ICE5XRXXXXXZ ( infineon

Fixed-frequency 800V /950 V CoolSET™

in DIP-7 package

Features @ @& s
e Integrated 800V /950 V avalanche rugged CoolMOS™

e Enhanced Active Burst mode with selectable entry and
exit standby power

o Digital frequency reduction for better overall system efficiency

e Fast startup achieved with cascode configuration

e DCM and CCM operation with slope compensation

e Frequencyjitter and soft gate driving for low EMI

e Built-in digital soft start

e Integrated error amplifier to support direct feedback
in non-isolated flyback and buck topologies

e Comprehensive protection with input line overvoltage, V.
overvoltage, V.. undervoltage, overload, open loop and
overtemperature

e All protections are in auto restart mode

e Limited charging current for V. short to GND

e Pb-free lead plating, halogen-free mold compound, RoHS-compliant

Potential applications
e Auxiliary power supply for home appliances, white goods, TV, PC and server, smart metering
e Blu-ray players, set-top boxes, and LCD/LED monitors

Product validation

Fully qualified according to JEDEC for Industrial Applications.

Description

The ICE5xRxxxxxZ is the fifth-generation of fixed-frequency integrated power IC (CoolSET™) optimized for off-
line switch-mode power supplies in cascode configuration. The CoolSET™ package contains two separate
chips. One is the controller chip and the other is the 800 V / 950 V CoolMOS™ chip. The cascode configuration
helps achieve fast startup. The frequency reduction with soft gate driving and frequency jitter operation offers
lower EMI and better efficiency between a light load and 50% load. The selectable entry and exit standby power
ABM enables flexibility and ultra-low power consumption in standby mode with small and controllable output
voltage ripple. The product has a wide operating range (10.0 V to 25.5 V) of IC power supply and lower power
consumption. The numerous protection functions support the power supply system in failure situations. All
these make the fifth-generation CoolSET™ series an outstanding integrated power stage fixed frequency
flyback and buck converter in the market.
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Fixed-frequency 800 V / 950 V CoolSET™ In fl neon
in DIP-7 package
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Fixed-frequency 800 V / 950 V CoolSET™ In fl neon
in DIP-7 package

Output power of fifth-generation fixed-frequency CoolSET™ in flyback design

Table 1 Output power of fifth-generation fixed-frequency CoolSET™ in flyback design
Type Package | Marking Vos Fou Rosond | 220 WS oy | o300 VACT | 85300 VAC
ICE5BR4780BZ PG-DIP-7 5BR4780BZ 800V 65 kHz 4130 | 27.5W 15W 16.5W
ICE5BR3995BZ PG-DIP-7 5BR3995BZ 950V 65 kHz 3.46Q | 30W 16.5W 18W
ICE5BR3995CZ PG-DIP-7 5BR3995CZ 950V 65 kHz 3.46Q | 30W 16.5W 18W
ICE5BR2280BZ PG-DIP-7 5BR2280BZ 800V 65 kHz 2130 |40W 2W 24W
ICE5AR2280CZ PG-DIP-7 5AR2280CZ 800V 100kHz  |2.13Q |40W 2W 24W

Output current of fifth-generation fixed-frequency CoolSET™ in non-isolated buck design

Infineon® recommends the 65 kHz variant for a non-isolated Buck converter.

Table 2 Output current of fifth-generation generation fixed-frequency CoolSET™ in non-isolated
buck design
Type Package Marking Vbs Fsw Roson’ :fl)zghsll VAC IZ{’ti:;WtP“t
ICESBR4780BZ PG-DIP-7 5BR4780BZ 800V 65 kHz 4130 450 mA
ICESBR3995BZ PG-DIP-7 5BR3995BZ 950V 65 kHz 3.46 Q 550 mA 15V
ICESBR2280BZ PG-DIP-7 5BR2280BZ 800V 65 kHz 2.130 700 mA

! Typically at T, = 25°C (inclusive of low side MOSFET).

% Calculated maximum output power rating in an open frame design at T,= 50°C, T;= 125°C (integrated high voltage MOSFET) and using
minimum drain pin copper area in a 2 oz copper single-sided PCB. The output power figure is for selection purpose only. The actual
power can vary depending on the designs. Contact a technical expert from Infineon® for more information.

3 Calculated maximum output currrent rating in an open frame design at T,= 50°C, T;= 125°C (integrated high voltage MOSFET) and using
minimum 100mm? drain pin copper area in a 2 oz copper single-sided PCB. The output current figure is for selection purpose only.
The actual current can vary depending on the designs. Contact a technical expert from Infineon® for more information.
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Fixed-frequency 800V /950 V CoolSET™
in DIP-7 package

Block diagram

Block diagram
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Note: Junction temperature of the controller chip is sensed for overtemperature protection. The
CoolMOS™ s a separate chip from the controller chip in the same package. Refer to the design
guide or consult a technical expert for the proper thermal design.
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Pin configuration

2 Pin configuration

The pin configuration is shown in Figure 5 and the functions are described in Table 3.

