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PAPER

A 0.8-V 250-MSample/s Double-Sampled Inverse-Flip-Around
Sample-and-Hold Circuit Based on Switched-Opamp Architecture

Hsin-Hung OU†a), Student Member, Bin-Da LIU†, Member, and Soon-Jyh CHANG†, Nonmember

SUMMARY This paper proposes a low-voltage high-speed sample-
and-hold (S/H) structure with excellent power efficiency. Based on
the switched-opamp technique, an inverse-flip-around architecture which
maximizes the feedback factor is employed in the proposed S/H. A
skew-insensitive double-sampling mechanism is presented to increase the
throughput by a factor of two while eliminating the timing mismatch
associated with double-sampling circuits. Furthermore, a dual-input
dual-output opamp is proposed to incorporate double-sampling into the
switched-opamp based S/H. This opamp also removes the memory effect
in double-sampling circuitry and features fast turn-on time to improve the
speed performance in switched-opamp circuits. Simulation results using a
0.13-μm CMOS process model demonstrates the proposed S/H circuit has
a total-harmonic-distortion of −67.3 dB up to 250 MSample/s and a 0.8VPP

input range at 0.8 V supply. The power consumption is 3.5 mW and the
figure-of-merit is only 7.4 fJ/step.
key words: switched-opamp, low-voltage, high-speed, sample-and-hold,
double-sampling

1. Introduction

Sample-and-hold (S/H) is a critical building block in many
switched-capacitor (SC) systems, for example, the analog-
to-digital converter (ADC). The main function of a S/H is
to provide a stable output for the following stages with a
specified precision even at high sampling rate. A S/H usu-
ally dominates the linearity, noise and power contribution of
an overall system because it directly processes the front-end
incoming signal [1]. Many S/H architectures have been pro-
posed to achieve high speed while maintaining high linearity
[2]–[12]. However not all of them are applicable in the low
voltage realm. Driven by the rapid evolution of finer process
technology and also the demand for lower power capability,
low-voltage circuit design becomes an inevitable trend and
choice. While digital power directly benefits from the scal-
ing of supply voltage, analog circuits adversely suffer since
the available signal range is shrunk as well [13]. Further-
more, the switch encounters poor conduction, and eventu-
ally complete floats, with reduced VDD and hence deterio-
rates the performance of traditional SC circuits. To solve
the floating switch problem, one of the promising methods is
the switched-opamp (SO) technique, developed by Crols et
al. [12], in which the floating switch is replaced by a switch-
able opamp which is able to charge and reset the sampling
capacitor during its respective on and off phase.

S/Hs based on switched-opamp architecture are there-

Manuscript received April 14, 2008.
†The authors are with the Department of Electrical Engineer-

ing, National Cheng Kung University, Tainan, Taiwan.
a) E-mail: petero@spic.ee.ncku.edu.tw

DOI: 10.1093/ietele/e91–c.9.1480

fore suitable for low-voltage applications [6], [9]–[11], [14],
[15]. However, the drawbacks of SO technique such as
lower circuit feedback factor and additional opamp turn-on
time prohibit SO-based S/H from operating at high speed
[6], [12]. This paper proposes useful solutions to deal with
the problems mentioned above. From the architectural per-
spective, an inverse-flip-around (IFA) architecture which
improves the feedback factor is cooperated with double-
sampling to achieve a 4-fold speed improvement in S/H. At
the circuit level, a dual-input dual-output opamp structure
which minimizes the turn-on time is proposed. More advan-
tages will be clarified in the following sections.

This paper is organized as follows: Sect. 2 points out
the disadvantages of conventional S/H structures and then
comes up with the proposed IFA S/H architecture and its
skew-insensitive double-sampled version. Section 3 details
the opamp architecture specifically for the proposed double-
sampled IFA S/H. Simulation results of the developed S/H
using a 0.13-μm CMOS device models are shown in Sect. 4.
Finally, Sect. 5 concludes this paper.

