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About this document

Scope and purpose

This document is a guide to using the Infineon ICL8105 system simulation and design creation tool. It enables
users to generate transformer, bill of materials (BOM) and IC parameter designs based on the system
simulation/calculation output.

The Infineon ICL8105 is a digital controller for high-performance single-stage flyback converter, targeting LED
lighting applications.

Intended audience

This document is intended for anyone wishing to evaluate the performance of the Infineon ICL8105 for their
own application tests or to use it as a base/reference for a new Infineon ICL8105-based development.
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1 Key features
1.1 System simulation/calculation

Single-stage PFC Flyback is the most cost-effective topology for lighting applications which have low output
power and require isolation. However, system optimization of such a topology is not so straightforward as it
mostly requires trade-off with other performance factors. For instance, increasing output capacitance will
reduce output current ripple but the trade-off could be a longer startup time at low dimming. Therefore, the
system simulation and calculation with this tool is intended to help ICL8105 customers when creating a board
design with overall-balanced performance profiles which fit best to their requirements.

Below is a list of system simulation and calculation outputs generated by the tool:

e Normalized primary average current curve simulation for iTHD optimization (see example in Figure 1)

e Controller operating mode (quasi-resonant /discontinuous conduction/ continuous conduction) during
non-dimmed operation

e Minimum and maximum on-times during non-dimmed operation

e Minimum and maximum switching frequencies during non-dimmed operation

e Maximum primary peak current, primary rms current, secondary rms current calculations

e Output current estimation at minimum dimming

e Maximum output current ripple estimation

e Maximum startup time estimation

e Maximum MOSFET drain voltage and output diode reverse voltage estimation

e Transformer conduction loss, core loss estimation at minimum and maximum input voltages
e Minimum and maximum value selection for passive components (capacitors & resistors)

e Maximum power loss estimation of selected values of ICL8105 CS pin resistor, ZCD pin resistors and bleeder
resistor.

Simulation Output

Normalized Primary Average
Input current simulation

/ N\

Normalized Ipri_avg
o
(0]

0 + T T T
0.000 1.000 2.000 3.000

— |pri_avg simulation #1 Phase (radian)

Ipri_avg simulation #2

Figurel Example of normalized primary average current curve simulation (for iTHD optimization)

Note: iTHD refers to input current harmonics distortion.

Application Note 3 Revision 1.0
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1.2 System design creation

A full system design with ICL8105 can be achieved easily with this tool as it is highly interactive, providing
design tips and detecting any errors or warnings based on user inputs in each step. Upon completion of the 3
main design steps in the tool without any error, the transformer drawing, bill of materials (BOM) and IC
parameters are automatically generated.

1.2.1 Auto-generated transformer drawing
Below is a list of transformer drawing outputs generated by the tool:

e Wiresize and type of each winding

e Parallel wires used in each layer of winding

e Number of turns and layers for each winding

e Winding layers sequencing based on “sandwich-winding” construction

An example of an auto-generated transformer drawing is shown in Figure 2.

enerate: TRANSFORMER DRAWING OK
Core Material PCA44 or equivalent
[Wire Size & Type) x (Parallel No.) Turns | No. of Layers |Description Tapes x2 after Last Winding Core,. Bobbin PQ2020, THT, 14p [V]
AWG38 TIW x1 15 1 SEC_AUX Nominal Lp (uH) 5440
AWG2T MW x1 29 1 1/2 PRI B
AWG34 MW x1 15 1 AUX PIN ASSIGNMENT & WINDING DIRECTION
TEX-E @0.3 x4 15 3 SEC
AWG2T MW x1 29 1 1/2PRLA 1 _”': ;"Q_ 13
< >
1/2PRI_A < >
- < >
o] % >
2 -T & SEC
- >
< >
1/2PRI_B «< >
— 2 || &
3 —+ o nu
6 —U'-.E ;‘-“0— 10
< >
AUX < - SEC_AUX
< >
< |
5 —_ f—t— 8
BOBBIN ! i !
MW:Magnet Wire (Grade 1) TIW/TEX-E: Triple Insulation Wire PIN ASSIGNMENT SELECT
Figure2 Example of auto-generated transformer drawing
Application Note 4 Revision 1.0
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1.2.2 Auto-generated BOM and IC parameters

The ICL8105 is a high-performance digital controller which allows custom parameterization by designers or end
users. For instance, the ICL8105 allows changes to non-dimmed output current settings on the same board with
no change in hardware. There are a total of 69 IC parameters which can be configured using a GUI called
.dpVision.

Based on the design inputs of each step, the tool will recommend the minimum and maximum values of
parameters and components dimensioning in order to guide users in the selection of appropriate values. After
completing the final step with no error detected, BOM and IC parameters will be automatically generated - as
shown in Figure 3.

Auto-generated BOM Auto-generated IC Parameters
Auto-Generated BOM Auto-Generated IC Parameters
Aefe: Please refer fo sheet "SR EMT Line Filter & Brid
pelier  Part Num
15; Care, Bobbin: PRE0ZO, Lout_rck FE0.0 ™A
n Mause: 16; Hre-a_aus: 18 WURTH THT, 1dp [¥] Mg cz urnr
o3 IGLE105 - IHFIHEGH IGLE105 (OE0-51 H_r 15 vurnr
X IFOFURIEGCE | 500w INFINEGH | IFDE0RIEOGE (DFAK) H_a 15 warnr
B =18 =z000 DIODES, REZME-13-FISME] [ 0544 mH
Dzo, 021 1A T FAIRGHILD: ES1J[=MAT F_GS [ ahm
o3 LH00pF L 5eT0 AHY Diircrote ar SHOAZOE w_oGF .51 w
cd 0 zzuF L daEn AT Film =ap, F_7GO0_1 56z Lakhm
o5 T0EF 509, G006 AT =MD Fazhaqe: 0603 F_ZC0_z z00 bahm
FB_PRI Rz Z0kakm [ AT SMD Fazhage: EDE WCC_SUFFLY Wids
PR, " arre SMDFackaqeilzne o_¥oE 3300 uF
(3 par, inrerior] V_out_cap rating 5 v
R+RE 174 3kakm =5 AT Fouer ratina: -0ET F_HY 56 kahm
Riv 5% zhahm I AT SO F azhaqe: 1205 [ aa e
R Zhahm T AT SMD Fazhage: EDE
Fid 4.22ahm 2z AHY Fausr rating: =011 foaukn_rerkart 1.0 Ed
t_auko_rorkark_Fark 0.4 x
Ri% Toakm I AT =MD F azhaqe: 0505 Ficastion CUF_Naut| Auta-Fertars
oz HFH Tranrirtar| Wzea:599 | INFINEOH | EDF#53 (S0T-223) Srecd OVF_Wour Zlau
[T =025 2T AT EAVI0E [SO0-F0E] [ a4 v
o1z 0.z58 Zony SHY EAMOZ (S00-200C) EH_UVF_Yaut Enaklcd
AUX VOC SUPPLY 701 Zorer 1540 =5 AT =0D0-323 arrimilar wreart_max [EXT) mr
o a.TuF L5an AT Elsznralytiz Cap EM_lawr_mar_ava Erabled
C% EEN z5u AT E-Cap ar SMDE0E EM_lout_man_peak Enabl:d
[FED) 01uF =25W AT SMD P ackaqe: E0E L aut_man_peak 1980 mA
Ri7 ATkabm I AHY EHD Fackage: 1206 Speed OCF_laut Zlau
Riz d Takm I AT =MD Fackage: 1206 EH_UF_In Erabled
1G50[ =chmink tria. 1G] invertous Tl TALVCGIADEYF EN_CUF_In Erabled
oMo oMo W0y EED) W
G108 | daprerboard - INFINEQH adapterboard N in_rtart_max ) O
Foi Optacaupler | -dk8, UL VISHAY [ W_in_rtart_min [ [
G100 | HFH Tranrirtar| Wzea:55 | INFINEGH ECRES (SOT-591 [T B W
E=ED Zener 510 =z.5 AT SO03E3 arsimilar Dobua Mode Dirabled
S 0.25A Z00v ANY EAT0Z (S00-300) | Temperatureqmard |
D105 0n.za oy INFIHNEOH EATS4-05 (SOT-23) T_<ritical 119 =
Z0i0n Zorer 1540 =5 AT =0D0-323 arrimilar EH_ITF Erablad
DIMBING FER WS FuF 1% AT =MD Fazhaqe: 0603 T_tax 10 =
[FET] A TuF z5u AT SMD F azhageclE05 Lout_red z20 e
G35, O3 [N z5% AT SMD P ackaqe: E0E rtop 0 -
St e T Gz Z.Zuf Gl AHY Electralytic Gap tup % rhutdmon |
iy . SR T0uF z5u AT SHDFackage: 1206 [ 0.5 mr
g widds SERRT Rl Z.Zkohm Tt AR EMDFazkage: 0505 V_our_dim_min .4 W
Raz Z0kahm T AT SMD Fazhage: EDE W_out_rtark 9.5 W
[FEE) 5. kahm 1 AT SMD P ackage: E0E Conkrol_loog_init OGH
[ET] ATkabm I AHY MO Fackage: 0603 H_AEHM_init 00
RaT = Zhahm I AT =MD F azhage: 0505 FLKF_GRM 550
R100 4. Takm T AT SMD P azhaqe: 1205 FLELGRM %
F101 ATkohm 1 SHY SMDOFackaqe: 1206 FI_KL_DCHM AT000
[SXI] AR L2ET GHEEHI HERE4OZEOTE FLELDGH Zon
o7 (RN =Ton AT MO Fazhaqectils FLEF_AEM ¥
FB SEC [BETRE Sa0aF [ AT Elsstralykiz Cap FLELAEM 3z
) GFEH - - - EH_DIM Erabled
o3, 0d FHTO0E [ IHFIHEGH FHTO0Z (SOT-251 W_DIM_min [RI [
o7 CrualDinds 25T INFHECH | EATEd0A(S0T-23) awr_dim_min 350 e
07,09 OFEN - - - C_OIM Linear
OUTPUT BLEEDER 204,205 Zonor 12% =5 AT S00-323 arsimilar EM_DIM_To_OFF Dirablod
CHo 0005 F L zaE AHY Diir=rote ar SHOHZOE W_DIM_aff A [
Auztvios (Hetr—Findnanna o (R zz50 AT =MD F ackaqe: GEOT EM_Sow Dirablad
CinmeatF Hz:;::;" 1.3kahm 1 ANV Fausr rating: 14 mf_m_m“ T, e
FzT, Fes 1Mahm 1 MY SMO Fackaqe: 0505 _on_max IS ar
Ra GFEH - - - t_ar_min iz r
T-CAF oo ZZ00EF =2 TT0as AT Safety GeramizCap Fri_min_DGH (B kH=
CEBUGIFROGRAMMING FES aTo 50U, GOG AT MO F azhage: 060 ENH_AEM Dirabled
] Fpins - AT S pins
AFETY & LINE SURGE F1 ULrafoby Fure | »0.9%8& AHY - EH_EFFC Enabled
FEREs I BraR S iany FoF o o rurqe abrarber 2E3E.d AHY Fiadial, Dir= Type uF
aretmii C1+D0z |ruras abrarker|  o391.7 AT Gars Suyle: 1.5KE
JUMPERE Fi1,RE10,RE1 Yakm - AT SMDF azhage: TEDE t_mir_dcmaa EX] ar
[ PO Z50 e
FLEAZE FIME _ \_2COFD atn o
TUME 1 T_<ouplirg 1020
EASED OMN APP. — Fiin 15 ohm
M_D'EM_mod_qain %
a_DIM [ i
Figure3  Example of auto-generated BOM and IC parameters
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2 Overview

This section provides general information about the tool.

2.1 Software and version

e Software name: Microsoft Excel
e Software version: 2010 or later
o Excelfileformat: *.xlsm (macro-enabled Excel sheet)

2.2 Worksheets

There are 3 worksheets in this Excel tool by default.

e The “SCH” worksheet shows a schematic of the auto-generated BOM
e The “Wire” worksheet shows wire table used in the calculation of the auto-generated transformer drawing

e The “Simulation & Design” worksheet is the tool itself with which users can enter design inputs and where
the simulation output/system design will be generated

Note: “SCH” and “Wire” worksheets are for reference only. The workbook structure is protected by
password.
2.3 Cell protection and legend

The “Simulation & Design” worksheet is protected by password. Users can only enter or modify values in the
design input cell, which is light-green-coloured, as shown in Figure 4.

Cell Legend: Design Input Read/Write

Info Read Only

Output Read Only

Figure4  Celllegend of “Simulation & Design” worksheet

2.4 Cell comments

Comments are available to provide explanations or give guidance on every design input and calculation output.
For an example, refer to Figure 5.

