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300 mA nonisolated ultra high -voltage buck
evaluation board using ICES5BR3995BZ

EVAL_5BR3995BZ_BUCK1
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Scope and purpose

This document is an engineerg report that describesa non-isolated 18 V, @0 mA ultra highvoltage buck
converter usingthe latest fifth-generationinfineonfixed-frequency(FB# | | F ICEEBR3995BZ The
document contains power supply specificatia schematis, bill of materials (BOM)PCB layout and
performance dataThisevaluationboard is designed for users who wish to evaluate the performance of
ICE5SBR3995BZand itsease of use.

Intended audience

This document is intended foEMPSlesign/application enginees, students, etc, who wish to design lowcost
and non-isolated buck converters, such asauxiliary power suppkes forwhite goods, smart metering, etc.
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Abstract
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This engineering reportiescribesa 5.4W 18 Vevaluationboard designed in duck converter topology using
the fifth-generationFF# | | F JCEHBRBIISBZ The target applications of CE5SBR3995Bate either auxiliary
power supples forwhite goods, PG, servesor T\5,or enclosed adaptes forBlu-ray players, settop boxes,
games consoles, smart meteringetc. The950 \Cl | F - / 3 U C HA\IMsAQ grelitly simplifies the design
and layout of the PCBl'henewimproveddigital frequency reductionand frequency jitter feature offeslower
EMI and higher efficiency. The enhancadtive burst mode (ABM)ower enables flexibity in standby power
operation range selectionIn addition, numerous adjustable protection functions have been implemented in
ICE5BR3995B% protect the system and customize the IC for the chosen application.
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Evaluation board
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This document contais the list of features, the powesupply specificatiors, schematis, BOMand
performance data Typical operating characteristics such as performance curve and scope waveforms are
shownat the end of the report.

 EVAL_5BR39958Z_BUCK1
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Specifications of evaluation board
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Table 1 Specifications of EVAL_5BR3995BZ_BUCK1
Description Symbol | Min. Typ. Max. | Units Comments
Input
Voltage Vin 85 460 V AC| 2-wire (no P.E.)
Frequency fune 47 50/60 63 Hz
Output
Voltage Vour 18 \%
Current lout 0.3 A
Output power Pout 54 w
Output voltage accuracy Less thant5%
Overcurrent protection Less thanl50% of rated current A
. . Less thanl% With 10uF Ecap
Ripple and noise voltage Vpkepk (20 MHz bandwidth) MY 1 and 0.1uFMLCC
Environmental
Conducted EMI 6 dB | Margin, CISPR 22
Surge immunity class B
Differentialmode (DM) +1 kv | EN 610085
Ambient temperature Tamb -20 X 50 °C Free convection,
sea level
PCBform factor 35x70 mm? | LxW
Note: The table abovehowsthe minimum acceptable performancé the designactual measurement

results arelisted inthe testresults section.Thisevaluation board is designed to demonstrate the
maximum output currenbnly.
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Circuit diagram
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Circuit description

5 #CL=OCN >?M=LCJNCI H

5.1 , CH? CHJON

The Adline inputstagecomprises the input fuse FIectifier diode D1 and D5, capacitors C8, C3 anch@8,
inductor L1. Fuse F1 is a flameproof, fusible residtwat can act as an input fuse for overcurrent and also limit
inrush current for rectifiers Dand D5. The X-capacitors C8 and inductor L1act asEMIsuppressorsA rectified
DC voltage (126650V D@ isheld by the bulk capacitor C3 and C9 in series

5.2 3 N;&@JN

ICESBR3995BXses a cascode structure to fasharge the ¥Yccapacitor. Pultup resistors Rtonnected to the
GATE pin (pin 4) are used to initiate the stag phase When\W.ccreaches the turron voltage threshold 6V,
the IC begins with a sofftart. The softstartimplemented inICESBR3995B% a digital timebasedfunction.
The preset sofstart time is 12ms withfour steps. If not limited by other functions, the peak voltags the CS
pin will increasein incrementsfrom 0.3V to 1V. After IC turnon, theV cvoltage is supplied byutput voltage.
Vccshort-to-GND protection is implementeduring the start-up time.

