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In the high-stakes world of semiconductor manufacturing and research, precision is not merely a goal but a 

fundamental requirement. The Keysight (formerly Agilent) B1500A Semiconductor Device Analyzer stands as 

the industry standard for characterizing the electrical properties of materials and devices. As a modular instrument 

with integrated software, it bridges the gap between basic component testing and advanced material science. 

However, to leverage the full potential of this instrument, one must master its complex programming environment, 

remote control protocols, and the nuances of the EasyEXPERT software interface.

Understanding the Architectural Framework of the B1500A

The B1500A is not a single instrument but a mainframe-based solution that supports a variety of modules tailored 

for specific measurement tasks. Its versatility stems from its modular slots, which can be populated with Source 

Monitor Units (SMUs), Capacitance Measurement Units (CMUs), and Pulse Generator Units (PGUs). This

modularity allows for a wide range of characterization, from simple DC Current-Voltage (IV) curves to complex

Capacitance-Voltage (CV) and ultra-fast pulsed measurements.

Key Hardware Components

•  High Power SMU (HPSMU): Capable of delivering up to 1A/200V, essential for power device characterization.

•  Medium Power SMU (MPSMU): The workhorse module for standard CMOS characterization.

•  Multi-Channel SMU (MCSMU): Designed for high-throughput testing with high-density pin counts.

•  Waveform Generator/Fast Measurement Unit (WGFMU): Vital for characterizing transient phenomena such as 

Negative Bias Temperature Instability (NBTI) or resistive RAM (ReRAM) switching.

The core of the B1500A's logic resides in its internal controller, which runs the EasyEXPERT environment. While 

the graphical user interface (GUI) provides an intuitive path for manual testing, high-volume automated testing 

environments require Remote Mode operation via GPIB (General Purpose Interface Bus) or LAN.

The Theoretical Foundations of Remote Programming

Programming the B1500A involves a shift from visual interaction to procedural execution. The instrument operates 

using a command set that is largely compatible with the SCPI (Standard Commands for Programmable 

Instruments) protocol, though it also supports the legacy FLEXcommand set used in previous generations of

Agilent parameter analyzers like the 4155/4156 series. This backward compatibility ensures that long-standing lab

routines can be migrated to the newer B1500A platform with minimal friction.

Remote Mode vs. Local Mode

When the B1500A is in Remote Mode, the front panel and EasyEXPERT GUI are typically locked to prevent user

interference. The instrument receives commands from an external PC, executes them in the internal processor, and

returns the result across the bus. Understanding the transition between these states is critical for error-free

automation. The *RST command is commonly used to reset the instrument to a known state, while the *IDN? query

is the standard method for verifying communication.



Data Transfer Mechanisms

Data retrieved from the B1500A can be formatted in several ways, including ASCII and various binary formats. For

large datasets, such as those generated during high-speed sampling or long-duration reliability tests, binary data

transfer (using the FORM4 or FORM5 commands) is significantly faster than ASCII, reducing the total test time in a

production environment.

Technical Analysis: Module Performance and Selection

Selecting the right module for a specific measurement is a matter of matching the device's electrical characteristics

with the module's resolution and range. The following table provides a technical comparison of the primary modules

found in the B1500 series.



Module Type Max Voltage Max Current Current Resolution Primary Application

HPSMU 200 V 1 A 10 fA Power MOSFETs, 
IGBTs

MPSMU 100 V 100 mA 10 fA Standard CMOS, IC 
characterization

MCSMU 30 V 100 mA 10 pA Display drivers, high-
density testing

HRMSMU 100 V 100 mA 0.1 fA Low-leakage gate 
oxides, 
Nanotechnology

CMU +/- 25 V (DC Bias) N/A 1 fF C-V, C-t, C-f 
measurements

Advanced Programming Procedures

Effective programming of the B1500A follows a structured workflow. Whether using Python, LabVIEW, or C#, the

developer must manage the instrument state, define measurement parameters, execute the measurement, and

process the results.

Step 1: Initialization and Resource Allocation

The first step in any script is establishing a connection via the VISA (Virtual Instrument Software Architecture)

layer. This layer abstracts the hardware interface (GPIB, USB, or LAN). In a Python environment using PyVISA, this

looks like:

import pyvisa

rm = pyvisa.ResourceManager()

instrument = rm.open_resource('GPIB0::17::INSTR')Step 2: Measurement Setup and Channel Configuration

Before sourcing power, the channels must be enabled and their modes defined. The CN (Channel enable) and DI

(Disable channel) commands are used here. For a standard MOSFET IV sweep, one SMU acts as the Gate

(Voltage Source) and another as the Drain (Voltage Sweep).

Step 3: Executing the Measurement

The B1500A supports several measurement modes:

•  Spot Measurement: Provides a single point reading of current or voltage.

•  Staircase Sweep: Increases voltage/current in increments, measuring at each step.

•  Sampling Measurement: Measures data points over time at a specific interval, crucial for transient analysis.

Step 4: Retrieval and Post-Processing

Once the measurement is complete, the data resides in the instrument's output buffer. The programmer must read

this buffer and parse the string or binary block into a usable array. Because the B1500A often returns status

headers with each data point (indicating compliance limits or error states), robust parsing logic is required to

ensure data integrity.



