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3V/3V, = 10V Input Range, TmW
3-Channel 16-Bit, Sigma-Delta ADC

Preliminary Technical Information

AD7707

FEATURES
Charge Balancing ADC
16 Bits No Missing Codes
0.003% Nonlinearity
High Level (£10V) and Low Level {£10mV) Input Channels
Programmable Gain Front End
Gains from 1 to 128
Three-Wire Serial Interface
SPI™, QSPI™, MICROWIRE™ and DSP Compatible
Schmitt Trigger Input on SCLK
Ability to Buffer the Analog Input
2.7V to 3.3V or4.75 V to 5.25 V Operation
Power Dissipation TmW max @ 3 V
Standby Current 8 uA max
20-Lead SOIC and TSSOP Packages

GENERAL DESCRIPTION

The AD 7707 isa com pkte analbg frontend for bw frequency
m easurem ent applications. T his three—channel device can
accept either bw level input signals directly from a transducer
orhigh level @& 4 xVyn5) signalsand produce a serialdigital
output. It em ploys a sigm a—dela conversion technique to
realize up to 16 bits ofno m issing codes perform ance. T he
selected input signal is applied to a propretary program m ablk
gain frontend based around an analbgm odulator. Them odu-
lator output is processed by an on—chip digital filter. T he first
notch ofthis digial filter can be program m ed via an on—chip
control register allow ing ad jistm ent ofthe filter cutoffand
output update rate.

The AD 7707 opemtes from asihhgke 2.7V to 33V or4.75V
to 525V supply. The AD 7707 featurestwo ow kvelpseudo
differential analog input channels, one high kevel hput channel
and a differential reference nput. Input signalranges of Om vV
to +20m V through OV to +2 5V can be hcorporated on both low
evel nput channelswhen operathgwith aV,, 0f5V and a
reference of2 .5V . They can also handlk bipolar hput signal
rangesofr20 mV through =2 5V, which are referenced to the
LCOM nput.TheAD 7707, wih 3V supplyandal.225V
reference, can handle unipolar hput signalrangesofOm V to
+10m V through 0V to +1 225V . Itsbipolar nput signalranges
aret10mV through+1 225V .

T he high level hput channelcan accept Input signal ranges of
T10V,x5V and 0 to 5V . The AD 7707 thusperom allsignal
condiboning and conversion for a three—channel system .

TheAD 7707 is dealforuse In an art, m ircontrollerorD SP—
based system s. It features a serial hterface that can be config—
ured forthree-w ire operation . G ain settings, signalpolarity and
*Protected by U .S. Patent N um ber 5,134,401 .

SPIand Q SPI are tradem arks ofM otorola.
M ICROW IRE isa tradem ark ofN ational Sem iconductor.
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update rate selection can be configured in soflw are using the
nput serialport. T he part contains selfcalbration and system
calbration optionsto elim nate galn and offset errors on the
part rself or in the system .

CM O S construction ensures very ow pow er dissipation, and
the pow erdown m ode reduces the standby pow er consum p-—
tion to 20 YW typ. T hese partsare availabl in a 20-lead w de
body (0.3 inch) sm alloutline (SO IC ) package and a Iow profile
20-lead TSSOP.

PRODUCT HIGHLIGHTS

1. TheAD 7707 consum es lessthan 1 mW at 3V suppliesand
1 M H zm aster clock, m aking it ideal foruse in low power
system s. Standby current is less than 8 UA .

. On-board thin—film resistorsallow 10V ,+5V and 0 to 5V
high level input signals to be directly accom odated on the
analog Inputs w thout requiring split supplies on de-de con-—

N

verters.

3. The bw levelinputchannelsallow the AD 7707 to accept
nhput signals directly from a strain gauge or transducer
rem oving a considerable am ountof signal conditioning.

4. T he part features excellent static perfom ance specifications
w ith 16 bits, no-m issihg—codes, £ 0.003% accumcy and bw
m snoise (K600 nV).Endpoint errors and the effects of
tem perature drift are elin inated by on—chip calibration op-
tions, which rem ove zero—scale and fiilkscalke errors.
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AD77U7_SPEC I FI CATI ONS (AVpp =DVgp = +3 Vor 5V, REF IN(+) = +1.225 V with AVpy = 3 V and

+2.5 V with AVpp = 5 V; REF IN(—=) = GND; MCLK IN = 2.4576 MHz unless otherwise noted. All specifications Ty to Tysx unless otherwise noted.)

Parameter B Version! Units Conditions/Comments

STATIC PERFORM ANCE

N oM issing C odes 16 Bism in G uaranteed by D esign . F ilter N otch < 60 H z
O utputN oise See T ables I and IIT D ependson F ilter C utoffs and Selected G ain
IntegralN onlinearity” +0.003 ¢ of FSR m az FilterN otch < 60 H z. T ypically £ 0.0003%
U nipolaro ffsetE rror SeeNote 3
U nipolar O ffsetD rift? 05 WV /°C typ
Bipolar Zero Error See N ote 3
Bipolar Zero D rift 05 WV /°C typ ForGainsl,2and 4
0.1 W LC typ ForGains8, 16,32, 64 and 128
Posttive FulkScale E rror’ SeeN ote 3
FulkScaleD rift 05 WV /°C typ
G ain Error’ SeeN ote 3
G ain D rifth? 05 ppm of F SR C typ
Bipolar N egative Full-Scale E rror™ > +0.003 % of FSR typ T ypically +0 001%
BipolarN egative FulkScale D riftt 1 wv /°C typ ForGamnsofl tw 4
0.6 wv /°C typ ForG ansof8to 128
ANALOG INPUTSREFERENCE INPUTS Specifications for AIN and REF IN U nlessN oted
Comm onM odeRepction €M R)°
Vpp =5V
Gamn=1 96 dB p
Gamn=2 105 dB p
Gain=4 110 dB p
Gain = 8v128 130 dB typ
Vpp =3V
Gamn=1 105 dB p
Gamn=2 110 dB p
Gain=4 120 dB p
Gain = 8v128 130 dB typ
N om al-M ode 50 H =R egction” 98 dB typ ForF iter N otchesof25 H 2, 2002 e forcn
N om alM ode6OHzRe?ctjon: 98 dB typ ForF iter N otchesof20 H 2, 2002 e forcn
CommonM ode 50 H =R efction” 150 dB typ ForF iter N otchesof25 H 2, 2002 e forcn
CommonM ode 60 H =R epction” 150 dB typ ForF iter N otchesof20 H 2, 2002 e forcn
Absolutef om m on-M odeREF]NVohgel GND toVpp VmintoVmaz
Low LevelAnalbg InputChannels@IN 1 & AIN 2)
Absolitefomm onM odeAIN Volage? GND -30mV Vmin BUF BiofSetup Register= 0
Vpp +30mV Vmaz
Absolitef omm on-M ode AIN Volage™® GND +50mV Vi BUF BitofSetupRegister= 1
Vpp —1.5V vV maz
AIN D C InputCurrent’ 1 nA m az
AIN Sam pling C apacjjancel 10 pF m az
AN D ifferentialV olage R ange!® Oto +Vger GAIN nom Unipolar nputRange B4 BitofSetup Register= 1)
TVrpr/5 AN nom Bipolar InputRange BAJ B itofSetup Regiser= 0)
AIN InputSamplingRate, GATIN o Ly /A4 ForGainsofl to 4
fixm A ForGansof8 tw 128
H igh LevelAnalog TnputC hannel @ IN 3)
Absolitef omm on-M ode AIN Volage™® X mv vV min BUF BitofSetup Register= 0
4x(pp +30mV) Vmaz
Absolitef omm on-M ode AIN Volage™® X Vi BUF BitofSetup Register= 1
4% oy —1.5V) vV maz
AIN D C InputCurrent TBD nA maz
AIN Sam pling C apacjjancel 10 pF m az
AIN D ifferentialV olage R ange®® 0to+4*Vege AN | nom U nipolar nputRange B4 BitofSetup Register= 1)
TA4* g AN nom Bipolar InputRange BAJ B itofSetup Regiser= 0)
AIN InputSamplingRate, GATIN o Ly /A4 ForGainsofl to 4
fixm A ForGansof8 tw 128
Reference nputR ange
REF IN (+) -REF IN (-) Volage 1475 Vi az AVpp = 27V 1033V . Vagy = 1225+ 1% for Specified
Perform ance
REF IN (+) -REF IN (-) Volage 185 vV minmaz AVpp =475V 0525V . Vagy = 2.5+ 1% forSpecified

Perform ance
REF IN InputSam plngRate, £ ferkm A4

LOGIC INPUTS
InputC urrent

AllInputsEzceptM CLK IN +1 A m az T ypically £ 20 nA
M CLK +10 YA m ax T ypically +2
AllTnputsEzcept SCLK andM CLK IN
Vg, InputLow Voltage 0.8 V maz DVpp =5V
0.4 vV maz DVpp = 3V
Vyu, NputH igh Volage 20 Vmin DVpp =3Vand5V
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ADT101