Est. System <Calculation output>

lout_min (mA) Estimated System Iout at minimum dimming

88.0 Values shown here should be same or very close
881 to I_out_dim_min for good output accuracy.

Mote: This value is just an estimation based on
calculation. Please check actual board performance
to confirm.

Figure5 Example of a cell comment explanation

Application Note 6 Revision 1.0
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2.5 Expand/collapse button and status bar

Each design step and generated output can be expanded or collapsed according to the user’s preference. The
expand/collapse button is available on the left side (See Figure 6).

Also, the status of each step will be shown in the status bar on the right side (See Figure 6):

e “OK” means that no error or warning has been found.

e  “WARNING” means that a warning, but no error has been found. The user should pay attention to the
warnings.

e “ERROR” means aninappropriate design input has been found. The user should adjust the design input.

iy Step 1:
73

System Simulation & Transformer Design

PrESs “+” i .
to expand 0§ Step 2:  Transformer Construction (Optional)

S - < TRANSFORMER DRAWING [ Status
Press «.” ;gi enerate: a

to =i 255 HENER
collapse 298

EyIl Generate: BOM & IC PARAMETERS
= 4001

Finalize System Design

Figure6  Expand/collapse button and status bar

2.6 Other important notes

e The Excel macro must be enabled to use the tool when opened and must be saved in *.xlsm format.
e The Excelzoom level setting should be set to a minimum of 90% for proper content display.

e The user can click the “Optimize View” shortcut button for the best view settings (zoom level: 110%, full
screen, formula bar disabled). To exit full-screen mode, press the “ESC” key.

e Pressthe “Enter” key on the design input cell whenever its value is modified. This will ensure that the
output results are updated with the calculation based on the new modified value. Depending on the CPU
resources, the output results update could take up to 3 seconds.

Application Note 7 Revision 1.0
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3 User guide

This section provides a detailed guide on each of the 3 main design steps given below:

e Step 1: System simulation and transformer design
e Step 2: Transformer construction
e Step 3: System design finalization

3.1 STEP 1 - System simulation and transformer design
In this step, the system design outlined below is based on the simulation/calculation output:

e Transformer design (primary inductance, turns ratios of all windings)
e Maximum switching frequency parameter setting

e Output and input OVP-related parameters setting

e Minimum dimming level-related parameters setting

e Inputand output capacitor values

e HV pinseries resistor value

e Vcc supply source selection

e Voltage regulator circuit design (if necessary)

e Vcc capacitor value

e Secondary 0-10V dimming circuit design (if necessary)
e MOSFET and output diode voltage rating

L) Step 1:  System Simulation & Transformer Design

3 Step 2:  Transformer Construction (Optional)
165

73 Generate: TRANSFORMER DRAWING
254

i Step 3:  Finalize System Design 0K
298

el Generate: BOM & IC PARAMETERS
4001

Figure7  STEP 1 - System simulation and transformer design

3.1.1 Project specification input

The first half of the step 1 main design input (as circled in red in Figure 8) is related to project specification, so
is straightforward to fill in.

e Vin: AC input voltage range

e Vo: Output load voltage range (LED forward voltage range) at non-dimming

e |_out_set setting: Non-dimmed lout setting by IC parameterization

e V_outOV setting: Output OVP level setting by IC parameterization (based on typ. value)

o Efficiency: System efficiency estimation

e lout Dimming?: Output dimming (No / Primary side Dimming / Secondary 0-10V dimming)

e EN_OVP_In setting: Input OVP enabled/disabled setting by IC parameterization

Application Note 8 Revision 1.0
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e V_inOV setting: Input OVP level setting by IC parameterization (based on typ. value)

If necessary, please refer to the cell comments or to the “Tips and Interactive Info” section for guidance and
details.

Step 1: System Simulation & Transformer Design

Main Design Input

min typ max Tips & Interactive Info
f Vin (Vrms) 90 230 277 AC input voltage (normal operation) \
Vo (V) 18.0 20.0 45.0 Mon-Dimming LED output voltage range
V_outOV setting(V) 46.0 48.4 55.6 Autoset to Vo_max/0.93; tolerance: -5%, +15%

Output current at non-dimming condition

|_out_set setting (A)

Efficiency (%) 90% Est. Efficiency (Vin_min, Pout_max)

lout Dimming? Yes (Secondary side 0-10V dimming) lout Dimming option (see comment for details)
EN_OVP_In setting Enabled Input QVP (Enabled/Disabled?)
V_in0OV setting (V) d 328 Range: 297.9 ~ 396.2; Tolerance:+/-7% )

Np/Ns Selection
L_p (uH)
Cin, Input capacitor (uF)
MOSFET Coltr] (pF)
f sw_max setting (kHz)
N_DCM_MOD_GAIN setting
t_on_min setting {us)

Higher for better Ithd. Tips: Use 3.82 ™ 4.58
Higher for lower dim current. Tips: Use 543 ~ 787
Tips: <40W: 0.15uF; 40~ 60W: 0.22uF
Tips: See comment for list of MOSFET Co(tr) values
Tips: =180.8kHz(if Tj$125°C), =136.4kHz{if Tj *125°C)
ips: See comment. Modulation(Max:8, Min:32, Off:0)

Tips: see comment. Range: 172.5

Mormalized Ipri_avg simulation #1 Perfect Sine Select checkpoint for iTHD optimization, if needed.
Mormalized lpri_avg simulation #2 Vin_typ, Vo_max (Perfect Sine is just for reference purpose.)

ENTER DESIGN INPUT
Figure8 Project specification (Step 1 Main design input)

3.1.2 Transformer electrical spec. input

Np/Ns selection refers to the turn ratio of primary main winding turns to secondary main winding turns. Based
on quasi-resonant (QR) constant on-time operation, higher Np/Ns values give lower iTHD. However, please take
note that MOSFET drain voltage will increase with higher Np/Ns values and it should not exceed the MOSFET
drain voltage rating.

L_p is the primary main winding inductance of the transformer. Too high a value could force the system to
enter CCM protection mode, while too low a value could cause discontinuous conduction mode (DCM) high-
switching frequency operation at non-dimming level and high output current at min-dimming level.

Tips are available in the “Tips and Interactive Info” section to help users to find the right Np/Ns and L_p values
by dynamically calculating a recommended value range based on project specification input (as shown in the
red-highlighted text in Figure 9). It is recommended (but not mandatory) to follow the tips given there.

Application Note 9 Revision 1.0
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Step 1: System Simulation & Transformer Design

Main Design Input

min typ max Tips & Interactive Info
Vin (Vrms) ) 90 230 277 AC input voltage (normal operation)
Vo (V) ) 18.0 20.0 45.0 Mon-Dimming LED output voltage range
V_outOV setting(V) ) 46.0 48.4 55.6 Autoset to Vo_max/0.93; tolerance: -5%, +15%
|_out_set setting (A) ) Output current at non-dimming condition

Efficiency (%) 90% Est. Efficiency (Vin_min, Pout_max)

lout Dimming? Yes (Secondary side 0-10V dimming) lout Dimming option (see comment for details)
EN_OVP_In setting ) Enabled Input QVP (Enabled/Disabled?)
V inOV setting (V) ) d 328 Range: 297.9 ~ 396.2; Tolerance:+/-7%

Higher for better Ithd. Tips: Use 3.82 ™ 4.58
Higher for lower dim current. Tips: Use 543 ~ 787
Tips: <40W: 0.15uF; 40~ 60W: 0.22uF
Tips: See comment for list of MOSFET Co(tr) values
Tips: =180.8kHz(if Tj$125°C), =136.4kHz{if Tj *125°C)
Tips: See comment. Modulation{Max:8, Min:32, Off:0)

Np/Ns Selection
L_p (uH)
=
Cin, Input capacitor (uF)
MOSFET Coltr] (pF)
f sw_max setting (kHz)
N_DCM_MOD_GAIN setting
t_on_min setting {us)
Mormalized Ipri_avg simulation #1 ) Perfect Sine Select checkpoint for iTHD optimization, if needed.
Mormalized lpri_avg simulation #2 N Vin_typ, Vo_max (Perfect Sine is just for reference purpose.)

Tips: see comment. Range: 172.5

ENTER DESIGN INPUT
Figure9 Transformer electrical spec (Step 1 Main design input)

The ICL8105 flyback transformer L_p and Np/Ns selection have to consider many factors relating to
performance, such as the power factor, optimized iTHD (Section 3.1.5), optimum switching frequency range
(Section 3.1.6), minimum dimming current (Section 3.1.7) and voltage rating of the MOSFET/output diode
(Section 3.1.11). By referring to the system simulation/calculation output of these performance factors in this
step, the user can find the optimized values for these 2 design inputs.

Of course, it is important to take note that whatever design is finalized in step 1 can only be valid provided the
transformer inductance and all numbers of winding turns can fit in the transformer construction with the
desired core/bobbin size (decided by the board form factor) and acceptable losses (conduction and core loss).
Such transformer construction checks can be carried out easily with step 2 afterwards.

3.1.3 Input capacitor and MOSFET parasitic capacitor values input

Cin, input capacitor refers to the DC capacitor placed after the bridge rectifier. Higher Cin values give better
EMI but worse power factors, and vice versa. However, please take note that different values here could have a
slight impact on the minimum dimming level.

MOSFET Co(tr) refers to the MOSFET time-related effective output capacitance. It is mainly used to estimate
the LC resonant period for more precise QR frequency estimation. As a start, please refer to the cell comment
for a list of Co(tr) values based on Infineon MOSFETSs.

Tips are available in the “Tips and Interactive Info” section to help the user to get the rough values of these
inputs (as shown in the red-highlighted text in Figure 10)
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Step 1: System Simulation & Transformer Design

Main Design Input

min typ max Tips & Interactive Info
Vin (Vrms) ) 90 230 277 AC input voltage (normal operation)
Vo (V) ) 18.0 20.0 45.0 Mon-Dimming LED output voltage range
V_outOV setting(V) : 46.0 48.4 55.6 Autoset to Vo_max/0.93; tolerance: -5%, +15%

|_out_set setting (A)

‘ Output current at non-dimming condition

Efficiency (%) 90% Est. Efficiency (Vin_min, Pout_max)
lout Dimming? Yes (Secondary side 0-10V dimming) lout Dimming option (see comment for details)
EN_OVP_In setting Enabled Input OVP (Enabled/Disabled?)

V_inOV setting (V)
Np/Ns Selection
L p (uH)
Cin, Input capacitor (uF)
MOSFET Co(tr) (pF)
f_sw_max setting (kHz)
N_DCM_MQOD_GAIN setting
t_on_min setting {us)
Normalized Ipri_avg simulation #1 ) Perfect Sine Select checkpoint for iTHD optimization, if needed.
Mormalized lpri_avg simulation #2 ) Vin_typ, Vo_max (Perfect Sine is just for reference purpose.)

328 Range: 297.9 ™~ 396.2; Tolerance:+/-7%
Higher for better Ithd. Tips: Use 3.82 ™~ 4.58
Higher for lower dim current. Tipﬁ Use 54_3 ~ 787

Tips: <40W: 0.15uF; 40~ 60W: 0.22uF
Tips: See comment for list of MOSFET Co(tr) values
Tips: =180.8kHz(if Tj=125°C), <136.4kHz{if Tj *125°C)
Tips: See comment. Modulation{Max:8, Min:32, Off:0)
Tips: see comment. Range: 172.5

ENTER DESIGN INPUT
Figure 10 Input capacitor and MOSFET parasitic capacitor values input (Step 1 Main design input)

3.14 IC timing parameters input

f_sw_max setting refers to the controller maximum switching frequency parameterization. As shown in the
tips (see red highlighted text in Figure 11), the maximum configurable value is limited according to the
maximum operating junction temperature.

The lower f_sw_max setting could give better iTHD in most cases, particularly during high input voltage,
because the system will shift more of its operating point over the half-sine wave period from quasi-resonant
(QRM) to discontinuous conduction mode (DCM). For more details, please refer to Section 3.1.5 or Figure 13.

N_DCM_MOD_GAIN setting refers to the modulation gain of the maximum allowable switching frequency over
a half sine wave period. Its main purpose is to improve light quality when dimming with DCM switching.
Furthermore, it also helps to improve the iTHD in most cases. User can adjust the modulation gain as following:

o Select “8” for maximum modulation gain
o Select “16” for medium modulation gain
o Select “32” for minimum modulation gain
e Select “0” for no modulation

Note: “0” setting option is only available if lout dimming is set to “No” in step 1 main design input.

