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Analog/Digital Converters

� An Analog-to-Digital(A/D) converterconvertsananalogvoltageinto adigi-
tal number

� Thereareawide varietyof methodsusedfor A/D converters
Examplesare:

– Flash(Parallel)

– SuccessiveApproximation

– Sigma-Delta

– DualSlopeConverter

� A/D convertersareclassifiedaccordingto severalcharacteristics

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

– Speed(numberof samplespersecond)— severalsamples/secto several
billion samples/sec

– Accuracy — how mucherrorthereis in theconversion

� High-resolutionconvertersareusuallyslower thanlow-resolutionconverters

� TheHC12hasa 10-bit successive approximationA/D converter(which can
beusedin 8-bit mode)

� TheHC12usesananalogmultiplexer to allow eight input pinsto connectto
theA/D converter
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Comparator

� A comparatoris usedin many typesof A/D converters.

� A comparatoris thesimplestinterfacefromananalogsignalto adigital signal

� A comparatorcomparestwo voltagevalueson its two inputs

� If the voltageon the + input is greaterthan the voltageon the - input, the
outputwill bea logic high

� If thevoltageon the+ input is lessthanthevoltageon the- input, theoutput
will bea logic low

If Vin > Vref then Vout = Vcc

If Vin < Vref then Vout = 0
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Flash (Parallel) A/D Converter

� A flashA/D converteris thesimplestto understand

� A flashA/D convertercomparesan input voltageto a largenumberof refer-
encevoltages

� An n-bit flashconverteruses2
�
-1 comparators

� Theoutputof theA/D converteris determinedby whichof thetwo reference
voltagestheinput signalis between,

� Hereis a3-bit A/D converter
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Flash A/D Converter

� A
�

-bit FlashA/D converterrequires2� -1 comparators

� An 8-bit FlashA/D requires255comparators

� A 12-bitFlashA/D converterwould require4,095comparators

– Cannotintegrate4,095comparatorsontoanIC

� ThelargestflashA/D converteris 8 bits

� FlashA/D converterscansampleat severalbillion samples/sec
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A/D Converter Resolutionand Quantization

� If the voltageinput voltageis 3.2516V, the lowest 5 comparatorswill be
turnedon,andthehighest2 comparatorswill beturnedoff

� Theoutputof the3-bit flashA/D converterwill be5 (101)

� For a 3-bit A/D converter, which hasa rangefrom 0 to 5 V, an outputof 5
indicatesthattheinput voltageis between3.125V and3.750V

� A 3-bit A/D converter with a 5 V input rangehasa quantizationvalue of
0.625V

� Thequantizationvalueof anA/D convertercanbefoundby

��� � �	�	
��
���	�
���

where
����


is the highestvoltagethe A/D convertercanhandle,
���	�

is the
lowestvoltagethe A/D convertercanhandle,and � is the numberof bits of
theA/D converter

� TheHC12hasa10-bitA/D converter. Thetypical voltagerangeusedfor the
HC12A/D is

� ��

= 5 V and

� �	�
= 0 V, sotheHC12hasaquantizationvalue

of ��� � ��� ��� ������ ���! #"$"&% �
� Thedynamicrangeof anA/D converteris givenin decibels(dB):

')(+*�,.-0/ � � �2143$5 � � � � � �76�8:9 � �<;	 =� � �
� A 10-bitA/D converterhasadynamicrangeof

')(+*�,.->/ �<;	 =� �@?BA �C�<;D�� � ,.-
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A/D Sampling Rate
� Therateat which you samplea signaldependson how rapidly thesignalis

changing
� If you samplea signal too slowly, the informationaboutthe signalmay be

inaccurate
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� A 1,050Hz signalsampledat 500Hz lookslikea50Hz signal
� To get full informationabouta signalyou mustsamplemorethantwice the

highestfrequency in thesignal
� Practicalsystemstypically useasamplingrateof at leastfour timesthehigh-

estfrequency in thesignal
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Digital-to-Analog (D/A) Converters

� Many A/D convertersuseaD/A converterinternally

� A D/A converterconvertsadigital signalto ananalogvoltageor current

� To understandhow mostA/D converterswork, it is necessaryto understand
D/A converters

� Theheartof aD/A converteris aninvertingopampcircuit

� Theoutputvoltageof aninvertingop ampcircuit is proportional to theinput
voltage:
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SlopeA/D Converter

� A simpleA/D convertercanbe constructedwith a counteranda D/A con-
verter

� Thecountercountsfrom 0 to 2
�
-1

� Thecounterdrivestheinputof theD/A converter

� Theoutputof theD/A converteris comparedto theinput voltage

� Whentheoutputof thecomparatorswitcheslogic level, thegeneratedvoltage
passedtheinputvoltage

� By latching the outputof the counterat this time, the input voltagecanbe
determined(with theaccuracy of thequantizationvalueof theconverter)

� Problemwith SlopeA/D converter:Takes2
�

clock cyclesto testall possible
valuesof referencevoltages
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SuccessiveApproximation A/D Converter

� A successive approximation(SA) A/D converterusesan intelligent scheme
to determinetheinputvoltage

� It first triesavoltagehalf waybetween
�	�	


and
���	�

� It determinesif thesignalis in thelower half or theupperhalf of thevoltage
range

– If theinput is in theupperhalf of therange,it setsthemostsignificantbit
of theoutput

– If theinput is in thelower half of therange,it clearsthemostsignificant
bit of theoutput

� Thefirst clockcycle eliminateshalf of thepossiblevalues

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

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

� Eachsuccessive clockcycle reducestherangeanotherfactorof two

� For a
�

-bit SA A/D converter, it takes
�

clock cyclesto determinethevalue
of theinput voltage
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SuccessiveApproximation A/D Converter

� An SA A/D convertercangivethewrongoutputif thevoltagechangesduring
aconversion

� An SA A/D converterneedsan input buffer which holds the input voltage
constantduringtheconversion

� This inputbuffer is calledaTrack/Holdor Sample/Holdcircuit

� It usuallyworksby chargingacapacitorto theinputvoltage,thendisconnect-
ing thecapacitorfrom theinput voltageduringconversion

� Thevoltageon thecapacitorremainsconstantduringconversion

� TheHC12hasaTrack/Holdamplifierbuilt in

� SA A/D convertershave resolutionsof up to 16bits

� SA A/D convertershavespeedsup to severalmillion samplespersecond
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