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SPECIAL REPORT

Ever since manufacturers of electronic 
equipment, devices, and instruments 

mastered the production of safe and reli-
able products, they’ve been constantly 
pushing for increased e�ciency. �e de-
mand for energy-e�cient programmable 
power supplies and loads has taken on 
heightened importance over the past de-
cade as more and more vendors pursue 
“green” initiatives—not just because it’s 
good for the environment, but because it’s 
good for business. Application industries 
such as Mil/Aero, automotive, commercial, 
medical, and renewable energy require 
smaller and smaller form factors in pro-
grammable power supplies and loads while 
wanting better interface options, a wider 

selection of power-conversion products—
all while minimizing ripple and distortion. 
It’s no easy task for vendors of such 
products.

“Renewable energy and power e�cien-
cy remain a hot topic for end-users,” EA 
Elektro-Automatik North American gen-

eral manager Eric Turner 
told Evaluation Engineering
in February. “�e ‘Green’ 
initiative means a supply’s 
e�ciency has become an 
important factor in select-
ing a power supply and 

especially loads. Power supplies include 
active power factor conversion (PFC) 
front end coupled with high-e�ciency 
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Programmable power supplies & loads vendors 
tackle renewable energy, power efficiency
By Mike Hockett, Editor-in-Chief

Turner

ampli�ers, are driving the most e�cient 
programmable power supplies in history.”

Providing historical context, Turner 
elaborated that power supplies tradi-
tionally were Si02-based, with typical 
switching frequencies of 25 to 35kHz. �e 
low switching frequency, combined with 
low-e�ciency switch devices, resulted 
in ampli�er e�ciencies in the range of 
65 to 82%. Fast-forward to now, newer 
generation power supplies from Elektro-
Automatik are high switching frequency 
(150kHz) SiC MOSFET ampli�ers.

“Higher switching frequency combined 
with low switching energy losses result in 
overall e�ciency in the range of 92-95%,” 
Turner explained. “�ese gains lower the 
cost of operation, generate less heat, and 
increase power density. Power supplies 
are often an integral part of automated 
test systems, so more-e�cient power sup-
plies also result in less cooling require-
ments and reduce the impact of heat to 
peripheral equipment. High-e�ciency 
supplies are also cannibalizing water-
cooled solutions, which historically were 
used in applications where radiated heat 
impacted production or �nal test.”

Turner said another development is 
with moving control circuitry from ana-
log to digital, elaborating that digital ar-
chitecture using FPGA-based controls to 
the ampli�er improves load regulation re-
sponse and opens the door for additional 
features like arbitrary waveform genera-
tion and advanced measurements.

Vendors told EE that regenerative loads 
are quickly replacing traditional air-
cooled or water-cooled loads that burn 
100% of the loaded energy in the form of 
heat. Turner mentioned that regenerative 
loads return up to 95% of the loaded en-
ergy back to the localized grid, and that 
Elektro-Automatik has seen a signi�cant 
transition in sales mix, as approximately 
75% of customers are switching from the 
company’s air-cooled solutions to regen-
erative technology, especially in burn-in 
applications.

“Regenerative loads reduce energy con-
sumption, cooling infrastructure cost and 
o�er three to four times the power density 
of air-cooled solution,” Turner said. “DC
loads pack up to 15kW in a 3U, 19-inch
rack mount solution. Regenerative DC
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load technology is much like a PV inverter 
which accepts DC voltage, which is driven 
and converted through a DC-AC grid syn-
chronized AC current source.” (Figure 1)

To respond to these trends and 
challenges, Germany-based Elektro-
Automatik in February just introduced 
its SiC-based PSB 10000 4U Series, which 
is a 94%-e�cient 30 kW supply and regen-
erative load in a single compact 4U (7-inch 
height) 19-inch racked mount solution.

“30kW used to require 6U, so this newer 
generation architecture is 50% smaller 
than previous generations,” Turner com-
mented about the product. “�is new se-
ries expands on our successful PSB 9000 
3U solution into power levels of 1 MW. 
�is solution bridges the gap between bi-
directional applications that previously 
required a separate DC supply and DC 
load to deal with EUT’s, such as battery 
charging systems, onboard HEV/battery 
chargers, DC management systems, and 
energy storage devices. �e PSB is a single 
solution that o�ers simpli�ed integration 
and results in approximately 25% cost 
savings over separate instruments.”

