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Product Highlights

+ Digital combo controller for PFC-boost and dc-dc hybrid-flyback in DSO-14 (150mil) package

+  Novel ZVS hybrid-flyback (asymmetrical half-bridge) topology for ultra-high system efficiency

+ Integrated gate drivers supporting GaN and Si switches

« 600V high voltage start-up cell for fast VCC charging and active X-capacitor discharge

«  Burst mode operation control for lowest no-load stand-by power

« Adaptive PFC bus voltage and PFC enable/disable control to maximize average and light load efficiency
+  Configurable parameters for protection modes and system performance

+  Pb-free lead plating, halogen-free (according to IEC61249-2-21), RoHS compliant

PFC control

+  Configurable PFC QRM operation for improved average efficiency

+  Pulse skipping for improved light load efficiency

+ Automatic PFC disable/enable-control depending on operating conditions
« Adaptive PFC bus voltage level following operating conditions

Hybrid-flyback control

«  Peak current mode control for robust and fast input and load control

«  ZVS operation of high-side and low-side switch (with ZVS pulse insertion in DCM)
+  Configurable multimode operation for improved average and light load efficiency

Description

The XDPS2221 PWM controller is a highly integrated device combining a multimode ac-dc PFC controller and
a multimode dc-dc hybrid-flyback controller. The integration of PFC and hybrid-flyback into a single package
enables the reduction of external bill of material components and optimizes the system performance by
harmonized operation of the two stages.

Ordering Information

Product Name Marking Ordering Code Firmware version Package
XDPS2221 XDPS2221 SP005630569 3.1.1 PG-DSO-14

Potential Applications
Ultra high power density chargers / adapters

Product Validation
Qualified for industrial applications according to the relevant tests of JEDEC47/20/22.

Innovations protected by patents and patent applications

Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.1
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1 Pin Configuration and Functionality

The pin configuration is shown in the figure below and the functions are described in the following table.
Table1 Pin Definitions and Functions

Symbol Pin Type Function

PFCGD 1 0 PFC gate driver

This pin drives the PFC transistor via a gate resistor.

CS 2 I Hybrid-flyback current sense

Input pin for current sensing during the hybrid-flyback high-side gate
driver turn-on phase.

VCC 3 I Power supply

This pin supplies the IC. During start-up VCC is supplied from the AC
via the HV-pin, while during normal operation VCC is supplied from the
auxiliary winding to the hybrid-flyback stage.

GND 4 0 Ground level of the IC for supply voltage, gate drive and sense signals.

ZCD 5 I Hybrid-flyback zero crossing detection

This pin provides zero crossing detection after low-side gate driver turned
off and during pause phase in burst mode. Furthermore the reflected
output voltage at the auxiliary winding can be measured during low-side
gate driver turn-on phase.

PFCVS 6 I PFC bus voltage sense

This pin is connected to a high impedance resistor divider from the PFC
controller output for bus voltage sensing.

HV 7 [ High voltage input

The HV pin is connected to the input AC voltage. An internal HV startup-
cellis used for initial VCC charging, AC monitoring and X-capacitor
discharge.

MFIO 8 I Multi-functional Input Output

This pin is connected to GND through an external NTC resistor used
to detect ambient temperature. Furthermore, UART communication for
parameter configuration and failure mode reporting is provided by this

pin.
FB 9 I Feedback
This pin receives feedback from the secondary side via an optocoupler.

PFCCS 10 I PFC current sense and PFC zero crossing detection

This pin is configured for PFC current sensing in combination with zero
crossing detection of the PFC choke current.

LSGD 11 0 Hybrid-flyback low-side gate driver

This pin drives the low-side transistor of the hybrid-flyback half-bridge via
aresistor.

HSGND 12 I High-side Ground

Ground reference node for hybrid-flyback floating high-side driver
domain.

(table continues...)
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Table1 (continued) Pin Definitions and Functions
Symbol Pin Type Function
HSVCC 13 I High-side power supply

Power supply input for hybrid-flyback floating high-side driver domain.

HSGD 14 0 High-side gate driver

This pin drives the high-side transistor of the hybrid-flyback half-bridge
from the floating driver domain via a resistor.

PFCGD |1O 14| [CTOHSGD
cs |2 13| [CTOHSVCC
vVCC |3 é 12| [CTOJHSGND
GND[] |4 g
ZCDI |5 B 1| OLSGD
PFCVS] |6 § 10| [CTOPFCCS
o OFB
HvVO |7 8| OMFIO
PG-DSO-14 (150mil)

Figure 1 Pin configuration
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Representative Block Diagram
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3 Introduction

The XDPS2221 PWM controller is a highly integrated device combining a multimode ac-dc PFC controller and

a multimode dc-dc hybrid-flyback controller. The integration of PFC and hybrid-flyback into a single controller
enables reduction of external parts and optimizes performance by joint operation of the two stages. It is meant
to be used in USB-PD chargers / adapters with wide output voltage up to 28 V.

The system efficiency can further be increased using Infineon CoolMOS™, CoolGaN™ and
OptiMOS™ transistors. Below a typical application schematics in a USB-PD application are depicted.

Figure 3 shows the potential application schematic using CoolGaN™ and OptiMOS™ transistors for highest
efficiency and power density.

Figure 4 shows the potential application schematic using CoolMOS™ and OptiMOS™ transistors.

Datasheet 8 Rev. 1.1
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4 Functional description

4.1 Power-supply and high voltage start-up cell management

The power supply management ensures a reliable and robust IC operation. Depending on the operation mode
of the control IC, the power supply management unit runs in different ways for VCC supply, which are described
asin the sequel.

4.1.1 VCC capacitor charge-up and start-up sequence

At VCC start-up the capacitor Cycc is charged by the internal HV start-up cell via HV pin (see Figure 5). The
internal HV start-up cell is turned on for Vyc lower than the IC deactivation voltage threshold Vyccof. Once the
voltage at pin VCC exceeds the threshold Vyccop, at time t0 the HV start-up cell is turned off and the IC is starting
up (see Figure 6).

The IC operation is started at time t1 and the start-up conditions are validated afterwards.

Following conditions need to be fulfilled to start the hybrid-flyback operation at time t2 (hybrid-flyback
switching is indicated by signal Vipgp):

1. Two-level brown-in condition with Vacyms > Vacrmsbi aNd Vipus > Vpushi (See Chapter 4.5.2.4))

2. No input overvoltage with Vis < Vpysacovp (s€€ Chapter 4.5.2.9)

3. Feedback signal out of regulation range with Veg > Veggmctr

4, No overtemperature condition with Ryrio > RuriooTprel- (S€€ Chapter 4.5.2.18)

The conditions need to be met within the time period tyypito- With hybrid-flyback switching, the the external

VCC self-supply takes over the IC supply. In case one of those conditions is not met the IC enters bang-bang
during brown-in phase (see Chapter 4.1.2).

Note: In the typical application the output voltage target value is set by the USB-PD controller. At start-up,
no load is applied and the target value is first set by the USB-PD controller to e.g. Vot set1 =5V and
only after having reached a stable output voltage condition the USB-PD controller activates the load
and sets the proper output voltage required by the attached device.

PFC operation depends on operating conditions and might not be required at start-up. Hybrid-flyback
operation starts first, if required, PFC operation comes up afterwards. Figure 6 shows a situation with an output
voltage request from USB-PD controller with Vot set2 > Vout set1 after a while. In this case example operation is
started at t,.

Datasheet 11 Rev. 1.1
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Figure 6 Typical start-up sequence

4.1.2 Bang-bang mode operation during brown-in phase

In order to support a fast activation as soon as brown-in condition is fulfilled, the VCC voltage is kept at a high
level. A bang-bang mode operation for the start-up check phase is ensuring a high VCC level.

For example, after a brown-out event the IC enters a sleep mode with reduced current consumption lyccgg. The
HV start-up cell turns on and tries to charge up the VCC voltage to the threshold Vyccon. When AC input voltage
comes back Vycc can reach Vyccon and the IC gets active for brown-in detection for a short time. If AC input
voltage is high enough the IC detects the brown-in condition.

4.1.3 Bang-bang mode during protection mode operation

The bang-bang mode triggered by protection supports an IC operation during the latched and auto-restart
operation (see Chapter 4.5.1). It controls the HV start-up cell by turning off at VCC pin threshold Vyccon and
turning on after a time period tprmpase (S€€ Figure 7). In auto-restart mode a system restart happens after the
auto-restart time t,, is expired. In latched operation a mode reset can only be achieved by disconnecting the
AC line. A HW reset is taking place once the VCC voltage drops below the threshold Vyccoft-

Datasheet 13 Rev. 1.1
2022-11-09



o _.
XDPS2221 PFC + Hybrid-Flyback - Combo Controller |n f| neon
Datasheet

4 Functional description

Auto-restart mode operation
L tArRM o
v Re-charge via HV
vcec
A e N,
Vvccon
Vvcess \
«— T T e e V
Vvecoft < J7°N = C —=
T T = === tarmbase ——=——
Pt
IvccA
|VCCopnm
Iveess >t
VHeeD
AR AR,
Figure 7 Auto-restart mode operation
4.1.4 VCC supply during burst mode (BM) operation

During burst mode operation the IC enters repeatedly a power saving mode, in which the IC current
consumption is reduced to lyccgmpsm- During the burst active time, VCC should be supplied externally from
the auxiliary winding.

The HV start-up cell can be configured in burst mode operation to re-charge VCC in case the external VCC
cannot be guaranteed and VCC falls below VyccsipHvon- Note, that this operation will result in a higher input
power consumption.

In burst-mode the controller can also be configured to use the HV start-up cell to support VCC supply. When
enabled and the VCC voltage drops below the threshold VyccsipHvon, the HV start-up cell is activated and charges
the VCC capacitor.

4.1.5 X-capacitor discharge

IEC 62368-1 safety standard requires the X-capacitors to be discharged below 60V within two seconds

once AC line is lost. The IC offers means for detection of AC loss and active X-capacitor discharge. This AC
monitoring and X-capacitor discharge functionality can be enabled or disabled by configuration and is enabled
by default. If enabled, it can eliminate the need of a passive resistor network parallel to the X-capacitor. In case
of an AC voltage loss, the controller ensures active input capacitor discharge via the high voltage startup-cell.
The high voltage start-up cell is available at pin HV which needs to be connected to line and neutral mains
terminals via two separate diodes and a series resistor Ryy (see Figure 3).

In case it is enabled, the controller ensures active input capacitor discharge via the HV startup-cell

within tycapdischg:

As soon as an AC unplug event is detected the HV start-up cell is activated and the input capacitors are
discharged via HV pin through external and internal HV-resistors Ry and Ryydischrg respectively (see Figure 5).

The discharge time for a given X-capacitor is determined by the size of the total resistance placed in series

to the pin HV. The IC supports a component range determining this maximum discharge time tycapdischg: With
X-capacitor discharge functionality enabled, a safe X-capacitor discharge is given with any combination of
X-capacitor and resistor given in Table 2 for AC input voltages as specified in Table 3.

