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Constants

Po = 200W Load power

VI max= 36V Maximum input voltage

V| min:= 18V Minimum input voltage

M = 83% Load power converter conversion efficiency
Analysis

Switching Supply Input Resistance is Negative (at least for low frequencies)
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Switching Supply is Equivalent to a DC Transformer

Ignoring the inefficiency

Vi-h=Volo
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Vo = m =n n being equivalent to the turns ratio. n=D where nis the duty cycle of the switcher
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. transformation formula for a transformer.



Analysis of Typical Example

Example of a Typical Zero-Current Switcher (ZCS).
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Fig. 1. A commercial dc-dc converter that
employs zero current switching.

Rule of thumb is that the source impedance should be less
than 10%b that of the supply input impedance.
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P,__ is the low line input power of the module

23 max =




Uncompensated Case
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Fig. 2. A typical dc-de converter connects to a power source having its own

: . i The denominator is referred to as the
internal impedance, which is not zero. characteristic polynomial and determines the

stability of the system.

eq2 = denom(eql) simplify — This is the characteristic polynomical of this equation.

To ensure negative roots, all coefficients must be positive (Decartes' rule of sign)
eqg3:= eq2 coeffs,s — R
S . .
eq3p>0 —>1-—>0 (1) ri>Rg v Same result as in the article
r.
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Ls I~ . Same result as in the article



Compensated Power Supply Input
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Fig. 3. A common practice is to put a large capacitor in parallel with the input
stage of a de-de converter.

simplify —

fi

+ R
E
SCE

eg5 := denom(eqg4) —»

To ensure negative roots, all coefficients must be positive

eq7:=eqg6y >0 — Ls
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* : Compared to Figure 2, the
resistance, Rg, has been removed

to simplify the analysis.

eqg6 := egb coeffs,s —

Same result as in the Power Electronics
and Synquor articles.

Same result as in the Power Electronics
and Synquor articles.
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Eq. 4 states that R. should be smaller than r;. However, from Eq. 3, it
is clear that if R; is made too small, oscillation will result. This means

that adding low-ESR capacitance may not resolve a stability
problem — more loss is needed.

From Eq. 3, it is also possible to see that a bigger input inductance
requires a larger input capacitance to compensate its effects. Also,
lower input differential resistance, r;, means a larger input
capacitance is needed to ensure stable operation. Once the value of
the input inductor, Lg, and input incremental resistance, r;, are

known, it is possible to replace the numbers in Eq. 3 and 4 to find
the optimal combination for C; with the proper ESR.



Appendix

Example of an Actual Power Supply Input Impedance

Figure 2 shows |Z;| versus fre-

quency for SynQor's 48V, 35 T
3.3Vour, 30A dc/dc converter. |
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As can be seen, at low frequen-
cies |Z;| is resistive (actually, | = 25 += NI R e e =E
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tive). Around 1 kHz the magni- | 2 10 NN |48 Vin
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tude starts to roll off with a 5|-:::pe % 5 N /
of -20dB per decade. We can | £ \\*‘;K%\ /
model this as a capacitor C in 0 1)
parallel with Ry. Similarly, a 5 %"
more complex circuit can model 0
the resonant dynum!cs that show 10 100 1,000 10,000 100,000
up around 20 kHz in the plot of
|Rn|. For this discussion, how- Hz
ever, we wi” iust use the sim Ple Figu.re 2: Input impedance (£} :‘[-"’wf’fm.v)_fbr minimum, nominal, and maxi-
RNC model. mum input voltage at full rate power for 3.3V 30A half-brick dec/dc converter.




