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In the landscape of electronic test and measurement, few instruments have maintained as much relevance in both
legacy maintenance and academic environments as the HP 8116A 50 MHz Programmable Pulse/Function
Generator. Originally released by Hewlett-Packard (now Agilent/Keysight), the 8116A represents a pinnacle of
versatile signal generation, bridging the gap between standard function generators and high-precision pulse
generators. This instrument is not merely a signal source; it is a sophisticated tool designed to address complex
analog and digital testing requirements through a robust architecture and a comprehensive feature set.

Understanding the Architectural Significance of the HP 8116A

The HP 8116A is categorized as a high-performance, 50 MHz multipurpose generator. Its primary value proposition
lies in its fully programmable nature, allowing for seamless integration into Automated Test Equipment (ATE)
environments via the Hewlett-Packard Interface Bus (HPIB), which is the HP implementation of the IEEE-488
standard. Unlike basic function generators that offer sine and square waves with limited control over timing
parameters, the 8116A provides granular control over pulse width, transition times (indirectly through frequency/
duty cycle in some modes), and operational modes such as burst and sweep.

Key Operational Waveforms

The device supports a variety of fundamental waveforms, each essential for different stages of circuit
characterization:

¢ Sine Wave: Critical for frequency response analysis and distortion testing in analog circuits.

¢ Square Wave: Used for clocking digital circuits and assessing the transient response of amplifiers.

e Triangle Wave: Essential for linearity testing of ADCs and sweep-related applications.

e Pulse: The hallmark of the 8116A, providing variable width and delay, necessary for logic timing analysis and
semiconductor gate driving.

Technical Specifications and Performance Analysis

To appreciate the utility of the HP 8116A, one must look at the quantitative capabilities defined in the 08116-90003
Service Manual. The unit operates across a frequency range from 1 mHz to 50 MHz. This wide dynamic range
ensures that it can be used for low-frequency industrial control simulation as well as high-speed communication
testing.

Detailed Performance Matrix

The following table outlines the core technical specifications that define the operational envelope of the HP 8116A:



Parameter Specification Detail Operational Context

Frequency Range 1 mHz to 50 MHz Covers 11 decades of frequency
control.

Amplitude Range 10 mV to 16 V (Peak-to-Peak) Into 50 :’ /£06 C° doubles into high
impedance.

Offset Range +8V Allows for precise DC biasing of
signals.

Pulse Width Minimum 10 ns Suitable for high-speed TTL/CMOS
logic testing.

Duty Cycle 10% to 90% (Normal) Adjustable for PWM simulation.

Transition Times &lt; 7 ns Fixed fast rise and fall times for clean
edges.

The Mechanics of Signal Generation

The 8116A utilizes a voltage-controlled oscillator (VCO) architecture coupled with sophisticated shaping circuitry.
When operating in Pulse Mode, the instrument triggers a dedicated pulse-forming network that allows the user to
define the width and repetition rate independently. This is a critical distinction from simpler generators where pulse
width is strictly a function of the frequency and duty cycle. In the 8116A, the user can maintain a constant pulse
width while varying the frequency, which is vital for testing circuits that are sensitive to specific pulse durations
regardless of the clock rate.

Operational Modes and Programming Logic

The HP 8116A is renowned for its versatility, largely due to its multiple operating modes. These modes allow the
generator to respond to external triggers, gate signals, or internal modulation sources.

Core Operating Modes

1. Normal (NORM): Continuous waveform generation based on set parameters.

2. Triggered (TRIG): One cycle of the waveform is generated upon receipt of an external or manual trigger.

3. Gated (GATE): Waveform generation occurs only while the gate signal is active.

4. External Width (E.WID): The output pulse width is determined by the duration of the external input signal,
effectively acting as a pulse shaper or restorer.

5. External Burst (E.BUR): A specific number of cycles (determined by Option 001) are generated upon a
trigger event.

Logarithmic Sweep and Burst (Option 001)

One of the most sought-after configurations for the 8116A is the inclusion of Option 001. This internal module adds
two critical capabilities:

e Logarithmic Sweep: This allows the generator to sweep across a frequency range logarithmically, which is the
standard for characterizing filters, audio equipment, and wideband amplifiers where frequency response is
measured in decades.

e Burst Mode: Enables the user to specify a precise number of cycles (from 1 to 1999) to be emitted upon a
single trigger. This is indispensable for testing counters, shift registers, and pulse-coded communication systems.



The HPIB Integration and Automation Framework

For the Senior Systems Engineer, the 8116A’'s HPIB (GPIB) interface is its most powerful feature. All front-panel
controls, with the exception of the line switch, are programmable. The programming syntax follows a standard
command structure common to HP instruments of that era.

