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Analog/Digital Converters

¢ An Analog-to-Digital(A/D) corvertercorvertsananalogvoltageinto a digi-
tal number

e Thereareawide variety of methodsusedfor A/D corverters
Examplesare:
— Flash(Parallel)
— Successie Approximation
— Sigma-Delta
— Dual SlopeCorverter

e A/D corvertersareclassifiedaccordingo severalcharacteristics

— Resolution(numberof bits) — typically 8 bits to 24 bits

— Speednumberof samplegpersecond)— sereralsamples/seto several
billion samples/sec

— Accuray — how mucherrorthereis in the corversion
¢ High-resolutioncornvertersareusuallyslower thanlow-resolutioncorverters

e TheHC12hasa 10-bit successie approximationA/D cornverter(which can
beusedin 8-bit mode)

e The HC12usesananalogmultiplexer to allow eightinput pinsto connectto
the A/D corverter
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Comparator

e A comparatois usedin mary typesof A/D corverters.
e A comparators thesimplestnterfacefrom ananalogsignalto adigital signal
¢ A comparatocompareswo voltagevalueson its two inputs

e If the voltageon the + input is greaterthanthe voltageon the - input, the
outputwill bealogic high

¢ If thevoltageonthe+ inputis lessthanthe voltageon the - input, the output
will bealogic low
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Flash (Parallel) A/D Converter

¢ A flashA/D corwverteris thesimplestto understand

e A flashA/D corvertercomparesninputvoltageto a large numberof refer
encevoltages

¢ An n-bit flashconverteruses2™-1 comparators

e Theoutputof the A/D corverteris determinedy which of thetwo reference
voltagesheinputsignalis between,

e Hereis a3-bit A/D corverter
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Flash A/D Converter

e A B-bit FlashA/D corverterrequires2?-1 comparators

e An 8-bit FlashA/D requires255comparators

e A 12-bitFlashA/D corverterwould require4,095comparators
— Cannotintegrate4,095comparatore®ntoan|C

e ThelargestflashA/D cornverteris 8 bits

¢ FlashA/D cornverterscansampleat severalbillion samples/sec
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A/D Converter Resolutionand Quantization

e If the voltageinput voltageis 3.2516V, the lowest5 comparatorswill be
turnedon, andthe highest2 comparatorsvill beturnedoff

e Theoutputof the 3-bit flashA/D corverterwill be5 (101)

e For a 3-bit A/D corverter which hasa rangefrom 0 to 5V, anoutputof 5
indicatesthattheinputvoltageis betweer3.125V and3.750V

e A 3-bit A/D corverterwith a5 V input rangehasa quantizationvalue of
0.625V

e Thequantizatiorvalueof anA/D corvertercanbefoundby
Vre — VRL
AV ="
whereVxy is the highestvoltagethe A/D corvertercanhandle,Vyy, is the

lowestvoltagethe A/D convertercanhandle,andb is the numberof bits of
the A/D corverter

e TheHC12hasa 10-bit A/D corverter Thetypical voltagerangeusedfor the
HC12A/D is Vg =5V andVgz, =0V, sotheHC12hasaquantizatiorvalue

of
5V-0V

e Thedynamicrangeof anA/D corverteris givenin decibelqdB):
DR(dB) = 201log 2" = 20blog2 = 6.02b
e A 10-bitA/D corverterhasa dynamicrangeof

DR(dB) = 6.02 x 10 = 60.2 dB



EE 308 Mar. 6,2002

A/D Sampling Rate

e Therateat which you samplea signaldependson how rapidly the signalis
changing

¢ If you samplea signaltoo slowly, the informationaboutthe signalmay be

inaccurate
A 1050 Hz signal sampled at 500 Hz

16 : . : : . . : n
0.5 |

0 i
-0.5 .
-1 |

0 2 12 20

1@ T T T T T T T T T )
Ny & | | 3

of | -
-0.5 i" i .
o 2 7 6 8 10 12 14 16 18 20

&
0 2 4 6 8 10 12 14 16 18 20

t (ms)

e A 1,050Hz signalsampledat 500Hz lookslike a 50 Hz signal

¢ To getfull informationabouta signalyou mustsamplemorethantwice the
highestfrequeng in the signal

¢ Practicalsystemgypically usea samplingrateof atleastfour timesthehigh-
estfrequeny in the signal
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Digital-to-Analog (D/A) Converters

e Many A/D corvertersusea D/A corverterinternally
e A D/A corverterconvertsadigital signalto ananalogvoltageor current

e To understandhow mostA/D converterswork, it is necessaryo understand
D/A corverters

e Theheartof aD/A corverteris aninvertingop ampcircuit

e Theoutputvoltageof aninvertingop ampcircuit is propotional to theinput
voltage:
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SlopeA/D Converter

e A simple A/D corvertercanbe constructedvith a counteranda D/A con-
verter

e Thecountercountsfrom 0 to 2°-1
e Thecounterdrivestheinput of the D/A corverter
¢ Theoutputof theDD/A corverteris comparedo theinputvoltage

¢ Whentheoutputof thecomparatoswitchedogic level, thegeneratedoltage
passedheinputvoltage

¢ By latchingthe outputof the counterat this time, the input voltagecanbe
determinedwith theaccurag of the quantizatiorvalueof the corverter)

e Problemwith SlopeA/D corverter: Takes2’ clock cyclesto testall possble
valuesof referenceroltages

11
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SLOPE A/D CONVERTER
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Successie Approximation A/D Converter

¢ A successie approximation(SA) A/D corverterusesan intelligentscheme
to determingheinputvoltage

e It firsttriesavoltagehalf way betweenVzy andVgy

¢ It determinesf thesignalis in thelower half or the upperhalf of thevoltage
range

— If theinputis in theupperhalf of therange |t setsthe mostsignificantbit
of the output

— If theinputis in thelower half of therange,it clearsthe mostsignificant
bit of the output

¢ Thefirst clock cycle eliminateshalf of the possiblevalues

e On the next clock cycle, the SA A/D tries a voltagein the middle of the
remainingpossole values

e The secondclock cycle allows the SA A/D to determinethe secondmost
significantbit of theresult

e Eachsuccesse clock cycle reducegherangeanotherfactorof two

e Fora B-bit SA A/D corvertet it takes B clock cyclesto determinghevalue
of theinputvoltage

13
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SUCCESSIVE APPROXIMATION A/D CONVERTER
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Successie Approximation A/D Converter

e An SA A/D corvertercangivethewrongoutputif thevoltagechangesluring
acornversion

e An SA A/D corverter needsan input buffer which holdsthe input voltage
constanturingthe cornversion

¢ Thisinputhbufferis calleda Track/Holdor Sample/Holccircuit

e It usuallyworksby chagingacapacitoito theinputvoltage thendisconrect-
ing the capacitorfrom theinput voltageduring corversion

¢ Thevoltageonthe capacitoremainsconstantiuringcorversion
e TheHC12hasa Track/Holdamplifier built in
e SA A/D corvertershave resolutionsof up to 16 bits

e SA A/D corvertershave speedsipto severalmillion samplegpersecond

15
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SUCCESSIVE APPROXIMATION A/D CONVERTER
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