2. Double-Sampled Inverse-Flip-Around Sample-and-
Hold

2.1 Low-Voltage S/H Design Issues

Flip-around S/H as depicted in Fig. 1(a) is the most widely
used sample-and-hold architecture in SC applications due to
its high speed and high linearity [2], [16]. The operation can
be described as follows. During φ1, the sampling capaci-
tor CS acquires the input signal. φ1A is a slightly advanced
phase of φ1 to determine the sampling instant and avoid non-
linear charge injection. During φ2, CS is “flipped around”
the opamp in a feedback loop and the charge stored in φ1

are held in CS to produce VOUT = VIN . High speed can be
achieved in this architecture since the feedback factor β is
ideally equal to 1 neglecting the input parasitic capacitance
of opamp. However, the flip-around S/H is not applicable
at low supply voltage due to the floating switch problem.
As shown in Fig. 1(a), switches S 1 to S 3 are connected to
either the system input or the opamp output, therefore they
must process a rail-to-rail signal range. At a low voltage
supply, these floating switches may encounter poor conduc-
tion or even turn off since none of the transmission MOS in
a switch will turn on. The insufficient conduction of float-
ing switches thereby prohibits the flip-around architecture
from direct employment in low voltage S/H. Several excel-
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(a)

(b)

Fig. 1 Conventional S/H architectures. (a) Flip-around architecture [2],
[16], (b) low-voltage SO-based S/H [14], [15].

lent works concerning low-voltage sampling circuits have
been proposed [6], [9]–[11], [14], [15]. Figure 1(b) shows a
charge-redistribution S/H architecture which is commonly
employed in low-voltage systems based on switched-opamp
architecture [14], [15]. The operation is as follows. Dur-
ing φ1, the opamp turns off and CS samples the input while
CF is reset. During φ2, the opamp is activated and the in-
put charge stored in φ1 transfers from CS to CF to produce
the corresponding VOUT . In this architecture, a bootstrapped
switch [17] is used to interface the input signal for high lin-
earity. All the other switches are connected to either VDD or
ground and hence no floating switches exist. A major draw-
back of this SO-based S/H is the reduced feedback factor
compared to the conventional flip-around architecture. A
reduced feedback factor β directly degrades the speed and
noise performance [1], [16]. For a sample-and-hold circuit,
the maximum sampling rate is determined by the opamp
bandwidth, feedback factor, as well as the required linear-
ity. Since the opamp’s output must settle within ±1/2N+1

full scale range to achieve N-bit linearity in half of the sam-
pling period, the maximum sampling rate of an N-bit S/H
in terms of opamp bandwidth and feedback factor can be
expressed as [1]

fS <
π · β · fT

(N + 1) · ln 2
(1)

where β is the feedback factor, fT is the unity gain frequency
of the opamp, and fS is the sampling rate. On the other hand,
the output-referred noise v2o can be approximated by [1]

v2o =
kT
βCF

(2)

where k is the Boltzmann’s constant and T is the absolute
temperature. Compared to the flip-around S/H, the sampling

Fig. 2 Inverse-Flip-Around(IFA) S/H with unity feedback factor based
on switched-opamp architecture.

speed and noise performance of the S/H in Fig. 1(b) both
degrade by a factor of two due to the reduced feedback fac-
tor. A lower feedback factor also implies more power con-
sumption if the same speed or signal-to-noise ratio (SNR)
are required to be achieved. In the following contexts, we
propose a SO-based S/H circuit in combination with double-
sampling to solve these deficiencies.

2.2 Inverse Flip-Around S/H Architecture

The concept of the proposed SO-based S/H is by observ-
ing the features of the switched-opamp architecture in two
aspects: (i) the feedback capacitor must be permanently
connected to the output nodes of the opamp in a switched-
opamp architecture; (ii) the opamp must be turned-off in one
of the two non-overlapped phases, during which the out-
put stage can be pulled to VDD or ground using additional
switches. From the observations stated above, the sampling
action can be realized by directly attaching the sampling ca-
pacitor onto the opamp output node instead of connecting
it to ground using a switch as in Fig. 1(b). The proposed
S/H architecture is shown in Fig. 2 where a single-ended
configuration is used for explanation. CS 1 samples the in-
put signal respect to VDD at φ1 since the opamp is currently
turned-off and the output node is pulled to VDD. During φ2,
the input signal path is terminated by turning off the boot-
strapped switch, while the top plate of CS 1 is connected to
the opamp inverting input, resulting in an unity feedback
and VOUT = VDD − VIN . The inversed polarity issue can be
easily resolved in fully-differential configuration. The name
“inverse-flip-around (IFA)” indicates the S/H structure op-
erates in an inverse fashion compared to traditional “flip-
around” S/H structure. In Fig. 1(a), the input signal is sam-
pled respect to the opamp input during φ1 and the bottom
plate of CS is flipped to opamp output during φ2. On the
contrary, in the proposed S/H structure depicted in Fig. 2,
the input is sampled respect to the opamp output during φ1

