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Intention

The new LEDSet high line LED driver ICLSx series was developed for crossover from high performance, including
a PFC stage, to cost down with a substantially reduced BOM for mass production — see Figure 1.
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Figurel  Schematic E27 60W Bulb Replacement Primary-Controlled for Mass Production

This document describes in three stages:

1. the whole network and functionalities

2. the network for the DESIGN-IN phase

3. the design optimization for MASS PRODUCTION

The final LED board design for Mass Production meets all requirements of a dimmer-safe 60W E27 retrofit bulb
design regarding:

« Efficiency up to 87 % (functional transformer design)

e Small Form Factor

* High Power Factor > 98 %

e Pass THD according to EN61000-3-2

« Pass EMI according to EN55015

¢ Low Line Regulation Ripple

Versus the crossover to:

* Cost Down

The technical challenge of this LED demo board design is to fit into a bulb retrofit E27 socket. The LED system IC
"LEDSet" makes this challenge possible. The LEDSet system IC series combines a power control IC with
integrated protection features and a high avalanche rugged MOSFET — CoolMOS in 650 V or 800 V — within one
package.

For E27 bulb socket designs, the device is available in PG-DIP-8-6 and PG-DIP-7 packages; for GU10 spot light
socket design as a SMD device in a PG-DS0O-16/12 package.

LED Demoboard Description 7 Version 1.0, May 2011
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Description

The LED demo board design combines a conventional low cost single stage PFC and flyback converter topology.
This type of design is particularly suitable for retrofit lighting applications in E27 sockets, here especially for 60 W
bulb replacement.

The LEDSet system driver IC ICLS6021J is a current-controlled pulse width modulator together with the smallest
CoolMOS power switch on board. Special efforts have been made to compensate temperature dependency in
order to achieve a very high accuracy of switching frequency. Short output and floating load protection are
implemented by controlling the feedback voltage. Depending on the error case, the IC works in Auto Restart
(ARM) or Floating Load Protection (FLPM) mode. For constant power, Infineon Technologies patented
functionality is integrated.

Figure 2 LED Demoboard Top

Figure3  LED Demoboard Bottom

Other LED replacements are also the focus of the LEDSet high line LED drivers — e.g., GU10 for spot light
applications or for higher power rating bulb retrofits in E27 sockets.

LED Demoboard Description 8 Version 1.0, May 2011
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Cross Reference List LED Designs versus LEDSet

Select the right LEDSet for your dedicated bulb or spot replacement.

Table 1 Cross Reference Selection Table

|Replacement Matrix for LED Bulb and LED Spot

RS _ay
e @fv" ,{

Bulb LED Bulb IC ! Rason Spot LED Spot IC ! Rason
| E27 Sockel E27 Sockel (Power) GU10 Sockel GU10 Sockel (Power)
Power 10 Im/W (+10%) Power 70 Im/W 230 Vagin 90 Vagin Power 20 Im/W (+10%) Power 70 Im/\W 230 Vi 90 Vi
100 W + 15 W + ICLS16-g23J ICLS1G-g23J not available not available
100 W 15 W S ase not available not available
80 W 12 W ICL§-E40521J ICL828-3232 not available not available
50 W 9w |CL§_640521J ICLT?MJ 50 W 15 W ICLS46.[]?22G ICL828382G
20W BW lCL§i0521J ICLEiﬂsﬂJ 20w B W ICLSf-U?22G ICL8416222G
20w IW lCL§i0521J ICLEiﬂsﬂJ 10W 3w ICLSf-U?22G ICLS46222G

ICLSx LEDSet Series

Overview of existing products, drain source voltage rating of the power mos CoolMOS inside, fixed operating
frequency, drain source on-resistance of the CoolMOS inside, nominal power rating and packaging.

