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Block Diagram of DC-DC Converters
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Stepping Down a DC Voltage — Basic Concept
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Switch Duty Ratio: D= T_ Average Output Voltage: Vo = T_Vd = DVd

S S

Any parasitic inductance in the above circuit will cause damage to the switch
In addition, the output voltage contains significant ripple..
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Pulse-Width Modulation in DC-DC Converters

Lo

Duty Ratio: D =

S

V, (desired) + v

Amplifier control Switch
V, (actual) - Comparator [——3control
signal

Repatitive

wavetorm

fa)
v,, = Sawtooth voltage
Veontrol

(amplified errar)

A/Ucontrol > Ug
On On
Switch
control
signal
off Oft
[<—Ton tott S ~Vcontral < Ust
7,

(switching frequency f, = TL)
2

(b)



Step-Down (Buck) DC-DC Converter
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Step-Down DC-DC Converter: Continuous Conduction
Mode

{a) (6)
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Step-Down DC-DC Converter: boundary of
Continuous/Discontinuous Conduction Mode
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Output Voltage: V, =DV,
Critical current below which
inductor current becomes 1 _ DT
discontinuous: lg =1lgg = 5 I peak = Lon (Vd V,) = Ls Vs —V,)
DT
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Step-Down DC-DC Converter: Discontinuous
Conduction Mode (Constant V)
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Step-Down DC-DC Converter: Limits of Cont./Discont.
Conduction Mode (Constant V)
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Step-Down DC-DC Converter: Limits of Cont./Discont.

Conduction mode (Constant V,)
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Step-Down Converter: Output Voltage Ripple

Consider continuous conduction mode.

Assume all the inductor ripple current
flows through the capacitor (with the
average current flows through the resistive
load. Then

AQ. 1 LALT,
C C 2 2 2

Al :%(1— D).

AV, TZ p_ i
VTl D)_—(l D)( j

AV, =

(Vg — vo)
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Step-Up (Boost) DC-DC Converter

iL > 1
L
t o+ oy - A
C= RS v,
v, / )
- | é

« Output voltage must be greater than the input
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Step-Up DC-DC Converter: Continuous Conduction
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Step-Up DC-DC Converter: Effect of Parasitics

v IL/ldeal =

/
/ N (Due to

\ rasitic
\\‘/e‘::ments)

\
\
\
\
\
|
\

1.0 =D

Parasitic elements are due to losses in the inductor, capacitor,
switch, and diode.

The duty-ratio is generally limited before the parasitic effects
become significant.
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Step-Up DC-DC Converter: Limits of Cont./Discont.
Conduction
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Step-Up DC-DC Converter: Discontinuous
Conduction (constant V,)
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Step-Up DC-DC Converter: Limits of Cont./Discont.
Conduction (constant V,)
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Step-Up DC-DC Converter Output Ripple

Consider continuous conduction mode.

Assume all the inductor ripple current | B2
flows through the capacitor (with the

average current flows through the
resistive load. Then

av =2 _ DT, _V, DT,
C C RGC
AV, DT, T

> —=—>=D—=
V RC T
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Step-Down/Up (Buck/Boost) DC-DC Converter

« The output voltage can be higher or lower than the
iInput voltage.

* Note the reverse polarity of the output voltage.
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Buck-Boost Converter: Cont. Conduction Mode
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Buck-Boost Converter: Limits of Cont./Discont.

Conduction
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Buck-Boost Converter: Disc. Conduction Mode
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Buck-Boost Converter: Limits of Cont./Discont.
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Buck-Boost Converter: Effect of Parasitics

Vo
Va
}

With

270N parasitic

\r/ elements

\
\
|
|
|
|
i

et

In practice, the duty-ratio is limited to avoid these
parasitic effects from becoming significant.
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Buck-Boost Converter: Output Voltage Ripple

Assume all the ripple current component of the diode current flows
through the capacitor and its average value flows through the load resistor.

_AQ, 1,DT, V, DT,
> C C RC
AV, DT, _T

S

— 0 _ s D=
V RC T
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Cuk DC-DC Converter (Buck-Boost Converter)
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Figure 7-26 Cik converter waveforms: (@) switch off; (b) switch on.
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Full-Bridge DC-DC Converter:
Possible Operation in all Four Quadrants

iq
—_—
-+
TA+/ DA,,% TB*/ D3+}§ i e motor '_"f" ,
‘ VA P\ IT\ Py l | to
L + + : : A
: Ba X X
|
= - I | v
Vy v, (=van UBN)l L, | 0 > Uy
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' l o—b il
N
Applications:

« DC Motor Drives
« DC-AC Conversion at power frequency (UPS)
« DC-AC Conversion at high frequency (switch-mode power supplies)
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Converter Waveforms: PWM with Bi-polar Voltage Switching
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« triangular (rather than saw-tooth)
waveform is compared to Veonirol-

When Veoniol >Viri » TA+, TB- are switched
ON, and (TB+,TA-) are switched OFF.

Duty cycle of (TA+,TB-): D, = t,,/Ts
=0. 5(:I--I_VcontroI/Vtri)
Duty cycle of (TB+,TA-): D,= (1- D,)

Vo = VAN - VBN = D, Vd — D,Vd
= (2 Dl - 1) Vd = k-Vcontrol

where k = Vd/Vy;

As D1: 0 —1, Vo: -Vd — Vd.

«— Case where the average power flows
from Vd to Vo.

«— Case where the average power flows
from Vo to Vd.
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Converter Waveforms: Uni-polar Voltage Switching
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«— triangular waveform is compared to
Vcontrol and ~Vcontrol -

When Veoniol >Viri » TA+, TB- are switched
ON. When -V.onir01 >Vii , 1B+, TA- are
switched ON.

Duty cycle of (TA+,TB-): D; = t,,/T;
Duty cycle of (TB+,TA-): D,= (1- D,)

Vo = VAN -VBN=D,;Vd-D,Vvd
= (2 Dl _ 1) Vd = k-Vcontrol

where k = Vd/Vy;

«— Case where the average power flows
from Vd to Vo.

«— Case where the average power flows
from Vo to Vd.
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Output Ripple in Full Bridge Converter

0.75

0.25

(a)Bipolar switching: Virms = \/Voz,rms —V02 =2V, \/ D, - D12

(b)Unipolar switching: Vi ms = \/Voz,rms —V02 = \/ 6D, — 4D12 — 2V,
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Switch Utilization in DC-DC Converters

Tl

1.0

0.8 Step~-down

06—

Buck-boost and

04 Cak converter

-~

0.2 4\Full-bridge

Switch Utilization Ratio: P, /B =\, 1,)/(V; 1)

where V+ and |t are the peak voltage and current

ratings of the switch. 7.31