What’s trending?
To take a deep dive into these trends in 
power supplies & loads Turner mentioned 
above and more, we at EE asked a pool of 
vendors to weigh in on their observations. 
Here’s what they told us.

Robert Green, senior market development 
manager at Tektronix, and Wilson Lee, 
senior marketing manager at Tektronix:
“As GaN and SiC become mainstream into 
production, the resultant higher density 
power in a smaller footprint enables 
higher power, smarter programmable 
power supply, and loads with higher 

e�ciencies. �is trend requires higher 
power and higher voltage power supplies. 
Testing breakdown voltages and leakage 
currents of new GaN and SiC transistors 
and diodes requires power supplies with 
output voltages up to and exceeding 10kV. 
To provide a complete measurement so-
lution, the supplies need to be capable of 
measuring µA and lower leakage currents.

“Another signi�cant trend is the growth 
in applications for greater than 40V cir-
cuits. With more electri�cation of the 
automobile, automotive manufacturers 
are incorporating 48V bus circuits. In new 
vehicles. DC-DC converters must drive 
48V pumps, fans, starters and generator 
systems. New server systems driving the 
cloud are becoming 48V-based including 
the cooling fans. Similarly, home automa-
tion and robotics circuitry are also using 
48V. Large battery-operated devices such 
as chainsaws and other power tools are 
also using higher voltage, 48V to 60V, bat-
tery packs. �us, 48V and higher output 
supplies are needed with more power.

“With more and more battery-powered, 
low power IoT products on the mar-
ket, manufacturers need to get more 

information on battery life. Battery 
simulation is becoming more impor-
tant. Supplies or sources that can model 
a battery and simulate a battery’s output 
can enable product designers to test their 
products while more e�ciently emulating 
battery states such as near end-of-life.”

Steven Lee, application engineer at 
Keysight Technologies: “One of the hottest 
markets expected to grow in the coming 
years is related to the automotive busi-
ness, driven mainly by the electric car 
market. �e high-power demands needed 
for EVs require high-power devices able to 
e�ciently convert, regulate, and switch 
seamlessly large amounts of high voltage 
currents. New wide bandgap, SiC, and 
GaN-based devices are the preferred op-
tions compared to insulated gate bipolar 
transistor (IGBT) power devices, due to 
the bene�ts they o�er, such as: High tem-
perature operation over 300°C; e�ciency 
related to higher switching speeds; and 
high voltage operation withstanding volt-
ages of more than 600V.

“�e next trend we see is related to cell 
testing, battery, and battery packs for large 
energy storage (e.g. 18650 batteries). Cell 
and battery testing can detect early prob-
lems before the batteries are combined into 
a battery module for an EV or powerful 
tool. Battery packs in EV vehicles need to 
deliver extremely high-power levels (order 
of tens of kWatts), and batteries need to be 
tested/discharged at di�erent power rates 
to mimic di�erent modes of operation and 
power needs. �ey need to conform to all 
safety standards and must withstand rig-
orous safety testing.

 Elektro-Automatik’s new SiC-based PSB 10000 4U Series, a 94%-efficient 30 kW supply and 
regenerative load in a single compact 4U (7-inch height) 19-inch racked mount solution.
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“To address these new testing require-
ments, EV car manufacturers need high-
power electronic loads with arbitrary 
function capabilities to emulate and 
test their EV batteries under specific or 
arbitrary conditions.”

James Schada, senior product man-
ager at AMETEK Programmable Power: 
“AMETEK Programmable Power does de-
sign gallium nitride and silicon carbide 
MOSFETs and diodes into some of our 
programmable power supplies, but many 
incorporate silicon IGBT-based devices. 
However, for many power supply designs, 
the faster switching speeds, higher volt-
age and higher power density that those 
new technologies offer aren’t essential 
and would add significantly to the price 
of the supply.”

Brian Hsu, product marketing manager 
at AC Power Corp. (Preen): “There is a 
trend that fixed power supplies or pro-
grammable power supplies tried to apply 
GaN and Sic technology for making the 
power supplies in a compact size. Due 
to the new energy, energy storage, and 
electric vehicle industries growing, the 
DC testing voltage is getting higher and 
some of the test applications require bi-
directional or regenerative type DC power 
supplies. And also for simulating the grid 
system, there is a trend in requiring larger 
programmable AC power supplies with 
the fault ride through testing features.”

