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Abstract 
 

This work proposes a 10b 170MS/s 0.18um CMOS 
pipeline ADC based on a double-channel op-amp 
sharing scheme to minimize power consumption. All 
the amplifiers of the ADC are continuously processing 
dual-channel signals regardless of clock phases. The 
measured differential and integral nonlinearities of the 
ADC are less than 0.31LSB and 0.72LSB. The 
prototype ADC with an active die area of 1.28mm2 
shows a maximum SNDR of 53.1dB and consumes 
47.9mW at 170MS/s and 1.8V.  
 
Keywords: two channel, op-amp sharing, ADC 
 
1. Introduction 
 

The time-interleaved (T-I) circuits have been 
widely employed in analog-to-digital converters 
(ADCs) to reduce power consumption and to enhance 
conversion speed [1]. However, the performance of the 
T-I ADCs has been degraded due to inherent 
mismatches between channels such as gain, bandwidth, 
timing, and offset difference of amplifiers in each 
channel. The proposed double-channel ADC reduces 
power dissipation with little affecting the critical 
performance by sharing operational amplifiers (op-
amps) and comparators. In a single-channel pipeline 
ADC, the op-amps of the input sample-and-hold 
amplifier (SHA) and multiplying D/A converters 
(MDACs) are used for amplification only during a half 
clock period. However, in the proposed dual-channel 
ADC, the op-amps amplify signals continuously 
during a full clock cycle and the required operating 
speed of the op-amps is eased to a half of the sampling 
rate. The reduced number and operating speed of op-
amps in half improve the power efficiency 
considerably. On the other hand, three 4b flash ADCs 
are based on a shared and continuously operating pre-

amplifier (pre-amp) with two interpolated dynamic 
latches alternately to process the outputs from two 
separate channels. 
 
2. Proposed ADC Architecture 
 

The proposed double-channel 10b 170MS/s three-
stage pipeline ADC as shown in Fig. 1 consists of an 
SHA, two 4b MDACs, three 4b flash ADCs, digital 
correction logic with multiplexer and decimator, clock, 
and on-chip current and voltage (I/V) references. 
 

 

Fig. 1. Proposed 10b 170MS/s 0.18um CMOS ADC. 
 

3. Circuit Implementation 
 

The SHA employing two separate input channels 
with the related clock phases is illustrated in Fig. 2. 
Each differential input channel consists of sampling 
capacitors, CS-X and CS-Y, and the corresponding 
gate-bootstrapped switches with a signal-insensitive 
on-resistance to get high input sampling accuracy. The 
SHA samples analog inputs on the capacitors, CS-X 
and CS-Y, with two non-overlapped clock phases of 
Q2s and Q1s, respectively. The shared two-stage op-
amp holds the sampled input on CS-X and CS-Y when 
Q1s and Q2s are high, respectively. As a result, the 
shared op-amp samples and holds analog inputs during 



a full clock period alternately while the held outputs 
are effective at a double rate of the clock frequency. 

  
Fig. 2. SHA with a double-channel op-amp sharing 
scheme. 
 

The similar alternate-sampling and op-amp sharing 
techniques are also employed in the MDAC1 and 
MDAC2 of Fig. 1 to minimize power dissipation. Two 
input channels of the MDAC1 consist of two separate 
capacitor array banks, CBANK-X and CBANK-Y, 
with a shared op-amp as shown in Fig.3. 
 

 
 

Fig. 3. MDAC1 operation in a single-ended version 
 

During Q1s, the CBANK-X capacitors sample the 
output of the X-channel SHA while the shared two-
stage op-amp amplifies a residue voltage, which is the 
difference of the sampled input on the CBANK-Y 
capacitors and the reconstructed voltage corresponding 
to the thermometer code from the Y-channel FLASH1 
ADC. During Q2s, on the contrary, the shared op-amp 
amplifies a residue voltage generated by the CBANK-
X capacitors while the CBANK-Y capacitors sample 
the output of the Y-channel SHA. Consequently, the 
shared and continuously operating op-amp improves 
the power and area efficiency considerably while 
minimizing the gain, offset, and bandwidth mismatches 
as observed in the conventional T-I ADCs based on 

separate amplifiers. Although the shared op-amp 
scheme has various merits, a memory effect due to the 
non-reset input nodes of the shared op-amp may 
degrade the ADC performance [2]. The op-amp in Fig. 
4 has two separate input differential pairs [3] and the 
input summing nodes of the deactivated differential 
pair of CH-Y are reset to remove the memory effect. 
Two MOS switches steering the bias current of AMP1 
are turned on and off alternately with slightly 
overlapped clock phases, Q2Bs and Q1Bs, rather than 
typical non-overlapped Q1s and Q2s to reduce the 
glitch noise of AMP1 during switching operation. 
 

 
Fig.4. Op-amp with two differential input pairs for the 
SHA. 
 

Each shared pre-amp for the comparators in three 
flash ADCs needs to compare and amplify 
continuously the difference of a fixed reference 
voltage and an analog signal from each channel of the 
SHA and MDACs. Since each comparator employs a 
single shared pre-amp instead of two exclusive pre-
amps for two channels of the SHA and MDACs, the 
required number of pre-amps as well as the load of the 
SHA and MDACs is reduced in half. A well-known 
interpolation technique implemented in the flash ADCs 
further halves the required number of pre-amps with 
the related chip area and power dissipation. A single 
resistor ladder is shared in the FLASH2 and FLASH3 
to minimize the chip area and the ADC linearity 
degradation caused by the difference of reference 
voltages due to the interconnection-line resistance. 
 
4. Prototype ADC Measurements 
 

The prototype ADC implemented in a 0.18um 
CMOS technology occupies an active die area of 
1.28mm2, as shown in Fig. 5 and dissipates 47.9mW at 
170MS/s and 1.8V. The measured differential 
nonlinearity (DNL) and integral nonlinearity (INL) of 
the ADC are within 0.31LSB and 0.72LSB, 
respectively. The measured signal-to-noise-and-
distortion ratio (SNDR) and spurious-free dynamic 
range (SFDR) are 53.1dB and 65.2dB, respectively, at 



a sampling rate of 170MS/s with an input frequency of 
4MHz, as shown in Fig. 6. The measured performance 
of the prototype ADC is summarized in Table 1 while 
recently reported CMOS ADCs with a 10b resolution 
and a sampling rate exceeding 150MS/s are compared 
with the proposed ADC in Table 2. 

 

 
Fig. 5. Die photograph of the prototype ADC. 

 

 
Fig. 6. Measured FFT spectrum of the ADC. 

 
Table 1. Performance summary of the prototype ADC. 

  

Table 2. Performance comparison of recently reported 
10b CMOS ADCs with a higher sampling rate than 
150MS/s. 
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