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 PWS2000 Series 

(4 models)
PWS4000 Series  

(5 models)
2200 Series  
(5 models)

2220/2230 Series   
(8 models)

Description
Single-channel, low-noise, 

benchtop linear  
power supply

Single-channel, low-noise, 
programmable, benchtop  

linear power supply

Single-channel, low-noise, 
programmable, benchtop  

linear power supply

Two and three channels, low-noise, 
programmable, benchtop  

linear power supply

Applications Teaching Labs R&D Labs
R&D Labs;  

ATE Systems

Advanced Teaching Labs;  

R&D Labs;  

ATE Systems

Channels 1 1 1
2 (2220 Series); 

3 (2230 Series)

Power 90W - 192W 86W - 150W 86W - 150W 90W /120W

Max Voltage 18V-72V 20V-72V 20V-72V
CH1 and CH2: 30V

CH3: 6V (2230 Series)

Max Current 1.5A-6A 1.2A-5A 1.2A-5A
CH1 and CH2: 1.5A  

CH3: 5A (2230 Series)

Interface NA USB USB & GPIB
USB; 

USB & GPIB (-G versions)

Resolution 10mV, 10mA 1mV, 0.1mA 1mV, 0.1mA 1mV, 1mA

Voltage 
Measurement 
Accuracy

0.03% ± 15mV 0.02% ± 6mV 0.02% ± 6mV 0.3% ± 10mV

Current 
Measurement
Accuracy

0.1% ± 15mA 0.05% ± 2.5mA 0.05% ± 2.5mA 0.1% ± 5wmA

Powering Results with Precision and Simplicity

Matching the Power Supply to the Application

Whether being used to train the next generation of electrical engineers or for developing a breakthrough  

in ultra-low power, wearable products, power supplies must meet a wide range of power sourcing 

requirements. For applications ranging from basic power sourcing to those that push the limits of performance 

with high sensitivity sources or sources that can deliver thousands of volts, using the appropriate power 

supply is critical to obtaining successful test results in teaching, research, design and manufacturing.  

The most common selection criteria are:

n	 Output voltage, current, and power

n	 Setting resolution and accuracy

n	 Ripple and noise

n	 Features and programmability

This selection guide has been developed to help you determine the DC power supply  
that is most suitable for your testing need.

http://www.tek.com
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Power Supplies 
From Basic Needs to the Most Challenging Requirements

PWS2000 Series 
(4 models)

PWS4000 Series  
(5 models)

2200 Series  
(5 models)

2220/2230 Series   
(8 models)

Description
Single-channel, low-noise, 

benchtop linear  
power supply

Single-channel, low-noise, 
programmable, benchtop  

linear power supply

Single-channel, low-noise, 
programmable, benchtop  

linear power supply

Two and three channels, low-noise, 
programmable, benchtop  

linear power supply

Applications Teaching Labs R&D Labs
R&D Labs;  

ATE Systems

Advanced Teaching Labs;  

R&D Labs;  

ATE Systems

Channels 1 1 1
2 (2220 Series); 

3 (2230 Series)

Power 90W - 192W 86W - 150W 86W - 150W 90W /120W

Max Voltage 18V-72V 20V-72V 20V-72V
CH1 and CH2: 30V

CH3: 6V (2230 Series)

Max Current 1.5A-6A 1.2A-5A 1.2A-5A
CH1 and CH2: 1.5A  

CH3: 5A (2230 Series)

Interface NA USB USB & GPIB
USB; 

USB & GPIB (-G versions)

Resolution 10mV, 10mA 1mV, 0.1mA 1mV, 0.1mA 1mV, 1mA

Voltage 
Measurement 
Accuracy

0.03% ± 15mV 0.02% ± 6mV 0.02% ± 6mV 0.3% ± 10mV

Current 
Measurement
Accuracy

0.1% ± 15mA 0.05% ± 2.5mA 0.05% ± 2.5mA 0.1% ± 5wmA

Powering Results with Precision and Simplicity

Together, Tektronix and Keithley offer a comprehensive portfolio of DC power supplies to address your power 

sourcing needs from basic to the most challenging requirements for automated test, education, precision testing  

of low power, portable devices, and research & development. Plus, each of the power supplies in this selection 

guide is covered by a three-year warranty, furthering your equipment investment.

