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AD7416/AD7417/AD7418

10-Bit Digital Temperature Sensor (AD7416) and
Four Single-Channel ADCs (AD7417/AD7418)

FEATURES

10-Bit ADC with 15 �s and 30 �s Conversion Times

Single and Four Single-Ended Analog Input Channels

On-Chip Temperature Sensor: –40�C to +125�C
On-Chip Track-and-Hold

Overtemperature Indicator

Automatic Power-Down at the End of a Conversion

Wide Operating Supply Range: 2.7 V to 5.5 V

I2C® Compatible Serial Interface

Selectable Serial Bus Address Allows Connection of up

to Eight AD7416/AD7417s to a Single Bus

AD7416 Is a Superior Replacement for LM75

APPLICATIONS

Data Acquisition with Ambient Temperature Monitoring

Industrial Process Control

Automotive

Battery-Charging Applications

Personal Computers

FUNCTIONAL BLOCK DIAGRAMS

VDD

OTI

GND

SDA

SCL

FAULT
QUEUE

COUNTER

SETPOINT
COMPARATOR

TOTI SETPOINT
REGISTER

THYST SETPOINT
REGISTER

TEMPERATURE
VALUE

REGISTER

A0

A1

A2

CONFIGURATION
REGISTER

SERIAL BUS
INTERFACE

BAND GAP
TEMPERATURE

SENSOR

10-BIT
ANALOG-DIGITAL

CONVERTER

ADDRESS
POINTER

REGISTER

AD7416

CONTROL
LOGIC

A > B

REFIN
VDD

OTI

SCL

SDA

A2A1A0CONVST

AIN1

AIN2

AIN3

AIN4

+

TEMP
SENSOR

SAMPLING
CAPACITOR

VBALANCE

CLOCK

A

B

REF
2.5V

CHARGE
DISTRIBUTION

DAC

I2C
INTERFACE

MUX

OVERTEMP REG

NC NC GND

DATA OUT

NC = NO CONNECT

AD7417

CONTROL
LOGIC

A > B

VDD

OTI

SCL

SDA

AIN1

+

SAMPLING
CAPACITOR

VBALANCE

CLOCK

A

B

I2C
INTERFACE

MUX

OVERTEMP REG

GND

DATA OUT

TEMP
SENSOR

REFIN

CONVST

REF
2.5V CHARGE

DISTRIBUTION
DAC

AD7418

GENERAL DESCRIPTION
The AD7417 and AD7418 are 10-bit, 4-channel and single-
channel ADCs with an on-chip temperature sensor that
can operate from a single 2.7 V to 5.5 V power supply. The
devices contain a 15 ms successive approximation converter, a
5-channel multiplexer, a temperature sensor, a clock oscilla-
tor, a track-and-hold, and a reference (2.5 V). The AD7416
is a temperature-monitoring only device in an 8-lead package.

The temperature sensor on the parts can be accessed via multi-
plexer Channel 0. When Channel 0 is selected and a conversion
is initiated, the resulting ADC code at the end of the conversion
gives a measurement of the ambient temperature (±1∞C @ 25∞C).
On-chip registers can be programmed with high and low tem-
perature limits, and an open-drain overtemperature indicator
(OTI) output is provided, which becomes active when a pro-
grammed limit is exceeded.

A configuration register allows programming of the sense of the
OTI output (active high or active low) and its operating mode
(comparator or interrupt). A programmable fault queue counter
allows the number of out-of-limit measurements that must occur
before triggering the OTI output to be set to prevent spurious
triggering of the OTI output in noisy environments.

 (continued on page 7)
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AD7416/AD7417/AD7418

(VDD = 2.7 V to 5.5 V, GND = 0 V, REFIN = 2.5 V, unless otherwise noted.)

Parameter A Version B Version1 Unit Test Conditions/Comments

DC ACCURACY Any Channel.
Resolution 10 10 Bits
Minimum Resolution for Which No

Missing Codes Are Guaranteed 10 10 Bits
Relative Accuracy2 ± 1 ± 1 LSB max This Specification Is Typical for VDD of

3.6 V to 5.5 V.
Differential Nonlinearity2 ± 1 ± 1 LSB max This Specification Is Typical for VDD of

3.6 V to 5.5 V.
Gain Error2 ± 3 ± 3 LSB max External Reference.

± 10 ± 10 LSB max Internal Reference.
Gain Error Match2 ± 0.6 ± 0.6 LSB max AD7417 Only.
Offset Error2 ± 4 ± 4 LSB max
Offset Error Match ± 0.7 ± 0.7 LSB max AD7417 Only.

