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Abstract— This paper presents a 12-bit 40-MS/s successive
approximation register analog-to-digital converter (ADC) for
ultrasound imaging systems. By incorporating a fast binary
window digital-to-analog converter (DAC) switching technique,
the problematic most significant bit transition glitch was removed
to improve linearity without increasing the input capaci-
tance or using a calibration scheme. A hybrid DAC was also
developed to overcome the yield problem that occurs when a
tiny unit capacitance is used in the DAC. Moreover, a reference
buffer was used to accelerate the DAC settling to achieve high-
speed conversion. The prototype ADC was fabricated using a
130-nm CMOS technology. The ADC core occupied an active
area of 0.1 mm2 and consumed a total power of 1.32 mW when
a 1.2-V supply was used at a conversion rate of 40 MS/s. The
measured peak signal-to-noise-and-distortion ratio and spurious-
free dynamic range were 64 and 77.5 dB, respectively. The peak
effective number of bits was 10.33, which is equivalent to a
Walden figure-of-merit of 25.6 fJ/conversion step.

Index Terms— Analog-to-digital converter (ADC), digital-
to-analog converter (DAC), successive approximation register
(SAR), window switching.

I. INTRODUCTION

CURRENTLY, the advantages of successive approxima-
tion register (SAR) analog-to-digital converters (ADCs)

have been demonstrated to include high energy efficiency and
small footprints through the use of thin CMOS technolo-
gies [1]–[7]. Internal digital-to-analog converters (DACs) play
a crucial role in realizing linearity in high-resolution SAR
ADCs. Most SAR ADCs use capacitor DACs (C-DACs) to
maintain high accuracy and fast operation. In SAR ADCs,
capacitor arrays are used for both track-and-hold and DAC
operations. The total capacitance of C-DACs determines
the accuracy of the ADC. In general, a high total capaci-
tance can meet both noise and DAC linearity requirements.
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However, input and reference buffers consume a substantial
amount of power. Therefore, developing methods for reducing
total capacitance is crucial for facilitating the integration of
ADCs into low-power electronics.

Several techniques have been proposed to further reduce the
total capacitance of C-DACs. Capacitor calibration compen-
sates for the capacitor mismatch in C-DACs [2]. Calibration
schemes are designed to correct errors by using digital
postprocessing at the cost of additional power consump-
tion. A capacitor-swapping SAR ADC was employed to
improve the DAC linearity by interchanging half of the
total capacitance with the other half [8]. The complementary
error caused by the most significant bit (MSB) capacitor
switching was randomly swapped to reduce the third-order
harmonic distortion. The spurious-free dynamic range (SFDR)
was effectively enhanced; however, the signal-to-noise-and-
distortion ratio (SNDR) was not improved because the errors
due to the capacitor mismatch were not eliminated.

Liu et al. [9] and Chung et al. [10], [11] have proposed
window-switching techniques for SAR ADCs to avoid unnec-
essary capacitor switching. In [9], two additional comparators
were used with programmable threshold levels for the first four
window comparisons. Moreover, the subsequent conversion
cycles used another main comparator. However, the offset
deviation among these three comparators introduced additional
errors, and the programmable threshold levels required addi-
tional precision circuits. In [10], a two-step decision (TSD)
SAR ADC was proposed to provide a smaller window and
compensate for the DAC settling error. However, the use
of 23 cycles to implement a 12-bit SAR ADC limited the
operation speed of the ADC. Finally, in [11], a previously
proposed binary window (BW) SAR ADC was proposed to
linearize the DAC linearity. However, four additional conver-
sion cycles were used to reduce the operation speed.

This paper presents a fast BW (FBW) DAC switching
technique to implement a 12-bit 40-MS/s SAR ADC by
using a 130-nm CMOS technology. The proposed FBW DAC
switching scheme contains the same window function as that
in [11] and achieves a faster operating speed. In contrast to
the scheme used in [11], the proposed scheme utilizes only
one additional conversion cycle to implement the window
function. The remainder of this paper is organized as follows.
Section II briefly introduces the window switching schemes
for SAR ADCs. A simple analysis is presented to highlight
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Fig. 1. The 12-bit SAR ADC using a conventional DAC switching
scheme [7].

