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Infineon
XDP Hybrid-flyback Controller XDPS2201

Product Overview

Product Highlights

«  Digital Hybrid-flyback controller with integrated half-bridge driver in DSO-14 (150mil) package
« 600V high voltage start-up cell for fast charging and low stand-by power

+  Peak current mode control for robust and fast line and load control

«  Burst mode entry/exit operation based on output current estimation

«  Primary side output overvoltage protection

«  Supports lowest no-load stand-by power < 75mW

+  Wide range of configurable parameters via one pin UART interface

«  Lowest necessary bill of material

Features

+  Configurable brown-in and brown-out protection

«  Configurable built-in soft-start

+  Configurable burst mode entry and exit current thresholds with small hysteresis
«  Configurable overcurrent protection with two levels for peak and transient load
«  Configurable output overvoltage protection

«  Configurable frequency reduction with cycle skipping for improved low load efficiency
«  Configurable jitter for switching frequency

«  Configurable propagation delay compensation for accurate peak current control
+  Pb-free lead plating; RoHS compliant

+ Halogen-free according to IEC61249-2-21

Target Applications

+ AC/DC SMPS

«  Ultra high power density adapter > 20W/inch?

« Ultra high efficiency SMPS > 93%

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

Description

The XDPS2201 contains a Hybrid-flyback controller that is based on an asymmetrical half-bridge control. The
half-bridge is driving a conventional flyback transformer in conjunction with a serial capacitor. The main
inductance of the flyback transformer and the serial capacitor are building a resonant tank, which is used for
achieving zero voltage switching (ZVS) behavior of the half-bridge power switches and is providing in addition
a resonant power transmission during the conventional demagnetization phase of the flyback transformer.
During normal operation the charge period and associated power is controlled by direct peak current control,
whereas the demagnetization phase is timing controlled to ensure proper negative premagnetization, which
is required for ZVS condition at the half-bridge power switches. Beside the continuous resonant mode (CRM)
operation the IC also provides an advanced zero voltage resonant valley switching (ZV-RVS) and burst mode to
support highest efficiency over the whole load and wide output voltage range.

Sales Code Package SP-Ordering Code
XDPS2201 PG-DSO-14 SP005417712
Datasheet Please read the Important Notice and Warnings at the end of this document R1.2
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Typical Application
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Pin configuration

1 Pin configuration
The pin configuration is shown in Figure 2 and Table 1. The pin functions are described in the sequel.
LsGb |1O 14| [CTIHSGD
NA.OT] |2 13| HSVCC
vceo |s é 12| CTIHSGND
GND |4 8
zcbm s N | FONA
vso |e < 1o [OCS
o —OFB
HvO |7 8| [OMFIO
PG-DS0-14 (150mil)

Figure 2 Pin configuration
Table 1 Pin definitions and functions
Symbol Pin Type Function
LSGD 1 0 Low-side gate driver
Low-side gate driver of half-bridge driver stage
N.A. 2 — Not available
This pin is internally connected but not used, and should be connected to
GND
vce 3 I Positive voltage supply
IC power supply
GND 4 0 Ground

Combined power and signal ground

ZCD 5 [ Zero-crossing detection

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

Vs 6 I Voltage sensing

Low leakage input voltage sensing pin for controlling the negative
magnetization and protections. VS pin is connected to a resistor divider
for measuring the bulk voltage

HV 7 [ High-voltage input

HV pin is connected to the AC line via external resistors and 2 diodes. An
internally connected 600 V HV start-up cell is used for the initial VCC charge
MFIO 8 10 Multi-functional input-output

UART communication for parameter configuration and failure mode
reporting is provided by this pin. In addition, a connected NTC can be

measured
FB 9 [ Feedback
Input pin receiving the feedback control signal from the optocoupler
) 10 [ Current sensing
Datasheet 6 R1.2
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Pin configuration

Table 1 Pin definitions and functions (continued)
Symbol Pin Type Function
Input pin for current sensing during the high-side gate driver turn-on phase
N.A. 11 — Not available
This pin is internally connected but not used, and should be connected to
GND
HSGND 12 0 High-side ground
Ground reference node for floating driver domain
HSVvCC 13 I High-side power supply
Power supply input for floating driver domain
HSGD 14 0 High-side gate driver

Floating high-side gate driver of half-bridge driver stage

Datasheet 7 R1.2
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Block diagram
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Functional description

3 Functional description

The functional description gives an overview about the integrated functions and features and their relationship.
The mentioned parameters are based on either configurable parameters shown in Chapter 4.1 or fixed
parameters shown in Chapter 5.5.

This chapter contains following main descriptions:
« Introduction (Chapter 3.1)

+  Power supply management (Chapter 3.2)

«  Control features (Chapter 3.3)

«  Protection features (Chapter 3.4)

3.1 Introduction

In the following a brief introduction is given for the hybrid-flyback converter, which is based on a resonant
asymmetrical half-bridge flyback topology shown in Figure 4.

Vin—————
HS
XDPS2201 S
Vhs . Lr Dout
HSGND O —» TR Vout
LS ° I Cout
Lm |
LSGD 1 R
Cr |
cs [ I o 6N
[
RShum I
[
LAux :
zcp T
GND
Figure 4 Hybrid-flyback power stage

The main advantage of this hybrid-flyback topology is the extended energy storage approach, which enables
the usage of a smaller transformer at the same switching frequency compared to the standard and active
clamp flyback topologies. In hybrid-flyback the total energy is not only stored in the transformer. In addition
an amount of energy is stored in an external capacitor Cr, which is connected in series with the transformer.
The proportion of the amount of energy that is stored in transformer and capacitor is depending on the input
voltage. For lower input voltage more energy is getting stored in the capacitor. The switching frequency is also
depending on the input voltage similar to a critical conduction mode flyback operation (see Figure 5).

Datasheet 9 R1.2
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Energy storage Fswitch
A
0,
90% Fmax
Vin- Ver
Energy @ TR = TV
~ ~ Energy @ Cr = Ver Fuiin
~— .C Vin
- —
10% — —
— —
90V 264V Vin 90V 264V Vin
Figure 5 Hybrid-flyback energy storage sharing and switching frequency dependency

The resonant asymmetrical half-bridge 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 input
voltage Vin and output voltage Vout. The power circuit in the primary side is realized by an LC tank, built

by the resonant inductor Lr and resonant capacitor Cr, which is driven by a half-bridge similar to an LLC
converter. Lr represents the series inductance, being Lr either only the transformer leakage inductance or the
leakage inductance plus an optional external inductor. With this configuration the transformer leakage energy is
recycled avoiding the switching losses of traditional single switch flyback converter.

In order to achieve lowest switching losses by means of ZVS operation over the whole load range, two control
methods are implemented to support maximum efficiency over wide Vin, wide Vout and whole output load
ranges. The control methods are based on measured current signal Vg at shunt resistor Ry nt, voltage signal
Vzcp and valley detection Ngysyq at auxiliary winding L, and input voltage Vin.

Following operating modes are supported by the two control methods for ensuring ZVS operation:
«  Continuous resonant mode (CRM) operation (see Chapter 3.1.1)
+  Zero voltage resonant valley switching (ZV-RVS) operation (see Chapter 3.1.3)

3.1.1 Continuous resonant mode (CRM)

The operation phases of the resonant asymmetrical flyback duty cycle can be divided into 6 phases as shown
in Figure 6 and Figure 7. In continuous resonant mode (CRM) the switching of high-side switch HS and low-side
switch LS is done in an alternating manner without blanking phases. Only short dead-times t4qaqns for the
high-side switch turn-on and tgeaq.s for the LS switch turn-on apply during the soft resonant switch-over of the
half-bridge middle node.

Datasheet 10 R1.2
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Rshunt

IHB Lr
Vs ¢ TR
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m—_ LS .
X Lm

—]

(a)t1-1t2 (b)t2—13
lns Lr Dout Isec Ins Lr Dout  Isec
VHB TR VB TR
Vi Vi
" LS omy | Cout " LS omn | Cout
Lm | R Lm | RL
LSGD O 1 LSGD O 1
Cr ® Cr hd
"V "V
(a)t3-t4 (b)t4 — 15
HS
y
[[%:) Lr
VhB ¢ TR
Vin Vin
= ° —
Lm
Cr
Rshunt Rshunt
(a)t5—16 (a)t6 —t7
Figure 6 Hybrid-flyback converter operation phases in CRM
Phase 1, t1 to t2:

Phase 1 starts when the half-bridge current Iy is changing in direction to a positive value. In this phase HS
switch is turned on and LS switch is turned off since time t0. The increasing positive current /g is magnetizing
the transformer TR and charging the resonant capacitor Cr. The output diode Dout is biased inversely blocking
any energy transfer to the secondary side. The magnitude of /g is measured via the shunt resistor Rgpnt. Phase
1lisfinished once /g exceeds an internal peak current set-point, which turns off the HS switch.

Phase 2, t2 to t3:

At time t2 HS switch is also turned off, which disconnects the charging path from Vin. The magnetizing current
Iyg in the transformer TR keeps flowing and forces the voltage at the half-bridge node Vg to drop until the body
diode of LS switch starts to conduct. At this time t3 the primary side of the transformer TR has the same voltage
level as capacitor Cr.

Datasheet 11 R1.2
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Phase 3, t3 to t4:

During phase 3 HS switch is kept turned off. At time t3 LS switch is turned on under zero voltage (ZVS) condition.
The voltage at secondary winding of transformer TR is now equal to the voltage across the resonant capacitor
Cr, divided by the transformer turns ratio. The secondary side current /sgc starts flowing through output diode
Dout. The resonant sine wave shape and period of /s is determined by the resonant tank formed by the
transformer leakage inductance Lr and Cr. The primary half-bridge current /yg is the sum of the transformer TR
magnetizing current /yag plus the reflected secondary side current /sgc. The current in the resonant LrCr tank

is still positive and mainly driven by the transformer magnetizing inductance Lm, which charges further the
resonant capacitor Cr. In this manner the energy stored in the transformer and Cr is transferred to the output.

Phase 4, t4 to t5:

Phase 4 starts when the primary side half-bridge current /g inverts its direction, which is driven by the resonant
LrCrtank. During this time period the energy is still being transferred to the secondary side. At the same time
also bringing down the transformer magnetizing current /yag to a negative level equivalent with /yagneg is
supported as long LS switch is kept turned on.

Phase 5, t5 to t6:

At the beginning of phase 5 LS switch is also getting turned off. The negative current /yagneg in the transformer
TR induced during the previous phase 4 is forcing the half-bridge bridge voltage Vg to rise until clamping is
taking place by the body diode of HS switch.

Phase 6, t6 to t7:

Phase 6 starts with turning on HS switch at ZVS condition. As the transformer resonant tank LmCr current lyg is
still negative the excess of energy in the tank is sent back to the input.

Datasheet 12 R1.2
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Figure 7 Hybrid-flyback converter signals

3.1.2 Boundary conditions for ZVS operation

Achieving a zero voltage switching (ZVS) turn-on condition for both HS and LS switches requires the right
polarity of the resonant tank LmCr current Iyag. Furthermore a sufficient energy level in the resonant tank LmCr
is needed to switch-over the half-bridge voltage Vg during the dead-times tgeaqis and tyeadns- By ensuring ZVS
operation, hard switching with undesired oscillations and, in worst case, body diode cross conduction can be
properly avoided.

Switching over from HS switch to LS switch under ZVS condition is properly supported by the positive
magnetization level (see Figure 7) . Forcing ZVS condition for switch-over from LS switch to HS switch is covered
by regulating the negative magnetization level depending on the input voltage Vin.

Wide Vout voltage range operation

When operating with variable output voltage there is an application requirement for adapting the switching
phase between HS switch turn-on phases to ensure ZVS condition. Figure 8 shows an example for a potential
body diode cross conduction when output voltage is reduced and the timings for LS switch turn-on phase t; 5o,
and start of HS turn-on are not adapted. At time t3 the slope of demagnetization current /yg is flatter compared
to time period before t0 due to lower Vout level. This leads to a larger demagnetization period tgemag Of the
transformer (see Equation 7). Keeping the pulse pattern for t s, and dead-time tqeaqns for turning on the HS
switch constant would result in a body diode cross conduction of LS switch at time t5 (see Figure 8). Here Iyag

is still positive and therefore not switching-over the half-bridge node and not finishing the conduction of the

LS switch body diode. By adapting the pulse pattern depending on Vout ZVS condition is reached for all output
voltage and load conditions (see Chapter 3.3.1.2.1).

Datasheet 13 R1.2
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Figure 8 Body diode cross condunction at low Vout and fixed LS switch on-time
3.1.3 Zero voltage resonant valley switching mode (ZV-RVS)

When decreasing the load the amount of circulating magnetization energy is proportionally increasing
compared to the transmitted energy in CRM operation. When decreasing Vout the demagnetization time

is becoming 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 /4 oscillation can lead to oscillations on
the secondary side due to the secondary side leakage inductance.

The higher circulation half-bridge current at low output load is limiting the achievable efficiency in CRM
operation.

To overcome the mentioned issues the zero voltage resonant valley switching (ZV-RVS) mode is implemented to
fix the peak to peak magnetization current and support a frequency foldback operation to reduce the average
amount of circulating magnetization current.

ZV-RVS mode is based on valley detection of the signal at auxiliary winding Ly via ZCD pin zero-crossing
detection. The free-wheeling oscillation, which is observed after demagnetization of transformer has finished,
is the same as seen in the standard flyback topology. Figure 4 shows the auxiliary winding Layx used for
zero-crossing detection, the falling edge indicating a rising half-bridge voltage Vg and vice versa.

For optimum operation a waiting time gap tyaitgap is introduced after a HS and LS switching cycle, which
increases the associated half-bridge switching period. The time period tyitgap is depending on the set number

Datasheet 14 R1.2
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Functional description

for skipping valley detection before the next zero-crossing rising edge detection leads to a dedicated ZVS pulse.
The number of skipped valleys is increasing with decreasing output load. After the ZVS pulse only one HS and
LS half-bridge switching cycle with subsequent t,itgap is performed. The ZVS pulse is generated by turning

on LS switch under ZVS condition and forcing a negative half-bridge current level Iyagneg to create a negative
magnetization of the transformer. This leads to the same ZVS condition for turning on HS switch similar to CRM
operation (see Chapter 3.1.1).

The operation can be divided into 8 phases as shown in Figure 9.
Phase 1, t0 to t1:

Phase 1 starts with finishing the demagnetization of the transformer. In this phase both switches are kept
turned off and the half-bridge current /g is only determined by the free-wheeling oscillation due to parasitic
capacities and inductivities connected to the half-bridge node. Phase 1 ends with a zero-crossing rising edge
detection, which is depending on the set valley skipping number. A zero-crossing rising edge detection via ZCD
pin indicates that Vg is dropping to 0V as base for reaching ZVS condition for turning on LS switch.

