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LINECARD

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

4

1 - DETERMINE THE 
INPUT PARAMETERS

2 – CALCULATE THE 
TRANSFORMER 
PARAMETERS 

3 – CALCULATE THE 
MOSFET 

PARAMETERS 

4 – CALCULATE THE 
RECTIFIER DIODE 

PARAMETERS 

5 – CALCULATE THE 
OUTPUT CAPACITOR 

PARAMETERS 

6 – CALCULATE THE 
SNUBBER 

PARAMETERS
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1 – INPUT PARAMETERS
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PARAMETERS VALUES
INPUT RANGE (VAC) 85-265VAC

OUTPUT VOLTAGE (VDC) 12VDC
OUTPUT CURRENT (A) 2A
OUTPUT POWER (W) 24W

OUTPUT TOLERANCE (%) 10%
TOPOLOGY FLYBACK

EFFICIENCY (%) 85%
OUTPUT RIPPLE (V) 120mV

EXTRAS FILTER EMC, OUTPUT FILTER, 
TEMPERATURE, SIZE
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2 – TRANSFORMER PARAMETERS
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A – CORE DETERMINATION

𝐴ⅇ𝐴𝑤 =
1,1 ∗ 𝑃𝑂𝑈𝑇 ∗ 10

4

𝐾𝑃 ∗ 𝐾𝑊 ∗ 𝑓𝑠 ∗ 𝐽 ∗ Δ𝐵

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/cm2)
ΔB – Variation of magnetic flux (0,2 – 0,4 T)

https://www.zettler-group.com/home/
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2 – TRANSFORMER PARAMETERS
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B – TURNS RATIO

𝐷𝑀𝐴𝑋 =
𝑉𝑂𝑅

𝑉𝐼𝑁𝑚𝑖𝑛 + 𝑉𝑂𝑅

𝑁𝑝

𝑁𝑠
=
𝑉𝑂𝑅
𝑉𝑂

= 𝑛

Dmax – Maximum Duty cicle of the IC (0,5 – 0,6)
VOR – Reflected output voltage (VDC)
VINmin – Minimum input voltage (VDC)
VO – Output voltage (VDC)
n – Turns ratio
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2 – TRANSFORMER PARAMETERS
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C – PRIMARY INDUCTANCE

𝐿𝑝 =
𝑉𝑂 + 𝑉𝐹 ∗ (1 − 𝐷𝑚𝑎𝑥)

2

2 ∗ 𝐼𝑜𝑚𝑎𝑥 ∗ 𝑓𝑠
∗ 𝑛2

𝐼𝑝𝑝𝑘 =
2 ∗ 𝐼𝑜𝑚𝑎𝑥

1 − 𝐷𝑚𝑎𝑥
∗ 𝑛2

Lp – Primary inductance (H)
VF – Forward voltage of the rectifier diode (V)
Iomax – Maximum current output (A)
Ippk – Primary peak current (A)
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2 – TRANSFORMER PARAMETERS
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D – PRIMARY, SECONDARY AND BIAS WINDING TURNS

𝑁𝑝 >
𝐿𝑝 ∗ 𝐼𝑝𝑝𝑘

𝐴𝑒 ∗ Δ𝐵

𝑁𝑠 =
𝑁𝑝

𝑛

Vcc_ic – IC voltage (V)
VF_ic – Forward voltage of the IC rectifier diode

𝑁𝑑 = 𝑁𝑠 ∗
𝑉𝑐𝑐𝐼𝐶 + 𝑉𝐹𝐼𝐶
𝑉𝑂 + 𝑉𝐹
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3 - MOSFET PARAMETERS
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𝑃𝑠𝑤 = 𝑉𝐷𝑆 ∗ 𝐼𝑝𝑝𝑘 ∗ 𝑓𝑠 ∗
(𝑄𝐺𝑆2 + 𝑄𝐺𝐷)

𝐼𝐺

𝑉𝐷𝑆 = 𝑉𝐼𝑁𝑚𝑎𝑥 + 𝑉𝑂𝑅 + 𝑉𝑠𝑝𝑖𝑘𝑒

𝐼𝐷𝑆 > 𝐼𝑝𝑝𝑘

https://www.power.com/
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4 - RECTIFIER DIODE PARAMETERS
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𝑃𝐷 = 𝑉𝐹 ∗ 𝐼𝑠𝑝𝑘

𝐼𝑠𝑝𝑘 =
2 ∗ 𝐼𝑜𝑚𝑎𝑥

1 − 𝐷𝑚𝑎𝑥

𝐼𝐷 > 𝐼𝑠𝑝𝑘

𝑉𝐷 > 𝑉𝑂𝑅 + 𝑉𝑠𝑝𝑖𝑘𝑒



B P & M  S A L E S  R E P

5 – OUTPUT CAPACITOR PARAMETERS
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𝐶𝑜𝑚𝑖𝑛 =
𝐷𝑚𝑎𝑥 ∗ 𝐼𝑜𝑚𝑎𝑥

