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Boost converter

The boost converter (a step-up converter) is composed of
a transistor, a diode, a single inductor and capacitor.

Inductor voltage is rectangular and equal to V;, when
transistor is on, and V; -V, when transistor is in off-state.

In the steady state operation:

® ©,

Transistor T is switched between the on- and off-states.
For CCM there are two equivalent circuits to

o ®
Huiy

: - : : Faculty of Electrical Engineering
2 Silesian UI’IIVEI’SIt\[ Department of Power Electronics, Electrical Drives and Robotics

kener.elektr.polsl.pl

AA
~

‘ ‘ VL(t)zLi Al =

of Technology




The output voltage

Due to the fact that in a steady state the average value of
the inductor voltage is zero it is possible to derive the
output voltage as a function of D and input voltage V.
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The characteristic V, = V. /(1-D) is valid only when the
converter works in CCM
The output voltage control characteristic
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CCM operation D=0.25 D=0.75

Inductor current ripple is given
as:
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Average value of the inductor
current is equal to the average
input current:
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CCM/DCM boundary D=0.5 D=0.75
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Capacitor current and voltage

The capacitor current is an ac component of the diode

current.
A O ©) Q) ©)
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When I5D > %Al (1-D) (in CCM) the charge AQ during
the first equivalent circuit is:
AQ DTI,
AQ=DT-1 =
0 0 C C
When I5D <12Al; (1-D) (in CCM) a small portion of the
charge also occur at the second equivalent circuit and

AQ > DTl

AV, =
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Due to simplification of the analysis, it is assumed that
AQ=DTI,
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. A @ 6
DCM operation
!
When the output current /, < [, the converter vt
operates in discontinuous conduction mode (DCM)
129 i VL) in ILT )
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Output characteristics

In DCM 1,=1,] '» |p
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Boost with V, = const
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Boost converter example #1

Boost converter example as a MPPT converter in solar
systems.

Input voltage: V..,=100V,

Output voltage: Vo =400V,

Switching frequency:  f=100 kHz, (T =10 ps)
Output capacitance: C=10uF,

Output power: Po=1000 W,

Inductor current pk-pk Al =50%I Ay

A _OW_, 5, g Mo 00V 60
vV, 400V I, 235A
P A= 1000 W .
A —10A poj-Vin_ 100V _4og
v 100V v, 400V
v 100V

A]L:Vi“DT:>L:mDT— 0.75-10 us =150puH
L Al

) 0.5-10A
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GeckoCIRCUITS model of the boost converter

T T . .
W >l
L1 RL
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Boost converter example #2

Boost converter example in battery level voltage
applications

Input voltage: V,.=12V,

Output voltage: Voue=24V,

Switching frequency:  f=400 kHz, (T =2.5 us)
Output capacitance: C=10uF,

Output power: Po=30W,

Inductor current pk-pk Al =20%I Ay

P, 30W v, 24V

[,=0=""_125A  R=-0°= =1920
v, 24V I, 125A
P 5=h30 W .
pLBROW 12V
V. 12V v, 24V
12V

a1, ="opr=p="npr=
L Al

L

2V 05250 =30uH
02-2.5A Hs=TH
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GeckoCIRCUITS model of the boost converter

P oua ! MOSFET.1

= II
N II
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Output voltage of other DC-DC converters

In basic DC-DC converter topologies voltage across the Inductor voltage is rectangular

inductor can be equal to V., -V, V;-V,. ©) ©)
It is always true, that in the first equivalent circuit voltage 3
is positive whereas this voltage is negative in the second
equivalent circuit. ‘ = ‘
The possible combinations:
Vo A
Vi
Step down Vi-Vo -Vo 6
Step up Vin Vii-Vo . ! /
1-D //
o ) BOOST //BlICK-BOOST
Step up-down Vin Vo s —_— -~ BUCK
1-D ] ‘ D>
0 01 02 03 04 05 06 07 0.8 09 1.0
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Buck-boost converter
The buck-boost converter (a step up-down converter) Average value of the inductor voltage in the steady state
has negative output voltage referred to negative operation is equal to zero

terminal of the input source. ©) © ©) ©)
Via

VL

A A

Vo
. A ®-®
L

Transistor T is switched between the on- and off-states.
For CCM there are two equivalent circuits Vo DT +(-V,)(1-D)T =0
inD_VO(l_D):O

® ® :

Vo=V, ———
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Buck-boost converter

Inductor current average value is not equal to the
average value of the output current as in buck converter.
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Critical inductor current /., is at the boundary between
CCM & DCM

V. DT
2L

I . =1

Lecrit LAVecrit -

Critical output current /., is the output current at which
the inductor current is equal to /.,

V. T
Lo :ILcrit(l_D)zszD(l_D)

The same as in buck and boost converters
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Buck-boost converter

The output characteristic for V., = const
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For DCM it is needed to calculate duty cycle D,
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Buck-boost converter

The output characteristic for V; = const
VoT

Defining output reference current: I, = 5
¢ L

The critical otuput current is:

D
v, —
Lr. T in g D lr T
IOcrit ;[ l (1 l ) 2[ (1 1 ) lOref (1 )2

The relation between the output current and duty
cyclein DCM is:

B

D=5, D

0 2

Vin .
I, :1AILD1 = VinTDDl = ]OrefD2 Q
2 2L Vs
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The output characteristic for V; = const

D
1.0 \
IOcrit
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Buck-boost converter

VL

A
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Waveforms in CCM
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S E P | C converter Derivation of the output voltage characteristic for CCM
The SEPIC converter topology consists of two inductors ® @

. VL1
59| <

\ A

< r o< T

Viiav :I/inD+(I/in _VCp _VO)(l_D):O

Viowy Ve, D=V, (1-D) =0
Vo D
VoD +(V, Ve, )(1-D)=V,D=0 v T1-D
VuD+V, —V,D-V. +V, D-V D=0
VCp :I/in
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SEPIC converter
Waveforms in DCM
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SEPIC converter

Boundary current occurs when diode current reaches
zero value at the end of the switching period
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Critical output current I, is at the boundary between
CCM & DCM

1 (1 1
]Ocrltzz(AILl+AlL2)(1_ ): 1; [lq+l;2]D(1_D)
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SEPIC converter

Boundary between DCM and CCM in sepic converter
can be shown as a characteristic of VO/Vin = f(10)

Ocrit:I/inT L1+L2 D(I_D)
2L\ L,
Vo _ D _ . p_ X
V., 1- x+1
;o VT L+L) x (1_ X ):VmT L+L,) «x
o2\ L Jx+10 x+1) 2L L, J(x+1)
P
0.5
0.4
0.3
0.2

Y =SS
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For DCM it is needed to calculate duty cycle D,
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SEPIC converter

The output characteristic for V., = const

5.0 A
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Defining output reference current: 7,
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Other Buck-Boost converters

Cuk converter

1 icp 2
Ly q L
. ] . 2 .
IT le Ic

) mﬁj D

Two-transistor buck-boost converter
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Zeta converter
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Interleaved converter
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