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Test System Engineers face a constant stream of new requirements that need verifying, and their test 
plans are continually evolving. Meeting these challenges can be difficult, but there are ways to make 
sure you get the most out of your system power supplies while keeping your DUT safe. Follow these 4 
expert tips to successfully integrate and use your system power supply.
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1. Rack Mounting a System Power Supply

When you plan a test rack, selecting your instruments’ layout can be a challenge. Make sure 
you consider these things when rack mounting a system power supply:

 – Weight distribution. Distribute weight properly to avoid rack instability.
 – Rack mount kits. Power supplies often have a unique rack mount kit that provides optimum 

use of space.
 – AC input power. Provide adequate AC input power to avoid excessive current draw.
 – Heat management. Use proper heat management to avoid excessive temperatures.
 – Routing wires. Route wires to minimize conducted and radiated noise.

Weight distribution

Typically, a power supply is one of the heaviest instruments in your test rack. Mount the power 
supply near the bottom of the rack to lower the rack’s center of gravity and, consequently, 
lower the risk of tipping the rack.

Figure 1. A properly balanced test system has heavier equipment near the bottom.
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Figure 2. N6700 Series system power supply rack mount kit mounts to the side of the supply.

As an example, Keysight’s N6700 Series uses a unique rack mount that doesn’t require 
any rails. Eliminating the rails allows the N6700 Series to fit in 1-unit of rack height. When 
designing a higher-power N6702C mainframe, an extra 2” (4.8 cm) of depth was added, but the 
1-unit height was maintained. Lots of work goes into designing a power supply with high power 
density, including special rack mount kits.

AC input power

When you plan the size of your AC power cord, use the maximum current rating of each 
instrument in your rack to ensure the AC line providing power to your rack is adequate. Most 
instruments draw a relatively constant amount of current. However, a power supply’s AC input 
current varies with the power supply’s output loading. If you do not know the maximum load 
you expect on the output of the power supply, plan for the worst-case scenario by using the 
power supply’s maximum-rated input current.

Rack mount kits

System power supplies are designed to take up the least amount of rack space. This means 
vendors reduce their height as their width is limited to fit into a standard 19” wide rack. System 
power supplies are long and often use a special rack mount kit to accommodate their weight 
and size.
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Routing wires

Stimulus and measurement signal-carrying wires are susceptible to noise. We need to separate 
the power wires from the signal-carrying cables since the power wires can radiate electrical 
noise. Shielded twisted pair cables are extremely effective at reducing interference for low-
frequency noise.

Figure 3. The power supply above draws cool air in from the front and exhausts it out the rear.

449 mm

Heat management

Typically, power supplies have internal cooling fans. When you mount your power supply in a 
rack, be sure to provide adequate spacing for the power supply’s air intake and exhaust air. Pay 
attention to the direction of airflow, and make sure the high-temperature air leaving the power 
supply is directed away from thermally sensitive instruments such as digital multimeters.
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2. Protecting the Device you are Testing

Typically, you want to select system power supplies that provide more than enough power. Take 
care to provide protection to your DUT. Preventative measures are listed below.

 – Over voltage protection. Avoid damaging the device you’re testing by limiting the amount 
of voltage that can be applied.

 – Over current protection. OCP not only protects the device being tested but also protects 
the test system against too much current.

 – Front panel lockout. Protects against accidental changes through the front panel.
 – Interconnects/fault inhibit. Shuts down all channels (even across mainframes) if a fault 

occurs.
 – Watchdog timer. Provides protection even if the test program hangs or controller stops 

communicating.
 – Additional protection. Some power supplies offer advanced protection systems such as 

thermal protection.

Over voltage protection

Applying too much voltage or current is the most obvious hazard to a device being tested. 
Setting a voltage limit slightly larger than the max output voltage is a simple step to protecting 
the DUT. Most system power supplies are used as a constant voltage source, meaning the 
test developer sets an output voltage and expects the power supply to output the set voltage. 
Quality system power supplies use separate hardware to monitor the output and detect an 
overvoltage fault. Once detected, the power supply shuts down its output and displays the OVP 
fault.

