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Power Converters
Fundamentals

R

converter

e Composed of inductors and switches as seen from the mains;

e Operating with switches turned on and off at a frequency
much higher than 50 Hz.









Zero-order Inductors/
Capacitors

* Inductors forming a cutset with open switch(es) and/or current
source(s) periodically

e Capacitors forming a loop with closed switch(es) and/or voltages
source(s) periodically

Zero-order elements

al
—_— —I

/ \ open 4 ‘closed%

i, = zero perlodlcally = no dynamics!
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“Pertecting” It!

Consider a boost converter again.
forming cutset with open

switches periodically by
I J DCM operation
If D is reserved for other purposes, the T must be varied

to achieve “perfect” PFC, as in SSIPP*. (See Chow ez @/, r‘/f\‘{"l;/comainiﬂg eand u
1997) i
It was also shown (Redl et «/ and others) that even if no @ '“

control is used, the power factor attained is still pretty

“good”—good enough!

Rin:i(l_h)

)
DT Vo
*SSIPP—single-stage single-switch isolated PFC power supply / /
variable
/ Feedback

feedforward
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What do we know now?

Basic Criteria:

e The DCM buck-boost or flyback converter satisfies the basic criteria of a
“perfect” PFC. It thus naturally gives a good p.f.

e The DCM boost and buck converters are “not-so-perfect”, but can
theoretically be perfected via feedback/feedforward.

Other Practical Considerations:

e The DCM boost converter is preferred for its relatively better efficiency:
e Even under no control, the DCM boost converter has a pretty “good” p.f.

o The DCM buck converter is not preferred for its high peak current, and it
suffers from the low voltage blackout (because it is a buck)!
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Other Ideas

We have considered zero-order L.
How about zero-order C?
The problem (of course) is the basic restriction of

- the supply being a voltage
- the usual load requiring a voltage

(That’s why all converters are switching inductors in
practice.)

Theoretically, switching capacitors are never
excluded!
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e.g. Duality Derived SSIPP

SSIPP based on boost + buck cascade exact dual
== =7 N:1
— M ] | L :
- I . T U =y L. [ I I - =2
C) L _: :::Cl L[~ - . !
UL g
L — — )
q 4 Vrcf
~11

For detailed analysis and experiments, see
C. K. Tse, Y. M. Lai, R. J. Xie and M. H. L. Chow, “Application of Duality Principle
to Synthesis of Single-Stage Power-Factor-Correction Voltage Regulators,”

International fournal of Circuit Theory and Applications, vol. 31, no. 6, pp. 555-570,
November 2003.
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Power Buffer

In general we need a power buffer to achieve PFC and
tight output regulation simultaneously.

3-port model How many basic converters do we need?
C Answer: TWO.
storage I I storage (For a rigorous proof, see |
absorpt‘?n L - gljection C. K. Tse and M. H. L. Chow, “Theoretical study
) ﬁ @/ ’ of Switching Converters with Power Factor
input 7 lad £ Correction and Voltage Regulation,” IEEE

I Transactions on Circuits and Systems I, vol. 47, no. 7,
() :{> regulator ::> PpP. 1047710455, July ZOOO.)
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The Sixteen Configurations

Fitting in the two basic converters, we clearly see 16 possible structures.

________________________________________________

————————————————————————————————————————————————

—

________________________________________________

(m) TIB-IIIC (n) IIC-TITA (0) IIC-ITIB (p) IIC-TIIC



Theoretical Efficiency

We can theoretically compare the efficiencies of the 16 structures. Obviously, the

cascade (type I-D) is the poorest, and the others are always better since power is not
doubly processed.

For example, consider the I-ITA structure.

Suppose £ is the ratio of power split. ’—{ }—‘
efficiency = knn, + (1-k)n, C) ik B | _E}
=mm +1-kmd-mn) R A;
> 1) (b) LTIA

We shall see that this £ is a very important parameter. If 2
is too large, the circuit resembles the cascade structure,
hence no efficiency advantage. But if it is too small, PF.

degrades.
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Theoretical Efficiency

We can theoretically compare the efficiencies of the 16 structures. Obviously, the
cascade (type I-D) is the poorest, and the others are always better since power is
not doubly processed.

