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1. Introduction

This is the technical manual for the Highland Model V385 eight-channel strain gauge/load
cell module.

The V385 is a single-width, 6U-height VME module that implements eight channels of
precision load-cell-based measurement. The module interfaces up to eight full-bridge load
cells, and provides excitation, a precision low-noise differential amplifier, and a 24-bit
analog-to-digital converter for each input channel. A fast, simple dual-port-memory
interface to the VME bus, allows the implementation of measurement systems with
minimal programming effort. Direct access to raw 24-bit ADC data and allows
synchronization of A/D converters and readout coherent with the ADC digitizing cycles.

Features of the V385 include:

e Excites and measures up to eight strain gauge load cells

e Separate, remotely sensed excitation supply for each channel
e 24-bit ADC per channel

e 100dB CMRR

e Clean, logical VME bus interface is well suited to PLC-based weighing applications

Although the V385 includes features specific to high-precision weighing, it is suited to
nearly any application that acquires data from a strain gauge or other DC bridge-type
sensor.
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2. Specifications

FUNCTION 8-channel load cell module
DEVICE TYPE 16-bit VME register-based slave: A16:D16:D08(EO)
Implements 128 words (256 bytes) registers at switch
selectable addresses in the VME 16 addressing space
CHANNELS 8, 6-wire full-bridge-type load cells
EXCITATION Per-channel onboard remote-sensed bridge excitation
source, 5- or 10-volt switchable; 40mA max per-channel
load
INPUTS Eight differential inputs
CMRR better than 100 dB
Input impedance is 60 MQ typical
Maximum input £50 mV (equivalent to 5 mV/V excitation)
RESOLUTION One 24 bit ADC per channel
ADC One Analog Devices AD7710 24 bit ADC per channel

Default setup is G=1, 24 bit data, 59.91 Hz sample rate
ADCs may be user reprogrammed via VME commands

SYNCHRONIZE

A mechanism is included to synchronize the sample times of
all eight ADCs

OPERATING 0 to 60°C; extended MIL/COTS ranges available
TEMPERATURE
CALIBRATION One year
INTERVAL
POWER Standard VME supplies:
+5V: 1.5 A max
+12V:0.2A
-12V:0.2A
CONNECTORS Two D25 front-panel females
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INDICATORS Three LEDs indicate microprocessor heartbeat, VME
access, and pass/fail status

PACKAGING 6U single-wide VME module
CONFORMANCE ANSI/VITA 1-1994 (R2002) VMEbus spec
OPTIONS Other excitations, signal ranges, filtering available

Special software functions are available
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3. Theory of Operation

3.1 Load Cell Basics

A load cell is a specialized bridge-type strain gauge used for weighing applications. A
strain bridge consists of four metal foil or semiconductor resistive elements bonded to a
mechanical substrate such that stress applied to the substrate results in the application of
tension to two of the resistors and compression to the other two resistors. If the four
resistors are arranged in a diamond configuration (Wheatstone bridge) arrangement and
an excitation voltage is applied between the 'top' and 'bottom’ corners of the bridge, the
voltage seen across the 'sides' of the bridge will be small, due to the symmetry of the
opposite legs of the bridge. If the substrate is strained by the application of a load to the
cell, the four resistors will change in value (two will increase and two will decrease),
causing a change in the bridge output voltage which is nearly proportional to the applied
force.

A typical load cell appears electrically as a 4-wire bridge, typically having about 350 ohms
resistance per leg and 350 ohms resistance between any two opposite bridge corners.
Two of the lead-wires are called the 'excitation' leads, to which an excitation voltage is
applied, typically 5 or 10 volts DC. The other two leads are the signal wires called the
positive (or high) and negative (or low) signal outputs.

Load cells are typically supplied with six wires, having two wires for each of the excitation
leads. The extra excitation wires are called 'sense leads' and may be run back to the
excitation power source to permit that supply to observe the excitation voltage at the
bridge itself, and adjust for any errors associated with the wire resistance between the
source and the load cell.

Load cells are stable and linear, but not very accurate 'as delivered'. This means that a
given load cell may have an unpredictable zero-load offset signal and have a load
sensitivity only within a few percent of the datasheet specification. It is common practice to
install a load cell and then perform TARE and CALIBRATION operations to compensate
for each cell's zero offset and calibration sensitivity. TARE is performed by removing the
weighing load (but leaving any platform, rigging, or other 'overhead' loads in place) and
measuring the cell output; this value is the 'tare voltage'’, and is saved for reference and is
subtracted from the bridge output in all future weighing operations. After TARE, a known
standard weight may be applied to the weighing system and the resulting cell signal
measured and saved; this 'cal value' is used to scale all future weight measurements to
correct engineering units.

The V385-1 version of the V385 delivers raw, unscaled 24-bit ADC data, so any
necessary zero or calibration operations must be performed by the user's software.
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3.2 V385 Hardware Architecture

The V385 module consists of the following elements:

1. A VME-standard, '6U' (double-height) printed circuit board with front panel and
load-cell wiring connector.

2. Eight load cell channels, each consisting of the following:

e switchable 5-volt or 10-volt excitation supply
e precision differential amplifier
e 24-bit analog-to-digital converter

Shielding and filtering are such as to minimize thermal effects and EMI
sensitivity.

3. A Motorola MC68332 32-bit (68020-class) microprocessor with EPROM
program memory and static RAM data memory.
4. A dual-port memory interface to the VME bus.

The signal measurement path is fully ratiometric, using the same precision voltage source
to drive each load cell excitation supply and to provide the reference to each analog-to-
digital converter. Figure 1 shows the signal paths for a typical channel.

3.3 Signal Processing

Each of the load cell signals is amplified and applied to an individual 24- bit analog-to-
digital converter which provides a numerical signal measurement. The default ADC setup
is unity gain and a sample rate of sixty times per second. Every time any ADC completes
a measurement cycle, the onboard processor reads the ADC data, posts it to dual-port
memory, and increments an acquisition counter for that channel.

At the user's option, the latest 2 to 255 samples may be averaged.

Users may reprogram any ADC to adjust gain or sample rate, and may issue a SYNC
command to synchronize the acquisition cycles of all eight ADCs.
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4, Connectors and Installation

4.1 VME Compatibility

The V385 may be installed in any 6U high, VME-compatible card cage. It uses the
mandatory +5, -12, and +12 volt VME power supply voltages, and derives the load cell
excitation voltage from the VME +12 volt supply.

The module occupies 256 bytes of the VME 'short' 16-bit (A16) addressing space, and
supports both 16-bit (D16) and 8-bit (DO8/EO) data transfers. The module does not use
interrupts, and passes all interrupt and bus grant signals.

4.2 Address Selection

Prior to installing the V385, the on-board address DIPswitch should be set to select the
address range occupied by the module. Modules are factory-set to CO00 hex, but may be
positioned anywhere in the A16 address space.

To relocate it, pick an unused block, note its hex address, and set the address switch S3
as follows:

Section Bit Hex Value ‘ON’ Notes

1 15 8000 factory ON
2 14 4000 factory ON
3 13 2000

4 12 1000

5 11 800

6 10 400

7 9 200

8 8 100

4.3 Excitation Voltage Selection

The module is provided with eight small switches which allow the excitation voltage for
each load cell to be individually selected. The switches are clearly marked, corresponding
to channels 0 through 7; rotate switches clockwise for 5-volt excitation, CCW for 10 volts.
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4.4 Load Cell Wiring

The V385 is furnished with two front-panel-mounted DB25 female connectors for
connection to up to eight load cells. The connector pinout is as follows:

J1 PIN J1 FUNCTION
1 CHO EX-
2 CHO IN-
3 CHO S+
14 CHO S-
15 CHO IN+
16 CHO EX+
4 CH1 EX-
5 CH1 IN-
6 CH1 S+
17 CH1 S-
18 CH1 IN+
19 CH1 EX+
7 CH2 EX-
8 CH2 IN-
9 CH2 S+
20 CH2 S-
21 CH2 IN+
22 CH2 EX+
10 CH3 EX-
11 CH3 IN-
12 CH3 S+
13 VME GROUND
23 CH3 S-
25 CH3 EX+
24 CH3 IN+

J2 PIN J2 FUNCTION
1 CH4 EX-
2 CH4 IN-
3 CH4 S+
14 CH4 S-
15 CH4 IN+
16 CH4 EX+
4 CH5 EX-
5 CH5 IN-
6 CH5 S+
17 CH5 S-
18 CH5 IN+
19 CH5 EX+
7 CH6 EX-
8 CH6 IN-
9 CH6 S+
20 CH6 S-
21 CH6 IN+
22 CH6 EX+
10 CH7 EX-
11 CH7 IN-
12 CH7 S+
13 VME GROUND
23 CH7 S-
25 CH7 EX+
24 CH7 IN+

It is suggested that a shielded cable be used to connect to the front-panel connectors,
with the shield bonded to the mating connector shell. The cable can be run to a
convenient junction area where the cable is terminated and wired to load cell signals.
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Note that the high sides of the load cell excitation are furnished by the EXC+ signals, and
the low sides return to the EXC- signals. EXC+ is derived from the VME +12 volt supply,
and EXC- is connected to the VME bus power return signal. The module front panel is
fastened to the VME rack by its mounting screws and is thus connected to the VME
system FRAME ground which may or may not be connected to the VME backplane
COMMON signal. It is recommended that the V385 connector EXC- pins be regarded as
signals and not be otherwise used or grounded.

The V385 provides for remote sensing of the load cell excitation voltages at each load
cell. It is mandatory that, for each channel

A. The EXC+ and SENSE+ leads be connected at the load cell
B. The EXC- and SENSE- leads be connected at the load cell

Wiring from the termination site to the individual load cells should be by means of a
suitable 6-wire shielded cable, with the shields earth grounded at both ends if possible.
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5. VME Register Map and Programming

The following is a summary of the VME-accessible registers implemented by the V385-
series module. The module follows VXI conventions, having 128 each 16-bit registers
beginning at the base address. Switches on the module set the base address, anywhere
in the 16-bit VME address spaces (see Section 4.2).

All registers are 16 bits wide. Reg # below is the ordinal register number in decimal,
OFFSET is the VMEDbus address offset from the module base address, shown in hex. The
R/W column indicates whether the register is readable and/or writable from the VMEDbus.

REG NAME | REG# | OFFSET | R/W | FUNCTION

VXI MFR 0 0X00 R VXID manufacturer ID: always 65262, FEEE hex

VXI TYPE 1 0X02 R module type, always 22385, 5571 hex

VXISTSICTR | 2 0X04 R status/control register, 16396, 400C hex in
normal operation

ROMID 3 0X06 R firmware ROM ID, typically 22385 decimal

ROMREV 4 0X08 R firmware ROM revision, typically ASCII “B”

SCAN 7 O0XO0E R firmware scan counter

INREQ 12 0x18 R/W | data update inhibit request

INSTAT 13 Ox1A Inhibit status

CMD 16 0x20 R/W | command register

CPO 17 0x22 R/W | command parameter 0

CP1 18 0x24 R/W | command parameter 1

ACO 24 0x30 R channel 0 ADC update counter

DHO 25 0x32 R channel 0 ADC high data

DLO 26 0x34 R channel 0 ADC low data

NNO 27 0x36 R/W | channel 0 average N value

VHO 28 0x38 R channel 0 high averaged data

VLO 29 Ox3A R channel O low averaged data

CHO 30 0x3C R channel 0 high configuration

CL1 31 Ox3E R channel 0 low configuration

AC1 32 0x40 R channel 1 ADC update counter

DH1 33 0x42 R channel 1 ADC high data

10
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REG NAME | REG# | OFFSET | R/W | FUNCTION

DL1 34 0x44 R channel 1 IADC ow data

NN1 35 0x46 R/W | channel 1 average N value
VH1 36 0x48 R channel 1 high averaged data
VL1 37 Ox4A R channel 1 low averaged data
CH1 38 0x4C R channel 1 high configuration
CL1 39 Ox4E R channel 1 low configuration
AC2 40 0x50 R channel 2 ADC update counter
DH2 41 0x52 R channel 2 ADC high data

DL2 42 0x54 R channel 2 ADC low data

NN2 43 0x56 R/W | channel 2 average N value
VH2 44 0x58 R channel 2 high averaged data
VL2 45 Ox5A R channel 2 low averaged data
CH2 46 0x5C R channel 2 high configuration
CL2 47 Ox5E R channel 2 low configuration
AC3 48 0x60 R channel 3 ADC update counter
DH3 49 0x62 R channel 3 ADC high data

DL3 50 0x64 R channel 3 ADC low data

NN3 51 0x66 R/W | channel 3 average N value
VH3 52 0x68 R channel 3 high averaged data
VL3 53 Ox6A R channel 3 low averaged data
CH3 54 0x6C R channel 3 high configuration
CL3 55 Ox6E R channel 3 low configuration
AC4 56 0x70 R channel 4 ADC update counter
DH4 57 0x72 R channel 4 ADC high data

DL4 58 0x74 R channel 4 ADC low data

NN4 59 0x76 R/W | channel 4 average N value
VH4 60 0x78 R channel 4 high averaged data
VL4 61 OxX7A R channel 4 low averaged data
CH4 62 0x7C R channel 4 high configuration
CL4 63 OX7E R channel 4 low configuration
AC5 64 0x80 R channel 5 ADC update counter
DH5 65 0x82 R channel 5 ADC high data

DL5 66 0x84 R channel 5 ADC low data

NN5 67 0x86 R/W | channel 5 average N value
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REG NAME | REG# | OFFSET | R/W | FUNCTION

VH5 68 0x88 R channel 5 high averaged data
VL5 69 O0x8A R channel 5 low averaged data
CH5 70 0x8C R channel 5 high configuration
CL5 71 Ox8E R channel 5 low configuration
AC6 72 0x90 R channel 6 ADC update counter
DH6 73 0x92 R channel 6 ADC high data
DL6 74 0x94 R channel 6 ADC low data

NN6 75 0x96 R/W | channel 6 average N value
VH6 76 0x98 R channel 6 high averaged data
VL6 77 0x9A R channel 6 low averaged data
CH6 78 0x9C R channel 6 high configuration
CL6 79 Ox9E R channel 6 low configuration
AC7 80 0xAQ R channel 7 ADC update counter
DH7 81 0xA2 R channel 7 ADC high data
DL7 82 0xA4 R channel 7 ADC low data

NN7 83 OxA6 R/W | channel 7 average N value
VH7 84 O0xA8 R channel 7 high averaged data
VL7 85 OxAA R channel 7 low averaged data
CH7 86 OxAC R channel 7 high configuration
CL7 87 OXAE R channel 7 low configuration

Registers 88-128 are reserved.

5.1 VXI MFR Register:

This register displays the VXI-registered manufacturer’s ID code. It always reads
OXFEEE, Highland Technology's VXI identification code.

5.2 VXI Type Register: Module Type

This register displays the module type. It normally reads a value of 22385 as decimal, Ox
5771, indicating this is a V385 module.

5.3 VXI STS Register: VXI Status Register

This register will display hex code 400C (VXI flags for PASSED and READY) when the
module has completed its powerup self-tests and is operating normally.
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5.4 ROMID Register: Firmware Version

The MC68332 microprocessor software version ID is read here, with a typical value of
22385 decimal (0x5771). Other code versions, having different functionality, may have
different ID codes.

5.5 ROMREV Register: Firmware Revision

The revision letter of the firmware may be read at this location, as an ACII code character,
typically 66 decimal (42 hex), corresponding to the letter 'B'.

5.6 SCAN Registers

The scan register appears as a 16-bit binary counter which is incremented by the
microprocessor just after all eight measured period values are refreshed into the VME-
readable dual-port memory.

5.7 CMD Register: Module Command

Users may issue commands to the V385 by writing a command code into this register.
Some commands may require additional parameters, conveyed through the CP0O and CP1
parameter registers.

The sequence is as follows:

Verify that the COMMAND register is clear.
Write parameters, if required.
Write a command code value (described below) to the command register.

Wait for the command register to clear, indicating that the command has been
executed. ADC configuration commands will take up to 1.5 seconds to execute.

