ANALOG
DEVICES ADT7604

20-Channel, Data Center Thermal Measurement and Leak Sensing System

FEATURES GENERAL DESCRIPTION
» Directly Digitizes: The ADT7604 measures a wide variety of temperature
= Copper Trace Temperature Sensors sensors and digitally outputs the result, in °C, °F, or Q,

with 0.1°C accuracy and 0.001°C resolution. The device
measures temperature with standard 2-, 3-, or 4-wire
RTDs and thermistors. It has 20 reconfigurable analog
inputs enabling many sensor connections and

= Liquid Leakage Sensing
= 2-,3-,0r4-Wire RTDs
= Thermistors

> Zfero—Conflg Startup through On-Chip EEPROM configuration options. The ADT7604 includes excitation

> Single 2.85Vto 5.25V Supply current  sources and fault-detection  circuitry

» No Negative Supply Required appropriate for each type of temperature sensor, as well

> 20 Single-Ended/10 Differential Inputs Allow as an EEPROM for storing custom coefficients and
Interchanging Sensors channel configuration data.

» Built-in Standard and User-Programmable

The ADT7604 features accurate temperature
measurement with copper trace sensors, which are thin
copper traces integrated into PCBs or laminate
substrates, and can be placed in mechanically hard-to-
reach places to sense thermal hotspots. The ADT7604
P Simultaneous 50Hz/60Hz Rejection also accurately measures resistive leak sensors for
safety monitoring in liquid-handling systems.

Coefficients for RTDs and Thermistors

» Automatic Open-Circuit, Short-Circuit, and Fault
Detection

» Buffered Inputs Allow External Filtering

APPLICATIONS The ADT7604 allows direct interfacing to ground-
» AI/HPC Data Center Liquid Cooling Systems referenced sensors without the need for level shifters,
» Server Rack Thermal Management negative supply voltages, or external amplifiers. All
» Industrial Process Control and Monitoring signals are buffered and simultaneously digitized with
» CDU and Coolant Distribution Unit Monitoring two high-accuracy, 24-bit A-y ADCs.
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SPECIFICATIONS
Table 1. COMPLETE SYSTEM ELECTRICAL CHARACTERISTICS

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications

are at Ta=+25°C.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX UNITS
Supply Voltage * 2.85 5.25 v
Supply Current * 15 20 mA
Sleep Current * 25 60 HA
Input Range ﬁ\:‘laan”::l’sg input . 0.05 V=03 |V
Output Rate Conversion cycle * 150 164 170 ms
g‘ggzt?c‘::"mon'MOde 50Hz/60Hz (%) . 120 dB

60Hz (%1) * 120 dB

50Hz/60Hz (%:£2) * 75 dB
o et v
Analog Power-up (1) * 100 ms
Digital Initialization (12) * 100 ms

Table 2. ADC ELECTRICAL CHARACTERISTICS

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications

are at Ta=+25°C.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX UNITS
Resolution (No Missing _FS<V, < +FS R 24 bits
Codes)

m
Integral Nonlinearity Viniew = 1.25V (%) * 2 30 PP
Of Veer
Offset Error * 0.5 2 uv
Offset Error Drift Q] * 10 20 nV/°C
Positive Full-Scale 315 N ppm
Error (%) 100 of Ve
-, ppm
E?;I(tlve Full-Scale (.19 . 0.1 0.5 of
VREF/OC
Input Leakage “40°C to +85°C * . nA
P & -40°C to +125°C 10 oA
analog.com Rev.0 | 40f78


https://www.analog.com/en/index.html

ADT7604

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications
are at Ta=+25°C.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX UNITS
Negative Full-Scale 315 N ppm
Error ) 100 Of Vier

. ppm
gfiftatlve Full-Scale (1) . 0l 0.5 of
Veer/°C
-40° +85° 0.8 1.5 [\
Input Referred Noise 49, Cto+85 C * e
-40°C to +125°C 2.0 T\V/
Common-Mode Input R 0.05 Voo - 0.3 v
Range
RTD Excitation Current (2€) * -25 Table 50 +25 %
Error
s . within
RTD Excitation Current Continuously . noise
Matching calibrated
level of
ADC
Thermistor Excitation (29) . 375 Table 74 4375 %
Current

Table 3. REFERENCE ELECTRICAL CHARACTERISTICS

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications
are at Ta=+25°C.)

PARAMETER CONDITIONS COMMENTS MIN | TYP | MAX UNITS
Output Voltage Virerout (29) 2.49 2.51 V
Output Voltage .
Temperature Coefficient 10 ppm/“C
Line Regulation * 10 ppm/V

. lout(source) = 100HA * 5 mV/mA
Load Regulation
lout(sink = 100MA * 5 mV/mA
0.1Hz=<f=<10Hz 4 UWVp.p
Output Voltage Noise
10Hz<f=<1kHz 4.5 UWVp.p
Output Short-Circuit Short Vgerour to GND 40 mA
Current Short Vegrour t0 Vop 30 mA
Turn-on Time 0.1% setting, C gap = 1UF 115 ys
Long-T Drift of e
ong-Term Drift o 60 oprm/JKhr

Output Voltage (13)
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(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications

are at Ta=+25°C.)

PARAMETER CONDITIONS COMMENTS MIN | TYP | MAX UNITS
) AT =0°Cto+125°C 30 ppm
Hysteresis (1)
AT =-40°C to +85°C 70 ppm

Table 4. DIGITAL INPUTS AND DIGITAL OUTPUTS

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications

are at TA=+25°C.)

PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX | UNITS
External SCK . 0 ) MHz
Frequency Range
Extgrnal SCK Low N 250 ns
Period
Extgrnal SCK High N 250 ns
Period
CSu to SDO Valid t, * 0 200 ns
CS to SDO High-Z t, * 0 200 ns
CSv to SCKn t, * 100 ns
SCKv to SDO Valid t, * 225 ns
SDO Hold after

t *
SCKy 5 10 ns
SDI Setup before .
SCK t 100 ns
SDI Hold after .
SCkn t, 100 ns
High-Level Input CS, SDI, SCK, N Vyp 0.5 v
Voltage RESET
Low-Level Input CS, SDI, SCK, . 0.5 y
Voltage RESET '
Digital Input CS, SDI, SCK, .
Current RESET -10 +10 HA
Digital Input CS, SDI, SCK, 10 E
Capacitance RESET P
Low-Level Output
Voltage (SDO, lo =-800pA * 0.4 v
INTERRUPT)
High-Level Output
Voltage (SDO, lo=1.6mA * Vpp - 0.5 v
INTERRUPT)
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(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications
are at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX | UNITS
High-Z Output *
Leakage (SDO) 10 10 HA

Table 5. EEPROM CHARACTERISTICS

(The * denotes the specifications that apply over the full operating temperature range. Otherwise, specifications
are at Ta=+25°C.)

PARAMETER SYMBOL CONDITIONS COMMENTS | MIN | TYP | MAX | UNITS
Retention I * 10 years
Endurance * 10000 cycles
Complete transfer

Programming Time from RAM to * 2600 | ms
EEPROM

Read Time Complete transfer . 20 ms

EEPROM to RAM

10

11

12

13

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. Exposure to any Absolute Maximum Rating condition for extended periods may affect device
reliability and lifetime.

All voltage values are with respect to GND.

Full-scale ADC error. Measurements do not include reference error.

Guaranteed by design, not subject to test.

The input referred noise includes the contribution of internal calibration operations.
Mux configuration delay = default 1ms.

Global configuration set to 60Hz rejection.

Global configuration set to 50Hz rejection.

Global configuration default 50Hz/60Hz rejection.

The exact value of Vg is stored in the ADT7604 and used for all measurement calculations. The
temperature coefficient is measured by dividing the maximum change in output voltage by the specified
temperature range.

Analog power-up. The command status register is inaccessible during this time.

Digitalinitialization. Begins at the conclusion of analog power-up. The command status register is 0x80 at
the beginning of digital initialization and 0x40 at the conclusion.

Long-term stability typically has a logarithmic characteristic and, therefore, changes after 1000 hours tend
to be much smaller than before that time. Total drift in the second thousand hours is normally less than
one third that of the first thousand hours with a continuing trend toward reduced drift with time. Long-
term stability is also affected by differential stresses between the IC and the board material created during
board assembly.
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Hysteresis in the output voltage is created by package stress that differs depending on whether the IC was
previously at a higher or lower temperature. Output voltage is always measured at +25°C, but the IC is
cycled to the hot or cold temperature limit before successive measurements. Hysteresis measures the

14 maximum output change for the averages of three hot or cold temperature cycles. For instruments that
are stored at well-controlled temperatures (within 20 or 30 degrees of operational temperature), it is
usually not a dominant error source. Typical hysteresis is the worst-case of 25°C to cold to 25°C or 25°C to
hot to 25°C, preconditioned by one thermal cycle.

15 The differential input range is +Vgg/2.

RTD and thermistor measurements are made ratiometrically. As a result, current source excitation
variation does not affect absolute accuracy. Choose an excitation current such that the largest sensor or

16 Rsense resistance value, when driven by the nominal excitation current, will drop 1V or less. The extended
ADC input range accommodates variation in excitation current, and the ratiometric calculation negates
the absolute value of the excitation current.

1 10-year data retention is guaranteed for up to 1000 program cycles.

Do not apply voltage or current sources to these pins. They must be connected to capacitive loads only.
Otherwise, permanent damage may occur.

18

19 Input leakage is measured with V= -10mV and V,, = +2.5V.
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ABSOLUTE MAXIMUM RATINGS

Ta=+25°C unless otherwise specified.

Table 6. Absolute Maximum Ratings

PARAMETER RATING
Supply Voltage (Vpp) -0.3Vto +6V
Analog Input Pins (CH1 to CH20,

COM)

-0.3V to (Vpp + 0.3)V

Input Current (CH1 to CH20, COM)

+15mA

Digital Inputs (CS, SDI, SCK,

RESET)

-0.3V t0 (Vpp +0.3)V

Digital Outputs (SDO, INTERRUPT)

-0.3V to (Vpp +0.3)V

Vierp -0.3V to +2.8V
18
Ceerence Shor-Cre Duration
Operating Temperature Range
ADTT7604ASTZ -40°C to +85°C
ADT7604BSTZ 0°Cto +125°C
ADT7604CSTZ -40°Cto +125°C

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, functional operation of the product at these or any other conditions above those indicated in
the operational section of this specification is not implied. Operation beyond the maximum operating conditions for

extended periods may affect product reliability.

Thermal Resistance

Thermal performance is directly linked to PCB design and operating environment. Close attention to PCB thermal

design is required.

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can
‘ discharge without detection. Although this product features patented or proprietary
protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore,
m proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

[——1 37 INTERRUPT

ADT7604
TOP VEW
(NOT TO SCALE)

LXPACKAGE
48-LEAD (7mm x 7mm) PLASTIC LQFP
Tymax = +150°C, 8, = 57°C/W

com
CH20
CH19
CH18
CH17
CH16
CH15
CH14
CH13
CH12
CH11
CH10

003

Pin Descriptions
Table 7. Pin Descriptions

PIN

NAME

DESCRIPTION

1,3,5,7,9,12,15,44

GND

Ground. Connect each of these pins
to a common ground plane through
a low-impedance connection. All
eight pins must be grounded for
proper operation.

2,4,6,8,45

Analog Power Supply. Tie all five
pins together and bypass as close as
possible to the device to ground
with a 0.1uF capacitor.

11

VREF_BYP

Internal Reference Power. This is an
internal supply pin; do not load this
pin with external circuitry. Decouple
with a 0.1uF capacitor to GND.

13

VREFOUT

Reference Output Voltage. Short to
Vreer. A minimum 1pF capacitor to
ground is required. Do not load this
pin with external circuitry.

analog.com
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PIN NAME DESCRIPTION

Positive Reference Input. Tie to
14 Vierp

VREFOUT‘

Analog Inputs. May be programmed
for single-ended, differential, or
ratiometric operation. The voltage
16-35 CH1-CH20 on these pins can have any value
between GND - 50mV and V;, - 0.3V.
Unused pins can be grounded or left
floating.

Analog Input. The common negative
input  for all single-ended
configurations. The voltage on this
36 COM pin can have any value between
GND - 50mV and Vpp - 0.3V. This pin
is typically tied to ground for
temperature measurements.

This pin outputs a low when the
device is busy either during start-up
or while a conversion cycle is in

37 INTERRUPT progress. This pin goes high at the
conclusion of the start-up state or
conversion cycle.

Serial Clock Pin. Data is shifted out

38 SCK of the device on the falling edge of

SCK and latched by the device on
therising edge.

Serial Data Out. During the data
output state, this pin is used as the
39 SDO serial data output. When the chip
select pin is high, the SDO pinisin a
high impedance state.

Serial Data Input. Used to program
40 SDI the device. Data is latched on the
rising edge of SCK.

Active-Low Chip Select. Alow on this
pin enables the digital input/output.
A high on this pin places the SDO in
41 CS a high-impedance state. A falling
edge on CS marks the beginning of
an SPltransaction, and arising edge
marks the end.

2 RESET Active-Low R'eset'. While th.is pin is
low, the device is forced into the
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PIN NAME DESCRIPTION

reset state. Once this pin is returned
to high, the device initiates its start-
up sequence.

2.5V LDO Output. Bypass with a
10uF capacitor to GND. This is an
internal supply pin; do not load this
pin with external circuitry other
than what is recommended in this
data sheet.

43 LDO

External Bypass Pins for -200mV
Integrated Charge Pump. Tie a 10pF
X7R capacitor between Q1 and Q2
46,47,48 Q3,0Q2,0Q01 close to each pin. Tie a 10uF X5R
capacitor from Q3 to ground. These
are internal supply pins; do not
make additional connections.
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BLOCK DIAGRAM
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TIMING DIAGRAM

SPI Timing Diagram
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TYPICAL PERFORMANCE CHARACTERISTICS
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OVERVIEW

The ADT7604 measures temperature using common sensors (RTDs and thermistors). It includes all necessary active
circuitry, switches, measurement algorithms, and mathematical conversions to determine the temperature for each
sensor type. In addition to measuring RTDs and thermistors, the ADT7604 can directly measure copper trace resistors
and resistive-based leak sensors.

RTDs and thermistors are resistors that change value as a function of temperature. RTDs can measure temperatures
over a wide temperature range, from as low as -200°C to +850°C, while thermistors typically operate from -40°C to
+150°C. In order to measure one of these devices, a precision sense resistor is tied in series with the sensor. An
excitation current is applied to the network and a ratiometric measurement is made. The value (in Q) of the
RTD/thermistor can be determined from this ratio. This resistance is used to determine the temperature of the sensor
element using a table lookup (RTDs) or solving Steinhart-Hart equations (thermistors). The ADT7604 automatically
generates the excitation current, simultaneously measures the sense resistor and thermistor/RTD voltage, calculates
the sensor resistance and reports the result in °C. The ADT7604 can digitize most RTD types (PT-10, PT-50, PT-100,
PT-200, PT-500, PT-1000, and NI-120), has built-in coefficients for many curves (American, European, Japanese, and
ITS-90), and accommodates 2-wire, 3-wire, and 4-wire configurations. It also includes coefficients for calculating the
temperature of standard 2.252kQ, 3kQ, 5kQ, 10kQ, and 30kQ thermistors. It can be configured to share one sense
resistor among multiple RTDs/thermistors and to rotate excitation current sources to remove parasitic thermal
effects. In addition to built-in linearization coefficients, the ADT7604 provides the means of inserting custom
coefficients.

Table 8 shows the estimated system accuracy and noise associated with specific temperature sensing devices.
System accuracy and peak-to-peak noise include the effects of the ADC, internal amplifiers, excitation current
sources, and integrated reference. Accuracy and noise are the worst-case errors calculated from the guaranteed
maximum ADC and reference specifications. Peak-to-peak noise values are calculated at 0°C.

Table 8. ADT7604 Error Contribution and Peak Noise Errors

SENSOR TYPE TEMPERATURE RANGE ERROR CONTRIBUTION PEAK-TO-PEAK NOISE
Platinum RTD - PT-10, Regyee =
-200°C to +800°C +0.1°C +0.05°C
1kQ
Platinum RTD - PT-100, Rggnse =
-200°C to +800°C +0.1°C +0.05°C
2kQ
Platinum RTD - PT-500, Rsexse = -200°C to +800°C £0.1°C +£0.02°C
2kQ
Platinum RTD - PT-1000, Rsese -200°C to +800°C +0.1°C £0.01°C
=2kQ
Thermistor, Rsense = 10kQ -40°C to +85°C +0.1°C +0.01°C
Copper Trace Sensor o o o R
+ +
Nominal Value = 0.25Q 0°Cto+150°C 0.2°¢ 0.5°C
Leak Sensor 10 to 2MQ +0.2% 0.001%-0.1%

Memory Map

The ADT7604 channel assignment, configuration, conversion start, and results are all accessible through the RAM
(see Table 9). Table 10 details the valid SPI instruction bytes for accessing memory. The channel conversion results
are mapped into memory locations 0x010 to 0x05F and can be read using the SPI interface as shown in Figure 23. A
read is initiated by sending the read instruction byte = 0x03 followed by the address and then data. Channel
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assignment data resides in memory locations 0x200 to 0x24F and can be programmed through the SPI interface as
shown in Figure 24. A write is initiated by sending the write instruction byte = 0x02 followed by the address and then
data. Conversions are initiated by writing the conversion control byte (see Table 15) into memory location 0x000
(command status register).

