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Introduction
With mobile processors in wireless devices operating in 
the gigahertz range, there is increasing consumer demand 
for higher performance, longer battery life, smaller size, 
and lower cost. Therefore, the design of power manage-
ment circuits is becoming an increasingly complex issue. 
Low dropout regulators (LDOs) and switching regulators 
are indispensable components in portable systems with 
standalone regulators and power management units 
(PMUs). As high-speed and portable communications 
devices employ regulators that require faster response 
time, it is necessary to rigorously validate regulator perfor-
mance and merits in order to ensure reliable power 
management products. Key performance parameters 
include line transient, load transient, startup, load and line 
regulation, and several others. To have a complete analysis 
of these parameters, it is necessary to have state-of-the-
art tools for the hardware test platform and mature meth-
odology. These tools allow accurate and high sample rates 
for parameter characterization in addition to supporting 
automation techniques that speeds up testing and ensures 
repeatable results. 

Implementing high-edge-rate and reusable test 
apparatus 
For an accurate assessment of the key parameters of a 
regulator, it is necessary to generate steps in line voltage 
and load current that are fast with respect to the regula-
tor’s control-loop response time. Lab equipment and many 
commercial instruments that use operational amplifiers 
(op amps), passive components, and large driver chains 
can limit the rise and fall times of the stimulus signals with 
large excursions. To obtain high-speed edge rates for load 
transients (>> 1 A/µs) and line transients (>> 0.1 V/µs, 
with input caps), practically no off-the-shelf products are 
available. 

It is possible for a slow-transient stimulus to make a 
poor regulator look good. In response, incremental 
research and development (R&D) led to simpler designs 
that are low in parasitic L and C, which can be readily 
built and duplicated for use in design and application labs. 
Setting up a respectable test jig is half the solution. To 
achieve optimal response, the device under test (DUT) 
must be properly wired or socketed onto the printed 
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circuit board (PCB). Also important is proper selection of 
optimal ground and supply conduits, bypassing, charge 
reservoirs, and external support components. After all, it 
is the merits of the DUT that should be ascertained, not 
the parasitic or the unwanted effects from improper 
components and physical layout. 

Preamble on test hardware challenges and 
limitations 
In a load-transient test, the regulator’s input is powered by 
a constant voltage source and the output is rapidly 
switched to a greater resistive load or current sink. A line-
transient test is similar in that a line-voltage step is rapidly 
injected at the regulator input while its output is 
supported with a constant load. Figure 1 shows a typical 
test setup for transient testing. The setup is relatively 
modularized for ease of assembly and the long cable 
lengths were adequate for legacy technology. However, 
this setup is not satisfactory for today’s requirement 
because of parasitics, ground loops, and higher voltages 
and currents.

Figure 1. Antiquated setup for transient testing

A. Emitter followers and pulse generator create VIN step 
voltage during line transient tests.
B. Device under test (DUT) is an LDO evaluation board 
(EVB).
C. PCB for NMOS transient load switch. A constant load 
is applied during line transient tests.
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图 1：用于瞬变测试的陈旧设置
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和自动化方法
作者：Kern Wong
首席设计应用工程师，移动照明与电源