P wDdPR

Commands are as follows:

COMMAND CODE FUNCTION

hex decimal

1 1 SYNC : synchronizes all ADCs

2 2 Configure ADC 0 see section 5.6 for details
3 3 Configure ADC 1

4 4 Configure ADC 2

5 5 Configure ADC 3

6 6 Configure ADC 4
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COMMAND CODE FUNCTION

hex decimal

7 7 Configure ADC 5

8 8 Configure ADC 6

9 9 Configure ADC 7

A 10 Configure all ADCs

F 15 REINIT : reinitializes the module

5.8 INREQ Register

When this register is set nonzero by the user, channel data updates are inhibited. (See
Section 5.10)

5.9 INSTAT Register

Indicates status of data update inhibit. The contents of INREQ will be copied to INSTAT to
indicate that channel update inhibits are in effect.

510 Channel DATA Block

Each load cell channel has an associated data block in the module register space. Each
block includes the following items:

e ACx a 16-bit counter that is incremented each time the ADC delivers fresh
data.

e DHx high ADC data. The low 8 bits of this register are the MS 8 bits of ADC
data; the high 8 bits of DHx are always zero.

e DLx low 16 bits of ADC data.

e NNx desired averaging size, 0-255 samples; user writable.
e VHx high averaged ADC data, format identical to DHXx.

e VLx low averaged ADC data, format identical to DLx

e CHx ms 8 bits of current ADC configuration (in bits 7...0).
e CLx Is 16 bits of current ADC configuration.

511 Timing Considerations

All eight ADCs are driven from a common 10 MHz clock, but each ADC runs
independently and delivers a new data sample at a rate determined by its control setup.
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The microprocessor continuously scans all eight ADCs, looking for a DRDY data-ready
flag. Whenever any such flag is seen, the pP reads the ADC data, copies that data into
VME dual-port memory registers DHx and DLx, and and increments the associated
counter ACXx.

If the SYNC command is executed, all eight ADCs are pulsed on their common SYNC
line, resetting the ADC internal logic and clearing all eight ACx counters. If the ADCs are
set up identically, they will remain in sync and deliver data simultaneously thereafter.

To read an ADC, check to see if its ACx counter has incremented since the last readout. If
it has, read the new DHx and DLx data. To avoid missing updates, each ADC should be
checked more often than its selected update rate.

If ADC data is read at arbitrary times, it is possible (but not highly probable) that an
AHx:ALx data pair may be read at the exact same time the uP updates the pair, resulting
in incoherent (half old, half new) data.

A data locking mechanism is provided to ensure that 24-bit data is not skewed. Two
registers are used: INREQ (inhibit request) and INSTAT (inhibit status). If the user sets
INREQ nonzero, the V385 will set INSTAT to that same value and inhibit VME writes of all
channel update counters, sampled data, and averaged data (that is, all AC, DH, DL, VH,
and VL registers). Average-N math will continue normally if enabled, the overall module
SCAN register will still roll, and commands may still be executed.

INREQ is checked regularly by the code. If no average-N operations are enabled, the
worst-case delay from the user setting INREQ until INSTAT echoes could be as long as
100 microseconds. If any channel uses averaging, the worst-case delay will be extended,
to almost 1 millisecond for the maximum N of 255.

INREQ is checked, and INSTAT echoed, immediately before each channel's data is
posted to VME. If the user sets INREQ, it is guaranteed that the module will be 'hands off’
all ADC update counters, data, and averaged data within a maximum of

5.8 microseconds. So users might elect to set INREQ, wait 6 usec, read all channel data,
and then clear INREQ, without bothering to check INSTAT. Since the module's
DS-to-DTACK bus response time is about 600 ns, ten dummy reads of any V385 register
will guarantee at least 6 usec delay regardless of CPU speed.

Users may also avoid data word skew by reading each 24-bit data item twice for
verification, and reread if the values differ.

5.12  Engineering Unit Scaling

ADC data is presented just as delivered by the ADC. The data in DHx and DLx is 24 bit
offset binary; for the default setup (24 bit data, ADC gain programmed to 1, 10-volt
excitation) the data is as follows:
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INPUT VOLTAGE DHx hex DLx hex decimal

+ 50 mV OOFF FFFF 16,777,215
0 0080 0000 8,388,608
-50 mV 0000 0000 0

If the excitation is switched to 5 volts, the full-scale input voltages scale to 625 mV. So, for
a given load cell with a given load, switching the excitation from 10 volts to 5 volts will not
change the reported ADC data. In other words, the full-scale ADC range is always

5 millivolts per volt of bridge excitation.

5.13 Data Averaging

If the NNx variable of any channel is set to a value from 2 to 255, averaging will be
enabled for that channel. When enabled, the average of the latest NN samples will be
computed every time a fresh ADC sample is available. The averaged data is posted in the
VHXx:VLx locations just before the ACx counter is incremented. As in the case of the raw
ADC data, read skew is possible and must be considered.

The averaged data is scaled identically to the DHx:DLx data.

At powerup time, all NNXx registers are set to 15, corresponding to 0.25 second averaging
at the default 60 Hz sample rate. If an NN value is set to 0 or 1, the reported average
value will be set to be identical to the unfiltered ADC data.

514 ADr7710 Notes

The V385 uses eight Analog Devices type AD7710 delta-sigma analog-to-digital
converters, each preceded by a Burr-Brown type INA129 preamplifier having a gain of
100. Each ADC reference voltage is derived from its remotely-sensed load cell excitation
voltage, conditioned by an INA157 differential amplifier having a gain of 0.5. The result is
that the ADC full-scale range is always 5 mV/V regardless of the excitation voltage
selection.

At powerup time or following a REINIT command, all ADCs are loaded with command
register value 208146 hex, which is as follows:

e Start self cal
e ADC channel 1, gain = 1 (full scale 5 mV/V)
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24 bit data

Output comp current off
Burnout current off

59.91 Hz data rate/first notch.

After a delay of about 1.5 seconds, a SYNC command is issued to synchronize all ADCs
and begin data acquisition.

Users may elect to reprogram one of more of the ADCs; refer to the ADC data sheet for
details. To change the setup of any ADC, write the ADC setup code into the command
parameter registers and execute the appropriate command code. The LS byte of CPO
holds the MS 8 bits of the ADC setup (the MD2.. PD bits) and CP1 holds the low 16 bits
(WL..FSO0).

Some notes:

1.

Always recalibrate (set the ADC mode bits to 0, 0, 1) when changing ADC
setups.

The V385 command processor will always wait 1.5 seconds after any ADC
setup command to allow the ADCs to recalibrate, and will always perform a
SYNC operation after this delay.

It is possible to program the ADCs such as to hang them in states that are non-
functional. A module REINIT command will restore the system to normal
operation.

ADC recalibration does NOT eliminate any sensor bridge or ADC offsets, so
users must provide their own strain gauge zeroing procedures.

The CHx and CLx registers display the current contents of the channel 'x' ADC
configuration registers, in the same format as the CP0:CP1 registers when used
to configure.

A few example AD7710 command register setups, in hex, are as follows:

CPO CPL CAL GAIN DATA  RATE/NOTCH

0020 8146  yes 1 24b 59.91 < --- default
setup

0024 8146  yes 2 24b 59.91

0030 8146 yes 16 24b 59.91

0020  87A1 yes 1 24 10.00

( 650 Potrero Avenue San Francisco, CA 94110 www.highlandtechnology.com tel: 415 551-1700 fax: 415 551-51 29)
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APPENDIX: AD7710 Datasheet
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igital word. It ernplovs a sigma-delia conversion techoigque 1
realize up te 24 bits of no missing <odes performares. The inpur
signal iz applied 1o a proprietary programunable gain fromt end
based around an analog modulacer. The modulacer oupu s
processad by an an-chip digital filer, The iese notch of this
Aigital fileer can be programmed via the an-chip control egser
allewing adjustment of the filver cutaff and =ectling tims,

The parm features twe differential analog inpurs and a differen-
tial reference inpur. Mormally, one of the channels will be used
as the main channel with the second channel ussd as an aedl-
iary input te pericdically measure a second valvage. It can be
cperated from a single supply (b ang the Yss pin o AGNDS
provided that the inpur sighals cn the amlog inputs are more
positive than —20 mY. By taking the Yg pin negatve, the pan
can conver signals down o —Yeer on s inpues. The ADTT10
thie performs all sigral cenditicning and conversien for a singls
of dual channel system,

The AT77 100 ideal for use in smart, micrecontealker based
ayatems, Input channel selection, gain setings and 4 gnal polar-
ity can b= configured in softwars using the bidirectional senal
por. The AL contains self-calibratien, system calibration
and background calibration aprions and alse allows the user w
read and wnte the an-chip calibranon registers

*Procscesd by 7.5, Parent 3o, 5,134,400,
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Information fumizhsd I:-'gu-.na Devicen iz balivwed 1o be socuraie and
ralisbla. Howear, no respormibilicy is assumed by Snalog Devioes for its
ugsa, nior for any infringements of patents o othar rights of third partes
whioh wary result Fram itz vge. Ho license i granied by implication ar
athersize under any patent or pateni righis of naleg Devices.
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CMIOS constniction ensures low power dissipation and a scfi-
ware programmable power down mecke reduces the stand by
power -:cnl:rsumpunn o enly 7 m% typical. The pam is availabe
in a 24-lead, 0. % inch-wide, plaztic and hermetic dual4n-line
package (DI as well a5 a 24-lead small outline {500

package.

PRODUCT HIGHLIGHTS

1. The programmakble gain front end allows the ADTTL0 0
accept inpu signa ke divectly from a strain gage or transducer,
rermieing a considerable amount of signal conditicning

. The 81077 10is ideal for miccocontreller or DEP processar
applicatiors with an on-chip contrel regacer which allows
contiel aver filter cutadf, input gain, channzl selection, signal
polanty and calibration modes,

3 The ADT7 L0 allews the user o read and =rite the on-chip

calibration regacers. This means that the microcontrallar has

much greater contral ever the calibration procedure,

4. Mo missing codes ensures tue, usable, 23-bit dynamic rangs
coupled with excelken £0.0015% accuracy, The effects of
temperatiure drift are eliminated by an-chip self-calibration,
which rerneves zero-acale and full-cale errars,

2]

Ong Technoloegy Way, PO, Box 3106, Morweod, MAGZIEZS1 06, LLE A,
Tal: 7212204700 World Wide Wab 5 ite: http: fwww analog.com
Fas: 781 7326-2703 & binalag Devicas, Inc., 196580



.nl]:"?] []_SPEEIF":ATI[IHS (Wpg = +3 W = 5% DWyp= +5V & 5% Vg = OV Or -5 ¥ = 5%; REF INi+) = +2.5W;

REF IHi—i = AGHD; HCLK IH = 10 HHZ unless otharwlss notad. Al spaciiications Twa to T Unless ofhe rlse notad.)

Parameter AL S Versions' | Unirs Condito s omm ents
STATIC PERFORMANCE
Mo Missing Codes 24 Birs min Cunromeed by Design. For Fileer Motches 2 00 Hz
22 Bits min For Filter Mowch = 100 Hz
18 Birs min For Filter Mowh = 250 Hz
13 Birs min For Filter Mowh = 500 Hz
12 Birs min For Filer Mowh = 1 kHz
Charpur Negse Tables Tand II Depends on Fileer Curcdfs ond Selected Goin
Inwgrol Monlinearicy 6@ +23°C 000105 %% of F5F. mox | Fileer Motches 2 60 Hz
Toars oo Tuan +0.003 % of FER. mox | Twpicolk £ 0.0002%
Fositive Full-Scale Eror™* See Mot 4 Excluding Refaance
Full-5cale Dirife* 1 WY EC Excluding Fefearence. For Guins of 1, 2
0.3 W wp Excluding Feference. For Guins of 4, B, 16, 22, 6d, 128
Unipolar Offser Ereor® See Mote 4
Unipolar Offser Diift® 0.3 W wp For Gains of 1, 2
25 L 5 For Guins of 4, 8, 16, 22, 04, 128
Bipelar Zera Error” See Mot 4
Bipelar Zera Dirift” 0.5 WY wp For Gains of 1, 2
.23 W AT wp For Guins of 4, 8, 14, 22, 64, 128
Giain Dirift 2 PEMSC
Bipelar Megntive Full-3cale Error® @ +25°C| £0.003 %% of F5F. mox  |Excluding Feference
Toarss to Tuan +0.006 % of FAE. mox | Twpicolk £ 0.0006%
Bipolar Megotive Full-5cale Dt 1 W wp Excluding Feference. For Guins of 1, 2
[ WY E:-:Iud.inE Befeaence, For Guins of 4, 8, 16, 22, 64, 128
ANALOG INFUTSPEFERENCE INFUTS
Input Common-Mede Bejection (CMED 103 dE min A DO opd ANpn =5 W
a0 dE min A DC ond AV, = L0V
Common-Mede Voleage Fange Ve 00 AV L ¥V omin oV ma
Normal-3ade 50 Hz Bejection’ 100 dE min For Filver Morches of 10, 25, 50 Hz, 20,02 = ooy
Momol-%ode 60 Hz Fejecticn’ 100 dE min For Filver Morches of 10, 20, 60 Hz, 20,02 = formpey
Cemmon-Mede S0 Hz Bejecdon’ 150 dE min Far Filver Morches of 10, 25, 50 Hz, £0.02 % ey
Common-Mede 60 Hz Bejec don” 150 dB min For Filter Morches of 10, 20, &0 Hz, £0.03 % famren
D Input Leaknge Current’ @ +33°C 10 PA mox
T 00 Toga 1 nA max
Sampling Copacitance’ 20 PF mim
Analog Inputs’
Input Vaoltage Fange* For Hormol Operacion. Depends on Guin Seleced
O e+ ¥ pey'” nom Unipolar Inpur Bange (BT Bic of Concrol Begister = 1]
Ve nom Bipelar Inpuc Ronge (BT Bic of Conmel Fegister = 0
Input Sampling Rave, £z See Table [T
Eeference Inpur
REF I+ - BEF D¥i-) Vohage!! +2.5 10 +5 Vomin e ¥V max |Feor Specified Performance, Pare Is Funcdonal wich
Lower Vgpp Volioges
Input Sompling Bae, £ fp g pa' 256

WOTES

‘Temperurs mges ire o folloews & Version, 4070 o +8500; 5 Verslon, <3570 m + 12570, Sz also Foos 16,

i.‘.pplles aivzr calibracion anthe cempennure of Inierest.

"Positive fulkscol s smar applles oo bath unipolar and bpalar input rangss.
Mhese smoms =il b2 of the arder of the cutpue nolse of the par a5 shewm n Toble 1 after 1ystem calbeadon. These emors =41l be 20 0 iyplcal afeer 2elf-collbradon

of background collbraton,

*Recalibration al any temperare o we of ch: backgromnd caibracion mede will remcy e these delic smors,

“Thir comman-made voltage rangs is Aiowsd provided duanihe Inpun voloags on AL = and ALY -0 dos ot scesd AV pp o+ 30 mV and Vi - 20my,
"These numbers ar: guamncesd by d=ilgn and/or characierizad on,

The anlog Inputs present @ vary bigh impedance dyramic load which ¥acies with dock fraquancy and Input sample rics. The mecimum recommended sourcs
redsioncs depends onche sziecesd gnin (ses Tablzs IV ond W,

"The andlog npul voltage: (Ings on the AQSL0+) ind ADS20+) Inpuis s glvan hene wich rped 1o the voloags on che A0S0 (-0 and ADSZ)-) inpuct. The absolucs
woliag: on the inolog npucs shoud oo go more potlcke han AV o+ 30 mY of g0 Mor: B ve chan ¥gg - 30 m.

