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Designing a negative boost converter from 
a standard positive buck converter

Introduction
There are very few options for the designer when it comes 
to creating negative voltage rails in point-of-load applica-
tions. Integrated devices that are specifically designed for 
this are uncommon, and other available options typically 
have significant drawbacks, such as being too large, noisy, 
inefficient, etc. If a negative voltage is available, it is 
advantageous to use that as the input for the converter. 
This article describes a method using a standard positive 
buck converter to form a negative boost converter, which 
takes an existing negative voltage and creates an output 
voltage with a larger (more negative) amplitude. Using a 
boost regulator results in a smaller, more efficient, and 
more cost-effective design. A complete design example 
using an integrated FET buck converter is provided here. 
The basic theory of operation, high-level design trade-offs, 
and closed-loop compensation design of the resulting con-
verter are discussed.

Negative boost topology
Implementing a negative boost converter takes advantage 
of some parallels between the power design and control of 
a positive buck converter and a negative boost converter. 
Figure 1 depicts the basic operation of a positive buck  
regulator. The buck consists of a half bridge that chops  
VIN and a filter to extract the DC component. The filtered 
output voltage is regulated by varying the duty cycle (D) 
of the upper FET. When VOUT is too low, the control loop 
reacts by causing D to increase. When VOUT is too high, D 
is decreased. The buck input current is discontinuous (has 
a higher RMS current), and the output current is continu-
ous and equal to the inductor current waveform. The 
 current flow through the inductor is positive, flowing away 
from the half bridge.

Figure 2 depicts the negative boost topology in which a 
more negative voltage is generated from an existing nega-
tive voltage. During D, the inductor current is increased, 
storing energy (dI = –VIN × D × T/L). During 1 – D, the 
energy is transferred to the output. When the upper FET 
is turned off and the lower FET is turned on, the inductor 
current flows into the output, supporting the load as the 
inductor current decreases. From Figures 1 and 2 it can 
be seen that the negative boost regulator resembles the 
positive buck regulator, except that it is level shifted 

below ground. Also, VIN and VOUT are transposed. Notice 
these common features:

• The upper FET is the controlled switch.

• The inductor current flows in the same direction 
through the inductor (away from the half bridge).

• Increasing VOUT results from increasing D.
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利用标准正降压转换器设计负升压转换器
作者：Mark Pieper，德州仪器 (TI) 模拟现场应用

引言

当谈到在负载点应用中构建负电压轨时，设计人员有

许多方法可供选择。专门为此而设计的集成器件并不

常见，并且其它现成的方法一般都有明显的缺点，例

如：体积过大、噪声过高、效率太低等。如果有负电

压，则可以把它用作转换器的输入。本文为你介绍一

种利用标准正降压转换器构建负升压转换器的方法，

其利用一个现有的负电压，创建一个大（大负值）振

幅的输出电压。使用升压稳压器，实现一种更小型、

高效和更具性价比的设计。我们在这里为你呈现一个

使用集成FET降压转换器的完整设计举例。文章讨论了

基本工作原理、高级设计权衡方法以及所产生转换器

的闭环补偿设计。

负升压拓扑

负升压转换器的实现，利用了正降压转换器与负升压

转换器电源设计和控制之间存在的一些相似之处。图1
描述了正降压稳压器的基本工作原理。降压转换器由

一个对VIN削波的半桥和一个提取DC组件的滤波器组

成。通过改变上层FET的占空比（D），对经过滤波的

输出电压进行调节。当VOUT过低时，控制环路通过增

加D来做出反应。当VOUT过高时，D降低。降压输入电

流为非连续（具有更强的RMS电流），而输出电流连

续，并且等于电感电流波形。电感的电流为正，其从

半桥流出。

图2显示了负升压拓扑。在这种拓扑中，一个更大的负

电压产生自现有负电压。在D期间，电感电流增加，对

能量进行存储（dI = –VIN × D × T/L）。在1-D期间，

能量转移至输出。当上层FET关闭并且下层FET开启

时，电感电流流入输出，从而在电感电流下降时为负

载提供支持。由图1和图2，我们可以看到，负升压稳

压器与正降压稳压器完全相同，只是电平偏移至接地

电压以下。另外，VIN和VOUT被颠倒。请注意下列共同

特点：

•  上层FET为受控开关。

•  电感电流以相同方向流过电感（流出半桥）。

•  D增加，VOUT增加。

图1 简化正同步降压稳压器

图2 简化负同步升压稳压器
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The significance of these similarities is that the negative 
boost converter can be constructed by using a readily 
available positive buck converter. One difference in opera-
tion is that the boost converter has a discontinuous output 
current and a continuous input current, the opposite of 
the buck converter.