VIN VERR{ 1 pepe-7 8 } GND

FB{ P 7 }] VCC
cs { 3
GATE { 4 5 }] DRAIN

Figure 5 Pin configuration
Table 3 Pin definitions and functions
Pin | Symbol Function

Error amplifier

VERR pin is internally connected to the transconductance error amplifier for a non-
isolated converter. Connect this pin to GND for an isolated converter.

VERR
(BZ version)

1 Input line overvoltage protection (LOVP)

VIN VIN pinis connected to the bus via a resistor divider (see Figure 1) to sense the line
(CZ version) | voltage. Internally, it is connected to the line overvoltage comparator which stops the
switching when a LOVP condition occurs. To disable LOVP, connect this pin to GND.

Feedback and ABM entry and exit control

2 FB FB pin combines the functions of feedback control, selectable burst entry/exit control
and overload/open loop protection.

Current sense

The CS pin is connected to the shunt resistor for the primary current sensing externally
and to the PWM signal generator block for switch-off determination (together with the
feedback voltage) internally.

Gate driver output

The GATE pin is connected to the Gate of the internal CoolMOS™ and additionally, a pull-
up resistor is connected from a bus voltage to turn on the internal CoolMOS™ for charging
up the V. capacitor during startup.

DRAIN (Drain of integrated CoolMOS™)

The DRAIN pin is connected to the drain of the integrated CoolMOS™.

VCC (Positive voltage supply)

7 VCC The VCC pin is the positive voltage supply to the IC. The operating range is between

4 GATE

5 DRAIN

Vice orr @and Vyee ove-

Ground

8 GND
The GND pin is the common ground of the controller.
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Functional description

3 Functional description

3.1 Vcc precharging and typical Vcc voltage during startup

As shown in Figure 1, once the line input voltage is applied, a rectified voltage appears across the capacitor
Caus. The pull-up resistor Rstartup provides a current to charge the Ciss (input capacitance) of CoolMOS™ and
gradually generate one voltage level. If the voltage over Cis is high enough, CoolMOS™ and the Vcc capacitor are
charged through the primary inductance of a transformer Lp, CooIMOS™ and the internal diode D, with the two
steps constant current source hcc_charger* @aNd Icc_charges'.

Avery small constant current source (/vcc_charge1) is charged to the Vcc capacitor until Ve reaches Vee_sce to protect
the controller from the Vcc pin short to ground during the startup. After this, the second step constant current
source (lvec_charges) is provided to charge the Vcc capacitor further, until the Ve voltage exceeds the turned-on
threshold Vicc_on. As shown in the time phase | in Figure 6, the Vcc voltage increases almost linearly with two
steps.

Vycclh

VVCC_ON ............................................

VAV Y| R T S

Vye CSCPpeceslecccccccccanan

Ivee A

ccccccccccccccccatopeccccckecnan

IVCC_NormaIZ """

0

I\/CC_Cha rgel

IVCC_C harge2/3

-lvecy 1t

Figure 6 Vcc voltage and current at startup

The time for the Vcc precharging can then be calculated as:

Vee sep X Cyee + Mvee on = Vwee scp) X Cyec (1)

ti =tp+tg =
[VCC_Chargel IVCC_Charge3

When the Vcc voltage exceeds the Ve turn on threshold Wcc_onat time ty, the IC starts to operate with soft start.
Due to the power consumption of the IC and the fact that there is still no energy from the auxiliary winding to
charge the Vcc capacitor before the output voltage is built up, the Vcc voltage drops (phase I1). Once the output
voltage rises close to regulation, the auxiliary winding starts to charge the V.. capacitor from the time t,onward
and delivering the lvcc_norma’to the CoolSET™. Vec then reaches a constant value depending on the output load.

! lvee_charger/2/3 is charging current from the controller to VCC capacitor during startup.
2 lvce_normal2is supply current from VCC capacitor or auxiliary winding to the CoolSET™ during normal operation.
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Functional description

3.2 Soft start

As shown in Figure 7, the IC starts to operate with a soft start at time to.. The switching stresses on the power
MOSFET, diode, and transformer are minimized during soft start. The soft start implemented in ICE5XRxxxxxZ is
a digital time-based function. The preset soft start time is tss (12 ms) with four steps. If not limited by other
functions, the peak voltage on CS pin increases step by step from 0.3 V to finally Vs v (0.8 V). The normal
feedback loop takes over the control when the output voltage reaches its regulated value.

Ves (V) 4

Ves N

0.75

0.60

0.45

0.30

ton 3 6 9 12 Time(m;)

Figure 7 Maximum current sense voltage during soft start

3.3 Normal operation

The PWM controller during normal operation consists of a digital signal processing circuit including regulation
control and an analog circuit including a current measurement unit and a comparator. Details about the full
operation of the CoolSET™ in normal operation are illustrated in the following paragraphs.

3.3.1 PWM operation and peak current mode control

3.3.1.1 Switch-on determination

The power MOSFET turn-on is synchronized with the internal oscillator with a switching frequency Fsw that
corresponds to the voltage level Vs (see Figure 9).

3.3.1.2 Switch-off determination

In peak current mode control, the PWM comparator monitors voltage V; (see Figure 4), which represents the
instantaneous current of the power MOSFET. When V; exceeds Vi, the PWM comparator sends a signal to
switch off the GATE of the power MOSFET. Therefore, the peak current of the power MOSFET is controlled by
the feedback voltage Vs (see Figure 8).