Phase 2, t1 to t2:

Phase 2 is a predefined delay time for turning on LS switch after the zero-crossing rising edge detection at time
t1. The predefined delay time is depending on the free-wheeling oscillation period and provides ZVS condition
for VHB'

Phase 3, t2 to t3:

At time t2 LS switch is turned on under ZVS condition. HS switch is still kept turned off. The voltage on the
resonant capacitor Cris applied to the primary winding of the transformer forcing a negative flowing half-bridge
current level Iypneg, Which magnetizes the transformer in the negative direction. The injected current during ZVS
pulse on-time tzys needs to provide the right amount of energy for switching over the half-bridge node voltage

VHB.

Note: Depending on the voltage of the resonant capacitor Cr and the output capacitor Cout, a secondary
side synchronous controller (SR) may get triggered at the same time when ZVS pulse is generated. To
avoid a shoot-through with SR controller being turned on when subsequently turning on HS switch,
the minimum on-time of the SR controller must be shorter than the minimum pulse width of ZVS pulse
tyys (see Figure 29).

Phase 4, t3 to t4:

At time t3 LS switch is turned off. The negative half-bridge current keeps flowing and pulls up the half-bridge
node. Once the half-bridge voltage Vg is clamped by the body diode in HS switch ZVS condition is reached for
turning on HS switch. Phase 4 is similar to the phase 5 in Chapter 3.1.1.

Phase 5, t4 to t5:

At time t4 HS switch is turned on. Once the half-bridge current Iz changes in polarity, energy is taken from
the input capacitor and stored in the transformer and the resonant capacitor Cr. Ig is rising and increasing the
voltage at Cr. During this phase the secondary diode is inversely polarized and blocking a flowing current.

Phase 6, t5 to t6:

At time t5 HS switch is turned off. The half-bridge current /45 keeps flowing and decreases the half-bridge
voltage Vg down to 0V, leading to ZVS condition for LS switch.

Phase 7, t6 to t7:

In phase 7 the main energy transmission to the secondary side is taking place. Once the half-bridge current /5
starts to decrease, the secondary side diode Dout is getting forward polarized and charging the output capacitor
Cout. Iyag is then demagnetizing the transformer. In addition a resonant current is superimposed, which is
generated by the transformer leakage inductance and the resonant capacitor acting as resonant tank LrCr. As Lr
is significant smaller than Lm the resonant period of LrCr tank is much shorter and can be seen as an oscillation.
The very large resonant period of LmCr tank can be seen as a linear decrease of magnetizing current in this
relative short time phase.

Datasheet 15 R1.2
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Phase 8, t7 to t8:

Phase 8 shows an example of the half-bridge current signal when the LrCr tank half resonant period is shorter
than the demagnetization phase at LS switch turn-off. This shape of current is depending on the operation
conditions determining the demagnetization period and low-side on-time. At time t8 the demagnetization of
the transformer is finished. The secondary side diode Dout is again inversely polarized and the free-wheeling
oscillation at the half-bridge node is starting.

VHsGD

Visep ZVS pulse [tzvs] }

|MAGpos

0A
|MAGneg

|
|
| | | |
| | | |
| | | |
V
A | | L
| | | |
| W | | | | |
1 | | | | |
] 1 | | | | |
A | | | | |
\ | | | - .
Vadk o o IR R I Lo Tt
2" ZC rising edge detection via pin ZCD Il Il Il I I
oV A : SN\ = w, — N >
1 | [ (I I} 1fl | |
71 | [ [ | I 1]l | | V V t
i [ ol N | H [ [
: 1st\I/aIIey i : : : I I : : :
to 2ndvalley=" 1 12 3 14 t5 16 t7 8
Figure 9 Hybrid-flyback operating in zero voltage resonant valley switching mode (ZV-RVS)
3.14 Output control methods

Output current control in CRM

The hybrid-flyback topology can be controlled either by duty cycle control or a combination of peak current
control for HS switch and on-time control for LS switch. When looking on duty cycle control for HS switch a
relationship between output voltage V,,: and input voltage Vi, is given as shown in the following equation. All
equations in the sequel are based on considering ideal lossless components and neglecting any dead-times.

Vin L
Vour =DX = X 57

Equation1
The duty cycle D is determined by
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[HSon
D= ———>X—
tHSon * {LSon

Equation 2

with tyson and t son being the on-times for HS and LS switches. N represents the winding turns ratio between
primary and secondary side of the transformer.

Equation 1 shows that V, is independent of the output current /o;.

Same as for standard flyback controllers primary peak current control is implemented to support a 1%

order system for easier control loop compensation. The taken input power per half-bridge switching cycle

is depending on the voltage at the resonant capacitor Cr that is charged by the half-bridge current /g during the
on-time tyson. The input power can be calculated as shown in the following equation.

1
Py, = 7 X VCr_avg X (IMAGpos + IMAGneg)

Equation 3

Ver avg IS the average voltage on the resonant capacitor Cr, which is the reflected output voltage V,,,s multiplied
with the transformer turns ratio. The output voltage is reflected at winding L,y during the on-time period of LS
switch.

VCr_avg =N X Vou

Equation 4

Assuming an ideal system with no losses, the taken output power P, ,; can be seen as the transferred input
power P;, = P,:. Both leads to a direct correlation between input half-bridge current /g and average output
current /o, as shown following.

Pout 1
Tout = Vollllt =3 XN X (IMAGpos + IMAGneg)

Equation 5

Equation 5 shows that /,,; can be controlled only by controlling /yag and can then be independent of Vin and
Vout. This is different compared to a standard flyback controller, where by means of peak current control the
output power P, is controlled independent on output voltage.

The hybrid-flyback is controlling the magnetization time t,,,, and demagnetization time tyemae (See Figure

7) in 2 different ways. tmag is mainly controlled by the positive half-bridge current level IMAGpos%y means of
peak current control at shunt resistor Ry nt via CS pin. Whereas tgemag is controlled by adjusting the on-time
tLson- Increasing tyemag increases the negative magnetizing current level lyagneg When keeping lyagpos level
constant. During output overcurrent condition tyemag can be temporarily longer than ¢ 5., due to waiting for
the zerocrossing detection before turning on the HS switch. The correlations between ty,aq, tgemag aNd Imacposs
IMaGneg are shown in following equations:

Lm X (I MAGpos — I MAGneg)

t =
mag Vin - VCr_avg
Equation 6
¢ _ Lm X (I MAGpos — I MAGneg)
demag N X Vout
Equation 7
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Output current control in ZV-RVS mode

Compared to CRM operation the ZV-RVS mode is adding waiting time gaps taitgap, Where no energy is either
taken from the input nor energy is transferred to the output. This extends the minimum off-time, which is
determined by the on-time of the LS switch. The average output current /,; is decreasing with increasing t,aitgap
derived by following equation from Figure 10. This provides 2 degree of freedom to control the output current
by means of half-bridge current /g and extended half-bridge switching period tgperiodex 2djustment.

I = Pout __ !HBperiod
Vout ~ !HBperiodex

1
out — X 2 X N X (IMAGpos + IMAGneg)

Equation 8

VHsGD

s t i
| r HBperiodex |

I I
| /- tHBperiod | /' twaitgap

|MAGpos

0A

|MAGneg

Figure 10 LrCr tank and Iy,¢ currents during ZV-RVS mode operation

3.2 Power supply 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
asinthe sequel.

+  VCC capacitor charge-up and start-up sequence (Chapter 3.2.1)

+  Bang-bang mode operation during brown-in phase (Chapter 3.2.1)
«  Bang-bang mode operation during protection mode (Chapter 3.2.3)
«  VCCsupply during burst mode (BM) operation (Chapter 3.2.4)

3.2.1 VCC capacitor charge-up and start-up sequence

At VCC start-up the capacitor Cycc is being charged by the internal HV start-up cell via HV pin (see Figure 11).
The high voltage HV pin is connected to an external resistor Ry, which is in series with 2 diodes connected to
VAC. The internal HV start-up cell is turned on for W, lower than the IC deactivation voltage threshold Vyccof
(see Chapter 3.4.2). Once the voltage at VCC pin exceeds the threshold Vyccon at time t0 the HV start-up cell is
turned off and the IC is starting the internal hardware initialization procedure (see Figure 12). Subsequently
the IC starts with half-bridge gate driver operation after brown-in condition is reached at time t2 (see Chapter
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3.4.4.1). During this period of time the VCC capacitor is discharging until the external VCC self-supply takes over
at time t3 and start regulating the voltage at VCC pin for Vyccss.

oO—e——— -

VAC I

Rhv

HV

! HV Start-up Cell ot UVOFF
art-up Weccon

| _ Closed/Open ||
| - O C.eII —|
' Driver
: Wecoff
|
|
|

VCC P o Power

Management
Cvce

Figure 11 VCC capacitor charge-up control
|
|
[ . (U
: : : : VCC self supply takes over o
Vhv L | Tt
[ |
VVACpeak _________________________ =t t
11l |
11 |
— 11 | >
Ivec : /]U— Interna:l HW initialization phase [tHwini] t
|VCCopnm ————————————————————————— - L
lvccopt——————— == Ly ]I— —————————————————————————
11 |
IvccuvorF T ———————————— — ___ 2 - A -~
Vieao : : : Start s{/vitching for brown-in condition Vvs > Vvseip t
(|
3 n——mn
| |
tot1t2 t3 t
Figure 12 Typical start-up sequence
3.2.2 Bang-bang mode operation during brown-in phase

During brown-in phase the IC is observing the voltage at VS pin for reaching Vin brown-in condition. During
this time VCC is not yet self-supplied via the transformer. To support a fast activation of switching operation
when Vin brown-in condition is getting reached, the VCC voltage needs to be kept at a high level to support
immediate operation with having enough time for take-over by VCC self-supply. A bang-bang mode operation
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for Vin brown-in phase is ensuring a high VCC level, which can be either triggered by Vin brown-in protection or
the fast and slow Vin brown-out protection (see Figure 13 and Chapter 3.4.4).

O__ _____

VAC I

HV
| HV Start-up Cell -
| Start-up Brown_ln
| _ Closed/Open Cell . Bang-bang . Protection
| - - -
| Driver Mode Ctrl Slow Brown-out
: Protection
| Fast Brown-out
: Protection

- Power
vee ' " | Management
Cvce

T

Figure 13 Bang-bang mode triggered by brown-in and brown-out

Figure 14 shows the bang-bang mode operation after a brown-out detection event. Once brown-out is detected
at time t0 the IC enters immediately a sleep mode with reduced current consumption lyccpg. The HV start-up
cell turns on and charges up the VCC voltage until the threshold Vy,ccon. Then the IC is activated for a time
period tysgiqdet in Order to detect a Vin brown-in condition. Subsequently the IC is entering again the sleep mode.
At time t1 Vin brown-in condition is reached but the IC is still inactive. The IC is detecting the Vin brown-in
condition after being activated with VCC exceeding W ccon at time t2.
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VvsA
hisa NG /
L’
Vvce A . :_tVSBIdet
Vvceon »
Vvcess \_——
Vvecoff
-t
Vhv
Vvac ] A — — -
DR S 5 i B T
-t
Ivee
Mo
Ivcess >t
VHBGD
I O ARRIAARR,
t0 t1 t2
Figure 14 Bang-bang mode operation during brown-in phase
3.2.3 Bang-bang mode during protection mode operation

The bang-bang mode triggered by auto-restart mode or latch mode supports an IC operation without external
VCC supply during the latched and auto-restart operation (see Chapter 3.4.1). It directly controls the HV start-up
cell by turning off at VCC pin threshold Vy,ccon and turning on after a time period tarmbase (S€€ Figure 15). During
this bang-bang mode operation the VCC is kept at a high voltage level in order to support a proper restart, once
triggered. The VCC current consumption is reduced to hccgp.

In auto-restart mode, there is also in addition a counter activated, which initiates a restart after a set number of
Narwmstep HV start-up cell charge cycles (see Figure 16).

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 Vyccos
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O__ _____
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I
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I
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Figure 15 Bang-bang mode during protection mode
Vvece
A » | Auto-restart mode operation
Vvccon
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= :::—A—'tARMbase— —EE =T
>t
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Vine—g S —
>t
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|VCCopnm
Iveces >t
VHBeD
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Figure 16 Auto-restart mode operation
3.2.4 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- Waking up from and entering this power saving mode is controlled by

the feedback voltage at FB pin by comparing the voltage level with the wake-up and sleep control threshold
Veggmctrl (See Chapter 3.3.4.2). In addition a wake-up threshold WccsipHvon is €nabled at VCC pin, which turns-on
the HV start-up cell once Vy,cc drops below VyccsipHvon- This shall support a higher voltage level at HSVCC pin
than the threshold Vysyccon- The HV start-up cell is turned off when either the IC is waked up via FB pin or
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W is exceeding the threshold Wccon. In addition there is always only one HV start-up cell VCC charge up cycle
initiated once entering the burst mode.

Note: The system dimensioning should ensure that during steady state burst mode operation Vycc stays
always well above the VCC wake-up threshold Vyccsiphvon in order to avoid increasing bias losses due
to charging the VCC capacitor from input high voltage.

Figure 17 shows a typical burst mode operation signal for V¢ and correlated current consumption A,cc during
steady state burst mode operation once feedback voltage has dropped below the burst mode entry threshold
Vegemen- A large decrease of Vy,cc can occur for a large output load drop at time t0, when optocoupler feedback
network is entering saturation due to Vout overshoot. This can lead to a significant longer rising time period of
feedback voltage Ve until time t2. At time t1 the VCC voltage is dropping below the threshold VyccsipHvon 2and
turning on the HV start-up cell. The average current /yy(ayg) flowing into pin HVis depending on VAC and charging
via VCC pin with lyccehrg(avg) the capacitor at VCC. At time ¢2 the IC is waked up via FB pin and the HV start-up cell
is turned off. When feedback voltage is dropping below Vigguctri at time t3 the IC is entering the power saving
mode.

ILoad

VeB

VEBBMotrl |
VEBBMen

|

Vvee |
y |

|

Vvcess 1

VvcCesipHvon

|
|
|
Vvceoff T————— e
|
T
VHBGD |
|

Ivee |

A I

|VCCopnm ———————————————————————————————————————————— j
|VCCBMpsm F — A e——————————— — — — — — — — — — — — — _— —_—
I I I
0}\ I I I =='t
|VCCchrg(avg)- —————— :———————————————— __:_ ______________ :____
I I I I I
| I I I I I
HV(avg) | | oo |
I I I
I I I
I I I
| I I -
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Figure 17 Burst mode operation
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3.3 Control features

The control features chapter contains all functions for the hybrid-flyback PWM generation and the half-bridge
gate driver listed in Table 2. The hybrid-flyback PWM generation consists mainly of the mode control and
output current control. The output current control is determining that part of the PWM control, which is taking
place during high-side switch on-time tyso, by means of peak current control (see Figure 18) for the positive
magnetization level yagpos- Furthermore it provides the decision for changing the valley number in ZV-RVS
operation. The PWM control ensures cycle by cycle ZVS switching operation. The mode control feature focus on
controlling directly the timings of the half-bridge PWM scheme associated with the dead-times tqeadis;, tdeadHs
and the low-side switch on-time ¢, 5o, to determine the negative magnetization level /yagneg for the different
operation modes like CRM, ZV-RVS and DCM.

