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[lepeTBOPEHHA aHANOTOBOTO CUTHANY B
LnppoBy popmy

AHanoroBMmM CUrHan - curHamn OaHux, y SIKOro KOXeH 3 napameTpis
OMUCYETbCA QYHKUIE Yacy | HenepepBHOK MHOXUHOK MOXIUBUX
3HayeHb.

LUncdpoBun curHan — AOUCKPETHUN CUTHaAN 3 MEBHUM 3HAYEHHAM
IHpopMaTMBHOINO napameTpa, sSKe BU3HA4YaeTbCd Yy UMPPOBIN POPMI.
Lincpposi curHanu € undopoBmnmM 306paxkeHHAM OUCKPETHOIo curHasny, Skum
4acTo BUOOOYBAETLCA LWNAXOM KBaAHTYBaHHA aHasrioroBoro curHany.

AHanoroBumn curHan nepeTBoprETLCA Ha LMdpoBUM 3a JONOMOro 2-X
ornepauin

« Jnckpetmsauis

« KBaHTyBaHH4A



[nckpeTtnsauin

s(t)

9 10 11 12 13

AucKkpeTnsauia — nepeTBOpeHHA QYHKUIN HenepepBHUX 3MIHHUX Y  YHKUil
OVUCKPETHUX 3MIHHMX, 3a SKAMW [OYaTKOBI HernepepBHi QYHKUII MOXYTb OyTu
BiJHOBIEHI i3 3a4aHOK TOYHICTIO.

YacToTta amckpetusauil (sample rate) — Bu3Ha4yae KifbKICTb CUrHaniB 3a CekyHay

(abo 3a IHWY OOMHMLIIO) MPU NEpPeTBOPEHHI Ge3nepepBHOro curHany B OUCKPETHUN
curHan (TobTo noro guckpeTtumsadii).

[TOHATTA 4YacToTM AUCKpeTm3auil Moxe OyTu 3acTocoBaHUM svlle B TOMY BUNaAky,
KON KBAHTYBaHHSA 34INCHIOETLCA 3i CTaNoK NepiognyHICTHo.



MutaHHA: AKOoO mae byTn yacToTa AnCKpeauTtauii ?
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Teopema BIANIKIB
Teopema Hanksicta/KoTenbHmnKoBa

AKwo 6e3nepepBHUM curHan x(t) mae cnektp, obmexeHun
yacTtoTotof, ., TO BiH MOXe OyTM OoaHO3HayHo i 6e3 BTpar
BiAHOB/NIEHMM 33 CBOIMM AUCKPETHUMM BiaNiKaMK, Y3ATUMU 3
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30inblUEHHA YaCTOTU ANCKPETM3ALLii Beae A0 NOKPaLLEHHSA
BIATBOPEHHA BUXIAHOIO CUrHanNy



ANIQCIHT

MuTtaHHA: Lo byae AKWO YacToTa AUCKpeTU3aUii byae meHwa HixX
noAaBO€EHA YacToTa HauKsBicTa

AKLLO YacToTa AMCKpeTM3aLii MeHLWe HiX NoABO€EHA YacToTa HanksicTa 3'aBnatoTbCA

daNblUMBI HU3bKOYACTOTHI KOMMOHEHTH

Mpuknap:
YactoTa curHany 5 My,
YactoTta AU 6 Mly

Adequataly Sampled Signal

MoasnsaeTbcA
HU3bKOYACTOTHA
KOMMOHEHTA

Aliasad Signal Due to Undersampling 1 Mly



F

aliasing

= [N"Faqc-F
)

1,2, 3...

MpuKknag: Yactota guckpTeguTauin:
CurHan ma€e KOMMOHEHTHU

signal max

100 Ty,
25, 70, 160, 510 Iy

A
Lo
E!
=
%’ F1 F2 Fa F4
25 Hz 70 Hz 160 Hz 510 Hz
Frequency ] : "Ilr | >
0 ff2=50 Fo=100 500
Myquist Frequency Sampling Frequency
Fadc
A Aciual Fragquansy ——fie
g F2 alias L [T P —
= 3 Hz
= . F2 alias
E F4 alias E1 ."l A0 Hz E= EaQ [=f |
= I0Hz E',E-Hz: r's 70 Hz 160 Hz 510 Hz
! I i f 4
. -
Frequen | | o |
e <Y FaR=50) Fa=100 DD
Myguist Fregusnoy Sampling Frequency




Alias F3 =] 2-100 — 160| =40 Hz

Alias F2 = | 100 - 70 | = 30 Hz

Alias F4 =] 5100 — 510| =10 Hz

A Aciual Fregqueansy ———fiw
% FZ alias Alias --m--m g
= ArHz
E . F1 aligs
2| F4alias g1 f a0 Hz =] = E4
= I0Hz 25H1: r's 7O Hz 160 Hz 510 Hz
T i ! T T
. : = | | I." ! |
Fregusn !
c ¥ Fai2=50 Fu=100 50
A A Myquist Frequency Sampling Frequency




