ANALOG 8-Channel, 16-Bit, Simultaneous Sampling
DEVICES ADC with Power Scaling, 110.8 kHz BW

AD7761

FEATURES Linear phase digital filter
Low latency sinc5 filter

Precision ac and dc performance
Wideband brick wall filter: £0.005 dB ripple to 102.4 kHz

8-channel simultaneous sampling

256 kSPS ADC output data rate per channel Analog input precharge buffers

97.7 dB dynamic range Power supply

110.8 kHz input bandwidth (-3 dB bandwidth (BW)) AVDD1=5V, AVDD2=2.25V to 5.0V
-120 dB THD, typical IOVDD=2.5Vt03.3VorlOVDD=1.8V
+1 LSB INL, +1 LSB offset error, +5 LSB gain error 64-lead LQFP package, no exposed pad

Optimized power dissipation vs. noise vs. input bandwidth Temperature range: ~40°Cto +105°C

Selectable power, speed, and input bandwidth APPLICATIONS
Fast: highest speed; 110.8 kHz BW, 51.5 mW per channel
Median: half speed, 55.4 kHz BW, 27.5 mW per channel
Focus: lowest power, 13.8 kHz BW, 9.375 mW per channel

Input BW range: dc to 110.8 kHz

Programmable input bandwidth/sampling rates

Cyclic redundancy check (CRC) error checking on data interface
Daisy-chaining

Data acquisition systems: USB/PXI/Ethernet

Instrumentation and industrial control loops

Audio test and measurement

Vibration and asset condition monitoring

3-phase power quality analysis

Sonar

High precision medical electroencephalogram (EEG)/
electromyography (EMG)/electrocardiogram (ECG)
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AD7761

GENERAL DESCRIPTION

The AD7761 is an 8-channel, simultaneous sampling >-A analog-
to-digital converter (ADC) with a £-A modulator and digital filter
per channel, enabling synchronized sampling of ac and dc signals.

The AD7761 achieves 97.7 dB dynamic range at a maximum
input bandwidth of 110.8 kHz, combined with typical performance
of £1 LSB integral nonlinearity (INL), £1 LSB offset error, and
+5 LSB gain error.

The AD7761 user can trade off input bandwidth, output data rate,
and power dissipation. Select one of three power modes to optimize
for noise targets and power consumption. The flexibility of the
AD7761 allows it to become a reusable platform for low power
dc and high performance ac measurement modules.

The AD7761 has three modes: fast mode (256 kSPS maximum,
110.8 kHz input bandwidth, 51.5 mW per channel), median
mode (128 kSPS maximum, 55.4 kHz input bandwidth, 27.5 mW
per channel) and focus mode (32 kSPS maximum, 13.8 kHz input
bandwidth, 9.375 mW per channel).

The AD7761 offers extensive digital filtering capabilities, such as
a wideband, low +0.005 dB pass-band ripple, antialiasing low-
pass filter with sharp roll-off, and 105 dB attenuation at the
Nyquist frequency.

Frequency domain measurements can use the wideband linear
phase filter. This filter has a flat pass band (+0.005 dB ripple)
from dc to 102.4 kHz at 256 kSPS, from dc to 51.2 kHz at

128 kSPS, or from dc to 12.8 kHz at 32 kSPS.

The AD7761 also offers sinc response via a sinc5 filter, a low
latency path for low bandwidth, and low noise measurements.
The wideband and sinc5 filters can be selected and run on a per
channel basis.

Within these filter options, the user can improve the dynamic
range by selecting from decimation rates of x32, x64, x128,
%256, X512, and x1024. The ability to vary the decimation
filtering optimizes noise performance to the required input
bandwidth.

Embedded analog functionality on each ADC channel makes
design easier, such as a precharge buffer on each analog input
that reduces analog input current and a precharge reference
buffer per channel reduces input current and glitches on the
reference input terminals.

The device operates with a 5V AVDD1A and AVDD1B supply,
a2.25V to 5.0 V AVDD2A and AVDD2B supply, and a 2.5 V to
3.3V or 1.8 VIOVDD supply (see the 1.8 VIOVDD Operation
section for specific requirements for operating at 1.8 V IOVDD).

The device requires an external reference; the absolute input
reference voltage range is 1 V to AVDD1 — AVSS.

For the purposes of clarity within this data sheet, the AVDD1A
and AVDD1B supplies are referred to as AVDDI and the AVDD2A
and AVDD2B supplies are referred to as AVDD2. For the
negative supplies, AVSS refers to the AVSS1A, AVSS1B,
AVSS2A, AVSS2B, and AVSS pins.

The specified operating temperature range is —40°C to +105°C.
The device is housed in a 10 mm x 10 mm 64-lead LQFP package
with a 12 mm X 12 mm printed circuit board (PCB) footprint.

Throughout this data sheet, multifunction pins, such as
XTAL2/MCLK, are referred to either by the entire pin name or
by a single function of the pin, for example MCLK, when only
that function is relevant.
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AD7761

SPECIFICATIONS

AVDDI1A = AVDD1B =4.5V t0 5.5V, AVDD2A = AVDD2B = 2.0 Vt0 5.5 V,IOVDD = 1.72 V to 1.88 V and 2.25 V t0 3.6 V, AVSS =
DGND =0V, REFx+ = 4.096 V and REFx— = 0 V, MCLK = 32.768 MHz, analog input precharge buffers on, reference precharge buffers
off, wideband filter, fcuor = fmon/32, Ta = —40°C to +105°C, unless otherwise noted.

Table 1.
Parameter Test Conditions/Comments Min Typ Max Unit
ADC SPEED AND PERFORMANCE
Output Data Rate (ODR), per Channel' Fast 8 256 kSPS
Median 4 128 kSPS
Focus 1 32 kSPS
—3 dB Bandwidth Fast, wideband filter 110.8 kHz
Median, wideband filter 55.4 kHz
Focus, wideband filter 13.8 kHz
Data Output Coding Twos complement, MSB first
No Missing Codes? 16 Bits
DYNAMIC PERFORMANCE
Decimation by 32, 256 kSPS ODR
Dynamic Range Shorted input, wideband filter 97.3 97.7 dB
Signal-to-Noise Ratio (SNR) 1 kHz,—0.5 dBFS, sine wave input
Sincs filter 97.3 97.9 dB
Wideband filter 97.3 97.7 dB
Signal-to-Noise-and-Distortion Ratio | 1 kHz —0.5 dBFS, sine wave input 97.3 97.7 dB
(SINAD)
Total Harmonic Distortion (THD) 1 kHz, —0.5 dBFS, sine wave input -120 -107 dB
Spurious-Free Dynamic Range 126 dBc
(SFDR)
INTERMODULATON DISTORTION (IMD) fina = 9.7 kHz, fine = 10.3 kHz
Second order -125 dB
Third order -124 dB
ACCURACY
INL3 Endpoint method +1 +15 LSB
Offset Error* +1 +2 LSB
Gain Error* Ta=25°C +5 +40 LSB
Gain Drift vs. Temperature? +0.01 +0.02 LSB/°C
VCM PIN
Output With respect to AVSS (AVDD1 - \Y
AVSS)/2
Load Regulation AVour/Al 400 uV/mA
Voltage Regulation Applies to the following VCM output 5 uv/v
options only: Vem = AVour/A(AVDD1 —
AVSS)/2,Vem=1.65V,andVeu=2.5V
Short-Circuit Current 30 mA
ANALOG INPUTS See the Analog Input section
Differential Input Voltage Range Vrer = (REFx+) — (REFx—) —Vrer +Vrer Y
Input Common-Mode Range? AVSS AVDD1 Vv
Absolute Analog Input Voltage Limits? AVSS AVDD!1 Vv
Analog Input Current
Unbuffered Differential component +48 AN
Common-mode component +17 AN
Precharge Buffer On® -20 HA
Input Current Drift
Unbuffered +5 nA/V/°C
Precharge Buffer On +31 nA/°C
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AD7761

Parameter Test Conditions/Comments Min Typ Max Unit
EXTERNAL REFERENCE
Reference Voltage Vrer = (REFx+) — (REFx—) 1 AVDD1-AVSS |V
Absolute Reference Voltage Limits? Precharge reference buffers off AVSS — AVDD1 +0.05 \Y
0.05
Precharge reference buffers on AVSS AVDD1 \%
Average Reference Current Fast mode
Precharge reference buffers off +72 pA/N/channel
Precharge reference buffers on +16 MA/V/channel
Average Reference Current Drift Fast mode
Precharge reference buffers off +1.7 nA/NV/°C
Precharge reference buffers on +49 nA/V/°C
Common-Mode Rejection 95 dB
DIGITAL FILTER RESPONSE
Low Ripple Wideband Filter FILTER=0
Decimation Rate Up to six selectable decimation rates 32 1024
Group Delay Latency 34/0ODR sec
Settling Time Complete settling 68/0ODR sec
Pass-Band Ripple? +0.005 dB
Pass Band +0.005 dB bandwidth 0.4 x ODR Hz
—0.1 dB bandwidth 0.409 x ODR Hz
—3 dB bandwidth 0.433 x ODR Hz
Stop Band Frequency Attenuation > 105 dB 0.499 x ODR Hz
Stop Band Attenuation 105 dB
Sinc5 Filter FILTER =1
Decimation Rate Up to six selectable decimation rates 32 1024
Group Delay Latency 3/0ODR sec
Settling Time Complete settling 7/0ODR sec
Pass Band —3 dB bandwidth 0.204 x ODR Hz
REJECTION
AC Power Supply Rejection Ratio Vin=0.1V,AVDD1 =5V, AVDD2 =
(PSRR) 5V,IOVDD =25V
AVDD1 90 dB
AVDD2 100 dB
IOVDD 75 dB
DC PSRR Vin=1V
AVDD1 100 dB
AVDD2 118 dB
IOVDD 920 dB
Analog Input Common-Mode
Rejection Ratio (CMRR)
DC Vin=0.1V 95 dB
AC Up to 10 kHz 95 dB
Crosstalk —0.5 dBFS input on adjacent channels -120 dB
CLOCK
Crystal Frequency 8 32.768 34 MHz
External Clock (MCLK) See the Clock Selection section 32.768 MHz
Duty Cycle For data sheet performance 50:50 %
MCLK Pulse Width? Functionality
Logic Low 12.2 ns
Logic High 12.2 ns
CMOS Clock Input Voltage See the logic inputs parameter
High, Vins
Low, VinL
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AD7761

