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Abstract: Problem statement: The design of multi-valued quaternary based AnatsBigital
Converter (ADC) circuit was presented. The ADC gatess multi-valued logic outputs rather than the
conventional binary output system to overall refurcin circuit complexity and sizé&\ppr oach: Design

was implemented using pipeline ADC architecture amad simulated using model parameters based
on standard 0.13 um CMOS proceRssults: Performance analysis of the design showed desirable
performance parameters in terms of response, lavepoonsumption, and a sampling rate of 10 MHz
at a supply voltage of 1.3V was achiev&bnclusion/Recommendations. The ADC design was
suitable for the needs of mixed-signal integratédu@ design and can be implemented as a
conversion circuit for systems based on multiplkied logic design.
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INTRODUCTION representation such as in Multi-Valued Logic design
approach.

The era of digital electronics has been relying fo Multiple Valued Logic (MVL) design approach,
long on the use of binary logic in the represeatatf  unlike the conventional binary logic approach, ives
signals, analog and digital alike. This involvesthe use of more than two discrete logic levels éad
representing signals in a format using two discretél’) for representation of a digital signal. The
levels corresponding to logic ‘0’ and logic ‘1'. lan  theoretical advantages digital systems designeth wit
attempt to achieve more efficient and advancednulti-valued logic approach include the abilitiascls
realizations of electronic systems, binary logicas embedding of greater information content or
implementation has witnessed various advancementgducing the number of gates required to implement
leading of course to its present level of sophastim  logic functions as well as reducing the number atiad
and complexit{f'. However, major issues such as theinterconnect lines within and in between the chipen
problem of components’ interconnect and increasingt comes to in IC fabrication and design while
chip density still pose major threats to the carmgith improving the overall performance of the sysfefn
development of fabricating large scale binary iriégd  However, these advantages can only be achieved
systems and implementation in Very Large Scalehrough efficient circuit realizations of MVL builth
Integration (VLSI). With the ongoing trend of blocks. This work, in line with the increasing derda
incorporating more functions and features intorglsi  for efficient data conversion circuits in mixedsads
chip, the chip density is greatly increased, likeyithe and System-On-Chip (SOC) design proposes an analog-
number of interconnects required to transferto-digital converter circuit with multi-valued outts
information within the chip and to communicate with rather than binary output. Such circuits will béeimded
other external devices or chips are greatly in@éas for being used in the future MVL design systems,
the extent of risking the performance of the cligbeé  enabling them to communicate with external devices
mostly dominated by the wirings rather than thaualct and systems for larger data contents and reducageu
number of devices fabricated on dhify The threats of chips space. The remaining sections of this pape
posed by these limitations can be greatly reduaed daiscuss the architecture for the proposed ADC deasy
compensated if digital signals are implemented aten  well as presentation of results of the design and
than two discrete logic levels called higher radixperformance analysis of the proposed architecture.
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Trer explained as follows; the analog input current,is
3 compared with twice the reference currept, I this
Toue Em T T " In determines if the lin is within the upper or lowef of
2 I IR P S the full conversion current range. The comparatedu
" - - ) . here is a cascode current mirror comparator. Theltre
o o3 o ot of th_e comparison controls a MOS switch thus altayvi
or disallowing the flow to the output of a curremto
Fig. 1: Proposed ADC architecture times the logic level current, .. This means that if
the input current, ], is greater than half the full scale
Proposed ADC architecture: The proposed design current range (which is equivalent to two timgs)) the
implements current mode pipeline ADC architecture t current value which is two times the logic curriel
convert analog signals into quaternary (radix-4) IMV ;|| be allowed to flow to the output. This opemati
values. The configuration for a 4 digit resolution generates two discrete current output levels vegipect
Analog-to-Digital Converter (ADC) of the designas o the analog input current,.l In order to obtain the
shown in Fig. 1. The conversion process involvesgis remaining two higher output levels, the differerafe
cascaded levels of comparator cells with the output panyeen 2*erand | is compared withgks to decide on
each cell and its position in the series represgnéi o more precise level in which the input currean be
digit with its appropriate weight of the digitizeditput. judged to be within the upper half or lower halftbé
The number of comparator cells defines the resmiuti full scale current range. If lin is less than @3 the
of the converter. The inputs to the comparator asdl subtraction will not be needed and lin is’ simply

