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Features

The ICL88xx family of single stage flyback controllers for constant voltage output offers power factor correction
(PFC) and low total harmonic distortion (THD) from low to full load conditions.

General features ICL8800, ICL8810, ICL8820

«  Constant voltage (CV) output flyback topology

«  Optimized for high power factor (HPF) flyback topology with secondary side regulation (SSR) operation,
primary side regulation (PSR) possible

«  Supports universal input voltage (90 Vjc to 300 Vyc, 45 Hz to 66 Hz) and DC input voltage operation
«  High power factor and low THD, across wide AC input voltage and output load range

«  Quasi-resonant mode (QRM) operation with continuous conduction mode (CCM)-prevention and valley
switching discontinuous conduction mode (DCM) in mid to light load

« Adjustable on-time mapping at valley changing position, for the desired maximum operating switching
frequency

+  Adjustable maximum on-time - limits input power and current allowing safe-operation under low line
condition

«  Comprehensive set of protections:

- internal overtemperature protection (OTP)

- flyback output overvoltage protection (OVP)

- primary side overcurrent protection (OCP)

- brownin protection

- brownout protection

- VCC overvoltage protection

- open loop protection

- input overvoltage protection
«  Soft start to reduce component stress during turn-on
+  External start-up circuit control signal
+  Reduced gate driver voltage during start-up sequence, to allow smaller VCC capacitance for faster start-up
Additional features ICL8810, ICL8820

+  Burst mode for very light loads and low system standby power consumption

«  VCC wake-up burst operation, to maintain sufficient W,c in burst mode

+  Reduced gate driver voltage in burst mode, to reduce gate charge loss, for lower standby power
Additional features ICL8820

« Jitter function for DC input, to ease electromagnetic interference (EMI) test compliance for emergency
lighting

Potential applications

+ Battery chargingup to 125 W
+ Home appliances
+  LEDdrivers, smart lighting, emergency lighting

Datasheet Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 3.0
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Potential applications
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Figure 3 Flyback-PSR-CV

Product type Package Marking Ordering code
ICL8800 PG-DSO-8 L8800 SP003135776
ICL8810 PG-DSO-8 L8810 SP005418406
ICL8820 PG-DSO-8 L8820 SP005418407
Product validation

Qualified for applications listed above based on the test conditions in the relevant tests of JEDEC20/22.

Datasheet

Rev. 3.0
2023-09-25




o~ _.
ICL88xx Infineon
Datasheet for ICL8800, ICL8810 and ICL8820

Description

Description

The ICL88xx is a voltage mode controller for flyback topologies operating in QRM and valley switching DCM that
provides high power factor and efficiency. The flyback controller is capable of controlling SSR-CV and PSR-CV
topologies. Offering a wide usage in low cost applications where a PFC functionality in dual stage topologies is
required.

For lighting applications, the IC offers a wide power range as well as a comprehensive set of protections,
including a power limitation. The IC is easy to design in and requires a minimum number of external
components.

The system performance and efficiency, especially in light load conditions, can be optimized using Infineon
CoolMOS™ P7 power MOSFETs.

ICL8810 and ICL8820

The integrated burst mode function allows designs with a very low standby power consumption during standby
mode and very light loads.

ICL8820

The jitter function eases the design of emergency lighting LED drivers without additional circuitry to improve
EMI performance.

Datasheet 4 Rev. 3.0
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1 Pin configuration

Pin configuration
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Figure 4

Table 1

Pin configuration

Pin definition and function

Symbol

Pin

Function

ZCDh

Zero crossing detection

This pin is connected to an auxiliary winding via a series resistor to detect the zero
crossing, for QRM valley switching. This series resistor value can be adjusted to configure
the on-time mapping and maximum on-time.

A

Feedback sensing
This pin measures the feedback signal in the form of load current, for output regulation
with voltage mode control.

VIN

Input voltage detection

This pin is used to detect AC or DC input for frequency jitter function, and measure the
rectified input voltage via a resistor divider for the power limitation function, brownin,
brownout and input overvoltage protection.

D

THD correction

The resistance to ground Rp of this pin adjusts the THD correction gain and the turn-on
delay upon zero crossing detection for QRM valley switching. The internal pull-up of this
pin can also be used to control an external start-up circuit for active V¢ charging.

)

MOSFET current sense and flyback output overvoltage protection

This pin is used for primary side overcurrent protection. The series resistance (connected
between this pin and the primary MOSFET current shunt resistor) can be used to adjust
the flyback output over-voltage protection level.

GD

Gate driver
This pin controls the gate of the MOSFET.

GND

Ground
This pin is connected to ground and represents the ground level of the IC for the supply
voltage, gate driver and sense signals.

vce

Operating voltage supply
This pin supplies the IC.

Datasheet

T Rev. 3.0
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2 Block diagram

2 Block diagram
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3 Functional description

3 Functional description
These sections describe the listed functions in detail.

3.1 Start-up

In the pre-start-up phase, ICL88xx measures the TD pin resistance to ground Ryp, the average VIN pin voltage
Win,avg, @nd its internal junction temperature T;. If the conditions for start-up are met, ICL88xx initiates a soft
start, to reduce the component stress during start-up.

After the soft start is completed without any protection triggering, ICL88xx enters the RUN state for output
regulation based on VS pin signal sensing.

Note: The reduced gate driver voltage Vgpreq (7 V typ.) is applied during start-up.

3.2 TD pin internal pull-up and external start-up circuit control

Apart from charging the W,cc from the HV bus voltage via the current limiting resistor in Figure 1 and Figure 3,

ICL88xx TD pin also supports the control of an exemplary external start-up circuit in Figure 6 for active V¢

charging, with the following typical start-up sequence:

1. When ICL88xx is in the undervoltage lockout (UVLO) state and Wycc < Wyccon (12.5 V typ.), the TD pin
internal pull-up is disabled.

2, W is charged to Wccon by the external start-up circuit, to activate ICL88xx.

3. In the pre-start-up phase, ICL88xx enables the TD pin internal pull-up resistor of Ryp ryn (10 kQ typ.) and
Rrp flyback (40 kQ typ.) sequentially, to measure the TD pin resistance to ground of Ryp.

4, If the start-up conditions are met and the start-up is successful, Rrp ryn is enabled in the soft start phase
and in RUN state, to disable the external start-up circuit from charging the Vycc. If any protection is
triggered, ICL88xx enters UVLO state (returns sequence number 1) after a restart timer is expired.

