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Understanding frequency variation in the 
DCS-Control™ topology

Introduction
A common requirement in the automotive market is to 
avoid interfering with the AM radio band or other sensitive 
electronics, such as sensors. One example for power 
supplies is setting their switching frequency above ~1.8 MHz 
in order to keep all noise at a higher frequency than the 
highest AM radio signals. 

If the frequency is set below the lowest radio signals, 
then higher frequency harmonics would be in band and 
possibly interfere. Most modern power supplies do not use 
an actual oscillator to set their switching frequency, as in 
traditional voltage- or current-mode control. Instead, 
either the on-time or off-time is controlled, which then 
provides a relatively constant operating frequency. 

DCS-Control™ topology is an example of an on-time 
based topology which efficiently provides the low-noise 
and fast-transient response needed in many automotive 
applications. While its switching frequency does vary, this 
variation is understood, controlled, and usually sufficient 
for automotive and other frequency-sensitive applications.

Application example
Figure 1 shows the basic block diagram of the 
DCS-Control topology used in a typical automotive info-
tainment device.[1, 2]

As explained in Reference 1, the timer (tON_MIN) is 
responsible for providing a controlled switching frequency 
by adjusting the on-time based on VIN and VOUT through 
Equation 1.

t 400 nsON = ×
V

V
OUT

IN  

(1)

The 400-ns value sets the ideal switching frequency to 
2.5 MHz when the DCS-Control device is operating with 
the on-time set by the timer. However, due to circuit 
losses, propagation delays, and in some specific applica-
tion conditions, operation does not always follow the 
on-time set by the timer. As a result, the frequency varies. 
The reasons for this variation are grouped together based 
on the duty cycle, ideally VOUT/VIN, at which the device 
operates.

Measured data explains the principles behind the 
DCS-Control topology’s frequency variation. To better 
explain the concepts, the TPS62130 (catalog version) was 
chosen and it offers two switching frequencies: 2.5 MHz 
and 1.25 MHz. The 2.5-MHz data exactly matches the 
TPS62130A-Q1 data because both converters offer the 
2.5-MHz setting. All data was taken on the evaluation 
module with a 2.2-µH inductor and two 22-µF output 
capacitors (to overcome the DC bias effect).[3]
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Figure 1. Block diagram of the DCS-Control™ 
topology in the TPS62130A-Q1 converter
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图 1：TPS62130A-Q1 转换器中的 
DCS-Control™ 拓扑的方框图
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引言

在汽车市场里，有一个常见的要求是避免干扰 AM 无
线电波段或其他敏感的电子器件（如传感器）。对

于电源的一个例子是将其开关频率设定在高于约  1.8 
MHz，旨在把所有的噪声均保持在一个比最高 AM 无
线电信号更高的频率。

如果把该频率设定得比最低无线电信号更低，则较高

频率谐波将在带内并很有可能产生干扰。大多数新

式电源都不像在传统的电压或电流模式控制中那样采

用一个实际的振荡器来设定其开关频率。取而代之的

是，控制导通时间或关断时间，然后提供一个相对恒

定的工作频率。

DCS-Control™ 拓扑是基于导通时间的拓扑的一个实

例，其可有效地提供许多汽车应用中所需的低噪声和

快速瞬态响应。虽然其开关频率确实变化，但是这种

变化是得到理解和控制的，而且对于汽车和其他频率

敏感型应用而言通常是足够的。

应用示例

图  1  示出了典型汽车信息娱乐设备中使用的  DSC-
Control 拓扑的基本方框图。[1，2]