引言

随着无线设备中的移动处理器的工作频率达到千兆赫兹 
(GMz) 级，消费者对于更高性能、更长电池寿命、更小

尺寸及更低成本的需求不断地增长。因此，电源管理电

路的设计正逐渐成为一个日益复杂的问题。在具有独立

型稳压器和电源管理单元 (PMU) 的便携式系统中，低

压降稳压器 (LDO) 和开关稳压器是不可或缺的组件。由

于高速和便携式通信设备采用了要求较快响应时间的稳

压器，因此有必要严格地验证稳压器的性能和优劣以确

保打造可靠的电源管理产品。主要的性能参数包括线路

电压瞬变、负载瞬变、启动、负载和线路电压调节，等

等。为了完整地分析这些参数，必需拥有用于硬件测试

平台的尖端工具和成熟的方法。除了支持能够加速测试

和确保可重复结果的自动化方法之外，这些工具还可提

供用于参数特性分析的准确而且很高的采样速率。

实现高边缘速率和可重用的测试装置

为了准确地评估稳压器的主要参数，有必要在线路电压

和负载电流中生成快速（相对于稳压器的控制环路响应

时间）阶跃。实验室设备和许多采用了运算放大器（运

放）、无源组件和大型驱动器链路的商用仪器能够限制

具有大摆幅的激励脉冲信号的上升和下降时间。如欲获

得针对负载瞬变 (＞＞1 A/μs) 和线路电压瞬变（＞＞

0.1 V/μs，采用了输入电容器）的高速边缘速率，市场

上几乎没有现成的产品。

慢瞬变激励脉冲信号有可能让一个性能不佳的稳压器看

起来还不错。为此，人们通过持续不断的研发 (R & D) 
活动造就了寄生电感 (L) 和电容 (C) 很低的简单设计，

此类设计可以容易地创建和复制以在设计和应用实验室

里使用。一旦建立了上乘的测试夹具 (test jig)，便可以

说解决方案完成了一半。为了实现最优的响应性能，被

测器件 (DUT) 必须正确地布线或插入印刷电路板 (PCB) 
上的插座中。另外，应正确地选择最优的接地和电源电

路、旁路、电荷储存器和外部支持组件，这一点也是很

重要的。归根结底，应该确定的是 DUT 的优劣，而不是

由于不当的组件选择或物理布局所造成的寄生效应或不

良影响。

有关测试硬件挑战和局限性的导言

在负载瞬变测试中，稳压器的输入由一个恒定的电压电

源来供电，而且输出被快速地切换至一个较大的阻性负

载或电流吸收器。线路电压瞬变测试与之相似，因为在

稳压器的输入端上快速地注入了一个线路电压阶跃，而

其输出则利用一个恒定的负载来支持。图  1 示出了一

种用于瞬变测试的典型测试设置。该设置的模块化程度

相对较高（旨在简化装配），而且电缆很长（足以适合

采用老式技术的需要）。然而，由于寄生效应、接地环

路、以及电压和电流较高的原因，这种设置对于当今的

要求而言并不让人满意。

A.射极跟随器和脉冲发生器在线路电压瞬变测试期间产生 
VIN 阶跃电压。

B.被测器件 (DUT) 是一块 LDO 评估板 (EVB)。

C.用于 NMOS 瞬态负载开关的 PCB。在线路电压瞬变测试
期间施加了一个恒定的负载。
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Test-jig parasitics and automation 
A transient-testing program for semi-automated testing 
was initiated in January of 2013 for PMUs and regulators. 
A universal regulator test bed was conceived and 
constructed to verify its merits. Figures 2 and 3 show an 
LDO regulator test jig that can accommodate an evalua-
tion board (EVB) via machined socket pins for semi- 
automated testing. The schematic is shown in Figure 4.

Figure 2. Transient test jig with  
LDO EVB (blue PCB)

Figure 4. Schematic for the LDO test jig
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Figure 3. Back side of LDO test jig

A. NFET load step switch (under resistors).
B. Relays to select load.
C. NPN follower.
D. 48-mA relay drivers.
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图 2：带 LDO EVM（蓝色PCB）
的瞬变测试夹具

图 3：LDO 测试夹具的背面

图 4：LDO 测试夹具的电路原理图
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测试夹具寄生效应和自动化

2013 年 1 月，启动了一项旨在实现 PMU 和稳压器的半

自动化测试的瞬变测试计划。一款通用的稳压器试验台

已经设计和构建完成，用以验证其优劣。图 2 和图 3 示
出了一款 LDO 稳压器测试夹具，其能够通过机加工的插

座引脚来容纳一块评估板 (EVM)，以实现半自动化的测

试。电路原理图示于图 4。

A.NFET 负载阶跃开关（在电阻器的下方）。

B.用于选择负载的继电器。

C.NPN 跟随器。

D.48 mA 继电器驱动器。
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Figures 5 through 7 show a similar transient test jig and 
schematic for a buck regulator.