ANALOG INPUTS
Input Voltage Range VREF VREF V max

0 0 V min
Input Leakage Current3 ± 1 ± 1 mA max
Input Capacitance 10 10 pF max

TEMPERATURE SENSOR1

Measurement Error
Ambient Temperature 25∞C ± 2 ± 1 ∞C max
TMIN to TMAX ± 3 ± 2 ∞C max

Temperature Resolution 1/4 1/4 ∞C/LSB

CONVERSION RATE
Track-and-Hold Acquisition Time4 400 400 ns max Source Impedance < 10 W.
Conversion Time

Temperature Sensor 30 30 ms max Typically 27 ms.
Channels 1 to 4 15 15 ms max Typically 10 ms.

REFERENCE INPUT5, 6

REFIN Input Voltage Range6 2.625 2.625 V max 2.5 V + 5%.
2.375 2.375 V min 2.5 V – 5%.

Input Impedance 40 40 kW min
Input Capacitance 10 10 pF max

ON-CHIP REFERENCE Nominal 2.5 V.
Reference Error6 ± 25 ± 25 mV max
Temperature Coefficient6 80 80 ppm/∞C typ

DIGITAL INPUTS
Input High Voltage, VIH VDD ¥ 0.7 VDD ¥ 0.7 V min
Input Low Voltage, VIL VDD ¥ 0.3 VDD ¥ 0.3 V max
Input Leakage Current 1 1 mA max

DIGITAL OUTPUTS
Output Low Voltage, VOL 0.4 0.4 V max IOL = 3 mA.
Output High Current 1 1 mA max VOH = 5 V.

POWER REQUIREMENTS
VDD 5.5 5.5 V max For Specified Performance.

2.7 2.7 V min
IDD Logic Inputs = 0 V or VDD.

Normal Operation 600 600 mA max
Power-Down 1 1 mA max 50 nA Typically.

Auto Power-Down Mode VDD = 3 V. See Operating Modes.
10 SPS Throughput Rate 6 6 mW typ
1 kSPS Throughput Rate 60 60 mW typ
10 kSPS Throughput Rate 600 600 mW typ

Power-Down 3 3 mW max Typically 0.15 mW.

AD7417/AD7418–SPECIFICATIONS
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NOTES
1B Version applies to AD7417 only with temperature range of –40∞C to +85∞C. A Version temperature range is –40∞C to +125∞C. For VDD = 2.7 V, TA = 85∞C max
and temperature sensor measurement error = ± 3∞C.

2See Terminology.
3Refers to the input current when the part is not converting. Primarily due to reverse leakage current in the ESD protection diodes.
4Sample tested during initial release and after any redesign or process change that may affect this parameter.
5On-chip reference shuts down when external reference is applied.
6The accuracy of the temperature sensor is affected by reference tolerance. The relationship between the two is explained in the Temperature Sensor section.

Specifications subject to change without notice.

AD7416–SPECIFICATIONS (VDD = 2.7 V to 5.5 V, GND = 0 V, REFIN = 2.5 V, unless otherwise noted.)

Parameter Min Typ Max Unit Test Conditions/Comments

TEMPERATURE SENSOR AND ADC
Accuracy ± 2.0 ∞C TA = –25∞C to +100∞C

(VDD = 3 V min)1

± 3.0 ∞C TA = –40∞C to +125∞C
(VDD = 3 V min)1

Resolution 10 Bits
Temperature Conversion Time 40 ms
Update Rate, tR 400 ms
OTI Delay 1 ¥ tR 6 ¥ tR ms Depends on Fault Queue Setting
Supply Current 1.0 mA I2C Active

350 600 mA I2C Inactive
0.2 1.5 mA Shutdown Mode

TOTI Default Temperature 80 ∞C
THYST Default Temperature 75 ∞C

DIGITAL INPUTS
Input High Voltage, VIH VDD ¥ 0.7 VDD + 0.5 V
Input Low Voltage, VIL –0.3 VDD ¥ 0.3 V
Input High Current, IIH +0.005 +1.0 mA VIN = 5 V
Input Low Current, IIL –0.005 –1.0 mA VIN = 0 V
Input Capacitance, CIN 20 pF All Digital Inputs

