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In this paper, we describe high-stable RF-frequency generation using a low-cost 8-bit microcontroller for amplitude-
modulation based distance measurement, which is one of the indispensable technologies for cost-effective Lidar application.
The RF frequency generator using the microcontroller was implemented by externally referencing to an atomic clock and 8-
bit timer/pulse width modulation (PWM) functions, which are embedded in a microcontroller. The microcontroller we used
was ATmega128 of Microchip with 16 MHz clock and 8-bit timer, which generates the maximum frequency of up to 62.5
kHz, enabling 2.4-kilometer ranging without phase ambiguity. The stability of RF-frequency generated from the implemented
system was evaluated in terms of Allan deviation using a commercial frequency counter. The stability indicated 10" at 1-s
averaging time and 1072 at 100 s averaging time, which represents a 1/10 degradation compared to the stability of the
commercial function generator. Along with the stability evaluation, we interrogated frequency tunability, which extends a

measurable range without phase ambiguity.
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Fig. 1 Measurable range without ambiguity problem and obtainable
resolution depending on frequency of amplitude modulation.
The target position denotes 62.5 kHz frequency generation
which is a scope of this paper
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Fig. 2 High-stable RF-frequency generator using a atomic clock
referenced microcontroller. (1) Crystal Oscillator connection
(2) External reference frequency connection Abbreviations
are; MCU: Micro Controller Unit, ISP:
Programming, OSC: Crystal oscillator, C1,2: capacitor

In-System

XTAL: crystal oscillator input/output, OC0: Output Compare

Pin 0, N.C: non-connection
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Fig. 3 Basic principle of frequency generation using timer and
PWM (pulse-width modulation) functions in microcontroller.
OCRO: Output Compare Register 0
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Fig. 4 Frequency measurement results depending on reference
frequency of the microcontroller. Blue line: crystal oscillator
referenced frequency generation, Black line: Externally
referenced frequency generation, Red line: External reference
frequency by commercial function generator
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Fig. 5 Allan deviation of frequencies generated from various
methods
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Fig. 6 Frequency tunability by prescale variation in timer function
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