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CoolSET™ 5th Generation Fixed Frequency Plus - in DIP-7 Package

Features
+ Integrated 700 V/ 800 V/ 950 V avalanche rugged CoolMOS™

+ Active Burst Mode with selectable entry and exit standby power to reach the lowest standby
power <100 mW

+ Frequency reduction for better overall system efficiency

« Fast startup achieved with cascode configuration

» Frequency jitter and soft gate driving for low EMI

+ Integrated error amplifier to support direct feedback in non-isolated flyback and buck topologies
+ Increased pin voltage rating for ease of system design

« Comprehensive protection and most protections are in auto restart mode

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

Potential applications
« Auxiliary power supply for home appliances/white goods, TV, PC & server, smart metering
+ Blu-ray player, set-top box & LCD/LED monitor

Product validation
Product validation according to JEDEC standard.

Description

The ICE5xRxxxxBZx-1 is the CoolSET™ 5th Generation Fixed Frequency Plus of integrated power IC optimized for off-line switch
mode power supply in cascode configuration. The CoolSET™ package has 2 separate chips inside; one is controller chip and the
otheris a 700 V/ 800 V/ 950V CoolMOS™ chip. The cascode configuration helps achieve fast startup. The frequency reduction with
soft gate driving and frequency jitter operation offer lower EMI and better efficiency. The selectable entry and exit standby power
ABM enables flexibility and ultra-low power consumption at standby mode with small and controllable output voltage ripple.
The product has a wide operating range (10.0 ~ 32.0 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 CoolSET™ 5th Generation Fixed
Frequency Plus series an outstanding integrated power stage fixed frequency flyback and buck converter in the market.
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Description
Table 1 Output power of CoolSET™ 5th Generation Fixed Frequency Plus in flyback design
Type Package |Marking VDS |Fsw Rpson® |220VAC 85-300V |85-300V
+20%%at | AC? at AC? at CCM
DCM DCM
ICE5AR4770BZS-1 | PG-DIP-7 5AR4770BZS-1 |700V [100kHz [4.73Q |26.5W 145W 16 W
ICE5AR4780BZS-1 | PG-DIP-7 |5AR4780BZS-1 |800V |100kHz |4.13Q |27.5W 15W 16.5W
ICE5BR4780BZ-1 PG-DIP-7 |5BR4780BZ-1 800V |65kHz |4.13Q |275W 15W 16.5W
ICE5AR3995BZ-1 PG-DIP-7  |5AR3995BZ-1 950V |100kHz |3.46Q |30W 16.5W 18W
ICE5BR3995BZ-1 PG-DIP-7 |5BR3995BZ-1 950V |[65kHz [3.46Q |30W 16.5W 18W
ICE5BR2280BZ-1 PG-DIP-7 |5BR2280BZ-1 800V |65kHz [2.13Q |40W 22W 24 W
ICE5AR0680BZS-1 | PG-DIP-7 5AR0680BZS-1 |800V [100kHz [0.71Q |66 W 39W 41 W

1) Typically at T; = 25°C (inclusive of low side MOSFET).

2) 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.

Table 2 Output current of CoolSET™ 5th Generation Fixed Frequency Plus in non-isolated buck design
Type Package Marking Vps Fsw Rpson® 85-265V Typical
AC3atDCM |output
voltage
ICE5BR4780BZ-1 PG-DIP-7 5BR4780BZ-1 800V 65 kHz 4.130Q 450 mA 15V
ICE5BR3995BZ-1 PG-DIP-7 5BR3995BZ-1 950V 65 kHz 3.46Q 550 mA
ICE5BR2280BZ-1 PG-DIP-7 5BR2280BZ-1 800V 65 kHz 2.130Q 700 mA

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

1) Typically at T; = 25°C (inclusive of low side MOSFET).

3) Calculated maximum output current 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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1 Pin configuration and functionality

1 Pin configuration and functionality
The pin configuration is shown below and the functions are described in Table 3.
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Figure 1 Pin configuration

Table 3 Pin definitions and functions

Pin |Symbol |Function

1 |VERR Error amplifier

VERR pin is internally connected to the transconductance error amplifier for non-isolated flyback
application. Connect this pin to GND for isolated flyback application.

2 |FB Feedback and ABM entry/exit control

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

3 |CS 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.

