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33 W ultra-wide (three-phase) input-range, off-
line isolated power supply using ICESQR2270AZ
and IPDSOR2K4P7

EVAL_5QR2270AZ_33W1

About this document

Scope and purpose

This document is an engineering report that describes a 33 W, 24 V ultra-wide (three-phase) input-range off-line
flyback converter using the fifth-generation Infineon QR CoolSET™ (ICE5QR2270AZ) and a HV CoolMOS™ P7
series (IPD80R2K4PT). This offers high-efficiency, low-standby power with selectable entry and exit standby
power option, wider Vcc operating range with fast start-up, robust line protection with input Over Voltage
Protection (OVP) and brown-out and various protection modes for a highly reliable system.

Intended audience

This document is intended for power supply design or application engineers, etc. who wish to design low-cost,
highly reliable off-line SMPS systems for ultra-wide (three-phase) input ranges.
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33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7
Abstract

1 Abstract

This document describes a universal 33 W, 24 V ultra-wide input voltage range power supply module. It is
typically used as housekeeping power supply in professional SMPS. Typically driven from the bulk capacitor
after any PFC stage or from the bulk after a three-phase rectifier, any DC input voltage from 190 V DC to 790 V
DC may be applied to this board. The improved digital frequency reduction with proprietary QR operation
offers lower EMI and higher efficiency for a wide AC range by reducing the switching frequency difference
between low- and high-line. The enhanced Active Burst Mode (ABM) power enables flexibility in standby power
operation range selection and QR operation during ABM. As a result, the system efficiency over the entire load
range is significantly improved compared to a conventional free-running QR converter implemented with only
maximum switching frequency limitation at light load. In addition, numerous adjustable protection functions
have been implemented in ICE5QR2270AZ to protect the system and customize the IC for the chosen
application. In case of failure modes, like brown-out or line OV, Vcc OV/Under Voltage (UV), open control-loop or
over-load, output OV, over-temperature, Vcc short-to-ground and Current Sense (CS) short-to-ground, the
device enters protection mode. By means of the cycle-by-cycle Peak Current Limitation (PCL), the dimensions
of the transformer and current rating of the secondary diode can both be optimized. Thus, a cost-effective
solution can easily be achieved.
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7
Evaluation board

2 Evaluation board

This document provides complete design details including specifications, schematics, Bill of Materials (BOM),
and PCB layout and transformer design and construction information. This information includes performance
results pertaining to line/load regulation, efficiency, transient load, thermal conditions, etc.
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Figure 1 EVAL_5QR2270AZ_33W1
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33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7

Power supply specifications

3 Power supply specifications

The table below represents the minimum acceptance performance of the design. Actual performance is listed
in the measurements section.

Table 1 Specifications of EVAL_5QR2270AZ_33W1

Description Symbol | Min. Typ. Max. Units Comments

Input

Voltage Vin 170 - 792 VDC

No-load input power Pstoy_nL - - 180 mwW 565V DC

Output

Output voltage Vour - 24 - Y +3 percent

Output current lout 0.07 0.69 1.38 A

Output voltage ripple VrippLe - - 250 mV 20 MHz BW

Max. power output Pour max | = - 33 W

Efficiency

Max. load n - 87 - % 325V DC/565VDC

Average efficiency at 25 Navg 84 - - % 325V DC/565VDC

percent, 50 percent, 75

percent and 100 percent of

I:)OUT_Max

Ambient temperature Tamb 0 - 50 °C Free conviction,
sea level

Form factor - 70x 120 x 38 mm?3 LxWxH
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33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7

Circuit description

5 Circuit description

The input of the SMPS module can be connected to any bulk (after rectification) from 135V AC single phase up
to 560 V AC multi-phase AC front end as well as to the bulk after any PFC stage. Due to the very high maximum
input voltage of 800 V DC and the reflected output voltage of approximately 200 V the breakdown capability of
the internal switch in the ICESQR2270AZ is exceeded as well as in its HV version (ICE5SQRxx80AX). A series
connection of an 800 V CoolMOS™ transistor with the internal CoolSET™ MOSFET forms a self-driven cascode
which is able to handle a maximum drain voltage above 1 kV. The circuit around the CoolSET™ is very similar to
the standard application and is therefore not described in this application note. Figure 2 shows the complete
schematic of the module. Beside the standard CoolSET™ periphery only a few additional components are
required to achieve the HV capability of the power switch.

5.1 Self-driven cascode

The function of the self-driven cascode essentially depends on the chosen Zener diode ZD12 and ZD13. The
gate voltage of the P7 MOSFET (across R112 to R112C) tracks the input voltage until it is clamped by ZD12 and
ZD13 to approximately 500 V. Due to the source follower circuitry of P7 MOSFET, the maximum drain voltage for
IC11is limited around the voltage across ZD12 and ZD13.

When C16 is charged up to the start voltage of IC11, the internal MOSFET (IC11) will switch on and forces the
source of the external MOSFET (P7 MOSFET) close to GND. The charge in the junction of the HV Zener is
transferred across R111 to the gate of the P7 MOSFET. ZD14 limits the maximum gate voltage of the P7 MOSFET
to 15V during the switch-on time and it also blocks unnecessary switch-on due to the HV oscillation of the P7
MOSFET during the switch-off time. In this way both MOSFETs switch on nearly simultaneously. The
transformer’s primary winding is now applied to the input voltage.