Note: The internal voltage reference for the TD pin internal pull-up, Vger is typically 3.3 V.

Note: For ICL8810 and ICL8820, Rrp ryn is disabled in burst mode when VCC drops to Vyccwake (7.6 V typ.), to
allow the external start-up circuit to charge Vycc to Vyccpurst (8-1 V typ).

Figure 6 shows the equation for Ryp calculation when the exemplary start-up circuit is connected to the TD pin.
The Rp detected in the pre-start-up phase must be designed to be at least 27 kQ when TD pin is internally
pulled up by Rrp run, and not more than 68 kQ when TD pin is internally pulled up by Rrp fiyback- The is to
activate the VS pin load current sensing for output regulation and stay within the TD configuration limit.

VBUS <600V

_________________________

TD,source !

i
| ' Vrp
! Rrp = i
! TD,source
Vee GNIiDi
Figure 6 Exemplary external start-up circuit for active Vycc charging, and Ryp generic equation
Datasheet 9 Rev. 3.0
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3 Functional description

3.3 Input voltage detection and protection

ICL88xx detects the AC or DC amplitude based on the ADC sampling of the VIN pin voltage. For the power
limiting function, brownin and brownout protections, the controller measures the average VIN pin voltage
Win,avg based on the middle value of the highest VIN pin voltage sample and the lowest VIN pin voltage sample
within an observation time. The observation time in RUN state is around 10.6 ms and 12.7 ms, based on the last
synced AC line frequency of 50 Hz and 60 Hz, respectively.

Note: In case of non-line-syncing, the observation time is around 10.6 ms. For example, non-line-syncing can
happen when the system is started up with a DC input.

C
L
Primary
HV bus
voltage
N
O—
A4 AV
VIN
—]

Figure 7 Vi pPin circuit

In addition, the ICL88xx VIN pin has an input overvoltage threshold of Vi noy (2.0 V typ.) and a short protection
with a threshold of V4 nshort (200 mV typ.).

During operation, if a sampled VIN pin voltage VN < Winshort IS detected for more than a blanking time, the VIN
pin short protection is triggered. If the W,y < Wnshort cONdition remains after the VIN pin short protection restart
time of trestart (200 ms typ.), the brownin protection is triggered based on Vyy ayg < Vg detection instead. This
leads to a fast restart cycle of trestart fast (25 ms typ.) afterwards.

By pulling down the VIN pin signal to a level that triggers the VIN pin short protection or brownout protection,
ICL88xx gate pulse generation can be disabled and the controller current consumption can be lowered.

3.4 ZCD pin signal sensing

ICL88xx ZCD pin detects the auxiliary winding voltage zero-crossing via a ZCD series resistor of Rzcp connected
to the winding. A zero-crossing is detected with the hysteresis of Vz¢cpyp (55 mV typ.) and Vzcppown (45 mV typ.)
thresholds.

In QRM, ICL88xx counts the number of zero crossings until the target number is reached, and switches on at the
valley to minimize the switching loss. If the target number is not reached and further zero crossing signals are
not detectable via ZCD pin, zero crossing events can be generated internally by extrapolation. Figure 8 shows an
example of the 15t zero crossing detection and the 15t valley switching in QRM operation.

Datasheet 10 Rev. 3.0
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Figure 8 Exemplary waveform of QRM operation with 15t zero crossing detection and 15t valley
switching

Rzcp limits the ZCD pin sink and source currents when the auxiliary winding voltage exceeds the ZCD pin
internal clamping levels Vzcppclp (0.55 V typ.) and Vzcpnelp (-0.5 V typ.), respectively. When the sensed voltage
level of the auxiliary winding is not sufficient (for example, during start-up), an internal start-up timer initiates
a new cycle every trep, (52 ps typ.) after turn-off of the gate driver. From the ZCD pin sink and source currents,
ICL88xx detects the ZCD pin positive peak settled clamping current /zcp,cp and negative peak settled clamping
current Izcpnclp, for its internal operations, such as THD correction and flyback output overvoltage protection.

VAUXp - VZCDpclp
Rzep

IZCDpclp =

Equation1

[V auxnl = |V zepneip

Izcpnel p= Rycp

Equation 2
Where Vayxp and Vayx, are the positive peak and negative peak values, respectively, of the settled auxiliary
winding voltages, as shown in Figure 8.

In addition, ICL88xx derives the ZCD pin peak to peak settled clamping current /zcpc|, based on the sum of
Izcppelp @nd Izcpnclp, for its internal operations, such as pulse generation and power limitation.

Izcpep = Izeppelp + Lzepnelp

Equation 3

Datasheet 11 Rev. 3.0
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3.5 Power factor correction and THD correction

In RUN state, ICL88xx achieves power factor correction, when the VS pin feedback signal maps to a stable
operating point in QRM. Additionally, ICL88xx THD correction function extends the on-time, especially when it is
near AC input voltage zero crossing, to optimize the AC input current waveform.

As shown in Figure 9 area A, ICL88xx increases the on-time extension near AC input voltage zero crossing, where
Izconclp is less than 80% of Iz¢ppclp-

The gain of the THD correction on-time extension is configurable based on the detected TD pin resistance to
ground Ryp in the pre-start-up phase. Since the THD correction on-time extension also affects the turn-on delay
upon zero crossing detection, the Ryp value has to be fine-tuned manually for a given system, to achieve a
balance between the QRM valley switching point optimization and THD correction.

Primary A
HV Bus
voltage

Rectified
AC Input Voltage

o\
(&)

0

ZCD pin settled
clamping current

lzcopeip

0

-lzconcip & -80%: lzcopcip-J- o SSLLL A HH A A

GD pin
voltage
signal |

: LA RAS

| t
Gate signal (gray) controlled by VS pin load current
Gate signal (blue) controlled by lzcopdp and lzcondp
Figure 9 ICL88xx THD correction with on-time extension near AC input voltage zero crossing

If the TD pin is only used for THD correction gain configuration, but not for other purpose like controlling an
external start-up circuit, a resistor can be connected from 7D pin to ground, and simply fine-tuned between 27
kQ and 68 kQ.

If there is any circuit more than just a resistor connected between TD pin and ground, the following generic
equation for Ryp calculation is applied:

Vrp

Rrp=+7—""—"
Isource, TD

Equation 4

Datasheet 12 Rev. 3.0
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Where Vyp is the TD pin voltage with reference to ground and Isoyce1p is the current flowing out of 7D pin, when
the internal pull-up resistor of Rrp ryn OF Rrp fiyback IS €nabled in the pre-start-up phase.