4 | GATE Gate driver output

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

5 |DRAIN DRAIN(Drain of integrated CoolMOS™)

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

7 |VCC VCC(Positive voltage supply)
The VCC pin is the positive voltage supply to the IC. The operating range is between Vycc opr and
Vvee_ove-

8 |GND Ground

The GND pin is the common ground of the controller.
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2 Representative block diagram

2 Representative block diagram

Note: Junction temperature of the controller chip is sensed for over temperature protection. The CoolMOS™ js a
separate chip from the controller chip in the same package. Please refer to the design guide and/or consult
a technical expert for the proper thermal design
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3 Functional description

3.1 VCC pre-charging and typical VCC voltage during start-up

As shown in the figures typical application circuits, once the line input voltage is applied, a rectified voltage appears
across the capacitor Cgys. The pull-up resistor Rsrartup Provides a current to charge the Ciss (input capacitance) of
CoolMOS™ and gradually generate one voltage level. If the voltage over Ciss is high enough, CoolMOS™ and the V¢
capacitor are charged through the primary mductance of a transformer Lp, CoolMOS™ and the internal diode D1 with
the two steps constant current source lycc_ Chargel ) and lvce_ charges™- 1),

Avery small constant current source (lycc_charge1) 1S charged to the Ve capacitor until Ve reaches V¢ scp to protect
the controller from the V¢ pin short to grou ncfdurmg the startup. After this, the second step constant current source
(Ivec_charges) is provided to charge the V¢ capacitor further, until the Ve voltage exceeds the turned-on threshold
Vyce on- As shown in the time phase | in Figure 3, the V¢ voltage increases almost linearly with two steps.

chcA

VVCC ONfecaccacaacaaccccccopenncaccaccnacaccaacacaann

AAV el )2 N T A T S

VVCC SCPlacagtoccccacacanana

Ivec A

IVCC_NormaIZ .....

0

Ivce_chargel =g ========ccccccfec--

lvee_charge2/3

Figure 3 Vcc voltage and current at startup

The time for the V¢ pre-charging can then be calculated as:

Vvee scp X Cyee 4 (Vvee on — Vvee scp) X Cyee (1)

W=ty +tg=
Ivce charget Ivee charges

When the V¢ voltage exceeds the V¢ turn on threshold Vycc oy at time tl, 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
V¢ capacitor before the output voltage is built up, the V¢ voltage drops (phase Il). Once the output voltage rises close
to regulatlon the auxiliary winding starts to charge the V¢ capacitor from the time t2 onward and delivering the
lvec_Normal2? ) to the CoolSET™. V¢ then reaches a constant value depending on the output load.

1) lyce_ chargel/2/3 is charging current from the controller to VCC capacitor during startup.
2) lyce_ Normalz IS supply current from VCC capacitor or auxiliary winding to the CoolSET™ during normal operation.
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3.2 Soft-start

As shown in the figure below, the IC begins to operate with a soft-start at time ton. The switching stresses on the
power MOSFET, diode and transformer are minimized during soft-start. The soft-start implemented in
ICE5xRxxxxBZx-1 is a digital time-based function. The preset soft-start time is tg5 (12 ms) with 4 steps. If not limited by
other functions, the peak voltage on CS pin will increase step by step from 0.3V to Vs y (0.8 V) finally. The normal
feedback loop will take over the control when the output voltage reaches its regulated value.

The frequency for the first 3ms is fosco_min/fosca_min in order to minimize current spikes due to CCM during start-up.
After the first 3ms,the switching frequency changes to fosco/fosca for the remaining duration of soft start.

Ves (V) 4

Ves_N

0.75

0.60

0.45

0.30

ton 3 6 9 12 Time(m's)

Figure 4 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 fsy, that
corresponds to the voltage level Vig (see Figure 6).

3.3.1.2 Switch-off determination

In peak current mode control, the PWM comparator monitors voltage V1 (see Figure 2) which is the representation of
the instantaneous current of the power MOSFET. When V1 exceeds Vg, 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 Vg (see Figure 5).

At switch on transient of the power MOSFET, a voltage spike across Rcg can cause V1 to increase and exceed Vgg. To

avoid a false switch off, the IC has a blanking time tcs_| g before detecting the voltage across R¢s to mask the voltage
spike. Therefore, the minimum turn on time of the power MOSFET is tcs | p.

For some reason that the voltage level at V1 takes long time to exceed Vg, the IC has implemented a maximum duty
cycle control to force the power MOSFET to switch off when Dyay = 0.75 is reached.

Datasheet 9 Rev. 1.0
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3.3.2

Pulse width modulation

Current sense

The power MOSFET current generates a voltage Vg across the current sense resistor Rcs connected between the CS
pin and the GND pin. V¢gis amplified with gain Gpyy, then, added with an offset Vpyy to become V1 as described in
below equation.

Datasheet

Ves =Ip X Rcs

Vi=Ves X Gpwm + Vewm

: power MOSFET current

: CS pin voltage

: resistance of the current sense resistor
:voltage level compared to Vg as described
: PWM-OP gain

: offset for voltage ramp

10

()
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3 Functional description

If the voltage at the current sense pin is lower than the preset threshold Vs srg after the time tes stg_sam for three
consecutive pulses during on-time of the power switch, this abnormal Vg will trigger IC into auto restart mode.