AHTMaNIaCHUN PiNbTP

3apa4va: YHUKHYTU CNOTBOPEHHSA CUIHAAY Micna oundpoBKU CUTHANY 3
HeAOCTaTHbOK YaCTOTOK AUCKpeTM3aLil

PilweHHsA: BUKOpUCTaTU GiNbTP HU3bKUX YAaCcTOT AN BUAANEHHA aNliaCHUX
KOMMOHEHT BULLMX HiX YacToTa HakBicTa

Transition Band
= 2 o
5 = : :
0 O 5 5
ki 3 5 5
L o E E
i Fraquandcy ” T Fragquency
a. ideal Anli-alias Filter b Practical .ﬂ%ll-alnas Filtar

MpakTnyHo Fadc mae bytn Binblie 2 -2

A

A\ ) ‘e | W) ADC BEE)

v




‘e | R ADC




KBaHTYBaHHA

KBaHTyBaHHA (quantization) HenepepBHOi abo AUCKPETHOI
BE/IMMNHU - PO3OMBKA Aiana3oHy ii 3Ha4YeHb Ha KiHUEBE 4YUCNO
IHTepBanis.

0.0000
10.0001
100.0001
10 V=1010, V. 101.1110
111.0111

1000.1011
0V 1001.1001
Peak = 10 V:: 1010.0000
1010.0000
1001.1001
1000.1011
111.0111
101.1110
OvV— 100.0001
10.0001
0.0000
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AHaronosun curHan — LingpoBuin curHan
NepeTBOPEHHS

V. .. =75V —}— 1111 4 4

max
70V | 1110
65V 1 1101 3 3

6.0V _ | 1100
55V | 1011

50v ————1010
40V —— 1000
3.0V —— 0110 Ve time ol Ita,.f’time

/2 3/ , i/, 2 13
2.5V —— 0101 g ¥ y Wy foY

2.0V —— 0100 0100 0110 0110 0101 0100 1000 0110 0101
1.5V —r— o011 Digital output Digital input
1.0V ——— 0010

analog input (V)
N

analog output (V)
N

0.5V ——— o001
OV —+— 0000

BianosigHicTb AHanoroBswii curHan -> Undposuit curHan -> aHanorosmui
undposui



BiAonoBIAHICTb 3HAYEHb

[Mpnk — S
E—— Vmax 1.1 = 201

Noknagemo miHimanbHe 3Ha4yeHHA O V.

Vmax = makcumanbHe 3Ha4YeHHH S

aHaNoroBoro CUrHany

a = aHa/1I0roBe 3HaA4YeHHA

N = KiNbKicTb OITiB UMPPOBOro KOAYBAHHA —
2" = KinbKicTb UMPppoBUX KoAiB
M = KinbKicTb Kpokis, abo 2"abo 2"— 1

d = undpposuin Koa —

a/Vmax=d/M

ov 0.0=0



Po3ainbHa 34aTHICTb

[NoKnagemo n =2
M = KinbKiCTb KPOKIB

M=2"—1

3 KPOKM Ha UNPPOBIN LWKANI
d,=0=00
d =3=11

Vmax

M=2"

4 KPOKM Ha UMPpPOBIN LWIKaNI
d,=0=00

deax-r =3=11 (no deax)

r, po3ginbHa 34aTHICTb: HAMMEHLLA
3MiHa aHa/I0roBOro CUTHAANY, WO Beae
[0 3MiHK oaHoro biTy

Vmax

ov

‘3=11

| 2210

| 1=01

0=00

3=11

2=10

1=01

0=00



Mpuknaa: Mpuknag:

MaKcumanbHe BxigHe 3Ha4eHHA Hanpyrm — 10 V MaKcumanbHe BxigHe 3HayeHHa Hanpyrv — 10 V
PospagHicte ALMN — 3 Po3paaHicte ALIM -3
KiNbKiCTb AUCKPETHUX 3HaYeHb 23=8 KinbKicTb ANCKpPETHUX 3HaueHb 23=8

Po3pagHicTb 3a Hanpyroto 8/(23-1)=10/7=1.142857 V' Po3psgHicTb 3a Hanpyroto 8/(23)=10/8=1,25 V

000 1,428571 0
001 1,428571 1,428571
010 1,428571 2,857/143
011 1,428571 4,285714
100 1,428571 5,714286
101 1,428571 7,142857
110 1,428571 8,571429
111 1,428571 10

000 1,25 0
001 1,25 1,25
010 1,25 2,5
011 1,25 3,75
100 1,25 S)
101 1,25 6,25
110 1,25 7,5
111 1,25 8,75

NOoO ok~ W DN =+ O
NOoO Ok~ WD =+ O



[MpuKnaa:

MaKcumanbHe BxiaHe 3Ha4YyeHHA Hanpyrn—10 V
Po3spagHicte ALUIM -3

KiNbKicTb AUCKPETHUX 3HaYeHb 23=8
Po3paaHicTb 3a Hanpyroto 10/(23)=10/8=1,25V

No Kog, [iana3oH Hanpyr
0 000 0.00-1.25
1 001 1.25-2.50
2 010 2.50-3.75
3 011 3.75-5.00
4 100 5.00-6.25
5 101 6.25-7.50
6 110 7.50-8.75
7 111 8.75-10.0

PeanbHa po3bunBka Ha giana3oHu



10-po3pagHe AU

5‘[.[“,{- Pes-T npeobpaszopanus A
5B 22 1024
- 5B-A 1023

U..-U.. SB—0B 5B

A= = — = =4,9uB
ADC 2 1024
~ A
0B 0
24-po3papHe AU
AUM,C Pe3-T npeobpazoBanus A
L 167772161
+5B-A 16777215
A=Um- - =SB-OB_ 5B =03 uB

ADC oxx 2% 16777216

0B 0



Monoawmm 3HavyLmMmn po3paan,

Monoawun 3Havywmm po3spsapg (Least significant bit,
LSB) - miHimanbHa BxigHa Hanpyra, aKy e po3pi3Hse
AL,

111 —

LSB

| ! !
0.25 0.5 0.75

(Vin — VRefLo)/ EFsr

1.0

Po3ainbHa 34aTHICTL = LSB

EFSH
C=gw_y

Ercs - full scale voltage range



[1paKTMYHa po3AainbHa 34aTHICTb

Ha npaktuui po3ainbHa 3aatHicTb ALLMT obmerkeHa BigHOWEHHAM
curHan / wym BxigHoro curHany. Mpu BenuKii iHTEHCUBHOCTI
lWymiB Ha Bxogi ALLI po3pisHeHHA CyCigHiX piBHIB BXIAHOrO
CUIHANY CTA€E HEMOXIMBUM, TOOTO NOripLUYETLCA PO3Ai/IbHA
30aTHICTb. [1pn UbOMY peanibHa pPo3A4iNbHA 34aTHICTb ONUCYETHLCA
edeKTnBHO po3pagHicTio (Effective Number Of Bits-ENOB), sika
MeHLe, HiXK peanbHa po3pagHicTb ALTM. lNMpu nepeTBOpeHHI
CUIbHO 3aLUYMNEHOr0 CUTHaNy MonoALWi po3pAaan BUXiAHOro
Ko4y NPaKTUYHO MapHIi, OCKIJIbKM MICTATb LWYM.



LLlym KBaHTYBaHHA/ MMoxMbKa KBaHTYBaHHSA

LLlym KBAHTYBaHHA BWHMKAE MPU MEepPeTBOPEHHI aHANOroBOro CWUrHanAy B
umMdbpoBun. AHaNoroBum curHan — 6HesnepepBHUN i B igeani Moxke maTu
HECKiHYEHHY TOYHICTb, TOYHICTb UMPPOBOro CUrHaNy 3aNEXWUTb Bif, YACTOTU
KBAHTYBaHHA Ta 6iTOBOI po3paaHOCTIi aHanoro-undpoBoro nepeTsopoBaya.

PisHMUA MiXK BUXiOHMM  aHaNOroBMUM CUrHasiom Ta oundpoBaHUM
0bymoBNEeHa «OKPryrneHHAMW», fAKi  iIMEeHYIoTbCA TEepMIHOM  MOXMOKM
KBaHTyBaHHA




A, Ne oTcyeTa
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TOYHICTb

Buwia oUCKpeTHICTb Buwia poaginbHa
R 30aTHICTb
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Tunn AL

AUTT npsimoro nepetBopeHHA abo napanensHut AL

ALl nocnigoBHoro HabnmxkeHHAa adbo AL 3 nopo3psgHum
BPiBHOBaXXEHHAM

AU audepeHuiansHoro koayeaHHs (aHrn. delta-encoded ADC)
AL nopiBHAHHSA 3 3yb4YacTm curHanom

ALl 3 ypiBHOBaXXeHHAM 3apaay

KoHBeepHi ALl

Curma-Lenbsra AUT (3BaHi Takox Oensta-Curma ALTT)
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CurmMma-gensra

NpUONUXeHUn

NMocnegoBaTenbHbIX

NMonymMrHoBeHHble

e

Mapann

efibHble

10" 102 10 10* 10° 10° 107 10® 10° 10'°

[Mpon3BOAUTENBHOCTbL, OTCHET/C




RESOLUTION (Bits)

'i' INDLUSTRIAL
MEASUBEMENT

B

VOICEBAND,
ALDHO

o

DATA
ACQUISITION

3
|

HIGH SPEED:
18 7 INSTRUMENTATION,
VIDED, IF SAMPLING,
16 - SOFTWARE HADID, ETC.
14 7
12 =
=== CURRENT
STATE OF THE ART
10 (APPROXIMATE)
L
a | f ; f ; | 1 T -

