HUPPOBAA USMEPUTEJIbBHASA
TEXHUKA

IVIABA 4: ITUT B OBJACTH DJIEKTPUYECKHUX
CUT'HAJIOB U LIENIEU
YACTbH 3

B.l. KHOppuHT



AHAJIOINO-UN®POBbBIE
MPEOBPA3OBATEIJIN - ALN
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AL, kak n AT, moXeT ObITb:
* CAMOCTOSATENbHbLIM MOAYNEM,;
* YacTblo LindpoBoro npmbopa;

* YaCTbO MUKPOKOHTpOMNepa unm
MUKPOKOHBEPTEPA;
* MUKPOCXEMOW, TPeOdYyoLLEN
OOMNOSTHUTENbHbIX 351IEMEHTOB
015 NpaBunbHOro PYHKUMOHUPOBAHUA.
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NMPUHLUUNbI OEUCTBUA AL

 [1pegBapuTernbHoe rnpeobpasoBaHue

HanpAaxeHn4d

— B NepemelleHmne
e TBEPOOro Tena
* ANIEKTPOHHOrO Nyya
* Nny4ya ceeTa?

— B AJNINTENIbHOCTb UHTEpPBAJia BpeMEHN
— B YaCTOTYy FapMOHI/I‘-IeCKOFO NI NMNyJsibCHOIro CUrHarsa

 CpaBHEHME HaNpAXeHUU
— C nomMouwibio aenntend Ha ognMHaKoBbIX PE3NCTOPAX
— ¢ nomoubto LIAT
— uendamMmn, pa3BépHyTbIMI/I B NMPOCTPAHCTBE

« CpaBHeHMe uHTerpanos (charge balance)
— AOBYXTakKTHOE UITN MHOIOTakKTHOE NHTEerpnupoBaHune
— CUTMa-AeJibra MoaynAaund



AL C NPEABAPUTEJIbHbIM
NMPEOBPA3OBAHUEM

AL c npeobpasoBaHneM B nepemMelleHne TBEPAOro Tena
CTPOWUIMCb Ha OCHOBE CaMONULLIYLLIX NpUOOPOB 1 NPUOOPOB COo
CBETOBbIM OTCcHETOM («digizet»). Cenyac BbILLM U3 ynoTpedbneHus..

AUIT c npeobpasoBaHneM B NepeMeLLeHNe 3reKTPOHHOro fyya
MCMNOSb30BasiMCb B paHHMX cucTteMax LndpoBon cBs3n, obecnevnsas
BblCcOKO€e ObicTpoaencTame. Cendac BbILSIN U3 YNOTPeDbneHuns.

AL c npeobpasoBaHMeM B NapaMeTpbl CBETOBOIO Nny4va (Hanpumenp,
NOBOPOT MIOCKOCTM nonsipusauum), BO3MOXHO, nonyyart
pacrnpocTpaHeHNE B CBA3U C pa3BUTUEM DOTOHUKN.

AL ¢ npeobpasoBaHneM B ANUTESNTbHOCTb MHTEPBaNa BpeMeHU
NPENMYLLLECTBEHHO MPUMEHSASINCL B PAaHHUX 3NEKTPOHHbLIX LUPPOBbIX
BOSfisTMETPax. Bo3aMOXXHO, OHM COXpaHUITNUCL B aMMIIUTYOHbIX
aHanuaartopax agepHon pusukm (CMm. rnasy 2).

ALTT c npeobpasoBaHneM B 4aCTOTY NPUMEHSINIUCL B HEKOTOPbIX
LUnppoBbIX BoribTMETpax. Cenyac oHM (C NOMOLLLIO MUKPOCXEM,
PACCMOTPEHHbIX B rfnaBe 2) MoryT UCNonb30BaTbCA AN peLleHns
HeCTaHOapTHbIX U3MEPUTESbHbIX 3aJau.



ALM CO CPABHEHMEM
HAMPS)XEHUW C
NOMOLLbIO OENUTENS

HA OOUHAKOBbIX RN pi

The MAX1151 & a paralel fash analog-io-digital EDI; # 122 Demuxed ECL-Compatible Dutputs
werier [ADC) capabie of dighizing full-scale {0V 1o -2V .
P E3 M C I O PAX — inpuls Into 8-bit digital wards at an updaie rate of  * A0S IMput Bancheicth: SO0ME:
750Msps. The ECL-compatible oufpuls are demuxed + Low input Capacitance: 15pF
F S H D C im0 B0 separate oulput banks, cach with differenilal + Motasiable Errors Redeced to 1LSE
dataseady oulputs to ease the task of dala capre.
LA A y The MAXT151's wide inpul banchwidth and low capacl.  © D ongle -5.2V Supply
lancc ciminake the need for ecternal rackhold amplfl-

AU CHUTbIBAHUA gl % e ecsans e
pab Lol o siatle aors D TLSE. T dewice Digtal Osclioscopes.

operates from a singke -5 supgly, with a nominal
power dssipation of 550, Data Acquision

Transient-Caplune Applicalions
Radar, EW, ECM

MAXIV

8-Bit, 750Msps Flash ADC

CTPYKTYPHAR CXEMA Ordering Information

PART TEMP. RANGE =~ PIM-PACHAGE Direct RFAF Downoorersion
MALIISIAIZS | 0C 10 +EST  EIMOUAD 7
1107NB1/1132NB1 MALIISIEZE  O°C B +EST  EIMOUAD P Camfiguintion appiars on lst page.

Functional Diagram
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NMAPAJNINENBbHO-NOCJIEAOBATENbHbBIE
(PIPELINED - KOHBEVEPHbIE) AL

CoenacHo cmamebe

58 | AnalogDialogue

Analog-to-Digital Converter
Architectures and Choices for
System Design

by Brian Black

KoHeelUepHbie ALIIT omHocsimcsi K OOHOMY U3 mMpEéx
OCHOBHbIX KJ/lacco8 coepeMeHHbIx cucmemHbix ALIT.
Jea opyaux knacca — amo ALl nocrnedoeamersibHbIX
npubnuxernuu u AUl ¢ 2A-modynssmopamu.
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TOJIbKO 9TU TPU KITACCA
BCTPEYHAIOTCA B TABJIULIE BbIBOPA
AL ®UPMbl ANALOG DEVICES

®dPpacmeHm mabsiuusbi:
A/D Converters

PasBepHyTh (punbsTPbI CopTHpOBaTh No HoBe#Hwnm Buibpats MapameTpsl 3arpy3uTb B Excel

- gé ﬁ! 18 ™ 1 SAR 08 5 95 7m -40to12... Serial, SPI Pseudo ... $15.95 External
0 B 18 2M 1 SAR 0.8 5 95 14m -40to12... Serial, SPI Pseudo ... $22.45 External
- = 14 625M 2 Pipelined 2 17 67.2 930m -40to 85... JESD204B Different... $406.26 IntExt
| E} 14 1.3G 2 Pipelined 1 159 65.6 16 -40to85... JESD204B Different... $831.30 Int/Ext
- = 14 266 > Pipelined B 17 613 31 -40to85.. JESD204B Different... $1,108.34 Int/Ext
[ ﬂ: 14 2G 2 Pipelined 2 17 62.7 25 -40to85... JESD204B Different... $934 .86 Int/Ext
| i B 16 500k 1 SAR 02 5 93 2m -40to12... Serial, SPI Pseudo .. $6.75 External
O = 24 128k 38 Sigma-Delta 15 25 66 132m -40te 12... SPI Different... $8.46  External, ..
I~ E: 14 M 16 SAR 03 20 85 230m -40to12... Parallel, ... Pseudo .. $10.76 IntExt
- = 16 ™ 16 SAR 1 20 90.5 230m -40to12.. Parallel Pseudo .. $11.96 Int/Ext
- B 20 1.8M 1 SAR 1 10 1005 16m -40to12... Serial, SPI Different... $2050  External
[l 2 - 18 500k 1 SAR 04 10 1005 4m -40to12... Serial, SP| Different... 51145 External
| @ = 18 T 1 SAR 0.4 10 1005 gm -40te12... Serial, SPI Different... $18.95 External
- b E 16 500k 1 SAR 05 5 915 21m -55to12.. QSPI, Se... Pseudo ... $975  External



KOHBEWEPHbIE ALIN - «TMBEPUO» AL

CUHUTbIBAHUA U NOCNEOOBATEJIbHbIX
NMPUBNNXKXEHUU

FLASH o
< 10,000 4| c =2 -1 (Mo mou >xe cmamsbe)
&) t=1
o 016 BIT PIPELINE
z 1 1000 o ‘22‘\‘ C . P x ZNP
g - 8“,\ 1\3\ t=P
g 100-_%’ ‘q&Naan
o L)% 1. 12807 SAR
S BIT C=1
o 10+ i ten
o I SUCCESSIVE
s B ______APPROXIMATION _ __
= 14+ E===s=s=s=====s—/Ff—
1 5 10 15

DECISION CYCLES ~t

Figure 1. Tradeoff between decision cycles and comparators.

OHu 3aHsIIuU HUWY cpedHel pa3psioHocmu
u 6bicmpodelicmeusi om 0ecsimKos

00 coOmeH MUJIJTUOHOB8 rnpeobpa3osaHull 8 §eKyHOyY



CTYNEHb KOHBEWEPHOIO ALN

(lMo mou xe cmamsbe)

A | SAMPLE
AND HOLD

A ADC/
COMPARATOR

Figure 3. A single pipelined converter stage.
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TUTIUHHAA OBLLAA CTPYKTYPA
KOHBEWUEPHOI'O AL|N

FUNCTIONAL BLOCK DIAGRAM

CLAMP
CLAMP IN CLK AVDD DRVDD
1 w9 s =
|
‘ O STBY
SHA SHA GAIN SHA GAIN SHA GAIN SHA GAIN O MODE
AIN O I~ I~ N I~ D
el o> L~ > | P > | P > % > c
SIS (amjplomyl  Kaojglomyl  Laojplom)l  (anje{om) OTRTE
REFTFQ CORRECTION LOGIC
REFBF O £
D | OUTPUT BUFFERS O OTR
REFSENSE - () AD9200 (MsB)
DO
S O (LSB)
AVSS DRVSS

Takum obpa3om, npuHyun deucmeausi KoHeeliepHbix ALl
s1eJ1siemcsi HaCMHbIM CJly4aeM CpaeHeHUs1 HarnpsixeHuu
uensimu, pa3eépHymbIMU 8 NnpocmpaHcmee
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NMPUMEP COBPEMEHHOW
MUKPOCXEMb!
KOHBEMEPHOIO ALIM

ANALOG 8-Bit, 50 MSPS/80 MSPS/100 MSPS
DEVICES 3 VA/D Converter

AD9283

FEATURES FUNCTIONAL BLOCK DIAGRAM
8-Bit, 50, 80, and 100 MSPS ADC

Low Power: 90 mW at 100 MSPS Vo PWRDWN Vpp
On-Chip Reference and Track/Hold < = o

475 MHz Analog Bandwidth AD9283

SNR =46.5dB @ 41 MHz at 100 MSPS A ermemereny [
1V p-p Analog Input Range l,_,,I: ™ ADC | stagmng [7 "¢ D700
Single 3.0 V Supply Operation (2.7 V-3.6 V) [

Power-Down Mode: 4.2 mW ENCODE O0— TIMING REF

APPLICATIONS |

Battery Powered Instruments GND g‘éﬁ; ﬁ‘sr;s

Hand-Held Scopemeters
Low Cost Digital Oscilloscopes

11



ONMMCAHUE MUKPOCXEMbI AD9283

Theory of Operation

The analog signal is applied differentially or single-endedly to
the inputs of the AD9283. The signal is buffered and fed for-
ward to an on-chip sample-and=-hold circuit. The ADC core
architecture 1s a bit-per-stage pipeline type converter utilizing
switch capacitor technigues. The bit-per-stage blocks determine
the 5 MSBs and drive a FLASH converter to encode the 3 LSBs.
Each of the 5 MSB stages provides sufficient overlap and error
correction to allow optimization of performance with respect to
comparator accuracy. The output staging block aligns the dara,
carries out the error correction and feeds the data to the eight
output buffers. The AD9283 includes an on-chip reference
(nominally 1.25 V) and generates all clocking signals from one
externally applied encode command. This makes the ADC easy
to interface with and requires very few external components for
operation.

12



BPEMEHHbIE OUATPAMMDI
MMUKPOCXEMbI AD9283

AD9283

Figure 1. Timing Diagram
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ALIN C AHAJITIOFOBOWU CBEPTKOM

o [lapannenbHo-nocriedoeamesibHoe rpeobpa3oeaHue, Kak
N apyrne npuHUMnbl pa3BEpPTbIBAHNSA LIENEN CPaBHEHNS B
NPOCTPaHCTBE, 06ECnevnsrio BbICOKYH0 CKOPOCTb
npeobpasoBaHnA Npu yMepPEHHoOM crioxxHocTn ALITT.

* U3 gpyrnx ncnpoboBaHHbIX NPUHLUMNOB MPUHLUNNANIbHbBIN
MHTEpPeEeC NpeacTaBnseT aHasio2oeasi ceeépmka. Tonbko B
ALIT c aHanoroBon CBEPTKOW KaXabl KOMrapaTtop
cpabaTblBaeT HE3aBNUCUMO OT NOBEeOAEHUS KOMMapaTOpoB
npeaLecTBoBaBLUNX CTyNeHeN. XOTs MHTepPEeC pa3padboTynKoB
K aHanoroBon cBEPTKE, NO-BUAMMOMY, 3aTyX, 00 3TOM
NPUHLUMNE HYXXHO CKa3aTb HECKOJIbKO CIOB.

OcTanbHble N3BECTHbIE CTPYKTYPbl C pa3BépTbiBAHNEM Lienen
CpaBHEHUS B MPOCTPAHCTBE MOXHO HE paccMaTpuBaTb.