Bnes = REF D40+ - REF NS0,

YT he refefence Inpue voltags rafge may be rasmcied by che inpaevolngs rangs requirsment on te ¥ gras Inpun.
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Farameter AL 5 Versions! Unit= Conditors Comments
FEFEREWNCE OUTPUT
Chacpue Velmge 2.5 ¥ nom
Initial Toleronce 12 +25°C t1] T mm
Dirift 20 FpmS i np
Chacpurc Nodse 30 v rp pe-pk Moise 0.1 Hz to 10 Hz Bandwidih
Line Peguloticn {AV 41 1 m¥.¥ max
Lead RBeguladon L5 m" /‘mA max | Maximum Lood Currene 1 mé&
Exzernal Current 1 m& max
Vs DIFUTH
Input Volmee Ponge AVno — L85 % Vipp See Vapas Input Secdon
of A, - 3.5 W mox Whichever It Smaller: +3 V=3 Vor +10 V0 W
MNominal AV prVss
of AWy - 21 W mox Whichewer Is Smaller; +3 Vo0 ¥ Nominal AV e Ve
Was+ 0BT % Vapr See Vapas Input Secdon
aor Vez + 3 Y min Whichever Is Greater; +3 V=3 Vor +10 VOV
MNominal AV Ve
ar Ve + 2.1 W min Whichever Is Greawr:; +3 V0 VW Nominal AV Y,
Ve Beizction 03 B3 dB xp Incrensing wich Gain
LOGIC [MPLTTS
Inpun Current +10 LA mmox
All Inputs Excepr MICLE. TN
Vs, Input Low Voltage 0B Y mox
¥y Inpur High Volrage a0 W min
MCLE IN Onk
Vs Inpur Low Valiage 0.8 ¥ mox
Vs, Inpur High Voleage a5 W min
LOGIC OUTFUTS
Var, Durput Low Veluage 0.4 Y mox Lra = L6 mi&
Van, Ourpur High Volmge DWVop -1 Y min Lovper = 100 1A
Fleating St Leaknge Currene +10 1A
Fleating State Oucpur Copacitance' a fF op
TRANSDUCER BURNOUT
Cuarrent 1.5 L& nam
Initial Toleronee (& +25°C +10 i p
Diritt ni WS C p
COMPENSATION CURRENT
Chacpur Curnene 20 L& mom
Initial Toleronee (& +25°C +4 LA e
Dinir i3 ppm” C o p
Line Peguloticn {4V o) i oA"Y mox AV =+5V
Load Beguladon 20 oV mox
Chacpuc Complionce AVpo -2 Y mox
SYSTEM CALTREATION
Positive Full-Scale Calibrarion Limic® (005 Vel GAIN | ¥ mox (GATM In che Selecred TNGA Goin (Bevween | and 123)
Nemive Full-5eole Calibrotien Limit* =105 % ¥Vpppt/GADY | ¥V mox (GATN In che Seleced PGA Goin (Bevwesn | and 1235)
Ciffset Colibrocicn Limes' =105 % ¥t/ GADY | ¥ mox (GATM In che Selecred TGA Goin (Bevween | and 123}
Input Span'™ L8 = W' AT W min (GATH Is che Seleced PGA Goin (Berween | and 125
(2.0 % Vapp 34N ¥ mox (GAIN In che Selecred TNG3A Goin (Bavwesn | and 123)
HOTES

BThe ADTTLD b zsted with the Tolowing Vpgas ¥ollgss. WEh AVpo = #33Ind Wi = 0%, Vg = + 2.3 VIWER AVop = #10%Ind Wep = 0%, Vs = +3 % and

WER AV = +3 W Ind Wig = -5V, Vos =0V,

“uarnczed by d=ilgn, noo producdon ceicsd,

4 fier collbration, 1f the aralog Inpui excesds posicee ull scale, the convemer will output ol Ls. 7 the anaks inpur i L= than nsgacke aull scole then the device will

curpu all i,

PThess cllbradon and span Hmits apply prosided che absurs wolings on the anbog INpuLs dos nol stoesd A7 00+ 300V oF g Mo 1Egehe han Ve - 30y,
“The offsz1 calibmcion limb applles oo both the unlpalar 22rc point md che bipolar zeo polnt.
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ADT7710-SPECIFICATIONS

Parameter A& Versio! Ui Canditions'Comme nis
POWER REQUIREMENTS
Power Supply Voluages
AV, Volmge™ +5w+1d ¥ ncm 5% for Specified Performance
DV Welmge'™ +3 YV nom +3% for Specified Performance
ANpp-Vss Volinge +10.5 ¥ max For Specified Paformance
Peower Supply Currents
AVnp Cument i mA mim
D%y, Current 45 mA m.a
Wyg CUrrEns 1.3 A mim Ves= -0 W
Penwer Supply Bejection'! Bejection w.rt. AGNIY Assumes ¥ gy I Fixed
FPraitive Supply (Vg & DV See More 19 db op
Megative Supply (Vogl 11 db op
Powwer Dissipation
Maomnal Mede 3 mW mox AVpp = DVep =43 W, Var = 0V, Typically 25 m%
535 m% mox AV = DV = +3 W, WV, = =3 W Typically 30 mW
Smndby (Fower-Down) Mlode ] mW mox AVpp = Vo= +3 W, Vo = 0V or =3V Typically 7 m®

HIOTES
"The ADTTIC s spectiled with & 10 MHz dock for A% pe voloags: of 5 7 23%, s
than 105 %,

Jpeciizd wiih an & MHz Clock for A% pr wlliges grenter than .23 % and L=

I"The =5% volerancs on the O gy, inpucls dlowed provided thie Dy, doss not sxzeed AV, b mone chan 0.2 %,
Unemured of 92 and applies in ihe seected passband. PSRR o0 %0 He will exceed 120 dB with Qlesrnocches of 10 Hz, 2% He o 30 He, PSER @ a0 Hewill excesd

LZ0 dB with dlesr noechs of L0 Hz, 30 Hr o 00 H

FPLRR d2psndt on gain: Gain of i 70 dB ofp; Gain of 2 75 4B i Goln of 4: 55 4B gp; Galm of 8 10 128 235 dB 17p. Thets mmbers <o be Improved | 005 4B
P by denving the Vo, voloags (s Zener dlode or reference ) from e AV, Wpply.

Specilicacions subject oo dhangs withour nodoe.

ABSOLUTE MAXIMUM BATINGS®
CTa = #2570, unl= otherwiss noced)

AVpmo Do DAV mo+1zV
AVppra Ve oo USRS G Y
AVppro AGHD o DAV wo+1zV
AVpproDGRD oL D3V m+1zV

D% pp to AGHD
%o oo DGR
Vag te AGHID
Vgt GRD o0
Aralog Input Valwgs to AGHT

AV eaV
AV eaV
+ AV n-aV
+HLAVIn-AY

........................... Ve — 03V o ANVpp + 0.3 Y
Befererce Inpan Valvage to AGHT
Voo — 03V o ANVpp+ 0.2 W

0.3V 1w AVDD

CAUTION

Diigiral Inpur Voliage to DGRD AV e AN+ 03V
Dligdeal Cwrpanr Valtage wo DGWE L 03 Ve DVopp+ 03V
Crperating Tem peramre Bangs
Comunercial (& Version)
Exterded (5 Versonh ... ..o
Storage Temperaturs Fangs

A0S o +ETC
S50 W+ 1250
654 0+ 15000

Lead Temperamre (soldering, 10 =ecsy ..o .00 +300
Power Dissipation (Any Packagei wo +75°C ... ... 450 mW
Diepares Abowe +75°C 0 o0 Lo oo 6 mW AT

*Erpspiet above thoss lheed under Absolute Maximum Radngt may causs
pemon s damags oo thedevos, This bawwes g caly; uneckonal operaton
of the devics a1 these orany other condiions above chose Ihesd In the op=raton
sectlont of the spedflcaan 13 nog Implisd. Exposurs to gbsolut: macimum radng
condicions for axeznded pericds may affect devos reliabilcy,

ESD (elecorostoric discharge) sensitive device, Electrostatic chorges os high as 4000V readily
gocumuloee on the human body ond eese equipment ond con discharge without dewerion.

Alchough che ADTTL feorures proprietary ESD prowection circuicry,
oceur on devices subjected 1o high energy electrestoric dischorges.

precautions ore recommended 1o aveid performance degradation or loss of funcrionalicy.

permonent damoge may
Therefore, proper ESD

WARHIHL@

ORDOERING GLUIDE

Temperatare Package
Madel" Range pricns”
ADTTI0AN o LU T B-2d
ADTTI0AR o LA T E-z4
ADTTI0AL o LA T (=24
ADTTIOSG -5590 10 +1250 -24
EvVAL-AD7TI0ER Evaluaticn Board
HOTES

T order MIL-STTI-2338, Ciast B procsssd parts, add 5238 0o par nurmker.
Coneactour kocal sal e oflcs Tor millcary daim shest ind avababilitg.

% = Flastic DIF; = Candlp; B= S01C,

-
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ADTTI0

TIMING CHARACTERISTICS"

g Dy = +5V = 5%; My = +5 ¥ 0F +10 ¥ 2 §%; Vos = 0V 0 =5 ¥ = 10%; AGND = DGND =
0 V: Teppge =10 MHZ: Input Logle 0 = 0, Logle 1 = D¥py, unless otherwlse noted)

Lirnie st Tygm. Taax

Paramener (A, 5 Versions) Linits Conditions"Comments
forem™? Master Clock Frequency: Cryaal Oscillator or Bxernally
400 kHz min Supplied for Specified Performance
1 WMHz max AVpn =45V 1 5%
& MHz max AVpp = +525 Vo +105 Y
LoLE 3 10 0 LR n& min Master Clock Inpur Low Time. oy = Uiog o
Lok 4 Wl 0 % T e n& min Master Clock Inpur High Time
L 50 n& M Drigival Curpan Rise Time. Typically 20 m
i 50 n& M Drigital Cutpan Fall Time, Typically 2o ns
I Laan n& min STHL Fukewidth
Self-Clocking Mede
Iz i 1 min CEDY 1o BF= Semup Time
I, i fis [min DR 1o FF= Hold Time
L R Pk A n& min &0 10 FFE Seup Time
I it i min &0 10 FFE Hold Time
L, 1% g + 20 ns max FFS Low to SCLE Falling Edge
i 4 ¥ tom s + 20 0% (s Data Access Time (BFS Low to Data Valid)
Ly oK o'l n& min SCLE Falling Edge 1o Data Valid Dielay
Lo pe'd + 30 ns max
La oK o'l n& e SCLE High Pukawidth
L1a R Tk A 0% [ SCLE Low Pulsewidth
I, 50 1 min &0 10 TES Setup Time
o i fis [in &0 10 TFS Hold Time
L1 1= tlomm+ 20 1= ey TES 1o 5CLE Falling Edge Delay Time
1 4% Loy 1 min TE= e 5CLE. Falling Edge Hold Tims
L1s 0 n& min Pam Valid 1o SCLE Setup Time
L1a ] i min Pata Valid 1o 5CLE Hald Time
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ADTT10

Limit ar -I-_H".,', -I-.'rL'IJ;.
Parameter (A, 5 Yersions) Unit= Conditdens'Comments
External Clecking Mode
fso1k ] MHz mix Serial Clock Inpur Fraquency
L i 1= min TFEOY to FFS Setup Times
L 0 i1 i TEOY to FFS Heldd Time
Lz IE e I min A0 te TFS Setup Time
[ 0 I3 il A 1o BFS Hold Time
Ly 4% g i 15 Max Drata Access Time (BFS Low t Daca Valic
ere 14 I1= min SCLE Falling Edge to Drata Valid Diel ay
IE g+ 20 I max
Ly 2 L i miin SCLE High Pulsewideh
L7 ¥l e i SCLEK Low Pulsewidth
L Lep e + 100 1 Max SCLE Falling Edge vo TREY High
(. 10 I i SCLE 1o Data Yalid Hold Time
Lorg e + 10 I may
Ly 1a 1= min FFETFS 1o SCLE Falling Edge Hald Time
L, 5 Lo pe s + 50 f15 M3 FFS to Dia Valid Held Time
L1z a i miin A0 o TES Setup Time
(. 0 I3 il A0 1o TES Haold Time
[hy 4% tepp o I min SCLE, Falling Edge to TFS Hald Time
L1z 2w tor s — S CLE High [ i Ceata Valid v SCLE. Setup Time
Ly, 0 I min Drata Valid ve SCLE Hodd Time
HOTES

‘Guamngesd by d=ilgn, not production teseed, A1 inpuc slgnak ars specfizd with r = of =3 ns {10% 00 20% of 3 V) and dmed from. 3 velimgs level of L&Y,

S Flgurss 1000 L3,

*he ADT7000s peciied =ith 1 00 MHE CECE fo0 AV pg mlioges of +3 V2 75, 0 b speciled with an & JMHz Ckodk Tor AV po voltags: greaer dian 5,25 % ond less
than 1057,

LK I Uy opcl rangE B AT 0 3 CLE I mnt b2 mpplled whenever the ADT700 5 nocin STANDEY mods I0no dodk i presenn in dils e, che devics
cah draw Highsr curent chan spactfled and possiely become uncalibrated.

*The ADTTL0 s production 1esesd wih Ty st 10 MH2 (8 MHz for A%pp » +5.25 %) 115 giaronceed by charcierizicion oo opersie at 405 kHz,

“speciiled using L0% ond 0% points on weeeform of iners.

"Thes: numbers are megsured Wit the oad Circuk of Flgure | and d=fined os ihe ome requipsd for che ouUpUL LS Tms 0.8 ¥ or 207,

“Thess numbers are defved from the measured clme token by che daim curpue 1o chings &5 % when logded wich the decult of Flgurs 1. The megsursd numeer 15 then
exirapolaied back to remove siecs of Changng of dicharging the (00 pF capadeor, This mens thic che me: quotsd |0 ihe cming chargceeriscics ars the que bus
relinguish dmes af the par and, © such, ire indspendent of semal bus lopding capacrances.

Specifizacizns subjsct vo dange wehour nod s,

PIN CONFIGURATION
Dl ANDY SO10C

Nt

1o CUTPUT e [1] » 1] cane
i MCLE K [Z] BE®

WoLK ouT [7] =] soata

an [1] [51] CROY

SYAC |: ADTHD El FF5
Hes E QP vibs El L
AT+ E Kol i Scakaj El AGHL
Fgure 1. Load Circwit for Access Time and Bus Refinguish aiwti- ] 7] e
Time AN E El IEF QuT

AR} E El EF 1K+ |

Vig : E REF IKj-i
LT 3 Wi

- REV.F



AD7710

FIN FUNCTION DESCREIPTIONS

Funetion

PFin | Moemenic
1 SCLE

2 MOCLE IN
3 MCLE OUT
i A0

5 | BTHL

] MODE

7 R IRINES]

] AT

] ANz
1o | ATz

(W

12 | AVpp

12 [ Vs

14 | BEF Mi-3
15 | REF M+
1o | REFCUT
17 | Lot

15 | AGHD

Serial Clock, Logic InpurCurpan depending on the stams of the MODE pin. When MODE is high, the
device is in e self-clocking mode and the SCLE pin provides a serial clock oaput, This 5CLE becames
active when FFS or TFS gees low and it goes high impedance when either or TES returns high of when
the device has completad transmission of an cupur werd, When MODE & low, the device is in it exvemal
clescking mesde and the SCLE pin acis as an inpur. This inpur senal cleck can ke a continucus cleck with all
data transmitied in & coninueds rain of pules, Alwermatively, it can be a nencontinuons clock with the
information being transmicted to the ADT 710000 smaller batches of daa,

Mazter Clock signal for the device, This can be provided in the form of a crystal or external cleck A cryaeal
can be tied acress the MCLE W and MCLE GUT pins. Alcernatively, the MOCLE TN pin can b2 driven with
a CMOS compatible cleck and MELE OUT left unconnected. The cleck inpa frequency is nominally

10 MHz.

W hen the master clock for the device is a crystal, the crystal is conpected bevween MCLE TN and MCLE
OUT,

Addess Inpur. With this inpun low, reading and writing to the device 12 w0 the control regacer. With this
input high, access iz o either the dam regseer or the calibration registers.

Laogic Inpur which alloses for synchroenization of the digial fileers when using a number of AD77108, I ressn
the nesdes af the digital filcer,

Lagic Inpur. When this pinis high, the device is in its self-clocking mode;, with this pin low, the device is in
itz exremal clecking micsde.

Analog Inpar Channel 1. Positive inpuc of the programmable gain differential analog inpur. The ATNL+
input is connected wan ourpur current source which can be teed to check thar an external transducer has
burnad et or gone open circuit, This aurpar curent seues can be wrmed anfoff via the contrel regster,

Analog Inpar Channel 1 Megative inpur of the programima bk gain differential aralog input.

Analog Inpar Channel 2. Positive input of the programmable gain differential analog input.

