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Agilent B1500A Programming Guide: Mastering Semiconductor Device
Characterization

The Agilent B1500A (now Keysight B1500A) is a flagship instrument for semiconductor device analysis. Whether
you're a research engineer, a lab technician, or a product developer, the ability to program the B1500A opens up a
world of automation, reproducibility, and advanced measurement strategies. This comprehensive guide walks you
through the fundamentals of B1500A programming, from basic scripting to advanced data extraction and
integration with external tools. By the end of this article, you'll be equipped to create robust measurement
workflows, troubleshoot common pitfalls, and unlock the full potential of the B1500A platform.
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1. Overview of the B1500A System

The B1500A is a versatile semiconductor device analyzer that offers:

e High precision | V, C V, and noise measurements

e Parameter extraction and device modeling tools

e Support for a wide range of device types: MOSFETS, BJTs, diodes, MEMS, and more
« Integration with Keysight's Lab software, LabVIEW, and custom applications

e Comprehensive scripting via the B1500A Programming Interface (API)

Understanding the hardware architecture—source measurement units, probe stations, and the control software—is
essential before diving into programming. The B1500A’s core is the Agilent B1500A Software, which provides the
graphical user interface (GUI) and the scripting engine. Behind the scenes, the software communicates with the
instrument via GPIB, USB, or Ethernet, enabling remote control and automation.

2. Setting Up Your Measurement Environment

2.1. Hardware Installation

Before you write any code, ensure that the B1500A is correctly installed:

1. Mount the B1500A on the probe station. Follow the manufacturer's mounting instructions to secure the



instrument and align the probe needles with the device pads.
2. Connect the power supply. The B1500A requires a stable power source; use the provided power adapter or a
regulated lab supply.
3. Wire the instrument. Connect the GPIB/USB/Ethernet interface to your PC. For GPIB, verify the address
(usually 1).
2.2. Software Installation
Install the B1500A Software Suite:
¢ Download the latest Keysight B1500A Software from the Keysight website.
¢ Run the installer and follow the prompts. Make sure to enable the Programming Interface during installation.
e After installation, launch the B1500A GUI to confirm communication with the instrument.
2.3. Configuring the Instrument
Within the GUI, set the following parameters before programming:
e Device type (e.g., MOSFET, BJT)
e Probe configuration (e.g., 1 probe, 2 probe, 4 probe)

e Temperature control settings if using a thermal chuck
e Source/Measure units (SMUSs) configuration: voltage range, current limits, and measurement resolution

These settings will be referenced by your scripts, so document them for reproducibility.

3. Basic Programming Concepts

The B1500A programming environment is built around a simple, yet powerful scripting language. Scripts are written
in plain text files with a .b1500 or .txt extension and executed directly from the GUI or via the command line.

3.1. Script Syntax
Key elements of the B1500A script syntax include:

¢ Commands — Individual actions such as SET, MEASURE, LOOP, etc.
e Parameters — Values or expressions that modify a command.

e Variables — Store and reuse data throughout a script.

 Comments — Lines starting with # are ignored during execution.

Example:

# Set source voltage
SET VOLTAGE 1.0

# Measure current
MEASURE CURRENT

3.2. Data Structures

Data in the B1500A environment can be stored in arrays, tables, or files. The scripting language supports basic
array operations and can write CSV files for post processing.

3.3. Error Handling

Robust scripts should include error handling to capture communication failures, over current events, or device
anomalies. Use the TRY/EXCEPT construct to catch exceptions and log them for debugging.



4. Writing and Running Measurement Scripts

4.1. Creating Your First Script

Let's walk through a simple | V sweep script.