Parameter Test Conditions/Comments Min Typ Max Unit
LVDS Clock? R.=100Q
Differential Input Voltage 100 650 mV
Common-Mode Input Voltage 800 1575 mV
Absolute Input Voltage 1.88 Vv
ADC RESET?
ADC Start-Up Time After Reset® Time to first DRDY, fast mode, 1.58 1.66 ms
decimation by 32
Minimum RESET Low Pulse Width tmak = 1/MCLK 2 X tmek
LOGIC INPUTS
Input Voltage?
High, Vinu 0.65 x Vv
IOVDD
Low, VinL 225V<I0OVDD < 3.6V 0.7 \
1.72V<10VDD < 1.88V 0.4 \Y
Hysteresis? 225V <I0OVDD< 3.6V 0.04 0.09 \Y
1.72V<I0VDD < 1.88V 0.04 0.2 Vv
Leakage Current -10 +0.03 +10 pA
RESET pin’ -10 +10 A
LOGIC OUTPUTS
Output Voltage?
High, Von Isource = 200 pA 0.8 x Vv
IOVDD
Low, VoL Isink = 400 pA 0.4 \'
Leakage Current Floating state -10 +10 pA
Output Capacitance Floating state 10 pF
SYSTEM CALIBRATION?
Full-Scale Calibration Limit 1.05 X Vrer \Y
Zero-Scale Calibration Limit —1.05 X Vrer \%
Input Span 0.4 X Vrer 2.1 X Vrer Vv
POWER REQUIREMENTS
Power Supply Voltage
AVDD1 — AVSS 4.5 5.0 5.5 Vv
AVDD2 — AVSS 2.0 2.25t05.0 5.5 \Y
AVSS — DGND -2.75 0 \%
IOVDD — DGND 1.72 180r25t0 3.6 \%
3.3
POWER SUPPLY CURRENTS Maximum output data rate, CMOS
MCLK, eight DOUTx signals, all
supplies at maximum voltages, all
channels in Channel Mode A
Eight Channels Active
Fast Mode
AVDD1 Current Precharge reference buffers off/on 36/57.5 40/64 mA
AVDD?2 Current 375 40 mA
I0VDD Current Wideband filter 63 69 mA
Sincs filter? 27 29 mA
Median Mode
AVDD1 Current Precharge reference buffers off/on 18.5/29 mA
AVDD?2 Current 213 mA
I0VDD Current Wideband filter 34 mA
Sinc5 filter 16 mA
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AD7761

Parameter Test Conditions/Comments Min Typ Max Unit
Focus Mode
AVDD1 Current Precharge reference buffers off/on 5.1/8 mA
AVDD?2 Current 9.3 mA
I0VDD Current Wideband filter 12.5 mA
Sinc5 filter 8 mA
Four Channels Active?
Fast Mode
AVDD1 Current Precharge reference buffers off/on 18.2/28.8 20.3/325 mA
AVDD2 Current 18.8 20.3 mA
I0VDD Current Wideband filter 435 47.7 mA
Sinc5 filter 17 18.6 mA
Median Mode
AVDD1 Current Precharge reference buffers off/on 9.3/14.7 mA
AVDD?2 Current 10.7 mA
I0VDD Current Wideband filter 24.5 mA
Sinc5 filter 1 mA
Focus Mode
AVDD1 Current Precharge reference buffers off/on 2.7/41 mA
AVDD?2 Current 4.7 mA
I0VDD Current Wideband filter 10 mA
Sinc5 filter 6.5 mA
Two Channels Active?
Fast Mode
AVDD1 Current Precharge reference buffers off/on 9.3/14.7 10.5/16.6 mA
AVDD?2 Current 9.5 10.5 mA
I0VDD Current Wideband filter 34 36.7 mA
Sinc5 filter 12 13.5 mA
Median Mode
AVDD1 Current Precharge reference buffers off/on 4.8/7.5 mA
AVDD?2 Current 5.5 mA
I0VDD Current Wideband filter 19.5 mA
Sinc5 filter 8.5 mA
Focus Mode
AVDD1 Current Precharge reference buffers off/on 1.52/2.2 mA
AVDD?2 Current 24 mA
I0VDD Current Wideband filter 8.6 mA
Sinc5 filter 5.8 mA
Standby Mode All channels disabled (sinc5 filter 6.5 8 mA
enabled)
Sleep Mode Full power-down (serial peripheral 0.73 1.2 mA
interface (SP1) mode only)
Crystal Excitation Current Extra current in IOVDD when using 540 HA
an external crystal compared to
using the CMOS MCLK
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Parameter

Test Conditions/Comments

Min

Typ

Max

Unit

POWER DISSIPATION

Full Operating Mode
Wideband Filter
Fast

Median

Focus

Sinc5 Filter?
Fast

Median

External CMOS MCLK, all channels
active, MCLK = 32.768 MHz, all
channels in Channel Mode A

Analog precharge buffers on

AVDD1=5V,AVDD2=10VDD =25V,
precharge reference buffers off?
AVDD1=5V,AVDD2=10VDD =33V,
precharge reference buffers on?
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 3.6V, precharge reference
buffers off
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 1.88V, precharge reference
buffers off?
AVDD1=5V,AVvDD2=10VvDD =25V,
precharge reference buffers off
AVDD1=5V,AVDD2=10VDD =33V,
precharge reference buffers on
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 3.6V, precharge reference
buffers off
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 1.88YV, precharge reference
buffers off
AVDD1=5V,AVDD2=10VDD =25V,
precharge reference buffers off
AVDD1=5V,AVDD2 =10VDD =33V,
precharge reference buffers on
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 3.6V, precharge reference
buffers off
AVDD1=5.5V,AVDD2=5.5V,
IOVDD = 1.88V, precharge reference
buffers off

AVDD1=5V,AVDD2=I10VDD =25V,
precharge reference buffers off
AVDD1=5V,AVDD2=10VDD =33V,
precharge reference buffers on
AVDD1=5.5V,AVDD2 =55V,
IOVDD = 3.6V, precharge reference
buffers off

AVDD1=5.5V,AVDD2 =55V,
IOVDD = 1.88V, precharge reference
buffers off
AVDD1=5V,AVDD2=I0VDD =25V,
precharge reference buffers off
AVDD1=5V,AVDD2 =I0VDD =33V,
precharge reference buffers on
AVDD1=5.5V,AVDD2 =55V,
IOVDD = 3.6V, precharge reference
buffers off

AVDD1=5.5V,AVDD2 =55V,
IOVDD = 1.88YV, precharge reference
buffers off

412

600

631

524

220

320

341

284

75

107

124

99

325

475

501

455

175

260

277

248

446

645

681

571

355

525

545

495

mW

mwW

mwW

mW

mwW

mW

mW

mwW

mW

mW

mwW

mW

mwW

mwW

mwW

mW

mwW

mW

mW

mwW
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AD7761

Parameter Test Conditions/Comments Min Typ Max Unit
Focus AVDD1=5V,AVDD2=10VDD =25V, 65 mwW
precharge reference buffers off
AVDD1=5V,AVDD2=10VDD =33V, 95 mwW
precharge reference buffers on
AVDD1=5.5V,AVDD2=5.5V, 108 mwW
IOVDD = 3.6V, precharge reference
buffers off
AVDD1=5.5V,AVDD2 =55V, 94 mW
IOVDD = 1.88V, precharge reference
buffers off
Standby Mode All channels disabled; AVYDD1 =5V, mwW
AVDD2 =10VDD =25V 14.5
AVDD1=5V,AVDD2=10VDD =33V 21 mwW
AVDD1 = AVDD2 =5.5V,10VDD = 235 29 mwW
36V
AVDD1=5.5V,AVDD2 =55V, 125 mW
IOVDD = 1.88V
Sleep Mode Full power-down (SPI mode only); mwW
AVDD1=5V,AVDD2=10VDD =25V 1.8
AVDD1=5V,AVDD2=10VDD =33V 25 mW
AVDD1 =AVDD2 =5.5V,I0VDD = 2.7 6.5 mW
36V
AVDD1=5.5V,AVDD2 =5.5V, 1.5 mW
IOVDD =1.88V

! The output data rate ranges refer to the programmable decimation rates available on the AD7761 for a fixed MCLK rate of 32.768 MHz. Varying MCLK rates allow users

a wider variation of ODR.

2 These specifications are not production tested but are supported by characterization data at initial product release.
3 The maximum INL specification is guaranteed by design and characterization testing prior to release. This specification is not production tested.

4 Following a system zero-scale calibration, the offset error is in the order of the noise for the programmed output data rate selected. A system full-scale calibration

reduces the gain error to the order of the noise for the programmed output data rate.
5 —25 pA is measured when the analog input is close to either the AVDD1 or AVSS rail. The input current reduces as the common-mode voltage approaches (AVDD1 —
AVSS)/2. The analog input current scales with the MCLK frequency and device power mode.
¢ For lower MCLK rates or higher decimation rates, use Table 31 and Table 32 to calculate any additional delay before the first DRDY pulse.

7The RESET pin has an internal pull-up device to IOVDD.

TIMING SPECIFICATIONS

AVDDIA = AVDDI1B =5V, AVDD2A = AVDD2B = 5V, IOVDD = 2.25 V to 3.6 V, Input Logic 0 = DGND, Input Logic 1 = IOVDD;
Croap = 10 pF on the DCLK pin, Croap = 20 pF on the other digital outputs; REFx+ = 4.096 V, T = —40°C to +105°C. See Table 4 and

Table 5 for timing specifications at 1.8 V IOVDD.

Table 2. Data Interface Timing'

Parameter | Description Test Conditions/Comments | Min Typ Max Unit
MCLK Master clock 1.15 34 MHz
fmop Modulator frequency Fast mode MCLK/4 Hz
Median mode MCLK/8 Hz
Focus mode MCLK/32 Hz
t mhigh time toak=ts+1to toak — 10% 28 ns
t DCLK rising edge to DRDY rising edge 2 ns
t3 DCLK rising to DRDY falling -35 0 ns
ta DCLK rise to DOUTx valid 1.5 ns
ts DCLK rise to DOUTx invalid -3 ns
te DOUTXx valid to DCLK falling 9.5 tock/2 ns
ty DCLK falling edge to DOUTx invalid 9.5 tock/2 ns
ts DCLK high time, DCLK = MCLK/1 50:50 CMOS clock tocik/2 tock/2 (toaw/2) +5 ns
tea = DCLK = MCLK/2 tmak = 1/MCLK tMcLk ns
tsb = DCLK = MCLK/4 2 X tmck ns
tsc = DCLK = MCLK/8 4 X tmcik ns

