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MICHAEL GUARIZO

Professional
Current: FAE at BP&M
Past: Engineer at IBRAMED

Academic

Electrical Engineer from Universidade Federal de Itajubbd (UNIFEI)

Personal:
Current City: Amparo
Team: Corinthians
Wife and daughter

Hobbies: Sports, cooking, games

linkedin: NTTPS://Www.linkedin.com/in/michael-felipe-guarizo/

e-mail. QUArNzo@bpmrep.com.br


https://www.linkedin.com/in/michael-felipe-guarizo/

BP&M SALES REP

BP&M SNAPSHOT

Demand
Creation

3 FAES

, (Analog

Focus qu Other locations and
folCe Campinas Digital)
N Sao Porto Alegre

Florianopolis

Paulo o
Joinville




BP&M SALES REP

LINECARD

Z| FCL
(\COMPONENTS

ANALOG @ groaDcoM C@HERENT

FAdlittelluse  Aicron NI NORDIC  POWET

SANYODENKI <& @biox YAGEOco.:

SAMSUNG LED YAGEO KEMET @ Pulse

ZETTLER

electronics



http://www.micron.com/
http://www.littelfuse.com/
http://www.analog.com/
http://www.broadcom.com/
https://www.power.com/
https://www.sanyodenki.com/america/
https://www.nordicsemi.com/
https://www.samsung.com/led/
https://www.coherent.com/
https://www.zettler-group.com/home/
https://www.u-blox.com/en/
https://www.fcl.fujitsu.com/en
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BASIC STEPS OF THE AC/DC SOLUTION

1 - DETERMINE THE
INPUT PARAMETERS

4 - CALCULATE THE
RECTIFIER DIODE
PARAMETERS

2 - CALCULATE THE
TRANSFORMER
PARAMETERS

5> - CALCULATE THE
OUTPUT CAPACITOR
PARAMETERS

3 - CALCULATE THE
MOSFET
PARAMETERS

6 - CALCULATE THE
SNUBBER
PARAMETERS
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1 = INPUT PARAMETERS

INPUT RANGE (VAC) 35-265VAC
OUTPUT VOLTAGE (VDC) 12VDC
OUTPUT CURRENT (A) 2A
OUTPUT POWER (W) 24\W
OUTPUT TOLERANCE (%) 10%
TOPOLOGY FLYBACK
EFFICIENCY (%) 325%
OUTPUT RIPPLE (V) 120mV
EXTRAS FILTER EMC, OUTPUT FILTER,

TEMPERATURE, SIZE
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2 — TRANSFORMER PARAMETERS

A — CORE DETERMINATION

1,1 * Py * 10*
Kp x Ky, * fo x ] * AB

AeAw =

\’*\,
ll\\\
Pout - Output power (W)

Kp - Primary utilization fator (0,4 - 0,6)

Kw - Winding area utilization fator (0,3 - 0,45)
fs — Switching frequency (Hz)

J = Current density (300 - 550 A/cm?2)

AB - Variation of magnetic flux (0,2 - 0,4 T)

ZETTLER (@ Pulse

electronics a YAGEO company


https://www.zettler-group.com/home/
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2 — TRANSFORMER PARAMETERS

B — TURNS RATIO

Do Vor
MAX " VIN, .. + Vop

N V
p_ Tor _

NS_ VO

Dmax — Maximum Duty cicle of the IC (0,5 - 0,6) MOSFET Vds
VOR - Reflected output voltage (VDC)

VINmMIin = Minimum input voltage (VDC)

VO - Output voltage (VDC)

n - Turns ratio
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2 — TRANSFORMER PARAMETERS

C - PRIMARY INDUCTANCE

_ (Vo + Vi) * (1 — Dppgy)? ..

