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Accurately measuring efficiency of 
ultralow-IQ devices

Introduction
While almost every power-supply engineer intimately knows 
and understands the lab setup for measuring efficiency, 
there are many important nuances that must be considered 
when measuring the efficiency of a device with ultralow 
quiescent current (IQ). For a device that consumes less 
than 1 µA, the circuit’s currents are very small and difficult 
to measure. These measurements may equate to calculated 
light-load efficiencies that are far lower than what is shown 
in the datasheet graphs and lower than what would be seen 
in the real application. This article reviews the basics of 
measuring efficiency, discusses common mistakes in mea-
suring the light-load efficiency of ultralow-IQ devices, and 
demonstrates how to overcome them in order to get accu-
rate efficiency measurements.

Basics of measuring efficiency
Reference 1 details the best setup to accurately measure a 
device’s efficiency with a power-save or pulse-frequency-
modulation (PFM) mode. This reference provides an 
excellent background to the topics covered in this article 
and should be read first. Generally, and especially in this 
article, efficiency is defined as
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The following summarizes two key points made in 
Reference 1. The first is that any power-save mode draws 
relatively large bursts of current from the input supply. 
These bursts are an AC current from the input. Devices 
that always operate in continuous-conduction or pulse-
width-modulation (PWM) mode draw DC currents from 
the input supply. Unlike the DC current drawn in PWM 
mode, the power-save mode’s bursts of current create an 
incorrect RMS-current reading in the input-current meter. 
Therefore, the proper test setup for measuring efficiency 
in power-save mode includes sufficient input capacitance 
after the input-current meter to smooth out the AC cur-
rents drawn by the PFM mode in order to present a DC 
current to the current meter.

The second key point in Reference 1 regards the place-
ment of the voltmeters relative to the current meters. It is 
critical in both PFM and PWM modes not to include the 
voltage drops across the current meters in the efficiency 
calculations. Therefore, each voltmeter should be con-
nected to the input and output voltages on the PCB,  
ideally at the S+/S– header on most evaluation modules 
(EVMs). This places the input-current meter out of the 
circuit and the output-current meter as part of the load. 
These placements are shown in Figure 1 with the recom-
mended setup for measuring PFM-mode efficiency with 
the best accuracy.
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Figure 1. Recommended setup for measuring PFM-mode efficiency图 1 PFM模式效率测量的建议装置

引言

尽管几乎每一名电源工程师都清楚地知道和理解效率

测量的实验室装置，但在通过超低静态电流 (IQ) 测量

某个器件的效率时，还是有许多我们必须考虑到的重

要细节。对于一个消耗电流小于1µA的器件来说，电

路的电流非常小，很难测量到。这些测量可能相当于

计算得到的轻载效率，其远低于各种产品说明书的标

称值，同时也低于在实际应用中所看到的情况。本文

将回顾效率测量的基础，讨论超低IQ器件轻负载效率

测量过程中常见的一些错误，并说明如何克服这些错

误，从而顺利地获得精确的效率测量结果。

效率测量基础

参考文献1详细说明了通过节能或者脉冲频率调制 
(PFM) 模式精确测量某个器件的效率的最理想装置。

该参考为本文涉及的话题提供了一个很好的基础，读

者应首先阅读。一般而言，特别是在本文中，效率的

定义如下：

超低IQ器件的精确效率测量
作者：Chris Glaser，德州仪器 (TI) 应用工程师

下面总结了参考文献1中的两个重点。第一点是，所

有节能模式都会从输入电源吸取相对较大的电流脉

冲。这些电流脉冲是来自输入的AC电流。始终工作在

连续导电或者脉宽调制 (PWM) 模式下的器件从输入

电源吸取DC电流。与PWM模式下吸取的DC电流不

同，节能模式的电流脉冲在输入电流计中形成一个错

误RMS电流读取值。因此，在节能模式下测量效率的

正确测试装置包括输入电流计之后的充足输入电容，

目的是消除PFM模式吸取的AC电流，最终给电流计呈

现DC电流。

参考文献1中的第二个重点是，伏特计相对于电流计

的放置问题。在效率计算过程中，严禁把电流计的

压降包括在内，这一点在PFM和PWM模式下都至关

重要。因此，每个伏特计都应连接至PCB的输入和输

出电压（理想情况下，在大多数评估组件的S+/S–头
上）。这样便可使输入电流计远离该电路，让输出电

流计成为负载的一部分。图1显示了这种布局方法以

及建议的测量装置，以对PFM模式效率进行最为精确

的测量。
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Setup issues in measuring efficiency of an 
ultralow-IQ device
Devices with an ultralow IQ have special considerations for 
their efficiency-measurement setup. For simplicity, ultralow 
IQ can be approximated as less than roughly 10 µA of IQ. 
Below this level, the input current drawn by one or both 
voltmeters, as well as the leakage current of the additional 
input capacitor, can substantially affect the measured input 
current and thus the calculated light-load efficiency. Note 
that if higher-leakage equipment is used, these concerns 
also would be relevant for higher-IQ devices. Reference 2 
explains IQ in detail.

