ANALOG T-51-07-0l LG*MOS
DEVICES 20-Bit Data Acquisition System

AD79024

FEATURES FUNCTIONAL BLOCK DIAGRAM
20-Bit Slgma-Dalts ADC

Dynamic Range of 105 dB (150 He Inpat)
=0.0018% Integral Nonlnearity (180 He Inpai)
On-Chip Low-Pags Digltal Filtar
Cut-ON Programmable from 380 He to 18.75 Hz
Linaar Phesa Rasponas
Five Line Sarlal 1'0
Enay Interface to DEPs and Microoomputers
Saftwars Control of Fllter Cut-0f
=8 V' Supply
Low Power Oporation: 50 mW

APPLICATIONS

Blamadical Dwta Asquisiion Syxivma
ECG Mechines
BEG Mathinss

ek ey o syt L0
i "J[Qctfj_a"ﬁ

GENERAL DESCRIPTION 7 050 =
Tha ADTHIZ4 i & Zignad Processlsg:| for Digir”
M.ﬂhmﬂmﬁ:ﬁnﬁu‘hhiﬁrhhmﬂ ybicatis
likee BCG and BEG machines, The device is capable B

ng # channals with bandwidths of up te 300 HE Reslucion i, ta 0m § single chip, thus achiving excellens linesr parfor-

an imput bamdwidth of 18,75 Hz w 90 dB with an apur hasd-
width of 300 Hz,

The requiced syssem Jow-pass fiering is inhepesyt |n the Hgma
dehn sechnique, This elimisgtes front-end fiering.

Thaee addeess pins peogrem the device sddness. This fllows §
dats acquisitien sysiem with up to 32 chasnels 1o b set up o w
s ple fishion. The output wopd From the dmvdce cantaim 32
bits of dara. Ot bt i determdned by the smte of the DO ingut
wrtd may e nsed with s exrernal Pacemaker Desect Clrout te
imclicace thar the awtpat word ds invalld becwuse of the presencs
of o pacamaker pulse, These arw 20 bits of duats. Two it
comisn the chansel sddress, snd 3 hity are the device address.
Thus, esch chanee] [n 8 32-chaneel syscem would bave & dis-
crete J=bit addeess, The device also bis & CASOOUT péin and
# CASCIN pin which allow simple networking of snubiple
devikce,

The on-chip Conerol Register b progranmed using the SCLE,
SDATA and TRS pies, Theee hits of the Control Biogaster s=t

thye: Dhiggital Filber Cup-OHf Prequesey for the device, Seleorabde
frequencies see 300 Hz, 150 Hz, 75 Hz, 37.5 He and 18,75 Hz,
A farther 2 hits sppear s quipists D snd D2 and cen be ussd
for controlling calibomiog st the froat end. The device is avmil

i | ck . HOTE: Fiél 18- AGN0 I THE PAIMARY kOWE T THE PART,
able in & -pin plestke QFF (Qusd Flet Pack) packsgs L e
THE SHALGO IHPUT PIRE,
I Pl WY BE GOMSETTIRD T ETTHER DHITAL
SUFPLY OF LEFT URCONHICTRIL

This information appiies to 8 product under develapment. ts charscteriisies and spacificadons ars sisnjeat 1o champs wilfout satice.
Analog Devioes assusmas Ag abligation rogarding futune manufecture unbssg othervwise agrand o én wrklng.
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AD79024 — SPECIFICATIONS' 2 b = d e oy s it = cav e sl =

30 Bz S Wave; Ay Source Besisiance = 750 £3" with 1 1 bo AGND ot each Ay Ty = Ty 10 Tugy, anlass otharwise statad)

Pacssster Limit & Ty Tomax Ulnita Tt ConditlonsCommunts
STATIC FERFORMAMCE
| Biza

Remslution

Integrsi Lincarity Berer 00014 % FER bop Chammanteed Mo Misssd Codes 1o 20 Biig?

