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Abstract - This paper presents a 6-bit charge-injection DAC
based loop unrolled SAR (ci-LU SAR) ADC targeting high-
speed and area-efficient column readout for highly parallel
computing-in-memory (CIM) macros. To reduce the dominant
DAC area overhead in prior LU SAR ADCs, the proposed
architecture replaces the conventional CDAC with a charge-
injection DAC (ciDAC) while preserving the sequential
domino-style comparator operation of LU SAR conversion. A
self-calibrating offset-cancellation scheme is applied to each
comparator to mitigate comparator offset mismatch, which is
critical in multi-comparator LU architectures. Implemented in
65-nm CMOS, the ADC achieves 400 MS/s with a 1.0-V supply
while occupying 0.003157 mm? core area, where the DAC
network accounts for only 11.3% of the core area. Post-layout
simulations show 35.73-dB SNDR and 47.86-dB SFDR at
Nyquist input, with 3.36-mW power consumption, 168-
fJ/conversion-step Walden FoM, and 5.64-bit ENOB.

Keywords— Charge-injection DAC, loop-unrolled, offset
calibration, successive approximation register (SAR)

1. INTRODUCTION

As Deep Neural Network (DNN) accelerators are
becoming increasingly integrated into diverse edge devices,
the demand for Computing-In-Memory (CIM) architectures
is on the rise to address the memory wall problem. In
particular, parallel analog computing within the memory
macro enables the energy-efficient execution of a massive
amount of Matrix-Vector Multiplication (MVM), achieving
high throughput.

Recent CIM macros have further enhanced the high
computing parallelism of MVM operations by employing a
method where all the bit cells in a column can be accessed
simultaneously for computation [1], [2]. At the same time, as
the number of columns scales to hundreds, the silicon area
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per CIM array becomes a primary design issue. In these
architectures, the readout circuitry-specifically the column-
parallel ADCs-plays a critical role in determining the overall
system performance. Since the analog multiply-accumulate
(MAC) results from each column must be converted into the
digital domain for subsequent processing, the speed and area
of these column ADCs directly dictate the throughput and
computing density of the entire CIM macro [3], [4].
Consequently, it is crucial to design the column ADC for
both high operational speed and area efficiency to maximize
computing density.

Low-precision CIMs use a single-slope (SS) ADC with
low resolution [5], which provides inherent uniformity but is
energy-inefficient due to its linear counting operation [6].
This energy-inefficiency is exacerbated at higher
resolutions. Therefore, the SS ADC is not suitable as a
column ADC for recent large-scale CIM arrays that target
high computing parallelism [2]. The successive
approximation (SAR) ADC architecture, based on a serial
binary search, is considered a suitable option for recent CIM
arrays due to its superior energy efficiency and small area
[7], [8]. However, the SAR ADC is inherently limited in
speed because its conversion is performed through a serial
binary-search procedure, requiring multiple clock cycles per
output code. To further increase the MVM throughput in
highly parallel CIM macros, flash ADCs have been adopted
to provide a much faster column readout [9], [10]. This speed
advantage, however, comes with a severe scaling penalty:
the power consumption and area of a flash ADC increase
exponentially with resolution, making high-bit flash
implementations impractical for dense CIM arrays. For
example, an N-bit flash ADC requires 2N-1 comparators,
directly translating into large area and power overhead.

For balanced performance in the medium resolution
range, a Loop-Unrolled SAR (LU SAR) ADC can be a
meaningful alternative, as it can eliminate the reset time of
the comparator, thereby reducing the logic delay from the
critical path while having N comparators for an N-bit LU
SAR ADC [11]. However, this ADC still employ multiple
comparators to improve speed, which may lead to a
relatively large area overhead. In LU SAR ADCs, the DAC
network occupies a significant portion of the area
comparable to the comparators, and all prior works employ
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capacitive DACs (CDAC:s) as their core DAC structure.

To preserve the structural advantages of the LU SAR
architecture that enable high-speed operation while
mitigating the area overhead, we propose a charge-injection
DAC based LU SAR (ci-LU SAR) ADC structure. In this
design, the CDAC-which typically constitutes the second
largest area contributor in prior LU SAR ADCs-is replaced
by a highly area-efficient charge-injection DAC (ciDAC).
The 0.0031-mm?, 6-bit, 400-MS/s ci-LU SAR ADC enables
significantly higher area efficiency than any other 6-bit LU
SAR ADC, while meeting the resolution and signal
bandwidth requirements for a column ADC in CIM
applications [2].