At switch-on transient of the power MOSFET, a voltage spike across Rcs can cause V; to increase and exceed V.
To avoid a false switch off, the IC has a blanking time tcs_.es before detecting the voltage across Rcs to mask the
voltage spike. Therefore, the minimum turn on time of the power MOSFET is tcs_tes.

If the voltage level at V/; takes a long time to exceed Vs, the IC has implemented a maximum duty cycle control
to force the power MOSFET to switch off when Duax = 0.75 is reached.

Datasheet 9 0of 40 Rev 1.0
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Fixed-frequency 800V /950 V CoolSET™
in DIP-7 package

Functional description

(infineon

VF'WM

Gate ‘

Figure 8

3.3.2

Pulse width modulation

Current sense

The power MOSFET current generates a voltage Vcs across the current sense resistor Rcs connected between the
CS pin and the GND pin. Vcs is amplified with gain Geww, then, added with an offset Vewu to become V; as
described below in equation 3.

Ves = Ip X Res

Vi = Ves X Gpwm + Vewm

where:
VCS

Io

Vi
GPWM

VPWM

Datasheet

: CS pin voltage

: Power MOSFET current

: Resistance of the current sense resistor

: Voltage level compared to Vis as described in chapter 3.3.1.2
: PWM-OP gain

: Offset for voltage ramp
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Functional description

If the voltage at the current sense pin is lower than the preset threshold Vcs_st6 after the time tes_ste_sam for three
consecutive pulses during on-time of the power switch, this abnormal Vcs triggers the IC into auto restart mode.

3.3.3 Frequency reduction

Frequency reduction is implemented in ICESxRxxxxxZ to achieve a better efficiency during the light load.
At light load, the reduced switching frequency Fsw improves efficiency by reducing the switching loses.

When the load decreases, Vis decreases as well. Fsw is dependent on the Ve as shown in Figure 9. Therefore, Fsw
decreases as the load decreases.

For example, Fsw at high load is 65 kHz and starts to decrease at Vs = 1.7 V. There is no further frequency
reduction once it reached the fosc, win even the load is further reduced.

fsw(Ves) Ves (Vrs)
A A
Vos
| VCS_N
0.80 V
fOSCZ / fOSC4

65 kHz / 100 kHz

fOSCZ_ABM / fOSC4_ABM
54 kHz / 83 kHz

fOSCZ_MIN / fOSC4_MIN

28 kHz / 43 kHz

Vcs gHp/ Ves BLe

0.27 V/0.22 vV
P Vg
Ves oLp
05V 093/1.03V 135V 1.7V 273V
Figure 9 Frequency reduction curve
3.3.4 Slope compensation

ICE5XRxxxxxZ can operate at continuous conduction mode (CCM). At CCM operation, a duty cycle greater than
50% may generate a subharmonic oscillation. To avoid the subharmonic oscillation, slope compensation is
added to Vcs pin when the gate of the power MOSFET is turned on for more than 40% of the switching cycle
period.

The relationship between Vis and the Vs for CCM operation is described in equation 4:
Vi = Ves X Gpwm + Vpwm + Mcomp X (Ton — 40% X Tpgriop) (4)

where:

Ton : Gate turn on time of the power MOSFET
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Functional description

Mcower : Slope compensation rate

Teeriop = Switching cycle period
Slope compensation circuit is disabled and no slope compensation is added into the Vcs pin during Active Burst
mode to save the power consumption.
3.3.5 Oscillator and frequency jittering

The oscillator generates a frequency of 65 kHz / 100 kHz with frequency jittering of £4% at a jittering period of
Turrer (4 ms). The frequency jittering helps to reduce conducted EMI.

A capacitor, a current source, and a current sink that determine the frequency are integrated. The charging and
discharging current of the implemented oscillator capacitor are internally trimmed to achieve a highly accurate
switching frequency.

Once the soft start period is over and when the IC goes into normal operating mode, the frequency jittering is
enabled. There is also frequency jittering during frequency reduction.

3.3.6 Modulated gate drive

The drive-stage is optimized for EMI consideration. The switch-on speed is slowed down before it reaches the
CoolMOS™ turn on threshold. That is a slope control of the rising edge at the output of the driver (see Figure
10). Thus the leading switch spike during turn on is minimized.

V V
cate ( A)
VGATE_HIGH
—» 4—typ.t=117ns
5V
»
t (ns)
Figure 10 Gate rising waveform
34 Peak current limitation

There is a cycle-by-cycle peak current limitation realized by the current limit comparator to provide primary
over-current protection. The primary current generates a voltage Vs across the current sense resistor Res
connected between the CS pin and the GND pin. If the voltage Vs exceeds an internal voltage limit Ves_n, the
comparator immediately turns off the gate drive.

The primary peak current lpeax_pri can be calculated as below:
Ipeak pri = Ves N/ Res (5)

To avoid mistriggering caused by the MOSFET switch on transient voltage spikes, a leading edge-blanking time
(tcs_Les) is integrated in the current sensing path.
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Functional description

3.4.1 Propagation delay compensation

In case of an overcurrent detection, there is always a propagation delay from sensing the Vcs to switching the
power MOSFET off. An overshoot on the peak current /..« caused by the delay depends on the ratio of dl/dt of

the primary current (see Figure 11).