Table 2 X-capacitor discharge component range
Parameter Min. Max. Unit Remarks
Total capacitance of all X-capacitors 0.1 2.0 uF Represented by Cy in Figure 3

(table continues...)
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Table 2 (continued) X-capacitor discharge component range
Parameter Min. Max. Unit Remarks
Total external discharge resistance 48 54 kQ Represented by Ryy in Figure 3

Table 3 AC input voltage range and ratings for reliable AC detection

Parameter Min. Max. Unit

Low line Input voltage 90 150 Vac,rms
Frequency 1 47 53 Hz
Frequency 2 57 63 Hz

High line Input voltage 180 264 Vac,rms
Frequency 1 47 53 Hz
Frequency 2 57 63 Hz

4.2 PFC control

The PFC controller turns on and off the PFC gate driver PFCGD so that a desired bus voltage V},, is maintained
while the AC input current Iy follows the instantaneous line input voltage Vjc resulting in high power factor and
low harmonic content. The operation mode is based on quasi-resonant operation mode (QRM), thus critical
conduction mode, but with valley switching and valley skipping. The oscillation of the switch voltage Vpgc 45
after choke current demagnetization is detected via an integrated zero crossing detection (ZCD) mechanism.
The ZCD-function is combined with a PFC over-current protection at pin PFCCS. Figure 8 shows the PFC circuit
arrangement including the AC input stage and the PFC control part of the IC.

Datasheet
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Figure 8 QRM-PFC circuit arrangement and associated PFC control

The PFC controller is operating in quasi-resonant mode (QRM) with valley switching. Typical waveforms are
depicted in Figure 9. In the shown case, the PFC is turned on in the third valley.

Datasheet 16 Rev. 1.1
2022-11-09



o _.
XDPS2221 PFC + Hybrid-Flyback - Combo Controller |n f| neon
Datasheet

4 Functional description

verce(t) A ', teFcon o | | |
l l
| |
| |
: : . ! -
vercas(t) A ! : | bl
| | | [
| | | [
| | | [
| | |
| | |
| | | |
| | | |
: : : —t >
iL(t) A | | | B t
| | | [
| | I
| | | [
| | : : /
: : TN L~ b >
| I ~T T t
VPFCCS(t) A : : P!
| | I
Dzclamp | : o : _________ : _: ________
voltage : | 1 1 T
| | |
| . 3 R R
| | | | |
o | | l |
Vprceszed 4 — — I—J— ———————————————————— :— ————————— JI-——I ——————— S~ ol "~
T T T : T >
A | ! ! Lo} 1t valley I2vvalley | 39valley
| | L L L | |
: | — tPFCCSzed : : : : / : / : /
S S — . | e
: tPFccszedreset /: : : : : : tPFccszed
Figure 9 PFC switching cycle with transistor turn-on in the 3rd valley (QRM3)
4.2.1 Combined current sense (CS) and zero crossing detection (ZCD)
function

The PFC stage uses a combined current sense (CS) and zero crossing detection (ZCD) functionality at pin PFCCS.
During the PFC gate driver on-time the pin acts as a current sense (CS), while during the gate driver off-time the
pin acts as a zero-crossing-detector (ZCD) for valley switching. Please refer to Figure 8 for the related circuitry
for ZCD and CS.

Valley detection is done through an external circuit connected to the auxiliary winding of the PFC

inductor. A hysteretic comparator with a lower threshold of Vpgccs,cq for falling edges and a upper threshold
VpEccszedreset fOF rising edges of the signal at PFCCS is used. A ZCD event is triggered in case Vpgccs falls below the
threshold Vprccszcg- In case the target valley is reached, the gate driver output PFCGD only goes high after the
delay time tprccszcq- However, a (new) ZCD event can only be detected after the voltage at PFCCS was above the
upper comparator threshold Vprccszcdreset for longer than the configurable filter and delay time tprccsscdreset- FOr
ringing suppression due to switching, the ZCD signal is blanked for tprccszcdbik @fter PFGGD falling edge. The
signal showing the hysteretic comparator outputin Figure 9 illustrates this mechanism.

The measured voltage at the shunt resistor Rs prc during the PFC gate driver on-time is used for PFC current
limitation.

4.2.2 Multimode operation and frequency law

The PFC controller provides various modes of operation. When going from full to no load several operation
modes are used in order to optimize efficiency and EMI behavior.
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A PFC converter is used to emulate a resistive load Re = Vac rms/ Iac,rms to the AC input. The output of the PFC bus
voltage controller tprcon, des is inversely proportional to the emulated resistive load Re. Thus, tprcon des Varies as
the AC line voltage magnitude varies and is proportional to the RMS input current Ixc yms.

The frequency law depicted in Figure 10 indicates the operation mode for the complete range, which can

be tprcon des OF lac,rms range. A limitation within a minimum switching frequency fg,prcmin @and @ maximum
switching frequency fqprcmay is applied in every switching cycle. In QRM (see Chapter 4.2.2.1) exceeding the
thresholds fsyormax @and fswormin l€ad to a change of valley.

fswPFc A
fswPFCmax
fstRmax i i
Q,? |
%
fstRmin
fswPFCmin T
tPFCondes/ |AC,rms
>
Figure 10 Frequency law
4.2.2.1 Quasi-resonant mode (QRM)

In quasi-resonant operation mode (QRM) the PFC MOSFET is turned on in the valley of the oscillation seen
at the MOSFET's drain-source voltage after demagnetization. QRM reduces PFC MOSFET switching losses and
ensures highest possible efficiency of the system.

In QR1 operation the first valley is used. The MOSFET is turned on as soon as a ZCD event is detected and the
absolute minimum switching period tgyprcmin = 1/ fswprcmax 1S €xceeded.

With decreasing load or increasing input voltage switching frequency is increasing and the maximum switching
frequency fgormax is hit. In this case the valley number should be increased. With load getting higher or input
voltage decreasing, the lower frequency limit fs,ormin Will be hit and the valley number should be decreased.

However, in order to prevent valley number change within each AC half cycle, valley change blanking
times toroikinc aNd tqrbikdec aPPLY-

In order to ensure good ZCD detection before the PFCCS signal gets too small in amplitude, only 1st valley (QR1)
to a configurable n-the valley Nprcyaiieymax are supported. In case Npgcyalieymax IS reached the frequency is only
l|m|ted by fswPFCmax-

The time during QR valley oscillation, when neither PFC switch nor PFC diode is conducting, is responsible
for some AC input current waveform distortion and affects the PFC THD performance. The multimode PFC
controller uses 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.

4,2.2.2 Low power mode

In softstart and steady operation, a minimum on-time tprconmin @pplies With tprconmin = trecesieb AS S00ON as the
on-time tprcondes determined by the bus voltage controller is less than a value tprconskip the switching pulse is
skipped and PFC gate driver is not switching. Depending on the configuration, the value of tprconskip is same

a tprconmin OF can be set to be scaled with the AC line rms voltage.
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At low output load, the combo controller IC goes into burst mode. The PFC burst mode operation is
synchronous to the hybrid-flyback burst mode operation.

4.2.3 PFC bus voltage sensing and regulation

The controller senses the PFC output voltage Vs via pin PFCVS. The bus voltage is maintained by a nonlinear
PIT1 controller that calculates the desired on-time tprcondes iN response to the sensed voltage.

The PFC on-time from regulation tprcondes is limited to a configurable minimum value tpgconmin @nd @ maximum
value tprconmax-

The PFC target bus voltage and the bus voltage undervoltage protection level Vi, syyp are set dynamically by the
controller. In case the bus voltage Vs drops and is getting close to V,suyp, the controller reacts and increases
the on-time to the maximum on-time tprconmax in order to boost up the bus voltage.

In order to compensate for the AC line gain dependency of the boost power stage, the PIT1-controller
processes the previous sample of tprcondes in Nonlinear way. This is used as a kind of AC input feedforward-
control.

4.2.4 PFC bus voltage target setting

In contrast to a conventional PFC boost converter, the bus voltage target level Vpystarget is not fixed but changing
with operation conditions. On the one hand, the hybrid-flyback stage is requesting some bus voltage target
level depending on the output voltage. On the other hand, the PFC itself can set a target bus voltage level
following the AC peak voltage. This feature is described in more detail in Chapter 4.4.3.

4,2.5 PFC soft-start

Each time the PFC is enabled, the PFC initiates a soft start to minimize the switching stress on the power
MOSFET, diode and inductor. During a soft start, the PFC operates in QR1-mode. The soft-starts ends as soon

as the bus voltage has reached 93.75% of the target value Vy,starget O when PFC pulse skipping mode is entered.
The initial on-time depends on the configuration: It is either fixed or will be scaled with the AC line rms voltage.

4,2.6 PFC gate driver

A PFC gate driver is integrated in the controller at pin PFCGD. In order to drive discrete GaN-HEMT devices, a
dedicated external RC-network is recommended.

4.2.7 PFC disable
The PFC can be disabled completely and permanently by configuration. At the same time all PFC related
protections are automatically disabled. The hybrid-flyback and related house-keeping functions still enabled.

The controller with disabled PFC functionality is meant to be combined with an separate, standalone PFC
controller providing a regulated bus voltage Vy,,s which is high enough for reliable operation of the hybrid-
flyback in all operation conditions. Otherwise, PFC bus undervoltage protection will trigger (see Chapter
4.5.2.10).

4.3 Hybrid-flyback control
The hybrid-flyback converter is based on a resonant asymmetrical half-bridge topology with flyback
output. Figure 11 shows the hybrid-flyback stage with the associated control blocks.

The hybrid-flyback power stage can achieve zero voltage switching (ZVS) operation on primary side and zero
current switching (ZCS) operation on secondary side under all conditions of bus voltage Vs and output voltage
Vout- In order to achieve ZVS operation, two control methods are implemented:

+  Continuous resonant mode (CRM) operation
«  Zerovoltage resonant valley switching (ZV-RVS) operation
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Figure 11 Hybrid-flyback circuit arrangement with associated control blocks

The output current control uses the CSTHR-comparator for peak current control via high-side switch on-time
tHson-

4.3.1 PWM control schemes

In the following chapter the pulse width modulation (PWM) control methods for the different control modes
and the associated mode transition are discussed. Depending on load, output voltage and bus voltage the
control scheme is adjusted to ensure ZVS operation for both low-side and high-side switches.

4.3.1.1 CRM control scheme

In continuous resonant mode (CRM) the switching of high-side switch HS and low-side switch LS is donein a
continuous alternating manner with short dead-times tgeadns for the high-side switch turn-on and tgeaqis for the
LS switch turn-on.

It targets a ZVS operation for every half-bridge switching cycle by tuning the negative current level Iyagneg-
In Figure 12 typical waveforms are shown. The dead-time tyeaq.5 between HS and LS switch is fixed as the peak
current is high enough to provide proper ZVS operation for LS switch.
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Figure 12 Half-bridge timings for CRM operation

In CRM operation the dead-time tye;qns consists of two time intervals:

tdeadris(CRM) = trsazep + tzepams

Equation 1

The LS on-time is adjusted cycle-by-cycle based on the target delay time t1-t0=t,s,7¢cp and target lyagneg(Vbus)»
see Chapter 4.3.2.2.

