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Abstract— A sigma delta (CA) ADC for sensing application is keep a 1.8V supply voltage for a large dynamic range consid-
presented in this paper. Several techniques are adopted tan  eration, we propose the use of high threshold voltage NMOS
plement a low power high dynamic range ADC. Firstly, a single  angjstor in the inverter stage, resulting in improveceiter

stage inverter replaces the commonly used differential anfier, . ithout i . it t | s
in order to reduce the static current. Secondly, the normal NMOS gain without increasing parasitic capacitance, also tea

transistor in the inverter stage is replaced by a high thresbld @ better linearity performance. Secondly, charge leakage d
device. As a result, with the same transistor size and supply to the forward-biased parasitic diode is eliminated by gisin

voltage, the gain of the inverter can be enhanced while the st  charge protection switch scheme in tH& modulator design,

circuit current can be reduced. Thirdly, the charge leakagedue leading to improved effect-number-of-bit (ENOB)
to the forward-based parasitic diode is eliminated by usinga Thi . ized foll | t I th
charge protection switch and rearranged reference schemé he IS paper IS organized as follows. In section 11, the

proposed A ADC is implemented and fabricated using TSMC Proposed inverter-basedA ADC is described in detalil. In
0.18:m technology. The simulation result shows that for a 1.8V section lll, the simulation results are presented and coetpa

supply, 25MHz sampling frequency and 125 oversampling rat, with the previously reported designs. Section IV concludes

the power consumption is 63.ZW and 116, dynamic range this paper

is 80dB and 83dB, the ENOB is 11.5 and 11.7bit for a single- )

ended and a pseudo-differential configurations, respectely. The ||, THE PROPOSEDSECOND-ORDER INVERTER-BASED S A
presented ADC scheme can be applied in a Full HD image sensor ADC

running at up to 50 frames/s. ) )
Index Terms— inverter-based, ©A ADC, high dynamic range, The block diagram of a typical second ordeA ADC can
low power. be simplified as shown in Fig. 1.

I. INTRODUCTION Vin

The continuously scaling-down trend of the device size in
CMOS technology allows larger sensor array implementation
on a single chip, which requires low power, moderate speed
analog-to-digital converter (ADC) unit&.A ADC is one of
the most digitalized ADC schemes [1]. Normally, only the Fig. 1. Simplified block diagram of a typical second ord&f ADC.
first stage integrator should be carefully designed and the
amplifier is the most important analog block in the integrato The most important analog circuit in this block diagram is
As the CMOS technology is scaling to the deep submicrdhe loop filter which typically consists of two integratomr f
feature, it is much more difficult to design the amplifier irh second-ordeEA modulator. Conventionally, the integrator
conventional scheme [2]. Therefore, investigating a dlgitis implemented by a differential amplifier with some switch
way to implement & A ADC is important, especially when capacitors. Since this differential amplifier requireg@band-
integrating the ADC within advanced system-on-chip. width and high slew rate determined by the sampling clock

Su, et al. proposed to implement the integrator of Yhe  frequency, the static current consumption is very largés Th
ADC using only an inverter instead of a differential amplifielarge static power makesA ADC less attractive compared
[3] and experimental results also show a significant powtt successive-approximation-register (SAR) ADC, in terms
saving compared with the conventiong/A ADC scheme. of the energy efficiency when ENOB is less than 12bit.
However, the single-ended inverter has a poor power-suppﬁi)rtunatew, for the second-order integrator, each areplifi
rejection-ratio (PSRR), which can be effectively improwgd does not require a high DC gain. A given ENOB defines
using a regulated power supply, adopting a pseudo-difﬁ;ﬂenthe minimum combined gain for the second-order integrator,
configuration [4] or introducing a correlated double samgpli expressed in Eg. 1 [6].

(CDS) mechanism.

In this paper, we presents an inverter-based ADC

design, featuring two major contributions. Firstly, in erdo

HZ)= [ A/D J Dec. filter [ Dy,

D/A

ENOB < log, (%) ~ log, (Avy - Ave) +C (1)
IN
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Where, the value o depends on the cap ratiaril /C2
and for a 12bit ENOB, the combined gaiw; - Av, is in
the order of 72dB, referring to a 100 gain for each invert
with an 8dB margin. In order to address this energy efficier  -so-
issue, some low-power high-speed integrator with low Gta
current schemes were proposed such as VCO-based integ>
[5] and inverter-based integrator is the simplest amorgstt =
Generally, an inverter-based integrator uses an investéha §D
amplifier. Without a virtual ground, the offset voltage oethw
inverter should be auto-zero and stored in a capacitor gur
the reset phase. During the charge transfer phase, theédnvi 50 Jo.2
performs as a class AB or class C amplifier [4]. The DC ge
for a typical CMOS inverter can be derived as follows.