Rev. 0 | Page 9 of 69



http://www.analog.com/AD7761?doc=AD7761.pdf

AD7761

Parameter | Description Test Conditions/Comments | Min Typ Max Unit
to DCLK low time DCLK = MCLK/1 50:50 CMOS clock (tock/2) — 5 tmek/2 tock/2 ns
toa = DCLK = MCLK/2 MLk ns
top = DCLK = MCLK/4 2 X tmek ns
toc = DCLK = MCLK/8 4 X tvcik ns
tio MCLK rising to DCLK rising CMOS clock 30 ns
tn Setup time of DOUT6 and DOUT7 14 ns
ti2 Hold time of DOUT6 and DOUT7 0 ns
ti3 START low time 1 X tmcik ns
tia MCLK to SYNC_OUT valid CMOS clock
SYNC_OUT RETIME_EN bit 45 22 ns
disabled; measured from
falling edge of MCLK
SYNC_OUT RETIME_EN bit 9.5 27.5 ns
enabled; measured from
rising edge of MCLK
tis SYNC_IN setup time CMOS clock 0 ns
tis SYNC_IN hold time CMOS clock 10 ns
" These specifications are not production tested but are supported by characterization data at initial product release.
Table 3. SPI Control Interface Timing'
Parameter Description Test Conditions/Comments | Min Typ Max Unit
tiy SCLK period 100 ns
tis CS falling edge to SCLK rising edge 26.5 ns
to SCLK falling edge to CS rising edge 27 ns
t20 CS falling edge to data output enable 225 40.5 ns
t21 SCLK high time 20 50 ns
t22 SCLK low time 20 50 ns
t23 SCLK falling edge to SDO valid 15 ns
taa SDO hold time after SCLK falling 7 ns
tas SDI setup time 0 ns
ta6 SDI hold time 6 ns
tay SCLK enable time 0 ns
tas SCLK disable time 0 ns
t29 CS high time 10 ns
t30 CS low time fwoo = MCLK/4 1.1 X tmeik ns
fmoo = MCLK/8 2.2 X tmcik ns
fwoo = MCLK/32 8.8 X tmcik ns
' These specifications are not production tested but are supported by characterization data at initial product release.
1.8 VIOVDD TIMING SPECIFICATIONS
AVDDI1A = AVDDI1B =5V, AVDD2A = AVDD2B = 5 V,IOVDD = 1.72 V to 1.88 V (DREGCAP tied to IOVDD), Input Logic 0 =
DGND, Input Logic 1 = IOVDD, Croap = 10 pF on DCLK pin, Croap = 20 pF on other digital outputs, Ta = =40°C to +105°C.
Table 4. Data Interface Timing'
Parameter | Description Test Conditions/Comments Min Typ Max Unit
MCLK Master clock 1.15 34 MHz
fvop Modulator frequency Fast mode MCLK/4 Hz
Median mode MCLK/8 Hz
Focus mode MCLK/32 Hz
t DRDY high time tock—10% 28 ns
t2 DCLK rising edge to DRDY rising edge 2 ns
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Parameter | Description Test Conditions/Comments Min Typ Max Unit
t3 DCLK rising to DRDY falling -45 0 ns
ta DCLK rise to DOUTx valid 2.0 ns
ts DCLK rise to DOUTx invalid -4 ns
te DOUTXx valid to DCLK falling 8.5 tock/2 ns
t7 DCLK falling edge to DOUTx invalid 8.5 tock/2 ns
ts DCLK high time, DCLK = MCLK/1 50:50 CMOS clock tocuk/2 tocik/2 (toak/2) +5 | ns
tsa = DCLK = MCLK/2 tmeik ns
teb = DCLK = MCLK/4 2 X tmeik ns
tsc = DCLK = MCLK/8 4 X tmek ns
to DCLK low time DCLK = MCLK/1 50:50 CMOS clock (tock/2) =5 tma/2 tock/2 ns
toa = DCLK = MCLK/2 tmeik ns
tob = DCLK = MCLK/4 2 X tmeik ns
toc = DCLK = MCLK/8 4 X tmek ns
tio MCLK rising to DCLK rising CMOS clock 37 ns
t Setup time DOUT6 and DOUT7 14 ns
ti2 Hold time DOUT6 and DOUT7 0 ns
tis START low time 1 X tmcik ns
tia MCLK to SYNC_OUT valid CMOS clock
SYNC_OUT RETIME_EN bit 10 31 ns
disabled; measured from
falling edge of MCLK
SYNC_OUT RETIME_EN bit 15 37 ns
enabled; measured from
rising edge of MCLK
tis SYNC_IN setup time CMOS clock 0 ns
tis SYNC_IN hold time CMOS clock 11 ns
" These specifications are not production tested but are supported by characterization data at initial product release.
Table 5. SPI Control Interface Timing'
Parameter Description Test Conditions/Comments Min Typ Max Unit
tiy SCLK period 100 ns
tis CS falling edge to SCLK rising edge 315 ns
to SCLK falling edge to CS rising edge 30 ns
t20 CS falling edge to data output enable 29 54 ns
ta1 SCLK high time 20 50 ns
t22 SCLK low time 20 50 ns
t23 SCLK falling edge to SDO valid 16 ns
t2a SDO hold time after SCLK falling 7 ns
tas SDI setup time 0 ns
t26 SDI hold time 10 ns
tay SCLK enable time 0 ns
tag SCLK disable time 0 ns
t29 CS high time 10 ns
ts0 CS low time fwoo = MCLK/4 1.7 X tmek ns
fwop = MCLK/8 2.2 X tmcik ns
fvop = MCLK/32 8.8 X tmcik ns

' These specifications are not production tested but are supported by characterization data at initial product release.
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Timing Diagrams
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ABSOLUTE MAXIMUM RATINGS

Table 6.

Parameter Rating

AVDD1, AVDD2 to AVSS' -03Vto+6.5V

AVDD1 to DGND -03Vto+6.5V

IOVDD to DGND -03Vto+6.5V

IOVDD, DREGCAP to DGND (IOVDDTied | —0.3Vto +2.25V
to DREGCAP for 1.8V Operation)

IOVDD to AVSS -03Vto+7.5V

AVSS to DGND -3.25Vto+0.3V

Analog Input Voltage to AVSS
Reference Input Voltage to AVSS
Digital Input Voltage to DGND
Digital Output Voltage to DGND
Operating Temperature Range
Storage Temperature Range

Pb-Free Temperature, Soldering
Reflow (10 sec to 30 sec)

Maximum Junction Temperature

Maximum Package Classification
Temperature

—-0.3Vto AVDD1 +03V
-0.3Vto AVDD1 +03V
-0.3VtoIOVDD + 0.3V
-0.3VtoIOVDD + 0.3V
—40°Cto +105°C

—65°C to +150°C

260°C

150°C
260°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

THERMAL RESISTANCE

0)a is specified for the worst case conditions, that is, a device
soldered in a circuit board for surface-mount packages.

Table 7. Thermal Resistance

Package Type | 6ia Osc Unit | JEDEC Board Layers

64-Lead LQFP 38 9.2 °C/W | 2P2S!

2P2S is a JEDEC standard PCB configuration per JEDEC Standard JESD51-7.

" Transient currents of up to 100 mA do not cause SCR latch-up.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage
\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Table 8. Pin Function Descriptions

Figure 10. Pin Configuration

Pin No. | Mnemonic Type’ Description

1 AIN1- Al Negative Analog Input to ADC Channel 1.

2 AINT+ Al Positive Analog Input to ADC Channel 1.

3 AVSS1A P Negative Analog Supply. This pin is nominally 0 V.

4 AVDD1A P Analog Supply Voltage, 5V £ 10% with Respect to AVSS.

5 REF1—- Al Reference Input Negative. REF1— is the negative reference terminal for Channel 0 to Channel 3. The
REF1- voltage range is from AVSS to (AVDD1 — 1 V). Decouple this pin to AVSS with a high quality
capacitor, and maintain a low impedance between this capacitor and Pin 3.

6 REF1+ Al Reference Input Positive. REF1+ is the positive reference terminal for Channel 0 to Channel 3.
The REF1+ voltage range is from (AVSS + 1 V) to AVDD1. Apply an external reference differential
between REF1+ and REF1— in the range from 1V to |AVDD1 — AVSS|. Decouple this pin to AVSS
with a high quality capacitor, and maintain a low impedance between this capacitor and Pin 3.

7 AIN2—- Al Negative Analog Input to ADC Channel 2.

8 AIN2+ Al Positive Analog Input to ADC Channel 2.

9 AIN3— Al Negative Analog Input to ADC Channel 3.

10 AIN3+ Al Positive Analog Input to ADC Channel 3.

11 FILTER/GPIO4 DI/O Filter Select/General-Purpose Input/Output 4. In pin control mode, this pin selects the filter type.

Set this pin to Logic 1 for the sinc5 filter. This sinc5 filter is a low latency filter, and is best for dc
applications or where a user has specialized postfiltering implemented off chip.

Set this pin to Logic 0 for the wideband low ripple filter response. This filter has a steep
transition band and 105 dB stop band attenuation. Full attenuation at Nyquist (ODR/2) means
that no aliasing occurs at ODR/2 out to the first chopping zone.

When in SPI control mode, this pin can be used as a general-purpose input/output (GPIO4).
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Pin No. | Mnemonic Type’ Description

12,13, MODEO/GPIOO0, DI/DI/O | Mode Selection/General-Purpose Input/Output Pin 0 to Pin 3.

14,15 MODE1/GPIO1, In pin control mode, the MODEX pins set the mode of operation for all ADC channels, controlling
MODE2/GPIO2, power consumption, DCLK frequency, and the ADC conversion type, allowing one-shot
MODE3/GPIO3 conversion operation.

In SPI control mode, the GPIOx pins, in addition to the FILTER/GPIO4 pin, form five general-
purpose input/output pins (GPIO4 to GPIO0).

16 STO/CS DI Standby 0/Chip Select Input.

In pin control mode, a Logic 1 places Channel 0 to Channel 3 into standby mode.
In SPI control mode, this pin is the active low chip select input to the SPI control interface.
17 ST1/SCLK DI Standby 1/Serial Clock Input.
In pin control mode, a Logic 1 places Channel 4 to Channel 7 into standby mode.
In SPI control mode, this pin is the serial clock input pin for the SPI control interface.
18 DEC1/SDI DI Decimation Rate Control Input 1/Serial Data Input.
In pin control mode, the DECO and DEC1 pins configure the decimation rate for all ADC channels.
In SPI control mode, this pin is the serial data input pin used to write data to the AD7761 register
bank.

19 DECO0/SDO DI/O Decimation Rate Control Input 0/Serial Data Output.

In pin control mode, the DECO and DEC1 pins configure the decimation rate for all ADC channels.
In SPI control mode, this pin is the serial data output pin, allowing readback from the AD7761
registers.

20 DOUT?7 DI/O Conversion Data Output 7. This pin is synchronous to DCLK and framed by DRDY. This pin acts
as a digital input from a separate AD7761 device if configured in a synchronized multidevice
daisy chain when the FORMATX pins are configured as 01.To use the AD7761 in a daisy chain, hardwire
the FORMATX pins as either 01, 10, or 11, depending on the best interfacing format for the application.
When FORMATX is set to 10 or 11, connect this pin to ground through a pull-down resistor.

21 DOUT6 DI/O Conversion Data Output 6. This pin is synchronous to DCLK and framed by DRDY. This pin acts
as a digital input from a separate AD7761 device if configured in a synchronized multidevice
daisy chain. To use this pin in a daisy chain, hardwire the FORMATXx pins as either 01, 10, or 11,
depending on the best interfacing format for the application.

22 DOUT5 DO Conversion Data Output 5. This pin is synchronous to DCLK and framed by DRDY.

23 DOUT4 DO Conversion Data Output 4. This pin is synchronous to DCLK and framed by DRDY.

24 DOUT3 DO Conversion Data Output 3. This pin is synchronous to DCLK and framed by DRDY.

25 DOUT2 DO Conversion Data Output 2. This pin is synchronous to DCLK and framed by DRDY.

26 DOUT1 DO Conversion Data Output 1. This pin is synchronous to DCLK and framed by DRDY.

27 DOUTO DO Conversion Data Output 0. This pin is synchronous to DCLK and framed bym

28 DCLK DO ADC Conversion Data Clock. This pin clocks conversion data out to the digital host (DSP/FPGA).
This pin is synchronous with DRDY and any conversion data output on DOUTO to DOUT7 and is
derived from the MCLK signal. This pin is unrelated to the control SPI interface.

29 DRDY DO Data Ready. Periodic signal output framing the conversion results from the eight ADCs. This pin
is synchronous to DCLK and DOUTO to DOUT?.

30 RESET DI Hardware Asynchronous Reset Input. After the device is fully powered up, it is recommended to
perform a hard or soft reset.