3.3.3 Frequency reduction

Frequency reduction is implemented in ICE5xRxxxxBZx-1 to achieve a better efficiency during the light load.
At light load, the reduced switching frequency Fgy improves efficiency by reducing the switching loses.

When the load decreases, Vig decreases as well. Fgyy is dependent on the Vg as shown in Figure 6. Therefore, Fgyy
decreases as the load decreases.

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

fsw(Vrs) Vcs (Vrs)

A A

Vcs

l Ves.N
0.80V
fosc2/ fosca Fsw

65 kHz / 100 kHz

fosc2_asm / fosca_aBm

54 kHz / 83 kHz

foscz_min / fosca_min
28 kHz / 43 kHz
Vcs_sup/Vcs_BLP

0.27V/0.22V
3 T 1 P Ves
VFB_EBxP VFB_OLP
05V 093/1.03V 135V 1.7V 273V
Figure 6 Frequency reduction curve

3.3.4 Slope compensation

ICE5XRxxxxBZx-1 can operate at Continuous Conduction Mode (CCM). At CCM operation, duty cycle greater than 50%
may generate a sub-harmonic oscillation. To avoid the sub-harmonic oscillation, slope compensation is added to Vg
pin when the gate of the power MOSFET is turned on for more than 40% of the switching cycle period. The
relationship between V; and the Vg for CCM operation is described in below equation:

Vi =Ves X Gpwm + Vewm + Mcomp X (Ton —40% X Tperiop) (4)

where,

Mcomwp :Slope compensation rate

Ton : gate turn on time of the power MOSFET
Tperiop  : Switching cycle period

Slope compensation circuit is disabled and no slope compensation is added into the Vg pin during active burst mode
to save the power consumption.

Datasheet 11 Rev. 1.0
2024-08-12



o~ _.
ICE5XRxxxxBZx-1 Inf|ne0n
Datasheet

3 Functional description

3.3.5 Oscillator and frequency jittering

The oscillator generates a frequency fosc with frequency jittering of +4% at a jittering period of T jit1er (4 ms). The
frequency jittering helps to reduce conducted EMI.

A capacitor, a current source and current sink which determine the frequency are integrated. The charging and
discharging current of the implemented oscillator capacitor are internally trimmed in order 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 driver (see Figure 7). Thus the
leading switch spike during turn on is minimized.

Veare (V)
»
t (ns)
Figure 7 Modulated gate drive
3.4 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 Vg across the current sense resistor Rcs connected
between the CS pin and the GND pin. If the voltage Vs exceeds an internal voltage limit Vs _y, the comparator
immediately turns off the gate drive.

The primary peak current lpgak_pgj can be calculated as below:
Ippax_pri = Ves N/ Res (5)

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

3.4.1 Propagation delay compensation

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

Datasheet 12 Rev. 1.0
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Figure 8 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
Ves_n and the switching off of the power MOSFET is compensated over wide bus voltage range. Current limiting
becomes more accurate which will result in a minimum difference of overload protection triggering power between
low and high AC line input voltage.

Under CCM operation, the same Vg do not result in the same power. In order to achieve a close overload triggering
level for CCM, ICE5xRxxxxBZx-1 has implemented a 2 compensation curve as shown Figure 9. 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.

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.

Datasheet 13 Rev. 1.0
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Veate
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Active Burst Mode (ABM) with selectable power level

At light load condition, the IC enters ABM operation to minimize the power consumption. Details about ABM operation

3.5
are explained in the following paragraphs.

Entering ABM operation
The sytem will enter into ABM operation when two conditions below are met:
the FB voltage is lower than the threshold of Vg g p/Ves_gsrp depending on burst configuration option setup

3.5.1
Once all of these conditions are fulfilled, the ABM flip-flop is set and the controller enters ABM operation. This multi-
condition determination for entering ABM operation prevents mis-triggering of entering ABM operation, so that the

« and a certain blanking time tgg gep

controller enters ABM operation only when the output power is really low.

During ABM operation
After entering ABM, the PWM section will be inactive making the Vot start to decrease. As the Vo1 decreases,
Vg rises. Once Vg exceeds Vg gon, the internal circuit is again activated by the internal bias to start with the

3.5.2
If the PWM is still operating and the output load is still low, Vot increases and Vgg signal starts to decrease. When

switching.
Veg reaches the low threshold Veg goss, the internal bias is reset again and the PWM section is disabled with no
switching until Vgg increases back to exceed Veg_gop threshold.
In ABM, Vg is like a sawtooth waveform swinging between Vg gogand Veg gon shown in Figure 10.
During ABM, the switching frequency is fosco_agm Of fosca agm- The peak current lpgak_agm Of the power MOSFET is
Vs _pxp
R (6)
cs
Rev. 1.0
2024-08-12
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where Vs gyp 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 Vg exceeds Veg |, it will
leave ABM and the peak current limitation threshold voltage will return back to Vs y immediately.

