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Abstract- A 10b 120MS/s pipeline ADC is implemented in a 45nm 
CMOS process. Three-stage amplifiers based on RNMC and 
multi-path zero cancellation techniques are employed in the 
SHA and two MDACs. A re-configurable three-stage switched 
amplifier is shared between adjacent MDACs without series 
switches and memory effects. A charge redistributed input 
sampling network properly handles single-ended or differential 
SHA inputs. The prototype ADC with an active die area of 
0.58mm2 consumes 61.6mW at 120MS/s and 1.1V. The measured 
DNL and INL are within 0.44LSB and 0.75LSB, respectively. At 
a clock of 120MHz with a 1.2Vpp 4.2MHz sinusoidal input, the 
measured SNDR and SFDR are 55.1dB and 70.0dB, respectively. 

 
I. INTRODUCTION 

 
The analog-to-digital converter (ADC) is one of the most 

essential building blocks for advanced high-definition video 
and communication systems. Particularly, high-definition 
televisions processing over 2-million pixels require the 8 to 
10 effective number of bits (ENOB) at a sampling rate 
exceeding 100MS/s with low power consumption and small 
chip area. One of the most efficient ways to achieve low 
power at high speed is to use deep submicron technologies 
based on a low supply voltage. Digital circuits can take full 
advantage of a low supply voltage while analog circuits based 
on operational amplifiers suffer from a reduced signal swing 
and a low signal-to-noise ratio, thereby limiting the overall 
system performance. Moreover, high-speed high-resolution 
ADCs have become more and more difficult to be 
implemented in low-voltage nanometer-scale CMOS 
technologies due to a low intrinsic output resistance and a 
high parasitic capacitance of nanometer MOS transistors. As 
a result, inventive high-gain, high-swing, and wide-
bandwidth amplifier designs as well as numerous power 
saving, circuit sharing, and calibration techniques have been 
the key design issues of high-speed high-resolution ADCs 
based on the state-of-the-art low-voltage nanometer CMOS 
processes [1]-[4]. 

 This work proposes a 10b 120MS/s 1.1V 45nm CMOS 
pipeline ADC for various video applications. Three-stage 
amplifiers are employed in the input sample-and-hold 
amplifier (SHA) and multiplying D/A converters (MDACs). 
A re-configurable three-stage switched amplifier is shared 
between adjacent MDACs for low power and small chip area 
without conventional MOS series switches and memory 
effects, which degrade the signal settling behavior of 
amplifiers. The capacitor-based charge redistributed input 

network is designed to handle both single-ended and 
differential SHA inputs with a high peak-to-peak amplitude 
over a power supply considering diverse video applications. 

 
II. PROPOSED ADC ARCHITECTURE 

 
The proposed 10b 120MS/s 45nm CMOS pipeline ADC 

consists of an input level-shifted SHA, two 4b MDACs, three 
sub-ranging ADCs, on-chip current and voltage references, a 
timing circuit, and a digital correction logic with a decimator, 
as shown in Fig. 1. The input SHA and two MDACs are 
based on a three-stage amplifier for a required high DC gain 
and a large signal swing at a 1.1V power supply. Two 
adjacent MDACs, MDAC1 and MDAC2, share a single re-
configurable three-stage switched amplifier with two separate 
differential input pairs to reduce power consumption and die 
area. For a robust operation at a sampling frequency 
exceeding 120MHz, three-stage amplifiers implemented in 
this work employ a reversed nested miller compensation 
(RNMC) and a multi-path zero cancellation technique, 
selectively [5],[6]. 

 

 
Fig. 1. Proposed 10b 120MS/s 45nm CMOS ADC. 

 
III. CIRCUIT IMPLEMENTATION 

 
A. Input Sampling Network 
 

In this specific video application, analog inputs to the 
prototype ADC can be single-ended or differential with a 
swing range of 1.2Vpp around a 1.6V common-mode voltage. 