31 XTAL1 DI Input 1 for Crystal or Connection to an LVDS Clock. When CLK_SEL is 0, connect XTAL1 to DGND.

32 XTAL2/MCLK DI Input 2 for CMOS or Crystal/LVDS Sampling Clock. See the CLK_SEL pin for the details of this
configuration.

External crystal: XTAL2 is connected to the external crystal.
LVDS: a second LVDS input is connected to this pin.
CMOS clock: this pin operates as an MCLK input. CMOS input with logic level of IOVDD/DGND.

33 DGND P Digital Ground. This pin is nominally O V.

34 DREGCAP AO Digital Low Dropout (LDO) Regulator Output. Decouple this pin to DGND with a high quality,

low ESR, 10 WF capacitor. For optimum performance, use a decoupling capacitor with an ESR
specification between 50 mQ and 400 mQ. This pin is not for use in circuits external to the
AD7761. For 1.8V IOVDD operation, connect this pin to IOVDD via an external trace to provide
power to the digital processing core.
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Pin No. | Mnemonic Type’ Description

35 IOVDD P Digital Supply. This pin sets the logic levels for all interface pins. IOVDD also powers the digital
processing core via the digital LDO when IOVDD is at least 2.25 V. For 1.8 V IOVDD operation,
connect this pin to DREGCAP via an external trace to provide power to the digital processing core.

36 SYNC_IN DI Synchronization Input. SYNC_IN receives the synchronous signal from SYNC_OUT. It is used in
the synchronization of any AD7761 that requires simultaneous sampling or is in a daisy chain.
Ignore the START and SYNC_OUT functions if the SYNC_IN pin is connected to the system
synchronization pulse. This signal pulse must be synchronous to the MCLK clock domain.

37 START DI Start Signal. The START pulse synchronizes the AD7761 to other devices. The signal can be
asynchronous. The AD7761 samples the input and then outputs a SYNC_OUT pulse. This
SYNC_OUT pulse must be routed to the SYNC_IN pin of this device, and any other AD7761
devices that must be synchronized together. This means that the user does not need to run the
ADCs and their digital host from the same clock domain, which is useful when there are long
traces or back planes between the ADC and the controller. If this pin is not used, it must be tied
to a Logic 1 through a pull-up resistor.

38 SYNC_OUT DO Synchronization Output. This pin operates only when the START input is used. When using the
START input feature, the SYNC_OUT pin must be connected to SYNC_IN via an external trace.
SYNC_OUT is a digital output that is synchronous to the MCLK signal; the synchronization signal
driven in on START is internally synchronized to the MCLK signal and is driven out on SYNC_OUT.
SYNC_OUT can also be routed to other AD7761 devices requiring simultaneous sampling and/or
daisy-chaining, ensuring synchronization of devices related to the MCLK clock domain. It must
then be wired to drive the SYNC_IN pin on the same AD7761 and on the other AD7761 devices.

39 AIN7+ Al Positive Analog Input to ADC Channel 7.

40 AIN7- Al Negative Analog Input to ADC Channel 7.

41 AIN6+ Al Positive Analog Input to ADC Channel 6.

42 AIN6— Al Negative Analog Input to ADC Channel 6.

43 REF2+ Al Reference Input Positive. REF2+ is the positive reference terminal for Channel 4 to Channel 7.
The REF2+ voltage range is from (AVSS + 1 V) to AVDD1. Apply an external reference differential
between REF2+ and REF2— in the range from 1V to |AVDD1 — AVSS|. Decouple this pin to AVSS
with a high quality capacitor, and maintain a low impedance between this capacitor and Pin 46.

44 REF2— Al Reference Input Negative. REF2— is the negative reference terminal for Channel 4 to Channel 7. The
REF2— voltage range is from AVSS to (AVDD1 — 1V). Decouple this pin to AVSS with a high quality
capacitor, and maintain a low impedance between this capacitor and Pin 46.

45 AVDD1B P Analog Supply Voltage. This pin is 5V £+ 10% with respect to AVSS.

46 AVSS1B P Negative Analog Supply. This pin is nominally O V.

47 AIN5+ Al Positive Analog Input to ADC Channel 5.

48 AIN5- Al Negative Analog Input to ADC Channel 5.

49 AIN4+ Al Positive Analog Input to ADC Channel 4.

50 AIN4— Al Negative Analog Input to ADC Channel 4.

51 AVSS2B P Negative Analog Supply. This pin is nominally 0 V.

52 REGCAPB AO Analog LDO Regulator Output. Decouple this pin to AVSS with a 1 pF capacitor.

53 AVDD2B P Analog Supply Voltage. This pin is 2V to 5.5 V with respect to AVSS.

54 AVSS P Negative Analog Supply. This pin is nominally O V.

55,56 FORMATT, DI Format Selection Pins. Hardwire the FORMATX pins to the required values in pin control and SPI

FORMATO control mode. These pins set the number of DOUTx pins used to output ADC conversion data. The
FORMATXx pins are checked by the AD7761 on power-up; the AD7761 then remains in this data
output configuration.

57 PIN/SPI DI Pin Control/SPI Control. This pin sets the control method.

Logic 0 = pin control mode for the AD7761. Pin control mode allows pin strapped configuration
of the AD7761 by tying logic input pins to the required logic levels. Tie the logic pins (MODEO to
MODE4, DECO and DEC1, and FILTER) as required for the configuration.

Logic 1 = SPI control mode for the AD7761. Use the SPI control interface signals (CS, SCLK, SDI,
and SDO) for reading and writing to the AD7761 memory map.
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Pin No. | Mnemonic Type’ Description

58 CLK_SEL DI Clock Select.

0 = pull this pin low for the CMOS clock option. The clock is applied to Pin 32 (connect Pin 31 to
DGND).

1 = pull this pin high for the crystal or LVDS clock option. The crystal or LVDS clock is applied to
Pin 31 and Pin 32. The LVDS option is available only in SPI control mode. A write is required to
enable the LVDS clock option.

59 VCM AO Common-Mode Voltage Output. This pin outputs (AVDD1 — AVSS)/2, which is 2.5V by default in
pin control mode. Configure this pin to (AVDD1 — AVSS)/2, 2.5V, 2.14V, or 1.65 V in SPI control
mode. When driving capacitive loads larger than 0.1 yF, it is recommended to place a 50 Q series
resistor between this pin and the capacitive load for stability.

60 AVDD2A P Analog Supply Voltage. This pin is 2V to 5.5 V with respect to AVSS.

61 REGCAPA AO Analog LDO Regulator Output. Decouple this pin to AVSS with a 1 puF capacitor.

62 AVSS2A P Negative Analog Supply. This pin is nominally O V.

63 AINO— Al Negative Analog Input to ADC Channel 0.

64 AINO+ Al Positive Analog Input to ADC Channel 0.

' Alis analog input, P is power, DI/O is digital input/output, Dl is digital input, DO is digital output, and AO is analog output.
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TYPICAL PERFORMANCE CHARACTERISTICS

AVDDI1 =5V, AVDD2 =2.5V, AVSS =0 V, IOVDD = 2.5V, Vir = 4.096 V, T4 = 25°C, wideband filter, decimation = x32, MCLK =
32.768 MHz, analog input precharge buffers on, precharge reference buffers off, unless otherwise noted.
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Figure 11. FFT, Fast Mode, Wideband Filter, —0.5 dBFS
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Figure 12. FFT, Median Mode, Wideband Filter, —0.5 dBFS
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Figure 13. FFT, Focus Mode, Wideband Filter, —0.5 dBFS
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Figure 14. FFT, Fast Mode, Sinc5 Filter, —0.5 dBFS
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Figure 15. FFT, Median Mode, Sinc5 Filter, —0.5 dBFS
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TERMINOLOGY

AC Common-Mode Rejection Ratio (AC CMRR)

AC CMRR is defined as the ratio of the power in the ADC output
at frequency;, f, to the power of a sine wave applied to the common-
mode voltage of AINx+ and AINx- at frequency, f;.

AC CMRR (dB) = 10log(Pf/Pfy)

where:
Pfis the power at frequency, f, in the ADC output.
Pfs is the power at frequency, fs, in the ADC output.

Gain Error

The first transition (from 100 ... 000 to 100 ... 001) occurs at a
level %2 LSB above nominal negative full scale (-4.0959375 V for
the +4.096 V range). The last transition (from 011 ... 110 to

011 ... 111) occurs for an analog voltage 1% LSB below the
nominal full scale (+4.0959375 V for the +4.096 V range). The
gain error is the deviation of the difference between the actual level
of the last transition and the actual level of the first transition from
the difference between the ideal levels.

Gain Error Drift

Gain error drift is defined as the gain error change due to a
temperature change of 1°C. It is expressed in parts per million
per degree Celsius.

Integral Nonlinearity (INL) Error

INL error refers to the deviation of each individual code from a
line drawn from negative full scale through positive full scale.
The point used as negative full scale occurs ¥ LSB before the
first code transition. Positive full scale is defined as a level

1% LSB beyond the last code transition. The deviation is measured
from the middle of each code to the true straight line.

Intermodulation Distortion (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any active device with nonlinearities creates distortion
products at the sum and difference frequencies of mfa and nfb,
where m, n =0, 1, 2, 3, and so on. Intermodulation distortion
terms are those for which neither m or n are equal to 0. For
example, the second-order terms include (fa + fb) and (fa — fb),
and the third-order terms include (2fa + fb), (2fa — b), (fa +
2fb), and (fa — 2fb).

The AD7761 is tested using the CCIF standard, where two input
frequencies near to each other are used. In this case, the second-
order terms are usually distanced in frequency from the original
sine waves, and the third-order terms are usually at a frequency
close to the input frequencies. As a result, the second-order and

third-order terms are specified separately. The calculation of the
intermodulation distortion is as per the THD specification,
where it is the ratio of the rms sum of the individual distortion
products to the rms amplitude of the sum of the fundamentals,
expressed in decibels.

Least Significant Bit (LSB)

The least significant bit, or LSB, is the smallest increment that
can be represented by a converter. For a fully differential input
ADC with N bits of resolution, the LSB expressed in volts is as
follows:

LSB (V) = (2 X Vger)/2N

where:
Ver is the difference voltage between the REFx+ and REFx— pins.
N=16.

Offset Error

Offset error is the difference between the ideal midscale input
voltage (0 V) and the actual voltage producing the midscale
output code.

Power Supply Rejection Ratio (PSRR)

Variations in power supply affect the full-scale transition but
not the linearity of the converter. PSRR is the maximum change
in the full-scale transition point due to a change in the power
supply voltage from the nominal value.

Signal-to-Noise Ratio (SNR)

SNR is the ratio of the rms value of the actual input signal to
the rms sum of all other spectral components below the Nyquist
frequency, excluding harmonics and dc. The value for SNR is
expressed in decibels.

Signal-to-Noise-and-Distortion Ratio (SINAD)

SINAD is the ratio of the rms value of the actual input signal to

the rms sum of all other spectral components below the Nyquist
frequency, including harmonics but excluding dc. The value for
SINAD is expressed in decibels.

Spurious-Free Dynamic Range (SFDR)

SFDR is the difference, in decibels, between the rms amplitude
of the input signal and the peak spurious signal (excluding the
first five harmonics).