Fig. 2. Least favorable SNDR versus the unit capacitance of a binary C-DAC
(capacitor array consisting of 211 unit capacitors).

the SNDR loss due to the capacitor mismatch. Section III
illustrates the proposed FBW-SAR ADC architecture. The
circuit implementation is described in Section IV, and the
experimental results are detailed in Section V. Finally, the con-
clusion is presented in Section VI.

II. BW DAC SWITCHING

Fig. 1 presents an example of a 12-bit SAR ADC with
two capacitor arrays—CP and CN. CPk and CNk individually
have 211−k unit capacitors, where k = 1–11. Each capacitor is
sequentially switched ON the basis of the comparison results.
The resultant DAC errors due to the capacitor mismatch
introduce considerable SNDR loss. Fig. 2 presents the least
favorable SNDR that is due to the capacitor mismatch while
conducting 1000 Monte Carlo simulation runs. The mismatch
coefficient (ac) is 1.2%. The SNR, which includes the quan-
tization noise and thermal noise, is denoted by SNRkT/C .
The SNDR, which includes the quantization noise, thermal
noise, and capacitor mismatch, is denoted by SNDR�C/C .
As presented in Fig. 2, the unit capacitance required to obtain
an SNR of more than 70 dB is only 0.2 fF. However, the
capacitor mismatch yields the least favorable SNDR of 60 dB.
The unit capacitance must exceed 2 fF to obtain an SNDR
of 68 dB, which provides a high total capacitance of 4 pF for
a 12-bit SAR ADC.

The conventional capacitor switching scheme presents an
over switching condition because of the binary search concept.

Fig. 3. Prior BW DAC switching for the first four MSBs [11].

Fig. 4. (a) First four MSB DAC switching profiles. (b) DAC error power
for 12-bit conventional and BW SAR ADCs.

The unnecessary capacitor switching may introduce DAC
errors, thus reducing the SNDR. Fig. 3 presents a prior
BW DAC switching scheme [11]. The window boundaries
are generated by executing two temporary DAC switching.
The window boundaries are ±VFS/2 for the MSB deci-
sion (b11 and b12), ±VFS/4 for the (MSB—1) decision
(b21 and b22), and so on. When V 2 is within the window zone,
the respective capacitor is not switched. If V 2 is outside the
positive or negative boundaries, then p or n-terminal capacitors
(CP or CN) are switched, respectively.

Fig. 4(a) displays the first four BW capacitor switching
profiles. The blank region indicates that the corresponding
capacitor is not switched. For different input regions, there
are two features. First, there is no switching for the middle
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TABLE I

TOTAL DAC SWITCHING ERRORS FOR TWO SCHEMES

input region in the first four cycles. Second, the same capacitor
array is used for the first four capacitor switchings. The first
feature presents its capability to eliminate the largest middle
transition glitch, thus improving the DAC linearity. The second
feature moves the largest transition glitch from zero to the
±VFS/2 input.

Fig. 4(b) displays the quantitative DAC error representa-
tion for 12-bit conventional and BW-SAR ADCs. The first
four MSB cycles are considered. For the conventional DAC
switching (Conv-SAR), the maximum DAC error power is for
the zero input (regions 7 and 8). The total DAC switching
error power is 1024 × σ 2

C . When the BW DAC switching
is employed, the average DAC error power is 512 × σ 2

C .
As aforementioned, the maximum DAC error power is moved
to regions 3 and 12. Detailed DAC switching errors for 16 dif-
ferent input regions are summarized in Table I. As described
in [11], the proposed BW DAC switching scheme effectively
reduces the maximal standard deviation of the integral non-
linearity (INL) by a factor of 0.7 (or approximately 1/

√
2).

