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PRODUCT HIGHLIGHTS

1. The AD7705/AD7706 devices consume less than 1 mW at
3 V supplies and 1 MHz master clock, making them ideal
for use in low power systems. Standby current is less than

3. The AD7705/AD7706 are ideal for microcontroller or DSP
processor applications with a 3-wire serial interface,
reducing the number of interconnect lines and reducing
the number of opto-couplers required in isolated

8u A.

systems.
2. The programmable gain input allows the AD7705/AD7706

to accept input signals directly from a strain gage or 4. The parts feature excellent static performance

transducer, removing a considerable amount of signal specifications with 16 bits, no missing codes, + 0.003%

conditioning accuracy, and low rms noaise (<600 nV). Endpoint errors
and the effects of temperature drift are eliminated by on
chip calibration options, which remove zero-scale and full

-scale errors

WWW.TDBDT.COM
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SPECIFICATIONS

V,,=3Vor5V, REF IN(+) = 1.225 V with V/,

specifications T, to T

Max!

1=y
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=3V, and 25 Vwith V_ = 5V; REF IN(-) = GND; MCLK IN = 2.4576 MHz, unless otherwise noted. All
unless otherwise noted

STATIC
PERFORMANCE
No Missing Codes 16 Bits min Guaranteed by design fiter notch<60 Hz
See Table 5 and
Qutput Noise Depends on filter cutoffs and selected gain
Table 7
Integral Monlinearity® £0.003 %of FSR max Filter notch<60 Hztypically£0.0003%
Unipolar Offset Erar?
Unipolar Offset Drift 05 v/ Cyp
Bipolar Zero Eror®
05 PV Ctyp For gains 1,2,and 4
Bipolar Zero Drift!
0.1 WV Ctyp For gains 8,16,32,64,and 128
Positive Full-Scale
Errort,”
Full-Scale Drift'® 05 HV/"Ctyp
Gain Error®’
Gain Drift** 05 ppm of FSR/C
Bipolar Negative Ful- typ .
Scale Eror? 003 %af FSR typ Typiclly20.001%
1 VIC Fi i f1to4
Bipolar Negative Full- s ey
Seale Drifts m
06 uVI°C typ For gains of 8 to 128
ANALOG Specifications for AIN and REF IN,unless
INPUTS/REFERENCE otherwise
Common-Mode
Rejection(CMR)?
Voo=5V
Gain=1 9% dB typ
Gain=2 105 dB typ
Gain=4 110 dB typ
Gain=8 to 128 130 dB typ
Voo=3V
Gain=1 105 dB typ
Gain=2 110 dB typ
Gain=4 120 dB typ
Gain=8 to 128 130 dB typ
Mormal-Mode 50 Hz
Rejection? 98 dB typ For filter notches of 25 Hz,50 Hz, £0.02= fugrow
MNormal-Mode 60Hz
Rejection? 98 dB typ For filter notches of 20 Hz,60 Hz, £0.02xfugmw
Common-Mode 50H:
:“_ ‘L:X i 150 dB typ For filter notches of 25 Hz,50 Hz, £0.02xhyren
Common-Mode 60 H.
F‘:‘! :.—: . 150 dB typ For filter notches of 20 Hz,60 Hz, £0.02 % fugron
Absolute/Common-
Mode REF IN GND to Voo | Vmin to Vmax
Absolute/Commaon- | GND-100 mV V min BUF bit of setup register=0
Mode AIN
Voltage™*'? Veo+30 mv V max
Absolute/Commaon-
Mode AINm GND+50 mV Vmin BUF bit of setup register=1
VoD-1.5V V max
AN DC Input Current? 1 nA max
AIN Sampling
1 F
Capacitance? o P K
:;T;{::&m;l 0 to+Vyy/gain®? nam Unipolar input range{B/U bit of setup register=1)
+Vgs/gain nam Bipolar input range(B/U bit of setup register=0)