Converter selection
There are three additional things that need to be consid-
ered when selecting a converter:

1. The converter should have external compensation to 
accommodate the different control algorithm associated 
with the boost converter, which will be discussed later.

2. The converter is processing current equal to the input 
current, not the load current, so the current rating and 
current limit need to be sized accordingly. For instance, 
neglecting the effects of efficiency (h), a 12-W, –6-V to 
–12-V boost converter has an output current of 1 A  
(12 W) and an input current of 2 A (12 W). A converter 
with a current rating greater than 2 A is required for 
this design. The output-current rating of the converter 
selected must be greater than that in Equation 1:

 

OUT
RATING

IN(min)

P
I .

V
=

η
 (1)

3. The converter’s VDD is biased by –VOUT. When the con-
verter is first powered on, VOUT equals VIN, and VOUT is 
increased until it is in regulation. Therefore, the control-
ler specification should allow the converter to start with 
VDD = |–VIN|, and the converter should be rated to oper-
ate with VDD = |–VOUT|. For instance, a design that con-
verts a –6-V input to a –12-V output requires the con-
troller to start with VDD = 6 V and to continue running 
after start-up with VDD = 12 V. This can be a problem 
when the negative input is a low voltage. A solution is to 
use a converter that has a VDD separate from the power 
supply’s VIN. Figure 3 shows a negative boost regulator 
designed to convert –2.0 V to –2.2 V by using the 
TPS54020 from Texas Instruments (TI). Although this 
is a relatively low-voltage regulator, the principle is the 
same for any –VIN and –VOUT as long as the converter 
specifications support the voltages. Notice that the 
power to U1, pin VIN, is separate from the power 
ground to pin PVIN, allowing low-voltage operation.

As previously mentioned and defined in Equation 1, the 
current rating of the converter is driven by input current. 
Therefore, the power dissipation in the converter is 
dependent on input current.
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Figure 3. Complete schematic of the example negative boost regulator

这些共同点的重要性在于，可利用现有正降压转换器

构建负升压转换器。两者工作的一个差别是，升压转

换器有非连续输出电流和连续输入电流，而降压转换

器则相反。

转换器选择

在选择某个转换器时，还有三件事情需要考虑：

转换器应具有外部补偿，以适应与升压转换器相关的

不同控制算法，我们将在后面讨论。

转换器处理与输入电流相等的电流，而非负载电流，

因此需相应地调整额定电流和电流限制。例如，效率

影响（η）忽略不计时，一个12W、-6V到-12V的升压

转换器具有1A（12W）的输出电流和2A（12W）的

输入电流。这种设计要求使用额定电流大于2A的转换

器。所选转换器的额定输出电流必须大于方程式1的结

果：

3、转换器的VDD被-VOUT偏置。当转换器首次上电时，

VOUT等于VIN，而VOUT在进入调节以前会一直上升。因

此，控制器规格应允许转换器以VDD = |–VIN|启动，而

转换器工作额定值应为VDD = |–VOUT|。例如，把-6V输
入转换为-12V输出的设计要求控制器以VDD=6V启动，

并在VDD=12V启动以后继续运行。当负输入为低电压

时，这就存在问题。一种解决方案是，使用一个具有

隔离于电源VIN的VDD的转换器。图3显示了利用德州仪

器（TI）TPS54020把-2.0V转换为-2.2V的负升压稳压

器。尽管它是一种相对低压稳压器，但是，只要转换

器规格支持这些电压，所有-VIN和-VOUT的原理都相同。

注意，U1即引脚VIN的电源与引脚PVIN的电源接地分

开，从而实现低压运行。如前所述，并参见方程式1，
转换器的额定电流由输入电流驱动。因此，转换器的

功耗取决于输入电流。

图3 举例负升压稳压器完整原理图
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The efficiency of the negative boost regula-
tor (hBOOST) is related to that of the positive 
buck regulator (hBUCK) but is slightly lower. 
Figure 4 and Equation 2 show the relationship 
of the two efficiencies, which are about equal 
when the specified hBUCK is above 90%:

 

BUCK
BOOST

BUCK

2 1η −
η = η  (2)

Component selection
The inductor can be chosen by using the same 
criteria as defined in the buck converter’s data-
sheet. The boost converter’s input and output 
capacitors should be chosen based on ripple 
voltages required by the application, keeping in 
mind that the output capacitor must be rated 
for the higher RMS current.