14



KACKALL AHAJTOFOBOW CBEPTKMU

Ounarpammbl paboTtsl AL ¢ aHanoroBon cBEPTKOW
CTposAATCA B PYHKLMN HE BPEMEHN, @ 8XOOHO20 Harpsi>KeHUSs

A
A U UBbIX
1. YoBouTb BbiX 2. VluBepTu-
BXOQHOE ~ poBaTb
HanpsaXXeHue pesynsraT

BX

15



lIpodosnxkeHuUe onepayul 8 Kackade aHas102080U C8EPMKU

I\
I\
U UBbIX

BbIX

3. BbibpaTtb 4. CpaBHUTb
MEHbLLEeEe

BX BX
BA

16



CTPYKTYPA CBEPTOYHOIO ALM

17

Manopa3spsaa-
Hbit ALLIT
CUYUTbIBAHUA

T lndppatop




NMOCTPOEHUE OBLLUEN ONATPAMMDbI
PABOTblI CBEPTOYHOIO ALM

, U
!

BbIXx/




OCOBEHHOCTb CBEPTOYHOIO ALLN

[locnepnoBaTeNbHOCTb KackagoB aHarmorosou
CBEPTKU POPMUPYET LINPPOBON pe3ynbTaT B
koge [pes. [Ina obecnevyeHnst ogHOPOOHOCTU
BbIXoAHOW Ko okoHeyHoro AL cunTbiBaHMSA
TOXe NpeobpasytoT B koA [pesq.

OTO NO3BOSIAET CYMTbIBATL LMAPOBOU
pe3ynsTaT NpeobpasoBaHUsA 8 rMPou380sibHbIU
MOMEHM 8pPEMEHLU.

19



ALIN CO CPABHEHUEM
HAMPSXEHWX C MOMOLLbIO LIAN

U

x g ABTOMaAT
U —r ypaBHOBELLUNBAHNA
AT & N I TakT
NOH LIATT W TU

B 3aBUCMMOCTM OT YCTPONCTBA aBTOMaTa ypaBHOBELUMBaHUS
BO3MOXHbl pa3Hble anropuTMbl NpeobpasoBaHUs.

[Tpn c4HETUUMKE, NpeKpaLLaloLLEM CYET, eCrnun U A U, nony4vaetcs
pasgépmaigarouiee rnpeobpasosaHue.

[1pn peBeEPCMBHOM CYETUYMKE, MEHAIOLLEM HarpaBfieHNe c4yeTa B
3aBMCUMMOCTU OT 3Haka pasHoctn U — U nonyyaetcsa credsuwee
npeobpasosaHue.

[1pu peructpe nocnegoBaTenbHbIX NpMbnmxkeHun (sequential
approximation register, SAR) nony4aetcs rnopa3spsioHoe
ypasHogeuwusaHue (ANXoToMus, rnocrieqoBaTtenbHoe NpnonmxeHue).
[TocnegHWin TEPMUH HETOYEH, HO YKOPEHMUIICA MMEHHO OH.

20
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Pa3eépmabisaroujee npeobpazoesaHue, No-BNANMOMY,
cendac UCMNOJIb3YETCHA TOMNLKO paanontobnTensmu.

Cnedsiwee npeobpasosaHue 66INO JOBOMBHO NOMYNSIPHO
B 1960-x rogax. Cenvac npnmeHsieTcsa ans peweHuns
cneuuanbHbIX 3agad (HanNpMMep, B MUKPOCXeMax ass
pabotbl ¢ CKBT).

lNocnnedosamernbHoe npubsiuxxeHue B CBOE BPeMS ObINO
OCHOBHbIM anropmMTMom padoTbl LM POBLIX BOSIGTMETPOB
(cenyac BbITECHEHO ABYXTaKTHbIM UHTETPUPOBAHNEM).
[TpogommkaloT BbinyckaTbCA MUKpocxeMbl ALLI
nocnegoBaTeribHOro NPMONMXeHns, CaMOCTOATENbHLIE U B
COCTaBe MUKPOKOHTPOINEPOB, YaCTO MHOIMOKaHarsibHbIE..

HekoTopble gpyrue anroputMel ypaBHOBELLNBAHUS
(Hanpumep, nogekagHoe pas3BepPTbiBaHUE) ObINK
npeanoXxeHol AnNs LMAPOBLIX BONLTMETPOB, HO NepecTanu
NMPUMEHATLCA.

lMpuryun nocnedosamesibHO20 NPUbGIUXeHUST U
coomeemcmaeayroujue mukpocxemsbi AL crnedyem
paccMompemb noodpobHee. Y MuKkpocxem cHavasa
pacMompum aHasi0208YH0 CMOPOHY, 3ameM yugposyro
CMOPOHY — UHMepgeuchl. 21



NMPUMEP NOCHNEOOBATEJIBHOI'O
NMPUBJITMXEHUA

Tabnunpald
Tpumep npouecca MOpPa3psi/IHOro ypaBHOBEIIHBAHUSA

008,0,030,4a50 0, agag U COMIT Komma- TMocnenHuii BKIIOYEHHBIH

patop pa3psn
10000000 00 512 Mmaio ocTaeTrcH
11000000 00 512+256=768 MHOT0 otOpacbIBaeTCA
1010000000 512+128=640 MHOT0 otOpacsIBaeTCA
10010000 00 512+64=576 MaJso ocTaeTcs
1001100000 576+32=608 MHOTO oTOpackigaeTcs
1001010000 576+16=592 MHOI0 oTOpacbIBaeTCs
1001001000 576+8=584 Majo OCTaeTCs
1001001100 584+4=588 MHOTO oTOpacsiBaeTCs
1001 001010 584+2=586 Mano OCTaeTCq
1001001011 586+1=587 MHOTO oTrOpacbeIBaeTCs
1001 001010 OKOHYATENBHBII PE3yNbTAT, PaBEH JECATHIHOMY 586

l1o kHuz2e: CononyeHko I H. U3mepumernbHbIe
UHgpopmauyuoHHbIe cucmemsl. — Cl16.: NU30-80 lNMonrumexH.
yH-ma, 2010, c. 117. Pa3psiObl npoHyMepoeaHbl om

cmapuwea20 K mnadwemy, duarna3oH rpeobpa3osaHus
AlITO0...1023 MB. U_= 586,5 mB. peobP 22
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MONMPABKA K NTPUMEPAM
COJIONYEHKO U OPHATCKOI'O

The ideal transfer characteristics for the AD4002/AD4006/
AD4010 are shown in Figure 32 and Table 9.
[

111111 —
111110 —
111101 —

I

000010 —
000001 —

GO0 600 Tt i
—FSR ||-|=sn+ 1LSE +FSR -1 LSB

=FER + 0.8 LSS +«FSR = 1.5 LSB %
ANALOG INPUT :

Figure 32. ADC Ideal Transfer Function {F5R Is Full-5cale Range)

ADC CODE (STRAMGHT BINARY)

Ans nonyyeHuss cuMMempu4HO20 pacrnpedesieHust
noz2pewHocmu keaHmoseaHusi HanpsixxeHue AT
HY>XHO cMecmumb Ha NnosIo8uHy keaHma! 24



HEKOTOPBLIE CBOUCTBA AL .
NMOCJHIEOOBATEJIbHbIX NMPUBJIIMXEHUA

MNHepumoHHOCTb LIAT N3ameHeHne npeobpasyemoro

orpaHuymBaeT GbICTPOAENCTBME HaMpsPKEeHNs BblsbiBaet
OVHaMUYECKYI0 NOrpeLLHOCTb

Un

U T T Lihug | 1 |
ey al
3u | . ] ! Jl | ___u”p | l[ : 1
- Up, ! T 1, . T '
N (i) ’ S
t 't 7. Pl Up TZ)
-7-u | B ! }un( rn) 'Z—u”f”' 1 . /- |
A o AN : 1 , A1 | ) ' }Afl,atm |
o ke N R
RN SRR
. ] .
oL R R
g1 2 3 4 & 6 7 0 1 2 3 4 § 6 7

lMo kHuze: Ocmpoeepxoe B.B. [JuHamu4yeckue nozpewHocmu

aHasno2o0-yugposbix nipeobpazoeameneu. — J1.: QHepaus,
1975, c. 18.
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MOCTOAHCTBO NPEOBPA3YEMOIO
HAMNPAXEHUA OBECINEYUBAETCA
BCTPOEHHbLIMU YCTPOUCTBAMU

BbIBOPKU - XPAHEHWA YBX
(SAMPLE/HOLD, TRACK/HOLD)

TunuyHaa cTpyktypa YBX
B (pasax BbIOOPKM U XpaHEHUS SAMPLING

CHARGE

REDISTRIBUTION

DAC

A CAPACITOR ‘. C
3anmcTBOBaHa U3 PUPMEHHOrO Vg O—O=—20 i JU——
OMUCAHNA MUKPOCXEM e :l>‘ LoGic
AD7811/AD7812. - S SW2 | comearaToR CLL“

B 0eiCTBUTENBHOCTU «XPaHEHUS» Voo/3 =

HEe NpoucxoauT: 3apsaa,
NOfy4YeHHbIW KOHOEHCATOPOM
BbIOOPKM OT BXOAHOro curHana,

CHMMaeTCA C Hero B Xxoage SAMPLING
CAPACITOR

PHASE

npeobpa3oBaHMs EMKOCTHbIM Yy O——0 I
LMdpoaHanorosbim . ai — l e

npeobpasoBarenem. -
[MpaBurnbHee roBopuTb HE O dpase Vgl O— 4

a2

Figure 2. ADC Acquisition Phase

COMPARATOR

XpaHeHus, a o pase Figure 3. ADC Conversion Phase

npeobpa3oBaHus 26

REDISTRIBUTION

CHARGE
Dac

zl

ll\.

CONTROL
LOMGIC

CLOCK
asC




CTPYKTYPbl MUKPOCXEM ALI
AD7811/AD7812

FUNCTIONAL BLOCK DIAGRAMS

Crer REF, Voo AGND DGND Crer REFy Voo AGND DGND

1 =l [ REF I ) :nm;

REF AD7B11 { 4
Y T LOCK ‘ 1 | cLock
b cusc » osc
s DOUT
CHARGE N DIN ‘ " CHARGE s,
REDISTRIBUTION s,f;"‘r"' AFS ——
DAC kd TFS
V.ﬂ ‘ SCLKE
Vo | X i
Ve G oo ’ | CONTROL
| “TOMP

DouUT
DI

RF5
TFS
SCLK

FORT

~ | MUX

*

CONTROL
‘ LOGIC

¢ pemeTRIBUTION | | SERIAL
Vg 1O~ | LoGic

B O
O—l

CONVST AD CONVST

Obuwee onucaHue amux MUKpPOCXeM —
Ha cniedyrouweM cnauoe.

27



'Y ANALOG
DEVICES

2.1V10 3.9V, 320 kSPS, 10-Bit
4-/8-Channel Sampling ADCs

AD7811/AD7812

FEATURES
10-Bit ADC with 2.3 ps Conversion Time
The AD7811 has Four Single-Ended Inputs that
Can Be Configured as Three Pseudo Differential
Inputs with Respect to a Commeon, or as Two Inde-
pendent Pseudo Differential Channels
The AD7812 has Eight Single-Ended Inputs that Can
Be Configured as Seven Pseudo Differential Inputs
with Respect to a Common, or as Four Independent
Pseudo Differential Channels
Onboard Track and Hold
Onboard Reference 2.5V = 2.5%
Operating Supply Range: 2.7 Vto 5.5V
Specifications at 2.7 V-3.6 Vand 5 V £ 10%
DSP-/Microcontroller-Compatible Serial Interface
High Speed Sampling and Automatic Power-Down Modes
Package Address Pin on the AD7811 and AD7812 Allows
Sharing of the Serial Bus in Multipackage Applications
Input Signal Range: 0 V to Vger
Reference Input Range: 1.2 V to Vpp
Qualified for Automotive Applications
GENERAL DESCRIPTION
The AD7811 and AD7812 are high speed, low power, 10=-bit
A/D converters that operate from a single 2.7 V to 5.5 V supply.
The devices contain a 2.3 (is successive approximation A/
converter, an on-chip rack/hold amplifier, a 2.5 V on-chip refer-
ence and a high speed serial interface that is compatible with the
serial interfaces of most DSPs (Digital Signal Processors) and
microcontrollers. The user also has the option of using an exter-
nal reference by connecting it to the Vper pin and setting the
EXTREEF bit in the control register. The Ve pin may be tied
to Vpp. At slower thronghput rates the power-down mode may
be used to automatically power down between conversions.

The control registers of the AD7811 and AD7812 allow the
input channels to be configured as single-ended or pseudo
differential. The control register also features a software convert
start and a software power-down. Two of these devices can
share the same serial bus and may be individually addressed in
a multipackage application by hardwiring the dewvice address pin.
The AD7811 is available in a small, 16-lead 0.3" wide, plastic
dual-in-line package (mini-DIP), in a 16&-lead 0.15" wide, Small
Ontline IC {(SOIC) and in a 16-lead, Thin Shrink Small Out-
line Package (TSSOP). The AD7812 is available in a small,
20-lead 0.3" wide, plastic dual-in-line package {(mini-DIP), in a
20-lead, Small Outline IC {SOIC) and in a 20-lead, Thin Shrink
Small Qutline Package (TSSOP).

PRODUCT HIGHLIGHTS

1. Low Power, Single Supply Operation
Both the AD7811 and AD7812 operate from a single 2.7V
io 5.5 V supply and typically consume only 10 mW of power.
The power dissipation can be significantly reduced at
lower throughput rates by using the automatic power=
down mode e.g., 315 pW (@ 10 kSPS, Vpp = 3 V—see
Power vs. Throughput.

4-/8-Channel, 10-Bit ADC

The AD7811 and ADT7812 have four and eight single-ended
input channels respectively. These inputs can be configured
as pseudo differential inpurs by using the Control Register.