WWW.TDBDT.COM
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e I
AIN Input Sampling Rate. 5": Meann/s i ol
cuan/B For gains of 8 to 128
Reference Input Range
REF IN(+)-REF IN(-Woltage 1175 V min/V max v..,:uzs::::;:v v i':v .l |
REF IN(+)-REF IN({-)Voltage 135 V min/V max vw:zhs::“;::w ::izw ——
REF INInput Sampling Rate,fs feuan/64
LOGIC INPUTS
Input Current
All Inputs Except MCLK IN +1 WA max Typically+20 nA
MCLK IN 10 WA max Typically+2pA
Al 'mmﬁf‘:i‘qﬂfw’:ﬁflm 08 V max Vog=5V
0.4 W max Vpp=3V
Input High Voltage,Viuu 20 V min Voo=3Vand 5V
SCLK Only (Schmitt-Triggered Input) Vop=5V nominal
V. 14/3 V min/V max
Vr. 08/1.4 V min/V max
Vv 0.4/0.8 V min/V max
SCLKOnly (Schmitt-Triggered Input) Vop=3V nominal
Vi 1/2 W min/V max
V. 04111 V min/V max
ViV 0.375/0.8 V min/V max
MCLK IN Only Vop=5V nominal
Input Low Voltage, Vi, 0.8 V max
Input High Voltage, Vi 35 V min
MCLK IN Only Voo=3Vnominal
Input Low Voltage, Ve, 04 V max
Input High Voltage,Viuy 25 V min
LOGIC OUTPUTS(Including MCLKOUT)
Output Low Voltage Vo, 04 V max lsiex=B00pA, except for MCLK OUT;*"VoD=5V
Output Low Voltage Vo, 0.4 V max lsie=100pA except for MCLK OUT;*VaD=3V
Output High Voltage,Vax 4 V min lsounce=200 pAexcept for MCLKOUT; VoD =5V
Output High Voltage,Vou Voo-0.6 V min lsource=100 pA except for MCLKOUT,1'D=3V
Floating State Leakage Current +10 WA max
Floating State Output Capacitance!® 9 pF typ
Data Output Coding Binary Unipolar mode
Offset binary Bipolar mode
SYSTEM CALIBRATION
Positive Full-Scale Limit'* (1.05xVies)/gain V max Gain is the selected PGA gain(1 to 128)
Negative Full-Scale Limit's -(1.05%Vagy)/gain V max Gain is the selected PGA gain(1 to 128)
Offset Limit'* ~(1.05xVags)/gain V max Gain is the selected PGA gain(1 to 128)
Input Span*® (0.BxVpgs)/gain V min Gain is the selected PGA gain(1 to 128)
(2.1 %Vggs)/gain V max Gain is the selected PGA gain(1 to 128)

WWW.TDBDT.COM
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TIMING CHARACTERISTICS
Voo= 2.7 V to 5.25 V; GND = 0 V; fauan= 2.4576 MHz; Input Logic 0 = 0V, Logic 1 = Vop, unless otherwise noted.
Table 2. Timing Characteristics:.2

feuan®* 400 kHz min Master clock frequency(crystal oscillator or externally supplied)
2.5 MHz max For specified performance
tewan o 0.4xteyan ns min Master clock input low time,tCLKIN=1/fcLan
teuan Hi 0.4xteian ns min Master clock input high time
t; 500 teuan ns nom DRDY high time
t 100 ns min RESET pulse width
Read Operation
ts 0 ns min DRDY toCS setup time
t 120 ns min CS falling edge to SCLKrising edge setup time
ts® 0 ns min SCLK falling edge to data valid delay
80 ns max Vpp=5V
100 ns max Vop=3.0V
ts 100 ns min SCLK high pulse width
ty 100 ns min SCLK low pulse width
te 0 ns min CS rising edge to SCLK rising edge hold time
te* 10 ns min Bus relinquish time after SCLK rising edge
60 ns max Vop=5V
100 ns max Vpp=3.0V
to 100 ns max SCLKfalling edge to DRDY high”
Write Operation
th1 120 ns min CS falling edge to SCLKrising edge setup time
tiz 30 ns min Data valid to SCLK rising edge setup time
tia 20 ns min Data valid to SCLK rising edge hold time
tia 100 ns min SCLK high pulse width
tis 100 ns min SCLK low pulse width
tis 0 ns min CS rising edge to SCLK rising edge hold time
WWW.TDBDT.COM
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1Sample tested at 25° C to ensure compliance. All input signals are specified with ta= t== 5 ns (10% to 90% of Voo) and timed from a voltage level of.6V.

2See Figure 19 and Figure 20.

3 The fawnduty cycle range is 45% to 55%. fcnmust be supplied whenever the AD7705/AD7706 are not in standby mode. If no clock is present, the
device can draw higher current than specified, and possibly become uncalibrated.

4The AD7705/AD7706 are production tested with faxmat 24576 MHz (1 MHz for some lootests). They are guaranteed by characterization to operate at
400 kHz.

s These numbers are measured with the load circuit of Figure 2 and defined as the time required for the output to cross the Voior Vou limits.

s These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 2. The
measured number is then extrapolated back to remove effects of charging or discharging the 50 pF capacitor. This means that the times quoted in
the timing haracteristics are the true bus relinquish times of the part and as such are independent of external bus loading capacitances.

7 DRDY returns high upon completion of the first read from the device after an output update. The same data can be reread while DRDY is high, but
care should be taken that subsequent reads do not occur close to the next output update.

Isink (800pA AT Vpp = 5V
100pA AT Vpp = 3V)

TO OUTPUT

PIN 1.6V

Isource (200uA AT Vpp = 5V
100mA AT Vpp = 3V)

Figure 2. Load Circuit for Access Time and Bus Relinquish Time

WWW.TDBDT.COM
B10/471



i Sy

Tudi Semiconductor

AD7705/7706-TUDI

ABSOLUTE MAXIMUM RATINGS

Ta= 25° C, unless otherwise noted

stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress

Table 3.
Voo to GND -0.3V to+7V

rating only; functional operation of the device at these or any

Analog Input Voltage to GND

-0.3V to Vpp+0.3V

other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute

Reference Input Voltage to GND

-0.3V to Vpp+0.3V

maximum rating conditions for extended periods may affect

Digital Input Voltage to GND

-0.3V to Vpp+0.3V

device reliability

Digital Qutput Voltage to GND

| 0.3V to Vpp+0.3V

Operating Temperature Range

Commercial(B Version)

-40°C to+85°C

Storage Temperature Range

-65°C to +150°C

Junction Temperature 150°C
PDIP Package,Power Dissipation . 450 mw
8,4 Thermallmpedance 105°C/W
Lead Temperature(Soldering,10 | 260°C
sec)
SOIC Package,Power Dissipation . 450 mw
8,4 Thermal Impedance 75°C/W
Lead Temperature,Soldering
i Vapor Phase(60 sec) 215°C ]
Infrared(15 sec) 220°C
SSOP Package,Power Dissipation . 450 mw
8,4 Thermallmpedance . 139°C/W
Lead Temperature,Soldering
Vapor Phase (60 sec) 215°C
Infrared(15 sec) 220°C
ESD Rating >4000V
ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARN IN G!

accumulate on the human body and test equipment and can discharge without detection.
Although this product features proprietary ESD protection circuitry, permanent damage may W“

occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD T e —

precautions are recommended to avoid performance degradation or loss of functionality.

WWW.TDBDT.COM
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Serial Data Input.Serial data is written to the input shift register on the part.Data from the input shift
14 DIN DIN register is transferred to the setup register,clock register,or communication register,depending on
the register selection bits of the communication register.
15 Voo Voo Supply Voltage.2.7Vto 5.25V operation.
16 GND GND Ground Reference Point for the AD7705/AD7706 Internal Circuitry.
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OUTPUT NOISE (5 V OPERATION)
Table 5 shows the AD7705/AD7706 output rms noise for the Note that these numbers represent the resolution for

selectable notch and ?3 dB frequencies for the parts, as which there is no code flicker. They are not calculated
selected by FSO and FS1 of the clock register. The numbers based on rms noise, but on peak-to-peak noise. The
given are for the bipolar input ranges with a Veerof 2.5 V and numbers given are for bipolar input ranges with a
Voo= 5 V. Vees0f 2.5 V for either buffered or unbuffered mode.
These numbers are typical and are generated at an analog These numbers are typical and are rounded to the
input voltage of 0 V with the parts used in either buffered or nearest LSB. The numbers apply for the CLKDIV bit of
unbuffered mode. Table 6 shows the output peak-to-peak the clock register set to 0.

noise for the selectable notch and 3 dB frequencies for the

parts.

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

MCLKIN=2.4576 MHz

50 Hz 13.1 Hz 4.1 2.1 1.2 0.75 0.7 0.66 0.63 0.6
60Hz [15.72Hz| 5.1 25 1.4 0.8 0.75 0.7 0.67 0.62
250 Hz 65.5Hz 110 49 3 17 8 3.6 23 1.7
500 Hz 131 Hz 550 285 145 70 41 22 9.1 47
MCLKIN=TMHZ

20 Hz 5.24Hz 4.1 21 1.2 0.75 0.7 0.66 0.63 0.6
25 Hz 6.55Hz L% | 25 1.4 0.8 0.75 0.7 0.67 0.62
100 Hz 26.2Hz 110 49 31 17 8 36 23 1.7
200 Hz 52.4Hz 550 285 145 70 41 22 9.1 47

Table 6. Peak-to-Peak Resolution vs. Gain and Output Update Rate @5 V

ey | Gainot1 | Gainofz | Geinots | Gainofs | Gainofts | Gainof3z | Ganofss | Gaimofizs

MCLK IN=2.4576 MHz

50 Hz 131 Hz 16 16 16 16 16 16 15 14
60 Hz 1572 Hz 16 16 16 16 15 14 14 13
250 Hz 65.5 Hz 13 13 13 13 13 13 12 12
500 Hz 131Hz 10 10 10 10 10 10 10 10

MCLK IN=1 MHz

20 Hz 5.24Hz 16 16 16 16 16 16 15 14

25 Hz 6.55 Hz 16 16 16 16 15 14 14 13

100 Hz 26.2Hz 13 13 13 13 13 13 12 12

200 Hz 52.4Hz 10 10 10 10 10 10 10 10
WWW.TDBDT.COM
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OUTPUT NOISE (3 V OPERATION)

Table 7 shows the AD7705/AD7706 output rms noise for the Note that these numbers represent the resolution for
selectable notch and ?3 dB frequencies for the parts, as which there is no code flicker. They are not calculated
selected by FSO and FS1 of the clock register. The numbers based on rms noise, but on peak-to-peak noise. The
given are for the bipolar input ranges with a Vrerof 1.225 V and numbers given are for bipolar input ranges with a Vrer of 1
a Voo= 3 V. These numbers are typical and are generated atan .225 V for either buffered or

analog input voltage of 0 V with the parts used in either unbuffered mode. These numbers are typical and are
buffered or unbuffered mode. Table 8 shows the output peak- rounded to the nearest LSB. The numbers apply for the
to-peak noise for the selectable notch and -3 dB frequencies CLKDIV bit of the clock register set to 0.

for the parts.

