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LOW-VOLTAGE PIPELINED ADC USING OPAMP-RESET SWITCHING TECHNIQUE

ABSTRACT

A low-voltage opamp-reset switching technique (ORST)
which avoids clock boosting/bootstrapping, switched-opamp,
and threshold voltage scaling is presented. The switching
technique is applied to the design of a 10-bit 25SMSPS pipe-
lined ADC. The prototype ADC demonstrates 55dB SNR,
55dB SFDR, and 48dB SNDR at 1.4V power supply. The
ADC operates down to 1.3V power supply (|Vra,p|=0.9V)
with 5dB degradation in performance. Maximum operating
frequency is 32MSPS. The ORST is fully compatible with
future low-voltage submicron CMOS processes.

I. INTRODUCTION

The continued down scaling of transistor dimensions in
submicron CMOS technology brings much optimism to cur-
rent and future digital IC systems. While this trend directly
implies increased digital signal processing power, it also
brings to attention difficult analog IC design challenges. One
of the key analog limitations of the state-of-the-art and fu-
ture submicron CMOS technologies remains the restricted
power-supply voltage, limited primarily by the thin gate ox-
ide that is prone to voltage stress reliability and breakdown.

One circuit type directly affected by this low-voltage
problem is the switched-capacitor circuit, used in many prac-
tical analog signal processing applications including data
converters. The fundamental limitation on the operation of
a floating switch arises when the supply voltage becomes
less than the sum of the absolute values of the PMOS and
NMOS threshold voltages. This is illustrated in Fig. 1.

There are several well-known approaches used to bypass
this problem. These approaches include the clock boosting
scheme (e.g. 2Vpp clock signal) [1] which cannot be used
in the submicron low-voltage CMOS process; the use of
scaled/lower threshold transistors which would suffer from
an unacceptable amount of leakage current; the use of boot-
strapped clocking [2]-[3] which imposes a temporary but
large voltage glitch (2Vpp) jcross the gate oxide; and the
switched-opamp (SO) technique [4] that is fully compati-
ble with low-voltage submicron CMOS but speed limited
by transients from the opamp being switched on/off.
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The topology of the opamp-reset switching technique
(ORST) [5] for low-voltage operation that is fully compati-
ble with current and future submicron CMOS technology is
illustrated in Fig. 1. Note that the floating switch of the con-
ventional stage is eliminated (like the SO), and the operation
of the grounding/resetting switch used in both conventional
and SO circuits is replaced by the sourcing opamp placed in
the unity-gain configuration. Unlike the SO, ORST keeps
the opamp active during the reset phase.
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Figure 1: Conventional to low-voltage ORST topology.

I1. Low-VOLTAGE ADC DESIGN

A block diagram of a 10-bit 1.5-bit-per-stage pipelined
ADC is presented in Fig. 2. The ADC is composed of 9
cascaded stages with a front-end input sampling circuit. The
ORST is employed as a pseudo-differential form in MDACs
and the input sampling circuit. The proposed MDAC is
shown in Fig. 3. To avoid the common-mode error accu-
mulation problem that would normally result in a pseudo-

differential structure without common-mode feedback, cross-

coupled feedback capacitors are used to realize the required
residue amplification (differential) of 2 while yielding a re-
duced common-mode gain of 1. The small amount of differ-
ential positive feedback created due to cross coupling allows
the differential gain of

Aprrr = Cs/(Com — Come) =2 1
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and the common-mode gain of

Acym = Cs/(Com + Comz) = 1. @)

The common-mode is retained throughout the stages with-
out requiring additional common-mode feedback circuitry.
The reference injection circuits are shown at the top/bottom
of the figure as separate branches. Due to the low-voltage
operation, they could not be incorporated into the signal
path with the capacitor flip-over topology (requires use of
floating switches) as in the conventional MDAC [6]. Be-
cause the switches are to be connected only to high (Vpp)
or low (GN D) voltages for proper low voltage operation,
the reference value is generated by a capacitor ratio. Vgrer
range of Vpp/2 is created by the input sampling to refer-
ence capacitors ratio of 8:1.
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Figure 2: ADC block diagram.
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Figure 3: Pseudo-differential 1.5-bit MDAC using ORST.