Table 2 LEDSet Product Overview

Summary Fixed Frequency Products

NOMINAL Power
Nr. |LED SET Naming| Vps [V]| frun [kHz] | Rrpson [Ohm] [230ya¢n £ 15%|90yacin - 270yacn| Package
1 ICLS6021) 650 67 6.45 12 5 DIP-8
2 ICLS6022) 650 67 4,70 17 9 DIP-8
3 ICLS6022G 650 67 4,70 17 9 PG-DSO-12
4 ICLS6023) 650 67 1.70 26 15 DIP-8
5 ICLS8023Z 800 65 2.26 24 12 DIP-7

LED Demoboard Description 9 Version 1.0, May 2011
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Technical Specifications of the ICLS6021J Demoboard

Table 3

LED ICLS6021J Demoboard Specification

Technical Specifications Demoboard ICLS6021J

Input Voltage Range ” 207 . 254\ o,
Mominal Input Voltage Typical @ 230V ace,
Input Frequency 50, 60 Hz
Fixed Switching Frequency b7kHz
Cutput Voltage 24V
Cutput Current J50mA
QOutput Power typically 8.5 W

Line Regulation (207 _ 254V} |, < 6%
Efficiency Typical > 84% upto 87% “
Power Factor 98% PLUS
THD Harmonics according 61000-3-2 PASS

EMI according EN55015 for Lamps PASS
Transformer Safety Class Reinforced
Dimmer Save™ YES
Ambient Temperature 80°C

U Also available as PAPER design in US DOMESTIC range

2 Using Transformer Class FUNCTIOMAL

* MO Dimming Performance Supported only Safe against malfunction

LED Demoboard Description
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Design Description

Design Description
Schematic
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Figure 4 General Schematic
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Overall BOM
Table 4 Overall BOM
g—— PFC Flyback singlestage LED Driver Board
( |ﬂf|ﬂEUﬂ 230Vacin / BOM for ICLS6021J
24V [ 350mA / 8.4Win / 230VAC
Component Value Package
IC1 ICLS6021J DIP3
Q1 BCB07 (PNP) SOT23
Q2 BCE17 (NPN) optional SOT23
BR1 VISHAY BES-E3/80 SMD
D1/ RD1 LL4148 / 0 Ohm optional Minimelf / 1206
D2 / RD2 Z-24V / 43k optional Minimelf / 1206
03 Z-4Y3 optional Minimelf
D4 BYG-22D SMA
D5 MURS160 SMB
D6 ES1D SMA
C1 68nF 250VAC MKP-X2 RM10
G2 47nF 400VAC RM7.56 EPCOS B32520-C6473-K000
C3 100nF/50V 0805
C4 A70nF/50V 0805
C5 2 2nF/15V 1206
C6 10uF/35V optional 100nF/35V 1206
C7 1nF/400 RM7 56
C8 150pF/35V (ELKOD) RM&
Ci 1nF / 250AC-Y1 optional RM7 5
L1 2X22mH/0.3A B82720-K2301M042
L2 1mH/130mA Axial / EPCOS B7810851105.
T1 3.26mH (AIR Gap=0_2mm) EF16/8/5
Wuerth Nr. 760875040 Mp2 1/Ns7 6/Mauxb 4=158/39/33
R1 0 0805
R2 1] 0805
R3 18k 0805
R4 1k optional 1206
E5 10k optional 0804
R6 130k RM7.5 / axial
R7 3R0 1206 / 1%
W Wire Diameter: 0. 5mm

Changing Date: 110516 [ KLING

LED Demoboard Description
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Description of the Single Stage for PFC and Flyback Operation

Startup

From the high line voltage, the chip supplies itself via the integrated startup cell. During this phase, the startup cell
charges the Vcc cap C6 with a constant current of 1 mA up to 18.0 Vcctyp. The IC current consumption is about
300 pA during this phase. After reaching Vccontyp = 18.0 V the startup cell is shut off to save energy and increase
efficiency during normal operation.

Soft start

The soft start controls the input current, the duration of the soft start phase via the external C4 capacitor and also
defines the response time in the case of an error. During startup, the soft start pin controls the primary current.
When the soft start ends (the feedback signal is lower than the soft start signal), the feedback takes over control
of the primary current.

Operation mode

During operation, the VCC pin is supplied via a separate transformer winding with associated rectification didode
D4 and buffering C6. C3 is a filter capacitor in order to prevent glitches for a proper working Vcc stage. The IC
current is about 3 mA with active gates.