10 100 1k 10k 100k 1M 10M  100M 116G
SAMPLING RATE (Hz)
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Al -Vref pna

Al BUMIipY

ALLI'T npamoro
nepeTBopeHHA abo napanensHun ALLT

Va<Vin<Vy

v.+ 1]
R‘ * 0 o |
i_ = 9 » MsB
R 2>
] $ A
3 _;> LsB

' —H,x—%
A

6inonAapHux
CUTHaNiB

«3EMILAR

AK TiNbKM Hanpyra Ha aHa/soroBomy BXOA,
NEPEBULLYE OMOPHY HaMNpPyry Ha  KOXXHOMY
KomnapaTopi, BuXoAM KOmnapaTtopa b6yayTb
NOCNiAOBHO NepemmnKkaTuch a ctaH “1”.

KoxeH KomnapaTtop nopiBHOE Vin 3 iHWO
OMopHOIO Hanpyroto no4ymnHatoum 3 Vref =1/2 LSB

MpioputeTHMit Kopgep (pewwndpatop) reHepye
NBiIMKOBE YNCNO.

Cnoci6 napanenbHoro KoayBaHHA 3abe3neuye
HanbinblWy WBMAKICTb NEPEeTBOPEHHA, 4yepe3 WO
MOro iHKO/AIM Ha3uBaloTb CNocobom «MUTTEBOTO
KoAgyBaHHA». Yac nepeTBOPEHHS - OAWH TaKT, |
BM3HAYAETbCA NULLE WBUAKOAIED KOMMNApPaTopiB i
3aTPUMKOI Ha WndpaTopi.



RomnapaTtop

ViIN+

1, V>V
0, fV. <V

Brixon

VIN—

Komnapatop - enekTpoHHa cxema , WO
NPUAMAE Ha CBOi BXOAM [ABa aHa/A0roBUX
CUTHANW | BUOAE NOTiYHY « 1 » , AKWO CUrHan
. Ha npAMomy Bxoai ( «+» ) binbwe , HiX Ha
: : iHBepcHoMy Bxoai ( «-») , i noriyHmnii « 0 » ,
| ' AKLLO CUIHAN HA NPAMOMY BXOAi MeHLWe , HiXK

Buixon | | I | | | Ha iIHBEPCHOMY BXOA,.

OaoHa Hanpyra nOPIiBHAHHA  ABIMKOBOTIO

Ving ----

Vin+

KOMnapaTtopa AiAnTb Becb Aiana3oH BXigHUX

Hanpyr Ha AgBa nigaiana3oHu . [1BiMKOBUM
YmoBa |Buxia NOriYHUM curHan (B6iT) Ha BMXOAi ABIMKOBOrO
KOMnapaTtopa BKAa3ye , B AKOMY 3 [ABOX
nigAaiana3soHiB 3HAX0AMTbCA BXiAHA Hanpyra .

V) > Vaer [High “17

VIN < VREF LOW “O”




LisnaKoaia napanenobHoro ALLI

j_l—_'—_‘_‘—‘—_‘—._l_ I

Time —

Digital ~———
output —

Time —



[lepeBaru | HegONIKM NapanenbHOro
AL

“

HannpocTiwa B nnaHi peanisauii MoTpebye BENNKOI KiNbKOCTI
KomnapaTtopis (256 komnapaTopis AnA 8
Hanbinbw epeKTnBHa 3 TOYKM 30py 6iTHOro ALLM)=>mana po3ainbHa
LUBUAKOCTI 30aTHICTb
Bucoka BaprTicb
LLIBMAKICTb 0OMEKYETLCA TiNbKU Bennkumn posmip

LUBMAKICTIO KOMNapaTopa i AekoayBaHHA  BennKe eHeprocnoXKMBaHHA



ALl nocnigoBHoro HabnuxeHHa abo ALLI 3
Nopo3psiaAHNUM BPiBHOBaXXEHHAM

lneA:
x|
TEST ASSUME X =45
€ 64 KNITUHKK
LUYKAEMO 45-y IS X = 327 YES — RETAIN 32 — 1
IS X = (32 + 16)? NO — REJECT 16 — 0
IS X = (32 + 8)? YES — RETAIN 8 — 1
IS X = (32 + 8 + 4)7 YES — RETAIN 4 — 1
[T] ISX=(32+8+44+2)7 NO — REJECT 2 =0
] ISX=(32+8+4+2+1)7 YES— RETAIN 1 — 1

TOTALS: X=32+8+4+1=4510=1011012



[Nepeso AL noctynoBmux Habam»KeHb

111 11C 101 100 011 01C 001 000

ARARARR

:
8
Lg‘ 1100000
o
L
<%
=] Hzmepaemoe
& HarpaKeHne
1000000
= /
I 5
=
o
& 0100000
10000000 | 01000000 | 01100000 | 01110000 | 01101000 | 01100100 | 011001 10| 01100101
4 ? 4 ' ' ‘ T ?

