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6. 2EYRG\ SUR S�HP�QX GDW

'LJLWiOQt D DQDORJRYp ]SUDFRYiQt VLJQiO$ S�HGVWDYXMH GY� ]iNODGQt� DOH ]FHOD RGOLãQp PHWRG\

S�tVWXSX N informaci. VS�tSDG� DQDORJRYêFK VLJQiO$ MVRX W\WR VLJQiO\ VSRMLWp Y þDVH L

v RNDPåLWp KRGQRW�� ]DWtPFR Y S�tSDG� GLJLWiOQtFK VLJQiO$ MVRX W\WR VLJQiO\ NYDQWRYiQ\

v ELQiUQtFK ELWHFK� WR MHVW RGSRYtGDMt EX� ÄMHGQLþFH³ QHER ÄQXOH³� 9 S�tURG� VH RYãHP Y\VN\WXMt

SRX]H VLJQiO\ DQDORJRYpKR FKDUDNWHUX � QDS�� SURXG� QDS�Wt� WODN� Y]GiOHQRVW� þDV DSRG� �� 3UR

S�HQRV VLJQiO$� MHMLFK GDOãt ]SUDFRYiQt D XåLWt MH YêKRGQi MHMLFK GLJLWiOQt IRUPD� -DNR UR]KUDQt

PH]L W�PLWR GY�PD ÄVY�W\³ VORXåt SRWRP S�HYRGQtN\� NWHUp P$åHPH FKiSDW L MDNR NyGRYDFt D

GHNyGRYDFt SURVW�HGN\� 9VWXSHP GR S�HYRGQtNX '�$ MH GLJLWiOQt VORYR V XUþHQêP SRþWHP ELW$

D YêVWXSHP MH QDS�"RYê VLJQiO RGSRYtGDMtFt YVWXSQtPX ÄVORYX³� 2EUiFHQ� Y S�tSDG� $�'

S�HYRGQtNX MH YVWXSHP DQDORJRYê VLJQiO D QD YêVWXSX GRVWiYiPH GLJLWiOQt VORYR V S�tVOXãQêP

SRþWHP ELW$�

9ODVWQRVWL S�HYRGQtN$ EXGRX ]�HMP� ]iYLVOp QD WHSORWQtFK SRP�UHFK Y REYRGX S�HYRGQtNX�

SURWRåH VH YODVWQRVWL SUYN$ P�Qt V WHSORWRX� 7R ]QDPHQi� åH W\WR REYRG\ MVRX QHMOpSH �HãLWHOQp

QD SULQFLSX PRQROLWLFNêFK LQWHJURYDQêFK REYRG$�

6.1 'LJLWiOQ� � DQDORJRYp S�HYRGQtN\

3ULQFLS\ RERX W\S$ S�HYRGQtN$ VH VYRMt SRGVWDWRX OLãt� D SURWR MH YKRGQp VWXGRYDW MH RGG�OHQ��

=DþQHPH QHMSUYH V S�HYRGQtN\ '�$ � WDNp '$& �� NWHUp MDN MLå E\OR �HþHQR P$åHPH FKiSDW

MDNR GHNyGRYDFt REYRG\� NWHUp S�HYiG�Mt GLJLWiOQ� NyGRYDQê VLJQiO QD DQDORJRYê YêVWXSQt

SURXG QHER QDS�Wt� 9 WRPWR VP\VOX MH P$åHPH FKiSDW MDNR ÄUR]KUDQt³ PH]L VY�WHP GLJLWiOQtFK

VLJQiO$ SRþtWDþ$ D VSRMLWêPL SU$E�K\ DQDORJRYpKR VY�WD� 1D Obr. 6.1-1 máme základní blokové
zapojení D/A konvertoru :

Obr. 6.1-1

Výstupní signál A � QDS�Wt QHER SURXG � MH Yi]iQ VH YVWXSHP Y]WDKHP $ . 9 'UHI= ⋅ ⋅  , kde

k  je konstanta, Vref  MH UHIHUHQþQt QDS�Wt� D  je digitální slovo sGDQêP SRþWHP ELW$�
D P$åHPH Y\MiG�LW MDNR
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kde N MH FHONRYê SRþHW ELW$ D b1 Då bN jsou 0 nebo 1.
3RWRP WHG\ MDNR ÄS�HQRVRYRX³ IXQNFL 1 � ELWRYpKR '�$ S�HYRGQtNX P$åHPH EUiW Y]WDK

$ N 9 E E EUHI 1

1= ⋅ ⋅ + ⋅ + + ⋅− − −� �
�

�

�

�� � ��                       ( 6.1.2)

9H Y�WãLQ� SUDNWLFNêFK S�tSDG$� ]HMPpQD Y S�tSDGHFK S�tPpKR S�HYRGX ] mikroprocesoru je
QXWQp ]iNODGQt V\VWpP GRSOQLW GDOãtPL SRGS$UQêPL REYRG\ MDNR MVRX GDWRYp REYRG\
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� XFKRYiYDMtFt LQIRUPDFL � D YêVWXSQt REYRG ÄVDPSOH DQG KROG³� NWHUê SRGUåt LQIRUPDFL QD
YêVWXSX Då GR GDOãtKR S�HYRGX� ÒNROHP YVWXSQtFK GDWRYêFK REYRG$ MH ]DFKRYDW LQIRUPDFL D
XFKUiQLW ML SR GREX QHå SURE�KQH NRQYHU]H� $ SRGREQ� YêVWXSQt REYRG XGUåXMH YêVWXS QD
NRQVWDQWQt ~URYQL� RGSRYtGDMtFt S�HGFKR]tPX NRQYHU]QtPX NURNX GR GRE\ QHå QRYi GLJLWiOQt
GDWD MVRX ]D]QDPHQiQD YH YVWXSQt SDP�WL SUR GDOãt NRQYHU]L� 3URWR '�$ NRQYHUWRU EXGH
vypadat asi podle Obr. 6.1-2 .

Obr. 6.1-2

%ORN R]QDþHQê MDNR '�$ NRQYHUWRU MH QD]QDþHQ QD Obr. 6.1-3 . Sestává se zUHIHUHQþQtKR
]GURMH QDS�Wt� NWHUê GiYi Vref � VRXVWDY\ ELQiUQtFK VStQDþ$� MHMLFKå VWDY MH GiQ ELWRYêPL
koeficienty ( b1, b2, ... , bN� � UH]LVWLYQtKR REYRGX� NWHUê GiYi YiKX S�tVOXãQêP ELW$P D
YêVWXSQt REYRG� NWHUê VþtWi S�tVS�YN\ MHGQRWOLYêFK ELW$ D P�Qt WXWR LQIRUPDFL QD YêVWXSQt
SURXG QHER QDS�Wt�
V Q�NWHUêFK S�tSDGHFK MH YêVWXSQt YHOLþLQRX SURXG D VþtWDFt ]HVLORYDþ MH S�LSRMHQ H[WHUQ��

Obr. 6.1-3

1DS�"RYê QRUPiO P$åH EêW VRXþiVWt LQWHJURYDQpKR REYRGX QHER P$åH EêW H[WHUQt� = výrazu
������� MH YLG�W� åH DQDORJRYê YêVWXS MH VRXþLQHP UHIHUHQþQtKR QDS�Wt D GLJLWiOQtKR VORYD� 3URWR
DQDORJRYê YêVWXS P$åH EêW RYOLY�RYiQ ]P�QDPL KRGQRW Vref� '�$ S�HYRGQtN� NWHUê Pi WXWR
YODVWQRVW QHER MH XUþHQ SUR SUiFL V SURP�QQêP Vref � QD]êYiPH QiVREtFtP '�$ S�HYRGQtNHP�
%�åQ� YãHFKQ\ S�HYRGQtN\� NWHUp SUDFXMt V H[WHUQt UHIHUHQFt� QiOHåt N tomuto typu.
3RNXG XYDåXMHPH QDS�"RYê YêVWXS� EXGH S�HQRVRYi IXQNFH 1 � ELWRYpKR $�' S�HYRGQtNX GiQD
vztahem
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�� � ��                           ( 6.1.3)

kde VFS MH UR]VDK QDS�Wt QD YêVWXSX � MH URYQR k⋅Vref /. V závislosti na vstupní binární
informaci výstup nabývá 2N GLVNUpWQtFK QDS�"RYêFK ~URYQt PH]L QXORX D PD[LPiOQt KRGQRWRX
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sQHMPHQãt PRåQRX ]P�QRX R ∆V0 , kde  ∆9
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  ( 6.1.5)

