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A 2nd-Order AXAD Modulator Using Dynamic Analog
Components with Simplified Operation Phase

Chunhui PAN'®, Nonmember and Hao SAN™, Senior Member

SUMMARY A 2nd-order AXAD modulator architecture is proposed to
simplify the operation phase using ring amplifier and SAR quantizer. The
proposed modulator architecture can guarantee the reset time for ring am-
plifier and relax the speed requirement on asynchronous SAR quantizer.
The SPICE simulation results demonstrate the feasibility of the proposed
2nd-order AXAD modulator in 90 nm CMOS technology. Simulated SNDR
of 95.70dB is achieved while a sinusoid —1dBFS input is sampled at
60 MS/s for the bandwidth is BW=470kHz. The power consumption of
the analog part in the modulator is 1.67 mW while the supply voltage is
12V

key words: AX modulator, ring amplifier, switched-capacitor circuit,
successive-approximation-register ADC (SAR ADC)

1. Introduction

High SNDR ADCs are widely used in the mixed-signal SoC
in the fields of the both consumer and industrial applica-
tions. SAR ADCs are well known as an energy efficiency
architecture for low and medium-speed, medium-resolution
applications [1], [2]. Because the resolution of SAR ADC
depends on the accuracy of capacitor matching and the off-
set of comparator, it is difficult to realize a high resolu-
tion SAR ADC in nanoscale CMOS technology. On the
other hand, the AXAD modulator reduces the quantization
noise in the desired signal band by oversampling and noise-
shaping technique, so that it is suitable to realize the high
SNDR ADC in nanometer CMOS technology [3]. Nor-
mally, high SNDR modulator is realized by the techniques
of high-order noise-shaping and/or higher oversampling ra-
tio (OSR). However, high OSR needs high speed operation
and increases the total power consumption of the modula-
tor. High-order noise-shaping needs high order integrators
with power hungry amplifier. Moreover, it is difficult to re-
alize a high gain, low distortion, wide band-width amplifier
in nanometer CMOS technology.

The feed-forward structure is a preferred architecture
for AXAD modulator to tolerate the distortion of the internal
amplifier [4]. Multi-bit quantizer can also be chosen to re-
lax the slew-rate requirement on the amplifier to reduce the
power of the modulator [3]. When the multi-bit quantizer in
the modulator is realized by a flash ADC, the power of the
quantizer is still large because of the static current though
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the resistance ladder and dynamic current of numerous com-
parators. Furthermore, in conventional feed-forward modu-
lator, an active analog adder using an amplifier is necessary
at the input node of the quantizer, which increase the power
of the modulator.

In order to achieve the maximum power-efficiency of
the amplifier in ADC, the use of the dynamic amplifier (eg.
logic inverter or ring amplifier) instead of OTA has been
proposed and results in dynamic-analog-components-based
ADC [5], [6]. However, since the dynamic analog compo-
nent needs the reset operation, it limits the operation speed
of the circuit. In the previous work, we have proposed an im-
plementation architecture of multi-bit feed-forward AZAD
modulator with passive analog adder and dynamic amplifier
[7]. Simulation results also show the feasibility of AXAD
modulator with passive adder embedded SAR quantizer and
ring amplifier. As mentioned above, the reset operation of
the ring amplifier is required. Furthermore, an asynchronous
SAR quantizer is used in the AXAD modulator. To ensure
the amplifier’s reset time and asynchronous SAR ADC’s op-
erating time in the AXAD modulator, 4 operation modes (4-
phases) are required. As a result, the AZAD modulator is
complicated and the speed of operation is limited.

In this work, we propose a 3-phases AXAD modula-
tor with ring amplifier and passive adder embedded SAR
quantizer to simplify the AZAD modulator operation modes.
The proposed AXAD modulator can guarantee the reset time
for ring amplifier and relax the speed requirement on asyn-
chronous SAR quantizer. SPICE simulations have been
done to verify the effectiveness of the proposed architecture
and to confirm the performance of the modulator. The peak
SNDR of 95.70dB is reached while OSR=64 for sinusoid
input at 219.7 kHz with —4.03 dBFS input amplitude.

