
Integration, the VLSI Journal xxx (2018) 1–12

Contents lists available at ScienceDirect

Integration, the VLSI Journal

journal homepage: www.elsevier.com/locate/vlsi

A 10-bit 50-MS/s SAR ADC with 1 fJ/Conversion in 14 nm SOI FinFET
CMOS☆

Aili Wang *, C.-J. Richard Shi
Department of Electrical Engineering, University of Washington, Seattle, USA

A R T I C L E I N F O

Keywords:
CMOS integrated circuits
SAR ADC
Energy efficient ADC
14 nm FINFET design
Low power design

A B S T R A C T

A 10-bit Successive Approximation Register (SAR) Analog to Digital Converter (ADC) was implemented in a
14 nm SOI FinFET CMOS technology, achieving 59.59 dB SNDR at 50 MS/s while consuming 41.3 μW power.
Several techniques were used to increase the energy efficiency while ensuring the linearity. First, a segmented
architecture with a 5-bit coarse ADC and an 11-bit fine ADC was used. The aligned Switching with Skip (ASS)
method was used to generate the five MSBs of the fine ADC from the computed coarse ADC bits, saving 58%
switching power compared with non-segmented architecture with merged capacitor switching (MCS) method.
Second, VCM-based MCS scheme is used for SAR bit resolving, saving 85.72% switching power compared with
traditional SAR switching. Third, the dual supply mode with analog at 0.8 V and digital at 0.4 V was used.
This reduces the total digital logic power consumption by 23% comparing with that using the single supply at
0.8 V. The differential architecture was used to minimize the common mode non-idealities. The proposed ADC
has been implemented in a 14 nm SOI FinFET technology and achieved a peak Figure of Merit (FoM) of 1.07
fJ/Conversion-step with simulation results.

1. Introduction

Successive Approximation Register (SAR)-based analog to digital
converters (ADCs) have received a lot of research attentions recently.
With their implementation friendly to the digital CMOS technology and
the increased energy efficiency with technology scaling, SAR ADCs have
become the most popular solution for data conversion with the speed
of 1–100 MHz and resolution 10–12 bits [1–9]. They are widely used
especially for low-power portable devices such as cell phones to sup-
port various wireless standard like GSM, TDMA, and LTE. SAR is also
the most widely used architecture for on-chip calibration and adaption
in nanometer technologies. Traditional high-performance analog design
techniques are not applicable for digital-centric nanometer technologies
due to severe process variation, low-gain transistors and reduced sup-
ply voltage. Instead, a common design practice is to use simplest analog
structures such as differential and regenerative transistor pairs for pre-
liminary analog sensing, and then use a SAR-ADC to convert analog
voltages to digital signals, and then perform signal processing in the
digital domain for error correction or feedback to compensate process
variation and device imperfection.
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This paper presents a 10-bit 50-MS/s SAR-ADC implemented in
a state-of-art 14 nm SOI FINFET CMOS technology and achieved 1-
fJ/conversion efficiency with 0.8 and 0.4 supply voltage. The higher
energy efficiency is achieved with the following design considera-
tions: (1) the use of VCM-based switching scheme with top-plate sam-
pling saves 85.72% switching power compared with conventional SAR
switching. It also reduces the capacitance by 2X [10]. (2) To reduce the
power consumed by the most significant bit (MSB) capacitor switching,
a 5-bit coarse ADC is used to generate the 5 MSBs, which are copied
using the aligned switching with skip (ASS) method to the 5 MSBs in
the fine ADC. This technique reduces the switching power consump-
tion by 58% compared with that only using VCM-based switching [11].
Comparing with the charge average switching (CAS) method used in
Ref. [11], the MCS scheme is twice more energy efficient than the CAS
scheme at the expense of introducing an additional near-zero power-
consumption reference VCM. (3) Asynchronous SAR timing with the
dual-voltage supply was implemented to reduce digital power consump-
tion. Analog processing circuits including the coarse comparator, the
preamplifier in the fine comparator, sample-hold circuits, and capac-
itive DACs (CDACs) are driven by the 0.8 V (VDD) supply while all
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digital logic circuits and the latch in the fine comparator are driven
by a half VDD supply (0.4 V), level-shifting switches are used to match
signal levels in these two voltage domains. This reduces the overall
power consumption of the ADC by 23% without any loss in perfor-
mance.

To improve linearity, a bootstrapped switch is used for the fine ADC
and a transmission gate switch is used for the coarse ADC. A redundant
bit (5R bit) is added in the fine ADC, which can correct ±16LSB errors.
The redundant bit can help correct the offset mismatch between the
coarse and the fine ADCs, and the incomplete settling errors in the MSB
bits.

This paper is organized as follows. The SAR ADC architecture and
timing are described in Section 2. Section 3 describes the SAR switching
scheme. Key circuit components including sample-hold switch, dynamic
comparator, CDAC, and SAR logic circuits are described in Section
4. Several 14 nm FinFET specific design considerations are given in
Section 5. Section 6 presents the simulation results. Section 7 concludes
the paper.

2. SAR ADC architecture and timing

Fig. 1 shows the proposed SAR ADC architecture. It is composed of
a 5-bit coarse SAR ADC, an 11-bit fine SAR ADC, an aligned-switching-
skip (ASS) copying logic, and a digital error correction (DEC) circuit.
Each of the coarse and fine ADC has its own input sampling switches,
a binary weighted capacitive digital to analog converter (DAC), a com-
parator, a SAR logic block, and level shifters. The supply voltage Vref
is the same as VDD and the common mode voltage VCM is half VDD
serving as a reference.

The SAR ADC operates as follows: (1) reset all the bottom plates
of capacitor arrays to VCM, (2) sample the differential input voltages
on the top plates (P-side and N-side) of both coarse and fine CDAC
capacitor arrays, (3) the coarse ADC computes the first 5 MSBs, (4) the
computed 5 MSBs are copied from the coarse ADC to the 5 MSBs in the
fine ADC using the ASS logic, (5) the fine ADC computes the remaining
6 less significant bits (LSBs) successively. One redundant overlap bit
is used after copying. (6) The computed digits from coarse and fine
ADC input to the error correction block to compute the final binary
results.

The SAR-ADC is based on asynchronous timing controlled by a sam-
pling clock and delay lines [2]. The 50 MHz sampling clock uses 4 ns
for sampling and 16 ns for ADC conversion. The 16 ns conversion time
is divided to the following five segments: first 5 cycles for the coarse
ADC computation, the next one cycle for copy, followed by 6 cycles
for the fine ADC computation, and finally one cycle for digital error
correction. All these cycles are generated internally in an asynchronous
manner. The timing diagram is illustrated in Fig. 1.

3. SAR capacitor switching

In a SAR ADC, the switching power is dominated by the conversion
of MSBs. To reduce MSB power consumption, a segmented architec-
ture is used, where a coarse ADC resolves the 5 MSBs, then these digits
are copied to the MSBs of the fine ADC using energy-efficient aligned
switching with skip logic. The fine SAR switching computes the rest 6
LSBs. To compensate for the gain mismatch and offset between coarse
and fine ADCs, an extra bit is inserted in the fine ADC for error correc-
tion.

Fig. 1. The architecture and timing of the proposed SAR
ADC.
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