Config. Efficiency

[-1 nmmn2

[-1TA mm + (1 —kyp(l—m) where (1 — km2(1 — 1) =0

[-1IB ke + (1 — ke where kny + (1 — k)2 = min{ng,.p2} =nmin2
[-1IC mnz + (1 — kX1 —mn2) where (1 — k)1 —mn2)=0

[-TITA kmy+ (1 —kma same as [-IIB

[-1IIB muz + (1 —kp2(1 — 1) same as [-I1A

[-1IIC mnz + (1 —k)1 —min2) same as [-IIC

HA-TIHA kg + (1 — ka2 same as I-1IB

ITA-11IB mgz +m(l — k(1 — )+ k(1 —n2)  where m(1 — kKmpa(1 — )+ k(1 — 2)=0
ITA-11IC muz+m(l — kY1 —mm)+km(l —n2)  where m(1 — k)1 —mqin2) + k(1 — ) =0
UB-ITA  mumz +mmp[2(LE — 1) + (52 1) where (1 — k)i + ki > mnga (see 1-11B)

BB ki + (1 — ks " same as [-11B

UB-IIC i +momp 2L — 1)+ (U5 — 1)) where (1— k)py + Ky > (see I-1IB)

[IC-ITA  mnp2 + rjfll'jrz[%;“ﬂ —1] where ' = T and (1 — '+ kmma=mmn’
[IC-IIIB  mu2 + mm[k + (U_—%vﬂ - 1] where n"' =mn2 and (1 — kw2 4+ kn' > man”

HC-HIC  mum + (1 —km)(1 — i) where (1 — km)(1— mn)=>0




Comparing Efficiency

Note:

I don’t mean the above efficiency comparison is
absolute! That will always put me in endless debate! You
may have different efficiency optimization schemes for
different stages, and in different forms.

So, why should I bother here?

39



(c) buck-boost
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(e) fivback

(d) isolated buck (forward)
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Configuration

[-ITA

I-TA
[-TA
I-IB
I-IB
I-IB
I-1IB
[-IITA
[-IITA
[-IITA
[-IITA
I-I1B
[-IIB

[-IIIB

Conv. 1

buck—boost

buck—boost
buck—boost
buck
boost
buck—boost
buck—boost
buck—boost
buck—boost
buck
boost
buck—boost
buck—boost

buck—boost

Conv. 2

buck

buck—boost
boost
buck—boost
buck—boost
buck
boost
buck
boost
buck—boost
buck—boost
buck
buck—boost

boost

Reported

Zeta
Chow et al. [20]

Garcia et al. [19]
SEPIC
BIFRED [5]
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Control Problem

PFC Y de/dc il
DCM or CCM) T DCM or CCM)

I I

From formal theoretical study; we conclude that

* In general we need TWO independent controls for
full power control of two stages.

* For CCM-CCM, two duty cycles should be used.

* For DCM-CCM or CCM-DCM, frequency and
duty cycle can be used

* Thus, single switch is possible if controls of f and 4
are properly designed

* Reasonable performance if only 4 control is used
for cascade structure (shown by Redl et @/. 1994)
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SSIPP by Redl et 4.
(DCM-CCM or DCM-DCM)
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Practical Design

Various configurations tested experimentally; e.g., see C. K. Tse, M. H. L. Chow and M. K.
H. Cheung, “A Family of PFC Voltage Regulator Configurations with Reduced Redundant
Power Processing,” IEEE Transactions on Power Electronics, vol. 16, no. 6, pp. 794-802,
November 2001.
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Efficiency “Claims”

Earlier on, we said that the non-cascade structure is supposed to be more efficient.

This is indeed true.
Note we are not interested in the absolute efficiencies, but rather look at
the comparisons with the cascade structure!
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Final Conclusion

The key point is that power factor correction and
most other concepts are probably not new from the
point of view of formal circuit theory. The question is
how the problem can be best understood from the basics, and
then tackled in the best possible way.
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