t vccove. The system enters into auto restart mode then.

3.34.3 Over temperature protection

When the internal temperature exceeds the over temperature protection level T orp, the system enters
into auto restart mode. If the temperature is lower than T orp_resetat the end of the auto restart breaktime,
the system exits auto restart mode and enters startup mode. Otherwise, if the temperature is higher than
T orp_reset at the end of the auto restart breaktime, the system remains in auto restart mode.

3.3.4.4 Auto Restart Mode

Once the auto restart mode is entered, the IC stops both PFC and LLC switching operations and enters
sleep mode. During this auto restart off-phase the HV startup-cell is activated to maintain the VCC voltage.
After the configurable auto restart breaktime t 4r the IC initiates a new start-up.

3.3.5 AC detection

This feature is used for detecting AC unplug condition during standby mode and is implemented via the
firmware. The figure below shows the configuration of the EMI filter and where input voltage is sensed
through detecting circuit. In normal operation, MFIO pin can receive one regular pulse signal with same
frequency as AC voltage. Once AC unplugged, MFIO pin pulse will disappear and IC will enable X-cap
discharge function via HV pin after 240ms blanking time.

Bridge diode
and PFC

\ 4

To MFIO pin

Figure 9  Circuit with AC detection with EMI filter
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3.4 PFC Controller

The PFC controller turns on and off the PFC gate driver so that a desired bus voltage is maintained while
the AC input current is approximately proportional to the AC line voltage resulting in high power factor
and low THD. A gate driver switching cycle has divided into three phases:

e the on-time, ton, where the PFC MOSFET is turned on, and the PFC choke current increases

e the freewheeling time, t;, where the PFC MOSFET is turned off, the choke current decreases and
charges the PFC output capacitor via the freewheeling diode

e the waiting time t., which starts when the choke current decreased to zero and an oscillation is
observed at the drain-source voltage of the switching MOSFET and the voltage at the auxiliary

winding.
. e
Co——
ouTT Rvs2 Inside chip
| _II
| z: x GDO
L » CSO
VIN + E
VS
} Bus Voltage
§ RCS ‘- RVSl CVSl -
|

Figure 10 PFC control at GDO pin and Voltage and current sensing at VS and CS pins
The following PFC functionality of the controller is described:

Table 5 PFC Controller Features

PFC Softstart Chapter 3.4.1

Multi-mode PFC control Chapter 3.4.2

PFC Protection Chapter 3.4.3

PFC Open Control Loop Protection (PFCOLP) Chapter 3.4.3.1
PFC Inductor Over Current Protection (PFCOCP) Chapter 3.4.3.2
PFC Output Over Voltage Protection (PFCOVP) Chapter 3.4.3.3
PFC Output Under Voltage Protection (PFCUVP) Chapter 3.4.3.4
PFC Brownin Protection for AC Input Line (PFCBID) Chapter 3.4.3.5
PFC Brownout Protection for AC Input Line (PFCBOD) Chapter 3.4.3.6
PFC Long Time Continuous Conduction Mode Protection (PFCCCMP) Chapter 3.4.3.7

3.4.1 PFC Softstart

PFC softstart, a PI controller calculates the on-time as a function of the difference between the reference
bus voltage and the actual PFC bus voltage. To compensate for the on-time and hence line dependency of
the boost power stage, the output of the PI controller is multiplied with on-time. The PFC operates in
fixed QR-1 operation with minimum on-time. With the minimum on-time multiplied to the output of the
PI controller, it will form an exponential softstart ramp for on-time that limits the switching frequency
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and startup current. Once the desired PFC bus voltage is reached, it resumes to normal multimode PFC
operation.

3.4.2 PFC Multi-mode operation

For PFC operating in critical conduction mode CrCM, the MOSFET is turned on with a constant on-time
throughout the complete AC half cycle and the off-time is varying during the AC half cycle depending on
the instantaneous input voltage applied. Thus, the switching frequency is varying within each AC half
cycle with the lowest switching frequency at the peak of the AC input voltage and the highest switching
frequency near the zero crossings of the input voltage. A new switching cycle starts immediately when
the inductor current reaches zero. CrCM is also equivalent to quasi-resonant switching at first inductor
current valley or QR1 operation. The switching period of CrCM operation is given by

Tsw = teye = ton T togy €Y)

CrCM is ideal for full load operation, where the constant on-time is large. However, the constant on-time
reduces at light load, resulting in very high switching frequency particularly near the zero crossings of the
input voltage. The high switching frequency will increase the switching losses, resulting in poor efficiency
at light load.

The new multimode PFC control algorithm implemented in IDP2303A can lower the switching frequency
by adding an additional delay into each switching cycle through selecting further inductor current valleys
to achieve QR2, QR3 and up to QR10 operation. In this way, the switching frequency is limited between a
minimum and maximum value. The switching period of the multimode PFC operation, consisting of QR1
to QR10 operation and DCM, is given by

Tsw = teye T tw (2)
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Figure 11 Current and timing in QR2 Operation

Introduction of the delay helps to reduce switching frequency but it also distorts the input current
waveform and thus affects the PFC THD performance. The multimode PFC control also consists of an
algorithm that optimizes the applied on-time on a cycle by cycle basis so as to ensure good input current
shaping and improve PFC THD performance.

3.4.3 PFC Protection

The PFC stage is protected against:
e PFC Open Control Loop Protection (PFCOCLP) (Chapter 3.4.3.1)
e PFC Inductor Over Current Protection (PFCOCP) (Chapter 3.4.3.2)
e PFC Output Over Voltage Protection (PFCOVP) (Chapter 3.4.3.3)
e PFC Output Under Voltage Protection (PFCUVP) (Chapter 3.4.3.4)
e PFC Brownin Protection for AC Input Line (PFCBID) (Chapter 3.4.3.5)
e PFC Brownout Protection for AC Input Line (PFCBOD) (Chapter 3.4.3.6)
e PFC Long Time Continuous Conduction Mode Protection (PFCCCMP) (Chapter 3.4.3.7)

3.43.1 PFC Open Control Loop Protection (PFCOCLP)

Open control loop is detected if the voltage value at pin VS is lower than the threshold V _gipprc. This may
happen in case that the voltage sensing loop is highside open circuit or the input voltage is too low. If
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open loop is detected at the IC startup, both the PFC and the HB LLC controller do not start up. If this open
loop condition is detected during system operation, the system enters into auto restart mode.

