DC-DC Converters

DC-DC Converters

Typical uses: Types of converters
* DC Power supplies * Step-down (buck)
* DC Motor drive * Step-up (boost)
* Buck-boost
* Cuk
. } * Full-Bridge
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Figure 7-1 A dc—dc converter system.



Ideal concept of step-down
converter with PWM* switching
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Figure 7-2 Switch-mode dc—dc conversion. TS

Assumptions: Switches, L, C are lossless, DC input has zero internal
impedance, load is an equivalent R

This cannot work: 1. Load is inductive and can destroy switch by
dissipating all stored energy, 2. output voltage must be continuous

Step-down (buck) converter

DC power supplies, DC motor drives --V_ <V,
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Continuous-conduction mode
w Ts = ton T toff

Currentin L is always >0
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Limit of continuous conduction
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Figure 7-6 Current at the boundary of continuous—discontinuous conduction: (a) current
waveform; (b) I, p versus D keeping ¥, constant.



Discontinuous-conduction mode

with constant V, ‘M
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Figure 7-7 Discontinuous conduction in step-down converter.
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Limits of continuous-discontinuous
conduction (constant Vd)
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I V4 = Constant
ILBmax
E _ D 0.75
V4 0.50

. . 0.25
Discontinuous

—
<4D(1— D) 15 20 LBTm:(
ILBmax Iip, max = 3z
Vo D2 Figure 7-8 Step-down converter characteristics keeping ¥, constant.
Vd D2 + I

41 LBmax



Discontinuous-conduction with

constant Vom

At the limit of continuous conduction
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Figure 7-9 Step-down converter characteristics keeping 7,
constant.



Output voltage ripple

First order calculation: L

The average il flows in the

(Va — v,)

load, and the ripple
component in C.

Additional charge:

Current ripple:
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Step-up (boost) converter

* DC power supplies

* Regenerative breaking of
DC motors

Output voltage always larger
than the input

Switch on = diode off, output
isolated, L accumulates energy
from input

Switch off 2 diode on, load
receives energy from input
and from L




Continous-conduction mode

Periodic conditions:
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Discontinuous conduction mode
(constant V)

Periodic conditions:
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Figure 7-15 Step-up converter characteristics keeping 7, constant.



Losses and ripple

I
[PLosses: inductor, capacitor, switch, diode
Ripple: first order assumption: when the switch is on the Cis

discharged through the load
Tew
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Buck-boost converter

Negative DC power supply

Switch on: inductance
accumulates energy, diode off, ¥ ]
C supplies the load

Switch off: diode on, Va
inductance transfers energy to
the capacitance and to the load

Periodic conditions in
continuous conduction mode:
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Continuous-discontinuous boundary

Currentin L at the boundary
DTV,
Ip = 2L I.g = I gmax(1 — D)
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Therefore: discontinuous-conduction mode.
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Continuous-discontinuous mode

Continuous operation
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Figure 7-22 Buck—boost converter characteristics keeping ¥, constant.

Output voltage ripple

When the switch is ON, Cis discharged through the load




Cuk DC-DC converter

Negative DC power supply
DC analysis: Vpoy =V +V, note: (Vo1 > Vy)
Assumption: Large C1 (Voltage almost constant)

Switch OFF: C1 is charged through L1 and the input, Diode ON,
L2 supplies energy to R (currents in L1 and L2 decrease)

Switch ON: L1 receives energy, Diode OFF, C supplies current to
R, C1 gives energy to L2 (currents in L1 and L2 increase)
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Figure 7-25 Ciik converter.

+

Va

Cuk " |

Periodic conditions in L1 i " (Vm_,m
VdDTS + (1 - D)TS(Vd - VCI) = 0 off L
Vd (-Vo
V = in
c1=71_p

Periodic conditions in L2 B

(VC1 - Vo)DTs - Vo(l - D)Ts =0 ° t

Vo
Vo = — \__/A
C1 D o Ipo ,
Therefore TS

(= o
h_ D A
Vd 1-D ral A L, + L FZT_
cuma- L4 | —uae Cvas | o] uee _
Pro: currents . T_mfw; R ' T ok a3y
in L1 and L2 ripple free b * T T
Con: C1 must be large (a) L '

Figure 7-26 Cuk converter waveforms: (a) switch off; (b) switch on.
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Full bridge DC-DC converter
When switch TA+ is on:
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Figure 7-27 Full-bridge dc—dc converter.
Vo = Van — Van
Four quadrant operation
onl,, I,
. . A
PWM with bipolar P Ve o voora AL
voltage switching, _; N o R En
fa) © . L >

When Veontror > Viris
TA+ and TB- are ON

TTTE
I I S
B}
T

Duty cycle e =T
1 Vcontrol 1 Van T o
D1 == E + VT_ v,
277 é i : ot
I
When Veontrol < Vtri, : : } {
TA- and TB+ are ON vBN +
v,
DZ = 1 - Da) 0 | ld ¢
Vo = Van —Ven = D1Vq — D,V : | | :
= D — 1)V | | I__
(V 1 ) d Vo (=van—vBN 4 —— 4 —— — —_ ] —_
d TVO Vl'd
= — VUcontrol (d) o 1 >t
Vtri (-Va
.
(T4 Tp-)

On-state: (T4 _, Tg.) (T4—. Tpy)
I ]



PWM with unipolar ,
voltage switching_ /" . AN\ o 4
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