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Abstract – A 10b two-stage pipeline ADC implemented in a 
0.13um CMOS operates at dual sampling clock rates of 25MS/s 
and 10MS/s based on a switched-bias power-reduction technique 
for low-power system applications. The prototype ADC shows a 
maximum SNDR and SFDR of 56dB and 65dB at all sampling 
rates up to 25MS/s. The ADC occupies an active die area of 
0.8mm2 and consumes 4.8mW at 25MS/s and 2.4mW at 10MS/s, 
respectively, at a 1.2V supply. 
 

I. INTRODUCTION 
 

With the recent advance of mobile wireless communication 
systems and the trend of low-power system-on-a-chip (SoC) 
design, high-performance A/D converters (ADCs) with a low 
supply of 1V level and a small die area within 1mm2 for 
integration with CMOS digital circuits have been highly 
demanded. Particularly, the ADCs for high-quality wireless 
broadcasting systems such as digital video broadcasting 
(DVB), digital audio broadcasting (DAB), and digital 
multimedia broadcasting (DMB) require a resolution of 10b, 
a sampling rate of 10MS/s to 20MS/s, and an input signal 
bandwidth of about 40MHz simultaneously with low supply 
voltage, low power, and small chip area. 

The pipeline architecture among various conventional 
ADC types has been widely employed to meet the required 
performance [1]-[2]. The proposed ADC and the recently 
reported 10b CMOS ADCs with a sampling clock of at least 
10MHz are plotted and compared in Fig. 1. As shown Fig. 1, 
most of the ADCs employ the multi-bit-per-stage pipeline 
architecture with more than four stages to obtain high-speed 
operations due to small load capacitances and reduced inter-
stage amplifier gains. However, power consumption and chip 
area may be increased with more added pipeline stages. On 
the other hand, the proposed ADC has only two pipeline 
stages to reduce power consumption and chip area by 
assigning more bits in each stage at the target resolution and 
sampling rate. The reduced pipeline stages and the increased 
gain in each stage also result in decreased input-referred 
errors from back-end ADC circuits while the proposed ADC 
is based on a switched-bias power-reduction technique to 
achieve as low power dissipation as possible at a supply 
voltage of 1.2V. As shown in Fig. 1, a figure of merit of 
0.19mW/MHz of the prototype ADC is close to the highest 
value in the world as far as the authors know up to now. 

The proposed 10b 25MS/s ADC employs (1) only two 
pipeline stages to optimize power consumption and chip area 
(2) a switched-bias power-reduction technique to reduce 

 
 

Fig. 1. Performance comparison of recently reported 10b ADCs. 
 

power dissipation, (3) a three-dimensional (3-D) symmetric 
layout for high capacitor matching accuracy of the inter-stage 
multiplying D/A converter (MDAC), and (4) on-chip current 
and voltage (I/V) references to select a sampling rate for low 
noise and low power consumption depending on 25MS/s or 
10MS/s systems with optional off-chip voltage references. 
 

II. PROPOSED ADC ARCHITECTURE 
 

The proposed 2-stage pipeline ADC as illustrated in Fig. 2 
consists of an input SHA, a 5b MDAC, a 5b flash ADC, a 6b 
flash ADC, digital correction logic (DCL), on-chip I/V 
references, and on-chip timing circuits. The non-overlapping 
clock phases are internally generated from a single input 
clock. Nonlinear errors such as inter-stage offsets and clock 
feed-through are digitally corrected in the DCL by 
overlapping 1b from 11b raw codes to obtain 10b outputs. 
The I/V references are integrated on chip for accurate and 
reliable ADC operation. The down-clock (DNCK) and 
power-down (PDOWN) signals optimize and reduce power 
dissipation depending on a master sampling clock of 25MHz 
or 10MHz. 
 

III. ADC CIRCUIT IMPLEMENTATION 
 
A. Switched-Bias Power-Reduction Technique 

Since amplifiers commonly consume most of the power 
required by analog or mixed-mode integrated circuits, low- 
power amplifier design techniques are essential for low- 
power systems. Previous works demonstrated power 
reduction in ADCs by sharing some analog circuits between 
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Fig. 2. Proposed 10b 25MS/s 0.13um CMOS ADC. 
 
correlated adjacent stages. However, the op-amp sharing 
techniques may affect critical signal settling behavior and 
increase layout complexity due to the required extra switches 
and related parasitic components [2]-[3]. Moreover, the op 
amps cannot be reset so that the offset voltages are 
eliminated. While amplifiers can be fully or partially turned 
off to reduce power dissipation during a half clock cycle of 
input sampling, the technique may degrade signal settling 
during the next amplifying cycle due to uncontrollable phase 
margin and output overshoot and some switched-bias 
techniques can reduce these problems [4]-[5]. This work 
proposes an improved switched-bias power-reduction 
technique with the reduced number of transistors in bias 
circuits. The op amps and bias circuits of the SHA and the 
MDAC are shown in Figs. 3 and 4, respectively. 