Figure 7. Schematic for the buck regulator test jig

Figure 5. Transient test jig and 
buck-regulator EVB (green PCB)

Figure 6. Back side of buck-regulator test jig

A. NFET load step switch (under resistors).
B. NPN follower for line step.
C. 48-mA relay drivers.
D. Relays to select load.
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图 7：降压型稳压器测试夹具的电路原理图

图 5：瞬变测试夹具和降压型
稳压器 EVB（绿色PCB）

图 6：降压型稳压器测试夹具的背面
图 5～7 示出了用于降压型稳压器的一款相似的瞬变测试

夹具和原理图。

A.NFET 负载阶跃开关（在电阻器的下方）。

B.用于线路电压阶跃的 NPN 跟随器。

C.48 mA 继电器驱动器。

D.用于选择负载的继电器。



Texas Instruments 10	 AAJ 3Q 2015

IndustrialAnalog Applications Journal

Further enhancements
The test jigs were successful in achieving the design goals 
in that they significantly reduced parasitics and current 
loops, thus enabling faster edge-rate stimulus for validat-
ing targeted products. In June of 2013, a follow-up 
enhanced design for a higher-performance, integrated 
transient test jig. This jig is capable of accommodating 
today’s high-bandwidth and fast-edge-rate products and 
future generations. 

As shown in Figure 8, the enhanced jig was designed 
with a circular PCB configuration and can either adapt an 
EVB of a DUT for maximum flexibility. An alternate DUT 
layout is to solder it on the PCB for optimal performance. 
Radio frequency (RF) plumbing was used on the board 
and PCB traces were matched and impedance controlled. 
The jig also provides a rechargeable battery pack that 
provides clean and quiet power to the DUT for low-noise 
applications. 

Figure 8. Enhanced test jig with 
resistive loads on board

Figure 9. Temperature-cycling test jig with 
personality PCB for PMUs

Architecture and automated test flow
A block diagram of the test environment for the auto-
mated test platform is shown in Figure 10.

The supply block provides all the voltage inputs and the 
line-transient input to the DUT. The load block provides 
multiple resistive loads that are controlled with relays. The 
control block is responsible for interfacing with the DUT 
and also for changing the supply and load settings. The 
measurement block is responsible for measuring the input 
and output voltages and currents.

Figure 10. Generic test environment

Control

Measurement

DUTSupply Load

For more extreme test requirements, the jig was rede-
signed to interface with temperature-cycling, air-stream 
systems that can be sealed air tight with no leakage, which 
will avoid icing at extreme temperatures. The result is the 
castle-shaped metal housing structure shown in Figure 9 
that supports a personality card PCB for the EVB. An 
alternative could be a circular PCB with a direct on-board 
DUT mount. Also, a high-temperature transparent plastic 
adapter was included to interface to a temp-cycling 
housing.

图 8：在电路板上具有阻性负载
的改进型测试夹具

图 9：具有用于 PMU 的专用 
PCB 的温度循环测试夹具

图 10：一般的测试环境
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进一步的改进

上面介绍的测试夹具在实现设计目标方面是很成功的，

因为它们显著地抑制了寄生效应并缩小了电流环路，从

而实现了用于验证目标产品的较快边缘速率激励脉冲。

2013 年 6 月，进行了一项旨在打造更高性能的集成型瞬

变测试夹具的后续改进型设计。该平台能够适应当今的

高带宽和快速边缘速率产品以及未来的产品系列。

如图 8 所示，改进的测试夹具的设计采用一种圆形 PCB 
配置，而且还可以适应 DUT 的 EVB 以提供最大的灵活

性。一种可供替换的 DUT 布局是将其焊接在 PCB 上以

实现最优的性能。在电路板上使用了射频 (RF) 波导设

备，而且 PCB 走线是匹配和阻抗受控的。另外，该测试

夹具还提供了一个可再充电电池组，此电池组可为 DUT 
提供干净和安静的电源以满足低噪声应用的需要。

对于更加极端的测试要求，重新设计了测试夹具以便与

可实施气密密封（无泄漏）的温度循环、气流系统相

连，从而将避免在极端温度条件下出现结冰。改进的结

果是图 9 所示的城堡型金属外壳结构，其支持一种用于 
EVB 的专用插件 PCB。一种替代方案可以是把 DUT 直
接安装在电路板上的圆形 PCB。另外，还包括了一个耐