Table 7. Output RMS Noise vs. Gain and Output Update Rate @3 V

Filter First Typical Output RMS Noise in pV
Notch and -3dB
O/P Data Rate | Frequency | Gainof1 | Gainof2 | Gainofd4 | Gainof8 | Gainof16 | Gainof32 | Gainof64 | Gainof128
MCLK IN=2.4576 MHz
50 Hz 131 Hz 38 24 1.5 | 13 1.1 1.0 0.9 09
|
60 Hz 15.72 Hz 51 29 1.7 | 1.5 1.2 I 1.0 0.9 09
250 Hz 65.5 Hz 50 25 14 | 9.9 s || zs 23 20
500 Hz 131 Hz 270 135 65 | M 22 | oz 5.1 33
MCLK IN=1 MHz

20 Hz 5.24 Hz 38 24 15 13 ] . 1.0 09 09
25 Hz 6.55 Hz 51 29 1.7 1.5 1.2 1.0 0.9 09
100 Hz 26.2 Hz 50 25 14 99 T . 26 23 2.0
200 Hz 52.4 Hz 270 135 65 | 41 22 9.7 5.1 33

Table 8. Peak-to-Peak Resolution vs. Gain and Output Update Rate @3 V

Typical Peak-to-Peak Resolution in Bits

Filter First

Notch B
and M

/P Data Rate Gainof 1 G.lufz'J Gainof4 | Gainofs | Gain of 16 I Gain of 32 I Gainof 64 | Gain of 128

MCLK IN=2.4576 MHz

50 Hz 13.1 Hz 16 16 15 15 [ 14 13 13 12

60 Hz 15.72Hz 16 16 1s 14 14 13 13 12
250 He 655 Hz 13 13 13 13 12 12 1 1
500 Hz 131 Hz 10 10 10 0 | 10 10 10 10

MCLK IN=1 MHz

20 Hz 5.24Hz 16 16 15 15 14 : 13 I 13 12

25 Hz 6.55 Hz 16 16 15 14 : 14 13 13 12

100 Hz 26.2 Hz 13 13 13 13 12 12 1" 1

200 Hz 52.4 Hz | 10 10 10 10 10 10 . 10 . 10
WWW.TDBDT.COM
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TEK STOP: SINGLE SEQ 50.0kS/s 0
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Vop
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1 z MCLK IN = OV OR Vpp
=
w 12
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x H""""-l
2 3 e Vop =5V
OSCILLATOR = 4.9152MHz X ~{__DD
I m 8
(=] —
=z
e
- w VDD= 3v
S E—
il
2 fusin —
OSCILLATOR = 2.4576MHz
1 | 1 | 1 0
CH1 5.00V CH2 2.00V 5ms/DIV —~40 -30 -20 =10 0 10 20 30 40 50 60 70 80
TEMPERATURE (°C)
Figure 11. Crystal Oscillator Power-Up Time Figure 12. Standby Current vs. Temperature

WWW.TDBDT.COM
H17/47TH






F S

Tudi Semiconductor

AD7705/7706-TUDI

Table 11. Register Selection

0 0 1] Communication register 8 bits
o o 1 Setup register B bits
0 1 1] Clock register 8 bits
0 1 1 Data register 16 bits
1 0 1] Test register & bits
1 0 1 No operation

1 1 0 Offset register 24 bits
1 1 1 Gain register 24 bits

Table 12. Channel Selection for AD7705

0 0 AINT(+) AINT(-) Register Pair 0
0 1 AIN2(+) AIN2(-) Register Pair 1
1 0 AIN1(-) AINT(-) Register Pair 0
1 1 AIN1(-) AIN2(-) Register Pair 2

Table 13. Channel Selection for AD7706

0 0 AINT COMMON Register Pair0
0 1 AIN2 COMMON Register Pair 1
1 0 COMMON COMMON Register Pair 0
1 1 AIN3 COMMON Register Pair 2

SETUP REGISTER (RS2, RS1, RSO = 0, 0, 1); POWER-ON/RESET STATUS: 01 HEXADECIMAL

The setup register is an 8-bit register from which data can be read or to which data can be written.
Table 14 outlines the bit designations for the setup register.

Table 14. Setup Register

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

Table 15. Setup Register Description

ADC Mode Bits.These bits select the operational mode of the ADC as outlined in Table 16.
MD1,MDO Gain Selection Bits.These bits select the gain setting for the on-chip PGA,as outlined in Table 17.
G2 to GO Bipolar/Unipolar Operation.A 0 in this bit selects bipolar operation;a 1in this bit selects unipolar operation.
B/U Buffer Control.With this bit at 0,the on-chip buffer on the analog input is shorted out.With the buffer shorted out,the current
BUF flowing in the Voo line is reduced.When this bit is high,the on-chip buffer is in series with the analog input,allowing the input
to handle higher source impedances.

Filter Synchronization.When this bit is high,the nodes of the digital filter,the filter control logic,the calibration controllogic,
and the analog modulator are held in a reset state.When this bit goes low,the modulator and filter start to process data,and
a valid word is available in 3x1/output rate that is,the settling time of the filter.This FSYNC bit does not affect the digital
interface and does not reset the DRDY output if it is low.