When the PWM controller of IC11 switches off, the internal MOSFET (IC11) disconnects the transformer’s
primary winding from the input. So the voltage across the opened CoolSET™ switch rises (driven by the stored
inductive energy) until it is clamped by the source follower P7 MOSFET. Because the source of the P7 MOSFET
was held down by IC11 before, the gate voltage of the P7 MOSFET was approximately 15 V. So the fast rising
drain voltage of IC11 switches off the P7 MOSFET at nearly the same time (when the voltage is higher than
around 12 V). The increasing voltage charges the junction of ZD12 and ZD13 across ZD14. From now the voltage
follower P7 MOSFET starts working and stops further increase of the voltage across IC11. So any additional
voltage increases across the P7 MOSFET until its maximum value.

5.2 Selection of the P7 MOSFET (P7 CoolMOS™)

As mentioned in section 5.1, the self-driven cascode P7 MOSFET and CoolSET™ are switching on and off nearly
simultaneously. Otherwise, the self-driven cascode structure won’t work smoothly and power losses at
switches will be higher, resulting in poor efficiency and higher temperature. During the switch-off time, HV
stress (input voltage + reflection voltage) shares the voltage between the P7 MOSFET and CoolSET™ depending
on their output capacitance. The lower the output capacitance, the higher the voltage stress. So we should
select a proper MOSFET that do not exceed the breakdown voltage of the MOSFET.

Start with the lowest output capacitance of the P7 MOSFET (IPD80R4K5P7), which shows the highest voltage
stress of 760 V (see Figure 4), which is close to the drain-to-source breakdown voltage of the P7 MOSFET. Then
select another P7 MOSFET (IPD80R2K4P7) with medium-range output capacitance, and the voltage stress
reduces to 616 V (see Figure 3). With a further increase in output capacitance, IPD80R2K0OP7 shows the lowest
voltage stress of 610 V (see Figure 5). Based on the above three tests, IPD8OR2K4PT is selected to use in this
evaluation board. Because it is sharing the suitable voltage stress with the CoolSET™, both switches have a
higher than 20 percent margin on breakdown voltage.
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Circuit description
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Figure 3 Maximum drain-to-source voltage of P7 CoolMOS™ (with IPDS8OR2K4P7)
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Figure 5 Maximum drain-to-source voltage of P7 CoolMOS™ (with IPDS8OR2KOP7)
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Circuit description

5.3 System robustness and reliability through protection features

Protection is one of the major factors in determining whether the system is safe and robust. Therefore sufficient
protection is necessary. ICE5QR2270AZ provides comprehensive protection to ensure the system is operating
safely. The protections include line OV, brown-out, Vcc OV and UV, over-load, output OV, over-temperature
(controller junction), CS short-to-GND and Vcc short-to-GND. When those faults are found, the system will go
into the protection mode, until the fault is removed, when the system resumes normal operation. A list of
protections and failure conditions are shown in the table below.

Table 2 Protection functions of ICE5QR2270AZ

Protection function

Failure condition

Protection mode

Line OV Vi greater than 2.9V Non-switch auto-restart

Brown-out Vi less than 0.4V Non-switch auto-restart

Vec OV Vicc greater than 25.5V Odd-skip auto-restart

Vec UV Vice less than 10V Auto-restart

Over-load Ves greater than 2.75 V and lasts for Odd-skip auto-restart
30 ms

Output OV Vzcp greater than 2V and lasts for Odd-skip auto-restart

10 consecutive pulses

Over-temperature (junction
temperature of controller chip only)

T, greater than 140°C with 40°C
hysteresis to reset

Non-switch auto-restart

CS short-to-GND

Veslessthan 0.1V, lasts for 5 s and
three consecutive pulses

0Odd-skip auto-restart

Vcc short-to-GND Ve less than 1.1V, lvec_charger ® -0.2 A Cannot start up
(Vwee =0V, Rstartup = 50 MQ and Voraw =
90V)
Application Note 9 of 36 V1.0
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PCB layout
6 PCB layout

6.1 Top side

© EuAL_50R2270A2_33M1
33H 24V x 1.38A

Figure 6 Top-side component legend

6.2 Bottom side

Figure 7 Bottom-side copper and component legend
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33 W ultra-wide (three-phase) input-range, off-line isolated power
supply using ICE5QR2270AZ and IPDSOR2K4P7