and the top plate of CS is flipped to opamp input during φ2.
Such configuration exploits the features of switched-opamp
architecture, i.e. the (i) and (ii) stated above, and turns these
drawbacks into benefits. It has the following advantages:
The settling speed is potentially doubled compared to the
S/H in Fig. 1(b) since the feedback factor is now ideally
equal to 1 rather than 1/2. The improvement in feedback
factor also implies the output-referred noise of the S/H is re-
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duced by half according to Eq. (2). S/H usually dominates
the system noise performance because it locates at the front-
end while the following stages may attenuate their resulting
noise through the interstage gain [1]. Reduced noise also in-
dicates smaller loading capacitance and hence higher speed
and lower power consumption can be achieved from system
perspective. A minor advantage of the IFA S/H compared to
Fig. 1(b) is that it only has one capacitor and hence no gain
error induced from capacitor mismatch.

Charge injection and clock feedthrough errors in S/H
circuits in Fig. 1(a) and Fig. 1(b) can be regarded as a DC
offset by using an advanced clock phase φ1A. In the pro-
posed scheme, the advanced clock phase is not required
because the bootstrapped switch always ensures a constant
overdrive voltage. The channel charge stored in the boot-
strapped switch can be expressed as

Qch = COX ·W · L · (VGS − VT H) (3)

where Qch is the channel charge and COX is the gate capac-
itance per unit area. Since VGS − VT H is fixed by the boot-
strapping behavior, the released charge during turn-off is in-
dependent of the input signal, and the resulting injection can
be regarded as a DC offset which can be largely reduced by
fully-differential structure. Besides, all the other switches
are connected to VDD, ground or virtual ground. Hence their
respective charge injections are also independent of the in-
put signal. Furthermore, the clock feedthrough and thresh-
old voltage variation due to body effect which contributes
to high-order distortion can be alleviated by properly min-
imizing the bootstrapped switch size as long as the settling
requirement is satisfied.

2.3 Skew-Insensitive Double-Sampling IFA S/H

The proposed IFA S/H improves the potential sampling rate
by a factor of two. Its throughput can be further enhanced by
applying the double-sampling concept [2], [14], [18], [19].
Normally, an opamp in SC S/H circuits idles in sampling
mode and operates in hold mode. Double-sampled S/H [2]
reuses the opamp in idle mode and produces a two-fold
throughput. The conceptual diagram of applying double-
sampling in the proposed IFA S/H is depicted in Fig. 3(a)
with a single-ended configuration. Practically, the manip-
ulation of double-sampling into IFA S/H incurs three sig-
nificant problems. First, double-sampling is not compatible
with switched-opamp architecture. This is because double-
sampling is inherent a kind of opamp-sharing in time do-
main. It demands the opamp to be active in both phases. On
the contrary, switched-opamp technique requires the opamp
to turn off in one of the two non-overlapped phases. As a
result, the adaptation of double-sampling into the SO-based
IFA S/H requires not only two sets of hardware but also ad-
ditional modification of the opamp structure. In the pro-
posed opamp design, dual output stages are used to solve
this dilemma. When one of the dual output stages is turned
on to hold the sampled input, the other is turned off and pro-
vides the required high impedance for the following stage.

(a)

(b)

(c)

Fig. 3 Proposed double-sampled IFA S/H: (a) Conceptual diagram, (b)
fully-differential IFA S/H with double-sampling, and (c) fully-differential
IFA S/H with skew-insensitive double-sampling.

The detailed opamp circuit will be described in Sect. 3.
The second problem caused by double-sampling is the

memory effect on the opamp input which is never reset in
both clock phases [19]. Due to finite opamp gain, the present
opamp output is polluted by the charge “memorized” in the
input parasitic capacitors. In the proposed opamp design,
one more differential input pair is added to eliminate this
side-effect. By resetting the input pair which is inactive
and keep the other input pair active, the opamp operation is
maintained and the memory effect is removed. As a conse-
quence, to solve the two problems mentioned above, a dual-
input dual-output switchable opamp is necessary. Based on
the opamp requirement described above, a fully differential
version of Fig. 3(a) is depicted in Fig. 3(b). Note the opamp
symbol has two input pairs (IN1 & IN2) and two output
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stages (VO1 & VO2). The switches enclosed in dashed boxes
represent the bootstrapped switches. All the other switches
are simply realized with NMOS or PMOS transistors.