The fixed time period t2 - t1 = t;cpyns is delaying the HS switch turn-on at time t2 so that HS ZVS is possible.

After the HS switch is activated, the peak current control determines the HS on-time. The magnetizing current
can be measured after a leading edge spike blanking period tysep, Which therefore determines the minimum
on-time of HS switch operation.

4.3.1.2 ZV-RVS control scheme

When decreasing the load the amount of circulating magnetization energy is proportionally increasing
compared to the transmitted energy in CRM operation. When decreasing V,,: the demagnetization time is
becoming much longer than half of the resonant period of the LrCr tank, which can lead to further resonant
half-bridge oscillations. Turning off the LS switch during an ongoing I oscillation can lead to oscillations on
the secondary side due to the secondary side leakage inductance.

To overcome these issues the zero voltage resonant valley switching (ZV-RVS) mode is provided. It keeps the
peak magnetizing current in the desired range while maintaining soft switching of both HS and LS switch. Lower
load is addressed by lower switching frequency. Figure 13 shows typical waveforms when operating in the
second valley.

Compared to CRM, there are two LS pulses during HS off-time with a wait gap tyaitgap in-between. The first LS
pulse demagnetizes the LrCr tank and charges the output capacitor on the secondary side. The waiting time
gap twaitgap is inserted at time t0 after a HS and LS switch half-bridge cycle. During the wait gap, a free-wheeling
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oscillation takes place which is sensed by pin ZCD with a comparator. The second LS pulse, the so-called ZVS
pulse tzys, starts shortly after the first or a later rising edge detection of the ZCD comparator at time t1 and a
configurable delay time period tzcpirys SO that the LS switch turns on at a valley of the drain-source voltage
and zero magnetizing current. Hence, a resonant valley switching (RVS) operation is achieved. Selecting a

later valley increases the wait gap duration ty,itgap and lowers the switching frequency. The ZVS pulse further
demagnetizes the the LrCr tank to a negative vafue Imacneg for zero-voltage switching (ZVS) of the HS switch. The
required ZVS pulse length tzys is determined by the target negative magnetization level lyagneg, the transformer
magnetizing inductance Lm and depends on the output voltage Vout. The minimum ZVS pulse length occurs

at lowest input and highest output voltage. In addition a lower limit tzysmin applies.

The dead-time for turning on the HS switch after the ZVS pulse is fixed with using the value tgeadnsrys- The
subsequent dead-time tgeaq.s is Same as in CRM operation.

Selecting the appropriate valley and adjusting the magnetizing peak current within the desired range controls
the load.

V tzcp2Hs
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Figure 13 Hybrid-flyback operating in zero voltage resonant valley switching mode (ZV-RVS)

4.3.1.3 Valley skipping control

When operating in ZV-RVS mode, valley detection is taking place to determine the time for turning on the ZVS
pulse. The waiting time ty,jtgap is controlled based on the target number of detected valleys.

The target valley number is chosen so that the magnetizing peak current is in the desired range to ensure
an optimum operation. If the target valley cannot be detected, the controller will enter DCM operation with a
similar fixed frequency.
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4.3.1.4 DCM control scheme

ZV-RVS mode operation at light-load is limited by the maximum number of detectable zero-crossings at ZCD
due to decreasing oscillation magnitude with prolongation of the inserted waiting time gap tyaitgap- When
further reducing the output current the waiting time gap tyaitgap is further increased until the ZVS pulse is
initiated without zero-crossing detection. The subsequent half-bridge cycle is then again performed under
ZVS condition. Increasing tyaitgap takes only place until the half-bridge period tygperiod reaches the associated
minimum half-bridge switching frequency fspcMmin-

4.3.1.5 Mode transition between CRM and ZV-RVS

The mode transition control is based on the target peak current lyagpos and the voltage measured at

ZCD pin. First, a transition from CRM to ZV-RVS mode and vice versa is only possible in case the output voltage,
sensed via ZCD, has a certain value: The transition from ZV-RVS to CRM is only possible with a detected output
voltage greater than V,trysacrm (in order to have some hysteresis, the transition from CRM back to ZV-RVS only
happens for an output voltage smaller than V,icrmzrvs)- Second, the feedback signal Vgg is determining the
internal current set-point Isgr and compared with the internal thresholds for changeover.

4.3.2 Output control

Similar as in standard flyback controllers primary peak current control is implemented to support a 15t order
system for easier control loop compensation. The input power per half-bridge switching cycle is depending on
the voltage at the resonant capacitor C, that is charged by the half-bridge current Iz during the on-time tyson.
The input power in CRM-mode can be calculated as shown in the following equation:

1
Py, = 3" VCr, avg * (IMAGpos + IMAGneg)

Equation 2

Veravg is the average voltage on the resonant capacitor C, , which is the reflected output voltage V,,,; multiplied
with the transformer turns ratio. The output voltage is reflected at winding Layx during the on-time period of LS
switch.

VCr, avg = N- Vout

Equation 3

Assuming an ideal system leads to a direct correlation between input half-bridge current Iz and average
output current |

Pour _ 1

Tow = Vour 2 N - (IMAGpos + IMAGneg)

Equation 4

It shows that I, can be controlled only by controlling lyag and can then be independent of Vs and V4.

The hybrid-flyback is controlling the magnetization time t,,,g and demagnetization time tyemag in two different
ways. tyag is mainly controlled by the positive half-bridge current level lyagpos by means of peak current control
via shunt resistor R, nt at pin CS. Whereas tyemag is controlled by adjusting the on-time t; sop. Increasing tqemag
increases the negative magnetizing current level lyagneg When keeping lyagpos level constant.

Compared to CRM operation the ZV-RVS mode is adding waiting time gaps tyaitgap, Where no energy is either
taken from the input nor energy is transferred to the output. The average output current |, is decreasing with
increasing tyaijtgap accoding to
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P tHBperiod - twaitgap 1
T = 2L = =-N-(I +1
out Vout tHBperio d 2 ( MAGpos MAGneg)
Equation 5

The output current is only controlled by means of the positive magnetization current level Iyagpos. During
continuous operation the output current I, is controlled by means of a linear relationship between the
feedback voltage at FB pin and the associated internal current set-point Isg, which is described in Chapter
4.3.2.1. The negative current lyagneg is controlled cycle by cycle via the turn-on time of LS switch t son. The
target for the negative peak current depends on the input voltage Vs (see Chapter 4.3.2.2).

4.3.2.1 Output current control law

The positive magnetization level Iyagpos €quals the positive half-bridge peak current that is controlled via CS
pin at the shunt resistor Rgpynt:

VCSpeak = IMAGpos * Rsnunt

Equation 6

Peak current regulation is prone to error due to noise. CS pin related PCB design should consider this
sensitivity. An external high-frequency R-C-filter at CS pin is recommended. In addition, a digital filter using
a configurable filter time tcsTHrs| can be set to blank the CSTHR comparator event.

Figure 14 shows the control path from feedback signal input at FB pin to peak current setting at CS pin. The
requested output current equals to the internal Isgr for the corresponding feedback signal. The required peak
current setting is then calculated based on Vs measurement and mode operation.

Vbus

. '

L IMAGpos(CRM) = Isgr — IMAGneg (Vpus)
FB = Isgr = f(Vg)

\

\

Ve =1 X R
tyupperiod CSTHR MAGpos Shunt
IMAGpus(ZV - RVS) = pee Ispr — IMAGrleg (VEus)

HBperiod — twaitgap

I

|

' A cs

| .

L »  Mode control Mode HSGD | [iseo
ZCD »  (CRM/ZV-RVS) turn-off |

[ I

Figure 14 Control path from feedback input to peak current setting

The feedback pin has a pull-up resistor Regp, t0 Vgoc. The value of the pull-up resistor Reg,,, is configurable.
The feedback voltage Vgg has a linear correlation with the output current I, between burst mode entry current
level lyytemen @and the maximum output current loyocpmax- Figure 15 shows the relationship between output
current and feedback voltage.

Datasheet 24 Rev. 1.1
2022-11-09



o _.
XDPS2221 PFC + Hybrid-Flyback - Combo Controller |n f| neon
Datasheet

4 Functional description

Ves A

| | | |
[ [ [ [ |

VEBOCPmax T T T T
VEBOCPIev21— —— — — 1|- —————————————————— CErM -I[ ——————————— :— —————— — =
VFBOCPIev1'_____:_ —————————————————— ZV-RVS_: —————————— ! ———————:— ————————— r—

| | | |
VFBnom{————— ll_ ————————————————————— . T T~ :— ——————— JI_ ————————— r—

| | | |

| | | |

| | | |
VFBBMen'——:—;I ——————————————————————: ——————————— :————————:— ————————— - —
VisorminTe i — e T-——————————- - rT————————1 r—

BM | | | |

loutBMen loutnom loutocPlev loutocPlev2 loutocPmax lout
Figure 15 Control law for feedback voltage at FB pin

In the IC output current |, is represented by the equivalent internal current set-point Isgt, which is then
mapped to the positive magnetization level Iyagpos- The peak current Iyagpos is controlled by a comparator with
variable threshold at pin CS. The relation between Isgr and Iyagpos is different for CRM and ZV-RVS mode.

4.3.2.2 Keeping ZVS operation for wide Vbus voltage range

ZVS operation for wide input voltage range is achieved by the target negative magnetization level Iyagneg(Vbus)
based on two set-points for minimum and maximum V,, s(see Figure 16).
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|

\

Vius(min) Vius(max) Vius
Figure 16 Target Iyiagneg as function of V¢
4.3.2.3 Keeping ZVS operation for wide output voltage range

When output voltage Vout is decreasing the demagnetization takes longer. In CRM, ZVS operation is ensured
by adjusting the turn-on time of the LS switch t, 55, to match with the changed Vout. In ZV-RVS, the ZVS pulse
on-time tzys is calculated from Iyagneg and Vout and the first LS on-time tyrays decreases with increasing Vout
(see Figure 17).

tTRANS \
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tTRANSnOM
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Figure 17 Vout compensation for t;gays in ZV-RVS mode
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4.3.2.4 ZVS operation and body-diode cross-conduction prevention during
CRM operation

A too short LS on-time can cause hard switching or even body diode cross conduction if the magnetizing
current is still positive when LS is turned off. A too long on-time increases the reactive current and conduction
losses and can even saturate the transformer. In order to exclude hard switching and body diode cross
conduction, the controller activates the HS switch only after the voltage at pin ZCD indicates a changing
half-bridge voltage Vg (ZCD event). The controller adjusts the LS on-time to always ensure ZVS condition.

4.3.2.5 Propagation delay compensation (PDC)

During peak current control a propagation delay is impacting the peak current resulting in higher values.

The overshoot depends on the voltage at the transformer winding L, the input voltage V},,s and reflected
output voltage at resonant capacitor V,. This dependency on Vs and V¢, impacts the current set-point
threshold accuracy seen in the application and is therefore compensated to avoid errors on the feedback signal
Veg and the internal current set point Iggt.