http://www.keithley.com
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 Model 2231A-30-3 Models 2280S-32-6, 

2280S-60-3
2260B Series  

(4 models)
2268 Series  
(6 models)

Description

Triple-channel, low-noise, 

manual, benchtop linear 

power supply

Single-channel,  

precision measurement 

power supply

Single-channel, wide  

output range, programmable 

power supply

Single-channel, low profile, 

programmable system  

power supply

Applications Teaching Labs

R&D Labs;

ATE Systems;

Battery-powered Device  
Power Consumption Test;

R&D Labs;

ATE Systems;

Power LED and Laser  

Device Test;

ATE Systems;

Automotive Electronics Test;

Channels 3 1 1 1

Power 195W 192W 360W, 720W 850W

Max Voltage CH1 and CH2: 30V
CH3: 5V

32V, 60V 30V, 80V 20V – 150V

Max Current CH1 and CH2: 3A
CH3: 3A

3.2A, 6A 13.5A – 72A 5.6A – 42A

Interface Optional USB USB, GPIB, and LAN LXI
USB, LAN, analog,  

and optional GPIB

USB, GPIB, LAN,  

RS-232, RS-485, and analog

Resolution 10mA, 1mA 0.1mV, 10nA 1mV, 1mA 0.012% of Full Scale

Voltage 
Accuracy 0.06% ± 20mV 0.02% ± 2mV 0.1% ± 10mV 0.1% of Full Scale

Current 
Accuracy 0.2% ± 10mA 0.05% ± 250µA 0.1% ± 6mA 0.2% of Full Scale

Power Supplies 
From Basic Needs to the Most Challenging Requirements

http://www.tek.com
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Precision Power Supplies for Low Power, Portable Devices

Cost-Effective Solution for Very  
Low Load Current Measurements
Series 2280S Power Supplies offer the sensitivity necessary for measuring  

low sleep mode and standby mode currents. With the ability to control the 

integration time and to add filtering, they can measure very low currents  

down to 1μA and even slightly lower with 10nA resolution. 

Make Time-Critical Measurements on Fast-Changing or Pulse-Like Loads

The Series 2280S can make fast current measurements on a 

load burst that is as narrow as 140μs and can easily monitor load 

currents during all operating modes of a device to determine its 

total power consumption without the need for extra equipment.

Power Supplies 
From Basic Needs to the Most Challenging Requirements

Series 2800S Power Supplies 

2280S-32-6 2280S-60-3

Description Precision measurement power supply

Channel 1 1

Power 192 W 192 W

Output Voltage 32 V 60 V

Output Current 6 A 3.2 A

Programmable GPIB/USB/LAN LXI GPIB/USB/LAN LXI

Measurement Sensitivity 100μV, 10nA

Measurement Times 33μs - 249ms (60Hz),  40μs - 300ms (50Hz)

A Tektronix Company

Series 2280S Low-Noise, Programmable DC Power Supplies

http://www.keithley.com
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More Power in Less Space for Automated Test 

 
 

Series 2260B and Series 2268 Power Supplies
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Description Single channel, wide output range, programmable  
power supply

1U high and half-rack width, programmable power supply, 15V and 5V auxiliary outputs, 
constant power control mode, foldback mode with programmable delay

Channel 1 1 1 1  1 1 1 1 1 1

Power 360 W 720 W 360 W 720 W  850W 850W 850W 850W 860W 850W

Output Voltage 30 V 30 V 80 V 80 V  20V 40V 60V 80V 100V 150V

Output Current 36 A 72 A 13 A 27 A  42 A 21 A 14 A 10.5 A 8.5 A 5.6 A

Programmable USB/LAN GPIB optional GPIB/USB/LAN, RS-232, RS-485, Isolated Analog I/O, Non-Isolated Analog I/O

http://www.tek.com
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Performance, Versatility, and Ease of Use for Today’s  
Cost-Conscience Research & Development Environment

