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Figure 2.15. Predictions of Control-to-Inductor Current Transfer Function: The
control-to-inductor-current transfer function is plotted here for two of
the average models, [16] and [18], and the sampled-data model of
[29]. The significant deviations of the average models and the observed
results at half the switching frequency are apparent.
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Figure 2.16. Predictions of Current-Loop Gain Transfer Function: Significant dif-
Jerences in measured results and predictions of two averaged models are
shown here. Notice that both of the average models would indicate that
the current-loop crossover frequency can exceed the Nyquist frequency
of the system, yet still remain stable.
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F(s) = 2.4
where Fps is any power stage transfer function of interest and F; is the duty-
cycle-to-inductor-current transfer function. At frequencies where the gain of the
current loop is higher than unity, any errors in the predictions of the modulator
gain are cancelled. This explains why the current loop gains Fig. 2.16 have sig-
nificant errors, but the closed-loop gains of Fig. 2.15 are in good agreement at low

frequencies.

2.5 Conclusions

There are many different ways to implement current-mode control, and some of
these have been described in this chapter. This dissertation provides a new
small-signal model for the common implementations of current-mode control
where the instantaneous inductor current is used as part of the modulator. Four
common modulation schemes will be analyzed, two with constant-frequency
control, and two with variable-frequency control. Two of the schemes, constant-
frequency with trailing-edge modulation and constant off-time control, will be
analyzed in both continuous-conduction mode and discontinuous-conduction

mode. The other two, constant-frequency with leading-edge modulation and

2. Review of Existing Models 35

Copyright Ridley Engineering, Inc. 2008



constant on-time control, are analyzed for continuous-conduction mode only,

since these control schemes cannot operate in discontinuous mode.

Converters with constant-frequency control can be unstable when the current-
loop is closed. This is easy to explain qualitatively from circuit waveforms, but the
effect has not been incorporated into a simple small-signal model. When the
model of this dissertation is developed and applied, it will become apparent why
the average techniques failed to accurately model the system, and why this effect
needs to be modeled properly. The instability that is observed is not an effect
that suddenly appears for certain circuit conditions. The oscillations gradually
become less damped approaching the instability point, and it is important to have
an accurate model for all conditions. The underlying cause of the instability af-

fects the system performance well before the system becomes unstable.

The three-terminal PWM switch model was reviewed briefly for continuous-
conduction mode and discontinuous-conduction mode. This simple circuit model

is used as a central part of the new current-mode model.
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Control Loops

Avoid expensive product instability

Control loops change with line, load & temperature
Optimize control loops to reduce cost and size

Capacitors
Measure essential data not provided by manufacturers
Select optimum cost, size, shape and performance

Magnetics

Design and specify more reliable magnetics
Measure critical parasitic components

Detect winding and material changes

Characterize component resonances up to 30 MHz

Filters

Specs
Frequency Range 0.01 Hz to 30 MHz

Selectivity Bandwidth 1 Hz to 1 kHz

Characterize power systems filter building blocks
Optimize performance at line and control frequency
30 MHz range shows filter effectiveness for EMI

Output 20V p-p at 2 Ohms

Injection Isolator 0.1 Hz to 30 MHz

Power Line Harmonics

Check IEC compliance for AC input systems
Measure line harmonics to 10 kHz

Avoid expensive redesign, minimize test time

Input Isolator 1,000V

PC Data Interface High-speed USB 2.0
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