高温的透明塑料适配器以连接至温度循环外壳。

架构及自动化测试流程

用于自动化测试平台的测试环境的方框图示于图 10。

电源功能块用于提供至 DUT 的所有电压输入和线路电压

瞬态输入。负载功能块提供了多个利用继电器控制的阻

性负载。控制功能块负责与 DUT 的连接以及更改电源

和负载设置。测量功能块负责测量输入和输出电压及电

流。
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LDO test jig
Based on the jig schematic in Figure 4, the line-transient 
input is connected to a function generator to provide the 
line transient input to the LDO. Since the function genera-
tor cannot source a lot of current, an emitter follower is 
used to increase the current being sourced to the input. A 
9-W resistor is connected at the output of the emitter 
follower circuit to provide fast discharge of the input 
capacitor during the fall time of the input line transient. 

For tests that do not require a line transient, a constant 
DC voltage is provided through the line transient input, 
which is connected to the input of the LDO. The enable 
(EN) input is available to provide a pulse for the startup 
test using a function generator. In other test cases, the 
enable pin is supplied with a constant DC voltage for 
regular enable operation. The load-transient input is also 
controlled by a function generator that switches the 
NMOSFET continuously for a load-transient test. There is 
a base load (1-mA load for the LDO), which is always 
connected to the output of the LDO. However, it can be 
disconnected, if required. Three other resistive loads are 
controlled by using three relays. In turn, these relays are 
controlled via a computer through a USB relay controller.

Buck test jig
The system architecture of the buck-regulator test jig 
shown in Figure 7 is virtually the same as for the LDO jig. 
The only major change is the addition of three new relays. 
These were added because of the complicated nature of 
the load-transient tests for a buck IC. Unlike a LDO, load 
transients consist of different base current for load- 
transient testing. For example, for a LDO, the load tran-
sients required are 1 mA to 20 mA, 1 mA to 100 mA and 1 
mA to 250 mA. However, for a buck, the various load-tran-
sient tests require 1 mA to 50 mA, 50 mA to 400 mA, 200 
mA to 400 mA, and 0.6 A to 1 A. Hence, there are addi-
tional relays. The PCB design has some other changes. 
The buck is a switching regulator, thus, there is an addi-
tional switching pin to probe. This pin is isolated from 
other parts of the board by creating 20-mm segregation on 
both sides of this trace and pin. The tests for the buck test 
platform are exactly the same as for the LDO platform.

PCB design and issues
There are two major concerns on the layout of the rede-
signed automation test platform for high-performance vali-
dation. The first concern is maintaining high edge rates 
and signal integrity of the stimuli. The test setup is 
designed to produce fast line and load transients for the 
DUT. However, impedance mismatches and cross-talk 
between traces can significantly affect these high-speed 
lines. The second concern is voltage drops in power lines 
caused by attenuation from long traces. Hence, proper 
PCB design following good RF techniques is required. 
Also, it is necessary to measure a signal as close to its 
origin as possible to mitigate voltage drop or parasitic 
effects. 

Lab equipment deployed
For line/load-transient and startup testing, the test plat-
form includes a programmable power supply, three func-
tion generators, one oscilloscope, and a test jig. The power 
supply is used to provide power to the test circuitry 
required to carry out line- and load-transient testing. The 
power supply is also used to power the enable pin of the 
DUT and the relay driver chip, which allows the user to 
select different loads for a particular test. The function 
generators are used for generating pulse waveforms (using 
the arbitrary function waveform) for the line-transient 
step, load-transient step, and to pulse the enable pin.

The oscilloscope measures the input and output volt-
ages and currents. The test platform is also used to 
observe the enable pin for the startup test. Designed as a 
plug-and-play test platform where the DUT needs to be 
installed on the test jig, this architecture methodology 
allows the reuse of the platform for different DUTs. The 
test setup relies on instruments that are controlled by a 
laptop running LabVIEW® software and connected via a 
general purpose interface bus (GPIB). All instruments, 
except for the oscilloscope, are daisy chained using GPIB 
cables that are connected to the laptop using a USB to 
GPIB cable. The oscilloscope is directly connected to the 
laptop with a USB cable. BNC to SMA cables are used to 
measure or probe all the signals.

