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PAPER

A 0.31 pJ/Conversion-Step 12-Bit 100 MS/s 0.13µm CMOS A/D
Converter for 3G Communication Systems

Young-Ju KIM†, Kyung-Hoon LEE†, Members, Myung-Hwan LEE†, and Seung-Hoon LEE†a), Nonmembers

SUMMARY This work describes a 12-bit 100 MS/s 0.13 μm CMOS
ADC for 3G wireless communication systems such as two-carrier W-
CDMA applications. The proposed ADC employs a four-step pipeline ar-
chitecture to optimize power consumption and chip area at the target resolu-
tion and sampling rate. Area-efficient gate-bootstrapped sampling switches
of the input SHA maintain high signal linearity over the Nyquist rate even
at a 1.0 V supply. The cascode compensation using a low-impedance feed-
back path in two-stage amplifiers of the SHA and MDACs achieves the
required conversion speed and phase margin with less power consumption
and area compared to the Miller compensation. A low-glitch dynamic latch
in the sub-ranging flash ADCs reduces kickback noise referred to the input
of comparator by isolating the pre-amplifier from the regeneration latch
output. The proposed on-chip current and voltage references are based on
triple negative TC circuits. The prototype ADC in a 0.13 μm 1P8M CMOS
technology demonstrates the measured DNL and INL within 0.38LSB and
0.96LSB at 12-bit, respectively. The ADC shows a maximum SNDR and
SFDR of 64.5 dB and 78.0 dB at 100 MS/s, respectively. The ADC with an
active die area of 1.22 mm2 consumes 42.0 mW at 100 MS/s and a 1.2 V
supply, corresponding to a figure-of-merit of 0.31 pJ/conversion-step.
key words: ADC, CMOS, high resolution, low voltage, low power, cascode
compensation

1. Introduction

With the rapid development in system-on-a-chip (SoC) de-
sign and digital signal processing technologies, the market
for digital multimedia services such as high-definition tele-
vision (HDTV) and digital multimedia broadcasting (DMB)
has been continuously expanded. Moreover, the increased
demand for mobile multimedia services has changed the
voice-centric second-generation (2G) wireless communica-
tions to the third-generation (3G) systems, which support
broadband voice, data, and multi-media communications
on wireless networks. In the 3G communication systems,
multi-carrier signals are commonly employed as one of the
efficient data management techniques to process a large
amount of data. In a single carrier receiver, only the target
signal within a limited bandwidth is filtered and forwarded
to the back-end analog-to-digital converter (ADC) through
front-end RF filters. On the other hand, the multi-carrier
receiver separates the target signal from the others by us-
ing narrow-band digital filters after analog-to-digital conver-
sion. As a result, high-speed ADCs with both high resolu-
tion and wide dynamic range are required for the direct con-
version of intermediate-frequency (IF) signals without using
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various supplementary functional circuit blocks [1]. Particu-
larly, the ADCs for the two-carrier wide-band code division
multiple access (W-CDMA) applications need at least 12-bit
resolution and a conversion rate exceeding 65 MS/s.

Recently reported CMOS ADCs are based on the
pipeline architecture to obtain high power efficiency at the
target resolution and conversion rate [1]–[7]. While various
design techniques such as time-interleaved and calibration
schemes have been invented to improve the performance of
the pipeline ADCs, they still requires additional time and
complicated circuits to control gain, offset, and capacitor
mismatches [8]. In this work, the proposed 12-bit 100 MS/s
ADC employs a single-channel pipeline multi-bit/stage ar-
chitecture without extra specific accuracy enhancement cir-
cuits.

This paper is organized as follows. The architec-
ture of the proposed ADC is briefly described in Sect. 2,
while detailed circuit design techniques are discussed in
Sect. 3. Measured performances are summarized in Sect. 4
and Sect. 5 concludes the paper.

2. Proposed ADC Architecture

The proposed 12-bit ADC with a four-step pipeline archi-
tecture is illustrated in Fig. 1. The ADC consists of an in-
put sample-and-hold amplifier (SHA) followed by three 4-
bit multiplying digital-to-analog converters (MDACs) and
four 4-bit sub-ranging flash ADCs. The remaining periph-
eral circuit blocks such as current and voltage (I/V) refer-
ences, timing generator, and digital correction logic (DCL)
are implemented on chip for general-purpose applications.