L n
2 *Iomax*f:?

p

2 *x 10
I max

— 2
ppk —
1— Dmax

* N

Lp - Primary inductance (H)

VF - Forward voltage of the rectifier diode (V)
lomax — Maximum current output (A)

Ippk — Primary peak current (A)
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2 — TRANSFORMER PARAMETERS

D — PRIMARY, SECONDARY AND BIAS WINDING TURNS
Np /l}ls

N. > LP * Ippk .D (>
P Ae x A\B ‘) (>—
lppk | Lp JIC Ls | Ispk
N fce
Ny = —-
S n ﬂ)
Vee,r + VF .
N, = N, xLic t Ve 2
VO + VF .3
Vcc ic - IC voltage (V) NdJ

VFE _ic - Forward voltage of the |C rectifier diode
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3 - MOSFET PARAMETERS

(Qgs2 + Q¢p) -

Psw:VDS*Ippk*ﬁ?*I—
G

Vps = VINpax + Vor + Vspike o

MOSFET Vds
Ips > 1 ppk

Regions of
power loss

Lower % IXYS
iIntegrations- A Littelfuse Technology



https://www.power.com/
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4 - RECTIFIER DIODE PARAMETERS

2 * [omax

[ = —————
P 1_Dmax

Pp = Vg * spk

Ip > Ispi

VD > VOR T Vspike
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5 — OUTPUT CAPACITOR PARAMETERS

Dmax * IOmax

fo * AVo

Comin —

AVo

ESR <
[

vk

1 _Dmax
v Ty

ICO

I/CO > 1,5 *VO

Co_min - Minimum output capacitance (F)
FSR - Equivalent series resistence (Ohm)
lco - OQutput capacitor ripple current (A)
Vco - Output capacitor voltage (V)

AVo - Output ripple voltage (V)

KEVIET

a YAGEO company
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6 - SNUBBER PARAMETERS

Vclamp - Voltage drop in the Snubber (V)
Vmax - Maximum voltage in the switch (V)
Rclamp - Snubber resistor (Ohm)

Vclamp — Vmax o VIN | leakage - Transformer leakage inductance (H)
Cclamp - Snubber capacitor (F)
Pclamp - Snubber resistor power (W)
P __2’kaUump»*(jQianu9'_71*{Vb) e ~
clamp — f " L % 12 .
S leakage ppk H%ﬁ_ g
TC
C l 5 =D
clamp — |
f;‘ * Rclamp J;
1 p%hnnp N

Peiamp = 5 * L * [0 * f
p leakage ppk S
2 Vclamp_n*VO
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ADVANCED STEPS OF THE AC/DC SOLUTION

1 - EMC/EMIFILTER 2 - PROTECTIONS

5 - SNUBBER

4 - OUTPUT FILTER OPTIMIZATION

3 - TRANSFORMER
GOOD PRACTICES

6 - ADVANTAGES OF
POWER
INTEGRATIONS |C

14
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1 = EMC/EMI FILTER

'EI m E 'E' Eﬂ | - | : 4 | W - | il : I N -
= 3
I % ] T T TTTT rﬁh a YAGEO company
-I:- M | 3 31] | i 4 L=
£ E:
z 20 z 20 —r "f w

10 10 :'-‘II.."':lI:-I:-."-‘ lLII"'-,*"-l 1 o @ Pulse

) i L N | || L L] a YAGEO company

10 100 1 O 10 Im 1000
Freguency[MHz] Frequency[MHz]
L
PO ——r— O P’
Cx mm R () C=

N O —— O N'

C - C
PE O yT T y O PE’

Load

Line
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2 - PROTECTIONS (/A

Littelfuse

Fuse

(+) L0 = ¢

LH Protected pp—
MOV Circunt "
o ovide DC input TVS
Protection

For Link Cap

(=) N o 8

vy 4 Voltage
— Transients A

AWAWAS
\

Transient peak

P\
: \
| \\ IC failure threshold

N
Vv TVS clamped voltage
Without inrush current limiting 2 —,x .
V, Normal operating voltage

With inrush current limiting

[ > Time

VACMOV > VINmax INTC > Ip VCl(lmpTVS > VO

IMOV > Surge


http://www.littelfuse.com/
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3 = TRANSFORMER GOOD PRACTICES

Eletromagnetic shield connected to primary GND

Split the primary into two windings N2

Evenly use the entire window area of the bobbin

L leakage < 3% * L_primary

Use AWG compatible with the switching frequency to reduce
the skin effect

LITZ wire reduces losses and leakage inductance

Central GAP improves magnetic flux uniformity

ZETTLER (™ Pulse

electronics a YAGEO company



https://www.zettler-group.com/home/
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4 — OUTPUT FILTER