如参考文献 1 中解释的那样，定时器 (tON_MIN) 负责通过

根据 VIN 和 VOUT 调整导通时间（借助 (1) 式）来提供一

个受控的开关频率。

当 DCS-Control 器件在导通时间由定时器设定的情况

下工作时，400 ns 的数值把理想的开关频率设定在 2.5 
MHz。然而，由于电路损耗、传播延迟的原因，而且在

某些特定的应用情况下，操作并非始终遵循由定时器设

定的导通时间。因此，频率发生变化。根据器件工作的

占空比（理想情况下为 VOUT/VIN）对引起这种变化的原因

分组在一起。

实测数据阐释了  DCS-Contro l  拓扑之频率变化背后

的原理。为了更好地说明此概念，选择了  TPS62130
（目录版本），这款器件提供了两种开关频率，即：

2.5 MHz 和  1.25 MHz。2.5 MHz 数据精确地匹配 
TPS62130A-Q1 数据，因为这两款器件均提供了 2.5 
MHz 设定值。所有的数据都是在具有一个 2.2μH 电感

器和两个 22μF 输出电容器（以抑制 DC 偏置的影响）

的评估模块上获取的。
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Moderate duty cycles
In the typical application of converting the 12-V car 
battery to 5 V for universal serial bus (USB) ports, the 
required duty cycle is not extremely high or low. 
Frequency variation in this case is very low because the 
on- and off-times are not at their extremes. Figure 2 
shows the measured switching frequency, on-time, and 
off-time with a 5-V output voltage, two frequency settings, 
and two different load currents. A moderate duty cycle 
refers to those input voltages above 9 V for the 2.5-MHz 
setting and above 7 V for the 1.25-MHz setting.

Figure 2b shows the reason behind the low levels of 
frequency variation. The on-time matches very well to the 
ideal on-time set by the timer and to Equation 1 for both 
loads and frequency settings. The reasons for the small 
frequency variation with moderate duty cycles are: over-
coming losses and propagation delays. 

In Figure 2a, the frequency increases with heavier loads 
due to losses. Higher loads require slightly higher duty 
cycles to overcome resistive losses in the circuit. Since the 
on-times are the same for both the 1-A load and 3-A load, 
the off-time is decreased to achieve the higher duty cycle 
(Figure 2c). The same on-time and a shorter off-time 
results in a shorter period and higher frequency.

Also, the frequency decreases slightly with increasing 
input voltage. Because the on-time decreases with increas-
ing input voltage, fixed propagation delays in the device 
have a more significant effect on the achieved on-time for 
smaller on-time values. The timer sets the on-time to 
achieve a certain frequency, but its output signal goes 
through the control and gate driver (shown in Figure 1) 
before reaching the power transistors. This path takes 
some finite amount of time. For example, if a 200-ns 
on-time is desired and the propagation delay is 20 ns, the 
actual on-time is 220 ns, which is 10% higher than desired. 
But, if the input voltage increases and the desired on-time 
reduces to 100 ns, the same 20-ns delay produces a 20% 
increase in the actual on-time. This effect is further 
pronounced for low duty cycles.

High duty cycles
While a car battery nominally operates at ~12 V, transients 
from high-current loads, such as starting the engine, can 
reduce the battery voltage. To the power supply this 
appears as a line transient, which means more advanced 
regulation is required in some applications. As long as the 
input voltage does not decrease below the level of the 
output voltage, the DCS-Control topology maintains 
output regulation during such line and load transients. 

Figure 2. TPS62130 with a 5-V output
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图 2：具有一个 5 V 输出的 TPS62130
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中等占空比

