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Abstract-A 14b 70MS/s 3-stage pipeline ADC in a 0.13um 
CMOS process employs signal insensitive 3-D fully symmetric 
capacitors for high matching accuracy without any calibration 
scheme. The prototype ADC with a 0.35um minimum channel 
length for 2.5V system applications shows measured differential 
and integral nonlinearities of 0.65LSB and 1.80LSB at 14b, 
occupies a die area of 3.3mm2, and consumes 235mW at 70MS/s. 
 

I. INTRODUCTION 
 

With the recent advance of high-speed digital signal 
processing techniques, high-performance A/D converters 
(ADCs) for system interface have been highly demanded. 
Particularly, ADCs for SoC applications such as wireless 
communication systems require a resolution of 14b and tens 
of MS/s sampling rate with low power and small chip area. 
Among conventional ADCs, the pipeline ADC architecture is 
one of good candidates to optimize the requirements of 
resolution, sampling rate, power consumption, and die area 
[1]-[7]. While both single-bit- and multi-bit-per-stage 
pipeline architectures show merits and demerits from the 
viewpoints of system requirements, the multi-bit-per-stage 
pipeline architecture results in the decreased input-referred 
errors from backend stages by assigning more bits in front-
end pipeline stages. Since a maximum achievable accuracy 
has been still limited due to device mismatch regardless of 
employed ADC architectures, various calibration techniques 
have been widely developed to obtain higher resolution. 
However, even inventive calibration techniques tend to 
increase power and chip area further with complicated 
algorithms [5]-[7]. 

Recently reported CMOS ADCs with a resolution of at 
least 14b and a sampling clock speed exceeding 10MS/s are 
compared with the proposed ADC in Fig. 1. As shown in Fig. 
1, a 0.35um CMOS ADC [4] without any calibration 
dissipates 4.53mW/MHz and occupies 7.8mm2. A 0.18um 
CMOS ADC [7] using additional calibration circuits shows 
good static performance. However a power consumption of 
7mW/MHz and a die area of 16mm2 due to additional 
calibration circuits may not be suitable for SoC applications. 
On the other hand, the proposed calibration-free 0.13um 
CMOS ADC based on 3-D fully symmetric capacitors 
dissipates 3.36mW/MHz and occupies 3.3mm2, which 
represent one of the best performances in the world for SoC 
applications. 

 
 
Fig. 1. Performance comparison of recently reported high-resolution ADCs. 

 
The proposed 14b 70MS/s 2.5V 0.13um CMOS ADC 

employs signal insensitive 3-D fully symmetric capacitor 
layout techniques in two multiplying DACs (MDACs) to 
obtain high matching accuracy without any calibration. The 
proposed ADC is based on additional circuit design schemes 
as follows: (1) a three-stage pipeline architecture to optimize 
resolution, conversion speed, power consumption, and chip 
area, (2) an input sample-and-hold amplifier (SHA) with a 
properly controlled trans-conductance (Gm) ratio of two 
amplifier stages simultaneously to achieve high gain and 
phase margin with gate-bootstrapped sampling switches for 
14b input accuracy, (3) a backend 6b flash ADC with open-
loop offset cancellation and interpolation to occupy a small 
chip area, and (4) on-chip current and voltage (I/V) references 
for a low transient glitch energy with external reference 
voltage options. Nonlinear inter-stage offsets and feed-
through errors are digitally corrected in the digital correction 
logic (DCL). 
 

II. PROPOSED ADC ARCHITECTURE 

 
The proposed 14b 70MS/s 3-stage pipeline ADC in Fig. 2 

consists of an input SHA, two 5b MDACs, three (two 5b and 
one 6b) flash ADCs, DCL, on-chip I/V references, on-chip 
decimator, and timing circuits. The non-overlapping Q1, Q2 
clock phases are internally generated. The on-chip I/V 
references are implemented for highly accurate and stable  
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Fig. 2. Proposed calibration-free 14b 70MS/s 0.13um CMOS ADC. 
 
references, which are difficult to be implemented with off-
chip. The on-chip decimator is needed for more accurate 
performance evaluation by reducing the transient noise, 
which can be generated from a printed circuit board during 
measurements. 
 