infineon

BOM
7 BOM
Table 3 BOM (V 0.2)
No. Designator Description Part number Manufacturer Quantity
+24V, CoolSET™ (drain), P7 3
1 MOSFET (drain) Test point 5010
2 BR11 DF10M DF10M 1
3 C12 1nF,500V DE1E3RA102MA4BQO1F Murata 1
4 C13,C13A 450V DC, 220 puF 861111485027 Wiirth Electronics 2
5 C15 1nF,1kV RDE7U3A102J2M1HO3A Murata 1
6 Cl6 35VDC, 22 uF 860010572003 Wiirth Electronics 1
7 Cc17 100 nF, 50V 885012206095 Wiirth Electronics 1
8 C18,C26 1nF,50V 885012206083 Wiirth Electronics 2
9 C19 100 pF, 50V 885012006057 Wiirth Electronics 1
10 C22,C23 35VDC, 820 puF 860010578016 Wiirth Electronics 2
11 C24 35V DC, 220 uF 860010574011 Wiirth Electronics 1
12 C25 220 nF,50V 885012106019 Wiirth Electronics 1
13 Cl11 22 nF,50V 885012206091 Wiirth Electronics 1
14 C112 33nF,50V 885012206092 Wiirth Electronics 1
15 Com, GND Test point 5011 2
16 CS, FB, Vi, ZCD Test point 5002 4
17 D11 STTH112U STTH112U 1
18 D12 RS1DL RS1DL 1
19 D13 BAS20HT1G BAS20HT1G 1
20 D21 VS-8ETHO3PBF VS-8ETHO3PBF 1
21 F1 1.25A,600V 04611.25ER 1
22 HS21 HS_2p 513002B02500G 1
23 IC11 CoolSET™ ICE5QR2270AZ Infineon 1
24 IC12 Optocoupler SFH617A-3X006 1
25 IC21 Shunt regulator TL431BVLPG 1
26 JP11, JP12, JP21 Jumper 3
27 JP13 0 R (0805) OR 1
28 L21 2.2 uH 7447462022 Wiirth Electronics 1
29 P7 MOSFET P7 MOSFET IPD80R2K4P7 Infineon 1
30 R11,R11A 68 k, 500V MCF 1W 68K 2
31 R12 6.8 R (0603) 3
32 R14 2 R(1206) CRCW12062R00FKEA 1
33 R14A 1.8 R(1206) CRCW12061R80FKEA 1
34 R15 27k (0603) 1
35 R16, R16A, R16B, R16C 20 M, 200V (1206) MCPWRO6FTE02005 8
36 R16D 10M MCRE000085 1
37 R18, R18A, R18B, R18C 3.3 M (1206) AC1206FR-073M3L 4
38 R18D 3.3M MCRE000079 1
39 R19 59 k (0603) CRCWO060359K0FKEA 1
40 R22 2k (0603) AC0603JR-072KL 1
41 R23 1.3k (0603) AC0603FR-071K3L 1
Application Note 110f 36 V1.0
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BOM

No. Designator Description Part number Manufacturer Quantity
42 R24 48 k (0603) 1

43 R25 86.6 k (0603) CRCWO060386K6FK 1

44 R26 10 k (0603) MCRO3EZPJ103 1

45 R110, R110A, R110B, R110C 1M,500V KTR18EZPF1004 4

46 R111 0R (0603) 1

47 R112, R112A, R112B, R112C 10 M, 200V (1206) RC1206FR-0710ML 8

48 TR1 1586 uH (110:13:8) EE25/13/7 750317911 rev. 01 Wiirth Electronics 1

49 Vee Test point 5003 1

50 X11 Connector 691201620002 Wiirth Electronics 1

51 X21 Connector 691412120 002B Wiirth Electronics 1

52 ZD12,7D13 250V TVS diode P6SMB250A 2

53 ZD14 15V bi-directional TVS diode SD15C-01FTG 1

s | PP gl eyer, 300, s .
55 D21 accessories M3 screw and nut 1

56 D21 accessories Insulating kit MK3306 1
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Transformer specification

8 Transformer specification

o _.
33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

(Refer to Appendix A for transformer design and Appendix B for WE transformer specifications.)

e Core and materials: EE25/13/47 TP4A (TDG)

e Bobbin: 070-5644 (14-pin, THT, horizontal version)

e Primary inductance: L, = 1.59 mH (+10 percent), measured between pin 5 and pin 7
e Manufacturer and part number: Wiirth Electronics Midcom (750317911) rev. 01
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Bottom view
' . 1 2 8 2 x AWG#30 Auxiliary
56 ! @ _D 9 13 13 1xLitz [TIW 7 x29] 1/2 Secondary
5 0 lﬂ 6 7 62 1x AWG#30 1/2 Primary
O 0 o
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Side view
Figure 8 Transformer structure
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33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7

Measurement data and graphs

9 Measurement data and graphs

All measurements are done by AC source with bridge diode BR11 (Chroma AC Source Model 61504 and Chroma
AC Transform Unit A615003 with Yokogawa Power Meter WT310HC), as the maximum DC output from a single
DC power supply is limited to 600 V DC. Thus, measurement data from an actual source may differ from the
results below.

