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Abstract— A new capacitor and opamp sharing technique that 
enables a very efficient low power pipeline ADC design is 
proposed. A new method to cancel the effect of signal-dependent 
kick-back in the absence of sample and hold is also presented. 
Fabricated in a 0.18-µm CMOS process, the prototype 11-bit 
pipelined ADC occupies 2.2 mm  of active die area and achieves 
66.7dB SFDR and 53.2dB SNDR when a 1MHz input signal is 
digitized at 80MS/s. The SFDR and SNDR are unchanged for 
50MHz input signal. The prototype ADC consumes 36mW at 
1.8V supply, of which analog portion consumes 24mW. 
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I. INTRODUCTION 
Pipelined analog-to-digital converters (ADCs) are 

considered most suitable for low-power/high-speed 
applications [1]. Because the accuracy requirements gradually 
decrease to the later stages of the pipeline architecture, 
properly scaling the capacitor size and opamp design/bias can 
efficiently reduce power consumption while maintaining the 
same ADC resolution [2]. Sharing an opamp between two 
consecutive stages can further reduce power and has 
demonstrated good performance for low power operation [3].  
In a pipelined ADC it is known that amongst stages, 
maximum power is consumed in the first stage. To reduce 
power in it, a capacitor sharing technique was recently 
proposed [4], where the residue held on the feedback capacitor 
is used for the next stage MDAC operation thereby reducing 
the opamp load. This means that every alternate stage in the 
ADC can be made load-free. Our proposed technique 
simultaneously applies both capacitor and opamp sharing 
there by gaining a two fold reduction in power. 

To further reduce power sample and hold (S/H) is removed. 
This would cause signal-dependent kick-back into the input 
source. In the presence of source impedance this kick-back 
would cause distortion. Simulations show a reduction in 
SNDR of about 6dB near Nyquist input. One solution to 
mitigate this is to reset the capacitors before sampling phase. 
But that would mean adding an additional phase and hence 
making the ADC slow. A novel reset scheme which fits in 
well with capacitor sharing technique has been used which 
would reset the capacitors without the need of an additional 
clock phase. The rest of this paper is organized as follows: 
Section II describes the capacitor and opamp sharing 

technique; Section III describes the capacitor reset technique; 
Section IV describes the circuit implementation of the 
prototype 11-bit pipelined ADC; and Section V presents the 
experimental results. Concluding remarks are given in Section 
VI. 

II. CAPACITOR AND OPAMP SHARING TECHNIQUE 
One of the simplest implementations of pipelined ADCs 

incorporating digital redundancy is based on the 1.5-bit-per-
stage architecture. This architecture is widely used to 
maximize conversion speed [1]. Fig. 1 shows a typical 
multiplying digital-to-analog converter (MDAC) used in this 
type of pipelined ADC architecture. 

Fig. 2 shows first two 1.5-bit stages using opamp sharing 
technique. During !1, input signal (Vin) is sampled by two 
capacitors, C1f and C1D. During this phase, the opamp 
generates the residue value (Vres2), which is transferred to the 
third stage (to the third stage sampling capacitors C3f and C3D).  
During !2, capacitor C1f is connected in the feedback path and 
C1D is connected to one of three possible DAC voltages, "Vref 
or 0 depending on the sub-ADC output. The generated residue 
value Vres1 is sampled by the second stage capacitors, C2f and 
C2D. It is apparent that this technique needs only one opamp to 
generate residues Vres1 and Vres2 of the two consecutive stages. 
In this configuration, it is worthy to note here that when Vres1 
is transferred to C2f and C2D, the same information is also 
already stored on C1f. 

Fig. 3 shows the proposed capacitor and opamp sharing 
technique. Here, C1f is composed of two parts, C2f and C2D. 
During !1, input value is initially sampled on to the capacitors, 
C1f and C1D. During !2, the opamp generates the residue value 
but this is not transferred to sampling capacitors of the second 
stage. It should be noted here that the residue value is held on 
the feedback capacitor C1f.  During the next phase, !1, using 
the stored value on C1f which is composed of C2f and C2D, 
second residue value is generated and transferred to sampling 
capacitors of the following/third stage, C3f and C3D. Since the 
next input value has to be sampled while generating the 
second stage residue, two sets of feedback capacitors, C1fE and 
C1fO, an even set (E) and odd (O) set, are used alternately. 

Given the consideration that the most power hungry 
operation in a pipeline ADC is the very first stage, this
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Figure 1: Typical switched capacitor MDAC 
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Figure 2: Residue generation using opamp sharing technique 

!!

!"

*.!,-& #

$
!,-'.

*+!,-& #

$
!,-'+

Op1&2

Op1&2

%.*

%.&123456

%.*

%+*125436

%+&125436

%/*

%/&

%.&123456

%+*123456

%+&123456

!"0

 
Figure 3: Residue generation using capacitor and opamp sharing technique 

 
capacitor and opamp sharing technique efficiently reduces the 
overall power consumption because the effective capacitive 
load of the opamp is significantly reduced. In the conventional 
pipeline operation, the effective loading capacitance is C2f + 
C2D + (1-#)C1f, as seen in Fig. 2, where # is the feedback 
factor due to capacitor voltage divider feedback. In the 
proposed capacitor sharing technique, the effective loading 
capacitance reduces to just (1-#)C1f, as seen in Fig. 3. 