978-1-4244-5759-5/10/$26.00 ©2010 IEEE



The front-end SHA, as shown in Fig. 2, attenuates a 1.2Vpp 
input signal to 0.8Vpp for the remaining pipeline stages to 
operate properly with a high enough swing margin at a 1.1V 
supply. The input SHA employs gate-bootstrapping MOS 
switches to minimize the non-linear distortion of sampled 
inputs due to the on-resistance variations of switches by 
keeping the gate-source voltage of input sampling switches 
constant [7]. The dashed box of the input sampling network 
in Fig. 2 represents a charge redistributed input network to 
produce a reduced signal swing with an input independent 
internal common-mode voltage. During the sampling mode of 
Q2, two capacitors, CST and CSB, sample an input signal 
passing through the gate-bootstrapping switches, while two 
other capacitors, CFT and CFB, sample a common-mode 
voltage (VCM) at both of the top and bottom plates. During the 
next holding mode of Q1, the input nodes of two sampling 
capacitors, CST and CSB, are tied together for charge 
redistribution while two feedback capacitors, CFT, and CFB, 
are connected to the outputs. As a result, the input SHA 
produces a reduced signal swing by the ratio of CST/CFT. 
Considering the thermal noise at 10b accuracy, capacitances 
of 1.0pF and 1.5pF are chosen for two sampling capacitors 
and two feedback capacitors, respectively. 

Although, the proposed charge redistributed scheme has a 
bandwidth disadvantage due to a reduced feedback factor, the 
SHA can handle both single-ended and differential inputs 
effectively. Since a very high-swing input signal exceeding a 
power supply of 1.1V needs to be sampled within a target 
accuracy, 3.3V thick-gate oxide devices are partially 
employed in the sampling switches and clock booster circuits. 

 

 
Fig. 2. SHA employing an input level-shifted sampling network and a three-
stage amplifier. 
 
B. Re-configurable and shared three-stage switched amplifier 
for two MDACs 
 

Two MDACs share a single re-configurable three-stage 
amplifier with two separate differential input pairs as shown 
in Fig. 3, considering the amplifier is not activated during the 

sampling phase in a typical two-phase clock based pipeline 
ADC. During Q1, as shown in Fig. 3(a), a reduced input of 
0.8Vpp from the level-shifted SHA is sampled in the MDAC1 
capacitors, CS1 and CF1, while the MDAC2 amplifies a 
residue reconstructed by the MDAC1 output and the digital 
code of the flash ADC2. At this time, the shared amplifier, AS, 
has the conventional RNMC topology. During the next Q2 
phase, as shown in Fig. 3(b), the MDAC1 amplifies a residue 
reconstructed by the previous SHA output and the digital 
output of the flash ADC1, while the MDAC2 samples the 
MDAC1 output. The shared three-stage amplifier has the 
multi-path RNMC topology at this time. 

 

 
(a) 

 

 
(b) 

Fig. 3. Two MDACs sharing a single re-configurable three-stage switched 
amplifier : (a) Q1 clock phase, (b) Q2 clock phase. 

 
The detailed operation of the proposed re-configurable 

three-stage switched amplifier is illustrated in Fig. 4. The 
first-stage amplifier has a folded-cascode topology with two 
separate NMOS input pairs, while the extra feed-forward path 
in parallel with the NMOS input pairs is connected to a low-
impedance node in the second-stage amplifier. Considering 
the different load capacitance and feedback factor at each 
clock phase, the shared amplifier employs the multi-path 
RNMC for the MDAC1 and the conventional RNMC for the 
MDAC2, alternately. For the MDAC1 operation of Fig. 4(a), 
analog inputs are applied simultaneously to two separate 
NMOS input pairs, while the gates of two inactive NMOS 
input pairs in the AMP1 are tied to a fixed bias voltage, VCM, 
to remove a memory effect originating from the non-reset 
input nodes of shared amplifiers [8]. The three-stage amplifier 
based on the multi-path RNMC is used for residue 
amplification of the MDAC1 and the additional feed-forward 
input pair improves a phase margin by controlling the 
location of a right-half plane zero. On the other hand, the 
shared amplifier for the MDAC2 sees a smaller load 
capacitance and lower feedback factor than the MDAC1, 
resulting in an increased phase margin. An excessively high 
phase margin may degrade the signal settling time and 
behavior. Thus, during residue amplification of the MDAC2, 
analog inputs are applied only to a single NMOS input pair 



while both of the inactive NMOS input pairs and the feed-
forward input pair in the AMP1 are tied to VCM as illustrated 
in Fig. 4(b). As a result, the amplifier configuration for the 
MDAC2 is based on the conventional RNMC and the 
excessively high phase margin is properly compensated. 