This simulation result effectively validates the error results
presented in Table I, which presents half error power reduction.
In the generic representation, the average DAC error power is
2N−3 × σ 2

C for an N-bit BW-SAR ADC.

III. ADC ARCHITECTURE

A. FBW-SAR DAC Switching Concept

As described in [11], four window conversion cycles were
employed to approach the peak SNDR and SFDR. This implies
that there are 16 conversion cycles for a 12-bit SAR ADC.
However, in the capacitor switching profile of Fig. 4(a), if the
input is positive, then only the p-terminal capacitor array is
switched for the first four MSB cycles. By contrast, if the

Fig. 5. Proposed FBW DAC switching.

input is negative, then only the n-terminal capacitor array
is switched. This implies that the first comparison can be
considered as a polarity decision. Thus, the first decision
can be used to select the type of capacitor array, that is,
p- or n-terminal capacitor arrays, for the conducting window
switching. As displayed in Fig. 5, after the polarity of the
input signal is determined, the window decisions only require
four conversion cycles. Compared with a conventional SAR
ADC scheme, the proposed FBW DAC switching scheme
requires only one additional polarity comparison. Therefore,
the FBW-SAR DAC switching scheme can provide faster
operating speeds than does the BW-SAR ADC scheme.

Fig. 6 presents the FBW-SAR operation flow for the first
four MSB cycles (k = 1–4). The first comparison output (q0)
is a polarity decision of the held input. By using q0, the follow-
ing four MSB comparison results present the window decision
outputs—q1, q2, q3, and q4. For example, if q0 is “1,” then
the p-terminal MSB capacitor is switched to generate the first
window boundary. After the first window comparison being
done, q1 is obtained. On the basis of the window switching
scheme, a decision has to be made concerning whether the
MSB capacitor should be switched. The next three window
conversion cycles follow the same procedure to yield q2, q3,
and q4. By using the stage encoder that is presented in Fig. 6,
the five comparison outputs, q0, q1, q2, q3, and q4, are used
to obtain four encoded outputs, d1, d2, d3, and d4, Here,
dk = {dk1, dk2} and the value of dk is one of three possible
outcomes {00, 01, 10}. After being encoded with d5, the first
five MSBs, b0–b4, are determined using the window encoder.

B. Proposed ADC Architecture

Fig. 7 displays the proposed FBW-SAR ADC architecture.
The ADC consists of a differential bootstrapping switch,
a hybrid DAC with a reference buffer, a dynamic comparator,
and an FBW-SAR controller. To suppress the bonding wire
effect, a pseudo-differential input buffer is applied to operate
this ADC. A self-timed clocking scheme is used to accelerate
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Fig. 6. Proposed FBW-SAR DAC switching operation flowchart.

Fig. 7. Proposed FBW-SAR ADC architecture.

the ADC conversion and avoid the need for a high-frequency
clock source [12]. A differential bootstrap switch is applied
to maintain an SFDR of more than 85 dB. After the first five
bits, b0, b1, b2, b3, and b4, are determined using the window
conversion cycles, the following LSB conversion cycles use
the monotonic switching scheme to yield the remaining output
bits, b4C , b5, . . . , b10C , b11. Moreover, b4C and b10C , which
are redundant bits, are used to compensate for DAC settling
errors. Finally, a digital error correction encoder is applied to
generate the 12-bit ADC output DO [13].

As displayed in Fig. 7, two capacitor banks—CP and CN—
are used for a differential operation. In this paper, the
p-terminal capacitor array is selected. The split-capacitor
architecture is applied to maintain a small common-mode
voltage variation [10]. Each of the first four MSB capaci-
tors (CP1–CP4) is divided into two small, equal capacitors

(e.g., CP1a = CP1b = CP1/2) to maintain a favorable SFDR
and simplify the DAC control signals. To avoid the need for
full-binary capacitor arrays, a hybrid DAC was proposed to
reduce the total capacitance from 2048 to 140 C. A multiple
reference buffer is proposed to reduce the ratio between
the MSB and LSB capacitors. The details of the DAC are
presented in Section IV-C.