Table 4 Measurement data
:CF;\L?/ Hz) Description :";\’;) 2’\7::) :(XJ)T :’V(:’U)T ?%) ?oa/:g) :";\r;iow lour_ore (A)
No load 0.08 23.93 | 0.000
Min. load 2.07 23.92 | 0.069 | 1.65 79.73
1/10 load 4.07 23.92 | 0.138 | 3.30 81.10
135/50 1/4 load 9.73 23.92 | 0.345 | 8.25 84.81 50.00 1.85
Typ. load 19.11 | 23.92 | 0.690 | 16.50 | 86.37 86.56
3/4 load 28.24 |23.92 |1.035 |24.76 |87.67
Max. load 37.77 |23.92 | 1.380 |33.01 87.40
No load 0.10 23.93 | 0.000
Min. load 2.15 23.92 | 0.069 | 1.65 76.77
1/10 load 4.20 23.92 | 0.138 | 3.30 78.59
230/50 1/4 load 9.93 23.92 | 0.345 |8.25 83.11 62.00 2.32
Typ. load 19.08 |23.92 | 0.690 | 16.50 | 86.50 86.14
3/4 load 28.38 |23.92 | 1.035 | 24.76 87.23
Max. load 37.63 |23.92 | 1.380 |33.01 87.72
No load 0.17 23.93 | 0.000
Min. load 2.27 23.92 | 0.069 | 1.65 72.71
1/10 load 4.33 23.92 | 0.138 | 3.30 76.23
400/50 1/4 load 10.25 | 23.92 | 0.345 | 8.25 80.51 64.00 2.40
Typ. load 19.35 | 23.92 | 0.690 | 16.50 85.30 84.74
3/4 load 28.77 |23.92 |1.035 |24.76 | 86.05
Max. load 37.89 |23.92 |1.380 |33.01 |87.12
No load! 0.30 23.93 | 0.000
Min. load 2.43 23.92 | 0.069 | 1.65 67.92
1/10 load 452 23.92 | 0.138 | 3.30 73.03
560/50 1/4 load 10.70 |23.92 |0.345 | 8.25 77.13 70.00 2.60
Typ. load 19.80 |23.92 | 0.690 | 16.50 | 83.36 8 71
3/4 load 29.22 | 23.92 |1.035 |24.76 |84.73
Max. load 38.54 |23.92 | 1.380 |33.01 85.65
e No-load condition (no load) :24Vat0A
e Minimum load condition (min. load) :24Vat69 mA
e 1/10 load condition (1/10 load) :24Vat138 mA
1 Add ZD15 (2.7 V Zener) to disable LOVP.
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33 W ultra-wide (three-phase) input-range, off-line isolated power
supply using ICE5QR2270AZ and IPDSOR2K4P7

Measurement data and graphs
e 1/4load condition (1/4 load)

(infineon

124V at0.345A

e Typical load condition (typ. load) :24Vat0.69A
e 3/4load condition (3/4 load) :24Vat0.1.035A
e Maximum load condition (max. load) :24Vat1.38A

9.1 Load regulation
Load regulation: output voltage vs output power at 230 V AC and 400 V AC
> 23.92 23.02 23.92 23.92 23.92
o 24.00 1 - e - i
g 23.92 23.92 23.92 23.92 23.92
©
-
)
=1
g
=
(@]
20.00
0 20 40 60 80 100
Output Power [%]
VOUT at 230 V AC  ==\/OUT at 400 V AC
Figure 9 Load regulation VOUT vs output power
9.2 Line regulation
Line regulation: output voltage vs AC-line input voltage at minimum, typical and maximum load
280
S ;
p 239 239 239 2392
§ %0 939 L B39 EE) K239
S 2.9 239 2392 239
* 3
o
-
=
© 200 :
100 200 300 400 500 600
AC line input voltage [ VAC]
=&=\OUT atmin.load  ==\OUT at max. load VOUT @ typ. load
Figure 10 Line regulation: VOUT vs AC-line input voltage
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon

supply using ICE5QR2270AZ and IPDSOR2K4P7
Measurement data and graphs

9.3 Efficiency vs AC-line input voltage
Maximum load and average load efficiency vs AC-line input voltage
— 90 4
< 87.40 87.712
— ! 87.12 T
oy .‘ = , 85.65
S 86 e i ——g
E i 86.14 \-l\
. 84.74 e — 8271
82 T
100 200 300 400 500 600
AC-line input voltage [VAC]
—o— Maximum load efficiency  =#==Average efficiency (25%,50%,75%,100%)
Medium to maximum load efficiency vs AC-line input voltage
| 81.12
== gLl ' 8112 ooos 85.65
= 87,40 o e e e i
S 85 186:37 86:50 e —— —% 5175
; 84.81 \\ r T ——) 8336
9 83.11 \
'! 1 ,}\ !
& 80.51
w g . \ 7713
75 :
100 200 300 400 500 600
AC-lineinputvoltage[VAC]
== Max.load ==B=3/4load ==w=Typ.load ====1/4load
Light load efficiency vs AC-line input voltage
%
84.81 83.11
81.10 80.51
S 8 - ——— 7859
= 79.73 \ e e o N 77.13
> —
g 76.77 \I\ T 7303
S 70
£ 7271
67.92
60
100 200 300 400 500 600
AC-line input voltage [VAC]
== 1[4 l0ad =¢=1/10l0ad ==m=1/20l0ad

Figure 11 Efficiency vs AC-line input voltage
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supply using ICE5QR2270AZ and IPDSOR2K4P7

o _.
33 W ultra-wide (three-phase) input-range, off-line isolated power ‘ |n f| neon