Parameter B Version! Units Conditions/Comments
SCLK Only (Schm #£T riggered Input) DVpp =5VNOM INAL
Vo 143 VminA maz
Voo 0.8/1.4 VminA maz
Voy — Voo 040.8 VminA maz
SCLK Only (Schm #£T riggered Input) DVpp =3VNOM INAL
Vo 125 VminA maz
Voo 0401 VminA maz
Vo, — Voo 0.3750.8 VminA maz
M CLK IN Only DVpp =5VNOM INAL
Vg, InputLow Voltage 0.8 V maz
Vyu, NputH igh Volage 35 Vmin
M CLK IN Only DVpp =3VNOM INAL
Vg, InputLow Voltage V maz
Vyu, NputH igh Volage 2 Vmin
LOGIC OUTPUTS (IncludingM CLK OUT)
Vor, O utputLow Volage 0.4 V maz Tsmx = 800 YA Ezcept M CLK OUT M DVyy =5V.
Ve, O utputLow Volage 0.4 Vomaz Lmg = 100 YA Ezcept ©rM CLK OUT D Vpp = 3V.
Vou, 0 utputH igh Volage 4 vV min Tsonreg = 200 JA Ezcept HTM CLK OUT XDV, =5V.
Vou, O utputH igh Volage DVpp-0.6 Vi Tsonrcg = 100 WA Ezcept forM CLK OUT M DV, = 3V.
F Ioating State Leakage C urrent +10 HA maz
F bating State O utputC apacjjz_nce13 9 PF typ
D ata O utputC oding B inary UnipolarM ode
O ffsetB nary BipolarM ode
SYSTEM CALIBRATION
Low LevelInputC hannels AIN1 & AIN 2)
Positive FullScak C alibration L m it** (1.05X Vggp) GAN V maz GAIN IstheSelected PGA G ain (1 to 128)
N egative Full-Scale C albration Lin i — (105X Vggp)GAIN V maz GAIN Isthe Selected PGA G ah (1 to 128)
O ffeet C alibration Lin #+* (105X Vggp) GATN V maz GAIN IstheSelected PGA G ain (1 to 128)
nput Span®® (08X Vggp) GAIN vV min GAIN IstheSelected PGA Gain (1 to 128)
(21X Vggp) 6AN vV maz GAIN Isthe Selkcted PGA G ain (1 to 128)
H igh LevelInputC hannels @ IN 3)
Posttive FullScak C alibration L m it** (42X Vggp) GATN V maz GAIN IstheSelected PGA G ain (1 to 128)
N egative Full-Scale C albration Lin i (42X Vegp) BATN V maz GAIN Isthe Selected PGA Gah (1 to 128)
O ffsetC alibration L in i (42X Vegp) BATN V maz GAIN Isthe Selected PGA Gah (1 to 128)
nput Span®® (32X Vggp) GAIN vV min GAIN IstheSelected PGA Gain (1 to 128)
(84X Vggp) GAN vV maz GAIN Isthe Selkcted PGA G ain (1 to 128)
POWER REQU IREMENTS
Power Supply Volages
AV, Volage +27tw+330r
+4.75 t +525 \Y% ForSpecified Perform ance
DVyp Volage +27+525 v For Specified P erform ance
Power Supply Currents
AV, Curent AV,p = 3V or5V.BST bitofF fterH ijh Register= 0"
027 mAmax | Typicaly 022mA .BUFFER=0.f,, ny = IMHzor24576 M Hz
06 mAmax | Typialy 045mA .BUFFER=DV,p . £y =1IM Hz o2 4576M H z
AV, = 3V or5V.BST biofFiterd Ih Regiser= 1"
05 mAmax | Typialy 038mA .BUFFER =0V .fix = 24576 M Hz
11 mAmax | Typkaly 081mA.BUFFER =DVpp . Eoxm = 24576 M Hz
DVpp Current” D IimlIPs= 0V orD V,, .ExtemnalM CLK N
0080 mAmax | Typialy006mA .DVyp, =3V . fpxpyw =1MHz
015 mAmax | Typialy013mA.DVp, =5V . xpm=1MHz
018 mAmax | Typialy015mA .DVyp =3V . fpxpy = 24576MHz
035 mAmax | Typialy03mA.DVyp =5V . g = 24576MHz
PowerSupply Re®cton e SeeN ote 20 dB typ
N om alM ode PowerD isspation'” AV,, =DVyp = +3V.D giallPs= OV orD V,p ExternalM CLK TN
1.05 MW max| Typialy 084mW .BUFFER =0.f£., ny =1MHz BST Bi=0.
2.04 MW max| Typialyl53mW .BUFFER =3V.f,, y =1MHz, BST Bi=0.
135 MW max| Typicaly11lmW .BUFFER = 0.4 v =24576M Hz BST Bi=0.
2.34 NW max| Typkalyl9mW .BUFFER = 3V.L£,,  =24576M Hz BST Bi=0.
N om alM ode PowerD isspation'” AV,, =DVyp = +5V.D giallPs= 0V orD Vy,, ExtemalM C LK
N
21 NW max| Typialy175mW .BUFFER =0.£., y =1MHz BST Bi=0.
3.75 NW max| Typialy29mW .BUFFER =5V.f,, n =1MHz,BST Bi1=0.
31 NW max| Typlaly2.6mW .BUFFER = 0.£,,  =24576M HzBST Bi=0.
4.5 MW max| Typialy3.75mW .BUFFER = 5V . £,  =24576M Hz BST Bi=0.
Standby @ owerD own) C urrent’” 138 JAmax | ExtemalM CLK IN = 0V orDVy, . Typically QA .V, = +5V
Standby @ owerD own) C urrent’” 3 JA max | ExtemalM CLK N =0V orDVy, . Typialy 4 YA .V, = +3V
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AD7707 Preliminary Technical Information

Power Suppl Repction™® SeeNotel9 dB typ

NOTES

T em perature range as ollow s: B Version, —40°C to +85°C .

T hese num bers are established from characterization ordesign at ital pmoduct release.

A calibration is effectively a conversion so these ermors w illbe of the order of the conversion noise shown i T ables Ito IV . T his applies after calibration at the
tem perature of nterest.

Recalbration at any tem perature w ill rem ove these drift ermrs.

°Positive FultScak E rror ncludes Z erv-Scale Errors (U nipolar O fiset E rror or B ipolar Zero Erron) and applies to both unipolar and bipolar nput mnges.

*FullsScalke D rift inclides Z ero-Scale D rift (U nipolar O ffset D rift or Bipolar Zero D rift) and applies to both unipolar and bipokr input ranges.

G ain Ermrdoes not inclide Zero-Scale E rrors. Tt is caloulated as FullScale Error-U nipolar O fiset E ror for unipolar ranges and FulkScale E rror-F ipolar Zero Error or
bipolar ranges.

8G ain E rror D rift does not include U nipolar O fset D riftRipolar Zero D rift. It is effectively the drift of the part if zem scak calibrations only w ere perform ed.

°T his com m on-m ode voltage range is allow ed provided that the input voltage on analog inputs does not go m ore positive than V, + 30 m V or go m ore negative than
GND - 30mV.Partsare functionalw ith voltagesdown to GND - 200 m V, but w ith increased leakage at high tem perature.

1T he analog input voltage range on AT (+) is given here w ith respect to the voltage on LCOM on the low levelinput channels (Ainl and A in2) and is given with respect to the HCOM input

on the high Jevel input channelAin3. T he absolute voltage on the low levelanalog inputs should not go m ore positive than V,, + 30mV, orgo m ore negative than GN D - 30 mV for specified

perform ance, nput volrages of G D - 200 m V can be accom m odated, but w ith Increased leakage at high tem perature.

% per = REF I¥ (+) —REF I ().

1T hese Iogic output levels apply to the M CLK OU T only when it is baded w ith one CM 0O 3 oad.

133am ple tested at +25°C to ensurs com pliance.

147 frer calibration, if the analog input exceeds positive fall scale, the converter will cutput all 1s. If the analbg input is less than negative fiill scale, the device w ill output all 0s.

15T hese calibration and span lim its apply provided the absolute voltage on the analog inputs does not exceed Vo, + 30 mV orgo m ore negative than G ND - 30m V. T he offsst
calloration lim it applies to both the unipolar zero point and the bipolar zero point.

1™ hen using a crystal or ceram ic resonator across the M C LK pins as the clock source for the device, the V, currentand pow er dissipation w ill vary depending on the crystal or
resonator type (see C ocking and O scillator C ircu it section).

Ifthe extemalm aster clock continues to mn in standby m ode, the standby current increases to 150 A typicalat 5 V and 75 UA at3 V. W hen using a crystalor ceram ic
resonatoracrossthe M C LK pins as the clock source for the device, the intermnal oscillator continues to run In standby m ode and the pow er dissipation depends on the crystal
or resonator type (see Standby M ode section).

1% easured atdc and applies n the selected passband.PSRR at 50 H z w illevceed 120 dB with filter notches of25 H z or S50 H z. PSRR at 60 H z w illexceed 120 dB w ith filter
notchesof20 Hzor60 H z.

*P5RR depends on both gain and Vpp .

Gain 1 2 4 8-128
Vpp =3V 86 78 85 a3
Vpp =5V a0 78 84 a1

S pecifications sub fct to change w ithout notice.

