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In the landscape of modern electronic testing and measurement, the Agilent 33220A (now marketed under the
Keysight brand) stands as a benchmark for versatility, precision, and reliability. As a 20 MHz Function/Arbitrary
Waveform Generator, it serves as the heartbeat of countless research laboratories, manufacturing floors, and
educational institutions. Understanding the nuances of this instrument requires more than a superficial glance at its
data sheet; it necessitates a deep dive into the underlying Direct Digital Synthesis (DDS)technology, its
advanced modulation capabilities, and the procedural methodologies for high-fidelity signal reproduction.

The Evolution of Signal Generation: From Analog to Digital Precision

Historically, function generators relied on analog circuitry to produce basic waveforms like sine and square waves.
These systems often suffered from thermal drift and limited frequency stability. The introduction of the Agilent
33220A marked a significant shift by utilizing DDS technology. DDS allows the instrument to generate stable, low-
distortion signals by using a digital representation of the waveform to drive a Digital-to-Analog Converter (DAC)
at a fixed clock frequency.

The 33220A operates with a 14-bit resolution and a sampling rate of 50 MSa/s. This high vertical resolution
ensures that even complex arbitrary waveforms are reconstructed with minimal quantization error, while the 50
MSa/s rate provides sufficient bandwidth for its 20 MHz output range. For engineers, this means the ability to
simulate real-world signals—such as cardiac pulses, mechanical vibrations, or communication bursts—with an
unprecedented level of accuracy.

Core Technical Specifications and Performance Metrics

To fully leverage the Agilent 33220A, one must understand the boundary conditions of its performance. The
instrument is designed to provide a wide dynamic range and diverse waveform options.

Standard Waveform Capabilities

e Sine Waves: 1 mHz to 20 MHz with exceptional spectral purity.

e Square Waves: 1 mHz to 20 MHz with fast rise and fall times (&It;13 ns).

* Pulse Generation: Up to 5 MHz with variable edge times, allowing for precise control over rise and fall
transitions.

e Ramp/Triangle: Up to 200 kHz with adjustable symmetry.

¢ Noise: 10 MHz bandwidth white Gaussian noise for stress testing and SNR analysis.

Arbitrary Waveform Architecture

The 33220A allows users to define custom waveforms with up to 64,000 points (64K). This is particularly useful for
simulating non-standard transients or complex biological signals. With 14-bit vertical resolution, the instrument can
distinguish between 16,384 discrete voltage levels, providing a high degree of granularity in signal reproduction.

Detailed Technical Analysis of Pulse Generation



One of the standout features of the Agilent 33220Ais its sophisticated pulse generation engine. Unlike basic
generators that offer a fixed duty cycle, the 33220A provides comprehensive control over the pulse geometry. This
is critical for characterizing digital logic gates, clock distribution networks, and power MOSFET gate drivers.

Variable Edge Time and Its Importance

In high-speed digital design, the transition speed (slew rate) of a signal can be just as important as its frequency.
The 33220A allows the user to adjust the edge timefrom 20 ns to several milliseconds. By controlling the edge
time, engineers can:

1. Minimize electromagnetic interference (EMI) by slowing down edges.
2. Simulate the sluggish transitions of long transmission lines.
3. Test the sensitivity of logic inputs to varying rise times.

Duty Cycle and Pulse Width Precision

The instrument provides a variable duty cycle from 0.01% to 99.99% (subject to frequency limits). This flexibility is
essential for Pulse Width Modulation (PWM)applications, where the average power delivered to a load must be
precisely controlled. The 33220A ensures that even at high frequencies, the pulse width remains stable with
minimal jitter.

Modulation, Sweep, and Burst Modes

The 33220A is not merely a steady-state signal source; it is a powerful modulation tool. It supports a wide array of
modulation schemes that are standard in the telecommunications and aerospace industries.

Types of Modulation

The device supports both internal and external modulation sources for the following types:

* AM (Amplitude Modulation): Useful for testing envelope detectors and radio receivers.

¢ FM (Frequency Modulation): Critical for VCO (Voltage Controlled Oscillator) characterization.

¢ PM (Phase Modulation): Employed in digital communication system testing.

FSK (Frequency Shift Keying): Used for simulating data transmission in legacy digital systems.
PWM (Pulse Width Modulation): Standard for motor control and LED dimming simulation.

Linear and Logarithmic Sweeps

For frequency response analysis (Bode plots), the 33220A offers sweep functionality. Users can define a start
frequency, a stop frequency, and a sweep time. The logarithmic sweepis particularly valuable for audio and
acoustic testing, as it matches the logarithmic nature of human hearing and many electronic filter characteristics.

Comparison Matrix: 33210A vs. 33220A vs. 33250A

Choosing the right instrument requires a comparative understanding of the Agilent/Keysight family. The following
table highlights the key differences between these popular models.