DIGITAL OUTPUTS
Output Low Voltage, VOL 0.4 V IOL = 3 mA
Output High Current 1 mA VOH = 5 V
Output Fall Time, tf 250 ns CL = 400 pF, IO = 3 mA
OS Output Low Voltage, VOL 0.8 V IOUT = 4 mA

AC ELECTRICAL CHARACTERISTICS2 AD7416/AD7417/AD7418
Serial Clock Period, t1 2.5 ms See Figure 1
Data In Setup Time to SCL High, t2 50 ns See Figure 1
Data Out Stable after SCL Low, t3 0 ns See Figure 1
SDA Low Setup Time to SCL Low

(Start Condition), t4 50 ns See Figure 1
SDA High Hold Time after SCL High

(Stop Condition), t5 50 ns See Figure 1
SDA and SCL Fall Time, t6 300 ns See Figure 1

NOTES
1For VDD = 2.7 V to 3 V, TA max = 85∞C and accuracy = ± 3∞C.
2Sample tested during initial release and after any redesign or process change that may affect this parameter.

Specifications subject to change without notice.

t4 t2

t3

t5

SCL

SDA
DATA IN

SDA
DATA OUT

t6

t1

Figure 1. Diagram for Serial Bus Timing
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AD7416/AD7417/AD7418
AD7417 PIN FUNCTION DESCRIPTION

Pin No. Mnemonic Description

1, 16 NC No Connection. Do not connect anything to this pin.

2 SDA Digital I/O. Serial bus bidirectional data. Push-pull output.

3 SCL Digital Input. Serial bus clock.

4 OTI This is a logic output. The overtemperature indicator (OTI) is set if the result of a conversion on
Channel 0 (temperature sensor) is greater than an 8-bit word in the overtemperature register (OTR).
The signal is reset at the end of a serial read operation. Open-drain output.

5 REFIN Reference Input. An external 2.5 V reference can be connected to the AD7417 at this pin. To enable the
on-chip reference, the REFIN pin should be tied to GND. If an external reference is connected to the
AD7417, the internal reference will shut down.

6 GND Ground reference for track-and-hold, comparator and capacitor DAC, and digital circuitry.

7–10 AIN1 to AIN4 Analog Input Channels. The AD7417 has four analog input channels. The input channels are single-ended
with respect to GND. The input channels can convert voltage signals in the range 0 V to VREF. A chan-
nel is selected by writing to the configuration register of the AD7417. (See Control Byte section.)

11 A2 Digital Input. The highest programmable bit of the serial bus address.

12 A1 Digital Input. The middle programmable bit of the serial bus address.

13 A0 Digital Input. The lowest programmable bit of the serial bus address.

14 VDD Positive Supply Voltage, 2.7 V to 5.5 V.

15 CONVST Logic Input Signal. Convert start signal. The rising edge of this signal fully powers up the part. The
power-up time for the part is 4 ms. If the CONVST pulse is greater than 4 ms, the falling edge of CONVST
places the track-and-hold mode into hold mode and initiates a conversion. If the pulse is less than 4 ms,
an internal timer ensures that the track-and-hold does not go into hold and conversion is not initiated
until the power-up time has elapsed. The track-and-hold goes into track mode again at the end of con-
version. (See Operating Mode section.)

AD7417 PIN CONFIGURATION
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AD7416 PIN FUNCTION DESCRIPTION

Pin No. Mnemonic Description

1 SDA Digital I/O. Serial bus bidirectional data. Push-pull output.

2 SCL Digital Input. Serial bus clock.

3 OTI This is a logic output. The OTI is set if the result of a conversion on Channel 0 (temperature sensor) is
greater that an 8-bit word in the OTR. The signal is reset at the end of a serial read operation. Open-
drain output.

4 GND Ground reference for track-and-hold, comparator and capacitor DAC, and digital circuitry.

5 A2 Digital Input. The highest programmable bit of the serial bus address.

6 A1 Digital Input. The middle programmable bit of the serial bus address.

7 A0 Digital Input. The lowest programmable bit of the serial bus address.

8 VDD Positive Supply Voltage, 2.7 V to 5.5 V.

AD7418 PIN FUNCTION DESCRIPTION

Pin No. Mnemonic Description

1 SDA Digital I/O. Serial bus bidirectional data. Push-pull output.

2 SCL Digital Input. Serial bus clock.

3 OTI This is a logic output. The OTI is set if the result of a conversion on Channel 0 (temperature sensor) is
greater that an 8-bit word in the OTR. The signal is reset at the end of a serial read operation. Open-
drain output.