LabVIEW tool (LVT) for test automation
Visual basic routines for virtual instruments (VIs) are 
written to automate the transient tests. These tests 
consist of three blocks. The first block of the LVT test 
selects the loads for the test. The second block includes 
the feedback correction loop that continuously measures 
the rise and fall times of the input-transient stimulus and 
corrects for the output of the function generator until the 
correct rise and fall times are measured by the oscillo-
scope. The third block of the LVT test captures a screen-
shot of the output and input voltage once the feedback is 
completed. It also obtains the measured rise and fall times 
and the maximum and minimum output voltages. The LVT 
obtains the minimum, maximum and mean of all the 
parameters directly from the scope. It also calculates the 
average of the maximum and minimum value measured. 
The LVT then populates a matrix of measurements and 
graphs that are displayed on the front panel. These 
measurements are also written to a text file in the Text 
Files folder. The screen shots are saved to a pen drive 
inserted into the oscilloscope. The name of these files are 
decided based on the kind of load and edge-rate setting. 
However, the names can be changed in the block diagram 
of the LVT. 

LDO 测试夹具

根据图 4 中的测试夹具原理图，线路电压瞬态输入被连

接至一个信号函数发生器，以给 LDO 提供线路电压瞬态

输入。由于该信号函数发生器不能提供大量的电流，故

而使用了一个射极跟随器来增加供应至输入端的电流。

在射极跟随器电路的输出端上连接了一个 9Ω 电阻器，

用以在输入线路电压瞬变的下降时间里提供输入电容器

的快速放电。

对于那些不需要线路电压瞬变的测试，则通过线路电压

瞬态输入提供一个恒定的 DC 电压，其连接至 LDO 的输

入。启用 (EN) 输入可用于借助一个函数发生器来提供用

于启动测试的脉冲。在其他测试场合中，给 EN 引脚施

加一个恒定的 DC 电压以执行常规的启用操作。负载瞬

变输入也受控于一个函数发生器，该函数发生器在负载

瞬变测试期间对 NMOSFET 实施持续的开关切换。有一

个基本负载（对于 LDO 为 1 mA 负载），其始终连接至 
LDO 的输出端。不过，如果需要可将其断连。其他三个

阻性负载则采用三个继电器来控制。接着，利用计算机

通过一个 USB 继电器控制器来控制这三个继电器。

降压型稳压器测试夹具

示于图  7 的降压型稳压器测试夹具的系统架构与用于 
LDO 的测试夹具几乎相同。仅有的重大变更是增设了

三个新的继电器。之所以增添这些继电器，原因在于降

压型 IC 负载瞬变测试的复杂特性。与 LDO 不同，负载

瞬变包括了用于负载瞬变测试的不同基础电流。例如，

对于 LDO 来说，所需的负载瞬变为 1 mA 至 20 mA、

1 mA 至 100 mA 和 1 mA 至 250 mA。然而对于降压

型稳压器而言，各种负载瞬变测试则需要 1 mA 至 50 
mA、50 mA 至 400 mA、200 mA 至 400 mA 和 0.6 A
至 1 A。于是，增加了额外的继电器。PCB 设计具有某