8YDåXMPH SUR MHGQRGXFKRVW S�HQRVRYRX FKDUDNWHULVWLNX � � ELWRYpKR S�HYRGQtNX Y závislosti

na vstupním binárním kódu. Bude-li VFS = 1,0  bude ∆VO = 1/8  a  VOmax = 7/8 . Tato
S�HQRVRYi FKDUDNWHULVWLND MH QDNUHVOHQD QD Obr. 6.1-4 .

Obr. 6.1-4

V rovnici (6.1.3)  bN QD]êYiPH QHMQLåãtP � /6% � OHDVW VLJQLILFLHQW ELW � D b1  nejvyšším bitem
/ MSB - most significient bit /.
3ULQFLS$ '�$ NRQYHU]H E\OD Y\YLQXWD YHONi �DGD� DYãDN ]iNODGQt SULQFLS\ YKRGQp SUR
PRQROLWLFNRX WHFKQRORJLL MVRX W�L � D� SURXGRYê SULQFLS� E� QDS�"RYê SULQFLS D F� QiERMRYê
princip. První zW�FKWR SULQFLS$ MH ]YOiãW� YKRGQê SUR ELSROiUQt WHFKQRORJLL� ]EêYDMtFt VStãH
odpovídají technologii MOS.

6.1.1 Proudový princip 

V WRPWR S�tSDG� VH GRVDKXMH NRQYHU]H SRPRFt �DG\ ELQiUQ� YiåHQêFK SURXG$ JHQHURYDQêFK
XYQLW� REYRGX� D W\WR MVRX QDNRQHF VHþWHQ\� DE\FKRP REGUåHOL DQDORJRYê YêVWXS�
Obr. 6.1-5XND]XMH ]iNODGQt SULQFLS JHQHUDFH D VþtWiQt ELQiUQ� YiåHQêFK SURXG$ I1, I2, ..., IN .
3URXG\ MVRX JHQHURYiQ\ ELQiUQ� YiåHQêP UH]LVWLYQtP REYRGHP S�LSRMHQêP N UHIHUHQþQtPX
zdroji Vref � 6WDY VStQDþ$ S1, S2, ..., SN VLPXOXMH KRGQRW\ ELQiUQtFK NRHILFLHQW$ b1, b2, ..., bN
v URYQLFL ������� � 7\WR NRHILFLHQW\ MVRX EX� � QHER � SRGOH WRKR� MVRX�OL VStQDþH Y poloze 1
nebo 2. Výstupní proud IO MH SRWRP VþtWiQ QD LQYHUWXMtFtP YVWXSX RSHUDþQtKR ]HVLORYDþH�
9êVOHGNHP MH WHG\ QD ]iNODG� QDãLFK S�HGFKR]tFK ]QDORVWt YêVWXSQt QDS�Wt

9 , 5 9 E E E2 2 2 UHI 1

1= − = − ⋅ + ⋅ + + ⋅− − −� �
�

�

�

�� � ��                     ( 6.1.6)

NGH ]S�WQRYD]HEQt UH]LVWRU RO� NWHUê XUþXMH P��tWNR� MH Y\EUiQ R/2 .
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D� QDS�"RYp VStQiQt

Obr. 6.1-5

Nejvyšší bit dává na výstupu VO = -Vref .

b/ proudové spínání

Obr. 6.1-6

Proudy tekoucí váhovými rezistory se v  Obr. 6.1-5P�Qt PH]L QXORYRX D SOQRX KRGQRWRX D

v Obr. 6.1-6VH QHP�Qt � WHþRX EX� GR ]HP� QHER GR YêVWXSX ��

.G\E\FKRP SURYHGOL SRGUREQ�Mãt DQDOê]X V XYDåRYiQtP SDUD]LWQtFK NDSDFLW� GRVS�OL E\FKRP

k ]iY�UX� åH ] KOHGLVND S�HFKRGRYêFK MHY$ D U\FKORVWL MHMLFK XVWiOHQt MH OHSãt REYRG SRGOH

Obr. 6.1-6� þLOL W]Y� SURXGRYp VStQiQt� 9H VFKpPDWX '�$ NRQYHUWRUX SRGOH Obr. 6.1-6 je
SURXGRYê YêVWXS ]iYLVOê QD NRHILFLHQWHFK YiKRYêFK RGSRU$ GRVDåHQ XåLWtP QH]iYLVOêFK

UH]LVWRU$ V odpory R, 2R, 4R, 8R� ���� -HVWOLåH EXGHPH ]Y�WãRYDW SRþHW ELW$� EXGH VH UDSLGQ�

]Y�WãRYDW SRP�U S�tVOXãQêFK UH]LVWRU$� SURWRåH SODWt

5

5

06%

/6%

1
= −

�

�
�                                                ( 6.1.7)

kde RMSB ]QDþt UH]LVWRU SUR QHMY\ããt ELW D RLSB ]QDþt UH]LVWRU SUR QHMQLåãt ELW� 1DS�� SUR

UR]OLãHQt � ELW$ � WM� QD ��� GtON$ � SODWt QD ]iNODG� URYQLFH ������� � åH E\FKRP PXVHOL UHDOL]RYDW

monolitickou technologií hodnoty R Då 128R� FRå MH GR ]QDþQp PtU\ REWtåQp� -DNR �HãHQt VH

MHYt XVSR�iGiQt� NWHUp Y\OXþXMH ãLURNê UR]VDK UH]LVWRU$ � W]Y� R-2R obvod.
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Obr. 6.1-7

V WRPWR S�tSDG� VH ELQiUQtKR G�OHQt GRVDKXMH UR]G�ORYiQtP SURXGX PH]L SDUDOHOQt � 2R / a
sériové / R � Y�WYH� D SURWR SODWt

, , , ,
1

1� � �

�
� � �= = = = −

�                                       ( 6.1.8)

Rezistory však mají pouze hodnoty R a 2R � L NG\å MH MLFK GYRMQiVREQê SRþHW QHå Y S�tSDGHFK

G�tYH XYHGHQêFK �� -Lå G�tYH MVPH SR]QDOL� åH SRP�U UH]LVWRU$ � MHMLFK KRGQRW � XUþXMH JHRPHWULH�

D SURWR Pi WHQWR SULQFLS S�HGQRVW Y S�tSDGHFK Y\ããtFK UR]OLãHQt� 3$YRGQt SULQFLS V váhovými
UH]LVWRU\ YãDN QDFKi]t XSODWQ�Qt Y U\FKOêFK S�HYRGQtFtFK V PDOêP SRþWHP ELW$ � P$åHPH MH

RYãHP �DGLW NDVNiGQ� SUR GRVDåHQt Y\ããtKR UR]OLãHQt ��

6.1.2 1DS�"RYê SULQFLS

3ULQFLS WRKRWR ]S$VREX S�HYRGX '�$ QHMOpSH Y\VYLWQH ] obrázku :

Obr. 6.1-8

Obvod nakreslený na Obr. 6.1-8MH W�tELWRYê '�$ NRQYHUWRU� 1XWQRX SRGPtQNRX SUR S�HYRG MH