....... Signal2 — Signal1

I
1:Propagation Delay

Sense
A l IOvershootZ » < |

Ipeak2 *
/ |Overshoot1

Ipeak1

ILimi'(

Figure 11 Current limiting

The overshoot of Signal2 is larger than Signall due to the steeper rising waveform. This change in the slope is
depending on the AC input voltage. Propagation delay compensation is integrated to reduce the overshoot due
to dl/dt of the rising primary current. Thus the propagation delay time between exceeding the current sense
threshold Vcs y and the switching off of the power MOSFET is compensated over wide bus voltage range.
Current limiting becomes more accurate, which results in a minimum difference of overload protection

triggering power between low and high AC line input voltage.
Under CCM operation, the same Vs do not result in the same power. To achieve a close overload triggering level
for CCM, ICE5xRxxxxxZ has implemented a two compensation curve as shown Figure 12. One of the curve is

used for Toy greater than 0.40 duty cycle and the other is for lower than 0.40 duty cycle.
Veare max. Duty Cycle
D S—
—» [
off time
Ves Propagation Delay t
A > «—
VCS_N
d >
— Signalt = Signal2
t
Figure12 Dynamic voltage threshold Vcs_n
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Similarly, the same concept of propagation delay compensation is also implemented in ABM with reduced
level. With this implementation, the entry and exit Burst mode power can be close between low and high AC
line input voltage.

3.5 Active burst mode with selectable power level

At light load condition, the IC enters Active Burst mode (ABM) operation to minimize the power consumption.
Details about the ABM operation are explained in the following paragraphs.

3.5.1 Entering ABM operation

The system enters into ABM operation when the two conditions below are met:

o TheFBvoltage is lower than the threshold of Vrs_esip/Vrs_esip, depending on the burst configuration option
setup.

e Acertain blanking time trg_ges.

Once all of these conditions are fulfilled, the ABM flip-flop is set and the controller enters ABM operation. This
multicondition determination for entering ABM operation prevents mis-triggering of entering ABM operation,
so that the controller enters ABM operation only when the output power is really low.

3.5.2 During ABM operation

After entering ABM, the PWM section is inactive, making the Vour start to decrease. As the Vour decreases, Vs
rises. Once Vs exceeded Vs _son, the internal circuit is again activated by the internal bias to start with the
switching.

If the PWM is still operating and the output load is still low, Vour increases and Vg signal starts to decrease.
When Vs reaches the low threshold Ves_sorr, the internal bias is reset again and the PWM section is disabled with
no switching until Vs increases back to exceed Vis_gonthreshold.

In ABM, Vs is like a sawtooth waveform swinging between Vig_gorf and Ves_son Shown in Figure 13.

During ABM, the peak current lpeax_sem Of the power MOSFET is defined by:
Ipeak_ aBm = Ves_sxp/Res (6)

where Vcs s is the peak current limitation in ABM.

3.5.3 Leaving ABM operation

The FB voltage immediately increases if there is a sudden increase in the output load. When Vis exceeds Vig 5 it
leaves ABM and the peak current limitation threshold voltage returns back to Ves_ v immediately.
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3.5.4 ABM configuration

The burst mode entry level can be selected by changing the different resistance Rs. at FB pin. There are three
configuration options depending on Rs., which corresponds to the options of no ABM (option 1), low range of
ABM power (option 2) and high range of ABM power (option 3). The table below shows the control logic for the
entry and exit level with the FB voltage.

Table 4 ABM configuration option setup

Option Rsel Ves Ves_exp Entry level Exit level
Ves_eexe Ves_e

1 <470 kQ Ves< Vie_p_pins1 - No ABM No ABM

2 720 kQ ~ 790 kQ Veg_p ias1 < Vis<Vre_p ias2 | 0.22V 0.93V 2.73V

3 (default) |>1210kQ Ves> Vis_p_sias2 0.27V 1.03V 2.73V

During IC first startup, the controller preset the ABM selection to option 3, the FB resistor (Res) is turned off by
internal switch S2 (see Figure 14) and a current source /s is turned on instead. From V. =4.44 V to V. on
threshold, the FB pin starts to charge resistor Rs. with current /s« to a certain voltage level. When V. reaches V..
on threshold, the FB voltage is sensed. The burst mode option is then chosen according to the FB voltage level.
After finishing the selection, any change on the FB level does not change the burst mode option and the current
source (/se) is turned off while the FB resistor (Res) is connected back to the circuit (Figure 14).

Vdd
Isel +
UVLO S,
dela
O—D(% R y ] -
Refgm »\ Sl
Burstmode B

detection latch I

Ves_exr O— Select_ion < Com Pare  leg—— Veg p g
Vee eewp O— Logic logic —— Viep g2

RSd

Control unit

Figure 14 ABM detect and adjust

3.6 Non-isolated/isolated configuration

ICE5xRxxxxBZ has a VERR pin, which is connected to the input of an integrated error amplifier to support a non-
isolated converter (see Figure 2). When V. is charging and before reaching the V. on threshold, a current
source lerr_r_sins from the VERR pin together with Re; and Re, generates a voltage across it. If the VERR voltage is
more than Vere p_sins (0.2 V), non-isolated configuration is selected, otherwise, isolated configuration is selected.
In an isolated configuration, the error amplifier output is disconnected from the FB pin.