Vin —— -9
Hybrid-flyback control
< Pr°,';2f’a?i°" ocP1 [Hs-switeh| |~ <~ : o .
> Compensation % C?E::OI i = 1 HSGD =
i ! r ou
_l v i ggltfebg:'?vg;: VHB' i’ . R i »—O Vout
vS | < LS-Switch | ! : o
> PWM Control » Control . Hisep —
; | tison L > _|
,_> o OGND
Frequoncy | zerocrossing Ee?e'cﬁo?fi
Jitter i l { ] :
| -I—() VzvoTHR :
VoutStart-up | | ~——————"—""—"""""""""
Control -
Output Ci t -
> "Control Law < B , :
> 5 . 4 Regulator
P -4
Man:;:rer:ent - Burst Mode 1 Q
Figure 18 Hybrid-flyback control structure
Table 2 Control features
Feature Chapter
Output control Chapter 3.3.1
Mode control Chapter 3.3.2
Burst mode control Chapter 3.3.4
Vout start-up control Chapter 3.3.3
Frequency jitter Chapter 3.3.5
Half-bridge gate driver Chapter 3.3.6
3.3.1 Output control

During continuous switching operation the output current is only controlled by means of the positive and
negative magnetization current levels /yagpos and Imagneg following Equation 5. During continuous operation
the output current /,,; is controlled by means of a linear relationship between the feedback voltage at FB pin
and the associated internal current set-point /s, which is described in Chapter 3.3.1.3. The linear relationship
is achieved by adjusting Iyagneg Cycle by cycle via the turn-on time of LS switch t, 5o, depending on the input
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voltage Vin (see Chapter 3.3.1.1) and the output voltage Vout (see Chapter 3.3.1.2). The positive magnetization
level Iyagpos €quals the positive half-bridge peak current that is controlled via CS pin at the shunt resistor Rsp,nt
(see Figure 19):

VCSpeak =1 HBpeak X Rshunt = T MAGpos X Rshunt

Equation 9

The output voltage is measured via ZCD pin at the auxiliary winding and taken for protection features (see
Chapter 3.4.8) and for compensating the peak to peak magnetizing current /yagpp to ensure ZVS operation over
wide output voltage range (see Chapter 3.3.1.2).

A

IMAGposRVsS

v CRM switching cyle ZV-RVS switching cyle
HSGD
A [ [ I I
I I I I
I I I I
I I I I
Visep I I i ZVS pulse [tzvs] I I
[ [ I I
I I 4\
I I
I I
Ine~Vcs | | Mﬁ—ﬂ >l
I : I tTRANS : l'zvs |

IMAGposcRM _|

N N\
; RN =i
IMAGnegCRM T —— =TT ——:———————————:—\
IMAGnegrvs |1~ - TIFt-T - AT Tttt AT T T T T T :‘ ————————— ‘: -=
Vzep : :
Vzecbowp { - — —m p—— —— g ————————— Fm———— q4——tr———1
Vzcbnom T T T T T —————————— e — o — — r—
Vzcouve ———: ————————— q————k---]--;l {————-:-Z: ——————
' : : 3 4 1516 ' Tt
Figure 19 Negative magnetization controlled by low-side gate driver
3.3.1.1 Keeping ZVS operation for wide input voltage range

ZVS operation for wide input voltage range is achieved by Vin feed-forward compensation of negative
magnetization level /yagneg during the different operation modes (see Chapter 3.3.2). This is supported by
several configurable parameters introduced in the sequel.

The implemented output current control is based on the dimensioning for the nominal output current level
loutnom following Equation 5:

Toutnom = 3 X (Imacposnom(Vin; Vout; Mode) + Ingagneg(Vin; Mode))

Equation 10

The peak current control at CS pin for adjusting Iuagpos is therefore depending on the input, output voltage and
the mode operation that are directly impacting the negative magnetization level /yagneg-

1 configurable, see Table 5
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Ivacneg IS compensated for a changing output voltage (see Chapter 3.3.1.2). Therefore the compensation for
input voltage requires only set-points for minimum and maximum Vin (see Figure 20).

Minimum Vin

For minimum Vin the natural freewheeling oscillation caused by IMAGnegnomz) (see Figure 19) shall support the
complete switch-over of the half-bridge node.

Maximum Vin

For maximum Vin the additional required negative magnetization is set for CRM with /MAGnegmaxCRMz) and for
ZV-RVS With /yiagnegmaxrvs?> Which might be different.

|MAGneg y

IMAGnegmax<MODE>1

|MAGnegnom'

|
l
Vin(min) Vin(max) Vin

Figure 20 Vin feed-forward compensation for Iyagneg
3.3.1.2 Keeping ZVS operation for wide output voltage range

When output voltage Vout is decreasing the demagnetization time of the transformer tqemag is prolonging,
which leads to a longer time period trgrans. ZVS operation is ensured by adjusting the turn-on time of the LS
switch ¢ 5o, to match with the changed time period for ttgans in order to keep the same negative magnetization
level /yagneg for a constant output load (see Figure 21). trpansrysov Means the time period for Vout =0V and is
derived from trransrysoves>! by the following equation:

ITRANSRVSOV = ITRANSRVSOV % X ITRANSnom

Equation 11

tTRANS A

{TRANSRVSOV 1

tTRANSNOM

ov Vout(nlom) " Vout

Figure 21 Vout compensation for trgans

3.3.1.2.1 Cycle by cyle ZVS operation during CRM operation

When fast decreasing the output voltage Vout (see Figure 8) or fast increasing the positive magnetization
level /yagpos (see Chapter 3.3.2.5) the demagnetization time tyemag Of the transformer can be too short when
operating with fixed LS switch on-time period. This can cause hard switching or even body diode cross
conduction if transformer is still positive magnetized.

configurable, see Table 6

3 configurable, see Table 6
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To ensure a cycle by cycle ZVS switching condition, the controller only activates the HS switch when the
voltage signal at ZCD pin (see Figure 18) indicates a changing half-bridge voltage Vyg. By this body diode cross
conduction is properly avoided. This is achieved by regulating Iuagneg for a target delay time t,s,7cp between
falling edge of LS switch and subsequently occurring falling edge at ZCD pin (see Figure 22).

The polarity of the transformer auxiliary winding L,y has to be considered in such a way that a rising Vg is
leading to a falling Vzcp. The time between turning off the LS switch until zero-crossing detection for turning on
the high-side switch t|5y7¢p is observed and determining a prolongation of next turn-on phase for LS switch if
required to ensure reliable ZVS operation.

An example is shown with phase t2-t3 in comparison to phase t6-t7. The dead-time tyq,qns1 is determined by the
negative half-bridge current level /yagneg1- The small level of /yagneg1 l€ads to a rather slow rising slope of Vyg.
The detection of zero-crossing at ZCD pin is delayed and turn-on of HS switch is not taking place under full ZVS
condition at time t3. The increased delay of zero-crossing after having turned off LS switch is taken as input for
increasing indirectly the negative half-bridge current level to /yagnegz by extending the turn-on time of LS switch
in phase t5-t6. ZVS condition for turning on the LS switch are reached by properly dimensioning the dead-time
tyeadLs (see Chapter 3.3.2.1).

| | |
[ tdeadHs1 I [ tdeadHs2 Il [
VHsep A o ea_m e | | ea . L
| | | 11 |
| | | 11 |
| 1 | 11 |
| | | | | | | ] »
| [ | 11 | o t
tdeadLs
V| [ | I I | (NN [
Lsep I | I /':— Il I
| 1 1 | 11 |
| | [ | 11 |
| | I | 11 | o
U T U U U LIl U Ll
IHB [ tdemag | I I [ (NN [ t
A I N—LH o Il Il Il
_|_

|MAGpos

0A
IMAGneg1
IMAGneg2

I
I
VHB A :
I
I I I I
i\ I I I
i I I I
1\ I I I
AN I I I o
N | 7 t
A Lo L$2zCD — ™| | ~ Zero-crossing detection via pin ZCD N | Lo
W4 T |\( | Y - 'Vh | Y = -
ov T T T | T\ | >,
|' I (I l I I 'I ||| I 'I
i I I W i W
i I i A\ i
I I I I I
to t1 t2 3 t4 t5 t6 t7
Figure 22 Using zero-crossing detection at L,y to ensure ZVS operation

Only in DCM operation at very light-load partial hard switching can occur for the first LS switching cycle turn-on.
This is only taking place after a long waiting period when demagnetization of the transformer is finished not
causing a body diode conduction issue (see Chapter 3.3.2.3).

3.3.1.3 Output current control law

Figure 23 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 Isgt for the corresponding feedback signal. The required peak
current setting is then calculated based on Vin measurement and mode operation.
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Vin
VS

IMAGpoS (CRM) = Isgr — ]MAGneg(Vin)
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Figure 23 Control path from feedback input to peak current setting

The feedback voltage Vig has a linear correlation with the output current /,,; between the boarders for
maximum output current /o, tocpimax @nd burst mode entry current level I tgmen- Figure 24 is showing output
current levels for various functions.
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Figure 24 Control law for feedback voltage at FB pin

Controlling the output current /,,; is determined by the equivalent internal current set-point /sgt, which is then
taken for the peak current setting at CS pin to adjust the positive magnetization level /yagpos. The correlation
between Isgr and Iuagpos is different for CRM (see Chapter 3.3.1.3.1) and ZV-RVS mode (see Chapter 3.3.1.3.2)
in order to ensure a smooth transition between the CRM and ZV-RVS mode. Figure 25 shows the configurable
current set-points for various functions and their correlation with the feedback voltage.

The configurable current set-points /sgyx0, are defined in percentage with respect to the nominal current
set-point Isethomo, that determines in percentage of the FB pin operating voltage range Vrgopmay the associated
voltage level Vignom- Here Isetnomas is set to 50% used as a factor without unit.

VEBnom = (IsETnom % X VFBOPmax) + VFBOPMIn

Equation 12

Note: The current set-point for burst mode exit threshold Isetpmexas S Only active during burst mode
operation and only used as an internal parameter for comparison, which is not associated with a
feedback voltage level (see Chapter 3.3.4.4.1). The same applies for Isgtstmaxos that is only active
during Vout start-up control (see Chapter 3.3.3) to provide additional output charge current.
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IsET% A

IsETOCP1max% |
(IsETstmax%)
IsETOCP1Iev2%

IsETOCP1Iev1%

ISETnom%

ISETRVS2CRM%
ISETCRM2RVS%

(IseETBMex% )
ISETBMen% -

-

VFBoPmin VFBBMen VFBCRM2RVS  VFBRVS2CRM VFBnom VFBOCP1lev1 VFBOCP1lev2 Vrgocpimax VFB

*) CRM only if Vzcp > Vzcprvs2crum

Figure 25 Configurable internal current set-points /g1y, and correlation with Vg

For all other current set-points /setyo, the correlated feedback voltage Vigyy can be calculated as following:

Vi = (IsETo% X IsETnom % X VEBOPmax) + VEBOPMIn

Equation 13
The offset Vrgopmin considers the minimum operating voltage level of the opto-coupler output before entering
saturation.

The peak current setting at CS pin is done by comparing the voltage at the shunt resistor Rgpnt With the
internally derived threshold Vigyux:

I _ VCSxxx
MAGxxx — Rshunt

Equation 14

Vesxxx 1S beside Iseto, also depending on Vin and the mode operation (see Chapter 3.3.1.1) shown by following
relationship:

CRM operation

VCSXXX = (I SETxxx % X ISETnom% X VCSOPmaX) + (IMAGneg(Vin) X RShunt)

Equation 15
ZV-RVS operation

{HBperiod :
Veswx = ﬁ X [(Iserxxx X IseTnom e X Vesopmax) + (IMaGneg(Vin) X Rshunt) |

Equation 16

Hereby Vesopmax IS the maximum operating voltage range at CS pin. Rgp,nt dimensioning is based on nominal
output current /oy tnom @t Nominal current set-point Isgtnomas, Where Isetnomes also determines in percentage of
Vcsopmax @t CS pin the associated voltage level Vesopnom-

R — Ny ISETnom % X VCSOPmax
Shunt 2 Ioutnom
Equation 17
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At the corners for Vin(min) and Vin(max) the expected peak current setting for nominal current set-point
IseTnomes Can be calculated with:

Minimum peak current setting Vcs,om(min) for nominal load at Vin(min)
CRM operation

2 xIgutnom
VCSnom(min) = (ISETnom% X VCSOPmaX) + ((IMAGnegnom% X—x )X Rshunt

Equation 18
ZV-RVS operation

[HBperiodex 2 xIoutnom
Vesnom(min) = “Tpoerioq X ((ISETnom% X VCSOPmaX) + ((IMAGnegnom% X T) X RShunt))

Equation 19

Maximum peak current setting Vcsnom(max) for nominal load at Vin(max)
CRM operation

2 xIgutnom
Vesnom(max) = (IsETnom% X Vesopmax) + ((IMAGnegmaXCRM% X T) X RShunt)

Equation 20
ZV-RVS operation

[HBperiodex 2 xIoutnom
VCSnom(maX) = THBperiod X ((I SETnom % X VCSOPmaX) + ((I MAGnegmaxRVS % X N ) X RShunt))

Equation 21

3.3.1.3.1 Current control during CRM

During CRM operation the negative magnetization /yagneg is controlled for a target value only depending on
input voltage Vin (see Chapter 3.3.1.1). Here the negative magnetization Iyagneg is controlled by adjusting the
on-time tison, Which leads to a linear correlation between /o, and the set positive magnetization level /yagpos:

I out — % X (I MAGpos(Vin) +1 MAGneg(Vin))

Equation 22

Imacpos is then controlled by the peak current control at CS pin based on the correlation with the internal target
current set-point /sgt, which is a proportional representation of the output current /,;:

2
Isgr = & X Lout

Equation 23

I MAGpos(ISET; Vin) = Iggr — I MAGneg(Vin)

Equation 24

When reducing the load the on-time of LS switch is getting reduced until the minimum time period trransnom-
For further reduction in load the on-time of LS is kept constant, which results in a constant peak to peak
magnetization /yagpp (see Figure 19):
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Imacpp = IMAGpos — IMAGneg

Equation 25

3.3.1.3.2 Current control during ZV-RVS mode

As in ZV-RVS mode the peak current control for /yagpos shall be kept almost constant (see Chapter 3.3.2.2.1)
to ensure that the demagnetization time is longer than half of the resonant period of the LrCr tank, a waiting
time gap tyaitgap is introduced directly after the end of trransnom Period (see Figure 19), which is extending the
half-bridge period to typperiodex- This results in a reduced output current /o, that can be expressed as:

'HBperiod
{HBperiodex

N
out — 3 X (IMAGpos + IMAGneg)

Equation 26

The control for tygperiodex IS Performed by means of valley skipping control (see Chapter 3.3.2.2.1) depending
on Isgt and Vin:

(I MAGpos + 1 MAGneg(Vin))
ISET

t HBperiodex(I SET» Vin) =t HBperiod X

Equation 27

3.3.14 Propagation delay compensation (PDC)

During peak current control a propagation delay is impacting the resulting peak current limitation (see Figure
26). The higher reached peak current is then compensated to a lower level by the closed application control
loop via the feedback signal at FB pin. The magnitude of /yag pos OVershoot is depending on the voltage at

the transformer input winding Lm, which is depending on input voltage Vin and reflected output voltage at
resonant capacitor Vc,. A higher voltage amplitude at the transformer input winding leads to a steeper rising
slope of /yagpos @and vice versa. A total delay of tppcopcy leads then to a delta overshoot of Alyagposcomp:

(Virl - VCr)
Alyvagposcomp = —Tm—— X fPDCOPC1

Equation 28

tepcopci consists of an internal delay tppint caused by the OCP1 comparator, gate driver and an external delay
tppext Caused by the power switch turn-off and parasitic capacitance connected to the half-bridge node.

