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Fixed Frequency 700 V/800 V CoolSET™ - in DSO-
12 Package

Product highlights

Integrated 700 V/ 800V avalanche rugged CoolMOS™

Enhanced Active Burst Mode with selectable entry and exit standby

power to reach the lowest standby power <100 mW

Digital 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

PG-DSO-12

©@ G e

Comprehensive protection with input line over voltage protection

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

Features

Integrated 700 V/ 800 V avalanche rugged
CoolMOS™

Enhanced Active Burst Mode with selectable entry
and exit standby power

Digital frequency reduction for better overall
system efficiency

Fast startup achieved with cascode configuration
DCM and CCM operation with slope compensation
Frequency jitter and soft gate driving for low EMI
Built-in digital soft start

Integrated error amplifier to support direct
feedback in non-isolated flyback

Comprehensive protection with input line over
voltage protection, V.. over voltage, V.. under
voltage, overload/open loop, over temperature

All protections are in auto restart mode
Limited charging current for V.. short to GND

Applications

Auxiliary power supply for home appliances/white
goods, TV, PC & server

Blu-ray player, set-top box & LCD/LED monitor

Product validation

Fully qualified according to JEDEC for Industrial
Applications

Description

The ICE5xRxxxxAG is the 5" generation of fixed
frequency integrated power IC (CoolSET™) 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/ 800V 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 light load and 50% load. 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 ~ 25.5 V) of IC power supply and lower
power consumption. The numerous protection
functions with adjustable line over voltage protection
support the power supply system in failure situations.
All these make the 5" generation CoolSET™ series an
outstanding integrated power stage fixed frequency
flyback converter in the market.
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Output power of 5'" generation Fixed-Frequency CoolSET™
Table1 Output power of 5 generation Fixed-Frequency CoolSET™
220VAC 85-300 VAC? | 85-300 V AC?
T Pack Marki Vv F Roson?
ype ackage arking bs sw P | £20%atDCM | atDCM atccm
ICESAR47TT0AG | PG-DSO-12 5AR4TT0AG 700V | 100 kHz 4730 | 2TW 15W 16W
ICESGR4780AG | PG-DS0O-12 5GRA4T80AG 800V | 125kHz 4130 | 2715W 15W 16W
ICE5GR2280AG | PG-DS0O-12 5GR2280AG 800V | 125kHz 2130 |41w 23W 24 W
ICE5GR1680AG | PG-DSO-12 5GR1680AG 800V | 125kHz 1.530 |48W 2TW 28 W
ICESAR0680AG | PG-DS0O-12 5AR0680AG 800V | 100 kHz 0.710 68 W 40 W 42W

1 Typ. 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 0z copper single sided PCB. The output power figure is for selection purpose only. The actual
power can vary depending on particular designs. Please contact to a technical expert from Infineon for more information.
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Pin configuration and functionality
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Pin configuration and functionality

1 Pin configuration and functionality
The pin configuration is shown in Figure 3 and the functions are described in Table 2.
PG-DSO-12
VIN[C]]| 1 6-DS0 1 GND
VERR] | 2 11 | [ vcce
FBL]| 3 10 | [ -1 GATE
CSC| 4 9 |[IINC
DRAINLC] | 5 8 | LI DRAIN
DRAINLC]| 6 7 | D DRAIN
Figure 3 Pin configuration
Table 2 Pin definitions and functions
Pin Symbol | Function
1 VIN Input Line Over Voltage Protection (LOVP)

VIN pin is connected to the bus via resistor divider (see Figure 1) to sense the line voltage.
Internally, it is connected to the line over voltage comparator which will stop the
switching when LOVP condition occurs. To disable LOVP, connect this pin to GND.

2 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.

3 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.