Snubber network

R6, C7 and D5 dissipate the energy of the leakage inductance and clamp the drain source voltage below the
maximum drain source voltage of Vdsmax = 650 V @ 110 °C.

Primary current limitation

The CoolMOS source current is sensed with an external shunt resistor R7. When the voltage at R7 exceeds the
internal current limit threshold, the gate driver shuts off immediately.

Output voltage

Power is coupled out on the secondary side via a fast-acting diode D6 with low forward voltage. The capacitor C8
performs energy buffering.

The storage capacitor C8 should have the lowest possible internal resistance (low ESR) in order to minimize the
output voltage ripple caused by the triangular current characteristic.

Note: If using resistive load, reduce the soft start capacitor to 220 nF / 35 V.

Power Factor Correction

Output voltage is controlled for constant power and defined by the LED module used: LEDON 24 V 350 mA.

The feedback signal regulates the power factor via the network R2, R3 and Q1 in combination with R7. The
feedback pin is internally connected to the current sensing, which regulates the waveform of the input current as
a mirror of the feedback signal.

Protection modes for short output and floating load

Together with the soft start capacitor C4, the feedback also senses errors in order to protect the bulb against
destruction. In the case of a short output, the IC falls into the Auto Restart Mode (ARM). If an open load event
occurs, the IC falls into the Floating Load Protection (FLP) Mode.

Note: For FLP, the network DR2, R4 and Q2 has to be assembled (optional).

LED Demoboard Description 13 Version 1.0, May 2011
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EMI network

For conducted EMI issues, L1, C1 and L2 filter at a frequency up to 1 MHz, CY1 filters from 1 MHz up to 30 MHz.

Board Layout TOP

]
—|

i

C2

l l [
c7 Infineon Logo
< + P R6 ICLS6021J
N1
m
C8
ICH R —

Figure 5 Board Layout TOP

Board Layout BOTTOM

Figure 6 Board Layout BOTTOM

LED Demoboard Description
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Transformer Construction

CUSTOMER TERMINAL | RoHS | LEAD(Pb)—FREE
Sn96%, Agd% Yes Yes wi_‘}

WURTH EI.EI(TRONIK
DOT LOCATES TERM. #1

TERM. NO.’s FOR REF. ONLY
118/.158

.630 MAX.

960 MAX.
[3.00/4.00] | [16.00] [24.38] ﬂ
==, i LE 5
- '8[02%. g‘z“]x' 760875040
==’| |F | dA| 5= 0
4 = D

LOT CODE & DATE CODE

8.056(9) .669
[1.42] [17.00] ﬂ 197(3)
[1 [5.00]
9
Sy
SEC

24V - 350mA —— »
8 138(4) e
[3.50]

o
.3 ol

.025 $Q.(9)
[.64]
PART MUST INSERT FULLY TO
SURFACE A IN TRUE POSITION GRID

PRI
260-375Vdc
132kHz

TRUE POSITION GRID
(P.C. PATTERN, COMPONENT SIDE)

ELECTRICAL SPECIFICATIONS @ 25°C unless otherwise noted:
D.C. RESISTANCE (@20°C): 2-1,4.70 Ohms +10%.

9-8 , 0.60 Ohms +10%.

4-5,1.32 Ohms +10%.

DIELECTRIC RATING: 4500VAC, 1 minute tested by applying 4500VAC for 1 second between pins 2-9 (2+4).
500VAC, 1 minute tested by applying 625VAC for 1 second between pins 1-5.

INDUCTANCE: 3.26 mH +10%, 10KHz, 100mVAC, OmADC, 2-1, Ls.

SATURATION CURRENT: 330mA saturating current that causes 20% rolloff from initial inductance.

LEAKAGE INDUCTANCE: 61pH typ., 100uH max., 100KHz, 100mVAC, 2-1(4+5, 8+9), Ls.

TURNS RATIO: (2-1):(9-8), (4.051):(1.00), +1%.

(2-1):(4-5), (4.787):(1.00), +1%.

Designed to comply with the following requirements as defined by IEC61558-2-17:
- Reinforced insulation for a primary circuit at a working voltage of 400VDC.