Total Harmonic Distortion (THD)

THD is the ratio of the rms sum of the first five harmonic
components to the rms value of a full-scale input signal and
is expressed in decibels.
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THEORY OF OPERATION

The AD7761 is an 8-channel, simultaneously sampled, low
noise, 2-A ADC.

Each ADC within the AD7761 employs a 2-A modulator whose
clock runs at a frequency of fvop. The modulator samples the
inputs at a rate of 2 x fyop, to convert the analog input into an
equivalent 16-bit digital representation, and these samples
therefore represent a quantized version of the analog input
signal.

The Z-A conversion technique is an oversampled architecture.
This oversampled approach spreads the quantization noise over
a wide frequency band (see Figure 44). To reduce the quantization
noise in the signal band, the high order modulator shapes the noise
spectrum so that most of the noise energy is shifted out of the
band of interest (see Figure 45). The digital filter that follows the
modulator removes the large out of band quantization noise
(see Figure 46).

For further information on the basics as well as more advanced
concepts of 2-A ADCs, see the MT-022 Tutorial and the
MT-023 Tutorial.

Digital filtering has certain advantages over analog filtering. First, it
is insensitive to component tolerances and the variation of
component parameters over time and temperature. And because
digital filtering on the AD7761 occurs after the analog-to-digital
conversion, it can remove some of the noise injected during the
conversion process; analog filtering cannot remove noise
injected during conversion. Second, the digital filter combines
low pass-band ripple with a steep roll-off and high stop-band
attenuation, while also maintaining a linear phase response,
which is difficult to achieve in an analog filter implementation.
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Figure 44. 5-A ADC Quantization Noise (Linear Scale X-Axis)
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Figure 45. 5-A ADC Noise Shaping (Linear Scale X-Axis)
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CLOCKING, SAMPLING TREE, AND POWER SCALING

The AD7761 includes multiple ADC cores. Each of these ADCs
receives the same master clock signal, MCLK. The MCLK signal
can be sourced from one of three options: a CMOS clock, a crystal
connected between the XTAL1 and XTAL?2 pins, or in the form
of an LVDS signal. The MCLK signal received by the AD7761 is
used to define the modulator clock rate, fuon, and in turn the
sampling frequency of the modulator of 2 X fuop. The same
MCLK signal is also used to define the digital output clock,
DCLK. The fumop and DCLK internal signals are synchronous
with MCLK.

Figure 47 shows the clock tree from the MCLK input to the
modulator, the digital filter, and the DCLK output. There are
divider settings for MCLK and DCLK. These dividers, in
conjunction with the power mode and digital filter decimation
settings, are key to the operation of the AD7761.

The AD7761 has the ability to scale power consumption vs. the
input bandwidth or desired noise. The user controls two para-
meters to achieve this: MCLK division and power mode. When
combined, these two settings determine the clock frequency of the
modulator (fuop) and the bias current supplied to each modulator.
The power mode (fast, median, or focus) sets the noise, speed
capability, and current consumption of the modulator. The
power mode is the dominant control for scaling the power
consumption of the ADC. All settings of MCLK division and
power mode apply to all ADC channels.

DCLK_DIV

00: DCLK = MCLK/8
»{ 01: DCLK = MCLK/4
10: DCLK = MCLK/2

MCLK_DIV 11: DCLK = MCLK/1
= | MCLK/4
> MCLK/8
MCLK/32 v
1
— l-—-4—» DCLK
AD DIGITAL | | DATA —
MODULATOR ™| FILTER INTERFACE [ DRDY
|| CONTROL | ; o pouTx
POWER MODES: DECIMATION RATES = x32, x64,
FAST x128, x256, x512, x1024 5
MEDIAN g
FOCUS g

Figure 47. Sampling Structure, Defined by the MCLK, DCLK_DIV, and
MCLK_DIV Settings
The modulator clock frequency (fuop) is determined by selecting
one of three clock divider settings: MCLK/4, MCLK/8, or
MCLK/32.

Although the MCLK division and power modes are independent
settings, there are restrictions that must be adhered to. A valid
range of modulator frequencies exists for each power mode.
Table 9 describes this recommended range, which allows the
device to achieve the best performance while minimizing power
consumption. The AD7761 specifications do not cover the
performance and function beyond the maximum fmop for a given
power mode.
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For example, to maximize the speed of conversion or input
bandwidth in fast mode, an MCLK of 32.768 MHz is required
and MCLK_DIV = 4 must be selected for a modulator
frequency of 8.192 MHz.

Table 9. Recommended fuop Range for Each Power Mode

Power Mode | Recommended fvoo (MHz), MCLK = 32.768 MHz

Focus 0.036 to 1.024
Median 1.024 to 4.096
Fast 4.096 t0 8.192

Control of the settings for the power mode, the modulator
frequency, and the data clock frequency differs in pin control
mode vs. SPI control mode.

In SPI control mode, the user can program the power mode, the
MCLK divider (MCLK_DIV), and the DCLK frequency using
Register 0x04 and Register 0x07 (see Table 38 and Table 41 for
register information). Independent selection of the power mode
and MCLK_DIV allows full freedom in the MCLK speed
selection to achieve a target modulator frequency.

In pin control mode, the MODEx pins determine the power
mode, the modulator frequency, and the DCLK frequency. The
modulator frequency tracks the power mode. This means that
fmon is fixed at MCLK/32 for focus mode, MCLK/8 for median
mode, and MCLK/4 for fast mode (see Table 18).

Example of Power vs. Noise Performance Optimization

Depending on the bandwidth of interest for the measurement,
the user can choose a strategy of either lowest current consumption
or highest resolution. This choice is due to an overlap in the
coverage of each power mode. The AD7761 offers the ability to
balance the MCLK division ratio with the rate of decimation
(averaging) set in the digital filter. Lower power can be achieved
by using lower modulator clock frequencies. Conversely, the
highest resolution can be achieved by using higher modulator
clock frequencies and maximizing the amount of oversampling.

As an example, consider a system constraint with a maximum
available MCLK of 16 MHz. The system is targeting a measure-
ment bandwidth of approximately 25 kHz with the wideband
filter, setting the output data rate of the AD7761 to 62.5 kHz.
Because of the low MCLK frequency available and the system
power budget, median power mode is used.

In median power mode, this 25 kHz input bandwidth can be
achieved by setting the MCLK division and decimation ratio to
balance, using two configurations (Configuration A and
Configuration B). This flexibility is possible in SPI control
mode only.

Configuration A
To maximize the dynamic range, use the following settings:

e MCLK=16 MHz

e  Median power

e fyvoo = MCLK/4

e  Decimation = x64 (digital filter setting)
e ODR=625kHz

This configuration maximizes the available decimation rate (or
oversampling ratio) for the bandwidth required and MCLK rate
available. The decimation averages the noise from the modulator,
maximizing the dynamic range.

Configuration B
To minimize power, use the following settings:

e MCLK =16 MHz

e  Median power

e  fuoo = MCLK/8

e  Decimation = x32 (digital filter setting)
e ODR=625kHz

This configuration reduces the clocking speed of the modulator
and the digital filter.

When compared to Configuration A, Configuration B saves

48 mW of power. The trade-off in the case of Configuration B is
that the digital filter must run at a 2x lower decimation rate.
This 2x reduction in decimation rate (or oversampling ratio)
results in a 3 dB reduction in the dynamic range vs. Config-
uration A.

Clocking Out the ADC Conversion Results (DCLK)

The AD7761 DCLK is a divided version of the master clock
input. As shown in Figure 47, the DCLK_DIV setting determines
the speed of the DCLK. DCLK is a continuous clock.

The user can set the DCLK frequency rate to one of four divisions
of MCLK: MCLK/1, MCLK/2, MCLK/4, and MCLK/8. Because
there are eight channels and 24 bits of data per conversion, the
conversion time and the setting of DCLK directly determine the
number of data output lines that are required via the FORMATx
pin settings. Thus, the intended minimum decimation and desired
DCLK_DIV setting must be understood prior to choosing the
setting of the FORMATX pins.

NOISE PERFORMANCE AND RESOLUTION

Table 10 and Table 11 show the noise performance for the
wideband and sinc5 digital filters of the AD7761 for various
output data rates and power modes. The noise values specified
are typical for the bipolar input range with an external 4.096 V
reference (Vrer).

The LSB size with 4.096 V reference is 125 pV, and is calculated
as follows:

LSB (V) = (2 x Vrer)/2'¢
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Table 10. Wideband Filter Noise: Performance vs. Output Data Rate

Output Data Rate (kSPS) -3 dB Bandwidth (kHz) RMS Noise (nV)
Fast Mode
256 110.8 11.58
128 554 7.77
64 27.7 5.42
32 13.9 3.82
16 6.9 2.72
8 3.5 1.94
Median Mode
128 554 11.36
64 27.7 7.6
32 13.9 5.3
16 6.9 3.74
8 35 2.64
4 1.7 1.87
Focus Mode
32 13.9 11.28
16 6.9 7.54
8 35 5.25
4 1.7 3.71
2 0.87 2.62
1 0.43 1.85

Table 11. Sinc5 Filter Noise: Performance vs. Output Data Rate

Output Data Rate (kSPS) -3 dB Bandwidth (kHz) RMS Noise (uV)
Fast Mode
256 52.224 7.83
128 26.112 5.43
64 13.056 3.82
32 6.528 2.71
16 3.264 1.93
8 1.632 1.39
Median Mode
128 26.112 7.68
64 13.056 53
32 6.528 3.72
16 3.264 2.64
8 1.632 1.87
4 0.816 1.33
Focus Mode
32 6.528 7.65
16 3.264 5.26
8 1.632 3.7
4 0.816 2.61
2 0.408 1.85
1 0.204 1.31
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APPLICATIONS INFORMATION

The AD7761 offers users a multichannel platform measurement e Control of reference and analog input precharge buffers on
solution for ac and dc signal processing. a per channel basis.
Flexible filtering allows the AD7761 to be configured to *  Wideband, low ripple, digital filter for ac measurement.
simultaneously sample ac and dc signals on a per channel basis. e Fastsinc5 filter for precision low frequency measurement.
Power scaling allows users to trade off the input bandwidth of e Two channel modes, defined by the user selected filter choice,
the measurement vs. the current consumption. This ability, and decimation ratios, can be defined for use on different
coupled with the flexibility of the digital filtering, allows the ADC channels. This enables optimization of the input
user to optimize the energy efficiency of the measurement, bandwidth versus the signal of interest.
while still meeting power, bandwidth, and performance targets. e Option of SPI or pin strapped control and configuration.
Key capabilities that allow users to choose the AD7761 as their Offset, gain, and phase calibration registers per channel.
platform high resolution ADC are highlighted as follows: e Common-mode voltage output buffer for use by a driver
amplifier.

Eight fully differential or pseudo differential analog inputs. e On-board AVDD2 and IOVDD LDOs for the low power,

Fast throughput simultaneous sampling ADCs catering for 1.8V, internal circuitry.

input signals up to 110.8 kHz.

Three selectable power modes (fast, median, and focus) for Refer to Figure 48 and Table 12 for the typical connections
scaling the current consumption and input bandwidth of and minimum requirements to get started using the AD7761.
the ADC for optimal measurement efficiency. Table 13 shows the typical power and performance of the
Analog input precharge and reference precharge buffers AD7761 for the available power modes, for each filter type.

reduce the drive requirements of external amplifiers.