Since two input pairs of Figs. 4(a) and (b) are alternately 
working with input summing nodes reset to VCM, extra signal-
forwarding MOS switches do not exist. Furthermore, unlike 
the conventional switched op-amp [3], the bias current for the 
AMP1 flows continuously through a tail current mirror, 
regardless of the MDAC1 or MDAC2 operation. Two 
switches steering the bias current of the AMP1 are turned on 
and off alternately with slightly overlapped clocks, Q1B and 
Q2B, instead of non-overlapped clocks, Q2 and Q1, to reduce 
the glitch energy of the AMP1 during high-speed switching. 

 

 
(a) 

 

 
(b) 

Fig. 4. Re-configurable three-stage amplifier during each MDAC operation :  
(a) Multi-path RNMC for MDAC1, (b) Conventional RNMC for MDAC2. 

 
IV. MEASURED RESULTS 

 
The prototype ADC of Fig. 5 is implemented in a 45nm 

CMOS process primarily with 1.1V thin-gate oxide devices. 
The input sampling network and clock booster circuits in the 
SHA for this specific application partially employ 3.3V thick-
gate oxide devices for high input voltages exceeding a 1.1V 
power supply. The ADC consumes 61.6mW at 120MS/s with 
a 1.1V supply voltage and the active die area is 0.58mm².  

The measured differential nonlinearity (DNL) and integral 
nonlinearity (INL) at 120MS/s are within ±0.44LSB and 
±0.75LSB, respectively, as shown in Fig. 6. The measured 
signal-to-noise-and-distortion ratio (SNDR) and spurious-free 
dynamic range (SFDR) with a 1024-point FFT are 55.1dB 
and 70.0dB, respectively, at a sampling frequency of 120MHz 
with a 1.2Vpp differential input sinusoidal signal of 4.2MHz, 
as shown in Fig. 7. The measured FFT spectrum of Fig. 8 
demonstrates the SNDR and SFDR of 52.8dB and 65.9dB, 

respectively, with an input frequency of 61MHz at a sampling 
rate of 120MS/s. 

The measured dynamic performance of the prototype 
ADC as a function of input frequency is illustrated in Fig. 9, 
where the ADC can process both differential and single-ended 
inputs up to the Nyquist frequency at 120MS/s. When a 
single-ended 1.2Vpp Nyquist input is applied to the prototype 
ADC, the SNDR and SFDR are measured to be 
approximately 50dB and 60dB. On the other hand, Fig. 10 
shows the measured performance of the ADC as a function of 
sampling rate and supply voltage. When a supply voltage is 
increased up to 1.5V, the measured ADC maintains a 
performance above 8 ENOB at 160MS/s. The proposed ADC 
performance is summarized in Table I. 

 

 
Fig. 5. Die micrograph of the prototype ADC (0.85mm × 0.68mm). 

 

 
Fig. 6. Measured DNL and INL at 120MS/s. 

 

 
Fig. 7. Measured FFT spectrum with an input frequency of 4.2MHz. 



 
Fig. 8. Measured FFT spectrum with an input frequency of 61MHz. 

 

 
Fig. 9. Measured performance as a function of input frequency. 

 

 
Fig. 10. Measured performance as a function of sampling rate and supply 
voltage. 

 
TABLE I 

PERFORMANCE SUMMARY OF THE PROTOTYPE ADC 

 

V. CONCLUSION 
 

A 10b 120MS/s pipeline ADC is implemented in a 45nm 
low-voltage CMOS technology. A re-configurable three-stage 
switched amplifier is shared between adjacent MDACs 
without extra signal-steering MOS series switches and 
memory effects. A charge redistributed input network can 
handle properly both single-ended and differential SHA 
inputs with a high peak-to-peak amplitude exceeding a 1.1V 
power supply. At a clock frequency of 120MHz, the 
measured SNDR and SFDR are 55.1dB and 70.0dB, 
respectively, with a 4.2MHz 1.2Vpp input signal. The SNDR 
and SFDR of the prototype ADC are maintained above 
52.8dB and 65.9dB, respectively, up to the Nyquist input 
frequency. 
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