1,2 (AVpp=DVpp=+2.7Vto +5.25 V; AGND =DGND = 0 V; fo, oy = 2.4576 MHz;
TI MING CHARACTERISTI cs InpuTJLogit?I;l =0V, Logic 1 = DV, unless otherwise no:;g'.‘)

Limit at Ty, Tyax
Parameter (B Version) Units Conditions/Comments
A o4 400 kH zm in M aster C lock F requency: C rystal O scillator orE xtemally Supplied
5 M Hzmax for Specified P erform ance
Tk m Lo 0.4 o0ty nsm in M asterC lock InputLow Tine.t xy = 1/& xm
Terxm ut 0.4 o0ty nsmin M asterC ock InputH igh Tim e
=] 500 0t p o nsnom DRDYHigh Tine
£ 100 nsm in RESET Pulsew idth
Read O peration
t 0 nsm in DRDY to CS Setup Time
t, 120 nsm in CS FallingEdge to SC LK RishgEdge Setup Tim e
o 0 nsm in SCLK Falling Edge to D ata Valid D elay
80 nsm ax Vpp =15V
100 nsm ax Vpp =130V
% 100 nsmin SCLK H gh Pulsew idth
5 100 nsmin SCLK Low Pulsew dth
t, 0 nsm i CS RisingEdge to SCLK RishgEdgeHoHd Tine
o 10 nsm in BusRelnquish T In e after SC LK Rising Edge
60 nsm ax Vpp =15V
100 nsm ax Vpp =130V
= 100 nsm ax SC LK Falling Edge to DRDY H igh’
W rite O peration
t, 120 nsm in CS FallingEdge to SC LK RishgEdge Setup Tim e
. 30 nsm in DataVald to SCLK RisihgEdge Setup Tim e
s 20 nsm in DataVald to SCLK RisihgEdgeHold Tine
Y, 100 nsm in SCLK H igh Pulsewidth
ts 100 nsmin SCLK Low Pulsew dth
te 0 nsm in CSRishgEdgeto SCLK RisngEdgeHod Time
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Preliminary Technical Information

AD77017

NOTES

13am ple tested at +25°C to ensure com pliance. A Il input signals are specified w ith tr= tf= 5 ns (10% to 90% ofVy;) and tin ed fiom a volage Jevelofl.6 V.

“SeeFigures 16 and 17.

*frxm D uty C yck range is45% to 55% . £y 1 M ustbe supplied wheneverthe AD 7705/AD 7706 isnot in Standby m ode. Ifno cbck: is present in this case, the device
can draw higher current than specified and possibly becom e uncalibrated .

‘The AD 7707 is production tested with fpy g at2 4576 M Hz (1M Hz orsome T, tests). Tt is guaranteed by characterization to operate at 400 VH z.
°T hese num bers are m easured w ith the bad circuit of F igure 1 and defined asthe tin e required forthe output to cross the Vo p, orVey Im its.

5T hese num bers are derived from the m easured tin e taken by the data output to change 0.5 V when baded w ith the circuit of F igure 1. T hem easured num ber is
then extrapolated back to rem ove effects of charging or discharging the 50 pF capacitor. T hism eans that the tim es quoted in the tim ing characteristics are the

true bus relinquish tin es ofthe part and as such are independentofextemalbus loading capaciances.
"DRDY retumshigh afterthe first read from the device after an output update. T he sam e data can be read agah, frequired, whilk DRDY is high, athough care
shoul be taken that subsequent reads do notoccur close to the nevt cutput update.

TO OUTPUT
PIN

Isink (B00pA AT Vpp = +5V
100pA AT Vpp = +3V)

Isource (200pA AT Vpp = +5V
100pA AT Vpp = +3V)

Figure 1. Load Circuit for Access Time and Bus Relinquish Time

ABSOLUTE MAXIMUM RATINGS*

(Ta = +25°C unlessotherw ise noted)
AV, to AGND
AV,p toDGND
DVpp, to AGND
DV,p toDGND

DGND toAGND
Analog InputVolageto AGN D
Reference TnputVolageto AGN D
D gital nputVolageto DG ND

D gitalO utputVolageto DG N D
O perating T em perature R ange

Commercial B Version) .......

Storage T em perature R ange

....... -03Vt+7V
....... -03Vt+7V
....... -03Vto+7V
...... 03Vt+7V

....... 03Vto+7V
.03V toVy, + 03V

03V toV,, +03V

.03V toVyp,+ 03V
.03V toVyp,+ 03V

PlasticD IP Package, PowerD isspation ........ 450 m W
O0p ThemalImpedance . ................ 105°C v
Lead T em perature, (Sodering, 10 sec) ...... +260°C

SO IC Package, PowerD issipation ............ 450 m W
O0p ThemalImpedance . ...... ... 75°C M

Lead T em perature, Sodering

VaporPhase (60 sec) ... .. ... . ... . . ... +215°C
Infrared (15seC) ... oot +220°C
T SSOP Package,PowerD issipation .......... 450 m W
O0p ThemalImpedance . ................ 139°C v
Lead T em perature, Sodering
VaporPhase (60 sec) ... .. ... . ... . . ... +215°C
Infrared (15seC) .. .ot +220°C
ESD Rating . ... i i e e >4000V

*Stresses above those listed under Absolite M axin um Ratingsm ay canuse
pem anent dam age to the device. This is a stress rating only; finctional

Janction T em perature . ... +150°C operation of the device at these or any other condifons above those
Indicated In the operational section of this specification is not In plied.
Exposireto absolitem axin um mting condifons forextended periodsm ay
affect device reliabilty .
ORDERING GUIDE
Vbbp Temperature Package Package
Model Supply Range Description Options
AD 7707BR 27V tb25V -40°C to +85°C SO IC R-20
AD 7707BRU 27V tb25V -40°C to +85°C TSSOP RU 20
EVAL-AD 7707EB Evaliation Board
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PIN CONFIGURATIONS

SCLKE 20| paND
MCLK INE

MCLK OUT E

AD7707

os[4]

RESET E
AVpp E
AIN1 E
LOCOM E

AIN 2 E
AIN3 E

PIN FUNCTION DESCRIPTIONS

TOP VIEW
(Not to Scale) DRDY

Pin No.

Mnemonic

Function

10
11

12

13

SCLK

M CLK IN

MCLK OUT

CS

RESET

AVypp
AIN1
LOCOM

AIN2
AIN 3
HICOM

VBIAS

REF IN (+)

SerialC lock . Schm itT riggered Logic Tnput. An extemal serial clock isapplied to this
Inputto access serialdata from the AD 7707 . T his serialclock can be a continuous
clock w ith alldata tranan itted In a continuous train ofpulses. A fernatively, it can be a
noncontinuous clock w ith the Infom ation being tranam ited to the AD 7707 in an aller
batchesofdata.

M aster C Jock signalforthe device. T his can be provided in the form ofa crystalfeso-
nator orexternalclock . A crystalfresonator can be tied acrosstheM C LK IN and

M CLK OUT pins.A fematively, theM CLK IN pih can bedrivenwith aCM O S—
com patble clock andM CLK OU T lkftunconnected.T he part can be operated w ith
clock frequencies In the range

500kHzto 5 M H z.

W hen the m aster clock forthe device isa crystal/iesonator, the crystal/resonator is
connected between M CLK IN andM CLK OU T .Ifan extemalclbck isapplied to
MCLK IN,M CLK OUT providesan inverted clock signal. T his clock can be used to
provide a clock source orextemal circuitry and is capabl ofdriving oneCM O S oad.
Ifthe userdoes not require i, thisM CLK OU T can be tumed offvia the CLK D IS bi
ofthe C lock Register. T his ensures that the part isnotbuming unnecessary pow er
driving capaciive badson M CLK OUT .

Chip Sekct. Active bw Logic Inputused to selectthe AD 7707 .W ih this mhputhard-
w ired low , the AD 7707 can operate in its three-w ire interface m ode w ith SC LK,
DIN andDOUT used to interface to the device. CS can be used to select the device in
system sw ith m ore than one device on the serialbus oras a fram e synchronization sig-
nalin com m unicating with the AD 7707 .

Logic Tnput. Active Jow inputthat resets the control logic, interface logic, calbration
coefficients, digital filter and analogm odulator ofthe part to pow er-on status.

Analog Supply Voltage, +2 .7V to +5 25V operation .

Low LevelAnalog InputChannell.

COMM ON Input forlow levelinputchannels.Analog nputson Ainl and Ain2 m ust
be referenced to this input.

Low LevelAnalog TnputC hannel?2.

H igh LevelAnalog TnputC hannel3.

COMM ON Inputforhigh lkevelinputchannel . Analog nputon A n3 m ustbe refer-
enced to this nput.

VBIAS isused to signalcondition the high level nput channelsignal T his signalis
used to ensure thatthe AIN ) and AN () signals seen by the ntemalbufferare

w ithin its com m on m ode range. VBIA S isnom ally connected to the REF IN (+).
Reference Input. Positive Input ofthe differential reference inputto the AD 7707 .T he
reference input isdifferentialw ith the provision that REF IN (+) m ust be greaterthan
REF IN ().REF IN (+) can lie anywhere between AV, and AGND .
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Pin No.

Mnemonic

Function

14

15
16

17

18

19
20

REF IN (-)

AGND
DRDY

DOUT

D IN

DVypp
DGND

Reference Input. N egative input of the differential reference nputto the AD 7707 . T he
REF IN () can lie anywhere between AV, and AGND provided REF IN (+) isgreater
than REF IN ().

Analog G round. G round reference point forthe AD 7707’s intemalanalog circuitry.

Logic O utput.A logic low on this output indicates that a new outputword isavailable
from the AD 7707 data register. T he DRDY pin will retum high upon com plktion ofa
read operation ofa fulloutputword. Ifno data read has taken place between output
updates, the DRDY line willretum high ©or 500 e t- ¢ 1y cycles prior to the next
outputupdate. W hile DRDY ishigh, a read operation should neitherbe attem pted
nor In progress to avoid reading from the data registeras it isbeing updated . T he
DRDY line willretum low again when the update has taken place. DRDY isalso used
to indicate when the AD 7707 has com plkted its on—chip calbbration sequence.