3.4.3.2 PFC Inductor Over Current Protection (PFCOCP)

In the converter system, the peak current through the MOSFET is monitored via the PFC shunt resistor
Rpcs to minimise stress for the MOSFET, the inductor Lprc and the diode Dprc. Once the voltage across the
shunt resistor exceeds the over current threshold V csoocpser, the MOSFET gate is turned off. Afterwards,
the ZCD signal, or the PFC maximal period time-out signal, initializes the next switching cycle. This
protection mechanism is active in every switching cycle.

3.4.3.3 PFC Output Over Voltage Protection (PFCOVP)

A two stage overvoltage protection scheme is implemented where a slower average measurement of the
bus voltage shall trigger a shutdown of the PFC under OVP1 of a lower threshold by firmware, and a faster
immediate measurement of the bus voltage shall also trigger a shutdown of the PFC under OVP2 by
hardware. For OVP1, if the average sensed PFC bus voltage exceeds the threshold V_ovpswsetprc, the PFC will
stop switching while the LLC continues to run. OVP2 is implemented by hardware. The threshold of this
comparator is fixed at V ovphwserrrc =2.8V. Once the sensed bus voltage exceeds this threshold for a
configurable filter delay time, the PFC will stop switching while the LLC continues to run. Once the
average sensed PFC bus voltage reduces and reaches the reference bus voltage V gerrrc, the PFC converter
resumes normal operation.

3.4.3.4 PFC Output Under Voltage Protection (PFCUVP)

The PFC undervoltage protection (UVP) is a protection for the LLC converter from entering capacitive
operation range. Since UVP is detected by sensing the PFC bus voltage, it is placed under PFC protection
features. UVP is implemented by firmware. If the average sensed PFC bus voltage falls below a
configurable UVP threshold V _yvpsererc for a blanking time of t yvpeierc, PFC undervoltage is detected. PFC
will stop switching and LLC will continue switching.

3.4.3.5 PFC Brownin Protection for AC Input Line (PFCBIP)

PFC brownin protection is implemented by firmware and it utilizes HV pin for AC input voltage sampling
for better input voltage measurement.

The desired brownin input voltage threshold is V_uvsip. If Vacrms > V_nveip, brown-in is detected and the
system enters into startup.

3.4.3.6 PFC Brownout Protection for AC Input Line (PFCBOP)

The PFC brownout protection prevents the system from operating at very low input voltage that is out of
the normal operating range. This helps to protect the system from high current stress or device failures at
very low input voltage. PFC brownout protection is implemented by firmware and it utilizes HV pin for AC
input voltage sampling for better input voltage measurement.

The desired brownout input voltage threshold is V_uvsop. If Vacrms < V_nveop and after a blanking time of
t nvBobblank, brownout is detected. PFC will stop switching and LLC will continue switching.

3.4.3.7 PFC Long Time Continuous Conduction Mode Protection (PFCCCMP)

Continuous conduction mode (CCM) operation may occur during PFC startup for limited time duration. It
is considered as a failure in the system only if CCM operation of the PFC converter is observed over a
longer period of time. The PFC converter may run into CCM operation for a longer period due to shorted
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bypass diode, heavy load step that is out of specification or very low input voltage that is out of the
normal operating range.

When CCM occurs, the magnetizing current in the PFC choke does not have a chance to decay to zero
before the MOSFET turns on. There will be no quasi-resonant oscillation observed at the ZCD signal
before the maximum switching period time-out is reached that turns the MOSFET on. This turn-on event
without ZCD oscillation is monitored to protect the PFC converter from continuous CCM operation. The
long time CCM protection is implemented by firmware.

At every sampling period, if the maximum switching period time-out occurs before any quasi-resonant
oscillation is observed at the ZCD signal, the CCM time counter is increased by 1. If the PFC switching
period is less than the time-out period, the CCM time counter is decreased by 1. Once the CCM time
counter exceeds t_ccmpprc, the system enters into auto restart mode. The long time CCM protection is active
only if the PFC on-time is above the threshold t onminprc by 200ns.

3.5 Half-bridge LLC Controller

Following LLC functionality is described:

Table 6 Half-bridge LLC Controller Features

LLC Softstart (Time Controlled Oscillator TCO) Chapter 3.5.1
LLC Normal Operation (Voltage Controlled Oscillator VCO) Chapter 3.5.2
LLC Smooth Transition of Frequency Control From TCO to VCO Chapter 3.5.3
LLC Half-bridge Protection Chapter 3.5.4
LLC Open Control Loop Protection (LLCOCLP) Chapter 3.5.4.1
LLC Over Load Protection (LLCOLP) Chapter 3.5.4.2
LLC Over Current Protection Level 1 (LLCOCP1) Chapter 3.5.4.3
LLC Over Current Protection Level 2 (LLCOCP2) Chapter 3.5.4.4

3.5.1 LLC Softstart (Time Controlled Oscillator TCO)

The half-bridge LLC controller enters softstart for every VCC power up and upon recovering from certain
protection mode provided the bus voltage is in the proper range. In softstart, the switching frequency
changes with the elapsing time (a time controlled oscillator - TCO), as shown in Figure 12.

The switching frequency starts at a maximum value and decrease with a defined frequency step change at
every 512us. The initial frequency step change is larger and the frequency step change will gradually
decrease at every 512us until it reaches the minimum frequency step change value.