Input resistance of the input voltmeter
In the test setup in Figure 1, the two voltmeters have 
some finite input resistance. For example, the standard 
handheld, battery-powered Fluke digital multimeter 
(DMM) has an input resistance of around 10 MΩ. While 
this certainly seems very large and unlikely to affect the 
efficiency measurement, calculating how much current it 
draws when it measures a very common 3.6-V input volt-
age can be revealing. In this case, when 3.6 V is applied to 
the DMM’s terminals (across its resistance), 0.36 µA of 
current flows into the meter. This is effectively 360 nA of 
leakage current that is drawn directly from the input volt-
age applied to the device and flows through the input- 
current meter. Just attaching the input voltmeter to the 
circuit increases the input current by 360 nA. If the mea-
sured device has a 20-µA IQ, then this 360 nA is less than 
2% of the input current and is not very significant. But, if 
a step-down converter like the Texas Instruments (TI) 
TPS62740 with its 360-nA IQ is being tested, then this 
extra current drawn by the voltmeter could be up to half 
of the input current. This results in quite a large differ-
ence in efficiency.

Extra load current through the output voltmeter
A voltmeter connected on the output behaves in the same 
way. It draws some extra (leakage) current not measured 
as part of the load’s current. This leakage current is not 
included in the numerator in the efficiency calculation. 
The output voltmeter creates an extra load, which draws 
an extra (and measured) input current. With this extra 
unmeasured load current creating an increased input  
current, the measured efficiency is lower than the actual 
efficiency.

High leakage current of the extra input capacitor
Finally, the additional input capacitor used to smooth out 
the input current might have a sufficiently high leakage to 
draw substantial current from the input. For example, 

some high-capacitance capacitors have maximum leakage 
currents in the hundreds of microamperes. This leakage 
may change over time, so it should be checked before any 
efficiency testing. This extra current, if too high, is sure to 
throw off the efficiency calculations.

Solutions to measurement-setup issues
There are easy solutions to the three measurement-setup 
issues just described. The most important point, however, 
is simply to be aware that the setup used to take efficiency 
data can cause inaccuracies in the efficiency data collected. 
This is especially true at light loads, where the currents 
are very small and difficult to measure.

Overcoming the effects of the input voltmeter’s  
input resistance
There are three methods of accounting for current leakage 
through the input voltmeter: (1) disconnecting the volt-
meter, (2) connecting it in a different location, or (3)  
compensating for the current into it. The first and simplest 
method is to record the input voltage with the voltmeter 
connected as usual and then disconnect the voltmeter from 
the input terminals before recording the input current. This 
accurately measures the input voltage without increasing 
the input current. Minimal measurement inac cu racy is 
introduced by this method. What is not advisable is to 
read the input voltage from the display on the input supply 
(which typically is not calibrated) and use this value for 
the efficiency calculations. Rather, a high-quality, high- 
resolution voltmeter should be used to measure the input 
voltage at the EVM. This overcomes small voltage drops in 
wires and cabling between the input supply and the EVM.

The second method of accounting for the leakage current 
is to connect the input voltmeter in a different location. 
Specifically, the voltmeter’s positive lead can be connected 
to the input-current meter’s positive side, while the volt-
meter’s ground lead remains connected to the same loca-
tion as before (the S– header on the EVM). In this way, 
the input voltmeter does not draw any measured current 
and so does not affect the calculated efficiency. The down-
side of this method is that the voltage drop across the 
input-current meter is not accounted for. At very light 
loads, however, such a drop is usually insignificant. To 
minimize this inaccuracy at heavier loads, the input volt-
meter can be moved to its original location (after the 
input-current meter) once the measured input current is 
about 100 times greater than the leakage current into the 
voltmeter. This allows for a simple setup where the input 
voltmeter remains connected throughout testing and inac-
curate measurement is minimized.

