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Buck converter – basic concepts

• The circuit: • Modulation: Pulse width modulation (PWM)

ТS – switching period

fS = 1/ТS – switching frequency

a – duty cycle 
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• Assumptions of importance DC power supply analysis:

- Input voltage (Uin) oscillations can be neglected, within ТЅ period.

- Output voltage (Uout) oscillations can be neglected while addressing other 

variables in the circuit (ΔUout << Uout).

- Output current (Iout) oscillations can be neglected while addressing other 

variables in the circuit.

- Parasitic elements (L,C) and neglected.

- Resistances of the L and C are neglected.

- Skin effect is not considered…

Assumptions and approximations
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Assumptions and approximations

• Steady state:
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Buck - operation
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Buck - continuous conduction mode
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• Current “turns-ratio”

𝑃𝑖𝑛 = 𝑃𝑜𝑢𝑡

⇒ 𝑈𝑖𝑛 ∙ 𝐼𝑖𝑛 = 𝑈𝑜𝑢𝑡 ∙ 𝐼𝑜𝑢𝑡

⇒
𝐼𝑜𝑢𝑡
𝐼𝑖𝑛

=
𝑈𝑖𝑛
𝑈𝑜𝑢𝑡

=
1

𝑎

Buck - continuous conduction mode
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• Inductance: 

Continuous conduction mode condition:

𝑰𝑳 ≥
𝜟𝑰𝑳
𝟐

Output filter (LC) design

Buck - continuous conduction mode
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Output filter (LC) design

Buck - continuous conduction mode

• Inductance: 

Continuous conduction mode condition:

𝐼𝑜𝑢𝑡 ≥
1

2
∙
𝑈𝑜𝑢𝑡 ∙ 1 − 𝑎 𝑇𝑆

𝐿
⇒

𝐿 ≥
𝑈𝑜𝑢𝑡 ∙ (1 − 𝑎)𝑇𝑆

2 ∙ 𝐼𝑜𝑢𝑡

Inductor choice:

𝑎 = 𝑎𝑚𝑖𝑛, 𝐼𝑜𝑢𝑡= 𝐼𝑜𝑢𝑡𝑚𝑖𝑛

⇒ 𝐿 ≥
𝑈𝑜𝑢𝑡 ∙ 𝑇𝑆
2 ∙ 𝐼𝑜𝑢𝑡𝑚𝑖𝑛

∙ (1 −
𝑈𝑜𝑢𝑡
𝑈𝑖𝑛𝑚𝑎𝑥

)
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Output filter (LC) design

Buck - continuous conduction mode

• Capacitance: 
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• Voltage “turns-ratio”

𝑈𝐿 = 0 ⇒ (𝑈𝑖𝑛−𝑈𝑜𝑢𝑡) ∙ 𝑎𝑇𝑆 = 𝑈𝑜𝑢𝑡 ∙ (1 − 𝑎 −δ)𝑇𝑆

⇒
𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

=
𝑎

1 − 𝛿

⇒
𝐼𝑜𝑢𝑡
𝐼𝑖𝑛

=
𝑈𝑖𝑛
𝑈𝑜𝑢𝑡

=
1 − 𝛿

𝑎

Buck - discontinuous conduction mode
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Buck - discontinuous conduction mode

• Duty cycle expression using known variables
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Buck - discontinuous conduction mode

• Duty cycle expression using known variables

𝐼𝐿𝑚𝑎𝑥 =
𝑈𝑜𝑢𝑡 ∙ (1 − 𝑎 − 𝛿)𝑇𝑆

𝐿
(2)

𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

=
𝑎

1 − 𝛿
(1)

𝐼𝐿 = 𝐼𝑜𝑢𝑡 = 𝐼𝐿𝑚𝑎𝑥 ∙
1 − 𝛿

2
(3)

⇒ 𝑎2 =
2 ∙ 𝐿 ∙ 𝐼𝑜𝑢𝑡

𝑇𝑆
(
𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

∙
1

𝑈𝑖𝑛 − 𝑈𝑜𝑢𝑡
)
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𝐼𝑜𝑢𝑡𝑏 =
𝐼𝐿𝑚𝑎𝑥

2
=
𝑈𝑜𝑢𝑡 ∙ (1 − 𝑎)𝑇𝑆

2𝐿

𝑈𝑜𝑢𝑡 ∙ 𝑇𝑆
2𝐿

𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

= 0,8

𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

= 0,5

𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

= 0,2

𝑎 =
𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

Boundary condition

𝑎2 =
2 ∙ 𝐿 ∙ 𝐼𝑜𝑢𝑡

𝑇𝑆
(
𝑈𝑜𝑢𝑡
𝑈𝑖𝑛

∙
1

𝑈𝑖𝑛 − 𝑈𝑜𝑢𝑡
)

Buck – boundary operation

• Boundary condition: • Operating area:


