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Abstract— This paper presents a 1-V 10b 40MS/s Pipelined ADC with an effective resolution bandwidth up to 66MHz.
Two low-voltage circuit techniques are employed: 1) feedback current biasing - which ensures the accuracy of the current
source biasing over the process variations without the use of cascode structure in low-voltage environment; 2) low-voltage
current-mode sub-ADCs - which allows current-mirror sharing between the low-voltage comparators thus implying a
reduction in static power consumption. The proposed ADC was implemented in 0.18um 1P6M CMOS technology. Chip
measurement results show that the DNL and INL are within 0.9 and 1.1 LSB, respectively. The ADC maintains the SNDR
over 54.5dB and 51.5dB for input frequencies of 9.1MHz and 66MHz, respectively. The active die area is 2.2mm’ and the
ADC consumes 40mW at 1-V supply.

Index Terms— Pipelined ADC, Low-voltage, Current-mode comparator.

I. INTRODUCTION

The downscaling of the modern deep submicron CMOS processes continues to create challenges to low-voltage analog circuit
designs. The supply voltage is dropping down due to the thinner gate-oxide in advanced CMOS processes. In addition,
battery-operated devices often require a lower supply voltage to work. This imposes an operation under the nominal supply voltage
at a specific technology node, e.g. 1V at 0.18um CMOS, for lower cost [1]-[5]. Both cases create stringent requirements in analog
and mixed-signal 1C designs due to the low supply voltage headroom which demand special low-voltage circuit techniques to
overcome those obstacles [1]-[8].

This paper presents an implementation of a 1-V 10b 40MS/s pipelined ADC in 0.18um 1P6M CMOS with MiM-capacitor option.
The proposed ADC is implemented in 1.5b/stage (as shown in Fig. 1) with reset-opamp techniques [3],[5] to avoid using floating
switches. Two low-voltage circuit techniques are proposed in the design, namely, feedback current biasing, used in the opamps to
achieve accurate current biasing independent of process variations without the use of cascode and long-channel devices; and
low-voltage current-mode sub-ADCs that combine static current mirrors used in the sub-ADC stages to reduce the static power

consumption. Moreover, additional and diversified low-voltage techniques will also be used [6]-[8] in the design to avoid the use of
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floating switches. The whole ADC is implemented in 1-V without clock boosting, bootstrapped switches, special low-threshold

devices, and in particular any digital calibration.
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Fig. 1. The overall pipelined ADC architecture.

II. FEEDBACK CURRENT BIASING

Fig. 2 shows the current-mirror opamp that is used in the Sample-and-Hold (S/H) and the Multiplying Digital-to-Analog
Converters (MDACs) in the ADC. The NMOS differential pair M1A and MIB has larger tranconductance than their PMOS
counterpart, and the differential currents from the drains of the pair are routed to the NMOS current mirrors M3A — M3D. This

ensures that the second pole associated with these mirrors is at higher frequency than the PMOS mirrors that are used in traditional

current mirror opamps (for description of the opamp’s functionality please refer to [8]). For correct operation the bias current of

M3A is provided by currents’ subtraction between M2A and M1A. The bias current of M1A is provided by the tail current source
MO, which can have larger channel length to achieve accurate current matching over process variations (because it is not in the
signal path). However, the channel length of M2A can’t be too large, since the drain junction capacitance of M2A is in the main
signal path and the phase margin will be degraded by this parasitic capacitance. This capacitance can be comparable to the gate
capacitance of M3A since M2A is a PMOS transistor with large current handling capability. On the other hand, using a smaller
channel length in M2A will imply large current spread over process corners due to the channel length modulation effect from the
variation of the gate-source voltage V,, in M3A. Since now the current in M3A would be the subtraction of M2A from M1A it will
impose a very large current variation in M3A. This could drive either M3A into cutoff and M1A into triode, or M2A into triode
region over the process corners. To overcome this difficulty a feedback biasing circuit is used, as proposed and shown also in Fig. 2.
The biasing circuit will simulate the operating point of the main opamps, i.e. MxZ, MxY are the corresponding scaled down versions
of Mx, MXxA-MxD in main opamp (e.g. M3Z is a scaled-down version of M3A to M3D). The feedback loop composed by M3Z,
M6Y, M6Z, M2Y and M2Z ensures identical drain voltages in M2Z and M2A. Since their drain voltages are identical, the current
matching between them is accurate over process variations even with small transistor lengths. Choosing larger channel lengths for
MOZ and MO also allows accurate matching between them. Now, since the currents through M2Z and M0Z are identical, this
technique guarantees closely tracked currents between M2A and M1A, then minimizing M3A’s current variation.