In case of non-isolated configuration, the voltage divider Rr; and R, are used to sense the output voltage and
compared with the internal reference voltage Vere rer. The difference between the sensed voltage and the
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reference voltage is converted as an output current by the error amplifier. The output current charges or
discharges the resistor and capacitor network connected at the FB pin for the loop compensation.

3.7 Protection functions

The ICE5xRxxxxxZ provides numerous protection functions that considerably improve the power supply system
robustness, safety, and reliability. The following table summarizes these protection functions and the
corresponding protection mode whether as a non-switch auto restart, auto restart or odd skip auto restart
mode. Refer to Figure 15, Figure 16 and Figure 17 for the waveform illustration of protection modes.

Table 5 Protection functions

Protection functions Normal mode Burst mode Protection mode
Burst ON Burst OFF

Line overvoltage (CZ version) \ \ \V Non-switch auto restart

Vcc overvoltage v v n/a Odd skip auto restart

Vec undervoltage v v V Auto restart

Overload or open loop v n/a! n/a 0dd skip auto restart

Overtemperature v v V Non-switch auto restart

Vee short to GND v v V No startup

3.7.1 Line overvoltage (CZ version)

The AC line overvoltage protection (LOVP) is detected by the sensing bus capacitor voltage through the VIN pin
via the voltage divider resistors, RI1 and RI2 (Figure 1). Once the V,,, voltage is higher than the line overvoltage
threshold (Vi _Love), the controller enters into protection mode until Wy is lower than Vun_Love. This protection
can be disabled by connecting the VIN pin to GND.

3.7.2 Vcc overvoltage and undervoltage

During operation, the Vcc voltage is continuously monitored. If Vcc is either below Wicc_orr for 50 s (tvec_orr s) Or
above Vicc_ove for 55 Ps (tucc_ove_s), the power MOSFET is kept switch off. After the Vcc voltage falls below the
threshold Viccotr, the new startup sequence is activated. The Vcc capacitor is then charged up. Once the voltage
exceeds the threshold Vicc on, the IC begins to operate with a new soft start.

3.7.3 Overload or open loop

In case of open control loop or output overload, the FB voltage is pulled up. When Vi exceeds Vis_or aftera
blanking time of trs_or_s, the IC enters odd skip auto restart mode. The blanking time enables the converter to
provide a peak power in case the increase in Vs is due to a sudden load increase.

3.7.4 Overtemperature

If the junction temperature of the controller exceeds Ticwon_ote, the IC enters into overtemperature protection
(OTP) auto restart mode. The IC has also implemented with a 40°C hysteresis. That means the IC can only be
recovered from OTP when the controller junction temperature is dropped 40°C lower than the
overtemperature trigger point.

! Not applicable.
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3.7.5 Vcc short to GND

To limit the power dissipation of the startup circuit at Vcc short to GND condition, the Vcc charging current is
limited to a minimum level of /ucc_charge1. With such low current, the power loss of the IC is limited to prevent
overheating.

3.7.6 Protection modes

All the protections are in auto restart mode with a new soft start sequence. The three auto restart modes are
illustrated in the following figures.
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Figure 15 Non-switch auto restart mode
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4 Electrical characteristics

Attention: All voltages are measured with respect to ground (pin 8). The voltage levels are valid if other
ratings are not violated.

4.1 Absolute maximum ratings

Attention: Stresses above the maximum values listed here 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 any one of these values may cause
irreversible damage to the integrated circuit. For the same reason, make sure that any capacitor
that is connected to pin 7 (VCC) is discharged before assembling the application circuit.

T.=25°C unless otherwise specified.

Table 6 Absolute maximum ratings
Parameter Symbol | Limit values Unit | Note or
Min. | Max. test condition
Drain voltage Vorain v Tj=25°C
ICE5XRxx80xZ 800 -
ICE5XRxx95xZ 950 -
Pulse drain current Io puise A
ICE5BR3995xZ - 5.0
ICE5BR4780BZ - 2.6!
ICE5xR2280xZ - 5.8?
Avalanche energy, repetitive, tar limited Enr mJ
by maximal T;=150°C and Tjstrt= 25°C
ICE5xR2280xZ - 0.05 Ib=0.40 A, Vop=50V
ICE5SBR4780BZ - 0.02 Io=0.20 A, Vpp=50 V
ICESBR3995xZ - 0.04 Io=0.20 A, Vpp=50 V
Avalanche current, repetitive, tar limited Inr A
by maximal T;=150°C and Tjstart= 25°C
ICE5BR4780BZ _ 0.20
ICE5BR3995xZ _ 0.20
ICE5xR2280xZ _ 0.40
VCC supply voltage Vee -0.3 27.0 v
GATE voltage Veate -0.3 27.0 v
FB voltage Ves -0.3 3.6 v
VERR voltage Verr -0.3 3.6 V
CSvoltage Ves -0.3 3.6 v
VIN voltage Vi -0.3 3.6 v
Maximum DC current on any pin -10.0 10.0 mA Except DRAIN and CS pin.