4.3.3 Vout start-up control

A hybrid-flyback start-up takes place after the start-up conditions are met, see Chapter 4.1.1. At first several LS
pulses are applied to precharge the bootstrap capacitor at HSVCC pin. After that ZV-RVS switching cycles
smoothly ramp up the output voltage. Here, the first switching cycles run with a low fixed frequency until the
voltage at pin ZCD is high enough for valley switching. The startup-phase is finished once the feedback loop
takes over the peak current control.

During the first HS pulse the CS pin is checked for short circuit. For the ZVS pulse duration a maximum applies
to prevent too long ZVS pulse due to very low ZCD voltage measurement. A transition from ZV-RVS to CRM may
take place during the startup-phase if the voltage sampled at pin ZCD exceeds the related thresholds.

4.3.4 Frequency jitter

The switching frequency jitter function is only active in CRM operation and in case the bus voltage is above
the configurable bus voltage threshold Vpsitteren fOr enabling the jitter functionality. Switching frequency jitter
is done by modulating the peak to peak magnetizing current lyagpp-

4.3.5 Half-bridge gate driver

The half-bridge gate driver consists of a low-side gate driver for LS switch, which is supplied by VCC and GND
pin. The HS switch is driven by a floating high-side gate driver supplied by HSVCC and HSGND. The floating HS
domain is galvanically isolated and steered via a coreless pulse transformer. The LS and HS gate drivers are
enabled/disabled based on the corresponding undervoltage lockout thresholds (Vyccon, Vyccoff) @nd (Visvecons
Vhsveeoff) (see Chapter 4.5.2.1 and Chapter 4.5.2.2). Both drivers are clamping the maximum gate driver output
voltage to Vi sgphigh; VHscphigh- If disabled the gate driver outputs are actively kept shut down. When HSVCC
exceeds the threshold Vysyccon the high-side gate driver is enabled after a time period of tysgpendel-
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Figure 18 Half-bridge gate driver

In order to drive discrete GaN-HEMT devices in the half-bridge, a dedicated external RC-network is
recommended, see Figure 3.

For the high voltage level V| sgphigh Of the LS gate driver two different values can be set by configuration.

4.4 Combo-control functions

In the following section the combo-controller functions with PFC and Hybrid-flyback controller interaction for
an optimum system control are described.

4.4.1 Burst mode control

The IC contains a burst mode control block to enter a highly efficient operation mode at light-load. By
introducing longer non-switching phases with IC entering a sleep mode the average switching and bias losses
are reduced during burst mode operation. Both, the PFC stage and the hybrid-flyback, go into burst mode at
low load. The burst mode operation is controlled by the hybrid-flyback controller in relation to the output
current reflected by the feedback voltage Vg. In general, the burst-mode operation of PFC and hybrid-flyback is
synchronized. Figure 19 shows the main functions for the burst mode control.
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Figure 19 Burst mode control block
44.1.1 Burst mode entry

Once Vg is dropping below Veggmen the generation of next switching pulse is stopped and burst mode is
enabled by entering sleep mode with the reduced current consumption lyccgmpsm- At burst mode entry the HV
start-up cell is turned on to charge up VCC until V\,ccop is reached.

At burst mode entry the HV start-up cell is turned on once to charge up the VCC and VCC current consumption is
reduced during the sleep phases (see Chapter 4.1.4).

4.4.1.2 Burst mode operation

The steady state burst mode operation is based on a burst frame on/off control by means of comparing the
voltage at FB pin with the feedback thresholds Viggmen @and Viggmctrl- The threshold Veggpen determines when
the IC enters the sleep phase. During the sleep phase the threshold Veggyctrl is used for for waking up. The
burst frame duty cycle and burst frame frequency is fully controlled by means of Vg VCC current consumption
is reduced during the sleep phases.

The PFCis always switching synchronously with the hybrid-flyback. However, depending on the operation
conditions, PFC might also be disabled (see Chapter 4.4.2) and not switching.

4.4.1.3 Burst mode bootstrap precharge

Operation in burst mode at very light-load leads to long sleep phases without switching activities. During this
sleep-time period the HSVCC voltage may drop below the off-threshold Vysyccosf and deactivate the floating
HS gate driver. To ensure that a proper HSVCC supply is in place for turning on the HS switch after a long IC
sleep phase, a train of Ngyprepuise Precharge pulses is introduced before the first ZV-RVS switching cycle. The
precharge pulse train is only introduced when the captured burst mode sleep time has exceeded the threshold
temsipthrpp- Figure 20 shows a precharge pulse train pattern for the case Ngyprepulse=3-

Note: If a HS pulse is missing due to improper HSVCC supply, the subsequent LS pulse may lead to hard
switching. Therefore, the controller tries to detect this case and may stop the switching operation.
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Figure 20 Precharge pulse train pattern
4.4.1.4 Burst mode exit

Burst mode exit is a smooth transition from on/off control back to the closed feedback control loop at load
increase, no matter if the load jumps or increases slowly. In these cases the controller it will wake-up (in case it
was not active yet) and starts switching. Since the load and the voltage at pin FB are high, the controller is not
going to sleep anymore but changes to normal operation. This smooth transition is possible as in regular burst
mode active phase regular peak current control based on the feedback control applies.

4.4.2 PFC enable/disable control

The PFC stage is enabled and active, when the load is above a certain level where power factor correction could
be mandatory or the hybrid-flyback stage requires a minimum input voltage level for proper operation.

Whether the load requires PFC operation is decided by a hysteretic comparator with two thresholds Pprcenable
and Pprcdisable- Not that the PFC may be enabled although the estimated power is below Pprcgisable t0 €nsure
proper hybrid-flyback operation. Whether the hybrid-flyback stage requires PFC operation is decided by a
hysteretic comparator evaluating the AC line peak voltage with two thresholds derived from the sensed output
voltage.

4.4.3 Variable bus voltage target level

Compared to conventional PFC boost operation, the PFC bus voltage is not regulated to a fixed target value but
the target voltage depends on the operation conditions and is set either by the hybrid-flyback stage or by the
PFC itself. This functionality is closely related to the PFC enable/disable control (see Chapter 4.4.2).

For optimum operation of the hybrid-flyback stage over a wide output voltage range, the PFC bus voltage
target level Vpystarget,Hrs requested by the hybrid-flyback stage is determined by the controller depending on
the reflected output voltage N -V, measured via pin ZCD.

A proper PFC operation is only possible in case the target bus voltage target level is somewhat above the
given AC line peak voltage [Vacpk|- For that reason the PFC controller also determines a bus voltage target level
Vpustarget,prc Which is the detected rectified AC peak voltage plus an offset.

Whenever PFC is enabled and switching the higher value of Vi starget Hrs @nd Vpystarget,prc is used as target value
for the PFC regulation.

Furthermore, the bus voltage target value is limited to a minimum value Vpystargetmin @s Well as to a maximum
value Vbustargetmax-
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4.5 Protections

The IC supports several protection functions resulting in different protection reactions.
For most protection events the IC enters a protection mode (see Chapter 4.5.1). In many cases the protection

mode is configurable.

Table 4 Protection Features and Reaction

Protection Feature Symbol Protection Reaction

VCC undervoltage lockout UVOFF HW reset and restart

HSVCC undervoltage lockout HSUVOFF Disable HS gate driver

VCC overvoltage protection VCCOVP Configurable: Auto-restart or latch

Brown-in protection BIP Bang-bang mode, waiting for
brown-in in start-up check phase

Brown-out protection BOP Stop operation and enter bang-
bang mode for start-up check
phase

AC loss protection ACLOSS Stop operation and enter bang-
bang mode for start-up check
phase and active X-capacitor
discharge

PFC Start-up timeout protection PFCSTTOP Configurable: Auto-restart or latch

Output start-up timeout protection |VoutSTTOP Configurable: Auto-restart or latch

AC overvoltage protection ACOVP Configurable: Auto-restart or latch

PFC bus overvoltage protection PFCOVP1 Stop PFC switching

level 1

PFC bus overvoltage protection PFCOVP2 Stop PFC switching (cycle-by-cycle)

level 2

PFC bus undervoltage protection PFCUVP Configurable: Auto-restart or Stop
operation and enter bang-bang
mode for start-up check phase

PFC overcurrent protection PFCOCP Stop PFC switching (cycle-by-cycle)

PFC CCM protection PFCCCM Configurable: Auto-restart or latch

Output overcurrent protection level | OCPlevl Configurable: Auto-restart or latch

1

Output overcurrent protection level | OCPlev2 Configurable: Auto-restart or latch

2

Output maximum current OCPmax Configurable: Auto-restart or latch

protection

HFB primary side overcurrent CSPROT Configurable: Auto-restart or latch

protection

Vout overvoltage protection VoutOVP Configurable: Auto-restart or latch

Vout undervoltage protection VoutUVP Configurable: Auto-restart or latch

Vout short circuit protection VoutSCP Configurable: Auto-restart or latch

(table continues...)
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Table 4 (continued) Protection Features and Reaction

Protection Feature Symbol Protection Reaction

CS pin short protection CSSCP Configurable: Auto-restart or latch

FB pin start-up protection FBSTUP Stop operation and enter bang-
bang mode for start-up check
phase

HFB open loop protection HFBOLP Configurable: Auto-restart or latch

External overtemperature extOTP Configurable: Auto-restart or latch

protection

Watchdog timer WDOG Configurable: Auto-restart or latch

4,5.1 Protection modes

Once the protection mode is entered, the IC stops the gate driver switching at the PFCGD, LSGD and HSGD pins
and enters stand-by mode. During stand-by mode, the HV start-up cell is operating in the bang-bang mode (see
Chapter 4.1.3) to keep the VCC voltage at a high level to have enough energy stored in the VCC capacitor for the
system start-up. Three protections modes are supported as described in the sequel.

4,5.1.1 Deactivate IC after under-voltage lockout

In case VCC drops below Wcof the under-voltage lockout protection is triggered, the IC is completely
deactivated and is only restarted with the regular start-up mechanism, see Chapter 4.1.1.

4,5.1.2 Auto-restart mode

When auto-restart mode is activated, the controller stops switching at the gate driver pins. After a configurable
auto restart time tary, the control IC resumes its operation with soft-start after the VCC capacitor is charged up
and the VCC voltage has reached its turn-on threshold Vyccon. During the auto restart time tagy the controller
wakes up very tarmbase in order to re-charge VCC (see Chapter 4.1.3).

4.5.1.3 Latch mode

In latched operation the system keeps staying in stand-by mode without any restart attempt. The
latched operation can only be reset by VCC dropping below the UVOFF HW reset threshold Vy,ccoft. Like in
auto-restart mode the controller wakes up very tarmbase in order to re-charge VCC (see Chapter 4.1.3).

4.,5.2 Protection features

4,5.2.1 VCC undervoltage lockout

The implemented VCC undervoltage lockout (UVOFF) ensures a defined activation and deactivation of the IC
operation depending on the supply voltage at pin VCC. The UVOFF contains a hysteresis with the upper voltage
threshold Vyccon, for activating the IC. AVCC voltage level dropping below the bottom threshold Vyccos resets
and deactivates the IC during normal operation. In reset state the HV start-up cell is turned on, starting the next
VCC charge cycle until VCC voltage exceeds Vyccon (see Chapter 4.1.1).

