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In the domain of Radio Frequency (RF) engineering, the ability to accurately measure signal power across a wide
dynamic range is fundamental to system characterization, calibration, and troubleshooting. While traditional
methods such as thermal sensors and simple diode detectors have served the industry for decades, the advent of
monolithic logarithmic amplifiers has revolutionized the accessibility of precision RF measurement. At the heart of
this revolution is the AD8307from Analog Devices—a complete, 500 MHz monolithic demodulating logarithmic
amplifier that employs the progressive compression (successive detection) technique. This article provides a
technical deep dive into the AD8307, exploring its internal architecture, practical implementation in devices like the
'Watson' 120dB system, and the engineering principles required to build a laboratory-grade RF power meter.

Understanding the Theoretical Framework of Logarithmic Amplification

Measurement of RF power is complicated by the fact that signal levels in communications systems often span
several orders of magnitude. A linear scale is frequently inadequate for representing these variations; instead, a
logarithmic scale (expressed in decibels or dBm) is used. The primary challenge for designers is converting a high-
frequency AC voltage into a DC voltage that is linearly proportional to the logarithm of the input signal's envelope.

The Progressive Compression Mechanism

The AD8307 does not use a single nonlinear element to achieve a logarithmic response. Instead, it utilizes a chain
of cascaded linear gain stages, a technique known as progressive compressionor successive detection. Each
stage has a small-signal gain (typically around 10-12 dB) and a well-defined limiting threshold. As the input signal
increases, stages begin to saturate (limit) one after another, starting from the final stage and moving toward the
input.

The output of each stage is fed into a detector cell. The currents from these detectors are summed together to
produce a total current that is proportional to the log of the input voltage. This method provides several advantages
over older log-amp designs:

¢ Wide Dynamic Range: By cascading multiple stages, the AD8307 achieves a dynamic range of up to 92 dB.

* Temperature Stability: The monolithic integration allows for precise thermal tracking between stages,
minimizing drift.

¢ Frequency Response: The architecture allows for operation from DC up to 500 MHz, making it suitable for HF,
VHF, and low-UHF applications.

Technical Specifications and Performance Analysis

The AD8307 is characterized by its high 'law conformance,’ which refers to how closely the output follows the ideal
logarithmic curve. For precision measurement, understanding these boundaries is critical for calibration.



Parameter Specification Details Operating Conditions

Frequency Range DC to 500 MHz Usable with reduced accuracy to 600
MHz

Dynamic Range 92 dB (+3 dB error) Measured at 10.1 MHz

Dynamic Range (Tight) 88 dB (+1 dB error) Frequencies up to 100 MHz

Output Slope 25mV/dB Nominal (Adjustable via external
circuitry)

Intercept Point -84 dBm Referred to a 50 ' -¢ W@

Supply Voltage 27Vto55V Low power consumption (~8 mA)

The device offers a 'slope’ and an 'intercept.’ The transfer function can be simplified as: Vout = Slope x (Pin -
Intercept). In a typical configuration, the AD8307 provides an output of roughly 0.25V at -75 dBm and 2.25V at +5
dBm. This predictable linear-in-dB response simplifies the interface with Analog-to-Digital Converters (ADCs) and
microcontrollers.

Designing a High-Precision RF Power Meter: Engineering Workflow

Building a power meter based on the AD8307, such as the famous designs by Wes Hayward (W7Z0Ol) and Bob
Larkin (W7PUA), requires careful attention to the input interface and power supply decoupling. Below is the
technical workflow for implementing a standard 50-Ohm measurement system.

1. Input Impedance Matching

The AD8307 has a high differential input impedance (approximately 1.1 k:e in parallel with 1.4 pF). To interface this
with a standard 50 :* RF environment, a shunt resistor is required. A 52.3 :e resistor is commonly used to bring the
parallel combination close to 50 :'a However, at higher frequencies (above 100 MHz), the input capacitance starts to
affect the VSWR. Designers often include a compensation network consisting of a small series inductor or specific
PCB trace geometries to maintain a flat response into the VHF/UHF range.

2. Coupling and Decoupling

The AD8307 is a high-gain device (over 90 dB of gain). This makes it extremely sensitive to power supply noise

and parasitic feedback. Low-ESR ceramic capacitorsmust be placed as close as possible to the V+ and COM
pins. The input signals should be AC-coupled using high-quality capacitors (e.g., 0.1 pF for low frequencies or 100
pF for VHF) to prevent DC offsets from biasing the internal detectors.

3.The Output Interface

The output pin (VOUT) has a relatively high source impedance. While it can drive a high-impedance DMM directly,
it is best practice to use an operational amplifier (Op-Amp) as a buffer or an integrator. For digital systems, a simple
RC low-pass filter is recommended to remove the residual ripple from the detection process before the signal
reaches the ADC.

The 'Watson' System: Extending Dynamic Range to 120 dB



While a standalone AD8307 provides 92 dB of range, certain applications, such as high-performance spectrum
analyzers or filter characterization, require even greater range. The Watson 120 dB Measurement System
illustrates a sophisticated engineering solution to this requirement.