FSYNC

WWW.TDBDT.COM
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Table 16. Operating Mode Options

MD1 | MDO Operating Mode

Normal Mode.In this mode,the device performs normal conversions.

0 0 Self-Calibration.This activates self-calibration on the channel selected by CH1 and CHO of the communication register.This
0 1 is a one-step calibration sequence.When the sequence is complete, the part returns to normal mode,with both MD1 and
MDO returning to 0.The DRDY output or bit goes high when calibration is initiated,and returns low when self-calibration is

complete and a new valid word is available in the data register.The zero-scale calibration is performed at the selected gain
on internally shorted(zeroed)inputs,and the full-scale calibration is performed at the selected gain on an internally
generated VREF/selected gain.

Zero-5Scale System Calibration.This activates zero-scale system calibration on the channel selected by CH1 and CHO of thee
communication register.Calibrationis performed at the selected gain on the input voltage provided at the analog input
during this calibration sequence.This input voltage should remain stable for the duration of the calibration.The DRDY
output or bit goes high when calibration is initiated,and returns low when zero-scale calibration is complete and a new
valid word is available in the data register.At the end of the calibration,the part returns to normal mode,with both MD1

and MDO returning to 0.

Full-Scale System Calibration.This activates full-scale system calibration on the selected input channel.Calibration is
performed at the selected gain on the input voltage provided at the analog input during this calibration sequence.This
input voltage should remain stable for the duration of the calibration.The DRDY output or bit goes high when calibration is
initiated,and returns low when full-scale calibration is complete and a new valid word is available in the data register.At the
end of the calibration,the part returns to normal mode,with both MD1 and MDO returning to 0.

Table 17. Gain Selection

G2 G1 GO Gain Setting

1 1 1 128

WWW.TDBDT.COM
5520/4770
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1.05 x VRep/GAIN
~——_ UPPER LIMIT ON
AD7705/AD7706 4 AD7705 INPUT VOLTAGE
BNPUY SN GAIN CALIBRATIONS EXPAND

(0.8 x VRep/GAIN TO

B
SV GAN) OR CONTRACT TH

E
AD7705/AD7706 INPUT RANGE
NOMINAL ZERO

---------- == =0V DIFFERENTIAL ~*— SCALE POINT

OFFSET CALIBRATIONS MOVE
INPUT RANGE UP OR DOWN

v LOWER LIMIT ON

AD7705/AD7706 INPUT VOLTAGE

—1.05 x VReg/GAIN

Figure 16. Span and Offset Limits

If the part is used in bipolar mode with a required
span of £ 04 x V__/gain, the offset range that the
system calibration can

handle is — 0.65 x V_./gain to +0.65 x V,_/qgain. If
the part is used in bipolar mode with a required
span of + V,_/gain, the offset range that the system
calibration can handle is = 0.05 x V,../gain to +0.05
x V../gain. Similarly, if the part is used in bipolar
mode and required to remove an offset of + 0.2 x
V.../gain, the maximum span range that the system
calibration can handle is + 0.85 x V,_/gain.

AD7705/7706-TUDI

Power-Up and Calibration

Upon power-up, the AD7705/AD7706 internally reset,
setting the contents of the internal registers to a
known state. Default values are loaded to all registers
after a power-on or reset. The default values contain
nominal calibration coefficients for the calibration
registers. However, to ensure correct calibration for
the devices, a calibration routine should be performed
after power-up

The power dissipation and temperature drift of the
AD7705/ AD7706 are low, and no warm-up time is
required before the initial calibration is performed.
However, if an external reference is used, it must be
stabilized before calibration is initiated. Similarly, if the
clock source for the part is generated from a

crystal or resonator across the MCLK pins, the start-up
time for the oscillator circuit should elapse before a
calibration is initiated on the parts (see Figure 11).
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Figure 19. Read Cycle Timing Diagram
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Figure 20. Write Cycle Timing Diagram
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CONFIGURING THE AD7705/AD7706
The AD7705/AD7706 contain six on-chip
registers that the user can access via the serial
interface. Communication with any of these
registers is initiated by first writing to the
communication register. Figure 21 outlines a
flowchart of the sequence used to configure
registers after a power-up or reset on the

AD7705; similar procedures apply to the AD7706.

| POWER-ON/RESET FOR ADT705 ‘

i

| CONFIGURE & INITIALIZE uC/uP SERIAL PORT ‘

'

WRITE TO COMMUNICATIONS REGISTER SELECTING
CHANNEL & SETTING UP NEXT OPERATION TOBE A
WRITE TO THE CLOCK REGISTER (20 HEX)

'