𝑓𝑠 ∗ Δ𝑉𝑜

𝐸𝑆𝑅 <
Δ𝑉𝑜
𝐼𝑠𝑝𝑘

𝐼𝑐𝑜 = 𝐼𝑠𝑝𝑘 ∗
1 − 𝐷𝑚𝑎𝑥

3

𝑉𝑐𝑜 > 1,5 ∗ 𝑉𝑂

Co_min – Minimum output capacitance (F)
ESR – Equivalent series resistence (Ohm)
Ico – Output capacitor ripple current (A)
Vco – Output capacitor voltage (V)
ΔVo – Output ripple voltage (V)
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6 – SNUBBER PARAMETERS
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𝑉𝑐𝑙𝑎𝑚𝑝 = 𝑉𝑚𝑎𝑥 − 𝑉𝐼𝑁

𝑅𝑐𝑙𝑎𝑚𝑝 =
2 ∗ 𝑉𝑐𝑙𝑎𝑚𝑝 ∗ (𝑉𝑐𝑙𝑎𝑚𝑝 − 𝑛 ∗ 𝑉𝑂)

𝑓𝑠 ∗ 𝐿𝑙𝑒𝑎𝑘𝑎𝑔𝑒 ∗ 𝐼𝑝𝑝𝑘
2

𝐶𝑐𝑙𝑎𝑚𝑝 =
5

𝑓𝑠 ∗ 𝑅𝑐𝑙𝑎𝑚𝑝

𝑃𝑐𝑙𝑎𝑚𝑝 =
1

2
∗ 𝐿𝑙𝑒𝑎𝑘𝑎𝑔𝑒 ∗ 𝐼𝑝𝑝𝑘

2 ∗ 𝑓𝑠
𝑉𝑐𝑙𝑎𝑚𝑝

𝑉𝑐𝑙𝑎𝑚𝑝 − 𝑛 ∗ 𝑉𝑂

Vclamp – Voltage drop in the Snubber (V)
Vmax – Maximum voltage in the switch (V)
Rclamp – Snubber resistor (Ohm)
Lleakage – Transformer leakage inductance (H)
Cclamp – Snubber capacitor (F)
Pclamp – Snubber resistor power (W)
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ADVANCED STEPS OF THE AC/DC SOLUTION
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1 – EMC/EMI FILTER 2 – PROTECTIONS 3 – TRANSFORMER 
GOOD PRACTICES

4 – OUTPUT FILTER 5 – SNUBBER 
OPTIMIZATION

6 – ADVANTAGES OF 
POWER 

INTEGRATIONS IC
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1 – EMC/EMI FILTER
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2 - PROTECTIONS
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𝑉𝐴𝐶𝑀𝑂𝑉 > 𝑉𝐼𝑁𝑚𝑎𝑥

𝐼𝑀𝑂𝑉 > 𝑆𝑢𝑟𝑔𝑒

𝐼𝑁𝑇𝐶 > 𝐼𝑝𝑝𝑘 𝑉𝑐𝑙𝑎𝑚𝑝𝑇𝑉𝑆 > 𝑉𝑂

http://www.littelfuse.com/
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3 – TRANSFORMER GOOD PRACTICES
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Eletromagnetic shield connected to primary GND

Split the primary into two windings

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

https://www.zettler-group.com/home/


B P & M  S A L E S  R E P

4 – OUTPUT FILTER

18

𝑓𝑠 =
1

2 ∗ 𝜋 ∗ 𝐿 ∗ 𝐶2
𝐼𝐿_𝑠𝑎𝑡 > 𝐼𝑠𝑝𝑘
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5 – SNUBBER OPTIMIZATION
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Limit the currente
TVS Diode

TVS Diode

http://www.littelfuse.com/
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TYPICAL FLYBACK CIRCUIT
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Conventional PSU - Typically around 60 + Components 

Synchronous rectification

Opto-coupler 

feedback

MOSFET and current 

sense

Primary 

Controller

EMI filter and bridge rectifier Isolation transformer

https://www.power.com/
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6 – ADVANTAGES OF POWER INTEGRATIONS
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PSU using InnoSwitch - Typically <30 Components

InnoSwitch  
• Primary MOSFET & Current sense
• Primary Controller
• FluxLink  replaces opto-coupler
• Synchronous rectification driver
• Output current and voltage control 

https://www.power.com/
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DER-931: 72W SUPER COMPACT INDUSTRIAL POWER SUPPLY 
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• MinE-CAP enables 
130uF input 
capacitance 

• >100W peak 
power capability 
from 90-265Vac

https://www.power.com/design-support/ac-dc-
conversion/design-kits
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REFERENCE DESIGN KITS (RDK)
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PI EXPERT
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HTTPS://PIEXPERTONLINE.POWER.COM/
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NEED HELP FOR A PSU DESIGN?
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Please contact guarizo@bpmrep.com.br for support.

mailto:guarizo@bpmrep.com.br
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THANK YOU
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Any

Questions ?



www.embarcados.com.br

linkedin.com/embarcados

@portalembarcados

youtube/Embarcados TV

OBRIGADO!
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