Feature Agilent 33210A Agilent 33220A Agilent 33250A
Max Frequency (Sine) 10 MHz 20 MHz 80 MHz

Max Frequency (Square) 10 MHz 20 MHz 80 MHz
Sample Rate 50 MSa/s 50 MSa/s 200 MSals

Arb Waveform Memory 8K points 64K points 64K points
Vertical Resolution 14-bit 14-bit 12-bit

Pulse Edge Time Fixed (20ns) Variable (20ns - 100ms) Variable (5ns - 1ms)

Practical Implementation: Automating with Python and SCPI

In the era of Industry 4.0, manual operation of test equipment is often inefficient. The Agilent 33220A supports
remote programming via USB, GPIB, and LAN (LXI Class C). It uses SCPI (Standard Commands for
Programmable Instruments), which makes it highly compatible with modern programming languages like Python.

Step-by-Step Integration with PyVISA

To control the 33220A using Python, the pyvisa library is the standard choice. Below is a conceptual workflow for
establishing a connection and generating a specific waveform:

1. Environment Setup: Install the NI-VISA drivers and the pyvisa Python package.
2. Resource Discovery: Use the resource manager to identify the instrument's address (e.g.,

3. Initialization: Open the instrument session and send the *IDN? command to verify communication.

4. Configuration: Send SCPI commands to set the function, frequency, and amplitude. For example, FUNC
SQU followed by FREQ 1000.

5. Output Control: Use the OUTP ON command to enable the signal at the BNC terminal.

Automating these steps allows for complex automated test sequences (ATS), such as sweeping a range of

frequencies and capturing the response with a digital oscilloscope (DSO), all without human intervention.

Engineering Case Study: Optimizing Duty Cycle for Power Electronics

Consider an engineering scenario where a technician must test a DC-DC Buck Converter'sefficiency. The gate
driver of the converter requires a PWM signal with a specific frequency and duty cycle. Using the 33220A, the
engineer can precisely vary the duty cycle to observe the point of maximum power point tracking (MPPT) or to
determine the switching losses at different frequencies.

By utilizing the 33220A's ability to maintain a constant pulse width even as the period is changed, the engineer can
isolate the effects of frequency on the inductor's magnetic saturation. This level of control is fundamental in
optimizing power density in modern electronics.

Troubleshooting and Operational Challenges

Even with high-end equipment like the Agilent 33220A, operational issues can arise. Understanding these common



challenges is key to maintaining data integrity.

Impedance Mismatching

A frequent error involves the output impedance setting. The 33220A has a source impedance of 50 ohmes. If the
user connects it to a high-impedance load (like an oscilloscope set to 1 M&Omega;) without adjusting the
instrument's internal settings, the displayed voltage on the generator will be exactly half of the actual voltage
delivered to the load. Always ensure the instrument's output termination setting matches the physical load
impedance.

Aliasing in Arbitrary Waveforms
When creating arbitrary waveforms, users must be mindful of the Nyquist theorem. If the user-defined waveform
contains frequency components higher than half the sampling rate (25 MHz in this case), aliasing will occur,
leading to phantom signals and distortion. Using low-pass filtering at the output or increasing the point density of
the waveform can mitigate this effect.

Error Codes and Solutions

e Error -222 (Data out of range): Typically occurs when setting an amplitude that exceeds the limits for a given
offset. Solution: Check the Vpp and Voffset relationship.

e Error +510 (Variable edge time conflict): Occurs when the edge time is set too long for the selected frequency
or pulse width. Solution: Reduce the edge time or decrease the frequency.

Mathematical Foundation: Direct Digital Synthesis (DDS) Mechanics

To appreciate the 33220A's precision, one must look at the DDS math. The heart of the DDS is the Phase
Accumulator. For every clock cycle, a frequency tuning word (M) is added to the accumulator. The output of the
accumulator represents the phase of the waveform.

The output frequency (f<sub>out</sub>) is determined by the formula:
<em>f<sub>out</sub> = (M &times; f<sub>c</sub>) / 2<sup>n</sup></em>
Where:

e M: The binary frequency tuning word.
« fc: The internal reference clock frequency (50 MHz).
¢ n: The bit-length of the phase accumulator (typically 48 bits in high-end Agilent units).

This mathematical precision allows the 33220A to achieve frequency resolutions as low as 1 micro-hertz (1
&mu;Hz), far exceeding what is possible with analog-tuned oscillators.

Conclusion and Strategic Value

The Agilent 33220A remains a cornerstone of the test and measurement industry due to its balance of
performance and usability. Its 14-bit resolution, 50 MSa/s sampling rate, and variable edge pulse generation
provide a robust platform for both simple and complex signal requirements. For the senior engineer or lab manager,
investing in such an instrument—or maintaining an existing fleet—is a strategic move toward ensuring repeatable,
high-fidelity experimental data.

As the industry moves toward higher frequencies and more complex modulation schemes, the 33220A serves as a
reliable workhorse for the vast majority of general-purpose electronic testing. Whether integrated into an automated



Python-driven test bench or used as a standalone benchtop unit, its contribution to precision engineering is
undeniable. By mastering its technical depth, from DDS mechanics to SCPI automation, professionals can unlock
the full potential of their laboratory infrastructure, driving innovation in electronics and beyond.

Baca Juga (Artikel Terkait)

¢ Comprehensive Guide to Programming and Characterizing with the Keysight B1500A Semiconductor

Device Analyzer
URL: http://alghafgolden.com/keysight-b1500a-semiconductor-device-analyzer-programming-guide.pdf
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