SerialD ata O utputw ith serialdata being read from the output shift register on the part.
T his output shift register can contain infom ation from the sstup register, com m unica-
tion s register, clock register or data register, depending on the register selection bits of
the C om m unicationsR egister.

SerialD ata Inputw ith serialdata being w ritten to the input shift register on the part.

D ata from this Input shift register is tran sferred to the setup register, clock register or
com m unications register, depending, on the register selection bits ofthe C om m unica-
tionsR egister.

D gitalSupply Voltage, +2 .7V to +5 .25 V operation .

G round reference point forthe AD 7707’s ntemaldigital circuiry .

OUTPUT NOISE (5 VOPERATION)

T abl Ishowsthe AD 7707 output m snoise forthe selectable notch and -3 dB frequencies for the part, as selected by F S0
and FS1 ofthe C Iock Register. T he num bers given are forthe bipolar nputrangeswih a Vpgy 0f+2 5V and Vy, = 5V.

T hese num bers are typicaland are generated at an analog nputvolage of0 V w ih the part used i eitherbuffered orunbuffered
m ode. T able IIm eanw hilk show sthe output peak-topeak noise forthe selectable notch and -3 dB frequencies forthe part. It
is in portant to note that these num bers represent the resolution rwhich there w illbe no code flicker. T hey are not calcu—
Jated based on m snoise buton peak-to-peak noise. T he num bers given are forbipolar nputrangesw ith a Vypgp 0£+2 5V
and foreitherbuffered orunbuffered m ode. T hese num bers are typical and are rounded to the nearest LSB . T he num bers
appl forthe CLK D IV bitofthe C lock Register setto 0.

Table I. Output RMS Noise vs. Gain and Output Update Rate @ 5V

Filter First Typical Qutput RMS|Noise in uV|
Notch and O/P -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
Data Rate Frequency | 1 2 4 8 16 32 64 128
MCLKIN = 2.4576 MHz
10H z 262Hz 1.7 1 0.7 046 045 0.4 0.4 0.4
50H z 131HzZ 141 21 12 0.75 0.7 0.66 0.63 0.6
60Hz 1572Hz 5.1 25 1.4 0.8 0.75 0.7 0.67 0.62
250H z 65 5Hz 110 49 31 17 8 3.6 23 1.7
500H z 131 Hz 550 285 145 70 41 22 9.1 4.7
MCLKIN =1MHz
405Hz 106Hz 1.7 1 0.7 046 045 0.4 0.4 0.4
20H z 524Hz 141 21 12 0.75 0.7 0.66 0.63 0.6
25Hz 655Hz 51 25 14 0.8 0.75 0.7 0.67 0.62
100H z 262Hz 110 49 31 17 8 3.6 23 1.7
200H z 524Hz 550 285 145 70 11 22 9.1 4.7
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Table II. Peak-to-Peak Resolution vs. Gain and Output Update Rate @ 5V

Filter First Typical Peak-to-Peak Resolution Bits

Notch and O/P -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
Data Rate Frequency| 1 2 4 8 16 32 64 128
MCLKIN = 2.4576 MHz

10H z 262Hz 16 16 16 16 16 16 15 14
50H z 131H=z 16 16 16 16 16 16 15 14
60H z 1572Hz 16 16 16 16 15 14 14 13
250H z 65 5Hz 13 13 13 13 13 13 12 12
500H z 131 Hz 10 10 10 10 10 10 10 10
MCLKIN =1MHz

405Hz 106Hz 16 16 16 16 16 16 15 14
20H z 524Hz 16 16 16 16 16 16 15 14
25H z 655Hz 16 16 16 16 15 14 14 13
100H z 262Hz 13 13 13 13 13 13 12 12
200H z 524Hz 10 10 10 10 10 10 10 10

OUTPUT NOISE (3 V OPERATION)

T abl ITT show sthe AD 7707 output m snoise forthe selectable notch and -3 dB frequencies forthe part, as selected by F S0
and FS1 ofthe C Iock Register. T he num bersgiven are forthe bipolar nput rangesw ith a Vygp 0£f+1 225V and aVyy = 3
V . These num bers are typicaland are generated at an analog inputvolage of0 V w ith the part used In eittherbuffered or
unbuffered m ode. T abl ITm eanw hile show s the output peak-topeak noise for the selectable notch and -3 dB frequencies
forthe part. It is in portant to note that these num bers represent the resolution orwhich there w illbe no code flicker. T hey
are not calculated based on mn snoise buton peak-topeak noise. T he num bers given are forbipolar hput rangesw ith a Vage
of+1 225V and Preitherbuffered orunbuffered m ode. T hese num bers are typicaland are rounded to the nearest LSB .

T he num bers apply forthe CLK D IV bitofthe C lock Register set to 0.

Table III. Output RMS Noise vs. Gain and Output Update Rate @ 3 V

Filter First Typical Output RMS Noise in uV

Notch and O/P -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
Data Rate Frequency] 1 2 4 8 16 32 64 128
MCLKIN = 2.4576 MHz

10H z 262Hz 1.68 133 0.73 05 0.49 0.49 048 047
50H z 131H=z 38 24 15 13 11 1.0 0.9 0.9
60H z 1572Hz 5.1 2.9 1.7 15 12 1.0 0.9 0.9
250H z 65 5Hz 50 25 14 9.9 5.1 2.6 23 2.0
500H z 131 Hz 270 135 65 41 22 9.7 51 33
MCLKIN =1MHz

405Hz 106HzZ 1.68 1.33 0.73 0.5 049 0.49 048 047
20H z 524Hz 38 24 15 13 11 1.0 0.9 0.9
25H z 655Hz 5.1 2.9 1.7 15 1.2 1.0 0.9 0.9
100H z 262Hz 50 25 14 9.9 5.1 2.6 23 2.0
200H z 524Hz 270 135 65 11 22 9.7 5.1 33

Table IV. Peak-to-Peak Resolution vs. Gain and Output Update Rate @ 3 V

Filter First Typical Peak-to-Peak Resolution in Bits

Notch and O/P -3 dB Gain of Gainof | Gain of Gain of Gain of Gain of Gain of Gain of
Data Rate Frequency| 1 2 4 8 16 32 (] 128
MCLK IN = 2.4576 MHz

10H z 262Hz 16 16 15 15 14 13 13 12
50H z 131H=z 16 16 15 15 14 13 13 12
60H z 1572Hz 16 16 15 14 14 13 13 12
250H z 65 5Hz 13 13 13 13 12 12 11 11
500H z 131 Hz 10 10 10 10 10 10 10 10
MCLKIN =1MHz

405Hz 106Hz 16 16 15 15 14 13 13 12
20H z 524Hz 16 16 15 15 14 13 13 12
25H z 655Hz 16 16 15 14 14 13 13 12
100H z 262Hz 13 13 13 13 12 12 11 11
200H z 524Hz 10 10 10 10 10 10 10 10
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ON-CHIP REGISTERS

TheAD 7707 contains eight on—chip registerswhich can be accessed via the serialport ofthe part. T he firstofthese isa

C om m unicationsR egister that controls the channel selection, decides w hether the next operation isa read orw rite operation
and also decideswhich registerthe next read orw rite operation accesses. A llcom m unications to the partm ust startw ith a

w rite operation to the C om m unications R egister. A fler pow er-on or RESET, the device expects a w rite to itsC om m unica—
tionsRegister. T he data w ritten to this register determ ines w hether the next operation to the part is a read or a w rite opera—
tion and also determ Inesto w hich register this read orw rite operation occurs. T herefore, w rite access to any of the other
registers on the part startsw ith a w rite operation to the C om m unications R egister follow ed by a w rite to the selected register.
A read operation from any other register on the part (including the C om m unicationsR egister itself and the outputdata reg-
ister) starts w ith a w rite operation to the C om m unicationsR egister follow ed by a read operation from the selected register.

T he C om m unicationsR egister also controls the standby m ode and channel selection and the DRDY status isalso available
by reading from the C om m unications Register. T he second register is a Setup R egister that determ ines calbration m ode,
gain setting, bipolarfinipolar operation and buffered m ode. T he third register is labelled the C lock Register and contains the
filter selection bits and clock controlbits. T he fourth register is the D ata R egister from which the outputdata from the part
is accessed . T he final registers are the calbration registers which store channelcalbration data. T he registers are discussed
in m ore detail n the follow Ing sections.

Communications Register (RS2, RS1, RS0 =0, 0, 0)

T he C om m unications Register is an 8-bit register from which data can eitherbe read orto which data can be written .A 11
com m unications to the partm ust start w ith a w rite operation to the C om m unications Register. T he data w ritten to the C om -
m unications R egister determ ines w hether the next operation isa read orw rite operation and to which register this operation
takes place. O nce the subsequent read orw rite operation to the selected register is com plete, the nterface retumsto where i
expects a w rite operation to the C om m unications R egister. T his is the default state ofthe interface, and on pow er-up or after
aRESET, the AD 7707 is in this default state w aiting for a w rite operation to the C om m unications Register. In situations

w here the Interface sequence is Jost, ifa w rite operation of sufficient duration (containing at keast 32 serialclock cycles) takes
placewih D IN high,theAD 7707 retums to thisdefault state. T abke V outlines the bit designations forthe C om m unications
Register.