The organization of this paper is as follows. Section II
presents the area-saving aspects of a ciDAC and introduces
the proposed SAR ADC structure. Section III explains how
the ciDAC merges into the LU SAR and how the offset
calibration unit is performed in each comparator. And also,
we introduce a new layout implementation of the ciDAC.
Section IV provides simulation results, followed by the
conclusions in Section V.

Il. ARCHITECTURE OF THE PROPOSED ADC

A. Leveraging the Area Advantages of a Charge-Injection
DAC

In the ciSAR ADC architecture [12], the differential input
signal is first sampled onto a pair of sampling capacitors
(Cs), as shown in Fig. 1(a). Once the sampling is complete,
the sign of the sampled input is evaluated to determine the
MSB decision. Subsequently, the SAR conversion proceeds
using a set-and-down switching scheme [13], where the
DAC voltage is adjusted by injecting fixed charge packets.
The ciSAR utilizes charge-injection cells (CICs) to inject
specific quanta of charge into the sampling nodes. During
the binary search process, these CICs transfer charge from a
reservoir node-typically implemented by the parasitic
capacitance of NMOS transistors as depicted in Fig. 1(b)-to
the Cs. The charge transfer is governed by a local timing
logic: when both the transfer and enable signals are high,
transistors M1 and M2 are activated to inject charge into the
Cs, thereby updating the DAC output voltage for the next bit
trial.

DAC area saving of the ciDAC can be accomplished by:
(1) each CIC is composed of few transistors and (2)
reusability of CICs [12]. In a CDAC, each capacitor is
formed using metal layers, and due to capacitor matching
requirements, it is difficult to scale down the unit capacitor
size. In contrast, a CIC uses a small number of transistors. In
addition, CICs can be reused multiple times in a SAR
conversion. By reusing the CICs for the subsequent transfer
cycles, the DAC area of charge-injection SAR (ciSAR) ADC
can be reduced at least by half or even more. However, a
CDAC based SAR ADC requires dedicated capacitors for
each step, and these scale up to a binary fashion as the
resolution increases. Therefore, the area overhead problem
of LU SAR ADCs can be improved further if we replace the
area-consuming CDAC with a ciDAC that demonstrates
superior area efficiency, which sets the motivation of the
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proposed ADC structure in the following paragraph.
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Fig. 1. Conventional ciSAR ADC structure (a)block diagram (b)and its
charge-injection cell(CIC)

B. Proposed Charge-Injection DAC based Loop Unrolled
SAR ADC

In order to address the area overhead issue in LU SAR
ADCs, this work presents a design that substitutes the area-
consuming CDAC with an alternative architecture, while
preserving the sequential operation of domino-style
comparators-the key mechanism enabling high-speed
conversion in LU SAR schemes. The architecture of the
proposed 6-bit SAR ADC is shown in Fig. 2. The ADC
consists of bootstrapped sampling switches, sampling
capacitors (Cs), 6 comparators each with an offset
calibration unit, transfer pulse and comparator clock (CKC)
generators, and 16 charge-injection cells (CICs).

Fig. 3 shows the timing diagram of the proposed ci-LU
SAR ADC. After the sample/hold operation by the
bootstrapped switches, the comparators operate sequentially
from the first comparator to the final comparator. During
each bit-conversion step, once the bit comparison is
completed, the DAC switching is triggered by the transfer
pulse. To meet the goal of the proposed ADC, this work
combines (1) the LU-SAR characteristic that feeds the
comparison result directly into the DAC input to maintain
speed and (2) the reusability of the ciDAC to improve area
efficiency.

Specifically, Douten([5] is distributed to all 16 CICs, while
each of Dourpn[4:0] is routed to its corresponding CIC[4:0].
Each CIC then selects the appropriate Dourpn value-either
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Fig. 3. Timing diagram and switching scheme of the prop.osed ci—LU SAR
ADC

Douren[5] or its local Douren[4:0], depending on the
conversion step-so that the DAC switching occurs
accordingly. As shown in Fig. 4, each CIC receives both
Douren[5] and Douten[4:0] through a MUX, and the
Dour_SEL[i] signal selects which input is applied to the CIC
in the current conversion step. The Dour_SEL[i] signal is
aligned with the waveform used to clock the comparators:
when Dour_SEL[4:0] are all low, all CIC[4:0] perform most-
significant-bit (MSB) DAC switching according to
Douten[5] value, and when a given Dour_SEL[i] is high,
CICJi] performs subsequent DAC switching according to its
corresponding Dourpn[i] value. Therefore, every one of
CICs participate in two DAC-switching events across the
conversion, thereby realizing the reuse function of the
ciDAC.