The lower N_DCM_MOD_GAIN setting (except value “0”) could give better iTHD in most cases, particularly
during high input voltage, because the system will shift more of its operating point over the half-sine wave
period from quasi-resonant (QRM) to discontinuous conduction mode (DCM). For more details, please refer to
Section 3.1.5 or Figure 13

t_on_min setting refers to the ICL8105 controller minimum on-time. Please use lower value to achieve a lower
dimming level. However, if it is set too low, please beware that it could result to current steps while dimming.
The setting range is shown in the tips (see red highlighted text in Figure 11).
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Step 1: System Simulation & Transformer Design

Main Design Input

min typ max Tips & Interactive Info
Vin (Vrms) ) 90 230 277 AC input voltage (normal operation)
Vo (V) ) 18.0 20.0 45.0 Mon-Dimming LED output voltage range
V_outOV setting(V) ) 46.0 48.4 55.6 Autoset to Vo_max/0.93; tolerance: -5%, +15%
|_out_set setting (A) )

‘ Output current at non-dimming condition

Efficiency (%) 90% Est. Efficiency (Vin_min, Pout_max)
lout Dimming? Yes (Secondary side 0-10V dimming) lout Dimming option (see comment for details)
EN_OVP_In setting ) Enabled Input QVP (Enabled/Disabled?)
V_inOV setting (V) ) 328 Range: 297.9 ~ 396.2; Tolerance:+/-7%
Np/Ns Selection Higher for better Ithd. Tips: Use 3.82~ 4.58

0.220

130.80

Higher for lower dim current. Tips: Use 543 ~ 787
Tips: <40W: 0.15uF; 40~ 60W: 0.22uF
Tips: See comment for list of MOSFET Coltr] values
| Tips: <180.8KkHz(if Tj<125°C), <136.4kHz(if Tj *125°C)
ips: See comment. Modulation(Max:8, Min:32, Off:0

L_p (uH)
Cin, Input capacitor (uF)

f sw_max setting (kHz)
N_DCM_MOD_GAIN setting
t_on_min setting {us) 1.2 Tips: see comment. Range: 12.5
Normalized Ipri_avg simulation #1 Perfect Sine Select checkpoint for iTHD optimization, if needed.
Mormalized lpri_avg simulation #2 N Vin_typ, Vo_max (Perfect Sine is just for reference purpose.)

=

ENTER DESIGN INPUT
Figure 11 IC timing parameters input (Step 1 Main design input)

3.1.5 Simulation output: Primary average input current curve

For low iTHD, the primary average input current curve should be as close as possible to the shape of a positive
half-sine waveform. Based on the step 1 main design input, this tool will simulate the normalized primary
average input current curve across a half-sine wave period for iTHD optimization. The simulation output is
shown in the blue area on the right side of Figure 12.

The input and output voltage (Vin, Vo) conditions of the current curve simulation are based on checkpoint #1
and #2 in the main design input of step 1, as shown in the red circled box in Figure 12. Users can select any of
the following for each simulation checkpoint:

e Perfect Sine

e Vin_min,Vo_max
e Vin_min,Vo_min
e Vin_typ, Vo_max
e Vin_typ, Vo_typ

e Vin_typ, Vo_min
e Vin_max, Vo_max
e Vin_max, Vo_typ
e Vin_max, Vo_min

Note: All checkpoints are based on a non-dimmed condition.

A practical use case example for users would be to choose either of the following options:

e Simultaneously simulate 2 current curves with different Vin, Vout conditions OR
e Simulate 1 current curve while having the other checkpoint set as “Perfect Sine” for reference/comparison.

In the example shown in Figure 12, the user is comparing the primary average input current curve at “Vin_typ,
Vo_max” (typical input voltage, maximum output voltage) with the “Perfect Sine” reference.
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De
min typ max Tips & Interactive Info ation O
Vin (Vrms) 90 230 277 AC input voltage (normal operation) . .
Vo (V) 18.0 200 45.0 Non-Dimming LED output voltage range Normalized an?ry Avr?rage
V_outOV setting(V) 46.0 434 55.6 Autoset to Vo_max/0.93; tolerance: -5%, +15% Input current simulation

I_out_set setting (A)

Output current at non-dimming condition 1

Efficiency (%)

Est. Efficiency (Vin_min, Pout_max)

Yes (Secondary side 0-10V dimming)

lout Dimming?

lout Dimming option (see comment for details)

7\

EN_OVP_In setting Enabled

Input OVP (Enabled/Disabled?)

V_inOV setting (V)

Range: 297.9 ~ 396.2; Tolerance:+/-7%

Np/Ns Selection

Higher for better Ithd. Tips: Use 3.82 ~ 4.58

\

L_p (uH)

Higher for lower dim current. Tips: Use 543 ~ 787

Cin, Input capacitor (uF)

Tips: <40W: 0.15uF; 40~ 60W: 0.22uF

Normalized Ipri_avg
(=]
in

MOSFET Coltr) (pF)

Tips: See comment for list of MOSFET Coftr) values

f_sw_max setting (kHz)

Tips: £180.8kHz(if Tj£125°C), <136.4kHzlif Tj >125°C)

N_DCM_MOD_GAIN setting

Tips: See comment. Modulation(Max:8, Min:32, Off:0)

0 T T
0.000 1.000 2.000

t_on_min setting (us

Perfect Sine

Normalized Ipri_avg simulation #1
Normalized Ipri_avg simulation #2

Vin_typ, Vo_max

Tips: see comment. Range: 1~2.5
Select checkpoint for iTHD optimization, if needed.
(Perfect Sine is just for reference purpose.)

=Ipri_avg simulation #1

Ipri_avg simulation #2

ENTER DESIGN INPUT

QR constant ton simulation (EN_PFC disabled)

3.000

Phase (radian)

Figure 12 Normalized primary average current curve simulation checkpoint (for iTHD optimization)

It is possible to improve iTHD especially at high input voltages with the ICL8105 by reducing the f_sw_max
setting or N_DCM_MOD_GAIN setting as this will increase the DCM operating area across the current curve

(see the example in Figure 13 & Figure 14).

However, please take note that there could be an impact on the efficiency if the DCM operating area increases

too much (QR operating area reduces too much).

f_sw_max setting = 180.8kHz
N_DCM_MOD_GAIN setting = 32

Simulation Output

Normalized Primary Average
Input current simulation

1
-]
5
=l
=
=
o
& os
s
E
5
=
0 : ;
0.000 1.000 2.000 3.000

= |pri_avg simulation #1 Phase (radian)
-lpri_avg simulation #2

QR constant ton simulation (EN_PFC disabled)

f_sw_max setting = 150kHz
N_DCM_MOD_GAIN setting = 32

Simulation Output

Normalized Primary Average
Input current simulation

1
-]
H
A |
8
T
& o5
T
E
o
Z
0 ‘ .
0.000 1.000 2.000 3.000

Phase (radian)

Ipri_avg simulation #1

Ipri_avg simulation #2

QR constant ton simulation (EN_PFC disabled)

Normalized Ipri_avg simulation #1 ]

Perfect Sine

Normalized lIpri_avg simulation #2 )

Vin_typ, Vo_max

Figure 13

Application Note

iTHD improvement by switching frequency setting reduction

13

Revision 1.0
2016-03-31



o~ _.
System Simulation & Design Creation Tool (Transformer, BOM and IC |n f| neon

Parameters)
User guide
N_DCM_MOD_GAIN setting =32 N_DCM_MOD_GAIN setting=8
f_sw_maxsetting = 180.8kHz f_sw_maxsetting = 180.8kHz
Normalized Primary Average Normalized Primary Average
Input current simulation Input current simulation
1 1
DCM DCM DCM DCM
] ]
5 5
3 B
-l -l
8 os * 2 o0s
= =
E E
[=] (=]
z z
0 T T (1] T T T
0.000 1.000 2.000 3.000 0.000 1.000 2.000 3.000
= |pri_avg simulation #1 Phase (radian) = |pri_avg simulation #1 Phase (radian)
Ipri_avg simulation #2 lpri_avg simulation #2
QR constant ton simulation (EN_PFC disabled) QR constant ton simulation (EN_PFC disabled)
Normalized Ipri_avg simulation #1 ] Perfect Sine
Normalized Ipri_avg simulation #2 ) Vin_typ, Vo_max

Figure 14 iTHD improvement by N_DCM_MOD_GAIN setting reduction

3.1.6 Non-dimming system switching behavior estimation

In step 1 section |, there will be a simulation/calculation of the system switching behavior with non-dimming at
the peak of the input voltage sine wave (as shown in Figure 15).

I Non-dimmming System switching behaviour at peak of input voltage sine wave

Vin (Vrms) Vo (V) lout (A) ton / (ton + tdemag) t-valley1 (us) Switching lpri_pk (A) ton (us) fsw (kHz)
90 180 0.88 0.35 0.61 QR 1.436 6.14 55.68
90 45.0 0.88 0.58 0.61 QR 2311 9.88 56.47
230 180 0.88 0.18 0.61 QR 1.149 1.92 86.91
230 200 0.88 0.19 0.61 QR 1.190 1.99 91.19
230 450 0.38 035 0.61 QR 1.694 2.83 114.51
277 18.0 0.88 0.15 0.61 QR 1.127 1.56 91.14
277 200 0.88 0.17 0.61 QR 1.168 1.62 95.79
277 450 0.88 031 0.61 QR 1711 238 120.03

Figure 15 Non-dimming system switching behavior (Step 1 Simulation/calculation output )

t-valley1 refers to the timing between the end of demagnetization and the first QR valley. It is just a rough
estimation based on the half-resonant period of L_pri & MOSFET Co(tr). In Section 3.1.3, the suggestion is to
enter a MOSFET Co(tr) value based on the MOSFET datasheet - but keep in mind that other parasitics are not
yet considered, which could affect the accuracy of this calculation output.
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t-valley1l

First
Valley
ON Time of

MOSFET

| OFF Time of MOSFET |

Oroin-Source Voltage of MOSFET

Figure 16 Example of t-valleyl timingin MOSFET drain voltage waveform

Switching refers to the switching characteristics and controller operation. There are 4 possible outputs here:

e QR: Quasi-resonant switching with ton controlled (OK)
e DCM: DCM switching with ton controlled and f_sw_max (OK)
e ERROR: Invalid calculation as the system enters period-controlled DCM (NOT GOOD)
e CCM: Continuous conduction mode protection (NOT GOOD)

Ipri_pk refers to the primary peak current. If the tool detects that the Ipri_pk value (at Vin_min, Vo_max) is not
the maximum of all conditions, an error will be shown.

ton refers to the MOSFET on-time. If ton <t_on_min, switching will show “ERROR” because it means the
controller enters the period-controlled DCM too early, which should not happen in non-dimming conditions.

fsw refers to the switching frequency. If fsw < 20 kHz, switching will show “CCM”, which is not supported by the
controller and the CCM protection will be triggered. If fsw = f_sw_max, switching will show “DCM”; which
means the entire current curve is in DCM operation.

3.1.7 Vcc supply source selection and minimum output current estimation

In step 1 section Il, the user has to select a Vcc supply source for the design and check the estimated minimum
output current (see red-circled boxes in Figure 17).

There are 2 possible choices, as shown below.

e External: The Vcc supply is not from the flyback AUX winding (e.g. external standby power circuit)
e Flyback AUX: The Vcc supply source is from the flyback AUX winding

If Vcc supply source = “Flyback AUX”, the minimum output current estimation can be lower than compared to
Vcc supply source = “External” due to energy being drawn from the transformer via the AUX winding for the
Vce supply.

As shown in Figure 17, there are other design inputs that can be adjusted if needed. These design inputs are
placed in this section because they mainly affect the output current at minimum dimming.

EN_ABM setting refers to an IC parameterization input that enables or disables the active burst mode (ABM). If
disabled, the controller will only operate in quasi-resonant (QR) mode and discontinuous conduction mode
(DCM).

f_sw_min_DCM setting refers to an IC parameterization input that sets the minimum DCM switching
frequency. The configurable range is 3 ~ 20 kHz. Lower minimum output current can be achieved with lower
f_sw_min_DCM setting but please beware of audible noise if configured to be less than 18 kHz.
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AV of Vo_min @ min dim is a design input that defines the change percentage of Vo_min at minimum
dimming. The selectable value is 0%, -5%, -10%, ... ,-25%. This input is needed because Vo_min (step 1 main
design input) is defined for a non-dimmed condition; therefore the LED voltage at minimum dimming should be
lower than Vo_min by a certain percentage. For instance, if Vo_min =18 V and AV of Vo_min @ min dim is -10%,
it means the voltage of a minimum number of LEDs is approx. 16.2 V at the I_out_dim_min setting.

I_out_dim_min setting refers to an IC parameterization input that sets the controller target output current at
minimum dimming. The configuration range here is from 10 mA to I_out_set setting. Itis highly recommended
not to set this value too low to have reasonable output accuracy and startup time (see Est. Worst Case Startup
Time calculation in Section 3.1.8).