The minimum Ryp value for TD configuration and to activate the VS pin load current sensing for output
regulation in RUN state is 27 kQ, when TD pin is internally pulled up by Rrp ryn in the pre-start-up phase.

The maximum Ryp value for TD configuration is 68 kQ, when TD pin is internally pulled up by Rrp fiyback in the
pre-start-up phase.

3.6 VS pin signal sensing

In RUN state, ICL88xx measures the feedback signal for output regulation based on the ADC sampling of the VS
pin load current. When operating in QRM with AC input, ICL88xx also synchronizes some of its operation to the
line frequency or AC half cycle, when the VS pin load current ripple is large enough.

To activate the VS pin load current sensing for output regulation in RUN state, a 12 kQ resistor must be
connected from the VS pin to ground, and Ryp must be at least 27 kQ when TD pin is internally pulled up by
Rtp,run in the pre-start-up phase.

For secondary side regulation, the VS pin load current consists of the current flowing through the opto coupler
and the 12 kQ resistor. When the VS pin load current is -\;sapcmin (210 HA typ.) or less, the power transfer is
maximum. When the VS pin load current is -lysapcmax (610 HA typ.) or more, the power transfer is minimum.

VS pin 50002
1 —1
|_| | S |
current
detection
—~— - 12 kO
¥y~4 |
1.6V
opto J-
couplar
Figure 10 VS pin load current sensing based on secondary side regulation
Datasheet 13 Rev. 3.0

2023-09-25



ICL88xx infineon

Datasheet for ICL8800, ICL8810 and ICL8820

3 Functional description

3.7 Operating modes
In RUN state, ICL88xx operates in either QRM or burst mode. Burst mode applies to ICL8810 and ICL8820 only.

Quasi-resonant mode (QRM)

QRM maximizes the efficiency and minimizes the EMI by turning on the power switch at the drain voltage valley.

ICL88xx controls the on-time and valley number in QRM. When the valley number changes, the controller
compensates the QRM on-time to achieve a relatively constant power transfer for a smooth transition.

Figure 11 areas highlighted in blue show the on-time compensation effect (in zig-zag pattern) when, for
example, the QRM valley number is increased from 1 to 2, from 2 to 3, and from 3 to 4. When the relative power
is further decreased, the on-time compensation continues at higher valley changing position (in smaller zig-
zag), until it reaches the maximum valley number of 32. To ensure the QRM switching frequency reduction stays
above the audible range, the QRM off-time is limited to a maximum value of tog (47 ps typ.).

Increasing the ICL88xx valley number ensures that the system-dependent QRM remains below a certain limit, to
achieve a high efficiency and low EMI spectrum over a wide operating range.

l QRM QRM
Burst mode |
- valley 2 to 32 valley 1
| J\l\j\
I
1
| | / _',rr .
= j ! Switching
'~ 1 1
z = —— / : /r'.‘ : frequency
e [ ]
§2% i :
§E2z 10000 — — —
= oé- ."2: 1 1
.% - i Vatley
g ° : number _ 4
& , 3
1 4 Y
1.000 - —— . — SR - . —3—7—2—7—177 —
| | LA !
— — 1 1
1 1 1
1 |
1 1
1 |
0.100 - = - ! ! |
0.0001% 0.0010% 0.0100% 0.1000% 1.0000% 10.0000% 100.0000%
Relative power
Figure 11 Exemplary switching characteristics versus relative power, with on-time

compensation for valley changing (burst mode applies to ICL8810 and ICL8820 only)

Burst mode for ICL8810 and ICL8820

Burst mode transfers lesser power than QRM, to support light loads and no load/standby operation.

To achieve a low standby power, the controller sleeps during burst pause, to reduce its current consumption. In
addition, the controller operates in burst mode with a reduced gate driver voltage level of Vgpeq (7 V typ.), to
minimize the gate charge loss.

The controller wakes up at a regular repetition frequency fake reg, to do the burst pulsing based on the
measured VS pin load current signal, and goes to sleep during burst pause, as shown in Figure 12.

fwake,reg IS @pproximately four times the last synced input line frequency. For example, fyake reg is @around 240 Hz,
if the last synced input line frequency is 60 Hz.

Datasheet 14 Rev. 3.0
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Note: In case of non-line-syncing happened before entering the burst mode, fyake reg = 200 Hz typ. is applied.
For example, non-line-syncing can happen when the system is supplied with a DC input or when the
VS pin load current ripple is very small at low load.

VS pin
Load @
current
measure @ @
measure

measure

ol ® O ®
wake \ \ wake

| |
| |
A Vsleep WA Weleep

up /I /sleep u /] up /]
| | |
[ [ : t
[
GD pin : @ | @ [
Vggsagle :pulsing :pulsmg :pulsing
e g t
" >
1/fburst= 1/fWake,reg 1/fburst= 1/fWake,reg
Figure 12 Illustration of ICL8810 and ICL8820 burst mode with regular wake-up interval

To maintain sufficient V,cc in burst mode, the controller operates with the following two mechanisms:

+ Instead of waking up based on the regular e reg, @ higher priority VCC wake-up threshold can trigger a
burst start if Vycc drops to Wecwake (7.6 V typ.). The controller continues the burst pulsing until Vycc =
Weceburst (8-1 \ typ-)-

+ The TD pininternal pull-up resistor is disabled when Vy,cc drops to Wccwakes t0 allow an external start-up
circuit to charge W to Wechurst-

As a result, the burst cycle 1/fy,s; does not necessarily follow 1/fy e reg » @ shown in Figure 12. The burst cycle
can be extended by an integer times of 1/fyake, reg in case of a burst pulse skipping, or can be reduced by a
portion of 1/fy e reg iN Case of a VCC wake-up burst triggering, or from a combination of both effects.

Attention: The VCC wake-up burst control mechanism is intended to work with the VCC voltage supply via
the ZCD winding. In case of the VCC voltage is supplied via a winding voltage, which follows a
certain ratio of the primary bus voltage, it is a must to ensure that the VCC voltage during burst
mode is always higher than Vyccpurst maximum value (9.1 V maximum) by a sufficient margin,
especially when the input voltage is low and close to brownout level, so that the VCC wake-up
burst mechanism can be avoided, to achieve a good output regulation.

