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The evolution of modern power electronics demands testing solutions that are not only precise but also highly 

adaptable to shifting technological landscapes. In the realm of DC power supply testing, the Keysight (formerly 

Agilent/HP) N3300 Series Modular DC Electronic Loadsstand as a benchmark for versatility and high-speed

performance. Designed to handle everything from low-power DC-DC converters to high-capacity industrial power

supplies, the N3300 series—encompassing the N3300A and N3301A mainframes and a variety of load modules

such as the N3302A through N3307A—provides the foundational infrastructure for automated test equipment (ATE)

systems.

The Critical Role of Electronic Loads in Power Systems Engineering

An electronic load is essentially a programmable instrument that mimics various electrical characteristics to test a

power source. Unlike a static resistor, which follows a linear Ohm’s law relationship, an electronic load can maintain

constant current, voltage, resistance, or power regardless of the source's fluctuations. This capability is vital for

characterizing the regulation, transient response, and efficiency of power supplies.

The N3300 series was engineered specifically to address the bottlenecks in high-volume manufacturing and

complex R&D environments. By utilizing a modular architecture, engineers can configure a system that precisely

matches their current testing requirements while leaving room for future expansion. This "future-proofing" is

essential in industries like automotive electronics, aerospace, and telecommunications, where power requirements

evolve rapidly.

Architectural Overview: Mainframes and Modules

The N3300 series system is divided into two primary components: the mainframe and the load modules. This

decoupling allows for a high degree of customization.

The N3300A and N3301A Mainframes

The mainframe acts as the nervous system and the power distributor for the individual load modules. It provides the

communication interface (GPIB or RS-232), the AC input, and the internal bus that synchronizes the modules.

•  N3300A Mainframe: A full-rack width chassis that accommodates up to six load modules. It is capable of 

delivering up to 1800 Watts of total power dissipation across all installed modules.

•  N3301A Mainframe: A half-rack width chassis designed for smaller scale operations or space-constrained 

environments, accommodating up to two load modules with a total capacity of 600 Watts.

Modular Diversity: From N3302A to N3307A

Each module in the series is designed with specific voltage, current, and power ratings. The N3307A, for instance,

is a highly popular module offering 250 Watts of power, with a voltage range of 0-150V and a current range of

0-30A. This modularity allows an engineer to mix and match modules within a single N3300A mainframe—for

example, installing one high-power module for a main rail and several lower-power modules for auxiliary outputs of



a multi-output power supply.

Core Operating Modes and Technical Theory

To understand the utility of the N3300 series, one must delve into the four primary modes of operation. Each mode

uses a high-speed feedback loop to control the internal MOSFETs of the load.

1. Constant Current (CC) Mode

In CC mode, the load module maintains a programmed current regardless of the voltage applied by the source.

This is the most common mode for testing the load regulation of power supplies. The N3300 series utilizes high-

resolution 16-bit digital-to-analog converters (DACs) to ensure that the sink current is precise and stable.

2. Constant Voltage (CV) Mode

In CV mode, the load acts like a shunt regulator. It will sink as much current as necessary to maintain the

programmed voltage across its terminals. This is particularly useful for testing current-limited power sources or

simulating the behavior of a battery during a charging cycle.

3. Constant Resistance (CR) Mode

The load simulates a standard resistive load by adjusting its current in linear proportion to the applied voltage (I = V/

R). This is critical for testing sources that may become unstable when connected to a complex electronic load, as

CR mode provides a more "natural" behavior for the source's feedback loop.

4. Constant Power (CP) Mode

In CP mode, the load module adjusts the current dynamically as the voltage changes to maintain a constant power

dissipation (P = V * I). This is essential for testing batteries or power converters that must deliver a steady wattage

throughout their operation.

Technical Specifications and Performance Matrix

When selecting a module, engineers must evaluate the trade-offs between power, current, and voltage. Below is a

comparison table of the primary modules within the N3300 family.



Module Model Max Power (W) Max Current (A) Max Voltage (V) Typical Application

N3302A 150W 30A 60V Low voltage DC-DC 
testing

N3303A 250W 10A 240V High voltage, low 
current AC-DC 
rectification

N3304A 300W 60A 60V Standard PC power 
supply rails

N3305A 500W 60A 150V Industrial motor 
drives

N3306A 600W 120A 60V High-current server 
power modules

N3307A 250W 30A 150V Balanced mid-range 
testing

Advanced Features for Automated Test Environments (ATE)

The N3300 series is not merely a collection of sinks; it is a sophisticated measurement system. One of its standout 

features is the integrated measurement system. Each module can measure its own input voltage and current

simultaneously, eliminating the need for external DMMs (Digital Multi-Meters) and complex wiring shunts.

High-Speed Data Acquisition

The N3300 series can capture transient events with its high-speed digitizing capability. For engineers testing the 

transient response of a power supply (the ability of a supply to maintain its output voltage during a sudden change 

in load current), the N3300 provides the necessary slew rates. The N3307A, for instance, offers programmable

slew rates that allow users to define exactly how fast the current changes from one level to another, simulating real-

world dynamic loads.

Zero-Volt Operation

A significant challenge in power supply testing is the ability of an electronic load to sink current when the input 

voltage is near zero. Many traditional loads require several volts to operate their internal circuitry. However, the 

N3300 series is designed to operate with full stability down to zero volts. This is achieved through an internal

architectural design that ensures the power FETs remain in their linear region even at extremely low potentials,

making it ideal for testing fuel cells and single-cell batteries.