Figure 4. Front-panel-indicated operating status: constant voltage (CV), constant current (CC), 
over-voltage (OV), and over current (OC) are example operating statuses.
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Over current protection

The OCP feature works in conjunction with the constant current (CC) setting. The CC setting 
prevents the output current from exceeding the setting, but it doesn’t shut down the output 
if it reaches the CC value. If OCP is turned off and CC occurs, the power supply continues 
producing current at the CC value. This damages some DUTs, as the undesired current flows 
continuously through the DUT. With OCP enabled and if CC occurs, the power supply shuts 
down its output, eliminating the current flowing to the DUT. High-end system power supplies 
offer an OCP delay, allowing for an overcurrent condition to occur for a set duration. The delay 
accommodates the inrush current generated when the output voltage changes.

Figure 5. An example of an over-current conditioning (purple waveform) shutting down the channel. The 
output voltage is shown in blue.

Front panel lockout

When controlling a power supply using a remote I/O interface, such as LAN, the front panel of 
the instrument should be disabled, preventing accidental changes to the power supply’s output. 
You can disable the front panel a couple of ways. You can use a SCPI command to lock and 
unlock the front panel. In addition, some power supplies offer a method through the front panel 
menu to lock and password-protect the front panel.
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Remote inhibit

Remote inhibit (or remote shutdown) allows an external signal, such as a switch opening 
or closing, to shut down the power supply’s output. The three most common uses are an 
emergency shutdown switch, a safety switch on a cover, and interconnection to other power 
supplies. An emergency safety switch is used by an operator if they observe an unsafe 
condition, such as smoke coming from a device being tested. If the device being tested has 
moving parts or high voltages, a cover should be installed. If the cover is accidently opened 
during a test, the power supply needs to be shut down. Using interconnects between power 
supply mainframes allows all the power supplies to be shut down when a fault occurs.

Watchdog timer

The watchdog timer is a unique feature on some high-end power supplies. This feature looks for 
any interface bus activity (LAN, GPIB, or USB), and if the power supply detects no bus activity 
for a set time, the power supply output shuts down. This feature allows the power supply to 
protect the device even if the controller or the program hangs.

Additional protection

Two additional features that protect the power supply are over-temperature and reverse output 
protection. If the power supply detects an internal temperature that exceeds a predetermined 
limit, it will shut down its output. The temperature may rise due to an unusually high ambient 
temperature or blocked airflow.

One other way a power supply protects itself is with an internal reverse protection diode across 
its output terminals. Power supplies use a polarized electrolytic capacitor across the output 
terminals to regulate voltage. A protection diode protects the output capacitor from a reverse 
voltage applied from an external source.
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3. Achieving Stable Output Power

Most applications need to maintain a steady DC output under a variety of load conditions. 
High-bandwidth system power supplies are designed to change output voltages or respond to 
changes in the load very quickly. When you test a wireless device that pulls current in bursts, a 
high-bandwidth power supply can become unstable. You can make tradeoffs to slow the power 
supply, or you can add external capacitance to match the power supply’s impedance with the 
load. Understanding and compensating for the load keeps the power supply responsive to 
programmed changes in output voltages. Listed below are the three response times that you 
can decrease to reduce test time or increase to improve stability. Specific recommendations for 
capacitive and inductive loads are also provided.

 – Output response time. The time it takes for the output to stabilize after changing from one 
voltage level to the next.

 – Down-programming response time. When you program the power supply for a lower 
voltage, the power supply must sink current until the output reaches the lower voltage.

 – Transient response time. The time it takes the power supply output to stabilize after a 
change in the load.

 – Capacitive loads. Capacitive devices often require a method to slow the change in power 
supply output voltage.

 – Inductive or pulse loads. Wireless products often draw current in short bursts, causing a 
drop in the power supply’s output voltage.

Output response time

Output response time has a variety of names: programming speed, settling time, output 
response time, output response characteristic, and programming response time. This is 
typically described with rise and fall or settling time values or occasionally with a time 
constant. Rise (and fall) time values are what you would expect: the time it takes for the output 
voltage to go from 10% of its final value to 90% of its final value. Settling time (labeled “Output 
response time” in the graph below) is the time from when the output voltage begins to change 
until it settles within a specified settling band around the final value.