2. Proposed AXAD Modulator Architecture

Figure 1 shows the block diagram of 2nd-order AXAD mod-
ulator using SAR ADC and ring amplifier in our previous
work [7]. The switched-capacitor integrator of the AXAD
modulator is realized by the ring amplifier. The operation
of ring amplifier is different from the conventional ampli-
fier, the ring amplifier needs to operate alternately between
the reset mode and the amplification mode. The output of
ring amplifier is disabled at the reset mode, therefore, the
load capacitance of the integrator must be connected to the
output of the ring amplifier at the amplification mode. Fur-
thermore, because SAR ADC is used as an internal quan-
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Fig.1 A 2nd-order AXAD modulator with SAR ADC [7].

tizer in the AXAD modulator, unlike the flash ADC, SAR
ADC need to use an extra phase for the sampling operation.
Due to the constraint of the above two factors, the clock tim-
ing design of the AXAD modulator using ring amplifier and
SAR ADC is much more difficult than the AXAD modulator
using the traditional amplifier and flash ADC. Therefore, the
following four factors need to be guaranteed when designing
the AXAD modulator using ring amplifier and SAR ADC, 1
the sampling capacitor of the 2nd integrator and one of the
sampling capacitors of the SAR ADC are connected to the
output of the Ist integrator at the same time; 2) the sampling
capacitor of the 1st integrator and one of the sampling ca-
pacitors of the SAR ADC are connected to input signal at
the same time; 3) the successive approximation operation of
asynchronous SAR ADC also need to use an extra phase; 4)
the DAC embedded in the 1st integrator is driven by the out-
put of the SAR ADC quantizer, therefore, the amplification
operation of the 1st integrator need to wait for the feedback
signal from the SAR ADC output.

Considering the above factors, in order to correctly im-
plement the transfer function of the 2nd-order AXAD modu-
lator, the AZAD modulator needs to be operated in 4-phases
as shown in Fig.3. Figure 3(a) shows the simplified cir-
cuit schematic diagram of the AXAD modulator using SAR
ADC and ring amplifier(R-AMP) in the previous work, its
timing diagram and the operation mode diagram are shown
in Fig. 3(b) and Fig. 3(c), respectively. The AXAD modula-
tor is complicated and the speed of operation is limited.

In this work, in order to simplify the operation phase
of the AXAD modulator to improve the speed of the AZAD
modulator, we propose the AXAD modulator architecture as
shown in Fig.2 that allows the AXAD modulator to work
in 3-phases. Fig. 4(a) shows the simplified circuit schematic
diagram of proposed AXAD modulator using SAR ADC and
ring amplifier(R-AMP) with the simplified operation phase
in this work, its timing diagram and the operation mode dia-
gram are shown in Fig. 4(b) and Fig. 4(c), respectively. The
operation of the proposed modulator can be completed in 3-
phases, so that the speed of modulator can be improved than
that in the previous work. Although the operation timing of
these two kinds of AXAD modulator (Fig. 1 and Fig. 2) are
different, the architecture of the proposed AXAD modulator
(Fig. 2) can still realize the 2nd-order noise shaping transfer
characteristic that can be proved as the following.

In Fig.2, u(n) is the input, v(n) is the output of the
AXAD modulator. The input signal of the quantizer y(n)
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Fig.2  Proposed architecture of the 2nd-order AZAD modulator.

is given as
y(n) = u(n) + 2x1(n) + x2(n) ey

where x| (n) is the output signal of the 1st integrator, x;(n) is
the output signal of the 2nd integrator.

