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Abstract: Constant on-time (COT) is a pulse frequency modulation based control method, which is widely used for the
controller of switching mode power supplies due to the advantages of simple implementation, low cost and good performances.
In fact, like hysteretic control, COT is also a ripple-based control, and its loop stability is very dependent on the output voltage
ripple characteristic. COT controlled buck converter is mainly concerned in nowadays. For boost converter, the output voltage
ripple characteristic is quite different with that of buck converter. Thus, the stability of COT controlled boost converter is
necessary to be investigated. In this paper, with particular theoretical analysis, the unique pulse bursting phenomenon in COT
controlled boost converter appears when the time constant of the output capacitor is relatively small, which results in large
inductor current and output voltage swing. The quantitative relationship between the time constant and the other circuit
parameters such as input voltage, output current and inductance is deduced, which is very different with that of COT controlled
buck converter. Simulation and ex-perimental results are provided to verify the theoretical analysis results. The investigation
presented in this paper gives an im-portant guideline for the circuit parameter design of COT con-trolled boost converter.
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evaluation of COT control, it is necessary to analysis its
performances in boost converter.

This paper reveals the pulse burst phenomenon of the
COT-controlled boost converter and analyzes the effect of the
time constant of the output capacitor on this phenomenon.
While pulse bursting phenomenon occurs, large inductor
current and output voltage variation in steady state are
presented, which deteriorates the performances of the boost
converter. The quantitative relationship between the time
constant and the other circuit parameters such as input voltage,
output current and inductance is deduced, and the critical time
constant is obtained. While the output capacitor’s time constant
is less than the critical value, the pulse bursting phenomenon
occurs. On the other hand, while the time constant is higher than
the critical value, the bursting phenomenon disappears. In order
to verify the theoretical analysis, simulation and experimental
results are provided in this paper. The analysis results presented
in this paper help the designer optimize circuit parameters while
applying COT control to boost converter.

1. Introduction

Constant On-time (COT) control technique has been widely
used to the control of switching dc-dc converter in recent years,
and it has attractive advantages such as simple implementation,
simple control loop design and low cost [1-8]. In addition, it not
only has high conversion efficiency under light load, but also
has the advantage of fast input voltage and load transient
response. In addition, it is worth noting that the absence of error
amplifiers and their corresponding compensation networks
results in converters that easily have a higher control loop gain
bandwidth and remain stable over a wider range of input
voltage or load variations.

Up to now, nearly all the efforts about COT control are
developed based on buck converter. In literature [9], the pulse
bursting phenomenon in COT controlled buck converter is
revealed, which is somewhat similar to what will be presented
in this paper. As we all know, the boost converter and the buck
converter are two dual circuits, and they have different
characteristics. Therefore, in order to give an overall
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2. Pulse Bursting Phenomenon
2.1. Review of Boost Converter with COT Control

The circuit block diagram of the COT-controlled boost
converter and its main operating waveforms are referred to
Figure 1, where RESR represents the equivalent series
resistance (ESR) of the output capacitor. As we know, for
boost converter, if the power switch is on, the output voltage
decreases. Thus, it must limit the maximum duty cycle of the
control pulse to avoid the power switch always on in startup or
transient process. Therefore, in COT controlled boost
converter, it needs an additional off-time module to make the
power switch off for a very short time after the constant
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on-time duration, to get the inductor away from saturation in
startup or transient process. That’s the main difference with
the COT controller applied in buck converter [9].

The operation principle can be referred to Figure 1(b). While
the power switch S is on during the constant on-time duration,
the inductor current i; increases and the output voltage V,
decreases. Once the constant on-time Ty 1S over, the off-time
module is active, which makes the reset signal maintain high
level to turn off § for duration of Ty mi. When minimum
off-time Ty min 1S over, if ¥, is lower than the reference voltage
Vit at this time, S is turned on again and the next switching
cycle begins; on the other hand, if V; is higher than the reference
voltage Vi, S keeps off until V;, drops below V.
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Figure 1. COT controlled boost converter: (a) circuit block diagram, and (b) main operation waveforms.

2.2. Pulse Bursting Phenomenon Analysis

In order to analyze the pulse bursting phenomenon in COT
controlled boost converter, it is necessary to investigate the
output voltage ripple [10].

It is known that the overall output voltage ripple is composed
of two terms, v, and vgsg.[11] Where v, is capacitor-based
voltage ripple, which depends on the value of i and /,, and vgsg
is ESR-related voltage ripple, which is proportional to the value
of Rgsg. Generally speaking, the inductor current i is usually
larger than the load current /, for boost converter [12]. Thus,
when § is turned on, the output capacitor provides energy to the
load that makes v, decrease [12]; on the other hand, when S is
turned off, v, increases due to i; > 1, [10-13].

Without loss of generality, we can assume the value of Rgsg
is too small to dominate the overall output voltage ripple [13].
For qualitative analysis, the extreme case Rpsg = 0 can be
considered. In this situation, while S is turned off, V;, keeps on
increasing until i; drops below than /,, While i < [,, V,
decreases. The next switching cycle begins until V, drops
below than V.. At the moment while V, is just below than Vi,

it can be assumed that iy is much lower than 7, even it
descends to zero in worse case. Then S is turned on for Toy
and i increases. The output capacitor provides energy to the
load, that makes V, still decrease. While S is turned off, i,
flows into the load side, but the output voltage usually can not
be regulated to larger than V¢ within Ty min. S is thus turned
on again and i keeps on increasing. This case will go on until
i is large enough to make V, larger than Vi within Tog min. In
this way, after a few periods of Ty and Ty min in series, S is
turned off for quite a long time, which causes large inductor
current and output voltage swing, i.e. [13] the so-called pulse
bursting phenomenon occurs. The description above can be
referred to Figure 2.