The proposed area-efficient gate-bootstrapped sam-

Fig. 1 Proposed 12-bit 100 MS/s 0.13 μm CMOS ADC.
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pling circuits in the front-end SHA maintain high linearity
even with the Nyquist input at a conversion rate of 100 MS/s.
Two-stage amplifiers in the input SHA and MDACs dissipat-
ing most of the ADC power are implemented with the cas-
code compensation technique using a low-impedance feed-
back signal path to reduce power consumption and area
compared to the Miller compensation technique. A low-
glitch dynamic latch in the flash ADCs minimizes a kick-
back effect, which degrades the overall ADC accuracy. The
on-chip temperature- and supply-insensitive currents and
voltages are implemented by three independent currents
with the same negative temperature coefficient, which are
different from the conventional MOSFET-based I/V refer-
ences. Two non-overlapping clocks, Q1 and Q2, are in-
ternally generated from a single external master clock for
the concurrent operation of the switched-capacitor circuits
in each pipeline stage. Non-linear errors such as offsets
and clock feed-through errors between the adjacent pipeline
stages are digitally corrected in the DCL with a redundant
bit.

3. Circuit Description

3.1 Area-Efficient Gate-Bootstrapping Circuit

In low-voltage high-speed switched-capacitor circuits, the
on-resistance of MOSFET sampling switches significantly
affects the tracking speed and settling time of analog in-
put signals. Particularly, a large-sized sampling capacitor
for the reduced thermal noise requires a correspondingly
large sampling switch to obtain a low enough on-resistance
and signal-settling time within a given specification. More-
over, signal-dependent resistance variations of the sampling
switches can cause some critical distortion of the sam-
pled input signals. The proposed gate-bootstrapped input
sampling switches in the input SHA implement a signal-
independent on-resistance and maintain a targeted linearity
of 12-bit accuracy even at a low supply voltage of 1.0 V, as
illustrated in Fig. 2. During the off phase, Q2B and Q2PB
are high, and M3 and M5 discharge the gate of the sampling
switch to VS S while VDD is sampled across capacitor C1 by

Fig. 2 Area-efficient high-speed high-resolution gate-bootstrapping
circuit.

M1 and M6. During the next input sampling phase, Q2B
and Q2PB are low, and M2 and M7 add the precharged ca-
pacitor in series with an input VIN to maintain a constant
voltage VDD between the gate and source of the sampling
switch.

Previously reported gate-bootstrapping circuits employ
three capacitors for charge-pump operation by using an
NMOS transistor for M1 [9] or thick-oxide devices to im-
prove the reliability of transistors subjected to the voltage
stress exceeding the supply voltage [10]. On the other hand,
the proposed gate-bootstrapping circuit replaces the charge-
pump operation with only one capacitor by using a PMOS
transistor for M1 and the reduced number of switches [11].
In addition, the proposed circuit prevents the gate-drain
voltage of the M3 switch from exceeding the supply volt-
age with only thin-oxide devices. Some conventional gate-
bootstrapping switches [9]–[11] are compared with the pro-
posed circuits in Table 1. The proposed circuit shows a
simulated performance similar to the conventional circuits
at 100 MS/s even if the proposed sampling circuit employs
only thin oxide devices available in a 0.13 μm CMOS pro-
cess.

3.2 Cascode Compensation in Two-Stage Amplifiers

Two-stage amplifiers in the SHA and MDACs are based on
two folded-cascode amplifiers connected in series, employ-
ing the cascode compensation for a high DC gain and a wide
output swing range, as illustrated in Fig. 3. The compensa-
tion capacitor, Cc, is fed back into the low-impedance cas-

Table 1 Comparison of conventional and proposed gate-bootstrapping
circuits at 100 MS/s.

Fig. 3 Two-stage amplifier with low-impedance cascode compensation.
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Table 2 Pole-zero analysis of cascode and Miller compensations.

Fig. 4 Performance comparison of cascode and Miller compensations:
(a) frequency-domain and (b) time-domain simulation results.

code node of the first-stage amplifier. With this frequency
compensation technique, the amplifiers meet the required
phase margin and bandwidth specification for 100 MS/s op-
eration with less power dissipation and smaller devices com-
pared to the Miller compensation technique [12].

The location of the poles and zeros derived from the
cascode and Miller compensation techniques are summa-
rized in Table 2. As shown in Table 2, each compensation
technique has the same dominant-pole location, whereas the
non-dominant second pole of the cascode compensation is
located at a higher frequency region than the Miller. When
the trans-conductance of the second amplifier is increased to
relocate the non-dominant pole into a high frequency region
for a high phase margin, the cascode compensation achieves
a higher phase margin than the Miller compensation with the
same power consumption. Although the zero of the cascode
compensation is located in a lower frequency left-half plane,
such effect can be actually negligible to acquire a 70-degree
level of phase margin [13].