Datasheet 15 Rev. 3.0
2023-09-25



ICL88xx infineon

Datasheet for ICL8800, ICL8810 and ICL8820

3 Functional description

3.8 Pulse generation
In RUN state, the ICL88xx maps the measured VS pin load current to the virtual pulse length, valley number and
burst duty cycle, as shown in Figure 13.

These internal parameters are processed together with the power limitation and frequency jitter parameters,
and fed to the pulse generation and THD correction function block, as shown in the Block diagram.

Note: The pulse generation for burst mode applies to ICL8810 and ICL8820 only. Frequency jitter applies to
ICL8820 only.
Ty vSADCmin = 20HS v
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10us Jeeeeeeai .......... ........... ........... i..Mmode
Hiee ........... ........... ........... L,
; : lzcpep = 1.2 MA ; i
b W P e e Tt i S e
= : . ; : . : ;
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il [ S A S R S S R
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Figure 13 Virtual pulse length mapping (based on Izcp, = 1.2 mA as an example), valley number

mapping and burst mode mapping (burst mode applies to ICL8810 and ICL8820 only)
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Virtual pulse length mapping and its use case

The virtual pulse length mapping is an illustrative on-time mapping which excludes:

+ the system-dependent on-time compensation effect for valley number change (see Figure 11)

+ the on-time extension effect for THD correction (see Figure 9)

+ the power limiting effect on the maximum on-time (to be explained in this chapter)

« thevirtual pulse length modulation effect from the DC input frequency jitter function - applies to ICL8820
only (to be explained in this chapter)

« the minimum gate pulse length limit by the pulse generation block

The virtual pulse length mapping shown in Figure 13 is not static.

It shifts vertically based on the ZCD pin peak to peak settled clamping current /zcpcip, Which is dependent on the

Rzcp, transformer winding turns ratio, operating input and output voltages.

As shown in Figure 14, a different Iz¢cpp level leads to a change on the virtual pulse length at every valley-
changing position, including the burst mode entry position. It means when the input voltage is lower or when
Rzcp value is increased for example, a decrease of Iz¢p|p l€ads to the relative on-time decrease at every valley-
changing position, including the burst mode entry position. And vice-versa.

g 2 3 3 H

€. 5. 3. 8. -

2. & 3 c g ' 2
Ty vsaDCmin > 20 HS ’ . : : :
Ty 1vsaDcmin = 20 IS ' v : . :
< 20 us L] L] :
10ps Z i ' V ' ;
_"-;;-’. " " [ " ¥
4ps ' :
] ]
T : :
£ : X
g 1]
o 1ps '
o )
ﬂ 1]
3 L]
g L]
© '
£ 400ns .
¥ :
200ns | - - ;

\
100ns \
40ns -
20ns . - . -
-lvsaDCmin -lvsADCmax

(210 pA typ.) (610 pA typ.)
VS load current
(50 pA typ. per division)
Figure 14 Effect of I;cpcip change on the virtual pulse length mapping

As an example, the virtual pulse length mapping based on /zcpcp = 1.2 mA in Figure 14 is derived based on the
following steps:
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1. Based on Izcplp = 1.2 MA, obtain 7, jysapcmin = 20 ps from Figure 15.

2. Mark 7, ysapcmin = 20 s on the y-axis, and take it as the starting point for the virtual pulse length
mapping curve plot, which is relatively well exponential in the range from 20 us to 1 us, with a halving of
the pulse length per 50 yA VS pin load current increase.

For example, another practical use case of the virtual pulse length mapping is to estimate the minimum on-

time of the QRM 1%t valley switching (approximately 10% of 7, ysapcmin), to estimate the system maximum

switching frequency.

Note: When the valley number is higher than 1 in QRM, or when in burst mode, the virtual pulse length
mapping value should not be taken directly as the estimated on-time, since it excludes the on-time
compensation effect for valley number change.

25
Recommended current range for
full power
20
)
= 15
2 10
Y
[
5
0
0] 0.2 0.4 0.6 0.8 1 1.2 1.4
Izcpeip (MA)
Figure 15 Virtual pulse length at lysapcmins Tv,ivsabcmin Versus ZCD peak to peak settled clamping

cu rrent, IZCDCIP

Power-limitation and maximum on-time

The ICL88xx power limitation features limit the maximum on-time toy max based on:

1
VVIN,avg) 125

23.058 . ln( 04

tON, max ~ Ty, [VSADCmin * MiN| 1,

Equation 5

For ton,max €stimation, it is important to note that 7, jysapcmin changes with different Wy 5y, level, when the
input voltage detection circuit in Figure 7 is applied. This is because 7, jysapcmin is scaled depending on /zcpcp in
Figure 15, while /zcpp is dependent on the input voltage, as explained in ZCD pin signal sensing.

ton,max is applied when the VS pin load current is lyston sat OF lower, where lysion sat Can be estimated based on:

%
—Iyston sat & —Iysapcmin + max[O, 152.9 - ln(%) - 62.5] .107°

Equation 6
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Figure 16 shows the virtual pulse length with the power limiting maximum on-time effect, when Vyy 4y is 0.65
V,1.0V, 1.5V and 1.9V, respectively.
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Figure 16 Virtual pulse length mapping with power limiting maximum on-time effect

When Vy ayg is in the range from the brownout level (0.44 V typ.) to approximately 0.6 V, the power limitation is
disabled, where ton max = Tv,ivsADCmin-

When Vy avg is at the brownin level (Vg = 0.65 V typ.), the power limitation is enabled with toy max = 85% of
Ty, IVSADCmin, @S Shown in Figure 16. For example, if the desired toy max at brownin levelis 17 us typ., itis
necessary to have 7, ysapcmin = 17 us / 85% = 20 ps. And, according to Figure 15, T, jysapcmin = 20 s is obtained
when Izcpelp =1.2 mA is applied. As a result, to achieve ton max = 17 us typ. at brownin level, Rzcp should be
dimensioned to produce /zcpp = 1.2 mA typ. at brownin level.

Valley number and burst duty cycle

The valley number and burst duty cycle mappings based on VS pin load current are shown in Figure 13. The
burst duty cycle refers to the ratio of the burst pulsing duration to burst cycle time. -lysapcabm (560 A typ.)
marks the boundary between QRM and burst mode.

Note: The pulse generation for burst mode applies to ICL8810 and ICL8820 only.