Table V. Communications Register

0/D ®D Y (0) RS2 (0) RS1(0) RSO0 (0) R/iw (0) STBY (0) CH1(0) CHO (0)

0/DRDY Forawrte operation, a “0” m ustbe w ritten to thisbit so that the w rite operation to the C om m unications
Registeractually takesplace. Ifa “1” isw ritten to thisbit, the partw illnot clock on to subsequentbits in
the register. Ttw ill stay at thisbit Jocation untila “0” isw ritten to thisbit. O nce a “0” isw ritten to thisbit,
the next seven bitsw illbe Ioaded to the C om m unicationsRegister. F or a read operation, thisbiprovides
the status ofthe DRDY flag from the part. T he status ofthisbit is the sam e asthe DRDY outputpin.

RS2-RS0 Register Selection B its. T hese three bits select to which one ofeight on—chip registers the next read orw rite
operation takesplace, asshown In T ablke VI, along w ith the register size. W hen the read orw rite operation
to the selected register is com plete, the part retims to w here it isw aiting for a w rite operation to the C om -
m unicationsRegister. tdoesnot rem ain in a state where it w ill continue to access the register.
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Table VI. Register Selection

RS2 RS1 RSO Register Register Size
0 0 0 C omm unicationsR egister 8 Bits

0 0 1 Setup Register 8 Bis

0 1 0 C lock Register 8 Bits

0 1 1 D ata Register 16 Bits

1 0 0 T est Register 8 Bits

1 0 1 N o O peration

1 1 0 O ffset Register 24 Bis

1 1 1 G ain Register 24 Bits

RAV Read AVrite Select. T hisbit selectsw hether the next operation is a read orw rite operation to the selected
register. A “0” indicates a w rite cycle forthe next operation to the approprate register, whilke a “1” indi-
cates a read operation from the approprate register.

STBY Standby.W riting a “1” to thisbiputsthe part into its standby orpowerdown m ode. In thism ode, the
part consum es only 8UA ofpower supply current. T he part retains its calbbration coefficients and control
word Inform ation when in STAND BY .W riting a “0” to thisbitplaces the part In ftsnom aloperating
m ode.

CH1-CHO C hannelSelkct. T hese tw 0 bits select a channel for conversion or for access to the calbration coefficients

asoutlined In T able VII. T hree pairs of calbration registers on the part are used to store the calbration
coefficients follow Ing a calbration on a channel. T hey are shown In T abksVII forthe AD 7707 to indicate
which channelcom binationshave ndependent calbbration coefficients. W th CH 1 atLogic 1l andCH 0 ata
Logic 0, the part boksatthe LOCOM Inputintemally shorted to itself. T his can be used as a testm ethod
to evaliate the noise perform ance of the part w ith no extermalnoise sources. In thism ode, the LOCOM
input should be connected to an extermalvolage w ithin the allow able com m on-m ode range for the part.

Table VII. Channel Selection for AD7707

CH1 CHO AIN Reference Calibration Register Pair
0 0 AW 1 LOCOM Register P air 0
0 1 AIN 2 LOCOM RegisterPair 1
1 0 LOCOM LOCOM RegisterPair 0
1 1 ATN 3 HICOM RegisterPair2

Setup Register (RS2, RS1, RS0 =0, 0, 1); Power-On/Reset Status: 01 Hex

T he Setup Register is an eight bit register from which data can eitherbe read orto which data can bewritten . T able IX
outlinesthe bitdesignations forthe Setup R egister.

Table IX. Setup Register

MD1(0) MDO (0) G2(0) G1(0) GO (0) 8/U (0) BUF (0) FSYNC (1)

MD1 MDo
0 0

Operating Mode

N om alM ode:this is the nom alm ode ofoperation of the device w hereby the device is perform ing
nom alconversions.

SelfC albration : this activates selfcalbbration on the channelselected by CH 1 and CH 0 ofthe Com -
m unicationsRegister. T his is a one—step calbration sequence and when com plete the part retums to
Nom alM odewih M D1 andM D 0 retuming to 0, 0. T he DRDY output orbitgoeshigh when cali-
bration is initiated and retums low when this selfcalbration is com plete and a new valid w ord is
available in the data register. T he zero-scale calbration isperfom ed at the selected gain on intemally
shorted (zeroed) nputs and the fiillscale calbration is perfom ed at the selected gain on an inter—
nallygenerated Vypr Selected G ain .

Zero-Scalk System C albration : this activates zero scale system calbration on the channelselected by
CH 1 and CH 0 ofthe C om m unications R egister. C albbration isperfom ed at the selected gain on the
nputvolage provided at the analog nput during this calbration sequence. T his nput volage shoul
rem ain stable orthe duration ofthe calbration. T he DRDY output orbit goeshigh when calbbration
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is Initiated and retums low when this zero-scale calbration is com plte and a new valid word is avail-
able In the data register. A t the end ofthe calbration, the part retumsto N om alM odewih M D 1
and M D 0 reumingto 0, 0.

1 FullScal System C albration : this activates fiilkscale system calibration on the selected inputchan-
nel.C albration isperform ed at the selected gain on the inputvoltage provided at the analog input
during this calbration sequence. T his hputvolage shouk rem ain stablk forthe duration ofthe cali-
bration . O nce again, the DRDY output orbitgoeshigh when calbbration is initiated and retums low
when this fiillscale calibration is com pkte and a new valid word isavailablk in the data register. At
the end ofthe calbration, the part relumsto N om alM odewithM D1 andM D 0 retumigto 0, 0.

G2-GO G ain Selection B its. T hese bits select the gain setting forthe onchip PG A asoutlined h Tabke X .

Table X. Gain Selection
G2 G1 Go Gain Setting
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

Bo B polart] nipolar O peration . A “0” In thisbitselcts B polarO peration . A “1” i thisbit sekects U nipolaro p-
eration .

BUF BufferC ontrol W ih thisbitat“0,” the on—chip bufferon the analog Inputisshorted out. W ih the buffer
shorted out, the current flow Ing In the V,; line isreduced.W hen thisbitishigh, the on—chip bufferisin
seriesw ith the analog input allow Ing the Input to handl higher source in pedances.

FSYNC Filtter Synchronization .W hen thisbit ishigh, the nodes of the digital filter, the filter controllogic and the

calbration controllogic are held in a reset state and the analog m odulator isalso held In its reset state.

W hen thisbitgoes low , them odulatorand filter start to processdata and a valid word isavailable in 3 x 1/
(outputupdate rate), ie., the settling tim e ofthe filter. ThisFSYN C bit doesnotaffect the digitalin—
terface and does not reset the DRDY output if it is ow .

Clock Register (RS2, RS1, RS0 =0, 1, 0); Power-On/Reset Status: 05 Hex
T he C lock Register is an 8-bit register from which data can eitherbe read orto which data can be written . T able X T outlines
the bitdesignations for the C Iock R egister.

Table XI. Clock Register

Zero(0)

Zero(0) CLKDIS(0) CLKDIV(0) CLK(1) FS2(0) FS1(0) FS0(1)

ZERO

CLKD Is

CLKD IV

Zero.A zeroM U ST be written to these bits to ensure correct operation ofthe AD 7707 .Failure to do so
m ay resut in unspecified operation ofthe device.

M asterC lock D isabke Bi. A Logicl In thisbitdisablesthem aster clock from appearing attheM CLK
OUT pin.W hendisabled, theM CLK OUT pin is forced low . T his feature allow s the userthe flexiboility of
usingtheM CLK OUT asa clock source forotherdevices In the system oroftumingofftheM CLK OU T
asapow er saving feature. W hen using an extemalm aster clock on theM CLK IN pin, the AD 7707
continues to have intemal clocksand w illconvert nom ally w ith the C LK D IS bitactive. W hen using a
crystal oscillator or ceram ic resonatoracrosstheM CLK IN and M CLK OU T pins,theAD 7707 clock is
stopped and no conversions take place when the CLK D IS bit isactive.

C lock D widerBit. W ith thisbitata Logic 1, the clock frequency appearing atthe M CLK IN pin isdivided
by tw o before being used intemally by the AD 7707 .F orexam pl, when thisbitis setto 1, the usercan
operatewih a4 9152 M H zcrystalbetween M CLK IN andM CLK OUT and Intemally the part w illoper—
ate w ith the specified 2 4576 M H z.W ih thisbitata Logic 0, the clock frequency appearing attheM CLK
IN pin isthe frequency used Intemally by the part.
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CLK C ock Bit. Thisbit should be set In accordance w ith the operating frequency ofthe AD 7705AD 7706 . If
the device hasam aster clock frequency 0of2 4576 M Hz CLKD IV = 0)or49152M Hz CLKD IV = 1),
then thisbit should be setto a "1 .” Ifthe device hasam aster clock frequency of 1M Hz (CLKD IV = 0) or
2MHz CLKD IV = 1), thisbit should be setto a “"0.” T hisbit setsup the appropriate scaling currents for
a given operating frequency and also chooses (@long wih FS1 and FS0) the output update rate for the de—
vice. Ifthisbit isnot set correctly for them aster clock frequency of the device, then the AD 7705AD 7706
m ay not operate to gpecification .