Once the softstart switching frequency is close to the switching frequency output of the free-running
voltage controlled oscillator (VCO), the external secondary side LLC bus voltage controller and VCO will
take over the regulation of the LLC output voltage. The LLC enters into normal operation.
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Figure 12 Frequency vs. Time of the TCO

3.5.2 LLC Normal Operation (Voltage Controlled Oscillator VCO)

During normal operation, a voltage controlled oscillator (VCO) generates the HB LLC converter switching
frequency fyp based on the HB feedback voltage Vugrs. In this controller, the curve of the HB switching
frequency fug in response to the feedback voltage Vugrs is schematically shown as in Figure 13.

The VCO switching period vs. feedback voltage inside this controller consists of three pieces of direct line
with different slew rate. As shown in Figure 13, the line in area II (normal operation) has much lower
slew rate than the area I (Light Load) and III (Heavy Load). Therefore, the VCO in the area Il has a much
better frequency resolution than in the area [ and III. In this way, fine frequency resolution around the
nominal operating point Vnomus is realized, while a wide operating frequency range can be covered with
fast response to the load change in both heavy and light load is realized.
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Figure 13 Frequency vs. Feedback Voltage of the VCO
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The switching period curve is defined by following key points: feedback origin (0, Tminvco), VCO light load
(V_iwveo, T rwveo), VCO nominal point (Vwomvco, Tnomveo), VCO heavy load (V uivco, T niveo) and feedback
maximal point (V_maxvco, T maxvco). In this controller, all values are calculated based on the VCO nominal
frequency f nomvco and nominal feedback voltage V nomvco with certain factors, as:

the minimal and maximal HB LLC switching frequency f minvco and f maxvco :
f_ Minvco = kainVCO f_ NomVCO 3)

f_ MaxVco = kaaxVCO -f _Nomvco (4)

the frequency at the corners:
fuwveo = kenwveo - f-nomveo (5)

frvco = Kriwveo - f nomveo (6)

and the feedback voltages:.
Vurveo = kvurveo -V Nomvco (7)

V vco = Kvrveo -V nomveo (8)

Once these points are defined, the switching period is calculated by a linear interpolation of the switching
period to the feedback voltage, and the switching frequency curve over the whole feedback range is
resulted, which is naturally non-linear function of the feedback voltage, as shown in Figure 13.

For an optimal HB LLC operation, the frequency f nomvco should be set as the resonant frequency of the
LLC resonant tank, while the respected feedback voltage V nomvco is taken at the middle of the regulation
feedback range.

3.5.3 LLC Smooth Transition of Frequency Control from TCO to VCO

With built-in HB LLC softstart, the output voltage rises up smoothly and feedback voltage Vuges is
available once the output voltage reaches in the regulation range. During the startup, LLC leaves the
softstart mode and enters normal operation mode if the switching frequency determined by the VCO is
equal to or higher than the switching frequency determined by the TCO, then the voltage controlled
oscillator (VCO) takes over the frequency control.

3.5.4 LLC Half-bridge Protection

The LLC half-bridge is protected against:
e LLC Open Control Loop Protection (LLCOCLP) (Chapter 3.5.4.1)
e LLC Over Load Protection (LLCOLP) (Chapter 3.5.4.2)
e LLC Over Current Protection 1 (LLCOCP1) (Chapter 3.5.4.3)
e LLC Over Current Protection 2 (LLCOCP2) (Chapter 3.5.4.4)

In this controller, the HB LLC converter is protected against HB open loop and over load (OLP), over
current

3.54.1 LLC Open Control Loop Protection (LLCOCLP)

Open control loop may happen due to open circuit in opto-coupler either at the diode or at the transistor,
open circuit in HB feedback pin or the broken connection of the IC pin to the opto-coupler transistor
source terminal. In this case, the HB feedback Vugrs stays at high. After the end of the softstart, the
averaged value of the feedback voltage Vugrs over time period of N accug * tsmup is compared with the
threshold V gpus. If the measured value is higher than the threshold for time t opus, then the open loop
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protection is triggered and the whole system enters auto-restart mode. The system will be stopped and a
time break t ar follows. After this time break, the HB LLC converter restarts again with softstart. This is
open loop protection.

3.54.2 LLC Over Load Protection (LLCOLP)

Over load at the HB LLC output during normal operation leads to rise of the feedback voltage Vugrs. Once
the averaged value of the feedback voltage Vugrs over time period of N accup * tsmp is high than the
threshold V _oipus for time t opus, the over load protection is triggered and the HB controller, together with
PFC, enters auto-restart mode. The HB LLC converter will be stopped and a time break t sr follows. After
this time break, the HB LLC converter restarts again with softstart.

3.5.4.3 LLC Over Current Protection Level 1 (LLCOCP1)

LLC OCP1 is implemented with hardware comparator and firmware handling and the condition is
checked at every LLC switching. The voltage across the shunt resistor Ry at the low-side MOSFET is
sensed via the CS1 pin.

There are three different over current protection thresholds V _ocpi_norm, V_ocp1_burst and V_ocp1_startup to cOVer
various operation conditions. The threshold V ocp1 startup is applied during startup, the threshold V ocp1 burst
is applied during leaving burst mode transition to avoid the OCP1 mis-triggered and the relatively lower
threshold V_ocp1_norm is applied during normal operation.

If the voltage across the shunt resistor Rug at the low-side MOSFET exceeds the OCP1 threshold, OCP1
protection is triggered to increase the current switching frequency to f ocp1 to limit the power. The higher
switching frequency results in reduced current flowing in the LLC tank and limits the output power
transfer. If the sensed current falls below the OCP threshold, the LLC switching frequency starts to be
reduced. At the point where the calculated LLC switching frequency based on the HBFB signal is higher
than the switching frequency as defined by the OCP1 protection, the LLC converter resumes control
under VCO.