Since the output signal of the 2nd integrator obeys the
following relationship

x(n+ 1) = xi1(n) + x2(n) 2
by combining it with (1) and (2) will lead to
y(n) =un) + x(n) + x,(n+ 1) 3)

Consequently, the architecture of the AZAD modulator can
be changed as shown in Fig.2. The output signal of the
AXAD modulator is obtained as

v(n) = u(n) + q(n) + x1(n) + x2(n + 1) “)
The z-domain expression of Eq. (4) can be expressed as
V(2) = U(z) + Q(2) + X1(2) + X2(2)z (&)

In Fig.2, the z-domain expression of the 1st and the 2nd
integrator’s outputs are given as

1

Xi(0) = [UG) - V@I ©)
Yo = 20 ™
—Z
Substituting Eq. (6) and (7) into Eq. (5), we get
V@ =U@+1-2"0@) (8)

The transfer function of the proposed AZXAD modulator ex-
pressed in Eq. (8) shows the 2nd-order noise shaping char-
acteristic. It is the same as that in Fig. 1. The equivalence of
the two kinds of AXAD modulator architecture (Fig. 1 and
Fig. 2) are confirmed. However, only 3 operation modes are
required in the proposed AXAD modulator, so that the oper-
ation speed of modulator can be improved.

3. Proposed AXAD Modulator Implementation
Figure 5(a) illustrates the schematic diagram of the proposed

AXAD modulator using SAR ADC and ring amplifier(R-
AMP) with the simplified operation phase in this work, its
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Fig.3  Simplified circuit implementation of the proposed AZAD modulator using SAR ADC and ring
amplifier(R-AMP) in the previous work. (a)Simplified circuit schematic diagram. (b)Timing diagram.

(c)Operation mode diagram.
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Fig.4  Simplified circuit implementation of the proposed AZAD modulator using SAR ADC and ring
amplifier(R-AMP) with the simplified operation phase in this work. (a)Simplified circuit schematic
diagram. (b)Timing diagram. (c)Operation mode diagram.

timing diagram is shown in Fig.5(b). In the feed-forward
AXAD modulator, the input signal to the loop filter con-
tains only the shaped quantization noise, so that the mod-
ulator can reduce the influence of amplifier’s non-linearity
for higher SNDR [4].

Moreover, the ring amplifier can realize higher gain
than traditional amplifier at low supply voltage, and the
static current of the ring amplifier is very small, so that the

power consumption of the modulator can be maintained low.
An asynchronous SAR ADC is used as a 4-bit quantizer. It
not only improve the stability of the modulator, but also re-
lax the requirement on the slew-rate of amplifier. The 4-bit
SAR ADC have 3 inputs terminal (Vy, V,; and V,,), since
the SAR ADC converts the summation of them to digital
code, the analog adder is realized by capacitor array with-
out amplifier. Although the mismatches among the unit
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Fig.5 Circuit implementation of the proposed AXAD modulator using SAR ADC and ring
amplifier(R-AMP) with simplified operation phase in this work. (a)Circuit schematic diagram.
(b)Timing diagram.

elements in a multi-bit digital-to-analog convertor (DAC)
cause the harmonic distortion in the signal band, the data-
weighted-averaging (DWA) logic circuit is applied to the
AXAD modulator to reduce the influence of DAC nonlin-
earity errors [3].

3.1 Asynchronous SAR ADC with Passive Adder

Figure 6(a) shows the schematic diagram of the proposed
charge redistribution asynchronous SAR ADC with passive
adder. It consist of capacitor array, a dynamic comparator
and asynchronous SAR logic circuits. Capacitors connected
to Vy, Vo, V,1 are used for a passive-adder, and the capaci-
tors surround by the dash line are also used as the capacitor
DAC for SAR DAC.