Measurement data and graphs

9.4 Standby power
Standby power vs AC-line input voltage
400
_ 295.50
= 300 +—
= /
o 1 166.59
: 200
101.00
e 100 7586 | | | | et
2 *~
=
0
100 200 300 400 500 600
AC-line input voltage [ VAC]
—4—No load
Figure 12 Standby power at no load vs AC-line input voltage (measured by Yokogawa WT210 power
meter - integration mode)
9.5 Maximum output current
Maximum output current (OLP) vs AC-line voltage
— I =2.23%16.85% A
< 3 ‘ Out_OLP o
— | 2.60
E 232 2.40 —
I
5 1.85 //
o -
S
&
3
£ 1
=3
E
s
= 0
100 200 300 400 500 600
AC-line input voltage[ VAC ]
Figure 13 Maximum output current (before over-load protection) vs AC-line input voltage
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33 W ultra-wide (three-phase) input-range, off-line isolated power
supply using ICE5QR2270AZ and IPDSOR2K4P7

Thermal measurement

10 Thermal measurement

(infineon

The thermal testing of the evaluation board was done in the open air without forced ventilation at an ambient
temperature of 25°C. An infrared thermography camera (FLIR-T62101) was used to capture the thermal reading
of particular components. The measurements were taken at the maximum load running for one hour. The
tested input voltage was 135V AC and 560 V AC.

Table 5 Component temperature at full load (24 V, 1.38 A) under T,m, = 25°C

Circuit code | Major component 135V AC (°C) 560 VAC (°C)

IC11 ICE5QR2270AZ 55.8 66.3

TR1 Transformer 53.5 67.9

D21 +24V output diode 46.2 46.7

P7TMOSFET IPD80R2K4PT 54.1 58.8

ZD12 Clamper diode for IC11 drain pin 34.6 50.8
Ambient 25.0 25.0

135V AC maximum load and 25°C ambient

Top side

Bottom side

560 V AC maximum load and 25°C ambient

Top side

30.0

Bottom side

Figure 14 Infrared thermal image of EVAL_5QR2270AZ_33W1
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33 W ultra-wide (three-phase) input-range, off-line isolated power
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supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms

11 Waveforms

All waveforms and scope plots were recorded with a Teledyne LeCroy 606Zi oscilloscope.

11.1 Switching waveform at maximum load
e T o

L —

AP T
. bl
R = RV G e

N v ~ P .

C1 (yellow): Vprprain_ond; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_ond;
C4 (green): Vcs

C1 (yellow): Vprprain_ond; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_cnd;
C4 (green): Vcs

\Vin=135V AC, max. load; Vp7brain_source: 32V DC and VcoolseTprain_ond: 519V DC

Vin =230 V AC, max. load; Verprain_source: 134 VDC and Veoolserorain_ond: 530 V DC

. pr—
\_f. LA P AW b | S o b A S

O e
e

Mossure
vaur

C1 (yellow): Vp7prain_ond; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_ond;
C4 (green): Vcs

C1 (yellow): Vp7brain_ond; C2 (purple): Verorain_source; C3 (blue): VeoolseTprain_cnd;
C4 (green): Vcs

Vin =400 V AC, max. load; Verorain_source: 391 V DC and Vcoolsetorain_end: 537 V DC

Vin =560 V AC, max. load; Verprain_source: 616 V DC and Vcoolsetorain_cnd: 538 V DC

Figure 15
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms

11.2 Switching waveform at 25 percent load

Ty - gz

i oos =

P

\ A A A Lo
IFAVAVAVAVAVAY: I

\

FrRaa A A 5
\ A A A \ AL NN
[V VAV Y S RESVAVEAVAY S SN

\FTran S - AETDcan e

[
"
m 3030 0.1

C1 (yellow): Vprprain_ond; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_ond; IC1 (yellow): Ve7prain_cnd; C2 (purple): Verorain_source; C3 (blue): VcoolseTorain_6nd;

C4 (green): Vcs C4 (green): Vcs

Vin =135V AC, 25% load; 8" zero crossing (zero crossing varies from 1~8) Vin =230 V AC, max. load; 8" zero crossing (zero crossing varies from 1~8)
) . - g TEEELmr ——"
L VAVAYAVAVA"AYA"AS / A AP 0 ATAYS AN |

LnArAan s A FAAANAAAAA FTAAAAS A AAA T AAAAAAAAA ! vavi v’\.fVV\NV“J_ f\,’v\/\f\f\wm:_ -J‘.\,’\_,-'\.-'\_;’\f\/\./‘m“’—\u,ﬂ\f\dnvf\ JVVV\,U

C1l (yellow): Vp7Drain_cnd; C2 (purPIE): VpDrain_source; C3 (blue): VCoolSETDrain_Gnd; C1 (yGHOW): Vp7brain_cnd; C2 (Purple)i Vp7prain_source; C3 (blue): VcoolSETDrain_Gnd;
C4 (green): Vcs C4 (green): Vcs

Viv =400 V AC, max. load; 10*" zero crossing (zero crossing varies from 3~10) V=560V AC, max. load; 10% zero crossing (zero crossing varies from 3~10)

Figure 16 Drain and CS voltage at 25 percent load

11.3 Output ripple voltage at maximum load

e Probe terminal end with decoupling capacitor of 0.1 uF (ceramic) and 1 uF (electrolytic), 20 MHz BW

e | - ey

e

‘ c1l P2 maxiC1) P3maniC2) l P maniCl P& maiC2) "',""‘]j
C2 (purple): Vour; C3 (blue): lour C2 (purple): VrirpLe (5 V)
\Vin = 135V AC, max. load; Vour_ripple (24 V): 51 mV in =560V AC, max. load; Vour_ripple (24 V): 143 mV
Figure 17 Output ripple voltage at maximum load
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7
Waveforms

11.4 Output ripple voltage in ABM (1.7 W load)

e Probe terminal end with decoupling capacitor of 0.1 puF (ceramic) and 1 pF (electrolytic), 20 MHz BW
e Load:1.7W (24V, 70 mA)

N SN O 48 O |
.