OPERATING TEMPERATURE RANGE: -40°C to 125°C including temp. rise.

Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability. T_0_5280
. Unless otherwise specified, toleranges are as follows: .
WE-Midcom, Inc. L WE-Midcom, Inc.
Watertown, SD USA Drawing Title Drawing Number Rev.
Far 605.606-4485 Transformer 760875040 | o0
Dimlhniiiiﬁiwi;"ﬁ,fciii :r‘em ﬁniﬁ;?:i}ers Revisions: See Sheet 1 Scale ---- I Sheet 2 of 5

Engineer:ANC 03/02/2011

Figure 7 Transformer Specification Flyback Transformer Reinforced
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Design Optimization

DESIGN-IN Phase

Schematic for Design-IN Phase

During the Design-IN phase, the designer should install the overvoltage protection circuitry R2 /R3 and Q1 in order
to protect the design against floating (missing) loads.

Note: For mass production, remove this network (as LED is connected). In the case of floating (missing) loads, the
IC dies internally via Vcc over voltage Vccmax = 27 V.

24V/I350mA

D1/RD1

. .

e

A
N

PWM
Control

Q1

SlGN D

|

A4

Figure 8

LED Demoboard Description

Schematic Design IN
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BOM Design-IN Phase

Table 5 BOM for Design-IN

"
(Infineon

PFC Flyback singlestage LED Driver Board
230Vacin / BOM for ICLS6021J
24\ [ 350mA / 8.4Win / 230VAC

Component Value Package
11 ICLSE021] DIFs
1 B80T (FPHF) SOT23
Q2 BCB17 (NPN) S0T23
BR1 VISHAY BBS-E3/80 SMD

D1/ RD1 0 1206 Jumper
D2 / RD2 43k 1206
03 n.a. 1206
D4 BY-220 SMA
D5 MURS16D =hB
DB ES1D SMA
1 BanF 250WVAC MEP-X2 RM10
c2 47nF 400WAC RM7.5 EPCOS B32520-C473-K000
C3 100nF/ADW N804
C4 470nF/50V 0805
C5 2. 2nF15Y 1206
Ch 10pFi35V 1206
Cy 1nF/400 RM7 5
8 160pF35V (ELKD) RM&
CY1 n.a. RM7.5
L1 2X22mRA/03A Be2720-K2301M042
L2 ImHM30mA Axial / EPCOS B7810851105J
ik 3.26mH [AIR Gap=0_2mm) EF16/8/5
Wuerth MNr. 760875040 MNp2 1/Ns7 B/Mauxh 4=158/39/33

R1 0 0804
R2 1M 0805
R3 18k 0805
R4 1k 1206
RS n.a. 0805
RE 130k RM7.5 [ axal
R7 3R0 1206 / 1%
W1 Wire Diameter: 0 5mm

Changing Date: 110509 / KLING

LED Demoboard Description
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Mass Production

Schematic for Mass Production

The only case which leads to destruction of the IC is a floating load. In this case the IC destroys itself via Vcc
overvoltage exeeding Vccmax = 27 V. From this point of view, there is no need for protection against floating loads
if the LED is broken — the bulb is damaged anyway. All other protections are still activated.

o 2£V/350mA
- % VA

<

'_
PWM al
Control

8J\GND 3|CSs

[ &

Figure9  Schematic Mass Production
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BOM Mass Production

Table 6 BOM Mass Production

(infineon

PFC Flyback singlestage LED Driver Board
230Vacin / BOM for ICLS6021J
24V [ 350mA / 8.4Win / 230VAC

Component Value Package
IC1 ICLS6021J DIP8
Q1 BC807 (PNP) 80723
BR1 VISHAY B6S-E3/80 SMD
D4 BYG-22D SMA
D5 MURS160 SMB
D6 ES1D SMA
C1 68nF 250VAC MKP-X2 RM10
C2 47nF 400VAC RM7.5 EPCOS B32520-C6473-K000
C3 100nF/50V 0805
C4 470nF/50V 0805
C5 2. 2nF/15V 1206
C6 100nF/35V 1206
(8} 1nF/400 RM7.5
C8 150pF/35V (ELKO) RM5
L1 2X22mH/0 3A B82720-K2301N042
L2 1mH/130mA Axial / EPCOS B7810851105J
T1 3.26mH (AIR Gap=0 2mm) EF16/8/5
Wuerth Nr. 760875040 Np2_1/Ns7_6/Naux5_4=158/39/33
R2 1M 0805
R3 18k 0805
R6 130k RM7.5 / axial
R7 3RO 1206 / 1%
W1 Wire Diameter: 0.5mm