Figure 6. A power supply’s output response time is the time it takes to change from one voltage level to 
another. Command processing time is measured separately.
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Down-programming response time

The down-programming response time is like the up-programming response time, except 
the power supply is instead being programmed to a lower level. However, you need to look 
at down-programming independently, as short up-programming time does not necessarily 
guarantee comparably short down-programming time. Basic-performance DC power supplies 
usually lack an active down-programmer circuit, which can quickly bring down the output 
voltage. In this case, the down-programming response time is often dependent on how much 
load the DUT presents to the power supply’s output.

Transient response time

Transient response (or load transient recovery time) is the time it takes for the power supply’s 
output voltage to recover from a change in the load. Whenever the load current changes from 
a low current to a higher current, the output voltage temporarily dips down slightly and then 
quickly recovers back to the original value (or close to it).

Figure 7. Output voltage drops due to a sudden change in the load’s current draw and recovery. The length 
of time to recover is known as transient response time.

The power supply’s feedback loop design determines how quickly the voltage recovers from 
this load current change. Higher bandwidth designs recover more quickly but are less stable. 
Likewise, lower-bandwidth designs recover more slowly and are more stable.
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Capacitive loads

Capacitive loads tend to generate large currents when the power supply’s output voltage 
changes. A high-bandwidth power supply can become unstable as it tries to compensate for 
the sudden change in current. The key to a stable system is matching the power supply output 
impedance to the load. Series resistance in the wiring and the equivalent series resistance of 
the load reduces the current. In addition, some power supplies provide voltage slew rate control 
to slow the power supply’s output, reducing its bandwidth. As an example, if a voltage slew rate 
of 5 V/s is set, it would take a tenth of a second for the outputs to change 0.5 V.

Inductive or pulse loads

Mobile wireless devices often draw current in short bursts to conserve battery life, causing 
sudden changes in the power supply output. You can stabilize the power supply output by 
adding additional capacitance to the load and minimizing the inductance in the leads. Shorting 
the leads is the easiest way to reduce inductance, but it’s not always possible. Using a twisted 
pair cable also reduces the inductance.
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4. Leveraging Output Characteristics (Like Autoranging)

System power supplies that feature autoranging are popular because they provide additional 
flexibility in the voltage and current they supply. Often the device being tested evolves and has 
new features. If you have flexibility in the available voltage and current combinations, you’ll 
have more insurance that the power supply can meet your future needs. It’s easy to spot dual 
range and autoranging power supplies, as they often provide their voltage and current specs 
as “up to.” It is also clear from their max power rating, as they are not able to reach their max 
voltage at their max current. (The product of their max voltage and current is an output power 
that far exceeds the power supply’s capability.) To better understand we can look at these 
features:

 – Output characteristic. Output characteristic is a graphical representation of all the valid 
voltage and current combinations.

 – Rectangular output. This is the most common output characteristic. All voltage and current 
combinations are valid up to the max voltage and max current.

 – Dual-range output. A dual range power supply provides more flexibility in voltage-current 
combinations.

 – Autorange output. Provides the most flexibility in voltage and current combinations, 
allowing more combinations of voltages and current within the power limit of the supply.

Output characteristic

A power supply’s output characteristic maps the borders of an area containing all valid voltage 
and current combinations for that particular output. Any voltage-current combination that is 
inside the output characteristic is a valid operating point for that power supply.

Rectangular output

When looking at a voltage-current graph, it’s no surprise that a rectangular output 
characteristic is shaped like a rectangle. Maximum power is produced at a single point 
coincident with the maximum voltage and maximum current values. For example, a 20 V, 5 A, 
100 W power supply has a rectangular output characteristic. The voltage can be set to any 
value from 0 to 20 V, and the current can be set to any value from 0 to 5 A. Since 20 V x 5 A = 
100 W, there is a singular maximum power point Pmax that occurs at the maximum voltage and 
current settings.

Figure 8. A rectangular output characteristic has a single max power point.
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Dual-range output

When looking at a voltage-current graph, a dual-range output characteristic looks like 
overlapping rectangular output characteristics. Consequently, its maximum power point occurs 
at two voltage-current combinations. Power supplies with this type of output characteristic 
have extended output range capabilities compared to a power supply with a rectangular output 
characteristic. It can cover more voltage-current combinations without the additional expense, 
size, and weight of a power supply of higher power. So, even though you can set voltages up to 
Vmax and currents up to Imax, the combination (Vmax, Imax) is not a valid operating point, as it is 
greater than Pmax. While less common, it’s possible for a power supply to have more than two 
ranges each, providing voltage-current combinations up to Pmax. 