2

3. On=chip 2.5 V (£2.5%) reference circuit that is powered
down when using an external reference.

4. Hardware and Software Control
The AD7811 and AD7812 provide for both hardware and

software control of Convert Start and Power-Down.
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Figure 6. FPseudo Differential Input Scheme
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MPOrPAMMHbIA BbIBEOP CTPYKTYPb!
BXOOHOW LIENU YETbIPEXKAHATIbHOIO
ALIM AD7811

(AnA BOCbMUKAHAIIBHOI'O AL AD7812 UMEETCHA
AHAJIOMNM4YHAA, BOJNEE CITOXHAA TABJTALIA)

Table 1. AD7811 Channel Configurations

VnJAGND | DIF/SGL CHI1 CHO Description

0 0 0 0 Vi Single-Ended with Respect to AGND

0 0 0 1 V2 Single-Ended with Respect to AGND

0 0 1 0 Vi3 Single-Ended with Respect to AGND

0 0 1 1 Vpis Single-Ended with Respect to AGND

1 0 0 0 Vi Pseudo Differential with Respect to Vi,

1 0 0 1 V2 Psendo Differential with Respect to Vg

1 0 1 0 Vi3 Psendo Differential with Respect to Vg

X 1 0 0 Vi (+) Pseudo Differential with Respect to Viya(=)
X 1 0 1 V() Pseudo Differential with Respect to V(=)
X 1 1 0 Internal Test. SAR Input Equal to Vggg/2

X 1 1 1 Internal Test. SAR Input Equal to Vggp
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HAJIMYMUE B CTPYKTYPE ALIN BJTIOKA
SIGNAL SCALING MOXET O3HAYATb
BXO[O YEPE3 PESUCTUBHbLIU OENNATEJb
HAMNPAXEHUA

ANALOG 5V, 12-Bit, Serial 3.8 s
DEVICES ADC in 8-Pin Package

AD7835

FEATURES FUNCTIONAL BLOCK DIAGRAM

Fast 12-Bit ADC with 3.8 ps Conversion Time

8-Pin Mini-DIP and SOIC REF IN Voo

Single 5 V Supply Operation -

High Speed, Easy-to-Use, Serial Interface ADT835

On-Chip Track/Hold Amplifier

Selection of Input Ranges b
=10 V for AD7895-10 TRACKIMOLD

+25 V for AD7895-3 e SIGHAL
0V to +2.5 V for AD7895-2 : SCALING®

> 1247
High Input Impedance I ADC

Low Power: 20 mW max
14-Bit Pin Compatible Upgrade (AD7894)

g8
=
€
o
=




PE3NCTUBHbIU OENUTENDb HA BXOAE
MMUKPOCXEM AL AD7895-10 N AD7895-3

ANMALOG INPUT
ADTEIS-10
Input Voltage Range
Input Resistance
ADTEIF-3
Input Voltage Range
Input Resistance
ADTEQS-2
Input Voltage Range
Input Current

¥im

AGND |

TO ADC

el

= REFERENCE
CIRCETRY

' “TRACK!

HOLD

TOINTERNAL
COMPARATOR

ADTB95-10/ADTES5-3

Figure 2. AD7895-10/AD7895-3 Analog Input Structure
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PESUNCTUBHbLIE OENUTENN HA BXOAE
MMKPOCXEM AL AD7899

AD7899-1

25v
REFERENCE
TO ADC

p—> REFERENCE
Ve C)—«E CIRCUITRY

2 I

N » TOINTERNAL
s O | COMPARATOR
TRACKMHOLD
R3
Vine O
R4 3

v

N7

GND

Figure 2. AD7899-1 Analog Input Structure

For the AD7899-1, R1 =4 k2, R2 = 16 k2, R3 = 16 kQ and
R4 = 8 kQ. The resistor input stage is followed by the high
input impedance stage of the track/hold amplifier.

Vagr O——4

AD7899-2

b REFERENCE
CIRCUITRY
v }—w——o‘ > » TOINTERNAL
ma C COMPARATOR
TRACK/MHOLD

TO ADC

Vine O

Figure 3. AD7899-2 Analog Input Structure

Vina ()

AD7899-3

| 2sv
REFERENCE

b L

TO ADC
p— REFERENCE
CIRCINTRY

Vine )

TO INTERNAL
COMPARATOR
TRACKMOLD

Figure 4. AD7899-3 Analog Input Structure
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NWCTOYHUKU ONMOPHOIO
HAMNPAXEHUA OJ1A MUKPOCXEM AL

VICTO4HUMK onopHoro HanpsikeHns U .. MOXeT ObITb:

BHELLUHUM Anst MUKpocxeMsbl (external);

BHYTPEHHUM, BCTPOEHHbIM B MUKpocxeMmy (internal);

BHYTPEHHMM C BO3MOXHOCTbLIO Nogayn BHELLUHEro OonopHoro
Hanps»keHusa (Npu OTKNIOYEHNN BHYTPEHHENO MCTOYHMKA, KaK
y AD7811/AD7812, unn 6e3 ero oTkNo4YeHuns).

Horga nog BHYTPEHHUM ONOpHbIM HanpsixeHnem ALT
NMEETCH B BMOY HanpsaxXeHne nutaHus. Torga obbl4HO
yKasblBaeTcs AuanasoH npeobpasoBaHns OT HyNs Ao V.
pekomeHayetca nutanme AUIT ot mukpocxemesl NOH.

. s jmu:f 5
pF [ 3
um£ fabt F LNF LT L

FY
Von
"Dl
L]
WOV b ADTATE !
n——_— ADTATT] SDATA ( | o
 ADTTY o

SEMLAL
MTEMFALCE

Figure 14 REF192 a3 Power Supply

R
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NMOAAYA BHELUHEIO ONMOPHOI'O HAINPAXEHUA BE3
OTKINKOYEHUA BHYTPEHHEIO MICTOYHUKA
B MUKPOCXEME ALIM AD7899

ANALOG 3 V Single Supply
DEVICES 14-Bit 400 kSPS ADC

AD7899

FEATURES FUNCTIONAL BLOCK DIAGRAM
Fast (2.2 ps) 14-Bit ADC oy o M
400 kSPS Throughput Rate —) < T
0.3 ps Track/Hold Acquisition Time | o =
Single Supply Operation ETEVO) REFERENCE
Selection of Input Ranges: £10V, £5 Vand £25 V AR
0Vto25Vand0OVto5V
High-Speed Parallel Interface which Also Allows ! ‘—()HE
Interfacing to 3 V Processors TRACK/HOLD T
Low Powmi, 80 mW Typ Vi O~ sianaL 1B M outPUT —h? =
Power-Saving Mode, 20 pW Typ V.agj SCALING ADC || LATCH ;
Overvoltage Protection on Analog Inputs _—
Power-Down Maode via STBY Pin -
BUSY/EDE (i C%'(“,‘,’ff.'.ﬁf‘“ - |g:g§ g f
[ LOGIC SELECT
| S
CONVET CLKIN GND OPGND
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TosicHeHus1

K UCMOYHUKY
OMopHO20
Harnpsi>KeHuUs
8 cmpyKmype
MUKPpOCXeMbI

AD7899

Reference Section

The ADT899 contains a single reference pin, labelled Ve,
which either provides access to the part's own 2.5 V reference or
allows an external 2.5 V reference to be connected to provide
the reference source for the part. The part is specified with a

2.5 ¥ reference voltage.

To use the internal reference as the reference source for the
ADTEY9, simply connect a 0.1 UF capacitor from the Vggy pin
to AGND. The voltage that appears at this pin 15 internally
buffered before being applied to the ADC. If this reference 1s
required for use external to the ADT8949, it should be buffered,
as the part has a FET switch in senies with the reference output
resulting in a source impedance for this output of 6 K2 nominal.
The tolerance on the internal reference 1s £10 mV at 25°C with
a typical temperature coefficient of 25 ppm/PC and a maximum
error over temperature of £20 mV.

If the application requires a reference with a tighter tolerance or
the ADT89 needs to be used with a system reference, the user
has the option of connecting an external reference to this Vigge
pin. The external reference will effectively overdrive the internal
reference and thus provide the reference source for the ADC.
The reference input s buffered before being applied to the ADC
with the maximum input current of £ 100 pA. Suitable reference
sources for the ADT899 include the AD680, ADTE0, REF192,
and REF43 precision 2.5 V references.
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AD7899 - MPUMEP = P —
MWKPOCXEMbI ALIN =~ UL e el

BUSY/EGC [

C NAPAJJIEIIbHbIM o e,
MHTEP®ENCOM s ==

THREE-STATE /T T\ THREE-STATE

S
to—| | =] |e—1t;

|

lpeobpa3zoeaHue 3anyckaemcs
cuzHasiom CONVST.

O6 okOH4YaHuUuU npeobpa3osaHus
MUKPOKOHMposisiep y3Haém rno t

Figure 6. Conversion Sequence Timing Diagram (EOC Mode)

CHamMuro mukpocxemou ALI i Viii ™ /77
cuzHana BUSY unu no nosieneHuro - =
cucHana EOC (End Of Conversion). = e |
Ucnonb3yemcsi makke MHEMOHUKa — *== _|/ - . il
DR - Data Ready. Y Hekomopbix "D Ty
mukpocxem ALl cuzHan o6 = =l *1'*“
OKOH4YaHuu ripeobpa3oegaHusi o vmessmw ——h_meestare
omcmcmeyem. g L

Figure 7. Conversion Sequence Timing Diagram (BUSY Mode)

BbiBoA V5 e NO3BONSIET CcONpsiraTb MUKkpocxemy ALITT ¢ MUKPOKOHTpomnnepom,
HanpsPKeHMEe NUTaHUS KOTOPOro oTrnnyaeTcs oT HanpsbkeHnsa nutanma ALL.
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Figure 8. Using an External Clock

\/
U

Selecting a Conversion Clock

The AD7E99 has an internal [aser mmmed oscillaor which can
be used 1o control the conversion process. Alternanvely an extemal
clock source can be wed w control the conversion process. The
haghest external clock frequency allowed 1 6.5 MHz. Thes means
a conversion tme of 2.46 (& compared wo 2.2 1 using the inter-
nial chock. However m some instances it may be useful 1o use in
external clock when hagh theoughput rates are not required. For
example two o more ADTEO% may be sinchrondzed by usng
the same external clock for all devices. In this way there & Bo
latency between output logse sgnals due 1o differences in the
frequency of the internal clock oscallators.

On the rising edge of CONVST the AD7899 will examine the
status of the CLEIN pin. If ths pin is Jow it will use the internal
laser primimed oscillator as the conversion clock. If the CLEIN pin
1 hugh the ADTE99 wall wan for an extemal clock 10 be suppled
1o this pan whach will then be used as the conversion clock. The
first fallmg edge of the external clock should not happen for at
least 108 ns after the rising edge of CONVS | 1o ensure correct
operation. Figure 5 shows how the BUSY/EDC output & synchro-
nuged to the CLKIN agnal Each conversion requires 16 chocks.
The result of the converson 1§ transfesred 10 the outpit data
register on the faling edge of the 15th clock eyele. When the
mtermal elock = wlected the status of the CLEIN pin 15 free 1o
change during conversion but the CLEIN setup and hold nmes
must be observed 1n order 1o ensure that the comect cnversion
chiock i used. The CLEIN pin can alio be bed low permanently of
the witernal conversion clock 15 1o be wsed,



AD7862 - MPUMEP MHOIOKAHAJIbHOU
MMUKPOCXEMbI ALIM C [MTAPAJIJIEJIbHbBIM
MHTEP®ENCOM

Simultaneous Sampling
Dual 250 kSPS 12-Bit ADC

ANALOG
DEVICES

AD7862

FEATURES
Two Fast 12-Bit ADCs
Four Input Channels
Simultaneous Sampling & Conversion
4 pus Throughput Time
Single Supply Operation
Selection of Input Ranges:
+=10 V for AD7862-10
+25 V for AD7862-3
0V to 25V for AD7862-2
High Speed Parallel Interface
Low Power, 60 mW typ
Power Saving Mode, 50 pnW typ
Overvoltage Protection on Analog Inputs
14-Bit Pin Compatible Upgrade (AD7863)

APPLICATIONS

AC Motor Control
Uninterrupted Power Supplies
Data Acquisition Systems
Communications

FUNCTIONAL BLOCK DIAGRAM

WReF
F ot

Voo

I
T
“ZEY
REFEREHNCE
ADTEE2
3 TRACH)
. _D'& 12.8IT
| ADC I J*Clanan
QUTPUT
TRAGK! 1 4 :]_I—v s -vé)b'!ﬁ
12807

! |: HOLD

ADC T

CONYERSION -

CONTROL LOGIC

L & ]

o t

W
AD  BUSY CONVET

AGND AGHND DGHND
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BPEMEHHbIE OJUATPAMMbI ALIINT AD7862 BE3
NMEPEXOOA B PEXXUM NMOHUXEHHOIO

CONVET

BUSY

RO

DATA,

o (00 e
300ns

NMOTPEBJIEHUA

Il

—
L
tﬂ y—

Lo opy = 3-Bps

2,

—

) J

(ay—{o
o

Figure 5a. Mode T Timing Operation Diagram for High Sampling Performance
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BPEMEHHbIE AJUATPAMMbI ALIIT AD7862 C
NMEPEXOOOM B PEXUM NOHUNXEHHOIO
NMOTPEBJIEHUA

— 400ns TIME
300ns

CONVST 1[_-4(_& 1 [¥ L{f\-
—.T g Ly
TR | ( "‘J ( e
v

—_—

onv =

AD

couy = 36
(‘(l
&8 “ \ / . \ [1'8—-((-—

Y E LU

*WHEN USING AN EXTERNAL REFERENCE, WAKE-UP TIME = 2. 5ps
"*WHEN USING AN INTERNAL REFERENCE, WAKE.UP TIME = 5ms

<
)
—

Figure 6. Mode 2 Timing Where Automatic Sleep Function Is Initiated
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NMOCNEOOBATEJNIbHbIA UHTEP®ENC
NMO3BONAET PE3KO COKPATUTb YUCIIO
BbIBOOOB MUKPOCXEMbI