Figure 4 shows the frequency- and time-domain sim-
ulation results of two-stage amplifiers for both cascode and
Miller compensations based on identical trans-conductances
and compensation capacitors. As illustrated in Fig. 4(a), the
cascode compensation shows the non-dominant pole located
at a higher frequency compared to the Miller compensation.
In Fig. 4(b), the cascode compensation shows more stable
signal settling behavior of the output waveform resulting
from a higher phase margin.

Fig. 5 Proposed kickback-reduced latched comparator: (a) conventional
and (b) proposed dynamic latches.

3.3 Latched Comparator with Low Kickback Noise

The comparator in the flash ADCs is an essential functional
circuit to compare an analog input signal with a reference
voltage generating quantized digital output codes. Consid-
erable amount of kickback noise is concurrently produced
and referred to the input node of the flash ADCs during the
quantization process. The input-referred kickback noise de-
grades the signal settling time of the previous stage output
and disturbs the reference voltage level, and finally affects
the overall system accuracy [14]. The conventional and pro-
posed latched comparators are presented in Fig. 5. The drain
nodes of the input differential pair are directly connected
to the regeneration nodes, LP and LN, in the conventional
latch, while the proposed latch isolates the input differential
pair from the regeneration nodes to reduce the input-referred
kickback noise.

Typically, a maximum voltage variation at the regen-
eration nodes occurs during a status transition instant. At
that time, the input nodes of the dynamic latch, coupled to
the regeneration nodes through the parasitic capacitance of
MOS transistors, can cause a critical kickback effect. Al-
though pre-amplifiers in front of the dynamic latch may re-
duce the kickback effect referred to the input of comparator,
a large number of latches concurrently in operation still de-
grade the overall ADC accuracy in a multi-bit pipeline ar-
chitecture. The proposed dynamic latch hence places the
pull-down switches between the input differential pair and
the regeneration nodes to isolate the parasitic capacitance.

Simulated kickback noise generated from the conven-
tional and proposed latches are compared in Fig. 6. As de-
scribed in Fig. 6(a), the kickback-noise of the conventional
latch has a maximum value of 240 mV at the beginning of
the pre-charging phase. Meanwhile, the proposed latch of
Fig. 6(b) shows a significantly reduced kickback noise volt-
age of 7.8 mV.

3.4 Proposed On-Chip CMOS I/V References

The proposed ADC employs on-chip MOS I/V references
suitable for the operation at 100 MS/s level. The conven-
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Fig. 6 Simulated latch operation: (a) conventional and (b) proposed
latches.

tional temperature- and supply-insensitive CMOS reference
circuit is implemented by merging two currents with both
positive and negative temperature coefficients (TCs) [15].
However, the circuit area for a positive TC is relatively
large and thus currents only with a negative TC are em-
ployed in the proposed I/V references. Conceptually, the
subtraction of two currents with a negative TC can gener-
ate a temperature- and supply-insensitive reference current.
However, this approach tends to limit the controllable num-
ber of circuit variables to obtain the desirable reference char-
acteristics. In the proposed I/V references, two previously
published concepts are combined and extended further to
obtain the required characteristics with more controllable
variables and smaller area by employing three currents with
a negative TC, as shown in Fig. 7. The positive TC current,
IS UB, is generated by subtracting the lower negative TC cur-
rent, I1,NEG, from the higher negative TC current, I2,NEG.
Again, the current IS UB is added with the third negative TC
current, I3,NEG, at node T6 resulting in the final output cur-
rent, IS UB, insensitive to both supply voltage and tempera-
ture variations.

The two currents, I1,NEG and I2,NEG, are derived in (1)
and (2). The TC of I1,NEG and I2,NEG is calculated in (3) and
(4), where the temperature variation of the I2,NEG current is
larger. The current, IS UB, in (5) generated from the differ-
ence of two currents with a negative TC has a positive TC, as
verified by (6). By summing the current, IS UB, with the third
negative TC current, I3,NEG, in (7), the target current, IS UB,
insensitive to the temperature can be derived as illustrated in
(9). On the other hand, the supply- and temperature- insen-
sitive reference voltage, VREF, is directly generated from
the output current as shown in Fig. 7.