4 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.
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Pin configuration and functionality

Pin Symbol | Function

5,6,7, | DRAIN DRAIN(Drain of integrated CoolMOS™)

8 The DRAIN pin is connected to the drain of the integrated CoolMOS™.
9 NC No connection

10 GATE Gate driver output

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

11 VCC VCC(Positive voltage supply)

The VCC pin is the positive voltage supply to the IC. The operating range is between
Vyee_orr @Nd Viee ove-

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

2 Representative block diagram

VvCC GATE DRAIN
o——

Line Overvoltage Protection Power Management

Thermal Protection

0 250 us Undervoltage Lockout S0 pis
Vvin_Love Blanking 16.0V Voltage Blanking
VIN time 10.0v Reference Bias time
100 ns
Blanking
time Autorestart

Tj < Ticon_ome~Tijrvs_ome Autorestart

Protect Vvee oveo Protect

(@)
~ &
Error Amplifier fosc > 2
P 0SC with e )2
Non- Jitter and —/ ®
Isolated Frequency 2
Detector Reduction fosc

DL g
VERR > J J '
ERR
VerR REF + Gate Driver

Gate
Diive,

Gate
Drive,

Protection and PWM Digital Control
Overload Protection

—c
Vrs e
FB

iy

In GND

Vger
Slope
Active Burst Block Comp
gl L Leatng
T Ve g cs
Wl — Burst Mode PWM les
208 Comparator a
I PWM OP
3 ﬁ\ Ves ste
Vrs_sor Current Mode \, : A
Slope Compensation/Current Limiting
Figure 4 Representative block diagram
Note: Junction temperature of the controller chip is sensed for over temperature protection. The
CoolMOS™ s 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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Functional description
3 Functional description

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

As shown in Figure 1, once the line input voltage is applied, a rectified voltage appears across the capacitor Cgys,
The pull up resistor Rsrarrup provides a current to charge the Cis (input capacitance) of CooIMOS™ and gradually
generate one voltage level. If the voltage over Ciss is high enough, CoolMOS™ on and Vcc capacitor will be
charged through primary inductance of transformer Lp, CooIMOS™ and internal diode D; with two steps
constant current source lvec_charger* @and lvcc_ charges'.

A very small constant current source (lvcc_charger) is charged to the Vec capacitor till Vec reach Vec_sce to protect the
controller from Vcc pin short to ground during the start up. After this, the second step constant current source
(Ivec_charge3) is provided to charge the Vcc capacitor further, until the Vcc voltage exceeds the turned-on threshold
Vicc_on. As shown in the time phase | in Figure 5, the Vcc voltage increase almost linearly with two steps.

VVCCA

Vice o fecmesacecacdoaeaegmcthe

VVCCﬁOFF cmea

'
chc_SCP ................. a.-.--:. .................... t

Ivce A

IVCC?Norma\ -----

0

edeccccgeccccccccccccccnchohegee

I\/CC_Chargel

IVCC,Chargez/S

'IVCC" tl t

N

Figure 5 Vcc voltage and current at startup

The time taking for the Vcc pre-charging can then be approximately calculated as:

Vee scp " Cvee . (Vvee on — Vwee scp) * Cvec (1)
tl = tA + tB = +
[VCC_Chargel IVCC_ChargeS

When the Vcc voltage exceeds the Vcc turn on threshold Vicc on at time ti, the IC begins to operate with soft-start.
Due to 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 Il). 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™. The Vcc then will reach a constant value depending on output
load.

lvee_charge1s2s3 is charging current from the controller to VCC capacitor during start up
2 lvee_normat is supply current from VCC capacitor or auxiliary winding to the CoolSET™ during normal operation

Datasheet 8of42 V2.3
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Functional description

3.2 Soft-start

As shown in Figure 6, 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 ICE5XRxxxXAG is
a digital time-based function. The preset soft-start time is tss (12 ms) with 4 steps. If not limited by other
functions, the peak voltage on CS pin will increase step by step from 0.3 Vto Vcs x (0.8 V) finally. The normal
feedback loop will take 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(ms)

Figure 6 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 Ves (see Figure 8).

3.3.1.2 Switch-off determination

In peak current mode control, the PWM comparator monitors voltage V: (see Figure 4) which is the
representation of the instantaneous current of the power MOSFET. When V; exceeds V¢, 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 7).

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_1es before detecting the voltage across Rcs to mask the
voltage spike. Therefore, the minimum turn on time of the power MOSFET is tcs_ies.

For some reason that the voltage level at V, takes 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 90f42 V2.3
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Functional description

Vi A
Ves
Vewm ; |
| | t
Gate A | L i
Ty |
-
t
Figure 7 Pulse width modulation
3.3.2 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 Geuu, then, added with an offset Vewn to become V; as
described below in below equation 3.