Bpemsa npeobpazopanna
< =

Bpemsa




AUTT nocnigoBHOro HabnmxeHHs:
cxema

1. Bwucrasnaerbca MSB
Clock — EOC 2. MopisHtoeTbea 3 Vin
OCK —» SAR . o
- 3. PiweHHA npo moaudiKauito
perictpa SAR

4. Hose 3HauyeHHa LIAM (DAC)
DN-ll lDN-z lDlellDo

VREF DAC

Comparator

ViN S/H )




€—— nayono npeobpazosanma
CuHxporuaauus
—P> koHeu npecBpazoeanus
Yciponciso
8B0PKU-XDOHEHUA
s Permcrp 81016
ViN OO ot X P N0CAEA0EATENEHOMO BHIXOA
% npubnuxeHus
W
Hzmepaemoe
HarpaxeHNe
10000000 em— /

01000000 —

10000000 | 01000000 | 01100000 | 01110000 | 01101000 | 01100100 | 01100110 | 01100101
A ) . ) ) ) )
l Bpems npeobpazoeanmna ] :

—

>
Bpema




AUTT nocnigoBHOro HabnmxeHHs:
yacoBa Aiarpama

Analog
Inpul

i

1 BuMmip
MocnigoBHUN LMKA HABANKEHHA

HTOT

Time

Digital

output ¢——__ _

iy S

Time —



KINbKICTb KPOKIB

ALLI NOCNIAOBHOIO HabANKEHHA AN03BONAIOTb
HAaMKOPOTWMM LIAXOM HAbAn3nuTUCcA A0 BUMIPHOBAHOI
BE/IMYMHN | 3aBEPLUNTU Nnpouec nepeTBopeHHA BCbOro 3a
M NOCAiAOBHUX HabAMMXKeHb (M - PO3pAAHICTb BUXiAHOTO
Kogy) 3amictb 2™M-1 aki noTpibHi 6bynm 6 vy pasi
BUKOPUCTAaHHA MeTo4y OAHOCTOPOHHbOIO HabAMKEHHS.

Burpaw y wsunakoaii oyae tmm 6inbwimm , 4yum binblue
po3pAaHicTb m . [Mpn m = 6 Takmn Burpaw obyae 6inblLu
HiX AecATUKpaTtHUM ( 6 npoTtn 26 = 64 ), To Nnpu m = 10
BiH gocAarHe b6inbwe asox nopaakis ( 10 npotn 210 =
1024).



[lepearu i Heaoniku ALLTI
NOCNiAOBHOINO Hab/IMMKEeHHSA

NepeBaru

3a40BiNbHA WBMAKOAIA Buwa po3ainbHa 34aTHICTb
yacTtoTa AucKpetusauii sig 1K (21°) go 1M Binblwa po3pAaaHiCTb=>MeHLLIa LWBUAKOAA
(229) signikis/cek ~5Msps

CepeaHAa TOYHICTb
fapHe BigHOLWEeHHSA LjiHa/NpoAYKTUBHICTb
PospagHictb 10, 12, 16

MoKNuMBiCTb BUAABaTH Pe3ybTyOUuMI
KoA, nocnigoBHO OIT 3a pa3



[1BOKacKaaHMM NOCNiAOBHO-
napanenbHmnn AU

a3

MNapanenbHe ALM 23 L

N\ ,

3
Brrog

- BY =2 | xon
“o—p| AL HAT AUMZ |
" A o
®— MapanenbHe ALIN 23
T dopmyBaHHA po3pagis 2° - 22
roybe KBaHTYBaHHSA BXiAHOro cMrHany
3 TPUPO3PAAHOK TOYHICTIO _ _
Pi3HMUA MiXK

dopmytoTbeca cTaplli po3pagm 23 - 2°
rpybmum 3HaYeHHaM

[pybe aHanorose
i peanbHUM

3HAYEeHHA no
pe3ynbTaTam
oundposkm B 1
TaKTI



XapaKTepPUCTUKA

 UiBmnaKoaia B 3 pasun MmeHLWa HiXK B NapanenbHOro
AUT TaK AK 3 TaKTu

* Burpalw no KinbKOCTI KOMnapaTopis
MapanenbHe ALM: 2° — 1 = 63 KomnapaTopu
Mocn.-Napan. AUMN: 2 * (23-1)=14
KomnapaTtopis

* Kackaais AL morke byt > 2 => noTpibHO
BUKOPUCTOBYBATU NPUCTPOI BUDBIPKKM 3
3beperkeHHs.