III. ADC CIRCUIT IMPLEMENTATION 

 
A. Wide-band Low-noise SHA 

An SHA requires input sampling switches with very low 
and constant on-resistance to achieve an input sampling 
accuracy exceeding 14b. As shown in Fig. 3, the wide-band 
SHA based on the conventional flip-around architecture 
employs a gate-bootstrapping circuit to minimize the 
nonlinear distortion of sampled inputs due to switch on-
resistance variations [8]. A folded-cascode two-stage 
amplifier achieves a DC gain of 95dB and a phase margin of 
74°. An optimized Gm ratio of 1 to 8 between two amplifier 
stages improves the dynamic performance of the SHA. The 
sampling capacitance is 4pF considering 14b level thermal 
noise and accuracy of 2Vp-p input signals.  
 
B. 3-D Fully Symmetric Capacitor Layout of 5b MDACs 

The capacitor mismatch of two MDACs is very critical to 
the ADC static and dynamic performances. The capacitor 
mismatch is caused primarily by process variations and 
different parasitic capacitances between capacitors and 
adjacent signal lines. Various calibration techniques have 
been invented to overcome device or capacitor mismatch of 
high-resolution ADCs. However, calibration techniques 
require additional circuits and timing cycles with increased 
chip area and power consumption. The high capacitor 
matching accuracy can be achieved simply by appropriate 
signal-insensitive layout techniques [9]. This work tried two 
versions of the 3-D fully symmetric layout not using any 
calibration schemes to minimize capacitor mismatch. 

The proposed MDAC capacitors in Fig. 4 are based on a 
Metal-Insulator-Metal structure using only 4 metal lines in a 
1P7M CMOS technology. In Fig. 4, all unit capacitors are 
enclosed by other metals than the metals for routing the top 
and bottom plates of capacitors. Each unit capacitor has the 
identical environment and parasitic capacitance for high  

 
 

Fig. 3. Proposed wide-band low-noise SHA. 
 

capacitor matching accuracy. In the Version1 (V1) ADC of 
Fig. 4(a), unit capacitors and bottom plate signal lines are 
enclosed by all the employed metal lines, while, in the 
Version2 (V2) ADC of Fig. 4(b), only unit capacitors are 
enclosed by all the employed metal lines. The Version1 
layout makes capacitors surrounded physically in the same 
environment. However, some signal lines pass through 
neighboring capacitors, which can cause interferences 
between capacitors and neighboring signal lines. As results, 
unit capacitors may have functionally different parasitic 
capacitances each other. On the other hand, the Version2 
layout minimizes capacitor mismatch physically and 
functionally by isolating unit capacitors from all the  

 

 
(a) 

 

 
(b) 

 

 
 

Fig. 4. Proposed 3-D fully symmetric MDAC capacitors: (a) V1 with 
capacitors and signal lines isolated and (b) V2 with only capacitors isolated. 
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neighboring signal lines. The unit capacitors in the 1st and 2nd 
MDACs are designed to be 250fF and 60fF considering the 
kT/C noise, power consumption, and 14b matching. 

 
C. 6b Backend flash ADC with Open-loop Offset Sampling 

The proposed 14b ADC needs three sub-ranging flash 
ADCs, FLASH1, FLASH2, and FLASH3, generating 5b, 5b, 
and 6b outputs, respectively. Comparators in each flash ADC 
consist of a pre-amp and a latch for high speed and low 
power. Particularly, comparators in FLASH3 are based on a 
two-stage pre-amp with open-loop offset sampling to achieve 
6b accuracy at 70MS/s, as shown in Fig. 5. The two-stage 
pre-amp lowers the gain requirement of each stage and makes 
the output pole of each stage move higher for high-speed 
operation. 

While input offsets are sampled in capacitors Cos1 and 
Cos2 connected to the first pre-amp outputs with Q2 high, 
two outputs TN2 and TP2 of the second pre-amp are shorted 
for reliable operation during the next amplifying phase. 
When Q1 is high, the offset voltages stored in Cos1 and Cos2 
and the original input offset voltages are cancelled out each 
other so that only input signal components are amplified. 
 