Control theory
Boost converters have a different, more com-
plicated transfer function than buck converters. 
As with buck converters, the transfer function 
is different between voltage-mode control and current-
mode control. This analysis uses a current-mode- 
controlled boost converter based on the TPS54020, a  
current-mode device. The Bode-plot method  is used to 
evaluate the stability of this control-loop design. Points of 
interest for stability are the phase when the open-loop 
gain crosses unity, and the gain when the phase crosses 
–180°. The open-loop gain is equal to the forward transfer 
function multiplied by the control transfer function, 
including all gains around the control loop.

The current-mode power stage (“plant” in control jargon) 
has the forward transfer function given in Equation 3:1
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where s is the complex Laplace variable and He(s) repre-
sents the higher-frequency dynamics. The continuous 
boost has two salient control features. First, the plant is a 
single-pole system, owing to the effect of current-mode 
control. Second, there is a right-half-plane zero (RHPZ).1, 2 
The RHPZ, plant pole, and COUT equivalent-series-
resistance (ESR) zero frequencies are described respec-
tively by the following equations:
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The RHPZ requires that the unity-gain bandwidth of the 
loop be less than the minimum RHPZ frequency, usually by 
a factor of 5 to 10. If lower bandwidth is desired, the RHPZ 
can be ignored, and so can He(s) in Equation 3. This design 
uses ceramic output capacitors, so the ESR zero also can 
be ignored. Now the control equations simplify to
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Equations 3 and 5 are modified, using gM (the compensa-
tion to output-current gain in A/V) instead of RSENSE, with 
gM = 1/RSENSE.

Designing a negative boost regulator
It has been established that the forward transfer func- 
tion simplifies to a single-pole system as described by 
Equa tion 5. A real control-loop example can be based on  
a design using TI’s TPS54020EVM082, with VIN = –2.0 V, 
VOUT = –3.0 V, and IOUT = 6 A. This electrical design can 
be reconfigured as a negative boost regulator consistent 
with the circuit in Figure 3, using many of the same com-
ponents as in the EVM design. The terms “input” and 
“output” from here on refer to the boost mode input and 
output. Equation 4 can be used to calculate the minimum 
RHPZ as 32 kHz. The goal of the control-loop design is to 
have a unity-gain crossover at 1.0 kHz, so the effects of 
both the ESR zero and the RHPZ can be ignored.
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Figure 4. Efficiency of negative boost regulator图4 负升压稳压器的效率
负升压稳压器（ηBOOST）的效率与正降压