ViN

Cirma-genbta ALLTI

IHTerpartop KOMMapaTop
jmmEmmmm——_———— l fs
! 1
: | i
" I
! I
I+
OJ_...®_> ! DIGITAL
! ! FILTER
i A " AND
" - ! DECIMATOR
" COMPARATOR | 1
" +Vpge (1-BITADC) | 1
: (i) I
|
i / 5 !
: 0”'r R :
I \ ? 1-BIT DATA 1
' 1-BIT STREAM |
! DAC "
I |
1 1
1
1 1
1

o
—VREF
>-A MODULATOR

LLAM



Cirma-genbta ALLTI

XapaKTepUCTUKHU
Po3ainbHa 34aTHicTb 16 po3paais (HacTtota anckpeTtnsauii 100K)
Po3ainbHa 34aTHicTb 24 po3paau (Yactota gnckpetusadii 100..1K)

.

Cdepu 3acTocyBaHHA: BUMIpU TUCKY, TeMnepaTypu, macu ita. TobTo Tam ae noTpibHa
BE/IMKA TOYHICTb , @ LUBMAKOAIA HEBAXKNNBA.

[lopAgoK MOoAYyNATOPA BU3HAYAETbA KiNIbKICTHO iIHTErpaTopis i CymaTopis.
OaHobITHUI cirma-gensta moaynatop: Ak ALUM — komnapatop (0 V _ nopir

cnpauboByBaHHA), LA — aHanoroBmin KomyTaTop. IHTEerpaTop — akTUBHUN aHAN0OrOBUM
®inbTp HMU3bKKX HacToT.



HYacoBa Aglarpama: cirma-aenbra MoAynAaATop

Vin = OV A /\ /\ /\ /\ /\ /\ INTEGRATOR
j.:: / \/ \/ \/\/\/\DUTPUT

COMPARATOR
B —QUTPUT
0o 1 0 1 o 1 o 1 0 1 0o 1
v
Vi =+ T ref INTEGRATOR
2 A OUTPUT
- 3/4
_am — S COMPARATOR
) B _J | OUTPUT

o 1+1+1 o 111 0 111 0

3aBAAKN HEraTMBHOMY 3BOPOTHbOMY 3B’A3KY HAaBKOJIO iHTErpaTopa cepeaHe 3HaYEHHA CUTHaY B TouLi B mae
AopiBHIOBATU V.

AKwWwo V,\ AOPIBHIOE HYANIO € piBHA KiNbKicTb 11 0 B noTOUi AaHWNX Ha BUXOA,.

AKLLO BXiAHWUW cUrHaAN Binbll NO3UTUBHUIN —> KinbKicTb 1 I, i KinbKictb 0

AKWO BXiAHWUI curHan 6inbll HeraTMBHUIN = Kinbkictb 1 1, i KinbKictb 0 P

BigHoweHHA 1 B BUXiZAHOMY NOTOL,i, A0 3ara/IbHOro YMcia BUBIPOK B TOMY K iHTepBai - NPONOpPLiMHA BXigHI BENIUUYMHI



[lpnKknan

SAMPLE X B C D W
rTTTTT T TS QUANTIZER | (n) (INPUT) | (A-Wp_q) [ (B*Cp4) [ (Dor1) |(-1o0r+1)
I INTEGRATOR (COMPARATOR) 0 /8 0 0
: | 308 308 38
; 2 3/8 -6/8 -2/8
; 3 38 11/8 /8
! 4 308 -5/8 418
I 5 308 -5/8 118
- g 3/8 11/8 10/8
7 308 -5/8 5/8
8 308 -5/8 0rs
- . 9 38 11/8 11/8
AHanorosuu BXig
10 305 -5/5 615
3/8 11 308 -5/8 1/8
12 308 -5/8 418
13 308 11/8 718
14 308 -5/8 218
15 308 -5/8 -3/8
— = 16 3/8 11/ als
17 38 513 3
18 3/8 -5/8 -2/8




VS NYQUIST QUANTIZA‘I;IIQN KBaHTOBMI
NOISE = q 12 wym
—»| Apc [-2RERATION - /q=1LSB PiBHOMIpHO
$ po3noaineHumn
fs  fs
2
OVERSAMPLING
Kfs + DIGITAL FILTER fs
B ‘ + DECIMATION & __DIGITAL FILTER
—»| Apc |—| DIGITAL | hec | REMOVED NOISE
FILTER
fS KfS Kfs
2 2

YacTtoTa gmckpeTtusadii 36inbwyetbes B K pas, (HagavwKoBa ANCKpeTM3aLlina)
LLInpmHa cmyru BXigHOTO CUrHaNY 3a/IMLWAETLCA NOCTIMHOMO.

LLlym KBaHTyBaHHA 32 MeXaMW CMYTU BXiZAHOTO CUTHAAY NOTiM BUOANAETLCA 3@ Jonomorot undposoro ¢inbTpa.

YactoTta guckpeTm3adii Tenep moxe 6yTn 3meHLweHa (NpoaeuyMoBaHa) 0 NOYAaTKOBOI YacToTU ANCKpeTusauii, Fe.