Figure 9. Dual-range output characteristic provides more voltage-current combinations than a rectangular 
output.
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Figure 10. Autoranging output characteristic provides the most voltage-current combinations.

Autorange output

When shown on a voltage-current graph, an autoranging output characteristic looks like an 
infinite number of overlapping rectangular output characteristics capable of Pmax. A constant 
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Figure 11. Autoranging output characteristic provides the most voltage-current combinations.

To illustrate an autoranging power supply, see the output characteristic of the N6756A 
(shown above) with a maximum voltage of 60 V and maximum current of 17 A. Automobile 
manufactures consider 60 V and less to be low voltage. Today people use 12 V because 
components are inexpensive and widely available. Using a higher voltage decreases the amount 
of current and the size and weight of the wiring. Often manufactures investigate using 24 V or 
48 V components. One example is the 48 V mild hybrid that also has a 12 V system. Voltages 
above 60 V require additional safety features and are only used on EV and hybrid drivetrains. 
The maximum current for a given voltage can be determined from the output characteristics. 
The N6756A delivers 10.4 A at 48 V and 17 A at 12 V and 24 V.
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Where to Find Additional Information

Check out, Keysight’s social media channels for the latest information:

 – Blog: https://community.keysight.com/community/keysight-blogs/
general-electronics-measurement

 – Facebook: https://www.facebook.com/keysightbench/
 – YouTube: https://www.youtube.com/user/keysightGP
 – Forums: https://community.keysight.com/community/discussion-forums/power-supplies
 – Article: https://www.powersystemsdesign.com/articles/

optimizing-power-quality-under-large-load-transients/35/6342

Additional topics on throughput.

High-volume electronics need to be tested quickly and thoroughly. Learn more about 
throughput in this application note.

 – Improving throughput with your power supply: 
http://literature.cdn.keysight.com/litweb/pdf/5991-2910EN.pdf

Keysight offers several families of system power supplies.

Learn more about Keysight’s power supplies:

 – N6700C Series modular power supplies. Our most popular power supplies for system, as 
they offer up to 4 channels with a broad selection of modules.

 – N5700A and N8700 Series single-channel DC power supplies. Offers higher power.
 – N8900A Series autoranging DC power supplies. Our high-power family of power supplies.

https://community.keysight.com/community/keysight-blogs/general-electronics-measurement
https://community.keysight.com/community/keysight-blogs/general-electronics-measurement
https://www.facebook.com/keysightbench/
https://www.youtube.com/user/keysightGP
https://community.keysight.com/community/discussion-forums/power-supplies
https://www.powersystemsdesign.com/articles/optimizing-power-quality-under-large-load-transients/35/6342
https://www.powersystemsdesign.com/articles/optimizing-power-quality-under-large-load-transients/35/6342
http://literature.cdn.keysight.com/litweb/pdf/5991-2910EN.pdf
https://www.keysight.com/en/pd-2747860-pn-N6700C/low-profile-modular-power-system-mainframe-400w-4-slots?cc=US&lc=eng
https://www.keysight.com/en/pc-856751/n5700-and-n8700-series-dc-system-power-supplies-gpib-single-output?cc=US&lc=eng
https://www.keysight.com/en/pc-2319497/5-10-and-15-kw-autoranging-dc-power-supplies-single-output-n8900-series?cc=US&lc=eng
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www.axiestandard.org
AdvancedTCA® Extensions for Instrumentation and Test (AXIe) is an 
open standard that extends the AdvancedTCA for general purpose 
and semiconductor test. The business that became Keysight was a 
founding member of the AXIe consortium. ATCA®, AdvancedTCA®, 
and the ATCA logo are registered US trademarks of the PCI 
Industrial Computer Manufacturers Group.

www.lxistandard.org
LAN eXtensions for Instruments puts the power of Ethernet and the 
Web inside your test systems. The business that became Keysight 
was a founding member of the LXI consortium.

www.pxisa.org
PCI eXtensions for Instrumentation (PXI) modular instrumentation 
delivers a rugged, PC-based high-performance measurement and 
automation system.

http://www.axiestandard.org
http://www.lxistandard.org
http://www.pxisa.org
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