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A Compact High-Performance Current-Steering
DAC with Random Rotation Current-Source
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Abstract

Current-steering Digital-to-Analog Converters (DACs) are widely used in high-speed high-resolution applications; however,
their linearity is severely affected by current-source matching accuracy. Calibration circuits can be used to effectively reduce the
mismatch effect but have drawbacks of low: area-utilization efficiency and high design.complexity. The most effective approach
to reduce the mismatch effeet and transistor size is the dynamic-element-matching (DEM) method, which improves the SFDR by
randomly spreading out the harmapic distortion over the oisg floor. A DEM method fopportable communication and wireless
applications is proposed to offer circuﬁsiWcity, oW power consumption and high figure-6f-merit (FOM) benefits.

The DEM method, random rotation current-source s € Cf';‘)' offers circuit simplici binary-weighted coding
and greatly reduces device mismatch effects. The RRCSHis implemented. withsa simple randomizer and without binary-to-

i tii’\, as inpu
bandwidth, repeated selection of the same current sources in successive i% samples o

thus switching activity is reduced by about 22% compared to the conventional binary-weighted method, resulting
in better dynamic performance.

thermometer decoders to save more circuit costs. Due to rando

A 10-bit 4R+4R+2C RRCS current-steering DAC is implemented with only 0.034 mm?® in a standard 0.18um CMOS
process and dissipates 24mW under a 1.8V supply. Measured performance achieves > 60dB SFDR in the Nyquist
bandwidth with 500MS/s, while its active area is less than one-tenth of that required by state-of-the-art 10-bit DACs. Its SFDR is
also comparable to that of 12-bit published designs. With the RRCS method collaborated with complementary switch drivers, a
12-bit 3R+3R+3R+3C RRCS DAC is implemented in 40nm CMOS process. Its active area is less than 0.02mm’, which is less than
2.5% area of state-of-the-art 12-bit DACs.

The proposed RRCS architecture is one of the most significant innovations for high-speed current-steering DACs in recent years.
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