ANALOG
DEVICES

LC?MOS Signal Conditioning ADC
with RTD Current Source

ADTT11A*

FEATURES FUNCTIONAL BLOCK DIAGRAM

Charge Balancing ADC REF  mEF -
24 Bits No Missing Codes AV DVpo *ING) IN{») REF OUT
+0.0015% Nonlinearity

Two-Channel Programmable Gain Front End I h?__l
Gains from 1 to 128 1uA 23V REFRRENCE
Di“erential lnputs CHARGING BALANClNGND

Low-Pass Filter with Programmable Filter Cutoffs I AToTERom __

Ability to Read/Write Calibration Coefficients AINIE) M 3-a DIGITAL | [=-Q) SYNC

Bidirectional Microcontroller Serial Interface AIN2(+) MODULATOR

Internal/External Reference Option AN ] MCLKIN

Single or Dual Supply Operation -

Low Power {25 mW typ) with Power-Down Mode L o
(7 mW typ) SERIAL INTERFACE

APPLICATIONS CURRENT :Eogrlsnfg‘ﬁ—l IiEGISTER I

RTD Transducers

GENERAL DESCRIPTION

The AD7711A is a complete analog front end for low frequen
measurement applications. The device accepts low level ;
directly from a transducer and outputs a serial dlgng; ;

employs a sxgma-delna conversion techmque 1 1B

by an on-chip digital filter. The first notch of this dlgltaI filter
can be programmed via the on-chip control register allowing
adjustment of the filter curoff and settling time.

The part features two differential analog inputs and a differen-
tial reference input. Normally, one of the channels will be used
as the main channel with the second channel used as an auxil-
iary input to periodically measure a second voltage. It can be

1h, 0.3 inch-wide, plastic and hermeuc dual-in-line
pﬁckage (DIP) as well as a 24-lead small outline (SOIC)
package.

PIN CONFIGURATION
DIP and SOIC

Y

operated from a single supply (by tying the Vgg pin to AGND) sow [i] * 2 oexp

. . : ; meLk i [2] 23] DV
provided that the input signals on the analog inputs are more
positive than —30 mV. By taking the Vg pin negative, the part Mew aur 3] z] SDATA
can convert signals down 10 —Vggr on its inputs. The part also a0 [3] 1] DRDY
provides a 400 wA current source that can be used to provide Swe [s] [20] &S
excitation for RTD transducers. The AD7711A thus performs wooe [6|  AD7711A  [B] 7S
all signal conditioning and conversion for a single or dual chan- ami [7] (Nt,?fuvéﬁ:}'e) [18] aGND
nel system. ami 8] [37] ATD cuRRENT
The AD7711A is ideal for use in smart, microcontroller based amzg [o] [16] mer our
systems. Input channel selection, gain settings and signal polar- Az [10] [16] AEF INGs)
ity can be configured in software using the bidirectional serial Vs [11] [1a] ReF NG
port. The AD7711A contains self-calibratian, system calibration avg [12] [13] Vaus

and background calibration options and also allows the user to
read and write the on-chip calibration registers.

*Protected by U.S. Patent No. 5,134,401.

This is a preliminary data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

This information applies to a product under development. Its characteristics and specifications are subject to change wnthout notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD7711A—SPECIFICATIONS

(AVW = +5 V= 5%;
REF IN(+) = +25 V;

DVpp = +5V £ 5%; Vg = DV or —5V £ 5%;
REF IN(—) = AGND; MCLK IN = 10 MHz unless

otherwise stated. All specifications Tyy 0 Tyx, unless otherwise noted.)

