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7. DC-DC switch mode converters
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e Basic DC-DC converters

 Step-down converter (neerchopper) Applications
- Step-up converter (opchopper) * DC-motor drives
* SMPS

» Derived circuits
» Step-down/step-up converter (flyback)
- (Cuk-converter)
 Full-bridge converter (volle brug omzetter)
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Control of dc-dc converters

» Output voltage has to be kept constant even though input voltage
and output load may fluctuate
 Controlled by switch on and off durations
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Control of dc-dc converters
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Step-down (Buck) converter

/ -

(e ‘—.hﬂ

1 (7 g
— (v, () dt = = _[vd(t)dt+ J 0dt
]-:S' T 0 DT

S

4
= lompy =DV
7—; a’i d
- VO =k Veontrol

J T
h]
|

Features of basic circuit:
e switch stress when load is inductive

» fluctuating output voltage
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+ Low-pass
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Features of basic circuit:
» switch stress when load is inductive = diode
» fluctuating output voltage => filter used
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Continuous conduction mode
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O<t<t,, t <t<T

Vi = Vd _Vo Vi :_Vo
. , V,-V, —
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O<t<it, t <t<T,

vL:Vd_V VL:—V

o

Vi =0 2> (V- =T -T,)

L,av

Vy=V,) 1, +( V)1, =0 /T

V,=D-V,
P =
out n
L Ve _ 1
Vol =Vyl, LV D
4 .
TU Delft DC-DC switch mode converters 10



Continuous and discontinuous mode

b

R—=1)

Boundary between continuous and discontinuous mode
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Boundary continuous- discontinuous

mode On boundary B: t
e Loy =3 =Ty
0?_1'}22__ iL—-?rjfb =to Yoo FLopeak 50 DT (@)
=5 Ve =V,)
I (-Vo) V
et by Lo=p
a T - V,

Eliminate either V_ or V, from (a) and (b) depending on what is constant.

Assume V, constant:

Ing = I, V4 = Constant
4&
T.V,
T V __ILB. max = ?L_
Boundary: [,,=—-% D(1-D)
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Discontinuous conduction mode
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D(V,, L,) for V, constant
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Output voltage ripple and capacitor

\ current (Down conv.) Ay A0
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» Only valid for continuous conduction mode (CCM)
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Step-up (or boost) converter
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Boost converter in DCM

same procedure as down converter

ARNP X coM: V= Va
0 >t 0 >t _D
(Vi — Vo - ?
|"——‘on | totf J ¢ . _
||____ . T ,11 lt—DT,—T:-'-AlT,-l—;j—AZT, DCM: I/O = f (I/d’ D, [a’)
From theh::)ime waveforms: *
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VL,av:O > VdD];_i_(Vd_VO) AlTszo Vd Al
I,=f(V,.D) 2)
]O,av :f( iL’ D > Al) A (3)
Eliminate [,, D and A, from (1), (2)and (3)
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V,= constant

Solution not important, however here is the plot:
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Boost converter - output voltage
ripple and capacitor currents
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Buck-boost converter
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Discontinuous conduction mode (DCM)

[ ———

) o v
e . DT, - .Al‘TsﬁH—Asz
Method: find several relations:

Ve, D
V=0 > V, DT +(-V;) AT, =0 > = ()
R d 1
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IO,av:f( iLa D s Al) (3)

Eliminate /,, D and A, from (1), (2) and (3)
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Voltage ripple and capacitor current

S NS

200 v | Ip =1,

— N P =
Calculate voltage ripple AVO =7?
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Full-bridge dc-dc converter

+
oy 2 N
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» Either + or - switch is on so output voltage is solely determined by status
of the switch-gate signal (not by the current polarity)
 Current polarity determines whether T or D is conducting
* Applications:
» 4-quadrant dc motor drives
» dc-ac sine wave conversion (Chapter 8)

%
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= Half Bridge
—_— Driver
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L 2 >
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Full Bridge Converter

Dc-dc converter
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Control Unit

Sensor and
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Dc motor drives

Current
Sensor and sensing
signal )
conditioning

Source: STMicroelectronics

http://www.st.com/web/en/catalog/apps/SE413/AS214/AC899
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Vv =V, DTA+ Dy =1-Dy, > Vev =V4 D1,

Two PWM control switching strategies

* PWM bipolar switching: simultaneous synchronized operation of the
phase legs

* PWM unipolar switching: independent operation of the phase legs

%
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Bipolar voltage sw1tch1ng
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Unipolar voltage switching .

- double control signal +v_,.., and
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Summary Assumptions for analysis:

Considered circuits o all components ideal (no voltage
>t drop on switches, infinitely fast)
v | OF A0, ) O o » output capacitor voltage assumed
l to be constant =» voltage source

» output inductor current assumed to
be constant =» current source

(a) ‘ (b)

Vd i, (I) Vo lq Cb )l * CD to

Phase arm:
(« @ « uni- and bipolar switching
j ZE / * e control signal uniquely determines v,,(t) and vg,(t)
| | \ e current depends on V,g(t) and load
oy gj j} i « 1, 2 and 4 quadrant operation
/\ Zf 5 7 For all these circuits:

L-side voltage always smaller than C-side voltage

(e)
ry
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Comparison of dc-converters

e switch utilization
¢ transformer core utilization
e size of passives

P A A
Switch Utilisation Ratio SUR=— with P, =V,-I, and £ =V, I,

P
! P,
Py
Problem:
1.0
Sketch “l L 0.8
etc and I ' Step-down
0 0
as a function of D 061
for: - step down converter Bugk-boost and
- step-up converter 0.4 Cik converter
- buck-boost converter _
.
o 0.2~ ““~ Fyll-bridge
Assume for simplicity L to be
infinitely large (flat current waveform) o e D
<3
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iL :>’ . 2
—
JVIIVL* +
<+ —_
+ vy c= R? v,
Va / _
: ! )

Figure 1 shows a boost converter used in the Toyota Prius hybrid electric vehicle for stepping
up the battery voltage from 150-250 V to 500 V. The converter’ s switching frequency is f,=
20kHz.

(5) Calculate the critical (maximum) inductance value of the output filter inductor to
ensure that the converter operates in the discontinuous conduction mode for the
given input voltage range and the load current up to /= 10A.

(5)Given the inductance value obtained in 1.1 calculate the duty cycle range to keep
the output voltage V, constant (500V) for the given range of the input voltage and the
nominal current of /= 4A.

(10)Calculate the required capacitance value of the output filter capacitor to ensure
that at the nominal input voltage (Vin,,,, = 200V) the peak-to-peak output voltage
ripple is less than 2% of the nominal output voltage (V,).
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Image credits

* All uncredited diagrams are from the book “Power Electronics:
Converters, Applications, and Design” by N. Mohan, T.M.
Undeland and W.P. Robbins.

» All other uncredited images are from research done at the EWI
faculty.

%
TU Delft DC-DC switch mode converters 33