WRITE TO CLOCK REGISTER SETTING THE CLOCK
BITS IN ACCORDANCE WITH THE APPLIED MASTER
CLOCK SIGNAL AND SELECT UPDATE RATE FOR
SELECTED CHANNEL (0C HEX)

i

WRITE TO COMMUNICATIONS REGISTER SELECTING
CHANNEL & SETTING UP NEXT OPERATION TO BE A
WRITE TO THE SETUP REGISTER (10 HEX)

i

WRITE TO SETUP REGISTER CLEARING F SYNC,
SETTING UP GAIN, OPERATING CONDITIONS &
INITIATING A SELF-CALIBRATION ON SELECTED
CHANNEL (40 HEX)

YES

WRITE TO COMMUNICATIONS REGISTER SETTING UP
NEXT OPERATION TO BE A READ FROM THE DATA

REGISTER (38 HEX)

READ FROM DATA REGISTER

f

AD7705/7706-TUDI

The flowchart also shows two read options
—one polls the DRDY pin, and the other
interrogates the DRDY pin. In addition,
Figure 21 shows a series of words that
should be written to the registers for the
following operating conditions: Gain 1, no
filter sync, bipolar mode, buffer off, clock of
49512 MHz, and output rate of 50 Hz.

!

REGISTER (08 HEX)

WRITE TO COMMUNICATIONS REGISTER SETTING UP NEXT
OPERATION TO BE A READ FROM THE COMMUNICATIONS

'

| READ FROM COMMUNICATIONS REGISTER I

t

| POLL DRDY BIT OF COMMUNICATIONS REGISTER |

NO

DRDY
ow?

YES

REGISTER (38 HEX)

WRITE TO COMMUNICATIONS REGISTER SETTING UP

NEXT OPERATION TO BE A READ FROM THE DATA

'

READ FROM DATA REGISTER

'

Figure 21. Flowchart for Setting Up and Reading from the AD7705
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C Code for Interfacing AD7705 to 68HC11
#include <math.h>
#include <io6811.h>
#define NUM_SAMPLES 1000 /* change the number of data samples */
#define MAX_REG_LENGTH 2 /* this says that the max length of a register is 2 bytes */
Writetoreg (int);
Read (int,char);
char *datapointer = store;
char store[NUM_SAMPLES*MAX_REG_LENGTH + 30];
void main()
{
/* the only pin that is programmed here from the 68HC11 is the /CS and this is why the PC2 bit of PORTC is
made as
an output */
char a;
DDRC = 0x04; /* PC2 is an output the rest of the port bits are inputs */
PORTC | = 0x04; /* make the /CS line high */
Writetoreg(0x20); /* Active Channel is Ain1(+)/Ain1(), next operation as write to the clock register */
Writetoreg(0x0C); /* master clock enabled, 4.9512MHz Clock, set output rate to 50Hz*/
Writetoreg(0x10); /* Active Channel is Ain1(+)/Ain1(), next operation as write to the setup register */
Writetoreg(0x40); /* gain = 1, bipolar mode, buffer off, clear FSYNC and perform a Self Calibration*/
while(PORTC & 0x10); /* wait for /DRDY to go low */
for(a=0;a<NUM_SAMPLES;a++);
{
Writetoreg(0x38); /*set the next operation for 16 bit read from the data register */
Read(NUM_SAMPES,2);
}
}
Writetoreg(int byteword);
{
int g;
SPCR = 0x3f;
SPCR = 0X7f; /* this sets the WiredOR mode(DWOM=1), Master mode(MSTR=1), SCK idles high(CPOL=1), /SS can be low

always (CPHA=1), lowest clock speed(slowest speed which is master clock /32 */
DDRD = 0x18; /* SCK, MOSI outputs */

g = SPSR;

g = SPDR; /* the read of the status register and of the data register is needed to clear the interrupt which tells
the user that the

data transfer is complete */

PORTC &= 0xfb; /* /CS is low */

SPDR = byteword; /* put the byte into data register */

while(!(SPSR & 0x80)); /* wait for /DRDY to go low */

PORTC |= 0x4; /* /CS high */

}

Read(int amount, int reglength)

WWW.TDBDT.COM
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intq;

SPCR = 0x3f;

SPCR = 0x7f; /* clear the interrupt */

DDRD = 0x10; /* MOSI output, MISO input, SCK output */
while(PORTC & 0x10); /* wait for /DRDY to go low */

PORTC & 0xfb ; /* /CS is low */

for(b=0;b<reglength;b++)

{

SPDR = 0;

while(!(SPSR & 0x80)); /* wait until port ready before reading */
*datapointer++=SPDR; /* read SPDR into store array via datapointer */ }
PORTC|=4; /* /CS is high */

}

WWW.TDBDT.COM
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TEMPERATURE MEASUREMENT

Another application of the AD7705 is temperature measure
ment. Figure 26 outlines a connection between a thermocouple
and the AD7705. For this application, the AD7705 is operated
in buffered mode to allow large decoupling capacitors on the
front end to eliminate any noise pickup from the thermocouple
leads. When the AD7705 operates in buffered mode, it has a
reduced common-mode range. To place the differential voltage
from the thermocouple on a suitable common-mode voltage,
the AIN1(-) input of the AD7705 is biased up at the reference
voltage, 2.5 V.