Figure 7 shows two operation modes for equivalent cir-
cuit of passive-adder. In the sampling mode, the bottom
plate of sampling capacitors are connected to input signals
of Vy, V,1 and V,;, the top plate of sampling capacitors are

connected to V,,, as shown in Fig. 7(a), respectively. The ca-
pacitor ratio for 3 input signals is 1:1:1, then the total charge
stored on the capacitors Qs can be expressed as:

Qs =40C, X Vy +40C, X Vo +40C, X V,; ©)]

In the summation mode shown in Fig. 7(b), the bottom plate
of sampling capacitors are connected to V,,. The total ca-
pacitance between the input node of the comparator and V,,,
is 120C,. The total charge Q¢ of this summation mode on
capacitors is

Qc = 120C, X Vinpn) (10)
According to charge conservation law, we have
Qc = Os. (1D
Then, we get that
Qs Vu + Voo + Vo
= = 12
Vinen) 120C, 3 (12)
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Fig.6  Circuit implementation of the proposed charge redistribution asynchronous SAR ADC with
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Equation (12) means that the summation of 3 input sig-
nals can be realized by the proposed sampling technique for
capacitor array. After the analog input summation is fin-
ished, the AD conversion is carried out from MSB to LSB
in the successive approximation manner.

Asynchronous SAR logic circuit is shown in Fig. 6(b),
it generates the control signal to drive the capacitor switches
of DAC in the SAR ADC. @ is enable signal and ®; is re-
set signal for the asynchronous SAR logic circuit. S1(1)
and S1(2), S2(1) and S2(2), S3(1) and S3(2) are control sig-
nals for the DAC capacitor switches, which are connected to
reference voltages, VDD and GND. S1(0), S2(0) and S3(0)
are control signals for the DAC capacitor switches, which
are connected to common voltage, V,,,. Fig. 6(c) shows the
schematic diagram of the double-tail dynamic comparator
used in SAR ADC [9]. This topology has less stacking cur-
rent and therefore it can operate at lower supply voltages.
The differential output nodes of the dynamic comparator are
followed by a NAND gate as shown in Fig. 6(a). The inputs
of NAND sense the toggle of differential comparator’s out-
put to realize the asynchronous operation of the SAR ADC.
While the clock signal “CLK” of the comparator is High
My and My, are off), the output nodes of comparator
Vourp and Vgyry are reset to VDD. While the clock signal
“CLK” of the comparator changes from High to Low (M1
and M, are turned on), the voltage comparison of two in-
put nodes of V;yp and Vyy is done, the comparison result
appears at nodes of Vpyrp and Voyry. The comparison
result(signal “CR”) is saved in the DFF(D Flip-flop) of the
asynchronous SAR logic circuit provisionally, then the com-
parator changes to the latch mode. Because these two output
nodes are bounded to the inputs of NAND gate, while the
voltage comparison is finished, NAND gate outputs a trig-
ger signal “TR” to drive the operation of the asynchronous
SAR logic circuit. The buffer “delay1” inserted between the
clock signal “TR” and one of the inputs of the 3-input OR
gate that can prolong the usable DAC setting time, when the
SAR ADC operates at the successive approximation mode.
When the comparator makes the decision of the last bit(DO0),
the signal “CK_Reg” goes high to trigger the 4-bit register,
the comparison results D3, D2, D1 (saved in the DFF pre-

viously) and the LSB result DO (the last signal “CR”) are
transferred to 4-bit register as shown in Fig. 6(b). The buffer
“delay2” is used for delaying the signal “Start” (enable sig-
nal of asynchronous SAR logic) that can prolong the setting
time of passive adder, to guarantee the the addition result is
complete settled (the charge redistribution on capacitor ar-
ray to be finished) before AD conversion. Figure 6(d) shows
the timing diagram of asynchronous SAR logic circuit. In a
conventional synchronous SAR ADC, the speed of the com-
parator clock signal is limited by the worst-case cycle time.
However, in the asynchronous SAR ADC, the signal “TR”
is generated by NAND gate, so that the conversion steps are
executed consecutively. Therefore, the speed of the asyn-
chronous SAR logic is faster than that of the conventional
synchronization SAR logic.