After all bit conversions are completed, the reset signal
(RST), generated by the final comparator, precharges all
comparators to prepare them for the offset-calibration mode.
During the calibration phase, the comparator input nodes
(DACp and DACy) are shorted to the common-mode voltage
(Vem).
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TABLE I. Transistor Size Table of CIC

Transistor name | Transistor size W/L [nm/nm] Device Type
M, 400/190 High-Vin NMOS
M, 400/190 High-Vin NMOS
Ms 380/310 High-Vin NMOS

11l. HARDWARE IMPLEMENTATION

A. Charge-Injection Cell and its Control Logic

The details of CIC structure used in the proposed ci-LU
SAR ADC is shown in Fig. 4, with the specific device
dimensions in TABLE 1. Since the proposed ADC relies on
charge injection quantization rather than capacitor ratio
matching, ensuring that all CICs inject an identical charge
quantum when enabled is of paramount importance, even in
the presence of severe device mismatch and PVT variations.
To achieve this robustness, several design techniques have
been implemented. First, high threshold-voltage NMOS
devices are strategically employed for M,.;. Furthermore,
their channel lengths are intentionally chosen to be
significantly longer than the minimum process node feature
size. This allocation effectively mitigates the channel-length
modulation effect and drastically suppresses the circuit's
sensitivity to threshold-voltage mismatches. Second, a
separate low-voltage supply is routed exclusively to the local
AND gates that modulate the gate drives of M; and M,. This
targeted power routing successfully scales down the gate-
source voltage, thereby lowering the overdrive voltage of the
switching devices to ensure a well-controlled charge
injection mechanism [14].

Through these combined structural optimizations, a
reliable operating region is secured where the CIC
consistently delivers a uniform charge quantum regardless of
the DAC output level. To verify the operational integrity
across all PVT corners, the simulated amount of charge
injection as a function of the DAC node voltage is evaluated
in Fig. 5. As demonstrated by the robust corner simulation
curves, the CIC enters a flat, stable saturation region when
the node voltage exceeds 0.5V. To ensure that the circuit
never enters the highly non-linear triode region under any
PVT variations, the ADC input common-mode voltage is set
close to the supply voltage Vpp [12]. Concurrently, the ADC
input range is set to 0.3 Vpp, ensuring that the entire signal
trajectory safely resides within the flat CIC saturation range
in Fig. 5.
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Fig.5. Simulated charge injection characteristics of the proposed CIC
under different PVT corners

TABLE Il. Monte Carlo Simulations Results of the
Unit Voltage Drop (AV,,.) by CIC against PVT Variations

PVT Corner Mean (u) Sigma (o) coefficient of
variation (£ x 100)
TT 27°C 4.792 mV 104.3 uVv 2.17%
-40°C 4.638 mV 120.8 uv 2.60%
85°C 4.941 mV 96.4 uv 1.95%
FF 27°C 5.364 mV 301.6 uvV 5.62%
-40°C 5.241 mV 348.2 uV 6.64%
85°C 5.48 mV 277 uV 5.05%
SS 27°C 4.3 mV 106.6 uvV 2.47%
-40°C 4.125 mV 127.3 uV 3.08%
85°C 4.47 mV 96.63 uV 2.16%

The ciDAC transfer pulse is generated by the comparator
outputs (Douten), and its short pulse width is defined by an
inverter-delay-based pulse generator, as illustrated in the
upper-left corner of Fig. 2. While the structural optimization
of the CIC guarantees a uniform charge injection under an
ideal transfer pulse, ensuring a uniform transfer pulse is
consistently delivered to the ciDAC during every DAC
switching phase is also critical to prevent code-dependent
non-linearities. To guarantee this stringent pulse-width
uniformity across all operating conditions, the following
design considerations are implemented.

First, a dedicated buffer is inserted immediately before the
NAND gate in Fig. 4. This buffering mechanism ensures
sharp and deterministic transition edges of Tranfser[i-1],
suppressing timing variations or jitter caused by mismatched
signal slopes. Second, strict load matching and symmetrical
routing are applied to the Transfer[4] and Transfer[i-1] paths
to ensure identical capacitive loading across all switching
configurations.

To evaluate the overall linearity and robustness of the
proposed charge-injection DAC (ciDAC), Monte Carlo
simulations were performed to analyze the statistical
distribution of the unit voltage step (AV(;c) dropped by a
single CIC cell. Since the matching property of a single CIC
directly governs the differential non-linearity (DNL) and
integral non-linearity (INL) of the overall ciDAC, verifying
AV across process corners and temperature variations is
critical.