Ippcocp1 = Ippint T IPDext

Equation 29
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ImMac A
| | Al MAGposcomp

|MAGpos'

|MAGposcomp

|

|

| :

| trococp1

\

VHSGD“

! |-

VHB“ i i i t
| | |
| | |
| | |
L\ .
T -y Vt

Figure 26 Propagation delay compensation of peak current control for Iyagpos

This dependency on Vin and V¢, impacts the current set-point threshold accuracy seen in the application and is
therefore compensated to avoid errors on the feedback signal Vg.

The propagation delay compensation uses Equation 28 to calculate Alyagposcomp based on the parameter
tpocopc1?, the measured input voltage at VS pin and measured reflected output voltage at ZCD pin. Lm is
extracted from other configurable parameters as following;:

VVSVCRnom X !TRANSnom

Lm = T
MAGpp

Equation 30

The peak current setting is then compensated by reducing the internal target peak current set-point Iyagpos With
AlMAGposcomp:

I MAGposcomp — I MAGpos — AIMAGposcomp

Equation 31

3.3.2 PWM control schemes

Table 3 shows the list of features that describes the pulse width modulation (PWM) control methods for the
different control modes and the associated mode transition. Depending on load, output voltage, and input
voltage (see Chapter 3.3.1) the control scheme is adjusted to ensure ZVS operation for both low-side and
high-side switches.

4 configurable, see Table 21
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Table 3 PWM control

Feature Chapter

CRM control scheme Chapter 3.3.2.1
ZV-RVS mode control scheme Chapter 3.3.2.2
DCM control scheme Chapter 3.3.2.3
Mode transition control Chapter 3.3.2.4
Overcurrent control Chapter 3.3.2.5
3.3.2.1 CRM control scheme

The PWM control targets a ZVS operation for every half-bridge switching cycle by cycle by tuning the negative
current level Iyagneg (See Figure 27) . The dead-time tgeadLs”) between HS and LS switch is fixed as the peak
current is high enough to provide proper ZVS operation for LS switch.

VHsGD A |

tdeadLs

[

|
|
|
|
|
1
|
|
IMAGpos |~ T T <o, 4—-———- T H—_——f—_———— A ———
. | -~ Lo [ O
s ~
| Se | | | ~
. .~ N
| oo | | | .
- | . I I ~
S I .
\//\I’_’I[ I

|
|
' |
0A l | -
IMAGneg F____+_ ______ N |—i——t—/—
[ | | [
[ | | [
ey | %
| | |
¥ [ i
g1 | | [N I
AW | | [\
| ] | | »
I | | [ o
VAUXA 1 | | [ t
[ | | [
I A T | |
ov——f :\‘ | :,/: .
I | | (N A t
| | | | )1
| | |
Figure 27 Half-bridge timings for CRM operation

The dead-time tgeaqns is depending on input voltage and mode operation. In CRM operation it consists of 2 time
periods:

5 configurable, see Table 7
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tdeadns(Vin; CRM) = t1557cp(Vin) + tzepsefiicrm

Equation 32

The time period t; s,7cp is captured after turning off LS switch at time t0 until zero-crossing detection at time t1
and compared with a target value based on Vin. The shortest time period t| s7cpmin” OCcurs at maximum input
voltage, whereas the longest time period t; s;7cpnom®’ is correlated with minimum input voltage (see Figure 28).

tLs2zco i

|

tLs22CDnom

|
|
|
|
|
tLs2zeomin{ — — — — — :
,

\

Vir;(min) Vin(max) Vin

Figure 28 Adaptive target time period for t s;7cp

In the subsequent half-bridge switching cycle the LS switch on-time ¢ s, is adjusted by At| 5o,

Atrson = trs2zep(Vin) — trsazepeap

Equation 33

with tsyzcpcap being the captured time period.

Extending t son increases the negative magnetization level /yagneg, Which then reduces the time for switching-
over the half-bridge node. In this way the negative magnetization is being self-adjusted to the defined target
value as shown in Chapter 3.3.1.1 and supporting an internal accurate output current estimation for peak
current setting at CS pin.

When reducing t,son the minimum is determined by trransnom?® at maximum output voltage level.

The 29 part of tyeaqns is defined by the fixed time period tzcpseficrm®, Which is delaying the HS switch turn-on at
time t2 after zero-crossing detection at time t1 (see Figure 27).

After HS switch is turned on the peak current limitation only takes place after a leading edge spike blanking
period tysiep®’, Which determines also the minimum on-time of HS switch operation.

3.3.2.2 ZV-RVS control scheme

The relevant timings for ZV-RVS mode operation with ZVS pulse generation are shown in Figure 29). During
ZV-RVS mode a waiting time gap tyaitgap is inserted at time t0 after a HS and LS switch half-bridge cycle to
control the output current (see Chapter 3.3.1.3.2). The ZVS pulse tyys is initiated by turning on the LS switch
after the rising edge zero-crossing detection target number at time t1 and a delay time period t;cprefirys®. The
dead-time for turning on the HS switch after the ZVS pulse is fixed with tgeaqnsrys®- The subsequent dead-time
tgeadLs IS Same as in CRM operation.

The required ZVS pulse length tzys is determined by the target negative magnetization level /yagneg, the
transformer magnetizing inductance Lm and depending on output voltage Vout:

configurable, see Table 7
6 configurable, see Table 8
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b = IMAGneg X Lm
ZVS = T NxVour

Equation 34

Ivacneg is adapted for changes in input voltage (see Chapter 3.3.1.1). The minimum ZVS pulse length occurs
when both lowest input voltage and highest output voltage applies. Here the parameter tzysmin”’ is limiting the
minimum adjustable ZVS pulse length.

IHB A

Note: The minimum tzysmin Shall be equal or longer than the minimum on-time of the SR controller for
proper operation.
t eal
Viseo g I Lo Ll gl 1 g |
| | [ [ 11 | |
| | [ [ 11 | |
| | [ [ [ | |
Vi Il L1 7vs pulse [tzvs] = ! L tdeadls [ >
LSGD (I I 4VoPp 2vs] L1 g [
| ! [ | [
| | | | |1
T | | I: —> .
| | | »
[ | [ : o
| | [
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| |
| |
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|
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Figure 29 Half-bridge timings for ZV-RVS mode operation

3.3.2.2.1 Valley skipping control

When operating in ZV-RVS mode, valley detection is taking place to determine the time for turning on the

ZVS pulse (see Figure 29). The waiting time after transformer demagnetization t,jtgap is controlled based on
the target number of detected valleys. A valley is counted once a falling edge of the ZCD signal is detected
after a filter tscpfefiirys?. The target number for valley detection is adjusted every half-bridge switching cycle
depending on exceeding the thresholds /yagposrvs(+) OF Imacposrvs(-)- The target valley number is increased once

configurable, see Table 8
8 configurable, see Table 8
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the internally derived peak current setting /\agpos is dropping below Iyagposrvs(+) and decreased when exceeding
ImaGposrvs(-)- Hence a hysteresis is built in order to avoid value jumping during steady state operation. The
hysteresis magnitude can be calculated with:

1
I MAGposRVShys — 3 XTI MAGposnom

Equation 35

Both thresholds are depending on the output voltage measured via ZCD pin. The value is decreasing with
decreasing output voltage as shown in Figure 30. As a result the peak current setting at CS pin is kept almost
constant between the two thresholds Iuagposrvs() @nd Imacposrvs(+) for a given output voltage. The threshold
ImaGposrvs(+) is determined by the two points for Iyagposnom @t Nominal output voltage and Iyagposrvsov for Vout =
OV. Imagposrvsov is defined by IMAGposRVSOV%Q) with following equation:

I MAGposRVSOV = I MAGposRVSOV % X I MAGposnom

Equation 36

The maximum number of requested target valleys is limited and leads to a mode change to DCM (see Chapter
3.3.2.4).

ISETA | AlMAGpos
|
|
IsEThom T~ — — I______________________________________:::::___—___ ‘‘‘‘‘ —~— |IMAGposnom
| IMaGposrvs(-)(Vzep) —~ e emeEE T T
|
Sl CRM
: IMAGposRVSHYS ==~
I —
|
___,-_-_~_|5_7_ - j ————————————————————————————————————— IMAGposRVSOV
: IMAGposrvs(+)(VzcD) ZV-RVS
: BM
0V Vzcouvp VzCDnom " Vzep
Figure 30 Valley skipping control for adjusting t,,itgap
3.3.23 DCM control scheme

The DCM control is associated with triggering the ZVS pulse in ZV-RVS mode operation. 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 (s€€ Figure 10). 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
(see Chapter 3.3.2.2).

Increasing tyaitgap takes only place until the extended half-bridge period tygperiodex (€€ Chapter 3.3.2.2) reaches
the associated minimum half-bridge switching frequency Fpcumint®. When output current is further decreased,
the feedback voltage Vgg drops until it exceeds the burst mode entry threshold (see Chapter 3.3.4.1).

The DCM operation can be disabled by means of ENpcy?.

9 configurable, see Table 6
10 configurable, see Table 9
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3.3.2.4 Mode transition control

Mode transition between CRM and ZV-RVS mode

The mode transition control observes the signal levels at FB and ZCD pins for exceeding thresholds that define
the changeover from CRM to ZV-RVS mode and vice versa. The feedback signal Vg is determining the internal
current set-point /g1, and compared with the current set-point thresholds (see Chapter 3.3.1.3). During
operating in CRM the thresholds /setcrmarvses ! and Vacpermarvs?Y at ZCD pin are determining the switchover
to ZV-RVS mode. Operating in ZV-RVS mode the thresholds /sgtrvsacrmos?Y and Vocprysacrv™™ at ZCD pin are
determining the switchover to CRM.

Vzco A
Vzcpove T .
Vzcbnom — | ____ -
=
BM [DCMH ZV-RVS CRM
V/ZCDRVS2CRM + — — — g/-l _________ i L
vV /// | Hysteresis
ZCDCRM2RVS 4 — — — / _______ | _
= Lo
— |
VZCDUVP | RN |5t -] PN D D S| SRS PSSR SSSS  SESESSASSSS _ __
| |
% I
IseTemen%  ISETCRM2RVS®%—  “—ISETRVS2CRM% IsETnom% IseTOCP1max% " lseTy

Figure 31 Mode transition between CRM and ZV-RVS mode

Mode transition between ZV-RVS mode and DCM

The DCM operation takes place once the control loop requests for operating beyond the maximum number

of valley switching Ngysvaimax*?! (see Chapter 3.3.2.2.1). After entering DCM operation the peak current setting
is slightly increased by adding an offset of 25% of the set /yagposrvs(+)- During DCM operation the number of
occurring valleys is observed. When ZVS pulse is initiated within a time period with lower number of valleys
than Ngysvaimax @ sSwitch-over to valley synchronized ZV-RVS mode operation is taking place. After leaving the
DCM operation the 25% offset is removed again. This ensures a hysteresis between entering and leaving DCM.

3.3.2.5 Overcurrent control

The hybrid-flyback topology supports high level overcurrent operation with high efficiency. In such case

CRM operation is taking place based on the equations shown in Chapter 3.3.1.3.1. The additionally required
circulating current is achieved by increasing the peak current setting for current set-points higher than Isgtnom,
as requested by the feedback signal at FB pin. Hereby the energy transmission time tygans is extended to
provide increased negative magnetization level lyagneg to reach ZVS condition for turning on the HS switch (see
Chapter 3.3.1.2.1). If the estimated overcurrent is exceeding overcurrent set-points for a defined time period, a
protection mode is entered (see Chapter 3.4.7).

3.3.3 Vout start-up control

The IC contains a Vout start-up control by observing the output voltage via the reflected voltage at ZCD pin,
which is shown in Figure 34.

11
12

configurable, see Table 19
configurable, see Table 9
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A start-up request takes place after an IC HW reset or entered auto-restart mode when VCC is charged up and
exceeded the threshold Vyccon (see Chapter 3.2.1). At that moment following 4 conditions are checked to be
valid:

1. Brown-in condition with W5 > V\sgp (see Chapter 3.4.4.1)

2, No Input overvoltage with Vg < Wsoyp (see Chapter 3.4.4.4)

3. Feedback signal out of regulation range Veg > Veggmctrl

4, No overtemperature condition with Ryri0 > RuriooTerel (S€€ Chapter 3.4.9)

The conditions 1-3 needs to be valid within the time period tgpcheck- Once conditions 1-3 are valid condition 4 is
checked.

In case one of those conditions is not met the IC enters bang-bang during brown-in phase (see Chapter 3.2.2).

After all 4 conditions are valid the IC prepares for the first HS switch pulse. Here a maximum on-time tysonmax IS
calculated based on Vin to check for a Rsynt Short circuit at CS pin (CSSCP, see Chapter 3.4.6), when turning on
the HS switch. But before turning on the HS switch a first initial LS switch pulse is generated with tzyset152% to
precharge the bootstrap capacitor at HSVCC pin. Afterwards the length of ZVS pulse is fixed to the time period
tzvsstup Until the voltage at ZCD pin exceeds the threshold Vzcpizysstup-

IMAGneg X Lm

Lzvsstup = T VZCDtZVSstup

Equation 37

Then tyys is decreased depending on increasing Vycp (see Figure 32).

tzvs A

tzvsstist{ —————— — — m Fe———-
| I

tzvsstup : ——————————————————————————————————————————— :_ ——
: t — [MAGneg X Lm _/ :
| 2vs kX Vyen —
| | .

ov Vzcotzvsstup V2eDovP Vzeo
Figure 32 Adaptive tzys depending on Vycp

During ZCD search phase the number of generated half-bridge switching cycles is counted. If no zero-crossing
detection is taking place after the HS switch is turned off, a next ZVS pulse is generated after a time period
tetartzedto)- When ZCD signal is missing, the counted number of half-bridge switching cycles is exceeding
NHchclemax13) a protection mode for Vout short circuit detection (VoutSCP, see Chapter 3.4.8.3) is entered.