As mentioned above, the proposed SAR ADC realizes
not only a 4-bit quantizer but also an analog adder with the
capacitor array using a comparator, so that the power con-
sumption of modulator can be reduce from the conventional
feed-forward modulator using the active adder realized by
amplifier. Furthermore, since SAR ADC is implemented by
dynamic comparators and asynchronous successive approx-
imation logic circuits [8], it can work at high speed.

3.2 Full Differential Ring Amplifier

The amplifier is the key components of the modulator to
realize the integrator, and it is the most power-hungry cir-
cuit block in the modulator. Ring amplifier for multiplying
digital-to-analog converter (MDAC) circuit has been pro-
posed and demonstrated to reduce the power of the pipeline
ADC [6], [10]. In this work, we use the full differential ring
amplifier to reduce the power consumption and to extend the
dynamic range of the AXAD modulator at the same time.
Figure 8(a) shows the full differential ring amplifier
with switched-capacitor common mode feedback (CMFB)
structure. C¢s are added to the input nodes of amplifier to re-
alize the amplifier input offset cancellation for the integrator
[6]. Figure 8(b) shows the schematic of the ring amplifier’s
core in the proposed AXAD modulator with self bias circuit.
It is constructed with cascaded 3-stage inverters, so that it
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is similar to a ring oscillator in the amplifier. The input of
the MOSFET Mp; and My is biased at V., when the ring
amplifier forms a feedback loop. Therefore, the Mp; and
My operate in the wake inversion region current during the
steady state of the amplifier with a very low static. The in-
verter which consist of Mp; and My; behaves as a class-AB
amplifier providing high DC-gain and good linearity. Resis-
tor Rps is inserted to the output of the 2nd stage inverter.
The Rps not only compress the drain-source voltage of the
Mp; and My to the boundary between the weak and strong
inversion regions for obtaining both high DC-gain and wide
gain-bandwidth product [5], but also to generate the differ-
ent offset voltages to the gate of the Mp3; and Mys3. During
the steady state, the gate-source voltage of the both Mp3 and
My are set at less than their threshold voltage, thus the Mps3
and My are cut off, there is not static current flow thouth the
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Fig.9 AC analysis of R-AMP. (a) Simulation circuit. (b) Frequency
characteristics of R-AMP.

amplifier. During transition state, one of the two transistors
Mps, My is operating in the strong inversion region, while
the other one is set to off state completely, so that higher
slew rate can be realized. The push-pull inverter which con-
sist of Mp3; and My behaves as a class-C amplifier and the
rail-to-rail output is allowed for the ring amplifier. The set-
ting time and power consumption of the ring amplifier can
be reduced dramatically. Moreover, high threshold voltage
Mp; 3 and My 3 are used in the 2nd and 3rd-stage to extend
the stable offset voltage range for the amplifier.

In order to confirm the performance of ring amplifier,
SPICE simulation of AC analysis is introduced using the
circuit shown in Fig.9(a). The SPICE simulation result is
shown in Fig. 9(b). The DC gain of ring amplifier reached
to 79dB with 55° phase margin and 91.8MHz unity-gain
bandwidth. Simulation parameters of the ring amplifier are
shown in Table 1.

3.3  Multi-Bit DAC and DWA Logic Circuit

A 4-bit capacitor DAC is used for the 1st integrator as shown
in Fig. 5, the mismatches among the unit elements in a multi-
bit DAC cause the harmonic distortion in the signal band,
the data-weighted-averaging (DWA) logic circuit [11] is ap-
plied to the AXAD modulator to reduce the influence of
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Table1  Simulation parameters of R-AMP. Table2  Simulation parameters of AXAD modulator.
Technology | TSMC 90 nm CMOS Technology | TSMC 90 nm CMOS
Supply voltage 1.2V Supply voltage 1.2V
Voffset 0.6V Input frequency 219.7kHz
Ry 10GQ Input amplitude 2Vpp
Ci 640 fF Sampling rate 60 MS/s
Cy 1uF