G . % PSR max
N EniK

{Gudn Masch Berwecn Charmels 008 % F5R max T-51-D?-ﬂl

Ot Ervar 1 ¥ PER, max

wmtwmu 0.5 W FER. max

i

i

;

[

{
ssRELLERNEY |7

. = 210 mY phepk
o H\t- £ 10 Y ple-ple

'Crperuing Tesperasire Range <40 m +E9C

The Ay plea presear i very bigh impedasor dynumie load which vices with clock: Arequenay.
Ylwaruniped by design 1nd charivedstion,

*Unisle Do Range Ly g mised by séxiring neise and, paling tls 1o s Fall-Beabe Tnput Mangs,
100 W kgt 120 Hia wine wave appdled no each supply.
Specianoas wbfect o chiage wibout poticn,

Tabls L Unsbls Dynasnic Range, BMS Nodse sod Filter Setiling Tlme va, Filter Bandwidth

Frogrammed Vsabile Drpnsenic Range | BMS Noles | Biler Swiling Tims 1o
Baadwidth (Hzp [ (dB) {m¥} E0EHY FE (ma)
300 L] o5 L]
L1 o] 7 Lix
73 [} ] 3 F.i ]
7.9 115 3 )]
18.7% 115 3 B
HOTE

Usably Dymamis Basge i defised 1 the rudo of tie e fuBaeale resdiag (eine wave lnpui) o the
ey b of the cooeemer.

Thig informistion applies 1o & produt under devalopmant. Hs chamolaranics s gpecfications ara subjact b changs without noties,
Ansleg Duvices srsumes no cbillgetion regerdiag futurs manulscture unloss cfharsfse agrasd ta In writing,
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Wi = Wy = 457 2 5% Wy = =5V = 5%; ADND = 05D = BV Ty = 4 Wiz Inpat
Timing Characteristics™ 2 el Logie d = 07, Logic 1 = By saiss otarwiss ststed)
feaxn™* 400 kcHx nein Mastar Clock Frequency: Internal Gure Cwellatar
4 MEz max
'} MHz max
:,: 50 A& T Digital Chatpast Bise Tieos; Typically 20 as
tp 50 1§ [MAX Diigieal Chutpirt Fall Tloses Typlcally 30 na
Contral Rregisier Timang
i 50 ns min BCLE Perlod
L ™ o8 miny SCLE Widdy
1 k] s miln TFS fetap Time
(A i1 £ min SDATA Setup Tims
Iy 0 = min JAITA Hald Time
i 20 o3 mdn e old Time
Master Mode Timing i
ty 200
' 25
ty A
Tig 150
t||_ H
t L
'la:" 1043
t:H-I
: 2
Cig 3
Shave Made Timing
by 20
ta L
iz 106
Ty 50
tp k) o mmin SCLE Width
[ L1 B maln RFS to SCLE High Serup Tine
in i i miin EFS Hold Time Afer SCLE Low
LFT] 1M Pl (A SCLE H:'.lhh&ﬂ.ﬁ'm. Valid
ty! 250 s max SCLK Falling Edge w Hi-Z Dielay,
;" 50 s MAE SCLE Low to CASCOUT High Delay
ROTES
g:.hum:u *3C oo ansure complince. AN inpik sipnas sre specifad wlihtr m of = § ek [P0 o R ol § W) e ciied) drom. & voleage lesel of 1,8 V.
H'I.I'ﬂ- L]

a4 MHz. I s grasnosd by chaosctscimdfon oo operses st 400 KA,
Hipecifed wing W% s 90% pelss ao m of lareeesr,

B bgh whes o risng edge etoics oo CASCTH, the sising cdgs will am bet revegrised wnb| DRDY goes Jaw 1o incicate dhar the owtpat pagiser ran

fay WE rmaeeed with the koad chreod of Figare | ond deflmed 58 i s requidred for o suipst b coam 0 ¥ or 14 Y,

Eyy mew ewlwed] drams the mestunid oo mien by the dita autpun o churgge 0.5 ¥ when leaded with the iroult of Plgure | The meanired nosber o
b st pobeied back 16 cemons 1he fects of churgiag or dischurgbg the B0 pF capaciios. This mesns thi the e quated in s Timing Chasscieries B
thes e Mdmﬂm”ﬂqmnmwﬂmm:mm

Thls information applles oo & product under devalaprent. fs charscbslsfies and spaciiicatlons are sshjest to ehusgs without noties,
Anitog Duvicas ssumes na obligation regarding futurs menufacture s otherviss agreed 1o In writing.
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T-51-07-01

Figura 1. Load Clreuit for Access Time and Figure 2. Conirel Ragiater Thving Diagram
Bup Rafnguiph Tirma

wenn | G T T fﬁﬁ#xf—fw
1
1 !

