" IX SemetrO

DESIGN OF A DIFFERENTIAL OPERATIONAL AMPLIFIER INA  CLOCK-
LESS A/D CONVERTER

S. A. RodriguesR. C. S. Freiré H. Aboushady, M. M. Louérat andJ. |. C. Accioly

! Electrical Engineering Coordination, Federal Insétof Education Science and Technology (IFPB), Reéssoa — PB — Brazil —
sabiniano@ifpb.edu.br
2LIP6 Laboratory, University of Pierre & Marie CariParis, France - Hassan.Aboushady@lip6.fr
3 Electrical Engineering Department, Federal Uniitgisf Campina Grande (UFCG), Campina Grande — ParaBezil -
rcsfreire@dee.ufcg.edu.br

Abstract: This paper presents a differential operational _A

e . . . - . CMRR =—¢
amplifier used in a continuous-time 8-bit foldingaéog-to- A, ©)
digital converter. The clock-less architecturedsposed of

8 identical stages with 1 bit/stage. The circuilésigned in Clocked processors have dominated the computer
a 350nm CMOS process with a supply voltage of 3.3\/|ndustry since the 1960s because chip designershteaw as

Simulation results show that, with this operatioaaplifier more reliable, capable of higher performance, e to
the 8-bit clock-less ADC can achieve a Signal-tass@nd design and test than their clock-less counterpatts.clock

. . . establishes a rhythm that drives all chip, and timse
D|stort|on. Ratio of 53dB. The ADC has a POWET ¢onstraints make design easier by reducing the eurab
consumption of 5.51mW.

control decisions [1].
In synchronous designs, the data moves on everk clo
' edge, causing voltage spikes. In clock-less chilaga are
not all produced at the same time, which spreatisuuent
flow, thereby minimizing the strength and frequenafy
1. INTRODUCTION spikes and emitting less electromagnetic interfeggiEMI).
The low-voltage, high-performance IC's employed inLeéss EMI reduces both noise-related errors withioudts

modern communication products frequently must emploand interference with nearby devices [1].

Key words: differential, operational, amplifier, clock-less
analog-to-digital converter.

fully differential signal paths in order to achiesafficient Asynchronous chips have no clock and each circuit
signal amplitude with a minimum of power. powers up only when used, so asynchronous processer
Many electronic devices use differential amplifiersless energy than synchronous counterparts [1].
internally. The output of an ideal differential alifipr is Moreover, regular sampling time uncertainty introeis:
given by: additional errors when analog signals are sampieztjaal
V,, =A, (V) -Vo) time intervals and reconstructed at time intertadd show a

i ) ) (1_) timing uncertainty or vice versa. Sampling clock®ow
where Vin+ and Vin- are the input voltages and &the 141t term and long term time jitter. Especiallg tehort

differential gain. o _ term time jitter has influence on the performandeao
In practice, however, the gain is not quite eqaalthe  ~;nverter 2].
two inputs. This means, for instance, that if Viard Vin- In continuous-time system the amplitude can be

are equal, the output will not be zero, as it wobkdin the  o,antized into discrete amplitude levels, resultingan
ideal case. A more realistic expression for thepoubf a amplitude discrete signal. This operation can béopmed

differential amplifier thus includes a second term. to maintain well-defined amplitude levels when silgnpass
Vo S ALV Vo)A Vin + iy through several processing stages.
out Tt Tind e Reference [3] has confirmed that continuous-tingmai

processing is possible, and that it presents skvera
advantages in comparison to the classical distime-case:

no signal aliasing, no quantization error aliasithgs avoids
sub-harmonic components, and reduces the in-band
guantization error power.

Analog-to-digital converters (ADCs) are usually
specified to have a fixed conversion time, but kiess
ADCs is gaining relevance in many fields, rangimgni
astronomy to medicine [4]. Some applications inigonents
of the medical area, such as X-rays and spectrgmetr
equipments need ADCs that are activated by thenbetj

Ac is called the common-mode gain of the amplifier.

As differential amplifiers are often used when & i
desired to null out noise or bias-voltages thateap@t both
inputs, a low common-mode gain is usually considere
good.

The common-mode rejection ratio, usually definethas
ratio between differential-mode gain and common-enod
gain, indicates the ability of the amplifier to acately
cancel voltages that are common to both inputs.

Common-mode rejection ratio (CMRR):



of the event and closed down in the end, to corttnel
energy sent during the event. Thus, the conversma has
a large range of variations [5]. In this paper weppse the
design of a differential operational amplifier fose in an
architecture for a clock-less 8-bit 1-bit/stagedifoy ADC.

The use of differential operational amplifiers Iysn
several advantages as high rejection of supplyenaisd
higher output swings. And these features are weportant
in clock-less A/D converters.

2. BASIC CONCEPT OF THE CONVERSION
TECHNIQUE

The general architecture of the proposed clockAd3€
is shown in Fig. 1. This structure is a foldinghdrecture. It
is one of a number of possible serial or bit-pagst
architectures. It consists of a cascade of idenstages,
with one 1-bit sub-ADC and a gain stage multiplyibg
either 2 or -2.
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Fig. 1. Block diagram of the clock-less folding ADQvith 1-bit/stage.

The idea behind this A/D converter is based on th?ol

general rectification algorithm [6]:
Vout = Z‘Vn‘ - VR

ef (4)
A block diagram of one stage of this ADC along witth
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Fig. 3. Differential realization of one stage a okck-less folding ADC.