稳压器（ηBUCK）的效率有关，但要稍低一

点。图4和方程式2显示了这两种效率的关

系，当规定ηBUCK约为90%时两者差不多

相等：

组件选择

我们可以按照降压转换器产品说明书规定的

相同标准来选择电感。应根据应用要求的纹

波电压来选择升压转换器的输入和输出电容

器，并时刻记住，输出电容器额定值必须适

应更高的RMS电流。

控制理论

相比降压转换器，升压转换器具有一种不同
的、更复杂的传输函数。与降压转换器一样，电压模

式控制和电流模式控制之间的传输函数不同。本分析

使用一个基于TPS54020（一种电流模式器件）的电流

模式控制升压转换器。波特图方法用于评估这种控制

环路设计的稳定性。稳定性相关点为开环增益穿过统

一性的相位，以及相位穿过- 180°时的增益。开环增

益等于正向传输函数乘以控制传输函数，包括控制环

路周围的所有增益。

电流模式功率级（控制术语叫“车间”）具有方程式3
所示正向传输函数：1

其中，s为复形拉普拉斯变量，He（s）代表高频动

态。连续升压具有两个突出控制功能。首先，“车

间”是一个单极系统，原因是电流模式控制影响。其

次，有一个右半层零点（RHPZ）。1,2RHPZ、“车

间”极和COUT等效串联电阻（ESR）零点频率分别表示

为下列方程式：

RHPZ要求，环路整体增益带宽低于最小RHPZ频率，

通常为5到10倍。如果需要更低的带宽，则可忽略

RHPZ，并且方程式3中的He(s)也可忽略。这种设计使

用陶瓷输出电容器，因此ESR零点也可忽略。现在，

控制方程式可简化为：

方程式3和5经过修改，使用gM（A/V输出电流增益补

偿）而非RSENSE，并且gM=1/RSENSE。

负升压稳压器设计

经证明，正向传输函数简化为一个方程式5所示单极系

统。现实控制环路例子可基于使用TI TPS54020EVM082
的设计，VIN = –2.0 V，VOUT = –3.0 V，并且IOUT = 6 A。

这种电气设计可根据图3所示电路重新配置为一个负升

压稳压器，其使用许多与EVM设计相同的组件。从现

在起，后面的“输入”和“输出”均指升压模式输入

和输出。方程式4可用于计算32kHz的最小RHPZ。控

制环路设计的目标是有一个1.0kHz的整体增益交叉，

因此可以忽略ESR零点和RHPZ的影响。
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Table 1 contains some specific parameters and values. 
Equation 6 uses these values to describe the forward 
transfer function:

 

LOAD
PS

LOAD

R 5.70
G

s R
(s)

1
13889

×
=

×
+

 (6)

The Bode plot of GPS(s) is depicted in Figure 5 for four 
different load-resistance values. Note that the pole location 
and low-frequency gain are functions of load resistance. 
Also note that the gain slope does not vary after the pole 
(driven by COUT). Before the pole, the gain is dependent 
on the load, with the highest-frequency pole at 
the maximum load (minimum RLOAD). A 0.5-Ω 
load (ILOAD = 6.0 A) results in a pole at 4.4 kHz. 
It can also be seen that the RHPZ causes the 
gain to rise and the phase to fall, which makes 
compensation impossible and requires cross-
over to occur before the effect of the RHPZ 
becomes detrimental.

The plan for this design is to have unity gain 
in the open-loop transfer function at 1.0 kHz. 
The plant has a gain of approximately +9 dB at 
1.0 kHz. This forward transfer function can be 
compensated easily with an integrator followed 
by a zero at the highest GPS(s) pole frequency, 
and with an overall gain that results in about  
–9 dB at the desired crossover of 1.0 kHz  
(+9 dB + –9 dB = 0 dB). This compensation 
approximates a single-pole rolloff characteristic 
through crossover and results in sufficient  
phase margin.

Bode stability criteria
A closed-loop system with negative feedback 
has a transfer function as in Equation 7:

 

G(s)
Y(s) ,

1 G(s)H(s)
=

+
 (7)

where G(s) is the forward (plant) transfer func-
tion, H(s) is the negative feedback control, and 
G(s)H(s) is the open-loop transfer function. The 
Bode stability criteria state that Y(s) is rational 
except where G(s)H(s) = –1. In the latter case, 
Y(s) is infinite and unstable. Two things have to 
happen at the same time for instability to occur. 
First, |G(s)H(s)| must equal 1 (gain = 0 dB); 
second, the phase of G(s)H(s) must equal –180°, 
corresponding to –1. Bode plots, including both 
the phase margin and the gain margin, are used 
to evaluate how near to this condition a control 
design approaches. Phase margin is defined as 
the phase difference between G(s)H(s) and 
–180° when the gain equals 0 dB, and gain  
margin refers to the negative gain when the 
phase equals –180°. A phase margin greater 
than 45° is generally considered good in power-
supply design.

Table 1. Design values and TPS54020 datasheet3 parameters 
for negative boost regulator

PARAMETER COMMENTS

COUT = 144 µF

L = 1 .1 µH

gM = 17 A/V = 1/RSENSE gM from datasheet = ISWITCH/VCOMP

gEA = 0 .0013 A/V From datasheet

D = (VOUT – VIN)/VOUT = 0 .33

VREF = 0 .600 V From datasheet

R10 = 10 .0 kΩ; R7 = 40 .2 kΩ Feedback-divider gain = 0 .2 V/V
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表1列出了一些具体的参数和值。方程式6使用这些值