Parameter A, S Versions' Units Conditions/Comments
STATIC PERFORMANCE
No Missing Codes 24 Bits min Guaranteed by Design. For Filter Notches < 60 Hz
22 Bits min For Filter Notch = 100 Hz
18 Bits min For Filter Notch = 250 Hz
15 Bits min For Filter Notch = 500 Hz
12 Bits min For Filter Notch = 1 kHz
Output Noise Tables I & 1I Depends on Filter Cutoffs and Selected Gain
Integral Nonlinearity
@ 25°C +0.0045 % of FSR max |Filter Notches = 60 Hz; Typically +0.0015%
Tain 10 Tayax *0.0075 % of FSR max |Filter Notches = 60 Hz
Positive Full-Scale Error® 3 See Note 4 Excluding Reference
Full-Scale Drift* 3/GAIN wV7C wyp Excluding Reference. For Gains of 1, 2, 4, 8
0.35 wV/FC typ Excluding Reference. For Gains of 16, 32, 64, 128
Unipolar Offset Error” See Note 4
Unipotar Offset Drift® 2.5/GAIN nVPC typ For Gains of 1, 2, 4, 8
0.3 wV/°C typ For Gains of 16, 32, 64, 128
Bipolar Zero Error See Note 4
Bipolar Zero Drift® 2.5/GAIN wVFrC typ For Gains of 1, 2, 4, 8
0.3 wVrC typ For Gains of 16, 32, 64, 128
Bipolar Negative Full-Scale Error® +0.006 % of FSR max |Excluding Referencé; Typically +0.0015%
Bipolar Negative Full-Scale Drift® 4/GAIN wVFC typ Excluding Refegerite, For Gains of 1, 2, 4, 8
0.5 wVFrC typ wherénce: For Gains of 16, 32, 64, 128
ANALOG INPUTS/REFERENCE INPUTS
Common-Mode Rejection (CMR) 92
Common-Mode Voitage Range® Vss to AV ;
Normal Mode 50 Hz Rejection’ 100 es of 10, 25, 50 Hz, =0.02 X fyorca
Normal Mode 60 Hz Rejection’ 100 thier Norches of 10, 30, 60 Hz, =0.02 X fyorcu
Common-Mode 50 Hz Rejection’ 150 ilter Notches of 10, 25, 50 Hz, =0.02 X fyoren
Common-Mode 60 Hz Rejection’ 150 ivér Natehes of 10, 30, 60 Hz, +0.02 X fyoren
DC Input Leakage Current’ @ +25°C 10
Tan 10 Tyax 1
Sampling Capacitance’ 20
Analog Inputs®
Input Voltage Range® For Normal Operation. Depends on Gain Selected
0 to +Vggg'® nom Unipolar Input Range (B/U Bit of Control Register = 1)
+VRer nom Bipolar Input Range (B/U Bit of Control Register = 0)
Input Sampling Rate, f, See Table III
Reference Inputs
REF IN(+) — REF IN(-) Voltage'’ +2.5t0 +5 V min to V max |For Specified Performance. Part Functions with Lower Vygg
Voltages
Input Sampling Rate, fs forx in/312
REFERENCE QUTPUT
Output Voltage 25 V nom
Initial Tolerance +4 % max
Drift 20 ppm/°C typ
Output Noise 50 wV typ pk-pk Noise 0.1 Hz to 10 Hz Bandwidth
Line Regulation (AVpp) 1 mV/V max
Load Regulation 1.5 mV/mA max Maximum Load Current 1 mA
External Current 1 mA max

NOTES

!"Temperature ranges are as follows: A Version, —40°C to +85°C; S Version —55°C to +125°C.

2Applies after calibration at the temperature of interest.
3pgsitive full-scale error applies to both unipolar and bipolar input ranges.

4These errors will be of the order of the output noise of the part as shown in Table I.
SRecalibration at any temperature or use of the background calibration mode will remove these drift errors.

5This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(-) does not exceed AVpp, + 30 mV and Vg — 30 mV.

See also Note 16.

"These numbers are guaranteed by design and/or characterization.

*The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source
resistance depends on the selected gain (see Tables IV and V).

9The analog input voltage range on the AINI(+) and AIN2(+) inputs is given here with respect to the voltage on the AINI(—) and AIN2(~) inputs. The abso-
lute voltage on the analog inputs should not go more positive than AVpy, + 30 mV or go more negative than V55 — 30 mV.

1%V er = REF IN(+) - REF IN(-).

11The reference input voltage range may be restricted by the input voltage range requirement on the Vg, input.