VCS = ID X RCS (2)
Vi = Vs * Gpwm + Vewm (3)
where, Vcs :CS pinvoltage
Ip : power MOSFET current
Res : resistance of the current sense resistor
A :voltage level compared to Vs as described in section 3.3.1.2

Gewm  : PWM-OP gain
Vewn  : Offset for voltage ramp

If the voltage at the current sense pin is lower than the preset threshold Vcs_ st after the time tcs_stc_sam for three
consecutive pulses during on-time of the power switch, this abnormal Vcs will trigger IC into auto restart mode.
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Functional description

3.3.3 Frequency reduction

Frequency reduction is implemented in ICESxRxxxxAG 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 load decreases, Vis decreases as well. Fsy is dependent on the Vig as shown in Figure 8. Therefore, Fsw
decreases as the load decreases.

Typically, Fsw at high load is 100 kHz/ 125 kHz and starts to decrease at Vs = 1.7V. There is no further frequency
reduction once it reached the foscx win even the load is further reduced.

fsw(Ves) Ves (Ves)
Vcs
1 Ves N
0.80 V

Fsw

fOSCZ/ fOSC4

125 kHz / 100 kHz

1:OSCZ_ABM/ fOSC4_ABM BM

103 kHz / 83 kHz

fOSCZ_MIN/ fOSC4_MIN

53 kHz / 43 kHz
—_— — — _l __________ VCS_BHP/VCS_BLP
. I : I 0.27V/0.22V
e I
NoBNe | : |
l' | |
| I
“ T T l P Vg
Vee_esxp Ves_oLp
05V 0.93/1.03V 135V 1.7V 273V
Figure 8 Frequency reduction curve
3.3.4 Slope compensation

ICE5xRxxxxAG 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 Vcs pin when the gate of the power MOSFET is turned on for more than 40% of the switching cycle
period. The relationship between Ves and the Vs for CCM operation is described in below equation 4:

Veg = Vs * Gpwm + Vewm + Mcomp * (Ton — 40% * Tpgrion) (4)

where, Ton : gate turn on time of the power MOSFET
Mcowe :slope compensation rate
Teerion & SWitching cycle period

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

Datasheet 11 0f 42 V2.3
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Functional description

3.3.5 Oscillator and frequency jittering

The oscillator generates a frequency of 100 kHz/ 125 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 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 9).
Thus the leading switch spike during turn on is minimized.

V V
GATE ( A)

VGATE_HIGH

—» «—typ.t=117ns
5V
t (ns)

Figure 9 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 Vcs across the current sense resistor Rcs
connected between the CS pin and the GND pin. If the voltage Vcs exceeds an internal voltage limit Vcs_n, the
comparator immediately turns off the gate drive.

The primary peak current lpeak_pri can be calculated as below:

Ipgaxk pri = Ves n/Rcs (5)

To avoid mistriggering caused by MOSFET switch on transient voltage spikes, a leading edge blanking time
(tes_es) 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 I,..« caused by the delay depends on the ratio of dI/dt of
the primary current (see Figure 10).
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------- Signal2 — Signal1
tPropagation Delay

—» [

/ IOvershooﬂ

Sense
A
IOvershootZ

Ipeak2

Ipeak1
ILimit

Figure 10 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 will result in @ minimum difference of overload protection

triggering power between low and high AC line input voltage.
Under CCM operation, the same Vcs do not result in the same power. In order to achieve a close overload

triggering level for CCM, ICE5xRxxxxAG has implemented a 2 compensation curve as shown Figure 11. 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.
VGATEA max. Duty Cycle
>
off time
Ves Propagation Delay t
A >l €—
VCS?N | 5-/_
d >
— Signalt = Signal2
t
Figure11 Dynamic voltage threshold V¢s_n

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
V2.3
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3.5 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 are explained in the following paragraphs.

3.5.1 Entering ABM operation

The sytem will enter into ABM operation when two conditions below are met:

o the FBvoltage is lower than the threshold of Vg _eeir/Vrs_esve depending on burst configuration option setup
e and a certain blanking time tes_ges

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

3.5.2 During ABM operation

After entering ABM, the PWM section will be inactive making the Vour start todecrease. As the Vour decreases, Ves
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 Ves reaches the low threshold Vee_gorr, the internal bias is reset again and the PWM section is disabled with
no switching until Vs increases back to exceed Vs _gon threshold.

In ABM, Vs is like a sawtooth waveform swinging between Veg_gorr and Vee_son Shown in Figure 12.