Ve I L e e et re fere 1

Entering Active Burst Mode _l_ Leaw ng A Act\ve Burst Mode
Vegg @[————————5————— ==

Vg eon
Vegpott T

Ve eene/Vre cep

Blanking Window (trs gee) t

| LT et ir

Ve A | ININIRIRININ]
| A OO A A

VR S S S Fr4b A4 -H-H- 444
I

Current limit level during Active Burst Mode | | | |
|

Ves_srp/Ves_sLp

vee A | A AR R RO B
I A I R R
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I |
YFP S T IO W v Y
- Iy >
t
wooxo LETE et et tr
| MeeRiple<t% LT T T
| iR ininInInimn
™ ISR
| 1 | | |
L 1] | | 1] >
e BurstMode Operation—— 3 t
Figure 10 Signals in ABM
3.5.4 ABM configuration

The burst mode entry level can be selected by changing the different resistance Rge at FB pin. There are 3
configuration 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.

Datasheet 15 Rev. 1.0
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Table 4 ABM configuration option setup
. Entry level Exit level
Option Ve Ves_gxp
ViB_eBxP Ves_L
1 VFB < VFB_P_BlASl - No ABM No ABM
3 Vg > Vig_p BiAs2 0.27V 1.03V 2.73V

During IC first startup, the controller preset the ABM selection to Option 3, the FB resistor (Rgg) is turned off by internal
switch S2 (see Figure 11)and a current source l¢g is turned on instead.From VCC = 4.44 V to the VCC on threshold, the
FB pin will source current Ige through Rge and external FB network. 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 will not change the burst mode option and the current source (lse|) is turned off
while the FB resistor (Rgg) is connected back to the circuit.

LD 5
s 25
o >0+ delay :
Refow e
Burstmode ) i
detection latch L
"l"cs_nzpo— SE|ECFi0Iﬁ - (_'on”._‘nare - v'B_P_HIﬁGJ 3
Vre ner (O Logic logic l— Vo p nix: e
Control unit =
Figure 11 ABM detect and adjust
3.6 Non-isolated/isolated configuration

ICES5xRxxxxBZx-1 has a VERR Pin, which is connected to the input of an integrated error amplifier to support non-
isolated converter (see the figures typical application circuits). When V¢ is charging and before reaching the V¢ on
threshold, a current source Iggg p gias from VERR pin together with Rg; and Rg, will generate a voltage across it. If
VERR voltage is more than Vegggr p gias (0.2 V), non-isolated configuration is selected, otherwise, isolated configuration
is selected. In isolated configuration, the error amplifier output is disconnected from the FB pin.

In case of non-isolated configuration, the voltage divider Rg; and Rg; is used to sense the output voltage and
compared with the internal reference voltage Vegg rer. The difference between the sensed voltage and the reference
voltage is converted as an output current by the error amplifier. The output current will charge/discharge the resistor
and capacitor network connected at the FB pin for the loop compensation.

3.7 Protection functions

The ICE5xRxxxxxZx-1 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 extended cycle skip auto restart mode. Refer
to Figure 12, Figure 13 and Figure 14 for the waveform illustration of protection modes.
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Table 5 Protection functions
Protections functions | Normal mode Burst mode Protection mode
Burst ON Burst OFF
VCC overvoltage vV Vv Not applicable Extended cycle skip auto restart
VCC undervoltage vV vV vV Auto restart
Overload or open loop v Not applicable | Notapplicable Extended cycle skip auto restart
Overtemperature V v V Non-switch auto restart
VCC short to GND v v V No start-up
3.7.1 VCC overvoltage and undervoltage

During operation, the VCC voltage is continuously monitored.

If VCC voltage falls below Vycc off for a blanking time of tycc_ore g, MOSFET will be switched off and auto restart will
be initiated.

If VCC voltage exceeds Vycc_oyp for a blanking time of tycc_ovp g, MOSFET will be switched off and extended cycle skip
auto restart will be initiated.

3.7.2 Overload or open loop

In case of open control loop or output overload, the FB voltage will be pulled up. When Vig exceeds Vg o p aftera
blanking time of t;g_o1p g, the IC enters extended cycle skip auto restart mode. The blanking time enables the
converter to provide a peak power in case the increase in Vgg is due to a sudden load increase.

3.7.3 Over temperature

If the junction temperature of controller exceeds Tjcon_otp, the IC enters into Over Temperature 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 over temperature trigger point.

3.7.4 VCC short to GND

To limit the power dissipation of the startup circuit at V¢ short to GND condition, the V¢ charging current is limited
to a minimum level of lycc_ charge1- With such low current, the power loss of the IC is limited to prevent overheating.

3.7.5 Signals in different 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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Fault Fault released
detected

I

I

I

| Start up and detect at every i

! .