With entering the ZCD search phase the very first peak current setting at CS pin is starting based on overcurrent
set-point Isetocpilevioe The further peak current setting is kept constant until Vycp is exceeding the threshold
Vzcpizvsstup- Then Vout start-up controlis determining the peak current control setting based on comparing the
measured voltage at ZCD pin with target voltage set-point Vzcprarget- The peak current control is cycle by cycle
linearly increasing Vs until target voltage level at ZCD pin is reached or linearly decreasing Vs if Vzcp is over the
target voltage level for ZCD pin. Here the IC increases step by step after a time period t5;wrask the incremental
target value Vzyptarget (See Figure 33). During start-up the current set-point maximum control range is limited by
/ SETstmax%lg)-

The incremental voltage step 4Vzcpstinc is determined by the ramp-up time period tstartramp”):

13 configurable, see Table 11
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V7CDnom X {SLWTASK
Istartramp

AVyzcpstine =

Equation 38

By this the IC ramps up the output voltage in a primary side controlled manner. When the voltage at ZCD pin
exceeds the threshold Vzcprysacrm the PWM operation is switched over to CRM scheme.

VZCDtargetA I I |
VZCDFIOFI'I- ______________ I___—I___________________________________r
| | — |
CRM I I — I
| tsLwtask — |
.l —_— |
VzCDRVS2CRM{—————————————— F-—A-—————= oo oooooooooooooooooooo oo ==
ZV-RVS AVzcpstine | ] :
de—————— - — =t ——— ] |l — ———
T | >
ov tstartramp t
Figure 33 Vzcptarget cOntrol during start-up phase

The start-up phase is finished once the feedback loop at FB pin takes over the peak current control. This takes
place when the peak current setting at CS pin determined by Vgg is dropping below the peak current setting
determined by Vzcp ramp-up control. The maximum time period for the start-up phase is limited by a timer
when exceeding tsartio, Which leads to a start-up timeout (STTOP, see Chapter 3.4.5).
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infineon

Start-up request
Vvee > Vvecon

Brown-in
Vvs > Vvsaip

Vin OVP
Vvs < Vvsove

Regulation
VFs > VFsBMctl

Start-up Check
tstart < tstupcheck

Rwrio > RuFiooTprel

tzvs = tzvsstist

Rshunt short

tHson > tHsonmax

Vout short

yes
NHgcycle >

NHBcyclemax

ZVS-pulse
Vzcp > Vzepizvsstup

tzvs = tzvsstup

N IMAGneg X L
ZVS k X VZCD

Vzcp > VzeprvsacrM

ZV-RVS
Regulation

IseTe(VrB) <
IsETstmax%,

CRM Regulation
Iset%(Vrs) <
IsETstmancs

Start-up timeout yes

Auto-restart Start-up timeout

Auto-restart

Notp > Notpevmax

csscpP

VoutSCP

tstart > tstartto tstart > tstartio

CRM tracking ‘ ‘ ZV-RVS tracking

Figure 34
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3.34 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. A slow and fast burst mode exit is supported in order to have a
smooth take-over for feedback voltage regulation, when changing back from hysteretic burst frame on/off
control to linear feedback loop control. Figure 35 shows the main functions for the burst mode control as listed
and described in the following:

«  Burst mode entry (see Chapter 3.3.4.1)

«  Burst mode operation (see Chapter 3.3.4.2)

+  Burst mode bootstrap precharge (see Chapter 3.3.4.3)
«  Burst mode exit control (see Chapter 3.3.4.4)

Slow burst mode exit

\

Isgr > IspTBMex

I
I
I
| Fast burst mode exit
I
I
I

VDDP »| Burst mode exit

| feedback offset
»

Vrgamfes O—]= control

Rrspu
Burst mode operation
1
——— FB : Power Current control PWM
| > Management law control
Vessmctrt O—]= »

Burst mode entry
Veggven O—+

Mode Control

YYVvVY

Burst mode bootstrap
precharge

\

tBMslp > tBMslpthpp

Figure 35 Burst mode control block

3.3.4.1 Burst mode entry

The burst mode entry is based on comparing the voltage at FB pin with the threshold Viggpyen- Once Vig

is dropping below Viggyen the generation of next switching pulse is stopped and burst mode is enabled by
entering sleep mode with the reduced current consumption /yccgmpsm- Vrsemen is correlated with the current
set-point Isetpmenss??, Which is defined by the output current control law (see Chapter 3.3.1.3).

VesMen = (IseTBMen % X IsETnom % X VFBOPmax) + VFBOPmIn

Equation 39
Once entered burst mode the current control law is switched over to a minimum fixed peak current setting at CS
pin, which is based on Iyagposrvs(+) + IMacneg (S€e Figure 30).

At burst mode entry the HV start-up cell is used once to charge up the VCC and VCC current consumption is
reduced during the sleep phases (see Chapter 3.2.4).

14 configurable, see Table 10
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3.3.4.2 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 burst mode control threshold Veggpmctr- This threshold determines when the
IC enters the sleep phase (falling edge) after having generated at least one switching pulse during the active
phase. The same comparator is also used during the sleep phase for waking up (rising edge) by triggering a
burst on-frame pattern tgwson (See Figure 36). During sleep phase Vegguctrl Might be slightly lower than during
the active phase. Here the burst frame duty cycle and burst mode frequency is fully controlled by means of Vgg.

Vout

Voutreg

VEBBMctl 1 == = = == —=—=—=—=—=—==—fS o= - =——=—=—=——p =R --——————-—p~C-——o—og=-=—=—===

VHBGD : — tBmperiod .
| tBMmsip tBMfon
TR
Figure 36 Pulse pattern during burst mode operation

During burst frame on-time tgyson the transferred energy is based on ZV-RVS mode switching cycles (see
Chapter 3.3.1.3.2) with a peak current setting at CS pin only dependent on Vout and taking the first valley as
base for initiating the ZVS pulse.

In burst mode the peak current setting Iuagpos is fixed to Iuagposrvs(+) + IMacneg (€€ Figure 30). This results in a
limited output current during the burst on-frame phase /ytgu:

'HBperiod 1
ToutBm = TiBperiodex < 2 % N X (Intagposrvs(+) + IMAGneg)
Equation 40

The average output current is now depending on the burst on-frame duty cycle (see Figure 37):

) —_— !BMon
out fBMperiod outBM

Equation 41
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VHBGD !‘ — tBMperiod ! ‘!
i‘ | tBMonVi
t
VHBGDA
— f tHBperiodex | ‘|
[ i ol
| | ~ tHBperiod : |
- > I
LS HS LS LS HS LS LS HS
‘rtHSO: L ~ tLson P ftwa"gap‘ Lo
l | -
tLson = tzvs t
Figure 37 Burst mode timings for average current set-point calculation
3.3.4.3 Burst mode bootstrap precharge

Operation in burst mode at very light-load leads to long IC sleep phases without switching activities. During
this sleep-time period tgys|, (see Figure 36) the HSVCC voltage is dropping below the off-threshold Vysyccoft
and deactivating the floating HS gate driver (HSUVOFF, see Chapter 3.4.3). When HSVCC is exceeding the
on-threshold Vysyccon the HS gate driver is enabled for turning on the power switch after a delay tysgpdelen (S€€
Chapter 3.3.6). To ensure that a proper HSVCC supply is in place for turning on the HS switch after a long IC
sleep phase, a precharge pulse is introduced first before the ZV-RVS pattern is executed (see Figure 38). The
precharge pulse shall only charge the HSVCC above Vysyccon in order to get the HS gate driver prematurely
enabled. Dimensioning the length of this precharge pulse tBMprepulse”) needs to consider the required delay
time period tysgpendel fOr getting enabled the HS gate driver after the HSVCC voltage has exceeded the Visyccon
threshold. During this delay time period also one half-bridge oscillation and one ZVS pulse period are taking
place. The precharge pulse is only introduced at the beginning of the burst mode on-frame for a subsequent ZV-
RVS switching cycle when the captured burst mode sleep-time period is exceeding the threshold tBMslpthrppls).

VHsvece

Visep, Precharge pulse \ ZVs pulse\
u | |
| l ' >
T T o
VHscD " | | | [ t
T tBMprepulse T 1 : tHsGDendel | |
< | | » |
| | | | -
T I I I o
| | | |
| | | |

VHsvccon
VHsvccoff

VHB

\/

Figure 38 Precharge pulse pattern

15 configurable, see Table 10
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3.3.4.4 Burst mode exit control

The burst mode exit control supports a smooth switch-over for the closed feedback control loop when leaving
burst mode due to load jump or load is slowly increasing beyond a burst mode exit current set-point threshold.
There are two burst mode exit paths supported. A strong load jump requires a fast burst mode exit (see Chapter
3.3.4.4.2) and immediate full power delivery whereas a slightly increasing load shall be controlled for a smooth
switch-over (see Chapter 3.3.4.4.1) for the feedback voltage control in order to avoid oscillations at the output.
A smaller load jump that leads to a fast burst mode exit shall also not lead to oscillations at the output.

Both requirements are covered by introducing an offset AVrgpm<y=exofis ©N the measured feedback voltage Vg,
when determining the correlated internal current set-point /sgto, based on the output current control law (see
Chapter 3.3.1.3). Once tracking mode is entered (CRM or continuous ZV-RVS mode operation) AVrggm<xsexoffs IS
linearly reduced by every half-bridge switching cycle (see Figure 39).

——— e e —— ——— e e —_—

I
Continuous mode operation

B

Burst mode operation

BM entry yes
IseTo(VFB)<
ISETBMen%

k

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Decreasing offset
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Sleep phase

\

A A

v

Wake-up
Vre > VrBBMctr

AVFBBM<x>exoffs

ZV-RVS pulse -

\ 4
Switch-over Fast BM exit
Tracking Mode -~ control law | VFB > VFBBMfastex
I |
I |
I |
I |
L |
Add offset . | Slow BMexit
o yes
AVrss - i\(ljvrllttcrglol;/\?vr -« IseT%(Vre)>
to sensed VFB : IsETBMex%
|
|
|
|
: Sleep phase
I Vre < VrBBMctr
|
|
|
|
L |
Figure 39 Burst mode exit flow diagram

During burst mode operation the feedback control law only contains two thresholds at FB pin and one for the
internal current set-point Isgto, (See Figure 40):

*  Vegemctrl for controlling the burst on-frame and the sleeping phase
*  Vrewmfastex fOr immediately leaving the burst mode
«  IseTBMexss Dased on output current estimation for slowly leaving the burst mode

When a burst mode exit condition is met a switch-over of the output current control law is taking place. The
feedback voltage level corresponds at that point of time to a different current set-point compared to steady
state continuous operation. E.g. if a slow burst mode exit takes place with Isgto,(Vig) > IsetMexes, the feedback
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voltage is ca. Veggmctr, Which is then close to the nominal current set-point Isgtnome- The normally required
IseTBMex% @nd associated Vegpuex levels are much lower, which then can lead to an output voltage overshoot
depending on how fast the external control loop is adjusting Vg to the required lower level. The added offset
on the measured Vgg is immediately ensuring the right internal current set-point for peak current control at

CS pin. By afterwards linearly reducing every half-bridge switching cycle the offset the regulator is supported
to smoothly settle to the target feedback point, which matches then to the required internal current set-point
defined by the control law. The target feedback point after burst mode slow exit can be calculated by Equation
13:

VEBBMex = (IsETBMex% X IsETnom % X VFBOPmax) + VFBOPmin

Equation 42

The added offset after burst mode slow exit is therefore:

AVEpeMsiwexoffs = VFBBMex — VFBBMctrl

Equation 43
|SET%A
|
ISETBMex%]——————————"—"—"—"—"—"—"—"—~—\—~—~——~——— — — e - ———— =
1 |
: |
BM I '
1 |
: |
|
- |
1 | >
VeBBMctrl  V/FBBMfastex Vrs
Feedback control law
switch-over @ BM exit
|SET%A
| | | | | 1 | |
|SETOCP1max%____|[___: _______ |r__I______I _______ e _: ____________________ |
BM ZV-RVS | |ZV-RVS ' CRM !
[ : or CRM | ; :
: |
|SETBMfastex%'____________________________ =TT == ___________________+_
|
|SETBMctri%, T = = = opm o i om  pn n f  ——— P — — — — |~~~ — —————————— —— T
|
|
|
IsETBMexs === —=l= == == = e — — — — — — — - — —— —— | ———————— = ————————— -:- -
IsETBMens (== = = = = R = — — — — — — g == — = — === — == === ==~ — = — = —— .
VEBOPmin VEBBMen (VFBBMex) VF.BBMctrI VEBBMfastex VFBOCP1n;x Vre
Figure 40 Control law switch-switch over from burst mode to continuous mode operation
3.3.4.4.1 Burst mode slow exit

Burst mode slow exit is based on output current estimation by capturing the burst frame duty cycle during burst
mode operation (see Equation 41). When the estimated current is exceeding the current set-point /setgmexs,™®
for number of NBMexreqthrIG) burst frame period cycles the burst mode is left by switching over the control law

to continuous operation, activating the offset AVrgpusiwexofis aNd entering tracking mode with ZV-RVS mode
operation.

16 configurable, see Table 10
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3.3.4.4.2 Burst mode fast exit

Once a load jumps exceeds the fixed energy transmission level set during burst on-frame period the feedback
voltage is further increasing. The fast burst mode exit threshold Veggutastex?” is then exceeded if not slow burst
mode has been triggered so far. Afterwards the control law is switched over. The IC is then entering CRM
operation for the first half-bridge switching cycles if Vzcp is higher than the threshold Vz¢prysacru- This can be
disabled by ENgyfastexcru™®-

3.3.5 Frequency jitter

The jitter function is only working in CRM operation. Furthermore it is depending on the voltage at VS pin.

The jitter function is enabled once the voltage at VS pin exceeds the threshold Vys jitterent®. Frequency jitter is
generated by modulating the magnetizing current for /yagpos and Iuagneg in Such a way that the sum of them
Imactot 1S kept constant. Then also I, is kept constant not being impacted by modulating the switching period
(see Equation 5).

Ivactot = IMaGpos T IMAGneg

Equation 44

The modulation of the peak to peak magnetizing current Iyagpp is performed by directly adjusting the peak
current threshold at CS pin for the positive magnetizing current level /yagpos and indirectly adjusting the
negative magnetizing current level /yagneg by means of changing the on-time t 5o, (see Chapter 3.1.1).

IMAGpp = IMAGpos - IMAGneg

Equation 45

Once the negative magnetizing current is changing, the closed control loop is adjusting Iuagpos accordingly.