'

RECTIFIER
OUTPUT

LOAD

‘ . @®Pulse KEMET

fim—— a YAGEO company a YAGEO company

Z*n*,/L*CZ IL_Sat>Ispk
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5 — SNUBBER OPTIMIZATION

Clamp snubber drcuit

» D1
Limit the currente |

TVS Diode ( =

S 1
Snubber diode | 1l | g
L J [

Clamp snubber arcuit

YAGEO

Group

19
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TYPICAL FLYBACK CIRCUIT
LOWwWer

EMI filter and bridge rectifier Isolation transformer integ rations™
Synchronous rectification

FR107

Primary MOSFET and current

_%“g. Controller | sense
—— C :
1 T come PN
il : : AW |
Z— VFB o -:LNESBH 1 Eu ! T Lnassn
t Ny =
{; g ¢ | H.'I.E.;{.: TL431 .E, e +
: AN
A 51V
$

Conventional PSU - Typically around 60 + Components

20


https://www.power.com/
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6 — ADVANTAGES OF POWER INTEGRATIONS

I NN | S R

InnoSwitch™

 Primary MOSFET & Current sense

* Primary Controller

Te FluxLink™ replaces opto-coupler
* Synchronous rectification driver

« QOutput current and voltage control 3

InnoSwitch-CH | S

Integrations

| | T
PSU using InnoSwitch - Typically <30 Components

21
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DER-931: 72W SUPER COMPACT INDUSTRIAL POWER SUPPLY

6.5 mm Gap
—  a—
(=]
1 nF
250 VAC
]
LL]
LV oA
B ]
J R1& ™3
3 o4 Ri4 | 10 ki
LT 8 3 BAV19WS 100k 5 116 W
E 4
w3 VR | o ] e <Y viow]  Lafpe
SMALTOAIIF Y o Bl | L.anF RIL €18 16 it
- i WOV]  S60  |s0uFmm k820 uF
160'V z'ﬁﬂ : 2 2“‘1 ClampZera 2 s Wi 1BY 16V
Wy T 1w uz D3 18
BRL EPZ1075M b) V12P10-M3/864 1ok S=330pF
Wi L R s tog o}
.:21:'1 .:b Liow .
3 1 1 4 3 7 h
. o ¥y les | oo 3.37 Inc
- — i coas 14T Ta=v T v
4 BP2
) R3 {3
s |1imn 1t c6 c7 ol
a €3 MinE-CAP i [;_Lls__ll ] K
0§ e LTI LI g 8 EIR ks AR o3 75 .-
275 vac 400V 400V MIN1O72M D} = s1f [N RE R10 1 .
i owos | | commmoc - S04m, 1%, 110w a0 $ " L0 e
-+ yiow 3 ri2 | R : '~ e a1 d
' onose] JH | - ¢ Y owaiws g1 | i 00iio
0 win $ ci3 WT £ 1% 2 1%
L1 sl scl 1. e T 1%, 1710 W 2.2 oF v 1w 1%
450 pH 25y RTH
I . o
R TPe
3154 WR2 Rg o] | | & g 3 2
MMEZITI488-7-F B§ () - | [ | | [ |
90 - 263 [=] 1y 10w CONTROL s
TP VAE 1Rz —a—w— | | H }----- I | PS8 100571
T |
3
1%, 1710 W B9 noSwitchd-CZ
A U3
INNADTHC-H18S
o &
10 wF == =
2 sov T 50
i
P o i an ™

e MiInkE-CAP enables ,
130uk input = g e

ot R CZ
power 13,2 i
‘integrati

Capacitance R oy - = N R “_"l_:sf*m ‘
« >T100W peak %Y =3 Gm N
power capability if i

from 90-265Vac

1.18 inch

’--4

FLY

2.76 inch

DER-931 board size compared to a credit card

https://www.power.com/design-support/ac-dc-
conversion/design-kits
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REFERENCE DESIGN KITS (RDK)