If above scenario occurs continuously more than N ocpimax times, then there will be a serious fault
condition, IC will enter auto restart protection mode to protect the whole system. In the meantime, due to
the limited power transfer during OCP1 protection, the open loop protection or overload protection could
also be triggered to enter auto restart protection mode.

Table 7 LLC Overcurrent protection 1 parameters 1
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.

LLC OCP1 detection during Vocpi startup | - 550 - mVy |13
startup 2
LLC OCP1 detection during Vocpiburst |- 750 - mV 13
leaving burst mode 2
LLC OCP1 detection during Vocpinorm |- 427.5 - mV
normal operation mode *
Maximum overcurrent count for] Nocpt max | - 8 - -
overcurrent  protection  to
trigger

1 This setting is application specific and is changed accordingly for application. Please check setting when application varies.
2 Voltage level triggered only during start up and burst mode.

3 Parameter is not tested in production test.

4 Applicable in normal operation only. Voltage level not triggered for soft-start and burst mode.
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3.54.4 LLC Over Current Protection Level 2 (LLCOCP2)

LLC OCP2 could be triggered by a large primary side current through the shunt resistor. OCP2 is
implemented by hardware via the OCP2 comparator. The status of OCP2 hardware can be read by
firmware to detect if OCP2 event has occurred for subsequent action to be taken. If the voltage across the
shunt resistor is higher than the threshold Vop2, the system enters into auto restart mode.

3.6 Operation Flow

In this chapter the control flow of the IC are described. Operating flowchart is shown in Figure 14.
e IC Initialization (Section 4.6.1)
e Operation flow of the PFC Controller (Section 4.6.2)
e Operation flow of the HB LLC Controller (Section 4.6.3)

3.6.1 IC Initialization

As mentioned previously, once the VCC is above the turn-on threshold, the IC is active. The IC enters
initialization state immediately after the VCC is powered up. In the initialization state, the correct setup
values are assigned to the control units and then both PFC and HB are enabled. Also refer to Figure 5 for
scheduler.
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3.6.2 Operation Flow of the PFC Controller

If the PFC is disabled, there is no sensing of any PFC related signal and no switching of the PFC gate
driver, the PFC MOSFET gate is actively pulled down to ground.

Once the PFC is enabled, the bus voltage is checked against open loop. If no open loop is detected, the PFC
begins its operation with softstart.

During PFC softstart, the PFC starts its operation according to the sensed signals at ZCD, CS0, and VS. The
voltage control loop (PI regulator) is kept fast enough and the integrator of the PI regulator growth is
limited to avoid output voltage overshoot. As soon as the bus voltage is getting close to the rated value,
the PFC enters normal operation state where it is regulated to improve the power factor.The bus voltage
is regulated to its rated value.

From the PFC protections, OCP does not cause any break of the PFC converter operation but OVP1 and
OVP2 will cause a short break of the PFC operation. After the bus voltage comes back to the rated value,
the PFC resumes its operation immediately. In case of long time CCM operation, the PFC enters auto-
restart state. After the auto-restart time break, the PFC restarts with softstart.

3.6.3 Operation Flow of the Halfbridge LLC Controller

If the HB LLC is disabled, there is no sensing of any HB LLC converter related signal and no switching of
the high and low side gate driver. The MOSFET gates are actively pulled down to ground.

Once the HB LLC is enabled, the controller checks the bus voltage against the HB startup bus voltage
Visgstre. After the HB startup voltage at the PFC bus is reached, the HB LLC controller enters softstart state.
In this state, the HB LLC converter switching frequency is controlled by TCO and decreases with time. The
output will be built up and feedback signal should be available within the softstart time, tss max. Once the
feedback voltage reaches a certain value that the frequency determined by VCO is equal to current
frequency determined by the TCO, the controller enters normal operation state, feedback signal is then
used for the output regulation by the VCO.

Some failures may stop the HB operation and lead the controller back to valid bus voltage check, i.e. by
bus under voltage, or the softstart state after the HB auto-restart time break, i.e. by open loop or over
load. In case of the over current protection 2 (OCP2), the HB LLC converter enters system auto-restart
mode.

A comprehensive set of protection is integrated inside this controller for PFC and HB LLC converter. Some
of them have just influence on the PFC or HB LLC only while some have influence on the other part of the
controller. This information is summarized as in the Table 8 and Table 9.

Table 8 PFC Protections If Enabled

Protection Effect on PFC converter Effect on HB converter
B vpSW : i ; .
us over voltage Vvs > V ovpswsetprc: blocks gatg signal no influence
protection 1 Vys < V gerprc: releases gate signal
Bus over voltage Vvs> V ovpnwserrrc: blocks gate signal .
: ) no influence
protection 2 Vys <V gerprc: releases gate signal
. Vys < Vuywpsetrre @ LLC continues
Bus under voltage Vys <V _yypsetprc: Stops operation switching vpSet
VS open loo
op B Vvs < V_oipprc for : no startup of PFC no start up
protection
PFC over current Vcso > V csoocpser fOr tocprebprc: Stops gate
protection immediately; . no effect
next gate turn-on triggered by ZCD on
t_maxPFC
- . PF i fI' 1 I' ton nMin :
PFC minimal on-time C on time om regulator ton < LonMinFcd | ) o ffect
blocks PFC gate signal;
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Protection Effect on PFC converter Effect on HB converter
ton > t onminprc: releases PFC gate signal
PFC maximal on-time| ton > t onMaxprc : ton= tonMaxPFc no effect
PFC Brownin Vacrms > V nveip: Enters startup no effect
PFC Brownout Vacrms < V.vsop: After a blfemking time of LLC continues switching
t nvBobblank, Stops PFC operation

PFC long time CCM

protection CCM operation for longer than t ¢empprc : System Auto-restart

Table 9 LLC Protections If Enabled

Protection Effect on PFC converter Effect on HB converter
HB over current
protection 1
HB over current
protection 2
HB open control loop

Vest > Voocp1 for N ocpi_max: System Auto-restart

Vies1 >V ocpz @ system Auto-restart

rotection
EB over load Vugrs > V _oipus for t oipus: system Auto-restart
protection
3.7 Overview Protection Features

The following table provides an overview about the complete protection feature set. The corresponding
default actions are listed for the cases where a protection feature is triggered.