5.3 ) HN? AL; N?> -/ 3&%4 ; H> 07- =I1HNLIF

ICE5BR3995B2 comprised of a power MOSFET and doatroller, which simplifies the circuit layout and
reduces the cost of PCRanufacture. The controllertogether withthe MOSFETS placed athe high side othe
converter with a floating ground athe cathode offreewheelingdiode D4 Thus output voltage is sensed only
during freewheeling diode conduction time.

5.4 /| ONJON MN; A?

The maximumoutput voltageripple is determined by the output capacitace and the equivalent series
resistance (ESR) of the output capacitor. Selectioraédw-ESR capacitor helps reduce ripple. The dummy load
resistor R9 helps output voltage regulation at ligidad condition.

5.5 &? ?><IHENL I F

ICES5BR3995BHtegrates a transconductance amplifier for feedback control HE output is £nsed by the
voltage divider R5 and R6) and comparedwith an internal reference voltagat the VERR pirAn external
compensation network (C4, C5 and R8yecommended orthe FB pin to controloutput voltage.

5.6 OLCGMVMCS? FJIOL, L2 HN =1 HNL I F

The MOSFET draisource current is sensed via external resissét7 and R8. ICE5BR3995BZ a current mode
controller that hasa cycleby-cycle primary current and=Bvoltage control whichensuresthe coR 2 L N? L AM
maximum power is controlled in every switching cycl&o avoid mistriggering caused by MOSFET swibch
transient voltage spikes, a leadingdge blanking(LEBYime (tcs ey is integrated in the current sensin@S)

path.

5.7 & ?KO?H=S L?>0=NCI H

Frequency reduction is implemented in ICE5BR3995BAchieve better efficiency during light load. At light
load, the reduced switching frequencysiwrimproves efficiency by reducing the switching lsss. When load
decreases, ¥ decreases accordinglwhile Fswdecreases. Typically,swat high load is 65 kHz and starts to
decrease at M= 1.7V. There is no further frequency reduction onceeachesthe foscx mnevenif the load is
further reduced.
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Circuit description

5.8 = NSPL?MIN> ?

ABMentry and exit powertvo levels) @n be selected inCE5BR3995BDetails are illustrated in the product
datasheet. BMpower levellis used in thievaluationboard (R4=open).

5.9 OLI N?=NCIH @?; NOL?

ICESBR3995B# ovidescomprehensiveprotection to ensuresafe operation othe sygem. This includesVec
overvoltage (OV)and undervoltage (UV) overload, output OV, overtemperature(controller junction) and Vec
short-to-GND When those faults are found, the system wiliter protection mode.Oncethe fault is removed,
the system resumes normaperation.
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PCB layout
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Figure 4 Bottom -side copper and component legend