C2 (purple): Vour; C3 (blue): lour C2 (purple): Vour; C3 (blue): lour

Vin =135V AC, min. load; Vour_rippte (24 V): 110 mV v =560V AC, min. load; Vout_ripple (24 V): 239 mV

Figure 18 Output ripple voltage in ABM (1.7 W load)

11.5 Load transient response (dynamic load from 10 percent to 100 percent)

e Probe terminal end with decoupling capacitor of 0.1 puF (ceramic) and 1 pF (electrolytic), 20 MHz BW
e 24V load change from 10 percent to 100 percent, 100 Hz, 0.4 A/us slew rate

i e

. e e o)
C2 (purple): VrippLe (5 V) C2 (purple): VriepLe (5 V)
\Vin =85V AC, 10 percent to 100 percent load; VriepLe (5 V): 402 mV n =264V AC, 10 percent to 100 percent load; Vrierie (5 V): 500 mV
Figure 19 Load transient response
Application Note 21 0f 36 V1.0
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33 W ultra-wide (three-phase) input-range, off-line isolated power
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supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms

11.6 Entering ABM

e Loadchange from 8.25W (24 V, 0.35A) to 1 W (24 V, 0.04 A)

C1 (yellow): Vrs; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_ond;
C4 (green): Vcs

C1 (yellow): Ves; C2 (purple): Verorain_source; C3 (blue): VeoolseTorain_ond;
C4 (green): Vcs

\Vin = 135V AC; system enters burst mode option 1: Vs less than 0.9V, 8 ZC
and thlanking = 20 ms

n =560V AC; system enters burst mode option 1: Ves less than 0.9V, 10 ZC
and thlanking = 20 ms

Figure 20 Entering ABM

11.7 During ABM
o Load: 1.68W (24 V,0.07 A)

e e

—— - - — R CEERE
T R TRLBTRE A
aerpanemyoRsoH

-

o

. . T
* . - -

A oo T T e i

C1 (yellow): Vis; C2 (purple): Verorain_source; C3 (blue): VcoolseTorain_ond;
C4 (green): Vcs

C1 (yellow): Ves; C2 (purple): Verorain_source; C3 (blue): VcoolseTorain_ond;
C4 (green): Vs

\Vin =135V AC; burst mode option 1: Ves_son = 2.4 V, Vrs_sosr = 2.0 V, Vsl =
0.31V,8ZC

=560V AC; burst mode option 1: Vrs_son = 2.4V, Vre_sorf = 2.0 V, VesaLr =
0.31V,102C

Figure 21 During ABM
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms
11.8 Leaving ABM
e Load change from 0.1 W (24 V, 0.7 A) to maximum load

C1 (yellow): Vrs; C2 (purple): Verorain_source; C3 (blue): Veoolserprain_ond; C1 (yellow): Ves; C2 (purple): Verorain_source; C3 (blue): Veootserorain_cnd;
C4 (green): Vcs C4 (green): Vcs
Vin = 135V AC; system leaves burst mode: Vs greater than 2.75V Vin =560 V AC; system leaves burst mode: Vs greater than 2.75V

Figure22 Leaving ABM

11.9 Line OV Protection (OVP) (non-switch auto-restart)

e Increase AC-line voltage gradually at maximum load until line OVP is detected, and then decrease the AC-
line until line OVP reset is detected

1 i? TELEDYNE LECROY

‘ &

T AN

| N

| Y

. | A

[ I | |
i A 1

; AYRVARNAVANEVANANATAVAVANAN SN ANAN AN NN AN VANV VAN AN AN AN

|

|

|

|

Roll 2 top 4,045 V|
10 MS__5 dge__Positive
X1= 84835805 AX= 153653025
X2= 68817225 1AX= -65.081702 mHz

133 vjay 1212 V| Ay
C1 (yellow): Vauik; C2 (purple): Vvce; C3 (blue): Ves; C4 (green): Vuin
Max. load; line OVP triggered: Veus greater than 810 V DC orVuiy greater than 2.9 V); line OVP reset: Vaus less than 810 V DCor Vuin less than 2.9 V)

Figure 23 Line OVP
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms

11.10 Brown-in/out protection

e Increase AC-line voltage gradually at full load until the system starts up (brown-in) and reduce the line until
brown-out detection.

qr TELEDYNE LECROY
Evanpaheoreyouok

P

T
i
1
.