If the application requires different behavior for the items in the table 8, please contact Infineon
representatives.

Table 10  Overview Protection Features

Protection Fatures Symbol | Default Action Description
Undervoltage Lockout for VCC ULVO PFC and LLC stop switching Chapter 3.7.1
Overvoltage Protection for VCC VCCOVP | Auto restart Chapter 3.7.2
Overtemperature Protection by means OTP Auto restart Chapter 3.7.3
of internal Temperature Detection
PFC Open Control Loop Protection PFCOCLP| Auto restart Chapter 3.4.3.1
PFC Inductor Over Current Protection | PFCOCP | PFC turns off switch immediately | Chapter 3.4.3.2
PFC Output Over Voltage Protection PFCOVP | PFC stops switching Chapter 3.4.3.3

PFC Output Under Voltage Protection | PFCUVP | PFC stops switching while LL({ Chapter 3.4.3.4
continues switching
PFC Brownin Protection for AC Inputf PFCBIP | IC starts switching operation after] Chapter 3.4.3.5

Line (PFCBIP) threshold exceeded

PFC Brownout Protection for AC Input PFCBOP | PFC stops switching while LLC Chapter 3.4.3.6
Line continues switching

PFC Long Time Continuous Conduction] PFCCMP | Auto restart Chapter 3.4.3.7
Mode Protection

LLC Open Control Loop Protection LLCOCLP| Auto restart Chapter 3.5.4.1
LLC Over Load Protection LLCOLP | Auto restart Chapter 3.5.4.2
LLC Over Current Protection 1 LLCOCP1| Frequency increases Chapter 3.5.4.3
LLC Over Current Protection 2 LLCOCP2| Auto restart Chapter 3.5.4.4
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3.7.1 Undervoltage Lockout for VCC

There is an undervoltage lockout unit (UVLO) implemented, that ensures a defined enabling and disabling
of the IC operation depending on the supply voltage at pin VCC. The UVLO contains a hysteresis with the
voltage thresholds Vyccon for enabling the IC and Vyccotr for disabling the IC.

Once the mains input voltage is applied, a current is flowing through an external resistor into pin HV via
the integrated diode to pin VCC. The IC is enabled once VCC exceeds the threshold Vyccon and enters
normal operation if no fault condition is detected. In this phase Vvcc will drop until the self supply via the
auxiliary winding takes over the supply at pin VCC. The self supply via the auxiliary winding must be
therefore in place before Vycc undershoots the Vyccorr threshold.

3.7.2 Overvoltage Protection for VCC

There is an over voltage detection at pin VCC implemented. The detection function consists of a threshold
V_vccove and a blanking time of t vccove. The IC is disabled once the overvoltage protection is triggered at
pin VCC.

3.7.3 Overtemperature Protection by means of internal Temperature Detection

There is an over temperature protection implemented, that initiates a thermal shutdown once the
internal temperature level T orp is exceeded. Subsequently if the temperature falls down and hits the reset
value T orp_reset, device will resume switching with softstart.
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3.8 Fixed and Configurable Parameters

In this chapter all the fixed and configurable parameters are shown. The list of parameters shown in the
following tables is default value and has been verified in a reference design system.

3.8.1

Fixed Parameters

The below parameters are fixed and cannot be changed.