4,5.2.2 HSVCC undervoltage lockout

The implemented HSVCC undervoltage lockout (UVOFF) ensures a defined activation and deactivation of the
floating high-side driver. The HSUVOFF contains a hysteresis with the upper voltage threshold Vysyccon for
activating the high-side gate driver. AHSVCC voltage level dropping below the bottom threshold Vysyccoff turns
off and deactivates immediately the high-side driver. During deactivation phase the high-side driver current
consumption is reduced.
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4,5.2.3 VCC overvoltage protection

There is an over voltage detection at pin VCC. The detection function consists of a threshold Vyccoyp and
a blanking time of tyccovp. The protection reaction once the overvoltage protection is triggered can be
configured.

4,5.2.4 Brown-in protection

For successful brown-in two conditions must be fulfilled:

1. AC voltage above threshold with Vacrms > Vacrmsbi Sensed via pin HV
2. PFC bus voltage above threshold with Vy, s > Vpyspi sSensed via pin PFCVS

When AC brown-in condition is not met before the timeout duration tyypiio is expired, the AC brown-in time out
protection reaction is triggered.

Since the brown-in is also based on the sensed bus voltage, this protection also acts as PFC open-loop
protection during start-up.

4,5.2.5 Brown-out protection

Brown-out detection is based on AC peak voltage estimation: In case the PFC is disabled, the AC peak voltage is
determined from the bus voltage Vs sensed at pin PFCVS. In case the PFC is enabled the AC peak voltage is
determined using the captured PFC switching cycle timings. If the estimated AC peak voltage is below the
configurable threshold Vacmsho fOr longer than the blanking time ty,,, the protection mode will be triggered and
the IC enters brown-in mode. Please be aware, that the blanking time is only counted during active time, so
that during burst-mode with sleep phases the duration to detect a brown-out is increased.

Afterwards, as described in Chapter 4.1.2, bang-bang mode is entered for an fast re-start in case AC input
voltage comes back.

4.5.2.6 AC loss protection with X-capacitor discharge

In case this feature is enabled, an AC detection algorithm checks via pin HV if there is an alternating AC line
voltage voltage during normal operation and burst mode. As soon as the voltage at pin HV stops alternating an
AC loss event is detected, the IC goes into protection mode and the HV startup cell is turned on to discharge
the X-capacitor until VCC drops below Vyccofr. From then, the controller tries to re-charge VCC to Vyccon, for a fast
re-start in case AC input voltage comes back (see Chapter 4.1.2).

The X-capacitor discharge and the related protection mechanism can be enabled or disabled by configuration
using parameter ENycapdischg:-

4.5.2.7 Start-up timeout protections

After the PFC is activated, the PFC performs a soft-start. In case the softstart cannot be completed within
tstartprc, the configured protection mode (auto-restart or latch) is entered.

A second start-up time-out function is implemented for the hybrid-flyback output. In case of overload during
start-up the output voltage V, s may not reach the regulation target voltage, preventing the system from
entering regulation. A timeout is detected if the current set-point determined by Vg is not dropping below the
current set-point determined by V: start-up control within the maximum time period teiatto-

4,5.2.8 PFC bus overvoltage protection

The first overvoltage protection (PFCOVP1) threshold is given by the configurable parameter Vpecysoyp1- Shortly
after this threshold is exceeded, the PFC stops switching. The hybrid-flyback stage continues switching. The PFC
resumes operation when the measured voltage falls below the threshold Vprcysovpires:

A second overvoltage protection mechanism (PFCOVP2) is implemented using an hardware comparator. It
protects the system in case the bus voltage increases above the first OVP threshold in very short time without
triggering PFCOVPL. The corresponding threshold Vpgcysoyp: is a fixed voltage. In case the voltage sensed at
PFCCVS exceeds the threshold, no new PFC gate driver pulse is generated. As soon as the voltage at PFCVS is
below the threshold Vprcysovp2 again, PFC pulses are generated again.

Neither in case of OVP1 nor in case of OVP2 a protection mode is entered.
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4.5.2.9 AC overvoltage protection

The AC overvoltage protection (ACOVP) is also based on the bus voltage measured at PFCVS via external
voltage divider. Compared to the bus overvoltage protections OVP1 and OVP2, which only stop PFC from
switching (see Chapter 4.5.2.8), the ACOVP stops PFC and hybrid-flyback operation and enters protection
mode. In case of AC overvoltage, the PFC stops switching due to OVP2, the bus voltage and thus the voltage
at pin PFCVS represent the AC peak. In case the voltage measured at PFCVS is greater than the threshold
Vprcvsacovp for longer than the configurable blanking time tacoyp, the configured protection mode (auto-restart
or latch) is entered.

ACOVP can be enabled or disabled by configuration using parameter ENacoyp.

4,5.2.10 Vbus undervoltage protection

Undervoltage detection of the PFC bus voltage is sensed at the PFCVS pin and acts as protection mechanism for
the hybrid-flyback stage.

The bus voltage undervoltage protection compares the voltage at pin PFCVS with the voltage Vprcysuyp €Very
tsample Whereas the value of Vi, is set to Vryypoffset + Veravg Fepresenting output voltage but not below a
minimum value of 1.5 V¢, 5. The undervoltage protection is %lanked with the configurable blanking time
thusuvp @nd is sampled with a time period tgampie-

4.5.2.11 PFC overcurrent protection

Once the voltage across the PFC shunt resistor exceeds the over current threshold Vpgccsocp for longer than
the blanking time tprccsocp the MOSFET gate PFCGD is turned off. Afterwards, the ZCD signal or the PFC
maximum period time-out signal initializes the next switching cycle. This protection mechanism is active in
every switching cycle.

4.5.2.12 PFC CCM cycle protection

During CCM operation, the magnetizing current in the PFC choke does not decay to zero prior to MOSFET turn
on. Quasi-resonant oscillation is missing in the Vpgccs 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. Extended CCM operation protection is implemented within FW. If
quasi-resonant oscillation is missing in the ZCD signal for longer than the blanking time tprccsccm the protection
is triggered.

4,5.2.13 Hybrid-flyback overcurrent protection

The hybrid-flyback overcurrent protection contains several detection functions, which protect the
application when operating under output overcurrent conditions or when exceeding a primary side peak
current (see Figure 21).
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Figure 21 Overcurrent protection overview

4.5.2.13.1 Output overcurrent protection

The output overcurrent protection is implemented as a three level protection:

«  Output overcurrent protection level 1

«  Output overcurrent protection level 2

«  Output maximum current protection

using different overcurrent level thresholds Isgrocplevi/levz/max @nd blanking times tocpievibi/ievabl/maxbl-

The output overcurrent protection levels lserocpievi/levz/max are defined by the output current control law,
whereas Isetocpmax COrresponds to the maximum output current level. Once the current set-point Isgt crosses
the threshold levels a timer is started. The configured protection mode (auto-restart or latch) is entered when
the timer reaches the thresholds tocplevibl/ievabl/maxbl- The timer is reset when Isgr is dropping back below the
thresholds.

Be aware, that once a higher output current corresponding to a current set point Isgt > Isetocpmax IS requested
via Vgg control, the output current is kept limited. During this phase the output voltage is dropping because
output current is higher than what is provided by the converter.

4.5.2.13.2 Primary side overcurrent protection CSPROT

Vespror 1S a fixed threshold at CS pin and beyond the maximum operating range Vesopmax- The CSPROT function
is not blanked during the leading edge blanking time tygiep. Once exceeded the configured protection mode
(auto-restart or latch) is entered.

In order to avoid false CSPROT events at the initial start due to charging of the high-side supply an extended,
configurable blanking time tcsproTitstart 2PPLi€s.
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4,5.2.14 Output voltage protection

The IC provides two output voltage Vout protection mechanisms for output undervoltage and output
overvoltage to ensure a reliable operation within a defined Vout operating range. The measurement is done at
pin ZCD via the reflected voltage at the auxiliary winding of the transformer during the demagnetization phase
when the LS switch is turned on (see Figure 22). Furthermore the zero-crossing detection during start-up phase
is observed to detect short circuit conditions at the output.

|
| : Vout Overvoltage
! I Laox | - (VoutOVP) Protection
| : >
| Vzcoove O———=
ZCb Vout Undervoltage Protection
| Vacouwe C ~_(VoutUVP) Protection Mode
I >
| -
[
[
[
Vout Short Circuit Nuscyclemax
| - y >
: (VoutSCP) Protection
Figure 22 Output voltage protections
4.5.2.14.1 Vout overvoltage protection

The IC provides primary side output over-voltage detection via the voltage measured every switching cycle
during the LS on-time at the ZCD-pin from the auxiliary transformer winding. Output over-voltage is detected
when the reflected output voltage is exceeding the threshold Vz¢poyp (corresponding to the configurable
threshold Vo tovp) longer than the configurable blanking time toovpbi- Once detected a protection mode is
immediately triggered and the configured protection mode (auto-restart or latch) is entered.

4,5.2.14.2 Vout undervoltage protection

Output under-voltage detection is detected via the voltage measured at the ZCD-pin. After the start-
up is finished Vout under-voltage can triggered when the voltage measured at pin ZCD is dropping
below the threshold Vzcpyyp, Which corresponds to the configurable threshold Voygyp. Once detected
the configured protection mode (auto-restart or latch) is entered.

4.5.2.14.3 Vout short circuit protection

For a short circuit protection at the output, two different mechanisms are implemented. One is only active
during start-up, the other one is meant for protection during active operation.

During start-up, the Vout short circuit protection limits the number of half-bridge switching cycles. After a
start-up request only a maximum of Nygcyclemax CONsecutive half-bridge switching cycles without zero-crossing
detection are allowed. If Nygcyclemax IS €xceeded or if the feedback voltage Vg is already below Vegppctr the
restart phase is stopped and the configured protection mode (prematurely auto-restart mode sleeping phase or
latch) is entered.

During operation another Vout short circuit protection mechanism is active using two criteria. If the difference
between the actual voltage Vzcp and its internally averaged value Vzcpayg is bigger than the internal threshold
AVzcpshort; @n output short circuit protection is triggered and the configured protection mode (auto-restart or
latch) is entered.
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4.5.2.15 CS pin short circuit protection

During Vout start-up a short circuit detection at CS pin is activated for the very first HS switch pulse to protect
the application operating with a shortened Rgpnt-

4.5.2.16 FB pin start-up protection

During the start-up check phase, the voltage at pin FB is evaluated for error. The system will only start up in
case Vig > Vegpmctrl- IN case the system cannot be started due to too low voltage at pin FB the configured
protection event with parameter EVs,rpiow Will be triggered.

4.5.2.17 Hybrid-flyback open loop protection

The open control loop protection is using a similar method as the output short protection (see Chapter
4.5.2.14.3). Only in case of a saturated feedback voltage at FB, the reflected output voltage measured

via ZCD pin is evaluated: If the difference between the actual voltage Vzcp and its internally averaged

value Vzcpayg is bigger than the internal threshold AV;cpop, which is related to the configurable output voltage
threshold AV,t01p, an open loop protection is triggered and the configured protection mode (auto-restart or
latch) is entered.