AVDD1A, AVDD2A,

AVDD1E  AVDD2B 10VDD
SUGGESTED OP AMPS:
FAST MODE: ADA4896-2 OR ADA4807-2
MEDIAN MODE: ADA4940-2 OR ADA4807-2 g ;l; g g g
FOCUS MODE: ADA4805-2
\J \J \J N/ \J
REGCAPA, DREGCAP SYNC_IN
AD7761 REGCAPB SYNC_OUT

L RESET
L 1 FORMATX
1 = DRDY
DCLK
- ADC DOUTO
SINC5 ™1 DATA DOUT1
LOW LATENCY FILTER 1 SERIAL DOUT2
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ADA4940-2 ADC I 4 CONTROL DOUT5
—q
4l \ INTERFACE DOUTé
1 WIDEBAND DOUT?
4| LOW RIPPLE FILTER
PRECHARGE | 1 Y __
A BUFFERS 4l STO/CS
ST1/SCLK
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FILTER/GPIO4
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AVSS REFx+ [REFx- [XTALZMCLK [XTAL1 PIN/SPI MODE3/GPIO3
Vin )‘l T_D_T MODE.I(-)?GPIOO
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v

gADA4841 -1
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Figure 48. Typical Connection Diagram
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Table 12. Requirements to Operate the AD7761

Requirement Description

Power Supplies

External Reference
External Driver Amplifiers
External Clock

FPGA or DSP

5V AVDD1 supply, 2.25V to 5V AVDD2 supply, 1.8V or 2.5V to 3.3V IOVDD supply (ADP7104/ADP7118)
2.5V,4.096V, or 5V (ADR4525, ADR4540, or ADR4550)

The ADA4896-2, the ADA4940-1/ADA4940-2, the ADA4805-2, and the ADA4807-2

Crystal or a CMOS/LVDS clock for the ADC modulator sampling

Input/output voltage of 2.5V to 3.6V, or 1.8V (see the 1.8V IOVDD Operation section)

Table 13. Speed, Dynamic Range, THD, and Power Overview; Eight Channels Active, Decimate by 32!

Output Sinc5 Filter Wideband Filter
Power | DataRate | THD | Dynamic Bandwidth | Power Dissipation | Dynamic Bandwidth | Power Dissipation
Mode (kSPS) (dB) Range (dB) | (kHz) (mW per channel) | Range (dB) | (kHz) (mW per channel)
Fast 256 =115 | 97.7 52.224 41 97.7 110.8 52
Median | 128 =120 | 97.7 26.112 22 97.7 554 28
Focus 32 -120 | 97.7 6.528 8.5 97.7 13.9 9.5

" Analog precharge buffers on, precharge reference buffers and VCM disabled, typical values, AVDD1 =5V, AVDD2 = IOVDD = 2.5 V, Vger = 4.096 V, MCLK = 32.768 MHz,

DCLK = MCLK/4, Ta = 25°C.

POWER SUPPLIES

The AD7761 has three independent power supplies: AVDD1
(given by the AVDDI1A pin and the AVDD2A pin), AVDD2
(given by the AVDD2A pin and the AVDD2B pin), and IOVDD.

The reference potentials for these supplies are AVSS and DGND.
Tie all the AVSS supply pins (AVSS1A, AVSS1B, AVSS2A, AVSS2B,
and AVSS) to the same potential with respect to DGND. AVDDI1A,
AVDDI1B, AVDD2A, and AVDD2B are referenced to this AVSS
rail. IOVDD is referenced to DGND.

The supplies can be powered within the following ranges:

e AVDDI =5V + 10%, relative to AVSS

e AVDD2 =2V to 5.5V, relative to AVSS

¢ IOVDD (with internal regulator) = 2.25 V to 3.6 V, relative
to DGND

¢ IOVDD (bypassing regulator) = 1.72 V to 1.88 V, relative to
DGND

e AVSS=-2.75V to 0V, relative to DGND

The AVDDI1A and AVDD1B (AVDD1) supplies power the analog
front end, reference input, and common-mode output circuitry.
AVDD1 is referenced to AVSS, and all AVDDI supplies must be
tied to the same potential with respect to AVSS. If AVDD1 supplies
are used in a £2.5 V split supply configuration, the ADC inputs are
truly bipolar. When using split supplies, reference the absolute
maximum ratings, which apply to the voltage allowed between
the AVSS and IOVDD supplies.

The AVDD2A and AVDD2B (AVDD?2) supplies connect to
internal 1.8 V analog LDO regulators. The regulators power the
ADC core. AVDD?2 is referenced to AVSS, and all AVDD2 supplies
must be tied to the same potential with respect to AVSS. The
voltage on AVDD2 can range from 2 V (minimum) to 5.5 V
(maximum), with respect to AVSS.

IOVDD powers the internal 1.8 V digital LDO regulator. This
regulator powers the digital logic of the ADC. IOVDD also sets
the voltage levels for the SPI interface of the ADC. IOVDD is
referenced to DGND, and the voltage on IOVDD can vary from
2.25V (minimum) to 3.6 V (maximum), with respect to DGND.
IOVDD can also be configured to run at 1.8 V. In this case, IOVDD
and DREGCAP must be tied together and must be within the
range of 1.72 V (minimum) to 1.88 V (maximum), with respect
to DGND. See the 1.8 V IOVDD Operation section for more
information on operating the AD7761 at 1.8 V IOVDD.

Recommended Power Supply Configuration

Analog Devices, Inc., has a wide range of power management
products to meet the requirements of most high performance
signal chains.

An example of a power solution that uses the ADP7118 is shown
in Figure 49. The ADP7118 provides positive supply rails for
optimal converter performance, creating either a single 5V,
3.3V, or dual AVDDI and AVDD2/IOVDD, depending on the
required supply configuration. The ADP7118 can operate from
input voltages of up to 20 V.

12V ADP7118 .
INPUT t LDO — 5V: AVDD1x
ADP7118 x
LDO — 3.3V: AVDD2x/IOVDD

Figure 49. Power Supply Configuration

14285-059

Alternatively, the ADP7112 or ADP7104 can be selected for
powering the AD7761. Refer to the AN-1120 Application Note
for more information regarding low noise LDO performance
and power supply filtering.
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1.8 VIOVDD Operation

The AD7761 contains an internal 1.8 V LDO on the IOVDD
supply to regulate the IOVDD down to the operating voltage of the
digital core. This internal LDO allows the internal logic to operate
efficiently at 1.8 V and the input/output logic to operate at the
level set by IOVDD. The IOVDD supply is rated from 2.25 V to
3.6 V for normal operation, and 1.8 V for LDO bypass setup.

SYNC_OUT

START

soo—=  1.8VIOVDD
SYNC_IN SUPPLY

]- 0

1%@

XTALZMCLK [g]

14285-060

Figure 50. DREGCAP and IOVDD Connection Diagram for 1.8 VIOVDD
Operation

Users can bypass the LDO by shorting the DREGCAP pin to
IOVDD (see Figure 50), which pulls the internal LDO out of
regulation and sets the internal core voltage and input/output
logic levels to the IOVDD level. When bypassing the internal
LDO, the maximum operating voltage of the IOVDD supply is
equal to the maximum operating voltage of the internal digital core,
whichis 1.72 V to 1.88 V.

Analog Supply Internal Connectivity

The AD7761 has two analog supply rails, AVDD1 and AVDD2,
which are both referred to AVSS. These supplies are completely
separate from the digital pins, IOVDD, DREGCAP, and DGND. To
achieve optimal performance and isolation of the ADCs, more than
one device pin supplies these analog rails to the internal ADCs.

e AVSSIA (Pin 3) and AVSS2A (Pin 62) are internally
connected.

e AVSS (Pin 54) is connected to the substrate, and is connected
internally to AVSS1B (Pin 46) and AVSS2B (Pin 51).

e  The following supply and reference input pins are separate
on chip: AVDDI1A, AVDDI1B, AVDD2A, AVDD2B,
REF1+, REF1-, REF2+, and REF2-.

The details of which individual supplies are shorted internally are
given in this section for informational purposes. In general,
connect the supplies as described in the Power Supplies section.

DEVICE CONFIGURATION

The AD7761 has independent paths for reading data from the
ADC conversions and for controlling the device functionality.

For control, the device can be configured in either of two
modes. The two modes of configuration are as follows:

e  Pin control mode: pin strapped digital logic inputs (which
allows a subset of the configurability options)

e  SPI control mode: over a 3-wire or 4-wire SPI interface
(complete configurability)

On power-up, the state of the PIN/SPI pin determines the mode
used. Immediately after power-up, the user must apply a soft or
hard reset to the device when using either control mode.

Interface Data Format

When operating the device, the data format of the serial inter-
face is determined by the FORMATX pins. Table 28 shows that
each ADC can be assigned a DOUTX pin, or, alternatively, the
data can be arranged to share the DOUTX pins in a time division
multiplexed manner. For more details, see the Data Interface
section.

PIN CONTROL MODE

Pin control mode eliminates the need for an SPI communication
interface. When a single known configuration is required by the
user, or when only limited reconfiguration is required, the number
of signals that require routing to the digital host can be reduced
using this mode. Pin control mode is useful in digitally isolated
applications where minimal adjustment of the configuration is
needed. Pin control offers a subset of the core functionality and
ensures a known state of operation after power-up, reset, or a
fault condition on the power supply. In pin control mode, the
analog input precharge buffers are enabled by default for best
performance. The reference input precharge buffers are disabled
in pin control mode.

After any change to the configuration in pin control mode, the
user must provide a sync signal to the AD7761 by applying the
appropriate pulse to the START pin or the SYNC_IN pin to
ensure that the configuration changes are applied correctly to
the ADC and the digital filters.

Setting the Filter

The filter function chooses between the two filter settings. In
pin control mode, all ADC channels use the same filter type,
which is selected by the FILTER pin, as shown in Table 14.

Table 14. FILTER Control Pin

Logic Level Function
1 Sinc5 filter selected
0 Wideband filter selected
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Setting the Decimation Rate

Pin control mode allows selection from four possible decimation
rates. The decimation rate is selected via the DEC1 and DECO pins.
The chosen decimation rate is used on all ADC channels. Table 15
shows the truth table for the DECx pins.

Table 15. Decimation Rate Control Pins Truth Table

DEC1 DECO Decimation Rate
0 0 %32

0 1 x64

1 0 x128

1 1 x1024
Operating Mode

The MODE3 to MODEQ pins determine the configuration of all
channels when using pin control mode. The variables controlled by
the MODEX pins are shown in Table 16. The user selects how
much current the device consumes, the sampling speed of the
ADC (power mode), how fast the ADC result is received by the
digital host (DCLK_DIV), and how the ADC conversion is
initiated (conversion operation). Figure 51 illustrates the inputs
used to configure the device in pin control mode.

Table 16. MODEx Pins: Variables for Control

Control Variable Possible Settings
Sampling Speed/Power Consumption Fast
Power Mode Median

Focus

Data Clock Output Frequency (DCLK_DIV) | DCLK = MCLK/1
DCLK = MCLK/2
DCLK = MCLK/4
DCLK = MCLK/8

Conversion Operation Standard conversion
One-shot conversion

The MODEXx pins map to 16 distinct settings. The settings are
selected to optimize the use cases of the AD7761, allowing the
user to reduce the DCLK frequency for lower, less demanding
power modes and selecting either the one-shot or standard
conversion modes.