The purpose of the current mirror pair M6Y, Z is to ensure that the feedback loop is negative. A large NMOS capacitor MC1 is
added in the drain of M2Z to stabilize the feedback loop. The simulated results show that with +/- 80mV drain voltage variation in
M2A over process corners, the current in M3 A is within +/- 2% with only L = 0.25um in M2A. Finally, the transistor pair formed by

M4A and M4B doesn’t require completely in the saturation region (more details in [8]), which allows the maximization of the output

signal swing under 1-V supply voltage.
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Fig. 2. The low-voltage current mirror opamp with the feedback current biasing techniques.

1. LOW-VOLTAGE CURRENT-MODE SUB-ADC

The 1.5b sub-ADC contains two comparators while the final 2b sub-ADC contains three. Conventional voltage-mode differential
pair architectures are not possible to be used in low-voltage designs due to limited voltage swing and input common-mode range.
Also, switched-capacitor comparators cannot be utilized due to the floating switches problems. A current-mode comparator [9] will
be adopted in this design due to its capability in low-voltage operation and adjustable threshold. The current-mode comparator also
exhibits very low kick-back noise from the latch since it is shielded in two steps by the current-mirror and the input resistors.
However, due to the current-mode operation the comparator will draw static power in the current mirror, and in order to reduce ita
low-voltage current-mode sub-ADC architecture is proposed, as shown in fig. 3 in 1.5b version, to share the static current mirror in
the sub-ADC. The current mirror voltages Vi, Viina are generated from the input signal Vi, and Vip,, and Vi, Vien are
generated from the supply rails in order to produce reference voltages for the comparators. These mirror nodes can be shared among
two comparators as shown in Fig. 3, since they have identical thresholds with different polarities (+/- 0.25 V¢ comparator
thresholds as required in 1.5b stages). The zero-crossing points of the two comparators are defined as follows:

Vi =Vim =£%Vpp =£47,,, (1)

The offset of the comparators are far below the specifications due to the large offset tolerance of the 1.5b/stage pipelined ADC
architecture with Digital Error Correction (DEC). Finally, the 2b sub-ADC exhibits a similar technique with different current mirror
ratios for different threshold voltages. In terms of power each 1.5b sub-ADC consumes 250uW whereas the whole 2b sub-ADC

draws 500pW.
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Fig. 3. The low-voltage current-mode 1.5b sub-ADC architecture.
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IV. CIRCUIT IMPLEMENTATION

The proposed reset-opamp ADC has been implemented with a traditional 1.5b/stage pipelined ADC architecture, with a front-end
S/H, 8 MDAC:s, 8 1.5b sub-ADC stages and a final 2b sub-ADC, as illustrated before in Fig. 1. The full-scale differential input range
is 1V, and all reference voltages are generated on-chip from the supply rails by the capacitive charge redistribution [3]. The supply
rails are heavily decoupled by on-chip PMOS capacitors to obtain stable reference voltages and low inductive supply noise.