超低IQ器件效率测量的装置问题

超低IQ器件应特别考虑其效率测量装置。为了简单起

见，超低IQ可取近似值为约10 µA以下。低于这一水平

时，一个或者两个伏特计吸取的输入电流以及附加输

入电容的漏电流，会明显影响所测得的输入电流，从

而影响计算得到的轻负载效率。请注意，如果使用更

高漏电流的设备，则这些问题还会关系到更高IQ的器

件。参考文献2详细说明了IQ。

输入伏特计的输入电阻

在图1所示测试装置中，两个伏特计都有一些有限输

入电阻。例如，标准手持式电池供电型弗卢克 (Fluke) 
数字万用表（DMM）具有约10MΩ的输入电阻。尽

管这看似非常大，并且似乎不可能影响效率测量，但

在对一个非常常见的3.6V输入电压进行测量时计算

它吸取的电流大小后，我们便可知道答案。在这种

情况下，当对DMM终端（电阻）施加3.6V电压时，

0.36µA电流流入该表。它是360 nA的漏电流，其直接

从运用于器件的输入电压吸取，并流经输入电流计。

把输入伏特计连接该电路，可增加输入电流360nA。

如果受测器件的IQ为20-µA，则这个360 nA小于2%输

入电流，不是非常明显。但是，如果测试的是360-nA 
IQ降压转换器（例如：TI TPS62740等），则伏特计

吸取的该额外电流会高达输入电流的一半。这会导致

非常大的效率测量差异。

输出伏特计的额外负载电流

在输出端连接的伏特计具有相同的表现。它吸取一些

未测作负载电流的额外（漏）电流。在效率计算过程

中，该漏电流并未包括在分数分子中。输出伏特计构

成一个额外负载，吸取额外（以及受测）输入电流。

由于这种额外未测负载电流形成高输入电流，因此测

得效率低于实际效率。

额外输入电容的高漏电流

最后，用于消除输入电流的附加输入电容，可能会有

足够高的漏电流，从而从输入吸取大量的电流。例

如，一些高电容电容的最大漏电流达到数百微安级

别。这种漏电流可能承时间而变化，因此在进行任何

效率测试以前都应对其进行检查。如果过高，这种额

外电流肯定会干扰效率计算。

测量装置问题的解决方案

上述3个测量装置问题，都有一些简单的解决方案。

但是，最重要的一点是，知道用于获得效率数据的装

置反而会引起效率数据的不准确。在轻负载状态下更

是如此，因为其电流非常小，很难测量。

克服输入伏特计输入电阻效应

处理输入伏特计电流泄露问题的方法有3种：（1）断

开伏特计；（2）在不同位置连接它；（3）对流入它

的电流进行补偿。第一种也是最简单的方法是，正常

连接伏特计，并通过它记录下输入电压，然后在记录

输入电流以前将其与输入端断开。这样，便可以在不

增加输入电流的情况下，准确地测量输入电压。这种

方法使用了最小测量误差。从输入电源显示器（通常

未经过校准）读取输入电压，然后把读取的值用于效

率计算，这种方法并不可取。相反，我们应该使用一

种高质量、高精度的伏特计来测量EVM的输入电压。

这样做可以克服输入电源和EVM之间线路和连接的小

压降。

解决漏电流问题的第二种方法是，在不同位置连接输

入伏特计。特别是，伏特计的正极引线可连接至输入

电流计的正极端，同时伏特计的接地引线仍然与之前

一样连接至相同位置（EVM上的S-头）。使用这种

方法，输入伏特计不吸取任何受测电流，因此也就不

影响效率计算。这种方法的缺点是，没有考虑到输入
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The third method of accounting for the leakage current 
into the input voltmeter is to measure the current through 
it with an additional current meter (Figure 2). The current 
through this new current meter is subtracted from the mea-
sured input current. The result is used to compute the 
efficiency. This is the most accurate way of accounting for 
the leakage current into the input voltmeter. The computed 
efficiency is highly accurate because the input voltmeter 
remains connected where it should be throughout the 
entire testing. Furthermore, assuming that the input volt-
age is not varied considerably throughout testing, the leak-
age current also remains fairly constant. This fact allows 
for a single measurement of the leakage current to be 
made at a given input voltage and for this value to be used 
for all data points in the efficiency testing. In other words, 
it is not necessary to record the data of this extra multi-
meter for all measurement points.