5V
| Voo
e

THERMOCOUPLE

JUNCTION AIN1(#)

< :' A"‘“H:]: ()ﬂlf_‘
| —
N

i

5V i i AD7705

o BERIRH MCLKOUT =
REF192 OUTPUT
REFING) RESET
GND I
GND DRDY

O O o O e @
DOUT DIN CS SCLK

Figure 26. Temperature Measurement Using the AD7705

Figure 27 shows another example of a temperature measure-
ment application for the AD7705. In this case, the transducer is
a resistive temperature device (RTD), a PT100, and the
arrangement is a 4-lead RTD configuration. There are voltage
drops across lead resistances RL1and RL4, which shift the
common-mode voltage. There is no voltage drop across lead
resistances RL2and RL3, because the input current to the

AD7705/7706-TUDI

AD7705 is very low. The lead resistances present a small
source impedance; therefore, it is not generally necessary to
use the buffer of the AD7705. If the buffer is required, the
common mode voltae should be set accordingly by inserting
a small resistance between the bottom end of the RTD and
the GND of the AD7705. In the application shown, an
external 400 p A current source provides the excitation
current for the PT100 and generates the reference voltage
for the AD7705 via the 6.25 kQ resistor. Variations in the
excitation current do not affect the circuit, because both the
input voltage and the reference voltage vary ratiometrically
with the excitation current. However, the 6.25 kQ) resistor
must have a low temperature coefficient to avoid errors in
the reference voltage over temperature.

é‘mua : j\vm

! REF IN{+
6.25k0 §
A MCLK IN
Ru1 AD7705 c>—I—"—_|_
Rex AIN1(+) ) =
£ )RTD C
B S MCLK OUT 1_-,L
R AIN1(-) |
RESET
Ryg
DRDY
GND

DOUT DIN CS SCLK

Figure 27. RTD Measurement Using the AD7705
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SMART TRANSMITTERS mean that the current available to power the transmitter can
Another application where the low power, single-supply, 3-wire be as low as 3.5 mA. The AD7705 consumes only 320 p A,
interface capabilities of the AD7705/AD7706 are beneficial is in leaving at least 3 mA available for the rest of the transmitter.
smart transmitters. Figure 28 shows a block diagram of a smart The AD7705, with its dual-input channel, is ideally suited for
transmitter using the AD7705. Because a smart transmitter systems requiring an auxiliary channel whose measured
must operate from a 4 to 20 mA loop, tolerances in the loop variable is used to correct that of the primary channel.
ISOLATION MAIN TRANSMITTER ASSEMBLY
BARRIER
==
., ISOLATED SUPPLY G
L l W
v1

=

! ! 4.7 |.lF

AVee

A

v~ AD7705

Q
TC CLK IN

M
q )—I—
=
MCLK OUT

P 1]

p—
MICROCONTROLLER UNIT

REF OUT1
REF OUT2
REF IN

*PID

*RANGE SETTING
*CALIBERATION
*LINEARIZATION

*OUTPUT CONTROL
*SERIAL COMMUNICATION
*HART PROTOCOL

C1 C2 C3

¥ o1

com

0.01uF 0.0033uF

ISOLATED GROUND

0.01uF
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BATTERY MONITORING

An application where the low power, single-supply operation is
required is battery monitoring in portable equipment applications
. Figure 29 shows a block diagram of a battery monitor using the

AD7705 and an external multiplexer to measure differentially

the voltage across a single cell.
The second channel on the AD7705 is used to monitor current
drain from the battery. The AD7705, with its dual-input

channel, is ideally suited for measurement systems requiring

Ly

Tudi Semiconductor

two input channels, as in this case, to monitor voltage and

AD7705/7706-TUDI

Because the AD7705 can accommodate very low input
signals, RSENSE can be kept low, reducing undesired power
dissipation. Operating with a gain of 128, a + 9.57 mV full-
scale signal can be measured with a resolutionof 2 p V,
giving 13.5 bits of flicker -free performance in such a system.

To obtain specified performance in unbuffered mode, the
common-mode range of the input is GND to VDD, provided
that the absolute value of the analog input voltage lies
between GND -100 mV and VDD+ 30 mV. Absolute voltages
of GND - 200 mV can be accommodated on the AD7705 at

curren. ; i ;
3 25° C without any degradation in performance, but with
significantly ncreased leakage at elevated temperatures.
ON/OFF SWITCH
4-TO-1
= VCELL1 DIFFERENTIAL
" MULTIPLEXER
° V| VvoLTAGE [SV
T_ e / J\ REGULATORS | |
= vc
¥ E“f‘ _ | vDIFF2 \J
"EEERG Tuens L
= VCELL3
SOURCE T= | VDIFF3 AIN1(+)
R | AIN1(-) REF IN# O 1323V LOAD 3
S VDIFF4 AIN2(+)
33 AIN2(-)
Rsense 3 REF IN(-)
GND i
Figure 29. Battery Monitoring Using the AD7705
WWW.TDBDT.COM