Est. System lout_min refers to the simulation output of the estimated system output current at the minimum
dimming level. This value should be same or close to the I_out_dim_min setting for good output accuracy. If
lout Dimming is set to “No” in step 1 main design input, Est. System lout_min will show “No Dimming”.

1. Ve supply source select & lout_min estimation
) Line EN_ABM f_sw_min_DCM AV of Vo_min 1_out_dim_min Est. System
Vin (Vrms) Vee supply source select ) . o , .

Freg(Hz) setting setting (kHz) @ min dim [%) setting (mA) lout_min (mA)

50 . 88.0
7 Flyback AUX Disabled 12.00 -10% 88.0 ]

60 88.1

)
SELECT VCC SOURCE ADJUST IF NEEDED

Figure 17 Vcc supply source select and minimum output current estimation (Step 1
Simulation/calculation output 1)

3.1.8 Maximum output ripple, worst case startup time estimation

In step 1 section lll, the user has to choose the optimum output capacitor selection based on the simulation
results of maximum output ripple and worst case startup time estimation (see red-circled boxes in Figure 18).

As shown in Figure 18, there are also other design inputs that can be adjusted if needed. These design inputs
are placed in this section because they mainly affect either the output ripple or the startup time.

Output Cap tolerance is the design input that defines the tolerance specification of the output capacitor
selection. Based on this tolerance value, the minimum and maximum output capacitance will be used for
estimating the maximum output ripple and worst case startup time, respectively.

NLED in series @ Vo_min is the design input which specifies the number of LEDs at Vo_min. For example,
based on Vo_min =18V, the user can select either 6 or 7 from the dropdown box.

Dynamic resistance for each series LED @ I_out_set is the design input that specifies the dynamic resistance
of asingle LED at |_out_set setting which can be calculated from the I-V curve in the LED datasheet. The
multiplication of this value with NLED in series @ Vo_min will be used to simulate Est. Max lout ripple.

AV of Vo_max @ min dim is the design input that defines the percentage change of Vo_max at minimum
dimming. The selectable value is 0%, -5%, -10%, ..., -25%. This input is needed because Vo_max (step 1 main
design input) is defined for the non-dimmed condition; therefore the LED voltage at minimum dimming should
be lower than Vo_max by a certain percentage. For instance, if Vo_max =45V and the selected value is -10%,
the voltage of the maximum number of LEDs is approx. 40.5 V at I_out_dim_min setting. The selected value
here should be the same as AV of Vo_min @ min dim else there will be a warning.

R_HV setting refers to the design input of the resistor value connected in series with the ICL8105 HV pin and it
is also an IC parameterization value. This value only has an effect on the startup time but not on the output
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ripple. The configurable range is dependent on the main design input. If the user inputs an out-of-range value,
an error will pop up along with the configurable range.

Est. Max lout Ripple is the simulation output that estimates the maximum output current peak-to-peak ripple
percentage and it is likely at the Vo_min, |_out_set condition.

Est. Worst Case startup is the simulation output that estimates the worst case startup time and is likely at the
Vin_min, Vo_max, lout_min condition (for non-dimming designs, it is based on I_out_set setting instead).

Ill. Max Output Ripple, Worst Case Startup Time esti

Output Ca i ic Resi 0 Est. _ \
Vin@50Hz OUWIL" put Cap NLEPln Dynamic Rfasmance AV of Vo_max . Est nlul'laxlnut Est. WnrstICas
Vo, lout ; Capacitor | Tolerance series for each series LED @ L R_HV setting (k() Ripple Startup Time
{Vrms) (@ min dim (%)
(+]- %) (sec)

selection (uF) | (+-x%) | @ Vo_min I_out_set (0))
Vo_min, |_out_set 00 [ 0.40
2770 940 20% 66.0
Vo_max, lout_min (est. 88 mA) 90.0 -10%

! T
SELECT CAP VALUE ADJUST IF NEEDED

Figure 18 Max output ripple, worst startup time estimation (Step 1 Simulation/calculation output Il)

3.1.9 Primary aux turns ratio and Vcc circuit design calculation

In Step 1 section IV, the user has to decide on the Vec cap value and primary auxiliary winding turns ratio,
Na/Ns selection based on the calculation output of min Vcc cap, min Na/Ns and max Na/Ns (see red-circled
boxes in Figure 19).

Please take note that changing Vcc cap value would have an effect on the Est. Worst Case Startup Time in
Section 3.1.8.

For the Vcc circuit design, the tool will also check and output whether Pri Aux winding Vcc regulator needed
applies in the design based on the step 1 main design input and selected Vcc supply source in section 1.

If Pri Aux winding Vcc regulator needed is “Yes”, the tool will calculate the Vec reg. min input cap value as well.

IV. Pri Aux turns ratio, Vce circuit design

\ o Vee reg. \ ’
Pri Aux winding . . Min Min Max Na/Ms
. Min input Vec Cap (uF) .
Vee regulator Required? Ve cap (uF) NafNs NafNs selection
cap (uF) SELECT CAP VALUE
Yes 4.7 22.00 0.991 1000 A 3300 [ 1000 4  =1uRNs RATIO

Figure 19 Primary aux turns ratio and Vcc circuit design (Step 1 Simulation/calculation output IV)

3.1.10 Secondary aux turns ratio and IEC60929-compliant 0-10 V circuit
design (with CDM10V)

In step 1 section V, the user has to decide on the secondary auxiliary winding turns ratio, Nsec_aux/Ns
selection based on the calculation output of Min Nsec_aux/Ns and Max Nsec_aux/Ns (see red-circled boxes in
Figure 20).

CDM10V is a fully integrated 0-10V dimming interface IC from Infineon which transmits secondary side analog
voltage based signals from 0-10V dimmer to primary side, by driving an external opto-coupler with a 5mA
current based PWM signal. The secondary auxiliary winding is necessary to supply the operating voltage of
CDM10V. For more details about CDM10V, please visit Infineon website: http://www.infineon.com/cdm10v

Therefore, please note that this section is only necessary if the lout dimming option selected in step 1 main
design input is “Secondary side 0-10 V Dimming”.
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V. Sec Aux turns ratio, IEC60929 Compliant 0-10V Dimming design {using CoolDim CDM10V)
Min Nsec_aux/Ns Max Nsec_aux/Ns Nsec_aux/Ns selection
0.89 1.07 0.98 SELECT TURNS RATIO

Figure 20 Secondary aux turns ratio, IEC60929-compliant 0-10 V dimming design (Step 1 Simulation/
calculation output V)

3.1.11 MOSFET Vds_max, output diode Vr_max estimation

Similar to any flyback transformer design, the maximum MOSFET drain voltage, MOSFET Vds_max and
maximum output diode reverse voltage, Output diode Vr_max have to be calculated. Therefore, in step 1
section VI, the user has to check if these calculation outputs are ok for the component selection (see red-circled
box in Figure 21).

The calculation will be based on 2 kinds of conditions, as shown below:

e Vin_max, V_outOV_Max (Output over-voltage protection at maximum input voltage)
e V_inOV_max, V_out_max (Input over-voltage protection at maximum output voltage)
Note: Ifinput over-voltage protection, EN_OVP_In setting is “disabled”, calculating condition V_inOV_max

above will be replaced by Vin_max instead.

For output over-voltage protection condition, if Vds_max is 800~900 V, there will be a warning; if it exceeds
900 V, there will be an error. For input over-voltage protection condition, if Vds_max exceeds either 800 V or
900V, there will only be a warning.

As shown in Figure 21, there are other design inputs that can be adjusted if needed. These design inputs are
placed in this section because they mainly affect the MOSFET Vds_max and output diode Vr_max.

MOSFET Vds_spike refers to the spike voltage (due to leakage inductance) on the MOSFET. As a rule of thumb,
it should be at least 45% of Vin_max. For example, If Vin_max = 300Vac, the minimum value will be 135 V.

Output Diode Vr_spike refers to the spike voltage on the output diode. As a rule of thumb, it should be at least
40% of (Vreflect_sec + V_outOV_max). Vreflect_sec is the secondary winding reflection voltage when flyback
MOSFET is switched on. V_outOV_max refers to maximum output over-voltage level.

If the MOSFET Vds_max is too high, the user can either reduce Np/Ns selection (Step 1 main design input) or
MOSFET Vds_spike, but there is a risk of exceeding Vds_max in the actual board test if MOSFET Vds_spike is set
too low.

If the Output Diode Vr_max is too high, the user can either increase Np/Ns selection (Step 1 main design
input) or reduce Output Diode Vr_spike, but there is a risk of exceeding Vr_max in the actual board test if
Output Diode Vr_spike is set too low.

VI. MOSFET Vds_max, Output Diede Vr_max estimation
) Vreflect_pri | Vreflect T mosrer Output Diode I wosker Output Diode
Vin (Vrms) Vout (V) . .
(V) _sec(V) |vds_spike(V) Vr_spike(V) Vds_max(V) Vr_max(V)
277 aovp 2181 1012 147 627 734.4 219.6 CHECK MOSFET & DIODE
V_inQV_max 450 176.9 128.2 ' ' 797.8 236.0 VOLTAGE RATING
ADJUST IF NEEDED

Figure21 MOSFET Vds_max and output diode Vr_max (Step 1 Simulation/calculation output Vi)
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3.2 STEP 2 - Transformer construction (optional)

In step 2, the user can construct the transformer with suitable wires, core and bobbin for the board design.
Upon completion without error in both step 1 and step 2, the transformer drawing is auto-generated.

However, step 2 is optional and can be skipped if not needed, which means that the user can still possibly
proceed to complete step 3 for BOM and IC parameters generation despite an error/warningin step 2.

i1 Step 1:  System Simulation & Transformer Design OK
73

[

Step2: Transformer Construction (Optional)
165

73 Generate: TRANSFORMER DRAWING
254

Step3: Finalize System Design
298

i Generate: BOM & IC PARAMETERS oK

4001

Figure 22 STEP 2 - Transformer construction (optional)

3.2.1 Core and bobbin selection input

Based on the Bobbin Isolation Type (Functional/Reinforced) and Bobbin Mounting Type (THT/SMD) design
input by the user, the Core Bobbin Selection dropdown box will be updated and a list of suitable cores and
bobbins will be shown (see Figure 23). THT and SMD refer to through-hole and surface mount, respectively.

Step 2: Transformer Construction (Optional)
Main Design Input
Bobbin Isolation Type Functional
Bobbin Mounting Type THT
Core Bobbin Selection PQ2020, THT, 14p [V]
=

SELECT CORE & BOBBIN

Figure 23 Core and bobbin selection (Step 2 Main design input)

Users can check the core and bobbin properties of the selection, as circled in red in Figure 24.
e Bobbin height, width, length

e Bobbin window, depth, perimeter

o Core effective cross sectional area, Ae and core volume

e Primary margin tape

Step 2: Transformer Construction (Optional)
ain Design Input
Bobbin Isolation Type Functional
Bobbin Mounting Type THT
Core Bobbin Selection PQ2020, THT, 14p [V]
L
SELECT CORE & BOBBIN
Transformer Parameters min typ max Tips & Interactive Info
Bobbin Height{mm) 24.14 a0 =
Bobbin Width (mm) 2 o - :wi_o_—o— Nidcom
- Please refer Bobbin figures on the right if necessary,| —! —O0— R R
Bobbin Length {mm) 2 to understand these dimensionings WURTH ELEKTRONIK Speedy Design Service
Bobbin Window (mm) 11.7
Bobbin Depth (mm) 3.15  Height — - Length ——
Bobbin Perimeter (mm) 34.54 — T T R —T -
Core Ae (mm°) 62 Cross sectional area of the core — L AH - H .
Core Volume {mm®) 2850 Core volume E Width ‘1 "‘".“W':""’ "
Primary Margin Tape (mm 0 Margin Tape not needed g ) . /S s N
pri_pk_max 3 ' -
Irms_pri_max (Arms) 0.712 Step 1 calculation output at Vin_min, Pout_max Perimeter
Irms_sec_max (Arms) 1.9317 - - /"r _
Max average switching freq. (kHz) 165.5 Step 1 calculation output at Vin_max, Pout_max Depth * _!“, e
skin Depth (mm) 0.1868 Copper 100°C Skin Depth = 760/V{fsw,max_avg) ™~
Max wire size (AWG) 27 based on skin depth; TEX-E 0.37 equivalent Window
Primary Wire Type MW Grade 1 based on Magnet Wire (Single Insulation) Table >
. . . .
Figure 24 Selected core and bobbin properties display
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Alternatively, users can define the core and bobbin properties by selecting “Others” in Core Bobbin Selection if
the desired part is not in the list. A small table will appear on the right (circled in red in Figure 25), which allows
the user to enter self-defined property values. There will be errors beside the table at first but once the table is
filled up, these errors will disappear (as shown in Figure 26).