Engineering Report 90of 29 V11l
202208-05



300 mA nonisolated ultra high -voltage buck evaluation board using
ICESBR3995BZ

Bill of materials
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Table 2 BOM
No. | Designator | Description Manufacturer Part number Quantity
1 C2 Aluminum capacitord7 uF20% 35V Nichicon uvziv470MDD 1
radial TA
2 C1, C7 Ceramic capacitod00nF 50V X7R 060; 2
3 C3,C9 Aluminum capacitord7 uF20% 400/ United Chemi | EPAG401ELL47 2
radial Con MK30S
4 C15 Ceramic capacito0.33uF25V X7R 1
0603
5 C4 Ceramic capacito220pF 50V X7R&03
6 C5 Ceramic capacitof.068uF50V X7R
0603
7 C6 Ceramic capacito2.2puF50V X7R 120€ Murata GCM31MR71E2 1
5KA57
8 cs8 Film capacitor0.22uF20% 760vDC Epcos B32912B3224M 1
radial
9 C10 Aluminum capacitor220puF20% 35V | Rubycon 35ZLQ220MEFC 1
radial 8X11.5
10 D2 Generatpurpose diodel00V 150nA Diodes BAV16WI-F 1
SOD123 Incorporated
11 D3 Generalpurpose diodel kV 1A Vishay UF4007E3/73 1
DO204AL
12 | D4 Generalpurpose diode800V 1A SMA | Bourns CD214A-S1K
13 D1, D5 Generatpurpose diodel kV 1A SMA S-TMicroeIectro S1IM13F
nics
14 | F1 Re_sistor8.21) ZW 5%axial, flameproof, | Yageo FKN200JR/ 3- 1
fusible, safety wirewound 8R2
15 IC1 Fifth-generation FF CoolSEADIP7 Infineon . ICE5BR3995BZ 1
Technologies
16 JP1 Throughholejumper, 15.24mm pitch, | 3M 92334506-C 1
2pins
17 |R2 Resistor5s W XSM M/OX&6R2 TE Connectivity | ROX5SSJ6R2 1
18 | R5 SMbDresistor270E 1% 1/10W 0603 1
19 | R6 SMD resistoR9.4E 51% 1/10W 0603 1
20 | R7,R8 SMD resistoR.25 1% 1/2W 1206 2
21 R4A, R4B | SMD resistol G 5 1% 1/4W 1206 Vishay RCV12061MOO0R 2
KEA
22 | R9 SMDresistor24E 51% 1/4W 1206
23 R1 SMD resistol00G 5 1% 1/4W 1206 Vishay CRHA1206AF1(
OMFKEF
24 | R3 SMD resistol5E 51% 1/10W 0603 1
Engineering Report 100f 29 V11l
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No. | Designator | Description Manufacturer Part number Quantity
L2 Fixed inductor390uH 1A 0.65 Wirth 7447452391 1
25 .
Elektronik
26 L1 Fixed inductorl mH 500mA 2.08) THT | Wirth 768772102 1
Elektronik
Line, PCtest-point multipurpose THTwhite | Keystone 5012 3
27 | neutral,
GNDF
28 | +18V PCtest-point multipurpose THTyed Keystone 5010
29 | GND PCtest-point multipurpose THTplack | Keystone 5011
Engineering Report 110f 29 V11l
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Test results
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8 4? MN L?MOFNM
8.1 %@C=C?H=S
Table 3 Efficiency
Input ;Z?fentage Pin Vout lout Pour Efficiency Qf\fllf:::giy
(V AC/Hz) %) (W) (VDC) | (A) (W) t5(%) (%)
0 0.041 18.17 0 0
25 1.764 17.58 0.0746 1.312 74.35
85V AC/60 Hz 50 3.607 17.49 0.1495 2.615 72.52 791
75 5.476 17.44 0.2243 3.912 71.44
100 7.419 17.37 0.2992 5.198 70.07
0 0.046 18.17 0 0
25 1.771 17.58 0.0746 1.312 74.08
115V AC/60 Hz 50 3.628 17.48 0.1495 2.613 72.03 2953
75 5.411 17.42 0.2243 3.907 72.2
100 7.228 17.34 0.2993 5.19 71.8
0 0.089 18.20 0 0
25 1.847 17.59 0.0746 1.312 71.05
230 V AC/50 Hz 50 3.582 17.52 0.1495 2.62 73.15 2219
75 5.379 17.44 0.2244 3.914 72.77
100 7.231 17.35 0.2993 5.191 71.79
0 0.107 18.20 0 0
25 1.884 17.58 0.0747 1.313 69.68
264 V AC/50 Hz 50 3.647 17.51 0.1496 2.62 71.83 71.34
75 5.395 17.44 0.2243 3.913 72.52
100 7.277 17.34 0.2992 5.189 71.31
0 0.257 18.41 0 0
25 2.168 17.56 0.0747 1.311 60.47
460 V AC/50 Hz 50 4.028 17.48 0.1495 2.613 64.88 64.9
75 5.848 17.4 0.2243 3.903 66.75
100 7.675 17.3 0.2993 5.179 67.48

Note:

Adummy load (R&24kq) was placed othe board for output voltage regulation at Aload

condition.
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Test results

Efficiency vs. ACline input voltage
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Figure 5 Efficiency vs. ACGline input voltage
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Standby power vs. AGline input voltage
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Figure 6 Standby power at no-load vs. AGline input voltage
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Test results

8.3 , CH? L?AQF@AEF HFI ; >
Line regulation at full load
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Figure 7 Line regulation Vo vs. AGline input voltage
8.4 , I ;> L?2AO0OF; NCI H
Load regulation: output voltage vs. load
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Figure 8 Load regulation Vo vS. output power

Engineering Report 140f 29 V11l
202208-05



o~ _.
300 mA nonisolated ultra high -voltage buck evaluation board using < |nf|ne0n

ICESHR3995BZ

Test results

8.5 30LA? CQCGHEHCESe ©

EN61000-4-5 installation class3 (x1kV for lineto-line DM. A test failure $ defined as a nomecoverable and/or
system autoerestart.