Table II summarizes the simulated mean (u), standard
deviation (o), and coefficient of variation (o/u) of AV¢e
under various PVT conditions, including TT, FF, and SS
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corners at temperatures of -40°C, 27°C, and 85°C. Across all
evaluated PVT variations, the variation ratio is consistently
maintained below 7%. These tightly controlled statistical
distributions demonstrate the overall linearity and high yield
of the ciDAC.

B. Comparator and its Offset Calibration Unit

Since the proposed ci-LU SAR ADC architecture utilizes
6 comparators, offset mismatches between them become a
critical factor degrading the system's linearity. To address
this issue, this design implements a self-calibrating offset
cancellation circuit [15] to every comparators.
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Every 6 Comparator unit consists of a StrongARM
comparator, compensation current source (Mcz: and Mcz) and
charge pump circuit. At a start of calibration phase, right
before the next sampling phase in Fig. 3, the inputs of
comparators (DACp and DACy\) are connected to the
common mode voltage Vcm=0.6V, which corresponds to the
average DAC common-mode voltage during the SAR
conversion. If the comparator output is a High or Low signal
due to an inherent offset, this output drives the charge pump
to adjust the voltage V¢ across the compensation capacitor
Ce. The adjusted V¢ controls the gate of the compensation
current source, balancing the current at the internal nodes
and forcing the offset voltage to converge toward zero after
several quantization cycles. In the next conversion mode, the
voltage stored on Cp is maintained, allowing the comparator
to operate with the offset canceled.

Fig. 7 shows the Monte Carlo simulated input-referred
offset variation of the StrongARM comparator at Veu=0.6V,
which corresponds to the average DAC common-mode
voltage during the SAR conversion. Before the offset
calibration, the comparator exhibits an offset variation of
30=11.7mV, which is larger than 0.5LSB, leading to ADC
linearity degradation. This error is mainly due to the device
mismatch in the comparator. However, there are limitations
in increasing the device size, because enlarged devices lead
to increased parasitic capacitance which degrade speed and
linearity of high speed ADCs. Therefore, the proposed offset
calibration cancel out the device mismatch without
deteriorating the performance. After calibration, the offset
variation is reduced to 3¢=3.57mV, which is below 0.5LSB.
This verifies the effectiveness of the implemented offset
calibration.

Fig. 8 further evaluates the offset behavior over the DAC
common-mode voltage range. Due to the common-mode-
dependent characteristic of the StrongARM latch, the
uncalibrated comparator shows noticeable offset variation as
the common-mode changes due to the monotonic switching
scheme. However, after calibration, 3¢ is maintained below
0.5LSB across the overall DAC common-mode range
Therefore, although the proposed ci-LU SAR architecture
employs multiple comparators, the proposed offset
calibration sufficiently suppresses comparator offset
mismatches and preserves the linearity of the ADC.

C. Proposed Layout Implementation of CIC and Sampling
Capacitor

While early ciDAC designs were implemented without
regard to differential layout structures, recent works have
explored various techniques to integrate ciDACSs into fully
differential ADC layouts. For instance, [16] and [17]
attempted to achieve a differential layout by placing the
ciDAC in the center of the ADC, while [18] employed two
separate ciDACs arranged differentially. Building on the Cs
layout concept in [14], this work introduces a more compact
Cs implementation and co-locates it with the CICs in a fully
differential, symmetric layout.

Fig. 9(a) and (b) display a slice of the ADC layout,
illustrating the structure of the CIC and the adjacent
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sampling capacitor on the lower side of the ADC. Although
[14] proposed an area-efficient sampling capacitor
arrangement to reduce the area of the ciDAC and Cs, the
proposed work further enhanced the integration density of
the Cs by adopting a finger structure DAC layout from [19].
Furthermore, while the layout in [14] improved density, it
suffered from a mismatch between the Cs values on the
DACr and DACy sides. This work aims to eliminate this
discrepancy as well as simultaneously achieving a fully
differential layout for Cs.

In the lower side of the ADC layout, the Cs for DACp is
connected to the CIC via Met6, while the Cs for DACn
connects via Met4. Conversely, in the upper side layout, the
connections are swapped: DACp connects via Met4 and
DAC\y via Met6. This cross-coupling technique ensures that
the total parasitic and effective capacitance for DACp and
DACy are matched. Through this approach, both the CICs
and Cs are laid out fully differentially. Furthermore, the 16
CICs are arranged in a common-centroid pattern to minimize
gradient mismatch.