A 50% duty ratio clock signal (CK) was used to simplify
the clock generation circuit. To mitigate the process, supply
voltage, and temperature (PVT) variations, an adaptive sampler
was utilized to automatically adjust the duty ratio of the
sampling clock, cks [8]. When the last conversion cycle is
completed, a flag is enabled to trigger the rising edge of cks.
The falling edge of cks is controlled by the falling edge of CK.
At the worst PVT variation condition (SS, 1.15 V, and 125 °C),
the duty ratio of cksis reduced to 30%, as revealed by the
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TABLE II

WINDOW-SAR ADC COMPARISON

Fig. 8. Dynamic comparator schematic.

simulation results. The short tracking time causes less than
1.5 dB SNDR loss at the Nyquist rate.

C. Window-SAR ADC Comparison

Two window switching schemes have been proposed for
SAR ADCs [10], [11]. Table II summarizes the results
obtained after comparing four DAC switching schemes by
behavior simulation results. Here, the conventional switching
scheme [7] is used as a basis. The TSD-SAR DAC switching
scheme uses 11 additional conversion cycles to implement a
12-bit SAR ADC [10]. The INL and SNDR of the TSD-SAR
DAC switching scheme are improved by 13% and 1.3 dB,
respectively, compared with those of the conventional DAC
switching scheme. The BW-SAR DAC switching scheme uses
four additional conversion cycles to implement a 12-bit SAR
ADC [11]. Moreover, the INL and SNDR of the BW-SAR
DAC are improved by 30% and 3 dB, respectively. In this
paper, the proposed FBW-SAR DAC switching scheme uses
only one additional cycle to implement a 12-bit SAR ADC
and obtains the same SNDR as that of the BW-SAR ADC.
Compared with the conventional SAR ADC, the FBW-SAR
ADC exhibits better linearity and SNDR.

IV. CIRCUIT IMPLEMENTATION

A. Dynamic Comparator

The comparator was designed to satisfy both noise and
speed requirements. Fig. 8 presents the circuit schematic of
the dynamic comparator employed in this paper. This circuit

is similar to that in [14], but with the following modifications.
The comparator comprises a dynamic preamplifier, a dynamic
latch, and a ready circuit to yield the self-timed signal Rdy.
The preamplifier uses a p-type input pair to enable the use of
a low final common-mode voltage. However, the comparator
encounters a slight speed reduction. The constant current
operation (Ma) is used to compensate for the dynamic offset
due to the monotonic switching during the last 8-bit conversion
cycles. On the basis of the simulation results, the dynamic
offset is only 0.37 mV during the SA process. The wrong
decision caused by the residual dynamic offset can be compen-
sated by the second redundant bit. The reset transistor (Mb) is
used for eliminating the memory effect between comparisons.
The transistor also maintains a constant comparator input
capacitance at the sampling phase in the full-scale input range.

In this paper, the simulated input-referred noise was
0.31 mV · r/min, which is equivalent to 0.7 LSB. The
Monte Carlo simulation results reveal that the peak-to-peak
offset voltage is 29 mV. The simulation results reveal that the
comparison delay range is from 270 to 520 ps for the com-
parator input voltage at the typical PVT condition (TT, 1.2 V,
and 27 °C). At the worst PVT variation condition (SS, 1.15 V,
and 125 °C), the comparison delay range is from 320 to 850 ps.