DAC nonlinearity errors. To illustrate the effect of the DWA
logic circuit, SPICE simulation comparison with the pro-
posed modulator is performed in 3 cases: (1) an ideal 4-bit
DAC without any capacitance variation; (2) 4-bit DAC with
1% unit-capacitance mismatches while DWA at OFF mode;
(3) 4-bit DAC with 1% unit-capacitance mismatches while
DWA at ON mode. The output spectrum for the above 3
cases are shown in Fig. 10(a), (b) and (c), respectively. In
the ideal case shown in Fig. 10(a), the quantization noise is
shaped out from the signal band. While the unit-capacitance
of DAC is variated without DWA, the non-linearities of DAC
raise the in-band noise floor, and cause the harmonic distor-
tion as shown in Fig. 10(b). On the other hand, while DWA
technique is applied, not only the in-band noise but also the
harmonic distortion in the signal band are noise-shaped as
shown in Fig. 10(c).

4. Simulation Results of the Proposed AXAD Modula-
tor

The propose AXAD modulator shown in Fig. 5 is designed
in TSMC 90 nm CMOS technology. The switched-capacitor
integrators are realized by ring amplifier. The quantizer is
a 4-bit SAR ADC with the embedded passive adder. 4-bit
DAC on the feedback path is constructed by capacitor array.
The DWA logic circuit is designed to reduce the influence
of the nonlinearities which occurred by the capacitors mis-
match of the multi-bit DAC [3]. SPICE simulations have
been done to confirm the performance of the modulator and
to verify the effectiveness of the proposed architecture. The
simulation parameters are shown in Table 2. Figure 10(c)

Table 3  Performance summary and comparison with previous works.
Specification Chao[13] | Chao[8] | Pan[12] | This work

Technology(nm) 90 90 90 90
Supply voltage(V) 1.2 1.2 1.2 1.2
Sampling rate (MS/s) 80 60 50 60
OSR 16 16 64 64

Signal BW (MHz) 2.5 1.875 0.39 0.47
SNDR (dB) 81.97 78.8 80.84 95.7

Power (mW) 2.53 1.59 1.88 1.67

FOMS (dB) 169.7 168.0 161.5 180.2

shows the simulated spectrum result of the proposed modu-
lator with 1% DAC unit-capacitance mismatches.

The peak SNDR of 95.70dB is reached while OSR =
64 for a sinusoid input at 219.7 kHz with —4.03 dBFS in-
put amplitude (The thermal noise of the modulator is not in-
cluded in the SPICE simulation). The power consumption of
analog part in the proposed modulator is 1.67mW at 1.2V
supply. The performance of the proposed AZAD modulator
is summarized in Table 3 in comparison with the previous
works. Although the signal band of our proposed AZAD
modulator is less than other works, the operation speed and
power consumption are comparable to other works. Need-
less to say, the SNDR and FoMS of the prototype modula-
tor should be degraded from the SPICE simulation results.
However, the operation speed and the power consumption
often meet the comparable value to simulation results.
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5. Conclusions

A 2nd-order AXAD modulator with the simplified operation
phase using ring amplifier and SAR ADC has been designed
in 90nm CMOS technology. Benefit from the reduction of
the number of the AXAD modulator operation phase, the
speed of AXAD modulator can be improved. Moreover, the
AXAD modulator is designed as the 2nd-order feed-forward
architecture for reducing the influence of amplifier’s non-
linearity, and the SAR quantizer with passive-adder is used
instead of quantizer and active adder. The AXAD modula-
tor circuit is realized by dynamic amplifier and a dynamic
comparator, therefore the power consumption can be kept at
a low level. Simulation results show the feasibility of the
proposed AZAD modulator.

Acknowledgments

This work is supported by VLSI Design and Education Cen-
ter (VDEC), the University of Tokyo in collaboration with
Cadence Design Systems, Inc.