 

 
 

Fig. 3. SHA with a switched-bias power-reduction technique. 
 

 

 
Fig. 4. MDAC with a switched-bias power-reduction technique. 

When the SHA with a single-stage op amp of Fig. 3 has a 
very high-frequency zero, the cutoff frequency ( dBf 3− ) and 
the phase margin ( PMφ ) at the unity-gain bandwidth ( unityw ) 
are approximated as in (1) and (2) [6]-[7], where 1, mmg  is the 
trans-conductance of input transistors M1 and M2, 6, mmg  is 
the trans-conductance of M6 and M7, and LC  and PC  are 
the output load capacitance and the parasitic capacitance at 
node T1 (T2), respectively. The 1, mmg  needs to be increased 
quickly when the mode changes from sampling to holding 
and the relation 6, mmg > 1, mmg  should be maintained until the 
op amp enters a steady state for reliable holding operation [5]. 
On the other hand, the dBf 3−  and PMφ  of the MDAC based 
on a 2-stage op amp in Fig. 4 are approximated as in (3) and 
(4), where 1mg ( 14mg ) is the input trans-conductance of the 
first- (second-) stage amplifier, and CC ( LC ) is the 
compensation (load) capacitance at the output. In the same 
way as the SHA, the 1mg  should be increased quickly when 
the mode changes from sampling to amplifying, and the 
relation 14mg > 1mg  should be maintained until the op amp is 
in a steady state. 
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With the controlled SHA bias voltages of BIAS1, BIAS2, 

and BIAS4, op amp bias currents are partially turned off 
during the sampling mode (with Q1 low), as shown in Fig. 3. 
During the next holding mode (with Q1 high), the op amp 
bias currents are completely resumed in the sequence of 
BIAS4 followed by BIAS1 and BIAS2 to increase 1, mmg  in 
advance and to maintain 6, mmg > 1, mmg  during the holding 
mode with the help of a current delay cell composed of MP3 
and MN3. The MDAC circuits based on a two-stage amplifier 
as shown in Fig. 4 are operating under the same principle as 
the SHA. It is noted that the first- and second-stage amplifiers 
of the MDAC share a single bias circuit to reduce the required 
power consumption and the number of transistors in the bias 
circuit. The proposed switched-bias power-reduction concept 
is applied to all the sub-ranging flash ADCs. In summary, the 
SHA, the MDAC, and the flash ADCs consume less power by 
10%, 10%, and 17%, respectively, than those without using 
the proposed power-reduction technique. 
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B. 3-D Fully Symmetric Capacitor Layout of 5b MDAC 
The matching accuracy between MDAC capacitors is very 

critical to the overall ADC static and dynamic performance.  
A lot of calibration schemes have been invented to overcome 
the capacitor mismatch problems for high-resolution ADCs. 
While many analog and digital domain calibration techniques 
show good performance, complicated algorithms tend to 
increase chip area, power consumption, and engineering cost. 
The high capacitor matching can be achieved simply by a 
proper signal-insensitive layout without any conventional 
calibration scheme. The proposed 3-D fully symmetric layout 
technique as shown in Fig. 5 minimizes capacitor mismatch 
in the MDAC. 

The MDAC unit capacitors in Fig. 5 are based on the 
metal-insulator-metal structure using 7 metal lines in a 1P8M 
CMOS process. Each unit capacitor of the MDAC is enclosed 
by all the employed metal lines except the metals for routing 
the top and bottom plates of capacitors to minimize 
mismatch. Each unit capacitor has the identical neighboring 
condition and parasitic capacitance. The previous layout work 
encloses both unit capacitors and interconnection signal lines 
by all the employed metals [8]. On the other hand, the 
proposed 3-D fully symmetric layout encloses only unit 
capacitors by all the employed metal lines. The proposed 
layout scheme minimizes capacitor mismatch by isolating 
unit capacitors physically and functionally from all the 
neighboring signal lines. Additional dummy capacitors 
located around the edge of the MDAC capacitor array can 
reduce further capacitor mismatch from inappropriate etching 
during process. The unit capacitor size of the MDAC is 
designed to be 50fF, considering the kT/C noise and 10b 
matching. 
 