Comparison with the previously reported references is
summarized in Table 3. The power dissipation of three refer-
ences is similar, whereas the proposed reference circuit has
a better TC and voltage coefficient (VC) per unit area. The
proposed reference circuit in Fig. 7 employs 3-bit control
signals to digitally calibrate current mismatches within 30%
caused by potential process errors. For low-power portable
applications, a power-off (PWOFF) signal is used to mini-
mize the power dissipation of the prototype ADC during a
sleeping mode.

Fig. 7 Proposed on-chip current and voltage references.

Table 3 Comparison of conventional and proposed references.
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4. Prototype ADC Measurements

The proposed 12-bit 100 MS/s ADC is implemented in a
0.13 μm n-well 1P8M CMOS process and occupies an active
area of 1.22 mm2 as shown in Fig. 8. The prototype ADC
dissipates 32.2 mW and 42.0 mW with a conversion rate of
100 MS/s at a 1.0 V and 1.2 V supply voltage, respectively.
The measured differential non-linearity (DNL) and integral
non-linearity (INL) are within 0.38LSB and 0.96LSB, re-
spectively, as illustrated in Fig. 9.

A typical signal spectrum at 100 MS/s with a 4 MHz
input sine wave and a 1.2 V supply voltage is plotted in
Fig. 10. Digital output data are captured at a quarter rate

Fig. 8 Die photograph of the proposed 12-bit 100 MS/s ADC.

Fig. 9 Measured DNL and INL of the prototype ADC.

Fig. 10 Measured FFT spectrum of the proposed ADC (1/4 fs down
sampled).

of the full conversion speed of 100 MS/s by the on-chip
decimator. The signal-to-noise-and-distortion ratio (SNDR)
and spurious-free dynamic range (SFDR) in Fig. 11(a) are
measured with increasing sampling frequencies, fs, at an in-
put frequency of 4 MHz. While the sampling frequency in-
creases to 100 MS/s, the SNDR and SFDR are maintained
above 64 dB and 78 dB at 1.2 V, respectively. The SNDR
with a 1.0 V supply maintains over 60 dB up to 110 MS/s.
Figure 11(b) shows the SNDR and SFDR variations with
increasing input frequencies at a maximum sampling fre-
quency of 100 MS/s. The SNDR and SFDR are maintained
over 58 dB and 70 dB, respectively, at the Nyquist rate in-
put. The measured performance of the prototype ADC is
summarized in Table 4.

Recently reported CMOS ADCs with a 12- to 14-bit
resolution and a conversion rate of 100 MS/s level are com-
pared with the proposed ADC in Table 5. The proposed
12-bit 100 MS/s ADC shows the lowest power consumption
of 42.0 mW at 1.2 V compared to the up-to-date ADCs with
a similar design target and demonstrates an excellent fig-
ure of merits (FOM) of 0.31 pJ/conversion-step as shown in
Fig. 12.

Fig. 11 Dynamic performances of the prototype ADC: Measured SFDR
and SDNR versus (a) fs and (b) fin.

Table 4 Performance summary of the prototype ADC.
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Table 5 Performance comparison of recently published 12- to 14-bit
CMOS ADCs operating at 100 MS/s level.

Fig. 12 FOM of recently reported 12- to 14-bit ADCs with a sampling
rate exceeding 50 MS/s.

5. Conclusion

This work proposes a 12-bit 100 MS/s ADC for 3G com-
munication systems such as two-carrier W-CDMA appli-
cations. The proposed ADC employs a four-step pipeline
architecture to optimize power consumption and chip area
at the target resolution and conversion rate. Area-efficient
gate-bootstrapped sampling switches in the input SHA
maintain high signal linearity over the Nyquist rate. The cas-
code compensation technique using a low-impedance feed-
back path in two-stage amplifiers of the SHA and MDACs
simultaneously achieves the required operating speed and
phase margin with the reduced trans-conductance of the
2nd amplifier as well as the overall power consumption.
The proposed low-glitch dynamic latches in the sub-ranging
flash ADCs considerably reduce kickback noise by isolat-
ing the input differential pair from the regeneration nodes to
improve the whole system accuracy. The proposed on-chip
current and voltage references are based on triple negative
TC currents.

The prototype ADC fabricated in a 0.13 μm CMOS
technology demonstrates a measured DNL and INL of
0.38LSB and 0.96LSB, respectively. The ADC shows a
maximum SNDR and SFDR of 64.5 dB and 78.0 dB at
100 MS/s, respectively. The proposed ADC occupies an ac-
tive area of 1.22 mm2 and consumes 42.0 mW at 100 MS/s
and 1.2 V.
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