This information applies to a product under development. its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

2-266 ANALOG-TO-DIGITAL CONVERTERS REV.0

M 081bL400 0043443 370 N

et e




ADTT11A

Parameter A, S Versions' Uhits Conditions/Comments
Vpias INPUT"
Input Voltage Range AVpp — 0.85 X Vipge See Vpias Input Section
or AV, — 3 V max Whichever Is Smaller; +5 V/—5 Vor +10 V/O V
Nominal AV,p/Vg
or AV, — 2.1 V max Whichever Is Smaller; +5 V/0 V Nominal AVpp/Vi
Vss + 0.85 X Ve See Vg4 Input Section
or Vgg + 3 V min Whichever Is Greater; +5 V/~5 Vor +10 V/O V
Nominal AVpp/Vgg
or Vg + 2.1 V min Whichever Is Greater; +5 V/0 V Nominal AVy,p/Vg
Vgi1as Rejection 65 to 85 dB typ Increasing with Gain
LOGIC INPUTS
Input Current +10 WA max
All Inputs Except MCLK IN
Vinws Input Low Voltage 0.8 V max
Vinns Input High Voltage 2.0 V min
MCLK IN Only
Vines Input Low Voltage 0.8 V max
Vinms Input High Voltage 35 V min
LOGIC OUTPUTS
Vo, Output Low Voltage 0.4 V max
Vou, Output High Voltage DVpp - 1
Floating State Leakage Current *10
Floating State Output Capacitance'? 9
TRANSDUCER BURN-OUT
Current 100
Initial Tolerance +10
Drift 0.1

RTD EXCITATION CURRENT
Ourtput Current
Initial Tolerance
Drift
Line Regulation (AVpp,)
Load Regulation
Output Compliance

+ 20
20

400
400
AVpp - 2

AVpp = +5V

SYSTEM CALIBRATION
Positive Full-Scale Calibration Limit'*
Negative Full-Scale Calibration Limit’*
Offset Calibration Limit!®
Input Span'®

(1.05 X Vgge)/GAIN
—(1.05 X Vggp)GAIN
—(1.05 X Vgpp)/GAIN
0.8 X Vpge/GAIN

(2.1 X Vagp)/GAIN

GAIN Is the Selected PGA Gain (Between 1 and 128)
GAIN Is the Selected PGA Gain (Between 1 and 128)
GAIN Is the Selected PGA Gain (Between 1 and 128)
GAIN Is the Selected PGA Gain (Between 1 and 128)
GAIN Is the Selected PGA Gain (Between 1 and 128)

NOTES

*The AD7711A is tested with the following Vg, voltages. With AV

Vaias = +5 V and with AV, = +5 Vand Vg = =5 V, Vpyag = 0 V.

*Sample tested at +25°C to ensure compliance.

pp = +3Vand Vo = 0V, Vpiag = +2.5 V; with AV, = +10 Vand Vg = 0 V,

14After calibration, if the analog input exceeds positive full scale, the converter will output all 1s. If the analog input is less than negative full scale then the

device will output all 0s,

“*These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AV, + 30 mV or go more negative than
Vss — 30 mV. The offset calibration limit applies to both the unipolar zero point and the bipolar zero, point.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD7711A—SPECIFICATIONS

Parameter A, S Versions' Units Conditions/Comments
POWER REQUIREMENTS ’
Power Supply Voltages
AVpp, Voltage'® +Sto +10 V nom +5% for Specified Performance
DVpp, Voltage'? +5 V nom +5% for Specified Performance
AVpp-Vgs Voltage +10.5 V max For Specified Performance
Power Supply Currents
AVgpyp, Current 4 mA max
DV, Current 4.5 mA max
Vs Current 1.5 mA max Vgs = -5V
Power Supply Rejection’® Rejection w.r.t. AGND; Assumes Vg5 Is Fixed
Positive Supply (AVpp) See Note 19 dB typ
Negative Supply (V) 90 dB typ
Power Dissipation
Normal Mode 45 mW max AVpp = DVpp = +5 V, Vg = 0 V; Typically 25 mW
Normal Mode 52.5 mW max AVpp = DVpp = +5 V, Vg = =5 V; Typically 30 mW
Standby (Power-Down) Mode 15 mW max AVpp =DV = +5V, Vg = 0Vor -5 V; Typically 7 mW
NOTES

16The AD7711A is specified with a 10 MHz clock for AV, voltages of +5V +5%, It is specified with an 8 MHz clock for AV, voltages greater than 5.25 \%
and less than 10.5 V. Operation with AV, voltages in the range 5.25 V 10 10.5 V is only guaranteed aver the { to +70°C temperature range.

1"The +5% tolerance on the DV, input is allowed provided that DVpy, does not exceed AVpp by more than 0.3 V.

18Measured at dc and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will
exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz.