D. On-chip CMOS Current and Voltage References 

The proposed prototype ADC integrates low-power on-
chip I/V references with optional off-chip bypass capacitors, 
as shown in Fig. 6. The reference current mismatch within ± 
30% can be calibrated in the digital domain by the 3b IVCN 
control signals [10]. The EXTRF in Fig. 6 decides to use 
either on-chip or off-chip voltage references. With the 
EXTRF low, on-chip I/V references are used. On the other 
hand, with the EXTRF high, two output nodes are in a high 
impedance state, which makes it possible to use off-chip 
references. The recently developed high-speed high-
resolution CMOS ADCs using switched-capacitor techniques 
have supplied the reference voltages for internal circuits 
through MOS switches. Since the switched-capacitor based 
reference voltages tend to contain high-frequency switching 
noise and high transient glitches due to repeated charging and 
discharging operations, it is difficult to maintain the reference 
voltages calm and constant at 14b level. This work employs 
0.1uF level off-chip decoupling capacitors at the output 
nodes, as shown in Fig. 6. 

 

 
 

Fig. 5. Proposed open-loop offset sampled comparator 
of the backend 6b flash ADC (FLASH3). 

 
 

Fig. 6. On-chip current/voltage references with off-chip bypass capacitors.  
 

IV. PROTOTYPE ADC MEASUREMENTS 

 
The proposed 14b 70MS/s ADC is implemented in a 

0.13um CMOS using a 0.35um minimum gate length for 
2.5V system applications as shown in Fig. 7. The ADC 
occupies an active die area of 3.3mm2 (= 2.01mm × 1.65mm) 
and dissipates 235mW at 70MS/s. 

The measured maximum differential nonlinearity (DNL) 
and integral nonlinearity (INL) of the Version1 ADC are 
0.77LSB and 9.82LSB, while those of the Version2 ADC are 
0.65LSB and 1.80LSB, as illustrated in Fig. 8. Both Versions 
show similar DNL, but Version2 shows a much better INL 
than Version1 by about 5 times. The signal-to-noise-and-
distortion ratio (SNDR) and spurious-free dynamic range 
(SFDR) in Fig. 9(a) are measured with different sampling 
frequencies up to 70MHz at a 1MHz input. The SNDR and 
SFDR of the Version1 ADC are maintained above 63dB and 
72dB, respectively, while the Version2 ADC shows an SNDR 
of 66dB and an SFDR of 81dB up to 70MS/s. The SFDR and 
SNDR in Fig. 9(b) are measured with increasing input 
frequencies at 70MS/s. 

The measured performance of the prototype ADC is 
summarized in Table I and compared with that of the 
previously published ADCs with a similar sampling rate at 
14b in Table II. 
 

 
 

Fig. 7. Die photograph of the prototype ADC (= 2.01mm × 1.65mm). 

48712-2-3



 
(a) 

 

 
(b) 

 
Fig. 8. Measured DNL and INL of the ADC: (a) Version1 and (b) Version2. 

 

 
(a) 
 

 
(b) 

 
Fig. 9. Dynamic performance of two versions of the prototype ADC: 

Measured SFDR and SNDR versus (a) fs and (b) fin. 
 

V. CONCLUSION 

 
This work describes a calibration-free 14b 70MS/s ADC 

using signal insensitive 3-D fully symmetric capacitors in two 
MDACs very critical to ADC linearities. The proposed layout 
techniques achieve high capacitor matching accuracy by 
isolating physically and functionally each unit capacitor from 
all neighboring interconnection lines. The measurement 
results demonstrate the effectiveness of the proposed 
capacitor layout techniques for high resolution even without 
any inventive calibration. 

TABLE I 
PERFORMANCE SUMMARY OF THE PROTOTYPE ADC 

 
* VERSION1 : MDACs with both capacitors and signal lines isolated 
* VERSION2 : MDACs with only capacitors isolated  

 
TABLE II 

COMPARISON TO THE PREVIOUS ADCS 
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