1 Pulse width tp limited by Tjmax.
2 pulse width tp = 20 us and limited by Tjmax.
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Parameter Symbol | Limit values Unit | Noteor
Min. Max. test condition
ESD robustness HBM Vesomem | - 2000 \Y According to EIA/JESD22.
ESD robustness CDM Vesp_com - 500 v
Junction temperature range Ti -40 150 °C Controller and CoolMOS™.
Storage temperature Tstore -55 150 °C
Thermal resistance (junction-ambient) Rinia K/W | Setup according to the
ICESBR4780BZ - 107 JEDEC standard JESD51
ICESBR3995x7 _ 106 and using minimum drain
ICE5xR2280x7 _ 104 pin copperareaina2oz
copper single-sided PCB.
4.2 Operating range
Note: Within the operating range, the IC operates as described in the functional description.
Table7 Operating range
Parameter Symbol Limit values Unit | Note or
Min. Max. test condition
VCC supply voltage Vvee Wec orr Wee ove
Junction temperature of controller | Tjcon op -40 Ticonotre | °C Maximum value limited due to
OTP of controller chip.
Junction temperature of Tjcooltos_op -40 150 °C
CoolMOS™
4.3 Operating conditions
Note: The electrical characteristics involve the spread of values within the specified supply voltage and

junction temperature range T, from - 40°C to 125°C. Typical values represent the median values,
which are related to 25°C. If not otherwise stated, a supply voltage of Vcc = 18 Vis assumed.

Table 8 Operating conditions
Parameter Symbol | Limitvalues Unit | Note or
Min. |Typ. |Max. test Condition
VCC charge current hce_charger | -0.35 [-0.20 |-0.09 | mA Wee=0V, Rstartup= 50 MQ
and Voran=90V
IVCC_ChargeZ - -3.2 - mA Wee=3 V, RStartUp: 50 MQ
and Voran=90V
Ivee_charges | -5 -3 -1 mA Wee=15V, Rstartup= 50 MQ
and Vpran=90V
Current consumption, startup current | hcc_startup | — 0.25 - mA Wee=15V
Current consumption, normal with Ivee_Normalr | — 0.9 - mA Ie=0A
Inactive Gate
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Parameter Symbol | Limitvalues Unit | Noteor

Min. |Typ. |Max. test Condition
Current consumption, normal with vce_Normal2 mA
Active Gate
ICE5BR2280BZ _ _ 1.89
ICE5BR3995xZ _ _ 1.82
ICE5BR4780BZ _ _ 1.69
ICE5AR2280CZ - - 2.31
Current consumption, auto restart Ivee_ar - 410 - HA
Current consumption, Burst mode - | vec_surst - 0.54 |- mA
isolated Mode_ISO
Current consumption, Burst mode - | lvcc_surst - 0.61 - mA
non-isolated Mode_NISO
VCC turn-on threshold voltage Wee_on 153 |16.0 165 |V
VCC turn-off threshold voltage Wee_orr 9.4 10.0 104 |V
VCC short circuit protection Wec_sce - 11 1.9 v
VCC turn-off blanking tvcc_orr_s - 50 - s
4.4 Internal voltage reference
Table 9 Internal voltage reference
Parameter Symbol | Limit values Unit | Noteor

Min. Typ. Max. test condition
Internal reference voltage Vrer 3.20 |3.30 339 |V Measured at FB pin
/FB =0A
4.5 PWM section
Table 10 PWM section
Parameter Symbol Limit values Unit Note or
Min. Typ. Max. test condition