ANALOG 2.1Vt0 5.5V, 12-Bit, 8 s
DEVICES ADC in 8-Lead SOIC/PDIP

AD7896

FEATURES FUNCTIONAL BLOCK DIAGRAM
100 kHz Throughput Rate
Fast 12-Bit Sampling ADC with 8 us Conversion Time s
8-Lead PDIP and SOIC O
Single 2.7 V to 5.5 V Supply Operation AD7896
High Speed, Easy-to-Use Serial Interface TRACK-AND-HOLD
On-Chip Track-and-Hold Amplifier l\
Analog Input Range Is 0 V to Supply Vin O
: 12-BIT
High Input Impedance ADC
Low Power: 9 mW Typ
- o
EORRYC) REGISTER
T 1
O O O O O
DGND BUSY SCLK




BPEMEHHbIE OUATPAMMbI ALIIT AD7896
(PA3OEJIbHBIE MPOLECCHI NPEOBPA3OBAHUA U
BblIOJAY KOOOBOI'O PE3YIIbTATA)

toonverT = Bus

}- t . 15 = 40ns MIN
CONVET ?_] . ¥ |
" 4
BUSY fl . |

|
: T st 4000n= MIN —=|
SCLK I || Hl | || ||||I|| IH” |
I t,l:‘ | |
| | 1 * |
F—— toouvert = Bus —| ] i :
| |
COMVERSION I CONVERSION ENDS SERIAL READ READ OPERATION  OUTPUT
INITIATED AND Bus LATER OPERATION SHOULD END 400n= SERIAL
TRACK-AND-HOLD GDES PRIOR TO NEXT SHIFT
ENTO HOLD FALLIMNG EDGE OF REGISTER
CONVET IZ RESET

Figure 2. Mode 1 Timing Operation Diagram for High Sampling Performance

11 = Gus
WA KE-UP

I-— t —»1 TIME
CONVET | 2 | i

* + i} +
[ {1 ‘ | I
BUSY - m d
I | f |
l-i— 400ns M ——=
I I I ]
SCLK
I | b I ‘ Ui l
[ l | 4 f l
#——— teowvenT = 1dps —P} ' l |
I | |
PART CONVERSION CONVERSION SERIAL READ READ OPERATION QUTPUT
WAKES IS INITLATED ENDS OPERATION SHOULD END 400ns SERIAL
up TRACK-AND- 14ps LATER PRIOR TO NEXT SHIFT
HOLD GOES FALLING EDGE OF REGISTER
INTO HOLD COHVET IS RESET

Figure 3. Mode 2 Timing Diagram Where Automatic Sleep Function Is Initiated



MMUKPOCXEMA AU BE3 BbIBOOA BUSY

ANALOG 1 MSPS, Ultralow Power,
DEVICES 12-Bit ADC in 8-Lead LFCSP

AD7091

FEATURES FUNCTIONAL BLOCK DIAGRAM
Fast throughput rate of 1 MSPS "EGCW ‘g’
Specified for Voo of 2.09Vto 5.25V AD7091

INL of +1 LSB maximum

Analog input range of 0V to Voo 1zer —N  semal N
Ultralow power vin § o8 || wresrace :K

367 pA typical at 3V and 1 MSPS

324 nA typical at 3V in power-down mode

Reference provided by Voo CONVERSION

Flexible power/throughput rate management Feigrblotdotra

High speed serial interface: SP1*-/QSPI™-/MICROWIRE®-/ O
DSP-compatible oy

Busy indicator Flgure 1.

Power-down mode

8-lead, 2 mm x 2 mm LFCSP package

Temperature range: =40°C to +125°C

APPLICATIONS

Battery-powered systems

Handheld meters

Medical instruments

Mobile communications
Instrumentation and control systems
Data acquisition systems
Optical sensors
Diagnostic/monitoring functions
Energy harvesting

Lol 2

-

Voo =3

-

POWER (W)
- 88 85§ 8838888 3

400 600 800 1000
THROUGHPUT RATE (kSPS)

Figure 2. Power Dissipation vs. Throughput Rate
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OPITAHU3ALUUA NMPEPBLIBAHUA 1O

rOTOBHOCTU ALIIMT AD7091
J" W§UET Emkﬂ NGITAL HOST

ADT081 SO0 (F—¢—|DATA N

ar s —= IR

|}

Figure 23, Connection Dvagram with Busy Indicator
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BPEMEHHbIE OUATPAMMbBI AL
AD7091 C CUTHANU3ALMEN
rOTOBHOCTHW IO BbIBOAY SDO

EoC
t, ‘
o ' i T -
CONVET ‘
ty— - loger ~»=
- -ty
|ty |-—
KN g FY g EY 14_‘sl_l [0 o [ a2 [ s
[ bl T
e ——— +___ Aoe1s Y oew X oss X aaX DB7 GD( pe2 ¥\ D81 X DBO T RTATE
NOTES H
1. EOC IS THE END OF A CONVERSION. i

Figure 26. Serial Port Timing with Busy Indicator

CueHan CS dosmkeH 6bimb nodaH do comosHocmu ALI

46



MMKPOCXEMbI ALIN C COBMELWWEHHbBIMA
NMPOLUECCAMU NPEOBPA30OBAHUA N BbIOAYN
KOOOBOI'O PE3YJIBTATA HE TPEBYIOT
CUTHAJIOB 3AINMYCKA UTOTOBHOCTU

ANALOG Differential Input, 555 kSPS
DEVICES 12-Bit ADC in an 8-Lead SOT-23

AD74352

FEATURES FUNCTIONAL BLOCK DIAGRAM

Specified for Vopof 3Vand 5V
Low power at max throughput rate L et

3.3 mW max at 555 kSPS with 3 V supplies

7.25 mW max at 555 kSPS with 5 V supplies
Fully differential analog input Vine
Wide input bandwidth

70 dB SINAD at 100 kHz input frequency
Flexible power/serial clock speed management Veer O
No pipeline delays
High speed serial interface

SPI/QSPI™/MICROWIRE™/DSP compatible
Power-down mode: 1 uA max
8-lead SOT-23 package

APPLICATIONS

Transducer interface
Battery-powered systems
Data acquisition systems
Portable instrumentation
Motor control

SCLK

AD7452 CONTROL LOGIC

M1 54-A001 l i L
Ol »
w o

'S
A

Figure 1.



BPEMEHHbIE OUATPAMMbI ALLIT AD7452
C COBMEWEHHbBIMU MPOLECCAMU
NMPEOBPA3OBAHUA N BbIOAYUA
KOOOBOI'O PE3YIIbTATA

. . e |
-l

144

¢ - . tconverT o

2= |- -

SCLK :___f 1 2 3 4 5 | z?'I 134 14 18 16 :___}

S ) . | TIPS | . ot R oz ly—a| |-
Ly| |
)r&.:‘ - tower -
SDATA 0 X 0 X 0 XDB11 X DB10 X pDB2 X DB1 X DBO
[{

4 LEADING ZEROS THREE-STATE

Figure 2. Serial Interface Timing Diagram

CuzHan CS nepesodum ycmpolicmeo ebi6opKU/XpaHEeHUsT 8 Pexum
XpaHeHusi, UHuyuanu3supyem peaucmp rnocsedoeamesibHbIX
npubnuxeHuu u ebieodum uenb SDATA u3 cocmosiHusi

8bICOKO20 UmMneodaHca.

o makou cmpykmype Mo2ym cmpoumbcsi Mukpocxembl AT
c wecmbto ebie00amul. 48
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B ONMNCAHWUU AL AD7476/AD7477/AD7478
OBCYXAOEHbI MPOBJIEMbI COMNMPAXEHUA

NMPU COBMELLEHHOM PEXWUME

AD7476/AD7477/AD7478

SERIAL INTERFACE

Figure 23, Figure 24, and Figure 25 show the detailed timing
diagrams for serial interfacing to the AD7476, AD7477, and
AD7478, respectively. The serial dock provides the conversion
clock and controls the transfer of information from the part
during conversion.

The CS signal initiates the data transfer and conversion process.
The falling edge of CS puts the track-and-hold into hold mode,
takes the bus out of three-state, and samples the analog input at
this point. The conversion initiates and requires 16 SCLK cycles
to complete. Once 13 SCLK falling edges have elapsed, the
track-and-hold goes back into track on the next SCLK rising
edge as shown at Point B in Figure 23, Figure 24, and Figure 23
On the sixteenth SCLK falling edge, the SDATA line will go
back into three-state. If the rising edge of CS occurs before

16 SCLKs have elapsed, the conversion terminates and the
SDATA line goes back into three-state; otherwise, SDATA
returns to three-state on the 16th SCLK falling edge as shown in
Figure 23, Figure 24, and Figure 25.

Sixteen serial dlock cycles are required to perform the
conversion process and to access data from the AD7476/
ADTAT7IADTATS

cs going low provides the first leading zero to be read by the

microcontroller or DSP. The remaining data is then clocked out
by subsequent SCLK falling edges, beginning with the second
leading zero. Thus, the first falling clock edge on the serial dock
has the first leading zero provided and also docks out the
second leading zero. The final bat in the data transfer is valid on
the 16th falling edge, having clocked out on the previous (15th)
falling edge. In applications with a slower SCLK, it is possible to
read data on each SCLK rising edge, although the first leading
zero has to be read on the first SCLK falling edge after the CS

falling edge. Therefore, the first rising edge of SCLK after the

CS falling edge provides the second leading zero. The 15th
rising SCLK edge has DBO provided or the final zero for the
AD7477 and AD7478. This may not work with most
microcontrollers/ DSPs, but could possibly be used with FPGAs
and ASICs.

*1‘0 ty ! “r"v

Syl

TSTATE mex mxmx ca11 Y om0 G:X oez ) oes )

4 LEADING ZIROS

r h‘
e j THREZ-STATE i
1

Figure 23. AD7476 Serial interface Timing Diagram




ALl CO CPABHEHUEM
UHTEIPANTIOB NPEOBPA3YEMOIO U
ONMNOPHOI'O HANMPAXEHUN

[1Ba BaxkHenLunX npuHumna noctpoeHua ALLI co
CpaBHEHNEM NHTErparos:

 [IByxTakTHOE (MHOrOTaKTHOE) MHTEerpmpoBaHue
— B nabopaTopHbIX LMGPOBbLIX BONLTMETPAX U MYJSILTUMETPaX
— B mukpocxemax AL, npeaHasHavdyeHHbIX 4na NnopTaTUBHbLIX
MYITETUMETPOB U APYruX NepeHOCHbIX NpMbopoB (TEPMOMETPOB,
IMIOKCMETPOB...) C NMUTAaHNEM OT raribBaHU4YECKNX 3rIEMEHTOB
« Curma-gensra (ZA) —Moaynauuns
— B mukpocxemax AL, npeaHasHavyeHHbIX 4Nna ayanoTeXHUKN

— B HM3Ko4aCTOTHBLIX n3MepuTenbHbIX MUKpocxemax AL obuwero
Ha3Ha4YeHUs

— B cneuymannsnpoBaHHbIX U3MEPUTENBbHLIX MUKpPOCXeMax
— B mMmukpocxemax ZA-moaynatopos, He asnatowmxcs AL
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U 2 U, =0
B UCXOOHOE COCTosiHME (NONAPHOCTb M rer = V.
U, NpoTUBONONOXHa U)) RIC ch

x "~/

T2 _RZ U NBbIX.

OTtcloga, He3aBmcumo ot C,

"~/

T; Rl UREF N 0

OkoHyYyaTenbHO, HE3aBUCUMO OT fO n C, R |l U
C NOrPELLHOCTHI0 KBAHTOBAHWS, N, =N, 2 x|
He NpeBbILIAOLLEN OOHOMO MMMNYIIbCa, R Ui

Yacmomy makmoebix uMnysibC08 MOXHO U3MEHSIMb, U3MEHSISI meM caMbIM
epemsi unmezpupoeaHusi T (Oasniee — usMmepumersibHbIU uHmepean T ),
He 8HOCS1 nNoz2pewHocmu 8 pe3ysibmam ripeobpasoeaHusi!
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ALN ABYXTAKTHOIO MHTETrPUPOBAUA
UMEIOT CBOUCTBA YACTOTHOIO
OUIIBbTPA

iHTerpuposaHune U 3a Bpemsl T 1 UHAMKALMSA NOMYYEHHOrOo
CpeOHEe20 3HaYeHUsT HaNPSXKEHNS SKBUBANEHTHbI (OUnbTpaLIMK
BXOLAHOIo cuUrHamna c npsaMoyrofnibHon BecoBoU pyHKLMEWN,

nmeroen lWnpuny T

COOTBeTCTByI-OLLI,aFl dMIJINTYOAHO- HYaCTOTHaA XapakKTepUCTUKa —

doyHKLMSA SiInc.

© _ sin(yT,) . K
- T I Ycnosue NonHoro nogasreHns
) cetesoun nomexu (f__ ):
T =mif e
m=1,2,3")
f
PN N

I
~3/T, 2T, \//T 0

I I
1/MTM 3T,
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AHAJIOIOBbIA BNOK ALMN

ABYXTAKTHOI'O MHTE'PUPOBAHUA
(MOAYNA KAMAK 3ABOJIA «BUEPATOP»)
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+U L
—REF] —|/ |

i

U 1
eI —_ YnpasneHue
Krtovamm
r:I—l ?