Step 2:  Transformer Construction (Optional)
Main Design Input
Bobbin Isolation Type Functional Bobbin Window (mm) <= ERROR! PLS INSERT VALUE!
Bobbin Mounting Type mizh Bobbin Depth (mm) <= ERROR! PLS INSERT VALUE!
Core Bobbin Selection Others - Bobbin Perimeter (mm) <= ERROR! PLS INSERT VALUE!
Pri Layer Margin Tape {(mm) <= ERROR! PLS INSERT VALUE!
Core Ae [mmzl <= ERROR! PLS INSERT VALUE!

Figure 25 Self-defined core and bobbin properties by selecting “Others”

SELECT CORE & BOBBIN

Step 2:  Transformer Construction (Optional)

Main Design Input

Bobbin Isolation Type Functional Bobbin Window {mm) 21.69
Bobbin Mounting Type THT Bobbin Depth (mm) 4.39
Core Bobbin Selection Others Bobbin Perimeter (mm) 38.33
t Pri Layer Margin Tape (mm) 5.50
SELECT CORE & BOBBIN Core Ae (mm) S0

Core Volume (mm3) 6145.70

Figure 26 Example of inserting values of self-defined core and bobbin properties

Note: The user is not required to enter the bobbin height, width and length if “Others” is selected because these
dimensions will only affect the board form factor but not the transformer winding construction itself.

3.2.2 Transformer electrical spec. (read-only information)

Apart from primary inductance and all turn ratios, the following step 1 calculation output will be passed to the
step 2 design input (as circled in red box of Figure 27) for transformer construction calculation:

e lpri_pk_max: Maximum primary peak current (Vin_min, Pout_max)
e Irms_pri_max: Maximum primary rms current (Vin_min, Pout_max)
e Irms_sec_max: Maximum secondary rms current (Vin_min, Pout_max)
e Max average switching freq: Maximum average switching frequency (Vin_max, Pout_max)

Users cannot modify these values because they are read-only information in step 2. Therefore, it is very
important to complete step 1 with no errors before proceeding to step 2.
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Transformer Parameters
Bobbin Height(mm)
Bobbin Width {mm)
Bobbin Length {(mm)

Bobbin Window {mm)
Bobbin Depth (mm)
Bobbin Perimeter (mm)

Core Ae (mm’)
Core Volume (mm?’)

max Tips & Interactive Info

—— 0 =

- —— Nidcom
Please refer Bobbin figures on the right if necessary, — — 00—

—_

: — - Speedy Design Service
to understand these dimensionings 'WURTH ELEKTRONIK

-~ Height - [ Length —~

Cross sectional area of the core
Core volume

Primary [Marg

nlape
1pri_pk_max (A)
Irms_pri_max (Arms)
Irms_sec_max [Arms)

Step 1 calculation output at Vin_min, Pout_max Perimeter

Max average switching freg. (kHz Step 1 calculation output at Vin_max, Pout max Depth ! [P
Skin Depth {(mm) Copper 100°C Skin Depth = 760/¥(fsw,max_avg)
Max wire size (AWG) based on skin depth; TEX-E 0.4 equivalent Window
Primary Wire Type MW Grade 1 based on Magnet Wire (Single Insulation) Table >

Secondary Wire Type TEX-E based on TIW/TEX-E: Triple Insulation Wire Table

Primary wire minimum size (AWG) 34 Tips: Use AWG34 ADIUST IF NEEDED
secondary wire minimum size (AWG ) 38 AWG38 or TEX-E 00.2 to be used; Tips: Select AWG38
Insulation tape thickness (mm) Tips: Use 0.03, Range: 0.0254 ~ 0.06 Conduction Loss +Core Loss
Maximum Flux Density (T) Mips: 0.27 ~ 0.33T (Lower value => More Winding Turns) Fout max (%)
Pri winding Current Density(A/mm?) 7.000 Tips: Use < 7 (Lower value => thicker wire) FINE TUNING Vin_min Vin_max

Pri winding Parallel Wires in Total

1

Pri winding Parallel Wires per Layer 1
sec winding Current Density(A/mm?)

sec winding Parallel Wires in Total 4

Sec winding Parallel Wires per Layeﬂ 4

Priwinding thick = 0.85mm (Depth usage = 27%)
Pri winding layers =2 (Window usage =100%) o o,
6.900 Tips: Use < 7 (Lower current density => thicker wire) ~ -169/{: -141 "'6
Sec winding thick = 1.56mm (Depth usage = 50%) FINE TUNING
Sec winding layers =3 (Window usage = 100%) *see caleulation output for details

Figure 27 Transformer electrical spec. (read-only information in Step 2)

3.2.3 Skin depth and max wire size (read-only information)

AC electric current flows mainly at the "skin" of the conductor, between the outer surface and a level called the
skin depth. Based on the average maximum switching frequency (at Vin_max, Pout_max condition), the skin
depth will be calculated based on copper material at 100 °C.

This tool will then select the maximum wire size (AWG) based on the calculated skin depth. This is to avoid
selecting wires with a high skin effect. This max wire size (AWG) is applied to the primary wire and TIW-type
secondary wire while the max wire size for the TEX-E type secondary wire will also be shown in the “Tips &
Interactive Info”. Please refer to Section 3.2.4 for details about the wire type.

The skin depth and max wire size information is shown in the red box in Figure 28.

Transformer Parameters
Bobbin Height{mm)
Bobbin Width (mm)
Bobbin Length (mm)

Bobbin Window (mm)
Bobbin Depth {(mm)
Bobbin Perimeter (mm)
Core Ae (mmz]

Core Volume (mm’]
Primary Margin Tape (mm)
Ipri_pk_max (A)
Irms_pri_max {Arms)
Irms_sec_max (Arms)

max Tips & Interactive Info

_ O -

=] —— Nidcom
Please refer Bobbin figures on the right if necessary, — —0—

R ———

- - = 5 dy Design Servi
to understand these dimensionings WURTH ELEKTRONIK == mememliis

~ Height — ~— Length —~

Cross sectional area of the core
Core volume
Margin Tape not needed

Step 1 calculation output at Vin_min, Pout_max Perimeter

Viax averaee switchine freq. (kH Depth
Skin Depth (mm) Copper 100°C Skin Depth = 760/V{fsw,max_avg) L
Max wire size (AWG based on skin depth; TEX-E 0.4 equivalent \;\ﬁndow

Primary Wire Type MW Grade 1 hased on Magnet Wire (Single Insulation] Table
Secondary Wire Type TEX-E based on TIW/TEX-E: Triple Insulation Wire Table

Primary wire minimum size (AWG) 34 Tips: Use AWG34 ADJUST IF NEEDED
secondary wire minimum size (AWG ) 38 AWG38 or TEX-E 90.2 to be used; Tips: Select AWG38
Insulation tape thickness (mm) Tips: Use 0.03, Range: 0.0254 ™ 0.06 Conduction Loss+Core Loss

Maximum Flux Density (T) 0.35 [ips: 0.27 ™ 0.33T (Lower value => More Winding Turns) FPout max (%)
Pri winding Current Density(A/mm?) 7.000 Tips: Use < 7 (Lower value => thicker wire) FINE TUNING Vin_min Vin_max
Pri winding Parallel Wires in Total 1 Pri winding thick =0.85mm (Depth usage = 27%)
Pri winding Parallel Wires per Layer 1 Priwinding layers =2 {Window usage = 100%) _1 699/ _1 419/
sec winding Current Density{A/mm?) 6.900 Tips: Use <7 (Lower current density => thicker wire) _ - g - ©
Sec winding Parallel Wires in Total 4 Sec winding thick = 1.56mm (Depth usage =50%) FINE TUNING
Sec winding Parallel Wires per Layeﬂ 4 Sec winding layers =3 (Window usage = 100%) *See colculation output for details

Figure 28 Skin depth and maximum wire size (read-only information of Step 2)
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3.24 Wire type, minimum wire size and insulation tape thickness input

The Primary wire type is fixed as “MW Grade 1”, which means a magnet wire single insulation wire. 2 types of
triple insulation wire can be selected for Secondary wire types:

e TIW (more common wire type, but the wire diameter is generally larger than TEX-E)
e TEX-E (preferred wire type if available because the wire diameter is generally smaller than TIW)

There is generally a limitation on using overly thin wire in transformer manufacturing. Therefore, the Primary
Wire minimum size and Secondary Wire minimum size have to be specified. Users are recommended to
follow the tips suggesting AWG34 for primary wire and AWG38 for secondary wire (as shown in Figure 29) or
elseitis also possible to select other wire size, according to their transformer supplier requirement.

Insulation tape is typically applied after each winding layer so it is necessary to specify the insulation tape
thickness. Please follow the recommended value of 0.03 mm. Otherwise, the user can also specify the desired
value within the range of 0.0254 ~ 0.06mm.

Transformer Parameters
Bobbin Height{mm)
Bobbin Width (mm)
Bobbin Length (mm)

Bobbin Window (mm)
Bobbin Depth {(mm)
Bobbin Perimeter (mm)
Core Ae (mm°)

max Tips & Interactive Info

_ o -

= —— Nidcom
Please refer Bobbin figures on the right if necessary, — —0—

R —

- - = S dy Design Servi
to understand these dimensionings WURTH ELEKTRONIK == SsiEn service

~ Height — — Length —~

Cross sectional area of the core

i Hr
Core Volume {mm’?) Core volume )‘ Width . o
Primary Margin Tape (mm) Margin Tape not needed g

Ipri_pk_max (A) -
Irms_pri_max {Arms) Step 1 calculation output at Vin_min, Pout_max Perimeter
Irms_sec_max {Arms) > r’"r

Max average switching freq. (kHz) Step 1 calculation output at Vin_max, Pout_max Depth ‘, 2

Skin Depth (mm) 0.2078 Copper 100°C Skin Depth = 760/V(fsw,max_avg) =
Max wire size (AW ¥ based op skin deoth: TEX-E 0.4 eguivalen M‘Vindow

Primary Wire Type MW Grade 1 based on Magnet Wire (Single Insulation) Table >
Secondary Wire Type TEX-E hased on TIW/TEX-E: Triple Insulation Wire Table

Tips: Use AWG34

Primary wire minimum size (AWG) ADJUST IF NEEDED
AWG3E or TEX-E @0.2 to be used; Tips: Select AWG38
Conduction Loss+Core Loss

secondary wire minimum size (AWG)

Insulation tape thickness (mm Tips: Use 0.03 Range: 0.0254 ~ 0.06 %
Maximum Flux Density (T) lips: 0.27 ™ 0.33T (Lower value => More Winding Turns) Fout max (%)
Pri winding Current Density(A/mm?) 7.000 Tips: Use < 7 (Lower value => thicker wire) FINE TUNING Vin_min Vin_max
Pri winding Parallel Wires in Total 1 Pri winding thick =0.85mm (Depth usage = 27%)
Pri winding Parallel Wires per Layer 1 Priwinding layers =2 (Window usage = 100%) o o,
sec winding Current Density(A/mm?) 6.900 Tips: Use < 7 (Lower current density => thicker wire) =1LEE /6 _141/6
Sec winding Parallel Wires in Total 4 Secwinding thick = 1.56mm (Depth usage =50%) FINETUNING
Sec winding Parallel Wires per Layeﬂ 4 Sec winding layers =3 (Window usage =100%) *See coleulation output for details
Figure 29 Wire type, min. wire size and tape thickness (Step 2 Main design input)
. . . . . .
3.2.5 Maximum flux density and current density input (fine-tuning)

Maximum Flux Density input is required to calculate the number of turns needed for each winding. More turns
are needed if the Maximum Flux Density input is lower, and vice-versa. The recommended value will be
between 0.27 ~ 0.33 teslas. Maximum value is 0.35 teslas. These design inputs are shown in the red box in
Figure 30.

Based on the Pri Winding Current Density and Sec Winding Current Density input, this tool will find the best
combination of the following outputs from the wire tables (as shown in the “Wire” worksheet) that fits the
calculated numbers of turns of each winding with the minimum bobbin depth usage.

e Wire Size
e Parallel Wire Number (total)
e Parallel Wire Number (for each layer)

Note: This wire information is shown in the red box in Figure 30.
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In general, the depth usage or winding thickness will be higher if the current density input is lower and vice
versa. As a rule of thumb, it is recommended to select a value < 7 A/mm?. To start, the user can set the following
as an initial check to see if the selected core/bobbin could fit the design.

e Maximum flux density = 0.35 teslas
e Both primary winding current density and secondary winding current density = 7 A/mm?

If an error shows that the build is too thick, the user should consider selecting a larger core/bobbin or reduce
L_pinstep 1.