E charging cycle | Switching start at the
1 ! following restart cycle
I ]

I ]

I I

I

I

1

N

1 .
1 |
) i
Vee_orf—-—— -4 B et ab LR R i 7% 777777777
Ves i i i i l E t >
| | ! o
‘ : | o
Il Al
! |
‘ ! ‘ - -
Figure 13 Auto restart mode
Datasheet 18 Rev. 1.0

2024-08-12



o _.
ICE5XRXxxxxBZx-1 Inf|neon
Datasheet

3 Functional description

Fault
detected Start up and detect at
every 8th charging cycle
i . Fault rel d Switching resumes at
1 No detgctlon for aultreleased oy charging cycle
Vvee A i 7 charging cycles + since fault is cleared
I
I
|

Vvee_on

Vvce oFF i_
Ve A | l | 1’
[ L il
t >
Figure 14 Extended cycle skip auto restart
Datasheet 19 Rev. 1.0

2024-08-12



ICESXRxxxxBZx-1 imn eo n

Datasheet

4 Electrical characteristics

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 will be 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 Values Unit Note or condition
Min. Typ. Max.

Drain voltage

ICE5AR4770BZS-1 VDRAIN - - 700 v T;=25°C

ICE5XRXX80BZx-1 VpRAIN - - 800 Vv T;=25°C

ICE5XR3995BZ-1 VpRAIN - - 950 Vv T;=25°C

Pulse drain current

ICE5AR4TT0BZS-1 Ip_pulse - - 2.2 A Pulse width tp limited by
Tj_max

ICE5xR4780BZx-1 Ip_pulse - - 2.6 A Pulse width tp limited by
Tj_max

ICE5xXR3995BZ-1 Ip_pulse - - 5.0 A Pulse width tp limited by
Tj_max

ICE5BR2280BZ-1 Ip_pulse - - 5.8 A Pulse width tp =20 pys and
limited by T; max

ICE5AR0680BZS-1 Io_pulse - - 5.8 A Pulse width tp limited by
Tj_max

Pin rating

VCC Supply Voltage Vee -0.3 - 35 v

GATE Voltage VeatE -0.3 - 27 v

FB Voltage Veg -0.3 - 5.5 v

VERR Voltage Verr -0.3 - 5.5 Vv

CS Voltage Ves -0.3 - 3.6 v

Maximum DC current on any -10 - 10 mA Except DRAIN and CS pin

pin

ESD robustness HBM VEsp_HBM - - 2000 Vv According to EIA/JESD22

ESD robustness CDM Vesp_com - - 500 v According to EIA/JESD22

(table continues...)
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Table 6 (continued) Absolute maximum ratings

Parameter Symbol Values Unit Note or condition

Min. Typ. Max.

Junction temperature range | T; -40 - 150 °C Controller & CoolMOS
Storage Temperature TsToRE -55 - 150 °C

Thermal resistance (junction-ambient)

ICE5AR4770BZS-1 RihJa - - 106 K/W 1)

ICE5XR4780BZx-1 RthJa - - 107 K/W 1)

ICE5XR3995BZ-1 RihJa - - 106 K/W 1)

ICE5BR2280BZ-1 Reha - - 104 Kw Y

ICE5AR0680BZS-1 Reha - - 100 Kw |

Avalanche energy, repetitive, tyg limited by maximal T; = 150°C and T;_gtart = 25°C

ICE5AR4TT0BZS-1 Ear - - 0.02 mJ lp=0.14 A, Vpp =50V
ICE5XR4780BZx-1 Ear - - 0.02 mJ lp=0.20 A, Vpp =50V
ICE5BR2280BZ-1 Ear - - 0.05 mJ lp=0.40 A, Vpp =50V
ICE5XR3995BZ-1 Ear - - 0.04 mJ lp=0.20 A, Vpp =50V
ICE5AR0680BZS-1 Ear - - 0.22 mJ Ip=1.80 A, Vpp=50V
Avalanche current, repetitive, tyg limited by maximal T;=150°C and T g5t = 25°C

ICE5AR4TT0BZS-1 IR - - 0.14 A

ICE5XR4780BZx-1 IR - - 0.20 A

ICE5XR3995BZ-1 IR - - 0.20 A

ICE5BR2280BZ-1 lar - - 0.40 A

ICE5AR0680BZS-1 Iar - - 1.80 A

1) Setup according to the JEDEC standard JESD51 and using minimum drain pin copper area in a 2 oz copper single sided PCB

4.2 Operating range
Note: Within the operating range, the IC operates as described in the functional description.
Table 7 Operating range
Within the operating range, the IC operates as described in the functional description.
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.
VCC Supply Voltage Wee Wee_oFF |- Wee_ovp
Junction Temperature of Ticon_op -40 - Ticon_otp | ' C Max value limited due to
controller OTP of controller chip
(table continues...)
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Table 7 (continued) Operating range

Within the operating range, the IC operates as described in the functional description.

Parameter Symbol Values Unit Note or condition

Min. Typ. Max.