OnTO3NeKTpPOHHAA pa3Bsi3ka
CBA3b C UM poBOK
4YacTbHo
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AHAJIOIOBAA HACTb MUKPOCXEMDbI

KP57211B2
(Mo kHure: NyTHukKoB, 1988, c. 256)

47K — 0, 47f.fxl, 0,Tmk
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/
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Puc. 10.3. Cxema axanorosoii yactu uuterpupyomero ALLII KP572HB2



CXEMbI BKITOYEHNA MUKPOCXEMBbI

KP57211B2
(Mo kHure: NyTHMKoB, 1988, c. 260)

-98

- Puc. 10.4. Cxems BXoAHX ueneii ALUTT KP572T1B2
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AHAJIOINOBAA HACTb MUKPOCXEM
AL ®UPMbl MAXIM

372 Digit A/D Converter
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LMWPPOBAA HACTb MUKPOCXEM AL
®OUPMbI MAXIM

(C BbIXOAOM Ha XUAKOKPUCTaANIIM4YEeCKUN UHANKATOP)

3% Digit A/D Converter

e ——————— T - e ————ie— S Y ‘
S R | &
O N
"""""""""" 5 HH - THH i : g y B
|
L = | Q
N
=
Qo
| N
' |




CXEMbI BKITIOHEHUA MUKPOCXEM
AUl ®PUPMbI MAXIM

3% Digit A/D Con verter
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2A-MOAOYNAUUA

[1lponcxoxgeHne TepMmHa:

o Henbma-modynsyuel 66IN0 HA3BaHO KOANPOBaHME
npupalleHnn HanpsaxeHnusa. B kaxgom takte 1 nnm 0O
O3Ha4anm nNonoXnTerbHoe Unmn oTpuuartensbHoe
npupawleHunsa, kak B ALLI cnegauiero ypaBHoBelLMBaAHUA.

o Cuama-Oenbma-modynsiyuell Ha3Bann KogmpoBaHme
npupaLwleHnun nHTerpana HanpaxeHna. TOYHO Tak Xe B
Kaxxgom Takte goopmupyetca 1 unn 0; BbIXOOAHOW CUTHAT
%A-Monynmopa Xapaktepuayetca Kak bit stream — noTok

NTOB.

o 2A-MOOynATOP NOXOX Ha rnpeobpasoBaTensb
HanpsbkeHne—4yacTtoTa ¢ popMupoBaHMeEM NMMyrbca
obpaTHOW CBA3M TAKTOBbIM rEHEPATOPOM, HO MOXET
coaepaTb He OMH, a HECKOSIbKO MHTerpaTtopoB. CurHan
obpaTHOM CBA3M 0ObIMHO bunonsApHbIA: £ U, ..

60



2A-MOAOVIIATOP
N MOCTPOEHHbLIN HA HEM ALIN

MpocrTeiiwas cTpykTypa CTpyKkTypa KaHana aHanoro-
> A-moaynaTopa U3 onMcaHus LincbpoBOro npeobpasoBaHus

ALIM AD771 M3 OMMCaHNS MUKPOCXEMbI
Mikpocxeme! AL 0 anekTtpocyetymka ADE7953

T v ANALOG-TO-DIGITAL CONVERSION
The analog-to-digital conversion in the ADE7953 is performed

_ , EEITAL by three second-order £-A modulators. For the sake of clarity,
STROBED . the block diagram in Figure 36 shows the operation of a first-
= 3 COMPARATOR order £-A modulator The analog-to-digital conversion consists
N of a £-A modulator followed by a low-pass filter stage.
CLKINI
U"VE ?
LOWPASS FILTER R e
1-BIT DAC ' ek, FILTER
COMPARATOR =

: ( - D

Figure 5. First Order Modulator
B nencrButenbHOCTH , To [ soemn....
NHTErpaTop MOXET ObITb |
NOCTPOEH Ha MepeKyYaeMbIX SESS i

KOHAeHcaTopax 61



OJOCTOUHCTBA ALl C 2A-
MOLAVYIIATOPAMM

Bbicokasi pa3psaHOCTb, 00bIYHO 16 unn 24 buTa,
nony4yaemasi brnarogapst MHOrocTyrneH4aTon UmdpoBon
dounesTpaymu.

Bbicokagd NMHEWHOCTb XapaKTepPUCTUKU: caM MOOYyNATOP
ogHopa3spAaHbIN, U HET NMPUYNH HENUHENHOCTM.

«lMNepeguckpeTmnsauns», BbiIcokas YactoTa obpalleHum K
BXOOQHOMY CUrHasny, MHOroOKpaTHO NpeBbiLLaloLLas
4acTOTYy BblAauyn LUMMPPOBLIX Pe3yrbLTaToB.

Bo3MOXHOCTb NogaBneHns nomMex onpeaeneHHbIX
4acTOT LUMAPPOBLIM PUNLTPOM.
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HOMEHKIJIATYPA USMEPUTEJIbHbIX ZA-
AL

N3ameputenbHble 2A-ALI o4yeHb pa3HoODpa3sHbI.

« BcTpevatoTca MuKpocxembl, cogepxawme 4, 6 unm 8
OAHOBPEMEHHO paboTalWmMX N3MEPUTENBHbBIX KaHASOB.

« BcTpeyaloTcsa MUKPOCXeMbl C MYIbTUMNNEKCOpaMuM Ha
BXO4e o4HOoro kaHana 2A-moayndaunm n umdgposon
dounnsTpaumnn.

« BcTpeyvalotca MuKpocxeMbl C BO3MOXHOCTLIO Bbibopa
4YacCTOThbl NpeobpaszoBaHNN, CTPYKTYPblI BXOOHLIX Lienewu,
BUAA XapaKTepucTtukn (YHUnNonapHasa unm ounonsipHas).

« BcTpeyatoTcs NpocTble OgHOKaHAaNbHbIE MUKPOCXEMbI C
pexxumom READ ONLY, ¢ »ecTko 3agaHHON YaCcTOTOM
npeobpasoBaHun.
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MPUMEP MUKPOCXEMbI ALIN CPEOHEW

CITIOXHOCTWU - AD7790

ANALOG
DEVICES

Low Power, 16-Bit
Buffered Sigma-Delta ADC

AD7790

FEATURES
Power
Supply: 2.5V to 5.25 V operation
Mormal: 75 A rmaxi mum
Power-down: 1 A maximum
RMS noise: 1.1 pV at 9.5 Hz update rate
16-bit p- p resolution
Integral nonlinearity: 3.5 ppm typical
Simultaneous 50 Hz and 60 Hz rejection
Internal clock oscillator
Programmabde gain amplifier
Rail-to-rail input buffer
Voo moenitor channel
Temperature range: —-40°C to +105"C
10-Head MSOP

INTERFACE

3-wiire serial

5P1*, Q5PI™, MICROWIRE™, and D5P compatible
Schmitt trigger on SCLK

APPLICATIONS

Smart transmitters

Battery applications
Portable instrumentation
Sensor measurement
Temperature measurement
Presiure measurement
Weigh scales

4 to 20 mA loops

FUNCTIONAL BLOCK DIAGRAM

GHD Vo REFIM
Voo | INTERMAL
= | Lotk
AlN EuF - o | arvenras r
| ]
'
1 ]
i ADTTE0
20N M~ |
Figure 1.
GEMERAL DESCRIPTION

The ADT790 is a low power, complete anabog front end for
Lo l-n:qu:nc).' mveasune ment ipp]ia:nlium.. It contains a low
noize 16-hit ¥-A ADC with one differential mput that can be
buffered or unbuffered along with a digital PGA. which allows
gains of 1, 2, 4, and 8.

The device operates from an internal clock. Therefore, the user
does not have o supply a dock source o the device. The output
data rate from the part is software programmable and can be
varied from 9.5 Hi to 120 He, with the rms noise equal o

1.1 uV at the bower update rate. The internal dock frequency
can be divided by a factor of 2, 4, or 8, which leads to a reduc-
tiom in the current consumption. The update rate, cutoff
frequency, and settling time will scale with the dock frequency.
The part operates with a power supply from 2.5 V 1o 5.25 V.




ONMUCAHUE BbIBOOOB AL AD7790
(HAYATNTbHAA YACTb)

Table 4. Pin Function Descriptions

SCLK | 1 10( DIN
CS[2 AD7790 |[8]DOUT/RDY
AIN(+) (3| TOPVIEW |8|Vpp
AIN(-) [ (Not to Scale) 71 GND
REF(+) | 5 6 | REF(-)
03538-0-005

Figure 5. Pin Configuration

Ob6paTum BHMMaHMe

Ha AeTanu onucaHus:

SCLK moxHO nogasaTb
HenpepbIBHO U NOPUUAMMU;
CS MOXXHO XECTKO cOeAuHUTb
c oOLen WNHOWN.

[Mpn NPOEKTUPOBAHUN HYXKHO
BHMMAaTENbHO nNpopaboTaTtb
onMcaHne BCeX BbIBOJOB
MUKpOCXeMbl!

Pin
No.

Mnemonic

Function

1

SCLK

Serial Clock Input for Data Transfers to and
from the ADC. The SCLK has a Schmitt-
triggered input, making the interface suita-
ble for opto-isolated applications. The serial
clock can be continuous with all data
transmitted in a continuous train of pulses.
Alternatively, it can be a noncontinuous
clock with the information being trans-
mitted to or from the ADC in smaller
batches of data.

Chip Select Input. This is an active low logic
input used to select the ADC. CS can be
used to select the ADC in systems with
more than one device on the serial bus or as
a frame synchronization signal in communi-
cating with the device. CS can be hardwired
low, allowing the ADC to operate in 3-wire
mode with SCLK, DIN, and DOUT used to
interface with the device.
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BO3MOXHAA CXEMA BKIMTIOYEHUA
AL AD7790

(UnTephenc nsobpaxeH oimdbo4Ho)

Yoo
MEFING |
ADTTa0
2 |
L m
M E IR
GHO

Figure /- Basic Connection [dagrem



YACTOTHAA XAPAKTEPUCTUKA AL
NMPUN YACTOTE BbIJAYUN LUPPOBbIX
PE3YJIbTATOB 16,6 'Ll

r
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_ap ‘
- 1A
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E =0 .
g’ - ar HL A
-ap _
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11D %
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a 20 &4 S0 28 100 1M 4 18
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Figure & Frequency Response for g 16,6 Mr Update Rate



KOMMYHUKALMOHHbLIN PEFTUCTP
MMUKPOCXEMbI AD7790

(O6LweHne ¢ MUKPOCXeMOM HaYMHaAEeTCs C 3anncu B Hero!)

CR7

CRE6

CRS

CR4

CR3

CR1

CRO

WEN{DI

O3k

RETI0

RS0{0)

RANID)

CREADND)

CHT{D)

CHO)

Table 5. Communications Register Bit Designations

Eit Location

Bit Name

Description

ORY

OR5—-CR4

OR2

CR1-CRD

WEN

R51-R50

CREAD

CH1-CHD

Write Enable Bit A O st be written to this bit so that the write to the communications register actually
accurs. I a 1 isthe first bit written, the part will not dock on 1o subsequent bits in the register. It will stay
at this bit location until a0 is writben 1o this bit. Once a 0 B written to the WEN bit, the next seven bitg
will be loaded 1o the communications register.

Thiis bit rrest be programmed 1o Lagic 0 for correct apearation.

Register Address Bits. These asddieis bits are used 1o select which of the ADCS regiters are being select-
ed during this serial interface communication. See Talsdle 6.

A 0 in this bit location indicates that the next operation will be & write 1 a specified register, A 1in this
position indicates that the next aperation will be a read from the designated register.

Continuous Read of the Dats Ragister. When thid bit is set e 1 (and the dats register id selected), the
sorial imterface is configured <o that the data register can be continuausly read, La| the contents of the
data register are placed on the DOUT pin automatically when the SCLE pulses are applied. The comrmu-
micationd register does nal have 1o be written 0o for data reads To enable continuods read mode, the
ingtrsction 0011 171X must be written 1o the communications register. To exit the continuaus read
rode, the instruction 001110XX must be written 1o the cormmunications register while the BOY pin is

lowe. While in continuous resd mode, the ADC mondtors activity on the DIN line so that it can recejve the
instrection o axit eantinuaus read mode, Additionally, & redet will scour if 32 consecutive 13 are $8en on
DHM. Therefore, DIN should be hald low incontinueus read made until an ingtrection is 1o be written 1o
the device.

Thesa hits are used 1o select the analog input channel. The differential channel can be salected
CAIME+ W AINE-T) or an internal short [AINI-) AIRI-)) can be selected. Alternatively, the power supply can
b sedected, i2, the ADC can easure the voltage on the power supply, which id uselul for manitoring
poswer supply variation. The power supply voltage is divided by 5 and then applied 1o the modulater for
conversion. The ADC uses a 117V £ 5% on-chip reference as the reference source for the analog to digi-
tal conversion Any change in channel resets the filter and & new Conversion is started.




AONOPECALUNA PETUCTPOB
MMUKPOCXEMbI AD7790

Table 6. Register Selection

R51 R50 Register Register Size
) 0 Comrmunications Regisver | B-Bit
dufifg & Write Dpération
d a Status Register during a E-Bit
Fead Operatien
) 1 Mode Register E-Bit
1 0 Filter Resdgister E-Bit
1 1 Data Resgpstesr I &-Bit
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PET'MCTP PEXUMA MUKPOCXEMbI

AD7790

MERY

MRS MRS MR

MR3

MER2

KD

MDOD) G0

G00D)

BOEO)

DiOk

BLUF(1) (L)

Table 10. Operating Muodes

MD1 | MDD | Mode

1] 0 Continuous Conversion Mode (De-
fault)

(1] 1 Reserved

1 0 Single Corversion Mode

1 1 Poweer-Dawn Mode

BO - burnout current

Table 11. Analog Input Ranges

AD7790 LSE Size with Vg =+2.5V

G1 | GO | Range | (uv)
D [0 |2V | 763
D (1 | 2Ve2 | 3E14
HIRE R
1 [ 1 | 2ves/B | 954

BUF - buffer
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PETNCTP ®UNNIbTPA MUKPOCXEMBbI

AD7790

FR7 FRé& FRS FR4 FR3 FR2 FR1 FRO

0(0) o(0) CDIV1(0) CDIVO(0) 0(0) F52(1) F51(0) FS0(0)

Table 12. Filter Register Bit Designatins

Bit Location Bit Name Description

FR7-FRé 0 These bits must be pregrammed with a Logic 0 for correct operation.