Changing Date: 110509 / KLING
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Performance, Adjustments and Fine Tuning

Efficiency

Figure 10 shows the impact of the transformer designs: Functional / Reinforced and Mass Production.

Transformer Desing Efficiency Industrial MP / Functional / Reinforced

90,00
89,50
83,00
88,50
88,00
87,50
87,00
86,50
35]00 TR TR I S B R I e T T S SRR TS

[%]

== Functional

=

iciency

35,50 ~—&— Reinforced

85,00 —#— Industrial Mass
84,50
84,00
83,50
83,00
82,50
82,00

E

hiaabrakeabeedbabealedeniesieeaisie il skesieaiirskeadedelrioleiedodeioioiolpioiobolnidiokoioleksioksickokpiolokoiniodeh.

1 6 11 16 21 26 31 36 41 46 51 56
Measurement Steps

Figure 10 Efficiency versus Transformer Design
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Adjusting the Line Regulation

Use the following table in order to adjust the line regulation (output current versus AC line input voltage) to your
requirements. For the result of each configuration, see Figure 11.

Table 7 Configuration Chart for Line Regulation

Configuration Table

|Configuration R3 R7
1 9.0k0 200
2 11.0k0 2410
2 13.0k0 270
4 15.0 k0 2.70
5 16.0 k0 3.00
5] 18.0 k0 3.00
7 20.0 k0 3.00
8 22.0k0 3.00
9 24.0 k0 3.00
10 27.0k0 3.00

[ 11 30.0 k0 3.00

I

Choose your configuration by using the result of Figure 11.

LINE REGULATION

20,0 i inal Load
»

15,0 n= 85%

o 7 —+— Config. 1 PF 98,7%
¥ - / 5 —— Config. 2 PF 98,7%
= 5
z /_,__f: —+— Config. 3 PF 97,5%
= 00 A —+— Config. 4 PF 95,8%
Q e
5 = ~#— Config. 5 PF 94,7%
o 50 — e
[a] ¥ 2
o 7 Config. 6 PF 92,5%

-10,0 f Config. 7 PF 90,4%

/ s Confiz. 8 PF 88,3%
-15,0 / D

-20,0

200 220 240 260
AC Line Input Voltage [V ]

Figure 11 Result of the Configuration

The Y-axis shows the relative deviation of the LED output current versus the AC line INPUT voltage (X-axis). The
ffficiency is independent of the configuration.
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Adjusting the Power Factor Correction

Use the following configuration table in order to adjust the power factor to your requirements. The result of the
configuration is shown below.

Table 8

Configuration Chart for Power Factor Correction

' Configuration Table

| Configuration R3 R7
1 9.0k0 200
2 11.0k0 240
3 13.0k0 270
4 15.0 k0 270
5 16.0 kO 3.00
5] 18.0 kO 3.00
7 20.0 kO 3.00
) 22.0k0 3.00
9 24.0 k0 3.00
10 27.0k0 3.00
11 30.0 kO 3.00

Choose your configuration by using the result of Figure 12.

Power Factor [%]

100,0

96,0

94,0

90,0
88,0
86,0
84,0
82,0
80,0
78,0

76,0

Power Factor vs. AC Line Input Voltage @ nominal Load

\[1<85%

e S

e

200

220

240
AC Line Input Voltage [V ]

260

—— Config. 1
—+— Config. 2
—— Config. 3
—+— Config. 4
#— Config. 5
Config. 6

#— Config. 7

+— Config. 8

Figure 12 Power Factor versus AC Line Input Voltage

The Y-axis shows the relative deviation of the power factor versus the AC line INPUT voltage (X-axis). The
efficiency is independent of the configuration.
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EMC

In order to improve the EMC see chapter

dBuv
120 ¢

100
80
60
40 |

20

EN55015

1.0

Figure 13 Conducted Emission EN55015 for Lighting

Summary of Main Performance Parameter

NOTE: The values depend on the set configuration, there is crosstalk between line regulation and Power Factor

Correction.