些其他的变更。降压型稳压器是一款开关稳压器，因此

有一个需要探测的额外开关引脚。通过在该走线和引脚

的两侧建立 20 mm 的隔离区，可将此引脚与电路板的

其他部件隔离开来。针对降压型稳压器测试平台的测试

与针对 LDO 平台的测试是完全相同的。

PCB 设计和问题

关于重新设计的用于高性能验证的自动化测试平台的布

局，有两个主要的关注点。第一个关注点是维持激励脉

冲的高边缘速率和信号完整性。测试设置是专为产生用

于 DUT 的快速线路电压和负载瞬变而设计的。然而，走

线之间的阻抗失配和串扰会显著地影响这些高速线路。

第二个关注点是由源自长走线的衰减在电源线中引起

的电压降。因此，必需按照合适的 RF 方法进行正确的 
PCB 设计。另外，很有必要在尽可能靠近信号源的地方

测量信号，以减少电压降或抑制寄生效应。

部署的实验室设备

对于线路电压 / 负载瞬变和启动测试，测试平台包括了

一个可编程电源、三个函数发生器、一个示波器和一个

测试夹具。电源用于提供测试电路执行线路电压和负载

瞬变测试所需的功率。另外，电源还用于给 DUT 的继电

器驱动器芯片的启用引脚供电，从而允许用户针对某种

特定的测试来选择不同的负载。函数发生器用于生成线

路电压瞬变阶跃、负载瞬变阶跃的脉冲波形（采用任意

函数波形），以及给启用引脚施加脉冲。

示波器负责测量输入和输出电压及电流。测试平台还用

于观察启用引脚以进行启动测试。该架构方法被设计为

一款即插即用型测试平台（DUT 必需安装在测试夹具

上），其可针对不同的 DUT实现该平台的重复使用。此

测试设置依赖受控于一台运行 LabVIEW® 软件的笔记本

电脑并通过一根通用接口总线 (GPIB) 连接的仪器。所有

的仪表（示波器除外）均采用 GPIB 电缆进行菊链式连

接（使用一根 USB 至 GPIB 电缆连接至笔记本电脑）。

示波器利用一根 USB 电缆直接连接至笔记本电脑。BNC 
至 SMA 电缆用于测量或探测所有的信号。

用于实现测试自动化的 LabVIEW 工具 (LVT)
写入了用于虚拟仪器 (VI) 的 Visual Basic 例程以实现瞬

变测试的自动化。这些测试包括三个功能块。LVT 测试

的第一个功能块负责选择用于测试的负载。第二个功能

块包含了反馈校正环路，其持续地测量输入瞬变激励脉

冲的上升和下降时间，并校正函数发生器的输出，直到

示波器测量到正确的上升和下降时间为止。LVT 测试的

第三个功能块负责在反馈结束后立即捕获输出和输入电

压的屏幕截图。另外，它还用于获取实测的上升和下降

时间以及最大和最小输出电压。LVT 直接从示波器获得

所有参数的最小值、最大值和平均值。其还计算实测最

大值和最小值的平均值。LVT 随后填充显示在前面板上

的测量结果矩阵和图表。这些测量结果还被写入“Text 
Files”文件夹中的一个文本文件。屏幕截图被保存到一

个插入示波器的笔式驱动器中。这些文件的名称根据负

载的类型和边缘速率设置来决定。不过，文件的名称在 
LVT 的方框图中可以更改。
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LDO test jig
Based on the jig schematic in Figure 4, the line-transient 
input is connected to a function generator to provide the 
line transient input to the LDO. Since the function genera-
tor cannot source a lot of current, an emitter follower is 
used to increase the current being sourced to the input. A 
9-W resistor is connected at the output of the emitter 
follower circuit to provide fast discharge of the input 
capacitor during the fall time of the input line transient. 

For tests that do not require a line transient, a constant 
DC voltage is provided through the line transient input, 
which is connected to the input of the LDO. The enable 
(EN) input is available to provide a pulse for the startup 
test using a function generator. In other test cases, the 
enable pin is supplied with a constant DC voltage for 
regular enable operation. The load-transient input is also 
controlled by a function generator that switches the 
NMOSFET continuously for a load-transient test. There is 
a base load (1-mA load for the LDO), which is always 
connected to the output of the LDO. However, it can be 
disconnected, if required. Three other resistive loads are 
controlled by using three relays. In turn, these relays are 
controlled via a computer through a USB relay controller.

Buck test jig
The system architecture of the buck-regulator test jig 
shown in Figure 7 is virtually the same as for the LDO jig. 
The only major change is the addition of three new relays. 
These were added because of the complicated nature of 
the load-transient tests for a buck IC. Unlike a LDO, load 
transients consist of different base current for load- 
transient testing. For example, for a LDO, the load tran-
sients required are 1 mA to 20 mA, 1 mA to 100 mA and 1 
mA to 250 mA. However, for a buck, the various load-tran-
sient tests require 1 mA to 50 mA, 50 mA to 400 mA, 200 
mA to 400 mA, and 0.6 A to 1 A. Hence, there are addi-
tional relays. The PCB design has some other changes. 
The buck is a switching regulator, thus, there is an addi-
tional switching pin to probe. This pin is isolated from 
other parts of the board by creating 20-mm segregation on 
both sides of this trace and pin. The tests for the buck test 
platform are exactly the same as for the LDO platform.