Overcoming the extra load current through the  
output voltmeter
The leakage current into the output voltmeter can be 
accounted for in the same three ways as for the input volt-
meter. The first method (disconnecting the output volt-
meter) can be used in exactly the same way—connecting 
the voltmeter as usual, reading the output voltage, then 
disconnecting it and reading the input current. The sec-
ond method (connecting the voltmeter in a different loca-
tion) is slightly different for the output voltage. In this 
method, the output voltmeter should be connected after 
the output current meter so that its current sums with the 
load’s current to give the total output current. Once the 
load current is about 100 times greater than the leakage 

current into the output voltmeter, the voltmeter can be 
moved back to its usual location on the S+/S– header. The 
third method (compensating for the current drawn by the 
voltmeter) can be used in the same way as for the input 
voltmeter. Note that for this method the load current used 
to graph the efficiency data should be the sum of the cur-
rent into the load and the leakage current into the output 
voltmeter. Not accounting for this may slightly shift the 
efficiency graph on the load-current axis.

Of course, the best way to eliminate errors from leakage 
currents into the voltmeters is to use voltmeters with 
extremely low leakage currents. For example, the effi-
ciency data in the TPS62740 datasheet3 was taken with 
Agilent 34410A multimeters. Their 10-GΩ input-resistance 
setting was used for the voltage measurements, producing 
a negligible amount of leakage current with no effect on 
the calculated efficiency.

Minimizing leakage current from the extra input capacitor
Finally, the leakage of the input capacitor is best mitigated 
by choosing a proper bulk input capacitor. X5R or X7R 
dielectric ceramic capacitors and their inherent low-leakage 
currents are recommended for measuring ultralow-power 
efficiency, as the ceramic technology used in these capaci-
tors produces the lowest leakage currents. If the voltage is 
too high for a ceramic capacitor, then a low-leakage- 
current polymer or tantalum capacitor should be used. It 
is important to consult the datasheet of the chosen capaci-
tor to determine if its leakage might cause measurement 
errors. It is also important to measure the leakage current 
of the exact capacitor used in the efficiency testing.
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Figure 2. Efficiency-measurement setup to compensate for leakage into the input voltmeter

电流计的压降。但是，在非常轻的负载状态下，这种

压降通常并不明显。为了最小化更大负载下出现的这

种误差，一旦受测输入电流是伏特计漏电流的约100
倍时，我们便可以把输入伏特计移至其初始位置（在

输入电流计之后）。这样便可实现一种简单的测量装

置，在整个测试过程中，其输入伏特计保持连接，并

且误差测量得到最小化。

处理输入伏特计漏电流的第三种方法是，使用一个附

加电流计测量流经它的电流（请参见图2）。用测得

输入电流减去流经这个新加电流计的电流。所得结果

用于计算效率。这是处理输入伏特计漏电流的最准确

方法。计算得到的效率高度准确，因为输入伏特计仍

然保持连接（应贯穿整个测试过程）。另外，假设在

整个测试过程，输入电压未明显变化，则漏电流也保

持非常恒定。这样，便可在给定输入电压情况下进行

单次漏电流测量，并且该值可用于效率测试的所有数

据点。换句话说，无需为所有测量点都记录该附加万

用表的数据。

克服输出伏特计的额外负载电流

使用与输入伏特计相同的这三种方法，也可以处理输

出伏特计的漏电流问题。第一种方法（断开输出伏特

计）的使用完全相同—正常连接伏特计，读取输出电

压，然后断开它，并读取输入电流。第二种方法（在

不同位置连接伏特计）对于输出电压稍有不同。使用

这种方法时，输出伏特计应在输出电流计之后连接，

这样它的电流加上负载电流，便是总输出电流。一

旦负载电流是输出伏特计漏电流的约100倍，则可把

伏特计移回其位于S+/S–头的正常位置。第三种方法

（对伏特计吸取电流进行补偿）的使用与输入伏特计

相同。注意，使用这种方法时，用于绘制效率数据图

的负载电流应为负载的电流与输出伏特计漏电流之

和。如若不考虑这一点，负载电流轴上的效率曲线图

可能会稍有偏差。

当然，消除伏特计漏电流所带来误差的最佳方法是

使用漏电流极低的伏特计。例如，TPS62740产品说

图 2 输入伏特计漏电流补偿的效率测量装置
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Test results of efficiency-measurement setups
Figure 3 compares the measured efficiency of several dif-
ferent test setups that used the TPS62740EVM-186 evalu-
ation module.4 A proper test setup with a 100-µF ceramic 
bulk input capacitor was used, with compensation for the 
leakage current into the input and output voltmeters. This 
bulk input capacitance was sufficient to produce accurate 
results, as was evidenced by a DC input current. If longer 
wires from the input supply with their larger impedance 
had been used instead, the input-current shape might have 
changed to be more sinusoidal. This would have produced 
an inaccurate input-current reading and shows that more 
bulk input capacitance would have been required for an 
accurate measurement.