Table 9 Overall Summary of the Main Performance Parameter

Request World Wide IFX ICLS60211 Demoboard
Power Factor =0.8 Up to 98%
THD according EN61000-3-2 PASS
n = B0% > 85%
EMI according EN55015 PASS
Line Regulation ILED 30% < 5%
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Typical Curves

A: Normal Run Mode Condition
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CH1: AC Line INPUT  Current Iacin (yellow)
CH2: AC Line INPUT Voltage Vacin (blue)
CH3: Drain Source Voltage Vds (magenta )
Ch:4 LED Output Current Iout (green)

Figure 14 Typical Curves 1
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CH1: AC Line INPUT  Current Iacin (yellow)
CH2: Feedback Voltage Vfb (blue)

CH3: Drain Source \Voltage Vds (magenta )
Ch:4 Sense \Voltage Vsense (green )

Figure 15 Typical Curves 2
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File

Edit

Wertical

Horizffoy | Trig | Cisplay

Cursors

Mask

Measure

Math | MyScope

Analyze

Litiltie=

Help

=

(Ce1 ) 5.0Vidiv (z1c1)5.0V  5.0us  16.2ms 16.3ms ] 5.0ms 20.0MS/s 50.0ns/pt
@I.IJVfdiv 2.l]\f' 5.0us  16.2ms 16.3ms Stapped
iﬂ,ﬂmNdiv 25.l]mA 5.0us  16.2ms 16.3Jms 15 acqs RL:1.0M
((cs_) 500mV/div (Z164)500mV 5.0ps  16.2ms 16.3ms 13 Mai, 2011 11:08:49
(e1yMax 21.67V (Cc2_)Min 678.1mV 15‘24,"3
(c1 )RMS 20.73V RMS 46.04mA ((»_)16.24ms
(o1 )Min 18.55V (Cce)Max 1.039V (&t )3.75ps
(Ccz_)High 4.72v (iat) 266.7kHz
Figure 16 Typical Curves 3
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B: Startup and Protected Error Events

Startup

File | Edit | “ertical | HorizfAcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Ltities | Help B Tak B

: 1 ;/

&

o3
5.0V/div S.IN 5.0ms 207ms 257ms -jzuv 100ms  10.0MS/s 100ns/pt
@ 1.0V/div @ 1.0V 50ms 207ms 257ms Stopped Single Seq
1.0V/div @ 500mV 5.0ms 207ms 257ms 1acqs RL:10.0M
(Cc4 ) 500mVydiv (z1c4)500mV 5.0ms 207ms 257ms 13 Mai, 2011 14:15:36
Max 21.46V 235.3ms
((5z_)Max 5.084V ((2_)224.1ms
(53 ) Max 3.893V (ot )-11.2ms
(Cs ) Max 1.032v (C1int ") 89.29Hz

Figure 17 Startup Normal Condition

Description

When supplied with line voltage, the self-depletion cell of IC charges C3 and C6 with approx. 1 mA, causing VCC
at pin 7 to ramp up. When passing the level of 18 V, self-depletion is switched off and the Soft Start procedure is
started. The CoolMOS current during the Soft Start phase is limited (compared to the normal operating mode),
rising with voltage at pin 1 until leaving current control to the PWM section at 3.1 V and more.

VCC drops during Soft Start (C3/C6 discharged by the IC supply current of approx. 3 mA) until the transformer
auxiliary winding delivers sufficient supply voltage.

The voltage at the feedback pin 2 is controlled by rectified line voltage (voltage divider R2/R3 and Q1) and
chip-internal pull-up resistor. During periods near zero crossing of line voltage feedback is kept low, leading to
small output current pulses, which results in a good power factor.