To cope with several issues emerging from a low-voltage design in the absence of floating switches, various other advanced
low-voltage circuit techniques are further utilized. For low-voltage operation of the opamp, the virtual-ground Common-Mode (CM)
voltage is set at 0.75V while the opamp output CM voltage is set at 0.5V. To handle the low-voltage Common-Mode Feedback
(CMFB) a Virtual Ground Common-Mode Feedback (VG-CMFB) technique [6] has been utilized. Besides that, the front-end
interface with the continuous-time input signal is implemented by a Cross-Coupled input S/H [7]. Finally since the DC gain of the
single-stage current-mirror opamp is not enough for 10b operation, a Low-Voltage Finite Gain Compensation (LV-FGC) technique

[8] is employed also.

V. EXPERIMENTAL RESULTS

The prototype ADC has been fabricated in a standard 1.8-V 0.18um 1P6M CMOS process with MiM capacitor (Viy/Vip, = 0.63
/-0.65V typical). The chip microphotograph is shown in Fig. 4 with an active die area of 2.2mm?. The 10b digital data are captured
by a logic analyzer and transferred to a computer for data analysis. Fig. 5 presented the printed-circuit board and the measurement

setup.
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Fig. 4. The microphotograph of the low-voltage ADC.
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Fig. 5. Printed-Circuit Board design and Measurement Setup

The static performances of the ADC are measured using the traditional sine-wave histogram method. The measured Differential
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Nonlinearity (DNL) and Integral Nonlinearity (INL) of the ADC are +0.5 / -0.9 LSB and +1.1/-1 LSB, respectively and are
represented in Fig. 6.

The dynamic performances of the ADC are also measured by evaluating the spectrum of the captured data. Fig. 7 shows an FFT
spectrum of the ADC with £, = 9.1MHz, amplitude of A;, =-0.1 dBFs input signal with SNDR = 54.5 dB, THD =-70 dB and SFDR
=74 dBc, respectively. The ADC consumes 40mW from 1-V supply, and the performance is summarized in Table 1.

DIFFERENTIAL NONLINEARITY vs. DIGITAL OUTPUT CODE
0.5 T T y T i Technology 0.18um 1PEM CMOS with MiM
Fin=9.1MHz Resolution 10b
% Aln=- 0.1 dBFS Supply Voltage 1V
mg': '_’m‘ﬁ Full-Scale Input Range 1Vp-p differential
b ! H 2‘40 SFDR =74 dB Sampling Rate 40 MS/s
o 200 200 600 800 1000 g ADC Active Area 2.2 mm?®
DIQITA QUTEUT.CODE ® ADC Core Power 40 mw
NTEGRAL NONLINEARITY vs. DIGITAL OUTPUT CODE
5 ohllthias o §, DNL +05/0.91S8
L e INL +1.1/-1LSB
1001 SNDR @ fin = 9.1MHz 54.5dB
ENOB @ fin = 9.1MHz 8.8
: V 2 ! ! ' SFDR @ fin = 9.1MHz 74 dB
At — = = o T 0 2 4 am:“";:"::g' 14 16 18 20 THD @ fin =9’LMHf . ~70dB
DIGITAL OUTPUT CODE Effective Resolution ith BBMHz
Fig. 6. The measured DNL and INL. Fig. 7. The spectrum of the ADC. TABLE I Performance Summary

VI. CONCLUSIONS

This paper presents an implementation of a 1-V 10b 40MS/s pipelined ADC fabricated in 0.18pum CMOS with MiM option. Two
circuit techniques are employed in the design to cope with low-voltage analog design requirements. The first technique, namely the
feedback current biasing, is employed in all opamps in the ADC to suppress the process variations in the current matching of
short-channel MOSFET. Second the low-voltage current mode sub-ADC architecture is proposed to share the static current mirrors
among all comparators in a sub-ADC to reduce the static power consumption. The measured DNL and INL are within 0.9 and 1.1
LSB respectively. The ADC achieved a peak SNDR of 54.5 dB with an effective resolution bandwidth as large as 66MHz, while

consuming only 40 mW under the very low supply voltage (1-V), with an active die area of 2.2mm".
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