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A 12-bit 100-MHz Current-Steering DAC with
Randomized Thermometer-Coding Technique,
Return-to-Zero Circuit and Hybrid Layout Scheme

Da-Huei Lee
Department of Electronic Engineering, Southern Taiwan University of Science and Technology

Abstract

The design of a low-cost high-speed current-steering digital-to-analog converter (DAC) is presented. On the
architecture level, the randomized thermometer-coding (RTC), which offers consecutive selection,
randomization, and less element switching activity, is used. Therefore, harmonic distortion caused by element
mismatches can be significantly suppressed. On the circuit level, a return-to-zero (RTZ) circuit, which can
isolate the DAC output nodes from the coupling of the control signals without sacrificing speed, is adopted. On
the layout level, a novel hybrid layout scheme is proposed. This scheme can compromise the quadratic and linear
error distribution of systematic element-mismatch. Using the above three techniques, a 12-bit 100-MHz
current-steering DAC is implemented in a 1P6M 0.18-um 1.8-V CMOS process. The measured spurious-free
dynamic range (SFDR) is higher than 75dB at a 100MHz sampling frequency. The measurement results show
that the RTC technique improves the SFDR by more than 11dB and the RTZ circuit prevents a 10dB SFDR drop
when the input signal frequency is close to half the sampling frequency. The low-cost DAC has an active area of
less than 0.12-mm?2,
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01 S gl St A o B gAY W B2 & TR R

Specifications ThisWork ~ EDSSC 2013[11]  ESSCIRC 2010[12]  ISSCC 2005[13]  JSSC 2004[14]
Resolution, N 12 12 12 12 12
Process 0.18um 0.18um 0.18um 0.18um 0.18um
Sampling freq.(MHz) 100 300 250 500 320
SFDReest [dB] 76.2 72.9 717 76 95
SFDRworst [dB] 75 70.3 43 57.5 44.5

lioad (MA) 10 6 10 15 20

Power (mW) 25 35 25 216 82
Active area (mm?) 0.12 0.1 0.8 1.13 0.44

FoM (MHz/mW*mm?)  8.98E+08 8.43E+08 4.78E+06 6.45E+06 5.95E+08
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