FS2,FS1,FS0 FilterSelction Bis.A longw ith the CLK bi, FS2,FS1 and FS0O determ Ine the output update rate, fitter
first notch and -3 dB frequency as outlined in T abke X II. T he on—chip digital filter provides a sinc® (or
Sinx/A’) filter response. P lacing the first notch at 10 H z places notches at both 50 and 60 H z giving better
than 150dB regction at these frequencies. In association w ith the gain selection the filter cutoffalso deter-
m ines the outputnoise ofthe device. C hanging the fitternotch frequency, aswell as the selected gain, in -
pacts resolution . T ables Tto IV show the effect of filter notch frequency and gain on the outputnoise and
effective resolition ofthe part. T he output data rate (oreffective conversion tin e) for the device isequalto
the frequency selected forthe first notch ofthe filter. F orexam pl, ifthe first notch ofthe filter is selected
at 50 H z, a new word isavailabk ata 50 H z output rate orevery 20 m s. If the first notch isat 500 H z, a
new word isavaibbkevery 2 m s.A calbration should be hifated when any ofthese bits are changed.

T he settling tin e ofthe filterto a full-scale step nput isworstcase 4 x 1/(outputdata rate) . Forexam plk,

w ith the filter first notch at 50 H z, the settling tin e ofthe filterto a fiillscale step nputis 80 m sm ax. Ifthe
first notch isat 500 H z, the settling tin e 388 m sm ax. T his settling tin e can be reduced to 3 o 1/(output
data rate) by synchronizing the step Input change to a reset ofthe digial fitter. Tn otherw oxds, ifthe step nput
takesplce w ith the FSYN C bithigh, the settling-tin e w illbe 3 x 1/(cutput data rate) from when the
FSYNC biretumslow .

T he -3 dB frequency isdeterm ined by the program m ed first notch frequency according to the relationship:
filter -3 dB frequency = 0 262 x filer first notch fiequency

Table XII. Output Update Rates

CLK~* FS2 FS1 FSo Output -3 dB Filter
Update Rate  Cutoff
0 0 0 0 20H z 524Hz
0 0 0 1 25Hz 655Hz
0 0 1 0 100H z 262 Hz
0 0 1 1 200H z 524Hz
1 0 0 0 50Hz 131 HzZ
1 0 0 1 60 Hz 157 Hz
1 0 1 0 250H z 655Hz
1 0 1 1 500H z 131 H =z
0 1 0 0 4 054H z 106Hz
0 1 0 1 423 Hz 111Hz
0 1 1 0 484 Hz 127Hz
0 1 1 1 496 Hz 13HzZ
1 1 0 0 10H z 262Hz
1 1 0 1 1034 Hz 271 Hz
1 1 1 0 1190Hz 313Hz
1 1 1 1 122Hz 32Hz

*A ssum es correct clock frequency on M CLK IN pin with CLKD IV bit set appropriately.
Data Register (RS2, RS1, RS0=0,1,1)
T heD ata Register on the part isa 16-bit read-only register that contains the m ost up-to-date conversion result from the
AD 7707. Ifthe C om m unications R egister sets up the part for a w rite operation to this register, a w rite operation m ust actu-
ally take place to retum the part to w here it is expecting a w rite operation to the C om m unications Register. H ow ever, the 16
bis ofdata w ritten to the partw illbe ignored by the AD 7707 .
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Test Register (RS2, RS1, RS0 =1, 0, 0); Power-On/Reset Status: 00 Hex

T he part contains a T est R egister that isused when testing the device. T he user is advised not to change the statusofany of
the bits in this register from the default Poweron orRESET ) statusofallOs asthe part w illbe placed in one ofits test

m odes and w illnot operate correctly .

Zero-Scale Calibration Register (RS2, RS1, RS0 =1, 1, 0); Power-On/Reset Status: 1F4000 Hex

TheAD 7707 contains ndependent sets of zero-scale registers, one foreach ofthe mputchannels. Each ofthese registers isa
24-bit read A rite register; 24 bits of data m ustbe w ritten otherw ise no data w illbe transferred to the register. T his register is
used In con janction w ith its associated fiillscale register to form a registerpair. T hese register pairs are associated w ith hput
channelpairs as outlined in T able VII.W hilk the part issetup to allow access to these registers over the digital interface, the
part itselfno longerhas access to the register coefficients to correctly scale the outputdata. A s a resul, there is a possbility
that affer accessing the calbration registers (either read orw rite operation) the first outputdata read from the partm ay con-
tain ncorrectdata. In addition, a w rite to the calbration register should notbe attem pted whik a calbration is in progress.

T hese eventualities can be avoided by taking the FSYN C bit in the m ode register high before the calbbration register opera-
tion and taking it low after the operation iscom plete.

Full-Scale Calibration Register (RS2, RS1, RS0 =1, 1, 1); Power-On/Reset Status: 5761AB Hex

TheAD 7707 contains ndependent sets of fiillscale registers, one foreach ofthe inputchannels. Each ofthese registers isa
24-bit read A rite register; 24 bits of data m ustbe w ritten otherw ise no data w illbe transferred to the register. T his register is
used In conjinction w ih its associated zero—scale registerto form a registerpair. T hese registerpairs are associated w ih
nputchannelpairsasoutlined In T able VII.W hil the part issetup to allow access to these registers over the digital inter—
face, the part itselfno longerhasaccess to the register coefficients to correctly scalk the outputdata.A sa resul, there isa
possbility that after accessing the calbration registers (either read orw rite operation) the first outputdata read from thepart
m ay contain ncorrectdata. In addition, a w rite to the calbration register should notbe attem pted whik a calbration isin
progress. T hese eventualities can be avoided by taking FSYN C bi in them ode register high before the calbration register
operation and taking it low afterthe operation is com plete.

CALIBRATION SEQUENCES

TheAD 7707 contains a num ber of calbbration options aspreviously outlined. T able X ITT sum m arizes the calbration types,
the operations nvolved and the duration ofthe operations. T here are tw o m ethods ofdeterm Ining the end of calibbration .

T he first is to m onitorwhen DRDY retums low atthe end ofthe sequence. DRDY notonly indicates when the sequence is
com plkte, but also that the part has a valid new sam pk In isdata register. T hisvalid new sam pl isthe resuttofanom al
conversion which follow sthe calbration sequence. T he second m ethod ofdeterm ining when calbration is com plte is to
moniortheM D1 andM D 0 bisofthe Setup Register. W hen these bitsretum to 0 (0 follow Ing a calbration com m and), it
Indicates that the calbration sequence is com pkte. T hism ethod does notgive any indication of there being a valid new re-
sult in the data register. H ow ever, it gives an earlier indication than DRDY that calbration is com plkte. T he duration to
when theM odeBis M D1 and M D 0) retum to 0 (0 represents the duration ofthe calbration carried out). T he sequence to
when DRDY goes low also includesa nom alconversion and a pipeline delay, %, to correctly scale the results ofthis first
conversion . b willneverexceed 2000 x te,x o - T he tin e forboth m ethods isgiven in the table.

Table XIII. Calibration Sequences

Calibration Type MD1, MD0 Calibration Sequence Duration to Mode Bits Duration to DRDY

SelfC alibration 0,1 Tntemalz S Cal@ Selected Gan + 6 x 10 utputRate 9 x 10 utputRate + &
IntemalFS C al@ Selcted G ahn

7S System C allbration 1,0 Z53 Calon AIN @ Selected G ahn 3 x 10 utputRate 4 x1OutputRate + &

FS System C albratfon 1,1 FSCalon AN @ Sekcted Gahn 3 x10utputRate 4 x10utputRate +

-14- PRELIM A2.9/98
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CIRCUIT DESCRIPTION

TheAD 7707 isa sigm adelta A O converterw ith on—<hip
digital fitering, intended forthem easurem ent ofw de dy-
nam ic range, ow frequency signals such asthose in ndus-
trialcontrolor process controlapplications. Tt contains a
sigm a-delta (or chargebalancing) AD C, a calbration

m icrocontrollerw ith on—chip static RAM , a clock oscillator,
a digital fiter and a bidirectional serial com m unications
port. T he part consum esonly 320UA ofpower supply cur-
rent, m aking it ideal for battery-pow ered or loop-pow ered
nstrum ents. O n-board thin—-film resistorsallow £10V , £ 5V
and 0 to 5V high level nput signals to be directly accom odated
on the analog Inputs w ithout requiring split supplies on dedc
converters. T his part operatesw ith a supply voltage 0f2.7 V
t033Vord75Vto525V.

TheAD 7707 containstwo low kevel @RIN 1& AN 2) pro-—
gram m able-gain pseudo differentialanalog lnputchannels
and one high kevel @ IN 3) lnputchannelsT he selectable
gainson these nputsare 1,2,4,8,16,32,64 and 128
allow Ing the part to acceptunipolar signals ofbetween 0 m vV
to +20mV and 0 V to +2 5V, orbipolar signals In the range
from £20mV to £2 5V when the reference input voltage
equals+2 5V on the low kevelinputchannels.W ith a refer-
ence voltage of+1 225V, the nput rangesare from 0 mV to
+10mV to 0V to +1 225V in unipolarm ode, and from
T10mV to+1 225V In bipolarm ode on the Iow Evelinput
channels. T he high levelnput channelcan accept signalsas
large as+10 V on isanalog input. N ote that the signal
ranges are w ith regpectto the LOCOM input on the low

evelinputchannels, and w ith regpectto H T OM on the
high level input channel, and notw ith regpectto AGND or
DGND .