Junction Temperature of TicoolMOS_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 V is assumed.

Table 8 Operating conditions

The table below shows the operating range, in which the electrical characteristics shown in the next chapter are valid.

Parameter Symbol Values Unit Note or condition

Min. Typ. Max.

VCC Charge Current Ivce_chargel -0.35 -0.20 -0.09 mA Vycc=0 V, Rstartup=50 MQ
and VDRAIN:90 Vv

VCC Charge Current /VCC_ChargeZ - -3.2 - mA VVCC:3 V, RStartUp:50 MQ
and VDRAIN:90 \"

VCC Charge Current Ivcc_charges -5 -3 -1 mA Vyec=15V, Rstartup=50 MQ
and VDRAIN:90 \"

VCC Turn-on Threshold Wee_on 15.3 16 16.5 \Y

Voltage

VCC Turn-off Threshold Wee_oFr 9.4 10 10.4 \Y

Voltage

VCC Short Circuit Protection | Wcc_scp - 1.1 1.9 v

VCC Turn-off blanking tvcc_OFF_B - 50 - us

Current Consumption, Ivee_startup - 0.25 - mA Vycc=15V

Startup Current

Current Consumption, Auto Nee ar - 410 - pA

Restart

Current Consumption, Burst | lycc_gurst - 0.54 - mA

Mode - Isolated Mode_ISO

Current Consumption, Burst | lycc_gurst - 0.61 - mA

Mode - Non-Isolated Mode_NISO

Current Consumption, e _Normal - 1.1 - mA Irg=0 A (No gate switching)

Normal with Inactive Gate

Current consumption, normal with Active Gate

ICE5AR4770BZS-1 lvee_Normal2 - - 2.20 mA
(table continues...)
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Table 8 (continued) Operating conditions

The table below shows the operating range, in which the electrical characteristics shown in the next chapter are valid.

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

ICE5AR4780BZS-1 lvee_Normal2 - - 2.20 mA

ICE5AR3995B7-1 lvee_Normal2 - - 2.36 mA

ICE5AR0680BZS-1 lvec. Normal2 - - 4.18 mA

ICE5BR4780BZ-1 lvec. Normal2 - - 1.84 mA

ICE5BR3995BZ-1 IVCC_NormalZ - - 1.97 mA

ICE5BR2280BZ-1 |VCC_Normal2 - - 2.04 mA

4.4 Internal voltage reference

Table 9 Internal voltage reference

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

Internal reference voltage VREF 3.2 3.3 3.39 v Measured at FB pin [rg =0 A

4.5 PWM section

Table 10 PWM section

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

Fixed Oscillator Frequency - | fosca 94 100 106 kHz T;=25°C

100 kHz

Fixed Oscillator Frequency - | fpsc3 92 100 108 kHz Operating temperature

100 kHz range

Fixed Oscillator Frequency - | fosca_asm 71 83 94 kHz T;=25°C

100 kHz (ABM)

Fixed Oscillator Frequency - | fosca min 36 43 51 kHz T;=25°C

100 kHz (minimum Fsw)

Fixed Oscillator Frequency - | fgscy 59.8 65 70.2 kHz Operating temperature

65 kHz range

Fixed Oscillator Frequency - | fpsca 61.1 65 68.9 kHz T;=25°C

65 kHz

Fixed Oscillator Frequency - | fosca_asm 46.2 54 61.1 kHz T;=25°C

65 kHz (ABM)

Fixed Oscillator Frequency - | fosca min 23.4 28 33.2 kHz T;=25°C

65kHz (minimum Fsw)

(table continues...)
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Table 10 (continued) PWM section

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

Frequency jittering range fTTER - t4 - % T;=25°C

Frequency jittering period THTTER - 4 - ms T;=25°C

Maximum duty cycle Dmax 70 75 80 %

Feedback pull-up resistor Rrg 11 15 20 kQ

PWM-OP gain Gpwm 1.91 2.03 2.16

Offset for voltage ramp VpwM 0.42 0.5 0.58 v

Slope compensation rate - Mcomp 41 50 58 mV/us |Vcs=0V

100 kHz

Slope compensation rate - 65 | Mcomp 26.5 32.5 38 mV/us |Ves=0V

kHz

Feedback Cutoff Voltage VEB Cutoff - 0.41 - v When Veg < Veg cytoff, NO

PWM switching.