Flpure 4. Slsve Mode Timdng Dlagearn

Thia Infarmetion applias to & produet under dgvelopmant, [t charssteristics snd speciications sne subject to ohangs withowt motioe.
Annlog Devices ansismas no abligation regarding fubure manufaciure undess atherwlae agraad 1o by wiing.
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ABSDLUTE MAXIMUM RATINGS* Operating Temperauce Bangs

AVpp i AGND . ... uiviinieon e, =03V #TY Comenercial Plagte (B Verslon) ., ., ...... —40°C i +05°C
AVegm AGHD ......... .. ucunne. +0IV =7 Y Storage Teenperatire Raoge v .. o0y, , . =65°C b0 + 1500
AGND o DGHDY oo oeay .. waves =hI Vo $R3V Lead Tesnperaiure (Soldering, 10 sees) o v 0uy b .on ... #3000
AV B DWVan v v v ran i i =03V +03V  Power Dinsipation (Any Package) to +75C . ..., .. 50 ;%
Anslog Iopues to AGND ., AV — 03 V0 AVpy + 0.3V Dearesabove +75ChY ... .00y nnnn. .. 10 WA
Vpgp o AGND seesvmnn s ¥ — 03V Vop + 0.3V mmmﬂrﬂwm%wm.
Drigital npuws oo DGND . ... ,,.., =03 Vi Vo + L3V perminsat Sunggy i Capystinnal
Digiud Oatputs 10 DGND ... ... 03 V10V + 037 RCEESedebe b o sy ccher condions bt et e

CAUTION
Bsn:ummumnmm}mmmumwmmm;mq
howeyer, permsnont damage may ocour on unconnected devices subject 1o high energy elsetro- - — §

sk falds, Unimsed devices must be stored in conductive foam or shumts, The prowective fram % 1'-11'[1‘1'1’ "H
should be dischurged to the destination socket before devicss 4rs insicted. f o

WARKING!

an. e flr’ channels, Tt can be nsed in o muskt-
i v the deylesy Emmwhmmmm:
CLKIN  |Clock Tapus for Exrecnal Clock,

CLEOUT |Clock Owiput which is used so gensrate sn intermal master clock by conmecting & erystal between CLEKOUT ind
CLETN. If am exvernsl clock is wsed, then CLEOUT i nor connected.

MODE Mﬁﬁmmmﬁummmmummwmmmmmma
anwhled; wheress if it Is high, the Slave Mode intecfice is exabied,

CASCIN || Pasidd wmmm-mnm»mmmmmmmhuMmmq
seversl devices in & reoltichanned system,

CASCOUT wﬂww&hpuhhﬂlhmddlmﬂmwmm.mmhmmﬁe
CASCIN of the next device (m & mrulti-channel systemn to ansute proper coatrol of the data transfee.

RF3 Hnnziueanﬂmﬂmmhﬂuulnﬂﬂrﬂemﬂmuﬂdmum.“hmhmhptwmﬂpmﬂq
on the incerfice mode.

SDATA | Serial Dt InputiCarpur pin

SCLE me.mmmI;anﬂ:nmmﬁﬁ;mﬁemﬂMHﬂph
DEDY Duaﬂ.ﬂdyﬂuqmr.DRDThluwnhmnﬂddluhﬂﬂuﬂ:ilh:ww:nﬁluhhnHHﬁhWME
cyches whan a new word i being boaded into the swtput register, tw indiess shat valid dats [s not aveslsble.

TES mm&-mrhpmmﬂwwhﬂuﬂ,

oo Digital Dtn Inpust. This is contuined in the digital dsta stresm jent from the device,

D, o2 Diginal Ouiepusts. These teo digiesl ummhmmmmmm.mmh
used v switch in callbradon slgnals ot the fronr snd,

¥oxr Reference lnput, pomically 2.5 W,

AGMD Angleg Greand, Orotnd referense far anslog cirowd oy,
DD Digital Groupsd. Geeund return for digial circuitny,
Aprl=An4 | Amalog Inper pims. The ansdoeg inpus rangs i £2.5 V.