Herman van Eijkelenburg, director of 
marketing at PPST Solutions: “Like the 
introduction of IGBTs in the 1980s, wide 
bandgap power devices are fueling new 
levels of power density and power effi-
ciency that will permeate over the next 
decade in a wide range of power conver-
sion products. Current price points for 
these devices are not yet competitive for 
T&M applications, but we expect that to 
improve as the adoption of these tech-
nologies in higher-volume applications 
increases. Another driver of innovation 
is the increased penetration of and in-
creased performance of digital power 
stage controls, which allows higher levels 
of conversion efficiency and smaller pack-
age sizes for power sources and loads.”

Challenges 
We’ve touched on a few different demands 
power supplies & loads vendors are facing 
in terms of meeting customer demands, 
but let’s go deeper. Here’s what our ven-
dor respondents told us about the chal-
lenges their customers are facing, and 
how vendors are helping them conquer 
those challenges.

Turner, Elektro-Automatik: “Program-
mable power supplies are an essential 
tool in product development and produc-
tion testing of a wide range of electronic 
devices and systems. In many instances, 
functional test requires submitting the 
device under test (DUT) to a wide range 
of operating conditions. In many cases, 
the equipment under test draws constant 
power under variable input voltage con-
ditions. Common examples are motor 
drives, PV inverters, and regulated AC/
DC or DC/DC supplies. In such circum-
stances, the ability of the programmable 
source to provide increased current at re-
duced output voltage is highly valuable. 
This ability is commonly known as ‘Au-
toranging’—a term when a programmable 
source automatically offers a wide out-
put range of both voltage and current to 
maintain full power output across a wide 
operation range. Traditional DC supplies 
output base on a ‘square’, limited oper-
ating curve. Applying the programmable 
DC supplies’ full-scale voltage to a DUT 
is rare, which means in most cases, the 
DC source is not utilized to the full power 
potential. Figure 2 depicts both tradi-
tional square and autoranging operation.”

Green and Lee, Tektronix: “Today’s de-
sign requirements call for higher dynamic 
range and accuracy at an effective cost of 
acquisition. Tektronix/Keithley instru-
ments provide both conventional and 
specialized sources and loads. We have 
a four-quadrant source measure Unit that 
can source 1000V and measure with 10pA 
sensitivity for leakage current and break-
down voltage testing. Minimizing output 
noise is an important challenge for testing 
low-power devices and sensitive circuits. 
Keithley offers low-noise linear-topology 
power supplies with power up to 375W for 
both low power and high-power circuits. 

We offer linear supplies with up to 
60V outputs, and we have a high preci-
sion power supply that can measure DUT 
sleep mode currents with 10nA resolution.

“For the portable, wireless device man-
ufacturers, we offer a battery-simulating 
power supply that can emulate a model 
based on the battery’s discharge character-
istics and the battery drain current drawn 
by the end product. By using a model for 
the battery, a designer can see how the end 
product performs over the life of the simu-
lated battery. The designer can program 
the battery simulator for a specific output 
voltage or for a specific state-of-charge to 
see how the end product performs over a 
wide range of battery conditions.”

Schada, AMETEK: “Power supply custom-
ers will always want supplies that deliver 
higher performance at a lower cost. For 
vendors, that means designing supplies 
that can source more power with tighter 
tolerances. So that means balancing the 
use of new technologies that can de-
liver that higher performance while still 
maintaining a low cost per watt. Another 
significant challenge for customers is ob-
taining continuing technical support for 
their products as they get older. To ad-
dress this need, we have recently intro-
duced the AMECare Reliability Assurance 
Program, which is designed to provide 
‘white glove’ support for our customers’ 
covered mission-critical power devices, 
with regular preventative maintenance, 
break-fix support, and legacy upgrades, 
beginning with a product’s purchase and 
extending through its entire life cycle.”

Eijkelenburg, PPST Solutions: “The fixed 
output DC supply OEM market is huge, 
but prices and margins are extremely 

Figure 2
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challenging. Quality is also of utmost 
importance as many of these are used in 
critical applications, so they have to be 
thoroughly tested. Due to the volume of 
production, testing has to be automated, 
requiring programmable AC source and 
DC loads that cover a wide range of AC 
input voltage range—typically 85Vac to 
265Vac—and DC loads that can test a 
wide range of voltage and current com-
bination at the DC supply output.”