During ABM, the switching frequency foscx asm is 83 kHz for 100 kHz version and 103 kHz for 125 kHz version IC.
The peak current lpeax_semof the power MOSFET is defined by:

Ipgak aBm = Ves xp/Rcs (6)

where Vcs gy 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 Ves exceeds Vig g, it
will leave ABM and the peak current limitation trhreshold voltage will return back to Vcs_v immediately.

Datasheet 14 of 42 V2.3
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Entering Active Burst Mode
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Figure 12 Signals in Active Burst Mode
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3.5.4 ABM configuration

The burst mode entry level can be selected by changing the different resistance Rse at FB pin. There are 3
configuration options depending on Rse 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 3 ABM configuration option setup
. Entry level Exit level
Option Rsel Ve Ves_exp
Vee_eexp Vee_1e
<470 kQ Vig< VFB_P_BIASl - No ABM No ABM
2 720 kQ ~ 790 kQ Vs p_siasi<Vre<Vrs_p sirs2 0.22v 0.93Vv 273V
3(Default) >1210 kQ Vee> Ve p_sins2 0.27V 1.03V 2.73V

During IC first startup, the controller preset the ABM selection to Option 3, the FB resistor (Rg) is turned off by
internal switch S2 (see Figure 13)and a current source I is turned on instead.From V.= 4.44 V to V.. on
threshold, the FB pin will start to charge resistor Rse with current Ise 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 will not change the burst mode option and the
current source (Ise) is turned off while the FB resistor (Rrg) is connected back to the circuit (Figure 13).

Vdd
Isel +
UVLO S,
O S 21s
dela
O—l >O—{ R Yy [] Res
Refgmd Sl
Burstmode B

detection latch I (

Ves exe O— Select.ion < ComPare —— Vg piss:
Vee eee O— Logic logic <—— Vee P aims:

RS:{

Control unit

Figure 13 ABM detect and adjust

3.6 Non-isolated/isolated configuration

ICE5xRxxxxAG has a VERR Pin, which is connected to the input of an integrated error amplifier to support non-
isolated flyback application (see Figure 2). When V. is charging and before reaching the V.. on threshold, a
current source lerr_p_sins from VERR pin together with Re; and Re, will generate a voltage across it. If VERR voltage
is more than Vers_p_gias (0.2 V), non-isolated configuration is selected, otherwise, isolated configuration is
selected. Inisolated configuration, the error amplifier output is disconnected from the FB pin.

In case of non-isolated configuration, the voltage divider Re; and Re is used to sense the output voltage and
compared with the internal reference voltage Vers_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.

Datasheet 16 of 42 V2.3
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3.7 Protection functions

The ICE5xRxxxxAG provides numerous protection functions which 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 14, Figure 15 and Figure 16 for the waveform illustration of protection modes.

Table 4 Protection functions
Protection Functions | Normal Mode Burst Mode Protection Mode
Burst ON Burst OFF
Line over voltage \ \V N Non switch auto restart
Vcc over voltage \ \ NA! 0dd skip auto restart
Vcc under voltage \ \ + Auto restart
Overload/ open loop \J NA! NA! Odd skip auto restart
Over temperature \ N N Non switch auto restart
Vcc short to GND \ \ + No startup
3.7.1 Line over voltage

The AC Line Over Voltage Protection (LOVP) is detected by sensing bus capacitor voltage through VIN pin via
voltage divider resistors, RI1 and RI2 (Figure 1). Once Vuy voltage is higher than the line over voltage threshold
(Vuin_Love), the controller enters into protection mode until Vyy is lower than Vy_wove. This protection can be
disabled by connecting VIN pin to GND.

3.7.2 Vcc over/under voltage

During operation, the Vcc voltage is continuously monitored. If Vcc is either below Vicc_orr for 50 Us (tvec_orr_s) OF
above Vicc_ove for 55 s (tvcc_ove_s), the power MOSFET is kept switch off. After the Vcc voltage falls below the
threshold Viccorr, the new start up 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/ open loop

In case of open control loop or output overload, the FB voltage will be pulled up. When Vg exceeds Ves_orp after
a blanking time of trs_or_g, the IC enters odd skip auto restart mode. The blanking time enables the converter to
provide a peak power in case the increase in Veg is due to a sudden load increase.