1SPSRR depends on gain: Gain of 1: 70 dB typ; Gain of 2: 75 dB typ; Gain of 4: 80 dB typ; Gains of &
(to 95 dB typ) by deriving the V5 voltage (via Zener diode or reference) from the AVyy, suppl

Specifications subject to change without notice.

885 dB typ. These numbers can be improved

ABSOLUTE MAXIMUM RATINGS* ) g p
(T, = +25°C, unless otherwise noted) ; tage to DGND .. —0.3 Vo DVpp + 03V

AVpptoDVpp - .o oo e
AV 1O Vg « v cvt v e ESI0N) - L —40°C to +85°C
AV o AGND . ... ..o de i{SWV%rsion) .............. ~55°C to +125°C
AVpp o DGND ... ... .. mperature Range . . ......... —65°C to +150°C
DVppt0o AGND . ... Lead "Fémperature (Soldering, 10 secs) . ... ....... +300°C
DVpptoDGND . ... ... i Power Dissipation (Any Package) to +75°C . ... ... 450 mW
Vst AGND .. .. ..o Derates Above +75°C .. . ... ... oo 6 mW/°C
Vg to DGND . ..oovveneee e *Stresses above those listed under *‘Absolute Maximum Ratings” may cause
Analog Input Voltage to AGND permanent damage to the device. This is a stress rating only and functional
,,,,,,,,,,,,,,,,,,,, Vgs — 0.3V o AVpp + 0.3V operation of the device at these or any other conditions above those listed in the

operational sections of the specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Reference Input Voltage to AGND
.................... Ves — 0.3 Vo AVpp + 0.3V
REFOUT 1 AGND ................ -0.3 V1o AVpp

CAUTION i
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING!
however, permanent damage may occur on unconnected devices subject to high energy electro-

static fields. Unused devices must be stored in conductive foam or shunts. The protective foam “

should be discharged to the destination socket before devices are inserted. ESD SENSITIVE DEVICE

ORDERING GUIDE
Temperature Package
Modet Range Option?
AD7711AAN —40°C 10 +85°C N-24
AD7711AAR —40°C to +85°C R-24

NOTES

To order MIL-STD-883B, Class B processed parts, add /883B
to part number. Contact our local sales office for military data
sheet and availability.

2N = Plastic DIP; R = SOIC. For outline information see
Package Information section.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD7711A

CONTROL REGISTER (24 BITS)

A write to the device with the A0 input low writes data to the control register. A read to the device with the A0 input low accesses
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ-
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12-bits of data
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data.

MSB
[MD2 | MD1 [MD0[G2 [GI |G0 | CH |PD | WL 10 |BO | BU |

|Fsu* [ Fs10 [ Fs9 [FSs [ Fs7 | FSe | FSs | Fs4 | Fs3 | Fsz | FS1 | Fso |

LSB
*Must always be 0 to ensure correct operation of the device.
Operating Mode

MD2 | MD1 | MDO | Operating Mode

0 0 0 Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AQ
high accesses data from the data register. This is the default condition of these bits after the internal power
on reset. «

0 0 1 Activate Self-Calibration. This activates self-calibration r(:%?g@annel selected by CH. This is a one-step
calibration sequence, and when complete, the part reguris. @pdﬁnal mode (with MD2, MD1, MDO of the

itdicates when this self-calibration is complete
his califiration type, the zero scale calibration is done
igp-ts done internally on Vggp.

n on the channel selected by CH. This is a
tion done first on the selected input channel and

control register returning to 0, 0, 0). The DRDYgu

and valid data is available in the output regifter, By

internally on shorted (zeroed) inpus %% afk-scale
" . . 2 K

0 1 0 Activate System Cahbranonk}&;_ act & syste

two-step calibration sequencés it

DRDY indicating \gh‘aﬁﬂﬁg st scale. Calibtation! is jgo%gete. The part returns to normal mode at the end
of this first step in f%éytﬁb-stgp & neen | wi f

s

: lﬁwt € 8 n&%ﬁg%ﬁ' Sxe system calibration sequence with full-scale cali-
bration being performed on the selected #nptit ghannel. Once again, DRDY indicates when the full-scale
calibration is complete. When this calibratién is complete, the part returns to normal mode.