The third issue of double-sampled S/H is due to timing
mismatch between its two channels. Since the two chan-
nels are controlled by two non-overlapped clock phases, the
turning-off timing skew between φ1 and φ2 leads to non-
uniform sampling and hence distortion. A spurious tone lo-
cated at fS /2− fin is generated with a magnitude proportional
to the timing error and input frequency fin [2], [20]. The
spectral components of a double-sampled sinusoidal signal
Vin with timing skew can be expressed as

1
2T

∞∑
n=−∞

Vin

(
fin − n

fS
2

)

× [1 + e− jnπ × e j2πΔT ( fin−n( fS /2))] (4)

where T is the clock period and ΔT is the timing skew error.
The magnitude of the spur is about 20 log(|πΔT fin|) by using
the small angle approximation.

Figure 3(c) demonstrates the proposed skew-insensitive
circuit architecture of the double-sampled IFA S/H and its
timing diagram. The concept in [8], [21] is adapted here, but
the switch selection and allocation are rearranged to adapt
the IFA S/H. The circuit operation is explained as follows.
The bootstrapped switches denoted S D are controlled by a
special clock phase φ which uniquely determines the sam-
pling instant. As depicted in the timing diagram of Fig. 3(c),
φ has a frequency two times of those of φ1 and φ2. Its falling
edge is slightly advanced before the falling edges of φ1 and
φ2. During φ1, output stage VO1 is turned on but output
stage VO2 is turned off. When φ = 1, the differential in-
put signals can be sampled on CS 1 and CS 2 respect to VDD

by connecting VO2P and VO2N to VDD. When φ transits from
VDD to ground, S D is open and the input sampling path is
terminated. Since the falling edge of φ precedes that of φ1,
the stored charge is determined by φ and independent of φ1.
During φ2, the output stage VO2 is activated, the top plates
of CS 1 and CS 2 are connected to input pair IN2 to form the
feedback loop, and the held output are available on output
stage VO2. Similar operation applies for the second sam-
pling loop constructed by CS 3 and CS 4. By the timing con-
trol of an extra phase φ, the timing skew between φ1 and
φ2 no longer affects the sampling instant and thus alleviates
the non-uniform sampling effect. In addition, it is worthy to
note that since the sampled output are available at two dis-
tinct output pairs, the proposed S/H can be directly applied
on two-channel pipelined analog-to-digital converters such
as in [14].

3. Opamp Design

One critical speed-limiting factor of SO-based circuits is the
slow turn-on time of the switchable opamp. This is because
the opamp requires additional time period to recover to nor-
mal operation from a disabled state [12]. The proposed

IFA S/H has optimized its sampling speed from architec-
tural level by improving the feedback factor and adopting
double-sampling. In the circuit level, an opamp with fast
turn-on time is proposed. Figure 4 shows the opamp struc-
ture employed in the double-sampled IFA S/H. Several re-
quirements have to be satisfied in order to implement this
S/H. Since the supply voltage is only 0.8 V, the opamp is
generally designed to have an input common-mode of ei-
ther VDD or ground [12]. In the IFA S/H, the input sig-
nal is sampled respect to VDD by using the disabled out-
put pairs; therefore in order to balance the common-mode
signal, the input common-mode of opamp has to be set to
ground. The opamp is essentially a Miller-compensated
two-stage opamp. The input stage adopts folded-cascode
structure and consists of two PMOS input pairs. These two
input pairs commonly share a single bias current switched
alternatively with φ1 and φ2. Whenever one of the dual in-
put pairs is disabled by turning off the switch MS 1 or MS 2,
the gate terminals of that input pair can be reset to ground.
Such mechanism removes the memorized charge residing at
the opamp input parasitics while still maintaining the same
amount of bias current.