Table 9. Memory Map
ADT7604 MEMORY MAP
START END SIZE
SEGMENT DESCRIPTION
ADDRESS ADDRESS (BYTES)
Command Status Register 0x000 0x0000 1 See Table 14, initiate conversion, sleep command
Reserved 0x001 0x000F 15
Temperature Result Memory 20 Words -
P . . Y 0x010 0x05F 80 See Table 16, Table 17, and Table 18, read result
80 Bytes
Resi R M 20 W -
esistance Result Memory 20 Words OX080 OXOAF 80
80 Bytes
EEPROM Key 0x0BO 0x0B3 4 See Table 22
Reserved 0x0B4 OxOCF 44
EEPROM Read Result Code 0x0D0 0x0D0 1 See Table 22
Reserved 0x0D1 OXOEF 15
Global Configuration Register 0x0F0 0x0F0 1
Reserved OxOF1 Ox0F3 3
See Table 87 and Table 88, Itipl
Measure Multiple Channels Bit Mask OxOF4 OxOF7 4 ee rd .e and fable e, run muttipie
conversions
Reserved Ox0F8 OxOF8 1
EEPROM Status Register 0x0F9 0x0F9 1 See Table 23
Reserved OxOFA OXOFE 5
Mux Configuration Delay OXOFF OxOFF 1 See the Mux Configuration Delay section
Reserved 0x100 Ox1FF 256
See Table 11 and Table 12 (ch l assi t
Channel Assignment Data 0x200 0x24F 80 ee Table 11 and Table 12 (channel assignmen
tables)
Custom Sensor Table Data 0x250 0x3CF 384
Reserved 0x3D0 Ox3FF 48
Table 10.SPI Instruction Byte
INSTRUCTION SPI INSTRUCTION BYTE DESCRIPTION
Read 0b00000011 See Figure 23
Write 0b00000010 See Figure 24
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RECEIVER SAMPLES ! ! TRANSMITTER TRANSITIONS
DATA ON RISING EDGE y y DATA ON FALLING EDGE

SN I 2 I 3 53 3 2 2 5 ) 3 E S P E P N

sSbo ID7IDGIDSID4ID3]D2]D1IDOI
SUBSEQUENT
DATA BYTES
MAY FOLLOW
SPIINSTRUCTION BYTE 16-BIT ADDRESS FIELD FIRST DATA BYTE
READ = 0x03 USER MEMORY READ TRANSACTION

034

Figure 23.Memory Read Operation

RECEIVER SAMPLES | ! TRANSMITTER TRANSITIONS
DATA ON RISING EDGE DATA ON FALLING EDGE

SDI ll7l|6[|5[l4ll3[l2[l1IIOIDIOIOIOlA11lA10lA9IABlA7lAGlA5[A4IABIAZIA1lAD[D7[DG[D5[D4[DB[D2[D1[DD[
0 0 0 0 0 0 1 0
SUBSEQUENT
DATA BYTES
MAY FOLLOW
SPIINSTRUCTION BYTE 16-BIT ADDRESS FIELD FIRST DATA BYTE
WRITE = 0x02 USER MEMORY WRITE TRANSACTION

Figure 24.Memory Write Operation

APPLICATIONS INFORMATION

The ADT7604 combines high accuracy with ease of use. The basic operation is simple and is composed of five states
(see Figure 25).

POWER-UP,
SLEEP
OR RESET

| START-UP |

= 200ms(MAX)
A4

r==%| CHANNEL ASSIGNMENT |

—Pl INITIATE CONVERSION |

CONVERSION

(OPTIONAL)

STATUS CHECK
COMPLETE?

READ RESULTS

036

Figure 25.Basic Operation
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Conversion States Overview

1. Startup. After power is applied to the ADT7604 (Vp, > 2.6V), there is a 200ms wake-up period. During this time, the
LDO, charge pump, ADCs, and reference are powered up and the internal RAM is initialized. Once startup is complete,
the INTERRUPT pin goes high and the command status register returns a value of 0x40 (Start bit = 0, Done bit = 1)
when read.

2. Channel Assignment. The device automatically enters the channel assignment state after startup is complete.
While in this state, the user writes sensor-specific data for each input channel into RAM or loads it from the EEPROM
(see the EEPROM Overview section for more details). The assignment data contains information about the sensor
type, pointers to sense resistors, and sensor-specific parameters.

3. Initiate Conversion. A conversion is initiated by writing a measurement command into RAM memory location
0x000. This command is a pointer to the channel in which the conversion will be performed.

4. Conversion. A new conversion begins automatically following an Initiate Conversion command. In this state, the
ADC is running a conversion on the specified channel and associated Rsyse channel (if applicable). The user is locked
out of RAM access while in the state (except for reading status location 0x000). The end of conversion is indicated by
both the INTERRUPT pin going high and a status register Start bit going low and Done bit going high.

5. Read Results. In this state, the user has access to RAM and can read the completed conversion results and fault
status bits. It is also possible for the user to modify/append the channel assignment data during the read results
state.

Conversion State Details State
State 1: Startup

The start-up state automatically occurs when power is applied to the ADT7604. If the power drops below a threshold
of 2.6V and then returns to the normal operating voltage (2.85V to 5.25V), the ADT7604 resets and enters the power-
up state. Note that the ADT7604 also enters the start-up state at the conclusion of the sleep state. Additionally, the
start-up state can be entered at any time during normal operation by pulsing the RESET pin low.

In the first phase of the start-up state, all critical analog circuits are powered up. This includes the LDO, reference,
charge pump, and ADCs. During this first phase, the command status register is inaccessible to the user. This phase
takes a maximum of 100ms to complete. Once this phase completes, the command status register is accessible and
returns a value of 0x80 until the ADT7604 is completely initialized. Once the ADT7604 is initialized and ready to use,
the interrupt pin goes high, and the command status register returns a read value of 0x40 (Start bit = 0, Done bit = 1).
At this point, the ADT7604 is fully initialized and ready to perform a conversion.

State 2: Channel Assighment

The ADT7604 RAM can be programmed with up to 20 sets of 32-bit (4-byte) channel-assignment data. These sets
reside sequentially in RAM with a one-to-one correspondence to each of the 20 analog input channels (see Table 11).
Channels that are not used should have their channel-assignment data set to all zeros (default at startup).

analog.com Rev.0 | 200f 78


https://www.analog.com/en/index.html

ADT7604

Table 11.Channel Assighment Memory Map

CHANNEL- CONFIGURATION CONFIGURATION CONFIGURATION COI‘:)I:::IEU':'II;ION SIZE
ASSIGNMENT NUMBER|DATA START ADDRESS| DATA ADDRESS +1 DATA ADDRESS +2 ADDRESS + 3 (BYTES)
CH1 0x200 0x201 0x202 0x203 4
CH2 0x204 0x205 0x206 0x207 4
CH3 0x208 0x209 0x20A 0x20B 4
CH4 0x20C 0x20D 0x20E 0x20F 4
CH5 0x210 0x211 0x212 0x213 4
CHeé 0x214 0x215 0x216 0x217 4
CH7 0x218 0x219 0x21A 0x21B 4
CH8 0x21C 0x21D Ox21E O0x21F 4
CH9 0x220 0x221 0x222 0x223 4
CH10 0x224 0x225 0x226 0x227 4
CH11 0x228 0x229 0x22A 0x22B 4
CH12 0x22C 0x22D 0x22E 0x22F 4
CH13 0x230 0x231 0x232 0x233 4
CH14 0x234 0x235 0x236 0x237 4
CH15 0x238 0x239 0x23A 0x23B 4
CH16 0x23C 0x23D 0x23E 0x23F 4
CH17 0x240 0x241 0x242 0x243 4
CH18 0x244 0x245 0x246 0x247 4
CH19 0x248 0x249 0x24A 0x24B 4
CH20 0x24C 0x24D 0x24E 0x24F 4

The channel-assignment data contains all of the necessary information associated with the specific sensor tied to
that channel (see Table 12). The first 5 bits determine the sensor type (see Table 13). Associated with each sensor are
sensor-specific configurations. These include pointers to sense resistor channels, pointers to memory locations of
custom linearization data, and sense resistor values. Also included in this data are, if applicable, the excitation
current level, single-ended/differential input mode, and sensor-specific controls. Separate detailed operation
sections for RTDs, thermistors, and sense resistors describe the assignment data associated with each sensor typein
more detail. The ADT7604 demonstration software includes a utility for checking configuration data and generating
annotated C-code for programming the channel-assignment data.

Table 12.Channel Assignment Data

SENSOR TYPE‘ SENSOR-SPECIFIC CONFIGURATION
CHANNEL
CONFIGURATION
ASSIGNMENT CONFIGURATION DATA CONFIGURATION DATA CONFIGURATION DATA DATA START
MEMORY START ADDRESS START ADDRESS +1 START ADDRESS + 2
ADDRESS +3
LOCATION
31‘30‘29‘28‘27 26 ‘ 25 ‘ 24 23‘22‘ 21 ‘ 20 ‘ 19 ’ 18 ’17‘16 15‘14’13‘12‘11‘ 10‘9‘8 7‘6‘ 5 ‘4’3’2‘1’0‘
U igned
?;esfs;ir[: Type=0 Channel Disabled
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R Channel Assignment Excitation Excitation Curve
RTD Type=10to 17 SENSE 8 2-, 3-,4-Wire Current Not used
[4:0] Mode [1:0]
[3:0]
Copper Trace Rsense Channel Assignment|  Sensor Configuration
T =18 Not used
Sensor ype [4:0] 0b1001 oruse
. Rsense Channel Assignment|SGL=1| Excitation Excitation Custom Address|Custom Length
Th t T =19to 26 0[{0]0
ermistortype=231t0 [4:0] DIFF=0 Mode | Current[3:0] [5:0] -1[5:0]
Rsense Channel Assignment Sensor Excitation Custom Address|Custom Length
Leak S T =27 0[{0]0
eak >ensor ype [4:0] Configuration 0b001| Current [3:0] [5:0] -1[5:0]
Sense Resistor Type=29 Sense Resistor Value (17, 10) up to 131,072Q with 1/1024Q Resolution
Reserved Type=31 Not Used
Table 13.Sensor Type Selection
31 30 29 28 27 SENSOR TYPE
Unassigned
RTD PT-10
RTD PT-50
RTD PT-100
RTD PT-200
RTD PT-500
RTD PT-1000
RTD 1000 (0.00375)
RTD NI-120

Copper Trace Sensor

Thermistor 44004/44033 2.252kQ at 25°C

Thermistor 44005/44030 3kQ at 25°C

Thermistor 44007/44034 5kQ at 25°C

Thermistor 44006/44031 10kQ at 25°C

Thermistor 44008/44032 30kQ at 25°C

Thermistor YSI 400 2.252kQ at 25°C

Thermistor Spectrum 1003k 1kQ

Thermistor Custom Steinhart-Hart

Leak Sensor

Sense Resistor

R R [Rr|Rr|lRr[Rr]|Rr|R[Rr|~Rr|Rr|r|lojlo|lo|lo|o|o|o

RlRr|Rr|[Rr|Rr|r|lo|lo|lo|lo|o|o|lo|lo|rRr|R|FR|R|[R|FR]|O
RlrlOoOlOlO)|lO|FHF|FR|F|IH|IO|lO|OIO|R ||| |O|O|O

—lo|lRr|~R|lo|lo|lr|r|lo|lo|rRr|R|lo|lOo|rR|R|lo|lo|~]|R~|O
||~ |lOo|lr|lOo|lrRr|lo|R|lO|R|O|lR|O|R|O|R|lOo|R|O|O

Reserved

State 3: Initiate Conversion

Once the channel assignment is complete, the device is ready to begin a conversion. A conversion is initiated by
writing Start (B7 = 1) and Done (B6 = 0) followed by the desired input channel (B4-B0) into RAM memory location

analog.com
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0x000 (see Table 14 and Table 15). It is possible to initiate a measurement cycle on multiple channels by setting the
channel-selection bits (B4 to BO) to 00000 (see the Running Conversions Consecutively on Multiple Channels section).

Table 14.Command Status Register
B7 B6 BS B4 | B | B | B | BO

Start
Conversion
Initiate Sleep

Start=1 Done=0 0 EEPROM Command and Channel Selection 1 to 20

1 0 0 1 | 0 | 1 | 1 | 1

Table 15.Input Channel Mapping

CHANNEL
SELECTED
Multiple
Channels
CH1
CH2
CH3
CH4
CH5
CH6
CH7
CH8
CH9
CH10
CH11
CH12
CH13
CH14
CH15
CH16
CH17
CH18
CH19

B7 B6 BS B4 B3 B2 Bl BO

HRRRIRlOlOlO|O|O|O|O|O|O|O|O|O|(O|O (O

o|o|o|lo|Oo|R(|(F|F|F|(F|F|FRIFR|O|lO(O|O|O|O|O

CH20

PR RR|Rr(RRr|R(R|Rr|R(R|Rr|R[R|R|R|R]|R]=

o|lo|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o(o|o|o|o|oO

o|lo|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o(o|o|o (oo

1

0

RO |O|ICO|F | [P |IPR[O|O|CO|CO|FR(FHF|F|FHF|O|O|O

~lo|lr|~|lo|lo|~|r|lo|lo|lr|r|olo|r|~|lo|lo|~|r]|o

=|o|l|lolr|lo|lRr|lo|lR|lOolR|Oo|R|O|R|O|R|O|F|O|F

Sleep

All Other Combinations

Reserved

Bits B4 to BO determine which input channel the conversion is performed upon and are simply the binary equivalent
of the channel number (see Table 15). These bits are also used for EEPROM read and write operations (see Table 25).

Bit B5 should be set to 0.

Bits B7 and B6 serve as Start/Done bits. In order to start a conversion, these bits must be set to 10 (B7 =1 and B6=0).
When the conversion begins, the INTERRUPT pin goes low. Once the conversion is complete, bits B7 and B6 toggles
to 01 (B7 =0 and B6 = 1) (Address = 0x000) and the INTERRUPT pin goes high, indicating the conversion is complete

and theresult is available.
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State 4: Conversion

The measurement cycle starts after the Initiate Conversion command is written into RAM location 0x000 (Table 14).
The ADT7604 simultaneously measures the selected input sensor and sense resistors (RTDs and thermistors).

Once the conversion is started, the user is locked out of the RAM, with the exception of the reading status data that
is stored in RAM memory location 0x000.

Once the conversion is started, the INTERRUPT pin goes low. Two 82ms cycles are required per temperature result.
This corresponds to a conversion time of 167ms.

The end of the conversion can be monitored either through the interrupt pin (low-to-high transition), or by reading
the Command Status register in RAM memory location 0x000 (Start bit B7 toggles from 1 to 0, and Done bit B6 toggles
from0to 1).

State 5: Read Results

Once the conversion is complete, the conversion results or resistance value can be read from RAM memory locations
corresponding to the input channel (see Table 16).

The temperature conversion result is 32 bits long and contains both the sensor temperature (D23 to D0) and sensor
fault data (D31 to D24) (see Table 17 and Table 18).

The temperature resultis reported in °C for all temperature sensors with arange of -273.16°C to +8192°C and 1/1024°C
resolution or in °F with a range of -459.67°F to +8192°F with 1/1024°F resolution. Included with the conversion result
are 7 sensor fault bits and a valid bit. These bits are set to a 1 if there was a problem associated with the
corresponding conversion result (see Table 21). Two types of errors are reported: hard errors and soft errors. Hard
errors indicate the reading is invalid and the resulting temperature reported is -999°C or °F. Soft errors indicate
operation beyond the normal temperature range of the sensor or the input range of the ADC. In this case, the
calculated temperature is reported, but the accuracy may be compromised. Details relating to each fault type are
sensor specific and are described in detail in the sensor-specific sections of this data sheet. Bit D24 is the valid bit
and is set to a 1 for valid data.

The resistance result for copper trace sensors is reported in mQ with a range of 0Q to 2,097,151mQ and a resolution
of 0.001mQ in Resistance Result memory starting at address 0x060 (see Table 19). The actual value of the resistance
in mQ is calculated by dividing the reported result by 1024 (see Table 20).

The resistance result for leakage sensing circuits is reported in Q with a range of 0Q to 2,097,151Q and a resolution
0f 0.001Q, in Resistance Result Memory starting at address 0x060 (see Table 19). The actual value of the resistance in
Qs calculated by dividing the reported result by 1024 (see Table 20).

Once the data read is complete, the device is ready for a new initiate conversion command. In cases where new
channel-configuration data is required, the user has access to the RAM in order to modify existing channel-
assignment data.

analog.com Rev.0 | 24 0f 78


https://www.analog.com/en/index.html

ADT7604

Table 16.Temperature Result Memory Map

CONVERSION CHANNEL START ADDRESS END ADDRESS SIZE (BYTES)
CH1 0x010 0x013 4
CH2 0x014 0x017 4
CH3 0x018 0x01B 4
CH4 0x01C 0x01F 4
CH5 0x020 0x023 4
CHé6 0x024 0x027 4
CH7 0x028 0x02B 4
CH8 0x02C 0x02F 4
CH9 0x030 0x033 4

CH10 0x034 0x037 4
CH11 0x038 0x03B 4
CH12 0x03C 0x03F 4
CH13 0x040 0x043 4
CH14 0x044 0x047 4
CH15 0x048 0x04B 4
CH16 0x04C 0x04F 4
CH17 0x050 0x053 4
CH18 0x054 0x057 4
CH19 0x058 0x05B 4
CH20 0x05C 0x05F 4

Table 17.Example Data Output Words (°C)

START ADDRESS +3
START ADDRESS START ADDRESS +1 START ADDRESS +2
(END ADDRESS)
D31 ‘D30‘D29‘D28 D27 D26 ‘ D25 ‘ D24 (D23 ‘DZZ‘DZI‘DZO‘019‘018‘017‘016 015‘014‘013‘012‘011‘010‘ DB‘DS 07‘06‘05‘04‘03‘02‘01‘00‘
Fault Data SIGN MSB LSB
AD
Sensor| ADC Sensor| Sensor C '
Over | Under |Out of | Valid If
Temperature| Hard [Hard 4096°C 1°C 1/1024°C
Fault |Fault Range | Range |Range 1
Fault | Fault | Fault
8191.999°C 1 0 i1|j1f1|j1f1j1|1j1|1f{1)1f{1)1f{1|1f1rf1j1rj1j1j1j1|1
1024°C 1 0 o|joj1rj0)j]0|0|jO0OfOfOfOf|O|O|O)JO]|O]|O|O|O|OfO|OfO]|O
1°C 1 0 ofojfofofojofojofojofojof1|o|o0jo0|jOfO|O|O|O|O|O
1/1024°C 1 0 ojojojojo|jojofofofofojojojojojofojojojofojof1
0°C 1 0 ofofojfofojofojofojofojofojoj|jojojofojojojojo|o
-1/1024°C 1 1 i|j1f1|j1f1j1|1j1|1f{1)1f{1)1f{1|1f1f1j1j1j1j1j1|1
-1°C 1 1 1 1 1 1 1 1|1 1 1 1|1 1 1100 |0|O|jO|OfO|OfO]|O
-273.15°C 1 1 i|j1f1|j1f0j1|1j1|j0f1)1f1j0f1]|1(0f1|1j0|0|1|1]|1
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Table 18.Example Data Output Words (°F)

START ADDRESS +3

START ADDRESS START ADDRESS +1 START ADDRESS +2 (END ADDRESS)

D31 | D30 | D29 | D28 | D27 D26 D25 | D24 (D23|D22|D21|D20|D19|D18|D17|D16|D15(D14|D13(D12|D11|D10| D9 | D8 | D7 [D6(D5|D4|D3|D2|D1| DO

Fault Data SIGN MSB LSB
Temperature | Sensor | ADC Sensor |Sensor| ADC |Valid

Hard |Hard Over | Under |Out of

Fault |Fault Range | Range |Range| If1 4096°F 1°F 1/1024°F

Fault | Fault | Fault

8191.999°F 1 oj1f(1f1|1|1|1|1f{1f{1f1f1|1)1|1|1f1j1f1frj1f1f1j1
1024°F 1 ofofoj1rjofojojojojfojojofojojofojfojfofojojofojo|o
1°F 1 ofofojojojfojojo|jojfojojofoj1rjofojfofofojojofojojo
1/1024°F 1 ojofofojojojojojfojofofojojojojofojofofojofofo|1
0°F 1 ojofofojojojojojfojofofojojojojofojofofojofofo|o
-1/1024°F 1 i1(1|1j)j1j1|1f(1f{1rf1rf1j)1|1j1j1f{1rf1r|1j1j1j1frj1j1f1
-1°F 1 if1|1})1}j1|1f{1f1rf1ryf1j)j1j1y1j1fo0fof|ojojojofojojofo
-459.67°F 1 ir|j1|1f{1j1|jofojoj1rf1foj1rjofojoj1joj|1joj1rjojof1|o

