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ABSTRACT: The DC-DC converters have the potential to
transfer digital data with their power stages. With the combined
power/data modulation which applying digital modulation to
the PWM carrier wave, the converters can achieve the digital
communication by using the switching ripple as the signal
carrier. This article focused on principles and practical schemes
of the power/data double modulation technology, and proved
the consistency between the square wave carrier and the sine
wave carrier in the aspect of modulation and demodulation.
Moreover , the basic principles of frequency hopping-
differential phase shift keying (FH-DPSK) modulation were
analyzed in details, and a practical FH-DPSK scheme was
proposed. By combining the advantages of frequency shift
keying (FSK) modulation and differential phase shift keying
(DPSK) modulation, and suppressing the output voltage
disturbance caused by the communication process, this scheme
solved the problem of inter-symbol interference, and achieved
the independence between power control and communication
control. Finally, with the quaternary modulation applied, the
experiment using a buck converter with the switching
frequency of 100kHz/83.3kHz achieved a 6.6kbps bit rate,
which proves the correctness of the scheme.

KEY WORDS: power/data double modulation; switching
ripple communication; frequency hopping-differential phase
shift keying (FH-DPSK); voltage disturbance suppression;
symbol synchronization
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Fig. 1 Stucture of the switching
ripple communication system
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Fig. 2 Equivalent circuit of the converter
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The switching ripple communication is an emerging
communication method for distributed power systems,
which employs switching ripple as data carrier for
communication. Frequency hopping-differential phase
shift keying (FH-DPSK) modulation, which combines
the advantages of frequency shift keying (FSK)
modulation and differential phase shift keying (DPSK)
modulation, is an advanced modulation method for
switching ripple communication. This article provides an
optimized scheme for FH-DPSK.

The principle of FH-DPSK is shown in Fig. 1.
When the system does not communicate, the
communication switch C(t) choose fs(axt) as the carrier
wave for the PWM process. When it communicates,
eppsk(t) is chosen for the PWM process, and eppsk(t) is
the DPSK modulation output derived by the baseband
data and carrier fs(ant), finally the gate signal g(t) will
carry the baseband data.
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Fig. 1 FH-DPSK modulation theory

The frequency and phase change in communication
process may introduce disturbances to output voltage,
which heavily influences the power quality. To suppress
the disturbance, frequency change is only allowed when
the inductor current equals to its average value, and the
adjustment process shown in Fig. 2 should be added to
the phase changing process. The frequency changes to
frans When the adjustment process begins and changes
back to f; when the process ends. The adjustment process

S22

turns a phase change to two frequency changes to
suppress the disturbance, and fyans is determined by ¢,
and ¢,
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Fig. 2 Waveforms of adjustment process

Experiments are carried out on a buck converter
and the bit rate of 6.6kb/s is achieved under the
switching frequency of 100kHz/83.3kHz. Fig. 3 shows
the experiment waveforms when the output of two
working converters are connected in parallel and only
one converter is sending data. CH1 is the output voltage,
CH2 is the demodulated signal and CH3 is the frequency
spectrum of CH1. The voltage disturbance is greatly
suppressed, and the communication is not influenced
when there are multiple working converters.
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Fig. 3 Experiment waveforms of communication
This paper analyzes the principle of FH-DPSK and
proposes an optimized practical scheme. The scheme can
greatly suppress the output voltage disturbance brought
by communication, and help to communicate under
multiple working converters.