Analog Inpar Channel 2. Megative inpur of the programima bk gain differential analog input.

Analog Megative Supply, 0V e =5 ¥, Tied 1o AGHD for single supply operation. The input volage on
AT or ATMZ should not go > 20 mY negative wort Vs for correct operation of the device,

Analog Peaitive Supply Veltage, +5 Vo +10 V.

Input Bias Valuage. This inpur valage should be set such that Vees + 0085 = Vigr < AVpp and Vages -
0,85 = Vpgp = Vig where Vg 2 BEF T+ - BEF 4= Tdeally, this should b tied halfsay bevseen
AV g, and Voo, Thus with AV =45V and Veg = 0V, it can be tied w BEF OUT; with ANy =+5V
and sz = -5V, it can be ged to &GHD whilke with AVpp = +10 'V, v can be tied 10 45 Y.

PReference Input. The BEF [M{-) can lie anywhere bersoen AVpp and Vg provided REF TR+ is greater
than BEF TN,

Refererce Input. The reference inpurn iz differential providing thar BEF TM+3 s greater than BEF TN,
BEF IEi+) can lie anywhere berseen AWpg and Vg,

Fefererce Cumpur. The internal +2.5 V reference is provided at this pin. This i= a single ended caput which
i= referred o AGRDL Tuis a buffered ouput which is capable of providiog 1 o o an external load,
Compensation Current Cuaepar, & 20 A constant current i# provided at this pin. This current can be wged in

assaciation with an external thermigter v provide cold juetion compersation in thermocouple applicaticns,
This current can be mrned onoar off via the control regscer,

Grround reference point for analog circuicey.

REV. F




AD7710

Fin | Mnemonic | Functicn

12 | TF=

to the part.

x| SDATA

23 | DVpp
x4 | DGND

Traremic Frame Synchronization, Active low logic inpur used o write serial daw o the device with serial dara
epected afver the falling edge of this pulse. In the selfclecking mede, the serial cleck becomes active after
TFS grses oo, In the external docking mode, TFS must go low before the firse bit of the dam word is written

Beceive Frame Synchronization, Active [ow logic input wed o access serial data from the device, In the
seli-clecking mode, the SCLE and SDATA lines both become sctive after BFS goes low, In the exernal
clocking mesde, the SDATA line becomes active after BFS goes low,

Logic Cutpur, A falling edge indicates that a new cutpur word s available for raremission, The TEDY pin
will recum high upon completion of transmission of o full oucput weed, TREDY is ako used 1o indicate when
the AT 710 hag complered i on~chip calibration saquence,

Serial Daca, InpurOurput with serial data being writen w either the contred regiter o the calibration regis-
ters and serial data being accessed from the control regster, calibra[iinnﬁr;%is.:ers of the data negaer.

Ciuring an ounput daca read operation, serial data becomes actve afier

Dhuring 3 write operaticn, valid ssrial data iz expected on the rising edges of SCLE when TS is low, The
cutpu data coding iz namaral binary for unipodar inpus and offzec binary for bipolar inpas,

Cligital Supply Volage, 45 V. IWVop shoukd nov esceed AVpn by more than 0.3 % in pormal epsration,

o reference point for digial circuicry,

goes Jow (provided DRI is lown,

TERMINOLOGY

NTEGRAL NONLINEARITY

This i the mavirmm deviation of any code from a seraight line
pasaing through the endpoine of the tansfer fanction, The

end poincs of the transfer fanction are 2ero scale (oot o be con-
fused with bipolar zero’, a poing 0.5 LSB below the fiest code
areion (000 . ., o00ea o0 000 and full scale, a paint
0.5 L5B abewve the last code rrarsition (110 .. 110w 111 ..,
111% The error i expressed s 8 percentags of full scale.

FOSITIVE FULL-SCALE ERROR

Praitive Full-Scale Error i the deviation of the last code transi-
ion (100 ... 1Lowe 100, 111 from the ideal ATH+) voluage
CATH + Ve GATM - 32 LSB. Tvapplies va both unipalar

and bipalar analog inpan ranges.

LNIFOLAR OFFSET ERROR

Unipolar Offser Errod is the deviation of the first code trarsiton
from the ideal AT voliage (AT + 005 LEBY when oper-
ating in the unipalar mesde.

BIMOLAR ZERC ERROR

This i# the deviation of the midscale transiton OL11 ... LLT o
100, 00 Eporm the ideal AT voleage (AT - 005 LEE)
when operating in the bipolar mode,

BIMFLAR NEGATIVE FULL-5CALE ERROR

This is the deviation of the first code transition from the ideal
AN voltage (TN - Ve GATH + 0.5 LEE when operat-
ing in the bipelar made

FOSITIVE FULL-SCALE OVERBRANGE

Positivie Full-Scale Cverrange is the amount of overhead avail-
able o handle inpur volages on AN input greater than
MM W e AT (o example, noise peaks o exces voli-
apes due o syatem gain errors in svstem calibration routines)
without intreducing erwors due we overloading the analog modu-
lator or to overowing the diginal filer.

NEGATIVE FULL-SCALE OVERRANGE

Thig is the amount of cverhead available v handle voltages on
AT+ below AT -Vaee AGATN without cverloading the
analog modulator of everflowing the digital filter. Mote that the
analog inpur will accept negative voliage peaks even in the uni-
polar mode provided thar ATH (45 is preater than AT and
greater than ¥ — 30mY,

OFFSET CALIBRATION BANGE

[in the syarem calibration modes, the A7 10 calibrates i offse
with respect wo the analog inpur. The Offser Calibratien Rangs
specification defines the rangs of volvges that the A7 10 can
accept and stll calibrave offset accuracely,

FULL-SCALE CALIERATION RANGE
This is the range of voltages thar the ATT710 can accept in the
apstem calibration mode and sl calibrae fall scale correctly,

[MPUT SI"AN

[ system calibration schemes, two voltages applied in sequence
to the ADTT10% analog inpur define the analog inpur rangs,
The inpur span specification defines the minimum and maxi-
mu inpur voltages from 2eco w full scake dar the ADT710 can
accept and stll calibrave gain accuraely,
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CONTROL REGISTER (24 BITS)

Aownite to the device with the A0 input low writes data to the control register, A read 1o the device with the A input low accesses the
corntents of the control regigter. The contral regiater is 24 bitz wide and when writing to the register 24 bits of data e be wrinen
ctherwisa the data ill not be loaded 1o the contral register. In ather words, it i noet pessible to write just the first 12 bits of data inta

the control register. If more than 24 clock pulses are provided before TES returns high, then all cleck pulkses after the 2dth cleck
pulss are ignoned. Similarly, a read operation fom the control register should access 24 bits of data.

MsB

MD:

MIn | MDo | G2 Gl | Go [CH | PD [WL |10 | BO [ BU

[FS11

Fsio | Fse [ Fss | FS7 | Fse | FSs | Fsa [ Fsa | Fs2 | Fsa | Fsel

LSE

Operating Mode

Operating Mode
MDDz | MIn | MDo
0 0 0
o o |
0 | 0
0 | |
| 0 0
| o |
| | 0
| | |

Mormal Mode, This is the normal mode of operation of the device whereby a read 1o the device with Ao
high accesses data from the data regiacer. This i= the defaul condition of these bit after the inernal
e N Teset,

Activate Self-Calibration. This activates self-calibration on the channel selectad by CH. This is a cne-step
calibration sequence, and when complete, the pan returres to normal mede (wicth M2, MDD, MDO of
the comtrol regiter rerurning te 0, 0, 07, The DREDT outpur indicates when this self-calibration is complete.

Far this calibration type, the 2ero-scale calibration is done internally on shorted zeroed) inputs and the
full-scale calibration is done intermally on Vygg.

Activate System Calibration. This activates system calibration on the channel selected by CH. This i= a
two-atep calibration sequence, with the zerc-scale calibration done first on the selected inpur channel and
DEDY indicating when this zera-scale calibration is complete, The part retums to normmal mode at the
aned af this first step in the two-step sequence,

Activate Syatem Calibratian, This is the second step af the system calibration sequence with full-scale
calibration being performed on the selected input channel. Once again, DEDY indicates when the full-
acale calibration is complete. When this calibration is complete, the part retarms to nermal mode,

Activate System Offser Calibration. This activates syatemn offset calibration on the channel selected by
CH. Thi= is 8 cne-step calibraticn saquencs and, when completz, the pan returms to normal mode with
DEDTY indicating when this system offzet calibration = complete. For this calibration type, the zero-scale
calibration iz done onthe selectad input channel and the full-cale calibration is done internally on Vgee.

Activate Background Calibratien. This activates background calibration on the channel selected by CH. IE
the backgraund calibration mede is on, then the ATT7 L0 provides contimous self-calibraten of the
reference and shored (zerced’) inputs. This calibration takes place as part of the conversion ssquence,
extending the comversion time and reducing the word rate by a factor of six. Its major advantage is that
the user does not have to warry abour recalibrating the device when there i a change in the ambien
temiperature, In this mode, the shomad (zereed ) inputs and Vygg, a5 well a3 the anal g input voltags, are
contimrously monitored and the calibration registers of the device are automatically updated.

Baad W rite Zero-Scale Calibration Cesfficients. & read 1o the device with A0 high accesses the contents
of the zerc-scale calibration coefficients of the channel selecred by CH. & write to the device with A0 high
writes data to the zero-scale calibration coefficients of the channel selected by CH. The word length for
reading and writing thess coefficients iz 24 bits, regardless of the status of the WL bit of the contral
register. Therefore, when writing to the calibration register 24 bits of data must be written, othersiss the
rew data will not be transterred 1o the calibraton register,

Bead ™ rite Full-Scale Calibration Coefficients. A read to the device with Ao high accesses the contents of
the full-ecale calibraticn coefficients of the channel selectsd by CH. A write to the device with A0 high
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for
reading and writing thess coefficients is 24 bits, regardless of the status of the WL bit of the contral
regisrer. Therefore, when writing to the calibration register 24 bits of data must be written, othersise the
rew data will not be transterred o the calibraton register,
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PGA GAIN

LEN Gl Gl Gain

] a i 1 {Detanle Condition Afver the Internal Power-0n Resers
a a 1 2

i 1 i i

i 1 1 &

1 i a (]

1 0 1 Az

1 1 a A

1 1 1 128

Channel Selection

CH Channel

i AN iDetanle Condition Afver the Internal Power-0n Resers
1 ANz

Pavwep-Dhawn

]

0 Mormal Cperation  (Drefault Condition Afver the Intecnal Power-0mn Reser)
1 Power-Tiown

Ward Length

WL Crucput Woerd Length

a 14-Bit iTrefaul Condition After Imernal Fower-On Beset
1 24-Bir

Crurpur Compensation Current

[k

0 i {Defaule Condition After Imernal Power-On Reset
1 i

Buen=Coe Current

(110

0 i {Defaule Condition After Imernal Power-On Reset
1 i

BipalariUnipalar Selection (Bath [nputs)

B

0 Bipolar (Trefault Condition After Imernal Fower-On Beset)
1 Ulnipolar

Filter Selection ( FS11-FS0;

The an-chip digital filter provides a Sinc® (or Sineso™ fleer response. The 12 bin of data programumed into these bits determine the
filter cutcl frequency, the pesition of the fiest notch of the fleer and the data race for the part. In assaciation with the gain selection,
it ako determings the cuput noise fand hence the effective rescluticn of the device,

The first neach of the fler occurs at a frequency determined by the relatonship: Gler first notch frequency = (e pe5 120 cods
where code is the decimal equivalent of the code in bits FE0oo FSLL and is in the range 19t 2,000, With the nominal e pe of
10 MHz, this resulez in a first notch frequency rangs from 9,76 Hz w1028 KHz To ensure correct operation of the ADTT10, the
value of the cocke loaded 1o these bis e be within this range, Failure e de chis will result in wepecified operation of the device,

Changing the filver nowch frequency, s well as the selected gain, impacs resolucion. Tables T and I1 and Figure 2 show the effect of
the fileer notch fequency and gain on the effective resclution of the ATT710. The cutpur data rate {of effective conversion time for
the device is equal o the frequency selected for the first notch of the fher, For example, if the first nowch of che filter is selecred @
50 Hz, then a new word & avaibble av s 50 Hz rave or every 20 ms, I the first nowch is at 1 kHz, 8 new wond is available every | o

The serding ame of the filter toa fall-acake step input change is worst caze 4 Lourpan daca raced, This sewding ome is e 100% of
the final value. For example, with the first filter noh at 50 Hz, the 2ecling time of the filer o oa folkscale sep input changs is

&0 mis max. 11 the fiest notch is av 1 kHz, the senling time of the filter to a full-ecake input gtepis 4 ms may, This secling time can be
pecturad to 3 LVourpar daca rae’ by synchronizing the siep inpur change 1 a reser of the digical Blver, In ccher words, if the sep
irput takies place with ST low, the sertling time will be 2w Lourpat data racéi, If a change of channels takes place, the sting
fime s 3 Fioutpur data rae) regardless of the SYRL inpur,

The -2 dB Fequency is determined by the programmed first notch frequency sccording to the relatiorship: filer -2 dB fraquency
= 0262 = firs notch frequency.
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Tables I ared 11 show the curpur ms noise for seme typical notch and =3 dB frequencies, The numbsers given are for the bipelar
input ranges with a Weer of +2.5 W, These numbers are typical and are generated with an analog input voltage of 0 %, The cutput
neise from the pan comes Fom two soupces, First, there is the electrical neis in the gemiconductor devices weed in the implementa-
ticn of the modulator (device noised. Secondly, when the analog input signal i converted inte the digital dormain, quantization neiss
is added, The device noie is ata low kevel and is largely independent of frequency. The quantization noise starts atan even lower
level bur rises rapicly with increasing frequency te become the dominant moize source, Corgequently, lower filer notch semings
ibelow a0 Hz appresimacely tend oo be device neise dominatsd while higher noch semings are dominated by quantizaton noiss,
Changing the fileer notch and o ff frequency in the quantization neise dominated region resules in a more dramatc improvement
in noke performance than ic does in the device moise dominated region as shown in Table I Furthermore, quantization noise is
added afer the PGA, 20 effective resolution i independent of gain for the higher filter nowh requencies. Meamwhile, device moize is
added in the PGA and, therefore, effecrive reclution sutfers a lile ac high gaimm for lower notch frequencies,

Ar the lower filver notch sertings (helow a0 H2i, the no missing codes performance of the device is at the 24-bic level. At che higher
sertings, mene codes will be missed uncil at 1 kHz notch seming, no missing codes performance is only guaranssd to e 12-bit lavel,

Howerer, since the effective resaluton of the partis 1005 bits for this filer nocch 2ecing, this ne missing codes perfermance should
b rricre than adequate for all applications,

The effective resolut en of the device is defined a= the ratio of the outpuar cms noeise to the inpur full scale. This does not remain
constant with increasing gain or with increasing bandwideh, Table [Tzhews the same table as Table [ excepr that the ourpan is now
expressed in terms of effective resolution {the magnituds of the rms naise with respect 1 2« Ve GATMN, e, the input full scale). T
is pocsible ve do poat filvering on the device o imprave the oupan data rate for a given -3 dB frequency and alse oo furcher reduce
the curput noiss (e Digital Filvering ssction,

Table 1. ucpat Moise va, Gain and First Norch Frequency

First Nateh of Typical Crucpur RAMS Maoise (p¥)

Filter & O/I* | =348 Gigin af Giain of Grain of Gain of Urain of Crain af Gain of Crain af
[rata Bate! Frequency | 1 i 4 & 1n il i 11%
L0 Ht? 262 Hz 1.0 0.7 0.43 0.23 0.23 0.5 0.25 0.3
23 Hr? 6.55 Hz 1.5 1.1 063 0.3 0.44 041 038 0.3
i Hz? 7.86 Hz 2.3 1.3l 0B 0.57 .44 0.43 0.4 04
50 Hz' 131 Hz 4.23 2.06 1.2 064 0.54 044 046 0445
a0 Hz? 13.72 Hz 328 2.36 1.23 0.87 0.63 0.62 L& 056
iooHr Ja.2 Hz 13 a4 an 15 1.1 0o .65 065
250 HL 65,5 Hz 130 73 25 12 1.5 1 2.7 L7
S00 H' 13l H=x R .26« 10! 140 Th i3 5 15 B

i EHZ' 24l Hzx ENERTE 1.6 = 10 07w 1! 0,20 % 100 L5 Lzo 0 40
HWOTES

FThe dsfauh condidon [afcer che imerna powsr-on reted) for the Aest noich of Alosrls 6 He

“For these Plesr noech raquencles, the SUIpUE ems nolse |s pmorly dominsd by devos nolse ond m o rlc 12 Independent of the valus of the rlaence volings.
Therlore, increasing the refgence oliogs will glvs aninorease In e sMecive resoleion of the d2902 [Le, the o af the rme nolse oo e npuc full 2oals s
increaszd sinos the CUIpULrms nolse remalns consine as the nput il scle increas.