Table 19. Resistance Result Memory Map

CONVERSION CHANNEL START ADDRESS END ADDRESS SIZE (BYTES)
CH1 0x060 0x063 4
CH2 0x064 0x067 4
CH3 0x068 0x06B 4
CH4 0x06C 0x06F 4
CH5 0x070 0x073 4
CH6 0x074 0x077 4
CH7 0x078 0x07B 4
CH8 0x07C 0x07F 4
CH9 0x080 0x083 4

CH10 0x084 0x087 4
CH11 0x088 0x08B 4
CH12 0x08C 0x08F 4
CH13 0x090 0x093 4
CH14 0x094 0x097 4
CH15 0x098 0x09B 4
CH16 0x09C 0x09F 4
CH17 0x0AQ 0x0A3 4
CH18 0x0A4 0x0A7 4
CH19 0x0A8 0x0AB 4
CH20 0x0AC O0xO0AF 4
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Table 20.Data Output Words for Resistance Sensors: Copper Trace Sensors and Leak Sensors

START ADDRESS + 3 (END

START ADDRESS START ADDRESS +1 START ADDRESS +2
ADDRESS)

D31(D30|D29 (D28 (D27 |D26|D25|D24|D23|D22(D21|D20|D19(D18|D17|D16(D15|D14|D13|D12(D11|D10| D9 | D8 |(D7|D6|D5|D4|(D3(D2|D1|DO

0 [MSB LSB
Copper | o |1048576mQ 1mQ 0.001mQ
Trace
Leak 0 |1048576Q 10 0.001Q
Sensor

Table 21.Sensor Fault Reporting

BIT FAULT ERROR TYPE DESCRIPTION OUTPUT RESULT
D31 | Sensor Hard Fault Hard Bad sensor reading -999°C or °F
D30 | Hard ADC-Out-of-Range Hard Bad ADC reading (could be large external noise event) -999°C or °F
D27 | Sensor Over Range Soft Sensor reading is above normal range Suspect reading
D26 | Sensor Under Range Soft Sensor reading is below normal range Suspect reading
D25 | ADC Out-of-Range Soft ADC absolute input voltage is beyond +1.125 X Vgge/2 Suspect reading
D24 | Valid NA Result valid (should be 1) discard results if 0 Suspect reading

EEPROM Overview

The ADT7604 contains 512 bytes of EEPROM, which shadow the upper sensor configuration segment of USER RAM
(locations 0x200-0x3CF, see Figure 26). Prior to initial usage, the user programs the USER RAM with all channel-
assignment and custom sensor data. Once the USER RAM has been programmed, the user can save this segment of
memory into the EEPROM. After subsequent power-down or sleep cycles, the user can reload the USER RAM with this
stored EEPROM data, bypassing the channel assignment and custom sensor programming that is typically required.

BYTE ADT7604 SPI
ADDRESS ADDRESS SPACE

0000

USER COMMAND
REGISTERS,
RESULTS DATA,
GLOBAL CONFIGURATION
AND STATUS

01FF
0200

SENSOR CONFIGURATION
MEMORY SEGMENT COMMAND 21
(0x15)
(CHANNEL ASSIGNMENT > EEPROM
COMMAND 22 SHADOW
CUSTOM SENSOR DATA) | (0x16)

<

03CF

03D0 RESERVED* RESERVED
03FF

*NOTE: 03D0-03FF IS RESERVED
AND IS NOT SHADOWED BY EEPROM

Figure 26.Shadow EEPROM Memory Map

037
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EEPROM Read/Write Validation

Access to the EEPROM is key-protected to prevent inadvertent access. The EEPROM also has two levels of data
integrity protection. The first level is implemented using an error correcting code (ECC) on each 32-bit word of data
in the EEPROM. The ECC is capable of correcting any single-bit error per word and detecting 2-bit errors per word.
The second level of protection is implemented using a 32-bit checksum, which covers the entire contents of user
EEPROM. Status bits are available to the user for reporting ECC status and checksum error conditions.

EEPROM Write Operation
The EEPROM write operation requires five steps (see Figure 27).

ADT76 04
READY

!

WRITE CHANNEL ASSIGN MENT
AND CUSTOMSENSOR DATA
TO ADT7604

v

WRITE EEPROM KEY
TO ADT7604

'

SEND EEPROM WRITE COMMAND
(COMMAND 21)

v

WAIT FOR EEPROM
COMMAND TO COMPLETE

PROGRAM FAILED
STATUS BIT SET USER-DEFINED
EEPROM

ERROR HANDLER

CHECK EEPROM
STATUS REGISTER

038

Figure 27. Write Operation

1. Sensor-Configuration. Write all desired channel-assignment and custom sensor data to the ADT7604 USER RAM.

2. Set EEPROM Key. Write the EEPROM key (0xA53COF5A) to the key register space of the ADT7604 USER RAM
(Address range 0x0B0-0x0B3, see Table 13, Table 15, and Table 22). Note that the key is written MSB first.

3. Send EEPROM Write Command. Write the EEPROM write command (0x15) and start bit (0x80) to the ADT7604
command register (Address 0x000). The command plus start bit is 0x80 + 0x15 = 0x95 (see Table 23).

4. Wait for EEPROM Command to Complete. Completion of the write operation is indicated by both the interrupt
pin going high and the status register Start bit going low and Done bit going high.

5. Check EEPROM Status Register. Read EEPROM Status register (Address 0x0F9) and check the Program-Failed
status bit (Bit 2) to determine whether the EEPROM write operation was successful (see Table 24). The Program-
Failed status bit being set indicates that the write operation failed.

Upon successful completion of steps 1-5, the EEPROM contains the image that was present in USER RAM locations
0x200-0x3CF.
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EEPROM Read Operation
The ADT7604 EEPROM read operation is comprised of four steps (see Figure 28).

ADT76 04
READY

v

WRITE EEPROM KEY
TO ADT76 04

'

SEND EEPROM READ COMMAND
(COMMAND22)

'

WAIT FOR EEPROM
COMMAND TO COMPLETE

USER-DEFINED
EEPROM
ERROR HANDLER

CHECK EEPROM
READ RESULT
CODE

PASS: READ
RESULT CODE==0

039

Figure 28.Read Operation

1. Set EEPROM Key. Write the EEPROM key (0xA53COF5A) to the key register space of the ADT7604 USER RAM
(Address range 0x0B0-0x0B3, see Table 13, Table 15, and Table 22). Note that the key is written MSB first.

2. Send EEPROM Read Command. Write the EEPROM read command (0x16) and Start bit (0x80) to the ADT7604
command register (Address 0x000). The command plus Start bit would be 0x80 + 0x16 = 0x96 (see Table 23).

3. Wait for EEPROM Command to Complete. Completion of the read operation is indicated by both the interrupt
pin going high and the status register Start bit going low and Done bit going high.

4. Check EEPROM Read Result Code. Read the EEPROM read result code register address (0x0DO0) to determine the
pass/fail status of the read operation. Avalue of 0 indicates that the command completed successfully and a nonzero
value indicates that an error has occurred. Additional read operation status bits are also available in the EEPROM
status register (see Table 24 and Table 25).

Upon successful completion of steps 1-4, USER RAM locations 0x200-0x3CF contain the data that was stored in the
ADT7604’s shadow EEPROM.
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Table 22.ADT7604 EEPROM Related Registers

ADDRESS REGISTER NAME DESCRIPTION

0X0BO EEPROM key [3] (MSB) EEPROM key byte 3 - Set to OxA5
0x0B1 EEPROM key [2] EEPROM key byte 2 - Set to 0x3C
0x0B2 EEPROM key [1] EEPROM key byte 1 - Set to OxOF
0x0B3 EEPROM key [0] (LSB) EEPROM key byte 0 - Set to Ox5A

This register indicates the Pass/Fail status of the most recent
0x0D0 EEPROM Read Result code EE&ES!;?Z%OPQ@“O”‘

OxFF = FAIL

0x0F9 EEPROM status register See ADT7604 EEPROM status register Table 23 and Table 24.

Table 23.ADT7604 EEPROM-Related Commands and Status

B7 B6 B5 B4 B3 B2 Bl BO DESCRIPTION

1 0 0 1 0 1 0 1 EEPROM Write Command - Transfer the contents of user
memory locations 0x200-0x3CF to the on-chip shadow EEPROM.

1 0 0 1 0 1 1 0 EEPROM Read Command - Transfer the contents of the on-chip
shadow EEPROM to user memory locations 0x200-0x3CF.

Table 24.EEPROM Status Bits

EEPROM STATUS BIT

DESCRIPTION

Error Correcting Code Used - This bit indicates that ECC was used to correct data on one or

invalid data (Note 1).

ECC Used . .
€ more locations during the EEPROM read process (Note 1).
Error Correcting Code Failure - This bit indicates that ECC failed to correct data on one or
ECC Failure more locations during the EEPROM read process. If this bit is set one or more locations has

Program Failure

Program Failure - This bit indicates that a write data error occurred on one or more locations
during the EEPROM programming process (Note 1).

Checksum Error

Checksum Error - This bit indicates that a checksum error occurred during the EEPROM read
process (Note 1).

Note 1: Once the bits in the EEPROM status register are set, they will remain set until cleared by the user. The EEPROM status register bits
are cleared by writing 0x00 to address 0xOF9. These bits are also cleared on reset and after exiting sleep mode.

Table 25.ADT7604 EEPROM Status Register (Address 0x0F9)

7 6 5 4 3 2 1 0
. ECC
— — — — Checksum Error Program Failure . ECC Used
Failure
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Copper Trace Sensors
Channel Assignment - Copper Trace Sensors

For each copper trace sensor tied to the ADT7604, a 32-bit channel-assignment word is programmed into a memory
location corresponding to the channel sensor it is tied to (see Table 26). This data includes (1) copper trace sensor
type, (2) sense resistor channel pointer, and (3) sensor configuration.

Table 26.Channel-Assignment Data for Copper Trace Resistors

(2) SENSE
(1) COPPER TRACE RESISTOR (3) SENSOR NOT USED
SENSOR TYPE CHANNEL CONFIGURATION
POINTER
?lzzzureme"t 3130292827 2625242322 21201918 17161514131211109876543210
Copper Trace 0b10010 P ChE 0b1001 0b000000000000000000
Sensor assignment [4:0]

(1) Copper Trace Sensor Type

The copper trace sensor type is determined by the first 5 bits (B31 to B27) as shown in Table 26. These bits are always
0b10010 for this sensor type.

(2) Sense Resistor Channel Pointer

Copper trace sensor measurements are performed ratiometrically relative to a known Rsense resistor. The sensor
resistor channel pointer field indicates the differential channel that the sensor resistor is tied to (see Table 27). For
most applications, a single sense resistor can be shared with all copper trace sensors. The sense resistor for copper
trace sensors should be a low drift (10ppm/°C) high accuracy (0.1%) 100Q resistor. In Table 28, this sense resistor
should be stored in mQ.

Table 27. Sense Resistor Channel Pointer

(2) SENSE RESISTOR CHANNEL POINTER
SENSE RESISTOR CHANNEL
B26 B25 B24 B23 B22
0 0 0 0 0 Invalid
0 0 0 0 1 Invalid
0 0 0 1 0 CH2-CH1
0 0 0 1 1 CH3-CH2
0 0 1 0 0 CH4-CH3
0 0 1 0 1 CH5-CH4
0 0 1 1 0 CH6-CH5
0 0 1 1 1 CH7-CHe6
0 1 0 0 0 CH8-CHT
0 1 0 0 1 CH9-CH8
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0 1 0 1 0 CH10-CH9
0 1 0 1 1 CH11-CH10
0 1 1 0 0 CH12-CH11
0 1 1 0 1 CH13-CH12
0 1 1 1 0 CH14-CH13
0 1 1 1 1 CH15-CH14
1 0 0 0 0 CH16-CH15
1 0 0 0 1 CH17-CH16
1 0 0 1 0 CH18-CH17
1 0 0 1 1 CH19-CH18
1 0 1 0 0 CH20-CH19
All Other Combinations Invalid

(3) Sensor Configuration
The sensor configuration field is used to define the copper trace sensor. This should always be set to 0b1001.

The remaining 18 bits are not used and should be set to 0.

Conversion Result

The ADT7604 reports the resistance value of the copper trace sensor in mQ. This value can be used to calculate the
temperature. Each channel assigned a copper trace sensor includes a unique address containing the last resistance
value measured for that channel. Table 19 shows the memory locations corresponding to each resistance result.

Using Copper Trace Sensors

For good accuracy, design each copper trace sensor with resistance of at least 0.25Q at room temperature. The
ADT7604 can precisely measure the resistance of copper traces with a precision of 1mQ. A copper trace with
resistance of 0.25Q) increases its resistance by 1mQ/°C. Utilizing the ADT7604 as a resistance measurement device
allows pinpoint temperature measurement on PCBs and laminates using tiny parasitic copper traces. Any set of input
channels can be configured to measure copper trace resistors. Figure 29 shows an example using three sensors.
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R1
150Q
AV
RSENSEg_L CH1 VREFOUT
100(2< CH2 VREFP
_I 1pF
: 0T
cTs1 E_L cH3 =
=1
. ADT7604
CTS2 E L chs
=1 cHe
CTS3 %[L g"”
H8
CH9 .

Figure 29. 3-Channel Copper Trace Sensor Measurement

For copper trace sensor resistors, the recommended value for Rsense is 100Q; this should be a 0.1% accurate resistor
with 10ppm/°C drift specification for optimal accuracy. In addition to the Rsense resistor, a second 1% low-precision
resistor is required between Rsense and Vger.

The copper trace sensors can be placed anywhere on the PCB; the ADT7604 automatically cancels the parasitic
interconnect resistances. The copper trace sensors (CTS1, CTS2, and CTS3) are all connected in series from the sense
resistor back to the ADT7604, see the blue interconnects in Figure 29. One additional channel (CH9) is required for
this return in order to provide complete cancellation of parasitic resistances. Separate lines (see the red
interconnects in Figure 29) are Kelvin-connected to each sensor. All parasitic resistances due to the red/blue lines are
cancelled. The ADT7604 has 20 input channels, and it is possible to measure up to 8 copper trace sensors.
Alternatively, the remaining channels can be used for other sensors (i.e., RTDs, thermistors, or leakage-sensing
circuits).

Table 28 shows the channel-assignment data for the 100Q sense resistor.

Note: For copper trace sensors, the value of the sense resistor is entered as mQ. Therefore, the value for Rsense
entered here is 100,000.

Table 28.Channel Assignment for Sense Resistor

#OF MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS
DESCRIPTION BINARY DATA
BITS 0x204 0x205 0x206 0x207
Sense Resistor 5 |11101 1(1{1{0]|1
100,000mQ 27 |110000110100000000000000 1|1{0f0f0|0O|1|1|0f1(O|O|O|O|O|OfOfOfO|O|O|O|OfOfO|O]|O

Table 29 shows the channel assignment data for the copper trace sensor tied to CH3-CH4, CTS1. The remaining
copper trace resistors (CTS2 and CTS3) use the same channel-assignment data written into the address
corresponding to CH6 and CH8.

analog.com Rev.0 | 330f78


https://www.analog.com/en/index.html

ADT7604

Table 29.Channel Assignment for Copper Trace Sensor Tied to CH4

CONFIGURATION # OF MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
FIELD DESCRIPTION BITS BINARY DATA 0x20C 0x20D 0x20E 0x20F
(1) Sensor Type | Copper Trace | 5 (10010 0|0|1]|0
Sensor
(2) Sense Resistor CH2 5 [00010 0]0 0
Channel Pointer
(3) Sensor 4 |1001 1({0(0|1
Configuration
Not Used N/A 18 |000000000000000000 ofojofofo|OofO|O|OfO|O|OfO|O|OfO]|O|O

Ambient Calibration

In order to achieve the highest accuracy, a one-time 1-point calibration at room temperature is required to remove
errors associated with the ultra-small copper sensors resistance. In a temperature-stable environment (with a known
ambient temperature, To), measure each of the copper trace sensor resistance values (Ro). These values can be stored
in the EEPROM user space and used for calculations of external resistance to temperature. It is achieved by saving
the values into the Custom Sensor Table Data registers in RAM (0x250 to 0x3xF), then writing to EEPROM.

The optimal way to store this data is by using 32-bit floating point values. The first 4 bytes stored in memory are the
ambient temperature used to measure each nominal resistance value of the copper trace sensor (see Table 30). The
second 4 bytes are the temperature coefficient of the copper used in the PCB manufacturing process (typically
0.00393Q/°C). The next 1-8 bytes contain the floating point resistance value of each copper trace sensor at the known
ambient temperature.

Table 30 specifies memory location as offsets. The base address is configurable and could be a valid address within
the range 0x250-0x3CF, as long as there is no data overflow or overlap. The absolute address for each field is
calculated as:

Absolute Address = Base Address + Offset

For example, if the base address is 0x00C (also the CH1 ambient temperature start address), then the CH4 ambient
temperature start absolute address is: 0x00C+0x024 = 0x030.

Table 30.Calibration Data Memory Map

AMBIENT TEMPERATURE
CHANNEL START ADDRESS RESISTANCE START ADDRESS TEMPCO START ADDRESS
CH1 0x000 0x004 0x008
CH2 0x00C 0x010 0x014
CH3 0x018 0x01C 0x020
CH4 0x024 0x028 0x02C
CH5 0x030 0x034 0x038
CH6 0x03C 0x040 0x044
CH7 0x048 0x04C 0x050
CH8 0x054 0x058 0x05C
CH9 0x060 0x064 0x068
CH10 0x06C 0x070 0x074
CH11 0x078 0x07C 0x080
CH12 0x084 0x088 0x08C
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CH13 0x090 0x094 0x098
CH14 0x09C 0x0A0 0x0A4
CH15 0x0A8 0x0AC 0x0B0
CH16 0x0B4 0x0B8 0x0BC
CH17 0x0C0 0x0C4 0x0C8
CH18 0x0CC 0x0DO0 0x0D4
CH19 0x0D8 0x0DC OxO0EQ
CH20 O0x0E4 OxOE8 Ox0EC

It is possible to use the ADT7604 to measure the ambient temperature by adding an RTD to the copper trace sensor
string (see Figure 30).

R1
1500
\-
fpeeS |ON Vewow
REFP [—9
1_r — _1F
| ADT7604 T
CTS1 E g:i =
full
q
CH10
CTS2 l'_E_ITL 5:2 :?Ifsnse
full
o CH11
CTS3 g"” CH12
H8 PT-100
3-WRE
RTD
CH9 CH13 _

Figure 30. Adding a PT-100 RTD to Measure Ambient Temperature
Temperature Calculation

The ADTT7604 reports the resistance in mQ of the copper trace sensors; the actual temperature requires a simple
calculation by an external microcontroller. In order to calculate the temperature of the copper trace sensor, the
calibration data corresponding to that particular sensor is required. This data is the calibration ambient temperature
(To), the measured resistance at that temperature (Ro), and the copper temperature coefficient (Tc, typically 0.00393).
For a measured resistance (Rw), the corresponding temperature can be calculated using the following equation:

Ry — Ry

Ty = —=—24T
M TC'RO 0
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Copper Trace Resistors =21Q

For a copper trace sensor = 1Q tied to ADT7604, a 32-bit channel assignment word is programmed into the memory
location corresponding to the channel sensor it is tied to (see Table 31). This data includes a (1) copper trace sensor
type, (2) sense resistor channel pointer, (3) sensor configuration, (4) excitation current, and (5) custom sensor data
pointer.