The delta for the change of half-bridge switching frequency AFg, is set by a constant for the target jitter
spread dJitterspread%l-"), which is based on a percentage number of the switching frequency without Jitter.

AFypsw = Frpsw X dJitterspread%

Equation 46

_ 1
AtHstv — AFHBsw

Equation 47

The incremental step for changing the target switching period is one master clock period tyc k- This adjustment
is taking place after a delay time tJitterstpdeﬁ-‘” in order to provide time for the control loop to settle to the
changed level for Iyagneg- The jitter function starts first with increasing /yagneg Step by step until the correlated
switching period has exceeded the target maximum jitter switching period t jitterpermax-

Litterpermax = {HBper + Atypsw

Equation 48

17 configurable, see Table 10

18 configurable, see Table 10
19 configurable, see Table 20
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Subsequently /yacneg is adjusted step by step back to the starting level for the switching period tygper (se€
Figure 41)

Note: Increasing the amount of negative magnetization lyagneg iS reducing the dead-time for turning on the
high-side switch tyeagns. Therefore the potential target delta for switching period spread d jitterspreados
is limited by the target minimum time delay between the falling edge of LS switch and following
zero-crossing detection t| sqelzcpmin-

t

ImaG trBper ttrans + tMcLK Jitterpermax
A M—LPM—Q : Al MAGpos I“—;N

I I I

r‘t [ [ [
| I ttrans ! . . I.. . | |
':> Activating jitter operation I I

1 1 | |

I I

Figure 41 Iwag modulation for frequency jittering

3.3.6 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 (Wccon, Yecosf) @nd (Visvecons
Vhsvecofr) (see Chapter 3.4.2 and Chapter 3.4.3). Both drivers are clamping the maximum gate driver output
voltage to Vi sphigh; 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 42 Half-bridge gate driver
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3.4 Protection features

Table 4 shows the protection features and their corresponding default reactions. Two protection modes
(auto-restart mode and latch mode) as well as a UVOFF HW reset (IC deactivation by VCC undervoltage lockout)
are implemented.

Note: All protection features w/o UVOFF and HSUVOFF only apply during normal operation. During sleep
phase (in burst or protection mode), no pin protection is active.

Table 4 Protection features
Feature Symbol Default reaction Description
VCC undervoltage lockout UVOFF HW reset and restart | Chapter 3.4.2
HSVCC undervoltage lockout HSUVOFF Disable HS gate driver | Chapter 3.4.3
Brown-in protection BIP Bang-bang mode Chapter 3.4.4.1
without start-up
request
Slow brown-out protection SBOP Stop operation and Chapter 3.4.4.3
enter bang-bang
mode for brown-in
phase
Fast brown-out protection FBOP Stop operation and Chapter 3.4.4.2
enter bang-bang
mode for brown-in
phase
Vin overvoltage protection VinOVP Auto-restart mode Chapter 3.4.4.4
Start-up timeout protection STTOP Auto-restart mode Chapter 3.4.5
CS pin short circuit protection CSSCP Auto-restart mode Chapter 3.4.6
Output overcurrent protection OCP1 level 1 OCP1levl Auto-restart mode Chapter 3.4.7.1
Output overcurrent protection OCP1 level 2 OCP1lev2 Auto-restart mode Chapter 3.4.7.2
Output maximum current protection OCP1max Auto-restart mode Chapter 3.4.7.3
Peak overcurrent protection OCP2 0OCP2 Latch mode2? Chapter 3.4.7.4
Vout overvoltage protection VoutOVP Latch mode?% Chapter 3.4.8.2
Vout undervoltage protection VoutUVP Auto-restart mode Chapter 3.4.8.1
Vout short circuit protection VoutSCP Auto-restart mode??) | Chapter 3.4.8.3
External overtemperature protection extOTP Auto-restart mode & | Chapter 3.4.9
Latch mode
Watchdog timer WDOG Auto-restart Chapter 3.4.10
20 configurable with EVesocpy, see Table 16
2L configurable with EVcpoyp, see Table 15
22 Only active during start-up phase
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3.4.1 Protection modes

Once the protection mode is entered, the IC stops the gate driver switching at 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
3.2.3) to keep the VCC voltage at a high level to have enough energy stored in the VCC capacitor for the system
start-up. Two protections modes are supported as described in the sequel.

Latch mode (LM)

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 Wccoft.

Note: Reset of latch mode is done by disconnecting the AC line. By connecting the HV start-up cell via diodes
in front of the rectifier the reset time is mainly determined by the size of the capacitor at VCC pin.

Auto-restart mode (ARM)

In auto-restart mode operation the IC triggers a restart after the approximated auto-restart sleep time tARM$|p23).
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 Wyccon. tarmsip determines the number of set sleep cycles Naguistep, Which are
based on the time period tyrmpbase- (Se€ Chapter 3.2.3).

tARMslp = NARMstep X EARMbase

Equation 49

3.4.2 VCC undervoltage lockout (UVOFF)

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 Vy,ccop for activating the IC. AVCC voltage level dropping below the bottom threshold Vi ccof 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 Wcon (see Chapter 3.2.1).

3.4.3 HSVCC undervoltage lockout (HSUVOFF)

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. A HSVCC voltage level dropping below the bottom threshold Vysyccosf turns
off and deactivates immediately the high-side driver. During deactivation phase the high-side driver current
consumption is reduced to /ysyccuvors-

3.44 Input voltage Vin protection

The IC contains 4 detection thresholds at VS pin for input voltage Vin protection to ensure a safe operation
within a reliable input voltage range (see Figure 43). Following Vin protections are provided:

« Vin brown-in protection (BIP, see Chapter 3.4.4.1)

« Vinslow brown-out protection (SBOP, see Chapter 3.4.4.3)
« Vinfast brown-out protection (FBOP, see Chapter 3.4.4.2)
+ Vinovervoltage protection (VinOVP see Chapter 3.4.4.4)

23 configurable, see Table 12
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Figure 43 Input voltage Vin protection
3.44.1 Brown-in protection (BIP)

At initial power-up or auto-restart, the brown-in condition at VS pin must be fulfilled for initiating the switching
start-up procedure. Brown-in conditions are met when voltage at VS pin exceeds the threshold Vysgp2# within
the time period tsypcheck during start-up (see Chapter 3.3.3). If the IC is activated and Vin brown-in condition are
not reached the IC enters the bang-bang mode to keep the IC alive and ensure a high VCC level forimmediate
start-up once Vin brown-in conditions are detected (see Chapter 3.2.2).

3.4.4.2 Fast brown-out protection (FBOP)

The fast brown-out protection (FBOP) is realized by comparing the voltage at VS pin with the threshold
Vysrsop?? that is set below the slow brown-out protection threshold Vyssgop (see Chapter 3.4.4.3). Fast brown-
out occurrence is not blanked and sampled with a time period tsampie-

3.44.3 Slow brown-out protection (SBOP)

The slow brown-out protection (SBOP) is realized by comparing the voltage at VS pin with the threshold
Wsseop?? for a blanking time tyssgopbl. Once triggered the bang-bang mode for Vin brown-in detection is
entered (see Chapter 3.2.2).

3.4.4.4 Vin overvoltage protection (VinOVP)

Vin overvoltage protection (VinOVP) is taking place by comparing the voltage at VS pin with the threshold
Vysovp?®. The result is sampled with a time period tsample- ONce VinOVP is triggered the auto-restart mode is
entered (see Chapter 3.4.1).

At Vout start-up the VinOVP is checked together with brown-in protection (BIP) (see Chapter 3.3.3). When a time
period tspcheck IS €xceeded and Vin voltage level is not within the target range the bang-bang mode during

24 configurable, see Table 11

25 configurable, see Table 13
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brown-in phase is entered (see Chapter 3.3.3). Furthermore also at wake-up during burst mode operation the
start of burst on-frame is only initiated if no VinOVP is detected at wake-up.

3.4.5 Start-up timeout protection (STTOP)

In case of overload during start-up the output voltage Vout may not reach the regulation nominal voltage target
Voutnom, preventing the system from entering regulation and staying permanently in start-up condition. To
avoid such situation a timer is initiated at start-up request from the very first switching pulse to observe the
ongoing start-up time tg.,. A timeout is detected when after a maximum time period terno2¢ the current
set-point determined by Vg is not dropping below the current set-point determined by Vout start-up control
(see Chapter 3.3.3).

3.4.6 CS pin short circuit protection (CSSCP)

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 Rgjnt. Hereby the maximum on-time of HS switch is limited to a
precalculated time period tysonman:

(Voutnom X N)/krvs
tHsonmax = 2 X ITRANSnom X ( Vs

Equation 50

Ws is the instantaneous input voltage measured at VS pin. Once the on-time of HS switch exceeds tysonmax
auto-restart mode is entered.

3.4.7 Overcurrent protection

The overcurrent protection contains several detection functions, which protect the application when exceeding
a primary side peak current or operating under output overcurrent conditions (see Figure 44).

«  Output overcurrent protection OCP1 level 1 (OCP1levl, see Chapter 3.4.7.1)
«  Output overcurrent protection OCP1 level 2 (OCP1lev2, see Chapter 3.4.7.2)
«  Output maximum current protection (OCP1max, see Chapter 3.4.7.3)

«  Primary peak overcurrent protection OCP2 (OCP2, see Chapter 3.4.7.4)

26 configurable, see Table 14
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Figure 44 Overcurrent protection overview

3.4.7.1 Output overcurrent protection OCP1 level 1 (OCP1levl)

The output overcurrent protection level Isetocpiievios2”’ is defined by the output current control law (see Figure
25). Once the current set-point Isgte, exceeds the threshold Isetocpiievios @ timer is started. Auto-restart mode

is triggered when the timer reaches the threshold tocpiievipios2”/- The timer is also reset when /sgro, is dropping
back below Isetocpilevioe:

The associated peak current setting at CS pin can be calculated with Equation 15 and Equation 16:
CRM operation

VCSOCPlleVI = (ISETOCPllevl% X ISETnom% X VCSOPrnaX) + (IMAGneg(Vin) X RShunt)

Equation 51
ZV-RVS operation

[HBperiodex .
Vesocpilevt = “pociog X [(Iserocpiievi % X IseTnom % X Vesopmax) + (Imacneg(Vin) X Rhunt)]

Equation 52

The associated feedback voltage at FB pin can be calculated with Equation 13:

2T configurable, see Table 16
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VEsocpilevi = (IseTocpilevi % X IsETnom % X VFBOPmax) + VFBOPmin

Equation 53

3.4.7.2 Output overcurrent protection OCP1 level 2 (OCP1lev2)

The threshold Isetocpilev0,22) provides a 2" output overcurrent protection level. Once the current set-point
IsgTo, €Xxceeds the threshold Isgtocpilevao, the timer for OCP1lev2 is started. Auto-restart mode is triggered
when the timer reaches the threshold tocpiievabios2). This timer is also reset when /gt is dropping back below
IseTocpileva%

The associated peak current setting at CS pin can be calculated with Equation 15 and Equation 16:

CRM operation

Vesocritevz = (Iserocpitevz% X IseTnom % X Vesopmax) + (IMaGneg(Vin) X Rshunt)

Equation 54
ZV-RVS operation

[HBperiodex .
Vesocptlev2 = oo X [(Iserocpiievas X IseTnom % X Vesopmax) + (Iacneg(Vin) X Rhunt)]

Equation 55

The associated feedback voltage at FB pin can be calculated with Equation 13:

VEsocpilev2 = (Isetocpilev2% X IsETnom % X VFBOPmax) + VFBOPmin

Equation 56

3.4.7.3 Output maximum current protection (OCP1max)

The threshold Isgrocpimax? defines the maximum output current level of output current control. Once a higher
output current is requested via Vg control the output current is kept limited and a timer for loutMaxP is started.
During this phase output voltage is dropping because output current is higher than what is provided by the
converter (Isetocpimax)- Auto-restart mode is entered when the timer reaches the threshold tocpimaxpi2?. The
timer is reset when auto-restart mode is entered or /gt is dropping below tocpimaxbl-

The associated peak current setting at CS pin can be calculated with Equation 15 and Equation 16:
CRM operation

Vesocpimax = IseTocpimax X IseTnom% X Vesopmax + (IMacneg(Vin) X Rshunt)

Equation 57
ZV-RVS operation

28 configurable, see Table 16
29 configurable, see Table 16
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!HBperiodex .
Vesocpimax = THBperiod < [Iserocpimax% X IseTnom% X Vesopmax + (IMagnee(Vin) X Rsnunt) |

Equation 58

The associated feedback voltage at FB pin can be calculated with Equation 13:

VEBOoCPImax = IsEToCP1max% X IsETnom % X VFBOPmax + VFBOPmIn

Equation 59

3.4.7.4 Primary peak overcurrent protection OCP2 (OCP2)

Vesocps is a fixed threshold at CS pin and beyond the maximum operating range Vesopmax- The OCP2 function is
not blanked during the leading edge blanking time tysep. Once exceeded the latch mode is entered as default.

3.4.8 Vout voltage protection

The IC provides 2 output voltage Vout protection threshold levels Vzcpyyp (VOutUVP, see Chapter 3.4.8.1)
and Vzcpovp (VOutOVP, see Chapter 3.4.8.2) to ensure a reliable operation within a defined Vout operating
range. The measurement is done via the reflected voltage at the auxiliary winding of the transformer during
the demagnetization phase when the LS switch is turned on (see Figure 19). Furthermore the zero-crossing
detection during start-up phase is observed to detect short circuit conditions at the output (VoutSCP, see
Chapter 3.4.8.3).

|
| : Vout Overvoltage
| I LAaux | (VoutOVP) Protection
| : >
| Vzebove O—=
ZCD Vout Undervoltage Protection
| Vacouwe C > (VoutUVP) Protection Mode
I >
| -
|
|
|
Vout Short Circuit Nhacyc )
| > yclemax
: (VoutSCP) Protection
Figure 45
3.4.8.1 Vout undervoltage protection (VoutUVP)

Vout undervoltage is detected when the reflected output voltage measured via ZCD pin is dropping below the
threshold Vzcpuyp3?. Once detected the auto-restart mode is immediately triggered. VoutUVP can be disabled
during burst mode operation by means of ENgyyoutuvr®?.-

30 configurable, see Table 15
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3.4.8.2 Vout overvoltage protection (VoutOVP)

Vout overvoltage is detected when the reflected output voltage measured via ZCD pin is exceeding the threshold
Vzepove Y. Once detected a protection mode is immediately triggered. The default reaction is set to latch mode
and can be changed to auto-restart mode with EVcpoyp3?.