A. Scaling and kT/C noise 
The kT/C noise plays an important role in choosing the 

proper sampling capacitor value, and it strongly defines the 
fundamental limit (along with opamp noise) of the overall 
ADC. In a standard 1.5-bit-per-stage pipelined ADC, if a 75% 
scaling is applied from one stage to the next, which is 
considered a conservative scaling ratio, the input referred 
kT/C noise is about 1.5 kT/C. With the capacitor sharing 
technique, as proposed, the scaling factor is inherently 50% 
since the feedback capacitor is used to sample the residue 
value. When applying 50% scaling, the input referred kT/C 
value increases to about 1.9 kT/C. Compared with the 75% 
scaling case, the capacitor sharing technique increases the 
input referred kT/C noise by about 27%. Because this result is 
normalized to input sampling capacitor, simply increasing the 
size of the sampling capacitor by the same amount (27%) 
would make the noise same. Increasing the capacitor size may 
initially seem disadvantageous. However, in the capacitor 
sharing technique, because the capacitor values scale so 
quickly (by 50% from one stage to the next), the capacitance 
loading at each MDAC stage decreases significantly. In the 
conventional case, for example, applying 75% scaling, the 
effective loading capacitance is 2C1 (=2x0.75C1+0.5x1C1), as 
shown in Fig. 2, assuming low opamp input capacitance 
(simplified discussion here). On the contrary, the 
corresponding value with capacitor sharing technique, even 
after 30% increase (over estimating 27%), is 0.65C1 
(=0.5x1.3C1), as shown in Fig. 3. The implied best case 
improvement is a three fold power saving. 

III. RESET WITHOUT EXTRA PHASE 
In the absence of a sample and hold, the capacitors have to 

be reset so as to avoid signal-dependent charge kick-back 
which would cause distortion. Fig. 4 shows the differential 
picture on how the capacitor C1D is reset. On both positive and 
negative sides, C1D is split into two halves C1dn, C1dnv & C1dp, 
C1dpv. Consider the left half of the figure. At the end of 
amplification phase(!2), C1dn, C1dnv & C1dp, C1dpv would 
have been charged either to the same common mode voltage 
or to equal and opposite polarity voltages (±Vref) basing on 
D1. In the following sampling phase C1dnv & C1dpv swap 
positions as shown. This would cause charge sharing between 
C1dn & C1dpv and C1dp & C1dnv, hence resetting them. On the 
other hand, as has been described before, there are two sets of 
C1f capacitors C1fE and C1fO, an even set (E) and odd set (O) 
that are used alternately. As seen in Fig. 3, in phase !2 when 
one set is used for amplification, the other set is idle. The idle 
set goes to sampling in the next phase. So the idle time is used 
to reset them. This way the reset is implemented without 
requiring an extra clock phase. 

IV. CIRCUIT DESIGN 
Capacitor and opamp sharing technique is used only for first 

4 stages, as the sampling capacitor becomes small after that. 
Opamp sharing is still used for the rest of the stages. The first 
stage opamp is implemented using a telescopic cascode
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Figure 4: Resetting without extra clock phase 

 
structure with gain boosting. The size of sampling capacitors 
and opamp current of each stage are shown in Fig. 5. Because 
our initial intent was for a higher resolution ADC, the 
capacitor values were over designed for the performance 
achieved. A proper redesign with reduced capacitor values 
would significantly reduce our present power consumption. 
Distributed clock generators are used to better optimize the 
load on the clock drivers. 

V. EXPERIMENTAL RESULTS 
The prototype ADC was fabricated in a 0.18-µm CMOS 

process. The die photograph is shown in Fig. 7. The active die 
area is 1.2 mm x 1.8 mm. The total power consumption is 
36mW at 1.8-V supply and 80-MHz sampling frequency. The 
analog portion consumes 24mW. The measured DNL and INL 
are -0.92/1.3 LSB and -3.11/3.06 LSB, as shown in Fig. 6. 
With 1MHz input at 80MS/s, the measured SFDR, SNR, and 
SNDR are 66.7dB, 57.6dB, and 53.2dB, respectively (see Fig. 
8). The digital output of the ADC is decimated 
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Figure 5: Block diagram of the ADC 
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Figure 6: DNL and INL plots 

 
(downsampled) by 4 on chip for testing purposes. Fig. 9 
shows the dynamic performance versus input frequency at 
80MS/s. The measured SFDR, SNR, and SNDR are 66dB, 
58dB, and 53dB, respectively over the whole input range 
(1MHz to 50MHz). Fig. 10 shows the dynamic performance 
versus conversion/clock rate with 1MHz input signal. Fig. 11 
shows the dynamic performance versus power supply with 1-
MHz input signal. The ADC works well down to 1.6V. 

VI. CONCLUSIONS 
Capacitor sharing technique significantly reduces the effective 
load capacitance, thereby reducing the power consumption of 
an opamp. Capacitor sharing is found to be a suitable partner 
for opamp sharing. A new method to cancel the effect of 
signal-dependent charge kick-back in the absence of sample 
and hold was also presented.  
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Figure 7: Die photograph 
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Figure 8: Measured signal spectrum at 80MS/s 
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Figure 9: Measured dynamic performance versus input signal frequency 

 
This was achieved via capacitor swapping to neutralize/reset 
the charge in the input capacitors between samples. The 
proposed techniques are suitable for low power and high 
speed pipelined ADC applications.  
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               Figure 10: Measured dynamic performance versus conversion rate 

1.41.51.61.71.8
20

30

40

50

60

70

Power Supply (V)

M
ag

ni
tu

de
 (d

B
)

 

 

SFDR
SNR
SNDR

 
                 Figure 11: Measured dynamic performance versus power supply 
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