PWS4205 2200-20-5 PWS4305 2200-30-5 PWS4323 2200-32-3 PWS4602 2200-60-2

Channel 1 1 1 1 1 1 1 1

Power 100 W 100 W 150 W 150 W 96 W 96 W 150 W 150 W

Output Voltage 20 V 20 V 30 V 30 V 32 V 32 V 60 V 60 V

Output Current 5 A 5 A 5 A 5 A 3 A 3 A 2.5 A 2.5 A

Programmable GPIB GPIB/USB GPIB GPIB/USB GPIB GPIB/USB GPIB GPIB/USB

Description Single-channel, low-noise, programmable, benchtop linear power supply

PWS4721 2200-72-1 2220-30-1/ 2220J-30-1* 2220G-30-1/ 2220GJ-30-1* 2230-30-1/ 2230J-30-1*
Channel 1 1 2 1 2 1 2 3

Power 86 W 86 W 45 W 45 W 45 W 45 W 45 W 45 W 30 W

Output Voltage 72 V 72 V 30 V 30 V 30 V 30 V 30 V 30 V 6 V

Output Current 1.2 A 1.2 A 1.5 A 1.5 A 1.5 A 1.5 A 1.5 A 1.5 A 5 A

Programmable GPIB GPIB/USB USB USB/GPIB USB

Description
Single-channel, low-noise, 
programmable, benchtop  

linear power supply
Two and three channels, low-noise, programmable, benchtop linear power supply

2230G-30-1/ 2230GJ-30-1*
Channel 1 2 3

Power 45 W 45 W 30 W

Output Voltage 30 V 30 V 6 V

Output Current 1.5 A 1.5 A 5 A

Programmable USB/GPIB

Description Three channels, programmable, benchtop linear power supply

*J indicates 100VAC input voltage version

*J indicates 100VAC input voltage version

http://www.keithley.com
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Education and Teaching Labs  
Hands-on Training with Real-World Instruments 
for Effective Learning on a Tight Budget

2231A-30-3 PWS2185 PWS2323 PWS2326 PWS2721

Description
Three channel, benchtop  

linear power supply
Single-channel, low-noise, benchtop linear power supply

Channel 1 2 3 1 1 1 1

Power 90 W 90 W 15 W 90 W 96 W 192 W 108 W

Output Voltage 30 V 30 V 5 V 18 V 32 V 32 V 72 V

Output Current 3 A 3 A 3 A 5 A 3 A 6 A 1.5 A

Programmable Optional USB N/A

http://www.tek.com
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 n	 e-Guide to Power Supplies:  In addition to offering guidance 

for selecting the appropriate general purpose power supply 

or specialized source, this e-guide what to do when more 

sensitivity is needed than a power supply can offer this e-guide 

or specialized source for a wide range of testing needs 

	

n	 Power Supplies Poster: This visual learning tool is  

a great way to learn six easy techniques for getting  

the most power supply performance and enhancing  

your results.

n	 Low Current Measurements Application Note:  
Learn two methods for making low current 

measurements on a low power device under-test  

(DUT) by either using a power supply with a precision 

DMM in series with the DUT or using a precision 

measurement power supply. 

n	 Pulse Current Measurements Application Note:  
This application note demonstrates how to use a  

precision measurement power supply to measure the  

pulse of load current drawn by a wireless transceiver  

module during its transmission state.

P OW E R I N G R E S U LT S W I T H P R EC I S I O N A N D S I M P L I C I T Y :  A D D R E S S I N G TO DAY ’S  P OW E R S O U RC I N G A P P L I C AT I O N S F RO M B A S I C  N E E D S TO T H E M O S T C H A L L E N G I N G R EQ U I R E M E N T S

Powering Results with Precision and Simplicity
Addressing Today’s Power Sourcing Applications from 
Basic Needs to the Most Challenging Requirements

A  G R E AT E R  M E A S U R E  O F  C O N F I D E N C E

Learn more about choosing the appropriate power supply or specialized source  

from this special collection of reference material from our on-line library. 