WR� åH YVWXSQt SURXG VOHGRYDþH PXVt EêW ]DQHGEDWHOQê SURWL SURXGX WHNRXFtPX UH]LVWRURYêP

G�OLþHP� $QDORJRYp VStQDþH A, B, C MVRX �t]HQ\ YVWXSQtP ORJLFNêP VORYHP þLOL ELW\ b1, b2, b3

D VStQDþH $ % &� � MVRX �t]HQ\ LQYHU]t ELWRYêFK KRGQRW b1, b2, b3� -H�OL QDS�� YVWXSQt NyG � � ��

EXGRX VHSQXW\ VStQDþH $ % &� � D QD YêVWXSX GRVWDQHPH ~URYH� Vref/2 . Nevýhodou tohoto

SULQFLSX MH ]QDþQê SRþHW SUYN$ ]HMPpQD S�L Y�WãtFK UR]OLãHQtFK� 3UR NRQYHU]L 1 ELW$ MH QXWQp 2N

UH]LVWRU$ D 2N+1
DQDORJRYêFK VStQDþ$ D 2N logických spojovacích vedení.
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6.1.3 1iERMRYê SULQFLS '�$ NRQYHUWRU$

'�$ NRQYHUWRU QD QiERMRYpP SULQFLSX Y\WYi�t DQDORJRYRX ~URYH� SRPRFt QiERMH S�HGiYDQpKR

VtWt NDSDFLWRU$� 3ULQFLS VL P$åHPH Y\VY�WOLW QD Obr. 6.1-9 .

Obr. 6.1-9

CA MH S�LSRMHQ QD ]HP D CB EXGHPH SHULRGLFN\ S�HStQDW PH]L ]HPt D LQWHUQtP UHIHUHQþQtP

QDS�WtP VREF� %XGRX�OL RED VStQDþH QD ]HPL� EXGRX RED NDSDFLWRU\ Y\ELW\ �W]Y� QXORYDFt Ii]H�

a na VX EXGH QXORYp QDS�Wt� %XGH�OL S0 rozepnut a S1 S�LSRMHQ QD VREF, bude

9 9
&

& &
; 5()

%

$ %

=
+                                               ( 6.1.9)

7RWR MH W]Y� Y]RUNRYDFt Ii]H� 8VSR�iGiPH�OL WHG\ NDSDFLWRU\ D MHMLFK YHOLNRVWL EXGRX ELQiUQ�

YiåHQ\ � VWHMQ� MDNR G�tYH UH]LVWRU\ � SRGOH Obr. 6.1-10 , dostaneme

Obr. 6.1-10

=GH RS�W Y QXORYDFt Ii]L EXGRX YãHFKQ\ VStQDþH S�LSRMHQ\ QD ]HP� ]DWtPFR YH Y]RUNRYDFt Ii]L

bude S0 rozepnut a S1 Då SN EXGRX EXGRX �t]HQ\ ELQiUQtPL ELW\ N - bitového vstupního
GLJLWiOQtKR VLJQiOX WDN� åH SUR ORJLFNRX QXOX ]$VWDQH S�tVOXãQê VStQDþ QD ]HPL� ]DWtPFR SUR

ORJLFNRX MHGQLþNX EXGH S�LSRMHQ QD UREF� 1D ]iNODG� URYQLFH ������� EXGH SODWLW

9 9
&

&
2 5()

HT

FHON

=                                              ( 6.1.10)

kde Ceq MH VRXþHW KRGQRW NDSDFLWRU$ S�LSRMHQêFK N VX a CCELK MH NDSDFLWD YãHFK NDSDFLWRU$

v síti. Ceq MH XUþHQD S�tVOXãQêPL ELW\� WR MHVW KRGQRWDPL b1, b2,..., bN , a proto

& E &
E & E & E &

HT

1

1= + + + + −�

� �

� �� � �
�                             ( 6.1.11)

kde C MH KRGQRWD QHMY�WãtKR NDSDFLWRUX Y síti / odpovídá nejvyššímu bitu - MSB /.Celková
kapacita bude

& &
& & & &

FHON 1
= + + + + + −� � � �� � �

�                             ( 6.1.12)
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D S�LGiPH�OL MHãW� GR VtW� MHGHQ NDSDFLWRU V NDSDFLWRX RGSRYtGDMtFt QHMQLåãtPX ELWX � MDN MH Wpå QD

Obr. 6.1-10 uvedeno /, dostaneme

& &
& & & & &

&FHON 1 1
= + + + + + + =− −� � � � �

�
� � � �

�                ( 6.1.13)

Potom bude

9 9

E &
E & E & E &

&
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� �� � �

�

�

a tedy

9 9 E E E2 5() 1

1= ⋅ + ⋅ + + ⋅− −� �
�

�

�

�� � ��                        ( 6.1.14)

FRå MH Y souladu sG�tY�MãtPL ]iY�U\ SUR S�HYRGQtN\ V RGSRURYêPL VtW�PL� -H ]�HMPp� åH WHQWR

W\S S�HYRGQtNX E\ P�O EêW LGHiOQ� YKRGQê SUR &026 REYRG\ � WpP�� LGHiOQt VStQDþH� REYRG\

sY\VRNRX LPSHGDQFt� MHGQD VWUDQD NDSDFLWRU$ VH VStQi PH]L ]HPt D Qt]NRLPSHGDQþQtP

UHIHUHQþQtP ]GURMHP � SDUD]LWQt NDSDFLW\ MVRX S�LSRMHQ\ N výstupu, kapacitory v integrované
YHU]L P$åHPH Y\UiE�W V YHOPL S�HVQêPL SRP�UQêPL KRGQRWDPL DWG� �� $YãDN SRP�U NDSDFLW SUR

MSB a LSB je
&

&

06%

/6%

1= −� �

                                                   ( 6.1.15)

3UR RVPLELWRYê S�HYRGQtN MH WHQWR SRP�U ��� D XYiåtPH�OL� åH QHMPHQãt SUDNWLFNi KRGQRWD

EXGH NROHP � S)� EXGH QHMY�Wãt NDSDFLWRU PtW KRGQRWX ��� S)� 7�åNR SURWR P$åHPH UHDOL]RYDW

WHQWR W\S S�HYRGQtNX SUR Y�Wãt UR]OLãHQt�

([LVWXMt MHãW� L MLQp SULQFLS\ '�$ S�HYRGQtN$� DOH YêãH XYHGHQp PDMt GRPLQDQWQt SRVWDYHQt�

5R]OLãHQt '�$ S�HYRGQtNX MH GiQR QHMPHQãt UHDOL]RYDWHOQRX ]P�QRX YêVWXSX RGSRYtGDMtFt

]P�Q� GLJLWiOQtKR YVWXSQtKR NyGX� 1D GUXKp VWUDQ� UR]OLãHQt XGiYi SRþHW PRåQêFK GLVNUpWQtFK

~URYQt� NWHUp P$åH PtW YêVWXS� 3UR UR]OLãHQt N ELW$ YêVWXS S�HYRGQtNX PXVt EêW VFKRSHQ

produkovat 2N
GLVNUpWQtFK ~URYQt� 1D S�tNODG '�$ S�HYRGQtN� NWHUê Pi VFS = 5V a rozlišení

�� ELW$� PXVt EêW VFKRSHQ UR]OLãLW MHGQX ] �12 ~URYQt� FRå Y DEVROXWQt KRGQRW� þLQt ����� P9 S�L

]P�Q� /6% R MHGQLþNX�

,GHiOQt '�$ S�HYRGQtN E\ P�O PtW FKDUDNWHULVWLNX SRGOH Obr. 6.1-4 . Charakteristiky reálných
S�HYRGQtN$ VH YãDN RG WpWR OLãt� W]Q� åH VH Y\VN\WXMt U$]Qp W\S\ FK\E� 2IVHWRYRX FK\EX PiPH

SUR W�tELWRYê S�HYRGQtN XYHGHQRX QD Obr. 6.1-11 .

