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A Wide Range And High Accuracy Digital Pulse Width
Modulator with Digital Self-Calibration Based on
Pulse Shrinker
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ABSTRACT

Nowadays, the electronic devices have rapidly developed due to
the market demand. The devices have been produced in larger
scale production, faster speed and smaller size. Most devices
use integrated circuit (IC) or chip to have small size. The product
features can be commonly seen in gadgets or 3C (Computer, Cell
phone and Camera). In contrary, the available power decreases.
Therefore, products with low power, good quality and small
chip size are demanded. The main part to overcome this issue
is to have devices with a good controller with a good power

management.

As result, controller recently has shifted from analog- to digital-
controllers since digital controller has lower power consumption
and faster speed application. The most common application is
for DC-DC converter. Its performance is much depending on the
resolution and performance of Digital Pulse Width Modulation
(DPWM) to avoid limit-cycle oscillation. In Addition, the role of
DPWM in electronic device can be widely seen in controlling the
speed of motor. Recently, DPWM is also occupied in LED driver
for dimming circuit such as at traffic light and LED screen for TV
or computer. A variety of pulse width determines the LED power
of light-emitting time periods to have different proportions
of light emitting-cycle to adjust the degree of brightness.
Furthermore, DPWM is employed in Class-D amplifier such as in
sound system. High resolution and good performance DPWM
will also affect the quality output of the sound. More widespread

DPWM applications will be found in the future.
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From the reasons above, high performance and high resolution
12-bit DPWM is developed. This DPWM is based on pulse
shrinking delay line. By reducing delay line about a half in
exchange of occupying one inverter, it has extremely simple
structure. To reduce the impact of cell mismatch on delay line, a
serpentine layout is adopted. The layout is made as squared as
possible to minimize gradient effect. With this layout, the tapped
output of the delay line can be addressed through proper row
and column selections. Thus, the digital multiplexer that usually
consumed much area will become smaller by using an address
decoder and transmission gates to tap out the DPWM output.
Fabricated in a TSMC 0.18-um 1P6M standard CMOS process, the
chip size is only 0.751 mm?2. By digitally calibrating the amount of
delay line pulse shrinking with successive approximation (SAR),
the DPWM can achieve 97 kHz ~ 2 MHz wide range operation
frequency and 1.249 mW low power consumption at 1 MHz.
Moreover, the DPWM reveals excellent performance in linearity
and stability. The INL measurement is -0.32 ~ +0.21 LSB at 2 MHz.
With inaccuracy less than 0.5 LSB, it ensured all input bits of the
DPWM are valid. Therefore, this DPWM circuit is applicable for
low cost, low power, small chip size, and good performance
DPWM applications as stated above as well as for many future
implementations. With a Figure of Merit (FOM) similar to ADC's,
the proposed circuit owns 10248.2, the best than ever figure to

ensure its superiority.
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