4.6 Error amplifier

Table 11 Error amplifier

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

Transconductance GERR M 2.14 2.80 3.44 mA/V

Transconductance - Burst GEgRr_BM 6.9 9.2 11.6 mA/V

mode

Error amplifier source current | lgrr source 85 150 223 MA

Error amplifier sink current leRR_SINK 85 150 223 MA

Error amplifier reference VERR_REF 1.76 1.80 1.84 v

voltage

Error amplifier output VERR_DYN 0.05 - 3.15 \Y

dynamic range of

transconductance

Error amplifier mode bias lerr_P_BIAS 9.5 14.0 18.5 MA

current

Error amplifier mode VERR_P_BIAS 0.16 0.20 0.24 v

threshold
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4.7 Current sense

Table 12 Current sense

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

Peak current limitation in Ves N 0.72 0.80 0.88 Vv dVgense/dt =0.41 V/us

normal operation

Peak current limitation in Ves Nis 0.74 0.79 0.84 Vv

normal operation, 15% Duty

Cycle

Leading edge-blanking time | tcs e 70 220 365 ns

Peak current limitation in Ves grp 0.23 0.27 0.31 \Y

ABM - high power

Peak current limitation in Ves gLp 0.18 0.22 0.26 Vv

ABM - low power

Abnormal CS voltage Ves_ste 0.06 0.10 0.15 v

threshold

Abnormal CS voltage Pcs_ste - 3 - cycle

consecutive trigger

Abnormal CS voltage sample | tcs ste_sam teriop  [treriop | tPeriop | HS

period x0.36 |x0.4 |x0.44

4.8 Soft start

Table 13 Soft start

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

Soft start time tss 7.3 12.0 - ms

Soft start time step tss s - 3 - ms 1)

CS peak voltage at first step of | Vg - 0.30 - Y 1)

soft start

Step increment of CS peak Vss s - 0.15 - v 1)

voltage in soft start

1) Not subject to production test, specified by design.
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4.9 Active burst mode

Table 14 Active Burst Mode

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

Charging current to select lsel 2.5 3.0 3.5 MA

burst mode

Burst mode selection VEB_p_BIASL 1.65 1.73 1.80 v

reference voltage threshold

Burst mode selection VEB_ P BIAS2 2.76 2.89 3.01 v

reference voltage threshold

Feedback voltage for entering | Ve ggpp 0.98 1.03 1.08 v

ABM for high power

Feedback voltage for entering |Veg ggip 0.88 0.93 0.98 v

ABM for low power

Blanking time for entering tre_BEB - 36 - ms

ABM

Feedback voltage for leaving |Veg 15 2.63 2.73 2.83 v

ABM

Feedback voltage for burst-on |Veg gon_iso 2.26 2.35 2.45 v

- isolated case

Feedback voltage for burst-off | Veg o 150 1.88 2.00 2.05 v

- isolated case

Feedback voltage for burst-on | Veg gon_niso 1.88 1.95 2.05 v

- non-isolated case

Feedback voltage for burst-off |Veg gofr niso 1.50 1.55 1.64 v

- non-isolated case

4.10 VCC overvoltage protection

Table 15 VCC over voltage protection

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

VCC overvoltage threshold Vvee_ovp 29 30.5 32 v

VCC overvoltage blanking tvcc_ovp_B - 55 - bs
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4.11 Overload protection

Table 16 Overload protection

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

Overload detection threshold |Veg o1p 2.63 2.73 2.83 v

for OLP protection at FB pin

Overload protection blanking |trg o1p B 30 54 - ms

time

4.12 Thermal protection

Table 17 Thermal protection

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

Overtemperature protection chon_o‘rpl) 129 140 150 °C Junction temperature of

the controller chip (not the
CoolMOS™ chip).

Overtemperature hysteresis | Tjys_otp - 40 - °C

Overtemperature blanking Ticon_0TP_B - 50 - us

time

1) Not subject to production test, specified by design.

4.13 CoolMOS™ section

Table 18 CoolMOS™ section

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

Drain Source Breakdown Voltage

ICE5AR4770BZS-1 V(BR)DSS 700 - - TJ =25°C

ICE5XRXX80BZx-1 V(gr)pss 800 - - T;=25°C

ICE5XR3995BZ-1 V(gr)pss 950 - - T;=25°C

Drain Source On-Resistance (inclusive of low side MOSFET)

ICE5AR0680BZS-1 Rbson - 0.71 0.80 Q T;=25°C at Ip=2A

ICE5AR0680BZS-1 Rbson - 127V |- Q Tj=125°C at Ip=2A

ICE5BR2280BZ-1 Rbson - 2.13 2.35 Q Tj725°C at Ip=1A

ICE5BR2280BZ-1 Rbson - 4319 |- T7125°CatIp=1A

ICE5XR3995BZ-1 Rpson - 3.46 4.05 Q T{=25° at 1p=0.8A

(table continues...)
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Table 18 (continued) CoolMOS™ section
Parameter Symbol Values Unit Note or condition
Min. Typ. Max.