Step2:  Transformer Construction (Optional)

Main Design Input

Bobbin Isolation Type Functional
Bobbin Mounting Type ‘ THT
Core Bobhin Selection h PQ2020, THT, 14p [V]

SELECT CORE & BOBBIN

Transformer Parameters Tips & Interactive Info
Bobbin Height{mm) —_—— =
—  o—
Bobbin Width (mm) o e - — NVidcom
- Please refer Bobbin figures on the right if necessary, — — 0
Bobbin Length {(mm) . S —= __-  Speedy Design Service
to understand these dimensionings WILURTH ELEKTRONIK

Bobbin Window (mm)
Bobbin Depth {(mm)
Bobbin Perimeter (mm)
Core Ae (mm®)

Core Volume [mm’)
Primary Margin Tape (mm)
lpri_pk_max [A)
Irms_pri_max [Arms)

~ Height - [ Length —~

Cross sectional area of the core

Core volume
Margin Tape not needed

Step 1 calculation output at Vin_min, Pout_max

Irms_sec_max (Arms)

Max average switching freq. (kHz) Step 1 calculation output at Vin_max, Pout_max Depth ! i A
Skin Depth {mm) Copper 100°C Skin Depth = 760/V{fsw,max_avg)
Max wire size [AWG) based on skin depth; TEX-E 0.4 equivalent Window
Primary Wire Type MW Grade 1 based on Magnet Wire (Single Insulation) Table >
Secondary Wire Type TEX-E based on TIW/TEX-E: Triple Insulation Wire Table
Tips: Use AWG34
AWG38 or TEX-E ©0.2 to be used; Tips: Select AWG38

Primary wire minimum size (AWG)
secondary wire minimum size (AWG)

j|> ADJUST IF NEEDED

Insulation tape thickness (mm Tips: Use 0.03, Range: 0.0254 ™ 0.06 Conduction Loss +Core Loss
Maximum Flux Density (T) (ips: 0.27 ™ 0.33T (Lower value => More Winding Turns) Fout max %)

Pri winding Current Density(A/mm?) 7.000 Tips: Use < 7 (Lower value => thicker wire) FINE TUNING Vin_min Vin_max

Pri winding Parallel Wires in Total 1 Pri winding thick = 0.85mm (Depth usage =27%)

Pri winding Parallel Wires per Layer 1 Pri winding layers =2 (Window usage =100%) -l 699/ _l 419;
Secwinding Current Density[Afmm’]_ 6.300 Tips: Use <7 (Lower current density == thicker wire) ~ " © " ©
Sec winding Parallel Wires in Total 4 Sec winding thick = L.56mm (Depth usage = 50%) FINE TUNING

ecwinding Parallal Wires ner laver] 4 Secwinding layers = 3 (Window usage = 100%) *See caleulation output for details

Calculation Output < Build (mm):

1. Winding turns number calculation
Np (Turns) 58
Ns (Turns) 15

Figure 30 Maximum flux density and current density input (Step 2 Main design input)

If the initial check is ok, the user can fine-tune these 3 design inputs to further optimize the transformer design
based on the following guide information generated by the tool (See red-circled parts a, b, cand d in Figure 31)

e Bobbin Depth and Window Usage Percentage

For each primary and secondary winding, the bobbin depth and window usage percentage will be calculated
(see red-circled part ain Figure 31). It is suggested to maximize window usage (best case up to 100%).

e Manufacturability Check

Based on the total wire and tape layers of each winding with corresponding wire and tape thickness, the total
build thickness is calculated. If it is less than the bobbin depth, the manufacturability check shows “OK”, else
“NG” (see red-circled part b in Figure 31). Please note that this manufacturability check is just based on
theoretical calculation, so it is important to confirm the manufacturability in actual production environment
with the transformer supplier based on the auto-generated transformer drawing (see section 3.2.9)
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e Build Information

If the manufacturability check is “OK”, the unused depth (in mm and percentage of bobbin depth) will be
shown (see red-circled part c in Figure 31). If the manufacturability check is “NG”, for example, if the build
thickness is 5 mm but the bobbin depth is 4 mm, the build information will show “ERROR! Build too thick(120%
of Bobbin Depth used)”. For an optimized transformer design, the unused bobbin depth should not be too high.

e Conduction and Core Loss Percentage

The flux density and current density input fine-tuning should minimize the conduction and core losses of partd
in Figure 31. This calculation does not include losses from other main components like the MOSFET and diode.

Step 2:  Transformer Construction (Optional)

Main Design Input

Bobbin Isolation Type Functional
Bobbin Mounting Type THT
Core Bobbin Selection PQ2020, THT, 14p [V]

x

SELECT CORE & BOBBIN

Transformer Parameters max Tips & Interactive Info
Bobbin Height{mm) = =
Bobbin Width (mm) L . :wi—o- Vidcom
. Please refer Bobbin figures on the right if necessary, — — 00— ) )
Bobbin Length (mm) _ S ——0==_____ - Speedy Design Service
- - to understand these dimensionings WIURTH ELEKTRONIK
Bobbin Window (mm)
Bobbin Depth {(mm) - Height - -~ Length —
Bobbin Perimeter (mm) = T
Core Ae (mm?) Cross sectional area of the core — .‘WI O s .
Core Volume [mm’) Core volume j‘ Width "“‘”E“";""
Primary Margin Tape (mm) Margin Tape not needed n
Ipri_pk_max (A) ' -
Irms_pri_max (Arms) Step 1 calculation output at Win_min, Pout_max Perimeter
Irms_sec_max (Arms) " P
Max average switching freq. (kHz) Step 1 calculation output at Vin_max, Pout_max Depth ! ;~ e
Skin Depth {mm) 0.2078 Copper 100°C Skin Depth = 760/V{fsw,max_avg) ’
Max wire size (AWG) 6 based on skin depth; TEX-E 0.4 equivalent Window
Primary Wire Type MW Grade 1 based on Magnet Wire (Single Insulation) Table >
Secondary Wire Type TEX-E based on TIW/TEX-E: Triple Insulation Wire Table
Primary wire minimum size (AWG) 34 Tips: Use AWG34 } ADJUST IF NEEDED
Secondary wire minimum size (AWG) 38 AWG38 or TEX-E (0.
Insulation tape thickness {(mm) m Conduction Loss +Core Loss ., |

(%)

Maximum Flux Density (T)

Pri winding Current Density(A/mm?)
Pri winding Parallel Wires in Total
Pri winding Parallel Wires per Layer
Sec winding Current Density{A/mm?)
sec winding Parallel Wires in Total
Sec winding Parallel Wires per Layeﬂ

Pout max

2t d; Tips: Select AWG38
Tips: Use 0. 0254 ™ 0.06
0.35 ips: 0.27 ™ 0.33T (Low ore Winding Turns)|
7.000 Tips: Use <7 (Lowe e => thicker wire)

Priwinding thick = 0.85mm (Depth usage = 27%)
Priwinding layers =2 (Window usage =100%)
6.900 Tips: Use <7 (Lower current density => thicker wire)
Sec winding thick = L.semm (Depth usage = 50%) FINETUNING Y
4 Secwinding layers =3 (Window usage = 100%) *5ee calculation output for details

Vin_min Vin_max

FINE TUNING

-1.69% | -1.41%
S

Calculation Output Manufacturability Check: Build (mm):

1. Winding turns number calculation
Np (Turns) 58
Ns (Turns) 15 ‘

Figure31 Guide information for fine-tuning of maximum flux density and current density

3.2.6 Calculation output for number of winding turns

In step 2 section | (see Figure 32), the number of winding turns for Np is calculated using the equation below:

_ L_pxIpri_pk_max

Np =
p Ae * Bmax

Where

L_p: Primary inductance

Ipri_pk_max: Maximum primary peak current

Bmanx: Maximum flux density
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Ae: Effective core area

The absolute number of winding turns for Ns, Na and Nsec_aux will then be calculated based on the Np/Ns,
Na/Ns and Nsec_aux/Ns selection from step 1.

Calculation Output Manufacturability Check: Build (mm):

1. Winding turns number calculation

Np (Turns) 58
Ns (Turns) 15
Na (Turns) 15
Nsec_aux (Turns) 15

Figure 32 Calculation of number of winding turns (Step 2 Calculation outputI)

3.2.7 Winding turns ratio check and comparison

Despite using the step 1 design input turns ratio to calculate the absolute number of winding turns for Ns, Na
and Nsec_aux in the calculation output section I, the ratios of turns (based on the step 2 transformer
construction) might vary due to limited ratio combinations. Therefore, the ratios of winding turns can be
checked and compared in calculation output section Il, as shown in Figure 33.

II. Winding Turns Ratio Check

Step2 Step 1 Calculation Qutputvs Design input might
Calculation | Design Input vary dueto windings limited integers
Np/Ns 3.867 3.870 ratio combination. Pls dofine tuningin
Na/Ns 1.000 1.02 Step1 Designinputif needed
Nsec_aux/Ns 1.000 0.98

Figure 33 Check and compare ratio of winding turns (Step 2 Calculation output II)

3.2.8 Estimated transformer losses

The transformer losses are calculated for the following two conditions:

e Vin_min, Pout_max (calculation output section Ill in Figure 34)
e Vin_max, Pout_max (calculation output section IV in Figure 34)
Ill. Transformer Loss Calculation (Vin_min, Pout_max) IV. Transformer Loss Calculation (Vin_max, Pout_max)
Pri winding est. conduction loss (W) | ().301 |[Rdc(100°C) =0.590] Pri winding est. conduction loss (W) 0.097 [Rde(100°C) = 0.590]
Sec winding est. conduction loss (W)| (.207 |[Rdc(100°C) =0.060] Sec winding est. conduction loss (W) 0.207 [Rdc(100°C) = 0.0601]
Est. Total conduction loss [W) 0.508 Est. Total conduction loss (W) 0.304
Est. Total Core Loss (W) 0.160 |[Pcv(100°C) = 56.23mW/cma] Est. Total Core Loss (W) 0.253 [Pov(100°C) = 88.73mW/cm3]
Total Loss / Pout_max (%) -1.69% Total Loss / Pout_max (%) -1.41%

Figure 34 Estimated transformer losses (Step 2 Calculation output sections Il & IV)

The following calculated outputs are generated for each section or condition.

e Primary winding estimated conduction loss

= I_pri_rms? x Rdc_pri(100°C) [unit: W]

Rdc_pri(100°C) = -Leopper@ovc) Xlpri [unit: Q]
Ntotal(pri)yXAwire(pri)

where:

pcopper(100°C) = 222 X 10_8 [Unit: Qm]

lpri = Np X {bobbin perimeter + (bobbin depth X 4)} [unit: m]
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Niotai(priy = number of primary parallel wires in total

Ayire(priy = conductor cross section area of each primary parallel wire [unit: m?]

Secondary winding estimated conduction loss

= I_sec_rms? X Rdc_sec(100°C) [unit: W]
Rdc_sec(100°C) = Ni;’zzz:giii:;z) [unit: Q]
Where:

Peopper(100°c) = 2.22 X 1078 [unit: Qm]
lyec = Ns x {bobbin perimeter + (bobbin depth X 4)} [unit: m]

N¢otai(sec) = number of secondary parallel wires in total

Ayire(sec) = conductor cross section area of each secondary parallel wire [unit: m?]

Estimated total conduction loss

= I_pri_rms? x Rdc_pri(100°C) + I_sec_rms? x Rdc_sec(100°C) [unit: W]

Estimated total core loss

= Pcviggoc pcas X coTe volume [unit: W]
1 T
Pcvygoec,peas =;><f 6.674 x 1077 X f,,,(0)+412 x B(6)%5%7 d@
6=0
where:

fsw(0) = switching frequency of AC input sine phase angle

B(0) = flux density of AC input sine phase angle

Total loss percentage over Pout_max

Est. conduction loss+core loss
= X 100%

Pout_max

3.2.9 Auto-generated transformer drawing

If no error is found in both steps 1 and 2, a transformer drawing will be generated, as shown in Figure 35.
Please note that it is still necessary for the user to input the transformer pin assignment (see the light-green
cells in Figure 35) based on the board schematic and PCB layout design to finalize the transformer drawing.
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Generate: TRANSFORMER DRAWING 0K
Core Material PCA4 or equivalent
(Wire Size & Type) x (Parallel No.) Turns No. of Layers |Description| E— Tapes x2 after Last Winding Core, Bobhin PQ2020, THT, 14p [V]
AWG38 TIW x1 15 1 SEC_AUX Nominal Lp (uH) 544.0
AWGZ7 MW x1 29 1 1/2 PRI_B
AWG34 MW x1 15 1 AUX PIN ASSIGNMENT & WINDING DIRECTION
TEX-E @30.3 x4 15 3 SEC
AWG27 MW x1 29 1 1/2 PRI_A L T o
-
1/2 PRI_A -
- <
ol <
T SEC
-
-
1/2 PRI_B -
- <
[ - u
z3 3 T
AUX o4 SEC_AUX
e
SR S .
BOBBIN ! Y !
MW:Magnet Wire {Grade 1) TIW/TEX-E: Triple Insulation Wire PIN ASSIGNMENT SELECT

Figure 35 Generated transformer drawing (end of Step 2)

33 STEP 3 - Finalize system design

In this last step, the user has to finalize the system design as outlined below:

CS shunt resistor selection and maximum power loss estimation

ZCD series and shunt resistor selection and maximum power loss estimation
Primary RCD snubber design

Output bleeder (active/passive) design

Upon completion of steps 1 and 3 without error, the BOM and IC parameters are auto-generated, as shown in
Figure 36.