Table 31. Channel Assignment Data for Copper Trace Sensor = 1Q

(1) (2) (3) (4) NoOT (5)
COPPER TRACE SENSE RESISTOR SENSOR EXCITATION USED CUSTOM SENSOR
SENSORTYPE | CHANNEL POINTER CONFIGURATION CURRENT DATA POINTER
Measurement Class| 3130292827 2625242322 21201918 17161514 1312 11109876 543210
Copper Trace 0b10010 Rsense Channel 0b1001 Excitation 00 Custom Address | Custom Length-1
Sensor=1Q Assignment [4:0] Current [3:0] [5:0] [5:0]

The (1) copper trace sensor type, (2) sense resistor channel pointer, and (3) sensor configuration are the same as the
copper trace sensor < 1Q.

(4) Excitation Current

The next field in the channel-assignment word (B17-B14) controls the magnitude of the excitation current applied
to the sensor (see Table 32). The current selected is the total current flowing through the sensor independent of the
wiring configuration.

Itis recommended to use largest current option (1mA) since the copper trace sensors typically have small resistance.
The maximum voltage that the ADT7604 can measure on a single sensor is 1.25V.

Table 32. Total Excitation Current for Copper Trace Sensors

4
EXCITATI(gN)CURRENT

B17 B16 B15 B14 CURRENT
0 0 0 0 Reserved
0 0 0 1 5pA
0 0 1 0 10pA
0 0 1 1 25pA
0 1 0 0 50pA
0 1 0 1 100pA
0 1 1 0 250pA
0 1 1 1 500pA
1 0 0 0 1mA
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(5) Custom Sensor Data Pointer

The ADT7604 can be configured to report not only resistance, but also the temperature of a copper trace sensor = 1Q.
Users can import custom sensor data, which is a table of resistance (mQ) vs. temperature (K), to ADT7604’s custom
sensor table data registers, starting from address 0x250 (see Table 9). The ADT7604 automatically converts resistance
results into temperature results and saves them in the Temperature Result memory starting from address 0x010.

B11-B6 is for the Custom Table Start Address, and B5-B0 is for the table length. See the Copper Trace Sensor = 10
Example section for detailed instructions.

Use of a Copper Trace Sensor =1Q

For a copper trace sensor that has a resistance of =210, the user can remove the R1 150Q (shown in Figure 29 and
Figure 30) and use internal excitation current because a resistance =1Q is large enough for the internal excitation
current to generate proper voltage across the copper trace sensor for measurements. See Table 32 for setting the
excitation current properly.

Custom sensor data (minimum of 3, maximum of 64 pairs) reside sequentially in memory and are arranged in blocks
of six bytes of monotonically increasing tabular data Q vs. temperature (see Table 33).

Table 33. Custom Copper Trace Sensor Tabular Data Format

ADDRESS BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5
0x250 + 6 x Start Address Table Entry #1 (mQ) Table Entry #1 (Kelvin)
0x250 + 6 x Start Address + 6 Table Entry #2 (mQ) Table Entry #2 (Kelvin)
0x250 + 6 x Start Address + 12 Table Entry #3 (mQ) Table Entry #3 (Kelvin)
Max Address = 0x3CA Table Entry #64 (mQ) Table Entry #64 (Kelvin)

Copper Trace Sensor = 1Q Example

In the Figure 31 example, a copper trace sensor curve is implemented. Points P1-P9 represent the normal operating
range of the copper trace sensor. Resistance readings above point P9 result in a soft fault, and the reported
temperature is a linear extrapolation using a slope determined by points P8 and P9 (the final two table entries).
Resistance readings below point P1 are also reported as soft faults. The temperature reported is the extrapolation
between point P1 and PO, where P0 is the sensor output temperature at 0Q. (This point should be 0Q for proper
interpolation below point P1.)
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Figure 31. Copper Trace Sensor = 10 Example

The copper trace sensor data table is formatted in mQ vs. Kelvin (see Table 34). Each table entry pair spans 6 bytes.
The first set of data can begin at any memory location greater than or equal to 0x250 and end at or below 0x3CF.

In order to program the ADT7604 with the copper trace sensor data table, both the resistance data and the Kelvin
data are converted to 24-bit binary values. The sensor output resistance (units = mQ) follows the convention shown
in Table 35, where the first 13 bits are the integer part and the remaining 11 bits are the fractional part.

In order to simplify the temperature field, temperature values are input in Kelvin as an unsigned value, but the final
temperatures reported by the ADT7604 are reported in °C or °F. The sensor temperature (Kelvin) follows the
convention shown in Table 36, where the first 14 bits are the integer part and the remaining 10 bits are the fractional

part.

Table 34.Example Sensor Resistance vs. Kelvin Data Memory Map

SENSOR OUTPUT
POINT RES(I:]'I;;\)NCE TEMPE(::;\TURE Ali.ll;ll\;:;s ADSI;-:EPSS BYTE 1 BYTE 2 BYTE 3 BYTE 1 BYTE 2 BYTE 3
PO 0 0 0x28C 0x291
P1 25.36 50 0x292 0x297
P2 221.88 100 0x298 0x29D
P3 418.36 150 0x29E 0x2A3
P4 607 198 0x2A4 0x2A9 Resistance Data (mQ) Temperature Data
P5 803.52 248 0x2AA 0x2AF
P6 1000 298 0x2B0 0x2B5
P7 1204.36 350 0x2B6 0x2BB
P8 1400.88 400 0x2BC 0x2C1
P9 1687.76 473 0x2C2 0x2C7
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Table 35.Example Sensor Resistance Values

BYTE 1 BYTE 2 BYTE 3
B23|B22|B21|B20|B19 |B18|B17| B16 |B15/B14|B13|B12|B11|B10| B9 | B8 |B7|B6 | B5 | B4 | B3 | B2 | B1 | BO
Resistance | 212 | 211 | 210 | 20 | 28 [ 27 [ 26 | 25 |2¢| 23 | 22 | 2t [ 20 [ 2% |22 | 2% |24 25| 2% | 27 | 2¢ | 29 | 2w |21
(mQ)

0 oloflof[oflofo]of]ofofo[o[o[o|[of[of[]o|of[o[o[o]o[o|]o]o
2536 (0] o|ofoflofJoJo[o a2z ofo]a]o[z]o|a|l2]2]oflofo]ol]l1
2218 [0 [o|ofofof[1]a1flofala]lafolzs][a|2]1lololoflof[1]o]1]o
21836 [0 | o|ofo|x1]1]o]afofloflo|z1[o]o[z|o|[a]21]2]oflofof]o]2
607 oloflo[1lofo|z1]ofafa|afas|12]ofof[ofofo[lof[o]o[]o|]o]o
80352 oo o1 |2]oflo]afoflolo|zs[a]zsfofofofo[r1]o|2]of]o]1
1000 oloflo[ 1]z a2fo[2afofofof[of[of[ o ofo[o[o]o[o[o]fo
120436 [0 | o |1 ]ofo 2o 1 falolalofofolx]ofa[2a[1]ofoflofo]1
140088 [0 | o | 1o 1oz 1 [a[afoflololala]z1]olofloflo[1]o]1]o
168776 |0 | o | 1 [ 2o [ 2ol o [1foflalalzslala1]lofololo[xa[o]1]ofo

Table 36.Example Sensor Temperature Values
BYTE 1 BYTE 2 BYTE 3
B23|B22|B21|B20|B19|B18 |B17|B16|B15|B14|B13|B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
Temperature| 212 | 212 | 21t [ gt | 2o | 28 | 27 | 26 [ 25 [ 2¢ | 22 | 22 | 2t [ 20 |2t |22 |23 |24 | 25 |2 27 | 28| 20 |20

(K)

0 oloflolofloflofloflolololo[o[o|lolo|[o[o[o[o[o[o]o[o]fo

50 olofofJoJoJofloJo|la1[1]lo[o|z1]lo[o[of]o|lo[of[o]o]of]o]o

100 olofofJoJoJolo]1|la1]oflo[1]oflo[o[o]o|lo[o[o]o]of]o]o

150 olofofJoJoJo|l1]olo[1]lo[1|]1]oflo[of]olo[o[o]o[]of]o]o

198 olofofJoJoJo|l1]1lofolo[z1|]1]olo[of]olo[o[o]o]of]o]o

248 olofofJoJoJo|lxz]ala[a]la]oflolo[lo[o]o|lo[o[o]o[]of]o]o

298 olofofJoJo[1floJola1lola[o|]z1]lolo[of]olo[of[o]o]of]o]o

350 olofofJoJo[x1flo]alo[a]la[zs]1]lolo[of]olo[of[o]o[]of]o]o

400 olofofJoJo[1|l1]olo[1]lo[oflo|lo[lo[of]o|lo[o[o]o[]of]o]o

473 olofofJofJo |11 ]a1lofa]la[oflol1]of[of]olo[o[o]o[]of]o]o

In this example, a copper trace sensor tied to CH2/CH3, with a sense resistor on CH1/2, is programmed with the
channel assignment data shown in Table 37. In this case, the custom data begins at memory location 0x28C
(starting address is 10). The starting address (offset from 0x250) is entered in the sensor data pointer field of the
channel assignment data. The table data length -1 (9 in this case) is entered into the sensor data length field of the
channel assignment word. See Table 33 where the total number of paired entries is 10.
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Table 37. Copper Trace Sensor Channel Assignment Data

CONFIGURATION DESCRIPTION # OF | BINARY MEMORY MEMORY MEMORY MEMORY
FIELD BITS | DATA ADDRESS 230 ADDRESS 231 ADDRESS 232 ADDRESS 233
(1) Sensor Type Copper Trace 5 |10010 1({0|0f1(0
Sensor
(2) Sense Resistor CH2 5 (00010 o|ofo0|1l]|0
Channel Pointer
(3) Sensor 4 |1001 1/0(0]|0
Configuration
(4) Excitation Current 1mA 4 |1000 1/0(0f0
Not Used 2 |00 00
(5) Custom Data Start Address=| 6 001010 0(0|1(0]|1]0
Pointer 10
(5) Custom Data DatalLength-1=| 6 [001001 0|{0|1|0|0|1
Length -1 910 Paired
Leak Sensors

Channel Assignment - Leakage Sensing

For each leak sensor tied to the ADT7604, a 32-bit channel assignment word is programmed into a memory location
corresponding to the channel that the sensor is tied to (see Table 38).

Table 38.Channel Assignment Data for Leak Sensor

(2) SENSE
(1) LEAK (4)
RESISTOR (3) SENSOR NOT (5) CUSTOM SENSOR DATA
SENSOR EXCITATION
CHANNEL CONFIGURATION USED POINTER
TYPE CURRENT
POINTER
Measurement Class | 3130292827 2625242322 212019 18171615 141312 11109876 543210
Leak Sensor Rsense Channel Excitation Not Used Custom Custom Length
0b11011 . 0b001
Assignment [4:0] Current [3:0] 000 Address [5:0] -1[5:0]

(1) Leak Sensor Type

The leak sensor type is determined by the first 5 bits (B31-B27) as shown in Table 38. These bits are always 0b11011
for this sensor type.

(2) Sense Resistor Channel Pointer

Leakage sensing measurements are performed ratiometrically relative to a known Rsgnse resistor. The sensor
resistor channel pointer field indicates the differential channel that the sensor is tied to (see Table 27). For most
applications, a single sense resistor can be shared with all leak sensors. This sense resistor should be a low-drift
(10ppm/°C), high-accuracy (0.1%), 1kQ to 10kQ resistor.
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(3) Sensor Configuration
The sensor configuration field is used to define the leak sensor; this should always be set to 0b001.
(4) Excitation Current

The next field in the channel assignment word (B18-B15) controls the magnitude of the excitation current applied
to the leak sensor. Properly select this value based on liquid electrical characteristics for accurate measurement
(see Table 39). The recommended excitation current is 10uA (0b0101) for PG25.

Table 39. Excitation Current for Leak Sensors

(4) EXCITATION CURRENT
B18 B17 B16 B15

CURRENT

Reserved
250nA
500nA

1pA
5uA
10pA
25pA
50pA
100pA
250pA
500pA
1ImA

Invalid

Invalid

H R |[PF|P|PR|RPR[PFP|OjO|lO|lO|]O|OC|O|O

|k |mr|lo|lo|lo|lo|lrRr|R|R|H|lOoO|lo|lo|o
| |lo|lRr|~r|lo|lO|lR|Rr|lo|lOo|r|~|o|o
—|lo|lRr|Rr|lo|lRr|O|lR|O|R|O|R|O|~|O

Reserved

(5) Custom Sensor Data Pointer

It is possible to configure the leak sensor to report not only the resistance value, but also percent liquid coverage of
a sensor. This is achieved by importing a table containing information about resistance vs. percentage of coverage
into the ADT7604’s custom sensor table data registers, starting from address 0x250 (see Table 9). The ADT7604 will
convert the resistance results into the percentage of coverage and save it in the Temperature Result memory starting
from address 0x010. Data read from the Temperature Result memory is the % number.

B11-B6 is for the custom sensor data table Start address, and B5-BO is for the table length. If the percentage of
coverage is not needed, set this field to all 0’s.

Custom Sensor Data Table

Characterize the leak sensor by reading the resistance at different coverage from 0 to 100%. Then convert the
percentage number into coverage data that can be saved in the ADT7604 using the following equation.
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Note: In the global configuration register, the ADT7604 must be set to report the temperature in °C. If Fahrenheit
mode is set, the coverage data output is incorrect.

Coverage data=P +273.15
where P means P% of liquid coverage of the leak sensor.

Table 40 shows an example of leak sensor data.

Table 40. Leak Sensor Data Example

RESISTANCE (Q) COVERAGE DATA
1000000 273.15 (0%)
800 298.15 (25%)
400 323.15 (50%)
267 348.15 (75%)
200 372.15 (99%)
0 373.15 (100%)

Save the columns “Resistance” and “Coverage Data” into the ADT7604. The more test points that are taken, the more
accurate the reading will be.

Leak Sensor Table Example

In the Figure 32 example, a leak sensor curve is implemented. Points P1-P9 represent the normal operating range of
the leak sensor. Resistance readings above P9 result in a soft fault, and the reported temperature is a linear
extrapolation using a slope determined by P8 and P9 (the final two table entries). The resistance readings below P1
are also reported as soft faults. The temperature reported is the extrapolation between P1 and PO, where P0 is the
sensor output temperature at 0Q. (This point must be 0Q for proper interpolation below point P1.)

RESISTANCE > p9

RESISTANCE < p1 SENSOR OVER-RANGE
& SENSOR UNDER-RANGE SOFT FAULT CONDITION
< / SOFT FAULT CONDITION
: | = - — ——
[4
2
FE Yy
& ‘?\ NOTE:
Zl N PO SHOULD BE THE
F \ EXTRAPOLATION
X POINT TO 00
AY
S p1
p2
p3
p4
p5
p6 p7 p8 po
® * —---p
0 >
0 RESISTANCE (Q) £

Figure 32. Leak Sensor Data Example
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The leak sensor table data is formatted in Q (sensor output resistance) vs. coverage data (see Table 41). Each table
entry pair spans 6 bytes. The first set of data can begin at any memory location greater than or equal to 0x250 and
end below 0x3CF.

In order to program the ADT7604 with the leak sensor table, both the resistance data and the coverage data are
converted to 24-bit binary values. The sensor output resistance (units = Q) follows the convention shown in Table 42,
where the first 20 bits are the integer part and the remaining 4 bits are the fractional part.

In order to simplify the coverage data field, values are input as an unsigned value. The sensor coverage data follows
the convention shown in Table 43, where the first 14 bits are the integer part and the remaining 10 bits are the
fractional part.

Table 41. Leak Sensor Example Resistance vs. Coverage Information Data Memory Map

POINT SRE EN SSIE: A?\:é?::;r COLE\::GE A;.II:;II\?I:; s ADS ;:EP ss BYTE 1 BYTE 2 BYTE 3 BYTE 1 BYTE 2 BYTE 3
PO 0.00 373.15 0x2C8 0x2CD
P1 202.02 372.15 0x2CE 0x2D3
P2 285.71 343.15 0x2D4 0x2D9
P3 333.33 333.15 0x2DA 0x2DF
P4 400.00 323.15 0x2E0 Ox2E5 Resistance Data Coverage Info Data
P5 500.00 313.15 Ox2E6 Ox2EB
P6 666.67 303.15 0x2EC 0x2F1
P7 1000.00 293.15 0x2F2 0x2F7
P8 2000.00 283.15 Ox2F8 0x2FD
P9 1000000.00 273.15 Ox2FE 0x303

Table 42. Example Leak Sensor Resistance Values

BYTE 1 BYTE 2 BYTE 3

B23|B22|B21|B20|B19|B18|B17|B16 |B15(B14|B13 |B12|B11 B10| B9 ( B8 | B7 | B6 | BS | B4 | B3 | B2 | B1 | BO
Resistance| 219 | 218 | 217 | 216 | 215 | 214 | 213 | 212 | 211 | D101 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 2t | 20 | 2t | 22 |23 | 2*
0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
202.02 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0
285.71 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 1 0 1 1
333.33 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 1
400.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0
500.00 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 0 0
666.67 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 1 1
1000.00 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 0 0 0
2000.00 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0
1000000.00| 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 43. Example Leak Sensor Coverage Data Values

BYTE 1 BYTE 2 BYTE 3

B23 | B22 | B21 | B20 | B19 | B18 |B17 |B16 |B15 |B14|B13  B12 | B1l1 |B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO

Temperature| 213 | 212 | 21| 20 | 29 | 28 | 27 | 26 | 25 | 2% | 23 | 22 | 21 | 20 | 21 [ 22| 23 | 2% | 2% |26 | 27 | 28| 29|20
373.15 0 0 0 0 0 1 0 1 1 1 0 1 0 1 0 0 1 0 0 1 1 0 1 0
372.15 0 0 0 0 0 1 0 1 1 1 0 1 0 0 0 0 1 0 0 1 1 0 1 0
343.15 0 0 0 0 0 1 0 1 0 1 0 1 1 1 0 0 1 0 0 1 1 0 1 0
333.15 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 0 1 0 0 1 1 0 1 0
323.15 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 1 0 0 1 1 0 1 0
313.15 0 0 0 0 0 1 0 0 1 1 1 0 0 1 0 0 1 0 0 1 1 0 1 0
303.15 0 0 0 0 0 1 0 0 1 0 1 1 1 1 0 0 1 0 0 1 1 0 1 0
293.15 0 0 0 0 0 1 0 0 1 0 0 1 0 1 0 0 1 0 0 1 1 0 1 0
283.15 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0 0 1 0 0 1 1 0 1 0
273.15 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 1 0

Using Leak Sensors

The leakage-sensing circuit can be any type of resistive leakage-sensing circuits, such as rope and PCB traces. Refer
to the EVAL-AD7604-AZ board design for an example of a leak sensor. The ADT7604 reports the resistance value of
the leakage-sensing circuit (see Table 19 and Table 20). If custom sensor data is provided, the ADT7604 can provide
a percentage of coverage. The ADT7604 is capable of measuring resistance up to 2MQ. A leak sensor without the
presence of leakage can have a resistance that is significantly greater than 2MQ; in this case, the reported resistance
willbe 0b01111111111111111111111111111111, indicating an open circuit.