Table 4 Surge immunity test result
o Number of strikes
Description Test Level Test result
0° | 90° | 180° | 270°
115/230 V AC0B mA DM +/-1kV | L'AN 3 3 3 3 Pass
8.6 #1 H>0=N?> %GGNIMEI HM &M "o

Conducted EMI was measured by Schaffner (S8IB83) and followed the test standard &N55022 (CISPR 22)
class BThe evaluation board wasconnected to resistivdoad (300 mA with input voltage of 15V AGind
230VAC

Transducer NNBA41trd Transducer NNB41.trd
Limit Line EN 56022 class B CE Limit Line EN 55022 class B CE
PK AV QP PK AV QP
dBuv 80 dBuv
60~
40+
; MWMW
o
O‘SMHIOZ %" ! # = L a 30 MHz 0.15 MHz 230 MHz
Final Measurement Results: * = Limit exceeded Final Measurement Results: * = Limit exceeded
Frequency Level Pk Level AV Level QP Limit AV  Limit QP MNotes Frequency Level Pk Level AV Level QP Limit AV Limit QP MNotes
© easee L 573 L 29.6 L 519 6.0 6.0 0.6000 L 47.5 L 17.9 L  41.6 26.0 56.0
B.4928 L 47.8 L 21.7 L 42.7 46.1 56.1 1.3568 L 51.1 L 25.9 L 45.5 46.8 56.0
8.6060 L 46.3 L 16.5 L 39.6 46.9 56.8 2.1548 L 46.7 L 20.1 L 40.0 46.0 56.8
1.2788 L 48.7 L  23.8 L  42.7 46.@ 56.8
Pas®dwith 10dB magin for quasipeak measurement at lowine (115V AQ

Figure 9 Conducted emissions at 115V AGwith full load
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Transducer NNB41trd Transducer NNB41.trd
Limit Line EN 56022 class B CE Limi Line EN 55022 class B CE
PK AV QP PK AV ——— QP
dBuV 80 dBuv
60 60
40+
0 0~
-20 T T O A T T e —r T 1 o T T T T pp—g— T
02 05 1 2 5 10 20 02 05 1 2 1] 10 20
0.15 MHz 30 MHz 0.15 MHz 30 MHz
Final Measurement Results: * = Limit exceeded Final Measurement Results: * = Limit exceeded
Frequency Level Pk Level AV Level QP Limit AV Limit QP HNotes Frequency Level Pk Level AV Level QP Limit AV Limit QP MNotes
788 L se.1 L 336 L sia 11 el @.2788 L 53.8 L 27.8 L  48.0 51.1 61.1
g.a838 L 542 L 3@ L 1s.@ 6.5 6.5 0.4746 L 546 L  31.2 L  48.5 46.4 56.4
85258 L 548 L 358 L 487 6.0 6.0 0.5400 L 529 L 253 L  46.8 6.0 56.0
1.5120 L 48.9 L  30.8 L  41.8 6.9 56.8 l.344e L 5.4 L 27.2 L 43.1 46.0 56.8
2306 L 47.9 L 313 L 41.4 6.8 56.9 2.376 L 43.3 L 268 L 423 46.9 56.9
Passed with 6 dB margin for quapeak measurement at higtine (230 V AC)

Figure 10 Conducted emissions at 230V AGwith full load

8.7 4B?LG; F G?; MOL?G?HN

The thermal test othe open-frame evaluationboard was done using an infrared thermography cameF_[R
T6210) atanambient temperatureof 25°C. The measurements were taken aftere hour running at fill load.

Table 5 Hottest temperature of evaluation board
No. | Major component 85V AC (°C) 460 V AC (°C)
1 IC1 (ICE5BR3995BZ) 51.9 72.7
2 D4 (freewheeling diode) 68.1 78.2
3 L2 (inductor) 61.1 85.5
4 Res(current sense resistor) 50.9 56.1
5 R2* (antisaturation resistor) 84.6 94.7

*R2 limits the current through the output inductor (L2) to avoid saturation duritige start-up phaseand
output short condition.
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Test results

85V Adull load and 25°Cambient 460V ACtull load and 25°Cambient

Topside Topside

Bottom side Bottom side
Figure 11 Infrared thermal image of EVAL_5BR3995BZ_BUCK1
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