Llen npouec nepeanckpeTmnsadii 3 HacTynHow undposoto GinbTpauieto i npopigKyBaHHAM, niasumye SNR B mexax

cmyrm Hanksicra F

[na KoskHoro noasoeHHA K SNR M2 Ha 3 ab



OVERSAMPLING
Kfe * DIGITAL FILTER f
B * S + DECIMATION & S /DIGITAL FILTER
DIGITAL REMOVED NOISE
—| ADC - FILTER DEC |—
/ fs KfS Kfs
3amiHAaemo ADC Ha 2 2
MOAYNATOP
OVERSAMPLING
+ NOISE SHAPING
Kfs + DIGITAL FILTER |fs
C * + DECIMATION ‘
>-A DIGITAL REMOVED
—Imop [ fmLTER |PEC|™ NOISE
fs Kfg Kfg
2 2

PesynbtaTom moaynatopa € GopMyBaHHA HOBOro NPOGINIO LWYMiB KBaHTYBaHHA TaK, LLO6
BinbLWicTb 3 HAX 3HAXOANNACA NO3a CMYrOK0 NPOMYCKAHHA, WO HAC LiKaBUTb, TUM CAMUM
3Ha4HoO 36inbwytoun SNR B gianasoHi dc.. F/2



AKa mae byt yactoTa
nepeauckpeTmnsadii ?

fraxr

Crér S ToHE
=]

U R R ;—I—‘
[ = 1 i Copoc
{3 3 Hererparop Foumaparop | D-tperrep L

N N
y i C'—I'ETH'I-EBC:_}EM' e
Ut  sfeesu —C N2 pETRCED

2N Y [~

: G e —

Uom  LAN

Y

=1 on

AKWoO 3a4aHi YacToTa AUCKpeTun3auii Fg i po3pAagHICTb BUXiAHOIO KoAy M, TO TAKTOBA YacToTa FT,
Ha AKiM NpaLIoOE CMrMa-AaenbTa MoAynATop, NOBUHHA OYTU BULLLE YaCcTOTU AUCKPeTMU3aL,ii B k pasis:

Fr=k*Fp=2"-Fpn,

ae k=2m (npn makcumanbHomy UBX BCi po3paan NiYnnbHUKA 2 NOBUHHI BYTU BCTaHOBNEHI B
«oAnHULI»). Toai iHTepBan Yacy, Lo AOPIBHIOE Nepioay AMCKPETMU3aLT, MOXHA chopMyBaTH
LWAAXOM AiNI€HHA TaKTOBOI YacToTu F; Ha umMcno k 3a ,ONOMOro 3BMHaMHOMO NiYNIbHMKA
(niynnbHUK 1).



dopmye nepiog,

f}aKT ANCKpeTn3auii

‘ CHET s

=]

LEEFD—E I
CdopmosaHi “0” i “1”. J

N ]
popr _ E"-I'E'IEE-EE:Z:_‘:._._E:ED;'
Kinbkictb 1 ~ BxigHOMY o, PECHCTE

aHa/JIoroBOMy CUTHasny

Paxye ogMHNYKN
B KiHUi nepioay
3MICT
nepenuncyeTbCA B
N-po3pagHun
pericTp



EnemeHT AUl NIYNNBHUK

Cueryux

Brx.1
Brix.2 Brx.l
Brix.3 Brx.2 ! T I T ! T I T
Brix.4 1 T 1 T 1 T I
Bex3 ! 1t 1 T 1 = B ast o
| | | I I I | e ) | I I I
Bimed v—-1 ¢ 1 -8 9 k- To=E Feah a5F
| | I | I I | | I I I I I
Baxaon=-0,1,2:3,4,5,6:7,8:910,11,12,13,14,15, 0
KinbkicTb
iMnynbCiB Ql Q2 Q3 Q4
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1




>.-A moaynaATop Apyroro nopaaKy

CLOCK
KfS
INTEGRATOR INTEGRATOR
ViN O DIGITAL
N @ | @ | FILTER
AND
DECIMATOR
1-BIT
DATA i
/o | STREAM
| y -

-
\. DAC N-BITS

fs



Po3noain wymy KBaHTyBaHHA Ana X-A
moaynatopa 112 nopagky

DIGITAL

SECOND
FILTER ORDER
e \\

NOISE SHAPING
CHARACTERISTICS

OF FIRST- AND SECOND-
ORDER MODULATORS

yd

N[™
o2
w



AU 3 AMHaMIYHOIO KOMMNEHCaui€Eo

MocnigoBHe HabAUKEHHA 40 HANPYTK,
LLLO BUMIPHOETLCA

JIIYMNBHUK paxye KiNbKICTb iIMNY/IbCiB

Yac nepeTBOpEHHA 3aN€XKUTb Big
amMmnAaiTyau BXigHOro curHany

KomnapaTop 3yNUHAE NiYNNAbHUK Npun
nocAarHeHHi Hanpyrm LLAT piBHA BXigHOrO
CUrHany