References

[1] Y. Shu and L. Kuo, and T, Lo, “An oversampling SAR ADC with
DAC mismatch error shaping achieving 105dB SFDR and 101 dB
SNDR over 1 kHz BW in 55nm CMOS,” IEEE J. Solid-State Cir-
cuits, vol.51, no.12, pp.2928-2940, Dec. 2016.

[2] W. Tseng, W. Lee, C, Huang, and P, Chiu, “A 12-bit 104 MS/s SAR
ADC in 28 nm CMOS for digitally-assisted wireless transmitters,”
IEEE J. Solid-State Circuits, vol.51, no.10, pp.2222-2231, Oct.
2016.

[3] R. Schreier and G. Temes, Understanding Delta-Sigma Data Con-
verters, Wiley-IEEE Press, 2004.

[4] J. Silva, U. Moon, J. Steensgaard, and G.C. Temes, “Wideband low-
distortion delta-sigma ADC topology,” Electron. Lett., vol.37, no.12,
pp.737-738, June 2001. doi: 10.1049/e1:20010542

[5] Y. Chae and G. Han, “Low voltage, low power, inverter-based
switched-capacitor delta-sigma modulator,” IEEE J. Solid-State Cir-
cuits, vol.44, no.2, pp.458-472, 2009.

[6] B. Hershberg, S. Weaver, K. Sobue, S. Takeuchi, K. Hamashita, and
U.-K. Moon, “Ring amplifiers for switched capacitor circuits,” IEEE
J. Solid-State Circuits, vol.47, no.12, pp.2928-2942, Dec. 2012. doi:
10.1109/JSSC.2012.2217865

[7] C.Pan, H. San, and T. Shibata “A 2nd-order delta sigma AD modu-
lator using dynamic amplifier and dynamic SAR quantizer,” ISPACS
2016, pp.528-532, Oct. 2016. doi: 10.1109/ISPACS.2016.7824725

[8] I. Chao, C. Hou, B. Liu, S. Chang, and C. Huang, “A
single Opamp third-order low-distortion delta-sigma modulator
with SAR quantizer embedded passive adder,” IEICE Trans.
on Electronics, vol.E97-C no.6, pp.526-537, June 2014. doi:
10.1587/transele.E97.C.526

[9] D. Shinkel, E. Mensink, E. Klumperink, E. van Tuijl, and B.
Nauta, “A double-tail latch-type voltage sense amplifier with 18 ps
Setup+Hold time,” Proc. IEEE Int. Solid-State Circuits Conf., Dig.
Tech. Papers, pp.314-315, Feb. 2007.

[10] Y. Lim and M. Flynn, “A 100 MS/s, 10.5 Bit, 2.46 mW comparator-
less pipeline ADC using self-biased ring amplifiers,” IEEE
ISSCC 2014 Dig of Tech. Papers, pp.202-203, Feb. 2014. doi:
10.1109/ISSCC.2014.6757400

[11] T.H. Kuo, K.D. Chen, and H.R. Yeng, “A wideband CMOS sigma-
delta modulator with incremental data weighted averaging,” IEEE

433

J. Solid-State Circuits, vol.37, no.l, pp.11-17, Jan. 2002. doi:
10.1109/4.974541

[12] C. Pan and H. San, “A AXAD modulator with SAR quantizer
and ring amplifier,” IEICE Trans. Fundamentals (Japanese edition),
vol.J99-A, no.8, pp.262-269, Aug. 2016.

[13] 1J. Chao, C.L. Hsu, B.D. Liu, S.J. Chang, C.Y. Huang, and H.W.
Ting, “A third-order low-distortion delta-sigma modulator with
opamp sharing and relaxed feedback path timing,” IEICE Trans.
Electron., vol.LE95-C, no.11, pp.1799-1809, Nov. 2012.