During current control of the PWM section (normal operating mode) the Soft Start voltage controls jitter of the
switching frequency, leading to improved EMI performance.
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Startup with Floating Load Protection (FLP)

File | Edit | “ertical | Horizitcg | Trig | Dizplay | Cursors | Measure | Mask | Math | MyScope | Analyze | Litilities | Help |B Tak B

@ 5.0V/div
@ 1.0V/div
1.0¥/div
500mV/div

5.0v 5.0ms
1.0v 5.0ms
500mV 5.0ms

500mV 5.0ms

-17.7ms 32.3ms
-17.7ms 32.3ms
-17.7ms 32.3ms
-17.7ms 32.3ms

(s 220v J(100ms 10.0ms1s 100ns/pt
Stopped Single Seq
1 acgs RL:10.0M
13 Mai, 2011 15:31:32

((c1_) Max 24.54V (Cc3_)Max
(c1_)Min 15.75V Max
@Hax 5.1V

@Hin 693.9mV

4.062V
965.2mV

12.74ms
(1 _)17.48ms

(C&t_)30.23ms
(318t} 33.09Hz

Figure 18 Startup with Floating Load into Floating Load Protection Mode

Description

Startup of circuit as usual, but a missing load leads to rising output voltage and auxiliary voltage.

Reaching the VCC threshold of 24.5 V (voltage divider RD2/R4 and Q2) leads to a reduction in the feedback
voltage and hence to reduced output current pulses to keep the output voltage below the maximum rating of
components. When the feedback level falls below 1.35 V, the Soft Start voltage begins to rise up to a threshold of
4V (depends on the C4 value) and the IC is switched into the FLP mode.
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Startup with Short OUT Auto Restart Mode (ARM)

File | Ecit | “erical | Horizfbcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utites | Help
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@ﬁ,ﬂ\ﬁ’div 50V  2.5ms 212ms 23Tms [ @fz,nv ] 100ms 10.0MS/s 100ns/pt
@ 1.0V/div 1.0V 2.5ms 212ms 237ms Stopped Single Seq
1.0v/div 500mV 2.5ms 212ms 23Tms 1 acgs RL:10.0M
500mV/div 500mV 2.5ms 212ms 237ms 13 Mai, 2011 14:49:22
(e1_ymax 17.94V (e )Max 3.347V 213_5,,,3
@ Min 10,47V Max 952.3mV @226_1 —

@Hax 5.089v 12‘53,"3
(Cc2 ) Min 732.0mV (318t )78.9Hz

Figure 19 Startup with Short Output into Auto Restart Mode

Description

Startup of circuit as usual, but shortened output causes the auxiliary voltage not to rise. After VCC capacitors
(C3/C6) are discharged below a level of the undervoltage logout (10.3 V), the CoolMOS stops switching and starts
Auto Restart mode (charging C3/C6 through the internal depletion cell up to 18 V).

This procedure repeats an unlimited number of times to prevent the circuit from overheating.
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Startup with Fl

oating Load

File | Edit | “ertical | Horiz/dcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope Litilities | Help
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e
@ﬁ,ﬂvﬁdiv 50V 25ms 212ms 237ms [ @IZ,HV ] 100ms 10.0MS/s 100ns/pt
@ 1.0V/div 1.0V 2.5ms 212ms 237ms Stopped Single Seq
1.0V/div 500mV 2.5ms 212ms 237ms 1 acgs RL:10.0M
((cs ) 500mV/div (z1c4)500mV 2.5ms  212ms 237ms 13 Mai, 2011 14:49:22
(e1_)Mmax 17.94V (Ce3_)Max 3.347V 213_5,,,3
@ Min 10,47V Max 952.3mV @226_1 —
ez )Max 5.089V (&t )12.68ms
@ Min 732.0mV 78.9Hz

Figure 20 Startup with Floating Load into Auto Restart Mode

Description

Startup of circuit as usual.