IV. SIMULATION RESULTS AND ANALYSIS

A 6-bit ci-LU SAR ADC was designed to achieve a 400
MS/s conversion rate in a 65nm process. Fig. 10 shows its
core layout with highlighted sub-blocks, where the ciDAC
significantly reduces the area of the DAC network compared
to a conventional CDAC-based implementation. As a result,
the DAC network occupies 4 pm x 32 pm (279 um? total),
which corresponds to only 11.3% of the total core area of 41
pum x 77 pm (3157 um?).

Fig. 12 shows a simulated 2048-point power spectral
density at 400 MS/s sampling frequency with a Nyquist-rate
input. Before comparator offset calibration, significant
harmonic distortion is observed due to comparator offset
mismatches. After the proposed self-calibrating offset
cancellation, the = SNDR/SFDR  improve  from
29.64dB/41.22dB to 35.73dB/47.86dB, respectively. The
total power consumption is 3.36 mW at 400 MS/s under a
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TABLE Ill. Performance Summary and Comparison with Prior Work

“This JSSC’ 12 TCASII’ 17 TCASII” 18 JSSC’ 23 TCASI’ 22 Elec. Letters 25
work [11] [20] [21] [22] [23] [24]
Process (nm) 65 40 40 55 40 28 500
Architecture Gi-LUSAR | LUSAR LUSAR | PPLUSAR#ZDSAR | LUSAR LU SAR LU SAR
Ping-Pong 2X Tl
Resolution (bits) 6 6 6 6 6-8 6 6
Supply Voltage (V) 1.0 1.0 1.2 1.2 11 1.2 5
Active Area (mm?) 0.0031 0.014 0.004 0.03 0.0312 0.0038 -
Sampling Rate (GS/s) 0.4 1.25 0.7 1.3 0.9@sb 15 0.01
ENOBgnyq, (bits) 5.64 4.1 55 4.77 5.26 4.45 5.44
SNDRgnyq (dB) 35.73 26.8 34.8 305 33.4@6 28.6 34.53
SFDRgnyq (dB) 47.86 39 47.8 36.3 48.406 - 46.27
Power (mW) 3.36 6.08 0.95 35 0.7 5.8 10.81
1y
Walden FoMw 168 272 30 98.4 20 176 24901
(fd/conv)
2IRD FoM
((TS/s-conv)/imm?) 6.43 1.53 7.92 1.18 1.10 8.62 -
“simulated result *“result w/o clock receiver and sampling switch 0 —
*Walden Figure of Merit, FOMw=Ppc/(Fs nyq-2EN0B) E:f:;%g;:'sb,;atw"
Information Rate Density (IRD) FoM=0.001-Fsyo-2ENOB/Active Area = 20 Fin = Nyquist I
SNDR = 29.64dB
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Fig. 11. Power breakdown of the proposed ci-LU SAR ADC

1.0 V supply. Fig. 11 illustrates the detailed power
breakdown of the proposed ci-LU SAR ADC. The digital
logic consumes the largest portion of power at 2.337 mW,
while the clock generator and six comparators consume
0.504 mW and 0.266 mW, respectively. The remaining
power is distributed between the CIC and its logic (0.226
mW) and the two sampling switches (0.026 mW). The
simulated Walden figure-of-merit (FoM) at the Nyquist rate
is 168 fJ/conversion-step, and the information rate density
(IRD) FoM is 6.43, where a higher value indicates better
efficiency. As summarized in Table I11, this work achieves
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Fig. 12. Simulated 2048-point FFT spectrum result (a)before and (b)after
offset calibration

the smallest active area among reported 6-bit LU SAR
architecture, while maintaining an ENOB of 5.64 bits,
despite being implemented in a less advanced technology
node.

V. CONCLUSION

A 6-bit 400-MS/s ci-LU SAR ADC has been proposed to
address the DAC area overhead of conventional LU SAR
ADCs by replacing the CDAC with an area-efficient,
reusable ciDAC. In 65-nm CMOS, the design achieves a
compact 41 pm X 77 um core, with the DAC network
occupying only 11.3% of the core area. This work reports the
smallest area among previously reported 6-bit LU SAR
ADCs. Comparator offset mismatch is mitigated by
embedding a self-calibrating offset-cancellation loop in each
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Strong ARM-based comparator, where the calibration
control voltage settles within a 24-mV range. Post-
calibration simulations demonstrate improved linearity,
achieving 35.73-dB SNDR and 47.86-dB SFDR at 400 MS/s
and Nyquist input, while consuming 3.36 mW from a 1.0-V
supply. With a 6-bit resolution, 400-MS/ sampling rate, and
0.0031-mm? core area, the proposed ADC satisfies key
column ADC requirements in CIM macro-moderate
resolution, wide but sub-GS/s input bandwidth, and a
compact area compatible with tight pitch of memory-thereby
making it well-suited for column ADC in large-scale CIM
arrays.