Figure 3 also shows the test results of three improper 
test setups: the input voltmeter’s leakage not accounted for, 
the output voltmeter’s leakage not accounted for, and an 
extra input capacitor with about 5 µA of leakage. For the 
three improper test setups, the wrong configurations build 
on one another; they are additive. The wrong connection 
of input voltmeter used the correct input capacitor as well 
as the correct output voltmeter. The wrong connection of 
input and output voltmeters used the correct input capaci-
tor. The setup using the leaky input capacitor also used 
the wrong connection for the input and output voltmeters. 
As expected, less accurate efficiency measurements were 
obtained with worse test setups.

100

90

80

70

60

50

40

30

20

10

0

0.001 0.01 0.1 1 10 100

Load Current (mA)

E
ff

ic
ie

n
c

y
 (

%
)

Good Setup

Wrong Connection
of Input Voltmeter

Wrong Connection
of Input and Output
Voltmeters

Added C and
Wrong Connection
of Input and Output
Voltmeters

IN

Figure 3. Efficiency comparison of different test setups

Other considerations in measuring efficiency
With an understanding of the impact that measurement 
setups have on measuring an ultralow-IQ device’s efficiency, 
there are two final considerations that deserve a mention: 
the remote-sense lines on the input supply, and the use of 
external or internal feedback resistors. Though less com-
monly seen, each of these has an impact on efficiency.

An input-power supply with remote-sense capability is 
sometimes used in efficiency-measurement test setups to 
provide a regulated input voltage as the load and voltage 
drop across the input-current meter change. However, just 
like the input voltmeter, these remote-sense lines draw 
current. In many instances, this current is relatively 
large—sometimes in the hundreds of microamperes. 
Needless to say, such high currents drawn by the test 
setup certainly affect the calculated efficiency and pro-
duce erroneous results. Therefore, for best results, the 
remote-sense lines of the input supply should be con-
nected before, not after, the input-current meter.

A final consideration in measuring the efficiency of 
ultralow-IQ devices is whether to use external or internal 
feedback resistors to set the output voltage. Most power 
supplies use two external resistors between the output 
voltage, FB pin, and ground to set the output voltage. This 
gives the user full flexibility to set the output voltage at any 
desired point. However, with external resistors and the 
highly sensitive external FB pin come more susceptibility 