e anelog nout curert to be diies, and hecompared wit, However 1, i greater than 21l
u Ref u u then the difference of,|12*zes Will be compared with

is equivalent to the current value of a single ¢dgivel, ~rinstead. A MOS switch is turned on/off in the case
lLogic: The comparator block produces an output o . . . )
! . . . of which one of the two options on subtraction is
discretized current levelgwhich are multiples of the . . o
ultimately necessary. The result of this compariadh

logic value current, ). The current output level . .

degpends on how nggrlcge the input cur?ent ”nO‘litS i-also control a MOS switch that allows or disallotive

comparison to multiples of the reference curregt | flow of the logic current level, e _to th(_a output.
Rlence an output current of four possible discretels

The comparator cell is also designed to produce af ) ; _
output current, dy which is the difference between the 'S Obtained by adding the resulting current tha heen
allowed/disallowed based on the outcome of the

analog input current lin and the output curreneldy,,. ’ ° ) ]
The current difference output; is used in facilitating Preceding two comparisons for use in the succeeding
the cascading of comparator cells. Rgf to be used as sta_ge in the cell series. This output current @sfin
an input to the next input stage, it has to beestaly a which quarter of the full scale current range the
factor of four since the whole current input rariges analog input current lin falls in. Note that thduea of
been discritized to four output levels. So the tspio  IreriS the same aslc. In the circuit in Fig. 2, inverters
the next comparator cell will be four timesylin place  have been used to strengthen the signals obtained f

of the analog input current, lin and the referenagent  the two comparison stages before it is passed dneto
Irer Will be retained from the preceding stage. TheMOS switch. In order to obtain thgg output of the
whole process is repeated and hence the inputrtsrre comparison block, both the input current, lin andpat

for each successive stage ‘i’ of the comparatdrveigth current b, are mirrored and subtracted from each other.
the reference currentgsy and the input current,l is Due to the differencing technique employed in

|

defined by the relation: determining the output levels for a comparator,cell
. there is a prospect in extending the design of the
lini = 4*(lini-1l outi-2) (1) comparator block for generating higher discretepout

current levels.

The proposed ADC circuit has been simulated
using the model parameters of a standard 0.13 pm
CMOS process. The length for the CMOS device is

MATERIALSAND METHODS chosen to 0.35 pum to achieve higher current gainms f
the current mirrors at all cascaded levels. A Idgiel

Figure 2 shows the schematic of a comparator cellcurrent is chosen to be multiples of 1 pA pending a
The working principle of the comparator cell can belevel as well as a stage selection of a contpacell.
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where, ki1 and b1 are current input and current
difference output of the preceding stage of conpara
blocks.
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Figure 3 shows the digital current output resgltin
from a full-scale analog input current that is vagy
from 0-4 pA for up to four conversion stages rdafiz
a four digit output. The Fig. 3 shows that there ar conversion has a maximum error of 32.9 nA
some missing levels at the forth output digit.

The error plots from the reconstructed signalmissing levels and a maximum of 12.46 nA (0.8 LSB)
using both there and four conversion stages am alsat other intervals.