This Inbamnation applles ia & prodiect undar devalopenant. e charactarialics arnd soocifestlons ara subjnct o change withour notles,
Analog Devices assumes no obiligalion regarding Sulues manufectsns unlaig sihersdss ograsd b In writing.
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DESCRIFTION OF OPERATION

Vaolisge Reference
Fuall peale analog input corpaspoeds w teferencs valage lapue.

‘The reference inpilt presaats expctly the sme dynamle lad =
the snalog ingut, bt In the case of the reference inpat, somros
r:dluqn:mﬂ.lun[nhﬂn[t'-mlntﬂnﬂtﬂnhﬂﬂtﬂhf
them offser arcacs. Mewt peeciison references however have suffi-
clemtly low owtpmt impedance and wide enough basdwideh ta
setile b0 the requiosd aosurecy in the time allowed by the
ADTHE4.

The reference should be chosn to have minimal nobse in the
programmed passhand. Becommended references are the
ADSE), ADEED o the ADREF-#3 from Amleg Drevices. These
bow nolse references have o typicsl moise spectral density of

40 o¥7+, = at 300 Ha.

Clock Generation

The device operwes from & master clock which must be pro-
vided either from & crysil source o &m exiecnal clock sonrce. If
acrwatal § ueed, dt ovast Be conmecied acrem the CLEIN and
CLEOUT ples. An external clock can be used by driving the
CLETH inpat directly with o CMOS compatihle clock. In tids
cass, CLEDATT ks H:umunmmd.'l‘h: eomibmal clock: fire

The 16-hix coneral r-rduu' hmhm!ﬂb
Thres coptrol lines are wsed; TFS, EI’..I_

cam b an (Epus of s cutpus depending fn
mmmmmam.mu
Hude]r.mdwhnrtuhﬂ,.!lﬂ.ﬂum

MTFﬂmim.qun-deMTﬁhh clocped.
thee contral register oo each sscoeeding fillng edgs of SCLE.

T-51-07-01

When B bl kave been clocked in, the wasaler ausamatseally

sops. Only whea mother negative going edge |s detected on
TFE will new sformation be written {ino the coatrol rege

mmmmmumumd
Bits DRE and DB alloer the: coatrol regpster i sdentify whether

e ME Bmarlhulmhnhulm Only when
D'BS is a 1 and DBO i a 0 will the rogister recogaize that &
comple valid werd s been poogrammed.

Control Register bit, A%, acts s in eatra addnes bit which mast
always be 52t w0 | 1o enible programmisg of the ADTH4, Ik
is szt 10 O then the prograsoitied word §s spooved, This dllows
thi usar 10 hypass the ADTNEY control repivter amd wse the se-
rial sream from the DEP or microcompater o prograen ather
serial peripheenl devices,

When a valid word s besn teceived, the device

the meade bit; MO, If this |5 O, then ihe diglal fileer car-off fre-
qiemcies are progrunimned o the appropeiste value if the device

#ddress ploa toighe AL, Al, AD bis in the comiral

regisher. If the s pios do mit coreespand o the A2,

Al, AD e, :’%ﬂl,MHu are ignored. Tf M &
t-off frequencles are progrmmmed o

cx Table IV),

. cgfiter bk » DI comtre e dighal ausput Pluy D2

the same way as FC2, FCL,

Table I, Control Regiater Programming Madsl

i [ i | B L B | 4 e [ e [ | b [ 508 | B [ 53 [ D [ [ T

A3 [az (a1 [a0 [mo [Pe3 [BEi]L

Foo|pe (B ¥ % J¥ |%

=

Tatils 0. M0 Truth Table

Mo | Operating Mode

Inidalizacion Mode 0. A3, Al, Al determine which
device & sdidrested and programaned with car-off
frequency and digital ourpat.

1 Initalizatlon Mode 1. A2, A, AT ignoced, All devices

E-J

Tuble IV, Cut-0ff Frequency Truth Tabls
FCI | FCL | FCO | Cot-Off Frequeacy (Hz)
L1 ] ) EoL

o (o |1 150

L | a T3

o |1 1 7.5

1 1) ) 18.73

This informaticn applies o & product under dessiopmant. s charaoteristics and spedfications are subject ta changs wishout notlos.
Analog Devices sapemas no obligatksn regarding futuire manafschurs unlsss olherwiss agresd B0 in veriting.