明书中的效率数据便是使用安捷伦公司（Agilent）

34410A万用表测量获得，其10-GΩ输入电阻设置用于

电压测量，它产生的漏电流可以忽略不计，不会影响

效率计算。

额外输入电容漏电流的最小化

最后，通过选择正确的降压输入电容，输入电容的漏

电流问题可得到最大的缓解。X5R或者X7R介电陶瓷

电容及其固有的低漏电流特性，适于测量超低功率效

率，因为这些电容中使用的陶瓷技术带来最低的漏电

流。如果电压对于陶瓷电容过高，则应使用低漏电流

聚合物或者钽电容。查看所选电容的产品说明书，以

确定其漏电流是否会引起测量误差，这一点很重要。

另外，对效率测试中使用的实际电容的漏电流进行测

量也很重要。

效率测量装置的测试结果

图3比较了使用TPS62740EVM-186评估模块的几种不

同测试装置的测得效率。我们使用了一个100-µF陶瓷

降压输入电容的正确测试装置，并对进入输入和输出

伏特计的漏电流进行补偿。该降压输入电容足以产生

准确的结果，正如DC输入电流所证明的那样。如果使

用阻抗更大、更长的输入电源连线，则输入电流形状

可能会变得更为正弦。这会产生不准确的输入电流读

取值，显示需要更多大容量输入电容才能实现准确的

测量。

图3还显示了三种错误测试装置的测试结果：未考虑

输入伏特计漏电流；未考虑输出伏特计漏电流；使用

约5 µA漏电流的附加输入电容。就这三种错误测试装

置而言，错误结构相互叠加，它们累加在一起。输入

伏特计的错误连接使用正确的输入电容和正确的输出

伏特计。输入和输出伏特计的错误连接使用正确的输

入电容。使用大漏电流输入电容的装置 还把错误的连

接用于输入和输出伏特计。正如我们预计的那样，使

用这些最为糟糕的测试装置，得到的效率测量结果肯

定也不准确。

效率测量的其他考虑事项

理解测量装置对超低 I Q器件效率测量产生的影响以

后，最后还有两个方面需要考虑：输入电源的遥测线

路；外部或者内部反馈电阻器的使用。尽管并不常

见，但它们都会影响效率。

具有遥测功能的输入电源有时用于效率测量测试装

置，目的是在输入电流计的负载和压降变化时，提供

一个经过稳压的输入电压。但是，正如输入伏特计，

图 3 不同测试装置的效率比较
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to noise. Any external noise seen at the FB pin is gained 
up, resulting in an incorrect output voltage. To avoid this, 
the two feedback resistors typically should have between 
1 and 10 µA of current flowing in them to keep them robust 
against external noise sources. Since this current is not 
flowing to the load, it should be considered a loss that 
results in decreased efficiency.

To keep efficiency high, the FB pin and two resistors 
should be located inside the power supply to remove them 
from the variable and noisy external environment. In this 
way, a large resistance with minimal current flow is used 
for the feedback resistors, and efficiency is not significantly 
lowered. While internal feedback resistors fix the output 
voltage inside the power supply and prevent the user from 
having every possible output voltage available, a step-down 
converter like the TPS62740 overcomes this limitation. It 
has four digital input pins that allow the user to choose 
from among the most common output voltages ranging 
from 1.8 V to 3.3 V. As well, many other TI TPS62xxx 
devices internally set the output voltage to be either com-
pletely fixed (as in the TPS62091) or adjustable via I2C 
(as in the TPS62360). These low-IQ devices are preferred 
because they do not lower the efficiency with external 
resistors but still allow sufficient user configurability.

Conclusion
Accurately measuring the efficiency of ultralow-IQ devices 
is difficult because the currents in the circuit are very 
small. The basic efficiency-measurement test setup must 
be slightly altered to achieve accurate measurement 

results that reflect the capability of the real circuit in the 
final application. Accounting for and/or eliminating the 
various leakage currents in the measurement equipment is 
the key to an accurate measurement.
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这些遥测线路会吸取电流。在许多情况下，这种电流

相对较大—有时达到数百微安。无需赘言，测试装置

吸取如此高的电流肯定会影响效率计算结果，从而得

到错误的结果。因此，为了获得最佳结果，应在输入

电流计“之前”（而非之后）连接输入电源的遥测线

路。

在超低IQ器件效率测量过程中，需要考虑的最后一点

是，使用外部还是内部反馈电阻器来设置输出电压。

大多数电源都在输出电压（FB引脚）和接地之间使用

两个外部电阻器来设置输出电压。这样便赋予用户完

全的灵活性，让其可以把输出电压设置在任何希望的

点。但是，使用外部电阻器和高敏感外部FB引脚，让

其更容易受到噪声的影响。FB引脚处的所有外部噪声

都获得了增益，从而带来错误的输出电压。为了避免

出现这种情况，一般应有1 µA和10 µA之间的电流流

入这两个反馈电阻器，以保持它们对于外部噪声源的

稳健性。由于该电流未流至负载，因此应把它看作是

一种带来效率降低的损耗。

为了保持高效率，FB引脚和两个电阻器应位于电源

内部，以让其远离变化、高噪声的外部环境。利用这

种方法，一种电流最小的大电阻用于反馈电阻器，所

以效率没有明显降低。尽管内部反馈电阻器设置电源

内部的输出电压，并防止用户对所有输出电压进行设

置，但是如TPS62740等降压转换器克服了这种局限

性。它拥有四个数字输入引脚，让用户能够从最为常

见的输出电压范围（1.8V到3.3V）进行选择。同样，

许多其他TI TPS62xxx器件使用内部方式设置输出电压

为完全固定（与TPS62091一样），或者可通过I2C稳

压（与TPS62360一样）。这些低IQ器件是首选，因为

它们不使用外部电阻器，不会降低效率，但仍然允许

充分的用户可结构性。

结论

准确测量超低IQ器件的效率很难，因为电路的电流非

常小。必须对基本效率测量测试装置进行稍微改动，

以获得准确的测量结果，以便能够反映最终应用中真

实电路的性能。考虑及（或）消除测量设备中的各种

漏电流是实现准确测量的关键。
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