See Table 18 for the complete selection of operating modes that
are available via the MODEx pins in pin control mode.

The power mode setting automatically scales the bias currents
of the ADC and divides the applied MCLK signal to the correct
setting for that mode. Note that this is not the same as using SPI
control mode, where separate bit fields exist to control the bias
currents of the ADC and MCLK division.

In pin control mode, the modulator rate is fixed for each power
mode to achieve the best performance. Table 17 shows the
modulator division for each power mode.

Table 17. Modulator Rate, Pin Control Mode

Power Mode Modulator Rate, fvoo
Fast MCLK/4

Median MCLK/8

Focus MCLK/32
Diagnostics

Pin control mode offers a subset of diagnostics features. Internal
errors are reported in the status header output with the data
conversion results for each channel.

Internal CRC errors, memory map flipped bits, and external
clocks not detected are reported by Bit 7 of the status header
and indicate that a reset is required. The status header also
reports filter not settled, filter type, and filter saturated signals.
Users can determine when to ignore data by monitoring these
error flags. For more information on the status header, see the
ADC Conversion Output: Header and Data section.

PIN CONTROL MODE

CHANNEL STANDBY
CH 0 TO CH 3 STANDBY

OUTPUT DATA FORMAT
1 CHANNEL PER PIN

PIN/SPI = LOW CH 4 TO CH 7 STANDBY 4 CHANNELS PER PIN
—l + + r 8 CHANNELS PER PIN
PIN/SPI STO FORMATO
ST1 FORMAT1
DOUTO |
DOUTA | =
1 TO DSP/
1 FPGA
OPTIONTO AD7761
SELECT —»| FILTER
BETWEEN FILTERS DOUT7 [~
MODEO
MODEH
DECO/ MODE2
DECA1 MODE3
_f T Ad
DECIMATION RATES MODE CONFIGURATION
132 MODE 0x0 TO MODE OxF | _
164 SET UP VIA 4 PINS g
128 2
1024 g

Figure 51. Pin Configurable Functions

Rev. 0 | Page 32 of 69



http://www.analog.com/AD7761?doc=AD7761.pdf

AD7761

Table 18. MODEx Selection Details: Pin Control Mode

Mode Hex. | MODE3 MODE2 MODE1 MODEO Power Mode DCLK Frequency Data Conversion
0x0 0 0 0 0 Focus MCLK/1 Standard
0x1 0 0 0 1 Focus MCLK/2 Standard
0x2 0 0 1 0 Focus MCLK/4 Standard
0x3 0 0 1 1 Focus MCLK/8 Standard
0x4 0 1 0 0 Median MCLK/1 Standard
0x5 0 1 0 1 Median MCLK/2 Standard
0x6 0 1 1 0 Median MCLK/4 Standard
0x7 0 1 1 1 Median MCLK/8 Standard
0x8 1 0 0 0 Fast MCLK/1 Standard
0x9 1 0 0 1 Fast MCLK/2 Standard
0xA 1 0 1 0 Fast MCLK/4 Standard
0xB 1 0 1 1 Fast MCLK/8 Standard
0xC 1 1 0 0 Focus MCLK/1 One-shot
0xD 1 1 0 1 Median MCLK/1 One-shot
OxE 1 1 1 0 Fast MCLK/2 One-shot
OxF 1 1 1 1 Fast MCLK/1 One-shot
Configuration Example Channel Standby

In the example shown in Table 20, the lowest current
consumption is used, and the AD7761 is connected to an FPGA.
The FORMATX pins are set such that all eight data outputs,
DOUTO to DOUT7, connect to the FPGA. For the lowest
power, the lowest DCLK frequency is used. The input bandwidth
is set through the combination of selecting decimation by 64
and selecting the wideband filter.

ODR = fuop + Decimation Ratio

where:
fuop is MCLK/32 for focus mode (see Table 17).
Decimation Ratio = 64.

Thus, for this example, where MCLK = 32.768 MHz,
ODR = (32.768 MHz/32) + 64 = 16 kHz

Minimizing the DCLK frequency means selecting DCLK =
MCLK/8, which results in a 4 MHz DCLK signal. The period of
DCLK in this case is 1/4 MHz = 250 ns. The data conversion on
each DOUTX pin is 24 bits long. The conversion data takes 24 x
250 ns = 6 ps to be output. All 24 bits must be output within the
ODR period of 1/16 kHz, which is approximately 64 ps. In this
case, the 6 ps required to read out the conversion data is well
within the 64 ps between conversion outputs. Therefore, this
combination, which is summarized in Table 20, is viable for use.

Table 19 shows how the user can put channels into standby mode.
Set either STO or ST1 to Logic 1 to place banks of four channels
into standby mode. When in standby mode, the disabled channels
hold their position in the output data stream. The 8-bit header
and 16-bit conversion result are set to all zeros when the ADC
channels are set to standby.

The VCM voltage output is associated with the Channel 0
circuitry. If Channel 0 is put into standby mode, the VCM
voltage output is also disabled for maximum power savings.
Channel 0 must be enabled while VCM is being used externally
to the AD7761.

The crystal excitation circuitry is associated with the Channel 4
circuitry. If Channel 4 is put into standby mode, the crystal
circuitry is also disabled for maximum power savings. Channel 4
must be enabled while the external crystal is used on the AD7761.

Table 19. Truth Table for the AD7761 ST0 and ST1 Pins

ST1 STO Function

0 0 All channels operational.
0 1 Channel 0 to Channel 3in
standby. Channel 4 to
Channel 7 operational.
Channel 4 to Channel 7 in
standby. Channel 0 to
Channel 3 operational.
All channels in standby.
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SPI CONTROL

The AD7761 has a 4-wire SPI interface that is compatible with
QSPI™, MICROWIRE?, and DSPs. The interface operates in SPI
Mode 0. In SPI Mode 0, SCLK idles low, the falling edge of [
clocks out the MSB, the falling edge of SCLK is the drive edge,
and the rising edge of SCLK is the sample edge. This means that
data is clocked out on the falling/drive edge and data is clocked
in on the rising/sample edge.

DRIVE EDGE 4 SAMPLE EDGE

14285-062

Figure 52. SPI Mode 0 SCLK Edges

Table 20. MODEx Example Selection

Accessing the ADC Register Map

To use SPI control mode, set the PIN/SPI pin to logic high. The
SPI control operates as a 16-bit, 4-wire interface, allowing read
and write access. Figure 53 shows the interface format between
the AD7761 and the digital host.

The SPI serial control interface of the AD7761 is an independent
path for controlling and monitoring the device. There is no direct
link to the data interface. The timing of MCLK and DCLK is
not directly related to the timing of the SPI control interface.
However, the user must ensure that the SPI reads and writes
satisfy the minimum ts specification (see Table 3 and Table 5)
so that the AD7761 can detect changes to the register map.

SPT access is ignored during the period immediately after a
reset. Allow the full ADC start-up time after reset (see Table 1)
to elapse before accessing the AD7761 over the SPI interface.

Mode Hex MODE3 MODE2 MODE1 | MODEO

Power Mode | DCLK Frequency

Data Conversion

0x3 0 0 1 1

MCLK/8 Standard

so - _Jomtachas\aefasazfa fofor) oef os)oef osfozj ot oo

so_fo)ofofofofofo)oforkoehoshoekosfozforfor)
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Figure 53. Write/Read Command
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SPI Interface Details

Each SPI access frame is 16 bits long. The MSB (Bit 15) of the
SDI command is the R/W bit; 1 = read and 0 = write. Bits[14:8]
of the SDI command are the address bits.

The SPI control interface uses an off frame protocol. This means
that the master (FPGA/DSP) communicates with the AD7761 in
two frames. The first frame sends a 16-bit instruction (R/W,
address, and data) and the second frame is the response where
the AD7761 sends 16 bits back to the master.

During the master write command, the SDO output contains
eight leading zeros, followed by eight bits of data, as shown in
Figure 53.

Figure 54 shows the off frame protocol. Register access responses
are always offset by one CS frame. In Figure 54, the response
(read RESP 1) to the first command (CMD 1) is output by the
AD7761 during the following CS frame at the same time as the
second command (CMD 2) is being sent.

s _ LU LU UL
s\ [\ 7T

s X omp1 X X cwmp2 X

Figure 54. Off Frame Protocol

14285-064

SPI Control Interface Error Handling

The AD7761 SPI control interface detects whether it has
received an illegal command. An illegal command is a write to a
read only register, a write to a register address that does not
exist, or a read from a register address that does not exist. If any of
these illegal commands are received by the AD7761, the device
responds with an error output of 0x0E00.

SPI Reset Configuration

After a power-on or reset, the AD7761 default configuration is set
to the following low current consumption settings:

e  Focus power mode with MCLK/32.

e Interface configuration of DCLK = MCLK/8, header
output enabled, and CRC disabled.

e  Filter configuration of Channel Mode A and Channel Mode B
is set to sinc5 and decimation = x1024. Channel mode
select is set to 0x00, and all channels are assigned to
Channel Mode A.

e  Channel configuration of Channel 0 to Channel 7 is enabled,
with the analog input buffers enabled. The reference precharge
buffers are disabled. The offset, gain, and phase calibration
are set to the zero position.

¢  Continuous conversion mode is enabled.

SPI CONTROL FUNCTIONALITY

SPI control offers the superset of flexibility and diagnostics to
the user. The following sections highlight the functionality and
diagnostics offered when SPI control is used.

After any change to these configuration register settings, the
user must provide a sync signal to the AD7761 through either
the SPI_SYNC command, or by applying the appropriate pulse
to the START pin or SYNC_IN pin to ensure that the configuration
changes are applied correctly to the ADC and digital filters.

Channel Configuration

The AD7761 has eight fully differential analog input channels.
The channel configuration registers allow the channels to be
individually configured to adapt to the measurement required
on that channel. Channels can be enabled or disabled using the
channel standby register, Register 0x00. Analog input and
reference precharge buffers can be assigned per input terminal.
Gain, offset, and phase calibration can be controlled on a per
channel basis using the calibration registers. See the Per
Channel Calibration Gain, Offset, and Sync Phase section for
more information.

Channel Modes

In SPI control mode, the user can set up two channel modes,
Channel Mode A (Register 0x01), and Channel Mode B
(Register 0x02). Each channel mode register can have a specific
filter type and decimation ratio. Using the channel mode select
register (Register 0x03), the user can assign each channel to either
Channel Mode A or Channel Mode B, which maps that mode to
the required ADC channels. These modes allow different filter
types and decimation rates to be selected and mapped to any of the
ADC channels.

When different decimation rates are selected on different channels,
the AD7761 outputs a data ready signal at the fastest selected
decimation rate. Any channel that runs at a lower output data rate
is updated only at that slower rate. In between valid result data, the
data for that channel is set to zero and the repeated data bit is set in
the header status bits to distinguish it from a real conversion result
(see the ADC Conversion Output: Header and Data section for
more information).

On the AD7761, consider Channel Mode A as the primary group.
In this respect, it is recommended that there always be at least one
channel assigned to Channel Mode A. If all eight channels of the
AD7761 are assigned to Channel Mode B, conversion data is not
output on the data interface for any of the channels.

