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Buck Converter
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Buck Converter
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Buck CCM
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Buck CCM

» Salient Points
» AsD <1, M<1
» M is Independent of The Load Current
» By Varying the Duty Cycle D, Vout is Controllable
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Buck DCM
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Buck DCM
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Buck DCM
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Buck DCM

» Salient Points:
» M is now Dependent on the Load Current

» For a given Duty Cycle, M is larger for a DCM than for
a CCM Operation
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Buck Transition Point DCM-CCM
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Small Signal Modeling
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Buck Converter
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AC Perturbation
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SSA Disadvantages

» Complicated Equations
» Change of Circuit requires Re-analysis
» Not really Practical for Practicing Engineers
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Pulse Width Switch Model
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Small Sighal Modeling

Averaged Model

Switching Model

Bode Plot V X
Control Loop v X
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Behavioral Model V X
Simulation Time Less More
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Buck Converter Simulation — Cycle by Cycle
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Buck Parameters

*Buck Converter Parameters *Type 1 Amplifier Parameters

-PARAM Vin = 12 .PARAM C_COMP = 16nF
EARANH—1008 .PARAM R_COMP = 10k
.PARAM C = 10u **Triangular PWM Parameters
.PARAM R = 10 .PARAM Hi = {GATE_DRIVE V}
.PARAM Max_Duty = 0.99 PARAM Lo = O
.PARAM Min_Duty = 0.01 .PARAM PWM_FREQ = 100k
*** Gate Drive Voltage PARAM GAIN = 500
.PARAM GATE _DRIVE_V =5 '
KX Xx
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Buck Converter Simulation — Cycle by Cycle
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Buck Converter Simulation — Cycle by Cycle
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Buck Converter Simulation — Average Switch
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Buck Converter Simulation — Average Switch

10v-

8V+

4V

V-

9.6V

6V

0
Os

@STG ™

STRATEGIC TECHNOLOGY GROUP
Experts in Power Electronics, Motor Drives
and Digital Control of Power
StrateqicTechGroup.com

0.4ms

This document contains confidential and privileged information. Any
unauthorized review, use, disclosure, or distribution is prohibited.

0.6ms

0.8ms

1.0ms

Time

t
1.2ms

1.4ms

1.8ms

2.0ms

23



Advanced Simulation Techniqgues

Buck Converter Simulation — Average Switch
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Buck Converter: Demonstration

Demonstration #16: Buck Converter
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Boost Converter
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Boost CCM
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Boost DCM
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Boost DCM

V) Tg = (Vin)T,, - <vs% >TSW =0
<Vs% >Tsw :DZVout + D3Vin
<Vin >T Sw = D2V + (1_ D - DZ)Vin

out

out

516G

STRATEGIC TECHNOLOGY GROUP
Experts in Power Electronics, Motor Drives This document contains confidential and privileged information. Any
and Digital Control of Power unauthorized review, use, disclosure, or distribution is prohibited.

StrateqicTechGroup.com



Advanced Simulation Technigues

Boost DCM
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Boost DCM
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Boost DCM

» Salient Points:
» M is Dependent on the Load Current

» A Certain Linearity exists between M and D, as on a
buck in CCM

» For a given Duty Cycle, M can be Larger For DCM
than For CCM
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Boost Transition Point DCM-CCM
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Boost Transition Point DCM-CCM
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Boost Transition Point DCM-CCM
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Boost Converter Simulation — Cycle by Cycle
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Boost Parameters

*Boost Converter Parameters *Type 1 Amplifier Parameters

-PARAM Vin = 20 .PARAM C_COMP = 16nF
EARAMI-=-1m .PARAM R_COMP = 10k
.PARAM C = 30u **Triangular PWM Parameters
.PARAM R = 20 .PARAM Hi = {GATE_DRIVE_V}
.PARAM Max_Duty = 0.99 PARAM Lo = O
.PARAM Min_Duty = 0.01 .PARAM PWM_FREQ = 100k
*** Gate Drive Voltage PARAM GAIN = 500
.PARAM GATE _DRIVE_V =5 '
KX Xx

STR%ﬁl&COéY GROUP 37

This document contains confidential and privileged information. Any unauthorized review, use,

Experts in Power Electronics, Motor Drives
P - disclosure, or distribution is prohibited.

and Digital Control of Power
StrateqicTechGroup.com



Advanced Simulation Technigues

Boost Converter Simulation — Cycle by Cycle
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Boost Converter Simulation — Cycle by Cycle
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Boost Converter Simulation — Average Switch
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Boost Converter Simulation — Average Switch
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Boost Converter Simulation — Average Switch
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Boost Converter: Demonstration

Demonstration#17 : Boost Converter
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Buck-Boost Converter
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Buck-Boost CCM
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Buck-Boost DCM
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Buck-Boost DCM
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Buck-Boost DCM
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Buck-Boost DCM

» Salient Points:
» M is Dependent on the Load Current

» Linearity Exists Between M And D, as on a Buck in
CCM.

» For a given Duty Cycle, M Can be Larger for DCM
than CCM
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Buck-Boost DCM
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Buck-Boost Transition DCM-CCM

| peak D
2

V. D°T
<|in >Tsw =—" oL =

516G

STRATEGIC TECHNOLOGY GROUP
Experts in Power Electronics, Motor Drives This document contains confidential and privileged information. Any
and Digital Control of Power unauthorized review, use, disclosure, or distribution is prohibited.

StrateqicTechGroup.com

51



Advanced Simulation Technigues

Buck-Boost Transition DCM-CCM

Assuming a 100% Efficiency
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Buck-Boost Transition DCM-CCM
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Buck-Boost Converter Simulation — Cycle by
Cycle
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Buck Boost Parameters

*Buck Converter Parameters *Type 1 Amplifier Parameters

.PARAM ViE = 40 .PARAM C_COMP = 16nF
.PARAM L = 2m .PARAM R_COMP = 10k
.PARAM C = 20u **Triangular PWM Parameters
.PARAM R = 20 .PARAM Hi = {GATE_DRIVE_V}
.PARAM Max_Duty = 0.99 PARAM Lo = O
.PARAM Min_Duty = 0.01 .PARAM PWM_FREQ = 100k
*** Gate Drive Voltage PARAM GAIN = 500
.PARAM GATE _DRIVE_V =5 '
KX Xx
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Cuk Parameters

*Buck Converter Parameters *Type 1 Amplifier Parameters

-PARAM Vin = 40 PARAM C_COMP = 16nF
.PARAM L1 = om .PARAM R_COMP = 10k
.PARAM C1 = Su **Triangular PWM Parameters
.PARAM L3 = 5m .PARAM Hi = {GATE_DRIVE V}
.PARAM C3 = 2.5u PARAM Lo = O

.PARAM R = 20 .PARAM PWM_FREQ = 100k
.PARAM Max_Duty = 0.99 PARAM GAIN = 500

.PARAM Min_Duty = 0.01
*** Gate Drive Voltage
.PARAM GATE_DRIVE_V =5

*xx*x
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Voltage across capacitor C2
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Demonstration #21: Flyback in Parallel
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Demonstration #22: Forward Converter
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