ICE5XR3995BZ-1 Rbson 7.69Y |- Q Tj=125°C at I;=0.8 A
ICE5XR4780BZx-1 Rbson 4.13 4.85 Q Tj=25°C at 1p=0.4A
ICE5XR4780BZx-1 Rbson 8.69Y |- Q Tj=125°C at Ip=0.4A
ICE5AR4770BZS-1 Rbson 4.73 5.18 Q Tj=25°C at p=0.4A
ICE5AR4770BZS-1 Rbson 873 |- Q Tj=125°C at Ip=0.4A
Dynamic characteristics

Rise time trice? 30 - ns

Fall time tea? 30 - ns

Effective output capacitance, energy related

ICE5AR4770BZS-1 Coler) 3.47 - pF V=0V, Vps=0~480V
ICE5XR4780BZx-1 Coler) 34 - pF Vs=0V, Vps=0~500V
ICE5BR2280BZ-1 Cofen) 7 - pF Ves=0V, Vps=0~500V
ICE5XR3995xZ-1 Cofer) 51 - pF Ves=0V, Vps=0~400V
ICE5AR0680BZS-1 Cofer) 247 - pF Vs=0V, Vps=0~500V

1) Notsubject to production test, specified by design.

2)  Measured in a typical flyback / buck converter application.
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5 CoolMOS™ performance characteristics

Safe Operating Area for ICESAR4770BZS -1
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Figure 15 Safe Operating Area (SOA) curve for ICE5AR4770BZS-1
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Figure 16 Safe Operating Area (SOA) curve for ICE5XR4780BZx-1
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Safe Operating Area for ICE5xR3995BZ-1

Ip = f(Vps)
parameter: D =0, Tc = 25°C
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Figure 17 Safe operating area (SOA) curve for ICE5xR3995BZ-1
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Figure 18 Safe Operating Area (SOA) curve for ICE5BR2280BZ-1
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Safe Operating Area for ICE5AR0680BZS-1
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parameter: D=0, Tc = 25°C
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Figure 19 Safe Operating Area (SOA) curve for ICE5AR0680BZS-1
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Figure 20 Drain-source breakdown voltage ICESAR4770BZS-1; Vgg(pss)=f(Tj), Ip=1 mA
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Figure 21 Drain-source breakdown voltage ICE5XRXX80BZ-1; Vgg(pss) = f(Tj), Ip=1 mA
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Figure 22 Drain-source breakdown voltage ICESXR3995BZ-1; Vgg(pss) = f(Tj), Ip=1 mA
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Figure 23 Typical CoolMOS™ capacitances of ICE5AR4770BZS-1; C = f(Vps), (Vgs=0V; f=1 MHz)
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Figure 24 Typical CoolMOS™ capacitances of ICE5xR4780BZ-1; C = f(Vpg), (Vgs =0 V; f = 250kHz)
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Figure 25 Typical CoolMOS™ capacitances of ICE5xR3995BZ-1; C = f(Vps), (Vgs =0 V; f = 250kHz)
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Figure 26 Typical CoolMOS™ capacitances of ICE5BR2280BZ-1; C = f(Vpg), (Vgs =0 V; f = 250kHz)
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Figure 27 Typical CoolMOS™ capacitances of ICE5AR0680BZS-1; C = f(Vpgs), (Vgs=0 V; f = 250kHz)

Allowable power dissipation for ICE5AR4770BZS-1
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Figure 28 Power dissipation of ICE5AR4770BZS-1; P;o+=f(T,), (Maximum ratings as given in section 6
must not be exceeded)
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Allowable power dissipation for ICE5xR4780BZx-1
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Figure 29 Power dissipation of ICE5XR4780BZx-1; Py = f(T,) (Maximum ratings as given in chapter 6
must not be exceeded)
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Figure 30 Power dissipation of ICE5BR2280BZ-1; P, = f(T,) (Maximum ratings as given in chapter 6
must not be exceeded)
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Allowable power dissipation for ICE5xR3995BZ-1
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Figure 31 Power dissipation of ICE5XxR3995BZ-1; P, = f(T,) (Maximum ratings as given in chapter 6
must not be exceeded)
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Figure 32 Power dissipation of ICE5AR0680BZS-1; P,,: = f(T,) (Maximum ratings as given in chapter 6
must not be exceeded)
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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 oz 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.

Output power curve (85~300VAC at DCM) Output power curve: (85-300VAC atCCM)
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Figure 33 Output power curve of ICESAR4770BZS-1
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Figure 34 Output power curve of ICESXR4780BZx-1
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output power curve (85~300 V AC at DCM)

output power curve (85~300 V AC at CCM)
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Figure 36 Output power curve of ICESBR2280BZ-1
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Figure 37 Output power curve of ICE5AR0680BZS-1
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7 Output current curve

The calculated output current curves versus 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 oz copper single-sided PCB and steady-state operation only (no design margins for
abnormal operation modes are included). The output current figure is for selection purposes only. The actual current
can vary depending on the specific design.

ICESBR2280BZ-1 output current for 85~265VAC at DCM
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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

8.1 Marking
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Figure 40 Marking on package PG-DIP-7-10
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