Resources for You

Ensure that the Programmed Voltage        
is Accurately Delivered to the Load

Simulate a Battery’s Response  
for Testing Battery-Powered Circuitry

Series and Parallel Supplies with  
Proper Remote Sense Connections to 
Increase Voltage and Current Output

Use a Precision Measurement  
Power Supply to Accurately Measure 

Portable Device Sleep Mode and 
Standby Mode Currents

Measure Peaks of Narrow  
Load Current Bursts

No matter how accurate your power supply output is, you 
cannot guarantee that the programmed voltage is the same 
as the voltage at the DUT’s terminals. A power supply without 
sense leads regulates its voltage at its output terminals. 
However, the voltage you want regulated is at the DUT’s power 
inputs. The power supply and the load are separated by lead 
wires that have a resistance, RLead; thus, the voltage at the 
load is:

VLoad = VOut – 2 x VLead = VOut – 2 x ILoad x RLead

The remote sensing technique, using two sense lines, 
automatically compensates for the voltage drop in the leads 
by extending the power supply feedback loop to the load. The 
voltage at the load is fed back to the power supply by the 
sense leads and ensures that  VLoad = VProgrammed.

The most realistic way to test how a circuit or device will 
respond to a battery source is to simulate the output of a 
battery. A battery can be modeled as a voltage source in 
series with an internal resistance. When the load, such as an 
automotive motor starter circuit, draws a current inrush, the 
higher load current will create a large voltage drop across 
the internal resistance and the battery’s output voltage 
will decrease. Power supplies that have a variable output 
resistance can simulate a battery’s output response; thus, 
the circuit- or device-under test’s performance can be tested  
to ensure proper performance under the varying output of 
the battery.

Use several supplies or combine the outputs in a multiple 
output supply to increase output voltage or current.  For mul-
tiple output supplies, ensure that all the outputs are isolated; 
that enables the channels to be combined in either series or 
parallel. Keithley’s multiple output power supplies provide 
features to simplify controlling and displaying the voltage and 
current when outputs are connected in series or parallel.

When using remote sensing, refer to the figures to ensure the 
sense leads are measuring at the appropriate locations for 
proper control of the output voltage.

Minimizing power consumption is critical to maximizing 
the time a portable device can operate before the battery 
must be recharged or replaced. Load currents, especially 
sleep and standby load currents must be as low as possible. 
Simplify the measurement of these low currents by using 
the load current measurement capability of a precision 
measurement power supply. Increase the measurement 
aperture to maximize resolution, and filter the measurement 
to further stabilize current readings down to µA levels. 

Wireless devices and medical devices often have 
millisecond or shorter full power, transmit, or stimulate 
states. Measuring these active state load currents requires 
the ability to measure the peak of a narrow pulse. Capturing 
a load pulse can be a difficult measurement challenge but 
not for a precision measurement power supply. A precision 
measurement power supply can be reconfigured to make 
very short duration measurements. These measurements 
can be triggered by an external trigger source to capture 
load current pulses that are as narrow as 140µs.
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Stress Test Circuits by Creating  
Voltage Patterns and Simulating  

Noise on DC Supply Lines 

More thoroughly characterize your circuits by subjecting 
them to operating at the extremes of their specified 
operating 
voltage range. 
Test tolerance to 
supply voltage 
transients and 
noise on the 
DC supply line. 
Many Keithley 
supplies have 
a list mode to 
automate steps 
through a range 
of voltages. They have variable slew rates to create rise and 
fall conditions. Some models have analog inputs to enable 
an AC waveform to be superimposed on the DC line for 
simulation of a noisy line. Many of these features minimize 
the test instrumentation needed to thoroughly test a DUT. 

SIX TECHNIQUES FOR OPTIMAL PERFORMANCE FROM 

POWER SUPPLIES

Visit www.keithley.com/products/dcac/highspeedpower to learn about the complete line  
of single, dual, and triple output power supplies from Tektronix and Keithley.

