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Means for Obtaining Character Time in a Radio
Communication System Receiver

Application filed in 1960 Patent issued to General Electric in 1962

Until the advent of PSK (phase shift keying) modulation in the late fifties, digital
information was modulated on a carrier using FSK (frequency shift keying) modulation. PSK
provided higher information content than FSK, permitting information to be conveyed at a
spectral efficiency further up Shannon’s theoretical curve of Bits/Hz versus Eb/No.

Demodulation of PSK and its successors (e.g., QPSK, QAM) presented a new problem,
however. Synchronization would now be needed with the modulated carrier (nanosecond
timing), not just the underlying digital signal (micro/millisecond timing). As Costas pointed out
in his patent, timing information had “to be obtained automatically and accurately even in the
presence of fairly large amounts of noise or interference. . . .the timing system must operate
properly no matter what message is sent.”

The solution to this problem was the Costas loop, an elegant and far-reaching invention
that used a control-feedback loop to begin the era of synchronous demodulation by “provid[ing]
means for obtaining character time automatically into receiver in a radio Teletype system.”
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