3.74 Over temperature

If the junction temperature of controller exceeds Tjcon_ote, 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.

! 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 @ minimum level of lvcc_charger. 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.

Fault Fault released
detected

Y \

I . .

Start up and detect at ;SW|tch|ng start at the
. 'following restart cycle

every charging cycle |

Vee_ord

VCS

I,

Figure 14 Non switch auto restart mode
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Fault Fault released
detected

|

|

|

i Start up and detect at every
I
! charging cycle
i
|
|
|

Switching start at the
following restart cycle

VVCC A

Vee_on

Vee ofs

VCS

i,

Figure 15 Auto restart mode

Fault Fault released
detected

Start up and detect at ¢

|

|

|

! every even charging
i cycle
‘V
I
|
|
|

Switching start at the
following even restart

* cycle

No detect No detect

p—— - - ===

A
LI

Figure 16 0dd skip auto restart
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4 Electrical characteristics

Attention: All voltages are measured with respect to ground (Pin 12). 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 11 (VCC) is discharged before assembling the
application circuit. T,=25 °C unless otherwise specified.

Table 5 Absolute maximum ratings
Parameter Symbol Limit Values Unit | Note / Test Condition
Min. Max.
Drain Voltage Voram V | Tj=25°C
ICESXRxx70AG - 700
ICE5XRxX80AG - 800
Pulse drain current Ippulse A
ICESARATT0AG - 2.2¢
ICE5GR4T80AG - 2.6
ICE5GR2280AG - 5.8°
ICE5GR1680AG - 5.8°
ICE5AR0680AG - 5.8°
Avalanche energy, repetitive, tar limited Exr mJ
by max. T,=150 °C and T, start= 25 °C
ICESAR4TT0AG - 0.02 1p=0.14 A, Vpp=50 V
ICESGRA4780AG - 0.02 15=0.20 A, Vpp=50 V
ICESGR2280AG - 0.05 15=0.40 A, Vpp=50 V
ICESGR1680AG - 0.07 1p=0.60 A, Vpp=50 V
ICESARO680AG - 0.22 1p=1.80 A, Vpp=50 V
Avalanche current, repetitive,tar limited Inr A
by max. T,=150 °C and T start= 25 °C
ICE5SAR47TT0AG ] 0.14
ICE5GR4780AG - 0.20
ICE5GR2280AG - 0.40
ICE5GR1680AG - 0.60
ICE5AR0680AG - 1.80
VCC Supply Voltage Vee -0.3 27.0 v
GATE Voltage Veate -0.3 27.0 Vv
! Pulse width tp limited by Tjmax
2 Pulse width tp = 20 us and limited by Tjmax
Datasheet 20 of 42 V23
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FB Voltage Vie -0.3 3.6 Y
VERR Voltage Verg -0.3 3.6 Y
CSVoltage Ves -0.3 3.6 v
VIN Voltage Vin -0.3 3.6 v
Maximum DC current on any pin -10.0 10.0 mA | Except DRAIN and CS pin
ESD robustness HBM Vesp_nem - 2000 V | According to EIA/JESD22
ESD robustness CDM Vesp_com - 500
Junction temperature range T -40 150 °C | Controller & CoolMOS
Storage Temperature Tstore -55 150 °C
Thermal Resistance (Junction- Ambient) Rihia K/W | Setup according to the JEDEC
ICESARAT70AG - 104 standard JESD51 and using
ICESGR4780AG ) 105 minimum drain pin copper
ICE5GR2280AG i 98 areain a2 oz coppersingle
ICE5SGR1680AG - 95 sided PCB
ICE5AR0680AG - 9%
4.2 Operating range
Note: Within the operating range, the IC operates as described in the functional description.
Table 6 Operating range
Parameter Symbol Limit Values Unit | Remark
Min. Max.
VCC Supply Voltage Vvee Wee orr | Ve ove
Junction Temperature of Ticon_op -40 Ticonore | °C | Maxvalue limited due to OTP
controller of controller chip
Junction Temperature of CoolMOS |  Tjcoomos_op -40 150 °C
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 7 Operating conditions
Parameter Symbol Limit Values Unit | Note / Test Condition
Min. | Typ. | Max.
VCC Charge Current Icc_charger | -0.35 | -0.20 | -0.09 | mMA | Vicc=0V, Rstartup=50 MQ and