2
'
T

S

I
|
i
|
i
'r
f\\\h\\\\\\\\\“\“\\l\l\l‘l‘i}“ ?\W\NW\WWN\N\WM\NWM\NWWWVMW
=] | i
I
|
|

C1 (yellow): Veui; C2 (purple): Vuce; C3 (blue): Ves; C4 (green): Vuin
Full load; brown-in: Vuin greater than 0.66 V (Veuk greater than 183V DC) and brown-out: Vuinless than 0.4V (Vsuwk less than 129 V DC)

Figure 24 Brown-in/out protection
11.11 Vcc OVP (odd-skip auto-restart)
e Short R26 resistor during system operation at no load (change R15 to 36 kQ)
. : I \LXE ’ﬁ‘TELEDVNElECRﬂV‘
. - i
Vzpd L
- J — 0
| J ) \l |
J % %
\ — — A
\ \ I
| x 8E
[ \ Ly
| | ! AN T
4| ! V UHURRAAAAAAAN A
Ad EECRY 53 25513 V| 36.521 Vj+ 1938 V|t 449 V4 25513 v+ 36.521 V] ¢ 1.938 V]| X asszms
C1 (yellow): VcoolseTorain_and; C2 (purple): Vvee; C3 (blue): Vour (24 V); C4 (green): Vzeo
Vin =135V AC; system enters Vcc OVP: Ve greater than 25.5V

Figure 25 V¢c OVP
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms
11.12 Vcc UVP (auto-restart)
e Short R17 while the system is operating at 25 percent load (24 V, 345 A)

| "“ TELEDYNE LECROY

Everywhereyoulook™

500 V/div|
1305 kv|

C1 (yellow): Vcoolserorain_end; C2 (purple): Vvee; C3 (blue): Ves
\Vin =135V AC; system enters Vcc UVP: Ve less than 10V
Figure 26 Vcc UVP

11.13 Output OVP
e Short R26 resistor during system operation at 25 percent load (24 V, 0.345 A)

VCoolSE DranGna
' ".‘ TELEDYNE LECROY

RS RAeARAaS i e
Agu_,u.%p
N— A
500 V/div] 10.0 Vidiv 10.0 Vidiv| /Idi] 1.00 V/div| 5.00 V|
0 mV offset] 5 Y g 10 MS out  Pos|
X1= -1.0022 ms
C1 (yellow): VcoolseTorain_and; C2 (purple): Vvee; C3 (blue): Vour (24 V); C4 (green): Vzeo
Vin =135V AC; system enters output OVP: Vour greater than 30 V (Vzcp greater than 2V)
Figure 27 Vcc OVP
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon
supply using ICE5QR2270AZ and IPDSOR2K4P7

Waveforms
11.14 Over-load protection (odd-skip auto-restart)

e Vour(24 V) short-to-GND at 560 V AC

P max(C2) P4 maxiC4) PS5 max(C2 PE miniC1l PT okok(C1 FE
554V

C1 (yellow): Vp7prain_source; C2 (purple): Veoolsetorain_end; C3 (blue): Ves; C4 (green): Voo

Vin = 264 V AC; system enters over-load protection: Ves greater than 2.75V and lasts for 30 ms blanking time: Verorain_source_max: 671 V DC, VcoolseTbrain_Gnd_max:
554 V DC and Vo21_max: 229V DC

Figure 28 Over-load protection and max. voltage stress for MOSFETs and output diode (D21)

11.15 Vcc short-to-GND protection

e Short Vcc pin-to-GND with current meter before system start-up

B | gt
Vin=135VAC

SYSE. NN
i

C1 (yellow): Vprprain_source; C2 (purple): Veootserorain_end; C3 (blue): Ves; C4 (green): Vvee
in =135V AC; system enters Vcc short-to-GND: Vcc less than Vwee_sce = Ivee =270 pA (input power = 70 mW)
n =560V AC; system enters Vcc short-to-GND: Vcc less than Vvee_sce = Ivee = 560 pA (input power = 680 mW)

Figure 29 Vcc short-to-GND protection
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33 W ultra-wide (three-phase) input-range, off-line isolated power < |n f| neon
supply using ICE5QR2270AZ and IPD8OR2K4P7

Appendix A: Transformer design and spreadsheet [3]

12 Appendix A: Transformer design and spreadsheet [3]
Project: EVAL_5QR2270AZ_33W1

Application: 135~560 VACand (24Vx1.38 A=33 W)

CoolSET™: ICE5QR2270AZ

Date:

Revision:

Equation numbers are according to the application note

Unit Value

Vs
|
|
ig]
(o]
3

VDS_NnrminI
<
g
[a]

Diode bridge (BR1)
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33 W ultra-wide (three-phase) input-range, off-line isolated power < |n f| neon

supply using ICE5QR2270AZ and IPDS8OR2K4P7
Appendix A: Transformer design and spreadsheet [3]

Input capacitor (C13)

Transformer (TR1)

Select core type

Winding calculation

Post calculation

CS resistor(R14)

Transformer winding design

Application Note 28 of 36 V1.0
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33 W ultra-wide (three-phase) input-range, off-line isolated power |n f| neon

supply using ICE5QR2270AZ and IPDS8OR2K4P7
Appendix A: Transformer design and spreadsheet [3]
Secondary