Normal inverter gain
0.6
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e
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A’U = (gmN + ng)(roN//roP) Supply voltage (V)
{ gm X V(]S T V;Eh (2)

To X A Ve —Vin)2 Fig. 2. Simulation results for the gain and slew rate as atfonoof the
. o . ) supply voltage on the conditions of 300fF load capacitararettie normal
It is clear that the gain is approximately inversely proiaverter and the proposed inverter.

portional to the overdrive voltageVg, — V). Choosing a
proper supply voltage, the inverter can achieve a good trade
off between power consumption, gain and speed [7]. Howevéatger capacitance in [3] and thus, both power consumption
for a large dynamic range requirement, it is not desirable &nd chip area are reduced.
degrade the supply voltage, which is KT/C limited. For the similar consideration in terms of charge leakage, we
Instead of achieving a high-gain low-power inverter bgonnect node A to a reference voltage of about 0.6V, instead
tuning the supply voltage [7], in our design we replace thef connecting to Gnd as reported in [7]. Shown in Fig. 4.
normal NMOS transistor in the inverter by a high thresholB, there is no forward-biasing state at the NMOS transistor’
voltage device (using a 3.3V NMOS transistor). The DC gairthffusion region. Therefore, the charge leakage is elitgida
and the slew rate of the proposed and normal inverters ast ahould be noted that, for a pseudo-differential confitjora
function of the supply voltage are shown in Fig. 2, for a 300fthese techniques mentioned above are also effective.
load capacitance. The slew rates for both inverter schenees a
similar by tuning the transistor size. The gain of the pregubs
inverter is however larger than the normal inverter acrbss  '2}
supply voltage range from 1V to 1.8V. In other words, i
increasing the gain of a normal inverter to the same va _
as the proposed scheme by supplying a lower Vdd, its settlg
time will be lower than the proposed inverter. As a result,§ oe|
high gain and large slew rate inverter is achieved with a I<§
parasitic capacitance and 1.8V power supply, leading tgh £ >
dynamic range ADC performance. 02}
Another issue is the charge leakage. Conventionally,
capacitorCs is directly connected to the output of the invert Without charge
[4]. This connection may introduce a forward-biased pémas ©°2 ‘pmfcmr CD e
diffusion diode in the switch transistofcp. As a result, 0 0 00y K0 00 20 A0 iy 0
the charge in this diode will leak to the supply or grounu.
A transient simulation is performed in Fig. 4. A, indicating
this charge leakage phenomenon. The forward-biasing oRly. 4. Transient simulation for the voltage in the diffusiparasitic diode
happens when the floating voltage is beyond Vdd or Gmdthout (A) and with the rearranged switches and referer(Bds
after turning off the charge transfer switdfyr. We use an
additional switchS-p as a charge protector, as shown in Fig. The ratio of C1/C2 is 1/2 which performs a trade-off
3. In the design [3]Scr is used only for the consideration ofbetween noise shaping efficiency, the inverter's outpuhgwi
reducing clock feed-through. The auto-zero mechanism]in [&8nd chip area, according to the signal-to-noise-and-tiisto
is also different from our design. We use a dedicated cagacitatio (SNDR) simulation result. The sampling capacitandée C
C 4z 1o store the offset voltage, instead of storing it using Cis only 75fF since the KT/C noise is reduced by multiple
whereC4z = 4C1. SinceC2 = 4C1, the total capacitance sampling, which can be much smaller than a conventional
for the proposed integrator is on§C'1, compared to a twice Nyquist ADC’s pF level sampling capacitance [7].
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Fig. 3. The proposed inverter-based sigma delta ADC scliemat

IIl. CHIP IMPLEMENTATION AND SIMULATION

The proposed inverter-baseti\ ADC with a single-ended
and pseudo-differential configurations are implementédgus s
TSMC 0.18:m mixed-signal 1p6m technology. The quantize
is implemented using a dynamic latch. D flip-flop is used f
the delay element. Fig. 5 shows the layout of the modula g
part. The layout has only g pitch in order to meet the g SNR SNDR
requirement for a CMOS image sensor pixel feature. A free ri 40
is simulated and 12500 points bitstream is recorded for e:a |
result. As shown in Fig. 6, the dynamic ranges of the propos
ADC are 80dB and 83dB, the peak values of SNDR a
72.7dB and 73dB (11.79bit and 11.84bit ENOB) under 25MF 10
sampling clock and 125 oversampling ratio, for a singleeshd ‘ ‘ oA ,
and differential configurations, respectively. The baruttviis B etage ) ° By A
100KHz which is a basic requirement for a column-parallel @*) ®)