Figure 33 shows an example using three leak sensors. For leak sensors, the recommended value Rsense is 10kQ. In
applications where precise leakage impedance is required, this should be a 0.1% accurate resistor with 10ppm/°C
drift. Each leak sensor requires two input channels and a shared sense resistor; up to nine leakage sensors can be
used with each ADT7604.

analog.com

RseNsE
10kQ

LD1 Ej—
LD2 E

——

LD:J—:}—

CH1

CH2
CH3
CH4

CH5
CH6

CH7
CH8

ADT7604

Figure 33. Leakage-Sensing Example Circuit
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Table 44 shows the channel assignment data for the 10kQ sense resistor that is tied to CH1/CH2.

Table 44.Channel Assignment for Sensor Resistor

CONFIGURATION #OF MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS
DESCRIPTION BINARY DATA
FIELD BITS 0x204 0x205 0x206 0x207
(1) Sensor Type | SenseResistor| 5 |11101 1l1l1lol1
(2) Sense Resistor 10kQ 27 {00010011100010000 ololol1]olol1|1|1lololol1lololololololololololololo]o
\Value 0000000000

Table 45 shows the channel assignment data for the leak sensor that is tied to CH3/CH4. The remaining leak sensors
(LD2 and LD3) use the same channel assignment data written into the addresses corresponding to CH6 and CH8. The
custom sensor data begins at memory location 0x2C8 (the starting address is 20). The starting address (offset from
0x250) is entered in the sensor data pointer field of the channel assignment data. The table data length -1 (9, in this
case) is entered into the sensor data length field of the channel assignment data.

Table 45.Channel Assignment for Leak Sensor Tied to CH4

CONFIGURATION DESCRIPTION # OF BINARY | MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS
FIELD BITS DATA 0x20C 0x20D 0x20E 0x20F

(1)Sensor Type Leak Sensor 5 11011 1{1{0|1(1

(2)Sense Resistor CH2 5 (00010 ololol1lo

Channel Pointer

(3)Sensor 3 oo olol1

Configuration

(4) Excitation 10pA 4 o101 ol1]o|1

Current

Not Used N/A 3 |000 0|00

(5) Custom Data  |StartAddress=| g (010100 ol1lo|1]olo

Pointer 20

(5) Custom Length - Length-1=9 6 |001001 0|0|1|0|0(1

1

RTD Measurements

Channel Assignment - RTD

For each RTD tied to the ADT7604, a 32-bit channel-assignment word is programmed into a memory location
corresponding to the channel that the sensor is tied to (see Table 46). This word includes the (1) RTD type, (2) sense
resistor channel pointer, (3) sensor configuration, (4) excitation current, and (5) RTD curve.
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(1) RTD Type

The RTD type is determined by the first 5 input bits B31-B27 as shown in Table 47. Linearization coefficients for RTD
types PT-10, PT-50, PT-100, PT-200, PT-500, PT-1000, and NI-120 with selectable common curves (o = 0.003850, a =
0.003911, a =0.003916, and o = 0.003926) are built into the device.

(2) Sense Resistor Channel Pointer

RTD measurements are performed ratiometrically relative to a known Rggyoe resistor. The sense resistor channel
pointer field indicates the differential channel that the sense resistor is tied to for the RTD (see Table 48). Sense
resistors are always measured differentially.

(3) Sensor Configuration

The sensor configuration field is used to define the various RTD properties. Configuration bits B20 and B21 determine
if the RTD is a 2-, 3-, or 4-wire type (see Table 49).

The simplest configuration is the 2-wire configuration. While this setup is simple, parasitic errors due to IR drops in
the leads result in systematic temperature errors. The 3-wire configuration cancels RTD lead resistance errors (if the
lines are equal resistance) by applying two matched current sources to the RTD, one per lead. Mismatches in the two
current sources are removed through transparent background calibration. 4-wire RTDs remove unbalanced RTD lead
resistance by measuring directly across the sensor using high-impedance Kelvin sensing. 4-wire measurements with
Kelvin Rgeye are useful in applications where sense resistor wiring parasitics can lead to errors; this is especially
useful for low-resistance PT-10 RTDs. In this case, both the RTD and sense resistor have Kelvin-sensing connections.

The next sensor configuration bits (B18 and B19) determine the excitation current mode. These bits are used to
enable Rqyse Sharing, where one sense resistor is used for multiple 2-, 3-, or 4-wire RTDs. In this case, the RTD ground
connection is internal and each RTD points to the same R¢gyse channel.

Table 46.RTD Channel Assignment Word
(2) 3) (4)

(1) (5)

RTD TYPE SENSE RESISTOR SENSOR EXCITATION RTD CURVE NOT USED
CHANNEL POINTER| CONFIGURATION CURRENT
Table 47 Table 48 Table 49 Table 50 Table 51
Measurement | 3130292827 2625242322 2120 1918 17161514 1312 11109876543210
Class
RTD Type=10to 17 Rsense Channel 2,3,4 | Excitation | Excitation Curve [1:0] 0b000000000000
Assignment [4:0] Wire Mode Current [3:0]
Table 47.RTD Type
(1) RTD TYPE
B31 B30 B29 B28 B27 RTDTYPE
0 1 0 1 0 RTD PT-10
0 1 0 1 1 RTD PT-50
0 1 1 0 0 RTD PT-100
0 1 1 0 1 RTD PT-200
0 1 1 1 0 RTD PT-500
0 1 1 1 1 RTD PT-1000
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RTD 1000 (o = 0.00375)
RTD NI-120

Table 48.Sense Resistor Channel Pointer

(2) SENSE RESISTOR CHANNEL POINTER
B26 B25 B24 P23 P22 SENSE RESISTOR CHANNEL
0 0 0 0 0 Invalid
0 0 0 0 1 Invalid
0 0 0 1 0 CH2-CH1
0 0 0 1 1 CH3-CH2
0 0 1 0 0 CH4-CH3
0 0 1 0 1 CH5-CH4
0 0 1 1 0 CH6-CH5
0 0 1 1 1 CH7-CH6
0 1 0 0 0 CH8-CHT
0 1 0 0 1 CH9-CH8
0 1 0 1 0 CH10-CH9
0 1 0 1 1 CH11-CH10
0 1 1 0 0 CH12-CH11
0 1 1 0 1 CH13-CH12
0 1 1 1 0 CH14-CH13
0 1 1 1 1 CH15-CH14
1 0 0 0 0 CH16-CH15
1 0 0 0 1 CH17-CH16
1 0 0 1 0 CH18-CH17
1 0 0 1 1 CH19-CH18
1 0 1 0 0 CH20-CH19
All Other Combinations Invalid
Table 49.RTD Sensor Configuration Selection
COl\ﬁ::lf:::ION MEASUREMENT MODE BENEFITS
CANCELS CANCELS
wuwseR [exciramion| wuwse | crouwp | CURRENT | SENSE | ol | RTD | RID | | CAMGELS
OF WIRES MODE OF WIRES |[CONNECTION ROTATION | SHARING PER LEAD LEAD THERMOCOUPL R:EST:FTANCE
DEVICE RESISTANCE | RESISTANCE EEFFECTS
B21 (B20 | B19 | B18
0 0 0 0 2-Wire External No No 5
0 0 0 1 2-Wire Internal No Yes 9
0 1 0 0 3-Wire External No No 5 .
0 1 0 1 3-Wire Internal No Yes 9 .
0 1 1 X Reserved
1 0 0 0 4-Wire External No No 4 . .
1 0 0 1 4-Wire Internal No Yes . .
1 0 1 0 4-Wire Internal Yes Yes 6 . . .
1 0 1 1 Reserved
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1 1 0 0 4-Wire, External No No 4
Kelvin
Rsense

1 1 0 1 4-Wire, Internal No Yes 5
Kelvin
Rsense

1 1 1 0 4-Wire, Internal Yes Yes 5
Kelvin
Rsense

1 1 1 1 Reserved

Bits B18 and B19 are also used to enable excitation current rotation to automatically remove parasitic thermocouple
effects. Parasitic thermocouple effects may arise from the physical connection between the RTD and the
measurement instrument. This mode is available for all 4-wire configurations using internal current source
excitation.

(4) Excitation Current

The next field in the channel assignment word (B17 to B14) controls the magnitude of the excitation current applied
to the RTD (see Table 50). The current selected is the total current flowing through the RTD independent of the wiring
configuration. The Rggyse Current is 2x the sensor excitation current for 3-wire RTDs.

In order to prevent soft or hard faults, select a current such that the maximum voltage drop across the sensor or
sense resistor is nominally 1.0V. For example, if Rggyge is 10kQ and the RTD is a PT-100, select an excitation current of
100pA for 2-wire and 4-wire RTDs, and select 50pA for a 3-wire RTD. Alternatively, using a 1kQ sense resistor with a
PT-100 RTD allows 500pA excitation for any wiring configuration.

Table 50.Total Excitation Current for All RTD Wire Types

(4) EXCITATION CURRENT

B17 B16 B15 B14 CURRENT
0 0 0 0 Reserved
0 0 0 1 5pA
0 0 1 0 10pA
0 0 1 1 25pA
0 1 0 0 50pA
0 1 0 1 100pA
0 1 1 0 250pA
0 1 1 1 500pA
1 0 0 0 1mA
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(5) RTD Curve

Bits B13 and B12 set the RTD curve used and the corresponding Callendar-Van Dusen constants (shown in Table 51).

Table 51.RTD Curves: RT=ROX (L+axT+bxT?+(T-100°C) xcxT3) for T<0°C,RT=ROXx (1+axT+bxT?)

for T>0°C
(5) RTD CURVE
B13 B12 CURVE ALPHA a b c
0 0 European Curve 0.00385 3.908300E-03 -5.775000E-07 -4.183000E-12
0 1 American 0.003911 3.969200E-03 -5.849500E-07 -4.232500E-12
1 0 Japanese 0.003916 3.973900E-03 -5.870000E-07 -4.400000E-12
1 1 ITS-90 0.003926 3.984800E-03 -5.870000E-07 -4.000000E-12
X X RTD1000-375 0.00375 3.810200E-03 -6.018880E-07 -6.000000E-12
X X *NI-120 N/A N/A N/A N/A

*NI-120 uses table-based data.

Fault Reporting - RTD

Each sensor type has unique fault-reporting mechanism indicated in the most significant byte of the data output
word. Table 52 shows the faults reported in the measurement of RTDs.

Bit D31 indicates the RTD or Regyse is Open, shorted, or not plugged in. This is a hard fault and -999°C or °F is reported.
Bit D30 indicates a bad ADC reading. This can be a result of either a broken (open) sensor or an excessive noise event
(ESD or static discharge into the sensor path). This is a hard error and -999°C or °F is reported. In the case of an
excessive noise event, the device should recover and the following conversions will be valid if the noise was arandom
infrequent event. Bits D29 and D28 are not used for RTDs. Bits D27 and D26 indicate over or under temperature limits
(see Table 53). The calculated temperature is reported, but the accuracy may be compromised. Bit D25 indicates the
absolute voltage measured by the ADC is beyond its normal operating range.

Table 52.RTD Fault Reporting

BIT FAULT ERROR TYPE DESCRIPTION OUTPUT RESULT
D31 Sensor Hard Fault Hard Open or short RTD or Rggyse -999°C or °F
D30 Hard ADC-out-of-Range Hard Bad ADC reading (could be large external noise event) -999°C or °F
D29 Not Used for RTDs N/A Always 0 Valid reading
D28 Not Used for RTDs N/A Always 0 Valid reading
D27 Sensor over Range Soft T > high temp limit (see Table 53) Suspect reading
D26 Sensor under Range Soft T <low temp limit (see Table 53) Suspect reading
D25 ADC out-of-Range Soft ADC absolute input voltage is beyond +1.125 x Vrer/2 Suspect reading
D24 Valid N/A Result valid (should be 1) discard results if 0 Valid reading
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Table 53.Voltage and Resistance Ranges

RTD TYPE MIN (Q) MAX (Q) LOW TEMP LIMIT (°C) HIGH TEMP LIMIT (°C)
PT-10 1.95 34.5 -200 850
PT-50 9.75 172.5 -200 850
PT-100 19.5 345 -200 850
PT-200 39 690 -200 850
PT-500 97.5 1725 -200 850
PT-1000 195 3450 -200 850
NI-120 66.6 380.3 -80 260

Table 54.Sense Resistor Channel Assighment Word

(1) SENSOR TYPE (2) SENSE RESISTOR VALUE (Q)

Table 55 Table 56

Measurement Class 31‘30‘29‘28'27 26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 | 7 | 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 | 1 | 0
Sense Resistor Type=29 Sense resistor value (17, 10) up to ~ 131,072Q with 1/1024Q resolution

Sense Resistor
Channel Assignment

For each sense resistor tied to the ADT7604, a 32-bit channel assignment word is programmed into a memory
location corresponding to the channel the sensor is tied to (see Table 54). This word includes (1) sense resistor
selection and (2) sense resistor value.

(1) Sensor Type

The sense resistor is selected by setting the first 5 input bits, B31 to B27, to 11101 (see Table 55).

Table 55.Sense Resistor Selection

(1) SENSOR TYPE
SENSOR TYPE
B31 B30 B29 B28 B27
1 1 1 0 1 Sense resistor

(2) Sense Resistor Value

The last field in the channel assignment word (B26 to B0) sets the value of the sense resistor within the range 0 to
131,072Q with 1/1024Q precision (see Table 56). The top 17 bits (B26 to B10) create the integer and bits B9 to B0
create the fraction of the sense resistor value.
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Example: 2-Wire RTD

The simplest RTD configuration is the 2-wire configuration; 2-wire RTDs follow the general convention shown in
Figure 34. They require only two connections per RTD and can be tied directly to 2-lead RTD elements. The
disadvantages of this topology are errors due to parasitic lead resistance. If sharingis not selected (1 Rgeyse per RTD),

then CHg;p should be grounded. The ground connection should be removed if sharing is enabled (1 Rggyse for multiple
RTDs).

2ND TERMINAL TIES TO SENSE RESISTOR (CHgsensk)

2 CHRTD-1
EXCITATION
CURRENT
FLOW CH CHANNEL _
1 RD = oo aNMERT = CHRTD (2 SRTD 520)
= OPTIONAL GND, REMOVE FOR Rsgnse SHARING 2

Figure 34.2-Wire RTD Channel Assignment Convention

Table 56.Example Sense Resistor Values

(2) SENSE RESISTOR VALUE (Q)
B26 |B25|B24|B23[B22[B21|B20[B19[B18|B17|B16 [B15|B14|B13|B12[B11[B10| B9 | BS | B7 | B6

B5 | B4 | B3 | B2 [ B1 | BO

ExampleR 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10

10,000.2Q ofofo0f1fo0fo0}j1|1f1j0f0|0|1|0[O0|O0(fO0f0O

99.99521kQ i1(1/0(0(0|O0O}|j2}j1{0|2}|0|0}1(2|0O0f1}|1|jO0OfO0O(11|O0O]1|O0(|1]|1]|1

1.0023kQ o|jofojofojofoj1j1j1|j1j1jo0j1j0|1fojoj1fojoj1f(1f{o0ofo0f1]|1

Sense resistor channel assignments follow the general convention shown in Figure 35. The sense resistor is tied
between CHgeense and CHggense.1, @and CHggense iS tied to the 2nd terminal of the RTD. Channel assignment data (see
Table 54) is mapped into a memory location corresponding to CHgsgyse.
CHRSENSE-1
EXCITATION
CURRENT | Rsense
FLOW

CH <—  CHANNEL_ < <
RSENSE ASSIGNMENT - CH Rsense (2SRsense$20)

Figure 35.Sense Resistor Channel Assignment Convention for 2-Wire RTDs

Example: 2-Wire RTDs with Shared Rsense

Figure 36 shows a typical temperature measurement system using multiple 2-wire RTDs. In this example, a PT-1000

RTD ties to CH17 and CH18 and an NI-120 RTD ties to CH19 and CH20. Using this configuration, the ADT7604 can
digitize up to nine 2-wire RTDs with a single sense resistor.

The RTD #1 sensor type and configuration data are assigned to CH18; 32 bits of binary configuration data are mapped
directly into memory locations 0x244 to 0x247 (see Table 57). The RTD #2 sensor type and configuration data are
assigned to CH20; 32-bits of binary configuration data are mapped directly into memory locations 0x24C to 0x24F
(see Table 58). The sense resistor is assigned to CH16. The user-programmable value of this resistor is 5001.5Q; 32
bits of binary configuration data are mapped directly into memory locations 0x23C to 0x23F (see Table 59).
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A conversion is initiated on CH18 by writing 10010010 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01010010. The resulting temperature in °C can
be read from memory locations 0x054 to 0x057 (corresponding to CH18). A conversion can be initiated and read from

CH20 in a similar fashion.