AHanoroBbli

AHanoroebii

BXOAHOM CUrHan v » - OnopHbIA curHan W,

LAN

:> Lindposoii Bbixon

TaxKToBbIN
reHepaTop

_—_— ] CueTuuk

CxemMa
yrnpaBneHua

na

AHanoroBblii BXOQHOW CUrHan

\ BruixoaHo#H

curdan AN

Bpemsa



nAa

CnigKytoye AL

ALLM 3 AMHaMiYHOIO KOMMNEHCcaLjielo Cniakytoue ALMN

AHaNOroBblii BXOOHOM CUrHaN na AHanoroebiii BXOZHOW CUrHan

\ BbixoaHOM

curHan LAN

\ BbixogHoOM

curiHan LAN

P o

Bpema 0 Bpems

BMKOpPUCTAHHA pPeBEpPCUBHOrO NiYNAbHUKA
[03BOJIAE BiACNIAKOBYBATMU 3MiHY BXigHOro
CUrHany



AUl 3 nepeTBOpeHHAM HAMNPyru B 4acToTy

Mepepnatoumn Mpunmatrounm
[NepeTBOptOBaAY peq > > ae > P H
Hanpyra-YacroTta npucTpin NPUCTPIN

¥

LUndbposui Buxig, _ NiYnnbHUK

T

Tanmep




AHanoroBbId
ONOPMHbLIA cUrHan Vg

AHanoroeblit
BXOAHO#H CUTHanN I/I

TaKTOBbIH
reHepartop

Iﬂ. BEJINKO

IHTerpytoul ALTT

Cxema

ynpaBaeHns

Y

Cuetumn

K :> LiudppoBoii Beixon

a)

- MIHTErpMpoBaHpne | PYIKCMPOBANHAR

CKOpPOCTb pazpsafa

Vicpenn/ Vg =

t,/Ti=x

Joe— -l

6)

Bpemsa
tz—b-\ P

1. KoHpeHcaTop nig aieto BXxiaHoI
Hanpyrun 3apaaKaerbca

2. [lepemuKaHHA Ha ONopHY

Hanpyry

KoHaeHcaTop po3parkaeTbeA

4. Yac po3pagraHHa go 0~
KiJIbKOCTI IMNYNbCiB Bif, TAKTOBOTO
reHepartopa

w

i),
T, V,

X ~ KiNbKOCTI imnynbCiB Big,
TAKTOBOro reHepaTopa



IHTerpyroql ALLT

"t

uy 4
ATVEVETA R TTOTEEFRTTOTFE LTV
a4 ¢
L1 e -
¢

Uuz )

T
t

AUM pgaHoro Tvny HeuyyTaAuBi A0 IMMYNbCHUX
nepeLwkos, .

AUM paHoro Tmny HevyyTAMBI A0 nNepiognvyHUX
nepewkoa AKWO IX nepioa B uine yncno pas
MeHLUe nepioay iHTerpyBaHHA .

AK pe3ynbrat AU pgaHoro tuny € Hambinbw
TOYHUMM - TUNOBA TOYHICTb - 4 ... 6
NEeCATKOBUX 3HaKiB , wWo Bignosinae 14 ... 20
ABIMKOBMM poO3psaam (nam’aTaemo npo
peasibHy pPO3A4iNbHY 34aTHICTb, WO 3aNeXUTb
BiA, Wymis !)

Mpn poboti AUIM paHoro Tvny B CKAaAi
MiKponpouecopHOI cnucTemu MOX/INBA
NpPoOrpamHa peani3auiA YACTUHU
BMMIpPIOBabHOI Npoueaypu, a came Apyroro
eTany - BUMIPIOBAHHA YaCOBMX XapaKTEPUCTUK
NOCNIAOBHOCTI IMNYAbCIB , WO CAPOLUYE
nepeTBoOpOBaY .



NepewkKona Bif,
Mepexi

[ ]
|
|
|
'
|
|
|}
s
)

Hanpyra

- toapnay —— T, »| Yac
>‘

OCKinbKu BXifAHa Hanpyra iHTErpyeTbCA NPOTATOM AESIKOro NPOMIXKKY Yacy, byab-akKi
BMCOKOYACTOTHI LUYMMU, WO HAKNaAaloTbCA HA BXiIAHUIM CUTHAA, NPW iIHTErPYyBaHHi

KOMMNEHCYTbCA.
®ikcoBaHMit YacoBui iHTepsan t,, ..
BMKJ/IOUMTYN NePeLIKOaM 3 4acToTamm, KpaTHumm 1/t o .
BMOMPAETLCA YAaCOBUM iHTEPBA, AKNIA BU3HAYAETLCA YaCTOTO NOBYTOBOI Mepexi.

MOJKHa BMOpaTh Taknm, Wob manrke NOBHICTIO
Nna uiei meTn 3a3BMYa