Programming and Automation via SCPI

For system integrators, the N3300 series supports the Standard Commands for Programmable Instruments (SCPI).

This standardized language ensures that code written for one instrument can often be adapted for others. The

ability to execute stored command sequences allows the load to run complex test profiles locally, reducing the

communication overhead on the GPIB bus and increasing overall test throughput.

Example SCPI Sequence for Transient Testing

1.  CONF:CURR 10 - Sets the module to Constant Current mode at 10 Amps.



2.  CURR:SLEW 2.5 - Sets the slew rate to 2.5 A/microsecond.

3.  LIST:CURR 5, 15, 10 - Defines a sequence of current levels.

4.  LIST:DWEL 0.01, 0.01, 0.01 - Defines the time to stay at each level (10ms).

5.  TRIG:SOUR BUS; INIT - Prepares the load to execute the sequence upon a bus trigger.

Implementation Field Guide: Step-by-Step System Integration

Integrating the N3300 series into a production line requires careful consideration of thermal management and

electrical connectivity.

Step 1: Thermal Planning

Since the N3300 series converts electrical energy into heat, airflow is critical. The N3300A mainframe pulls air from

the front and sides and exhausts it through the rear. In a rack-mount configuration, ensure at least 1U of spacing or

high-flow rack fans to prevent thermal shutdown. The modules have internal over-temperature protection (OTP), but

frequent triggering can shorten the lifespan of the electrolytic capacitors.

Step 2: Remote Sensing for Accuracy

When sinking high currents (e.g., 120A with the N3306A), even a few milliohms of lead resistance can cause a 

significant voltage drop (V = I * R). The N3300 series features Remote Sense terminals. By connecting these

terminals directly to the output of the Device Under Test (DUT), the load measures the voltage at the source,

effectively compensating for the voltage drop in the heavy-gauge load wires.

Step 3: Triggering and Synchronization

In systems requiring multiple loads to change state simultaneously, use the hardware trigger link on the rear of the

mainframe. This ensures that all modules in a 6-slot N3300A respond to a pulse within microseconds of each other,

providing a coherent picture of how a multi-rail system reacts to a global load change.

Troubleshooting and Maintenance

Reliability is a hallmark of the Keysight/Agilent brand, but certain failure modes can occur in high-stress

environments.

Common Error Codes and Solutions

•  Prot (Protection) Status: If the 'Prot' LED is lit, the module has entered a protection state (Over-Voltage, Over-

Current, or Over-Temperature). Check the 'Status:Questionable' register via GPIB to identify the specific fault.

•  Unregulated (Unr) State: This occurs when the load cannot maintain the programmed value because the 

source is insufficient or the load is operating outside its specified Power Envelope. Ensure the V-I curve of the 

source falls within the module's operating range.

•  Communication Errors: Often caused by incorrect GPIB addressing or termination characters. The N3300 

series typically expects a New Line (NL) or End-of-Identity (EOI) signal.

Calibration Cycles

To maintain the 16-bit measurement accuracy, annual calibration is recommended. The N3300 series features

closed-case calibration, meaning the unit does not need to be opened. Calibration constants are stored in non-

volatile memory and can be adjusted via the front panel or the programming interface using a high-precision shunt

and a calibrated DMM.

Case Study: Testing Next-Generation DC-DC Converters



Consider a scenario where a manufacturer is developing a 48V to 12V DC-DC converter for electric vehicles. The

test requirements include a 100% load step and efficiency measurement across the entire power curve.

Using an N3300A mainframe and an N3304A module, the engineer programs a dynamic load profile. The load

starts at 1A (light load), steps to 60A (full load) with a slew rate of 10A/µs, and holds for 500ms. By using the

N3300's internal digitizer, the engineer captures the voltage sag and recovery time of the converter without needing

an oscilloscope for every test run. This integration reduces the total test time from 45 seconds per unit to 12

seconds, significantly increasing factory throughput.

The Engineering Impact of the N3300 Series

The legacy of the Agilent N3300A-N3307A series lies in its robustness. While the brand has transitioned to

Keysight Technologies, the core hardware remains a staple in laboratories worldwide. Its ability to provide stable,

high-speed, and programmable DC loading makes it indispensable for validating the power delivery networks of

today’s complex electronics.

By understanding the nuances of the Constant Current vs. Constant Resistance modes, leveraging the remote

sensing capabilities, and utilizing the modularity of the N3307A and its counterparts, engineers can build testing

environments that are both precise and scalable. As power densities continue to rise, the importance of high-

performance electronic loads like the N3300 series will only grow, remaining a cornerstone of electrical engineering

validation and quality assurance.
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•  Mastering the HP 8116A: A Comprehensive Technical Guide to the 50 MHz Programmable Pulse/Function 
Generator

   URL: http://alaskawriters.com/hp-8116a-programmable-pulse-function-generator-guide.pdf

Tags: #Keysight N3300A  #Agilent Electronic Loads  #DC Load Testing  #N3307A Module  #Power Supply Validation

http://alaskawriters.com/hp-8116a-programmable-pulse-function-generator-guide.pdf
http://alaskawriters.com/hp-8116a-programmable-pulse-function-generator-guide.pdf


Page 1 of 5



Page 2 of 5



Page 3 of 5



Page 4 of 5



Page 5 of 5