在把 12 V 汽车电池转换为用于通用串行总线 (USB) 端
口之  5 V 的典型应用中，所需的占空比不是极高或极

低。该场合中的频率变化非常低，因为导通时间和关断

时间并不位于其极限值。图 2 示出了采用一个 5 V 输
出电压、两种频率设置和两种不同负载电流时的实测开

关频率、导通时间和关断时间。中等占空比指的是那些

高于 9 V（对于 2.5 MHz 设置）和高于 7 V（对于 1.25 
MHz 设置）的输入电压。

图 2b 示出了频率变化水平很低背后的原因。导通时间

与定时器设定的理想导通时间以及 (1) 式匹配得非常好

（对于负载和频率设定值）。在中等占空比条件下频率

变化幅度很小的原因是：抑制了损耗和传播延迟。

在图 2a 中，由于损耗的缘故，频率随着负载的加重而

增加。较高的负载需要略高一点的占空比以抑制电路中

的阻性损耗。由于导通时间对于 1 A 负载和 3 A 负载

是相同的，因此减少关断时间以实现较高的占空比（图 
2c）。相同的导通时间和一个缩短的关断时间将导致较

短的周期和较高的频率。

而且，频率随着输入电压的增加而轻微减小。由于导通

时间随着输入电压的增加而减少，因此对于较小的导通

时间值而言，器件中的固定传播延迟对实现的导通时间

具有更加明显的影响。定时器负责设定导通时间以实现

某个频率，但是其输出信号在到达功率晶体管之前通过

控制和栅极驱动器（示于图 1）。穿越该路径需要花费

有限的时间量。例如，倘若需要一个 200 ns 的导通时

间，而且传播延迟为 20 ns，则实际导通时间将为 220 
ns（比所需的高出 10%）。但是，假如输入电压增加且

期望的导通时间减少至 100 ns，那么相同的 20 ns 延迟

将使实际导通时间增加 20%。对于低占空比，这种影响

将进一步明显。

高占空比

虽然汽车电池的标称工作电压在 12 V 左右，但来自大电

流负载的瞬变（比如：起动引擎）会降低电池电压。对

于电源这表现为线路电压瞬变，这意味着在某些应用中

需要采用更加先进的控制。只要输入电压未降至低于输

出电压的电平，DCS-Control 拓扑就可在此类线路电压

和负载瞬变期间保持输出调节作用。 
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Figure 3 shows measured data for a 3.3-V output. When 
the input voltage of the converter drops, the duty cycle 
increases. At high duty cycles, the switching frequency 
decreases due to losses and a minimum off-time. High 
duty cycles refers to the left-most portion of Figures 2a 
and 3a where the switching frequency decreases from its 
nominal value towards zero. 

High duty cycles demonstrate a minimum off-time in the 
topology. Since high duty cycles occur at a lower input 
voltage and higher output voltage, the energy stored in the 
inductor during the on-time is lower. This outcome is 
because there is much less voltage across the inductor. To 
maximize efficiency, a minimum off-time is included to 
ensure that sufficient energy is delivered to the output. 
This is especially helpful in power-save mode, in which a 
certain amount of energy is delivered so the output stays 
higher for a longer time. This results in a gap between 
switching pulses and higher efficiency. From Figure 3c, 
once the minimum off-time is reached (around a 6-V input 
voltage for the 2.5-MHz setting), the on-time begins to rise 
from ideal in order to achieve the required increase in 
duty cycle that corresponds to the lower input voltage. 
Figure 2c and Figure 3c show the 120-ns approximate 
value of the minimum off-time.

Furthermore, the minimum off-time is quickly reached 
at high duty cycles because the input voltage value is 
lower as well. At input voltages below 6 V, the resistance 
of the high-side MOSFET (RDS(on)) inside the DCS-Control 
device increases, thus creating higher losses and a greater 
required extension of the duty cycle. For example, 3-A 
loads show longer on-times than 1-A loads at lower input 
voltages.

Low duty cycles
Low duty cycles occur with lower output voltages, such as 
1 V and 1.8 V. The relatively high 12-V input voltage 
requires duty cycles of sometimes less than 10%. With 
respect to the desired 400-ns period, this requires 
on-times near and even below 40 ns. Such small on-times 
are challenging for any converter to achieve, or are actu-
ally impossible due to absolute minimum on-times. The 
TPS62130 data sheet notes a typical 80-ns absolute 
minimum on-time that occurs in these cases. This is the 
primary source of frequency variation at low duty cycles. 
Fixed propagation delays added to small on-times are 
another source of variation, as explained before. Figure 4 
shows measured data for a 1.8-V output voltage.