Obr. 6.1-11

Chyba rozsahu se projevuje na analogovém výstupu vG$VOHGNX QHS�HVQpKR QDVWDYHQt ]HVtOHQt

YêVWXSQtKR RSHUDþQtKR ]HVLORYDþH QHER FK\E\ UHIHUHQþQtKR QDS�Wt � YL] Obr. 6.1-12 .
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Obr. 6.1-12

-DN RIVHWRYRX FK\EX WDN L FK\EX UR]VDKX MH YãDN PRåQp PLQLPDOL]RYDW QDVWDYHQtP SRP�U$ D

trimováním.
'$OHåLWêP SDUDPHWUHP '�$ S�HYRGQtNX MH OLQHDULWD D RGFK\ON\ RG Qt� %�åQ� UR]H]QiYiPH GYD

W\S\ RGFK\OHN D WHG\ GY� KRGQRW\ QHOLQHDULW\�

,QWHJUiOQt QHOLQHDULWD MH P��tWNHP RGFK\ON\ S�HYRGQt FKDUDNWHULVWLN\ '�$ S�HYRGQtNX RG LGHiOQt

FKDUDNWHULVWLN\ � S�tPNRYp� 1RUPiOQ� VH EHUH MDNR QHMY�Wãt RGFK\OND RG S�tPN\ SURFKi]HMtFt

SRþiWNHP D ERGHP XGiYDMtFtP PD[LPiOQt YêVWXSQt KRGQRWX� 9\MDG�XMH VH Y procentech VFS -
viz Obr. 6.1-13 .

Obr. 6.1-13

'LIHUHQFLiOQt QHOLQHDULWD MH P��tWNHP QHVWHMQRVWL MHGQRWOLYêFK ~URYQt PH]L VRXVHGQtPL S�HYRG\�

,GHiOQ� E\ VH ~URYQ� P�O\ OLãLW R MHGHQ /6%� 'LIHUHQFLiOQt QHOLQHDULWD XGiYi RGFK\ONX RG WpWR

LGHiOQt KRGQRW\ Y\MiG�HQRX Y dílech LSB. Je-li diferenciální nelinearita +- LSB/2, potom
PLQLPiOQt D PD[LPiOQt VRXVHGQt ~URYH� EXGH ��� /6% D ��� /6%�

1D UR]GtO RG FK\E RIVHWX D P��tWND QHOLQHiUQt FK\E\ ]iYLVt QD YVWXSQtP GLJLWiOQtP NyGX D QHO]H

MH HOLPLQRYDW� -HGLQRX FHVWRX MH ]Y\ãRYiQt S�HVQRVWL SRP�U$ RGSRURYp QHER NDSDFLWQt VtW� X

výrobce.
S otázkou diferenciální nelinearity souvisí otázka monotónnosti D/A konvertoru. D/A
S�HYRGQtN EXGH PRQRWyQQt� EXGH�OL SUR SRVWXSQ� VH ]Y\ãXMtFt KRGQRWX GLJLWiOQtKR NyGX

DQDORJRYê YêVWXS URYQ�å ]Y\ãRYDW KRGQRWX� 3�HYRGQtN EXGH QHPRQRWyQQt� MHVWOL Y Q�NWHUpP

ERG� DQDORJRYê YêVWXS SRNOHVQH SUR ]Y\ãXMtFt VH KRGQRWX YVWXSQtKR NyGX� -H WR YêVOHGHN

QDGP�UQp YHOLNRVWL GLIHUHQFLiOQt QHOLQHDULW\� 0RQRWyQQt EXGH S�HYRGQtN ]D S�HGSRNODGX� åH

FK\ED ]S$VREHQi GLIHUHQFLiOQt QHOLQHDULWRX MH PHQãt QHå �� � /6% � ] tohoto hlediska tedy
MDAC 08XX z EêYDOp SURGXNFH 7HVOD MH SUiY� QD KUDQLFL '1/ < +- 1 LSB /. Obr. 6.1-14
XND]XMH U$]Qp W\S\ QHOLQHDULW\�
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Obr. 6.1-14

-DNR GREX XVWiOHQt R]QDþXMHPH GREX SRW�HEQRX N WRPX� DE\ VH YêVWXSQt YHOLþLQD XVWiOLOD

s FK\ERX PHQãt QHå ��� /6%� 9 WpWR GRE� Y�WãLQRX QHQt ]DKUQXWD GRED XVWiOHQt S�HYRGQtNX

SURXG � QDS�Wt � RSHUDþQt ]HVLORYDþ ��

7\SLFNp KRGQRW\ SUR S�HYRGQtN '$& �� I\ 3UHFLVLRQ 0RQROLWKLFV ,QF� � FRå MH RVPLELWRYê

S�HYRGQtN QiVREtFtKR W\SX V následujícími vlastnostmi :
5R]OLãHQt � � ELW$ � GLIHUHQFLiOQt QHOLQHDULWD � ����� /6% � LQWHJUiOQt QHOLQHDULWD � �� ���% , doba
XVWiOHQt ��� QV � UR]VDK YêVWXSQtKR SURXGX � � P$ � QRPLQiOQt QDSiMHFt QDS�Wt � �� �� 9 �

YêNRQRYi ]WUiWD ��� P: � XåLWi WHFKQRORJLH � ELSROiUQt V GLIXQGRYDQêP 5 � UR]P�U þLSX � ���

mm2 , pouzdro DIP 16 .
Základní zapojení DAC 08 je na Obr. 6.1-15 .

Obr. 6.1-15

9êVWXSQt QDS�Wt VH P�Qt RG QXO\ N V- s maximálním rozsahem

9 , 5 9
5

5
)6 )6 / 5()

/

5()

= − ⋅ = −

6.2 $QDORJRY� GLJLWiOQt S�HYRGQtN\ � $�' � $'& �

$�' S�HYRGQtN\ S�HYiG�Mt DQDORJRYp YHOLþLQ\ QD GLJLWiOQt LQIRUPDFL� =iNODGQt ]DSRMHQt

WDNRYpKR S�HYRGQtNX WHG\ EXGH SRGOH Obr. 6.2-1 .

Obr. 6.2-1
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9HOPL þDVWêP ~NROHP MH VQtPiQt Q�NROLND DQDORJRYêFK YHOLþLQ D S�HYRG QD GLJLWiOQt LQIRUPDFL

Pi EêW S�HGiQ GDOãtPX ]D�t]HQt QDS�� SRþtWDþL� 3RWRP ]D�t]HQt P$åH Y\SDGDW WDNWR � Obr. 6.2-2

Obr. 6.2-2

3RPRFt DQDORJRYpKR PXOWLSOH[HUX �tGtFt ORJLND Y\EtUi S�tVOXãQê YVWXS� 9H Y\EUDQpP RNDPåLNX

�tGtFt ORJLND ]D SRPRFt REYRGX ÄVDPSOH DQG KROG³ SURYHGH Y]RUNRYiQt D SRGUåt ~URYH� Y]RUNX

GR GRE\ QHå EXGH SURYHGHQ S�HYRG QD GLJLWiOQt LQIRUPDFL� FRå XG�Oi $�' NRQYHUWRU� 9êVWXSQt

SDP�" WXWR LQIRUPDFL SRGUåt GR GRE\ QHå EXGH S�LMDWD QiVOHGXMtFtP ]D�t]HQtP�

-VRX GYD SDUDPHWU\ W�FKWR S�HYRGQtN$� NWHUp S$VREt SURWL VRE�� W�PLWR SDUDPHWU\ MVRX S�HVQRVW

D VWDELOQRVW SURWL U\FKORVWL S�HYRGX� %XGH ]iOHåHW QD ~þHOX MDNpPX ]D�t]HQt VORXåt D FR FKFHPH

]MLã"RYDW� D VWiOH PXVtPH PtW QD SDP�WL� åH ]D S�HVQRVW EXGHPH SODWLW ]YêãHQtP GRE\ QXWQp SUR

provedení konverze.
0�MPH QDS�� Q�MDNê DQDORJRYê HOHNWULFNê SU$E�K QDS�Wt SRGOH Obr. 6.2-3 .