Voran=90 V
Ivec_charge: - -3.2 - MA | Vwee=3V, Rstartup=50 MQ and
Voran=90 V
Ivee_charges -5 -3 -1 MA | Vwec=15V, Rstartup=50 MQ
and Vpran=90V
Current Consumption, Startup Current | Ivcc_startup - 0.25 - MA | V=15V
Datasheet 21 0f42 V2.3
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Current Consumption, Normal Ivee_Normal - 0.9 - mA | Irs=0 A (No gate switching)
Current Consumption, Auto Restart Ivee_ar - 410 - UA
Current Consumption, Burst Mode - Ivee_surst - 0.54 - mA
Isolated Mode_ISO
Current Consumption, Burst Mode - Ivee_surst - 0.61 - mA
Non-Isolated Mode_NISO
VCC Turn-on Threshold Voltage Wee_on 153 | 16.0 | 16.5 v
VCC Turn-off Threshold Voltage Wee_orr 9.4 10.0 | 104 v
VCC Short Circuit Protection Woce scp - 1.1 1.9 v
VCC Turn-off blanking tcc ofF B - 50 - s
4.4 Internal voltage reference
Table 8 Internal voltage reference
Parameter Symbol Limit Values Unit| Note / Test Condition
Min. Typ. Max.
Internal Reference Voltage Vrer 3.20 3.30 3.39 Measured at pin FB Iz=0 A
4.5 PWM section
Table 9 PWM section
Parameter Symbol Limit Values Unit | Note/Test
Min. Typ. Max. Condition
Fixed Oscillator Frequency - fosc 117 125 133 kHz
125 kHz foscz 119 125 131 kHz |T;=25°C
Fixed Oscillator Frequency - foscs 92 100 108 kHz
100 kHz foscs 94 100 106 kHz |T,=25°C
Fixed Oscillator Frequency - fosca_aem 91 103 114 kHz T;=25°C
125 kHz (Active Burst Mode)
Fixed Oscillator Frequency - fosca_agm 71 83 % kHz T;=25°C
100 kHz (Active Burst Mode)
Fixed Oscillator Frequency - fosca mn 46 53 61 kHz Tj=25°C
125 kHz (Minimum Fsw)
Fixed Oscillator Frequency - fosca_mm 36 43 51 kHz T;=25°C
100 kHz (Minimum Fsw)
Frequency Jittering Range Furrer - +/-4 - % Tj=25°C
Frequency Jittering period Tyrrer - 4 - ms Tj=25°C
Maximum Duty Cycle Duax 70 75 80 %
Feedback Pull-Up Resistor Res 11 15 20 kQ
PWM-OP Gain Gpwm 191 2.03 2.16
Offset for Voltage Ramp Vowm 0.42 0.50 0.58 v
Slope Compensation rate - Mcome 52.5 61.0 68.0 mV/us |Ves=0V
125 kHz
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Slope Compensation rate - Mcowp 41 50 58 mV/us | V=0V
100 kHz
4.6 Error amplifier
Table 10 Error amplifier
Parameter Symbol Values Unit | Note/Test
Min. | Typ. | Max. Condition
Transconductance Gerr_m 2.14 2.80 3.44 mA/V
Transconductance - Burst Mode Gerr_gMm 6.9 9.2 11.6 | mA/V
Error Amplifier Source Current Jerr_source 85 150 223 LA
Error Amplifier Sink Current lerr_sink 85 150 223 LA
Error Amplifier Reference Voltage Vere_rer 1.76 1.80 1.84 \Y
Error Amplifier Output Dynamic Verr_ow 0.05 - 3.15 v
Range of Transconductance
Error Amplifier Mode Bias Current lere P Bias 9.5 14.0 18.5 LA
Error Amplifier Mode Threshold Verr p sias 0.16 0.20 0.24 Vv
4.7 Current sense
Table 11 Current sense
Parameter Symbol Limit Values Unit | Note/ Test Condition
Min. Typ. Max.
Peak current limitation in Vs n 0.72 0.80 0.88 v AVsense/dt =0.41V/ s
normal operation
Peak current limitation in Vs nis 0.74 0.79 0.84 v
normal operation, 15% of Tow
Leading Edge Blanking time tes_Les 70 220 365 ns
Peak Current Limitation in Ves_gHp 0.23 0.27 0.31 \
Active Burst Mode - High Power
Peak Current Limitation in Ves pLp 0.18 0.22 0.26 v
Active Burst Mode - Low Power
Abnormal CS voltage threshold Ves.sre 0.06 0.10 0.15 v
Abnormal CS voltage Pcs_ste - 3 - cycle
Consecutive Trigger
Abnormal CS voltage Sample tes ste_sam | teerion * | teerion * | teerion ¥ us
period 0.36 0.4 0.44
4.8 Soft start
Table 12 Soft start
Parameter Symbol Limit Values Unit | Note/ Test Condition
Min. ‘ Typ. ‘ Max.
Datasheet 23 0f 42 V2.3