ACKNOWLEDGMENT

This work was supported by K-CHIPS (Korea
Collaborative & High-tech Initiative for Prospective
Semiconductor  Research) (2410011190, RS-2024-
00403397, 24056-15TC) funded by the Ministry of Trade,
Industry & Energy (MOTIE, Korea), and Korea Planning &
Evaluation Institute of Industrial
Technology(KEIT)(2410000542, RS-2024-00403483)
funded by the Ministry of Trade, Industry & Energy
(MOTIE, Korea). The EDA tool was supported by the IC
Design Education Center(IDEC), Korea.

REFERENCES

[1] Z. Chen, Z. Yu, Q. Jin, Y. He, J. Wang, S. Lin, D. Li, Y.
Wang and K. Yang, “CAP-RAM: A charge-domain in-
memory computing 6T-SRAM for accurate and
precision-programmable CNN inference,” IEEE J.
Solid-State Circuits, vol. 56, no. 6, pp. 1924-1935, May.
2021.

[2] S. Dong and J. Wang, "An 8-bit 160-MS/s Charge
Injection SAR ADC With Build-In Offset Calibration for
Computing-in-Memory Macros,” in IEEE Trans.
Circuits Syst. Il, Exp. Briefs, Early Access, 2025, doi:
10.1109/TCSI1.2025.3565492.

[3]C. Yu, T. Yoo, K. T.C. Chai, T. T. -H. Kim and B. Kim,
"A 65-nm 8T SRAM Compute-in-Memory Macro With
Column ADCs for Processing Neural Networks," IEEE
J. Solid-State Circuits, vol. 57, no. 11, Nov. 2022.

[4] I. Shah, K. Sarfraz and M. Chan, "An Efficient 6TP
SRAM-Based CIM Macro With Column ADCs for
Binarized Neural Networks," IEEE Trans. Circuits Syst.
11, Exp. Briefs, vol. 71, no. 5, May 2024,

[5]1C. Yu, H. Jiang, J. Mu, et al., “A Dual 7T SRAM-Based
Zero-Skipping Compute- In-Memory Macro With 1-6b
Binary Searching ADCs for Processing Quantized
Neural Networks," IEEE Trans. Circuits Syst. I, Reg.
Papers, vol. 71, no. 8, pp. 3672-3682, Aug. 2024.

[6] K. D. Choo et al., "Energy-Efficient Motion-Triggered
IoT CMOS Image Sensor With Capacitor Array-
Assisted Charge-Injection SAR ADC," in IEEE Journal
of Solid-State Circuits, vol. 54, no. 11, pp. 2921-2931,
Nov. 2019.

[7] X. Yang and N. Sun, "A 4-Bit Mixed-Signal MAC Macro
With One-Shot ADC Conversion," in IEEE Journal of
Solid-State Circuits, vol. 58, no. 9, pp. 2648-2658, Sept.

54

http://www.idec.or.kr

2023.

[8] B. zhang et al, "MACC-SRAM: A Multistep
Accumulation Capacitor-Coupling In-Memory
Computing SRAM Macro for Deep Convolutional
Neural Networks," in IEEE Journal of Solid-State
Circuits, vol. 59, no. 6, pp. 1938-1949, June 2024.

[9] S. Yin, Z. Jiang, J. -S. Seo and M. Seok, "XNOR-SRAM:
In-Memory ~ Computing SRAM Macro  for
Binary/Ternary Deep Neural Networks,"” in IEEE
Journal of Solid-State Circuits, vol. 55, no. 6, pp. 1733-
1743, June 2020.

[10] Z. Jiang, S. Yin, J. -S. Seo and M. Seok, "C3SRAM: An
In-Memory-Computing SRAM Macro Based on Robust
Capacitive Coupling Computing Mechanism," in IEEE
Journal of Solid-State Circuits, vol. 55, no. 7, pp. 1888-
1897, July 2020.