Obr. 6.2-3

Na Obr. 6.2-3PiPH Q�MDNRX VWHMQRVP�UQRX � SUDNWLFN\ QHSURP�QQRX � ~URYH�� NWHUi VH YãDN

po celou dobu srovnatelnou s T ]P�Qt� 7H� ]iOHåt QD WRP� FR FKFL QHER PRKX XUþLW�

1D]QDþHQi ]P�QD P$åH EêW Y þDVH T < � PV D P$åH WR EêW SDUD]LWQt VLJQiO� NWHUê QiV Y$EHF

nezajímá. Pak mohu hodnotu U XUþLW V YHONRX S�HVQRVWt� SURWRåH S�HYRGX PRKX Y�QRYDW

GRVWDWHN þDVX� -LQi EXGH DOH VLWXDFH� NG\ QD]QDþHQi ]P�QD MH YêVOHGNHP Q�MDNpKR SURFHVX�

NWHUê VOHGXMHPH� D SURWR MH WDWR ]P�QD SUR P� SRGVWDWQi� 7DG\ Xå WROLN þDVX PtW QHEXGHPH D

EXGHPH VH WXGtå PXVHW VSRNRMLW L V QLåãtP UR]OLãHQtP D S�HVQRVWt� DE\FKRP VWLKOL SU$E�K

VOHGRYDW D S�HQpVW QD GLJLWiOQt LQIRUPDFL� NWHURX SDN Q�MDN ]SUDFXMHPH�

%\OR Y\P\ãOHQR KRGQ� SULQFLS$ SUR �HãHQt S�HYRG$ $�'� DOH SUDNWLFN\ YãHFKQ\ P$åHPH ]D�DGLW

GR Q�NWHUp ] W�FKWR NDWHJRULt�

�� ,QWHJUDþQt $�' S�HYRGQtN\� NWHUp SUDFXMt WDN� åH QDEtMHMt D Y\EtMHMt LQWHJUDþQt NDSDFLWX E�KHP

S�HYRGX D WHQWR þDV S�HYiG�Mt QD GLJLWiOQt LQIRUPDFL�

�� 6OHGRYDFt S�HYRGQtN\ XåtYDMt ELQiUQt þtWDþ D '�$ NRQYHUWRU YH ]S�WQp YD]E�

�� $SUR[LPDþQt S�HYRGQtN\ Y\WYi�HMt GLJLWiOQt YêVWXSQt LQIRUPDFL QD ]iNODG� ~VS�ãQRVWL QHER

QH~VS�ãQRVWL SRVWXSRYêFK NURN$

�� 3DUDOHOQt S�HYRGQtN\� NWHUp SURYiG�Mt S�HYRG Y jediném kroku
-Lå ] SRXKpKR WRKRWR �D]HQt MH YLG�W� åH ]DþtQiPH V S�HYRGQtN\� NWHUp PRKRX GRVDKRYDW

Y\VRNêFK S�HVQRVWt� DOH MVRX SRPDOp D SRVWXSQ� WDWR S�HVQRVW VH VQLåXMH ]D FHQX QiU$VWX

rychlosti.
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2EHFQ� Q�MDNp DQDORJRYp QDS�Wt VA MH S�L $�' S�HYRGX DSUR[LPRYiQR ELQiUQt þiVWt UR]VDKX

YêVWXSQtKR QDS�Wt VFS� %XGH�OL S�HYRG SURYiG�Q QD N ELW$� P$åHPH QDSVDW

'
9

9

E E E E
$

)6

1

1
= = + + + +�
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�

�

�

�
� � � �

�                                 ( 6.2.1)

kde b1, b2, ..., bN MVRX ELQiUQt NRHILFLHQW\ � EX� � QHER � ��

%LWRYp NRHILFLHQW\� NWHUp WYR�t GLJLWiOQt GDWD� P$åHPH GRVWiYDW QD YêVWXSX $�' S�HYRGQtNX

EX� VRXþDVQ� � PiPH N SDUDOHOQtFK YêVWXS$ � QHER SRVWXSQ� � VpULRY� QD MHGQRP YêVWXSX� S�L

þHPå NRHILFLHQW b1 odpovídající MSB vystupuje jako první. Obr. 6.2-4 nám ukazuje ideální
S�HQRVRYRX FKDUDNWHULVWLNX $�' NRQYHUWRUX � � � ELWRYpKR ��

Obr. 6.2-4

3�HQRVRYi FKDUDNWHULVWLND MH QHVSRMLWi D QHQt ]GH MHGQR]QDþQp S�L�D]HQt PH]L DQDORJRYêP

YVWXSHP D GLJLWiOQtP YêVWXSHP� 0tVWR WRKR PiPH ]GH YêVWXS ÄNYDQWRYiQ³� 9êVOHGNHP MH� åH

YêVWXSQt NyG RGSRYtGi MLVWpPX� E\" PDOpPX UR]VDKX ∆VO z DQDORJRYpKR YVWXSQtKR QDS�Wt�

%XGH�OL VH DQDORJRYê YVWXS P�QLW RG QXO\ GR FHOpKR UR]VDKX � )6 �� EXGH N - bitový A/D
konvertor mít 2N

YêVWXSQtFK VWDY$ D 2N-1
S�HFKRG$ PH]L W�PLWR VWDY\� 1HMPHQãt NYDQWRYDFt

krok ∆VO PH]L GY�PD GLVNUpWQtPL YêVWXSQtPL ~URYQ�PL RGSRYtGi SRVOHGQtPX ELWX þLOL � /6%�

∆9 /6%
9

2

)6

1= =�
�

                                                ( 6.2.2)

$QDORJLFN\ MDNR WRPX E\OR X S�HYRGQtN$ '�$ S�HQRVRYi IXQNFH NRQþt R � /6% G�tYH QHå

GRViKQHPH SOQpKR QDS�Wt� -H WR G$VOHGNHP WRKR� åH DQDORJRYi QXOD MH MHGQtP ] 2N
VWDY$ QD

YêVWXSX D ]EêYi QiP SURWR Xå MHQRP 2N-1 VWDY$ SUR NRQYHU]L QDS�Wt Y�WãtFK QHå QXOD� 3UR

MHGQRGXFKRVW VH YãDN VWHMQ� XGiYi FHOê UR]VDK 9FS s WtP� åH PXVtPH PtW QD SDP�WL� åH MH WR

YODVWQ� R � /6% PpQ�� 3�HGVWDYPH VL Q\Qt QiVOHGXMtFt ]DSRMHQt � Obr. 6.2-5 /.

Obr. 6.2-5
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-GH QiP Q\Qt R WRWR � L NG\å EXGHPH SRYDåRYDW QDãH S�HYRGQtN\ ]D LGHiOQt� WDN Xå ] principu
bude vznikat jistá chyba vG$VOHGNX NYDQWRYiQt D MLVWp QHXUþLWRVWL� = LGHiOQt S�HQRVRYp

FKDUDNWHULVWLN\ MVPH YLG�OL� åH NRQYHUWRU QHUR]OLãt UR]GtO DQDORJRYpKR YVWXSX PHQãt QHå ∆VO a

chyba dosahuje +-∆VO � GOH �������  �� ��� /6% �� 7DWR FK\ED MH ]�HMP� QHRGVWUDQLWHOQi D

QD]êYiPH ML NYDQWRYDFt FK\ERX QHER þDVW�ML NYDQWRYDFtP ãXPHP� Obr. 6.2-5 nám tedy ukazuje
]DSRMHQt SUR Y\VY�WOHQt NYDQWRYDFtKR ãXPX � RED S�HYRGQtN\ SRYDåXMHPH ]D LGHiOQt D RED MVRX

N � ELWRYp� 1HXUþLWRVW Y konverzi A/D dává vznik chybovému signálu Ve(t) MDNRåWR UR]GtOX

PH]L VNXWHþQêP D UHNRQVWUXRYDQêP VLJQiOHP� -DN MH QD Obr. 6.2-5 QD]QDþHQR � EXGH�OL

vstupním analogovým signálem ideální klínová funkce, bude výstupním signálem schodovitý
SU$E�K� 5R]GtOHP EXGH SLORYLWê VLJQiO SRGOH Obr. 6.2-6 .