T he Input signalto the analog input is continuously

sam pled ata rate determ ined by the frequency ofthem as—
terclock, M CLK IN, and the sekected gain. A charge-
balkncing A O converter (Sigm a-D eltaM odulator) converts
the sam pled signalinto a digitalpulse train w hose duty cyclke
containsthe digital inform ation . T he program m abl gain
fiinction on the analog input is also incorporated in this

sigm a-delta m odulatorw ith the lnput sam pling frequency
beingm odified to give the highergains.A snc’® digitallow -
pass filter processes the output ofthe sigm a-delta m odulator
and updates the output register at a rate detem ined by the
first notch frequency ofthis filter. T he outputdata can be
read from the serialport random ly orperiodically at any
rate up to the output register update rate. T he first notch of
this digital fitter (and hence its -3 dB frequency) can be
program m ed via the Setup RegisterbitsF S0 and FS1.W ih
am aster clock frequency of 2 .4576M H z, the program —

m abl range forthis firstnotch frequency is from 10H z to
500H z, giving a program m able range forthe -3 dB fre-
quency of2 62H zto 131 H z. W ih am asterclock fre—
quency of 1M H z, the program m abl range forthis first
notch frequency is from 4H zto 200H z, giving a program —

m abk range forthe -3 dB frequency of1 06 H zto 52 4 H z.

ANALOG _T_ 1
+5V SUPPLY
$10uF $0.1uF IO.1uF
A A4 =
AVpp AVpp
LOW LEVEL AINT AD7707 DRDY Q—®0OpATA READY
ANALOG AINZ
INPUTS
LOCOM pouT O—®ORECEIVE (READ)
AIN3
HIGH LEVEL DIN Q<O SERIAL DATA
ANALOG VBIAS
ANALOG +5V INPUT
SUPPLY HICOM scLk OO SERIAL CLOCK
| AGND +5V
O DGND _—
Vi T RESET
N &
Vour O T _T_ OREF IN(+) 6
10uF 0.1uF
AD780/ $ g
REF192
DREF IN(-) MCLK IN ()—l
aND CRYSTAL OR
'~ CJ cERAMIC
)_T RESONATOR
MCLK ouT €

Figure 10. AD7707 Basic Connection Diagram for 5V Operation.
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T he basic connection diagram fortheAD 7707 isshown in
Figure 10.This showsthe AD 7707 being driven from the
analog +5V supply.An AD 780 orREF 192, precision +2 .5
V reference, provides the reference source for the part.On
the digial side, the part is configured for three-w ire op-
eration with CS tied to DGND .A quartz crystalor ce—
ram ic resonator provide the m aster clock source orthe
part. In m ost cases, it w illbe necessary to connect capaci-
tors on the crystal or resonatorto ensure that it doesnot
oscillate at overtones of its findam ental operating frequency .
T he valies of capacitorsw ill vary, depending on the

m anufacturer’s. A sim ilar circuit is applicable for opera-
tion w ith 3V supplies, in this case a 1 225V reference
AD 1580) should be used for gpecified perfom ance.

ANALOG INPUT

Analog Input Ranges

TheAD 7707 contans two low kvelpseudo differential
analog input channels AN 1 and AN 2. T hese nput pairs
provide program m able-gain, differential input channels
that can handle eitherunipolarorbipolar nput signals. It
should be noted that the bipolar nput signals are refer—
enced to the LOCOM dnput.TheAD 7707 also hasa high
evelanalog nmputchannelAIN 3 which is referenced to
HICOM .

In unbuffered m ode, the com m on-m ode range of the low
kevelinputchannelsisfrom AGND to AV, provided that
the absolute value ofthe analog input voltage lies betw een
AGND -30mV andVpp + 30mV . Thism eansthatin
unbuffered m ode the part can handl both unipolarand
bipolar nput ranges forallgains. Absolute volages of
AGND -200mV can be accom m odated on the analog
nputsat25°C w ithoutdegradation in perfom ance, but
Jeakage current increases appreciably w ith Increasing tem -
perature. In buffered m ode, the analog inputs can handle
m uch larger source in pedances, but the absolute input
voltage range is restricted to between AGND + 50mV to
AV,p — 1.5V which also places restrictions on the com -

m on-m ode range. T hism eans that in buffered m ode there
are som e restrictions on the allow able gains forbipolar
nputranges. C arem ustbe taken in setting up the com -

m on-m ode voltage and input voltage range so that the
above lim its are not exceeded, otherw ise there w illbe a
degradation in linearity perform ance.

In unbuffered m ode, the analog inputs look directly into the
7 pF Input sam pling capacitor, C gay p - T he dc Input leak—
age current in thisunbuffered m ode is1 nA m axin um .A S
a resul, the analog Inputs see a dynam ic load that is

sw itched at the nput sam ple rate (seeFigure 11).T his

sam ple rate depends on m aster clock frequency and se—
lected gain . C gay p is charged to the selected AN and dis-
charged to LOCOM every nputsam pk cyck.The
effective on—resistance ofthe switch, Rgy , istypically 7 kQ.

C sam p M ustbe charged through Ry, and through any ex-
temal source In pedances every input sam pl cyck. T here-
fore, in unbuffered m ode, source In pedancesm ean a bnger
chargetim e orC g5y p and thism ay result in gain errors on

-16-

the part. T able X IV show s the allow abk extemal resistance/
capaciance valies, forunbuffered m ode, such thatno gain
errorto the 16-bit kevelis introduced on the part. N ote that
these capacitances are total capacitances on the analog Input,
extermal capacitance plis10 pF capaciance from the pinsand
Jead fram e ofthe device.

AIN(+) Rgw (7KQ TYP) HIGH

IMPEDANCE
>1G

AIN(-)

SWITCHING FREQUENCY DEPENDS ON
feLkin AND SELECTED GAIN

Figure 11. Unbuffered Analog Input Structure

Table XIV. External R, C Combination for No 16-Bit
Gain Error (Unbuffered Mode Only)

External Capacitance (pF)
Gain | 0 50 100 500 1000 5000
1 368Kk | 90.6kQ[542kQ| 14.6kQ|82kQ| 22KkQ
2 1772k 442%Q[ 264KkQ| 72kQ | 4kQ 1.12 xQ
4 828kQ|[ 212xQ[ 126KkQ| 24kQ|1.94 Kk 540Q
8-128[252kQ | 9.6KkQ | 58 kQ 1580 (880Q [240Q

In buffered m ode, the analog inputs ook into the high—in ped-
ance Inputs stage ofthe on—chip buffer am plifier. C g4y p is
charged via thisbuffer am plifier such that source In ped-
ances do not affect the charging ofC gay p - T hisbuffer am pli-
fier has an offset leakage current of 1 nA . In thisbuffered
m ode, large source in pedances result in a an alldc offset
voltage developed across the source In pedance, butnotin a
gain error.

Input Sample Rate

T hem odulator sam ple frequency forthe AD 7707 rem ains at
forw /A28 192kHzR fopxq = 2.4576 M H z) regardless of
the selected gain. H ow ever, gains greater than 1 are
achieved by a com bination ofm uliplk input sam plesper

m odulator cycle and a scaling ofthe ratio of reference ca-
pacior to input capacior. As a result of the m ultiple sam —
pling, the input sam ple rate ofthe device variesw ith the
selected gain (see Tabk XV). In buffered m ode, the lnput is
buffered before the nput sam pling capacior. In unbuffered
m ode, w here the analog input looks directly into the sam —
pling capacitor, the effective Input im pedance is1LC sauyp . &
where C gay p isthe Input sam pling capacitance and f; isthe
nput sam ple rate.
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Table XV. Input Sampling Frequency vs. Gain

Gain Input Sampling Frequency (fs)

1 frxw /B4 B84KkHzZQ frxyw = 24576 M H 2)

2 2xfrxw/Bd (16 8KHzQ fixy =2.4576 M H 2)
4 AxE  y/Bd 16 8KHZQ £, 4y =24576 M H z)
8-128  8xfiixp /64 B07T2kHzZR firxy = 2.4576M H 2)

POWER SUPPLIES

TheAD 7707 operatesw ith aVy, power supply between 2.7V
and 525V .W hik the latch-up perform ance ofthe AD 7707 is
good, it is in portant that pow er is applied to the AD 7707 be-
fore signalsat REF IN , AIN orthe logic hput pins n order to
avoid excessive currents. If this is not possible, the current that
flow s in any of these pins should be lin ited. If separate sup-—
plies are used forthe AD 7707 and the system digital circuitry,
the AD 7707 should be powered up first. If it isnot possble to
guarantee this, current lim iting resistors should be placed in
series w ith the logic Inputs to again Iim it the current. Latch—
up current is greater than 100 m A .