In QRM, the mapped valley number is not necessarily taken directly or immediately as the ZCD pin valley-count
number, for the pulse generation. The update of the ZCD pin valley-count number is done based on the
following valley selection hysteresis mechanism:

1. To minimize the multiple valley changes within one AC half cycle, ICL88xx updates the ZCD valley-count
number once every AC half cycle, based on the lowest mapped valley number from the last AC half cycle,
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as shown in Figure 17. During each AC half cycle, the controller adjusts the on-time to stay in the selected
valley number. In this way, the number of valley jumps is limited to a minimum.

2, When a load jump happens, if the valley number has to be decreased, it happens immediately. For the
case of valley number increase, if the load jump results to a valley number increase by 10 or more, it
happens immediately. Otherwise, the change happens only at the start of the next AC half cycle, as
shown in Figure 17.

Note: If the selected ZCD valley-count number cannot happen before the maximum off-time tg (47 us typ.)
is reached, the pulse generation will be based on tg, instead of the selected ZCD valley counting
number.

VS pin load
current

- IVSADCabm T

Load jump
Load jump \

—Jlr_ll'— Continuous load change
~time
VaIIey number AC half cycle | AC half cycle
3
Update immediately
(when valley number increases C— : -mapped valley number
by 10 or more, withy — x = 10) ! - — o
* 1 I 1 s
vt re— - - = Updated ZCD pin

........ = . 11 - valley-count number

I 4 4 “time
Update immediately Update every AC half cycle, with the
(when valley number decreases) min. mapped value of last AC half cycle
Figure 17 Illustrative example of the QRM valley selection hysteresis mechanism
Note: If the AC half cycle period cannot be synced, for example when the input voltage is DC, or when

the VS pin load current ripple is very small, the regular valley update cycle will be based on either
approximately 10 ms, or the last synced AC half cycle period.

In burst mode, the controller measures the VS load current at a regular wake-up interval, and applies the
mapped valley number immediately as the ZCD pin valley-count number for the burst switching pulse
generation. Also, the mapped burst duty cycle is taken immediately to determine the burst pulsing duration, as
shown in Figure 12. If the measured VS load current is -lysapcmin (610 ps typ.) or more, the burst pulsing is
skipped.

Instead of waking up based on the regular interval, a higher priority VCC wake-up threshold can trigger a burst
start if Vycc drops to Wecwake (7.6 V typ.). In case of VCC wake-up burst being triggered, the burst pulsing
duration depends on the time needed to charge the V¢ from Wecwake t0 Wicchurst (8-1 V typ.).

Attention: The VCC wake-up burst control mechanism is intended to work with the VCC voltage supply via
the ZCD winding. In case of the VCC voltage is supplied via a winding voltage, which follows a
certain ratio of the primary bus voltage, it is a must to ensure that the VCC voltage during burst
mode is always higher than Vyccpurst maximum value (9.1 V maximum) by a sufficient margin,
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especially when the input voltage is low and close to brownout level, so that the VCC wake-up
burst mechanism can be avoided, to achieve a good output regulation.

Burst mode regular wake-up interval and burst cycle time

Refer to the burst mode section in the Operating modes chapter.
DC input frequency jitter
Note: The frequency jitter function applies to ICL8820 only.

When a DC input voltage is detected via the VIN pin, a triangular pattern is injected into the pulse generation,
with a repetition frequency of fyjangular- The triangular pulse modulation can be compared to the change in
pulse generator output, with the artificial current change pattern shown in Figure 18 applied to the measured
VS pin load current.

With DC input voltage, the on-time can therefore be modulated in QRM. Since the transformer demagnetization
time is proportionate to the modulated on-time, the QRM switching frequency jitters. The resulting jitter
frequency range depends not only on the on-time modulation itself and the ZCD valley-count number, but also
the duty cycle and oscillation period, which are both system-dependent.

firiangular IS @pproximately 222 Hz and 266.4 Hz for the last synced input line frequency of 50 Hz and 60 Hz
respectively.

Note: In case of non-line-syncing, fiiangular = 222 Hz typ. is applied. For example, non-line-syncing can
happen when the system is started up with a DC input.

Artificial VS pin load
current change

A
+6.0 pA +

+4.5 pA

+3.0 A

+1.5 pA 4

1.5 A+

3.0pAL

4.5 pA -

-6.0 A T 1/ftriangu|ar \
< 7

Figure 18 Artificial load current change pattern applied on VS pin measured current for the pulse
generator output change, to resemble the pulse modulation mechanism for the DC
input frequency jitter function
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3.9 Primary side overcurrent protection

The primary side overcurrent protection level 1 (OCP1) is performed by means of the cycle-by-cycle peak
current limitation. An internal leading edge blanking t gg (160 ns typ.) prevents false triggering of this
protection due to a leading edge spike. If the measured CS pin voltage exceeds Vgcp; (0.61V typ.) for more than
t.eg (160 ns typ.), the protection is triggered and the GD pin output is pulled low for that switching cycle.

The primary side overcurrent protection level 2 (OCP2) is meant for covering fault conditions like a short in the
transformer primary winding or transformer core saturation. In this case, the OCP1 does not limit properly the
peak current due to the very steep slope of the peak current. If the measured CS pin voltage with an initial level
of at least Vycp; reaches Vgocep, (1.21V typ.) or more within the time window of tocp; (150 ns typ.), the OCP2
protection is triggered.

OCP1 pulse diagram OCP2 pulse diagram: magnetic saturation
........... : generated pulse
generated pulse E - tmmmeeee-
; »
' leading edge blanking % tLEB
v ot
leading edge blanking % tLEB OCP2 threshold 2 / ‘
h OCP1 threshold : : ;
OCP1 threshold - . Vo c
i l . current sense ! : |
current sense J : L
: ] W
i % 7ot
EMI filter ties % ' T//; 0CP2
N OCP2 comparator ‘ m
ocP1 |_| 1:
: latched OCP2 . '
gd control
@d control
QCP1 pulse diagram: slow magnetic saturation - no QCP2 trigger OCP2 pulse diagram: shorted winding
generated pulse E generated pulse t
, L
leading edge blanking % tLEB leading edge blanking % tLEB
OCP2 threshold =~ : 0CP2 threshold /'4
QCP1 threshold OCP1 threshold : ;
mssons cunentsense MJJ Zl
|
EMI filter : ¢ % % tocps
: LEB %
ocP1 : |_| -
OCP2 comparator IH OCP2 comparator H
latched OCP2 latched OCP2
gd control gd control
Figure 19 Timing overview of the OCP1 and OCP2
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3.10 VCC voltage protections

An UVLO is implemented to activate and deactivate the controller depending on the supply voltage on the VCC
pin. The UVLO contains a hysteresis with the voltage thresholds Vyccopn (12.5 V typ.) for activating the controller
and Weemin (6.6 V typ.) for deactivating the controller.