Chunhui Pan received B.S. degree in com-
puter science and technology from University of
South China in 2011 and M.S. degree in infor-
mation engineering from Tokyo City University
in 2014. He is currently working toward the
Ph.D. degree at the Tokyo City University. His
research interest is in circuit design of CMOS
AD converters. He is a student member of the
IEEE.

Hao San received a B.S. degree in au-
tomation engineering from the Liaoning Insti-
tute of Technology, China, in 1993, and M.S.
and Dr. Eng. degrees in electronic engineering
from Gunma University, Japan, in 2000 and
2004, respectively. From 2000 to 2001, he
worked with Kawasaki Microelectronics, Inc.
He joined Gunma University as an assistant pro-
fessor in the Department of Electronic Engineer-
ing in 2004. In 2009, he joined Tokyo City Uni-
versity as an associate professor. His research
interests include analog and mixed-signal integrated circuits. Dr. San has
been an Associate Editor of IEICE Transactions on Electronics from 2010
to 2016. He was the treasurer of the IEEE Circuits and Systems Society
Japan Chapter from 2011 to 2012. He is a member of the IEEE and IEEJ.


http://dx.doi.org/10.1109/jssc.2016.2592623
http://dx.doi.org/10.1109/jssc.2016.2592623
http://dx.doi.org/10.1109/jssc.2016.2592623
http://dx.doi.org/10.1109/jssc.2016.2592623
http://dx.doi.org/10.1109/jssc.2016.2582861
http://dx.doi.org/10.1109/jssc.2016.2582861
http://dx.doi.org/10.1109/jssc.2016.2582861
http://dx.doi.org/10.1109/jssc.2016.2582861
http://dx.doi.org/10.1109/9780470546772
http://dx.doi.org/10.1109/9780470546772
http://dx.doi.org/10.1049/el:20010542
http://dx.doi.org/10.1049/el:20010542
http://dx.doi.org/10.1049/el:20010542
http://dx.doi.org/10.1109/jssc.2008.2010973
http://dx.doi.org/10.1109/jssc.2008.2010973
http://dx.doi.org/10.1109/jssc.2008.2010973
http://dx.doi.org/10.1109/JSSC.2012.2217865
http://dx.doi.org/10.1109/JSSC.2012.2217865
http://dx.doi.org/10.1109/JSSC.2012.2217865
http://dx.doi.org/10.1109/JSSC.2012.2217865
http://dx.doi.org/10.1109/ISPACS.2016.7824725
http://dx.doi.org/10.1109/ISPACS.2016.7824725
http://dx.doi.org/10.1109/ISPACS.2016.7824725
http://dx.doi.org/10.1587/transele.E97.C.526
http://dx.doi.org/10.1587/transele.E97.C.526
http://dx.doi.org/10.1587/transele.E97.C.526
http://dx.doi.org/10.1587/transele.E97.C.526
http://dx.doi.org/10.1587/transele.E97.C.526
http://dx.doi.org/10.1109/isscc.2007.373420
http://dx.doi.org/10.1109/isscc.2007.373420
http://dx.doi.org/10.1109/isscc.2007.373420
http://dx.doi.org/10.1109/isscc.2007.373420
http://dx.doi.org/10.1109/ISSCC.2014.6757400
http://dx.doi.org/10.1109/ISSCC.2014.6757400
http://dx.doi.org/10.1109/ISSCC.2014.6757400
http://dx.doi.org/10.1109/ISSCC.2014.6757400
http://dx.doi.org/10.1109/4.974541
http://dx.doi.org/10.1109/4.974541
http://dx.doi.org/10.1109/4.974541
http://dx.doi.org/10.1109/4.974541
http://dx.doi.org/10.1587/transele.e95.c.1799
http://dx.doi.org/10.1587/transele.e95.c.1799
http://dx.doi.org/10.1587/transele.e95.c.1799
http://dx.doi.org/10.1587/transele.e95.c.1799