) Step 1:  System Simulation & Transformer Design 0K

73

4 Step 2:  Transformer Construction (Optional) OK

165

73l Generate: TRANSFORMER DRAWING OK

Finalize System Design

255 BGER
293

el Generate: BOM & IC PARAMETERS

2004

Figure 36 STEP 3 - Finalize system design

3.3.1

The CS Resistor Preference allows users to select either one of the options shown below:

CS resistor preference input

e Higher output accuracy

This selection allows higher resolution of the primary peak current measurement but higher power dissipation
with a higher resistance value.

e Lower power dissipation

This selection allows lower power dissipation but lower resolution of the primary peak current measurement
with a lower resistance value.
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Step 3: Finalize System Design

Main Design Input

Parameters mi typ max Iigs& Interactive Info
E— — E—

CS Resistor Preference Lower Power Dissipation Higher R_CS (Output accuracy) or Lower R_CS (Power Dissipation

El

Transformer Leakage Inductance (%) k Leakage Inductance / Primary Inductance x 100%
) . B o ‘Active bleeder discharge output fast if no switching{no loss in normal op.); Passive ADJUST IF NEEDED
Output Bleeder Selection Active (Auto-Discharge Circuit) . .
bleeder discharge output slower (low loss in normal op.)
j . Dim To Off (Enabled/Disabled?)
EN_DIM_TO_OFF setting Disabled B e
- - - Note: Active voltage source needed to exit dim-to-off.

Figure 37 CSresistor preference (Step 3 Main design input)

3.3.2 Transformer leakage inductance percentage input

The Transformer Leakage Inductance (in percentage) over primary inductance needs to be input by the user
for RCD snubber design calculation (see Section 3.3.7). The value of a typical design would be around 1%. The
user can select a value of 0.5%, 1.0%, 1.5%, 2.0%, 2.5% or 3.0%.

Step 3: Finalize System Design

Main Design Input
Tips & Interactive Info

Transformer Leakage Inductance (%) Leakage Inductance / Primary Inductance x 100% |
) ) o ‘Active bleeder discharge output fast if no switching{no loss in normal op.); Passive ADJUST IF NEEDED
Output Bleeder Selection Active (Auto-Discharge Circuit) . .
bleeder discharge output slower (low loss in normal op.)
j . Dim To Off (Enabled/Disabled?)
EN_DIM_TO_OFF setting Disabled B e
- - - Note: Active voltage source needed to exit dim-to-off.

Figure 38 Transformer leakage inductance percentage (Step 3 Main design input)

3.33 Output bleeder selection input

Selection of an output bleeder is mandatory for flyback primary side control to ensure the output will not be
over-charged under no-load condition (e.g. LED not connected). There are two options available:

e Active (auto-discharge circuit)

An output will only be discharged by the bleeder resistor when transformer switching is stopped (e.g. during
AC-off or dim-to-off). The component count is higher but there is no drop in efficiency and fast discharge occurs
with low bleeder resistances.

e Passive (dummy resistor)

An output will be always discharged by a dummy resistor connected in parallel with output LEDs. The
component count is the lowest but there is a slight drop in efficiency and slow discharge with high bleeder
resistances.

Step 3: Finalize System Design

Main Design Input
Parameters min typ max Tips & Interactive Info
Higher R_CS (Output accuracy] or Lower R_CS {Power Dlsslpatlon}

CS Resistor Preference

. . ; o ‘Active bleeder discharge output fast if no switching(no loss in normal op.); Passive ADJUST IF NEEDED
Output Bleeder Selection Active (Auto-Discharge Circuit)
bleeder discharge output slower (low loss in normal op.)
R . Dim To Off (Enabled,[}isabled?}
EN_DIM_TO_OFF setting Disabled B e
- - - Note: Active voltage source needed to exit dim-to-off.

Figure 39 Output bleeder selection (Step 3 Main design input)

3.3.4 Dim-to-off setting input

The ICL8105 allows dim-to-off operation but it requires an active voltage source to exit from dim-to-off.
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The EN_DIM_TO_OFF setting allows users to enable/disable such operations but it is strongly recommended
to enable it only when the application design is for primary side dimming and an external Vcc supply.
Therefore, step 3 will show a warning if this setting is enabled but the step 1 design inputs (lout Dimming and
Vcc supply source) do not meet these two requirements.

Step3:  Finalize System Design

Main Design Input

Parameters min typ max Tips & Interactive Info
CS Resistor Preference Higher Output accuracy Higher R_CS [Output accuracy) or Lower R_CS (Power Dissipation)
Transformer Leakage Inductance (% Leakage Inductance / Primary Inductance x 100%
} . . o Active bleeder fast discharge output if no switching(no loss in normal state); ADJUST IF NEEDED
Output Bleeder Selection Active (Auto-Discharge Circuit)

Passive bleeder is slow discharﬁe resiswrilow loss in normal state)

Dim To Off (Enabled/Disabled?)
Note: Active voltage source needed to exit dim-to-off,

EN_DIM_TO_OFF setting Disabled

Figure 40 Dim-to-off setting (Step 3 Main design input)

3.3.5 CS pin-related design calculation

In step 3 section I, the user has to decide on an R_CS Selection or CS shunt resistor selection (see red-circled
part in Figure 41).The selection value should be between the calculation ouputs for Min R_CS and Max R_CS.

I_OCP1 refers to transformer primary winding current which triggers input overcurrent protection level 1. It is
automatically set to the maximum of Ipri_pk (from Step 1 calculation output section I).

If CS Resistor Preference is set to “higher output accuracy”,

0.98 1.08

MinR_CS = Max R_CS = [unit: Q]
1.0cP1 1.0CcP1

V_OCP1 = R_CS Selection XI_0OCP1 [unit: V]

V_0OCP2=1.6 [unit: V]

If CS Resistor Preference is set to “lower power dissipation”,

0.49 0.54

MinR_CS = Max R_CS = [unit: Q]
I1_0CP1 I_0CP1
V_OCP1 = R_CS Selection X I_0OCP1 [unit: V]
V_0CP2=10.38 [unit: V]
Note: V_OCP1 refers to the CS resistor voltage threshold setting for input overcurrent protection level 1.

V_OCP2 refers to the CS resistor voltage threshold setting for input overcurrent protection level 2.

R_CS Selection Max Power Loss refers to the maximum power loss calculation based on the R_CS Selection
input by the user. The equation is as shown below:

Piossmax(res) = I_pri_rms® x R_CS Selection [unit: W]
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Calculation Output

1. C5 pin related design calculati

R_CS Selection
V_0CP1

Min Max R_CS
R_CS R_CS Selection
(ohm) (ohm) (ohm) (mW)

_OCP1 v_ocpz A Max Power Loss
setting (V)
0.216 0.234 0.22 0.51 112 NlLoss over Pout_max=0.28%]

(A) V)

231 0.80

SELECT RESISTOR VALUE

Figure 41 CS pin-related design calculation (Step 3 Calculation output )

3.3.6 ZCD pin-related design calculation

In step 3 section II, the user has to decide on the R_ZCD_1 selection and R_ZCD_2 selection (see the red-circled
partin Figure 42).

R_ZCD_1 Selection should be between the calculation outputs for Min R_ZCD_1 and Max R_ZCD_1, which are
based on the equations below:

(Vin_max X107%)x+v2 x Z—Z—o.zz

MinR_ZCD_1 = [unit: kQ]

3

(Vin_max x107%) x+/2 xx—;—ms

Max R_ZCD_1 = [unit: kQ]

1.9

Note: The highest value for Max R_ZCD_1 is 100 kQ. If input OVP is enabled, Vin_max in the equations will be
replaced by V_inOV typical value.

R_ZCD_2 Selection should be between the calculation outputs for Min R_ZCD_2 and Max R_ZCD_2, which are
based on the equations below:

R_ZCD_1 Selection

MinR_ZCD_2 = Na
(V_outOV_max X Ns +19) -1

[unit: kQ]

R_ZCD_1 Selection
(V_outOV_max X % +23)—-1

Max R_ZCD_2 =

[unit: kQ]

R_ZCD_1 Selection Max Power Loss refers to the maximum power loss calculation based on the R_ZCD_1
Selection input by the user.

1. ZCD pin related design calculati

Min
R_ZCD_1
{kohm)

Max
R_ZCD_1
{kohm)

Min
R_ZCD_2
{kohm)

Max
R_ZCD_2
{kohm)

42.7

67.4

1.99

2.42

R_ZCD_1
Selection
{kohm)

56.2

R_ZCD_2
Selection
{kohm)

2.00

R_ZCD_1
Selection Max
Power Loss
(mW)

51

Loss over Pout_max=0.13%]

R_ZCD_1

N

(D

R_ZCD_2

SELECT RESISTOR VALUE

Figure 42 ZCD pin-related design calculation (Step 3 Calculation output II)

3.3.7 Primary RCD snubber design calculation

In step 3 section Ill, the user has to decide on the Csn Selection for the primary RCD snubber (see red-circled
part in Figure 43). The primary RCD snubber is to clamp the MOSFET spike voltage, caused by the transformer
leakage inductance. Generally, higher Csn values will result in lower Rsn values needed in the RCD snubber
design. Please choose a standard capacitor value for Csn Selection within the range of 2200 ~ 47000 pF.
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L_p_lkis calculated by multiplying the L_p and Transformer leakage inductance percentage inputs.

MOSFET Vds_spike is read-only and refers to the MOSFET drain voltage spike based on the step 1 section VI
input.

Recommended Initial Rsn for the primary RCD snubber is calculated based on the equation below:

Rsn = tdischarge
- . AV oon—Vd ik
Csn Selection - ]n(c‘s‘}‘leSii:”e)
where:

1
tdischarge = - % -JL_p_lk -Csn

fsw(Vin_max,Pout_max)

L_p_lk Ipyi pk(vi Pout z
AV... =Vds max — |Vds max? — pripk(Vin.max.Pout max)
Ccsn Csn

Vds_max = Vin_max - V2 + % - Vout_max + Vds_spike

1ll. Primary RCD Snubber Design

Vi Ne: Ns
Lp_lk V:IDSF?: s ICsnl Recommend Initial Rsn - é l |
(uH) s_spike election (kOhm) Vsx = Rsw Csw . :
) (pF) + 1 - <
2720 124650 6800.00

=
Dsn f= L

SELECT CAPACITOR VALUE

Figure 43 Primary RCD snubber design calculation (Step 3 Calculation output IlI)

3.3.8 Output bleeder design calculation

Based on the output bleeder selection in the step 3 main design input, the user has to make a bleeder
resistor selection.

As shown in Figure 44, there are also design inputs that can be adjusted if needed. These design inputs are
placed in this section because they mainly affect the output bleeder design calculation.

e Reaction_OVP_Vout setting:

IC parameterization to set the reaction of the output over-voltage protection (selectable value is “Auto-
Restart” or “Latch”)

e t_auto_restart setting:

IC parameterization to set the auto restart time for all protections with reaction = "Auto-Restart" and speed
of reaction ="Slow" (selectable value is t_auto_restart_fast ~ 10 sec)

o t_auto_restart_fast setting:

IC parameterization to set the auto restart time for all protections with reaction = "Auto-Restart" and speed
of reaction = "Fast” (selectable value is 0.2 ~ 10 sec)

e Speed_OVP_Vout setting:

IC parameterization to set the speed of reaction for the output over-voltage protection (selectable value is
“Slow” or “Fast”)
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The calculation output below will then be generated:

e Vout OVP auto-restart time:

Output over-voltage protection auto-restart time based on the IC parameterization above.

Max Bleeder Resistance:

Maximum bleeder resistance calculation output. Bleeder resistor Selection should not exceed this value.