3.4.8.3 Vout short circuit protection (VoutSCP)

The Vout short circuit protection is only active during start-up phase in order to limit the number of half-bridge
switching cycles during the auto-restart. When operating under short circuit condition at the output the
magnitude of reflected voltage is too low, which inhibits a proper zero-crossing detection at ZCD pin. After start-
up request only a maximum of NHchclemax32) consecutive half-bridge switching cycles without zero-crossing
detection are allowed. If Nypcyclemax is €xceeded the restart phase is stopped and auto-restart mode sleeping
phase is prematurely entered.

3.4.9 External overtemperature protection (extOTP)

The external overtemperature protection is based on measuring an external NTC resistor. The external NTC

is biased by the internal VREF supply via the internal pull-up resistor Ryriopy. The voltage at MFIO pin is
measured and taken for calculation of the external resistor connected to MFIO pin. The calculated resistor

is then compared with 2 resistor thresholds. When the external resistor Reyy is falling below the threshold
RMF|OOTptrig33) auto-restart mode is entered. An auto-restart cycle can only take place if Rgyy value is exceeding
the threshold Ryriootprel- The auto-restart cycles after being triggered with an external overtemperature event
are counted. When the number of external OTP events exceeds the threshold Notpeymax>> latch mode is entered,
which can be only released by VCC dropping below Vyccoff

: VREF
I (@]
[
[
[
RwFiopu
: H e Protection
’ mode
MFIO 3
Release
| RwmFiootPret O——= -
NTC |
| RwriooTtPtig O——+
' Trigger
| ]
[
Figure 46
3.4.10 Watchdog timer

A watchdog timer is observing the internal control procedure by being continuously reset within a set time
period. O)nce the timer is not reset in time a protection mode is entered, which is determined by the parameter
EViwpos®?.

31 configurable, see Table 15
32 configurable, see Table 11
33 configurable, see Table 17
34 configurable see Table 18
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4 Configuration

The configuration of XDPS2201 is supported by the GUI tool .dp Vision 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.

4.1 Configurable parameters and functions

The following tables show the IC configurable parameters and their default programmed values, which some of
them are either derived from or being configurable system parameters defined in XDP Vision tool.

4.1.1 System settings

Table 5 System settings

Symbol Description Value Unit |Tol.- Chapter

Class

N Transformer turns ratio of primary winding N, |2.83 — — Chapter 3.4.6
and secondary winding N, defined by N,/Ns

Krys Ratio of resistor divider connected at VS pin 168.25 |— —
and bulk voltage

Voutnom Maximal nominal regulated output voltage 20 v —

loutnom Maximal nominal output current without over- |3.25 A —
current condition

4.1.2 Dimensioning

Table 6 Dimensioning for output current control

Symbol Description Value Unit |Tol.- Chapter

Class

IMAGRegnom% Nominal negative magnetizing current levelin | 17.4 % — Chapter 3.3.1
percentage in relation to Iyymem X 2/N

IMAGnegmaxcrMo | Maximum negative magnetizing current level | 31.6 % —
in percentage in relation to Iyymem X 2/N
required to achieve ZVS at maximum input
voltage Vin during CRM operation

IMAGhegmaxrvs% | Maximum negative magnetizing current level | 39.5 % —
in percentage in relation to Iyymem X 2/N
required to achieve ZVS at maximum input
voltage Vin during ZV-RVS mode operation

IMAGposrvsovas | Minimum peak current setting determined by | 75 % — Chapter
Imacposrvs for Vout =0V in percentage in relation 3.3.2.2.1
to Imacposnom

VzcDnom ZCD pin nominal voltage during LS switch turn- | 1.3984 \Y TC_V3a |Chapter3.3.1.2
onat Voutnom35)
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Table 6 Dimensioning for output current control (continued)
Symbol Description Value Unit |Tol.- Chapter
Class
tTRANSHOM Minimum LS switch on-time during energy 2.8 s TC_T1
transfer at Vyutnom
ETRANSRVSOV% Representing the value tygans in RVS mode for | 166 % —
Vout =0V in percentage in relation to trransnom
for trrans modulation depending on output
voltage measured via ZCD pin.
4.1.3 Half-bridge
Table 7 Half-bridge timings
Symbol Description Value Unit | Tol.- Chapter
Class
tLs27cbnom Target time delay target for LS pulse falling 650 ns TC_T1 Chapter 3.3.2.1
edge to ZCD pulse falling edge at minimum Vin
tLs2zcDmin Target time delay target for LS pulse falling 234 ns —
edge to ZCD pulse falling edge at maximum Vin
tdeadls Dead-time between HS pulse falling edge and | 150 ns TC_T1
LS pulse rising edge
t7cDfefilcRM Time delay between falling edge ZCDand HS | 172 ns TC_T1
pulse rising edge in CRM operation
tHsleb HS switch leading edge blanking (LEB) 300 ns TC_T1
determining minimum on-time
Table 8 Half-bridge timings only for ZV-RVS mode
Symbol Description Value Unit | Tol.- Chapter
Class
tdeadHSRVS Dead-time between LS (ZVS pulse) falling edge |400 ns TC_T1 Chapter 3.3.2.2
and HS pulse rising edge in ZV-RVS mode
t7vsmin Minimum ZVS pulse width during ZV-RVS mode | 600 ns TC_T1
operation
tzcorefilRvs Filtering time between ZCD pulse rising edge | 410 ns TC_T1
and HS pulse rising edge in ZV-RVS mode
operation
tzcpfefilRvSs Filtering time for ZCD pulse falling edge for 210 ns TC_T1 Chapter
valley detection in ZV-RVS mode operation 3.3.2.2.1

35 for wide output voltage range
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4.1.4 ZV-RVS/DCM operation
Table 9 Transition between ZV-RVS mode and DCM operation
Symbol Description Value Unit | Tol.- Chapter
Class
ENpcwm Enable for DCM operation (when maximum Enabled |— n.a. Chapter 3.3.2.3
valley in RVS operation is reached)
FocMmin Minimum switching frequency limit during 20 kHz |TC_T1
DCM operation
NRvsvalmax Maximum number of valleys during ZV-RVS 10 — n.a. Chapter 3.3.2.4
operation
4.1.5 Burst
Table 10 Burst mode operation
Symbol Description Value Unit | Tol.- Chapter
Class
ISETBMen% Burst mode entry current set-pointin 4 % — Chapter 3.3.4.1
percentage of nominal set-point
ISETBMex% Burst mode exit current set-point in percentage | 15 % — Chapter
of nominal set-point 3.3.4.4.1
Nemexreqgthr Number of burst frames with average current |3 — —
level higher than Isgrpumexos, to leave burst mode
VERBMfastex FB pin fast burst mode exit threshold 1.82 v TC_V4 | Chapter
ENgpmtastexcrm | Allow for CRM operation directly after burst Enabled |— — 3.3.4.4.2
mode fast exit. If disabled, ZV-RVS mode is first
used after burst mode fast exit.
tBMprepulse Pulse width to precharge the bootstrap 1.3 [V TC_T1 |Chapter3.3.4.3
capacitor after a pause longer than tgysipthrpp
teMslpthrpp Burst pause time threshold for enabling 1.0 ms TC_T2
precharge pulse
4.1.6 Start-up
Table 11 Start-up operation
Symbol Description Value Unit |Tol.- Chapter
Class
Wsgip VS pin threshold for input voltage Vin brown-in |0.737 v TC_V1b |Chapter3.4.4.1
protection
ISETstmax% Maximum target current set-point during start- | 140 % — Chapter 3.3.3
up phase in percentage of nominal set-point
tstartramp Output voltage ramp-up target time period 12 ms TC_T1
during start-up phase3¢
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Table 11 Start-up operation (continued)
Symbol Description Value Unit | Tol.- Chapter
Class
NHBcyclemax Maximum number of allowed half-bridge 150 — —
switching cycles without subsequent zero-
crossing detection (ZCD) during ZCD search
phase at Vout start-up
tstartzedto Maximum time period without zero-crossing 70 us TC_T1
detection for generating next pulse3”) only
during ZCD search phase
trvsstist Very first ZVS pulse initial length at to 7 us TC_T1
precharge the HS bootstrap capacitor
4.1.7 Protections
Table 12 Auto-restart mode [ARM]
Symbol Description Value Unit | Tol.- Chapter
Class
tARMslp Approximated auto-restart mode sleep time 3.0 s TC_T2 Chapter 3.4.1
period3®
Table 13 Input voltage Vin protection at VS pin
Symbol Description Value Unit |Tol.- Chapter
Class
Wsseop VS pin threshold for input voltage Vin slow 0.713 v TC_V1b |Chapter3.4.4.3
brown-out protection
Wsreop VS pin threshold for input voltage Vin fast 0.392 vV TC_V1b |Chapter3.4.4.2
brown-out protection
Wsove VS pin threshold for input voltage Vin 2.270 v TC_V1b |Chapter 3.4.4.4
overvoltage protection
Table 14 Start-up timeout protection
Symbol Description Value Unit |Tol.- Chapter
Class
tstartto Maximum allowed start-up time until start drop | 48 ms TC_T3 |Chapter3.3.3

of feedback voltage3®/

36 based on tg \yrask, See Table 35
37 based on tycik, see Table 35
38 based on tarmbase, €€ Table 35
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Table 15 Vout voltage protection
Symbol Description Value Unit | Tol.- Chapter
Class
Vzcpuvp ZCD pin undervoltage protection threshold for |0.220 v TC_V3b |Chapter3.4.8.1
output voltage
ENgmvoutuve Activation of Vout UVP in burst mode operation |Enable |— —
EVzcpovp Reaction event for ZCD pin overvoltage Latch — — Chapter 3.4.8.2
detection
Table 16 Overcurrent protection
Symbol Description Value Unit |Tol.- Chapter
Class
ISETOCP1lev1% Current set-point threshold in percentage 125 % — Chapter 3.4.7.1
of nominal set-point for OCP1 overcurrent
protection level 1
tocpilevibl OCP1 overcurrent protection level 1 blanking | 12 S TC_T4
time3?)
ISETOCP1lev2% Current set-point threshold in percentage 140 % — Chapter 3.4.7.2
of nominal set-point for OCP1 overcurrent
protection level 2
tocpilevabl OCP1 overcurrent protection level 2 blanking | 1000 ms TC_T3
time39)
Isetocpimax®% | Current set-point in percentage of nominal set- | 160 % — Chapter 3.4.7.3
point for OCP1 maximum current limitation
tocP1maxbl OCP1 maximum current limitation blanking 6 ms TC_T3
time36)
EVesocpa Reaction on exceeding OCP2 overcurrent Latch — —
threshold
Table 17 Overtemperature protection
Symbol Description Value Unit | Tol.- Chapter
Class
RmFI00TPtrig MFIO pin external overtemperature protection |7.7 kQ TC_R1 |Chapter3.4.9
trigger resistor threshold
RMmFI00TPrel MFIO pin external overtemperature protection |51.4 kQ TC_R2
release resistor threshold
NoTpevmax MFIO pin external overtemperature protection |2 — —

number of allowed triggered events before
entering latch mode

39 based on tysLwTAsKs S€e Table 35
36 based on tg \yrask, See Table 35
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Table 18 Watchdog timer
Symbol Description Value Unit | Tol.- Chapter
Class
EVwbog Reaction if watchdog timer is not reset in time | Auto- — — Chapter 3.4.10
restart
4.1.8 Mode thresholds
Table 19 CRM and ZV-RVS mode thresholds
Symbol Description Value Unit | Tol.- Chapter
Class
IseTrvs2crMo% | Current set-point threshold in percentage of 70 % — Chapter 3.3.2.4
nominal set-point for switching over from ZV-
RVS mode to CRM
ISETCRM2RVS% Current set-point threshold in percentage of 50 % —
nominal set-point for switching over from CRM
to ZV-RVS mode
V2cDRVS2CRM ZCD pin threshold for switching over from Zv-  |0.81 v TC_V3a
RVS mode to CRM
V2cDCRM2RYS ZCD pin threshold for switching over from CRM | 0.74 \Y TC_V3a
to ZV-RVS mode
4.1.9 Jitter
Table 20 Frequency Jitter
Symbol Description Value Unit | Tol.- Chapter
Class
Ws Jitteren VS pin Input voltage Vin jitter enable threshold | 1.486 v TC_Vla |Chapter3.3.5
d jitterspread Frequency jitter spread on a percentage base of |10 % TC_T1
switching frequency
tyitterstpdel Time delay for next frequency jitter step based | 1.3 ms TC_T1
on time period3¢/
4.1.10 Others
Table 21 Propagation delay compensation (PDC)
Symbol Description Value |Unit |Tol.- Chapter
Class
tepc Total propagation delay period to compensate |200 ns — Chapter 3.3.1.4

OCP1 peak current control

36 based on tg \yrask, See Table 35
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4.2

Tolerance classes for configurable parameters

The are several configurable parameters for voltages, currents, timings, and frequencies and temperatures
available, which are correlated with different tolerance ranges. The configurable parameters can be clustered
based on the associated hardware peripheral. This clustering is done by means of tolerance classes, which are
assigned to each configurable parameter. 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 22. Described is
how minimum and maximum tolerance values can be derived for the typical value Xy, of the configurable

parameters.
Table 22 Tolerance classes
Tol.-Class |Description Min. value Max. value
TC_T1 Timing parameter below 1215ns 4% tyyp X 0.95 - 15.8ns tyyp X 1.05 + 15.8ns
Timing parameter above 1215ns%? teyp X 0.937 teyp X 1.063
Frequency parameter below 500kHz4? Fiyp X 0.937 Fiyp X 1.063
TC_T2 Timing parameter based on stand-by tryp X 0.90 tryp X 1.12
clock4)
TC_T3 Timing parameter (integer multiple of typ X 0.937-0.11ms typ X 1.063 +0.11ms
0.1ms) based on slow task period4?/
TC_T4 Timing parameter (integer multiple of 5ms) | t;,x0.937 - 5.5ms tiyp X 1.063 +5.5ms
based on very slow task period43
TC_Vla Voltage threshold at pin VS (Wstyp X 0.994) - 0.099V | (Wystyp X 1.006) +0.099V
TC_V1b Voltage threshold at pin VS (Wstyp X 0.994) - 0.040V | (Wystyp X 1.006) +0.040V
TC_\2 Voltage threshold for OCP1 comparator at | Vesocpityp - 0.034V Vesocpityp +0.034V
pin CS
TC_V3a Voltage threshold at pin ZCD (Vzeptyp X 0.995) - 0.091V | (Vzcpiyp X 1.005) +0.091V
TC_V3b Voltage threshold at pin ZCD (Vzeotyp X 0.995) - 0.024V | (Vzcpiyp X 1.005) +0.024V
TC_V4 Voltage threshold at pin FB (Vegtyp X 0.984) - 0.084V | (Vegryp x 1.016) +0.084V
TC_RI Range 1 for resistor threshold at pin MFIO see Figure 47 see Figure 47
TC_R2 Range 2 for resistor threshold at pin MFIO see Figure 48 see Figure 48

40 based on main clock tyc .k = 15.8ns(typ.)