“For these flesr nooch frequencies, the cuipuc rms nolse |5 dominaied by quoncizmlon nobe and a5 2 resuk b proponioml 1o de value of ts rference voloage

Table 1. Effective Resoluton v=. Gain and First Noteh Frequency

First Noteh of Effective Resolution! (Rics)

Filter & O/I* | =348 Gigin af Giain of Grain of Gain of Urain of Crain af Gain of Crain af
[Fata Rate Frequency| 1 i 4 ® 1n il i 12
10 Hz 262 Hz 215 2L.5 i 2l IR 193 185 17.3
I3 H:z 6.55 Hz 2LA 21 21 20 12.5 15.3 175 14.3
30 Hz 7.86 Hz 21 2l 0.3 20 12.5 153.3 175 14.3
50 Hz 131 Hz 20 20 1| 19,5 12 153.3 175 14.3
60 Hx 13.72 Hz 20 20 1| 19,5 1% 13 17 14
LoD H= 2.2 Hz 18.5 185 15.3 18.5 15 17.5 17 14
XS0 H:= 65,5 Hz 15 13 15.3 15.5 135 13.5 15 14.5
SO0 H= 121 Hz 13 12 L3 13 12 123 125 123
1 kHz 24l Hzx 10,5 10.5 11 11 11 103 10 1o
ROTE

CEMfective resaluricon |3 deflnsd ms the magnikuds of the SNpUE rms oolse with respe 1o the nput full saale (e, 2 % VW31, The abeove table appliss for a Vg
of =2.5 W and resolution numesrs ore round &3 10 the neanest 0.5 LSE.
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Figure 2 gives smilar infermation to that autlined in Table L In this plot, the output rms neise is shown for the full rangs of avail-
able cutaffs frequencies rather than for some typical cutaff frequencies a2 in Tables T and IL The maumbers given in these plots are

typical values at 25°C,
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Figure Ja. Plot of Qutput Noise va. Gain and Notch
Frequency (Gains of Tto 8)

CIRCUIT DESCRIPTION

The ADTT10 08 & sigma-delta AT canverter with on-chip digical
filtering, intended for the measurement of wide dynamic range,
low frequency signaks such & thees in weigh scale, industrial
contral or process contrel applications. It conting a sigma-delta
{or charge balancing) ADMC, a calibration micrecontroller with
on-chip static RAM, a cleck oscillator, a digital filter and a bi-
directional serial Communications port,

The part containg two programmable gain differential analog

irput chanmels, The gain range is from 1 te 128 allowing the
par to accept unipalar signake of berween 0 mY 1o +20 mV and
0 W o +2.5 V or bipolar signaks in the range from £20 mY 1@
12.5 ¥ when the reference input voltage aquals +2.5 V. The
iriput signal to the selected analog input channel i contirmsusly
garnpled at & rate determined by the frequency of the master
clack, MCLE IM, and the selected gain (see Table T, A
charge-balancing AT corverter {Sigma-Dielia Modulazary con-
verts the sampled signal imo a digital pulee train whose dury
cycle conming the digital information. The programmable gain
funiction o the analog input is also incorperated in this sigma-
delta medulator with the input 2armpling fequency being medi-
fied to give the higher gains. A sing® digital low-pass filter
proceszes the cutpar of the sigma-delta modul stor and updates
the cutpur register at a rate determined by the first nowch fre-
quency of this filter. The curput data can be read from the serial
peort randemly or periodically ai any rate up to the ourput regis-
ter update rate, The first notch of this digital filver (and hence it
-3 dB frequency’ can be programimed via an on-chip contral
register. The programmable range for this first notch frequency
iz from 9.76 Hz w0 1.028 kHz, giving a programmable range far
the -3 dB frequency of 2.58 Hz o 269 Ha.
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Figure 2b. Plot of Output Noise vs. Gain and Notch
Freguency (Gains of 16 to 128)

The basic connection diagram for the part i= shown in Figure 3,
Thiz shews the AT¥T710 in the external clecking moede with
bath the AVpp and DV g pins of the ADNV 710 being driven
from the analog +5 V aupply. Some applicaticns will have
separate supplies for both AVpp and DVop, and in some of
these cases, the analog supply will excesd the +5 V digital sup-
ply {22 Power Supplies and Grounding section),
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Figure 3 Basic Connection DVagram
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The ADT710 pravides a numbser of calibration optiare which
can be programmed via the cochip contral register. A& calibra-
tion cycle may be initiated at any time by writng to this contrel
register. The pan can perfonm self-calibration using the on-chip
calibration microcontraller and SEAM to sore calibratian
parameters, Orther system components may alss be inchided in
the calibraticn loop to remove offset and gain errors in the input
channel vsing the system calibration mode, Another option is a
background calibration made where the part continuaely per-
forms self-calibration and updates the calibration coefficients
(Cnce the pam is in this mode, the user dees nat have o worny
about izning periodic calibration commands to the device or
asking the device to recalibrate when there is a changs in the
amnbient temmperature of pawer supply voltage,

The AT¥7710 gives the user access 1 the an-chip calibration
registers allowing the microprocessor to read the device's cali-
bration coefficients and alss to write itz own calibration cosffi-
cients to the part from prestored values in E'PROM. This gves
the microprocesaor muich greater contral over the AT 10%
calibration procecure. It aleo mears that the user can verify that
the device has perfommed it calibration correcdy by comparing the
coefficients afier calibration with prestored values in EFROM.
The ADT710 can be operated in single supply syaterms provided
that the analog input voltage dees not g more negative than
=30 mY. For larger bipolar signals, a Vag of -5 Vis required by
the part. For battery operaticn, the ADTT10 aleo offers a soft-
ware-programmable standby mode that reduces idle power
COMBumption to typically 7 mW.

THEORY OF OPERATION
The general block disgram of a sigma-delta ADC & shown in
Figure 4. It containg the following elements:

L. A sample-hold amplifier.
. A differential amplifier or subtracter.
. An analog low-pass filter.

. A 1-bit A/D converer {comparater),
. A 1-bit DAC,

. A digital low-pass filter,

AT ANP
A, SRALDG
_.,l— LW -PaEE
- FILTER

L =
N

Figure 4. General Sigma-Delta ADC
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In oparation, the analog signal sample is fed to the subtracter,
along with the cutpar of the 1-bit DAC, The filtered difference
gignal is fad to the comparator, whese output samples the dif-
ference signal at & frequency many times that of the analog
gignal samipling frequency (oversampling).
Overzampling i fundamental w the operation of sigma-dela
A, Tsing the quantzation noise formula for an ADC:
SNR = (6,02 % nuwmwher of b + 1.76% dB,

a 1-bit ADC ar comparatar yields an SMER of 7.78 dB.

REV. F

The AD7710 samiples the input signal at & fraquency of 2@ kHz or
greater (soe Table IT). As a result, the quantization noise &
spread over a much wider frequency than that of the band of
interesr. The naise in the band of interest is reduced still farther
by analog fltering in the modulater leop, which shapes the
quantizaticn nedss spectnam o move most of the naise energy to
frequencies cutzide the bandwidih of interest. The noize perfor-
mance i thue improved from this 1-bic level to the performance
autlined in Tabkles T and IT and in Figure 2.

The output of the comparater provides the digital input for the
1-hit DAL, g0 that the system functions a3 a negative feadback
[pop that tries to minimize the difference signal. The digital data
that represents the analog input veltage is contained in the duty
cycle of the pulse train appearing at the cutput of the compara-
tof. Itcan be retrieved az a paralkel binary data word using a
digital filier,

Sigma-delta ADCs are generally described by the order of the
analog low-pasa filter. A simple example of a first arder sigma-
delta ATMC iz shown in Figure 5. This comtains cnly a firsr omder
low-paes filter ar integrator. It also illustrates the derivation of
the alternative name for thess devices: Charge Balancing ADCa,

FFERENTIAL
ANMPLUFER INTECHATOR

I

Figure 6. Basic Charge-Balancing ADC

COMPENATOR

It cormistz of a differential amplifier {whese carpur is the differ-
ence between the analog input and the output of a 1-Wt DAC),
an integrater and a comparator. The term, charge-balancing,
comes fram the fact that this system is 8 negative feedback loop
that tries to keep the net charge on the integrator capacitor at
zero, by balancing charge injectsd by the input voltage with
charge injected by the 1-bit DAC, When the analeg input is
zera, the anly contributicn to the integrator cutput comes from
the 1-bit DAC. For the net charge on the inegrator capacitor to
be zero, the DAC cupur must spend half it= time at +F5 and
half its time at -F5. Assuming ideal components, the duty cycle
of the cormparatar will be 50%,

When a pesitive analog input i= applied, the cutpat of the 1-bit
AT must spend a larger proportion of the time at +F5, so the
duty cycle of the comparater increases. When 8 negative input
voltage i applied, the duty cycle decreases,

The AD¥7710 uses a 2econd order sigma-delt medulator and a
digital filter that provides a rolling average of the sampled oui-
put. After power-ap, or if there is a step change in the input
voltage, there is a settling time that must elapse before valid
data is obtained.
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Iopur Sample Rare

The moctulacor 2ampls frequency far the device remaing at
faypy™1E (19 S EHE if fopy oo = 10 MHE) regardless of the
selected pain. Howrewer, girs preater than =1 are achieved by a
combiation of moltiple iopur pamples per modulacor cycle aod
3 ecaling of he ratio of reference capacitor oo inpur capacitar,
Az a reaalt of the ouliple sampliog, the iopur eample rate of
the Jdevice varies with the selected @in ee Table IT). The
effecrive inpor impedance iz 1/C = fr where C s the input [m-
Miog capacitanke and fri2 the inpur 2ampke rae.

Table 11, Ioput Sampling Frequeocy v=. Gaio

Gain lopur Sampling Frequency (Ig)

] fox o256 (39 KHE @ fox e = 10 MHZ)

2 i % b eS8 (76 EHE (@ borees = L0 MHS)
| 4 % foy o256 (196 EHE (@ fop pe = L0 MHT
g & % bk 336 (312 EHZ i foppe = L0 MHZ
16 & % bk 356 (312 EHE i fop o = L0 MHZ
3z 8 % b 356 (312 BHE i fqp pe = L0 MHZ
64 8 % bk 356 (312 EHE @ fop e = L0 MHZ
118 8 = forg mafE56 (312 EHE i@ fog pe= L0 MHE)

CIGITAL FILTERING
The ADTT10% Jigital filier bebaves like & similac aoalog filter,
with 3 few minor differences.

Firat, eioce digiel fileeriog sccure after the A-w-Ir conversion
proces2, it can remove noise injecred during che convereion
procez2, Aralog flrering canoot do chis,

i the otber hand, spalog filtering can remove ooiese super-
impread on the aralog sigoel before it reaches the AT, Drigtal
fileering cannor o thie and noize peaks riding oo zignale oeac
fall acale bave the potertial o 2acurace the analog mechilacor
and digical filter, swen though the average vahe of the aignal ie
within limite. Tio alleviare thie problem, the ATy 710 hag aver-
ranges hesdroom buie inee the 2igma-delrs mochilacor aod digital
filver which allows overcange emcureionsz of 5% above the analog
input range. If noize signale are lacger than chie, congidecation
ghoukd be gven o analog inpur lvering, or o echxcing the
input chanoel volrage o thar it foll 2cale ia half thar of the
analog iopat channel fll cale. Thiz will provide an overrang:
capa bility grescer thao 100% ar the expense of rechxing the
dynamic range by L bit (30%).

Filter Characteristics

The cutoft frequency of the digical filver ie derermioed by the
value loaded 1o bita B350 to B5L L in the coooral regiacer. At the
maimam clock frequency of 10 MHz, the minimam cutotf
frequency of the fileer ik 238 Hz while the meximum program-
mable coroff frequency ia 269 He.

Figure & ehowe the ficer frequency reeponese for a cocoff e
quency of 2.62 Hz which comesponds w & firar fileer notch
frequency of L0 He. Thie iz 8 {@inz'e)® neaporss (alao called
ginc® char providee =100 38 of %0 Hz and 60 Hz rejecrion.
Programmiog & different curoft frequency via FS0-F311 does
not alver the profile of che filver reapones, it changes the fequemy
of the nowches a2 omlived io the Cootrol Regeer sexction,
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Figure 6. Frequency Besporse of AQFT T Citter

Since the AD Y710 containg chiz on-chip, Jow-paee fileering,
there ik 3 pemtling rime a2eociaved with etep farktion inputs, and
dara an the oucpur will be invalid afver 3 gep chaoge aotil the
eettling time has elapeed. The serrling time depende upan che
oo b frequency chemen for che filer. The ourpn daca race
equacee (o hig fileer nowh frequency and the ecrling time of the
filter 1o & falkecals 2rep inpar iz four Times he sutpor dars
period. In applicatione ueiog both inpur channele, the serding
rime of the filver over be allowed w elapee before data from the
eecond channel iz acceesed.

I*ost Filtering

The oo-chip moedulaver provides samples ara 195 kHz outpur
rate. The on-chip digital filrer decimanes thee samples o poo-
vide data ar an ourpur rate which correpponde w the pro-
graoumed firer nowch frequency of the fileer. Since the ourpan
dara rate exceeds the Myquist cricecion, the output race for a
given banpdwidch will 2atafy meer application requirements.
Howerer, there may be some applications which require &
bigher data rate for a given andwidih and noiee performance.
Applicatione which need thie bigher dat rate will require 20me
poe Edrering following che digital fileer of the ATH 710

For exsmple, if the requined bandwidth iz 7. 86 Hz but the
required update rave iz 100 Hz, the dacs can be aken from the
ATHFTLO0 at the L0 He race giving 2 -2 4B bandwidth of
26.2 He. Poet filvering can be applied o thiz to reduce the
bandwidth and outpar noize, to the 7.86 Hz bandwicth level,
while maintaining an output rare of 100 Hz

Poar filering can al2o be vaed w0 redoce the aurpn ooie from
the device for bandwidthe below 2 62 Hz, Ar a gain of 123, the
ot roee noie e 230 0V, Thie iz essentially device noize or
white noiee, aod gince the inpur iz chopped, the noiese haz a Ha
frequency reeponee. By reducing the banpdwideh below 2,62 He,
the noize io the reenitanr pazeband can be rediced. A reducrion
in baodericth by a faceor of teo cegle in & +2 rechuction in che

oacpur roe noiee. Thie add tional Gleeciog will reenlt ina longer
exteling time.
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Antializs Consideration=

The digial filwer does not provide any rejection atintegsr mml-
tiples of the modulator sample frequency (x 195 kHz, where
n=1,2 3. .. % This mears that there are fraquercy bands,
thp wide i gp is curaff frequency selected by F50 1o F511
whers noise passes unattenuated o the ourpar, However, due o
the ADT710% high oversampling ratic, these bands coccupy anly
a armnall fraction of the spectrum and mest broadband nokee s
filtered. In ary case, becavse of the high oversampling ratio a
simple, BT, single poke filier is generally sufficient w atermate
the signals in these banct on the analeg input and thus provide
adequate antialissing Gltering.

