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Abstract: Problem statement: With the advent of the advanced technology andnied for more
advanced equipment, the current progress and davelat of electronic instruments stimulate more
interest and efforts for more innovative ideas hetler designs. Many real world physical valueshsu
as sounds, temperature, pressure and humiditybeameasured as analog or continuous signals.
However, to process these signals by computersgitaldequipments, we need first to convert these
analog signals into digital or discreet sign@lgproach: There are many types of Analog-to-Digital
Converters (ADCs) which can be classified accordinthe concept on which they were designed. For
example, there are charge-coupled A/D convertegitadiramp A/D converter, successive
approximation A/D converter, voltage-to-frequenciDAconverter, Delta-Sigma A/D converter, Flash
A/D converter and some of these converters reghieuse of Digital-to-Analog Converters (DACS)
and/or analog comparators and some logic moduilexsorhe other cases, many analog comparators are
needed to perform the conversion. We are tryingge a different approach that reduce the design
complexity and improve the measurement quality ingi the double-slope integration concept.
Result: The new design does not require the use of a DAdute, nor does it need to use many
analog comparators to do the conversi@unclusion: The advantage of the new design would
contribute to the simplicity of the design, enhaiitsereliability and guarantee the linearity of the
conversion process that leads into better qualgyriments.
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INTRODUCTION telephones, wireless data network equipment, audio
devices such as MP3 players and video equipmeht suc
An Analog-to-Digital (A/D) converter is an as Digital Video Disk (DVD) players, High definitio
electronic circuit, which converts continuous signa  Digital Television (HDTV) and numerous other
discrete digital signals. An analog signal is comtius  products. ADCs form an essential link in the signal
in time and it is necessary to convert it into gitdi  processing pathway at the interface between thibgna
signal so it can be measured and processed usjitgldi and digital domains. Advances in ADC technoléi
equipmerit™. Most processing equipment today arehave increased the speed, lowered the cost, redheed
digital in nature and they work with signals whiate  power requirements of A/D converters and resulted i
represented as binary values. In a digital or linaran increase in the ADC’s applications.
representation, a signal is represented by a wahnih Digital signals are often an approximation of the
is composed of a finite number of bits. The procgss analog data (like voice or video) that is obtained
of signals is preferably carried out in the digdaimain  through a process called quantization. The digital
because digital processing is fast, accurate diable  representation is never the exact signal, but itstm
A/D converters are widely used for converting agalo closely approximated digital form. So its accuracy
signals to corresponding digital signals in manydepends on the degree of approximation taken in
electronic devices. Analog to digital converterkwl  quantization process. The first advantage of digita
the use of sophisticated digital signal processingcommunication over analog one is its noise immunity
systems to process analog signals, which are commdn any transmission path some unwanted voltage or
in the real world. Many modern electronic systemsnoise is always exist which cannot be eliminatdty.fu
require conversion of signals from analog to digita When a signal is transmitted, this noise gets added
from digital to analog form. Circuits for perforngn the original signal causing a distortion of thensig
these functions are now required in numerous commohlowever, in a digital communication at the recegvin
consumer devices such as digital cameras, cellulaend this additive noise can be eliminated to atgrea
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extent easily resulting in a better recovery ofuatt Comparator
signal. In case of analog communication it's diffido v
remove the noise once added to the signal. Digital
communication provides better security to messtuas
the analog communication. It can be achieved throug
various coding techniques available in digital
communication. Moreover, digital communication ten DAC + Logic
done over large distances through internet andr othe
techniques. Digital signal provides facilities likedeo
conferencing which save a lot of time, money afioref ~ Fig. 1: A basic block diagram of an analog-to-diit
Analog signals suffer from some problems when converter
there is a significant loss of data or slightly Ifgu
equipment while broadcasting the signal. The imgorart
aspects of the analog data are that analog sigisals
simpler technology, signals are continuous, but are
prone to noise & interference, so not exactly wisat
transmitted is received without being altered. Wten
analog signal gets weaker or the equipment are not IO [y
perfect some reception can give some unexpectec [EOC  output
picture, sound, or value. The reason can be becHuse 1
signal interception by other parties with the same s Reset
technology. For this reason, signals are convertad
analogue to digital. However, in digital form, etemnic DAC output
pulses are transmitted in the form of High/Low, ®;5
signals. When these pulses are received, they ean b
added to or removed from the existing data, s@aret
picture can be created and/or a better sound yuwalit ] ] ) o
be produced. In addition, required values will beFig- 2: A basic block diagram for a digital-ramp 8D
received correctly. It is also secure because chatabe
encrypted to stop interception from unwanted psrtie  Digital-ramp ADC: Figure 2 shows a simple block
diagram of this type of ADES. The analog input
Analog-to-Digital Converters (ADCs): There are sjgnal is connected to the input terminal of a
different types of architectures available for A/D Comparator that triggers a binary counter. The tsrun
converters. These types vary in speed, accuracy and connected to a DAC and the output of the DAC is
interface. Among the most common ones that ar@onnected to the other input terminal of the corafmar
commercially available are: The output of the DAC will increase gradually as th
. counter is getting incremented. This process will
* Digital-ramp ADC continue until the output of the DAC exceeds the
*  Successive approximation ADC unknown analog input signal, then the comparator
+ Flash ADC output will change and cause the counter to stabitan