Obr. 6.2-6

6W�HGQt KRGQRWD WRKRWR VLJQiOX MH VDPR]�HMP� QXOD� DYãDN VW�HGQt NYDGUDWLFNi KRGQRWD EXGH
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            ( 6.2.3)

.YDQWRYDFt ãXP MH WHG\ ~P�UQê ∆VO � D SURWR EXGH NOHVDW IDNWRUHP � SUR ]Y�WãHQt UR]OLãHQt R

jeden bit.
0��tWNHP SRP�UX QHMY�WãtKR D QHMPHQãtKR DQDORJRYpKR VLJQiOX� NWHUê P$åHPH S�HYRGQtNHP

]SUDFRYDW MH MHKR G\QDPLFNê UR]VDK� 1HMY�Wãt VLJQiO MH ]�HMP� VFS a nejmenší je roven LSB.
Potom dynamický rozsah bude

'5
9

9

)6

2

1= =
∆

�                                                ( 6.2.4)

%�åQ� VH WHQWR ~GDM XYiGt Y GHFLEHOHFK� 1DS�� � � ELWRYê NRQYHUWRU Pi '5 S�LEOLåQ� �� G%

G% = ⋅ ≅�� ��� ��ORJ � �� � ELWRYê '5 S�LEOLåQ� �� G%� � '\QDPLFNê UR]VDK QDU$VWi R � G%

S�L ]Y�WãHQt UR]OLãHQt R � ELW ����G% = ⋅ ≅�� � �ORJ � � -Lå MVPH VH ]PtQLOL R WRP� åH SUR

NRQYHU]L EXGHPH SRW�HERYDW MLVWê þDV� 7HQWR þDV MH U$]Qê Y závislosti na tom, jaký typ
S�HYRGQtNX XåLMHPH� 9 W�FK QHMSRPDOHMãtFK V\VWpPHFK WR P$åH WUYDW L YtFH QHå VHNXQGX�

]DWtPFR U\FKOp V\VWpP\ XG�ODMt NRQYHU]L ]D MHGQRWN\ Då ]ORPN\ PLNURVHNXQG\�

%XGHPH�OL PtW þDVRY� SURP�QQê VLJQiO� WDN VH ]D GREX NRQYHU]H YVWXSQt DQDORJRYê VLJQiO

]P�Qt D QiP S$MGH ]�HMP� R WR� DE\ WDWR ]P�QD QHE\OD Y�Wãt QHå � /6%� 'RS�HGX RYãHP

QHYtPH QLF R WRP� MDN EXGRX VLJQiO\ Y\SDGDW� DOH SUR Qi]RU P$åHPH Y]tW QHMMHGQRGXããt VLJQiO�

který má tvar   9 W ( W
$ $
� � VLQ= ⋅ ω þLOL KDUPRQLFNê VLJQiO D KOHGHMPH MHKR PD[LPiOQt

derivaci.
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3RWRP WHG\ FK\ED ]S$VREHQi NRQHþQRX GRERX S�HYRGX TX  bude
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= ⋅ ⋅ ⋅�π                                          ( 6.2.5)

D QHFKFHPH�OL� DE\ WDWR FK\ED E\OD Y�Wãt QHå � /6%� SDN QHMKRUãt S�tSDG QDVWDQH SUR

KDUPRQLFNê VLJQiO� NWHUê ]FHOD Y\XåLMH UR]VDK S�HYRGQtNX þLOL 2EA = VFS. Potom / sXåLWtP
(6.2.2) /

7
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π π π                      ( 6.2.6)

3�HGVWDYPH VL� åH E\FKRP FKW�OL WDNWR GLJLWDOL]RYDW KDUPRQLFNê SU$E�K V frekvencí 1 kHz a
máme A/D sUR]OLãHQtP �� ELW$� 3DN E\FKRP SRW�HERYDOL

7 QV
;

=
⋅ ⋅

≅
�

����

�

� ��
���

�π
3�HVWR� åH MVPH XYDåRYDOL YHOLFH Qt]NRX IUHNYHQFL� XND]XMH VH� åH SRåDGDYN\ MVRX H[WUpPQt D

W�åNR VSOQLWHOQp E�åQêPL WHFKQRORJLHPL� = WRKRWR G$YRGX SURWR XåtYiPH REYRG$ ÄVDPSOH DQG

KROG³ D YODVWQ� WR ]QDPHQi� åH QDPtVWR Y]RUNRYiQt ��GUXKX XåtYiPH Y]RUNRYiQt �� GUXKX � YL]

NDSLWROD R Y]RUNRYiQt D SUREOHPDWLND GLVNUHWL]DFH VLJQiO$ �� 2EYRG ÄVDPSOH DQG KROG³ SURYHGH

Y]RUNRYiQt D SDN ÄGUåt³ ~URYH� Y]RUNX SR GREX SRW�HEQRX N S�HYRGX�

Pokud budeme mít obecný signál s omezeným spektrem, budeme muset provést dvakrát více
S�HYRG$ ]D VHNXQGX QHå MH QHMY\ããt IUHNYHQFH REVDåHQi YH VSHNWUX -fC. Bude-li náš signál tedy
REVDKRYDW IUHNYHQFH RG QXO\ GR � N+]� PXVtPH SURYpVW ���� S�HYRG$ ]D VHNXQGX þLOL QD

NDåGê S�HYRG PiPH ��� µV� FRå MH GRVWDWHþQ� GORXKi GRED� %XGH�OL YãDN fC = 20 MHz,
PXVtPH Y]RUNRYDW �� 0+] D QD S�HYRG EXGHPH PtW SRXKêFK ��� QV D XåtW PXVtPH SDUDOHOQt

S�HYRGQtN�

6HMQ� MDNR MVPH GHILQRYDOL Y S�tSDG� '�$ S�HYRGQtNX FK\E\ � RIVHWX� UR]VDKX� LQWHJUiOQt D

GLIHUHQFLiOQt QHOLQHDULWX �� VWHMQp FK\E\ P$åHPH XYDåRYDW L SUR $�' S�HYRGQtN\� 2S�W SUYQt

GY� FK\E\ � RIVHWX D P��tWND � MH PRåQp PLQLPDOL]RYDW QDVWDYHQtP� DOH GUXKp GY� RPH]XMHPH

SRX]H ]OHSãHQtP WHFKQRORJLFNêFK SRVWXS$ S�L YêURE� � Obr. 6.2-7 a Obr. 6.2-8 /.

