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Abstract

Time-domain (TD) signal processing has been applied to
switched-mode dc-dc converters recently. The converter output
voltage (Vour) is transformed to TD information as the processing
variable, which operates like digital signals but without
quantization error. Furthermore, the digital-like nature allows TD
circuits to operate at a lower supply voltage (Vpp), which leads to
lower power consumption. Various TD power converters with PID/
Pl compensators have been reported, as conceptually depicted in
Fig. 1. The prior works operate at higher switching frequency (f,,
> 10 MHz) for small form factor and fast transient. However, this is
at the cost of decreased power efficiency. Lowering f,, can lead
to better efficiency, but the design complexity of VCDL increases

as the switching period becomes longer.

Another issue of TD (or phase-domain) operation in a TD power
converter is the phenomenon of harmonic locking. If a PD is
adopted in the controller, during load transient. The Vour may be
locked to a wrong value. This is due to that a conventional PD is
simply a SR latch. The PD is not able to provide the direction of
the phase difference from its input signals; namely, it lacks the
frequency information. If the fg, is sub-harmonically locked to a

wrong frequency, and Vour is also incorrect.

To address the aforementioned design issues, a pseudo-current
mode (PCM) VCO-based buck converter is proposed in this work.
In the Pl compensator, the proportional element is implemented
as a differentiator followed by a VCO. Hence, VCDL is no longer
required. Next, to avoid harmonic locking, phase-frequency
detector is adopted. Finally, to improve the efficiency at light load,
zero-current detector is realized to enable the converter to enter

DCM operation.

This work presents a 2.5MHz CCM/DCM pseudo-current mode
buck converter with a VCO-based Pl compensator. The proposed
Pl compensation with inductor current sensing eliminates
the power-hungry voltage-controlled delay line (VCDL) that

is required in a conventional time-domain compensator and
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reduces the design complexity. To avoid har-monic locking during
large load transient, phase-frequency detector (PFD) is employed.
Finally, a zero-current detector (ZCD) is adopted to prevent the
power loss in light-load operation. The proposed chip is fabricated
in TSMC 180-nm CMOS process, as shown in Fig. 2. With a 3.3V
input and 1.2V output, the peak efficiency of 89% is achieved. The

maximum load current is 1.2A.

Fig. 2 Chip micrograph

29