The basic idea of the conversion is the use e\{alue at that moment will represent the value @& th

comparator to determine whether or not to set @ 1 input analog voltage.
particular bit of a binary number output. Most bet ) ) . i ) ]
common ADCs use a DACs and an analog comparatopdCcessive approximation ADC: This type is used in
to carry out the conversith Figure 1 shows a simple Most modern IC ADCs. It is much faster than the
block diagram of an ADC. digital-ramp ADC because it uses a digital logiatth

The logic block can be one of many differentconverges on the closest value to the input analog
designs. The conversion of an analog signal tagiadli ~ voltagé™****** Figure 3 shows the block diagram of a
one is done by comparing the input analog signtii @i  Successive Approximation ADC. The successive
predetermined value (a guess) and if this valus do¢  approximation converter performs a binary search
exceed the unknown input value then the proceds withrough all possible quantization levels before
be repeated until the optimum guessed value isonverging on the final digital value. The simplycof
obtained. Different ADCs use different guess sgwpte the design allows for both high speed and high
or conversion algorithms. resolution while maintaining relatively small area.
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Fig. 3: A basic block diagram for a successive
approximation ADC k2

i i L 1k g ¢ Analog
The binary search starts with the Most Significant I impw

Bit (MSB) and works towards the Least Significarit B

(LSB). The control logic initializes the MSB to alue  Fig. 4: A basic block diagram for a flash ADC
1. Then the content of Successive Approximation

Register (SAR) is fed into a DAC which outputs an ‘—f“ﬁ .

equivalent analog voltage value needed to be cogpar —{ e futssrailis Compaisios
with the unknown input voltage. If this value exdse == i

the input voltage then the comparator causes theaio Reference signal | T N

logic of the SAR to reset the MSB back to 0 andtiset connter module l—  Control unit Clock pulse
next bit to 1. If the output of the DAC is stiller than ] mocule generator module
the input voltage then this bit will be kept atwall and J L

the next lower bit will be set to 1. The binary éa — l ik
continues till every bit of the SAR is tested. Tduaitent Dividormodule {__, Bloary to feciual b
of the SAR then will be the digital approximatioalwe

of the sampled input analog signal. ) . .
Fig. 5: A block diagram of the proposed design

;II;‘? ADC: Flash AE]CS' also known aZDpCarallel Otherwise, it will stay at 0. An 8-to-3 priority eoder
s, are among the most common ADCs angg seq to convert the 8 bit code to 3 bit binaajue
considered to be among the most efficient in teos  4¢ represents the input voltage value. The proble

speed. They use a linear volta_lge ladder with differ \uitn this type of ADCs is that they require a large
levels of comparison between input voltage valug$ a pumber of comparatdfg314

successive reference voltage values.