Integration with PyMeasure and Modern Automation

In recent years, the semiconductor research community has moved toward open-source automation. The 

PyMeasurelibrary provides a high-level abstraction for the B1500A, allowing researchers to write complex

experimental procedures in Python without manually formatting SCPI strings. This approach reduces the likelihood

of syntax errors and facilitates the integration of the B1500A with other lab equipment like probe stations and

temperature controllers.

Example: Automated Threshold Voltage (Vth) Extraction

A typical automation script for Vth extraction involves performing a Gate Sweep (Vgs) while keeping the Drain-

Source voltage (Vds) constant. The script then identifies the linear region of the Id-Vgs curve, performs a linear

regression, and extrapolates the x-intercept. By automating this, a researcher can characterize hundreds of devices

on a wafer in the time it would take to manually measure five.

Practical Implementation: Case Study on GaN Power Devices

Consider the characterization of Gallium Nitride (GaN) high-electron-mobility transistors (HEMTs). These devices 

operate at high voltages and are prone to "trapping" effects that can change their characteristics during 

measurement. Characterizing these requires the B1500A's pulsed measurement capability.

The Pulsed IV Challenge

Using standard DC sweeps on GaN devices can lead to self-heating, which skews the results. By using the 

B1500A's Pulsed SMUmode, the programmer can apply narrow pulses (e.g., 500 microseconds) to minimize

thermal impact. The programming guide provides specific timing parameters (Pulse Width, Pulse Period) that must

be carefully calculated to ensure the device returns to its baseline state between pulses.

Measurement Execution Flow for Pulsed IV

1.  Set SMU to Pulse mode using the PT command.

2.  Define the Pulse Base and Peak values.

3.  Configure the Pulse Timing (Delay, Width, and Period).

4.  Trigger the measurement and capture the synchronized current/voltage readings.

Troubleshooting Common Operational Challenges

Even for experienced engineers, the B1500A can present challenges. Most issues arise from timing mismatches or

compliance limit violations.

1. Compliance Limits (Current/Voltage Limiting)

Every SMU has a compliance limit to protect the Device Under Test (DUT) . If a measurement reaches the

compliance limit, the B1500A will clamp the output. In remote programming, this is indicated by a status bit in the

returned data. Scripts should always check for this bit; otherwise, the data might be misinterpreted as a device

characteristic rather than an instrument limit.

2. GPIB Timeouts

Large sweeps (e.g., 1001 points) take time to execute. If the external PC's timeout is set too short (e.g., 2 seconds),

the script will crash before the B1500A finishes the measurement. The solution is to use the *OPC? (Operation

Complete) query or set a sufficiently long timeout in the VISA configuration.



Common Error Codes and Solutions



Error Code Description Probable Cause/Solution

101 Syntax Error Check for typos in SCPI commands or 
missing delimiters.

201 Settings Conflict Ensure the range and compliance 
values are compatible with the 
module.

500 Interlock Open The B1500A high-voltage mode 
requires the interlock circuit to be 
closed for safety.

-222 Data Out of Range The requested sourcing value 
exceeds the module's capability.

The Role of EasyEXPERT in Modern Workflows

While remote programming is vital for automation, EasyEXPERTremains the backbone of the B1500A ecosystem.

It provides a "Classic Test" mode for those familiar with older Agilent units and an "Application Test" mode that

includes a library of hundreds of pre-defined measurement routines for specific technologies like Flash memory,

MOSFETs, and Bipolar transistors.

A unique feature of EasyEXPERT is its ability to export measurement setups into "Private" or "Public" libraries. This

ensures that a measurement procedure developed by one engineer can be precisely replicated by another,

maintaining consistency across different laboratories or production shifts.

Future-Proofing Your Characterization Infrastructure

As semiconductor nodes shrink toward 2nm and beyond, the requirements for measurement sensitivity and speed 

will only increase. The B1500A platform is designed for longevity, with firmware updates regularly adding support 

for new modules and measurement techniques. Engineers should focus on building modular automation code—

scripts that are not tied to a specific hardware address but can adapt to different mainframe configurations.

Furthermore, the integration of Machine Learning (ML) in parameter extraction is a growing trend. By streaming 

data from the B1500A directly into Python-based ML frameworks, researchers can perform real-time anomaly 

detection and predictive modeling of device reliability. This requires a deep understanding of the Binary Data 

Transferprotocols mentioned earlier to ensure the data throughput can match the requirements of the ML

algorithms.

The Keysight B1500A Semiconductor Device Analyzer is more than just a measurement tool; it is a comprehensive 

system that requires a blend of hardware knowledge, software proficiency, and electrical engineering expertise. By 

mastering the Programming Guide, understanding the EasyEXPERT environment, and adopting modern 

automation practices like PyMeasure, engineers can unlock unprecedented insights into semiconductor

performance. Whether you are performing routine quality control or pioneering the next generation of wide-bandgap

semiconductors, the B1500A provides the precision and flexibility needed to succeed in the evolving technological

landscape. Mastery of its remote control interface ensures that your characterization capabilities are scalable,

repeatable, and ready for the challenges of tomorrow's nano-electronics.
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