Table 21. Channel Mode A/Channel Mode B, Register 0x01

and Register 0x02
Bits | BitName Setting | Description Reset | Access
3 FILTER_TYPE_x Filter output 0x1 RW
0 Wideband filter
1 Sinc5 filter
[2:0] | DEC_RATE_ x Decimation rate | 0x5 RW
000 to X32to x1024
101
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Table 22. Channel Mode Selection, Register 0x03

Bits | Bit Name Setting | Description | Reset | Access
[7:0] | CH_x_MODE Channel x 0x0 RW
0 Mode A
1 Mode B

Reset over SPI Control Interface

Two successive commands must be written to the AD7761 data
control register to initiate a full reset of the device over the SPI
interface. This action fully resets all registers to the default
conditions. Details of the commands and their sequence are
shown in Table 40.

After a reset over the SPI control interface, the AD7761 responds
to the first command sent to the device with 0x0E00. This
response, in addition to the fact that all registers have assumed
their default values, indicates that the software reset succeeded.

Sleep Mode

Sleep mode puts the AD7761 into its lowest power mode. In
sleep mode, all ADC:s are disabled and a large portion of the digital
core is inactive.

The AD7761 SPI remains active and is available to the user
when in sleep mode. Write to Register 0x04, Bit 7 to exit sleep
mode. For the lowest power consumption, select the sinc5 filter
before entering sleep mode.

Channel Standby Mode

For efficient power usage, place selected channels into standby
mode when not in use. Setting the bits in Register 0x00 disables
the corresponding channel (see Table 34). For maximum power
savings, switch disabled channels to the sinc5 filter using the
channel mode configurations, which disables some clocks
associated with the wideband filters of those channels.

The VCM voltage output is associated with the Channel 0 circuitry.
If Channel 0 is put into standby mode, the VCM voltage output is
also disabled for maximum power savings. Channel 0 must be
enabled while VCM is being used externally to the AD7761.

The crystal excitation circuitry is associated with the Channel 4
circuitry. If Channel 4 is put into standby mode, the crystal
circuitry is also disabled for maximum power savings. Channel 4
must be enabled while the external crystal is used on the AD7761.

Clocking Selections

The internal modulator frequency (fvop) used by each of the
ADCs in the AD7761 is derived from the externally applied
MCLK signal. The MCLK division bits allow the user to control
the ratio between the MCLK frequency and the internal modulator
clock frequency. This control allows the user to select the division
ratio that is best for their configuration.

The appropriate clock configuration depends on the power mode,
the decimation rate, and the base MCLK frequency available in
the system. See the Clocking, Sampling Tree section for further
information on setting MCLK_DIV correctly.

MCLK Source Selection

The following clocking options are available as the MCLK input
source in SPI control mode:

e LVDS
e  External crystal
e CMOS input MCLK

Setting CLK_SEL to logic low configures the AD7761 for correct
operation using a CMOS clock. Setting CLK_SEL to logic high
enables the use of an external crystal.

If CLK_SEL is set to logic high and Bit 3 of Register 0x04 is also
set, the application of an LVDS clock signal to the MCLK pin is
enabled. LVDS clocking is exclusive to SPI control mode and
requires the register selection for operation (see Table 38).

The DCLK rate is derived from MCLK. DCLK division (the
ratio between MCLK and DCLK) is controlled in the interface
configuration selection register, Register 0x07 (see Table 41).

Interface Configuration

The data interface is a master output interface, where ADC
conversion results are output by the AD7761 at a rate based on
the mode selected. The interface consists of a data clock (DCLK),
the data ready (DRDY) framing output, and the data output
pins (DOUTO to DOUT?).

The interface can be configured to output conversion data on
one, two, or eight of the DOUTx pins. The DOUTx configuration
for the AD7761 is selected using the FORMATX pins (see Table 28).

The DCLK rate is a direct division of the MCLK input and can
be controlled using Bits[1:0] of Register 0x07. The minimum
DCLK rate can be calculated as

DCLK (minimum) = Output Data Rate x Channels per
DOUTx x 24 bits

where MCLK > DCLK.

With eight ADCs enabled, an MCLK rate of 32.768 MHz, an ODR
of 256 kSPS, and two DOUTx channels, DCLK (minimum) is

256 kSPS x 4 channels per DOUTx x 24 bits = 24.576 MHz
where DCLK = MCLK/1.
For more information on the status header, CRC, and interface
configuration, see the Data Interface section.
CRC Protection

The AD7761 can be configured to output a CRC message per
channel every 4 or 16 samples. This function is available only
with SPI control. CRC is enabled in the interface control register,
Register 0x07 (see the CRC Check on Data Interface section).

ADC Synchronization over SP|

The ADC synchronization over SPI allows the user to request a
synchronization pulse to the ADCs over the SPI interface. To
initiate the synchronization in this manner, write to Bit 7 in
Register 0x06 twice.
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AD7761

First, the user must write a 0, which sets SYNC_OUT low, and
then write a 1 to set the SYNC_OUT logic high again.

The SPI_SYNC command is recognized after the last rising
edge of SCLK in the SPI instruction, where the SPI_SYNC bit is
changed from low to high. The SPI_SYNC command is then
output synchronously to the AD7761 MCLK signal on the
SYNC_OUT pin. The user must connect the SYNC_OUT signal
to the SYNC_IN pin on the PCB.

I0VDD

AD7761

START

MASTER |__MCLK SYNCHRONIZATION | SYNC_OUT
CLOCK ‘[: LOGIC

DIGITAL FILTER BRDY

DOUTO

DOUT1

A___
SPI INTERFACE [ SYNC_IN
A

DSP/
FPGA

14285-065

Figure 55. Connection Diagram for Synchronization Using SPI_SYNC

The SYNC_OUT pin can also be routed to the SYNC_IN pins of
other AD7761 devices, allowing simultaneous sampling to occur
across larger channel count systems. Any daisy-chained system of
AD?7761 devices requires that all ADCs be synchronized.

In a daisy-chained system of AD7761 devices, two successive
synchronization pulses must be applied to guarantee that all
ADC:s are synchronized. Two synchronization pulses are also
required in a system of more than one AD7761 device sharing a
single MCLK signal, where the DRDY pin of only one device is

used to detect new data.

As per any synchronization pulse present on the SYNC_IN pin,
the digital filters of the AD7761 are reset by the SPI_SYNC
command. The full settling time of the filters must then elapse
before valid data is output on the data interface.

Analog Input Precharge Buffers

The AD7761 contains precharge buffers on each analog input to
ease the drive requirements on the external amplifier. Each analog
input precharge buffer can be enabled or disabled using the analog
input precharge buffer registers (see Table 48 and Table 49).

Reference Precharge Buffers

The AD7761 contains reference precharge buffers on each
reference input to ease the drive requirements on the external
reference and help to settle any nonlinearity on the reference
inputs. Each reference precharge buffer can be enabled or
disabled using the reference precharge buffer registers (see
Table 50 and Table 51).

Per Channel Calibration Gain, Offset, and Sync Phase

The user can adjust the gain, offset, and sync phase of the
AD7761. These options are available only in SPI control mode.
Further register information and calibration instructions are
available in the Offset Registers section, the Gain Registers section,
and the Sync Phase Offset Registers section. See the Calibration
section for information on calibration equations.

GPIOs

The AD7761 has five general-purpose input/output (GPIO) pins
available when operating in SPI control mode. For further
information on GPIO configuration, see the GPIO
Functionality section.

SP1 CONTROL MODE EXTRA DIAGNOSTIC
FEATURES

RAM Built In Self Test

The RAM built in self test (BIST) is a coefficient check for the
digital filters. The AD7761 DSP path uses some internal memories
for storing data associated with filtering and calibration. A user
may, if desired, initiate a built in self test (BIST) of these memories.
Normal conversions are not possible while BIST is running. The
test is started by writing to the BIST control register, Register 0x08.
The results and status of the test are available in the status register,
Register 0x09 (see Table 43).

Normal ADC conversion is disrupted when this test is run. A
synchronization pulse is required after this test is complete to
resume normal ADC operation.

Revision Identification Number

The AD7761 contains an identification register that is accessible
in SPI control mode, the revision identification register. This
register is an excellent way to verify the correct operation of the
serial control interface. Register information is available in the
Revision Identification Register section.

Diagnostic Meter Mode

The diagnostic metering mode can be used to verify the
functionality of each ADC by internally passing a positive full-
scale, midscale, or negative full-scale voltage to the ADC. The
user can then read the resulting ADC conversion result to
determine that the ADC is operating correctly. To configure
ADC conversion diagnostics, see the ADC Diagnostic Receive
Select Register section and the ADC Diagnostic Control
Register section.
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AD7761

CIRCUIT INFORMATION

CORE SIGNAL CHAIN

Each ADC channel on the AD7761 has an identical signal path
from the analog input pins to the data interface. Figure 57 shows
a top level implementation of the core signal chain. Each ADC
channel has its own X-A modulator that oversamples the analog
input and passes the digital representation to the digital filter block.
The modulator sampling frequency (fuop) ranges are explained
in the Clocking, Sampling Tree, and Power Scaling section. The
data is filtered, scaled for gain and offset (depending on user
settings), and then output on the data interface. Control of the
flexible settings for the signal chain is provided by either using the
pin control or the SPI control mode, set at power-up by the state of
the PIN/SPI input pin.

The AD7761 can use up to a 5 V reference and converts the
differential voltage between the analog inputs (AINx+ and AINx-)
into a digital output. The analog inputs can be configured as either
differential or pseudo differential inputs. As a pseudo differential
input, either AINx+ or AINx— can be connected to a constant
input voltage (such as 0 V; AVSS, or some other reference voltage).
The ADC converts the voltage difference between the analog
input pins into a digital code on the output. Using a common-

of power modes gives more flexibility to control the bandwidth
and power dissipation for the AD7761. Table 9 shows the
recommended fvop frequencies for each power mode, and

Table 38 shows the register information for the AD7761.

A

011 ...
011 ...
011 ...

1M1 —
110 —
101 —

ADC CODE (TWOS COMPLEMENT)

100 ... 010 —|

100 ... 001 —|

100 ... 000 2 -
-Fs | |Fs +1LsB +FS — 1LSB
—FS +0.5LSB +FS - 1.5LSB

ANALOG INPUT
Figure 56. ADC Ideal Transfer Functions (FS is Full Scale)
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Table 23. Output Codes and Ideal Input Voltages

mode voltage of AVDD1/2 for the analog inputs, AINx+ and C-\r::ll)‘()fln(:lljltlx—)) Digital Output Code
AINx—, maximizes the ADC input range. The 16-bit conversion Description Veer = 4.096 V Twos Complement (I’-|ex.)
result is in twos complement, MSB first, format. Figure 56 FS—_1LSB +4.095875 V OX7FFF
shows the ideal transfer functions for the AD7761. Midscale +1LSB | +125 pv 0X0001
ADC Power Modes Midscale ov 0x0000
The AD7761 has three selectable power modes. In pin control Midscale —1LSB | —125uV OxFFFF
mode, the modulator rate and power mode are tied together for -FS+11LSB —4.095875V 0x8001
best performance. In SPI control mode, the user can select the -FS —4.0%6V 0x8000
power mode and modulator MCLK divider settings. The choice
MCLK START  SYNC_OUT SYNC_IN RESET
O O O O O
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Figure 57. Top Level Core Signal Chain and Control
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