When the controller is not active, the current consumption is /yccsiart (30 HA typ.).

If the voltage on VCC pin reaches Wccclamp (24.2 V typ.) during start-up, restart and in the burst pause, the
controller is able to sink up to lyccclamp (2.5 MA typ.). The VCC overvoltage protection is implemented based on a
threshold of Vyccmax (25 V typ.).

VCC wake-up burst (for ICL8810 and ICL8820 only)

To maintain sufficient V,cc in burst mode, the controller operates with the following two mechanisms:

«  The VCC wake-up threshold can trigger a burst start if Vycc drops to Wecwake (7.6 V typ.). The controller
continues the burst pulsing until Wee = Wecpurst (8-1 V typ.).

«  The TD pininternal pull-up resistor is disabled when Vy,cc drops to Wccwake, t0 allow an external start-up
circuit to charge Ve to Vyccpurst-

Attention: The VCC wake-up burst control mechanism is intended to work with the VCC voltage supply via
the ZCD winding. In case of the VCC voltage is supplied via a winding voltage, which follows a
certain ratio of the primary bus voltage, it is a must to ensure that the VCC voltage during burst
mode is always higher than Vyccpurst maximum value (9.1 V maximum) by a sufficient margin,
especially when the input voltage is low and close to brownout level, so that the VCC wake-up
burst mechanism can be avoided, to achieve a good output regulation.

3.11 Flyback output overvoltage protection

During the transformer demagnetization time, the ZCD pin positive peak settled current /zcppp is internally
converted to a current flowing out of the CS pin with the conversion ratio nzcpoyp. The CS pin voltage level at
this time is therefore approximately the multiplication of this out-flowing current and the CS pin resistance to
ground. If this voltage level exceeds the Vycp; threshold (0.61V typ.) for more than a blanking time, the flyback
OVP is triggered.

Since the CS pin series resistor value is very much greater than the primary MOSFET current shunt resistor
value, the flyback output OVP level can be adjusted based on the CS pin series resistance.

T ﬁ --------- @é
— ZCD D_ ﬂ .
AUX winding
CS A
L
FH F——ow
series resistor OCP1 threshold  ~
EMI filter
Primary MOSFET
current shunt
resistor
Figure 20 Flyback secondary output OVP
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Due to this protection, the voltage on CS pin is not zero during the transformer demagnetization, but mirrors
the reflected output voltage.

Secondary OVP support

— T

AUX

GD

shunt resistor

.
!

AL

mirrored
ZCD current

A}

OCP1 threshold

CSinput M_/
lHu' F
sampling
window
ovP |
Figure 21 Flyback CS waveform
3.12 Overtemperature protection

ICL88xx offers an overtemperature protection using an internal temperature sensor. The overtemperature
protection is triggered when internal junction temperature T; reaches T (130°C typ.).

3.13 Open loop protection

An open feedback loop results in maximum power transfer after the soft start. The flyback output overvoltage
protection can be triggered once the overvoltage threshold is exceeded for longer than the related blanking
time. This causes an auto-restart.

In the case of an open VS pin, due to the VS pin sourcing a current of -lyspias (1 PA typ.) out of the controller
during normal operation, the V/S pin voltage rises. The VS pin voltage is compared to the overvoltage
comparator threshold Wsovorres (2.7 V typ.). If the voltage exceeds the threshold for longer than the related
blanking time, the VS pin overvoltage protection blocks any switching. A reset may occur if the VCC voltage
drops below Wycemin-
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3.14 State flow chart and fault reaction

Flow chart

The Figure 22 shows the different states of the IC and the conditions to change the state.

trestart OF trestart fast

Vvee < Vveemin 1 timer reached
UVLO

Restart

timer

Vvee > Vvecon

IC power up Internal error

Power up done

N N N

Tj > Tstart
VviN,avg < VBl
Pre-start-up
Tj < Tstart, VVIN,avg 2 VBI,
Rtp measurement done Fault

Soft Start

Any protection

Start-up done

Run -
Any protection

— N

Figure 22 State flow chart

Fault reaction

The controller handles protections as listed in Table 2.

Note: Some blanking times vary slightly with the line frequency.
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Table 2 Fault matrix
Fault Detection Typical |State Reaction
'l::il:.:kmg Pre- |Soft |Run
start- |start
up

Insufficient supply Wee < Wiecon 1lus - - Wait in reset
Insufficient supply Wee < Weemin lus X X Reset
VCC overvoltage Wee > Wecove lus - X X Auto-restart after t,ogtart
VIN short protection N < WiNshort lus - X X Auto-restart after testart
Brownin protection Win,avg < VB 2ms X - - Fast auto-restart after

trestart,fast
Brownout protection Win,avg < (VeI-4Vg1go) 2ms - X X Auto-restart after testart
VIN overvoltage Win,ave > Winov 2ms - X X Auto-restart after testart
protection
Overcurrent protection | Ves> Vocp: ties - X X Turn off gate driver for
(OCP1) the on-going switching

cycle
Overcurrent protection | Vcg> Vocpr tocp2 - X X Auto-restart after t,ogtart
(0oCP2)
Flyback output Izcopelp “Nzcoove > Vocp:r | 100 ps - X X Auto-restart after testart
overvoltage protection
Overtemperature Tj>Tor Tj> Tstart 18 ps X X X Auto-restart after testart
VS overvoltage Ws > Wsovorrre 20 s - X X Turn off gate driver and

restart if VVS < VVSOVON FB

3.15 Adjustable functions

Some features of the controller can be adjusted using external circuitry:

+  The maximum power/on-time/operating point can be configured using the ZCD pin series resistance to the
ZCD/auxiliary winding

+  The flyback output overvoltage protection can be configured using the CS pin series resistance to the
primary MOSFET current shunt resistor.

«  Brownin and brownout protection and the related input overvoltage protection

«  Primary side overcurrent protection

Refer to the Design Guide for details.
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4 Electrical characteristics and parameters

All signals are measured with respect to the ground pin, GND. The voltage levels are valid provided that other
ratings are not violated.