A major challenge in the low-voltage ADC design is to
sample and transfer signals accurately and fast from sources
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external to IC . One such circuit exists in the context of
a SO structure [7]. Fig. 4 shows the proposed input sam-
pling circuit. During the output reset phase (¢2), Vxp is
pulled up to Vpp while C; is precharged to Vpp and C,
discharged. During the amplification phase (¢), Vxp be-
comes Vpp /2 (i.e. Vparr) due to charge sharing between C;
and C. The buffered (inverting gain) input signal appear-
ing at Vourp (Vourn) is sampled by the first sage MDAC
during this phase. Assuming that the input common-mode
voltage is Vpp/2, the output common-mode voltage also
becomes Vpp /2 because of an intermediate virtual ground
Vx p. However, the voltage division between R; and the
on-resistance of M PP introduces nonlinear voltage fluctu-
ation at Vx p. Since the output voltage is a function of Vx p,
signal distortion results. Straightforward way to reduce the
distortion is to increase the size of M PP which results in
increasing the chip area. In the proposed circuit, a differ-
ential resetting switch M PC is employed. It can be made
half the size of M PP and achieves the same performance
as doubling the size of M PP. Using M PC also helps to
suppress even harmonics, that are due to device mismatches
in the two pseudo-differential signal paths.
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Figure 4: Low-voltage input sampling circuit.

The fully-differential comparator used in the flash ADC
is shown in Fig. 5. Similar to the MDAC implementation,
to avoid using floating switches, the effective Viygp /4 ref-
erence is provided by a separate capacitor branch Cg. The
additional capacitor branch C¢ effectively provides level
shifting and voltage division to ensure that comparator input
nodes Tp and Ty (gates of NMOS differential-pair) remain
equal to or below Vpp.
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Figure 5: Fully-differential low-voltage comparator.

IT1I. MEASURED RESULTS

The prototype ADC was fabricated in a 0.35um CMOS
technology where |Vrg, p|=0.9V and occupies 1.6mm x
1.4mm of active die area. All measurements were obtained
with a 1.4V power supply. For a IMHz input at 25MSPS,
measurements demonstrate 55dB SNR, 55dB SFDR, and
48dB SNDR. The measured DNL and INL at 25MSPS are
shown in Fig. 6, and the dynamic linearity measurements
are summarized in Fig. 7. The large INL jumps are ex-
pected to be coming from the poorly matched 0.1pF ca-
pacitors. The unchanging SFDR with respect to full scale
(all spurious tones were harmonics) over input signal level
down to -40dB indicates that the performance limitation is
primarily due to poor capacitor matching. The total power
consumption at 2SMSPS and 1.4V is 21mW. The proto-
type ADC is fully functional at 1.3V with 5dB performance
degradation. As shown in Fig. 7, the ADC’s maximum op-
erating frequency is 32MSPS. The die micrograph is shown
in Fig. 8. Table 1 summarizes the measured performance of

the ADC.

IV. CONCLUSIONS
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Figure 6: DNL and INL at 25MSPS.
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Figure 7: Dynamic measurements with IMHz input and 25MSPS (unless noted otherwise).

Technology 0.35-um 1P 5M CMOS
Resolution 10-bit
Chip size l.6mm x 1l.4mm
Supply voltage 1.4 Vv
Conversion rate 25 MSPS
Power consumption 21 mW
DNL / INL 0.9 LsB / 3.3 LSB
SNR / SNDR 55 dB / 48 dB
SFDR 55 dB

Table 1: Measurement summary.

Figure 8: Die photograph.
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