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1) Input data

≔Vin 10 ≔L1 17.6 ≔Tsw 10 ≔RloadCCMbb 6 ≔VoutCCMbb 12

2) Calculations

≔Fsw =――
1

Tsw

100

Beyond this load value, the converter operates in DCM: ≔Rcrit =⋅⋅⋅2 L1 Fsw

⎛
⎜
⎝
―――――

+Vin VoutCCMbb

Vin

⎞
⎟
⎠

2

17.037

≔PoutCCMbb =――――
VoutCCMbb

2

RloadCCMbb

24 ≔IoutCCMbb =――――
VoutCCMbb

RloadCCMbb

2

duty ratio expression: ≔DCCMbb =―――――
VoutCCMbb

+Vin VoutCCMbb

0.545

inductor ripple current: ≔∆ILCCMbb =⋅⋅――
Vin

L1

DCCMbb Tsw 3.099

≔τL =―――――
L1

⋅RloadCCMbb Tsw

0.293

inductor peak current: ≔IpCCMbb =+――――
IoutCCMbb

−1 DCCMbb

⋅⋅――
Vin

⋅2 L1

DCCMbb Tsw 5.95

inductor valley current: ≔IvCCMbb =−――――
IoutCCMbb

−1 DCCMbb

⋅⋅――
Vin

⋅2 L1

DCCMbb Tsw 2.85

2.1) Inductor rms current

≔ILCCMbbrms =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――――――――
⎛⎝ ++IvCCMbb

2 IpCCMbb
2 ⋅IpCCMbb IvCCMbb

⎞⎠
3

4.49

≔ILCCMbbrms2 =⋅――――――
1

⋅L1
⎛⎝ −1 DCCMbb

⎞⎠

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――――――――――――――――――――――――

++−⋅⋅DCCMbb
4 Tsw

2 Vin
2 ⋅⋅⋅2 DCCMbb

3 Tsw
2 Vin

2 ⋅⋅DCCMbb
2 Tsw

2 Vin
2 ⋅⋅12 IoutCCMbb

2 L1
2

12
4.49

≔ILCCMbbrms3 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+――――
∆ILCCMbb

2

12
―――――
IoutCCMbb

2

⎛⎝ −1 DCCMbb
⎞⎠
2

4.49

=⋅――――
VoutCCMbb

RloadCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+―――――

1

⎛⎝ −1 DCCMbb
⎞⎠
2

⋅⋅―
1

3

⎛
⎜
⎝
――
1

⋅2 τL

⎞
⎟
⎠

2

⎛⎝ −1 DCCMbb
⎞⎠
2

4.49
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≔ILCCMbbrms4 =⋅IoutCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+―――――
1

⎛⎝ −1 DCCMbb
⎞⎠
2

―――――――――
⋅⎛⎝ −1 DCCMbb

⎞⎠
2

RloadCCMbb
2

⋅⋅12 Fsw
2 L1

2
4.49

2.2) Switch rms current

≔ISWCCMbbrms1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

⋅DCCMbb

⎛
⎜
⎜
⎝

+――――
∆ILCCMbb

2

12
―――――
IoutCCMbb

2

⎛⎝ −1 DCCMbb
⎞⎠
2

⎞
⎟
⎟
⎠

3.316

≔ISWCCMbbrm2 =⋅IoutCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+―――――
DCCMbb

⎛⎝ −1 DCCMbb
⎞⎠
2

―――――――――――
⋅⋅DCCMbb

⎛⎝ −1 DCCMbb
⎞⎠
2

RloadCCMbb
2

⋅⋅12 Fsw
2 L1

2
3.316

=⋅――――
VoutCCMbb

RloadCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+―――――

DCCMbb

⎛⎝ −1 DCCMbb
⎞⎠
2

⋅⋅⋅―
1

3

⎛
⎜
⎝
――
1

⋅2 τL

⎞
⎟
⎠

2

DCCMbb
⎛⎝ −1 DCCMbb

⎞⎠
2

3.316

2.3) Diode rms current

≔IdCCMbbrm1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

⋅⎛⎝ −1 DCCMbb
⎞⎠
⎛
⎜
⎜
⎝

+――――
∆ILCCMbb

2

12
―――――
IoutCCMbb

2

⎛⎝ −1 DCCMbb
⎞⎠
2

⎞
⎟
⎟
⎠

3.027

=⋅――――
VoutCCMbb

RloadCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+―――――

1
⎛⎝ −1 DCCMbb

⎞⎠
⋅⋅―

1

3

⎛
⎜
⎝
――
1

⋅2 τL

⎞
⎟
⎠

2

⎛⎝ −1 DCCMbb
⎞⎠
3

3.027

≔IdCCMbbrm2 =⋅IoutCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+―――――
1

⎛⎝ −1 DCCMbb
⎞⎠

―――――――――
⋅⎛⎝ −1 DCCMbb

⎞⎠
3

RloadCCMbb
2

⋅⋅12 Fsw
2 L1

2
3.027

2.4) Output capacitor rms current

≔ICoutbbrms1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

−⋅⎛⎝ −1 DCCMbb
⎞⎠
⎛
⎜
⎜
⎝

+――――
∆ILCCMbb

2

12
―――――
IoutCCMbb

2

⎛⎝ −1 DCCMbb
⎞⎠
2

⎞
⎟
⎟
⎠

IoutCCMbb
2 2.272

≔ICoutbbrms2 =⋅IoutCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+―――――
DCCMbb