I

VLOAD

Vload = Vout1 = Vout2

Iload = Iout1 + Iout2 
Iload Vload

+

–

+

–
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Iout1 Iout2

Vout1 Vout2

Making Low Current Measurements 
with a Series 2280S Precision 
Measurement DC Power Supply

Introduction
Given today’s focus on going green and on creating mobile 
devices and devices for the Internet of Things (IoT), minimizing 
the power consumption of integrated circuits and electronic 
sub-assemblies is a major focus for manufacturers of these 
components. Minimizing power consumption means minimizing 
the current draw of all integrated circuits and electronic sub-
assemblies. In order to characterize these components, their 
current consumption must be measured. In the past, when 
power consumption was not as great a concern, measuring the 
current through a device was simple because current levels 
were relatively high—milli-amps or even amps—and could be 
measured with a standard multimeter (DMM). Today’s devices 
have operating currents as low as micro-amps or less and require 
more sophisticated equipment to measure.

This application note explores two different methods for 
making low current measurements on a low power device-
under-test (DUT): using a power supply with a precision DMM in 
series with the DUT and using a Precision Measurement Power 
Supply. It details how to configure a Series 2280S Precision 
Measurement DC Power Supply to make highly accurate low 
current measurements.

Using a Power Supply with a Series DMM
One method for measuring the current flow through a device 
is to place a DMM in series with the circuit and measure the 
current using the DMM. With a quality 6½-digit DMM, accurate 
current measurements can be made at micro-amp current levels. 
Figure 1 illustrates the test setup for this method.

Power
Supply

A DMM

DUT

Figure 1. Current measurements using a power supply with a series DMM

Although this method is capable of producing a very accurate 
measurement of current through the device, it can introduce 
many problems during characterization due to the voltage 

burden created by the DMM. Even though the voltage at the 
output of the power supply may be at the programmed value, the 
voltage at the DUT is actually lower than the programmed value 
due to the voltage burden created by the DMM. Rather than the 
programmed voltage, the voltage seen at the DUT’s terminals is 
equal to the programmed voltage minus the voltage across the 
DMM (VDUT = VSET – VDMM). If this voltage drop is not accounted 
for and the user assumes the voltage at the device is equal to the 
programmed voltage, then power and resistance measurements 
will have significant error because the voltage used to calculate 
them will be higher than the value at the DUT. This drop in 
voltage can also cause problems when testing the device at 
voltages near the minimum operating voltage. If the voltage 
burden of the DMM is too great, the voltage seen at the device 
may be below the minimum operating voltage and the device will 
fail to operate correctly, resulting in incorrect measurements.

This drop in voltage could be compensated for by outputting 
a higher voltage at the power supply so the desired voltage 
appears at the DUT. However, the voltage burden created 
by the DMM varies with the amount of current flowing, so 
compensation is difficult. A second DMM could be used to 
measure the voltage at the device directly, but this not only adds 
cost and complexity to the test system by introducing yet another 
piece of equipment, it can also create a significant source of error 
for low current measurements. The DMM adds additional load to 
the test circuit, resulting in currents higher than those actually 
flowing through the device. Although a power supply with a 
series DMM is certainly a simple enough method for making a 
low current measurement, it is far from an ideal method.

Using a Precision Measurement Power Supply
If using a precision measurement power supply, the current 
through a device can be measured with the same precision as 
a high quality 6½-digit DMM, but it can be done more simply 
and more accurately as well. Testing is simplified because only 
a single instrument is required to test the device. Figure 2 
illustrates the test setup.

With only a single instrument, testing can begin sooner 
because there is less equipment to set up. Automating the 
measurement is simpler as well with only one instrument to 
program. This eliminates the need to synchronize multiple 
instruments and allows the test engineer to focus on making the 
measurement.

With a precision measurement power supply, device 
characterization is more accurate than with a power supply and 
DMM. Precision measurement power supplies are capable of 
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Application Note 
Se ries

Making Pulse Current Measurements 
with the Series 2280S Precision 
Measurement DC Power Supplies

Introduction
More and more integrated circuits and electronic sub-assemblies 
today are being designed for use in mobile applications, which 
means this circuitry will operate on battery power and will 
have a finite supply of power available to them. To maximize 
the battery life of the end products into which these circuits 
are built, it is imperative for device designers to minimize their 
power consumption. This requires characterizing the power 
consumption of a device in all states in order to understand 
where to focus their efforts.