There are also two sets of output stages but the pairing
assignment is different from the dual input pairs. VO1P and
VO2P share a common bias current in different phases and so
do VO1N and VO2N . The operation of the output stages is as
follows. During φ1, MS 3/MS 5 and MS 9/MS 10 turn on while
MS 4/MS 6 and MS 7/MS 8 turn off. The current of M9 and M10

are directed to VO1P and VO1N respectively. VO2P and VO2N

nodes are in high impedance state since no currents flow
through them, and they are referred to VDD by MS 9/MS 10.
During φ2, the roles exchange while operating in the same
manner. Such arrangement ensures the current paths estab-
lished by M9 and M10 are never turned off and hence a faster
turn-on time can be achieved. Although there are two sets
of input pairs and output stages, the power consumption is
not doubled due to the bias current reuse. The dynamic
SC common-mode feedback (CMFB) circuit as shown in
Fig. 4(b) is used to provide proper output common-mode
level control. Two sets of SC branches are required for dual
output stages in both phases. The error amplifier compares
the SC level-shifted output common-mode with ground level
and provides the correct polarity for CMFB control signal
(VCMFB). The circuit of error amplifier is simply the same
as the input stage of the main opamp.

The opamp is designed to meet the specification of
the IFA S/H. From Eq. (1), a 250 MS/s, 10-bit S/H with
double-sampling requires an opamp with an unity-gain fre-
quency more than 300 MHz, assuming β = 1 and neglect-
ing slew rate and finite clock transition time for simplicity.
In practice, nonlinear settling limited by slew rate shortens
the available linear settling time and hence a much higher
opamp bandwidth is required. Simulation results show the
opamp achieves a 67.5-dB DC gain with a 74◦ phase margin.
The unity-gain frequency is 575 MHz and a static power of
1.9 mW is consumed from a 0.8 V supply.
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(a)

(b)

Fig. 4 Opamp with dual-input pairs and dual output stages. (a) Main opamp, (b) common-mode
feedback circuits.

(a) (b)

Fig. 5 FFT spectrum of IFA S/H at 250 MHz sampling rate with 25 MHz input frequency. (a) Before
using skew-insensitive scheme, (b) after using skew-insensitive scheme.

4. Simulation Results

The proposed sample-and-hold has been designed at 0.8-
V using a 0.13-μm CMOS process model. The threshold
voltages of NMOS and PMOS are about 0.35 V and −0.3
V, respectively. A sampling capacitor of 1.2 pF and load-
ing capacitor of 1 pF are used in the S/H. The capacitor
value settings are aimed at satisfying the thermal noise re-
quirement of a 10-bit ADC application [1]. The S/H is
clocked at 125 MHz and the equivalent sampling rate is

250 MSample/s by employing double-sampling. Figure 5
shows the FFT spectra of the double-sampled IFA S/H. Both
the FFT spectra of the circuit implementations in Fig. 3(b)
and Fig. 3(c) are given to illustrate the effectiveness of the
proposed skew-insensitive double-sampling scheme. A 0.8-
VPP, 25 MHz differential input signal is applied with a 0.1 ns
falling edge mismatch between φ1 and φ2, which corre-
sponds to 2.5% mismatch for a 250 MHz sampling rate. The
spectra before and after adopting the skew-insensitive mech-
anism are shown in Fig. 5(a) and Fig. 5(b), respectively. The
total-harmonic-distortion (THD) improves from −43 dB to
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−67 dB. The spurious tone located at fS /2 − fin which cor-
responds to the timing-skew is obviously cancelled by the
skew-insensitive circuitry. The THD vs. different input am-
plitudes of the skew-insensitive double-sampled IFA S/H is
plotted in Fig. 6. A 0.1 ns timing error is also added in the
simulation. As can be expected, smaller signals bring in less
harmonic distortion and hence better THD. More than 10-bit
linearity can be achieved with a 0.9 VPP input signal and 9-
bit linearity for a 1 VPP signal. The degradation at larger
input amplitudes mainly comes from the nonlinearity due to
finite opamp gain since the large input swing forces the out-
put transistors into triode region. The total power consump-
tion at 0.8 V is 3.5 mW, including the ones of clock genera-
tor and bias circuitry. A specification summary is given in
Table 1. The comparison with previous works is shown in
Table 2 which includes high-speed [2], [22] and low-voltage
[6], [8], [11] cases. As can be observed in the table, this
work has the lowest supply voltage and highest sampling
speed while maintaining comparable linearity. In addition,
the proposed IFA S/H has the largest ratio of input-range

Fig. 6 Total harmonic distortion with different input amplitude.

Table 1 Summary of the simulation results (40◦C).