2020-02-03



Fixed Frequency 700 V/800 V CoolSET™ - in DSO-12 Package

(infineon

Electrical characteristics

Soft-Start time tss 7.3 120 - ms
Soft-start time step tss_s' - 3 - ms
CS peak voltage at first step of Vssi? - 0.30 - v CS peak voltage
soft start
Step increment of CS peak Vss s' - 0.15 - Y CS peak voltage
voltage in soft start
4.9 Active Burst Mode
Table 13 Active Burst Mode
Parameter Symbol Limit Values Unit | Note / Test Condition
Min. Typ. Max.
Charging current to select burst Isel 2.5 3.0 3.5 HA
mode
Burst mode selection reference Vrs_p_siasi 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 Vee_eerp 0.98 1.03 1.08 Vv
ABM for high power
Feedback voltage for entering Ves_eaLe 0.88 0.93 0.98 v
ABM for low power
Blanking time for entering tre ees - 36 - ms
Active Burst Mode
Feedback voltage for leaving Vee s 2.63 2.73 2.83 Y
Active Burst Mode
Feedback voltage for burst-on Vrs_Bon_iso 2.26 2.35 2.45 v
- Isolated Case
Feedback voltage for burst-off Vrs_Boff_iso 1.88 2.00 2.05 v
- Isolated Case
Feedback voltage for burst-on Vrs_Bon_Niso 1.88 1.95 2.05 v
- Non-Isolated Case
Feedback voltage for burst-off Veg_ poff niso | 1.50 1.55 1.64 v
- Non-Isolated Case
4.10 Line over voltage protection
Table 14 Line OVP
Parameter Symbol Limit Values Unit| Note / Test Condition

Min. ‘ Typ. ‘ Max.

! The parameter is not subjected to production test - verified by design/characterization

2The parameter is not subjected to production test - verified by design/characterization
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Line Over Voltage threshold Win_Lovp 2.75 2.85 2.95 \
Line Over Voltage Blanking tun_Lovp_B - 250 - us
4.11 Vcc over voltage protection
Table 15 Vcc over voltage protection
Parameter Symbol Limit Values Unit| Note / Test Condition
Min. Typ. Max.
VCC Over Voltage threshold Wec_ove 24.0 255 27.0 Y
VCC Over Voltage blanking tucc_ovp_s - 55 - TS
4.12 Overload protection
Table 16 Overload protection
Parameter Symbol Limit Values Unit | Note / Test Condition

Min. Typ. Max.

Over Load Detection threshold for Ve oLp 2.63 2.73 2.83 v
OLP protection at FB pin

Over Load Protection Blanking tre_op B 30 54 - ms
Time
4.13 Thermal protection
Table 17 Thermal protection
Parameter Symbol Limit Values Unit| Note / Test Condition
Min. Typ. Max.
Over temperature protection Ticon_otp" 129 140 150 °C | Junction temperature of
. the controller chip (not the
Over temperature Hysteresis T - 40 - °C
P Y —— 10T CoolMOS™ chip)
Over temperature Blanking Time Ticon_oTP_B - 50 - us
4.14 CoolMOS™ section
Table 18 ICE5XRxxxxAG
Parameter Symbol Limit Values Unit| Note / Test
Min. | Typ. | Max. Condition
Drain Source Breakdown Voltage Vieripss V | Tj=25°C
ICE5XRxX70AG 700 - -
ICE5XRxx80AG 800 - -
'The parameter is not subjected to production test - verified by design/characterization
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Drain Source On-Resistance (inclusive of low Roson Q
side MOSFET)
ICE5AR47T0AG - 4.73 5.18 Tj=25°C