4.5.2.18 External overtemperature protection

The external overtemperature protection (ExtOTP) is based on measuring an external NTC thermistor at pin
MFIO, see Figure 23. Once the external resistance is falling below the threshold Ryriootptrig @ protection mode is
entered. The protection reaction can be configured. In case of auto-restart, a restart cycle can only take place
in case the value of the the external resistance exceeding the threshold Ryriootprel- The auto-restart cycles after
ExtOTP was triggered are counted. When the number of auto-restarts after external OTP events exceeds the
threshold Ngtpeymax l@atch mode is entered, too.

: VREF
I @)
|
|
|
RwFiopu
: H e Protection
' mode
MFIO 3
Release
i RwmFiootprel O——= -
NTC |
| RwFi0oTPtig O——+
| Tri
| )
|
Figure 23 External overtemperature protection using NTC-thermistor at MFIO pin
4,5.3 Error read-out at MFIO-pin

After a latched protection mode as been entered an error code showing which protection has been triggered,
can be read out at pin MFIO.
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5 Configuration

The configuration of the controller is supported by the GUI tool dpVision provided by Infineon. This chapter
gives an overview about the configurable parameters, which are programmable via the UART interface at MFIO
pin. Chapter 4.1 shows the relationship between the parameter symbols described in the functional description
and the parameter names shown in .dp Vision GUI tool. Furthermore the associated tolerance classes are

assigned to the configurable typical parameters, which can be found in Chapter 4.2.

5.1 Configurable parameters and functions

5.1.1 System settings

Table 5 System settings

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Ratio of resistor divider connected at Kprcvs 1)

PFCVS pin and bulk voltage

Maximum nominal output current loutnom 1) A

without over-current condition

Transformer turns ratio of primary N 1)

winding Np and secondary winding Ns,

defined by Np/Ns

Maximum nominal regulated output Voutnom 1) v

voltage

5.1.2 Supply Management

Table 6 Supply Management

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

External resistor connected to HV pin Ruv 2) kQ

Typical voltage drop from AC terminalto | Vgyopacamy 2) v

HV pin

Enable X-capacitor discharge ENxcapdischg 2)

Enable of HV cell charging during burst- | ENycccharge 2)

mode

See XDPS2221 parameter file
2 See XDPS2221 parameter file
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5.1.3 Start-up

Table 7 Start-up

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

AC rms voltage for brown-in Vacrmsbi 3) v Tolerance Class:

TC_Il for IHVB|
Brown-in bus voltage threshold Vpusbi 3) v Tolerance Class:
TC_Vib

Bus voltage threshold for AC overvoltage | Vpysacovp 3) v Tolerance Class:

protection TC V1b

Maximum number of allowed half-bridge | Nygcyclemax 3)

switching cycles without subsequent

zero-crossing detection (ZCD) during ZCD

search phase at Vout start-up

Maximum time period without zero- tstartzedto 3 Hs Tolerance Class:

crossing detection for generating next TC_T1

pulse only during ZCD search phase

Blanking time of primary overcurrent tcsprOTSilstart 3) ns Tolerance Class:

protection CSPROT at start-up and 1st TC_T1

pulse in burst-mode

5.1.4 Hybrid-flyback operation

Table 8 Hybrid-flyback operation

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

LS switch on-time during energy transfer | ttransnom 4 us

atV_outnom in ZV-RVS mode

Dead-time between HS pulse falling edge |tgeadis 4 ns Tolerance Class:

and LS pulse rising edge TC_T1

Dead-time between LS (ZVS pulse) falling | tgeadHsrvs 4 ns Tolerance Class:

edge and HS pulse rising edge in ZV-RVS TC_T1

mode during start-up

HS switch leading edge blanking (LEB) tHsleb 4 ns Tolerance Class:

determining minimum on-time (blanking TC_T1

time of CSTHR)

Filtering time between ZCD pulse rising | tzcpfilrvs 4 ns

edge and LS pulse rising edge in ZV-RVS
mode operation

(table continues...)

See XDPS2221 parameter file
4 See XDPS2221 parameter file
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Table 8 (continued) Hybrid-flyback operation
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

ZCD pin nominal voltage during LS switch |Vzcpnom 4 v

turn-on atV_outnom

Blanking time of CSTHR events tesTHR 4 ns Tolerance Class:
TC_T1

Propagation delay compensation time tespoe 4 ns

Minimum switching frequency limit fwDCMmin 4 kHz | Tolerance Class:

during DCM operation TC_T1

LS gate driver output voltage at high state | Vi sgphign 4 v

t_TRANS in ZV-RVS mode for Vout =0V in tTRANSRVSOV% 4) %

percentage of t_TRANSnom for t_TRANS

modulation depending on output voltage

Target time delay for LS pulse falling edge |t sp7¢cp 4 ns

to ZCD pulse falling edge in CRM

Target negative magnetizing current level | lyagnegnomo 4 %

in percent required to achieve ZVS

Maximum negative magnetizing current | lyagnegmaxcrM% 4 %

level in percent required to achieve ZVS at

maximum bus voltage Vbus during CRM

operation

Maximum negative magnetizing current | lyagnegmaxrvso 4 %

level in percent required to achieve ZVS

at maximum bus voltage Vbus during ZV-

RVS mode operation

Minimum ZVS pulse width during ZV-RVS | tzysmin 4 ns Tolerance Class:

mode operation TC_T1

Minimum FB feedback voltage VEBOPMIN 4 v Tolerance class
TC_V4a

Pull-up resistor at pin FB Rrepu 4 kQ Tolerance +20%

Minimum peak current for V_ZCD_nom IMAGposRVSmax% 4 %

after entering DCM mode in percentage

Minimum peak current for V_ZCD = 0V IMAGposRVSOV9% 4 %

after entering DCM mode in percentage

Absolute minimum peak current IMAGposRVSabsmin 4 %

after hitting minimum DCM switching %

frequency in percentage

Offset of peak current used for change IMAGposhysteresisCR 4 %

from CRM to ZV-RVS mode in percentage | w2rvso

of peak current

(table continues...)

4 See XDPS2221 parameter file
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Table 8 (continued) Hybrid-flyback operation
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Output voltage threshold for switching VoutRVS2CRM 4 v

over from ZV-RVS mode to CRM

Output voltage threshold for switching VoutCRM2RVS 4 v

over from CRM to ZV-RVS mode

Burst mode entry FB feedback voltage VERBMen 4 v Tolerance Class:

threshold TC_V4a

Pulse width to precharge the bootstrap | tawprepulse 4 us Tolerance Class:

capacitor after a period longer than TC_T1

tBMslpthrpp

Number of precharge pulses NBMprepulse 4

Maximum precharge pulse period tBMppswmax 4 us Tolerance Class:
TC_T1

Burst sleep time threshold for enabling tBMslpthrpp 4 ms

precharge pulse

Bus voltage jitter enable threshold VpusJitteren 4 v Tolerance Class:
TC_V1b

Time delay for next frequency jitter step | tjitterstpdel 4 ms Tolerance Class:
TC_T3

Frequency jitter spread on a percentage | d jitterspread% 4 %

base of switching frequency

5.1.5 PFC operation

Table 9 PFC operation

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Enable PFC operation (if disabled, PFCis | ENprcoperation 5)

completely and permanently disabled)

Leading edge blanking time of PFCCS tprccsieb 5) ns Tolerance Class:
TC_T1

PFC ZCD filter and delay time for tprccszad 5 ns

comparator low threshold

PFC ZCD filter and delay time for tprccszedreset 5) ns

comparator high threshold

PFC ZCD blanking time after PFCGD off | tprceszedbik 5) ns

(table continues...)

4 See XDPS2221 parameter file
s See XDPS2221 parameter file
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Table 9 (continued) PFC operation
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Minimum PFC on-time tprconmin 5 us Tolerance Class:
TC_T1

Maximum PFC on-time tprconmax 5 us Tolerance Class:
TC_T1

Minimum PFC switching frequency fowPFCmin 5) kHz |Tolerance Class:
TC_T1

Maximum PFC switching frequency fswPFCmax 5) kHz |Tolerance Class:
TC_T1

Lower PFC switching frequency threshold | fs,ormin 5 kHz | Tolerance Class:

leading to valley transition TC_T1

Upper PFC switching frequency threshold | fsyormax 5) kHz | Tolerance Class:

leading to valley transition TC_T1

Maximum valley number during PFC QRM | Nprcyalleymax 5

Blanking time before decreasing valley toRblkdec 5 ms Tolerance Class:

number TC_T3

Blanking time before incrementing valley | tgropikinc 5 ms | Tolerance Class:

number TC_T3

Configuration for initial soft-start on-time |CFG 5)

and on-time threshold for pulse skipping | prcontime

PFC regulator PI-filter coefficient A during | PFCcoefa 5

steady state (tracking operation)

PFC regulator PI-filter coefficient B during | PFCcoefp 5)

steady state (tracking operation)

PFC regulator T1-filter coefficient during | PFCcoefr1 5

steady state (tracking operation)

5.1.6 PFC bus voltage target setting

Table 10 PFC bus voltage target setting

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Output power level at which the PFC is PpEcenable 6) W

enabled

Output power level at which the PFC is Pprcdisable 6) W

disabled

(table continues...)

s See XDPS2221 parameter file
6 See XDPS2221 parameter file
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Table 10 (continued) PFC bus voltage target setting
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Offset of Vbus target voltage setting over | Vpystargetoveroffset 6) v

2xVcer

Offset on Vbus for PFC enable condition |V, sprcenableaverof 6) v

fset

Maximum PFC bus target voltage Vpustargetmax 6) v Tolerance class:
TC_Vib

Minimum PFC bus target voltage Vbustargetmin 6 \Y Tolerance Class:
TC_V1b

Offset of Vbus target voltage setting over | Vpystargetvacpkoffse 6) v

Vacpk t

Hysteresis on AC peak voltage to disable | Vacpkprcdisablehys 6) v

PFC teresis

5.1.7 Protections

Table 11 Protections

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Auto-restart time tARM 7) s Tolerance Class:
TC_T2

Reaction event to VCC overvoltage EVyccovp 7)

protection

AC rms voltage threshold for brown-out | Vacrmsbo ) v

protection

Enable AC overvoltage protection ENacovp 7)

Reaction event on AC overvoltage EVacovp 7)

protection

AC overvoltage protection blanking time | tacovp 7) us Tolerance class:
TC_T3

Reaction event to low FB-voltage at start- | EVgtartreiow 7)

up

Reaction event to start-up no-ZCD EVstnozep )

protection

Maximum allowed start-up time until tstartto ) ms Tolerance Class:

start drop of feedback voltage TC_T3

Reaction event to PFC soft-start timeout | EVprcstrop )

(table continues...)