[1 passive components are placed in front of the AD7710, care
st be taken o ersane that the source impsdance is low encough
20 a8 0ol T introduce gain ecrors in the system. The A inpur
irpedance for the A7 1009 aver 1 GEL The input appears as
a dynamic lead which varies with the cleck frequency and with
the selected gain (2ee Figure 74 The input sample rate, as
shown in Table I, determines the time allowed for the analeg
inpur capacitar, Cpg, o be changsd. External impedances result
in a lenger chargs time for thie capacitor and this may pesul

in gain arrors being intrecuced an the ana kg inpucs. Table TV
shows the allwable exvernal resiatancet apacitance values such
that ro gain @mar tothe 14-bit level is inraduced while Table ¥
shows the all s able external resstances apacitance values such
that no gain emor o the 20-bit level is inroduced. Both inpus
of the differenmial inpur channels leok i siolar inpa ciroaicry,

1l
ADTTI0 \
L
TRl TV HGH |
EE weEDANCE |
c *AG I {
™1 I|
e ﬂIIT {
WLl |
TWTCHIRG FRERD DEPERDS SN |I
fewwm ARD SELECTED SalK b
\

Figure 7. Anaiog input impedance

Table IV, Typical External Series Resistance Thar Will Mot
[ntroduce 16-Eic frain Errer

External Capacitance (pF)
Gain |0 50 1061 AN 106 S0
1 LEd kO (453 BED |27 0 RER | 7oA KR | 400 K2 L1 K2
2 aE6 REL | 2200 BED | 152 KL | ekl | 20 KD | S0 L2
1 A04 BED | 1o BED A 3 REL | LT REL | 9T0EL | 27082
-8 | 176 kD (48 k) [2ok) | Fe0i [ 4400 | 12008

Tahle V. Typical External Series Kesistance That Will Mot
[ntroduce 20=Eic Gain Error

External Capacitance (pF)
Gain 0 A0 1 A L] S0
1 P45 KL | 25 EO ) 2o R 52 B (28 HY | 7o 0l
2 EEAR N T O T < O e O I I 0 R T
1 AEEL B0 kED JABRD [ L2 EL (4708 [ 17002
B-128 | 124 B[ 26 k0D |22 SO | A00 L | B0
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The nurnbers in the above tables asaame a full-acale changs on
the analog inpur, In any e, the ermor inroduced due to lenger
charging times is a gain error which can be removed using the
svatermn calibration capabilities of the AT 710 provided thar the
restileant span is within the span limits of the gysem calibration
techiiques for the AT 710

ANALOG INPUT FUNCTIONS

Analeg [oput Ranges

Both analeg inpurs are differential, programmable gain, inpa
channels which can handle either unipelar of Bpalar inpu
signak. The common-mode rangs of these inpurs is from Vg ©
AVpn, provided that the absclute value of the analeg input
voltage lies berween Veg 20 mV and AVpp +20mV,

The de input kakage current is 10 pA maximum at 25C

(1 ndoaver temperatuned. This resule ina do offset voltage
developed across the source impedance. However, this oo affse
effect can be comperrated for by a combination of the differen-
tial inpur capability of the parn and its syatem calibration maode,

Burnout Current

The AN+ inpur of the ADT710 contains a 4.5 A current
soirce which can be turned andaff via the conmal register, This
current seure can be uged in checking that a transducer has oot
buarmed cut or gone open crcuit befare arempting o take mea-
surernents on that channel. T the current is arned on and
allowed fow i the transducer and 8 measuement of the
input veltage onthe ATHT inpur i taken, it can indic ate thar the
cranaducer has burned our of gone epen ciroait, For nonmal
aperation, this burnour current is tamed off by writing a 0o
the B binin the contrel regster,

Dhtpur Compensation Current

The AL 710 alsa conis a feature which can enable the user
o implement cofd juncticn compensation in hermec cupla
applications. This can be achieved using the cutput compensa-
tior current from e Lyp pin of the device, Once again, this
current can be turned onfoff via the coneral register, Writing a |
ro the [0V b of the conerdl register enables this compensaton
CLTERNL.

The compensation current provides a 0 A constant curren
sotirce which can be used in association with a thermistar or a
dicde to provide cold junction compensation. A comman
rrethod of generating cold urction compensation i 1o s &
rernperature dependent current Dowing through a fixed resister
o provice a valeage thar is equal to the voltage developed acroes
the cold juncticn ar any temperatare in the expectad ambient
range. In this case, the tempsramire cosfficient of the compens -
tian current is &0 low compared with the wemperatare coeficient
af the thermister thar it can be considensd constant with tem-
perature. The temperamare vanation is then provided by the
variation of the thermistor’s resistance with temperature,

Marmally, the cold junction cormpensation will be implermenied
by applying the compensation voltags w the second input chan-
nel af the ADTT 10, Periodic conversion of this channel gves the
user a voltge which corresponds e the cold juncien compen-
saticn voltage, This can be used e implement cold juncticn
campensation in seftware with the result from cthe thermocouple
input being adjusted acc ording te the result in the compensation
channel. Alwernatively, the valtage can be subtracted from the
input voltage in an analog feehion, thereby using only ane char-
nel of the ADFT10,
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Bipolar/Unipolar [nputs

The two analog inputs on the ADTT10 can accept either unipoe-
lar or bipalar input voltage ranges. Bipolar or unipelar optons
ane chasen by programming the B bie of the control regater.
This programs bath channel= for either unipalar ar bipolar
operation. Programuming the part for sither unipolar or Wpalar
operation dees not change any of the input signal conditioning;
it simply changes the data cutput coding. The dat coding i=
birary for unipalar inputs and offset binary for bipolar inpurs.

The input channels are differential and, as a result, the voliags
o which the unipolar and bipelar signals are referenced is the
voltage on the AIN{-) input. For example, if AN B 4+1.25 Y
and the ADT710 08 configured for unipalar operaticn with a
gain of 1 and a Vigpof +2.5 V, the input voltage range on the
AT+ dnput i +1.25 Voo +3.75 V. IPAIN S s 41,25V and
the ATV 71068 configured for bipdar mode with a gain of 1 and
a Vper of +2.5 WV, the analog input range on the ATH{+) inpuat is
-L25Vio 4375 W

REFERENCE INPUTMOMUTPFUT

The AD7710 contains & temperatare compensated +2.5 ¥ refer-
ence which has an initial tolerance of £ 1%. This reference valt-
age i provided at the BEF OUT pin and it can be uzed as the
reference voltage for the pan by connecting the REF OUT pin
to the BEF IN{+) pin. Thiz BEF OUT pinis a single-ended
autpt, referenced to AGMD, which iz capable of providing up
to 1 mud to an external load. In applications where REF OUT is
connected to BEF IN{+i, REF I{- should be tied o AGRD
ta provide the nominal +2.5 V reference for the ADTT10.

The reference inputs of the ADTT10 BEF N+ and BEF I,
provide a differential reference input capabiliy. The common-
mosde range for these differential input i from Vg to AVpn.
The naminal differertial voltage, Vige (BEF IN{+-BEF IN -,
i +2.5 V for specified operation, but the reference voltage can
@i to +5 Y with no degradation in performance provided that
the akeolute value of BEF IN{+) and REF TN~ doss not ex-
ceed its AVpp and Vs limits and the Vas inpur voltage rangs
lirmits are obeyed. The pan is al2o functional with Veer wltage
dawn te 1V but with degraded performance as the outpat noiss
will, in terms of LSB size, be larger. BEF IN{+) must always be
greater than BEF I =) for correct operation of the ATV 710,

Bath reference inputs provide a high impedance, dynamic lead
gimilar to the analeg inpute. The maximum & input lsakags
current & 10 pA (1 nd over lemperature) and source resis-
tance mmay result in gain errors on the part. The reference inputs
Tk like the analog inpat (2ee Figure 73 In this case, By is

5 K2 yp and Cpgr varies with gain. The input 2ample rate is
3 pe256 and does not vary with gain, For gains of 1 to 8 Cyyr
iz 20 pF; for a gain of 16 itis 10 pF; for a gain of 32 itis 5 pF;
for a gain of 64 it i 2.5 pF, and for & gain of 128 ivis 1.25 pF.
The digital filier of the AT 710 removes noise from the refer-
ence input just as it dees with the analog inpat, and the same
limnitations apply regarding lack of noise rejection at integer
multiples of the sampling frequency. The autput noise perfor-
mance cutlined in Tables T and IT assumes a clean reference. If

~16=

the reference noiss in the bandwidth of interest iz excessive, it
can degrade the performance of the ADT710, Thing the cn-chip
reference as the reference source for the part (i.e., connecting
BEEF OUT ta REF IN results in somewhat degraded output
neke performance from the AT 710 for port cng of the node
table that are domitated by the device noise. The on-chip refer-
ence noise effect is eliminated in ratiomeiric applications where
the reference iz 1ged 1o provide the excitation voltage for the
analog front end. The connection scheme, shown in Figure & is
recomumended when using the on-chip reference. Recommendead
reference voltage sources for the ADTT10 include the ATYS80
and ADeE0 2.5 V references.

HEF QUT

ADTTi0

REF N -]

Fgure 8. REF OUT/REF IN Connection

Vs Input

The Vqpss input determine at what voliage the intemal analog
circuitry is biased. It essentially provides the reoum path for
analog currents ewing in the medulater and, as such, it shauld
b= driven from a low impedance point to minimize srrors.

For maximm intemal headroom, the Vaps voltage should be
et halfway between AVpp and Vg, The difference betwesn
Ao and (Ve + 085 % Ve determines the amount of
headroom the circuit has at the wpper end, while the difference
between Vi and (Vages — 0085 % Vpgg) determines the ameount
of headroom the circuit has at the lower end. Care should be
taken in choosing a Vapas voltage to ensure that it stays within
prescribed limite. Far single +3 V' operation, the selected Vi
viltage must ensure that Vppgs £ 0,85 x Vpgp does not excesd
AN or Vg or that the Vaps valtage iself is greater than Vs
+ 2.1V and less than AVpp - 2.1 V. For single +10 ¥ operation
of dual £5 V' operation, the selected Vo voltage must ensure
that Vapas £ (.85 = Vyer does not exicesd AVppn of Ves ar that
the Wips voltage itself i= greater than Vg + 3V or less than
MVpp -2 V. For example, with AVpp = #4785V, Vg =0V
and Ve = +2.5 V, the allowable range for the Vas vdtage is
+2.125 Vo +2625 V. With AVpp = 495V, Ve =0V and
Wpep = +5 V., the range for Ve is +4.25 Vo +5.25 V. With
AVDD = +4.73V, Ves =475V and Ver = +2.5 V, the Vs
range is -2.62% Vi +2.625 V.

The Varas voltage does have an effect on the AVpp power sup-
ply rejection parformance of the ADT710. If the Vs woltage
tracks the ANpp supply, it impraves the power supply rejection
from the AVpp supply line from &80 dB to 95 dB. Using an
external Zener diode, connected between the ANpp line and
Wapas, & the source for the Wgpss woltage gives the improvernent
in AVpp power supply rejection performance,
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USING THE ADTT D

SYSTEM DESIGHN CONSIDERATIONS

The AT¥7710 operates differently from successive approsdma-
tion ADMCs of integrating ADCa, Since it samples the signal
contirmously, like a rracking ADMC, there is no need for a start
comvert command. The autput register is updated at a rate
determined by the fir nowch of the filter and the aurpat can be
read ar any Gme, gither smchroneely ar asynchroenously,

Clocking

The AT¥T710 requires a master cleck input, which may be an
exgernal TTLACMOS compatible clock signal applied w the
MCLE I pin with the MCLE OUT pin left unconnecred.
Alternatively, a crystal of the correct frequency can be con-
nected between MCLE IN and MCLE OUT, inwhich case the
clock cipcuit will funcien as a crpstal controlled eacillacor, For
lower clock Fequencies, 8 ceramic resenator may be ussd
instead of the crystal. For these lower frequency ascillators,
external capacitors may be required on either the ceramic resc-
nator of on the crystal,

The inpur sampling frequency, the modulator sampling fre-
quercy, the =3 dB frequency, output update rate and calibration
time are all dirsctly related to the master cleck fraquency,

frp g pe Beducing the master cleck fagquency by a factar of twa
will halve the abave frequencies and update rate and will doubla
the calibraticn time.

The current drawn from the DV power supply is alao directly
refated o fiopy pe Beducing fopxps by a factor of vwo will halve
the DV current but will net affect the current draven from the
AN pp power supply.

Sy=tem Synchronization

Tf mroleiple AL 7108 are operated from a commen master clock,
they can be synchranized o update their cutput registers simmal-
tanecarly. A falling edge on the STHL input resets the filter and
places the ADTTL0 im0 a consitent, known state, A commaon
signal to the AD7710s" STML inputs will synchronize their
operation. This would necmally be done afer each ADT710 has
performed its own calibration or has had calibration coefficients
loaded o it

The STNLC input can alae be used to reset the digital filter in
ayatems where the marn-on ime of the digital power supply
(TWpp ) Bovery long In such cases, the ADTT10will start oper-
ating internally before the DVpp line has reached its mminimum
operating level, +4.75 V. With a low DV, voltage, the
ADTTLs internal digital flver logic does nat operate correctly,
Thus, the ADT710 may have clecked itself imo an incorrect
operating condition by the time that DVpp has reached its cor-
rect level. The digital filver will be resst upen issue of a calibra-
tion command dwhether it iz self-calibration, system calibration
of background calibrationy e the ADTT10. This ensures correct
operation of the ADTT10. In systems whers the power-on
defaul conditicre of the ADTT10 ame acceptable, and no cali-
bravion is performed after power-on, issuing a mp.lle-e 1
the ADTT10 will reset the ADT710% digital filer logic. An B, C
on the STML line, with B, C time corstant lenger than the
DWW power-on time, will perform the ST function.
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ACCURACY

Sigma-delta ATMCa like VFCs and other integrating ADCa, da
ot contain any source of nenmonstonicity and inherently offer
no missing codes pecformance, The ADTT10 achieves excellem
linearity by the use of high qualicy, an-chip silicon dioxide
capaciters, which have a very low capacitance voltage cosffi-
cient. The device also achieves low input drife through the usa
af chopper stabilized technigques in it input stage. To ensure
excellent performance over time and temperature, the ADTT10
uss digital calibration rechniques which minimize offset and
EAI0 errar,

AUTOCALIBRATION

Autocalibration on the ADT710 remaves offser and gain arrors
from the device. A calibration routine sheuld b initiated on the
device whenever there is a change in the ambient aperating
temperature of supply voliage, It should alse be inidaed if there
i# 2 change in the selected gain, filter notch or bipelaruanipalar
inpur range. However, if the ADT710 05 inits background cali-
bration mode, the above changes are all sutamatically tken care
af (after the sertling time of the filter has been allowed for,

The ADT 710 offers self-calibration, system calibration and
background calibration facilites. For calibration to ocour an the
selected channel, the on-chip micrecontraller must recard the
modul ator ourpat for pee different input conditions, These are
“gerr-acale”™ and “full-scale™ poims. With these eadings, the
microcontredler can caloulate the gain slope for the input to
autpt transfer function of the converter. Intemally, the part
works with a resolution of 23 bits to determing its conversion
reaule of either 16 bits or 24 bis

The ADTT10 alsa provides the facility teowrite to the an-chip
calibration registers and in this manner the span and offset for
the part can be adjusted by the weer. The offset calibration regs-
ter contains a valus which is subtracted from all comversion
results, whike the full-scale calibration register contains a value
which is multplied by all corversion results. The offset calibra-
tion coefficient is subtracted from the result prier to the mudti-
plication by the full-scale coefficient. In the firs three medes
outlined here, the TREIFY line indicates that calibration is com-
plete by going low, I TEIFY is low before for goes low during)
the calibration command, it may wke up te cne medulator cycle
before TTRDT goes high to indicate that calibration is in
progress, Therefore, TR should b ignored far up o one
modul ater cycle after the last bit of the calibraton comumand is
written to the control register.