41
42
43
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Figure 47 Tolerance class TC_R1 for resistor threshold Ryriothres at pin MFIO
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Figure 48 Tolerance class TC_R2 for resistor threshold Ryriothres at pin MFIO
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5 Electrical characteristics

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

5.1 Definitions
Figure 49 illustrates the definition for the voltage and current parameters used in this data sheet.
_+I> +lpIN RPiNext +lpIN
L — C 1= PIN
L1
:+ +V +VPINextl +VPINl DUT
] GND

[ 1 il

Figure 49 Voltage and current definitions

Values indicated under “absolute maximum ratings” must not be exceeded.

Values indicated under “operating conditions” can be exceeded if a corresponding explicit “absolute maximum
rating” is given for this parameter, but the related function of the device is not ensured.

5.2

Absolute maximum ratings

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

Table 23 Absolute maximum rantings
Parameter Symbol Limit values Unit | Remarks
Min. Max.
Voltage at pin HV Vi -0.3 600 Vv 44)
Current into pin HV Iy — 10 mA |44
Voltage at pin VCC Wee -0.5 26 Vv 44)
Voltage at pin MFIO Vueio -0.5 3.6 Vv 44)
Voltage at pin VS Vs -0.5 3.6 Vv 44)
Voltage at pin FB Veg -0.5 3.6 Vv 44)
Voltage at pin ZCD Vscp -0.5 3.6 Vv 44)
Maximum negative transient voltage at pin | -Vzcpn_ TR — 1.5 V pulse <500ns
ZCD
Maximum permanent negative clamping ~IzcpeLn_pc — 2.5 mA | RMS
current for pin ZCD

4 Permanently applied as DC value.
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Table 23 Absolute maximum rantings (continued)
Parameter Symbol Limit values Unit | Remarks
Min. Max.
Maximum transient negative clamping ~lIzcpeLn_ TR — 10 mA | pulse <500ns
current for pin ZCD
Voltage at pin CS Ves -0.5 3.6 Vv 44)
Maximum negative transient voltage at pin | -Vesy 1R — 3.0 v pulse <500ns
cS
Maximum permanent negative clamping -lescin. 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 lcscLp_pc — 2.5 mA |RMS
current for pin CS
Maximum transient positive clamping lescip_ TR — 10 mA | pulse <500ns
current for pin CS
Voltage at pin LSGD Visep -0.5 Wect0.3 |V Limited by internal
clamping
Voltage at pin HSGND VHsGND -650 650 v referred to GND
Voltage at pin HSVCC Visvee -0.5 26 referred to HSGND
Voltage at pin HSGD VhseD -0.5 Vhsvect0 |V referred to HSGND
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,
T,=125°C,
Riha = 119 K/W
Soldering temperature Tsold — 260 °C |4 Wave soldering
ESD capability Viem — 1500 Vv 46) Human body
model
Veom — 500 Vv 47) Charged device
model
Latch-up capability Iy — 150 mA |48 Pin voltages acc.
to abs. max. ratings

4 Permanently applied as DC value.

45 According to JESD22-A111

46 According to ANSI/ESDA/JEDEC JS-001

4T According to JESD22-C101

48 According to JESD78, 85 °C (Class Il) temperature
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5.3 Package characteristics

Table 24 Package characteristics

Parameter Symbol Values Unit | Remarks

Min. Max.

Thermal resistance from junction to ambient | Ry — 119 K/W | PG-DSO-14,
JEDEC 1s0p

Creepage distance between HV and HSxxx pins | D¢cg 2.1 — mm

vs. GND-related pins

5.4 Operating range

Table 25 shows the recommended operating range.

Table 25 Operating conditions

Parameter Symbol Limit values Unit Remarks

Min. Max.

Junction operation temperature T, -25 125 °C

Voltage at pin HV Vhy -0.3 600 v

External voltage at pin VCC Wee 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 33 v

Voltage at pin ZCD Vzep -0.3 3.3 v

Voltage at pin CS Ves -0.3 3.3 v

Voltage at pin LSGD Visep -0.3 Wee+0.3 |V Internally clamped
at Vi sephigh

Low state output reverse current at pin |-/ sgpLrev — 100 mA |49 Applies if

LSGD Visgp <0V and driver
at low state

Voltage at pin HSGD Viusep -0.3 Visvce +0.3 |V Internally clamped
at Viscphigh

Low state output reverse current at pin | -/ysgpLrev — 100 mA |4 Applies if

HSGD Vhsep <0 Vand
driver at low state

Voltage at pin HSVCC Vhsvee 10 24 v Referred to HSGND

Voltage at pin HSGND VhsGnD -0.3 600 Y

UART Baudrate at pin MFIO tsp 10k 115k Bd

49 Assured by design.
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5.5 DC electrical characteristics

The electrical characteristics involve the spread of values given within the specified supply voltage and junction
temperature range T, from -25 °C to 125 °C. Typical values represent the median values related to T, =25 °C. All
voltages refer to GND, HSGND and the assumed supply voltage is Vycc = 12V and Vygyce = 12V, if not otherwise
mentioned.

The following characteristics are specified:
« PinHV (Table 26)

« PinVCC (Table 27)

+  Floating HS domain (Table 28)

« PinLSGD (Table 29)

« Pin VS (Table 30)

« PinCS (Table 31)

« PinFB (Table 32)

«  Pin MFIO (Table 33)

« PinZCD (Table 34)

«  Central control functions (Table 35)

Table 26 Electrical characteristics of Pin HV

Parameter Symbol Values Unit | Note or test
condition

Min. Typ. Max.

HV peak VCC charge current capability Ihvchargevee | 2.4 5.0 7.5 mA |59 V=1V,

Vv =30V
Leakage current at HV pin Thvik — — 10 MA | Vuy =600V, HV
start-up cell
disabled
Table 27 Electrical characteristics of Pin VCC
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
VCC turn-on threshold Wiccon 19.0 20.5 22.0 v Rising slope
VCC turn-off threshold Wiccoff 7.98 8.40 8.82 Y Falling slope

VCC threshold for turning on the HV start- | WyccsipHvon 9.97 10.50 [11.03 |V Falling slope
up cell during sleep mode

VCC UVOFF current lccuvorr — 20 40 MA Wee < VVCCof‘f(min) -
0.3V
VCC operating current Necop — 11.0 14.5 mA | Without gate

driver gate charge
losses and during
brown-in phase

VCC quiescent current during burst mode | lyccgmpsmo — 0.7 34 mA | Burst mode
power saving-phase entered; pin MFIO
and FB open
— — 1.5 mA as for IVCCBMpsmO:
TJ =85°C

50 Max. peak charge current will be limited in the application by an external resistor connected to HV pin.
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Table 27 Electrical characteristics of Pin VCC (continued)
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
VCC quiescent current during bang-bang | \ycceg — 0.32 0.58 mA | Protection mode
mode entered; pin MFIO
and FB open
Table 28 Electrical characteristics of Floating HS domain
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
HSVCC turn-on threshold Visvccon 8.7 9.2 9.7 v Rising slope
HSVCC turn-off threshold Vhsvecoff 6.2 6.7 7.2 Falling slope
HSVCC idle current Ihsvecidle — 0.3 0.8 mA | Without gate driver
gate charge losses,
Vhsvee =14V
HSGD enabling delay time after HSVCC tHsGDendel — 2.3 4.1 us Vhsvec =11V
voltage is exceeding Vysyccon(Mmax)
HSGD voltage at high state VHsGDhigh 10 11 12 v Ihsgp =-20 mA
7 — — V. |lhsep=-20 mA,
Visvec =8V
HSGD voltage at active shutdown VHsGDasp — 25 200 mV | lysgp =20 mA,
Vhsvec =5V
HSGD peak source current ~I4sGDpksrc 130 — — mA
HSGD peak sink current InsGDpksnk 450 — — mA
Table 29 Electrical characteristics of Pin LSGD
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
LSGD voltage at high state Vi sGDhigh 9.9 10.5 11.1 v lLsgp = -20 mA
7.5 — — Vv I.sgp = -20 MA, Vycc
=8V
LSGD voltage at active shutdown Vi sGpasp — — 1.6 v lLlsgp =5 MA,
Wec=5V
LSGD peak source current -1\ sGDpksrc — 360 — mA
LSGD peak sink current ILsGDpksnk 800 — — mA
Table 30 Electrical characteristics of Pin VS
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
VS leakage current sk -0.2 — 0.2 MA  |0V<Ws<29V
VS dynamic voltage range Ws 0 — VREF v
VS brown-in detection time period tysBidet — 5.2 — ms | Brown-in phase
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Table 30 Electrical characteristics of Pin VS (continued)
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
VS pin blanking time for input voltage Vin | tyssgopbl 41.1 44.0 46.9 ms | Vs <Wsspop
slow brown-out protection
Table 31 Electrical characteristics of Pin CS
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
CS leakage current lcsik -10 — 10 MA |0V<Vg<28V
CS OCP1 maximum operating current Vesopmax 405 437 469 mV
range
CS OCP1 propagation delay tcsocpipd 121 213 305 ns |inputsignal
slope, dVs/dt =
150 mV/us
CS OCP2 threshold Vesocea 550 600 650 mV
CS OCP2 propagation delay tcsocp2pd 125 135 190 ns | dVcs/dt=100V/us
Table 32 Electrical characteristics of Pin FB
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
FB open circuit output voltage VEBoc 3.04 3.20 3.36 v
FB pull-up resistor Regpu 24 30 36 kQ
FB minimum operating range VEBOPMIN 0.309 |0.400 |0.491 |V
FB threshold maximum usable range VEBOPMax — — 2.428
FB burst mode wake-up and sleep control | Veggmciri 1.48 1.60 1.72 v During active
threshold phase in burst
mode
1.36 1.55 1.61 v During sleep phase
in burst mode
FB burst mode wake-up delay tFrBBMWKdel — 25 31 us | Burst mode, rising
slope
Table 33 Electrical characteristics of Pin MFIO
Parameter Symbol Values Unit | Note or test
Min. Typ. Max. condition
MFIO open circuit output voltage VMFI00c — Wrerp | — v During active
phase
MFI0 pull-up resistor RuFiopu — 11 — kQ |Active phase,
internally
calibrated for OTP
resistor thresholds
RuvriooTex
MFIO input capacitance CMFIOIN — — 10 pF
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Table 33 Electrical characteristics of Pin MFIO (continued)

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

MFIO input threshold for logic “0” VmFioiL — — 1.0 v

MFIO input threshold for logic “1” VMFIOIH 2.0 — — Y

MFIO output voltage for logic “0” VMriooL — — 0.8 v IMFiooL =2 MA

MFIO output voltage for logic “1” VMFI00H 2.2 — — v IMFIoOH = -2 MA

MFIO output sink current ImMFIooL — — 2 mA

MFIO output source current —IMFI00OH — — 2 mA

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

Output fall time (1> 0) tMFIOfall — — 25 ns 20 pF load

Table 34 Electrical characteristics of Pin ZCD

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

ZCD leakage current Izcpik -10 — 10 MA  |Vzep=0V/3.0V

-1 — 1 MA T,=85°C
Vycp =0V / 3.0V

ZCD threshold for Vout overvoltage Vzcpbove 1,511 |1.600 |1.632 |V

protection

ZCD voltage threshold for determining Vzcotzvsstup  |0.194  10.220 | 0.246 |V Start-up phase,

ZVS pulse length based on Vycp rising slope

ZCD zero-crossing detection threshold V2¢DbTHR 15 40 70 mV | Falling slope

ZCD input voltage negative clamping -VzepeLn 140 180 220 mV

Table 35 Electrical characteristics of Central control functions

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

VDDP power supply Wopp 3.04 3.20 3.36 Vv

VREF reference voltage VWREE 2.391 |2.428 |2.465

Main clock oscillation period time base tmeLk 15.0 15.8 16.6 ns

Stand-by clock oscillation period time tsTRCLK 9.0 10.0 11.2 us

base

Slow task period time base tSLWTASK 93 100 107 us

Very slow task period time base tysLWTASK 4.68 5.00 5.32 ms

Sampling time period tsample 93 100 107 us

Restart step time base for auto-restart tARMbase 270 300 336 ms | Base for

mode

configurable auto-
restart time tarmsip
when auto-restart
mode entered
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Table 35 Electrical characteristics of Central control functions (continued)
Parameter Symbol Values Unit | Note or test

Min. Typ. Max. condition
HW initialization time period after IC thwini — 3.2 — ms | Wee > Weeon after
activation for VCC turn-on UVOFF
Time period for initial start-up conditions | tsupcheck 1.80 — 2.13 ms | Start-up after
check Wee > Wecon
Limited maximum change in on-time AtisonmaxcrM | 75 80 85 ns CRM operation,
control for HS switch during CRM thson NOt limited
operation by Vesset
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6 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”.

PG-DSO-14 outline and footprint
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Revision history

Document Date of Description of changes

version release

R1.0 30.10.20 « Release of final datasheet

R1.1 20.01.21 «  Corrected default value for Vzcpyyp in table 15

« Added specification for I;cp in table 34
+  Corrected tolerances for Vzcpizysstup in table 34
o Corrected TC_V3aand TC_V3bin table 22

R1.2 10.06.21 «  Editorial corrections in Table 1

«  Corrected "mode transmission" to "mode transition" in Chapter 3.3.2
«  Corrected parameter names in Figure 19

«  Corrected default values of N in Table 5

«  Corrected default values of Vzcpnom and ttransnom in Table 6

«  Corrected default value and description of t, s57cpnom, description and
tolerance class of t, s)7cpmin in Table 7

«  Corrected description of tzcprefiirys aNd tzcpiefilrys in Table 8

«  Corrected default value of Ngysyaimax in Table 9

«  Corrected default value of Isetment, 'sETBMex%, aNd VigBMfastex iN Table 10
«  Corrected default value of Nygcyclemax in Table 11

«  Corrected default value of Wspgop in Table 13

«  Corrected tolerance class of tgtt, in Table 14

«  Corrected tolerance classes of tocpilevibl, tocpilevabl, @Nd tocpimaxbl iN Table
16

«  Corrected default values of IsgtrysacrMo @aNd IsetcrM2rvs% IN Table 19
«  Corrected default value of d jjtterspreados in Table 20

«  Corrected default value of tppc in Table 21

«  Corrected LSGD peak source current -/ sgppksrc in Table 29

«  Corrected VS pin blanking time for input voltage Vin slow brown-out
protection tyssgoppl in Table 30

+ Corrected tolerance classes TC_T1 and TC_T2, added tolerance classes
TC_T3and TC_T4in Table 22

«  Corrected Slow task period time base ts wrask, Very slow task period
time base tys;wrask, Sampling time period tsample; Time period for initial
start-up conditions check tgtpcheck, in Table 35

«  Removed Minimum HS switch on-time tysonmin from Table 35 which is
configurable and duplicates tysep in Table 7

(refer to errata sheet ES_2105_PL21_2105_051535)
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