Table 11 General Parameters
Parameter Symbol Parameter Description Pin Fixed Value Unit
V vecove VCC OVP VCC 23.5 \
£ HVBODBlank AC brownout blanking time - 120 ms
T orp IC OTP - 125 °C
T_OTP_reset IC OTP reset - 90 °oC
Table 12 PFC Parameters
Parameter Symbol Parameter Description Pin Fixed Value Unit
V oipprc PFC open loop VS 0.39 V
V startup PFC startup voltage VS 0.59 \
V RefpFC PFC control_normal VS 2.45 \'%
t zeDfilter PFC ZCD filter time ZCD 160 ns
€ ringsup PFC Ringing suppression time 7ZCD 400 ns
Minimum PFC valley number for
N valley_min . . - 1 -
multimode operation
I Maximum PFC valley number for i 10 i
-valley_max multimode operation
£ cempPFC PFC Blanking time for CCM protection - 60 ms
€ maxprc PFC max switching period - 40 us
t_OcpLebPFC Blanking time for PFC OCP CSO 0 S
Table 13 LLC Parameters
Parameter Symbol Parameter Description Pin Fixed Value Unit
Step 11cvco_decrease LLC VCO frequency decrement step HBFB 6 1/fmcik
Step_LLc vco,increase LLC VCO frequency increment step HBFB 6 1/fmcik
t 0cp1_leb LLC LEB of OCP1 CS1 0.4 us
Slope after ocP1 LLC softstart slope after OCP1 event CS1 80 ns/32ps
V burst on LLC HBFB voltage burst on in burst mode HBFB 1.65 \'%
€ oept bl Leave barst LLC OCP1 blanking time dur'lrllg burst cs1 200 ms
mode to normal mode transition
T ss_max LLC max. soft start duration - 131 ms
3.8.2 Configurable Parameters
Table 14  The below parameters are defined and can be configured.General Parameters
Parameter Symbol Parameter Description Pin Default Range Unit
V nveip AC brownin HV 70 1~ 255 Vac
V nuvsop AC brownout HV 60 1~ 255 Vac
t AR Auto restart break time - 2000 10 ~ 2088 ms
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Parameter Symbol Parameter Description Pin Default Range Unit
t_VCCOVP VCC OVP blanking time - 2 1~17 ms
Table 15  PFC Parameters
Parameter Symbol Parameter Description Pin Default Range Unit
V cpon ! PFC GDO drive voltage GDO 10.5 4.5~ 15 V
I gpon ! PFC GDO drive current GDO 0.156 0.087 ~ 0.36 A
V _uvpsetprc PFC bus under voltage VS 1.77 0.1~23 \Y%
V _RefPFC burst PFC control_burst VS 2.26 01~23 V
V uBstrt LLC enter soft start VS 2.05 0.1~23 \%
PFC blanking time for bus under
£ UupBIKPFC voltage & VS 3 0.128 ~ 8388/ ms
Eove PEC over voltage comparator Vs 10000 | 0~ 31500 ns
filter time
V_ovpswsetPEC PFC bus over voltage VS 2.572 2~28 v
V ovpswelearpFc PFC bus over voltage clear VS 2.45 2~28 \Y
V_csoocpset 2 PFC over current CSO 0.6 0.05~1.15 Vv
£ sw_max_pc PFC max switching frequency - 120 1~ 300 kHz
f sw min pfc PFC min switching frequency - 60 1~300 kHz
SV _startup PFC PIT1 P-coe during startup - 4 0~7 -
svp PFC PIT1 P-coe - 6 0~7 -
svi PFC PIT1 I-coe - 7 0~7 -
svt PFC PIT1 T-coe - 4 0~7 -
€ onMinpPFC PFC min on time - 0.1 0.016 ~ 63.98 us
t onMaxPFC PFC max on time - 20 0.016 ~ 63.98 us
1 Refer to 5.4.6 for limits
2 Refer to 5.4.4 for limits
Table 16  LLC Parameters
Parameter Symbol Parameter Description Pin Default Range Unit
V gpin! LLC GD1 drive voltage GD1 10.5 4.5~15 Vv
I gpin? LLC GD1 drive current GD1 0.12 0.026 ~ 0.12 A
V burstenter LLC HBFB voltage when HBFB 0.2 0.1~23 v
entering a burst mode
. LLC HBFB voltage when exiting
V_burst_e)qt burst mode HBFB 1.75 0.1 2.3 V
V oiphs LLC open-loop / overload HBFB 2.1 0.1~23 v
protection
V Hiveo LLC VCO heavy load voltage HBFB 2.0 01~23 \
V Livco LLC VCO light load voltage HBFB 0.6 0.1~23 Vv
f Maxvco LLC VCO max frequency - 270 1~300 kHz
f Lveo LLC VCO light load frequency - 130 1~300 kHz
£ Nomvco LLC nominal operating i 110 1 ~300 Kz
frequency
f HLveo LLC VCO heavy load frequency - 90 1~300 kHz
f Minvco LLC VCO minimal frequency - 70 1~300 kHz
£ e burst star LLC starting frequency in burst i 130 80 ~ 300 KHz
mode
£ s burst stop LLC ending frequency in burst i 130 80 ~ 300 KHz

mode
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Parameter Symbol Parameter Description Pin Default Range Unit
£ sw bt LLC switching frequency during i 90 50 ~ 200 KHz
burst mode
f MaxTCO LLC max. soft start frequency - 270 100 ~ 300 kHz
V 0cp1_norm 2 LLC OCP1 during steady state CS1 0.4275 0.05~ 1.15 \%
V ocp1_start LLC OCP1 during softstart CS1 0.55 0.05~ 1.15 \%
V 0cp1_burst 2 LLC OCP1 during burst mode CS1 0.75 0.05~ 1.15 \'%
N oept_max LLC max number of OCP1 cs1 8 1~ 255 )
events
£ oept L switching frequency during| gy 200 100~ 600 | kHz
£ burst_off min Minimum burst off time 2 0.08 ~ 20.4 ms
LLC OCP1 blanking time from
£ 0cp1_blk_startup startup threshold to low - 200 0.032 ~ 2097 ms
threshold during startup
€ 0cp1_release LLC releasing OCP1 lapse time CS1 100 0.032 ~ 2097 ms
t 0cp1_fiter Blé%?lankmg filter time CS1 cs1 0 0~ 984 ns
€ blk 0cp2 LLC blanking time for OCP2 CS1 0 0~8 ms
£ ocp2._filter LLC noise blanking for OCP2 CS1 110 0~984 ns
t dead_llc LLC dead time - 0.5 08{;;;; us
LLC blanking time before open-
L oiphie loop / overload protection i 100 0.032~2097 ms
blicburst Blanking time to enter burst . 20 | 0.032~2097] ms
N LLC initial slope during soft 0.0157 ~ us/
Slope_TCO_mlt start 0.85 3.984 128 us
_ . . 0.0157 ~ us/
Slope tco_min LLC min slope during soft start - 0.36 3.984 128 pis
N burst_sstart LLC soft start steps - 2 1~218
N_burst_sstop LLC soft stop steps - 2 1~218
LLC burst on time (excluding
T_burst_on_max soft StOp time) 64 32 8160 us
LLC slope of soft start when 0.0157 ~ us/
S1ope purst leave leaving burst mode HBFB 2.74 3.984 128 us
Hich limit High limit of burst off time for
§h- adaptive minimum frequency - 80 20 ~ 200 ms

Burst_off _time

during burst on

1 Refer to 5.4.6 for limits
2 Refer to 5.4.4 for limits
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4 Electrical Characteristics

All signals are measured with respect to ground pin GND, except the highside signals at pins HSVCC and
HSGD, which are measured with respect to pin HSGND. The voltage levels are valid if other ratings are not
violated.