Select

Image

Part # 1=

Mfr. Part &
RDK-710

Mouser Parm#
869-RDK-710

Mifr. Part #
RDK-3400

Mouser Parr#
S09-EDK-3400

Mifr. Part #
RDK-747

Mouser Parr #
a09-EDK-T47

Mifr. Part #
RDK-301

Mouser Parr#
209-EDK-301

Mifr. Part #
RDK-872

M. 1=

Fower
Integrations

Fower
Integrations

Power
Integrations

Fower
Integrations

Fower
Integrations

Description

FPower Management |C Development Tools 12 W Dual
Owutput Power Supply

Learn Moreg

Fower Management |C Development Tools 30V
INN3977CQ 30 VDC - 500 VDC

Learn More

Fower Management |C Development Tools 65V
INN3679C-HG06 90 VAC - 265 Input

Learn More

LED Lighting Development Tools 100V 2-5tage Kit
PFSTE26C PowiGan

Learn Maore

Fower Management |C Development Tools 70 W
Single-FPhase Inverter

Datasheet

Datasheet

Datasheet

Datasheet

Datasheet

Datasheet

Availability

In Stock

In Stock

[
In Stock

4
In Stock

In Stock

Pricing (USD)§

Price by Gty.

1: 5100.00

1:5100.00

1:5100.00

1:5100.00

1:5100.00

MOUSER

ELECTRONICS

Buy

Min.: 1
Mult.: 1

Min.: 1
(]

Min.: 1
Mkt 1

Min.: 1
(]

A

RaHS
Details

ol

RaHS
Details

ol

RaHS
Details

ol

RaHS
Details

7]

RaHS
Details

23
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Pl EXPERT

Expert

Start Designing

Welcome to Pl Expert Online

New Design
select Topology and Family, then choose application type

< =

New Design Component Library Quick select (Enter - Pl Expert, Shift+Enter - Pl Xls Product Filter

= InnoSwitch-5 Application *

{1

InnoSwitch5-Pro Flyback A W

= laneSwitch-4 Output Power *

_m-ﬂ Flyback A w

InnoSwitch4-CZ USB-PD Flyback
Input type
—, Getting Started InnoSwitch4-Pro ACF Flyback

(2) with P1 Expent

= Online

Ay W
InnoSwitch4-Pro QR Flyback

# of outputs
InnoSwitch4-QR Flyback

Ay i
= InnoSwitch-3
InnoSwitch3-CE Flyback tastatad ceppty
-F}E“:ELI.E Copyright @ 2024 by Power Integrations. All Rights Reserved. InnoSwitch3-CP Flyback Any ¥
InnoSwitch3-EP Flyback Output Type
InnoSwitch3-TN Flyback Any v
° . InnoSwitch3-Pro Flyback Topology
HTTPS://PIEXPERTONLINE.POWER.COM/  unn 1.-
InnoSwitch3-EP 900V Flyback High PF / Low THD
InnoSwitch3-EP 1250V Flyback Any W

InnoSwitch3-EP 1700V Flyback

InnoSwitch3-AQ Flyback

- m
an L . T 1a EE
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NEED HELP FOR A PSU DESIGN?

Please contact guarizo@bpmrep.com.pr for support.

Project Request Table To be completed

Company Name

Design Engineer (contact information)

Project Name

Project Stage (R&D / Concept / Design / Prototype)

Current solution (Do you use 5TM, On-semi, NXP, etc)

Application (Appliances, Lighting controls...)

Estimated Annual Usage (Kpcs./year)

Schedule Production Release

Build Location & Contract Manufacturer's Name

Preferred Authorized Distributor:

Pl Solution - Part Number (Pl will recommend)

Input Voltage Range VAC
Qutput power level range W
OQutput Voltage Required V
Qutput Current Required Amps

Constant Voltage or Constant Current
performance required (CV or CC)
Output tolerance (%) %0
Izolated (Yes or No)

(What topology? Flyback, Buck, buck-boost...)
Target Efficiency (%) %0
Ambient Temperature (°C) °C



mailto:guarizo@bpmrep.com.br

PPPPPPPPPPPP

THANK YOU

Any
Questions ?
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