6 See XDPS2221 parameter file
7 See XDPS2221 parameter file
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Table 11 (continued) Protections
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

PFC bus voltage first level overvoltage Vbusovp1 7) v Tolerance Class:

protection (OVP1) threshold TC_Vib

PFC bus voltage threshold to resume Vbusovpires 7) v Tolerance Class:

switching after OVP1 TC_V1b

Reaction to Vbus undervoltage protection | EVpysuyp 7)

Offset of dynamic PFC bus undervoltage | Vcruvpoffset 7) v

protection

Blanking time of bus undervoltage thusuvp 7) ms Tolerance Class:

protection (PFCUVP) TC_T3

Difference of Vbus voltage level to VbusPFCtonmaxUVP 7) v

bus undervoltage protection level for offset

enabling max. PFC on-time

Reaction event for CCM protection EVpeccem 7)

CCM protection blanking time tprccscem 7) ms Tolerance class:
TC_T3

Reaction to output overcurrent EVocplevi 7)

protection level 1

Current set-point in percentage of lsEToCPmax% 7) %

nominal set-point for output maximum

current limitation

Current set-point threshold in percentage |lsetocplevioe ) %

of nominal set-point for output

overcurrent protection level 1

Output overcurrent protection level 1 tocplevibl 7) us Tolerance Class:

blanking time TC_T4

Reaction to output overcurrent EVocplev2 7)

protection level 2

Current set-point threshold in percentage |lsetocpieva% 7) %

of nominal set-point for output

overcurrent protection level 2

Output overcurrent protection level 2 tocplevabl 7) ms Tolerance Class:

blanking time TC_T3

Reaction event for output maximum EVocpmax 7)

overcurrent protection

Maximum overcurrent limitation blanking | tocpmaxbl 7) ms Tolerance Class:

time TC_T3

Reaction event primary side overcurrent |EVcsprot 7)

protection CSPROT

(table continues...)
7 See XDPS2221 parameter file
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Table 11 (continued) Protections
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Reaction event to open-loop protection  |EVg.p 7)

Threshold for difference in output voltage | AVqytolp 7) v Tolerance Class:

for open loop protection TC_V3b for the
voltage sampled at
pin ZCD

Reaction event to CS pin short protection | EVcssep 7)

Reaction event for Vout overvoltage EVyoutove 7)

protection

Threshold for Vout overvoltage protection |Voutovp 7) v

Vout overvoltage protection blanking toutovpbl 7) ms Tolerance Class:

time TC_T3

Reaction event for Vout undervoltage EVyoutuve 7)

protection

Threshold for Vout undervoltage Voutuvp 7) v Tolerance Class:

protection TC_V3b

Configuration of blanking for output CFGyoutuvPBM 7)

undervoltage protection after burst-mode

wake-up

Reaction event to Vout short-circuit EVyoutscp 7)

protection

Reaction event to Vout start-up timeout | EV\outsTTOP 7)

protection

Threshold for difference in output voltage | AVqyytshort 7) v Tolerance Class:

for output short detection TC_V3b for the
voltage sampled at
pin ZCD

Reaction on external overtemperature EVotp 7)

protection

Overtemperature protection trigger RMFI00TPtrig 7) kQ Tolerance class:

threshold TC_R1

Overtemperature protection release RMFI00TPrel 7) kQ Tolerance class:

threshold TC_R2

External overtemperature protection NoTpevmax 7)

number of allowed triggered events

before entering latch mode

Reaction event to watchdog timer EVwbog 7)

protection

7 See XDPS2221 parameter file
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5.2 Tolerance classes for configurable parameters

The are several configurable parameters available, having different tolerance classes. Parameters defining
events, configuration registers, digital numbers or constants are not assigned to tolerance ranges. The available

tolerance classes are named with TC_xxx and listed in the following Table 28. Described is how minimum and
maximum tolerance values can be derived for the typical value Xtyp of the configurable parameters.

Table 12

Tolerance classes

Tol.-Class

Description

Min. value

Max. value

TC_T1

Timing parameter below
1215ns (based on main
clock tycik = 15.8 ns(typ.))

ttyp X 0.95 - 15.8ns

tyyp X 1.05 + 15.8ns

Timing parameter above
1215ns (based on main
clock tycik = 15.8 ns(typ.))

teyp X 0.937

tryp X 1.063

Frequency parameter
below 500kHz (based on
main clock tMCLK =15.8

ns(typ.))

Feyp X 0.937

Fiyp X 1.063

TC_T2

Timing parameter based
on stand-by clock (tsteeLk

=10 ps(typ.))

tyyp X 0.90

teyp X 1.12

TC_T3

Timing parameter (integer
multiple of 0.1ms)

based on slow task

period (tSTBCLK: 0.12
ms(typ.)), does not apply
in case of burst mode
operation.

tyyp X 0.937 - 0.13ms

tyyp X 1.063 + 0.13ms

TC_T4

Timing parameter (integer
multiple of 5ms) based

on very slow task

period (tstecLk =5
ms(typ.)), does not apply
in case of burst mode
operation.

ttyp X 0.937 - 5.5ms

tyyp X 1.063 +5.5ms

TC_Vla

Voltage threshold at pin
PFCVS

(Vystyp X 0.994) - 0.099V

(Vystyp X 1.006) + 0.099V

TC_V1b

Voltage threshold at pin
PFCVS

(Vystyp X 0.994) - 0.040V

(Vystyp X 1.006) + 0.040V

TC_V2

Voltage threshold for
CSTHR comparator at pin
CS

VesTHRyp - 0.034V

VesTHrtyp +0.034V

TC_V3a

Voltage threshold at pin
ZCD

(Vzcptyp X 0.995) - 0.091V

(Vzcptyp X 1.005) +0.091V

TC_V3b

Voltage threshold at pin
ZCD

(Vzcptyp X 0.995) - 0.024V

(Vzcptyp X 1.005) +0.024V

(table continues...)
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Table 12 (continued) Tolerance classes

Tol.-Class Description Min. value Max. value

TC_V3c Voltage change threshold | Vzcptyp - 0.077V Vzcpyp +0.077V
at pin ZCD

TC_V4 Voltage threshold at pin | (Vrgtyp X 0.984) - 0.084V (Vegtyp X 1.016) + 0.084V
FB

TC_V4a Voltage threshold at pin | (Vrgtyp X 0.984) - 0.026V (Vrgtyp X 1.016) +0.026V
FB

TC_I1 Current threshold at pin | (Ijyyp X 0.98) - 0.004mA (IHvtyp X 1.02) +0.004mA
HV
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Figure 24 Tolerance class TC_R1 for resistor threshold at pin MFIO
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Timing parameters relating to external switch events have an offset from system delays that is not included in
TC_T1
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6 Electrical characteristics

All signals are measured with respect to ground GND pin. The voltage levels are valid if other ratings are not

violated.

Figure 26 illustrates the definition for the voltage and current parameters used in this data sheet.

+l
_b.

1
1

1

JIEY

+lpiy
—

+VeiN

il

PIN
DUT

GND

Figure 26

6.1

Voltage and current definitions

Absolute maximum ratings

Stresses above the values listed below may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for given periods may affect device reliability. Maximum ratings are absolute
ratings; exceeding anyone of these values may cause irreversible damage to the device.

Table 13 Absolute maximum rating

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Voltage at pin HV Vi -0.3 600 |V 8)

Current into pin HV Iy - 10 mA |9

Voltage at pin VCC Vyee -0.5 26 |V 8

Voltage at pin MFIO Vurio -0.5 36 |V 8

Voltage at pin PFCVS Vpecys -0.5 36 |V 8)

Voltage at pin FB Veg -0.5 36 |V 8)

Voltage at pin ZCD Vzep -0.5 36 |V 8)

Maximum negative transient voltage at -VzcDN_TR - 1.5 v pulse <500ns

pin ZCD

Maximum permanent negative clamping | -lzcpcin_pc - 2.5 mA RMS

current for pin ZCD

Maximum transient negative clamping =lzcpeLn, TR - 10 mA pulse <500ns

current for pin ZCD

Voltage at pin CS Vs -0.5 3.6 8)

Maximum negative transient voltage at —Vesn TR - 3 pulse <500ns

pin CS

(table continues...)

8 Permanently applied as DC value.
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Table 13 (continued) Absolute maximum rating
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Maximum permanent negative clamping |-lcscin pe - 2.5 mA RMS
current for pin CS
Maximum transient negative clamping =lescin TR - 10 mA | pulse <500ns
current for pin CS
Maximum permanent positive clamping | lcscip pe - 2.5 mA | RMS
current for pin CS
Maximum transient positive clamping lescLp TR - 10 mA | pulse <500ns
current for pin CS
Voltage at pin PFCCS Vprcs -0.5 3.6 8
Voltage at pin LSGD Visep -0.5 Vyeet Limited by internal
0.3 clamping
Voltage at pln PFCGD VPFCGD -0.5 chc+ \"
0.3
Voltage at pin HSGND VHsGND -650 650 referred to GND
Voltage at pin HSVCC Vhsvee -0.5 26 referred to HSGND
Voltage at pin HSGD VHsep -0.5 VHsve referred to HSGND
¢t0.3
Slew-rate for floating high-side domain | dVys/dt -50 50 V/ns
Junction operation temperature T, -40 125 |°C
Storage temperature Ts -55 150 |°C
Maximum power dissipation ProT - 0.63 |W To=50°C,
TJ =125 OC,
RthJA =119 K/W
Soldering temperature Tsold - 260 |°C 9 Wave soldering
ESD HBM capability Vigm - 2000 |V 10 Human body
model
ESD CDM capability Veom - 500 |V 11) Charged device
model
Latch-up capability Iy - 150 |mA |22 Pinvoltages acc.
to abs. max. rating
Maximum negative transient voltage at -VpEcesn_ TR - 3 v pulse <500ns

pin PFCCS

(table continues...)

8 Permanently applied as DC value.

9 According to JESD22-A111
10 According to ANSI/ESDA/JEDEC JS-001
I According to JESD22-C101

12 According to JESD78, 85 °C (Class ) temperature
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Table 13 (continued) Absolute maximum rating

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Maximum permanent negative clamping | -lprcescin pe - 2.5 mA RMS

current for pin PFCCS

Maximum transient negative clamping ~lprcescin. TR - 10 mA | pulse <500ns

current for pin PFCCS

Maximum permanent positive clamping | lprccscip_pe - 2.5 mA | RMS

current for pin PFCCS

Maximum transient positive clamping lcscLp TR - 10 mA | pulse <500ns

current for pin PFCCS

6.2 Package Characteristics

Table 14 Package characteristics

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Thermal resistance from junction to RihJa - 119 | K/W

ambient

Creepage distance between HV and HSxxx | D¢y 2.1 - mm

to GND-related pins

6.3 Operating conditions

Thlgdta ble below shows the operating range, in which the electrical characteristics shown in the next chapter are

valid.