CH15

RsensE

g 0.01yF
5001.50

_—

CH16
0.01pF

N

HH HH 1 HH HH

CH17

0.01pF
2-WIRE PT-1000

CH18

0.01pF

CH19

0.01pF
2-WIRE NI-120

_—

CH20

0.01pF

SENSE RESISTOR ASSIGNED TO CH16 (CHrsensE=16)

CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x23C TO 0x23F

RTD #1 ASSIGNED TO CH18 (CHgrp=15)
CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x244 TO 0x247
RESULT MEMORY LOCATIONS 0x054 TO 0x057

RTD #2 ASSIGNED TO CH20 (CHgrp=20)
CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x24C TO 0x24F
RESULT MEMORY LOCATIONS 0x05C TO 0x05F

045

Figure 36.Shared 2-Wire RTD Example

Table 57.Channel Assignment Data for 2-Wire RTD #1 (PT-

Excitation Current, a =0.003916 Curve)

1000, Rg;ys: ON CH16, 2-Wire, Shared Rgpyse, 10pHA

CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS MEMORY ADDRESS
FIELD BITS 0x244 0x245 0x246 0x247
(1) RTD TYPE PT-1000 5 [01111 0j1(1|1]|1
(2) Sense Resistor CH16 5 10000 1(0|0|0|0
Channel Pointer
(3) Sensor 2-Wire with 4 (0001 0001
Configuration Shared Regyse
(4) Excitation 10pA 4 |0010 0of(of1]0
Current
(5) Curve Japanese,a=| 2 (10 1|0
0.003916
Not Used 12 (000000000000 ojofojojo|o0f0fOfO|O|OfO
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Table 58.Channel Assignment Data for 2-Wire RTD #2 (NI-120, Rg;\s; on CH16, 2-Wire, Shared Rg;yse, 100HA
Excitation Current

NFIGURATION #OF MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE
CONFIGU 0 DESCRIPTION 0 BINARY DATA 0 SS 0 Ss 0 S§ 0 S§
FIELD BITS 0x24C 0x24D 0x24E 0x24F

(1) RTD TYPE NI-120 5 10001 1(0|0|0]|1

(2) Sense Resistor CH16 5 (10000 1/0(0|0]|0

Channel Pointer

(3) Sensor 2-Wire with 4 |0001 0/0|0]|1

Configuration Shared Rggyse

(4) Excitation 100pA 4 |0101 01|01

Current

(5) Curve European a = 2 |00 0|0
0.00385

Not Used 12 |00000000000 0|0|0|0Of(OfO|O|O|O|O|OfO

0

Table 59.Channel Assignment Data for Sense Resistor (Value =5001.5Q)

CONFIGURATION # OF MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
DESCRIPTION BINARY DATA
FIELD BITS 0x23C 0x23D 0x23E 0x23F
(1) Sensor Type Sense 5 [11101 1|11|1]|0]|1
Resistor
(2) Sense 5001.5Q 27 [00001001110001 0|0|0|0Of1|0|O|1f1|1|0|O0|0O|1|OfOf1|1|0O|O0O|O|O|OfO|O|O|O
Resistor Value 0011000000000

Example: 3-Wire RTD

3-wire RTD channel assignments follow the general convention shown in Figure 37. Terminals 1 and 2 tie to the
input/excitation current sources, and terminal 3 connects to the sense resistor. Channel assignment data is mapped
to memory locations corresponding to CHgrp.

Sense resistor channel assignments follow the general convention shown in Figure 38. The sense resistor is tied
between CHgsense aNd CHggense 1, Where CHgeeyse is tied to the 3rd terminal of the RTD and CHggepse  iS tied to ground
(or left floating for Regyse sharing). Channel assignment data (see Table 54) is mapped into the memory location
corresponding to CHggepge-

Figure 39 shows a typical temperature measurement system using a 3-wire RTD. In this example, a 3-wire RTD’s
terminals tie to CH9, CH8, and CH7. The sense resistor ties to CH7 and CH6. The sense resistor and RTD connect
together at CH7.

The 3-wire RTD reduces the errors associated with parasitic lead resistance by applying excitation current to each
RTD input. This first-order cancellation removes matched lead resistance errors. This cancellation does not remove
errors due to thermocouple effects or mismatched lead resistances. The RTD sensor type and configuration data are
assigned to CH9; 32 bits of binary configuration data are mapped directly into memory locations 0x220 to 0x223 (see
Table 60). The sense resistor is assigned to CH7. The user-programmable value of this resistor is 12150.39Q; 32 bits
of binary configuration data are mapped directly into memory locations 0x218 to 0x21B (see Table 61).
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A conversion is initiated on CH9 by writing 10001001 into memory location 0x000 . Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01001001. The resulting temperature in °C can
be read from memory locations 0x030 to 0x033 (corresponding to CH9).

CH
RSENSE 3RD TERMINAL TIES TO SENSE RESISTOR

-
-

31 2 CHgp-1
EXCITATION >3
CURRENT
FLOW CHANNEL _
/ % 1 CHRTD =— pcaronmEnT = CHRD (2 RTD <20)

Figure 37.3-Wire RTD Channel Assignment Convention

— (OPTIONAL GND, REMOVE FOR Rggnse SHARING)

CHRsENSE-1
2x EXCITATION
CURRENT | Rsense
FLOW <—  CHANNEL_
CHRrsense ASSIGNMENT - CH Rsense (2= Rsense £20) 5

Figure 38.3-Wire Sense Resistor Channel Assignment Convention for 3-Wire RTDs

CH6
1 Rsense S Rsense ASSIGNED TO CH7 (CHggnsg=7)
= 12150390 S | _— CHANNEL ASSIGNMENT
_ cHr < MEMORY LOCATIONS 0x218 TO 0x21B
0.01uF
I
3, =
I‘ CHs
< 0.01uF 3-WIRE RTD ASSIGNED TO CH9 (CHrrp=9)
3-WIRE PT-200 == |_— CHANNEL ASSIGNMENT
= — MEMORY LOCATIONS 0x220 TO 0x223
CH9 RESULT MEMORY LOCATIONS 0x030 TO 0x033
1 £
I0.01pF

048

Figure 39.3-Wire RTD Example

Table 60.Channel Assignment Data for 3-Wire RTD (PT-200, Rg;ys: 0N CH7, 3-Wire, 50pA Excitation Current,
a=0.003911 Curve)

NFIGURATION # OF MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE
CONFIGU 0 DESCRIPTION 0 BINARY DATA 0 SS 0 S8 0 S8 0 S8
FIELD BITS 0x230 0x231 0x232 0x233

(1) RTD TYPE PT-200 5 (01101 0|1(1]|0(1
(2) Sense Resistor CH7 5 (00111 0l0|1f1(1
Channel Pointer
(3) Sensor 3-Wire 4 (0100 o(1({0f0
Configuration
(4) Excitation 50uA 4 |0100 0|1]|0]|0
Current
(5) Curve American,a=| 2 |[01 01
0.003911
Not Used 12 (000000000000 o|0o|0|O|OfO|O|O|O|OfO(O
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Table 61.Channel Assignment Data for Sense Resistor (Value =12150.39Q)

CONFIGURATION # OF MEMORY MEMORY MEMORY MEMORY
FIELD DESCRIPTION BITS BINARY DATA ADDRESS 0x218 | ADDRESS 0x219 | ADDRESS 0x21A | ADDRESS 0x21B

(1) Sensor Type Sense Resistor 5 [11101 1{1(0|(1

(2) Sense Resistor 12150.39Q 27 |0001011110111011001100 0|0|0{1{0(1|1f1|1|0|1f{1(1|0(1|1|0|0|1|1|0|0|O|1|1|1(0O

Value 01111

Example: Standard 4-Wire RTD (No Rotation or Ry Sharing)

Standard 4-wire RTD channel assignments follow the general convention shown in Figure 40. Terminal 1 is tied to
ground, terminals 2 and 3 (Kelvin-sensed signal) tie to CHgrp and CHgrpy, and the 4th terminal ties to the sense
resistor. Channel assignment data (see Table 46) is mapped to memory locations corresponding to CHgp.

Sense resistor channel assignments follow the general convention shown in Figure 41. The sense resistor is tied
between CHggense and CHgeyse.q, Where CHgeeyse is tied to the 4th terminal of the RTD. Channel assignment data (see
Table 54) is mapped into a memory location corresponding to CHggepse-

Figure 42 shows a typical temperature measurement system using a 4-wire RTD. In this example, a 4-wire RTD’s
terminals tie to GND, CH13, CH12, and CH11. The sense resistor ties to CH11 and CH10. The sense resistor and RTD
share a common connection at CH11. The RTD sensor type and configuration data are assigned to CH13; 32 bits of
binary configuration data are mapped directly into memory locations 0x230 to 0x233 (see Table 62). The sense
resistor is assigned to CH11. The user-programmable value of this resistor is 5000.2Q; 32 bits of binary configuration
data are mapped directly into memory locations 0x228 to 0x22B (see Table 63).

A conversion is initiated on CH13 by writing 10001101 into the data byte at memory location 0x000. Once the
conversion is complete, the INTERRUPT pin goes high and memory location 0x000 becomes 01001101. The resulting
temperature in °C can be read from memory locations 0x040 to 0x043 (corresponding to CH13).

CHRSENSE 4TH TERMINAL TIES TO SENSE RESISTOR (CHrsgNnsE)

W

CHgrD1

EXCITATION >
CURRENT
FLOW CHANNEL

2| CHrro =— ,coionmenT = CHRro (25 RTD < 20)

1

049

Figure 40.4-Wire RTD Channel Assignment Convention

CHRsENSE-1

EXCITATION
CURRENT
FLOW

RsensE

CHANNEL
CHRSENSE " oo /GNMENT - CH RSENSE 2 S RsensE S20)

Figure 41.Sense Resistor Channel Assignment Convention for 4-Wire RTDs
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CH10

RseNsE
5000.2Q I
0.01pF
X
4 =
3 o
0.01pF
4-WIRE PT-1000 X I
2 .
1 0.01yF
- T

CH11

CH12

CH13

Figure 42.Standard 4-Wire RTD Example

SENSE RESISTOR ASSIGNED TO CH11 (CHggnsE=11)

|_— CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x228 TO 0x22B

RTD ASSIGNED TO CH13 (CHgrp=13)
CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x230 TO 0x233

RESULT MEMORY LOCATIONS 0x040 TO 0x043

051

Table 62.Channel Assignment Data for 4-Wire RTD (PT-1000, R\ s; on CH11, Standard 4-Wire, 25pA
Excitation Current, o =0.00385 Curve)

CONFIGURATION # OF MEMORY ADDRESS | MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
FIELD DESCRIPTION BITS BINARY DATA 0x230 0x231 0x232 0x233
(1) RTD TYPE PT-1000 5 (01111 0 1|11
(2) Sense Resistor CH11 5 (01011 0|1(0f1
Channel Pointer
(3) Sensor 4-Wire, No 4 1000 1(0|0|0
Configuration Rotate, No
Share
(4) Excitation 25pA 4 0011 0|01
Current
(5) Curve European,a=| 2 |00 0|0
0.00385
Not Used 12 |000000000000 o(ojo|ofo|o0|O|OfO|O|OfO
Table 63.Channel Assignment Data for Sense Resistor (Value =5000.2Q)
CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS |MEMORY ADDRESS
FIELD BITS 0x228 0x229 0x22A 0x22B
(1) Sensor Type |Sense Resistor [ 5 [11101 1/1({1]|0|1
(2) Sense 5000.2Q 27 |00001001110001000 0|00 1/0/0f1f1|1|0 0(1|/0/0{0|0[0Of1f1|0|0|1|1|{0fO0
Resistor Value 0011001100

Example: 4-Wire RTD with Rotation

One method to improve the accuracy of an RTD over the standard 4-wire implementation is by rotating the excitation
current source. Parasitic thermocouple effects are automatically removed through autorotation. In order to perform
autorotation, the 1st terminal of the RTD ties to CHgyp,, instead of GND, as in the standard case. This allows the
ADT7604 to automatically change the direction of the current source without the need for additional external

components.

analog.com

Rev.0 | 560f78



https://www.analog.com/en/index.html

ADT7604

The 4-wire RTD with rotation channel assignments follows the general convention shown in Figure 43. Terminal 1 is
tied to CHgqp.g, terminals 2 and 3 (Kelvin-sensed signal) tie to CHgrp and CHgrp 1, and the 4th terminal ties to the sense
resistor. Channel assignment data (see Table 46) is mapped to memory locations corresponding to CHgrp.

Sense resistor channel assignments follow the general convention shown in Figure 44. The sense resistor is tied
between CHgeense and CHgsense.1, Where CHggenge iS tied to the 4th terminal of the RTD. Channel assignment data is
mapped into a memory location corresponding to CHgseyse.

Figure 45 shows a typical temperature measurement system using a rotating 4-wire RTD. In this example a 4-wire
RTD’s terminals tie to CH17, CH16, CH15, and CH6. The sense resistor is tied to CH6 and CH5. The sense resistor and
RTD connect together at CH6. The RTD sensor type and configuration data are assigned to CH16. 32 bits of binary
configuration data are mapped directly into memory locations 0x23C to 0x23F (see Table 64). The sense resistor is
assigned to CH6. The user programmable value of this resistor is 10.0102kQ; 32 bits of binary configuration data are
mapped directly into memory locations 0x214 to 0x217 (see Table 65).

A conversion is initiated on CH16 by writing 10010000 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01010000. The resulting temperature in °C can
be read from memory locations 0x04C to 0x04F (corresponding to CH16).

CHrsense 4TH TERMINAL TIES TO SENSE RESISTOR

~
b

4
3] CHrrp
EXCITATION <
CURRENT

FLOW CHANNEL

2] CHrto = posiGNmENT - CHRTD (2 RTD £19)

CHRrTD+1

052

Figure 43.4-Wire RTD Channel Assignment Convention

CHRSENSE-1
EXCITATION RseENSE

CURRENT
FLOW

<« CHANNEL
CHrsense ASSIGNMENT- CH Rsense 2 Rsense <20)

Figure 44.Sense Resistor Channel Assignment Convention for 4-Wire RTDs with Rotation

CH5
RsENSE - 0.01yF SENSE RESISTOR ASSIGNED TO CH6 (CHgensg=6)
10.0102kQ — |_— CHANNEL ASSIGNMENT
- cHe — MEMORY LOCATIONS 0x214 TO 0x217
0.01uF
I a2 =
4 3 =
‘I CH15
0.01yF RTD ASSIGNED TO CH16 (CHryp=16)
PT-100 __l__ CHANNEL ASSIGNMENT
2 = — MEMORY LOCATIONS 0x23C TO 0x23F
* CH16 RESULT MEMORY LOCATIONS 0x04C TO 0x04F
1 i
0.01uF
e
‘I CH17
0.01uF
e

054

Figure 45.Rotating 4-Wire RTD Example
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Table 64.Channel Assignment Data for Rotating 4-Wire RTD (PT-100, Rgys: On CH6, Rotating 4-Wire, 100pA
Excitation Current, a =0.003911 Curve)

CONFIGURATION # OF MEMORY ADDRESS | MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
FIELD DESCRIPTION BITS BINARY DATA 0x23C 0x23D 0x23E 0x23F
(1) RTD TYPE PT-100 5 101100 0|1({1(0|0
(2) Sense CHe 5 (00110 0|0|1(1]|0
Resistor Channel
Pointer
(3) Sensor 4-Wire with 4 |1010 1(0(1|0
Configuration Rotation
(4) Excitation 100pA 4 (0101 0|1(0]1
Current
(5) Curve American, 2 |01 0|1
a=0.003911
Not Used 12 |000000000000 o|jo|ofo(0fO|0O|Of|O]|O]|O]|O

Table 65.Channel Assignment Data for Sense Resistor (Value =10.0102kQ)

CONFIGURATION DESCRIPTION #OF BINARY DATA MEMORY MEMORY MEMORY MEMORY
FIELD BITS ADDRESS 0x214 | ADDRESS 0x215 | ADDRESS 0x216 | ADDRESS 0x217
(1) Sensor Type Sense 5 11101 1{1{1|0|1
Resistor
(2) Sense Resistor| 10.0102kQ 27 (000100111000110100011001100 o|0|0f1{0fOf1|1|1|0(O|O|1|1|O|1|O(OfO|1|1|0OfO|1|1|0Of0O
Value

Example: Multiple 4-Wire RTDs with Shared Rggys:

Figure 46 shows a typical temperature measurement system using two 4-wire RTDs with a shared Rygyse. The ADT7604
can support up to six 4-wire RTDs with a single sense resistor. In this example, the first 4-wire RTD’s terminals tie to
CH17, CH16, CH15, and CH6, and the 2nd ties to CH20, CH19, CH18, and CH6. The sense resistor ties to CH5 and CH6é.
The sense resistor and both RTDs connect together at CH6. This channel assignment convention is identical to that
of the rotating RTD. This topology supports both rotated and non-rotated RTD excitations. Channel assignment data
for each sensor is shown in Table 66, Table 67, and Table 68.

A conversion is initiated on CH16 by writing 10010000 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01010000. The resulting temperature in °C can
be read from memory locations 0x04C to 0x04F (corresponding to CH16). A conversion can beinitiated and read from
CH19 in a similar fashion.
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CH5
Rsense T
10kQ —
= L
‘I CHé
0.01pF
01p
I =~ =
4 3 =
‘I CH15
0.01pF
01y
4-WIRE PT-100 f __l__
) =
I- CH16
1 0.01F
01y
=
-I CH17
0.01pF
01p
I
4 -
‘I CH18
0.01pF
.01
4-WIRE PT-500 X I
) =
‘I CH19
1 0.014F
01p
=
‘I CH20
0.01pF
01p
=

SENSE RESISTOR ASSIGNED TO CH6 (CHgensg=6)
| _— CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x214 TO 0x217

RTD #1 ASSIGNED TO CH16 (CHgrp=16)

CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x23C TO 0x23F
RESULT MEMORY LOCATIONS 0x04C TO 0x04F

RTD #2 ASSIGNED TO CH19 (CHgyp=19)

CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x248 TO 0x24B
RESULT MEMORY LOCATIONS 0x058 TO 0x05B

Figure 46.Shared Ry 4-Wire RTD Example

055

Table 66.Channel Assignment Data for 4-Wire RTD #1 (PT-100, Ry, on CH6, 4-Wire, Shared R, Rotated
100pA Excitation Current, o =0.003926 Curve)

NFIGURATION #OF MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE
CONFIGU 0 DESCRIPTION o BINARY DATA 0 S$ o $$ 0 S$ o $$
FIELD BITS 0x23C 0x23D 0x23E 0x23F

(1) RTD TYPE PT-100 5 |01100 0[1|1|0]|0
(2) Sense Resistor CH6 5 100110 0|0 0
Channel Pointer
(3) Sensor 4-Wire Rotated] 4 |1010 1(0(1]0
Configuration
(4) Excitation 100pA 4 0101 01|01
Current
(5) Curve ITS-90, a = 2 11 1|1
0.003926
Not Used 12 (000000000000 0|0|0|0 0({0|0|0|0O|O|O

Table 67.Channel Assignment Data for 4-Wire RTD #2 (PT-500, Rg.\s: On CH6, 4-Wire, Rotated 50pA Excitation

Current, a =0.003911 Curve)

CONFIGURATION # OF MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
DESCRIPTION BINARY DATA
FIELD BITS 0x248 0x249 0x24A 0x24B
(1) RTD TYPE PT-500 5 01110 of1(1{1]|0
(2) Sense Resistor CH6 5 00110 00 1|0
Channel Pointer
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(3) Sensor 4-Wire Shared,| 4 [1001 1|0(0]|1
Configuration No Rotation
(4) Excitation 50pA 4 |0100 0(1(0(0
Current
(5) Curve American,a=| 2 |01 0f1
0.003911
Not Used 12 |000000000000 o|ofo|o|0|of0O|0O|0O|0O|O]|O

Table 68.Channel Assignment Data for Sense Resistor (Value =10.000kQ)

CONFIGURATION #OF MEMORY ADDRESS [MEMORY ADDRESS| MEMORY ADDRESS |MEMORY ADDRESS
FIELD DESCRIPTION| g,rg BINARY DATA 0x214 0x215 0x216 0x217

(1) Sensor Type Sense 5 11101 1(1(1(0(1

(2) Sense 10.000kQ | 27 |000100111000100000000000000 olofo[z[o[o]z[z[z[o]o]o[z]0]o]o]0]o]o]o]o[o]o]0]0]0]0

Resistor Value

Example: 4-Wire RTD with Kelvin Ry

It is possible to cancel the parasitic lead resistance in the sense resistors by configuring the 4-wire RTD with a 4-wire
(Kelvin-connected) sense resistor. This is useful when using a PT-10 or PT-50 with a small valued Rggyse Or when the
sense resistor is remotely located or in applications requiring extreme precision.