Example Programming Sequence

To configure the 8116A for a 1 MHz square wave at 5V amplitude with a 1V offset via HPIB, the following
mnemonic strings are typically sent:

« FRQ 1 MZ (Sets Frequency to 1 MHz)
* AMP 5 VO (Sets Amplitude to 5 Volts)
¢ OFS 1 VO (Sets Offset to 1 Volt)

* WVS 2 (Selects Square Waveform)

The ability to automate these settings allows for complex "frequency-stepping” routines and automated stress
testing of components under varying signal conditions.

Maintenance, Calibration, and Troubleshooting

As a legacy instrument, maintaining the HP 8116A requires adherence to the procedures documented in the
Service Manual (08116-90003). Technical longevity is dependent on periodic calibration and the replacement of
aging components, particularly electrolytic capacitors in the power supply section.

Common Troubleshooting Scenarios

Technicians often encounter specific error codes or failure modes. Below is a diagnostic matrix for common HP
8116A issues:



Observed Symptom Potential Root Cause Recommended Action

Error 01 (HPIB Error) Invalid command string or syntax Verify the controller code and HPIB
error. address settings.
Unstable Frequency VCO drift or power supply ripple. Check rail voltages (+15V, -15V, +5V)

and recalibrate VCO.

Distorted Waveforms Failed output shaper IC or output Inspect the final output stage; check
amplifier. for blown protection diodes.
No Output Output relay failure or fuse link. Test the internal output relay and

verify the 'Output On' state.

Calibration Procedures

Calibration of the 8116A involves adjusting the internal potentiometers to ensure that the actual output matches the
digital display. Key calibration points include:

* DC Offset Null: Ensuring zero volts output when the offset is set to zero.

* Amplitude Accuracy: Adjusting the gain of the output amplifier at 1 kHz.

¢ High-Frequency Compensation: Adjusting trimmers to minimize overshoot and ringing on square waves at 50
MHz.

e Duty Cycle Symmetry: Ensuring that a 50% setting results in a perfectly symmetrical waveform.

Practical Implementation: A Field Guide for Engineers

To maximize the utility of the HP 8116A in a modern lab, it is often integrated with digital storage oscilloscopes
(DSOs). When performing Pulse Width Modulation (PWM)analysis, the 8116A can be used to simulate control
signals for motor drivers.

Step-by-Step Procedure for Logic Level Testing
1. Define Logic Thresholds: Determine the V_ih (Input High) and V_il (Input Low) of the Device Under Test
(DUT).
2. Set Amplitude and Offset: Adjust the 8116A so the pulse peaks correspond to the required logic levels. For
5V TTL, set amplitude to 5V and offset to 2.5V (or OV offset and 5V peak depending on termination).
3. Impedance Matching: Always ensure the 8116A is terminated into a 50 :’ £6 B —b FtR t—v,0g&W Va7’ —¢FVprity of
the pulse edge is required. Without proper termination, reflections will cause significant ringing.
4. Verify with Scope: Before connecting to the DUT, verify the waveform on an oscilloscope to ensure no
overvoltage conditions exist.

Comparative Evaluation: HP 8116A vs. Modern Arbitrary Function
Generators (AFGS)

While modern AFGs offer higher resolution and the ability to create custom waveforms, the HP 8116A remains
superior in specific high-speed analog applications due to its dedicated pulse circuitry.



Feature HP 8116A (Legacy) Modern Digital AFG

Signal Path Primarily Analog (VCO/Shaper) Digital (DAC/DDS)

Jitter Very low analog jitter Quantization jitter present

Ease of Use Direct knob/button entry Menu-driven touchscreens
Pulse Control Dedicated hardware timing Software-calculated timing
Reliability High (Serviceable) Moderate (Disposable/Compact)

Summary of Industrial and Educational Applications

The HP 8116A continues to serve as a cornerstone in various sectors. In educational laboratories, its transparent
operational logic helps students understand the fundamentals of signal timing and wave shaping. In industrial
aerospace and defense, the 8116A is often maintained in long-term support programs where original test
procedures specify its use for the validation of avionics and radar sub-assemblies.

Its 50 MHz capability remains sufficient for the vast majority of general-purpose electronic repairs and design work.
Furthermore, the availability of comprehensive documentation—from the Quick Manual to the 1990-revision
Service Manual—ensures that these units can be kept in peak operating condition for decades. The 8116A is a
testament to the era of "built-to-last" engineering, providing a level of tactile feedback and reliable performance that
modern, low-cost alternatives struggle to replicate.

By mastering the control sequences, understanding the architectural limits of its VCO, and utilizing the advanced
features of Option 001, engineers can leverage the HP 8116A to perform sophisticated characterization tasks that
are essential for modern hardware development. Whether it is used for simple clock generation or complex gated
burst sequences, the HP 8116A remains a versatile and indispensable asset in the professional engineer's toolkit.
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