⎛⎝ −1 DCCMbb
⎞⎠

―――――――――
⋅⎛⎝ −1 DCCMbb

⎞⎠
3

RloadCCMbb
2

⋅⋅12 Fsw
2 L1

2
2.272

≔ICoutbbrms3 =⋅IoutCCMbb

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+―――――

DCCMbb

⎛⎝ −1 DCCMbb
⎞⎠

⋅⋅―
1

3

⎛
⎜
⎝
――
1

⋅2 τL

⎞
⎟
⎠

2

⎛⎝ −1 DCCMbb
⎞⎠
3

2.272

2.5) Input capacitor rms current

≔ICinbbDCMRMS3 =

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

−ISWCCMbbrms1
2

⎛
⎜
⎝

⋅――――
VoutCCMbb

Vin

IoutCCMbb

⎞
⎟
⎠

2

2.288
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3) Input data

≔Vin 10 ≔L1 5 ≔Tsw 10 ≔RloadbbDCM 6 ≔VoutbbDCM 12

4) Calculations

≔PoutbbDCM =――――
VoutbbDCM

2

RloadbbDCM

24 ≔IoutbbDCM =――――
PoutbbDCM

VoutbbDCM

2

Below this load value, the converter operates in CCM: ≔Rcrit =⋅⋅⋅2 L1 Fsw

⎛
⎜
⎝
―――――

+Vin VoutbbDCM

Vin

⎞
⎟
⎠

2

4.84

≔τL =―――――
L1

⋅RloadbbDCM Tsw

0.083

≔D1bbDCM =⋅
‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――

⋅L1 ⋅2 PoutbbDCM

Tsw

――
1

Vin

0.49

≔D2bbDCM =⋅
‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――

⋅L1 ⋅2 PoutbbDCM

Tsw

――――
1

VoutbbDCM

0.408

≔D3bbDCM =−−1 D1bbDCM D2bbDCM 0.102

inductor peak current: or ≔IpbbDCM =⋅⋅――
Vin

L1

D1bbDCM Tsw 9.798 =
‾‾‾‾‾‾‾‾‾‾
――――
⋅2 PoutbbDCM

⋅L1 Fsw

9.798

Average inductor current: ≔ILavgbbDCM =⋅IoutbbDCM ―――――
+Vin VoutbbDCM

Vin

4.4

4.1) Inductor rms current

≔ILbbDCMrms =⋅IpbbDCM

‾‾‾‾‾‾‾‾‾‾
――――
−1 D3bbDCM

3
5.361

≔ILbbDCMrms2 =⋅――――――
⋅⋅Vin D1bbDCM Tsw

L1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――――

⋅⎛⎝ +Vin VoutbbDCM
⎞⎠ D1bbDCM

⋅3 VoutbbDCM

5.361

≔ILLDCMrms3 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+―――――――

⋅⋅2 D1bbDCM RloadbbDCM

⋅⋅3 Fsw L1

‾‾‾‾‾‾‾‾‾‾‾
―――――
⋅8 RloadbbDCM

⋅⋅9 Fsw L1

5.361

≔ILLDCMrms4 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+――――

⋅2 D1bbDCM

⋅3 τL

‾‾‾‾‾
――
8

⋅9 τL
5.361

4.2) Switch rms current

≔ISWbbDCMrms1 =⋅IpbbDCM

‾‾‾‾‾‾‾
―――
D1bbDCM

3
3.959
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≔ISWbbDCMrms2 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――

⋅⋅2 D1bbDCM RloadbbDCM

⋅⋅3 Fsw L1

3.959

≔ISWbbDCMrms4 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾
――――
⋅2 D1bbDCM

⋅3 τL
3.959

≔ISWbbDCMrms3 =⋅ILbbDCMrms

‾‾‾‾‾‾‾‾‾‾
――――
D1bbDCM

−1 D3bbDCM

3.959

≔ISWbbDCMrms5 =⋅――――――
⋅⋅Vin D1bbDCM

2
Tsw

L1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
⋅――――――

⎛⎝ +Vin VoutbbDCM
⎞⎠

⋅3 VoutbbDCM

――――
1

−1 D3bbDCM

3.959

4.3) Diode rms current

≔IdbbDCMrms1 =⋅――――――
⋅⋅Vin D1bbDCM Tsw

L1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
⋅―――――――――

⋅D1bbDCM
⎛⎝ +Vin VoutbbDCM

⎞⎠
⋅3 VoutbbDCM

――――
D2bbDCM

−1 D3bbDCM

3.614

=⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――
⋅8 RloadbbDCM

⋅⋅9 Fsw L1

3.614

=⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾
――
8

⋅9 τL
3.614 =⋅IoutbbDCM

⎛
⎜
⎝
――
8

⋅9 τL

⎞
⎟
⎠

―
1

4

3.614

4.4) Output Capacitor rms current

≔ICoutbbDCMRMS =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

−⋅IpbbDCM
2
⎛
⎜
⎝

⋅―――――――――
⋅D1bbDCM
⎛⎝ +Vin VoutbbDCM

⎞⎠
⋅3 VoutbbDCM

――――
D2bbDCM

−1 D3bbDCM

⎞
⎟
⎠

IoutbbDCM
2 3.011

≔ICoutbbDCMRMS2 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
−

‾‾‾‾‾‾‾‾‾‾‾
―――――
⋅8 RloadbbDCM

⋅⋅9 Fsw L1

1 3.011

≔ICoutbbDCMRMS3 =⋅IoutbbDCM

‾‾‾‾‾‾‾‾‾
−

‾‾‾‾‾
――
8

⋅9 τL
1 3.011

4.5) Input Capacitor rms current

≔ICinbbDCMRMS3 =

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

−ISWbbDCMrms1
2

⎛
⎜
⎝

⋅――――
VoutbbDCM

Vin

IoutbbDCM

⎞
⎟
⎠

2

3.149
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