One of the biggest challenges associated with characterizing 
the power consumption of mobile devices is that their current 
draw varies greatly depending on the state in which the device is 
operating. It is common for mobile devices to spend a majority 
of their time in sleep mode, drawing only microamps of current 
or less, waking up only periodically to perform a function. 
While performing these functions, current draw can increase 
dramatically, jumping to tens, hundreds, or even thousands 
of milliamps. In many cases, this lasts for as little as a few 
hundred microseconds, making measuring the device’s current 
consumption during these operations difficult.

Typical power supplies are incapable of 
measuring the sudden current pulses drawn by 
a device while it is awake, requiring additional 
instrumentation to make the measurement. This 
not only adds to the cost of testing these devices 
but increases the complexity of the test system. 
Precision measurement DC power supplies like 
the Keithley Series 2280S are capable of measuring 
pulse currents as narrow as 140µs and include the 
triggering features required to synchronize the 
measurement with the current pulse.

This application note demonstrates how to use 
the Keithley Series 2280S Precision Measurement 
DC Power Supplies to measure the pulse of load 
current drawn by a wireless transceiver module 
during its transmission state.

Test Equipment
This application involves measuring the load 
current drawn by an 802.15.4 Wireless Transceiver 
Module when it is in its data transmission state. 
The equipment used includes:

• Keithley Series 2280S Precision Measurement 
DC Power Supply

• USB-to-SPI/I2C controller with digital I/O

• PC with custom test program

• Digital I/O converter

The wireless transceiver module is commonly used with the 
ZigBee network stack for creating products designed for building 
automation and remote sensor monitoring. This transceiver 
includes an SPI digital interface for configuration and operation, 
which allows it to be controlled easily by a microcontroller. 
However, for device testing purposes, a USB-based SPI/I2C 
controller with a digital I/O port is used to configure and operate 
the device from test code running on a PC. This test code also 
configures and controls the Keithley Series 2280S Precision 
Power Supply to supply power to the device and make the pulsed 
current measurement.

A Tektronix MDO4104B Mixed Domain Oscilloscope provides 
verification and visual representation of the measurement.

Making Connections
Figure 1 illustrates the connections required for this test.

Number 3277
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Model 2280S Rear PanelPC with Test Program

USB SPI/I2C
Controller

with
Digital I/O

GND

SHI

HI

DIO 0
DIO 1
DIO 2
DIO 4

- -
DIO 7

MISO
MOSI

CS
SCLK

SLO

LO

Digital I/O
Converter

802.15.4
Wireless

Transceiver
Module

VCC

GND

RESET
IRQ
SLEEP TRANSMIT

MISO
MOSI
CS
SCLK

GPIB, USB,
or Ethernet

USB

Figure 1. 802.15.4 wireless tranceiver test system connections

Visit www.keithley.com/products/dcac/highspeedpower to 
access additional resources on power supply selection, including 
application notes, customer testimonial videos, datasheets, 
how-to videos, on-line demos, white papers, and more.
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The Netherlands 00800 2255 4835

Norway 800 16098

People’s Republic of China 400 820 5835

Poland +41 52 675 3777

Portugal 80 08 12370

Republic of Korea 001 800 8255 2835

Russia & CIS +7 (495) 6647564

South Africa +41 52 675 3777

Spain 00800 2255 4835

Sweden 00800 2255 4835

Switzerland 00800 2255 4835

Taiwan 886 (2) 2656 6688

United Kingdom & Ireland 00800 2255 4835

USA 1 800 833 9200
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For Further Information
Tektronix and Keithley maintain a comprehensive, constantly expanding collection 
of application notes, technical briefs and other resources to help engineers 
working on the cutting edge of technology. Please visit www.tektronix.com and 
www.keithley.com.
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