Figure 3. TPS62130 with a 3.3-V output
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图 3 示出了对于一个 3.3 V 输出的实测数据。当转换器

的输入电压下降时，占空比增加。在高占空比条件下，

开关频率由于损耗和最小关断时间的原因而减小。高占

空比指的是图 2a 和 3a 最左边的部分，开关频率在此区

域中从其标称值逐渐减小至接近于零。

高占空比在该拓扑中展示了一个最小关断时间。由于高

占空比出现在较低输入电压和较高输出电压的条件下，

所以在导通时间里存储于电感器中的能量较低。这个结

果源于电感器两端的电压低得多。为了最大限度地提升

效率，设定了一个最小关断时间以确保给输出端提供充

足的电能。这在省电模式中是特别有帮助的，此模式中

提供一定量的电能以使输出在更长的时间里处于较高的

电平。这在开关脉冲和较高效率之间导致了一个间隙。

从图 3c 可见，一旦达到最小关断时间（对于 2.5 MHz 
设置，其在一个 6 V 输入电压的附近），导通时间开始从

理想值上升，以在与较低输入电压对应的占空比中实现

所需的增加。图 2c 和图 3c 示出了最小关断时间的 120 
ns 近似值。

此外，由于输入电压值也较低，因此最小关断时间在高

占空比条件下迅速达到。当输入电压低于 6 V 时，位于 
DCS-Control 器件内部的高端 MOSFET 的电阻 (RDS(on)) 
增大，从而产生较高的损耗并加大了所需的占空比扩

展。例如：在较低的输入电压条件下，3 A 负载显示的导

通时间长于 1 A 负载。

低占空比

低占空比随着较低的输出电压（例如：1 V 和 1.8 V）而

出现。相对高的 12 V 输入电压需要有时低于 10% 的占

空比。至于期望的 400 ns 周期，这要求接近甚至低于 
40 ns 的导通时间。对于任何转换器而言，要实现这么小

的导通时间都是颇具挑战性的，或者实际上是不可能的

（因绝对最小导通时间之故）。TPS62130 数据表注释

了一个在这些场合中出现的 80 ns（典型值）绝对最小导

通时间。这是在低占空比条件下引起频率变化的主要根

源。如前文说明的那样，添加至小导通时间的固定传播

延迟是另一个导致频率变化的起因。图 4 示出了对于一

个 1.8 V 输出电压的实测数据。

图 3：具有一个 3.3 V 输出的 TPS62130
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The 2.5-MHz curves in Figure 4b clearly show a minimum 
on-time in the 80-ns range. This sets an upper boundary 
on the achievable switching frequency. The 1.25-MHz 
curves show good frequency variation similar to Figures 2a 
and 3a. Due to smaller on-times with this 1.8-V output, 
fixed propagation delays cause a sharper downward 
frequency shift versus higher output voltages, which result 
in a lower frequency.

Additionally, the bumpiness seen in the 2.5-MHz curves 
(Figure 4a) shows a third impact to the on-time: the 
comparator. During a transient, the comparator extends 
the on-time past the output of the timer to deliver more 
energy to the output to make the output voltage recover 
faster. This is a key aspect of a hysteretic converter and 
explains the fast transient response of the DCS-Control 
topology.

While the 80-ns minimum on-time and the output of the 
timer do not change much over the input voltage range, 
the output signal does change due to the changing ripple on 
the inductor current. There is increased ripple with higher 
input voltages. Having more ripple across the equivalent 
series resistance (ESR) and equivalent series inductance 
(ESL) in the output capacitors creates more signal for the 
comparator on which to react, making the system faster. 
Between 12 and 13 V, there is enough signal and the 
comparator no longer controls the on-time. The minimum 
on-timer controls it. Thus, higher frequency is achieved 
above this input voltage.