   
Obr. 6.2-7
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Obr. 6.2-8

Na Obr. 6.2-8FK\ED OLQHDULW\ VH Q�NG\ QD]êYi LQWHJUiOQt QHOLQHDULWRX� � -VRX YãDN L MLQp GHILQLFH

WpWR FK\E\ � U$]Qt YêUREFL XåtYDMt L U$]Qp GHILQLFH� �

'LIHUHQFLiOQt QHOLQHDULWD MH P��tWNHP QHVWHMQRVWt ãt�H VWXS�$ PH]L GY�PD VRXVHGQtPL S�HFKRG\�

V LGHiOQtP S�tSDG� MVRX W\WR VWXSQ� URYQ\ � /6% D GLIHUHQFLiOQt QHOLQHDULWD XGiYi RGFK\ON\ RG

WpWR KRGQRW\� .G\E\ P�O $�' NRQYHUWRU GLIHUHQFLiOQt QHOLQHDULWX �� ��� /6%� E\OD E\ PLQLPiOQt

D PD[LPiOQt ãt�H VWXSQ� URYQD ��� /6% D ��� /6%� 3RNXG E\ YãDN GLIHUHQFLiOQt QHOLQHDULWD

S�HYêãLOD �� � /6%� SRWRP E\ MHGHQ QHER YtFH NyG$ PRKOR EêW S�HVNRþHQR � YL] Obr. 6.2-8 .
'LIHUHQFLiOQt QHOLQHDULWD MH G$OHåLWêP SDUDPHWUHP ]HMPpQD X $�' DSUR[LPDþQtFK S�HYRGQtN$ D

S�HYRGQtN$ VOHGRYDFtKR W\SX�

1D ]iY�U VL XYH�PH EORNRYi VFKpPDWD KODYQtFK $�' S�HYRGQtN$� NWHUp MVPH G�tYH S�HKOHGRY�

uvedli.

6.2.1 ,QWHJUDþQt S�HYRGQtN\ $�'

3�HYRGQtN V GYRMt LQWHJUDFt MH QHMþDVW�MãtP S�tSDGHP� VH NWHUêP VH P$åHPH VHWNDW Y þtVOLFRYêFK

P��tFtFK S�tVWURMtFK� %ORNRY� WHQWR S�HYRGQtN Y\SDGi WDNWR � Obr. 6.2-9 /:

Obr. 6.2-9

6\VWpP SUDFXMH WDN� åH Y GRE� T1 MH S�LSRMHQR VX. Doba T1 MH NRQVWDQWQt D MH GiQD þDVHP QHå

VH ]DSOQt þtWDþ� þLOL QDþtWi 2N
LPSXOV$� 3R VNRQþHQt þDVX T1 MH LQWHJUiWRU S�LSRMHQ N Vref, který

má obrácenou polaritu - nastává období poklesu a tato doba T2 NRQþt Y RNDPåLNX� NG\

YêVWXSQt QDS�Wt LQWHJUiWRUX SURFKi]t QXORX D NG\ NRPSDUiWRU Y\ãOH LPSXOV D XNRQþt WDN S�HYRG�

Doba T2 MH WHG\ P��tWNHP YHOLNRVWL VLJQiOX VX D P��t VH RS�W SRþWHP LPSXOV$� NWHUp QDþtWDO
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þtWDþ Y WpWR GRE�� 1D ]DþiWNX NRQYHU]H MH VStQDþ S2 krátce sepnut a na výstupu integrátoru
EXGH QXORYp QDS�Wt� -DNPLOH VH S2 RWHY�H� QDS�Wt QD YêVWXSX LQWHJUiWRUX QDU$VWi VH VWUPRVWt
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3R QDþtWiQt 2N LPSXOV$ VH þtWDþ Y\QXOXMH� VStQDþ S1 VH S�HSQH QD Vref a na výstupu integrátoru
EXGH QDS�Wt NOHVDW VH VWUPRVWt
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S�LþHPå þtWiPH KRGLQRYp LPSXOV\ Då GR GRE\ QHå QD YêVWXSX LQWHJUiWRUX EXGH QXORYp QDS�Wt�
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Obr. 6.2-10XND]XMH SU$E�K QD YêVWXSX LQWHJUiWRUX SUR U$]Qp S�tSDG\ VX D MH ]�HMPp� åH GRED
trvání T2 QHER SRþHW QDþtWDQêFK LPSXOV$ MVRX S�tPR ]iYLVOp QD YHOLNRVWL YVWXSQtKR QDS�Wt VX.
9êKRG\ WRKRWR ]S$VREX WNYt Y WRP� åH S�HVQRVW NRQYHU]H QH]iYLVt QD VRXþLQX RC þLOL DQL QD
VWiUQXWt D ]P�QiFK W�FKWR SUYN$� 5RYQ�å WDN QH]iYLVt QD IUHNYHQFL KRGLQ� SRNXG WDWR ]$VWiYi
NRQVWDQWQt E�KHP LQWHJUDþQtKR F\NOX� 7R ]QDPHQi� åH VH QHSURMHYt GORXKRGREp ]P�Q\
]S$VREHQp VWiUQXWtP D ]P�QDPL WHSORW\�

Obr. 6.2-10

/LQHDULWD WRKRWR S�HYRGQtNX MH Y\QLNDMtFt � MH ]iYLVOi SRX]H QD NYDOLW� LQWHJUiWRUX� 'LIHUHQFLiOQt
QHOLQHDULWD MH SUDNWLFN\ Y\ORXþHQD D PRKOD E\ EêW ]S$VREHQD SRX]H NUiWNRGREêP GULIWHP
KRGLQRYêFK LPSXOV$� ([LVWXMH �DGD ~SUDY D Y\OHSãHQt WpWR PHWRG\� DOH W\WR RWi]N\ MVRX QDG
UiPHF QDãLFK S�HGQiãHN�

6.2.2 $�' S�HYRGQtN\ V PH]LS�HYRGHP QD NPLWRþHW

7HQWR ]S$VRE PiPH ]Qi]RUQ�Q QD Obr. 6.2-11EORNRY� �

Obr. 6.2-11
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Z REUi]NX MH SDWUQp� åH QHMSUYH MH V SRXåLWtP S�HYRGQtNX QDS�Wt � NPLWRþHW YVWXSQt QDS�Wt
S�HYHGHQR QD RGSRYtGDMtFt NPLWRþHW D WHQWR MH SRWRP SR QDVWDYHQRX GREX QDþtWiYiQ� 3ULQFLS$
S�HYRGX QDS�Wt QD NPLWRþHW MH YtFH D QiP RS�W QH]EêYi QHå ]iMHPFH RGNi]DW QD OLWHUDWXUX� ,
v WRPWR S�tSDG� YãDN Y�WãLQRX XåtYiPH LQWHJUiWRU MDNR SRGVWDWQRX þiVW S�HYRGQtNX� D SURWR L
PHWRGX 9�I P$åHPH �DGLW N S�HYRGQtN$P LQWHJUDþQtKR W\SX�

6.2.3 $SUR[LPDþQt S�HYRGQtN\

$SUR[LPDþQt S�HYRGQtN\ Wpå QD]êYDQp NRPSHQ]DþQtPL S�HYRGQtN\ QHER Wpå S�HYRGQtN\
sSRVWXSQRX DSUR[LPDFt � VXFFHVLYH DSUR[LPDWLRQV � MVRX YODVWQ� ]S�WQRYD]HEQt V\VWpP\� NWHUp
SUDFXMt QD SULQFLSX SRNXV � FK\ED D YêVOHGNHP MH GLJLWiOQt NyG� NWHUê DSUR[LPXMH ~URYH�
DQDORJRYpKR VLJQiOX QD YVWXSX� 3ULQFLS EXGH MDVQ�Mãt SRGOH EORNRYpKR VFKpPDWX QD Obr. 6.2-12

Obr. 6.2-12

Budeme-li sledovat Obr. 6.2-12� P$åHPH Y\VOHGRYDW QiVOHGXMtFt IXQNFL� 1D ]DþiWNX MH UHJLVWU
postupných aproximací vynulován. V prvním kroku je do registru zapsána 1 jako nejvyšší bit a
RVWDWQt ELW\ MVRX SRQHFKiQ\ QXORYp� -HVWOLåH Q\Qt YêVWXS '�$ NRQYHUWRUX� NWHUê RGSRYtGi WHG\
stavu 1 0 0 0 ...... 0 bude menší nebo roven VX� WDN YêVWXSQt VWDY NRPSDUiWRUX VH QH]P�Qt D