Technology 0.13-μm CMOS

Supply Voltage 0.8 V

Sampling Rate 250 MSample/s

Input Range(differential) 0.8 Vpp

THD −67.3 dB@ fin = 24.658 MHz

Total Power Consumption 3.5 mW

to supply voltage, which is a significant index especially in
low-voltage design since the available signal swing is lim-
ited. A figure-of-merit (FOM) commonly used to evaluate
the performance of S/H or ADC is expressed as FOM1 [8]:

FOM1 =
Power

2ENOB · fS
(5)

Taking the design complexity of low-voltage circuit into
consideration, FOM1 can be modified as FOM2 [23] de-
scribed below:

FOM2 =
Power

2ENOB · fS
· VDD (6)

The proposed S/H compares favorably with other state-of-
the-art works.

5. Conclusion

Switched-opamp technique renders an effective solution for
the floating switch problem in low-voltage SC circuitry.
However inferior speed performance becomes the major
limitation of SO-based circuits due to its lower circuit feed-
back factor and longer opamp turn-on delay. In this paper,
we proposed a SO-based S/H architecture which operates
up to 250 MS/s with a 0.8 V supply. In the architectural
level, an inverse-flip-around S/H which maximizes the feed-
back factor is presented. Together with double-sampling,
the potential sampling rate is 4-fold compared to conven-
tional SO-based S/H. Additionally, in the circuit level, a
dual-input dual-output opamp with short turn-on delay is
adopted to boost the overall performance. The side-effects
brought by double-sampling are also compensated by the
opamp design. Simulation results show that the FOM of
the proposed S/H achieves 7.4 fJ/step which compares fa-
vorably with other published results. Its low-voltage, low-
power, high-speed characteristics are especially suitable for
modern high-speed ADC applications.
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Table 2 Comparison of proposed work with other SO-based pipelined ADC.

Design Waltari [2] Lee [22] Baschirotto [6] Lee [8] Keskin [11]* This work*

Technology 0.5-μm 0.5-μm 0.5-μm 0.35-μm 0.35-μm 0.13-μm

VDD 3 V 3 V 1.2 V 1.5 V 1 V 0.8 V

Full-Scale Input(VPP) 1.8 0.8 0.825 0.8 0.8 0.8

Fs (MS/s) 220 200 40 50 20 250

THD @ fin
−62 dB

@73 MHz
−56.5 dB
@75 MHz

−50 dB
@2 MHz

−58.2 dB
@2.5 MHz

−64 dB
@10 MHz

−67.3 dB
@25 MHz

Power (mW) 25 4.8 1.2 2.6 N.A.** 3.5

FOM1 (fJ/step) 110.4 43.9 116.1 78.3 N.A. 7.4

FOM2 (fJ·V/step) 331.4 131.8 139.3 117.4 N.A. 5.9

* This work and ref[11] provide simulation results. All the other works are experimental results.
** The opamp power is not given in the sampling circuit in [11], hence the total power is not available.



1486
IEICE TRANS. ELECTRON., VOL.E91–C, NO.9 SEPTEMBER 2008

References

[1] D.W. Cline, Noise, speed, and power trade-offs in pipelined analog
to digital converters, Ph.D. Thesis, Univ. California, Berkeley, 1995.

[2] M. Waltari and K. Halonen, “A 220-Msample/s CMOS sample-and-
hold circuit using double-sampling,” Analog Integr. Circuits Signal
Process., vol.18, no.1, pp.21–31, Jan. 1999.

[3] P.J. Lim and B.A. Wooley, “A high-speed sample-and-hold tech-
nique using a miller hold capacitance,” IEEE J. Solid-State Circuits,
vol.26, no.4, pp.643–651, April 1991.

[4] G. Nicollini, P. Confalonieri, and D. Senderowicz, “A fully differ-
ential sample-and-hold circuit for high-speed applications,” IEEE J.
Solid-State Circuits, vol.24, no.5, pp.1461–1465, Oct. 1989.

[5] L. Dai and R. Harjani, “CMOS switched-op-amp-based sample-and-
hold circuit,” IEEE J. Solid-State Circuits, vol.35, no.1, pp.109–113,
Jan. 2000.

[6] A. Baschirotto, “A low-voltage sample-and-hold circuit in standard
CMOS technology operating at 40 Ms/s,” IEEE Trans. Circuits Syst.
II, Analog Digit. Signal Process., vol.4, no.4, pp.394–399, April
2001.