$543/47T01



AD7705/7706-TUDI

=—— |
10.50 (0.4134) 510
10.10(0.3976) | i« 5.00——»
AAAAAAHAE 450
16 | T
—— 0000801
B 7.40 (0.2913) W '
10.65 (0.4193) 4.50
' C 10.00(0.3937) ¥ BSC
NEELLEL T
S '
“as 2.65 (0.1043) 0.75 (0.0295)
e [ 2.35 (0.0925) "] [* 0.25 (0.0098) e PIN1 /H H H H H u H H__
0.30 (0.0118) 1.20
0.10 (0.0039) K3 @l 0.15 o 0.20
| - o e fo T
COPLANARITY  0.51(0.0201) SEATING 3 g’- 1_2#0‘;00, e ﬁﬁ@w 008 L = 518
0.10 0.31(00122) PLANE  033(0.0130) 0.30 ¥ 8 = peicE
0.20 (0.0079) 0.40 (0.0157) 0. aS_J L_-—| 090 SEATING 0° 0.45

BSC

COMPLIANT TO JEDEC STANDARDS MS-013-AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS (IN
PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR

REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN. Figure 31. 16-Lead Thin Shrink Small Outline Package [TSSOP]
: 2 (RU-16)
Figure 30. 16-Lead Standard Small Outline Package [SOIC_W] : : R
Wide Body Dimensions shown in millimeters
(RW-16)

Dimensions shown in millimeters and (inches)

COPLANARITY
0.10

COMPLIANT TO JEDEC STANDARDS MO-153-AB

0.800 (20.32)
l«— 0.790 (20.07) —
0.780 (19.81)
16 9] 0.280(7.11)
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— 5 0.325 (8.26)
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0.045 (1.14)
COMPLIANT TO JEDEC STANDARDS MS-001-AB
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.
Figure 32. 16-Lead Plastic Dual In-Line Package [PDIP]
Narrow Body
(N-16)
Dimensions shown in inches and (millimeters)
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ORDERING GUID
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AD7705BN -40°C to +85°C 16-Lead PDIP N-16
AD7705BNZ* -40°C to +85°C 16-Lead PDIP N-16
AD7705BR -40°C to +85°C 16-Lead SOIC W RW-16
AD7705BR-REEL -40°C to+85°C 16-Lead SOIC W RW-16
AD7705BR-REEL7 -40°C to+85°C 16-Lead SOIC_w RW-16
AD7705BRZ! -40°C to+85°C 16-Lead SOIC_ W RW-16
AD7705BRZ-REEL? -40°C to+85°C 16-Lead SOIC_w RW-16
AD7705BRZ-REELT* -40°C to+85°C 16-Lead SOIC_ W RW-16
AD7705BRU -40°C to+85°C 16-Lead TSSOP RU-16
AD7705BRU-REEL -40°C to+85°C 16-Lead TSSOP RU-16
AD7705BRU-REEL7 -40°C to+85°C 16-Lead TSSOP RU-16
AD7705BRUZ* -40°C to +85°C 16-Lead TSSOP RU-16
AD7705BRUZ-REEL* -40°C to +85°C 16-Lead TSSOP RU-16
AD7705BRUZ-REEL7* -40°C to +85°C 16-Lead TSSOP RU-16
AD7706BN -40°C to+85°C 16-Lead PDIP N-16
AD7706BNZ* -40°Cto +85°C 16-Lead PDIP N-16
AD7706BR -40°C to+85°C 16-Lead SOIC_ W RW-16
AD7706BR-REEL -40°C to+85°C 16-Lead SOIC W RW-16
AD7706BR-REEL7 -40°C to+85°C 16-Lead SOIC_W RW-16
AD7706BRZ! -40°C to+85°C 16-Lead SOIC_w RW-16
AD7706BRZ-REEL! -40°C to+85°C 16-Lead SOIC_w RW-16
AD7706BRZ-REELT* -40°C to +85°C 16-Lead SOIC_w RW-16
AD7706BRU -40°C to+85°C 16-Lead TSSOP RU-16
AD7706BRU-REEL -40°C to+85°C 16-Lead TSSOP RU-16
AD7706BRU-REEL7 -40°C to+85°C 16-Lead TSSOP RU-16
AD7706BRUZ* -40°C to+85°C 16-Lead TSSOP RU-16
AD7706BRUZ-REEL! -40°C to +85°C 16-Lead TSSOP RU-16
AD7706BRUZ-REEL7* -40°C to +85°C 16-Lead TSSOP RU-16
EVAL-AD7705EB Evaluation Board
EVAL-AD7706EB Evaluation Board
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Order Number Package Package Quantity m”;h':'ﬁ A
AD7705BNZ-TUDI DIP16 Tube,25,A box of 1000 AD7705BNZ
AD7705BRZ-REEL-TUDI SOP16 Tape,Reel, 1000 AD7705BRZ
AD7705BRUZ-REEL-TUDI TSSOP16 Tape,Reel,2500 AD7705BRUZ
AD7706BNZ-TUDI DIP16 Tube,25,A box of 1000 AD7706BNZ
AD7706BRZ-REEL-TUDI SOP16 Tape,Reel, 1000 AD7706BRZ
AD7706BRUZ-REEL-TUDI TSSOP16 Tape,Reel, 2500 AD7706BRUZ
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