描述正向传输函数：

图5显示了4个不同负载电阻值的GPS（s）波特图。注

意，极点位置和低频增益为负载电阻的函数。另外，

还要注意，在极点以后增益斜率不再变化（C OUT驱

动）。在极点以前，增益依赖于负载，并且最大负载
（最小RLOAD）时出现最高频率极点。0.5Ω负

载（ILOAD=6.0A）带来4.4kHz极点。我们还

可以看到，RHPZ使增益上升而相位下降，从

而造成无法补偿，并要求在RHPZ影响变为不

利以前出现交叉。

这种设计的计划是，获得1.0kHz开环传输函

数的整体增益。1.0kHz下，“车间”具有约

+9 dB的增益。利用积分电路后面紧跟最高

GPS（s）极点频率零点，并且使用一个可

产生1.0kHz预期交叉-9 dB的整体增益（+9 
dB + –9 dB = 0 dB），可以轻松地对这种正

向传输函数进行补偿。这种补偿接近于通过

交叉的单极转降特性，并带来足够的相位余

量。

波特稳定性标准

负反馈闭环系统具有一个如方程式7所示传输

函数：

其中，G(s)为正向（“车间”）传输函数，

H(s)为负反馈控制，而G（s）H（s）为开环

传输函数。波特稳定性标准规定，除非G(s)
H(s)=-1，否则Y(s)有理。在后一种情况下，

Y(s)为无限且不稳定。如果出现不稳定，还必

须具备两个条件。首先，|G(s)H(s)|必须等于

1（增益=0dB）；其次，G(s)H(s)相位必须等

于–180°，相当于-1。包括相位余量和增益

余量在内的波特图，用于评估控制设计接近

这种条件的程度。当增益等于0 dB时，相位

余量被定义为G(s)H(s)和–180°之间的相位

差，同时当相位等于–180°时增益余量是指

负增益。在电源设计过程中，通常考虑45°
以上的相位余量。

图5 4个不同负载电阻的GPS（s）波特图

表1 负升压稳压器的设计值和TPS54020产品说明书参数
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Error-amplifier compensation
The error amplifier (EA) is depicted in Figure 6, and the 
circuit’s transfer function is described by

EA 10 15 1
EA

10 7 1 15 1 15
1

1 15

g R 1 1 C R s 1
G .

R R C C s C C
(s)

R s 1
C C

+
= × × ×

+ +
× +

+

 (8)

Note that the transfer function of the transconductance 
error amplifier includes the feedback-divider gain. If this 
was a voltage-feedback error amplifier, the divider would 
not be a gain term. Inspection of Equation 8 finds that 
GEA(s) has a pole at 0 Hz, a compensating zero at

1 15

1
f ,

2 R C
=

π

and a higher-frequency pole at

1 15
1

1 15

1
f .

C C
2 R

C C

=
 

π  + 

Note that if the zero and pole are separated by 
a decade or more, then C15 >> C1. The plan is 
to set the gain equal to –9 dB at 1.0 kHz, place 
the zero at the highest GPS(s) pole (4.4 kHz) to 
compensate the pole in the plant, and place the 
additional pole at some higher frequency.

Evaluating |GEA(s)| at f = 1.0 kHz and setting it 
equal to –9 dB yields C1 + C15 ≈ C15 = 0.117 µF. 
The nearest standard value of 0.10 µF is chosen. 
Given C15 and the desired zero location of 
4.4 kHz, R1 can be calculated as 360 Ω. The 
nearest standard value of 357 Ω is chosen. The 
higher-frequency pole is placed at 50 kHz. This 
is rather arbitrary, but this pole needs to be 
greater than 10 times the crossover frequency 
to ensure that it doesn’t degrade the loop-phase 
margin. Adding this high-frequency pole is desir-
able because it keeps the loop gain decreasing at 
higher frequency. C1 is calculated to be 0.01 µF. 
Figure 7 shows the Bode plot of the converter’s 
final compensated loop. The predicted and mea-
sured open-loop gain and phase match closely 
near the 1.0-kHz unity-gain crossover.

Test data
Figure 7 also includes the measured Bode plot 
of the power supply with a 0.5-Ω load. There is 
good correlation near the 1.0-kHz crossover. 
The predicted waveforms in Figure 7 also 
include the effects of the RHPZ. The gain and 
phase disturbance between 1.0 kHz and 10 kHz 
is thought to result from a nonlinear character-
istic in the controller and only begins to appear 
at load currents above 50%. Since this occurs 
above the crossover, it is inconsequential to the 
stability of the loop.