4.1 Absolute Maximum Ratings

Note : Stresses above the values listed above may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability. Maximum
ratings are absolute ratings; exceeding only one of these values may cause irreversible damage to
the integrated circuit. These values are not tested during production test. For the same reason
make sure that any capacitors that will be connected to pins VCC and HSVCC are discharged
before assembling the application circuit.

Table 17  Absolute Maximum Ratings

Parameters Symbol Limit Values Unit Remarks
Min. Max.
Voltage externally supplied to pin VCC| Vyccexr -0.5 26 Vv
Voltage at pin GDx Vipx -0.5 V‘g_%-l_ \Y
Junction temperature T -40 125 °C
Storage temperature Ts -55 150 °C
Soldering temperature TsoLp — 260 °C | Wave Soldering !

2Pin voltages acc. to abs.

Latch-up capability Iy — 150 C max. ratings
ESD capability HBM Vhem — 2000 vV |3
ESD capability CDM Veom — 500 vV |*
Input Voltage Limit for pin MFIO,
HBFB, VS, CS, ZCD Vinoe “05 3.6 v
Maximum permanent clamping
current for pin ZCD and CS lewpc 2:5 mA | RMS
Maximum transient clamping current
for pin ZCD and CS leLn TR 10 mA | pulse < 500ns
Maximum negative transient input _ .
voltage for ZCD Vin_zep 1.5 V | pulse < 500ns
Maximum negative transient input “Vincs . 3.0 V | pulse < 500ns
voltage for CS
Maximum permanent positive

- IcLp e — 2.5 mA | RMS
clamping current for CS
Maximum transient positive clamping et . 10 mA | pulse < 500ns
current for CS
Maximum voltage at pin HV Vhv -0.3 600 \Y
Maximum current at pin HV % — 10 mA
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Parameters Symbol Limit Values Unit Remarks
Min. Max.

Isolation voltage,

Maximum voltage at HS pins Vhsx -650 +650 \' referred to IC GND

1 According to JESD22-A111 Rev A.

2 Latch-up capability according to JEDEC JESD78D, TA= 85°C.
3 ESD-HBM according to ANSI/ESDA/JEDEC JS-001.

4 ESD-CDM according to JESD22-C101F.

4.2 Package Characteristics
Table 18  Package Characteristics
Parameters Symbol Limit Values Unit Remarks
Min. Max.
Thermal resistance Rinja — 119 K/W
Creepage distance HV vs. o
GND-related pins. Deriv 2.1 mm
Creepage distance HSGND vs. .
GND-related pins Deris 2.1 mm
4.3 Operating Conditions
Table 19  Operating Range
Parameters Symbol Limit Values Unit | Remarks
Min. Max.
Junction Temperature T) -40 125 °C
o device is held in reset
Lower VCC limit Vvee Vuvorr — \Y when Vvee < Vovoss
maximum voltage that
. . . can be applied to pin
Voltage externally supplied to VCC pin| Vvccexr 24 Vv VCC by an external
voltage source
. . Vvee +
Gate driver pin voltage Vb -0.5 03 \Y
4.4 DC Electrical Characteristics

The electrical characteristics involve the spread of values given within the specified supply voltage and
junction temperature range, T from -40 °C to +125 °C.

Typical values represent the median values related to Ta = 25 °C. All voltages refer to GND, and the
assumed supply voltage is Vvcc = 18V, if not specified otherwise.

Not all values given in the tables are tested during production test. The values not tested are explicitly
marked.

4.4.1 Power Supply Characteristics

Table 20  Electrical Characteristics of the Power Supply
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Parameters Symbol Values Unit| Note/Test Condition
Min. Typ. Max
VCC Turn_On threshold Vvccon 19 20.5 22 V | dVge/dt=0.2V/ms
VCC active current in normal
B IVCCactive — 18 — mA
mode with open gates
VCC Turn_Off ! threshold Vveeoft 7.12 7.5 7.88 \
VCC Tun_Off! threshold in burst] VCC Tun_Off1
off mode 2 Vvccoff burst off| ~ 9.97 10.5 11.03 V | threshold in burst off
mode 2
VCC quiescent current in burst — 0.6 1.4 mA | T;=< 85°C
off mode 2 not include current | Ivcc burstoff . . 33 mA | Ti= 125°C
drawn from HBFB pin 3 )
IC Power down threshold Vvce pp 5.7 6 6.3 \Y%
VCC quiescent current in Power lvee.rb 5 20 40 uA Vvee < Vvee pp(min) -

down mode

0.3V

1VCC Turn_Off means IC is in UVLO mode and the startup cell is turned on.
2 Burst on and burst off mode are both in burst mode while the current consumption of the IC is same as in normal mode during
burst on mode and the processor is turned off in burst off mode (refer to Figure 4).

3 Total current in burst off mode = Ivcc_burst_off + VHBFB_open/RuBrB_pu, refer to Figure 3 for internal connection of HBFB pin.

4.4.2 Characteristics of the MFIO Pin
Table 21 Electrical Characteristics of the MFIO Pin
Parameters Symbol Values Unit| Note/Test Condition
Min. Typ. Max.
Output low voltage VoL — — 0.8 V |lo.=2mA
Output high voltage Vou 2.2 — — V |lIon=-2mA
Output sink current loi, — — 2 mA
Output source current -lon — — 2 mA
Output rise time (0 — 1) trise — — 25 ns 20 pF load, push/pull
output?
Output fall time (1 = 0) traLL — — 25 ns 20 pF load, push/pull
or open-drain output !
1Not tested in production test.
4.4.3 Characteristics of the HBFB Pin
Table 22  Electrical Characteristics of the HBFB Pin !
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
HBFB open voltage VHBFB_open 3.04 3.20 3.36 Vv
Pull-up resistor Rugrs_pu — 22 — kQ
Pull-up resistor tolerance ARusrs_pu — — +20 %