Leakage inductance

RCD clamper circuit (D11, R11 and C15)

Output and Vcc diodes (D21, D22 and D12)

Output capacitors (C22 and C23)
Zero frequency of output capacitors (C22 and C23) and associated ESR

Ripple voltage first stage

Calculating the necessary capacitance for the output LC-filter (C24)

Ripple voltage 2nd stage
Vcc capacitor (C16) and start-up time
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33 W ultra-wide (three-phase) input-range, off-line isolated power < |n f| neon

supply using ICE5QR2270AZ and IPDS8OR2K4P7
Appendix A: Transformer design and spreadsheet [3]

Calculation of losses
Input diode bridge

Transformer copper losses

Output rectifier diode

RCD clamper circuit

MOSFET

MOSFET losses at V ACwin + Puax

MOSFET losses at V ACuax + Pwax

Temperature calculation

Controller

Efficiency after losses

Calculation of the regulation loop (R22, R23, R24, R25, R25A, R26, C25, C26)
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33 W ultra-wide (three-phase) input-range, off-line isolated power < |n f| neon

supply using ICE5QR2270AZ and IPDS8OR2K4P7

Appendix A: Transformer design and spreadsheet [3]

ZCD and output OVP calculation

Line OVP is the first priority and its associated brown-out, brown-in and line selection

Brown-out is the first priority and its associated line OVP and line selection
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supply using ICE5QR2270AZ and IPDS8OR2K4P7
Appendix A: Transformer design and spreadsheet [3]

Transformer ! |

Ccomporents | | |
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33 W ultra-wide (three-phase) input-range, off-line isolated power
supply using ICE5QR2270AZ and IPDSOR2K4P7
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Appendix B: WE transformer specification

13 Appendix B: WE transformer specification

CUSTOMER TERMINAL]RoHS JLEAD(Pb)-FREE] ]
Sn 96%, Ag4% | Yes | Yes |
=t
=
* DIMENSION MAY BE EXCEEDED WITH SOLDER ONLY 0 ‘WURTH ELEKTRONIK
BART WUST INSERT FULLY 0 ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
Dﬁzg 50.7) 118/.158 = DOT LOCATES TERM. #1
Leel [3.00/4.01] 800 u.u " 1.270 MAX. PARAMETER TEST CONDITIONS VALUE
[32.25] D.C. RESISTANCE 57 @20°C 179 0hms +10%
| = H | D.C. RESISTANCE 12 @20°C 0.064 ohms +10%
] = ‘ [= D.C. RESISTANCE 913 @20°c 0.024 ohms +20%
1,085 MAX. [= LE INDUCTANCE 57 10kHz, 100mY, Ls 1.59mH +10%
[27.0 d 750317811 SATURATION CURRENT 57 20% rolloff from initial 1.3A
ope g [T'] LEAKAGE INDUCTANCE 5-7| tie(1+2,9+13),100kHz, 100mV, Ls 24uH typ., 48uH max.
A g l E - | DIELECTRIC 1-13]  tie(2+5), 5000VDC, 1 second
\ =rr DIELECTRIC 17 625VAC. 1 second
" TERM. NO.'s FOR REF. ONLY ' LOT CODE & DATE CODE — TURNS RATIC (6-7):(5-6) 1.28:1, +1%
4 A AEEIRG TURNS RATIO (5-7)(8-13) 8461, +1%
TURNS RATIO (57)(1-2) 13751, =1%
#.052(6) 1.000
[1.32] [25.40]
Update views before release to remove
terminals 3, 4, 8, 10, 11, 12, and 14. i _____i
Terminal #6 is clipped at the solder joint —_—
below surface A, E;-%(“l] E‘_‘_‘$
LV /7/18 I I i
RECOMMENDED
=) P.C. PATTERN. COMPGHENT SIDE
T 9
=
% GENERAL SPECIFICATIONS:
PRI — — OPERATING TEMPERATURE RANGE: 40°C fo +125°C including temp rise.
170-814vdc (5)—< e 9
65kHz = :/' }L Designed to comply with the following requirements as defined by IEC60950-1
:. >_ ENE0S50-1, ULBD950-1/CSAB0950-1 and ASMNZSE0950.1:
Y L SEC - Reinforced insulation for a primary circuit at a working voltage of S77vrms, 1000Vpeak, OV. Cat. I, Pollution Degree 2.
— ' 24V - 13754
e— || C
1 - Fer-Y
T—py @
—
AUX _%
15V - 50mA
—
& J
Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.
DFM SP [Packaging Specifications Tolerances unless otherwise specified DRAWING TITLE PARTNO.
DATE | 8/7/2018 |Method: Tray -P % Angles: +1° Decimals: +.005 [.13]
ENG JLV  |PKG-0737 \‘\-T-/ Fractions: +1/64  Footprint: + 001 [.03] TRANSFORMER 75031 791 1
REV. 01 convenmon pLacement]  This drawing is dual dimensioned. Dimensions in
DATE J9/11/2018] Y brackets are in millmeters SPECIFICATION SHEET 1 OF 1
Figure 30 WE transformer specification
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may contair
dangerous substances. For information on the types
in question please contact your nearest Infineor
Technologies office.

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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