Fig. 3: Full scale transition

shown in Fig. 4. The reconstructed signal for the

three-stage conversion

is measured

to have a

maximum quantization error of 72.91 nA (equivalent
to 1.2 times an LSB) while that of the four-stage

(equivalent to 2.1 times an LSB) at intervals with
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Fig. 4: (a): Four conversion stage error plot; {fhree conversion stage error plot

! 1 reconstructed wave form can be seen to synthesize
5.0uA : closely the input wave with a couple of glitches as
AT SERREN shown in Fig. 5.
0A -l Hh | tu
SEL= i DISCUSSION
40pA ! 1
Os 20 40 60 80 100 120 140 160 180 200
i) Time (9 The error propagated through the stages of the
conversion process as shown in Fig. 3 due to
5:0pA ! ‘ inaccuracies in the current mirroring technique and
I e e L = those as a result of comparison and subtraction
on pERCTT g ; YHIT] processes. The missing levels are noted to have
occurred at intervals that require transitions féomer-
A0pa to-higher position logic for all output digits. Misg
Os 20 4 6o 80 100 120 140 160 180 200 s .
o1(Q) T (@3 Q16T Q6+ levels are however not present at position of adthi
i output digit.

The advantage of using multi-valued logic circuit
can be noted here as a total of eight conversiagest

The error is seen to be exaggerated beyond theill be needed to achieve a 256 level resolutioimgis
code width at regions with missing levels. For sige binary logic while the same resolution can be gasil
with an output of three quaternary digits withineth achieved in four stages using quaternary logic.
range of 0 to 4 pA, there aré 4) possible output Simulation results further show that the ADC has a
states with a code width of 62.5 nA between eachmaximum rise time of approximately 1.9 ns at theBVS
interval while a design with four quaternary digis| position and 11 ns at the LSB position. The sangplin
have 4 (256) possible output states with a code widthfrequency of the ADC is 10 MHz at a power supply
of 15.625 nA. voltage of 1.3 V and the measured average power

A sinusoidal wave input test is performed for dissipated is also 153.93 pW for the thee-stage
judging the performance of the ADC and aconversionand 791.4 uW for the four-stage coneersi
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Fig. 5: Sinusoidal wave input test
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Table 1: Performance for three and four converstages

Three pipeline stages

Technology Standard 0.18n CMOS Standard 0.13n
CMOS
Resolution 3 digits-64 levels 4 digits-256 levels
Logic value 1pA 1pA
Code width 62.5 nA (1.56% full scale) 15.625 nAR3@~n 1
full scale) ’
Rise time @ LSB 1.314 ns 11ns
INL < 0.62 LSB (0.98% full scale) <2LSB (0.78%
full scale)
DNL < 0.65LSB (1% full scale) <1.4LSB (0.56% 2
full scale) :
Sampling rate 10 MHz 10 MHz
Power supply 13V 1.3V
Power consumption  153.98V 791.4uW

This is considered to be quite low and satisfactory
compared to other ADC designs. Table 1 shows &
performance comparison for the three-stage and the
four-stage ADC conversion stages using the proposed
design.

The glitches as shown in Fig. 5 can be removed by
using filters which are normally part of the anatog
digital conversion process. Pre-amplification ardtp
amplification circuits might also be necessary tmdp
the input current to within the transition rangetbé
ADC design and to set output logic level to theirdes
current levels for the application circuitry. Thigsign g
is currently limited by the error propagated thrioulge
conversion stages which in turn results in mis&avgls
at the fourth conversion stage, the design camntiber
improved by implementing more advanced and accurate
current mirrors at the cost of increased size anger
power consumption. 6.

CONCLUSION

A new ADC design has been proposed in this
research. The design implements multiple valueitlog
output instead of the conventional binary outpthe T
use of multiple-valued logic outputs for ADC design
offers the possibility of an overall reduction imozit 7
complexity and size. A performance analysis testhen
design using the model parameters for a 0.13 pm
standard CMOS process shows the design obtaining
desirable parameters in terms of rise time, speeder
consumption and extensibility of design. Howevée t
error propagated through the conversion stages them
inaccuracies in the mirroring technique resulta ifew
missing output levels. Being modular and cellular i
nature, study is in progress for extending it taigher-
radix ADC design with reduced output errors anddvet
performance parameters. The main purpose for
designing an analog-to-digital converter with highe
radix output is to generate MVL signals. Such signa
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_ will be needed by MVL based devices compatiblego b
Four pipeline stages nterfaced to external devices and systems alike.
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