IV. Qutput Bleeder Design - Active

Column M&N ColumnO

t_auto
_restart
setting

[sec) l

1.0 |

t_auto
_restart_fast
setting (sec)

Reaction
_OVP_Vout setting

|

Auto-Restart | 0.4

Speed Vout OVP
_OVP_Vout | auto-restart
setting time (sec)

|

Bleeder Resistor
OVP auto-restart
Est. loss (mW)

Max Bleeder
Resi (k)

Bleeder Resistorfll Bleeder Resistor selection Est. OVP
Selection (k1) @ Vout drop after auto-restart time(V)

| slow 1.0

985

27.04

T
ADJUST IF NEEDED

SELECT RESISTOR VALUE

Figure 44 Output bleeder design calculation (Step 3 Calculation output V)

In the column M&N calculation output (see Figure 44), the tool will then calculate the estimated output
voltage drop with the selected bleeder resistor value over a period of time dependent on the
Reaction_OVP_Vout setting, as shown in Table 1.

Table 1

Calculation output of column M&N based on conditions

Reaction_OVP_Vout
setting

Calculation output (column M&N)

Auto-restart

Bleeder Resistor Selection Est. OVP Vout drop after auto-restart time

Latch mode

Bleeder Resistor Selection Est. OVP Vout drop after 3-sec. discharge

In the column O calculation output (See Figure 44), the estimated loss of the bleeder resistor selection is
calculated based on the Reaction_OVP_Vout setting and the highest loss condition, as shown in Table 2.

Table 2

Calculation output for column O based on conditions

Est. Loss of

Reaction_OVP_Vout

Bleeder Resistor Selection

Calculation Output (Column O)

setting

OvP Normal

auto-restart Operation

Higher Lower Bleeder Resistor OVP auto-restart Est. Loss
Auto-restart

Lower Higher

Bleeder Resistor Normal Operation Est. Loss

Latch mode Not applicable | Anyvalue
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3.3.9 Auto-generated BOM & IC parameters

If the user has completed step 2 with the desired core and bobbin without errors, please select generate
option for T1 as “AUTO GENERATE BASED ON STEP 2” (see Figure 45).

Otherwise, please select “MANUAL KEY IN” which requires the user to enter Np manually (see Figure 46).
Note: T1 refers to the reference designator of flyback transformer

ERROR CHECK here will detect if there are any errors in each of the steps. If detected, it will show in which step
the error is located and the user should resolve the error or errors accordingly (as shown in Figure 45 with “NO
ERROR FOUND”). This is to ensure that the generated BOM and IC parameters are correct.

WARNING CHECK here will detect if there are any warnings in each of the steps. If detected, it will show in
which step the warning is located. It is recommended to resolve the warnings (as shown in Figure 45 with “NO
WARNING FOUND”) but this is not mandatory. The BOM and IC parameters can still be generated with warnings.

Generate: BOM & IC PARAMETERS OK
Select generate option for T1
AUTO GENERATE BASED ON STEP 2 ‘- SELECT GENERATE OPTION
ERROR CHECK WARNING CHECK
NO ERROR FOUND NO WARNING FOUND

Figure 45 Flyback transformer, T1 parameter-generating option (“AUTO GENERATE BASED ON STEP 2”)

Generate: BOM & IC PARAMETERS OK
Select generate option for T1
MANUAL KEY IN |- SELECT GENERATE OPTION
Pls enter N_p (Unit: turns) => I 130
ERROR CHECK WARNING CHECK
ERROR! MANUAL KEY IN N_p must be >10 NO WARNING FOUND

Figure 46 Flyback transformer, T1 parameter-generating option (“MANUAL KEY IN”)

Figure 47 shows an example of the generated BOM and IC parameters.

The BOM reference designators are based on the schematic of ICL8105-CDM10V Reference Design. For easy
reference, the schematic is available in the “SCH” worksheet of the excel tool.

By opening the ICL8105 parameterization file (*.csv) with the GUI called .dpVision, user can enter the generated
IC parameters from the excel tool and burn these parameters into the IC, using the .dp Interface Board Gen 2.

Please note that there are a few IC parameters which could not be calculated but require fine-tuning at system
level. These parameters are as shown in the green-highlighted cell in the IC parameters table in Figure 47.
Please refer to the “ICL8105-CDM10V 40W Reference Design Application Note” for the fine-tuning guide.

Also, there are a few IC parameters which are each generated with an initial default value as shown below,
instead of dynamically adapted based on the input or output from the design steps before. If necessary, user
can adjust each of these parameter values later in .dpVision according to the application needs.

e Output current dimming curve, C_DIM: Quadratic(default ) or Linear

e Enable output under-voltage protection, EN_UVP_Vout: Enabled (default) or Disabled

e Enable maximum average output current protection, EN_lout_max_avg: Enabled (default) or Disabled

e Enable maximum peak output current protection, EN_lout_max_avg: Enabled (default) or Disabled

e Auto restart speed for output current protection, Speed_OCP_lout: Slow (default) or Fast

e Enableinput under-voltage protection, EN_UVP_In: Enabled (default) or Disabled
Application Note 33 Revision 1.0
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Auto-generated BOM Auto-generated IC Parameters
Auto-Generated BOM Auto-Generated IC Parameters
Aota: Plagse reafor to sheet “SEN" EAE
: Hr: 18; Care, Eabbin: PRI _nut_rst 0.0 m
n Moz 15; e o_anse: 15 WURTH THT, 1dp [V] Hr " wr
103 1CL3 105 - IHFINEGH | ICLEA0E (DE0-3] H_r 15 kurnr
o IFDEORIKOCE | s00d INFINEGH | IFDE0RAKOCE (DFAK) H_a 15 kurnr
0% A =0y DIODES | ResME-13-FIZHE] [ 0.54d mH
Dz0, Dz 1 Lol | FAIRCHILD ES1J (5HA Fos n.zz ahm
o3 EH00pF LEETY AR Dirzroke ar SMOZ0E V_aGF .51 v
od .ZZuF L dazl AR Film zap F_200_1 Sz [
o5 0igF 50, 06 AR ZHD Fackage: 0603 F_Z00 = 00 [
FB_PRI Rz Eikahm. [ AR ZHD Fackage: 0603 VEC_SUFFLY Wids
R, I - artt SHDFackaqedzts CREEN FE.00 uF
[Zp=rinrericr] N_out_caprating (X3 L
F7+FE W 17d.3kakm <5 AR Favier raking: 067 F_HY ik [
Fedi 56 Zkahm [ AR ZHD Fackaqe: 1206 _GO_gk 49 e
Rl Thahm [ AR ZHD Fackage: 0603
Fild 0.2Zahm 1 by Fauer rating: 0.1 foqute_rertark 1.0 :
k_aukn_rorkark_Fark 0.4 r
Rk akm [ AR ZHD Fackage: 0305 Fic-azkinn OWF_Uout| Auta-Farkark
7z HFH Tranrirtar| Yoo 584 | INFINEOH | EDF453(50T-223) Sposd_OWF_Vaut Zlau
od 0,258 LEETY AR EAVIDE (S0D-500] V_urd 454 v
iz 0255 B AR EAVIDE (S0D-500] EM_UUF_Uaur Erabled
AU WVEC SUPPLY 70 Zenor 154 <5 AR ZOD0-323 arrimilar t_rtart_max 1540 mr
o 4. 7uF ~5al AR Eloztralytiz Gap EN_laut_max_awa Erabled
oF FEuF =50 AR E-Cap or SHO1Z0E EN_laut_max_poak | Enakled
o3 0AuF =250 AR ZHD Fackage: 0603 _out_mas_peak 1830 e
R d7kahm [ AR ZHD Fackaqe: 1206 Sposd_OCF_laut Zlau
Rl 4.7akm [ AR ZHD Fackaqe: 1206 ER_UVF_Ir, Erabled
IGF0 [ Sohmit triq. 10| invert auk TI TALUCEHDE VR EH_OUF_Ir, Erabled
COMIY COMIOY _in Y za v
1B | dapterbaard i IMFIMEOH adaperbaard W irrtart_mman P v
Fed Optozaupler | -dkU, UL | WISHAY WOETAE V_ir_rkart_min TE v
400 | HFH Tranrirtar| Yeon:55 | INFIHEOH ECHEE (S0T-39] _in Y i v
2030 Zenor 54V SE5w AR ZOD3EE arrimilar Dobug Mads Dirabled
[ 0.25A a0l AHY EAINOZ (5O0-30C) | Temperatwrsquard |
[T .zh 0l INFINEGH | EATEA-05 (S0T-23) T_zritical 4 '
20400 Zenor 154 <5 AR ZOD0-323 arrimilar ER_ITF Erabled
DIRMING 03z 6 [ AR ZHD Fackage: 0603 T_hat i s
o3 4. 7uF =50 AR ZHDF ackaqe: 0305 Laut_red FE) e
35, 36 0AuF =50 AR ZHD Fackage: 0603 t_rtop 10 B
Simmtare £ B [BTH =.ZuF L5y AR Eloztralytiz Gap
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F3d d7kahm [ AR ZHD Fackage: 0603 H_AEH_init [
Rzt T#kakm, 1 AHY EMD Fackaqe: 060% | Cumtrmllamp |
F3T % Zkahm [ AR ZHD Fackage: 0305 FILKF_GRH 550
FAdl 4.7akm [ AR ZHD Fackaqe: 1206 FI_ELeRM %
Fdod d7kahm [ AR ZHD Fackaqe: 1206 FILELDCH [
[T R Lz3TY GHESEHI MEREJ0ZE0TE FILELDCH i
o7 0AuF =T AR ZHDF azkaqe: 0305 FILKF_AEH &d
FB SEC CAZHEAE SdiuF (=0 AR Eloztralytiz Gap FI_KL_AEM 7z
F9a OFEH - - - EM_DIM Erabled
E, 0d EHTO0E [ IHNFINEQH | ZHTO0Z (50T-23) W_DIM_mir. [X v
o7 DualDinde | +2574 INFHEGH | EBATZd0A (S0T-23] _aut_dirm_min ) me
0%, 08 OFEH - - - C_DIM Linear
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Cicatd FebREs ] tkabm 1 AHY Fouerrating» b mﬁ_ﬂm“ e o
Rzt Rzt 1Makm 1 AR SHD Fackage: 0305 +_an_max e ur
F9 OFEH - - - t_ar_min 1z ur
V-CAPR L) Z200pF E2TWaz aHY Safety Coramiz Cap Fru_min_DCHM 1z.00 kHz
DEELIGIFROGRAMMING o Ei 500, C0G AR EHMDP ackage: 0603 EH_AEHM Dirabled
a4 S pinr - AR ¥ pine
AFETT & LINE ZURGE F1 ULrafety Fure | 0988 AHY - m Enabled
FFure i mandrtony for powr MO |rurqe abrorber| 23324 AHY Fiadial, Dir< Type 41 .10 uf
rafotuit D1+DZ _[rurqe abrarbor| 3917 AR Care Style:1.6KE
JUMPERS F,RE0,RE1 ok, - AR SHD Fackage: 0603 t_min_dsmag %0 ur
[ \_FOC 250 r
FLEAZE FINE J +_ZCOFD din e
TUNE | T_coupling 1020
EAZED OM APP. . Fiin 15 ohm
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a_DIM [ K
Figure 47 Auto-generated BOM and IC parameters (end of Step 3)
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Figure 48 Schematic for the auto-generated BOM (Refer “SCH” Worksheet in the excel tool)

Application Note 35 Revision 1.0
2016-03-31



o _.
System Simulation & Design Creation Tool (Transformer, BOM and IC ‘ |nf| neon

Parameters)
User guide

Revision History

Major changes since the last revision

Page or Reference | Description of change

Application Note 36 Revision 1.0
2016-03-31



Trademarks of Infineon Technologies AG

MUHVIC™, uIPM™, uPFC™, AU-ConvertIR™, AURIX™, C166™, CanPAK™, CIPOS™, CIPURSE™, CoolDP™, CoolGaN™, COOLiR™, CoolMOS™, CoolSET™, CoolSiC™,
DAVE™, DI-POL™, DirectFET™, DrBlade™, EasyPIM™, EconoBRIDGE™, EconoDUAL™, EconoPACK™, EconoPIM™, EiceDRIVER™, eupec™, FCOS™, GaNpowIR™,
HEXFET™, HITFET™, HybridPACK™, iMOTION™, IRAM™, ISOFACE™, I1soPACK™, LEDrivIR™, LITIX™, MIPAQ™, ModSTACK™, my-d™, NovalithIC™, OPTIGA™,
OptiMOS™, ORIGA™, PowlRaudio™, PowIRStage™, PrimePACK™, PrimeSTACK™, PROFET™, PRO-SIL™, RASIC™, REAL3™, SmartLEWIS™, SOLID FLASH™,
SPOC™, StrongIRFET™, SupIRBuck™, TEMPFET™, TRENCHSTOP™, TriCore™, UHVIC™, XHP™, XMC™

Trademarks updated November 2015

Other Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2016-03-31
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2016 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Email: erratum@infineon.com

Document reference
AN_201603_PL21_14

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
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

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


mailto:erratum@infineon.com;ctdd@infineon.com?subject=Document%20question%20
http://www.infineon.com/