# B1500A |-V Sweep Example
# Author: Your Name
# Date: 2026-10-04

# Define measurement parameters
SET VOLTAGE_RANGE 050.1
SET CURRENT_LIMIT 10uA

SET MEASUREMENT_DELAY 0.2

# Initialize data storage
DATA =]

# Loop over voltage steps
LOOPVinOto5step 0.1
SET VOLTAGE V
WAIT 0.2
| = MEASURE CURRENT
DATA.append([V, 1])
END LOOP

# Export results
EXPORT DATA CSV "IV_Sweep_$(DATE).csv"

Save this file as IV_Sweep.b1500 and run it from the B1500A GUI by selecting File &gt; Run Script.

4.2. Advanced Measurement Loops

For more complex experiments, you can nest loops, incorporate conditional logic, and use mathematical
expressions.

# Temperature Dependent |-V Sweep
SET TEMP_START 25

SET TEMP_END 125

SET TEMP_STEP 10

LOOP T in TEMP_START to TEMP_END step TEMP_STEP
SET TEMPERATURE T
WAIT 5 # Allow temperature to stabilize
# Perform |-V sweep at this temperature
LOOPVin0to5step 0.1
SET VOLTAGE V



WAIT 0.2
| = MEASURE CURRENT
LOGT,V, I
END LOOP
END LOOP

4.3. Using Functions and Libraries

The B1500A scripting environment supports user defined functions and can import external libraries (e.g., math for
advanced calculations). Defining functions improves readability and reusability.

FUNCTION calculate_transconductance(V, I)
RETURN dl/dV # Use numerical differentiation
END FUNCTION

5. Automating Measurements with the B1500A API

5.1. Introduction to the API

Beyond simple scripts, the B1500A offers a full Application Programming Interface (APl)that can be accessed
via C, C++, Python, or LabVIEW. The API provides granular control over every instrument function, enabling
integration into larger automation frameworks.

5.2. Setting Up the API Environment

* Download the Keysight B1500A API SDK from the Keysight website.

¢ Install the SDK and ensure that the development environment (e.g., Visual Studio, Python IDE) can locate the
library files.

¢ Include the appropriate headers or modules in your code.

5.3. Sample Python Script

Below is a minimal Python example that performs a voltage sweep and logs the results to a CSV file.

import keysight_b1500a as b1500
import csv

# Connect to instrument
inst = b1500.connect(address="GPIB0::1::INSTR")

# Configure measurement
inst.set_voltage_range(0, 5, 0.1)
inst.set_current_limit(10e-6)
inst.set_delay(0.2)

# Prepare CSV
with open('iv_sweep.csV', 'w', newline=") as csvfile:
writer = csv.writer(csvfile)



writer.writerow(['Voltage (V)', 'Current (A))

for voltage in inst.range(0, 5, 0.1):
inst.set_voltage(voltage)
current = inst.measure_current()
writer.writerow([voltage, current])

inst.disconnect()

5.4. Integrating with LabVIEW

LabVIEW users can leverage the Agilent B1500A VISAdriver to create graphical
features include:

e Drag and drop blocks for setting voltage, measuring current, and logging data.
e Built in error handling and status indicators.
* Real time plotting of measurement data.

Refer to the LabVIEW Driver Guide for detailed examples.

6. Advanced Data Handling and Export

6.1. Data Structures in the B1500A
Data can be stored in:
e Tables — 2D arrays with labeled rows and columns.
e Vectors — 1D arrays for single parameter sweeps.
e Structures — Custom data types for complex datasets.
6.2. Export Formats
Export your data to common formats:
e CSV - Simple comma separated values for spreadsheets.
e Excel (.xIsx) — Advanced formatting and formulas.

e JSON - Structured data for web applications.
e Binary (.dat) — Compact storage for large datasets.

6.3. Post Processing with Python

measurement

loops.

Key

After exporting to CSV, you can use Python libraries like Pandas and Matplotlib to analyze and visualize the data.

import pandas as pd
import matplotlib.pyplot as plt

df = pd.read_csv('iv_sweep.csVv')
plt.plot(df['Voltage (V)1, df['Current (A)'])
plt.xlabel('Voltage (V)"
plt.ylabel('Current (A))

plt.title('l V
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