B. FBW DAC Controller

Fig. 9(a) presents the proposed FBW DAC controller. The
cycle flags (ck0, ck1, ck2, ck3, ck4, . . .) are generated sequen-
tially by using the self-timed signal Rdy. The positive outputs
from the comparator Dcp are latched using the cycle flags to
yield each bit output (DP0, DP1, DP2, DP3, DP4, . . .). To real-
ize the FBW controller, DP0 is also latched using ck1, ck2,
and ck3 to yield DP01, DP02, and DP03, respectively. In fact,
DP01, DP02, and DP03 have the same values as DP0 but
are shifted by using ck1, ck2, and ck3, respectively. The
window boundaries are set by four MUXs, which represent the
dynamic DAC control. The MUX is controlled by ck1–ck4, and
its output BP�1 : 4� and BN�1 : 4� are arranged as SPa�1 : 4�,
SPb�1 : 4�, SNa�1 : 4�, and SNb�1 : 4� for realizing the split-
capacitor operation. The additional timing delay is due to the
delay time of the MUXs. In this paper, the total window delay
was approximately 1.2 ns, which occupies 5% of the clock
period.

Fig. 9(b) presents the first window DAC switching. Here, an
input range of ±1 is used for simplicity. Initially, all DPs and
DNs are reset to “0” at the sampling phase to obtain V in[k].
By conducting the split-capacitor operation, the bottom plates
of the MSB split-capacitors CP1a and CP1b are connected to
“1” and “0,” respectively. After the sign comparison, if DP0 is
“1,” the V in[k] is inferred to be positive. Thus, the FBW DAC
controller infers that CP1a and CN1a are switched to yield a
subtraction of 1/2 (positive MSB window boundary). Then,
the MSB comparison is activated to yield DP1. If DP1 is “0,”
V in[k] is represented in the MSB window region, as displayed
in Fig. 5. Subsequently, CP1a and CN1a are switched back to
maintain the nonswitching output. On the other hand, if DP1 is
“1,” V in[k] is represented outside the MSB window region,
and the MSB capacitor switching is performed. Moreover, by
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Fig. 9. (a) FBW DAC controller (partial n-terminal controller is ignored for
simplicity). (b) First window operation.

using the split-capacitor operation, the window switching can
maintain a constant common-mode voltage. If the input is
negative, DP0 is “0” to have a similar procedure, as shown
in Fig. 9(b). Subsequently, the other three window conversion
cycles follow the same process to complete the FBW-SAR
operation.

C. Hybrid DAC

To meet the noise and mismatch requirements, a unit
capacitance of 0.7 fF was used. For obtaining a high pro-
duction yield and a small total capacitance to meet the
linearity requirement, the ratio between the MSB and LSB
capacitors must be reduced. To maintain a small capacitor
ratio, a multiple reference C-DAC is proposed to optimize
the design. The proposed C-DAC uses four reference voltage
sources—VR , VR2(=VR /4), VR3(=VR/8), and VR4(=VR/16).
Fig. 10 presents the proposed hybrid DAC circuit. As dis-
played in Fig. 11, an R-ladder generates the other three
subreference voltages (VR2, VR3, and VR4) for the last five
bits. These subreferences cooperate with the binary-weighted
capacitors to provide binary-scaled charge outputs. For exam-
ple, as presented in Fig. 7, the CP8 capacitor switching uses

Fig. 10. Proposed hybrid DAC (a p-terminal DAC example).

Fig. 11. Proposed reference buffer.

VR/4 and 2C instead of VR and C/2. To reduce the routing
complexity, two resistor strings are attached to the p- and
n-terminal DACs individually.

In this paper, the unit capacitance (C) is 10.55 fF. A large
unit capacitance has two advantages. The first advantage is
that a metal–insulator–metal unit capacitor can be used, and
the second advantage is that better immunity to the routing
capacitor mismatch is obtained. The first feature is to enable
the use of older CMOS technologies, such as the 0.13 or
0.18-μm CMOS technology. The second feature provides an
optimal production yield of the linearity while using a binary-
weighted capacitor array. The total capacitance was 1.48 pF
for INL <1 LSB. During the 1000 Monte Carlo simulation
runs, the least favorable SFDR exceeded 80 dB.