[7] M.J. Chen, Y. Gu, J. Huang, W. Shen, T. Wu, and P. Hsu, “A com-
pact high-speed miller-capacitance-based sample-and-hold circuit,”
IEEE Trans. Circuits Syst. I, Fundam. Theory Appl., vol.45, no.2,
pp.198–201, Feb. 1998.

[8] T.S. Lee and C.C. Lu, “A 1.5-V 50-MHz pseudo-differential CMOS
sample-and-hold circuit with low-hold pedestal,” IEEE Trans. Cir-
cuits Syst. I, Reg. Papers, vol.52, no.1, pp.1–12, Jan. 2005.

[9] D.Y. Chang, G.C. Ahn, and U.K. Moon, “Sub-1-V design techniques
for high-linearity multistage/pipelined analog-to-digital converters,”
IEEE Trans. Circuits Syst. I, Reg. Papers, vol.52, no.1, pp.1–12, Jan.
2005.

[10] A. Baschirotto, R. Castello, and G.P. Montagna, “Active series
switch for switched-opamp circuits,” Electron. Lett., vol.34, no.6,
pp.1365–1366, July 1998.

[11] M. Keskin, “A novel low-voltage switched-capacitor input branch,”
IEEE Trans. Circuits Syst. II, Analog Digit. Signal Process., vol.50,
no.1, pp.315–317, June 2003.

[12] J. Crols and M. Steyaert, “Switched-opamp: An approach to real-
ize full CMOS switched-capacitor circuits at very low power supply
voltages,” IEEE J. Solid-State Circuits, vol.29, no.8, pp.936–942,
Aug. 1994.

[13] A. Matsuzawa, “Mixed signal SoC era,” IEICE Trans. Electron.,
vol.E87-C, no.6, pp.867–877, June 2004.

[14] P.Y. Wu, V.S.L. Cheung, and H.C. Luong, “A 1-V 100-MS/s 8-bit
CMOS switched-opamp pipelined ADC using loading-free architec-
ture,” IEEE J. Solid-State Circuits, vol.42, no.4, pp.730–738, April
2007.

[15] B. Vaz, J. Goes, and A. Paulino, “1.5-V 10-b 50 MS/s time-
interleaved switched-opamp pipeline CMOS ADC with high en-
ergy efficiency,” Proc. 2004 Symp. VLSI Circuits, pp.432–435, June
2004.

[16] W. Yang, D. Kelly, I. Mehr, M.T. Sayuk, and L. Singer, “A 3-V 340-
mW 14-b 75-Msample/s CMOS ADC with 85-dB SFDR at Nyquist
Input,” IEEE J. Solid-State Circuits, vol.36, no.12, pp.1931–1936,
Dec. 2001.

[17] A.M. Abo and P.R. Gray, “A 1.5-V, 10-bit, 14.3-MS/s CMOS
pipelined analog-to-digital converter,” IEEE J. Solid-State Circuits,
vol.34, no.5, pp.599–606, May 1999.

[18] T.C. Choi and R.W. Brodersen, “Considerations for high-frequency
switched-capacitor ladder filters,” IEEE Trans. Circuits Syst.,
vol.CAS-27, no.6, pp.545–552, June 1980.

[19] K. Nagaraj, H.S. Fetterman, J. Anidjar, S.H. Lewis, and R.G.
Renninger, “A 250-mW, 8-b, 52-Msample/s parallel-pipelined A/D
converter with reduced number of amplifiers,” IEEE J. Solid-State
Circuits, vol.32, no.3, pp.312–320, March 1997.

[20] N. Kurosawa, H. Kobayashi, K. Maruyama, H. Sugawara, and

K. Kobayashi, “Explicit analysis of channel mismatch effects
in time-interleaved ADC systems,” IEEE J. Solid-State Circuits,
vol.48, no.3, pp.261–271, March 2001.

[21] M. Waltari and K. Halonen, “Timing skew insensitive switching for
double-sampled circuits,” Proc. IEEE International Symposium on
Circuits and Systems, pp.61–64, May 1999.

[22] T.S. Lee and C.C. Lu, “A 200 MHz 4.8 mW 3 V fully differential
CMOS sample-and-hold circuit with low hold pedestal,” Analog In-
tegr. Circuits Signal Process., vol.45, no.1, pp.37–46, Oct. 2005.

[23] Y. Chiu, P.R. Gray, and B. Nikolić, “A 14-b 12-MS/s CMOS pipeline
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