Eelf-Calibration

In the self-calibration mode with a unipelar input range, the
zero-scale point usad in determining the calibraticn coefficients
i3 with both inpurs shomed (e, AN = AN = Vies) and
the full-scale point iz Yepp, The zere-scalke coefficient is deter-
mined by convering an internal shomed inputs nede, The full-
acale coefficient is determined from the span between this
shorted inputs corwversion and a conversion on an internal Vegy
node. The self-calibration mode i invaked by writing the appro-
priate values (0, 0, 15 to the MDZ, MDD and MD0 ki of the
controd regiter, In this calibration mede, the sharted inputs
nodke B awiched in 1o the modulatar first and a conversion is
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perforrmed; the Veer node is then switched in and ancther con-
verson is perfonmed. When the calibration sequence is com-
plete, the calibraticn coefficients updated and the fleer resecded
to the analog input veltage, the DREIFY aurput goes lew, The
gelf-calibration procedure takes inte account the selected gain
an the PGA

For bipolar input ranges in the self<calibrating mode, the
sequerce is very similar v that just cudined. In this case, the
a0 points which the ADT710 calibrates are mickcale {bipolar
zera) and pesitive full scale,

System Calibration

Swyarern calibration allows the ADTT10 o compensate for
aystem gain and offzer errors as well as its own internal ercors,
Syarem calibration performs the same slope factor calcwlations
a8 gelf-calibration but uses voltage values presemted by the sys-
tem to the ATM inputs for the zere and full-scale points, Sysem
calibration i= a vwo-step process. The zero-scale point mus b
presented o the converter first. It must be applied 1o the con-
verter before the calibraticn step is initiatad and remain stable
until the step is complete. System calibration i initiaced by
writing the appropriate values (0, 1, 0% to the MD2, M and
M bits of the control register. The DREDT cutput from the
device will signal when the swep is complete by going low, Afver
the zeroacale point is calibrated, the fullecake point is applied
and the second step of the calibration process is initiated by
again writing the appropriate values (0, 1, 1% o MDZ, M1 and
M, Again the full-scale voltage must be ze up befone the
calibration i= initiaved and it must remain stable throughour the
calibeation step, DEDTY goes low at the end of this second step
o indicate that the system calibration is complete. In the uni-
polar e, the system calibration is performed berwesn the
owo endpeints of the transfer fnction; in the Wpolar mede, it is
performed between midscale and positive full scale,

This rwo-step syatem calibration mede offers ancther featre
After the sequence has been completad, addit enal affset ar gain
calibraticrs can be performed by themmeelves to adjust the zero
reference point of the system gain. This is achieved by perform-
ing the first step of the system calibration sequence (by writng
a, 1, 0t MD2, MDD, MDay, This will adjues the zero-scale o
affser point bt will ot changes the slope factor from what was
get during & full system calibration sequence,

Sywtem calibration can alzo be veed to remove any errors fom
an antialiasing fileer on the analog input, A simple B, C anti-
alising filer cn the front end may intreduce a gain ecrer on the
analog input veltage but the system calibration can be weed to
rernove this erron

Sy=tem CHiset Calibration

Sywtem offser calibration = a vaniation of both the system cali-
bration and selFcalibration. Inthis caze, the zero-scale point

for the system i presented to the AIM inpur of the converter,
Sywtem-affzet calibration is initiated by writing 1, 0, 0 to MDZ,
MIx1, MDD, The system zero-scale coefficient is determined by
comverting the veliage applied te the AIM input, while the full-
acake coefficient is determined from the span berween this AT
comversion and a conversion on Veer. The zero-scale point
should be applied to the ATN input for the duratien of the cali-
bration sequence. This is a one-step calibration sequence with
DFDY going low when the sequence is completad. In the uni-
polar mode, the system offser calibration i performed between
the two end points of the transfer fanction; in the bipelar mode,
it is performed berween midecale and poitive fall scale.

Background Calibration

The ADT710 alse offers a background calibration mede where
the part interleaves ivs calibration procedure with its nocmal
conversion sequence, In the background calibration mede, the
sare valtages are ussd as the calibration points as are used in
the self-calibration mode, ie., shorted inputs and Veee, The
background calibration mode is invoked by writing 1, ©, 1 to
Mz, M, MDD of the contral regisrer, When invoked, the
background calibration mode reduces the output data rate of the
ADTT10 by a facter of six while the -3 dB bandwidth remaing
urchanged. Tis advantage is that the part is continually perform-
ing calibration and autornatically updating it calibration coeffi-
cients, Az a result, the effects of temperatuare drift, supply
sengitivity and time drifi on 2ere- and full-scale errors are auto-
matically remaved. When the background calibraton made is
tarned on, the par will remain in this mode il bics MOz,
M1 and MDD of the contral register ane changad. With back-
ground calibration mesde on, the ficst result from the ADT710
will b incorect as the full-acale calibration will not have been
petformed. For a step change onthe input, the second cutput
update will have setded to 100% of the final vahe,

Table VI summarizes the calibration modes and the calibration
poinits azsociated with them. It also gives the duration from
when the calibration is invoked 1o when valid data is available oo
the user.

Table ¥1. Calibration Truth Table

Cal Type MDDz, MD1, Mo Lero-Scale Cal Full-5cale Cal Sequence Druration

Self-Cal a,0,1 Shored Inputs VRer Jne Sep % 10nput Bate
Syaremn Cal a,1,a Al - Two Step 4 = L/Cnaput Rate
Syaremn Cal a,1,1 - AN Two Step 4 = L/Cnaput Rate
Syarern Offser Cal 1,0,0 AlM VRer One Step o 10nput Rate
Background Cal 1,0,1 Shored Inputs VRer Jne Sep 6 10nput Rate
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Span and et Limits

"Whenever a system calibration mode is used, there are limits cn
the ameunt of ozt and span that can be accommeadated, The
range of input span in bath the unipoelar and bipelar modes has

a minimurn vahe of 0.8 = VpepGAIN and & magimum vahee of
2.1 % WppeGATH.

The amount of off2ec which can be accommechted depends on
whether the unipalar or bipolar mode is being used, This offet
range is lirmitesd by the requirement that the positive full-scale
calibration limit is = 1.05 = VRep'GAIN. Therefore, the offse
range plus the span range cannot exceed 1.05 « Vpep/GAIN. If
the span is at it minimm (0,8 = Ve GATN) the maxirmm
the offset can be is (0.25 » Vs GAIN

In the bipalar mosde, the spstem offset calibration rangs is again
restricted by the span range. The span range of the converter in
bipolar mode is equidistane around the voliage used for the
Zarc-scale point thue the offset range phe half the span rangs
cannot exceed (1,09 x Ve GATM, I the span s set w0 2 o Vigy'
GAIM, the offset span cannct move more than +(0.0% = Vpee!
GATM bafore the endpainte of the transfer fanction exceed the
input overrangs limits £ 105 = Wpep GAINY, If the span range
is et to the minimum £0.4 % Vg GATH the mavirmum alk-
lowabke cffset range is £00.65 = VappGAIHD,

POWER-UP AND CALIBRATION
Con power-up, the ADT710 pecfonns an internal reset which sets
the contents of the contral register to a known sate, However,

e ensume correct calibration for the device a calibration routine
shauld b perfonmed afier power-up,

The power dissipation and temperature drift of the ADT710 are
low and no wamm up tims is equired before the initial calibra-
tion i performed. However, if an extemal reference is baing
teed, this reference must have stabilized before calibraticn is
initiated.

it Con=ideration=

The AT¥771 0 uses chopper stabilization techniques to minimize
input offser drifi. Charge injection in the analog switches and de
leakage currents at the sampling nede ane the primary sources of
offset valtage drift in the converter. The do input leakage cur-
renn is essentially independent of the selected gain, Gain drift
within the cenvertar depends primarily upon the temperatare
tracking of the internal capacitors. Itis not affected by leakage
CUMEnts,

Meaurement errors due to offset doft or gain drift can be elimi-
nated at any time by recalibrating the comverter ar by aperating
the part in the background calibration mede, Using the system
calibration made can also minimize offset and gain errors in the
signal conditioning circuitry. Integral and differential linearivy
arrars are not significantly affected by temperature changss,

PFOWER SUPPLIES AND GROLUNDING

Since the amalog inputs and reference input are differential,
most of the valtages in the analog medulator are common-mesde
voliages, Vaps provides the return path for most af the analog
currents fowing in the analog medulater, A a result, the Vg
input shoukd be driven from a low impedance 1o minimize errars
e o chargng'diecharging impedances on this line. When the
internal reference is used as the reference source for the pan,
AGHND & the ground revurn for this reference voltage,

REY. F

The analog and digital supplies to the ATT710 are independent
and separately pinned cut to minimize coupling between the
analog and digital sections of the device, The digital filver will
provide rejection of broadband noise on the power supplies,
except at integer multiples of the modulator sampling frequency.
The digital supply (DWVpph must not exceed the anal eg positive
supply (AVppd by mere than 0.3 Vin normal eperation. If sepa-
rate analeg and digital supplies are used, the recommended
decoupling scheme is shown in Figure % In systems where
AV = +5 Vand DVpp = +5 VY, i is recommended that AVpp
and [Wpp are driven from the same +5 % supply, although each
supply should be decoupled separately as shown in Figure 9. Tt
is preferable that the commoen supply & the system’ analog +5 Y
supply.

Itis ako impomant that pewer is applied to the A7 10 befone
signaks at BEF I, AT o the legic input pirs in order to avoid
excessive current If separate supplies are used for the ADT710
and the syatem digital circuitry, then the AD7710 should be
powersd up first, I it is oot pessible 1o guarante: this, then
current limiting resistors should be placed in series with the
logic inpues.

DIGITAL +8Y
EUFPLY

ANALDG
SUPFLY

13 Fi I:l.1|.|Fl
B % ;E

W

Figure 8. Recommended Decoupling Scheme

MMGITAL INTERFACE

The ADT710% serial communications port pravides a Qexible
arrangement to allow easy interfacing o industry-standard
mmicraprocesscrs, micrecontrallers and digital signal processars,
A serial read to the ADTT10 can access data fram the ourpat
register, the contral register or from the calibration registers. &
sarial write to the ADTT10 can write data to the control register
ar the calibration registers,

Two different modes of operation are available, optimized for
different types of interface where the ATT710 can act either as
rnaster in the systemn (it provides the serial clocks or &= slave (an
external serial cleck can be provided o the ADT710% These
two modes, labelled self-clocking mode and extemnal clecking
rncide, are discussed in detail inthe following sections,

Self-Clocking Maod e

The A7 710 b condigared for its self-clecking made by tring
the MODE pin high. In this mode, the AT7710 provides the
sarial clek signal wead for the warsfer of data to and from the
ADTTI0. This zelf<clecking mede can be used with processars
that allow an external device to clock their serial por including
st digital signal precessors and microcantrollers such as the
AEHC11 and ¢aHCO5, Ir aleo allows easy imerfacing 1o sernal-
parallel comversion circuie in systems with parallel data commn-
nication, allowing interfacing to 743282 9% Universal Shift
registers withour any additonal decoding In the case of shift
registers, the serial cleck line should have a pull-dewn resistar
instead of the pullaup resioor shown in Figae 10 and Figare 11,
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Read Cperation

[ata can be read from either the output register, the conrel
register of the calibration regsters, Ao determines whether the
data read accesses data from the contral register or from the
output’calibraton registers. This A0 signal must remain valid
for the duraton of the serial read operation. With A0 high, data
i accesaed from either the cutpat register o from the calibra-
non registers. With Ao low, data i= sccessed from the coniral
register.

The function of the TR line is dependent anly on the autput
update rate of the device and the reading of the outpur dat
register. DRI gres low when a new data word i available in
the cutpur s register. 1t is reser high when the last bic of daca
feither 16t bic or 24th bith is read fram the ourput register. If
dat iz not read from the sutpur regater, the line will
remain lew, The cutpur regizter will continue o be updated at
the cutput update rate but TEDT will not indicate tis, & read
from the device in thie circumstance will access the mest recent
word in the ourput [e_giat-er If a new data ward becomes avail-
able o the cutpur register while data is being read from the
auLpuIL register, will net indicate this and the new data
word will be leat o the user. TRDT is not affected by reading
from the control register or the calibraticn registers,

[rata can anly be accessad from the output dat register when
GEDY is low. If EFS ﬁea low with TRITY high, no data trans-

fer will take place. dees not have any effect an reading
data from the control register or from the calibration regaters,

Figure 10 shows a timing disgram for reading from the ADTT10
in the seli<clocking mode, This read operation shows a nead
from the ADTT10%s cutput data register. A read from the con-
trol register of calibration registers is similar bur in thess cazes
the TREIDY line is not related o the read function. Depending
on the autpat update rate, it can go low at any stage in the con-
trolicalibration register read cycle withowr affecting the read and
its status shoukd be ignored. A read operaton from either the
comtrol or calibration registers et always read 24 bits of data
from the respective register.

Figure 10 shaws a read operation from the ADT710. Far the
tirning diagram shown, it is assumed that there is a pull-up
resistor on the SCLE aurpur, With TR low, the EFS input
is brought low, BFS going low embles the seral clock of the
ADT710 and also places the MSE of the word on the serial daca
line. All subsequent data bits are cdlocked aur on a high ta low
transitian af the zerial clack and are valid prior to the follawing
rizing edge of this clock. The final active falling edge of SCLE
clocks aur the LSE and this LSE is valid pricr vo the final actve
riging edige of SCLE. Coincident with the ne falli af
SC‘LEE{, ﬁ'lﬁ' is reset high. TRDT going high mr?ﬁgﬁe
SCLE. and the SDATA cutpuis, This means that the data hold
tirne for the LSE is slightly shomer than for all ather bits,

|
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Figure 10, Salf-Clocking Mode, Outpwt Data Read Jperation
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Write Crperation

[Data can be written to either the contral register or calibration
registers. In either case, the write operation i not affected by
the BEDY line and the write operation does not have any effect
on the status of DRDT. & write operation to the comtrol register
of the calibration register must always write 24 bits to the re-
gpective Tegater.

Figure 11 shaws a write operation to the ADTT10. Ao deter-
mines whether a write operation trarefers data to the control
register or to the calibration registers. This A0 signal must re-
main valid for the duration of the serial write operation. The
falling edge of TF= enables the intemally generated SCLE
cutput. The serial data to be loaded to the ATYT 710 mues be
valid on the nsing edge of this SCLK signal. Data i clocked
inice the ADTT L0 on the rigsing @dge of the SCLE signal with the
MSE transferred first, Cnthe last active high time of SCLE, the
L5E i= loaded to the ADTT 10, Subsequent to the next falling
adge of SCLE, the SCLE. autput iz mirned off. {The timing
diagrarm of Figune 11 azsumes a pull-up resistor on the SCLE
lime

External Clocking Mede

The ADTT10 08 configured for its external clocking mode by
tying the MODE pin lew. In this mode, 5 CLE of the AD7710
is configured ag an input and an exxernal serial clock must be
provided to this SCLE pin. Thiz exvernal clocking maode is
designed for direct interface 1o systems which provide a secial
clock curput that is smchronized te the serial data ourpur,
including micrecontrollers such as the 80C51, 87C51, 68HC11
and 48HCOS and most digital signal processors,

Read Ohperation

As with the self-clocking mode, data can be read fram either the
cufput regater, the control regster of the calibration regsters.
A0 determines whether the data read aocesses data Fom the
control register of from the ourpurcalibraton registers. This Ao
gignal must remain valid for the duration of the serial read
operation. With A0 high, data is accessed from either the aurput
regiater of fram the calibration regiavers, With A0 low, data is
accesmed fram the control register.

The functicn of the TREDY ling is dependent only on the cutput
update rate of the device and the reading of the cugpur data
register. DRLYT goes low when a new data word is available in
the cutput data register. Itis resst high when the last bt of data
{either 16th bit or Z4th bity is read from the ourput regsier. I
ata i not read from the output register, the lirve will
remain low, The output register will continue to be updated at
the eutput update rate bur FEDY will not indicate this. A read
from the device in this circumstance will access the most recent
word inthe cutpur regiater. I a new dats word becomes avail-
able to the nu:p%%&ter while data is being read from the
UL Tegater, will not indicate this and the new data
word will be lost to the user. TTRDY & not affected by reading
from the contrel register o the calibration regater.

Diata can anly be accessed fram the cutpur data register when
UFEEY & low, IFEFS goes low while TEDY is high, ne data
transfer will take place. TR does not have any effect on read-
ing data from the conerd register o from te calibration

registers,
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Faare 11 Sedf-Clocking Mode, ControdCalibration Register Wi Operation
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Figures 1 2a and 12b show timing diagranes for reading from the
AD7T710 in the emernal clicking mede, Figare 1 Za shows a
gitwation where all the data i read from the ADT7100n one read
aperation. Figure 12b shows a situation where the data i read
from the ADFT10 over a number of read operations, Both read
operations show g read from the ADT710% aurput data register,
A read from the control register ar calibration registers i simil ar
but i these cazes the TRDY line iz not related 1o the read fanc-
ton. Depending on the ourpur update rate, it can go low at any
stage in the controlCalibration regacer read cycle without affect-
ing the read and its stans should be ignored. A read aperation
fram either the contral of calibration registers st always read
24 bit= of chata from the respective egster.