1 Not tested in production test.

4.44

Table 23
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Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max
OCP2 threshold voltage Vocp2 — 1.2 — \Y%
OCP2 threshold tolerance Avocez — — +5 % voltage divider
tolerance
OCP, OCP1 threshold tolerance AVocp1 — — +6.2 %
Linput signal slope
20 320 620 ns dVes/dt = 10 mV/jus 2
. Linput signal slope
Delay from Vs crossing Vesxoce1 —
to CSx_OCP1 rising edge, 1.2V |  tesoces 90 170 250 | s ) dVes/dt=150mV/ps
range . ,
Linput signal slope
90 140 210 ns |dVcs/dt=300mV/us
2
1 Not tested in production test.
2 This slope represents a use case of a switch-mode power supply with minimum input voltage.
4.4.5 Characteristics of the Zero Crossing Input ZCD
Table 24  Zero-Crossing Comparator Characteristics
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
Zero-crossing threshold VzetHr 15 40 70 mV
Comparator propagation delay tzcPp 30 50 70 ns | dVzep/dt =4V/us
Input voltage negative clamping Vi 140 180 220 mv
level
44,6 Characteristics of the Gate Driver Pins GDx
Table 25  Electrical Characteristics of the Gate Driver Pins GD0 and GD1
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
APD low voltage
.(Actlve Pull Down while Qewc_e Varn . . 16 V | lopx=5mA
is not powered or gate driver is
not enabled)
permanent pull-
Repp tolerance ARppp — — + 25 % | down resistor inside
gate driver
Driver Output low impedance T;< 125°C, Iep = 0.1
for GDO Rant — — a4 Q14
Driver Output low impedance R . . 70 Q Tj<125°C, lep = 0.1
for GD1 apL ' A
tolerance of
Output voltage tolerance AVepx — — +5 % | programming
options if Vgpu > 10V
if Vyee <
Rail-to-rail output high voltage Vepxurr | Vvee - 0.5 — Vvee V | programmed Vepu
and output at high
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Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
state
Output high current tolerance 0
in PWM mode Alpa B B 15 &
Discharge current for GDO Iepopis 800 — — mA Vep =4 Vand driver
at low state !
Discharge current for GD1 Iepipis 500 — — mA Vep = 4 Vand driver
at low state !
applies if Vep <0V
Output low reverse current -IepREVL — — 100 mA | and driver at low
state !
Output high reverse current in 1/6 of app11e§ if Voo .< Ve
IGpREVH — — mA | and driver at high
PWM mode Iepn
state !
1 Not tested in production test
4.4.7 Characteristics of the High-Voltage Pin HV
Table 26 Electrical Characteristics of the HV PIN
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
. Vav =600V
Leakage current at HV pin IHvieak — — 10 HA HV startup cell off
. . Overall resistance
Resistor value for bleeding path Ruv_discharge| 200 — 1000 Q between VIN to GND
Current charging capability for ILp 3.2 5 7.5 mA | Vyce < Vveeon -0.3V
VCC cap.
448 Characteristics of the VS Pin
Table 27  Electrical Characteristics of the VS pin
Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
Inpl.lt leakage current, no pull x| . . 200 nA | Vs < 2.9v1
device
(P)l\:/% Svervoltage protection 2, Voupwsewrq|  2.70 28 290 v

1 Pad leakage verified with guard bands at 73 = 25°C.

4.4.9

Characteristics of the HSGD Pin

The electrical characteristics involve the spread of values given within the specified supply voltage and
junction temperature range, Tj from -40 °C to +125 °C. Typical values represent the median values
related to Tj = 25 °C. All voltages refer to HSGND, and the assumed supply voltage is Vusycc = 14V, if not

specified otherwise.
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Table 28  Electrical Characteristics of the HSGD pin

Parameters Symbol Values Unit | Note/Test Condition
Min. Typ. Max.
Operating voltage range Vhsvee — — 24 Vv lower limit defined
by Vusvccon, Vasvecott
HSVCC turn on threshold VHsvecon 8.7 9.2 9.7 Vv
HSVCC turn off threshold Visvecofe 6.2 6.7 7.2 \'
HSVCC turn on/off hysteresis Visvcchy 2 2.5 3 \'
v — 25 100 mV | Insep = 20 mA (sink)
Output voltage at low state HsGDlow — 125 500 mV | Iusgp = 100 mA (sink)
-VHscplow — 25 100 mV | Insep = -20 mA (src)
10 11 12 IHSGD =-20mA (SI‘C)
Output voltage at high state VHsGDhigh Tusep = -20 mA (src)
7 — — \'
VHSVCC = 8 V
Output voltage at active . Iusep = 20 mA (sink)
shutdown Viiseouro 25 200 mV Vhsvee =5V
Output low impedance RuscoLs — — 5 Q | Iusep = 20 mA (sink)
Peak source current IHsGDpksre 0.13 — 0.52 A |1
Peak sink current -luseppksnk | 0.45 — 1.3 A 1!
applies if Vuscp < 0 V
Output low reverse current -luscorevL — — 100 mA | and driver at low
state 1
. C = 3.3 nF,
Rising time 2V < Vysap < 8V thisGbrise 20 60 140 ns RLLZ‘:DD s g ,
. C = 3.3 nF,
Falling time 8V > Viseo > 2V thscpfal 4 20 40 O S50,
1 Not tested in production test
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5 Outline Dimensions
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") Does not include plastic or metal protrusion of 0.25 max. per side

Figure 15 PG-DSO-16

Note: Please read the Getting Started guide to learn how to use the macro’s and styles in this template.
1) You can find all of our packages, sorts of packing and others in our Infineon Internet Page “Products”:
http://www.infineon.com/products.
2) Dimensions in mm.
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system. Life support devices or systems are intended
to be implanted in the human body or to support
and/or maintain and sustain and/or protect human
life. If they fail, it is reasonable to assume that the
health of the user or other persons may be
endangered.
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