1 0 0 Activate System Offset Calibration. This activates system offset calibration on the channel selected by CH.
This is a one-step calibration sequence and, when complete, the part returns to normal mode with DRDY
indicating when this system offset calibration is complete. For this calibration type, the zero scale calibra-
tion is done on the selected input channel and the full-scale calibration is done internally on VRer-

1 0 1 Activate Background Calibration. This activates background calibration on the channel selected by CH. If
the background calibration mode is on, then the AD7711A provides continuous self-calibration of the refer-
ence and shorted (zeroed) inputs. This calibration takes place as part of the conversion sequence, extending
the conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does
not have to worry about recalibrating the device when there is a change in the ambient temperature. In this
mode, the shorted (zerced) inputs and Vggg, as well as the analog input voltage, are continuously moni-
tored and the calibration registers of the device are automatically updated.

1 1 0 Read/Write Zero Scale Calibration Coefficients. A read to the device with AQ high accesses the contents of
the zero scale calibration coefficients of the channel selected by CH. A write to the device with A0 high
writes data to the zero scale calibration coefficients of the channel selected by CH. The word length for
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control
register. Therefore, when writing to the calibration register 24 bits of data must be written, otherwise the
new data will not be transferred to the calibration register.

1 1 1 Read/Write Full-Scale Calibration Coefficients. A read to the device with A0 high accesses the contents of
the full-scale calibration coefficients of the channel selected by CH. A write to the device with A0 high
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control
register. Therefore, when writing to the calibration register 24 bits of data must be written, otherwise the
new data will not be transferred to the calibration register.

0 1 1 Activate System Calibratioi:;

This information applies to a product under development. lts characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ADT711A

PGA Gain

G2 Gl GO Gain

0 0 0 1 (Default Condition After the Internal Power-On Reset)
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

Channel Selection

CH Channel

0 AIN1 (Default Condition After the Internal Power-On Reset)
1 AIN2

Power-Down

PD

0 Normal Operation (Default Condition After the Internal Power-On Reset)
1 Power-Down

Word Length

WL Qutput Word Length

0 16-Bit (Default Condition After Internal Power-On Reset)
1 24-Bit

RTD Excitation Current

10 .

0 Off (Default Condition After Internal Power-Qn;R

1 On ki

Burn-Out Current

BO

0 Off  (Default Condition After Internal Powers

1 On )
Bipolar/Unipolar Selection (Both Inputs)

B/U

0 Bipolar (Default Condition After Internal Power-On Reset)
1 Unipolar

Filter Selection (FS11-FS0)

The on-chip digital filter provides a Sinc? (or (Sinx/x)®) filter response. The 12 bits of data programmed into these bits determine the
filter cutoff frequency, the position of the first notch of the filter and the data rate for the part. In association with the gain selection,
it also determines the output noise (and hence the effective resolution) of the device.

The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequency = (fopx in/312)/code
where code is the decimal equivalent of the code in bits FSO to FS11 and is in the range 19 to 2,000, With the nominal for g e of
10 MHz, this results in a first notch frequency range from 9.76 Hz to 1.028 kHz. To ensure correct operation of the AD7711A, the
value of the code loaded to these bits must be within this range. Failure to do this will result in unspecified operation of the device.

Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II and Figure 2 show the effect of
the filter notch frequency and gain on the effective resolution of the AD7711A. The output data rate (or effective conversion time) for
the device is equal 1o the frequency selected for the first notch of the filter. For example, if the first notch of the filter is selected at
50 Hz, then a new word is available at a 50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms.

The settling time of the filter to a full-scale step input change is worst case 4 x 1/(output data rate). This settling time is to 100% of
the final value. For example, with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is

20 ms max. If the first notch is at 1 kHz, the settling time of the filter to a full-scale input step is 4 ms max. This settling time can
be reduced to 3 % 1/(output data rate) by synchronizing the step input change to a reset of the digital filter. In other words, if the

step input takes place with SYNC low, the settling time will be 3 X 1/(output data rate). If a change of channels takes place, the set-
tling time is 3 % 1/(output data rate) regardless of the SYNC input.

The —3 dB frequency is determined by the programmed first notch frequency according to the relationship: filter —3 dB frequency
= 0.262 X first notch frequency.

All other features and functions of the AD7711A are as per the AD7710. Refer to the AD7710/AD7712 data sheet for detailed description.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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