Table 15 Operating range

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Junction operation temperature T, -25 125 |°C

Voltage at pin HV Vv -0.3 600

External voltage at pin VCC Vvee 11 24 v Max. value needs
to consider internal
power losses

Voltage at pin MFIO Vvrio -0.3 3.3 V

Voltage at pin FB Veg -0.3 3.3 v

Voltage at pin ZCD Vzep -0.3 3.3 v

Voltage at pin CS Vs -0.3 3.3 v

Total current out of pins FB and MFIO -leg-IMFIO - 0.63 |mA |Duringsleep phase

in burst mode

(table continues...)
Datasheet

50

Rev.1.1
2022-11-09



o _.
XDPS2221 PFC + Hybrid-Flyback - Combo Controller |n f| neon
Datasheet

6 Electrical characteristics

Table 15 (continued) Operating range
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Voltage at pin LSGD Visep -0.3 Vyeet |V Internally clamped
0.3 atVisephigh

Low state output reverse current at pin -l sGDLREV - 100 |mA |13 Applies if

LSGD VLSGD<OVand

driver at low state

Voltage at pin HSGD VHseb -0.3 Visve |V Internally clamped
ctO. at Visaphigh
3

Low state output reverse current at pin —lHsGDLREV - 100 |mA |Appliesif

HSGD Vhsgp <0V and

driver at low state

Voltage at pin HSVCC Visvee 10 24 v Referred to HSGND

Voltage at pin HSGND VHsGND -0.3 600

UART Baudrate at pin MFIO tep 10k 115k |Bd

Voltage at pin PFCVS Vprcvs -0.3 3.3

Voltage at pin PFCCS VpEccs -0.3 33

Voltage at pin PFCGD VpEceD -0.3 Vyee + |V Internally clamped
0.3 at Vprcaphigh

6.4 Characteristics

The electrical characteristics involve the spread of values given within the specified supply voltage and junction
temperature. Typical values represent the median values related to T, = 25 °C. All voltages refer to GND, and the
assumed supply voltage is VCC = 14.0 V if not otherwise specified.

6.4.1 High voltage (HV pin)
Table 16 Electrical characteristics of HV-pin
Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

HV VCC charge current capability IHvchargevce 24 |50 |75 |mA |[MVyc=1V,

VHV =30V; Peak
current limited in
application by
external resistor

(table continues...)

13
14

Assured by design.
Max. peak charge current will be limited in the application by an external resistor connected to HV pin.
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Table 16 (continued) Electrical characteristics of HV-pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

Leakage current at HV pin vk - 10 MA Vyy =600V,
HV start-up cell
disabled

Brown-in timeout tHvbito - 20 - ms lHvbi > 0 mA

Brown-in timeout tHvbito - 2 - ms IHvpi = 0 mA

6.4.2 Power supply (VCC pin)

Table 17 Electrical characteristics of power supply (VCC pin)

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Turn-on threshold Vvccon 19.0 |20.5 |22.0 |V Rising slope

Turn-off threshold Vyecoff 7.98 |84 8.82 |V Falling slope

Threshold to activate HV cell for VCC- VyceslpHvon 9.97 [10.5 |11.03 |V Falling slope

supply during burst mode

UVOFF current IVCCUVOFF - 20 40 IJA VVCC < VVCCof'f(min) -
0.3V

Supply current lvccopnm - 11 145 |mA | Without gate driver
gate charge losses
and during brown-
in phase

Quiescent current during burst mode lvccBMpsmo - 0.7 3.4 mA | Burst mode

power saving-phase entered; pin MFIO
and FB open

Quiescent current during bang-bang lvcerr - 0.32 |0.58 |mA |Protection mode

mode entered; pin MFIO
and FB open

Overvoltage protection threshold Wecovp 22.0 [23.0 [24.0 |V

Overvoltage protection blanking time tyccovp - 1.0 - ms

6.4.3 Floating HS domain (HSGND, HSVCC and HSGD pin)

Table 18 Electrical characteristics of HS domain pins

Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.

HSVCC turn-on threshold VHsvccon 8.7 9.2 9.7 Rising slope

HSVCC turn-off threshold VHsvccoff 6.2 6.7 7.2 Falling slope

(table continues...)
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Table 18 (continued) Electrical characteristics of HS domain pins
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
HSVCC idle current Insvecidle - 0.3 0.8 mA | Without gate driver
gate charge losses,
VHSVCC=14V
HSGD enabling delay time after HSVCC tHseDendel - 2.3 4.1 us Visvee =11V
voltage is exceeding turn-on threshold
HSGD voltage at high state VHsGDhigh 10 11 12 v lhsep =-20 mA
HSGD voltage at active shutdown VHsGDasDh - 25 200 |mV lhsgp =20 mA,
Vhsvee =5V
HSGD peak source current ~IHsGDpksrc 130 - - mA
HSGD peak sink current IHsGDpksnk 450 |- - mA
HSGD driver output low impedance RuscbpLs - - 5 Q lhsgp = 100 mA
6.4.4 Bus voltage sensing (PFCVS pin)
Table 19 Electrical characteristics of PFCVS-pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Leakage current IpECysIk -0.2 |- 0.2 WA 0V <Vppceys<2.9V
Dynamic voltage range VpEcvs 0.13 |- 275 |V
Second level overvoltage protection Vprcvsovp2 2.7 2.8 2.9
(OVP2) threshold
PFC soft-start timeout tstartPFC - 500 |- ms
6.4.5 PFC current sense and zero crossing detection (PFCCS pin)
Table 20 Electrical characteristics of PFCCS pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Over-current protection (OCP) threshold | Vprccsocp 594 627 |660 |mV
Over-current protection (OCP) blanking | terccsocp 375 |474 |58.1 |ns
time
ZCD comparator logic "0" threshold VpEccszed 0.42 |0.54 |0.66
ZCD comparator logic "1" threshold Vprceszedreset 141 |1.53 |165 |V
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6.4.6 Hybrid-flyback zero crossing detection (ZCD pin)

Table 21 Electrical characteristics of ZCD pin

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Leakage current lzcpik -10 |- 10 pA Vzep=0V/3.0V

Maximum pin voltage threshold for Vout | Vzcpovpmax - 2.75 |- v

overvoltage protection

Zero-crossing detection threshold V2CDTHR 15 40 70 mV Falling slope

Delay from falling edge ZCD and HS pulse |tzcpans - 190 |- ns

rising edge

Input voltage negative clamping -VzepeLn 140 180 (220 |mV

6.4.7 Multifunctional input and output (MFIO pin)

Table 22 Electrical characteristics of MFIO-pin

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Pull-up resistor RMFI0pu - 11 - kQ During active
phase

Open circuit output voltage VMFI00c VREF Y During active
phase

Input high current with active weak pull- | -lyfionpd 90 - 300 |uA Measured at min.

down VvFiom

Leakage current IMFIOIK -5 - 1 uA VMrio=0V/3.0V

Input capacitance CmFioIN - - 10 pF

Input threshold for logic “0” VMEIOIL - - 1

Input threshold for logic “1” VMEIOIH 2 - -

Output voltage for logic “0” VvriooL - - 0.8 ImFiooL =2 MA

Output voltage for logic “1” VMFIOOH 2.2 - - IMFiooH = -2 MA

Output sink current ImFI0OL - - 2 mA

Output source current -ImFI00H - - 2 mA

Output rise time (0> 1) tMFIOrise - - 25 ns 20 pF load

Output fall time (1> 0) tMFIOfall - - 25 ns 20 pF load
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6.4.8 Hybrid-flyback current sensing (CS pin)
Table 23 Electrical characteristics of CS-pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Leakage current lesik -10 |- 10 MA 0V<VCS<28V
Maximum operating current range VesTHRmax 394 426 (458 |mV
CSTHR propagation delay tesTHRpd 121 213 [305 |ns input signal
slope, dVCS/dt =
150 mV/us
CSPROT threshold VCSPROT 550 600 650 mV
CSPROT propagation delay tesproTpd 125 135 [190 |ns dVCS/dt =100 V/us
6.4.9 Hybrid-flyback output feedback (FB pin)
Table 24 Electrical characteristics of FB-pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Open circuit output voltage VERoc 3.04 |3.2 336 |V
Threshold maximum usable range VEROPMax - - 2.428 |V
Burst mode wake-up threshold VERBMcirl 510 |581 |604 |mV |Duringsleep phase
in burst mode
6.4.10 Low-side gate driver (LSGD pin)
Table 25 Electrical characteristics of LSGD-pin
Parameter Symbol Values Unit | Note or condition
Min. | Typ. | Max.
Voltage at active shutdown VsGpasp - - 1.6 v l.sgp =5 mMA,
VVCC =5V
Peak sink current I sGDpksnk 500 |- - mA | Visgp=4.0V
Peak source current -lLsGDpksrc - 120 |- mA
Driver output low impedance RisepLs - - 7.0 Q l.sgp =100 mA
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6 Electrical characteristics

6.4.11 PFC gate driver (PFCGD pin)

Table 26 Electrical characteristics of PFCGD-pin

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Nominal output high voltage VpFcGDhigh 9.9 105 (111 |V Iprcgp = -20 mA

Voltage at active shutdown VpEcGDasD - - 1.6 v Iprcgp =5 MA,
Vyec =5V

Peak sink current [PrcaDpksnk 800 |- - MA | Vppcgp =4.0V

Peak source current -lpFcGDpksre - 360 |- mA

Driver output low impedance RpEcepLs - - 4.4 Q Ipcop = 100 mA

6.4.12 Central control functions

Table 27 Electrical characteristics of central control functions

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

VDDP power supply Vvopp 3.04 |3.2 3.36 |V

VREF reference voltage VVREF 2.391 [2.428 |2.465 |V

Main clock oscillation period time base tMeLk 15 15.8 |16.6 |ns

Stand-by clock oscillation period time tsTRCLK 9 10 112 |pus

base

Slow task period time base tsLwTASK 111 120 [129 |ps

Very slow task period time base tysLwTASK 468 |5 532 |ms

Sampling time period tsample tswTa us

SK

Restart step time base for auto-restart tARMbase 270 |300 (336 |ms ENxcapdischg =

mode Disabled; Base
for configurable
auto-restart time
tARMslp when
auto-restart mode
entered

Restart step time base for auto-restart tARMbase 27 30 34 ms ENxcapdischg =

mode Enabled; Base for
configurable auto-
restart time tarumsip
when auto-restart
mode entered.

(table continues...)
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6 Electrical characteristics

Table 27 (continued) Electrical characteristics of central control functions

Parameter Symbol Values Unit | Note or condition

Min. | Typ. | Max.

Limited maximum change in on-time AtHsonmaxCRM 75 80 85 ns CRM operation,

control for HS switch during CRM thson NOt limited by

operation Vesser, only applies
for small Vs

Blanking time for brown-out protection | tp, - 70 - ms

Safe X-capacitor discharge time between | txcapdischg - - 2.0 S ENxcapdischg =

AC off and X-capacitor voltage no longer Enabled, Cx max=

above 60V 2.0uF, Ryy=48...
54 kQ, diode drop
below 2.0V
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7 Package dimensions

7 Package dimensions

You can find all of our packages, sorts of packing and others in our Infineon internet page “Products: http://
www.infineon.com/products”.
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Figure 27 PG-DSO-14 outline

Description . L -
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Figure 28 PG-DS0-14 footprint

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pbfree finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020). Further
information on packages: https://www.infineon.com/packages

8 Revision history

Document Date of Description of changes

version release

Rev 1.0 2022-10-13 Initial release
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8 Revision history

Document Date of Description of changes
version release
Rev1.1 2022-11-09 + Added firmware version to "Ordering Information"

«  Refined X-capacitor discharge description
«  Correctionsin chapter 4.3
«  Corrections in configurable parameter tables

+ Corrections in electrical characteristics
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