If feedback is higher than 4.5 V, the Soft Start voltage begins to rise until a threshold of 4 V (depends on the C4
value) is reached, which triggers Auto Restart Mode. The procedure repeats as long as load is missing, ensuring
only low supply current under missing load conditions.
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RUN Mode: Restart from Floating Load
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(o1 ) 5.0vidiv @GE)50V  5.0ms -A7.5ms 32.5ms ([ Genasy ) s0.0ms 10.0ms1s 100ns/pt

@ 1.0V/div @ 1.0V 50ms -17.5ms 32.5ms Stopped Single Seq

1.0V/div 500mV 5.0ms -17.5ms 32.5ms 1 acgs RL:5.0M
(Cca_) S00mV/div 500mV 5.0ms -17.5ms 32.5ms 17 Mai, 2011 13:32:50
@ Max 23.56V (Ce3_)Max 371V (v1 2319y

(Ce1_)Min 18.04v Max 1.034v (V2 )z21.8v

@ Max 4.864V 1.587V

@ Min 685.2mV

Figure 21 RUN Mode Restart from Floating Load

Description
Precondition: Floating Load Protection (FLP), see description above.

Once a correct load is connected, the circuit resumes normal operation: loaded output leads to lower VCC,
releasing the overvoltage protection circuit (RD2, R4, Q2) and feedback exceeding 4.5 V. The FLP mode is exited
and the Soft Start voltage begins to rise, alternating between 3.2 V to 3.6 V for frequency jitter control.
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RUN Mode Event into Floating Load Protection (FLP)
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@ 1.0v/div 1.0V 4.0ms -2.72ms 37.3ms Stopped Single Seq
1.0V/div 500mV 4.0ms -2.72ms 37.3ms 1 acqgs RL:1.0M
((ca_) S00mV/div 500mV 4.0ms -2.72ms 37.3ms 13 Mai, 2011 14:06:08
@uax 28.6V Hin 3.023V (1 )27.56ms
(Ce1_)Min 17.9v Max 1.02v ((a_)a37.2ps
(Ccz_)Max 5128V (&t )-27.12ms
((c3_)Max 4.033V (11t )36.8THz

Figure 22 RUN Mode Event of Floating Load

Description

Precondition: Normal operating mode before the load becomes disconnected. Then the following happens:
Reaching a VCC threshold of 24.5 V (voltage divider RD2/R4 and Q2) leads to reduction of the feedback voltage
and hence reduced output current pulses to keep the output voltage below the maximum rating of components. If
feedback falls below 1.35 V, the Soft Start voltage begins to rise up to a threshold of 4 V (the time to do so depends
on the C4 value) and the IC is switched into FLP.
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RUN Mode Event into Short OUT
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@1,ﬂ\ﬂdiv (z1c2)1.0¥  5.0ms -14.5ms 35.5ms Stopped Single Seq
1,l]Wdiv 500mV 5.0ms -14.5ms 35.5ms 1 acqs RL:5.0M

(" c4 ) 500mV/div SDDmV 5.0ms -14.5ms 35.5ms 17 Mai, 2011 12:29:37
(1) Max 21.09v (Ce3_)Max 3.911V

(Ce1_)Min 10.4V Max 1.043V

@Hax 5.145V

(cz_)Min 688.0mV

Figure 23 RUN Mode Event into Short Output

Description

Precondition: Normal operating mode before shorting output. Then the following happens:

Auxiliary voltage drops, no further charging of VCC capacitors (C3/C6), undervoltage logout at 10.3 V is entered.
The CoolMOS stops and Auto Restart mode is entered (charging C3/C6 through the internal depletion cell up to
18 V...). This procedure repeats an unlimited number to prevent the circuit from overheating.
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Run Mode Restart from Short OUT
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(1) 5.0vidiv (@EN)50V  50ms -37.5ms 12.5ms ([ Grnzsy J( s0.0ms 10.0ms1s 100ns/pt
@ 1.0Vidiv @ 1.0 5.0ms -37.5ms 12.5ms Stopped Single Seq
1.0Vidiv 500mV 5.0ms -37.5ms 12.5ms 1 acgs RL:5.0M
500mV/div 500mV 5.0ms -37.5ms 12.5ms 17 Mai, 2011 12:45:50

(Comax  21.35v () max
((c1_)Min 10.46V Max
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@uin 687.5mV
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Figure 24 RUN Mode Restart from Short OUT

Description

Precondition: Output was shortened, then proper load connected. The following happens: the next Soft Start
phase starts normal mode in the same way as for a normal startup.
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