4.1 Absolute maximum ratings

Note: Absolute maximum ratings are defined as ratings, which if exceeded may lead to destruction of the
integrated circuit. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability. Maximum ratings are absolute ratings; exceeding only one of these values may
cause irreversible damage to the integrated circuit. These values are not tested during production

test.
Table 3 Absolute maximum ratings
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition

VCC voltage Wee -0.5 - 26 v

Junction temperature T -40 - 150 °C

Storage temperature Ts -55 - 150 °C

Soldering temperature Ts - - 260 °C Wave soldering
according to
JESD22-A111 Rev
A.

Thermal resistance junction to ambient Rthia - - 185 K/W

Power dissipation at 50°C Pp - - 0.5 W

ESD capability HBM Vesp - - 2 kv ESD-HBM
according to ANSI/
ESDA/JEDEC
JS-001.

ESD capability CDM Vesp - - 500 v ESD-CDM
according to ANSI/
ESDA/JEDEC
JS-002.

GD Voltage VGD -0.5 - VVCC + \"

0.3

CSvoltage Ves -0.5 - 3.6 Y

CS current Ics -2 - 2 mA

ZCD voltage Vzep -1.2 - 3.6 Y

ZCD current I7¢p -4 - 4 mA

VS voltage Ws -0.3 - 3.6 v

VIN voltage Y -0.3 - 3.6

TD voltage V1o -0.3 - 3.6
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4.2

Operating conditions

The recommended operating conditions are shown for which the DC electrical characteristics are valid.

Table 4 Operating characteristics
Parameter Symbol Values Unit | Note or test
Min Typ Max condition
Junction temperature T, -40 - T °C
Supply voltage Wee Wecburst | = 23 v
External capacitance at the 7D pin Ctp - - 1 nF
ZCD pin peak to peak settled clamping Izcpelp - - 1.2 mA | For Wy,y=0.6V DC
current after internal
averaging
Line frequency for AC input fiine 45 - 66 Hz

4.3

DC electrical characteristics

The electrical characteristics provide the spread of values applicable within the specified supply voltage and
junction temperature range. Devices are tested in production at T, = 25°C. Values have been verified either with
simulation models or by device characterization up to 125°C. Typical values represent the median values

related to T, = 25°C.

All voltages refer to GND, and the assumed supply voltage is Vycc = 15V, if not otherwise specified.

4.3.1 Power supply

Table 5 Power supply characteristics

Parameter Symbol Values Unit | Note or test

Min. Typ. | Max. condition

VCC turn-on threshold Wecon 12.0 12.5 13.1 v

Start-up current Icestart - 30 - MA

Supply current Icc - 2.0 - mA IC self-supply
excluding gate
currents.

Supply current during burst pause Iccburst - 220 - MA

Supply current in protection mode Iccrestart - 40 - MA

VCC undervoltage threshold Wcemin 6.0 6.6 7.6 v

VCC wake-up threshold Wcwake 6.6 7.6 8.8 v

VCC burst threshold Wechurst 7.1 8.1 9.1 v

Difference between Wccwake aNd Weeburst | Vdelta 500 - - mV

VCC overvoltage threshold Weemax 23.8 25 26.4 v

VCC clamp voltage Wicelamp - 24.2 -

VCC clamp current ecelamp - 2.5 - mA
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4.3.2 Zero crossing detection

Table 6 Electrical characteristics

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

Zero crossing threshold (falling edge) V2cbbown 10 45 - mvV

Zero crossing threshold (rising edge) Vzcoup - 55 90 mV

Clamping of positive voltages Vzcopelp 400 550 700 mV I7¢psink = 1 mA

Clamping of negative voltages VzcDnclp -600 -500 -400 mV I17¢Dsource = -1 MA

ZCDringing suppression time tRingsup 350 700 1100 ns

ZCD to CS current ratio for flyback Nzcpovp 0.455 |0.484 |0.513 Iessource / 1zcppelp

secondary side OVP at 1.2 mA

ZCD to CS current ratio for flyback Nzcpovp 0.450 |0.484 |0.518 Iessource / 1zcppelp

secondary side OVP at 0.8 mA

4.3.3 Voltage sense

Note: Rtp limits from Table 9 apply for Table 7.

Table 7 Electrical characteristics

Parameter Symbol Values Unit | Note or test condition

Min. Typ. | Max.

VS bias current - lysBias 0.5 1.0 1.5 MA Ws = Vief.

Voltage source for optocoupler/ | Vys 1.56 1.6 1.63 v Internal series resistance of

feedback supply 500 Q.

VS current threshold for start up | - sssink 102 130 154 PA 12 kQ from VS to GND.

Open pin turn-off Wsovorrrs | 2.64 2.7 2.76 v

Voltage for restart after Wsovones | 2.54 2.6 2.66 v

overvoltage turn-off

ADC lower current limit - lsapcmin | 166 210 260 pA For maximum on-time

during operation.
ADC upper current limit - lysapcmax | 500 610 720 pA For minimum on-time in
burst mode.

4.3.4 Input voltage detection

Table 8 Electrical characteristics

Parameter Symbol Values Unit | Note or test condition

Min. | Typ. | Max.

Hysteresis of brownin and brownout | AV go - 210 - mV RUN state and not

in burst mode. DC
threshold after internal
averaging.

(table continues...)
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Table 8 (continued) Electrical characteristics
Parameter Symbol Values Unit | Note or test condition
Min. | Typ. | Max.

Brownin voltage level Vg 0.60 0.65 0.70 v DC threshold after
internal averaging.

VIN pin short to GND threshold WiNshort 150 200 250 mV

VIN overvoltage threshold Winov 1.9 2.0 2.1 v

4.3.5 TD configuration

Table 9 Electrical characteristics

Parameter Symbol Values Unit | Note or test condition

Min. | Typ. | Max.

Internal pull-up resistor for pre-start-up Rrp | Rrpfiyback |32 40 48 kQ |Internal voltage 3.3 V.

measurement

Internal pull-up resistor for RUN stateand | Ryp run 8 10 12 kQ |Internal voltage 3.3

pre-start-up Rtp measurement V. Pull-up is disabled
in burst mode if VCC
wake-up is triggered
from Wee < Weewakes
until Vycc reaches
Wecburst-

TD pin resistance to ground, for THD Rtp 27 - 68 kQ |Internal voltage 3.3 V.