One solution to the lower frequency is a two-stage 
conversion of the 12 V to the load. A two-stage conversion 
(via 5 V, for example) to very-low output voltages achieves 
a higher frequency in both stages because of the more 
moderate on-times of each stage. 

Finally, the lower switching frequency that occurs with 
lower output voltages will increase the inductor current 
ripple, but this ripple is already lowered because of the 
low output voltage (Equation 2). Lower output voltages 
have less current ripple to begin with. When following the 
datasheet recommendations for inductance and switching 
frequency, this lower switching frequency does not limit 
the output current below the 3-A device rating. 

∆IL(max) = ×
−

×

















V

V

V

L f
OUT

OUT

IN

SW

1
(max)

(min)  

(2)

Conclusion
The switching frequency of the DCS-Control topology and 
other non-oscillator-based control topologies vary with 
changes in the application conditions. Depending on the 
duty cycle, the on-time and the frequency are affected by 
losses, the minimum off-time, the absolute minimum 
on-time, propagation delays, or the comparator. This 
behavior is understood and expected, and output voltage 
regulation is maintained. The lower operating frequency 
provides higher efficiency with no reduction in output 

current capability. High-frequency operation is maintained 
for the common applications of USB ports and system rails 
with higher voltages.
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Figure 4. TPS62130 with a 1.8-V output
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图 4b 中的 2.5 MHz 曲线清楚地显示了一个在 80 ns 左
右的最小导通时间。这给可实现的开关频率设定了一个

上限。1.25 MHz 曲线显示了与图 2a 和 3a 相似的良好频

率变化。由于该 1.8 V 输出时的导通时间较小，因此固定

的传播延迟相对于输出电压的升高引起了一个更加陡峭

的向下频移，这导致了一个较低的频率。

此外，我们在 2.5 MHz 曲线中看到的颠簸不平（图 4a）
还显示了对导通时间的第三个影响因素：比较器。在某

个瞬变期间，该比较器把导通时间扩展至超过定时器的

输出以向输出端提供更多的能量，从而使输出电压更快

地恢复。这是迟滞转换器的一个关键的方面，并解释了 
DCS-Control 拓扑的快速瞬态响应。

尽管 80 ns 的最小导通时间和定时器的输出在整个输入

电压范围内并未发生很大的改变，然而输出信号则由于

电感器电流上变化不定的纹波之故而确实有所变化。输

入电压升高时纹波增大。在输出电容器中的等效串联电

阻 (ESR) 和等效串联电感 (ESL) 两端拥有更大的纹波将

产生更多供比较器做出响应的信号，从而提高系统的速

度。在 12 V 和 13 V 之间，存在足够的信号且比较器不

再控制导通时间。最小导通定时器负责控制它。于是，

在高于该输入电压的条件下实现了较高的频率。

针对较低频率的一种解决方案是 12 V 至负载的两级转

换。由于更加适中的每级导通时间，所以至非常低输出

电压的两级转换（比如：通过 5 V）可在两级中均实现一

个较高的频率。

最后，随着输出电压的降低而出现的较低开关频率将增

加电感器电流纹波，但是此纹波已经因为低输出电压的

缘故而被降低了（(2) 式）。较低的输出电压在开始时具

有较少的电流纹波。当遵循数据表中针对电感和开关频

率给出的建议时，这个较低的开关频率并未把输出电流

限制在 3 A 的器件额定值以下。

结论

DCS-Control 拓扑和其他非基于振荡器的控制拓扑的开关

频率随着应用条件的变化而改变。视占空比的不同，导

通时间和频率受到损耗、最小关断时间、绝对最小导通

时间、传播延迟或比较器的影响。这种运行方式是得到

理解并在预料之中的，并且保持了输出电压调节。较低

的工作频率提供了较高的效率，且并未降低输出电流能

力。对于 USB 端口和具有较高电压的系统电源轨的常见

应用，高频操作得以保持。
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