In the proposed clock-less ADC, when the analogitinp
signal crosses the reference levels, only the sifythe
signal is inverted, thus relaxing the requiremeois the
operational amplifier. This scheme has often bedarred
to as serial-Gray (since the output coding is iayGrode),
or folding converter because the shape of the feans
function. Performing the conversion using a transfe
function that produces an initial Gray code outhas the
advantage of minimizing discontinuities in the des
output waveforms and offers the potential of opegatat
higher speeds than the more conventional binaryomgh
[10].

3. CIRCUIT DESIGN

The first step in designing the proposed clock-less
ding ADC is to determine the operational ampglifi
specifications.

A complete model of an 8-bit clock-less folding APC
using the 1-bit architecture illustrated in Fig\8as build

Single-ended current-mode implementations have beeimplifiers. This model was used to determine theimmim

proposed in [6,7,8].
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Fig. 2. Conversion algorithm of a folding ADC stag€9].

specifications of the operational amplifier spexgfions in
order to achieve a Signal-to-Noise and Distortioati®
(SNDR) higher than 50dB.

In order to calculate the SNDR, first the digitaltput is
passed through an ideal DAC, second the contintimes-
analog output is sampled using a high sampling rate
compared to the input signal frequency range amall§i an
FFT is performed on the sampled signal. An SNDRhéig
than 50dB was achieved with a DC-Gain of 70dB and a
Gain-Bandwidth-Product of 45MHz.

Note that a conventional 8-bit discrete-time ADQ@muat
theoretically achieve a SNR higher than 49.76dB
(6N+1.76dB). These results support claims mad&jnHat

In this work, we propose to build the conversioncontinuous-time ADCs have lower quantization ndisan

algorithm illustrated in Fig.2, using the differetvoltage-

mode circuit shown in Fig.3. The output voltage eafch

stage of the proposed clock-less ADC is as follows:
V = VDP (2Vinn + Vrefp ) + VDN (2Vinp + Vrefp)

V = VDP (2Vinp + Vrefn ) + VDN (2Vinn + Vrefn )

outp

(®)
(6)

outn

their discrete-time counterparts.

The operational amplifier used in the design of the
bit/stage ADC is show in Fig. 4, 5(CMFB circuit) dan
6(Bias circuits). This is a two-stage amplifier ngsiMiller
technique for frequency compensation.

This differential amplifier was designed in 350nm
CMOS technology for the specifications determinedhe
previous section. The transistor sizes of the dmeral
amplifier are shown in table I.



Table 1. Dimensions of the operational amplifier'sransistors. Voo Voo

Transistors WI/L (um/pm)

MNAOL, MNAO2 5.53/1.0 | wewrs | eans
MPAO3, MPAO4 15.90/1.0 _||_‘ _||_‘
MNAO5 11.37/1.0

MPAO6, MPAOS 127.73/1.0 swca EVRIA

MNAO7, MNAQ9 49.46/1.0

MNAL0 39.77/10.00 l: ) l: l
MPALL 1.51/10.00 :}Lg l' Illm :
MPA12, MPA13 12.58/10.00

MNAL4 4.46/10.00

MNAL5, MNAL6 2.23/10.00

MNAL7 8.81/10.00

MPAL8 99.57/10.00

MNAL9 0.61/10.00 £ L

Fig. 6. Bias circuits. CMFB — left (SMCA out) and Rist stage — right
(EVP1A out).

4. SIMULATION RESULTS

Vinn I — The amplifiers specifications are show in tableThis
: "l amplifier is used to design an 8-bit clock-lesdiioy ADC

— based on the architecture illustrated in Fig.3.

SPA ccb

!
MPA0S

= + = Table 2. Specifications of the operational amplifie
Ao 71.65dB
Fr 45.4 MHz
Fig. 4. Two-stage differential amplifier.(10 = 20uA; 11 = 10 pA; 12 = SR 23.5 Viys
Consumption 140pwW

100 pA)(Vinp, Vinn, NMC1 and EVP1A (in); SPA and SM (out))

Voo The ADC is simulated by applying a sinusoidal signa
with maximum signal amplitude and a frequency df-&.
Fig.7 shows the FFT of the output of the clock-lEdding

j < ADC. It can be seen that the 3rd harmonic is aroG0diB
MPA12 MPA13
NMCA }_| I_I

and that the folding ADC achieves a maximum SNDRBf
dB in a 50 kHz bandwidth.

The performance and the circuit characteristicghef

||3 Idl I"l ADC are listed in table Ill. From this table, wencsee that a
SMCA_ll: :l :I clock-less folding ADC achieves high performance.
MNA14 MNA15 MNA16
FFT - Origami Clock-less ADC
] T T

EVP1A ‘ 2oL SNDR=53.1dB J
L |

SoP SON
MNA17

Fig. 5. Common-Mode Feedback Circuit (CMFB).(EVP1A=0.736 V
(in); NMC1 = 2.44 V(out); SMCA = 2.44 V (in); 13 =1 pA; 14 = 0.5 pA;
I5 =2 pA; SOP and SON (in)) ey
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Fig. 7. The Power Spectral Density of the output ad clockless Folding
ADC using the two-stage differential amplifier of Fg.4 and the
dimensions of Table 1.



Table 3. Specifications ADC Folding.

Folding
Input Frequency (fin) 8 KHz
DC Gain (amp.) 71.65 dB
GBW (amp.) 45.4 MHz
Resolution 8 bits
Power consumption (Analog Parts)  5.51 m\W
ENOB 8.53 hits
SNDR 53.1 dB

5. CONCLUSIONS

In this paper, we propose the design of a diffeaént
operational amplifier to use in an architecture doclock-
less folding ADC. The proposed 1-bit stage is based
differential voltage-mode circuit.

The required operational amplifier specificationsrev
determined by simulation in order to obtain the ies
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