E%re 12a shows a read operation from the AD7710 where
remmaing low for the duration of the data word transmission.
With IELT low, the EFS input is brought low, The input
SCLE =ignal should be [ow berween read and write operations,
FFS oing low places the MSE of the word to be read on the
gerial data line. All subsequent data bits are clacked ot ona
high to low wareitien of the senal cleck and are valid prior to
the fallowing rising edge of this clock. The penultimate falling

ONET jo

edge af SCLE clecks out the LSB and the final falling edge
resets the DEDY line high. This rising adge of DFIY turns off

the serial data ourpur,

Figure 12k shows a iming diagram for a read operation where
FFS retums high during the transmission of the word and
returre low again to access the rest of the data word. Timing
parameters and fuctions are very similar o thar oatlined for
Figure 12a but Figare 12k has a number of additcnal times ta
show timing relationships when EFS returme high in the middle
of transferring a word.

FF= should return high during a low time of SCLE. On the
rising edge of FFS, the SDATA ourput is amed off TREY
remaing low and will remain low watil all bits of the data werd
are read from the ADT710, regardless of the numbser of times
FFS changes state during the read cperation. Depending on the
time betwaen the fBlling edge of SCLE and the rising edge of
FFS, the next Wt (BIT M+1% may appear on the databus before
E'Ff_gmhigb. When FFS returns lew again, it activates the
SDATA cutput. When the entire word i transmitted, the
TRIY line will go high turning off the SDATA cutput as per
Figure 12a.
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Figure 12k, External-Clocking Mode, Output Data Read Operation (RS Returns High During Bead Operation)
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Write Crperation

[Data can be written @ either the contral regiter or calibration
registers. In either case, the write operation i not affected by
the DEDY line and the write operaticn does not have anmy effect
o the stane of DEDY. A write operation o the control register
of the calibration regster must always write 24 bits 1o the
[espsctive register,

Figure 1 38 shews a write operation to the ADT7 10 with TF3
remaining low for the duration of the write operation. Al deter-
mines whether a write operation trarsfers data to the control
register of to the calibration registers. This A0 =ignal must
remnain valid for the duration of the serial write cperation. As
bsrfiare, the serial clock line should be low berween read and
write aperations. The serial data to be loaded to the ADMT10
mintst be valid on the high level of the externally applisd SCLE
signal. Data is clocked into the AT 710 an the high level of tis

SCLE signal with the M5SE wamsferred first. On the last active
high time of SCLE, the LEB is leadad to the ADT710.

Figure 13b shows o iming diagram for a write oparation o the
AD7710 with TFS returning high during the write operation
and retuming low again to write the rest of the data word. Tim-
ing parameters and functions are very similar to that cutlined for
Figure 13a, bur Figure 130 has o numbsr of additional times 1o
show timing relationships when TS returns high in the middle
of rransfernng a ward.

Data to be loaded to the ADT710 s ke valid prior 1o the
rising edge of the SCLE signal, TFS sheul return high during
the low time of SCLE. After TFS reture low again, the net bit
of the data word to be loaded to the ADF710 0z clecked inan
next high level of the SCLE. input. On the las active high time
af the SCLE input, the LSB is loaded to the ADTT10,
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SIMPLIFYING THE EXTERNAL CLOCEKING MODE
NTERFACE

I many applicat ons, the user may not require the facilivy of
writirg to the cr-chip calibration registers, In this case, the
seal interface o the ADT7140 in evtemal cecking mode can be
simplified by connecting the T line to the A0 input of the
ADTT10 (see Figure 143, This mears that any write to the de-
vice will load data to the contral register Eince &0 is low while
TF= i low) and any read to the device will access data from the
autpu data register o from the calibration registers (since Ao is
high while BFE is low). It shoukd be noted that in this arrangs-
ment the 1eer does not have the capability of reading from the
control register,

. | —

AFE
FOLRR EDATA

NTERFACE I\
LIHES BELE
Tz
JTw a0

. o

Figure 14, Smplified Interface withTFS Connectad to A0

Arather method of simplifiing the interface is 1o generate the
TF= signal from an inverted eignal . However, generating
the signals the opposite way around (FFS from an invertad
TF=1 will cause writing errors.

MICROCOMPLUTERMICROPROCESSOR INTERFACING
The AD7710% flexible senial interface allows for easy interface
T Mol ricres cmiputers and microprocessars, Figune 15 shows
a flawchart diagram for a vypical programming sequence far
reading data from the AD7710 10 a micracomputer while Figure
16 shows a Qowchart diagram for writing data 1o the ADTT10,
Figures 17, 18 and 19 show some typical interface circuits,

The flovschar of Figure 15 is for continuous read operations
from the ADTT10 cutpur register. In the exarmple shown, the
TEDY line & continucusly palled. Depending on the micro-
processor configuraton, the DEDY line may come to an inter-
rupt imput in which cose the TR will suremiatically generate
an interrpt without bzing pelled. The reading of the =erial
burffer could be anvthing from cne read opseration up te three
read operations (where 24 bits of data are read into an &-hit
senial regieter’. A read operation to the contrel'calibration regs-
ters is similar but in this case the gams of DRDY can be
ignated. The A line is brought low when the BES line is
brought low when reading fram the contral register.

The Qavwchart ales shows the bits being reversed after they have
been read in from the serial port. This depends on whether the
micraproceszor expects the MAE of the word first or the LSE of
the word first The ADTT10 catputs the M5B first,

The Qevschart for Figare 16 is for a singhe 24-bitwrite operation
o the ADT710 contral of calibration registers. This shows data

~-

being transterred from dats memory to the acoumulator befone
being written ta the serial buffer. Some microprecessor sysems
will allws dara o be writien directly o the serial baffer from
ata memory. The writing of data to the serial buffer from the
accumulater will generally consist of either t0 or thres write
operaticrs, depending on the size af the zerial buffer.

1
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BERIAL PORT
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o E, TIS HISH

FOLL DRDY

READ | ___1

EEGEREE |
ancaEm oF HTE |
i

Figure 6. Flowchart for Continuowus Aead Operations to
the ADTTI0

The fowchart alzo shows the optian of the bits being reversad
before being written o the serial buffer. Thiz depends an
whether the first bit transmitted by the microprecessor i the
MEB or the LSE. The ADT710 expects the M5B as the first bit
in the data stream. In cases where the data is being read or

bing written in bytes and the dara has to be reversad, the it
will have 1o be reversed for every byte,
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Figure T6. Rowchart for Single Wiite Operation to the
ADTTI0

ADTTL0 o BXCS] Interface

Figure 17 shows aninterface berwesn the AD7710 and the
BXCS1 microcontraller. The ADTT10 s configured for i exter-
nal clocking mode while the 83051 is configured in is Mode 0
seial interface mede. The DEDY line fom the AD7710 08
comnectad to the Port P1.2 input of the 8XC51 so the DRI
line iz polled by the 8XC51, The BEDY line can be connected
i the 1 inpur of the 85C51 if an inerrupe driven syatem is
prefemed,

Tvan

T

Figure 17, ADFT 10 to BXCET Interface

Table VI shows some typical 8351 code wred for 8 single 24-
bit read from the cutput register of the AD7710. Table VIT
shows seme wypical code for a single write operation 1 the con-
tral register of the AD7710. The 8XC51 outpurs the LER firse
in a write operation while the ADT710 expects the M5B first 2o
the data to be ransmitted has 1o be rearranged before being
written to the cutput serial register. Similarly, the AD7710
outputs the MSE firsr during a read operation while the 83¥C5]
expects the LSE firr, Therefore, the data which is read into the
sefial buffer neads to b rearranged before the correct data word
from the ATYT710 is available in the sccumulator,

Table VIL 8%C51 Code for Reading from the ADTT10

MOV SCONZ0001000LE;  Configure 2031 for MODE D

MOV IE=000 100008,

(Crperation
Diisable All Interruprs

SETE 90H; SetPL0, Used o BFS

SETE 91H SetPL 1, Usedns TF3

SETE %3H, SetPL3, Used as A

MOV E1.=002H,; Sets Wumber of Bytes 1o Be Bead in
A Bread Operncion

MOV RO Z030H; Stact Address for Where Bytes Will
Be Leaded

MOV Ra 2004H;
WATT:

T P12 o DEDY

RO

MOV AT Bead Port |

AN & R, Mupsk Our Al Birs Excepr DRDY
& BEALY; If Zero Rend

STAP WATT; Diherwise Keep Polling
REATH

CLE 00H; Ering BFS Leow

CLE 0EH; Clear Receive Flog

POLL:

1B 2EH, READ] Tests Beceive Interrupt Flog
ST FOLL

READ I:

MOV A SEUF, Fead Buffer

BLC A; Rearrangs Dam

MOV E.0.C; Beverse Order of Bics

RLC & MOVE.LC, RLC & MOVE.2,C;
FLC & MOV E.3,C FLC A& MOVE4,C
FLC & MOV E.S,C; BLC & MOV B.6,C;

RLC & MOVEB.T,C;

MOV A B:
MOV ZRLA; Write Daca te Memory
INC R Increment Memary Locarion
DEC Rl [iecrement Byre Councer
MOV AR]

TZ BN Tump if Lero
AP WALT Ferch Mext Byre

ENLn

SETE 90H Ering EF5 High

FIN:

ST FIN
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Tahle YIII. SXC5 Code for Writing to the ADTT10

MOV SCON 00000008,  Configure 30351 for MODE O

Ciperorion & Enable Serial Beceprion

MOV IE.£10010000E:; Enoble Trmnsmit Interrupe

MOV IP, 2000 10000E,; Priorrize che Tronsmit Intermapt

SETE #1H: Bring TFS High

SETE %0H: Bring TS High

MOV R1#003H: Sers Mumber of Bytes to Be Written
in o Write Ciperotion

MOV ROZ030H: Smrt Address in BAM for Bytes

MOV AZOIH,

Clear Accurnularor

MOV SEUF.A,; Inicialize the Serial Port

WAIT:

M WATT; Wit for Interrupe

INT ROUTINE:

NOT, Interrupt Subroudne

MOV ARL Lond BRI 1o Accumu laior

TZ FIN; If Zero Tump o FIN

DECEI; Dizcrement B.1 Byte Counter
MOV AZE: Mowe By into the Accumulator
i R Increment Address

BLC A; Rearrange Disin—From L5E First

o MEE First

MOV B.OC; BLC A; MOV EB.1.C; BLC 4;
MOV B.2,C; BLC &4; MOV B.3.C BLC 4;
MOV BAC; BLC &; MOV EB.3.C BLC 4
MOV B.6,C; BLC A MOV BT,C, MOV AR,

CLE 93H; Bring AC Low

CLE 91H; PBring TES Low

MOV SEUF.A; Write to Serinl Pert

BETIL Peturn from Subroudne

FIk:

SETE 51H: %ot TF= High

SETE Y3iH: et Al High

EETL Beturn from Inverrupt Subrocutine

ADTTI0 ta BBHCLL Interface

Figure 15 shows an interface berween the AD7710 and the
G8HCL L micracantreller. The ADTT100s configured for is
external clocking mede while the SPI port is used on the
s8HC 11 which is in its single chip mode. The BEDY line from
the ADTTL0 e connected o the Port PCOinput of the esHC1 ]
a0 the DR line is palled by the s8HC1 L. The TEITY line
can be connected 1o the TR input of the 43HC11L if an imter-
rupt driven system i preferred. The a3HC11 MOS] and MISO
lines shaould be configured far wired-or operation. Depending
an the interface configuration, it may be necessary to provide
bidirectcnal boffers between the 458HC1 1% MOS] and MISO

lines.

The 68HC11 is configured in the master mode with its CPOL
bit &2t oo a logic zero and it CPHA bit 220 to a logic one. With a
10 MHz master clock on the AD7710, the interface will sperate
with all four serial cleck raes of the a8HC11L

BV [

g3HC11 P

M50

HDH ¢

Figure 18, ADTTT to 68HCTT Interface

ADTTI0 o ADST=2105 Interface

An imtarface circuit berwezn the ADT710 and the ADSP-2105
microprocessar is shown in Figure 19, In this interface, the
ADT710 is configured for its self<clocking mede while the EFS
ard TFS pins of the ADSP-2105 are configured as inputs and
the ADSP-2 105 serial cleck line is also configured a2 an input.

When the ADEP-2105% serial cleck is configursd a8 an input it
neack a couple of clock pulses to initialize ivself correctly before
accepting dara. Therefore, the first read from the ADT710 may
not read correct data. In the interface shown, & read aperation
o the AT 710 accesses either the output register or the calibra-
tion registers. Drata cannet be tead from the conmal register.
Acwrite operation always writes to the cantral of calibraticn
Tegisers.

DFDY & weed as the frame symchronization pulss for read
operaticns from the cutpar regizter and it i deceded with A0 o
drive the FFS inputs of both the AD7710 and the ADSP-2105,
The latched AG line drives the TFS inputs of bath the AD7710
ancdd the ADSP-Z105 as well a2 the ADT7 10 AD inpur,

ADIF.210E

E

OWraTe

Figure 19, ADFFI0 te ADSP-2T05 Interface
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AD7710

APPLICATIONS reference voltage far the ADTT10 generated acrass a resistor
Figure 20 shows a strain gage imterfaced directly to one of the which iz placed in serie= with the bridge network. In this case,
analog inpur chanmels of the ADTT10, The differenial inputs te the value of the reference resistor & determined by the rquired
the AT¥T710 are connected directly to the bridge netwark of the reference voltage divided by the vahue of the excitation current.
arrain gage. In the diagram shown, the on~chip reference of the
ADTTLO provides the voltage for the bridge nevwark and alao
provides the reference voliage for the ADTT 10, An alemative
aheme, outlined in Figure 21, shews the amlog positive supply
voltage powenng the bridge network and the ATT710 with the

The on-chip PGA allows the ADT710 1o handle an analog input
voltage range as low as 20 mY full scale. The differential inputs
af the part allow this analog inpar rangs to have an abaalute
value arywhere between Yss and AVpp
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Figure 20, Strain-Gage Appication with the ADTTT0
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Figura 21, Alternate Scheme for Generating ADTTT0 Referance Valtage
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ADTT10

OUTLINE DMMENSIONS
Dimensiens thown in Inches and {mim).

Plastic DI (N-24)

1L
1121|mm|
[ ]
i L
Ll TEALH
i |2 i’"’l“‘" £.338 B.I%)
T W E 300 |7 L1 A0S
"PIH1 OO LA LREL Tl sl
gy | |||u“| \f _I.'
may | i
HaxE tl IilCI
0200 (.08 ::'l
s LS B
ﬂa:l[’.!ﬂﬂl IJ.1I::I=|EH| BT ILIT) BEATING 2208 [D.204)
FEITIEE o8 1,18 PLARE
Cerdip (()-24)
005 31 MIK DL DGR A0 MK
g -
gty |
[u ] #
0303 (187
[ [ ]
] L+ %
————o———=
T tans
o 20 g3 A, ———] DLORD 1.5
0200 ¢ :l:u| E-IMBI '
J |1|||
“-"'*‘”3‘“' il | I'.l.l'.lllll:I!-Hl
[=JU ] |:-1n|:l|..H LR L TR sparms ™
—_— 0008 (0.2
IO E ] 030 g FLAKE a
SO (B-24)
LB 148
0L 500 §14.24)
] _I'_ -,| -
i
|
g b=
- q [
LR
-
: el o=
ORELLELLL -
Fik1 LIS e Ly
1238 080|025
i 1
] g DR 13T
LU3114 (0.30j IJ.::':C_ID [Lh b FRE ] SEATiHG o Q8T (oD
pamn b i) U piSE0) gy PO
e oL
[TF=]]
-28-

REV.F

ey [= =8 ER R [ L= =]

PRINTED IN U2 .A.



Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