FR5-FR4 CLKDIVI- These bits are used to operate the AD7720 in the lower power modes. The clack is internally divided and

CDIVO the power is reduced.
00 Normal Mode
01 Clock Divided by 2
10 Clock Divided by 4
1 Clock Divided by 8

FR3 0 This bit must be programmed with a Logic 0 for correct operation.

FR2-FRO FS2-FS0 These bits set the output word rate of the ADC. The update rate influences the 50 Hz/60 Hz rejection and
noise. The noise is the same for all gain settings. See Table 13 for the allowable update rates in full power
mode. In the low power maodes, the update rates will be reduced. (See Reduced Current Modes.)

Table 13. Update Rates

Fs2 Fs1 Fso fanc (Hz) f3dB (Hz) RMS Noise (V) Rejection

0 0 0 120 28 40 25dB @60 Hz

0 o 1 100 24 25 25dB@ 50 Hz

0 1 0 333 8 3.36

0 1 1 20 4.7 1.6 80dB @60 Hz

1 (1] 0 16.6 4 1.5 65 dB @ 50 Hz/60 Hz (Default Setting)

1 0 1 16.7 4 1.5 80dB@ 50 Hz

1 1 0 133 3.2 1.2

1 1 1 9.5 2.3 1.1 62 dB @ 50/60 Hz




ALN AD7790: OOHOKPATHOE
NMPEOBPA30OBAHUE

—— —# # N . < “{P N/
SCLK ‘ ‘
Figure B Single Convergon
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ALMN AD7790: HENMPEPbLIBHOE
NMPEOBPA30OBAHUE

al

i X P RN P

Figure 5. Continuous Conversion
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ALIN AD7790: HENPEPbIBHOE YTEHUE

Continuous Read Mode

Rather than write to the communications register each time a
conversion is complete to access the data, the AD7790 can be
placed in continuous read mode. By writing 001111XX to the
communications register, the user only needs to apply the
appropriate number of SCLK cycles to the ADC and the 16-bit
word will automatically be placed on the DOUT/RDY line

when a conversion is complete.

When DOUT/RDY goes low to indicate the end of a conver-
sion, sufficient SCLK cycles must be applied to the ADC and
the data conversion will be placed on the DOUT/RDY line.
When the conversion is read, DOUT/RDY will return high
until the next conversion is available. In this mode, the data can

be read only once. Also, the user must ensure that the data-
word is read

before the next conversion is complete. If the user has not read
the conversion before the completion of the next conversion or
if insufficient serial clocks are applied to the AD7790 to read
the word, the serial output register is reset when the next con-
version is complete and the new conversion is placed in the
output serial register.

To exit the continuous read mode, the instruction 001110XX
must be written to the communications register while the RDY
pin is low. While in the continuous read mode, the ADC
monitors activity on the DIN line so that it can receive the
instruction to exit the continuous read mode. Additionally, a
reset will occur if 32 consecutive 1s are seen on DIN. Therefore,
DIN should be held low in continuous read mode until an
instruction is to be written to the device.

- T3¢ '

- I I

Figure 10. Continuous Read

g S i




NMPUMEP MUKPOCXEMbI AL BE3
BHYTPEHHUX PETUCTPOB - AD7171

ANALOG
DEVICES 16-Bit, Low Power, Sigma-Delta ADC

ADT171

FEATURES FUNCTIONAL BLOCK DIAGRAM

GND Vpo REFIN{+) REFIN(~)

Output data rate: 125 Hz

Pin-programmable power-down and reset

Status function AIN(+)
Internal clock oscillator AIN(=)
Current: 135 yA

Power supply: 2.7Vto 5.25V AD7171 L
-40°C to +105°C temperature range

Package: 10-lead 3 mm x 3 mm LFCSP Figure 1.

INTERFACE Table 1.

2.wire ”rial ‘re‘d-only devi(e) Veer = VDO RMS Noise P-P Noise P-P Reso'uﬁon ENOB

SPl compatible 5V 115 uVv 76 pv 16 bits 16 bits
Schmitt trigger on SCLK 3V 6.9 uv 45 uv 16 bits 16 bits

APPLICATIONS

Weigh scales

Pressure measurement
Industrial process control
Portable instrumentation



HEBY®EPUPOBAHHbIU BXO[
MMUKPOCXEMBbI ALIN AD7171

ANALOG INPUT CHANNEL

The AD7171 has one differential analog input channel that is
connected to the modulator; that is, the input is unbuffered.
Note that this unbuffered input path provides a dynamic load to
the driving source. Therefore, resistor/capacitor combinations on
the input pins can cause de gain errors, depending on the output
impedance of the source that is driving the ADC input. Table 8
shows the allowable external resistance/capacitance values such
that no gain error at the 16-bit level is introduced.

Table 8. External RC Combination for Mo Gain Error

C (pF) R(0)
50 Q000
100 6000
500 1500
1000 Q00
5000 200

The absolute input voltage range is restricted to a range between
GND - 30 mV and Voo + 30 mV. Care must be taken in setting
up the common-mode voltage to avoid exceeding these limits.
Otherwise, there is degradation in linearity and noise performance.

BIPOLAR CONFIGURATION

The AD7171 accepts a bipolar input range. A bipolar input range

does not imply that the device can tolerate negative voltages with

respect to system GND. Signals on the AIN(+) input are referenced

to the voltage on the AIN(-) input. For example, it AIN(-)is2.5V,

the analog input range on the AIN(+) input is 0 V to 5V when a 76
2.5 V reference is used.



OUNBTP SINC® MUKPOCXEMbI ALIN
AD7171
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Figure 12, Filter Response
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NMNOOKNIOYEHUE TEPMOPE3UNCTOPA K
MMUKPOCXEME ALIN AD7171

TEMPERATURESYSTEM

Figure 13 shows the AD7171 used in a temperature measurement
system. The thermistor is connected in series with a precision
resistor, Reer, the precision resistor being used to generate the
reference voltage. The value of Raer s equal to the maximum
resistance produced by the thermistor. The complete dynamic
range of the ADC is then used, resulting in optimum performance.
See Table 8 for suitable external RC combinations.

Voo

GND Vpg
AlNs geco
) o é | DOUTIRDY
e
AIN{=]
) | (ySeLK
ADT171
REEF 1N+ m—— e L
CLOCK &
REFIN{=] 5
&

Figure 13. Temperature S5ystem Using the ADF171 78



I: ANALOG

NMPUMEP MUKPOCXEMbI 2A-AlI C
MYJIbTUNNEKCOPOM - AD7173-8

Low Power, 8-/16-Channel, 31.25 kSPS,

DEVICES 24-it, Highly Integrated Sigma-Delta ADC

AD7173-8

FEATURES

Low power, B-/16-channel, highly integrated multiplexed
analog-to-digital converter (ARDC)
Integration
Precision analoeg input buffers and reference input buffers
2.5V precision reference (3.5 ppm/™C)
Cross point multiplexer [enable system diagnostic)
B full differential or 16 single-ended channels
Clock oscillator
GPIO and GPO pins with automatic external mux control
Fast and flexible output rate: 1.25 5P5 to 31.25 kSPS
Channel scan data rate: 6.21 kKSPS/channel (167 ps settling)
Performance specifications
17.5 noise free bits at 31.25 KSPS
24 noise free bits at 1.255P5
IML: +3 ppm/FSR
85 dB rejection of 50 Hz and 60 Hz with 50 ms settling
Operates with either 3.3 V or 5V supply
Single supply
3.3Vor 5VAVDD, 2V to 5 V AVDD2, and 2 V ta 5V IOVDD
Optional split supply
AVDD1 and AVSS £ 2.5V or AVDD and AVSS = 1.65V
Current: 1.4 mA
3-jd-wire serial digital interface (Schmitt trigger on SCLK)
CRC error checking
5P|, Q5PI, MICROWIRE, and DSP compatible
Package: 40-lead & mm x & mm LFCSP
Temperature range: —407C to +105"C

APPLICATIONS

Proceds control: PLC/DCS modules

Voltage, current, temperature, and pressure measurement

Flow meters
Medical and scientific multichannel instrumentation
Seismic instrumentation
Chemical analysis instrumentation: chromatography
GENERAL DESCRIPTION
Fast sentling, highly accurate, low power, 8-/ 16-channel,
multiplexed ADC for low bandwidth input signals with
i.m:gnl:d input buffers.
Integrated predsion, 2.5 V, low drift (3.5 ppm/*C), band gap
reference and integrated oscillator.
Eight flexible setups with configurability for output data rate,
digital filter mode, offsetfgain ermor correction, reference selection,
buffer enables and more. Thas per channel configurability extends
ter the cutput data rate used for each channel when using
gineS + sincl filter.
SincS + sincl flter maximizes channel scan rate, and sine3 filter
maximizes resolution and enhanced 50 Haf60 Hz rejection,
with four selectable options 1o maximize rejection.
Integrated diagnostic features, inchuding CRC, register checksum,
temperature sensor, crosspoint muliplexer, burnout currents,
and GPIOsGPOs,

&)




CTPYKTYPA MUKPOCXEMbI AD7173-8

FUNCTIONAL BLOCK DIAGRAM

AVEOt AVDODZ REGCAPA REF- REFs RFOUT VDD REGCAPD




CUCTEMA UNDOPOBbIX ®UITBTPOB
MMKPOCXEMbI AD7173-8

DIGITAL FILTERS

The AD7173-8 provides the following three flexible filter
options to allow optimization of settling time, noise, and
rejection:

Sinc5 + sincl filter

*  Sinc3 filter

¢« Enhanced 50 Hz and 60 Hz rejection filters

S0Hz AND &0Hz
REJECTION e
FILTERS

== =i

?— SHMNC3 ?

1 TTEaiR

Figure 56. Digital Filter Block Déiagram

The filter and output data rate are configured by setting the
appropriate bits in the filter configuration register for the selected
setup. When using the sinc5 + sincl filter, it is possible to select
different output data rates per channel. When using the sinc3
filter, the user must select the sinc3 filter and use the same output
data rate for all enabled channels. See the Register Details
section for more information.



HA BXOAE zA-ALIN MOI'YT bbITb
PESUNCTUBHbIE OENTATENA

ANALOG
DEVICES

2-Channel, £10 V Input Range, High
Throughput, 24-Bit 3-A ADC

AD7732

FEATURES

High resolution ADC
24 bits no missing codes
+0.0015% nonlinearity

Optimized for fast channel switching
18-bit p-p resolution (21 bits effective) at 500 Hz
16-bit p-p resolution (19 bits effective) at 2 kHz
14-bit p-p resolution (18 bits effective) at 15 kHz
On-chip per channel system calibration

2 fully differential analog inputs
Inputranges +5V, 5V, +10V, 10V
Overvoltage tolerant
Up to £16.5 V not affecting adjacent channel
Up to +50 V absolute maximum

3-wire serial interface
SPI™, QSPI™, MICROWIRE™, and DSP compatible
Schmitt trigger on logic inputs

Single-supply operation
5V analog supply
3 Vor 5 Vdigital supply

Package: 28-lead TSSOP

FUNCTIONAL BLOCK DIAGRAM

AINO(+)

AINO(-)

AIN1(+)

AIN1(-)

SYNC/P1

REFIN(=) REFIN(+)
REFERENCE
DETECT

BUFFER
_\ s
24.8IT
> £~ ADC
‘/ S
MUX
AD7732
Y
CALIBRATION SERIAL
CIRCUITRY INTERFACE]
CLOCK CONTROL
RoRonY GENERATOR LOGIC

' O

VW o

Figure 1.

O_O A 4 Nl o
AGND AVpp MCLKOUT MCLKIN DGND DVpp

@l

CLK

DOUT

RESET




CNEUMNATIMSNUPOBAHHDbIE
MUKPOCXEMbI 2A-ALN

e «Cnabas cneunanusaumnsa»
— Mukpocxembl AL onga mocToBbIX 4aTYMKOB

— MHorokaHanbHble AU ana megnumHcKou
annapartypbl

 «CunbHasa cneumanusaunsa»
— MukpocxemMbl LUPPOBLIX TEPMOMETPOB
— [1peobpaszoBarenn eMKoCTb—KoA

— MI/IKpOCXGMbI AJ1A ANNIEKTPOIHEPIETUKHA, B
YaCTHOCTW, A5 3J'IeKTpOCLIéTLII/IKOB
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NMPUMEP MMKPOCXEMbI AU ONA
MOCTOBbIX OATHUKOB - AD7730

ANALOG
DEVICES

Bridge Transducer ADC

AD7730/AD7730L

KEY FEATURES

Resolution of 230,000 Counts (Peak-to-Peak)
Offset Drift: 5 nV/°C

Gain Drift: 2 ppm/*C

Line Frequency Rejection: >150 dB

Buffered Differential Inputs

Programmable Filter Cutoffs

Specified for Drift Over Time

Operates with Reference Voltagesof 1 Vto 5V

ADDITIONAL FEATURES

Two-Channel Programmable Gain Front End
On-Chip DAC for Offset/TARE Removal
FASTStep™ Mode

AC or DC Excitation

Single Supply Operation

APPLICATIONS

Weigh Scales
Pressure Measurement

The modulator output is processed by a low pass programmable
digital filter. allowing adjustment of filter cutoff, output rate and
settling time.