P82 DATA ACCHASITION SUBSYETEMS

REV. 0




m

1-51-07-01 AD79024

Rusat

The AD7HIZ4 bas & hardware reset which cam be used t syn-
chronize memy devices. Whea the RESET pin goes Jow afier
being high for at Jeast 4 CLKIN cyclies, the modubitor sampling
points and digital filter starting polnes are sll synchronlzed. This
fynchronizes all devices which recebes the RESET pulse nmd
gves simedranoons sampling of all chansels,

Diatn: Qrutput Interface Modes

When the cootrol register bas been programmsed, the device be-
gins comversion, There is an Inktial debay of $00,000 muse:
ebonck eycles to allow the digiml e w settde. These flters ar
Sime" and 5o the flter outpat updass tate s direcily relared bo
the prograsnmed ct-off frequency. The matie betwean these i
3.81. S, for u fler cun-aff frequency of 300 FHz, the output
update i 1.145 KHa, The falling edge of ihe DRDY sutput in-
dicates: that the oupart shift ragister hoa been updated, There
are twn Interfics mndes. One [y ibe Master Mode whers the
ADTHIZ4 is the master im the system and the processor i
which it is enenmumicating |8 the slive, The other mode is the
Stave Mode whers the ADT9024 15 the slave ind the processer
Is the system master. In both of these modes the dutn owrput
stresm containg 4 % 32 hits ing to ihe four ixp

I DRDY s low, them the 3-state cuitput, RFS, goss high on the
neat rising edge of CLEKIN and stays high for two CLKIN cy-
eles before poing low sgaln, The 3-state SCLEK ontpor b alss
udﬂndmﬂnumﬂﬂ-.:dn.mmm low;, DE3) i3
clocked out on the ring edge of SCLE. Dum is transmined in
L16-hit words, Por each Apy, thers ane two 16-bit wocds and rwo
mammmunﬁmmmw.m
oes back [mio 3-stete nd the oisipat goes high for
o eniter clock cycles. DRDY also goes high at this paist.
Successive dovices can be metiworked together by fying the
CASCOUT of ome davice ta the CASCIN on the next one,

The Masser Mosde interface b very pitable for losding duta

it & serial-to-paralled shdfe regivter or for DSPs Bke the ADSP-
2101 which can scceps o coatintous stresm of 16-bie wards,

Eenccatid
on the ADTR00. IF the duicn bas de.
CASCIN ar & device 000 o [ first

:hnmh.mm:ﬁuhuthﬂrmlunhk?] “ﬁ‘mﬁmmﬁﬂ

channel address format {5 given in Takile VI, "a SERNE bl goes bigh for two CLEIN cycles and DRDY

Master Mode Interface - i s kgh. I the device Is atll trunsoairting dats when o

Is this mode, dats it elocked sut ! %\. o Iﬂm.tﬂllhﬂlﬂdﬂﬂmﬂlﬂh

Two signals infise the tramsfer, Thifee ase the ji ¥ 7The Slge Miode iterface Is maited 10 bath users like

and the intereally geotewied DRDY slgnal. When ¥ Tisieg i 803 T and 6SHC1 | aned slso DSP THSNC

is desected on CASCIM, the devies checks nﬁ‘?ﬁn‘ﬁ ) : nﬂ.g],m.u:m;qfd {i the THESS

Wove, that oo Initlsl passr-up or after & pesat has been
the CASCIN imput iy mot nesessary an devies 000 foe the first

dats transfer bt is seqiilred thereafoar,
Table V. Dutpet Dain Ward Format
DRl . - DB1Z | DE11 DEID DE: DES DBT | DBs DBS...ocs a4+ DNEO
DRIS ., . ... DB | CAI CAD M Al AZ | Do X ... .. .....X
Convarsion Regult Chamme] Addesis | Device Addres Pace Detest | Don's Carg

Table VL. Channael Addreas Farmak

Chasmal

CAl  CAd

Ape 1
gy 2
Apy 3
Ag 4

[ - I =
Ll N ]

This informatian applies to @ preduct undar davils

peant. By chadactisistion and spasificsions are subjeet (o chimgn without nodics,
Analcg Dgvicas ssumed Ao obligatio

n ragarding future menufaoturs whless othersiss agresd b in writing.
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