1600

1400 |— MCLK IN = CRYSTAL OSCILLATOR
Ta = +25°C

UNBUFFERED MODE

1200 — GAIN =128

1000

Ipp—rA

800 foLk = 24576MHz ,/

600 — ﬁ!///
ToLk = 1MHz

400

200

2.5 3.0 3.5 4.0 4.5 5.0 5.5
Voo

Figure . Ipp vs. Supply Voltage

Supply Current

T he current consum ption on the AD 7707 is specified for sup-
plesihtherange +2.7V to +33V and In the range +4.75V to
+525V .Thepartoperatesovera +2.7V to +525V supply
range and the I, for the part varies as the supply voltage varies
over this range. T here isan intemal currentboost biton the
AD 7707 that is set Intemally in accordance w ith the operating
conditions. T hisaffects the current drawn by the analog cir-
cuitry w ithin these devices.M Inin um pow er consum ption is
achieved when the AD 7707 isoperated with an . x oy ©f1 M H z
oratgainsofl to dwih fox v = 2.4575M H z as the ntemal
boosgt bit is off reducing the analog current consum ption . F ig—
ure 15 show s the variation ofthe typical I, wih V,, voltage
forboth a1 M H z crystaloscillatorand a 2 4576 M H z crystal
oscillator at +25°C . The AD 7707 is operated I unbuffered

m ode. T he relationship show s that the Iy ism inin ized by
operating the part w ith bowerV,, voltages. Iy, on the AD 7707
isalso m inim ized by using an externalm aster clock or by opti-
m izing extemal com ponents w hen using the on—chip oscillator
circutt. Figures 3, 4, 6 and 7 show variations in I, ; w ith gain,
Vpp and clock frequency using an extemal clock.
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Grounding and Layout

Since the analog Inputs and reference input are differential,

m ost of the voltages in the analog m odulator are com m on-—

m ode voltages. T he excellent com m on-m ode regction of the
part w ill ram ove com m on-m ode noise on these nputs. The
digital filter w ill provide refction ofbroadband noise on the
pow er supp lies, except at Integerm ultp ks of the m odulator

sam pling frequency. T he digital filter also rem oves noise from
the analog and reference inputs provided those noise sources do
not saturate the analogm odulator. As a result, the AD 7707 is
m ore Inm une to noise interference than a conventional high
resolution converter. H ow ever, because the resolution of the
AD 7707 is so high, and the noise levels from the AD 7707 so
Iow , carem ust be taken w ith regard to grounding and layout.

T he printed circuit board that houses the AD 7707 should be
designed so that the analog and digital sections are separated
and confined to certain areas of the board . T his facilitates the
use of ground planesw hich can be separated easily. A m ini-
mum etch technique is generally best for ground planesas it
gives the best shielding. D igitaland analog ground planes
should only be pined in one place to avoid ground loops. Ifthe
AD 7707 is In a system where m ultiple devices require AGN D —
to-D GND connections, the connection should be m ade at one
pointonly, a star ground point which should be established as
close aspossible to the AD 7707 GND .

Avoid minning digital lines under the device as these will couple
noise onto the die. T he analog ground plane should be allow ed
to run underthe AD 7707 to avoid noise coupling. T he pow er
supply Inesto the AD 7707 should use as large a trace as pos—
sble to provide low im pedance paths and reduce the effects of
glitches on the power supply line. Fast sw itching signals like
clocks should be shielded w ith digital ground to avoid radiating
noise to other sections of the board and clock signals should
never be run near the analog inputs. Avoid crossover of digital
and analog signals. T races on opposite sides of the board
should run at right angles to each other. T his w ill reduce the
effects of feedthrough through the board. A m icro-

strip technigue isby far the best, but isnot alw ays possible w ith
a doubl-sided board. In this technique, the com ponent side of
the board is dedicated to ground planes w hik signals are placed
on the solder side.

G ood decoupling is In portant w hen using high resolition
AD Cs.Allanabg supplies should be decoupled w ith 10 UF
tantalum In parallelwith 0.1 UF ceram ic capacitorsto GND .

T o achieve the best from these decoupling com ponents, they
have to be placed as close aspossible to the device, ideally
right up against the device. A 1l logic chips should be decoupled
with 0.1 JF disc ceram ic capacitorsto D GND .

DIGITAL INTERFACE

A spreviously outlined, the AD 7707 s program m abl functions
are controlled using a set of on—chip registers. D ata is w ritten to
these registers via the part’s serial interface and read access to
the on—chp registers is also provided by this interface. A 1l com —
m unications to the partm ust start w ith a w rite operation to the
C om m unications R egister. A fter pow er-on orRESET , the
device expects a w rite to its C om m unications R egister. T he
data w ritten to this register detemm ines w hether the next opera-
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tion to the part is a read or a w rite operation and also deter-

m ines to which register this read orw rite operation occurs.

T herefore, w rite access to any of the other registers on the part
starts w ith a w rite operation to the C om m unications R egister
followed by a w rite to the selected register. A read operation
from any other register on the part (including the cutput data
reqgister) starts w ith a w rite operation to the C om m unications
Register followed by a read operation from the selected register.

The AD 7707’s serial interface consists of five signals, CS,
SCLK,DIN,DOUT and DRDY.TheD IN Ihe isused for
transferring data nto the on—ch¥p registerswhile the DOU T
line isused for accessing data from the on—chip registers. SC LK
is the serial clock nput for the device and all data transfers
feitheron D IN orD OU T) take place w ith respect to this

SC LK signal. T he DRDY Ine isused asa status signalto ndi-
cate when data is ready to be read from the AD 7707’sdata
register. DRDY goes ow when a new data word isavailable in
the output register. Tt is reset high when a read operation from
the data register is com plete. Tt also goes high prior to the up-
dating of the output register to indicate w hen notto read from
the device to ensure that a data read is not attem pted whik the
register is being updated . CS is used to selkect the device. Tt can
be used to decode the AD 7707 in system sw here a num ber of
parts are connected to the serialbus.

Figures 16 and 17 show tin ing diagram s for interfacing to the
AD 7707 wih CS used to decode the part. F igure 16 is fora
read operation from the AD 7707’s output shift registerw hile
Figure 17 show sa w rite operation to the input shift register. Tt
ispossible to read the sam e data tw ice from the output register
even though the DRDY Ine retumshigh after the first read
operation . C are m ust be taken, how ever, to ensure that the read
operations have been com pleted before the next output update
is about to take place.

The AD 7707 serial interface can operate in three-w ire m ode by
tying the CS input low . In this case, the SCLK ,D IN and
DOUT linesare used to com m unicate w ith the AD 7707 and
the statis of DRDY can be obtained by interrogating the M SB
of the C om m unications R egister. T his schem e is suitable for
nterfacing to m icrocontrollers. If CS is required as a decoding
signal, it can be generated from a portbit. For

m icrocontroller interfaces, it is recom m ended that the SC LK
dles high between data transfers.

The AD 7707 can also be operated w ith CS used asa fram e
gynchronization signal. T his schem e is suitable forD SP inter-
faces. In this case, the firstbit M SB) iseffectively clocked out
by CS since CS would nom ally occur after the falling edge of
SCLK inD SPs.The SC LK can continue to run between data
transfers provided the tin ing num bers are obeyed .

T he serial interface can be reset by exercising the RESET input
on the part. Tt can also be reset by w riting a series of 1son the

D IN dnput. Ifa Logic 1 iswritten to the AD 7707 D IN line for
at least 32 serial clock cycles the serial interface is reset. T his
ensures that n three-w ire systam s, if the Interface gets lost
eithervia a softw are error orby som e glitch in the system , it can
be reset back to a known state. T his state retums the interface
to where the AD 7707 is expecting a w rite operation to its C om -
m unications Register. T his operation in itself does not reset the
contents of any registers but since the interface w as lost, the
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nform ation w ritten to any ofthe registers isunknown and it is
advisable to setup all registers again .

Som em icroprocessor orm icrocontroller serial nterfaces have a
singlke serial data line. In this case, it ispossible to connect the
ADT7707sDATA OUT andDATA IN lines together and con-
nectthem to the singk data line of the processor. A

10 kQ pullup resistor should be used on this singlk data Ine. Tn
this case, if the interface gets lost, because the read and w rite
operations share the sam e line the procedure to reset it back to
a known state is som ew hat different than previously described .
Tt requires a read operation of 24 serial clocks followed by a

w rite operation where a Logic 1 is w ritten for at least 32 serial
clock cycles to ensure that the serial interface isback nto a
known state.

MICROCOMPUTER/MICROPROCESSORINTERFAC-
ING

The AD 7707's flexible serial interface allow s foreasy interface
to m ostm icrocom puters and m icroprocessors. T he flow chart of
Figure 10 outlines the sequence that should be follow ed when
nterfacing a m icrocontroller orm icroprocessor to the AD 7707 .
T he serial interface on the AD 7707 is capable of operating from
Jist three w ires and is com patible w ith SPT interface protocols.
T he three-w ire operation m akes the part ideal for isolated sys—
tem s where m inin izing the num ber of interface linesm inin izes
the num ber of opto-isolators required in the system . T he serial
clock input isa Schm it triggered input to accom m odate slow
edges from opto-couplers. T he rise and fall tim es of other digi-
talinputs to the AD 7707 should be no longer than 1 Us.

M ostofthe registers on the AD 7707 are 8-bit registers, w hich
facilitates easy interfacing to the 8-bit serial ports ofm icrocon-
trollers. The D ata Registeron the AD 7707 is 16 bits, and the
offset and gain registers are 24-bit registers but data transfers to
these registers can consist of m ultiple 8- it transfers to the
serial port of the m icrocontroller. D SP processors and m icro—
processors generally transfer 16 bits of data in a serial data
operation . Som e of these processors, such asthe AD SP-2105,
have the facility to program the am ount of cycles in a serial
transfer. T his allow s the user to tailor the num ber ofbits in any
transfer to m atch the register length of the required register in
the AD 7707.

Even though som e of the registerson the AD 7707 are only
eight bits in length, com m unicating w ith tw o of these registers
in successive w rite operations can be handled asa single 16-0it
data transfer if required. Forexam pl, if the Setup Register is
to be updated, the processorm ust first w rite to the C omm uni-
cations R egister (saying that the next operation is a w rite to the
Setup Register) and then w rite eight bits to the Setup Register.
If required, this can allbe done in a single 16-bit transfer be-
cause once the eight serial clocks of the w rite operation to the
C om m unications Register have been com pleted, the part in -
m ediately sets tselfup fora w rite operation to the Setup Regis-
ter.
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Figure 16. Read Cycle Timing Diagram
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Figure 17. Write Cycle Timing Diagram
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