The 4-wire RTD channel assignments follow the general conventions previously defined (Figure 41 and Figure 43) for
a standard 4-wire RTD. The sense resistor follows the convention shown in Figure 47.

Figure 48 shows a typical temperature measurement system using a 4-wire RTD with a Kelvin-connected Rggyge. In
this example, the 4-wire RTD’s terminals tie to CH17, CH16, CH15, and CH6. The sense resistor ties to CH6, CH5, and
CH4 and excitation current is applied to CH4 and CH17. The sense resistor’s nominal value is 1kQ in order to
accommodate a 1mA excitation current. The sense resistor and RTD connect together at CH6. This topology supports
both rotated, shared, and standard 4-wire RTD topologies. If rotated or shared configuration are not used, then
terminal 1 of the RTD is tied to ground instead of CH17, freeing up one input channel. Channel assignment data is
shown in Table 69 and Table 70.

A conversion isinitiated on CH16 by writing 10010000 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01010000 (see Table 14). The resulting
temperature in °C can be read from memory locations 0x04C to 0x04F (corresponding to CH16).

CHRsENSE-2

3] CHrsense-1

EXCITATION

>
CURRENT | Rsense|
FLOW < CHANNEL_

2] CHrsense ™ aggiGNMENT - CH RSENSE (3 S Rsense <20)

TIES TORTD TERMINAL 4 g
Figure 47.Sense Resistor with Kelvin Connections Channel Assignment Convention
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CH4
0.01yF

Rsense
1kQ 3

CH5
0.01yF

CH6
0.01yF

w

4-WIRE PT-10

CH15
0.01uF

CH16
0.01yF

CH17

0.01yF

)
w

HH HH HH HH HRH HH

SENSE RESISTOR ASSIGNED TO CH6 (CHgensE=6)

|_— CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x214 TO 0x217

RTD ASSIGNED TO CH16 (CHgyp=16)

| _— CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x23C TO 0x23F

RESULTS MEMORY LOCATIONS 0x04C TO 0x04F

057

Figure 48.Sense Resistor with Kelvin Connections Example

Table 69.Channel Assignment Data for 4-Wire RTD with Kelvin Connected Rggyse (PT-10, Ry ON CH6, 4-Wire,
Kelvin Rggyse With Rotated 1mA Excitation Current, o =0.003916 Curve)

CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY ADDRESS [MEMORY ADDRESS | MEMORY ADDRESS| MEMORY ADDRESS
FIELD BITS 0x23C 0x23D 0x23E 0x23F
(1) RTD TYPE PT-10 5 |01010 0|1{0f1|0
(2) Sense Resistor CH6 5 100110 0|0|1|1]|0
Channel Pointer
(3) Sensor 4-Wire Kelvin Rsense 4 |1110 1(1(1|0
Configuration and Rotation
(4) Excitation 1mA 4 |1000 1(0(0(0
Current
(5) Curve Japanese, a = 2 |10 1|0
0.003916
Not Used 12 |000000000000 o|ofofo|o|o|jo|0|0O|0OfOfO
Table 70.Channel Assignment Data for Sense Resistor (Value =1000Q)
NFIGURATION # OF MEMORY MEMORY ADDRE MEMORY MEMORY ADDRE
CONFIGU 0 DESCRIPTION 0 BINARY DATA 0 0 S8 0 0 S8
FIELD BITS ADDRESS 0x214 0x215 ADDRESS 0x216 0x217
(1) Sensor Type Sense Resistor 5 |11101 111|011
(2) Sense Resistor 1000ft 27 |000000011111010000000 0(0|0|0|0OfO|Of1|1f1|1|1|0|1|O|OfO|OOjO|O|OfO|OfO|O|O
\Value 000000
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Thermistor Measurements
Channel Assignment - Thermistor

For each thermistor tied to the ADT7604, a 32-bit channel assignment word is programmed into a memory location
corresponding to the channel the sensor is tied to (see Table 71). This data includes (1) thermistor type, (2) sense
resistor channel pointer, (3) sensor configuration, (4) excitation current, and (5) custom Steinhart-Hart address
pointer.

(1) Thermistor Type

The thermistor type is determined by the first 5 input bits (B31 to B27) as shown in Table 72. Linearization coefficients
based on the Steinhart-Hart equation for commonly used thermistor types 44004/44033, 44005/44030, 44006/44031,
44007/44034, 44008/44032, and YSI-400 are built into the device. Besides built-in thermistor types, thermistor
custom Steinhart-Hart (temperature vs. resistance) can be selected. In this case, user-specific data can be stored in
the on-chip RAM starting at the address defined in thermistor custom Steinhart-Hart address pointers.

(2) Sense Resistor Channel Pointer

Thermistor measurements are performed ratiometrically relative to a known Ry resistor. The sense resistor
channel pointer field indicates the differential channel the sense resistor is tied to for the current thermistor (see
Table 48).

Table 71.Thermistor Channel Assignment Word

(1) THERMISTOR (2) SENSE (3) SENSOR (4) EXCITATION | NOT (5) CUSTOM STEINHART-HART
TYPE RESISTOR CONFIGURATION CURRENT USED ADDRESS POINTER
Table 72 Table 48 Table 73 Table 74 Table 84, Table 85

Measurement Class [31/30(29(28|27 |26 (25|24 (23|22 | 21 20 19 |18 (17 (16|15(14|13(12(11|10|/9|8|7(6|5(4|3|2(1|0

Thermistor Type=19t026 | Rgryge Channel |SGL=1| Excitation Excitation Not Used | Custom Address | Custom Length -1
Pointer [4:0] DIFF=0 Mode Current [3:0] 000 [5:0] [5:0]

Table 72.Thermistor Type: 1/T=A+B x In(R) + Cx In(R)?+ D x In(R)? + E x In(R)* + F x In(R)®

THERMISTOR
B31 | B30 | B29 | B28 | B27 TYPE A B C D E F

Thermistor
1 0 0 1 1 44004/44033 1.46800E-03 | 2.38300E-04 0 1.00700E-07 0 0
2.252kQ at 25°C
Thermistor
1 0 1 0 0 44005/44030 3kQ 1.40300E-03 | 2.37300E-04 0 9.82700E-08 0 0
at 25°C
Thermistor
1 0 1 0 1 44007/44034 5kQ 1.28500E-03 | 2.36200E-04 0 9.28500E-08 0 0
at 25°C
Thermistor
1 0 1 1 0 44006/44031 10kQ 1.03200E-03 | 2.38700E-04 0 1.58000E-07 0 0
at 25°C
Thermistor
1 0 1 1 1 44008/44032 30kQ 9.37600E-04 | 2.20800E-04 0 1.27600E-07 0 0
at 25°C
Thermistor YSI-400

1 1 0 0 0 1.47134E-03 | 2.37624E-04 0 1.05034E-07 0 0
2.252kQ at 25°C
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1 1 0 0 y | Spectruml1003k | ico0ae3 | 2.68399E-04 | 0 | 1.64066E-07 | 0 0
1kQ at 25°C
Thermistor Custom User User User
1 1 0 1 0 _I ) User input User input . User input . .
Steinhart-Hart input input input

(3) Sensor Configuration

The sensor configuration field is used to define various thermistor properties. Configuration bit B21 is set high for
single-ended (measurement relative to COM) and low for differential (see Table 73).

Table 73.Sensor Configuration Data

(3) SENSOR CONFIGURATION
SINGLE-ENDED/DIFFERENTIAL SHARE Rggyse ROTATE
SGL EXCITATION MODE
B21 B20 B19
0 0 0 Differential No No
0 0 1 Differential Yes Yes
0 1 0 Differential Yes No
0 1 1 Reserved
1 0 0 Single-Ended No No
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

The next sensor configuration bits (B19 and B20) determine the excitation current mode. These bits are used to
enable Rqeyse Sharing, where one sense resistor is used for multiple thermistors. In this case, the thermistor ground
connection is internal and each thermistor points to the same Rggyge channel.

Bits B19 and B20 are also used to enable excitation current rotation to automatically remove parasitic thermocouple
effects. Parasitic thermocouple effects may arise from the physical connection between the thermistor and the
measurement instrument. This mode is available for differential thermistor configurations using the internal current
source excitation.

(4) Excitation Current

The next field in the channel assignment word (B18 to B15) controls the magnitude of the excitation current applied
to the thermistor (see Table 74). In order to prevent hard or soft faults, select a current such that the maximum
voltage drop across the sensor or sense resistor is nominally 1.0V. The ADT7604 has no special requirements related
to the ratio between the voltage drop across the sense resistor and the sensor. Consequently, it is possible to have a
sense resistor that is several orders of magnitude smaller than the maximum sensor value. For optimal performance
over the full thermistor temperature range, auto-ranged current can be selected. In this case, the ADT7604
conversion is performed in three cycles (instead of the standard two cycles). The first cycle determines the optimal
excitation current for the sensor resistance value and Rgs: value. The following two cycles use that current to
measure the thermistor temperature.
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(5) Steinhart-Hart Address

See theThermistor Custom Steinhart-Hart section for more information.

Table 74.Excitation Current for Thermistors

(4) EXCITATION CURRENT
CURRENT

B18 B17 B16 B15

0 0 L 0 Reserved

0 0 v 1 250nA

0 0 A 0 500nA

0 0 1 1 1uA

0 ! 0 0 5uA

0 ! 0 1 10pA

0 ! 1 0 25pA

0 ! 1 1 50pA

! 0 0 0 100pA

! 0 0 1 250pA

! 0 L 0 500pA

! 0 . 1 1ImA

! ! v 0 Auto-range*

! ! 0 1 Invalid

! ! 1 0 Invalid
! ! L 1 Reserved

*Auto-range not allowed for custom sensors.
*Additional circuitry required for auto-range; see Figure 54.

Fault Reporting - Thermistor

Each sensor type has unique fault reporting mechanism indicated in the upper byte of the data output word. Table
75 shows faults reported during the measurement of thermistors.

Bit D31 indicates the thermistor or Regyse is Open, shorted, or not plugged in. Thisis a hard fault and -999°C is reported.
Bit D30 indicates a bad ADC reading. This could be a result of either a broken (open) sensor or an excessive noise
event (ESD or static discharge into the sensor path).

This is a hard error and -999°C is output. In the case of an excessive noise event, the device should recover and the
following conversions will be valid if the noise event was a random infrequent event. Bits D29 and D28 are not used
for thermistors. Bits D27 and D26 indicate the reading is over or under temperature limits (see Table 76). The
calculated temperature is reported, but the accuracy may be compromised. Bit D25 indicates that the absolute
voltage measured by the ADC is beyond its normal operating range.
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Table 75.Thermistor Fault Reporting

BIT FAULT ERROR TYPE DESCRIPTION OUTPUT RESULT
D31 Sensor Hard Fault Hard Open or short thermistor or Reeyse -999°C
D30 Hard ADC-Out-of-Range Hard Bad ADC reading (could be large external noise event) -999°C
D29 Not Used for Thermistors N/A Always 0 Valid reading
D28 Not Used for Thermistors N/A Always 0 Valid reading
D27 Sensor Over Range* Soft T> high temp limit Suspect reading
D26 Sensor Under Range* Soft T <low temp limit Suspect reading
D25 ADC Out-of-Range Soft ADC absolute input voltage is beyond +1.125 x Vrer/2 Suspect reading
D24 Valid N/A Result valid (should be 1) discard results if 0 Valid reading

*Do not apply to custom Steinhart-Hart sensor type. Custom table thermistor over/under range is determined by the resistor table values;
see custom Steinhart-Hart thermistor table example for details.

Table 76.Thermistor Temperature/Resistance Range

THERMISTOR TYPE MIN (Q) MAX (Q) LOW TEMP LIMIT (°C) HIGH TEMP LIMIT (°C)
Thermistor 44004/44033 2.252kQ at 25°C 41.9 75.79k -40 +150
Thermistor 44005/44030 3kQ at 25°C 55.6 101.0k -40 +150
Thermistor 44007/44034 5kQ at 25°C 92.7 168.3k -40 +150
Thermistor 44006/44031 10kQ at 25°C 237.0 239.8k -40 +150
Thermistor 44008/44032 30kQ at 25°C 550.2 884.6k -40 +150
Thermistor YSI 400 2.252kQ at 25°C 6.4 1.66M -80 +250
Spectrum 1003K 1kQ at 25°C 51.1 39.51k -50 +125
Thermistor Custom Steinhart-Hart N/A N/A N/A N/A

Example: Single-Ended Thermistor

The simplest thermistor configuration is the single-ended configuration. Thermistors using this configuration share
a common ground (COM) between all sensors and are each tied to a unique sense resistor. (Rgyse Sharing is not
allowed for single-ended thermistors.) Single-ended thermistors follow the convention shown in Figure 49. Terminal
1 ties to ground (COM) and terminal 2 ties to CHy,ery @nd the sense resistor. Channel assignment data (see Table 71)
is mapped to memory locations corresponding to CHyyepy.

2ND TERMINAL TIES TO SENSE RESISTOR (CHgrsensE)
‘ CH . CHANNEL _ <
2 THERM ASSIGNMENT CHyyerm (1 < THERM = 20)
% 1

Figure 49.Single-Ended Thermistor Channel Assignment Convention

EXCITATION
CURRENT
FLOW

o
2
3

Sense resistor channel assignments follow the general convention shown in Figure 50. The sense resistor is tied
between CHggense and CHggense 1, Where CHggense iS tied to the 2nd terminal of the thermistor. Channel assignment data
(see Table 54) is mapped into the memory location corresponding to CHggepse-
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CHRsENSE-1

EXCITATION
CURRENT
FLOW

Rsense

CHANNEL
CHRSENSE = \ss1GNMENT™ CH RseNse (2% Rsense <20)

Figure 50.Sense Resistor Channel Assignment Convention

Figure 51 shows a typical temperature measurement system using a single-ended thermistor. In this example, a 10kQ
(44031 type) thermistor is tied to a 10.1kQ sense resistor. The thermistor is assigned channel CH5 (memory locations
0x210to 0x213), and the sense resistor is assigned CH4 (memory locations 0x20C to 0x20F). Channel assignment data
is shown in Table 77 and Table 78.

A conversion is initiated on CH5 by writing 10000101 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01000101. The resulting temperature in °C can
be read from memory locations 0x020 to 0x023 (corresponding to CH5).

(LT e
Rsense < - 100pF SENSE RESISTOR ASSIGNED TO CH4 (CHgensE=4)
101kQ S — CHANNEL ASSIGNMENT
= MEMORY LOCATIONS 0x20C TO 0x20F
‘I CH4
- 100pF THERMISTOR ASSIGNED TO CH5 (CHyperm=5)
— CHANNEL ASSIGNMENT
2 - MEMORY LOCATIONS 0x210 TO 0x213
1 CH5 RESULT MEMORY LOCATIONS 0x020 TO 0x023
100pF
<>
TYPE 44031 2? X
1
- T COM

Figure 51.Single-Ended Thermistor Example

Table 77.Channel Assignment Data for Single-Ended Thermistor (44006/44031 10kQ at 25°C Type Thermistor,
Single-Ended Configuration, Ry, on CH4, 1pA Excitation Current)

#OF MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE MEMORY ADDRE
CONFIGURATION DESCRIPTION (o) BINARY DATA o SS o SS (o) SS [o) SS
FIELD BITS 0x210 0x211 0x212 0x213

(1) Thermistor 44006/44031 5 (10110 1({0f1(1|0

Type 10kQ at 25°C

(2) Sense CH4 5 (00100 0|0|1(0|0

Resistor Channel

Pointer

(3) Sensor Single-Ended | 3 (100 1/0|0

Configuration

(4) Excitation 1uA 4 0011 0|0|1(1

Current

Not Used Set These Bits| 3 |000 0(o|o0
to0

(5) Custom Data | Not Custom 12 |000000000000 o|o|0|0|0|O|O|O|O|O|O|O

Pointer
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Table 78.Channel Assignment Data for Sense Resistor (Value =10.1kQ)

CONFIGURATION #OF MEMORY MEMORY ADDRESS MEMORY MEMORY ADDRESS
DESCRIPTION BINARY DATA
FIELD BITS ADDRESS 0x228 0x229 ADDRESS 0x22A 0x22B
(1) Sensor Type Sense Resistor 5 11101 1]1|1|0]1
(2) Sense Resistor 10.1kQ 27 |000100111011101000000 of(ofofi|ojoj1|{1f1j0|1|1|1|0|1({O(0O|O|O|OfO|OfO|O|O(OfO
Value 000000

Example: Differential Thermistor

The differential thermistor configuration allows separate ground sensing for each sensor. In this standard differential
configuration, one sense resistor is used for each thermistor. Differential thermistors follow the convention shown
in Figure 52. Terminal 1 ties to CHyery @nd is shorted to ground, and terminal 2 ties CHqyery.; to the sense resistor.
Channel assignment data (see Table 71) is mapped to memory locations corresponding to CHqyegy-

2ND TERMINAL TIES TO SENSE RESISTOR
2 CHTHERM-1

EXCITATION
CURRENT
FLOW CHANNEL _
1 CHTHERM ™ A5siGNMENT - CHTHERM (2 < THERM < 20)

"= 1ST TERMINAL TIES TO GND

061

Figure 52.Differential Thermistor Channel Assignment Convention

Sense resistor channel assignments follow the general convention shown in Figure 53. The sense resistor is tied
between CHgsense and CHgsense.1, @and CHgeeyse iS tied to the 2nd terminal of the thermistor. Channel assignment data
(see Table 54) is mapped into a memory location corresponding to CHpgseyse.

CHRSENSE-1

EXCITATION
CURRENT
FLOW

Rsense

CHANNEL,
CHRSENSE = ,co/GNMENT- CH RSENsE (2 S Rsense $20)

Figure 53.Sense Resistor Channel Assignment Convention

Figure 54 shows a typical temperature measurement system using a differential thermistor. In this example, a 30kQ
(44032 type) thermistor is tied to a 9.99kQ sense resistor. The thermistor is assigned channel CH13 (memory locations
0x230 to 0x233), and the sense resistor is assigned CH11 (memory locations 0x228 to 0x22B). Channel assignment
datais shown in Table 79 and Table 80).