VREF

R7

R10

VOUT

gEA

Error
Amplifier

R1

C15

C1

Compensation

+

–

Figure 6. Error amplifier and compensation
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误差放大器补偿

图6显示了误差放大器（EA），该电路的传输函数描

述如下：

注意，跨导误差放大器的传输函数包括反馈分频器增

益。如果它是一个电压反馈误差放大器，则分频器不

会为一个增益项。查看方程式8我们发现，GEA(s)在

0Hz处有一个极点，即下面频率下的一个补偿零点：

高频极点频率为：

注意，如果零点和极点以10或者以上作为

间隔，则C15 >> C1。我们的计划是，让增

益等于1.0kHz时的 -9dB，把零点放置于最

高GPS（s）极点（4.4kHz），以补偿“车

间”极点，然后在更高频率下放置其它极

点。

评估f=1.0kHz的 |GEA(s)|，并设置其等于–9 
dB，得到C1 + C15≈C15 = 0.117 µF。我

们选择最接近标准值0 . 10  µ F。给定C 15
和4 . 4 k H z预期零点位置时，R 1可计算为

360Ω。我们选择最接近标准值357Ω。高频

极点放置在50kHz处。这种做法有些随意，

但是该极点需大于10倍交叉频率，以确保

它不会降低环路相位余量。需要添加该高频

极点是因为，它让环路增益在高频下不断下

降。经计算，C1为0.01 µF。图7显示了转换

器最终补偿环路的波特图。预计开环增益和

相位，与测量得开环增益和相位紧密匹配，

接近1.0kHz整体增益交叉。

测试数据

图7还包括了0.5Ω负载电源的测量得波特图。

在1.0kHz交叉附近，存在密切的相关性。图7
所示预计波形还包括了RHPZ效应。1.0kHz和

10kHz之间的增益和相位干扰被认为来自于控

制器的非线性特性，并且在50%以上负载电

流时开始出现。由于这种现象出现在交叉以

上，因此它对环路稳定性无关紧要。

图7 转换器最终补偿环路的波特图

图6 误差放大器与补偿
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Figure 8 shows the switching waveform with a 
load of 0.5 Ω (6 A). As expected, it looks identical to 
a buck converter’s switching waveform but is level 
shifted below ground, riding on the programmed 
VOUT of –3.0 V.

Additional considerations
Three additional points about this type of converter 
should be noted. First, the TPS54020 has a separate 
VIN and VDD. This enables power conversion from a 
low voltage (2 V in this case), which would not be 
possible with many other converters. Second, this 
negative-boost design concept is extendable to 
higher voltages and is limited only by the ratings of 
the converter selected. Third and most important, 
before the boost converter starts but after voltage is 
applied to the PVIN pin, any load current on the 
boost output is conducted through the body diode of 
the lower FET. Although the TPS54020 functions 
well, starting up even with a DC current, not all 
devices may perform in the same way. Therefore, it 
might be necessary to add a Schottky diode in paral-
lel with the lower internal FET to provide an exter-
nal path for this current.

Conclusion
This article demonstrates that a positive buck regulator 
can be used to implement a negative boost regulator and 
obtain good performance. The actual performance very 
closely matches the expected behavior, both in real-time 
measurements and in the Bode plot of the control loop.
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图8显示了0.5Ω（6A）负载的开关波形。正如我们

预计的那样，它看起来与降压转换器的开关波形完

全一致，但电平偏移至接地电压以下，具体取决

于-3.0V VOUT设置值。

其它考虑事项

关于这种转换器，我们还需要注意其它三个方面。

首先，TPS54020有单独的VIN和VDD。它实现了低

电压（此处为2V）功率转换，而这对于许多其它

转换器是不可能的。其次，这种负升压设计概念可

扩展至更高电压，其仅受限于所选择转换器的额定

值。最后且最重要的一点是，在升压转换器启动以

前但在电压施加于PVIN引脚以后，升压输出的任

何负载电流都通过低侧FET体二极管来传导。即使

以DC电流启动，TPS54020都能非常正常地工作，

但是并非所有器件都能够以这种相同的方式运行。

因此，我们有必要添加一个与低侧内部FET并联的

肖特基二极管，以为该电流提供一条外部通路。

结论

本文证明了正降压稳压器可用于实现负升压稳压器，并

获得良好的性能。在实时测量和控制环路波特图中，实

际性能都与我们预测的性能紧密匹配。
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