D. Reference Buffer

Fig. 11 displays the schematic of the reference buffer with
two resistor strings that are arranged beside the capacitor
arrays. To enhance the operation performance of the reference
buffer, the buffer is implemented using a source follower
with two resistor strings to yield the subreference voltages.
The voltage of the reference buffer (VDDH) is 1.8 V, which
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TABLE III

NOISE CONTRIBUTION

is supplied by an external voltage regulator. The reference
voltage VR (=1.2 V) is determined using the control voltage
VRG, which is externally supplied for the testing consideration.
To suppress the PVT variations, a feedback control loop with a
bandgap voltage can be applied to yield VRG [15]. A low-pass
filter is used at the gate node of M0 to avoid the severe ringing
effect caused by the kickback noise at the buffer output.
M0 and MLPF are 2.5-V nMOS transistors. Under the typical
operating condition, RLPF is implemented using a polysilicon
resistor of 10 k�, and MLPF is designed to have a capacitance
of 5 pF.

The resistance of R is set at 60.3 � to achieve a static
current of 1.2 mA, which is determined by the resolution
and sampling rate of the SAR ADC on the basis of the
postlayout simulation results. The mismatch of the resistor
string is represented as follows:

σRk = AR√
(W L)k

(1)

where σRk is the standard deviation of the subreference
voltage VRk; k is equal to 2, 3, and 4; and AR (=1%) is the
mismatch coefficient of the polysilicon resistor. W and L are
the width and length of the resistor, respectively. For the mul-
tireference C-DAC, the resistor mismatch introduces additional
DAC errors. To avoid large DAC errors, the precision of these
subreference voltages must be adequate, which can be ensured
by using a large resistor dimension. An analysis of the three
subreference voltages reveals that the accuracy of VR2 is the
most stringent. The error caused by VR2 should be less than
1/4 LSB. The following criterion must be satisfied:(

3σR2 · VR

4

)
× P2

M
<

1

4
· 2−N · VR (2)

where P2 is the number of unit capacitors controlled by VR2,
M is the total number of unit capacitors controlled by VR , and
N is the resolution of the ADC. The detailed design criterion
can be found in [11]. In this paper, by using (1) and (2),
a 2 × 16 − μm (W × L) unit resistor was used to reduce total
subreference errors. The output noise of the reference buffer
was 35 μVrms on the basis of the transient noise simulation
results.

E. SNR Analysis

In this paper, the proposed SAR ADC was designed to
achieve superior energy efficiency for portable ultrasound

Fig. 12. ADC chip micrograph.

imaging systems. Table III summarizes the noise in the pro-
posed ADC. The comparator utilizes 63.7% of the noise
power because its noise and comparison delays are tradeoffs
with a low power consumption. The DAC switch and the
sampling switch occupy 18.5% and 13.9% of the noise power,
respectively. The total noise power is (386 μVrms)

2. For a
signal power of (652 mV)2, the simulated SNR is 65 dB for a
full-swing sine wave input. According to Table III, if a more
accurate ADC is necessary to be achieved, the comparator
noise can be further reduced by limiting its noise bandwidth
at the cost of power penalty or slow operating speed [10]. For
example, to have an SNR of 68 dB, two MOS capacitors can
be used at the comparator output nodes (Vxp and Vxn, in Fig. 8)
to have the input-referred noise power of (160 μVrms)

2.

V. MEASUREMENT RESULTS

Fig. 12 displays the chip micrograph of two channel SAR
ADCs fabricated using the 130-nm CMOS technology for
use in ultrasound imaging. The areas of the whole-chip and
single-channel ADC were 1.82 and 0.1 mm2, respectively.
At 40 MS/s, the single-channel ADC consumed a total power
of 1.32 mW from a 1.2-V supply. The analog power was
0.5 mW, which is 38% of the total power. The digital power
was 0.72 mW, which is 55% of the total power. The DAC
switching power was 0.1 mW, which is 7% of the total power.
The input and reference buffers consumed 3.4 and 2.16 mW
from a 1.8-V voltage supply, respectively.