A conversion isinitiated on CH13 by writing 10001101 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01001101. The resulting temperature in °C can
be read from memory locations 0x040 to 0x043 (corresponding to CH13).
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3.32kQ
1%

1.4V

4.22kQ
1%

ADDITIONAL CIRCUITRY
REQUIRED FOR AUTO-RANGE

LDO (PIN 43)

MMBF4117

TYPE 44032

100pF

RSENSE%
9.99kQ

100pF

100pF

4 HH HH HH

CH10

CH11

CH12

CH13

Figure 54.Differential Thermistor Example

SENSE RESISTOR ASSIGNED TO CH11 (CHggnsE=11)

CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x228 TO 0x22B

THERMISTOR ASSIGNED TO CH5 (CHrpgrm=13)
CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x230 TO 0x233
RESULT MEMORY LOCATIONS 0x040 TO 0x043

063

Table 79.Channel Assignment Data for Differential Thermistor (44008/44032 30kQ at 25°C Type Thermistor,

Differential Configuration, Rg;\s: on CH11, Auto-Range Excitation)

CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY ADDRESS | MEMORY ADDRESS | MEMORY ADDRESS MEMORY ADDRESS
FIELD BITS 0x230 0x231 0x232 0x233
(1) Thermistor 44008/44032 | 5 [10111 1lof1|1]1
Type 30kQ at 25°C
(2) Sense Resistor CH11 5 (01011 0f1({0|1|1
Channel Pointer
(3) Sensor Differential, 3 |000 0|0]|0
Configuration No Share, No
Rotate
(4) Excitation Auto Range 4 [1100 1|10
Current See Note 1
Not Used Set These Bits| 2 [000 ofofo
to0
(5) Custom Data Not Custom 12 |000000000000 o(ojojojojofojofo0|0O|O]|O
Pointer

Note 1: Additional circuitry required for thermistors using auto-range. See Figure 54.

Table 80.Channel Assignment Data for Sense Resistor (Value =9.99kQ)

CONFIGURATION # OF MEMORY MEMORY ADDRESS MEMORY MEMORY ADDRESS
FIELD DESCRIPTION BITS BINARY DATA ADDRESS 0x228 0x229 ADDRESS 0x22A 0x22B
(1) Sensor Type Sense Resistor| 5 |11101 1|1|1(0(1

(2) Sense Resistor
\Value

9.99kQ 27

0001001110000011000000
00000

Example: Shared/Rotated Differential Thermistor

The differential thermistor configuration allows separate internal ground sensing for each sensor. In this
configuration, one sense resistor can be used for multiple thermistors. Differential thermistors follow the convention
shown in Figure 55. Terminal 1 ties to Cypuerw, @nd terminal 2 ties to Cypuerw @and the sense resistor. Channel
assignment data (see Table 71) is mapped to memory locations corresponding to Cyryery-
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EXCITATION
CURRENT
FLOW

4

2ND TERMINAL TIES TO SENSE RESISTOR

2 I CHTHERM-1

CHTHERM

CHANNEL

ASSIGNMENT = CHrHERM (2 S THERM < 20)

<
2
38

Figure 55.Thermistor with Shared RSENSE Channel Assignment Convention

Sense resistor channel assignments follow the general convention shown in Figure 56. The sense resistor is tied
between Cygsense aNd Crsense.1, @aNd Crsense IS tied to the 2nd terminal of the thermistor. Channel assignment data (see
Table 54) is mapped into a memory location corresponding to Cygense-

EXCITATION

CURRENT
FLOW

CHRSENSE-1

Rsense

CHANNEL,

CHRSENSE ™ s ooiGNMENT™ CH RseNSE (2 S Rsense £20) p

Figure 56.Sense Resistor Channel Assignment Convention for Thermistors

Figure 57 shows a typical temperature measurement system using a shared sense resistor and one rotated/one non-
rotated differential thermistors. In this example, a 30kQ (44032 type) thermistor is tied to a 10.0kQ sense resistor and
configured as rotated/shared. The second thermistor a 2.25kQ (44004 type) is configured as a non-rotated/shared.
Channel assignment data are shown in Table 81, Table 82, and Table 83.

A conversion isinitiated on CH18 by writing 10010010 into memory location 0x000. Once the conversion is complete,
the INTERRUPT pin goes high and memory location 0x000 becomes 01010010. The resulting temperature in °C can
be read from memory locations 0x054 to 0x057 (corresponding to CH16). A conversion can be initiated and read from

CH20 in a similar fashion.

RsENSE g 100pF
10kQ

<

100pF

TYPE 44032

100pF

100pF

TYPE 44033

100pF

HH HH HH HH HH

100pF

CH15

CH16

CH17

CH18

CH19

CH20

SENSE RESISTOR ASSIGNED TO CH16 (CHsgnsg=16)

|_— CHANNEL ASSIGNMENT
MEMORY LOCATIONS 0x23C TO 0x23F

THERMISTOR #1 ASSIGNED TO CH18 (CHrygrm=13)
|_— CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x244 TO 0x247
RESULT MEMORY LOCATIONS 0x054 TO 0x057

THERMISTOR #2 ASSIGNED TO CH20 (CHyHgrM=20)
CHANNEL ASSIGNMENT

MEMORY LOCATIONS 0x24C TO 0x24F

RESULT MEMORY LOCATIONS 0x05C TO 0x05F

Figure 57.Rotated and Shared Thermistor Example
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Table 81.Channel Assignment Data Differential Thermistor (44008/44032 30kQ at 25°C Type Thermistor,
Differential Configuration with Sharing and Rotation, R, on CH16, 250nA Excitation Current)

CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY MEMORY MEMORY MEMORY
FIELD BITS ADDRESS 0x244 ADDRESS 0x245 ADDRESS 0x246 ADDRESS 0x247

(1) Thermistor 44008/44032 5 |10111 1(0(1f1(1

Type 30kQat 25°C

(2) Sense Resistor CH16 5 [10000 1{0|0|0]|0

Channel Pointer

(3) Sensor Differential, 3 |00l 0|01
Configuration Rotate and
Ch A
(4) Excitation 250nA 4 10001 of(ofo]|1
Current Excitation
Fad +
Not Used Set These Bits 3 |o00 0({o|o0
to0
(5) Custom Data Not Custom 12 |000000000000 o|jojo|jofofojofofojofo|0O
Pointer

Table 82.Channel Assignment Data Differential Thermistor (44004/44033 2.252kQ at 25°C Type Thermistor,
Differential Configuration with Sharing and No Rotation, Rg;\s; on CH16, 10pA Excitation Current)

CONFIGURATION # OF MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
DESCRIPTION BINARY DATA
FIELD BITS 0x24C 0x24D 0x24E 0x24F

(1) Thermistor 44004/440332.| 5 (10011 1(0(0|1(1
Type 252kQ at 25°C
(2) Sense Resistor CH16 5 |10000 1/0|0|0]|0
Channel Pointer
(3) Sensor Differential, 3 010 0|1]0
Configuration No Rotate and

Shared
(4) Excitation 10pA 4 [0101 0(1(0]|1
Current Excitation

Current
Not Used Set These Bits| 3 [000 0|00

to0
(5) Custom Data Not Custom 12 /000000000000 oj0|0|0|0O|O|O|O|OfO|O]|O
Pointer

Table 83.Channel Assignment Data for Sense Resistor (Value = 10.0kQ)

CONFIGURATION DESCRIPTION # OF BINARY DATA MEMORY MEMORY ADDRESS MEMORY MEMORY ADDRESS
FIELD BITS ADDRESS 0x23C 0x23D ADDRESS 0x23E 0x23F
(1) Sensor Type Sense 5 11101 1({1|1|0(1
Resistor
(2) Sense Resistor 10.0kQ 27 |00010011100010000000000 o(ojof1|o|0|1|1|1|0|O|O|1|O|OfO(O|O|O|O[OfOfO|OfO|O|O
Value 0000
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Thermistor Custom Steinhart-Hart

In addition to custom table-driven thermistors, it is also possible to directly input Steinhart-Hart coefficients into
the ADT7604 (thermistor type 11010, see Table 71). Steinhart-Hart coefficients are commonly specified parameters
provided by thermistor manufacturers. The Steinhart-Hart equation is:

1
T= A+BXxIn(R) + C x In(R)? + D X In(R)% + E x In(R)* + F X In(R)°®

Steinhart-Hart data is stored sequentially in any memory location greater than or equal to 0x250 and below 0x3CF.
Each coefficient is represented by a standard, single-precision, IEEE 754 32-bit value (see Table 84).

Table 84.Steinhart-Hart Custom Thermistor Data Format

ADDRESS COEFFICIENT VALUE
0x250 + 4 x Start Address A 32-Bit Single-Precision Floating Point Format
0x250 + 4 x Start Address + 4
0x250 + 4 x Start Address + 8
0x250 + 4 x Start Address + 12
0x250 + 4 x Start Address + 16
0x250 + 4 x Start Address + 20

32-Bit Single-Precision Floating Point Format

32-Bit Single-Precision Floating Point Format

32-Bit Single-Precision Floating Point Format

32-Bit Single-Precision Floating Point Format

MM | O | O |

32-Bit Single-Precision Floating Point Format

Example Custom Steinhart-Hart Thermistor
In this example, a Steinhart-Hart equation is entered into memory starting at location 0x300 (see Table 85).

Table 85.Custom Steinhart-Hart Data Example

COEFFICIENT| VALUE A[S).II;‘::;S SIGN EXPONENT ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ MANTISSA ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

MSB LSB | MSB LSB
A 1.45E-03 | 0x300 0 0o (1f1|1y0j1y0f 12 0 |1|1|1f{1f{1|{0|0O|O|O|Of1|21|O]j1|21|1|1|0f1f1|0| 1
B 2.68E-04| 0x304 0 0 |1{1)1{0f0O|1| 1| O (O|O|1]|1|{O|Of1|0OfO|O|OfO|1|OfO|1|O|1f1|O0|1|0O
C 0 0x308 0 0o |0f0O|O|jO|jO|O| O O |O|O|O[O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O]| O
D 1.64E-07 | 0x30C 0 0 (1f{1/0f1|j0j0| O O |1|1|0O[OfO|O|O|O|O|2(O|2j21|2|21|1|j1|1|1({0|1]| O
E 0 0x310 0 0 |0|O|O|OfO|O| O O [O|O|O|O|O|O|O|OfO|O|OfO|O|OfO|OfO|OfO|O|OfO
F 0 0x314 0 0o |0f0O|O|jO|jO|jO| O O |O|O|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O]| O

A custom thermistor tied to CH5 with a sense resistor on CH3/4 is programmed with the channel assignment data
shown in Table 86 (see Figure 51 for a similar format). In this case, the custom data begins at memory location
0x26E (the starting address is 30). The starting address (offset from 0x250) is entered in the custom thermistor data
pointer field of the channel assignment data. The data length (set to 0) is always six 32-bit floating point words.
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Table 86.Custom Steinhart-Hart Channel Assignment Data

CONFIGURATION DESCRIPTION # OF | BINARY | MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS MEMORY ADDRESS
FIELD BITS DATA 210 211 212 213
(1) Thermistor Type Custom 5 [11010 1(0|1(0
Steinhart-Hart

(2) Sense Resistor CH4 5 [00100 o|lof1{0f0
Channel Pointer
(3) Sensor Single-Ended 3 [100 1/0|0
Configuration
(4) Excitation 1pA 4 |0011 0|01
Current
Not Used Set These Bits 3 |000 0|00

to0
(5) Custom Data Start Address=| 6 (011110 0|11 0
Pointer 30
(5) Custom Fixed at Six32-| 6 |000000 0|0|0|0|0O|O
Steinhart- Hart Bit Words
Length Always Set to
0

SUPPLEMENTAL INFORMATION

Fault Protection and Anti-Aliasing

The ADT7604 analog input channels draw a maximum of 1nA DC. As a result, it is possible to add anti-aliasing and
fault-protection circuitry directly to the input of the ADT7604. The most common input circuitry is a low-pass filter
with 1kQ to 10kQ resistance (limited by excitation current for RTDs and thermistors) and a capacitor with 100pF -
0.1uF capacitance. This circuit can be placed directly between the 4-wire RTDs and the ADT7604. In the case of 3-
wire RTDs, mismatch errors between the protection resistors can degrade the performance. Thermistors requiring
input projection should be tied to the ADT7604 through a Kelvin-type connection in order to avoid errors due to the
fault-protection resistors.

Running Conversions Consecutively on Multiple Channels

Generally, during the Initiate Conversion state, a conversion measurement is started on a single-input channel
determined by the channel number (bits B[4:0] = 00001 to 10100) written into memory location 0x000. Multiple
consecutive conversions can be initiated by writing bits B[4:0] = 00000 into memory location 0. Conversions will be
initiated on each channel selected in the mask register (see Table 87).

For example, using the mask data shown in Table 88, after 1000000 is written into memory location 0, conversions
are initiated consecutively on CH20, CH19, CH16, and CH1. Once the conversions begin, the INTERRUPT pin goes low
and remains low until all conversions are complete. If the mask register is set for a channel that has no assignment
data, that conversion step is skipped. All the results are stored in the conversion result memory locations and can be
read at the conclusion of the measurement cycle.
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Table 87.Multiple Conversion Mask Register

MEMORY LOCATION B7 B6 B5 B4 B3 B2 B1 BO
OxOF4 Reserved
O0XOF5 CH20 CH19 CH18 CH17
0XOF6 CH16 CH15 CH14 CH13 CH12 CH11 CH10 CH9
OXOF7 CH8 CHT CH6 CH5 CH4 CH3 CH2 CH1

Table 88.Example Mask Register Select CH20, CH19, CH16, and CH1

MEMORY LOCATION B7 B6 B5 B4 B3 B2 B1 BO
OxOF4 Reserved
0XOF5 1 1 0 0
0XOF6 1 0 0 0 0 0 0 0
O0XOF7 0 0 0 0 0 0 0 1

Entering/Exiting Sleep Mode

The ADT7604 can be placed into sleep mode by writing 0x97 to memory location 0x000. On the rising edge of CS
following the memory write (see Figure 24), the device enters the low-power sleep state. It remains in this state until
CSis brought low or RESET is asserted. Once one of these two signals is asserted, the ADT7604 begins its start-up
cycle as described in the State 1: Startup section.

Mux Configuration Delay

The ADT7604 performs two or three internal conversion cycles per temperature result. Each conversion cycle is
performed with different excitation and input multiplexer configurations. Prior to each conversion, these excitation
circuits and input switch configurations are changed and an internal 1ms (typ) delay ensures settling prior to the
conversion cycle in most cases.

If excessive RC time constants are present in external sensor circuits (large bypass capacitors used for thermistors or
RTDs), it is possible to increase the settling time between current source excitation and mux switching. The extra
delay is determined by the value written into the mux configuration delay register (memory location 0xOFF). The
value written into this memory location is multiplied by 100us; therefore, the maximum extra mux delay is 25.5ms
(i.e., OXOFF = 255 x 100us).

Global Configuration Register

The ADT7604 includes a global configuration register (memory location 0x0F0, see Figure 58). This register is used
to set the notch frequency of the digital filter and temperature results format (°C or °F). The default setting is
simultaneous 50Hz/60Hz rejection (75dB rejection with 1ms mux delay). If higher 60Hz rejection is required (120dB
rejection), write 0x01 into memory location 0x0FO0; if higher 50Hz rejection is required (120dB rejection) write 0x02
into memory location 0x0FO0.

The default temperature units reported by the ADT7604 are °C. The reported temperature can also be outputin °F
by setting bit 3 of memory location 0xOFO0 to 1. All other global configuration bits should be set to 0.

MEMORY LOCATION 0x0F0 nnnnn [ | |

——

0=°C ™ 00 50Hz/60Hz REJECTION
1=°F 01 60Hz REJECTION

10 50Hz REJECTION

11 RESERVED g

Figure 58.Global Configuration Register
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Reference Considerations
The mechanical stress of soldering the ADT7604 to a PC board can cause the output voltage reference to shift and

temperature coefficient to change. These two changes are not correlated. For example, the voltage may shift but the
temperature coefficient may not. To reduce the effects of stress-related shifts, mount the reference near the short

edge of the PC board or in a corner.
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PACKAGE DESCRIPTION

Please refer to www.analog.com/en/resources/packaging-quality-symbols-footprints/package-index.html for the
most recent package drawings.

LX Package
48-Lead Plastic LOFP (7mm > 7mm)
(Reference LTC DWG # 05-08-1760 Rev A)
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NOTE:

1. PACKAGE DIMENEIONS CONFORM TO JEDEC #M5-026 PACKAGE DUTLINE

2. DIMENSIONS ARE IN MILLIMETERS

3. DIMENSIONS OF PACKAGE DO NOT INGLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.25mm ON ANY SIDE, IF PRESENT

4. FIN-1 INDENTIFIER 15 A MOLDED INDENTATION, 0.50mm DIAMETER

5. DRAWING 15 NOT TO SCALE
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PACKAGE IN TRAY LOADING DRIENTATION
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ORDERING GUIDE
Table 89.0rdering Guide
LEAD-FREE TEMPERATURE
FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION RANGE
ADT7604ASTZ ADT7604ASTZ-RL ADTT7604ASTZ 48-lead (Tmm x 7Tmm) LQFP -40°C to +85°C
ADT7604BSTZ ADT7604BSTZ-RL ADT7604BSTZ 48-lead (Tmm x 7Tmm) LQFP 0°C to +125°C
ADT7604CSTZ ADT7604CSTZ-RL ADTT7604CSTZ 48-lead (Tmm x Tmm) LQFP -40°C to +125°C

For more information on lead-free part marking, go to: www.analog.com/en/support/quality-and-
reliability/product-stewardship/material-declarations.html.

TYPICAL APPLICATION

analog.com
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Figure 59.Universal Temperature and Leakage Measurement System for Al Data Center
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RELATED PARTS
Table 90.Related Parts
PART NUMBER DESCRIPTION COMMENTS
MAX31732 Four-Channel Remote Temperature Sensor | Measures diode temperature on CPU/GPU/TPU.
Wide ideality factor programming includes
black box fault NVM memory.
MAX31760 Precision Fan-Speed Controller with Single PWM dual tach inputs. Nonvolatile
Nonvolatile Lookup Table memory, watchdog for hung BMC/I?C bus.
MAX31790 6-Channel PWM-Output Fan RPM Controller | 6 PWM outputs, up to 12 tach inputs for dual-
rotor operation. Watchdog for hung BMC/I2C
bus.
MAX31889 +0.25°C Accurate 12C Temperature Sensor High-precision 12C temperature sensor
REVISION HISTORY
Table 91.Revision History
REV DATE DESCRIPTION PAGE NUMBER
0 5/26 Initial release —
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ALL INFORMATION CONTAINED HEREIN IS PROVIDED “AS I1S” WITHOUT REPRESENTATION OR WARRANTY. NO RESPONSIBILITY IS
ASSUMED BY ANALOG DEVICES FOR ITS USE, NOR FOR ANY INFRINGEMENTS OF PATENTS OR OTHER RIGHTS OF THIRD PARTIES THAT
MAY RESULT FROM ITS USE. SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE. NO LICENCE, EITHER EXPRESSED OR
IMPLIED, IS GRANTED UNDER ANY ADI PATENT RIGHT, COPYRIGHT, MASK WORK RIGHT, OR ANY OTHER ADI INTELLECTUAL PROPERTY
RIGHT RELATING TO ANY COMBINATION, MACHINE, OR PROCESS, IN WHICH ADI PRODUCTS OR SERVICES ARE USED. TRADEMARKS AND

REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS. ALL ANALOG DEVICES PRODUCTS CONTAINED HEREIN
ARE SUBJECT TO RELEASE AND AVAILABILITY.
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