Minimum value based
on Internal pull-up
resistor of Ryp run-
Maximum value based
on internal pull-up
resistor of Ryp fiyback-
Measured in pre-start-

correction gain configuration and to
activate VS pin load current sensing for
output regulation

up phase.

4.3.6 Current sense
Table 10 Electrical characteristics
Parameter Symbol Values Unit | Note or test

Min. Typ. | Max. condition
OCP1 turn-off threshold Vocp1 570 610 650 mV
OCP1 leading-edge blanking time ties - 160 - ns
OCP2 turn-off threshold Vocp2 1140 [1210 |1260 |mV
OCP2 trigger time tocp2 - 150 - ns Pulse width when

Ves > Vocpa

CS pull-up current -lespy 0.5 1 1.5 HA
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4.3.7 PWM generation
Table 11 Electrical characteristics
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
Maximal on-time toN_max 16 20 - us For Izcpelp = 1.2
mA, and V= 0.6
vV DC after internal
averaging.
Repetition time tRep 47 52 60 us Vzcp=0V
Off-time toff 42 47 52.5 us
4.3.8 Gate driver
Table 12 Electrical characteristics
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
GD source current -lsource 125 - - mA
GD sink current Lsink 250 - - mA
GD peak voltage Vepiull 10.4 11.0 11.6 v Wee > (Vopfun 0.5 V)
and in QRM.
Reduced GD peak voltage Vepred 6.5 7.0 7.5 Y Wee > (Vgpreq + 0.7
V), during start-up or
burst mode.
4.3.9 Clock oscillators
Table 13 Electrical characteristics
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
Restart time trestart - 200 - ms
Fast restart time trestart fast - 25 - ms Only for VIN under
voltage (brownin
protection) event
4.3.10 Temperature sensor
Table 14 Electrical characteristics
Parameter Symbol Values Unit | Note or test
Min. Typ. | Max. condition
Relative accuracy of the temperature AT -6 - +6 °C
sensor
Shutdown temperature T - 130 - °C
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5 Package dimensions
The package dimensions of PG-DSO-8 are provided.

505" ) 0.33'008 x 45°

2
i :
. N~
3 g 04170 &0 25@D[] ol 15,
Q 8x 3l |
5 - Sl g5 7
8x Clo

5

E%H.Hﬁé

4.02"
)

Wmmaaaa

1) Does not include plastic or metal protrusion

2) Does not include dambar protrusion of 0.127 Max. in excess of the lead width dimension
All dimensions are in units mm

The drawing is in compliance with ISO 128-30, Projection Method 1 [--E}--@--]

Figure 23 Package dimensions for PG-DSO-8
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All dimensions are in units mm
The drawing is in compliance with ISO 128 & Projection Method 1 [ @ ]

Figure 24 Tape and reel for PG-DSO-8

Note: You can find all of our packages, packing types and other package information on our Infineon
Internet page “Products”: http://www.infineon.com/products.

Green Product (RoHS compliant)

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

AC Alternating current

ADC Analog-to-digital converter
BM Burst mode

cv Constant voltage

CCM Continuous conduction mode
DC Direct current

DCM Discontinuous conduction mode
EMI Electromagnetic interference
ESD Electrostatic discharge

LED Light emitting diode

OCP Overcurrent protection

OTP Overtemperature protection
OvP Overvoltage protection

PF Power factor

PFC Power factor correction

PSR Primary side regulated

QR Quasi-resonant

QRM Quasi-resonant mode

SSR Secondary side regulation
THD Total harmonic distortion
uvLO Under voltage lockout unit
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Revision |Date Changes
3.0 2023-09-25 |« Updated explanatory text in Features, Potential applications, Description
+ Added SSR-CV with operational amplifier block diagram to Potential
applications
Datasheet 35 Rev. 3.0

2023-09-25



ICL88xx infineon

Datasheet for ICL8800, ICL8810 and ICL8820

7 Revision history

Revision |Date Changes
2.0 2022-06-28

Updated explanatory text in Features, Potential applications, Description and
Table 1

+  Added column and information for product marking in Table 1

+ Updated explanatory text and figures in Functional description

+  Re-ordered section numbering in Functional description

+  Corrected fault matrix in Table 2

+ Added information of Green Product (RoHs compliant) in Package dimensions
«  Corrected symbol of V¢ to Wcc in Chapter 4

+  Corrected Ty maximum value in Table 4

«  Corrected Wcc minimum and maximum value in Table 4

«  Shifted Izcpeip from Table 6 to Table 4, with improved parameter description and
note description

+  Improved parameter description of Wcccamp in Table 5

+  Corrected note description of nzcpoyp in Table 6

« Added note in Chapter4.3.3

+  Removed "recommended" from note description of /s in Table 7

«  Editorial correction on note description of -lysapcmin @Nd -lysapcmax in Table 7
+ Added fijhe in Table 4

+  Replaced Vg with AVpgg and its corresponding parameter description in Table
8

+  Removed minimum and maximum value of AVp|.go from Table 8

« Added "RUN state and not in burst mode." in note description of AVg.go in
Table 8

«  Editorial correction on the parameter description of Vg and Vynov in Table 8
«  Corrected minimum, typical and maximum values of Vg, in Table 8

+  Corrected chapter title from "THD configuration" to "TD configuration" in
Chapter 4.3.5

+ Improved parameter description of Ryp fiyback and Ryp in Table 9
+ Improved note description of Ryp in Table 9

« Added Rrpgyn in Table 9

+  Removed Vrp oy @and Vrp pigh from Table 9

«  Corrected typical value of t|gg in Table 10

«  Removed minimum and maximum value of t gg from Table 10

«  Removed tcsos from Table 10

+  Removed "no production test" from note description of ¢, gg and tocp, in Table
10

«  Removed toy initial and ton_min from Table 11
+  Removed footnote of toN_max @and trep from Table 11

+  Removed "not tested in production” from note description of ton_maxs trep and
togin Table 11

+  Removed note description of -Iso ;e and -Ig; from Table 12
+  Changed symbol of Vgp to Vgpsy in Table 12

« Improved parameter description and note description of Vips, and Vipreq in
Table 12
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Revision |Date Changes

«  Added "(brownin protection)" in note description of t estart fast in Table 13
«  Removed note description of tiestart and trestart fast from Table 13
« Improved parameter description of Tin Table 14

1.0 2021-03-17 Initial release
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