Its circuit uses a series of comparators, each onBouble-slope integration based ADC: Our proposed
comparing the input signal with a unique referenceelectronic measurement system, as shown in the
voltage. Although flash type analog-to-digital certer ~ following block diagram of Fig. 5, is based on the
has some advantages, it suffers from a number oiouble-slope integration method.
drawbacks due to massive parallelism and lackaoftfr
end sampling circuit. These analog-to-digital cotefes MATERIALSAND METHODS

require excessively large power and area for réisolsi In our design, the converter receives two signals,

above 8 bits. Furthermore, the large number Ofpe gnalog input signal and the other one is aente

comparators gives rise to problems such as dc and Qignal. These signals are accessed by a switching

deviation of the reference voltages generated Iy thyodule. Then the analog signal (continuous in tifee)

large n_onlinear input capacitance and noise at th§ampled and the sample is integrated via an iniegra

analog input. module and after a certain time window, the refeeen
Figure 4 shows a 3 bit flash ADC with an input signal, with a negative polarity, will be integrdtéThe

voltage and a reference voltage. If the referemiage  basic principle of this operation is that the corapar

is lower than the input voltage for any comparatioen  module will determine the time to stop the inteignat

the output of that comparator will be set to 1. process as shown in Figure 6.
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Fig. 6: A basic block diagram for a double-slope
integration ADC

RESULTS

The time required for integrating the reference
signal will be proportional to the value of the kg
signal sample. Subsequently, the counter wouldatont
binary digital representation of the input signahich
is converted into a decimal code. Finally, the dedi
code representing the sample value is displaye@ on
seven-segment display.

DISCUSSION

We have designed, simulated and implemented our
proposed ADC which is based on the double-slope

integration concept without the need to use a BAE!
as the case of the digital-ramp ADC and the subeess
approximation ADC, nor does it need a large nunaber
comparators, as the case of the flash ADC. It takdg
one integrator, one comparator, a timer block, rtrobd
block and a 7-segment display. Figure 7 shows th
simple block diagram of our proposed ADC design.

We assumed thatiMsax < Viet SO that b yax< Ti:

1
(2)

where, T is the clock pulse cycle time and ahd N
are clock pulse counts during time periodsand T,
respectively.

~

T, =N; T = Constant

T2:N2T

Since Vw:—ij'lvmdt for an integrator circuit,
RC-o°
we can write:
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Fig. 7: A basic block diagram for a double-slope
integration ADC
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Fig. 9: Timing signals of the double-slope integmat

ADC
e

Vin Tt = Viet T 3

If we replace Tand T in (3) by their values from
(1) and (2) and simplify both sides, we get:

Vin Nt T=Vies N T

Vin N1 = Viet Np

hN2 =Constant N
Nl

n

V.

in N2
The input and output signals are shown in Fig. 8.
Initially, switch S is on and $and $ are off. The
integrator will integrate a sample of the inputtagk,
Vin, for a fixed period of time i during which the
comparator output will be 1 as shown in Fig. 8.
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Fig. 10: Multisim simulation circuit
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Then at the end of ;] switch § will be off and
switch S will be on and the integrator will integrate a
negative fixed reference voltage, for a period of
time T, at the end of which the output of the integrator . ) o . .
go back to zero and similarly the comparator output The simulation circuit using, Multisim software
changes back to zero too. Then the system wilkrfieln ~ Package is shown in Fig. 10 and the control timing
a period of time T during which the result will be signals are shown in Fig. 11.

Fig. 12: First phase signals

displayed, switch $§ will be on to discharge the The following Fig. 12-14 show the simulation
capacitor and the system will go back to the ihittate  output signals during the three different phaseshef
to start the process again, Fig. 9. measuring process.
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Fig. 14: Third phase signals

The period of times Tand T, are fixes. However,
the period of time Tis proportional to the input voltage
value. The system measures ih terms of binary
number to determine the value of the input voltage.

CONCLUSION

Different types of analog-to-digital converterse ar
introduced. They either require digital-to-analog

converters or a large number of comparators. We hav/

discussed a new design of an analog-to-digital edar
based on the double-slope integration concept.ADE
design requires only one integrator, one comparator
timer and a control logic circuit. It does not nead
digital-to-analog converter nor does it need a darg

number of comparators, like the cases of other ADCS?.

This contributes to the simplicity of the design.
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