ADC array, implemented in a Full HD (19201080) resolution

image sensor running at 50 frames/s. The power spectréiim 6. The simulated SNR and SNDR as a function of the inputliamle
density with a 20kHz -9.5dB sinusoid input voltage is shomwn ifor @ single-ended (A) and a pseudo-differential (B) corragons.

Fig. 7, indicating a second-order noise shaping. The litbear

of the proposed ADC is shown in Fig. 8, with a second

order 12b decimation filter and 125 sampling cycles. With DC

voltage inputs, the peak INL is +/-10LSB (+/-0.25%) whil [ 7 :
DNL is limited to +/-0.1LSB (+/-0.0025%). The performanc || | e
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of the designed chip is summarized in Table I. NHEE B e ‘ L e
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Fig. 5. Layout of theXA modulator. (A) (B)

i ; ig. 7. The simulated power spectrum density for the siegided (A) and
In order to compare Fhe proposeq ADC with other pr_eylougiﬁerential ADC (B) for a 20kHz -9.5dB sinusoid input.
ly reported work, two Figure-of-Merits about energy effiaig
(FOM;) and chip area efficiencyF{OM,) are defined by
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TABLE Il
FIGURE-OF-MERITSCOMPARISON

Specification This work This work [31A [3]* [4] * [4] *
Single-ended A | Pseudo-differential A
Power consumption 63.7uW 116pW 40pW 42uW 36uW 5.6uW
Core area 1890um’ 3780um’ 540200um> 715000um> 3024um*
Order 2 2 3 3 3 2
Peak SNDR 72.7dB 73dB 69.01dB 61.96dB 81dB 63dB
ENOB 11.79bits 11.84bits 11.17bits 10bits 13.16bits 10.17bits
Bandwidth 100KHz 20KHz 8KHz
Process 0.18um 0.35um
FOM1 88.5f/step 15911/step 4341f]/step 10001J/step 981J/step 300£J/step
FOM2 2.36 e-6 4.56e-6 5.9e-3 13.2¢-3 1.9¢-3 1.64¢-4
um?*/step.Hz um?/step.Hz um?/step.Hz | um?/step.Hz | pm?/step.Hz | um?/step.Hz

A Simulation results
* Measurement results

DNL (LSB)

INL (LSB)

0 1000

2000

3000

Code (LSB)

(A)

Fig. 8.
Linearity, INL (B).

-10
0 1000

TABLE |
CHIP RESULT SUMMARY
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Code (LSB)

(B)
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Simulated Differential Non-linearity, DNL (A) andhtiegral Non-

Specification Single-ended | Pseudo-differential
Dynamic Range 80dB 83dB
Peak SNR 80dB 81dB
Peak SNDR 72.7dB 73dB
Power consumption 63.7uW 116pW
Core Size 270 x 7um’ 270 x 14um’
Signal Bandwidth 100KHz
Sampling Frequency 25MHz
Supply Voltage 1.8V
Technology TSMC 0.18um mixed-signal 1p6m

Eq. 3 and Eq. 4, respectively [7]. The comparison results ar[g]
summarized in TABLE. Il, showing obvious improvements for

both criterions.

FOM, =

FOM;, =

Power

2ENOB x 2 x BW

Area

2ENOB x 2 x BW

©)

(4)
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IV. CONCLUSION

A second-orderx>A ADC is presented in this paper. In
the proposed design, the integrator is implemented by using
an inverter, which has a normal threshold PMOS and a
high threshold NMOS transistors. As a result, without gjzin
up the transistors and losing dynamic range, the proposed
inverter can achieve a large DC gain with high dynamic range.
Additionally, the charge leakage due to the forward-based
parasitic diode is eliminated by using a charge protection
switch and rearranged reference scheme. Simulation sesult
using TSMC 0.18m process show that using a 1.8V supply
voltage, 25MHz sampling frequency and 125 oversampling
ratio, the power consumptions are 63W and 11V, the
peak SNDRs are 72.7dB and 73dB, the dynamic ranges are
80dB and 83dB, for a single-ended and pseudo-differential
configurations, respectively.
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