[11] T. Jiang, W. Liu, F. Y. Zhong, C. Zhong, K. Hu and P.
Y. Chiang, "A Single-Channel, 1.25-GS/s, 6-bit, 6.08-
mW Asynchronous Successive-Approximation ADC
With Improved Feedback Delay in 40-nm CMOS," in
IEEE Journal of Solid-State Circuits, vol. 47, no. 10, pp.
2444-2453, Oct. 2012.

[12] K. D. Choo, J. Bell and M. P. Flynn, "27.3 Area-
efficient 1GS/s 6b SAR ADC with charge-injection-cell-
based DAC," 2016 IEEE International Solid-State
Circuits Conference (ISSCC), San Francisco, CA, USA,
2016, pp. 460-461.

[13] C. -C. Liu, S. -J. Chang, G. -Y. Huang and Y. -Z. Lin,
"A 10-bit 50-MS/s SAR ADC With a Monotonic
Capacitor Switching Procedure,” in IEEE Journal of
Solid-State Circuits, vol. 45, no. 4, pp. 731-740, April
2010.

[14] J. Kim, G. Cho and J. Kim, "A 7 GHz ERBW 1.1 GS/s
6-bit PVT Tolerant Asynchronous Charge-Injection
SAR With Only 8.5 fF Input Capacitance in 28 nm
CMOS," in IEEE Journal of Solid-State Circuits, vol. 59,
no. 3, pp. 765-773, March 2024.

[15] Masaya Miyahara, Yusuke Asada, Daehwa Paik and
Akira Matsuzawa, "A low-noise self-calibrating
dynamic comparator for high-speed ADCs," 2008 IEEE
Asian Solid-State Circuits Conference, Fukuoka, Japan,
2008, pp. 269-272.

[16] K. Lee, S. Song and H. Chae, "A 389um2 26.7nW 8-bit
100kS/s SAR ADC with Hybrid C-Cl DAC," 2025 IEEE
International Symposium on Circuits and Systems
(ISCAS), London, United Kingdom, 2025, pp. 1-4.

[17] J. Park, J. Park, S. Song and H. Chae, "A 17-fJ/conv-
step FoMw and 259-um2 7-Bit C-CIDAC SAR ADC,"
in IEEE Transactions on Circuits and Systems II:
Express Briefs, vol. 72, no. 11, pp. 1535-1539, Nov.
2025.

[18] B. Veraverbeke and F. Tavernier, "18.8 A Cryo-CMOS
800MS/s 7b CI-SAR with only 4fF Input Capacitance
and 64dB SFDR," 2025 IEEE International Solid-State
Circuits Conference (ISSCC), San Francisco, CA, USA,
2025, pp. 1-3.

[19] E. Swindlehurst et al., "An 8-bit 10-GHz 21-mW Time-
Interleaved SAR ADC With Grouped DAC Capacitors
and Dual-Path Bootstrapped Switch," in IEEE Journal of
Solid-State Circuits, vol. 56, no. 8, pp. 2347-2359, Aug.



IDEC Journal of Integrated Circuits and Systems, VOL 12, No.3, July 2026

2021.

[20] L. Chen, K. Ragab, X. Tang, J. Song, A. Sanyal and N.
Sun, "A 0.95-mW 6-b 700-MS/s Single-Channel Loop-
Unrolled SAR ADC in 40-nm CMOS," in IEEE
Transactions on Circuits and Systems I1: Express Briefs,
vol. 64, no. 3, pp. 244-248, March 2017.

[21] Y. -H. Chung, W. -S. Rih and C. -W. Chang, "A 6-bit
1.3-GS/s Ping-Pong Domino-SAR ADC in 55-nm
CMOS," in IEEE Transactions on Circuits and Systems
I: Express Briefs, vol. 65, no. 8, pp. 999-1003, Aug.
2018.

[22] G. Kiene et al., "A 1-GS/s 6-8-b Cryo-CMOS SAR
ADC for Quantum Computing,” in IEEE Journal of
Solid-State Circuits, vol. 58, no. 7, pp. 2016-2027, July
2023.

[23] E. Lee, C. Pyo, S. Lee and J. Han, "A 1.5-GS/s 6-bit
Single-Channel Loop-Unrolled SAR ADC With
Speculative CDAC Switching Control Technique in 28-
nm CMOS," in IEEE Transactions on Circuits and
Systems |: Regular Papers, vol. 69, no. 10, pp. 3954-
3964, Oct. 2022.