Integration of the AD603 X-AMP

The Watson system uses an AD603, a low-noise, voltage-controlled amplifier (VGA), ahead of the AD8307. The
ADG603 provides automatic gain control (AGC). When the input signal is very weak, the AD603 provides maximum
gain, lifting the signal above the AD8307's noise floor. As the signal increases, the system reduces the AD603 gain
to prevent saturating the AD8307.

System Calibration and Fixed Bandwidth

The Watson design often incorporates a narrow-band filter (e.g., centered at 10.7 MHz). By narrowing the
bandwidth, the noise floor is significantly lowered, allowing for measurements down to -100 dBm or lower. This
specific implementation is often used as the logarithmic detector for homebrew spectrum analyzers, where the 10.7
MHz IF (Intermediate Frequency) is processed to provide a high-resolution display of signal strength.

Digital Integration: Microcontrollers and Firmware Logic

Modern RF power meters, such as the PM8307, replace the traditional analog needle meter with a microcontroller
(MCU) and an LCD. Using an Atmel AT90USB1286 or a PIC-based system allows for real-time calibration and unit
conversion (dBm, Watts, Volts).

High-Speed Sampling and Averaging

As noted in technical documentation for the Watson/PM8307 projects, sampling the AD8307 output at high rates
(e.g., 200 times per second) is beneficial. The firmware can perform digital averagingto stabilize the reading,
effectively acting as a programmable video filter. This is particularly useful when measuring signals with complex
modulation or in the presence of transient noise.

Calibration Constants in EEPROM
To achieve high accuracy, the firmware must account for the specific slope and intercept of the individual AD8307

chip used. A two-point calibration procedure is typically employed:

1. Apply a known -10 dBm signal and record the ADC value.

2. Apply a known -50 dBm signal and record the ADC value.

3. Calculate the Slope (ADC counts/dB) and Intercept (dBm at 0V).
4. Store these values in non-volatile memory (EEPROM).

Comparative Analysis of RF Measurement Technologies

To understand why the AD8307 is preferred for bench instruments, it is helpful to compare it against alternative
technologies.



Technology Dynamic Range Frequency Range Pros Cons

Diode Detector 30-40dB Up to 100 GHz Simple, low cost Very low dynamic
range, temperature
sensitive

Thermal Sensor 50 dB DC to 110 GHz Highly accurate, true Slow response,

RMS expensive, fragile

Log-Amp (AD8307) 90+ dB DC to 500 MHz Linear-in-dB, huge Limited frequency

range (LF/VHF/UHF only)

RMS-to-DC 60 dB Up to 10 GHz Waveform Complex circuitry,

Converter independent higher cost

Practical Field Guide and Troubleshooting

Despite its robustness, implementing the AD8307 can present challenges, particularly for those new to RF PCB
layout. Here are common failure modes and engineering solutions.

1. Nonlinearity at High Power Levels

If the AD8307 output flattens out prematurely (before reaching +10 dBm), it is often due to input stage saturation.
Ensure that the 50 :¢ shunt resistor is properly grounded and that the input coupling capacitors have a low voltage
coefficient. If measuring signals above +10 dBm, an external attenuator (e.g., 20 dB or 40 dB) must be used.

2. Frequency Roll-off

Users often find that the reported power drops as the frequency exceeds 300 MHz. This is typically caused by
parasitic inductance in the ground return path. Using a solid ground planeand minimizing the length of the input
signal traces is mandatory. For wideband performance, SMD components (0603 or 0402 size) should be used
instead of through-hole components to minimize lead inductance.

3. DC Offset Errors

At the very bottom of the dynamic range (-70 to -80 dBm), even small DC offsets at the input can cause significant
errors. This occurs because the AD8307 is DC-coupled internally. Ensuring that the input is purely AC-coupled and
that the PCB layout is symmetrical can help maintain the £1 dB error bound at low signal levels.

4. EMI and Shielding

The AD8307 is so sensitive that it can detect ambient FM radio stations or cellular signals if the input probe is not
shielded. A professional power meter should house the AD8307 in a milled aluminum enclosureor a tin-plate
shield box. The use of SMA connectors is highly recommended over BNC for better performance at the higher end
of the 500 MHz range.

Implications for Modern RF Design

The AD8307 remains a cornerstone of RF measurement instrumentation because it strikes a perfect balance
between complexity, cost, and performance. Its success has paved the way for more advanced successors like the
AD8317 or AD8318, which extend the frequency range into the 8 GHz and 10 GHz territory using similar
successive detection principles. However, for HF/VHF/UHF work, the AD8307's 92 dB dynamic range is rarely
surpassed. Whether used as a detector in a spectrum analyzer, a SWR bridge component, or a standalone lab



power meter, the AD8307 provides a level of precision that was once only available in instruments costing
thousands of dollars. By understanding the nuances of progressive compression, impedance matching, and digital
calibration, engineers can leverage this device to create high-fidelity measurement systems that remain accurate
across vast signal magnitudes.
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