Hsu, AC Power Corp.: “Challenges include 
if power supply manufacturers can make 
large kVA power products with good 
enough experience in heat dissipation 
and cooling. Some applications may re-
quire certain modi�cation on the power 
source based on the requirements. It will 
be very challenging for suppliers to pro-
duce a quality product and make it cost-
e�ective for manufacturing customers to 
apply in their production line or burn-in 
and aging testing.”

Rich Markley, value instruments product 
manager at Rohde & Schwarz: “Having 
the ability to test batteries is becoming 
a common need, both in terms of bat-
tery tests and power consumption tests 
(requiring a high dynamic range). We’ve 
recently introduced a new two-quadrant 
power supply focused on this exact need, 
with wide dynamic range, low noise, mini-
mal ripple, and excellent load recovery.”

Now on the market
Some of the new products/solutions that 
electronic test & measurement vendors 
have recently brought to market have 
already been mentioned above, but let’s 
recap what else has been introduced as 
of late.

Distributor Newark element14 has 
partnered with Elektro-Automatik 
(EA) to market the vendor’s power source 
and DC load products in North America. 
For high power density, EA’s PS9000 
and PSI9000 series DC sources provide 

 For high power density applications, 
Elektro-Automatik’s PS9000T is a DC 
programmable power source that provides 
up to 15KW output in a 3U rack space.
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up to 15kW output in a 3U rack space. 
Additionally, the ELR9000 Series DC 
Loads will dissipate to 15kW in a 3U rack 
enclosure, making it an e�cient match 
for fuel cell, automotive, and similar high 
capacity storage device evaluation. For re-
generative DC loads, the ELR9000 Series 
DC Loads provides an energy-recovery 
function that releases dissipated energy. 
�e energy drawn from the connected 
EUT/DC source is converted to a mains-
synchronous AC voltage and fed back into 
the local grid with an e�ciency of up to 
95%. In speci�c applications, the energy 
savings created by the energy recovery 
function may be fully amortized within six 
months, according to Newark element14. 
Lastly, for auto-ranging power supply, EA’s 
PS-9000T series of programmable power 
supplies features auto-range operation, 
which can signi�cantly reduce the number 
of di�erent supply models required on the 
bench. �ese models are equipped with a 
�exible auto-ranging output stage, which 
provides a higher output voltage at lower 
output current, or a higher output current 
at lower output voltage, always limited to 
the maximum nominal output power. 

In the second quarter of 2018, Tektronix
introduced a new series of high power, 
triple output, linear power supplies. �e 
company’s 2230G supplies provide up to 
375W of power in a compact 2U-high, half-
rack-wide enclosure. �e 2230G-30-6 o�ers 
up to 6A from two channels; the 2230G-
60-3 o�ers up to 60V from two channels.
Adjustable, independent, and isolated
channels can test two single voltage de-
vices or a multiple voltage device with one 
power supply. Tektronix also introduced a 
compact 1U high, full rack wide, 4-chan-
nel two quadrant Source Measure Unit

(model 2606) for high volume, space-saving 
manufacturing of low-power components 
and sub-assemblies. Tektronix’ 2450, 2460, 
2461, and 2600-series SMUs all have built-
in intelligence, which the company calls 
test script programming (TSP). A user can 
write test scripts to execute a test, custom-
ize the display, and control multiple tsp-
enabled instruments and any LAN-based 
instrument. �e TSP language uses a stan-
dard scripting language, Lua, that enables 
an instrument to be a master controller 
and execute a complete test.
AMETEK recently introduced the 

Asterion line of DC power supplies, 
which combined intelligence and f lex-
ibility to create an advanced platform 
of DC solutions in 1.7, 3.4, and 5.0 kW. Its 
features include: High power density in a 
1U chassis up to 5kW; an intuitive touch 
panel control; availability in either �xed or 
autoranging output; a multilanguage dis-
play for global operation; auto paralleling 
for higher power; and full remote control 
via Virtual Panels. Additionally, AMETEK 
said its Sorensen SGX Series of high-power 
programmable DC power supplies is “de-
signed for exceptional load transient re-
sponse, low noise, and the highest power 
density in the industry.” And �nally, the 
company’s Shipboard Power Test Software 
Option is compliant with MIL-STD 1399 
Section 300B of the Department of Defense 
Interface Standard for Electric Power, 
Alternating Current. �is test option is 
available for use with �ve of AMETEK’s 
AC power source lines.
Keysight has introduced several new 

instruments in addition to Scienlab cus-
tom test solutions to test full EV/HEV 
powertrain components up to 360 kW. 