The part features two buffered differential programmable gain
analog inputs as well as a differential reference input. The part
operates from a single +5 V supply. It accepts four unipolar
analog input ranges: 0 mV to +10 mV, +20 mV, +40 mV and
+80 mV and four bipolar ranges: + 10 mV, £20 mV, £40 mV
and +80 mV. The peak-to-peak resolution achievable directly
from the part is 1 in 230,000 counts. An on-chip 6-bit DAC
allows the removal of TARE voltages. Clock signals for synchro-
nizing ac excitation of the bridge are also provided.

The serial interface on the part can be configured for three-wire
operation and is compatible with microcontrollers and digital
signal processors. The AD7730 contains self-calibration and
system calibration options, and features an offset drift of less

than 5 nV/C and a gain drift of less than 2 ppm/C.

The AD7730 is available in a 24-pin plastic DIP, a 24-lead
SOIC and 24-lead TSSOP package. The AD7730L is available
in a 24-lead SOIC and 24-lead TSSOP package.



CTPYKTYPA MUKPOCXEMbI AD7730

FUNCTIONAL BLOCK DIAGRAM

AVpo DVpp REF IN{=) REF IN{s)
e e o 5
- e T | &
VBIAS | REFERENCE DETECT ADT730
AVDD il-.-li ————————————— .
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DELTA DIGITAL
MUX MODULATOR FILTER
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- E-BIT CLOCK MCLK [N
AlNZ{=)D0C) AGND | pDAC SERIAL INTERFACE GENERATION MCLE OUT
AND CONTROL LOGIC §
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COEAUHEHUE ALIN AD7730 C
MOCTOBbIM OATHUKOM

EXCITATION VOLTAGE = &8V

A"i'nn WDD

L

REF IN{+) l

St

REF mq;I

Lr SIGMA-DELTA AID CONVERTER —I

ADTT30

AN+ L | CETANDEY
N""[—Jl BUFFER "I [ sicma. | [PRoGRAMMABLE | | EYRE
5 || oELTA DIGITAL | [
MUX MODULATOR FILTER
; e 1
AIN{+)/D1 MCLK N
&-BIT CLOCK
A 2{=)/D0 DAC SERIAL INTERFACE GENERATION
T AND CONTROLLOGIC y — MCLE OUT
1 I REGISTER BAMK |
| ] SCLK
ﬂ | CALIBRATION ]
- — I MICROCONTROLLER I DIN
EXCITATION L B Dout
ACX CLOCK —I ————— ,{ ——___I—
L=
HBEEET

Figure 23. Typical Connections for DC-Excited Bridge Application
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MUTAHUE MOCTOBOI'O OATHUKA
NMEPEMEHHbIM HANPAXEHUEM OT
ALl AD7730

EXCITATION VOLTAGE = «8V

et

" VDDI wml

REF IN(+) l

1M+
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Figure 24. Typical Connections for AC-Exciled Bridge Application
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BOJIEE HOBbIE MUKPOCXEMbI AU ONA
MOCTOBbIX OATHUKOB - AD7796/AD7797

ANALOG Low Power, 16-/24-Bit Sigma-Delta ADC
DEVICES for Bridge Sensors Low Power, 16-/24-Bit

AD7796/AD7191

FEATURES FUNCTIONAL BLOCK DIAGRAM
RMS noise: 65 nV GND AVpp REFINi+] REFINi=)
3 — O}

Instrumentation amp ADTTSE: 16-89T ADC

ANpg ADTTIT: 24-BIT ADC
Temperature sensor é

. Ah+ EERIAL DOUTIFEY
|l:ll‘.!l'l1ﬂ| clock oscillator o — R, s | |WTERFACE =k
Simultaneous 50 Hz/60 Hz rejection RN CONTROL ;LK
Update rate range: 4.17 Hz to 123 Hz é
Current: 250 pA typ -
‘ INTERMAL ow,

Power-down: 1 uA ADTT96! " | v
Power supply range: 2.7Vto 5.25V N o 8
=40°C to +85°C temperature range e i
Independent interface power supply Figure I.
16-lead TSSOP
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LUIYMOBbIE XAPAKTEPUCTUKW
MUKPOCXEM ALIN AD7796/AD7797

AD7796/AD7791

RMS NOISE AND RESOLUTION SPECIFICATIONS

'l';-:_uble_- 6 shows the rms noise of the .4.1)77'964';-%1)7}"97 for some Table 7. Typical Resolution (Bits) vs. Output Update Rate for
of the update rates. The numbers given are for the bipolar input the AD7797 Using a 2.5 V Reference

range with an external 2.5 V reference. These numbers are typical

A Update Rate (Hz) Effective Bits (p-p)
and are generated with a differential input voltage of 0 V. Table 7 217 19016.5) ‘
and Table 8 show the effective resolution, while the output 6..25 1901 6-SJ
peak-to-peak (p-p) resolution is shown in parentheses. It is ; ;

: SR SR ; 833 19(16)
important to note that the effective resolution is calculated using
. ; . 10 18.5{16)
the rms noise, while the p-p resolution is based on the p-p
B . - ; - 5 125 18.5(16)
noise. The p-p resolution represents the resolution for which
X 7 : e . 16.7 18.5({15.5)
there is no code flicker. These numbers are typical and are
rounded to the nearest 0.5 LSB. e e
50 17.5{(15)
Table 6. RMS Noise (uV) vs. Output Update Rate for the 62 17.5(14.5)
AD7796/AD7797 Using a 2.5 V Reference 123 16.5{13.5)
Lpdute Rxte (H) ssos ncscac e Table 8. Typical Resolution (Bits) vs. Output Update Rate for
17 i the AD7796 Using a 2.5 V Reference
gig gg; Update Rate (Hz) Effective Bits (p-p)
5 " <o
125 0.1 ;
= =
33.2 017 (16}
50 021 125 16 (16)
62 023 16.7 16 (15.5)
123 0.43 33.2 16(15)
50 16 (15)
62 16(14.5)

123 16(13.5)




MMUKPOCXEMBbI AL AD7796/AD7797
B ULWDOPOBbLIX TEH3OMETPUYECKUX
BECAX

The AD7796/AD7797 offer a high resolution analog-to-digital
function. Because the analog-to-digital function is provided by
a E-A architecture, the devices are more immune to noisy
environments, making them ideal for use in sensor measurement,
and industrial and process-control applications.

WEIGH SCALES

Figure 17 shows the AD7796/AD7797 being used in a weigh
scale application. The load cell is arranged in a bridge network
and gives a differential output voltage between its OUT+ and
OUT- terminals. Assuming a 5 V excitation voltage, the full-

scale output range from the transducer is 10 mV when the
sensitivity is 2 mV/V. The excitation voltage for the bridge can
be used to directly provide the reference for the ADC because
the reference input range includes the supply voltage. This allows a
ratiometric measurement. Therefore, variations of the excitation
voltage do not affect the measurement.

The on-chip temperature sensor can be used for temperature
compensation of the bridge so the variation of the sensor
resistance with temperature drift can be monitored and the
conversions from the bridge can be compensated.

ADTT96/ADTTAT
AR |
T DIN
ADC CONTROL SCLK
LOGIC =
inTeERNAL | &/ DYoo
CLOCK
CLK
F
s

Voo
5
1he+ 4 REFIN(+] Voo
oUT- [
MuX|[
IN-
.r"’_
TEMP | GND
SENSOR
4 REFIN{=) G%D

OO0 T

Figure 17. Weigh Scales Using the AD7796/AD7797



TPEXKAHAJNBbHbLIE MUKPOCXEMbI ALLM
anAd MOCTOBbIX OATHUKOB

ANALOG 3-Channel, Low Noise, Low Power,
DEVICES  16-/24-Bit, =-A ADC with On-Chip In-Amp

AD7798/AD7799

FEATURES FUNCTIONAL BLOCK DIAGRAM
RMS noise: B ol

27 nV at 4.17 Hz (AD7799) S

65 nV at 16.7 Hz (AD7799) AD7TSH/ADTTES De—

40 nV at 4.17 Hz (AD7798)

85 nV at 16.7 Hz (AD7798) :::l.:: Ao
Current: 380 pA typical e é [-0.\\—1 o o couman

z -

Power-down: 1 pA maximum “_;'_‘:: e oy INTERFACE [~ o
Low noise, programmable gain, instrumentation amp AROE-YP2 éL R g”‘
Update rate: 4.17 Hz to 470 Hz & i
3 differential inputs s 3 o
Internal dock oscillator \;lm m ;::: i
Simultaneous 50 Hz/60 Hz rejection
Reference detect Figure 1.
Low-side power switch
A g S GENERAL DESCRIPTION
Burnout currents
Power supply: 2.7V to 5.25V The AD7798/AD7799 are low power, low noise, complete
-40"C to +105°C temperature range analog front ends for high precision measurement applications.
Independent interface power supply The AD7798/AD7799 contains a low noise, 16-/24-bit ¥-A
16-lead TSSOP package ADC with three differential analog inputs. The on-chip, low

noise instrumentation amplifier means that signals of small

INTERFACE amplitude can be interfaced directly to the ADC. With a gain
3-wire serial setting of 64, the rms noise is 27 nV for the AD7799 and 40 nV
SPI®, QSPI'™, MICROWIRE™, and DSP compatible for the AD7798 when the update rate equals 4.17 Hz.

Schmitt trigger on SCLK On-chip features include a low-side power switch, reference
APPLICATIONS detect, programmable digital output pins, burnout currents,
Weigh scales and an internal clock oscillator. The output data rate from the
R ST part is software-programmable and can be varied from 4.17 Hz
Strain gauge transducers foAmiix.

Gas analysis The part operates with a power supply from 2.7 V to 525 V.
Industrial process control The AD7798 consumes a current of 300 pA typical, whereas the
Instrumentation AD7799 consumes 380 pA typical. Both devices are housed in a
Portable instrumentation 16-lead TSSOP package.

Blood analysis

Smart transmitters

Liquid/gas chromotography

6-digit DVM



LUYMOBbBIE XAPAKTEPUCTUKU ALN
AD7798

AD7798/AD7799

OUTPUT NOISE AND RESOLUTION SPECIFICATIONS

AD7T98

Table 5 shows the ADTT98 output rms noise for some update the effective resolution is calculsted using the rms noise, whereas
rates and gain settings. The numbers given are for the bipolar the peak-to-peak resolution is based on the peak-to-peak noise.
input range with a 2.5 V reference. These numbers are typical The peak-to-peak resolution represents the resslution for which
and are generated with a differential input voltage of 0 V. Table & there is no code flicker. These numbers are typical and are
shows the effective resolution, and the output peak-to-peak rounded 1o the nearest LSE.

resolution is shown in parentheses. It is important to note that

Table 5. Output BMS Noise (pV) vi. Gain and Outpot Update Rate for the AD779E Using a 2.5 V Reference
Update Rate Gainof 1 | Gainof 2 Gain of 4 Gain of 8 Gain of 16 Gain of 32 Gain of 64 Gainof 128

4.7 Hz D54 0.6 0.29 0.3z 0 0.065 0039 D041
833 Hz 1104 0596 0.38 0.36 RES 0.07E 0.057 D055
16.7 Hz 155 145 0.54 0.35 D.IE 0. 0.087 DOBS
332 Hz 13 113 0.74 0.5 023 017 0124 L RAE:
62 Hz 295 2B5 0.52 0.58 D29 0.z 0.153 U144
123 Hz 4,85 4.74 1.43 1 048 0.3z 0.265 D2E3
242 Hz 11.76 95 4.02 1.56 D88 045 0379 D397
470 Hz 1133 944 3.07 1.79 D99 0.63 0.568 D553

Tabk 6. Typial Resolution {Bita} vs. Gaeis and Outpal Upadate Rate v the ADTT8 Using a 2.5 ¥V Releicuce

Llpdau Rate Gainof1 | Gainof 2 Gainof 4 Gainof 8 Gain of 16 Gain of 32 Gain of 64 Gain of 128
417 Hz 16 (16} 164{14) 16 {16) 16{16) 1616} 16 {16) 16 {16) 1616}

B33 Hz 16 (16} 16 {16) 16{16) 16{16) 1616} 16{18) 16{16) 16 (16}

16.7 Hz 16 (16} 16 {16) 16 {16) 16{16) 1616} 16 {1&) 16 {16) 1616}

332 H= 16 (16} 16418) 16 (16) 161{16) 16 (16} 16 {16) 16 {16) 16 (16}

62 Hz 16 (16} 16 {16) 16 {16) 16{16) 1616} 16 {16) 16 {16) 16(155)
123 Hz 16 (16} 16 {18) 16 {16) 16{16) 16 (16} 16 (186) 16 {155} 16(14.5)
242 Hz 16 (16} 16 {15.5) 16 {15.5) 16{155) 1616} 16 {16) 16 {15) 1614}

A70 Hz 16 (16} 16 {15.5} 16 [16) 16116] 16(15.5) 16(15.5) 16 {14.5) 15.5{13.5)




LUYMOBbBIE XAPAKTEPUCTUKU ALN
AD7799

ADTT99

Table 7 shows the AD77%9 output rms noise for stme update resolfution is calculated using the rms noise, whereas the
rates and gRin seftings. The numbers given are for the bapolar peak-to-peak resclution is based on peak-to-peak noise. The
inpul range witha 25V reference. These numbers are typical peak-to-peak resolution represents the resolution for which
and are generated with a differential input voltage of 0V, Table 8 there is no code ficker. These mumbers are typical and are
shows the effective resolution, and the output peak-to-peak rounded 1o the nearest LB,

resolution is given in partnL!l-csex Note that the effective

Table 7. Output BMS Noise (p¥) vs. Gain and Output Update Rate for the ADT799 Using a 2.5 V Reference
Update Rate Gainof 1 | Gainof 2 Gain of 4 Gainof 8 Gain of 16 Gainof 32 Gain of 64 Gainof 128