PCB design and issues
There are two major concerns on the layout of the rede-
signed automation test platform for high-performance vali-
dation. The first concern is maintaining high edge rates 
and signal integrity of the stimuli. The test setup is 
designed to produce fast line and load transients for the 
DUT. However, impedance mismatches and cross-talk 
between traces can significantly affect these high-speed 
lines. The second concern is voltage drops in power lines 
caused by attenuation from long traces. Hence, proper 
PCB design following good RF techniques is required. 
Also, it is necessary to measure a signal as close to its 
origin as possible to mitigate voltage drop or parasitic 
effects. 

Lab equipment deployed
For line/load-transient and startup testing, the test plat-
form includes a programmable power supply, three func-
tion generators, one oscilloscope, and a test jig. The power 
supply is used to provide power to the test circuitry 
required to carry out line- and load-transient testing. The 
power supply is also used to power the enable pin of the 
DUT and the relay driver chip, which allows the user to 
select different loads for a particular test. The function 
generators are used for generating pulse waveforms (using 
the arbitrary function waveform) for the line-transient 
step, load-transient step, and to pulse the enable pin.

The oscilloscope measures the input and output volt-
ages and currents. The test platform is also used to 
observe the enable pin for the startup test. Designed as a 
plug-and-play test platform where the DUT needs to be 
installed on the test jig, this architecture methodology 
allows the reuse of the platform for different DUTs. The 
test setup relies on instruments that are controlled by a 
laptop running LabVIEW® software and connected via a 
general purpose interface bus (GPIB). All instruments, 
except for the oscilloscope, are daisy chained using GPIB 
cables that are connected to the laptop using a USB to 
GPIB cable. The oscilloscope is directly connected to the 
laptop with a USB cable. BNC to SMA cables are used to 
measure or probe all the signals.

LabVIEW tool (LVT) for test automation
Visual basic routines for virtual instruments (VIs) are 
written to automate the transient tests. These tests 
consist of three blocks. The first block of the LVT test 
selects the loads for the test. The second block includes 
the feedback correction loop that continuously measures 
the rise and fall times of the input-transient stimulus and 
corrects for the output of the function generator until the 
correct rise and fall times are measured by the oscillo-
scope. The third block of the LVT test captures a screen-
shot of the output and input voltage once the feedback is 
completed. It also obtains the measured rise and fall times 
and the maximum and minimum output voltages. The LVT 
obtains the minimum, maximum and mean of all the 
parameters directly from the scope. It also calculates the 
average of the maximum and minimum value measured. 
The LVT then populates a matrix of measurements and 
graphs that are displayed on the front panel. These 
measurements are also written to a text file in the Text 
Files folder. The screen shots are saved to a pen drive 
inserted into the oscilloscope. The name of these files are 
decided based on the kind of load and edge-rate setting. 
However, the names can be changed in the block diagram 
of the LVT. 

结论

用于实现高速瞬变测试自动化的平台涉及到非常多学科

的知识，因为其所需要的功能超出了典型的验证与测试 
R & D 范围。涵盖的学科领域十分广泛，比如：线性和

开关稳压器的启动及瞬变运行方式特性的基本知识、用

于测试与测量的最佳惯例和新颖方法、电路板级系统设

计和软件开发等。

借助用于 LDO 和降压型 IC 的测试夹具原型，可就线路

电压瞬变、负载瞬变和启动测试对提出的测试程序进行

验证和自动化。利用正确的驱动、接口和终接可实现纳

秒级的激励脉冲边缘速率。采用高性能测试设备和探针

能够实施高速波形捕获采样。器件模式、操作和测试设

备的串行接口控制可在执行中编程，以实现测试的自动

化。而且，除了准确地记录响应时间延迟之外，闭环控

制和监视功能还简化了定时事件和电参数激励脉冲的编

程。
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数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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