Fixed oscillator frequency - foscs 92 100 108 kHz
100 kHz foscs 94 100 106 kHz T;=25°C
Fixed oscillator frequency - fosca_aem 71 83 94 kHz T;=25°C
100 kHz (ABM)
Fixed oscillator frequency - fosca_mm 36 43 51 kHz T;=25°C
100 kHz (minimum Fgy)
Fixed oscillator frequency - fosci 59.8 65 70.2 kHz
65 kHz foscz 61.1 65 68.9 kHz T;=25°C
Fixed oscillator frequency - | fosca asm 46.2 54 61.1 kHz T;=25°C
65 kHz (ABM)
Fixed oscillator frequency - fosca mm 23.4 28 33.2 kHz T;=25°C
65 kHz (minimum F,)
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Parameter Symbol Limit values Unit Note or
Min. Typ. Max. test condition
Frequency jittering range Furrer - +4 - % T;=25°C
Frequency jittering period Turrer - 4 - ms T;=25°C
Maximum duty cycle Duax 70 75 80 %
Feedback pull-up resistor Res 11 15 20 kQ
PWM-OP gain Grwm 191 2.03 2.16
Offset for voltage ramp Vowm 0.42 0.50 0.58 v
Slope compensation rate - Meons a1 50 58 Vs V= OV
100 kHz
Slope compensation rate -
65 kHz Mcomr 26.5 32.5 38 mV/us Ves=0V
4.6 Error amplifier
Table 11 Error amplifier
Parameter Symbol Limit values Unit Note or
Min. | Typ. Max. test condition
Transconductance Gerr_m 2.14 2.80 3.44 mA/V
Transconductance - Burst mode | Gerr s 6.9 9.2 11.6 mA/V
Error amplifier source current IerR_source 85 150 223 WA
Error amplifier sink current lerr_sink 85 150 223 HA
Error amplifier reference voltage Verr_rer 1.76 1.80 1.84 v
Error amplifier output dynamic Verr o 0.05 - 3.15 v
range of transconductance
Error amplifier mode bias current lere P Bias 9.5 14.0 18.5 UA
Error amplifier mode threshold Virr p s 0.16 0.20 0.24 v
4.7 Current sense
Table 12 Current sense
Parameter Symbol Limit values Unit Note or
Min. Typ. Max. test condition
Peak current limitation in normal | Ves x 0.72 0.80 0.88 v dVsense/dt =0.41V/us
operation
Peak current limitation in normal | Ves_nis 0.74 0.79 0.84 v
operation, 15% of Ton
Leading edge-blanking time tes_Les 70 220 365 ns
Peak current limitation in ABM - Ves_prp 0.23 0.27 0.31 '
high power
Peak current limitation in ABM - Ves_pLp 0.18 0.22 0.26 \
low power
Abnormal CS voltage threshold Ves_ste 0.06 0.10 0.15 v
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Abnormal CS voltage consecutive | Pcs_ste - 3 - cycle
trigger
Abnormal CS voltage sample tes_ste_sam treriop | trerioD trerion | US
period x0.36 |x0.4 x 0.44
4.8 Soft start
Table 13 Soft start
Parameter Symbol | Limit values Unit | Note or
Min. Typ. Max. test condition
Soft start time tss 7.3 120 - ms
Soft start time step tss <! - 3 - ms
CS peak voltage at first step of soft | Vssi* - 0.30 - v CS peak voltage.
start
Step increment of CS peak voltage | Vsss! - 0.15 - v CS peak voltage.
in soft start
4.9 Active burst mode
Table 14 Active Burst mode
Parameter Symbol Limit values Unit | Note or
Min. Typ. MaX. teSt Condition
Charging current to select burst Isel 2.5 3.0 3.5 HA
mode
Burst mode selection reference Ves p sias: 1.65 1.73 1.80 v
voltage threshold
Burst mode selection reference Ves p sias2 2.76 2.89 3.01 v
voltage threshold
Feedback voltage for entering Ves_eanp 0.98 1.03 1.08 Y
ABM for high power
Feedback voltage for entering Ves_esle 0.88 0.93 0.98 Y
ABM for low power
Blanking time for entering ABM tre_ses - 36 - ms
Feedback voltage for leaving ABM | Vig_i5 2.63 2.73 2.83 v
Feedback voltage for burst-on VB _Bon_I1s0 2.26 2.35 2.45 v
- isolated case
Feedback voltage for burst-off VeB_Boft_1so 1.88 2.00 2.05 v
- isolated case
Feedback voltage for burst-on VeB_Bon_Niso 1.88 1.95 2.05 v
- non-isolated case
Feedback voltage for burst-off Ves ot niso | 1.50 1.55 1.64 v
- non-isolated case
! Not subject to production test, specified by design.
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4.10 Line overvoltage protection (CZ version)
Table 15 Line OVP
Parameter Symbol | Limit values Unit | Note or
Min. Typ. Max. test condition
Line overvoltage threshold Win_Lovp 2.75 2.85 2.95 \
Line overvoltage blanking tun_toves | - 250 - us
4.11 Vcc overvoltage protection
Table 16 Vcc overvoltage protection
Parameter Symbol | Limit values Unit | Note or
Min. Typ. Max. test condition
VCC overvoltage threshold Wec_ove 24.0 255 27.0 v
VCC overvoltage blanking tvec_ove B - 55 - us
4.12 Overload protection
Table 17 Overload protection
Parameter Symbol | Limit values Unit | Note or
Min. Typ. Max. test condition
Overload detection threshold for Ve oLp 2.63 2.73 2.83 v
OLP protection at FB pin
Overload protection blanking time treops |30 54 - ms
4.13 Thermal protection
Table 18 Thermal protection
Parameter Symbol | Limit values Unit | Note or
Min. Typ. MaX. teSt Condition
Overtemperature protection Ticon_oTp" 129 140 150 °C Junction temperature of
Overtemperature hysteresis Tivsote | — 40 - °c | thecontroller chip (not
- the CoolMOS™ chip).
Overtemperature blanking time Ticonotr s |- 50 - s €00 chip)
'Not subject to production test, specified by design.
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4.14 CoolMOS™ section
Table 19 ICE5XRxxXxxZ
Parameter Symbol | Limitvalues Unit | Noteor

Min. Typ. | Max. test condition
Drain source breakdown voltage Vigripss Y T;=25°C
ICE5XRxx80xZ 800 - -
ICE5BR3995xZ 950 - -
Drain source on-resistance Roson Q
(inclusive of low side MOSFET)
ICE5BR4780BZ - 4.13 |4.85 7,=25°C