[24] Kim, D.-Y., Oh, S.-W., Hwang, H.-G., Kim, Y.-S. and
Oh, D.-R. (2025), Loop-Unrolled SAR ADC With
Complementary Voltage-to-Time Converters. Electron.
Lett.,, 61

Yong Seok Seo received the B.S.
degree in electrical and electronics
engineering from  Chung-Ang
University, Seoul, Korea, in 2024.
He is currently pursuing the M.S.
degree in intelligent semiconductor
engineering at Chung-Ang
University, Seoul, Korea.

His research interests include
high-speed Nyquist rate analog-to-
digital converters, and mixed signal integrated circuit and
system.

.
—

Y [

‘V‘

degree in electrical and electronics
engineering from  Chung-Ang
University, Seoul, Korea, in 2024.
He is currently pursuing the M.S.
degree in intelligent semiconductor
engineering at Chung-Ang
University, Seoul, Korea.

His research interest include
area-efficient  high-speed data
converters, time-interleaved ADC architectures, and mixed-
signal circuit design for wireline transceivers.

Seung Hyeon Lee received the B.S.

55

http://www.idec.or.kr

Jeong Hun Lee received the

bachelor’s degree in electrical and

electronics  engineering  from

= Chung-Ang  University, Seoul,

R’ Korea, in 2023. He is currently

N’ 4 pursuing the integrated master’s

S and doctoral program with the

) school of intelligent semiconductor

‘é engineering, Chung-Ang

University, Seoul, Korea.

His research interests include low power analog-to-digital

converters and mixed signal integrated circuit and system.

Tae-Hyun Kim received the B.S.
degree in electronics engineering
from Seokyeong University, Seoul,
Korea, in 2023. He is currently
pursuing the integrated master’s
and doctoral program with the
school of intelligent semiconductor
engineering, Chung-Ang
University, Seoul, Korea.

His research interests include
high-speed analog-to-digital converters.

Ryun Yeoung Kim received the

B.S. and M.S degree from the

School of Electrical and Electronic

Engineering and intelligent

3 semiconductor engineering Chung-

— Ang University (CAU), Seoul,

J‘ South Korea, in 2023 and 2025

: where he is currently pursuing the

x Ph.D  degree in intelligent
semiconductor engineering.

His research interest includes high-speed analog-to-digital

converter(ADC) SRAM-based hybrid domain process-in-

memory (PIM).

-

Jee Taeck Seo received the
bachelor's degree in electrical and
electronics  engineering  from
Chung-Ang University, Seoul,
Republic of Korea in 2022. He is
currently pursuing the integrated
master's and doctoral program
with the School of intelligent
semiconductor engineering,
Chung-ang University, Seoul,
Republic of Korea.

His research interests include high-resolution analog-to-
digital converter (ADC).




IDEC Journal of Integrated Circuits and Systems, VOL 12, No.3, July 2026

Nam Su Gill received the
bachelor’s degree in electrical and
electronics  engineering  from
Chung-Ang  University, Seoul,
Korea, in 2025. He is currently
pursuing the integrated master’s
and doctoral program with the
school of intelligent semiconductor
engineering, Chung-Ang
University, Seoul, Korea.

His research interests include data converters and bio
sensor.

Jun Hyuk Kwon received the B.S.
degree in electrical and electronics
engineering from  Chung-Ang
University, Seoul, Korea, in 2025.
He is currently pursuing the M.S.
degree in intelligent semiconductor
¢ y engineering at Chung-Ang
: University, Seoul, Korea.

His research interests include
high speed data converters.

Kwang-Hyun Baek received
the B.S. and M.S. degrees from
Korea University, Seoul, Korea,
in 1990 and 1998, respectively.
He received the Ph.D. degree in
electrical engineering from the
University of Illinois at Urbana-
Champaign (UIUC), IL, USA, in
2002. From 2000 to 2006, he was
with the Department of High-
Speed Mixed-Signal ICs as a
senior scientist at Rockwell Scientific Company, formerly
Rockwell Science Center (RSC), Thousand Oaks, CA, USA.
At RSC, he was involved in development of high-speed data
converters (ADC/DAC) and direct digital frequency
synthesizers (DDFS). He was also with Samsung Electronics
from 1990 to 1996. Since 2006 he has been with the School
of Electronics Engineering, Chung-Ang University (CAU),
Seoul, Korea, where he is a faculty member. His research
interests include high-performance analog and digital
circuits such as high-resolution ADCs, high-speed DACsS,
hybrid frequency synthesizers (PLLs, DDFSs), high-speed
interface circuits (CDRs, SerDes), PMIC, and low-power
circuits.

56

http://www.idec.or.kr