Fig. 13 presents the obtained differential nonlinearity (DNL)
and INL plots. The peak DNL and INL were −0.86/+1.47 and
−1.8/+1.3 LSB, respectively. The largest middle code tran-
sition glitch was removed by using the window operation.
The maximum transition was moved to one-fourth and three-
fourths of the full-scale input. Some large glitches degraded
the peak DNL and INL. These glitches were due to the
capacitor mismatch caused by the underestimated routing
parasitic capacitance and reference errors.

Fig. 14 presents the obtained fast Fourier transform spectra
for the input frequencies of 0.625 and 19.5 MHz at 40 MS/s.
For an input frequency of 0.625 MHz, the estimated SNDR
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TABLE IV

PERFORMANCE SUMMARY AND COMPARISON TO THE STATE-OF-THE-ART 12-bit SAR ADCs

Fig. 13. Measured DNL and INL plots.

and SFDR were 64 and 77.5 dB, respectively. Some unex-
pected tones were contributed by the pseudo-differential input
buffer that is constructed by two n-type source followers. For
an input frequency of 19.5 MHz, the estimated SNDR and
SFDR were 62.5 and 72.8 dB, respectively. The second tone
was due to the input buffer mismatch.

Fig. 15 presents the estimated SNDR and SFDR versus
the input frequencies at 40 MS/s. In the first Nyquist band,
the SNDR and SFDR are maintained over 62.5 and 72.8 dB,
respectively. The Nyquist Walden figure-of-merit (FOM) is
30.4 fJ/conversion step. To evaluate its robustness, 14 ADC
chips were estimated with an input frequency of 0.625 MHz.
As shown in Fig. 16, the estimated SNDR varied from
62.4 to 64.3 dB. Most chips have an SNDR higher
than 63.5 dB.

Table IV presents a summary of the ADC performance and
compares the performance with previously proposed 12-bit
SAR ADCs. This prototype ADC, without using a calibration
scheme, achieved a peak Walden FOM of 25.6 fJ/conversion
step. In comparison with previously proposed ADCs that uti-
lize 90–180-nm CMOS technologies [2], [4], [11], [17]–[19],
the proposed ADC exhibits a superior energy efficiency.
The less favorable SNDR can be improved using a low-noise

Fig. 14. Spectra for (a) 0.625 and (b) 19.5 MHz input at 40 MS/s (512k pt).

Fig. 15. SNDR and SFDR versus input frequencies at 40 MS/s.

comparator and an optimal input buffer. The energy efficiency
of the proposed ADC was comparable to that of the ADCs
proposed in previous studies that were prepared using thin
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Fig. 16. Measured SNDR of 14 chips (Fin = 0.625 MHz and Fs = 40 MHz).

CMOS technologies [3]–[5]. Without using the calibration
scheme, this paper can be easily integrated into ultrasound
imaging systems. In comparison with prior ADCs [6], [16],
the proposed ADC had a lower FOM and slower operating
speed. Both of these problems can overcome by using thinner
CMOS technologies. Except for the ADC using the 28-nm
CMOS technology [6], the proposed ADC had the smallest
input capacitance to maintain low-power input and reference
buffers. To estimate the hardware cost, area efficiency (AE) is
defined as in [20]

AE = Area

2ENOB,Nyq . (3)

In comparison with ADCs using the 180-nm CMOS tech-
nologies, as presented in Table IV, the proposed ADC has
a superior AE.

VI. CONCLUSION

A 12-bit SAR ADC was fabricated using the 130-nm CMOS
technology. The proposed FBW DAC switching scheme effec-
tively linearizes the SAR ADC without increasing the capaci-
tor size, thus realizing low-power and high-speed operation.
To alleviate the power consumption problem of the ADC
driver, an input capacitance of only 1.48 pF was used. The
SAR ADC was operated at 40 MS/s and achieved a peak
effective number of bits of 10.33 bits. For the power consump-
tion of 1.32 mW, the peak and Nyquist Walden FOM were
25.6 and 30.4 fJ/conversion step, respectively. The proposed
FBW-SAR ADC presents favorable energy efficiency for use
in portable ultrasound imaging systems.
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