- 8.69" |- T;=125°Catlh=0.4A
ICE5xR2280xZ - 2.13 |2.35 7,=25°C

- 431" |- Tj=125°Catlh=1A
ICE5BR3995xZ - 3.46 |4.05 7,=25°C

- 7.69 | - T;=125°Cat/lr=0.8A
Effective output capacitance, Cofer pF
energy related!
ICE5BR4780BZ - 3 - Ves=0V, Vos=0~500V
ICE5xR2280xZ - 7 - Ves=0V, Vos=0~500V
ICE5BR3995xZ - 5 - Ves=0V, Vos=0~400V
Rise time trise” - 30 - ns
Fall time thar® - 30 - ns
INot subject to production test, specified by design.
2Measured in a typical flyback / buck converter application.
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5 CoolMOS™ performance characteristics
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Safe Operating Area for ICE5BR4780BZ
lp = f (Vps)

0 parameter: D=0, Tc = 25°C
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Figure 18 Safe operating area (SOA) curve for ICESBR4780BZ

Safe Operating Area for ICE5xR2280xZ

lp =f(Vps)
parameter: D=0, Tc = 25°C
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Figure 19 Safe operating area (SOA) curve for ICE5xR2280xZ
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Safe Operating Area for ICE5SBR3995xZ

Ipb=f (VDS)
parameter: D=0, Tc = 25°C
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Figure 20 Safe operating area (SOA) curve for ICE5BR3995xZ

Allowable power dissipation, Ptot [W]
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Allowable power dissipation for ICESBR3995xZ
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Figure 22 Power dissipation of ICE5BR3995xXZ; P = f(T.) (Maximum ratings as given in chapter 4.1
must not be exceeded)
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Figure 23 Power dissipation of ICE5XR2280XZ; P = f(T.) (Maximum ratings as given in chapter 4.1
must not be exceeded)
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Figure 24 Drain-source breakdown voltage ICE5XRXX80XZ; Veripss)= f(T1), Ib=1 mA
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Figure 25 Drain-source breakdown voltage ICE5BR3995xZ; Ver(pss) = f(TJ), b=1 mA
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CoolMOS™ performance characteristics
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Figure 26 Typical CoolMOS™ capacitances of ICE5BR4780BZ (C = f(Vps); Ves= 0 V; f =250 kHz)

104

102 — -
\

Ciss

102 — I ——

C [pF]

107 \ Coss
—

100 | 7-!"_'—::
Crss/
Vg
101
0 100 200 300 400 500
Vbs [V]

Figure 27 Typical CoolMOS™ capacitances of ICE5xR2280xZ (C = f(Vps); Ves=0 V; f =250 kHz)
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CoolMOS™ performance characteristics
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Figure 28 Typical CoolMOS™ capacitances of ICESBR3995xZ (C = f(Vps); Ves=0 V; f =250 kHz)

Rev 1.0

Datasheet 320f40
2022-02-22



o~ _.
Fixed-frequency 800 V / 950 V CoolSET™ In fl neon
in DIP-7 package
Output power curve

6 Output power curve

The calculated output power curves versus ambient temperature are shown below. The curves are derived
based on a typical DCM/CCM flyback in an open frame design setting the maximum T; of the integrated
CoolMOS™ at 125°C, using minimum drain pin copper area in a 2 0z copper single-sided PCB and steady state
operation only (no design margins for abnormal operation modes are included).

The output power figure is for selection purpose only. The actual power can vary depending on a particular
design. In a power supply system, appropriate thermal design margins must be considered to make sure that
the operation of the device is within the maximum ratings given in chapter 4.1.

ICESBR4780BZ output power curve (85~300 V AC at DCM) ICESBR4T80BZ output power curve (85~300 V AC at CCM)
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Figure29 Output power curve of ICESBR4780BZ
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Fixed-frequency 800V /950 V CoolSET™
in DIP-7 package

Output power curve
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ICE5BR3995x%Z output power curve (85~300 V AC at DCM)

ICE5BR3995xZ output power curve (85~300 V AC at CCM)
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Figure 30 Output power curve of ICE5BR3995xZ
ICE5AR2280CZ output power curve (85~300 V AC at DCM) ICE5AR2280CZ output power curve (85~300 V AC at CCM)
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Fixed-frequency 800V /950 V CoolSET™

in DIP-7 package

Output power curve
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ICE5BR2280BZ output power curve (85~300 V AC at DCM) ICESBR2280BZ  output power curve (85~300 V AC at CCM)
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7 Output current curve

The calculated output current curves showing typical output power against ambient temperature are shown
below. The curves are derived based on an open-frame design at T,=50°C, T, = 125°C (integrated HV MOSFET
for CoolSET™), using the minimum 100 mm? drain pin copper area in a 2 0z copper single-sided PCB and steady-
state operation only (no design margins for abnormal operation modes are included). The output power figure
is for selection purposes only. The actual power can vary depending on the specific design.

ICESBR4780BZ output current for 85~265VAC at DCM ICE5SBR3995BZ output current for 85~265V AC at DCM
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Figure 33 Output current curve of ICESBRxxxxBZ
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8 Package information
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Green product (RoHS-compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations, the device is available as a green product. Green products are RoHS-compliant

(i.e., Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

Further information on packages

https://www.infineon.com/packages
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9 Revision history

Revision Date Changes

Rev 1.0 22 February 2022 | Initial release
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