C. On-Chip CMOS Current and Voltage References  
 with Down Sampling-Clock Control     

The proposed ADC employs on-chip low-power I/V 
references for low glitch noise at 25MS/s, as shown in Fig. 6. 
The current reference block (IREF) in Fig. 6 can calibrate 
current mismatch within 50% with optional 3b digital bits and 
the total power consumption of the prototype ADC is reduced 
to 3uW with the power-off  (POFF) control signal set to 
high. 

 

 
 

Fig. 5. Proposed 3-D symmetric high-matching MDAC capacitors. 

 
 

Fig. 6. Clock-selective on-chip current and voltage reference circuits. 
 

The ADC is designed to select a nominal 25MS/s mode 
and a low-power 10MS/s down-clock mode to optimize 
power consumption, as shown in Fig. 6. The DNCK controls 
the bias currents of the SHA, the MDAC, and the flash ADCs 
depending on sampling rate requirements. 
 

IV. PROTOTYPE ADC MEASUREMENTS 

 
The prototype 10b 25MS/s ADC is implemented in a 

0.13um CMOS technology as shown in Fig. 7. The ADC 
occupies an active die area of 0.8mm2 (=1.18mm × 0.67mm). 
With the DNCK low (i.e. at a nominal mode), the proposed 
ADC operates at a 25MS/s clock rate and dissipates 4.8mW 
at 1.2V. On the other hand, with the DNCK high, the ADC 
operates at a low-power 10MS/s clock rate and dissipates 
2.4mW at 1.2V. The measured maximum differential 
nonlinearity (DNL) and integral nonlinearity (INL) of the 
prototype ADC are 0.42LSB and 0.91LSB, respectively, as 
illustrated in Fig. 8. A typical signal spectrum of the 
prototype ADC measured with a 1MHz input sine wave at 
25MS/s is plotted in Fig 9.  

The signal-to-noise-and-distortion ratio (SNDR) and the 
spurious-free dynamic range (SFDR) in Fig. 10(a) are 
measured at different sampling rates up to 35MS/s with a 
1MHz input. With the sampling rates increased to 25MS/s, 
the SNDR and the SFDR are maintained above 56dB and 
65dB, respectively. The SNDR and the SFDR in Fig. 10(b) 
are measured with increasing input frequencies at a sampling 
rate of 25MS/s. 

 

 
 
Fig. 7. Die photo of the 10b 25MS/s 0.13um CMOS ADC (1.18×0.67mm2). 
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With input frequencies increased to 60MHz, the SNDR and 
the SFDR are maintained over 50dB and 62dB, respectively.  
The prototype ADC is additionally evaluated at the low- 
power DNCK mode of 10MS/s. The SNDR and the SFDR are 
measured at different sampling rates up to 20MS/s with a 
1MHz input. With the sampling rates increased to the 
10MS/s, the SNDR and the SFDR are maintained above 56dB 
and 65dB, respectively. The SNDR and the SFDR are 
measured with increasing input frequencies at a sampling rate 
of 10MS/s. With the input frequencies increased to the 
20MHz, the SNDR and the SFDR are maintained over 51dB 
and 62dB, respectively. The measured performance of the 
proposed prototype ADC is summarized in Table I. 
 

 
 

Fig. 8. Measured DNL and INL of the prototype ADC. 
 

 
 

Fig. 9. Signal spectrum measured with a 1MHz input at 25MS/s. 
 

 
(a) 

 

 
(b) 

 
Fig. 10. Measured dynamic performance of the prototype ADC at 25MS/s: 

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

TABLE I  
PERFORMANCE SUMMARY OF THE PROTOTYPE ADC 

 

 
 

V. CONCLUSION 

 
This work describes a 10b 25MS/s 0.13um CMOS two-

stage pipeline ADC based on a switched-bias power-
reduction technique for low-power SoC applications. The 
proposed ADC can select power-optimized dual sampling 
clock modes of 25MS/s and 10MS/s depending on application 
systems. The prototype ADC with an active die area of 
0.8mm2 consumes 4.8mW at 25MS/s and 2.4mW at 10MS/s 
at a 1.2V power supply. 
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