However, while the value of Rgsr is large enough to
dominate the output voltage ripple, the control case should be
quite different. In this situation, when S is turned off, V,
decreases immediately rather than requiring iy < I, as the case
described before, and the waveforms as shown in Figure 1
appears. Therefore, pulse bursting phenomenon will not
occur, and the COT controlled boost converter operates in
normal with small inductor current and output voltage
variation [13].
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Figure 2. Pulse bursting phenomenon in COT controlled boost converter.
2.3. Critical ESR for Pulse Bursting Phenomenon

From the analysis above, it can be seen that large value of
Resg can efficiently suppress inductor current and output
voltage swing, but which will result in large output voltage
ripple [13]. Thus, it is wise to choose appropriate value of
Rgsp. In order to evaluate how large Rpgr is enough, it is
necessary to obtain the ratio of voltage ripple between v, and
vesg While S is turned off in steady state [14, 15].

In steady state while S is turned off in a switching cycle, the
variation of capacitor-based voltage ripple AV, can be
expressed as

1T
AV, :&:_U ON )
C C

and the variation of ESR-related voltage ripple AVgsg can be
obtained as

, Vi
A VESR = AILRESR = T T ON RESR (2)

So, the ratio can be written as
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In order to make AVgsgr dominate the output voltage ripple,
the ratio must be less than one, thus we have

1L
R >0 4
ESR KHC ( )
i.e. the critical ESR is gotten. To ensure normal operation, the
value of Rgsp should be larger than that. Otherwise, pulse
bursting phenomenon will occur [14].
From (4), it can be seen that the time constant 7 of output
capacitor must be designed to satisfy with following [14]
I L
T=R,C2 I; (5

in

which only with respect to the main circuit parameters of
boost converter. That is quite different with that of COT
controlled buck converter, in which only the control parameter
of Toy is relative [9].

3. Simulation and Experimental Results

In this section, simulation and experimental results are
provided to verify the theoretical analysis, with the circuit
parameters as follows: V=5V, V,=20V, L=200puH, C=470uF,
TON:7.5“.S, ToffimmZO.Sus.

Figure 3 shows v,(nT) as functions of Rgsg and I, by using
discrete mapping iterative model [9], where v (nT) stands for
the steady state output voltage at the beginning of the n-th
switching cycle, and in Figure 3(a) /,is 0.5A, Rgsy is 42.5mQ in
Figure 3(b). From Figure 3(a), it can be seen that when Rggp is
smaller than 42.4mQ, v,(n7T) is always less than or equal to the
desired voltage 20V, i.e. the pulse bursting phenomenon occurs.
While Rgsg is larger than 42.4mQ, the pulse bursting
phenomenon vanishes and the COT controlled boost converter
operates normally, with v(nT) be regulated at 20V. Thus, Rgsr
=42.4mQ is the critical ESR, which is quite close to 42.5mQ as
obtained from (4), and the difference is caused by simulation
precision. Similarly in Figure 3(b), it can be seen that while /, is
less than 0.506A, the COT controlled boost converter operates
normally and no pulse bursting phenomenon occurs, which is
also well verified the theoretical analysis in (4).
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Figure 3. v,(nT) as functions of Resg and 1,: (a) Resg (b) I,
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Although only parameters of Rgsg and I, are chosen to
illustrate the effect on pulse bursting phenomenon, the effect
of other parameters (like V;,, C, L) can also be performed, and
it is always found that the conclusion drawn in (4) is valid. So,
only the effect of Rgsp is presented in the following
paragraphs.

Figures 4(a) and (b) show the simulation results of COT
controlled boost converter with Rgsg = 35mQ and Rgsg =
56mQ while 7,=0.5A, where Vg stands for the control

pulse. In Figure 4(a), it can be seen that S is turned on
consecutively for a bunch of constant on-time intervals, and
then turned off for a relatively long time [9]. In this case,
the so-called pulse bursting phenomenon occurs, which
results in obviously large output voltage and inductor
current variation. However, as shown in Figure 4(b), when
Rgsr = 56mQ, the COT controlled boost converter operates
normally with much smaller output voltage and inductor
current ripples [16].
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Figure 4. Simulation results of COT controlled boost converter: (a) Rgsg = 35mQ, and (b) Rgsg = 56m€Q.

Figure 5 presents the corresponding experimental results of
COT controlled boost converter, where AV, stands for output
voltage ripple and Vs stands for the control pulse [12].

Similar to simulation results, while Rgsg = 35mQ, pulse
bursting phenomenon occurs and it disappears while Rggp =
56mQ. Experimental results well verify the simulation results.
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Figure 5. Experimental results of COT controlled boost converter: (a) Resg =35mQ, and (b) Rgsg = 56mQ.

4. Conclusion

In this paper, pulse bursts occur in the COT-controlled boost
converter when the time constant of the output capacitor is
relatively small, which leads to large variations in the inductor
current and output voltage at steady state, but the characteristics
of the output voltage do not violate the COT control. In order to

suppress pulse bursting phenomenon, the output capacitor's
time constant as functions of the other main circuit parameters
is deduced, and it is independent of the key control parameter
like Ton. The findings of this paper are useful for the design of
the main circuit parameters of COT-controlled boost
converters, for example, to avoid pulse bursts throughout the
operating range, the time constant of the output capacitor
should be chosen considering the maximum load current.
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