 Tektronix’ 2230G series of high power, triple output linear supplies provide up to 375W of power in a 
compact 2U-high, half-rack-wide enclosure.

 AMETEK recently introduced the Asterion line of DC power supplies, which combine intelligence and 
flexibility to create an advanced platform of DC solutions in 1.7, 3.4, and 5.0 kW.

Keysight’s N6705C DC Power Analyzer.
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In automotive/energy, these include: 
BT2191A and BT2152A Li-ion cell tes-
ters; BT2200 Cell and battery charge—
discharge platform; HEV/EV Charging 
Scienlab Charging Discovery System 
(CDS); HEV/EV EV1003A high-power/
high-voltage power converter test; and 
RP7900 series regenerative power supply. 
Keysight also has solutions to simulate 
solar arrays 600 to 1500 V for testing in-
verters, in the form of its N8900APV Series 
Photovoltaic Array Simulators and SAS 
Control software. Lastly, in electronic 
functional test, Keysight’s N6790x Series 
loads provide the ability to source and 
sync current in a 1 U mainframe. �e 
company’s newest solution, just launched 
Feb. 14, is the N6790A DC electronic load 
family series, which consists of two mod-
els: the N6791A-100W, and the N6792A-
200W. �is new family is ideal for the 
customer who values the modular �ex-
ibility of Keysight’s existing N6700C low 
pro�le platform.

Adaptive Power Systems just 
launched a new series of high-power 
DC power supplies that o�er a 3:1 con-
stant power mode, greatly reducing 

the number of 
models needed 
to cover output 
voltages from 
30Vdc all the way up to 
1500Vac. With a power density of 15kW 
in a 3U rack mount chassis and ability 
to parallel multiple units, these power 
supplies are well-suited for high power 
DC test applications on PV inverters and 
electric vehicle battery packs. Also new 
is the 6RL Series regenerative DC loads. 
�ese loads re-cycle energy back on the
power grid rather than dissipating in-
put power from the EUT into heat. �is
saves on both energy and HVAC costs
compared to conventional dissipative
electronic loads. Power density is 15kW
in a 3U rack mount chassis and input volt-
age up to 1500Vdc.

 The T3PS3000 
from Teledyne 
LeCroy is a linear 
programmable 
DC power supply 
with a 4.3-inch 
TFT LCD display.

 Rohde & Schwarz’ R&S NGE100B is a low-cost bench power supply focused on basic power needs 
and high value.

 Adaptive Power System’s Model CPS115E AC and DC Power Source.

Rohde & Schwarz’ most recent prod-
uct in this area is the R&S NGL200 Power 
Supply—a two-quadrant power supply fo-
cused on battery development and driving 
sensitive designs that require minimal rip-
ple, low noise, and fast recovery times. Also 
newly-introduced is the R&S NGE100B—a 
low-cost bench power supply focused on 
basic power needs and high value. In �xed-
output, the R&S HMP Power Supplies pro-
vide two, three, or four electrically equiva-
lent channels of low-ripple voltage to 32 V 
in a single instrument.

Teledyne LeCroy recently launched the 
T3PS3000, a linear programmable DC pow-
er supply with a 4.3-inch TFT LCD display. 
It has three isolated outputs: two adjust-
able channels and one selectable channel 
from 2.5, 3.3, and 5V with output short and 
overload protection for each channel. �e 
T3PS3000 features include programmabil-
ity via USB or LAN, a graphical display of 
power waveforms, and the high-resolution 
numeric display of voltage and current.

AC Power Corp. recently released an 
ADG family of programmable DC power 
supplies that can reach 2000VDC or 
25000A, making it suitable for new en-
ergy, EV industries, and energy storage-
related DC testing. Preen also touts its 
AFV-P and AFV series of programmable 
AC power supplies, hailing it as the most 
cost-e�ective programmable AC power 
supply on the market. 

See an extended version of this report 
at www.evaluationengineering.com