417 Hz I 06 0.185 0.0:97 0u0Ts 0.035 a.027 0.027
833 Hz 104 055 0.255 0.165 0108 0.04E 0.037 0.040
16.7 Hz 1.55 1.45 0433 0.258 0176 0.085 0.065 0065
332 Hz 23 13 0.647 0.364 D24 011E 0.097 0.0
62 Hz 295 1B5 0.952 0.586 0361 0.17E 0133 0.134
123 Hz 489 4.74 1.356 0.7as 0521 0.265 0192 0.192
242 He 11.76 95 W T 2,054 1.027 0476 0.326 0.30E
470 He 1133 244 3132 1.773 1107 0.5 0413 0.374

Table 8. Typical Resolution {Bits) vs. Gain and Outpatl Update Kate for the ADT799 Using a 2.5 ¥V Reference

Update Rate Gainof 1 | Gain of 2 Gain of 4 Gainof 8 Gain of 16 Gain of 32 Gain of 64 Gainof 128
417 Hz 13 [20.5) 22{15.5} 2250200 22518 22(19.5) 22{19.5) 215(19) 205 (18]
833 Hz 22[19.5) 215019) 22(195) 22{19.5} 21.5{19 215(19) 21{1E5) 20{17.5)
16.7 Hz 21519 20,5 (18) 215019 21{1E.35) 21 018.3) 21{18.3) 20{17.5) 18 {16.5)
333 Hz 211185 20{17.5) 21185 205118} 20.5(18) 20.5(18) 12517} 1E5 (16)
62 Hz J2054{1E) 19517} 2D5(18) 204175} 195017 185 (17) 19{165) 1E({15.5)
123 Hz W17.5) 19{16.5) 20(17.5) 195017} 19016.3) 19{16.5) 185 (16} 17513
242 Hz 18516 1E415.5} T1E5(16) 184135} 18123 1E.5 (16) 18{1%.5) 171{14.5]
AT0 Hz 185({16) 1B4{15.5) 1E5(16) 185 (16} 18{15.5 1B5(16]) 17515} 16.5(14]
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MMUKPOCXEMBbI AL AD7798/AD7799
B ULWDOPOBbLIX TEH3OMETPUYECKUX
BECAX

g

§ RN

HEET

Figure T'5. Weigh Scoles Using the ADPPR8MA0 7739

Ob6paTtmM BHUMaHME Ha KNioY (F1EBbIN HXKHUI BbIBOA MUKPOCXeMb)!
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NMPUMEP MHOIOKAHAJIbBHOI'O AL
oA KAPOUOIPA®OB U
OHLUE®PAJNTIOINPAPOB - AD7716

ANALOG
DEVICES

LC2MOS

22-Bit Data Acquisition System

AD7716

FEATURES

22-Bit Sigma-Delta ADC
Dynamic Range of 105 dB (146 Hz Input)
+0.003% Integral Nonlinearity

On-Chip Low-Pass Digital Filter
Cutoff Programmable from 584 Hz to 36.5 Hz
Linear Phase Response

Five Line Serial 1/0

Twos Complement Coding

Easy Interface to DSPs and Microcomputers

Software Control of Filter Cutoff

+5 V Supply

Low Power Operation: 50 mW

APPLICATIONS
Biomedical Data Acquisition
ECG Machines
EEG Machines
Process Control
High Accuracy Instrumentation
Seismic Systems

ADTT16
g LOW PASS
Ap 1 () | DIGITAL |[—
MODULATOR g
COMNTROL
LOGIC
ANALDG .LUW PASS o
AuZ O mopuLaTor [ DIGITAL [ Y
FILTER
SUTPUT
A SHIFT
r REGISTER
TS o by
FILTER ,
LOW P
et Q=] e gmﬁs CONTRGL
MODULATOR gl RRATER
" % F

AV, DNy, AVgy RESET
O—0

FUNCTIONAL BLOCK DIAGRAM
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KACKAOHOE COEAUHEHUE
MMUKPOCXEM AL AD7716

8V
AD A1 A2 %
CASCIN _°< '_] 4Tha2 2 4.7k ADSP-2101
AD7716#1 DRDY »| [HG2 (-VE EDGE TRIGGERED)
AFS |= * RFS
SCLK | * SCLK
RESET 7S |- . - TFS
SDATA . DT
CASCOUT MODE E DR

8V v
y 9 ﬂ
CASCIN A0 A1 A2
SCLK [

AD7716 #2 FS [+

SDATA
CONTROL O—®—] RESET BROV

AFS |-
CASCOUT MODE

o

+5V

Figure 8. 8-Channel Data Acquisition System Using the ADSP-2101 Digital Signal Processor
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ALIM AD7716 B PEXXUME
BEQYLLErO (MASTER)

CASCIN (1)
1% L
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‘l’ =
R Lo
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B L
SCLK (O
L Loy 1,
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o t
tm H' 1w
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\ CHi CH1 CHi CHi CHA CHi CH4 CH4 CH4 s
t
CASCOUT (O} o
< i S

Figure 3. Master Mode Timing Diagram
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ALIM AD7716 B PEXXUME
BE[JOMOIO (SLAVE)

Figure 4. Slave Mode Timing Diagram
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NMPUMEP MUKPOCXEMbI ALN

anAd UmepPOBOIO TEPMOMETPA -

ADT7410

ANALOG
DEVICES

+0.5°C Accurate, 16-Bit Digital

I?’C Temperature Sensor

ADT7410

FEATURES
High performance

Temperature accuracy
+0.5°C from —407C to +105°C (2.7 V to 3.6 V)
+0.4°C from —407C to +105°C (3.0V)

16-bit temperature resolution: 0.0O0TE"C

Fast first temperature conversion on power-up of 6 ms
Easy implementation

Mo temperature calibration/correction required by user

No linearity correction required
Low power

Power saving 1 sample per second (SP5] mode

TOO pWy typical at 3.3 V in normal mode

T W typical at 3.3 V in shutdown mode
Wide operating ranges

Temperature range: —557°C to +150°C

Voltage range: 2.7 Via 5.5V
Programmable interrupts

Critical overtemperature interrupt

Overtemperature/undertemperature intemupt
C-compatible interface
B-lead narrow S0IC RoHS-compliant package

APPLICATIONS

Medical equipment
Environmental control systems
Computer thermal monitoring
Thermal protection

Industrial process contral
Power system monitors
Hand-held applications

GEMERAL DESCRIPTION

The ADT7410 is a high accuracy digital temperature sensor ina
narrow SONC package It contains a band gap temperature reference
and a 13-bit ADC to moniter and digitize the temperature to a
006257 resalution. The ADC resolution, by default, 15 set to

13 bits (0.0625"C). This can be changed to 16 bits (0L0078%C) by
setting Bit 7 in the configuration register (Register Address 0ul3).
The ADT7410is guaranteed to operate over supply voltages from
L7V w55\ Upa:l.lmg at 3.3\ the average mpph current i typi-
cally 210 pA. The ADT7410 has a shutdown maodde that powers
down the device and offers a shutdown current of typacally 2 pac
The ADT7410is rated for operation over the —55*C o +150°C
lemperature range.

Pin Al and Pin Al are availsble for address selection, giving the
ADT7410 four possible I'C addresses. The CT pin is an open-
drain sutput that becomes active when the temperature exceeds
a programmable critical temperature limit. The default critical
temperature limit is 147*C. The INT pin is also an open-drain
output that becomes active when the temperature exceeds a
programmable limit. The INT and CT pins can operate in either
comparator ar inferrupld mode.




CTPYKTYPA MUKPOCXEMbI ADT7410

FUNCTIONAL BLOCK DIAGRAM
Vs
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NMPUMEP NMPEOBPA3OBATEIJA
EMKOCTb—KOL - AD7150

ANALOG Ultra-Low Power, 2-Channel, Capacitance

DEVICES

Converter for Proximity Sensing

AD7150 |

FEATURES

Ultra-low power
2.7Vto3.6V, 100 pA
Response time: 10 ms
Adaptive environmental compensation
2 independent capacitance input channels
Sensor capacitance (Csens) 0 pF up to 13 pF
Sensitivity to 1 fF
EMC tested
2 modes of operation
Standalone with fixed settings
Interfaced to a microcontroller for user-defined settings
2 proximity detection output flags
2-wire serial interface (IC compatible)
Operating temperature
—40°C to +85°C
10-lead MSOP package

APPLICATIONS
Proximity sensing
Contactless switching

Position detection
Level detection

GENERAL DESCRIPTION

The AD7150 delivers a complete signal processing solution for
capacitive proximity sensors, featuring an ultra-low power
converter with fast response time. The AD7151 is a single-
channel, lower power alternative to the AD7150.

The AD7150 uses Analog Devices, Inc., capacitance-to-digital
converter (CDC) technology, which combines features
important for interfacing to real sensors, such as high input
sensitivity and high tolerance of both input parasitic ground
capacitance and leakage current.

The integrated adaptive threshold algorithm compensates for
any variations in the sensor capacitance due to environmental
factors like humidity and temperature or due to changes in the
dielectric material over time.

By default, the AD7150 operates in standalone mode using the
fixed power-up settings and indicates detection on two digital
outputs. Alternatively, the AD7150 can be interfaced to a
microcontroller via the serial interface, the internal registers can
be programmed with user-defined settings, and the data and
status can be read from the part.

The AD7150 operates with a 2.7 V to 3.6 V power supply. It is
specified over the temperature range of —40°C to +85°C.
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ANALOG
DEVICES

Single Phase, Multifunction Metering IC
with Neutral Current Measurement

ADET7933

FEATURES

Highly acourate; supports EN 50470-1, EN 50470-3, IEC 62053~
21, |EC 62053-21, IEC 62053-22, and |EC 62053-23 standards

Measures active, reactive, and apparent enengy; sampled
wavefarm; current and voltage rms

Provides a second current input for neutral current
measurement

Less than 0.1% error in active and resctive energy
rmeasurements over a dynamic range of 3000:1

Less than 0.2% errer in instantaneous IRMS meadurement
ower a dynamic ramge of 10001

Provides apparent energy measurement and instantaneous
power readings

1.23 kHz bandwidth operation

Flexibsle PGA gain stage (up to x22)

Includes internal integrators for wse with Rogowski codl sensors

5P, PC, or UART communication

GEMERAL DESCRIPTION

The ADET953 s 2 hiﬂh accuracy electrical energy measurement
IC intended for single phase applications. B measures line valtage
and current and caleulates active, reactive, and apparent energy,
as well a¢ instantaneous rms voltage and current.

The device incorporates three E-A ADCs with a kigh accuracy
energy messurement core. The second input channel simults-
neousdy measures neutral current and enables tamper detection
and nevtral current hilling. The additional channel incorporates
a complete signal path that allows a full range of measurements.
Each ingut charmd supparts :imlq:lc:mlau arwd flexible _gain stages,
making the device suitable for use with a variety of current sensors
such as current transformers (C1x) and low value shunt resistors.
Two on-chip integrators. facilitate the use of Rogowski coil sensors.
The ADETYE3 privvidies access b on-chip meter registers viaa
variety of communication interfaces including SPL I'C, and UART.
Two configurable low jitter pulse output pins provide outputs that
are propartional te active, reactive, or apparent energy, as well as
current and valtage rms. A full range of power quality informaticn
such as overcurrent, overvoltage, peak, and sag detection are
accesible via the external IR0 pan Independent active, resciive,
and apparent no-load detections are indudad o prevent “meter
creep” Dedicated reverse power (REVEF), zero-crossing voltage
(LX), and zero-crosang current (EX_) pins are also provided. The
ADETISS energy metering I operates froma 33 W supply vu|lng=
and ix available i a 28-lead LFCSP package.
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ANALOG
DEVICES

Low Power, Precision Analog Microcontroller
with Dual Sigma-Delta ADCs, ARM Cortex-M3

ADuCM360/ADuCM361

FEATURES

Analog input/output

Dual 24-bit ADCs (ADuCM3&0)

Single 24-bit ADC [ADuCM351)

Programmable ADC output rate (3.5 Hz to 3.906 kHz)

Simultaneous 50 Hz/60 Hz noise rejection

At 50 5P5 continuous conversion mode

At 16.67 5PS singla conversion mode
Flexible input mux for input channel selection to both ADCs
Two 24-bit multichannel ADCs (ADC0 and ADCT)

& differential or 11 single-ended input channels

4 internal channels for monitoring DAC, temperature

sensor, IOVDD/4, and AVDD/4 (ADC1 only)

Programmable gain {1 to 128)

RMS noise: 52 nW at 3.53 Hz, 200 nV at 50 Hz
Programmable sensor excitation current sources
On-chip precision voltage reference
Single 12-bit voltage output DAC

NPM mode for 4 mA to 20 mA loop applications
Microcontroller

ARM Cortex-M32 32-bit procassor

Serial wire download and debug

Internal watch erystal for wake-up timer

16 MHz oscill ator with 8-way programmable divider
Memory

128 kB Flash/EE memory, 8 kB SRAM

In-circuit debug/download via serial wire and UART

Power supply range: 1.8V to 3.6 V {maximum]|
Power consumption, MCU active mode
Core consumes 290 pA/MHz
Owerall system current consumption of 1.0 mA with core
operating at 500 kHz (both ADCs on, input buffers off,
PGA gain of 4, one SPl port on, and all timers on)
Power consumption, power-down mode: 4 pA (wake-up
timer active)
On-chip peripherals
UART, I*C, and 2 x 5Pl serial /O
16-bit PWM controller
19-pin multifunction GPIO port
2 general-purpose timers
Wake-up timer/watchdog timer
Multichannel DMA and interrupt controller
Package and temperature range
48-lead, 7 mm % 7 mm LFCSP
Specified for —-40°Cto +125°C operation
Development tools
Low cost QuickStart Development System
Third-party compiler and emulator tool support
Muhiple functional safety features for improved diagnostics

APPLICATIONS

Industrial automation and process control
Intelligent precision sensing systems

4 mA to 20 mA loop-powered smart sensor systems
Medical devices, patient monitoring
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