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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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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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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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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
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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.
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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. 
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Conclusion
The platform for automating high-speed transient testing 
is very multi-disciplinary because it requires capabilities 
beyond typical validation and test R&D. Included are a 
wide range of disciplines such as basic knowledge of 
startup-and-transient behavior characteristics for linear 
and switching regulators, best practices plus novel tech-
niques for test and measurement, board-level system 
design, and software development. 

With the prototyping test jigs for both LDO and buck 
ICs, the proposed test procedures can be validated and 
automated for line-transient, load-transient and startup 
tests. Stimulus edge rates can be achieved in the nanosec-
ond range with proper drive, interfacing, and termination. 
High-speed waveform-capture sampling can be done with 
high-performance test equipment and probes. Serial-
interface control of device modes, operation, and test 
equipment can be programmed on the fly to automate 
testing. Furthermore, closed-loop control and monitoring 
facilitates programming the timed events and electrical 
parametric stimuli in addition to accurately logging 
response time delays.

Acknowledgments 
The author thanks Sheng Jin, Applications Manager MLP 
at Texas Instruments and Aditya Jain, our dedicated 
intern. Thanks also to Hoang Duong, Robin Gupta, and 
Hak-Leong Ng. 

References
1.	Kern Wong, “High-Speed Load/Line Transient Jigs and 

App Report for Testing Fast Response POL Regulators,” 
Texas Instruments Application Report (SNOA895), 
April 2013.

2.	Kern Wong, “Myths surrounding PSRR specifications,” 
TI E2E Power House blog, October 22, 2013.

3.	Load Transient Testing Simplified, Texas Instruments 
Application Report (SNOA507), November 2007.

Related Web sites
Product information:
LP5907
LM3671

LabVIEW tool information:
www.ni.com/labview

Subscribe to the AAJ:
www.ti.com/subscribe-aaj

http://www.ti.com/aaj
http://www.ti.com/subscribe-aaj
http://www.ti.com/lit/SNOA895
https://e2e.ti.com/blogs_/b/powerhouse/archive/2013/10/22/myths-surrounding-psrr-specifications
http://www.ti.com/lit/SNOA507
http://www.ti.com/product/lp5907?DCMP=aaj-3q15&HQS=sva-mdp-rfpr-newsaaj-3q15-slyt637-lp5907-pf-en
http://www.ti.com/product/lm3671?DCMP=aaj-3q15&HQS=sva-mdp-rfpr-newsaaj-3q15-slyt637-lm3671-pf-en
http://www.ni.com/labview


Analog Applications Journal

E2E is a trademark of Texas Instruments. LabVIEW is a trademark of National 
Instruments. All other trademarks are the property of their respective owners.

TI Worldwide Technical Support

Internet
TI Semiconductor Product Information Center 
Home Page
support.ti.com

TI E2E™ Community Home Page
e2e.ti.com

Product Information Centers
Americas	 Phone	 +1(512) 434-1560

Brazil	 Phone	 0800-891-2616

Mexico	 Phone	 0800-670-7544

	 Fax	 +1(972) 927-6377
	 Internet/Email	 support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone
	 European Free Call	 00800-ASK-TEXAS 
		  (00800 275 83927)
	 International	 +49 (0) 8161 80 2121
	 Russian Support	 +7 (4) 95 98 10 701

	� Note: The European Free Call (Toll Free) number is not active in 
all countries. If you have technical difficulty calling the free call 
number, please use the international number above.

Fax	 +(49) (0) 8161 80 2045
Internet	 www.ti.com/asktexas
Direct Email	 asktexas@ti.com

Japan
Fax	 International	 +81-3-3344-5317
	 Domestic	 0120-81-0036

Internet/Email	 International	 support.ti.com/sc/pic/japan.htm
	 Domestic	 www.tij.co.jp/pic

Asia
Phone	 Toll-Free Number
		�  Note: Toll-free numbers may not support 

mobile and IP phones.
		  Australia	 1-800-999-084
		  China	 800-820-8682
		  Hong Kong	 800-96-5941
		  India	 000-800-100-8888
		  Indonesia	 001-803-8861-1006
		  Korea	 080-551-2804
		  Malaysia	 1-800-80-3973
		  New Zealand	 0800-446-934
		  Philippines	 1-800-765-7404
		  Singapore	 800-886-1028
		  Taiwan	 0800-006800
		  Thailand	 001-800-886-0010
International	 +86-21-23073444
Fax	 +86-21-23073686
Email	� tiasia@ti.com or ti-china@ti.com
Internet	 support.ti.com/sc/pic/asia.htm

A021014

Important Notice: The products and services of Texas Instruments 
Incorporated and its subsidiaries described herein are sold subject to TI’s 
standard terms and conditions of sale. Customers are advised to obtain the 
most current and complete information about TI products and services 
before placing orders. TI assumes no liability for applications assistance, 
customer’s applications or product designs, software performance, or 
infringement of patents. The publication of information regarding any other 
company’s products or services does not constitute TI’s approval, warranty 
or endorsement thereof.

© 2015 Texas Instruments Incorporated. All rights reserved.

SLYT637

http://support.ti.com
http://e2e.ti.com
http://support.ti.com/sc/pic/americas.htm
http://www.ti.com/asktexas
http://support.ti.com/sc/pic/japan.htm
http://www.tij.co.jp/pic
http://support.ti.com/sc/pic/asia.htm


IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