- 8.73 - Tj=125°C at I =0.4A
ICE5GR4780AG - 4.13 4.85 Tj=25°C

- 8.69! - Tj=125°C at [p =0.4A
ICE5GR2280AG - 2.13 2.35 Tj=25°C

- 431! - Tj=125°C at Ip =1A
ICE5GR1680AG - 1.53 1.75 Tj=25°C

- 3.01! - Tj=125°C at b =1.4A
ICE5AR0680AG - 0.71 0.80 Tj=25°C

- 1.27* - Tj=125°C at Ip =2A
Effective output capacitance, energy related* Cofer pF
ICESAR4TT0AG - 3.4 - Ves=0V, Vbs=0~480V
ICESGR4T80AG 3 - Ves=0V, Vbs=0~500V
ICE5GR2280AG 7 - Ves=0V, Vbs=0~500V
ICE5SGR1680AG - Ves=0V, Vbs=0~500V
ICESAR0680AG - 24 - Ves=0V, Vbs=0~500V
Rise Time tise” - 30 - ns
Fall Time trat - 30 - ns

The parameter is not subjected to production test - verified by design/characterization
2Measured in a typical flyback converter application

Datasheet 26 of 42 V2.3
2020-02-03



o _.
Fixed Frequency 700 V/800 V CoolSET™ - in DSO-12 Package In f| neon

CoolMOS™ performance characteristics

TM o L3
5 CoolMOS™ performance characteristics
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Figure 17 Safe Operating Area (SOA) curve for ICESAR4770AG
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Figure 18 Safe Operating Area (SOA) curve for ICESGR4780AG
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Safe Operating Area for ICESGR2280AG
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Figure 19 Safe Operating Area (SOA) curve for ICE5GR2280AG
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Safe Operating Area for ICESAR0BB0AG
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Figure 21 Safe Operating Area (SOA) curve for ICE5AR0680AG
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Figure 22 Power dissipation of ICE5AR4770AG; P..=f(T.), (Maximum ratings as given in section 4.1
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Figure 23 Power dissipation of ICE5GR4780AG; P.«=f(T.), (Maximum ratings as given in section 4.1
must not be exceeded)

Allowable power dissipation for ICESGR2280AG

12

1 N

0.8

0.6

0.4 ‘\
N

0.2 \

N\

~N

Allowable power dissipation, Ptot [W]

0 20 40 60 80 100 120 140
Ambient temperature, T, [ C]

Figure 24 Power dissipation of ICE5GR2280AG; P.«=f(T.), (Maximum ratings as given in section 4.1
must not be exceeded)
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Allowable power dissipation for ICESGR1680AG
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Figure 25 Power dissipation of ICE5GR1680AG; P.«=f(T.), (Maximum ratings as given in section 4.1
must not be exceeded)
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Figure 26 Power dissipation of ICE5AR0680AG; P..=f(T.), (Maximum ratings as given in section 4.1
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Figure 27 Drain-source breakdown voltage ICESXRXX70AG; Vegr(pss)=f(T,), Ib=1 mA
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Figure 28 Drain-source breakdown voltage ICE5XRxX80AG; Ver(pss)=f(T3), Io=1 mA
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Figure 29 Typical CoolMOS™ capacitances of ICE5AR4770AG (C=f(Vps);Ves=0 V; f=1 MHz)
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Figure 30 Typical CoolMOS™ capacitances of ICESGR4780AG (C=f(Vps);Ves=0 V; f=250 kHz)
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Figure 31 Typical CoolMOS™ capacitances of ICE5GR2280AG (C=f(Vps);Ves=0 V; f=250 kHz)
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Figure 32 Typical CoolMOS™ capacitances of ICE5GR1680AG (C=f(Vps);Ves=0 V; =250 kHz)
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Figure 33 Typical CoolMOS™ capacitances of ICESAR0680AG (C=f(Vps);Ves=0 V; =250 kHz)
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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 section 4.1.

Output power curve of ICESAR47T70AG (85~300VAC atDCM) Output power curve of ICESAR4TT0AG (85~300V AC atCCM)
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Figure 34 Output power curve of ICESAR4770AG
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Output power curve of ICE5GR4780AG
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Figure 37 Output power curve of ICE5GR1680AG
Output power curve of ICE5AR0680AG (85~300VAC at DCM) Output power curve of ICESAR0680AG (85~300VAC at CCM)
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7 Outline dimension
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