WDWR MHGQLþND ]$VWDQH MDNR 06%� 3RNXG RYãHP EXGRX SRP�U\ WDNRYp� åH VO > VX , tak se
MSB vrátí na hodnotu 0.
V následujícím cyklu zkusíme 1 jako druhý vSR�DGt QHMY\ããt ELW� $ VLWXDFH VH RS�W RSDNXMH ]D
VWHMQêFK SRGPtQHN� 7tPWR ]S$VREHP MH DSUR[LPDþQt SURFHV RSDNRYiQ GR Wp GRE\� GRNXG
QHMVRX XUþHQ\ YãHFKQ\ ELW\� Obr. 6.2-13 ukazuje, jak tyto aproximace probíhají v 3 - bitovém
DSUR[LPDþQtP $�' S�HYRGQtNX�



116

Obr. 6.2-13

Obr. 6.2-13GRVWDWHþQ� Qi]RUQ� XND]XMH þLQQRVW WRKRWR W\SX S�HYRGQtNX� =EêYi QiP GRGDW
WRWR� 3�HYRGQtN MH �t]HQ KRGLQRYêPL LPSXOV\ D SUR XUþHQt N ELW$ PXVtPH XG�ODW N aproximací
þLOL FHONRYi GRED S�HYRGX EXGH WUYDW N KRGLQRYêFK LPSXOV$� -H YLG�W� åH SURWL LQWHJUDþQtP
S�HYRGQtN$P EXGRX W\WR S�HYRGQtN\ SRGVWDWQ� U\FKOHMãt� � 8 LQWHJUDþQtKR S�HYRGQtNX E\OR
nutné 2N NURN$ � X DSUR[LPDþQtFK N NURN$ � SUR N  �� ���� ���� [ �� NURN$ UHVSHNWLYH
1024 µs x 10 µs ./ V VRXþDVQp GRE� VH Y\UiEt �DGD DSUR[LPDþQtFK S�HYRGQtN$ YH IRUP�

PRQROLWLFNêFK LQWHJURYDQêFK REYRG$�

6.2.4 6OHGRYDFt S�HYRGQtN $�'

Obr. 6.2-14XYiGt EORNRYp ]DSRMHQt W]Y� VOHGRYDFtKR S�HYRGQtNX�

Obr. 6.2-14

1D DSUR[LPDþQtP S�HYRGQtNX MH QHMVORåLW�Mãt VRXþiVWt UHJLVWU SRVWXSQêFK DSUR[LPDFt� 9 �DG�
DSOLNDFt Y\VWDþtPH V MHGQRGXFKêP REYRGHP� NWHUê QDYtF SUDFXMH VSRMLW� W]Q� åH QHXVWiOH VOHGXMH
YVWXSQt QDS�Wt� = Obr. 6.2-14MH ]�HMPp� åH Y ]iYLVORVWL QD VWDYX NRPSDUiWRUX þtWi þtWDþ LPSXOV\
YS�HG QHER Y]DG D YêVWXS NRPSDUiWRUX ]iYLVt QD WRP� ]GD P��HQp QDS�Wt MH Y�Wãt QHER PHQãt
QHå QDS�Wt UO QD YêVWXSX '�$ S�HYRGQtNX� -H�OL UX Y�Wãt QHå UO� þtWi þtWDþ GRS�HGX D QDS�Wt

UO VH SR VNRFtFK ]Y\ãXMH Då QDVWDQH VWDY� NG\ UO = UX. V obráceném S�tSDG� � UX < UO /
þtWi þtWDþ ]S�W Då ]DVH UO = UX� 3URWR WHG\ S�HYRGQtN QHXVWiOH YODVWQ� VOHGXMH SU$E�K
YVWXSQtKR DQDORJRYpKR QDS�Wt UX � SURWR VH PX �tNi VOHGRYDFt S�HYRGQtN�
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=H ]S$VREX þLQQRVWL MH MDVQp� åH S�L PDOêFK ]P�QiFK UX VWDþt S�HYRGQtN VOHGRYDW V malým
]SRåG�QtP� DOH S�L YHONêFK D U\FKOêFK ]P�QiFK UX EXGH PXVHW QDþtWDW YHONê SRþHW KRGLQRYêFK
LPSXOV$ D ]SRåG�Qt EXGH YHONp� � .G\E\ ãOR R ÄVNRNRYRX³ ]P�QX Y FHOpP UR]VDKX� SDN S�L
KRGLQRYpP NPLWRþWX �0+] D UR]OLãHQt �� ELW$ E\ þtWDþ PXVHO QDþtWDW �12  ���� LPSXOV$ D
GRED S�HYRGX E\ E\OD Y�Wãt QHå � PV � DSUR[LPDþQt S�HYRGQtN E\ WR ]YOiGQXO ]D �� µs. /
-HãW� MHGQRGXããt QHå VOHGRYDFt S�HYRGQtN MH W]Y� þtWDFt S�HYRGQtN� NWHUê VH RG S�HGFKR]tKR OLãt
pouze vWRP� åH XåtYi MHGQRVP�UQê ELQiUQt þtWDþ� ýtWDþ VH OLQHiUQ� ]DSO�XMH QDþtWiYiQtP
LPSXOV$ ] KRGLQRYpKR JHQHUiWRUX� -DNPLOH QDS�Wt VO dosáhne VX� YVWXS þtWDþH MH ORJLNRX
]DEORNRYiQ D ~GDM QD YêVWXSX þtWDþH XGiYi YHOLNRVW UX. Po sejmutí tohoto údaje nebo jeho
]DSViQt GR UHJLVWUX MH þtWDþ Y\QXORYiQ D FHOê SRFKRG VH RSDNXMH�
'RED S�HYRGX MH DOH SRP�UQ� GORXKi� SURWRåH QDS�� S�L NPLWRþWX KRGLQ � 0+] D UR]OLãHQt ��
ELW$ EXGH PD[LPiOQt GRED S�HYRGX ���� µV � S�LEOLåQ� � PV � D S�LWRP SRYDåXMHPH NRPSDUiWRU
za ideální.

6.2.5 3DUDOHOQt S�HYRGQtN\ $�'

,QWHJUDþQt S�HYRGQtN SRW�HERYDO PLQLPiOQ� 2N KRGLQRYêFK LPSXOV$� DSUR[LPDþQt S�HYRGQtN N
LPSXOV$� VOHGRYDFt D þtWDFt S�HYRGQtN Y QHMKRUãtP S�tSDG� 2N KRGLQRYêFK LPSXOV$� 3RNXG W\WR
GRE\ MVRX GORXKp SUR GDQê ~þHO� MH VQDKD XG�ODW S�HYRG Y MHGQRP WDNWX KRGLQ� =DSRMHQt P$åe
vypadat podle Obr. 6.2-15SUR W�tELWRYê S�HYRGQtN $�'�

Obr. 6.2-15

8å ] WRKRWR MHGQRGXFKpKR S�tNODGX Y\SOêYi� åH VORåLWRVW SDUDOHOQtKR S�HYRGQtNX U\FKOH QDU$VWi
s rozlišením. Pro rozlišení N � ELW$ SRW�HEXMHPH 2N-1 NRPSDUiWRU$ D 2N S�HVQêFK UH]LVWRU$�
7�HED SUR � � ELWRYê SDUDOHOQt S�HYRGQtN SRW�HEXMHPH ��� NRPSDUiWRU$ D ��� UH]LVWRU$� 7\WR
NRQYHUWRU\ QHKOHG� QD MHMLFK VORåLWRVW H[LVWXMt D MVRX VFKRSQ\ SUDFRYDW V U\FKORVWt Q�NROLND
GHVtWHN PHJDY]RUN$ ]D VHNXQGX�
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