4 GND Ground reference for track-and-hold, comparator and capacitor DAC, and digital circuitry.

5 AIN Analog Input Channel. The input channel is single-ended with respect to GND. The input channel can
convert voltage signals in the range 0 V to VREF. The analog input channel is selected by writing to the
configuration register of the AD7418 and choosing Channel 4. (See Control Byte section.)

6 REFIN Reference Input. An external 2.5 V reference can be connected to the AD7418 at this pin. To enable the
on-chip reference, the REFIN pin should be tied to GND. If an external reference is connected to the
AD7418, the internal reference will shut down.

7 VDD Positive Supply Voltage, 2.7 V to 5.5 V.

8 CONVST Logic Input Signal. Convert start signal. The rising edge of this signal fully powers up the part. The
power-up time for the part is 4 ms. If the CONVST pulse is greater than 4 ms, the falling edge of
CONVST places the track-and-hold mode into hold mode and initiates a conversion. If the pulse is less
than 4 ms, an internal timer ensures that the track-and-hold does not go into hold and conversion is not
initiated until the power-up time has elapsed. The track-and-hold goes into track mode again at the end
of conversion. (See Operating Mode section.)
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AD7416/AD7417/AD7418
ABSOLUTE MAXIMUM RATINGS1

(TA = 25∞C, unless otherwise noted.)

VDD to AGND  . . . . . . . . . . . . . . . . . . . . . . . . .  –0.3 V to +7 V
VDD to DGND . . . . . . . . . . . . . . . . . . . . . . . . .  –0.3 V to +7 V
Analog Input Voltage to AGND

AIN1 to AIN4  . . . . . . . . . . . . . . . . . . .  –0.3 V to VDD + 0.3 V
Reference Input Voltage to AGND2  . .  –0.3 V to VDD + 0.3 V
Digital Input Voltage to DGND  . . . . .  –0.3 V to VDD + 0.3 V
Digital Output Voltage to DGND  . . . .  –0.3 V to VDD + 0.3 V
Operating Temperature Range

A Version  . . . . . . . . . . . . . . . . . . . . . . . . .  –40∞C to +125∞C
B Version  . . . . . . . . . . . . . . . . . . . . . . . . . .  –40∞C to +85∞C

Storage Temperature Range  . . . . . . . . . . . .  –65∞C to +150∞C
Junction Temperature  . . . . . . . . . . . . . . . . . . . . . . . . . .  150∞C
TSSOP, Power Dissipation  . . . . . . . . . . . . . . . . . . . .  450 mW

�JA Thermal Impedance  . . . . . . . . . . . . . . . . . . . . .  120∞C/W
Lead Temperature, Soldering  . . . . . . . . . . . . . . . . . . 260∞C

Vapor Phase (60 sec)  . . . . . . . . . . . . . . . . . . . . . . . 215∞C
Infrared (15 sec)  . . . . . . . . . . . . . . . . . . . . . . . . . . . 220∞C

16-Lead SOIC Package, Power Dissipation  . . . . . . . .  450 mW
�JA Thermal Impedance  . . . . . . . . . . . . . . . . . . . . .  100∞C/W
Lead Temperature, Soldering

Vapor Phase (60 sec)  . . . . . . . . . . . . . . . . . . . . . . .  215∞C
Infrared (15 sec)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  220∞C

8-Lead SOIC Package, Power Dissipation  . . . . . . . . .  450 mW
�JA Thermal Impedance  . . . . . . . . . . . . . . . . . . . . .  157∞C/W
Lead Temperature, Soldering

Vapor Phase (60 sec)  . . . . . . . . . . . . . . . . . . . . . . .  215∞C
Infrared (15 sec)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  220∞C

MSOP Package, Power Dissipation  . . . . . . . . . . . . . .  450 mW
�JA Thermal Impedance  . . . . . . . . . . . . . . . . . . . . .  206∞C/W
Lead Temperature, Soldering

Vapor Phase (60 sec)  . . . . . . . . . . . . . . . . . . . . . . .  215∞C
Infrared (15 sec)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  220∞C

NOTES
1 Stresses above those listed under Absolute Maximum Ratings may cause perma-

nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

2 If the reference input voltage is likely to exceed VDD by more than 0.3 V (e.g.,
during power-up) and the reference is capable of supplying 30 mA or more, it is
recommended to use a clamping diode between the REFIN pin and VDD pin. The
diagram below shows how the diode should be connected.

REFIN VDD

AD7417

BAT81

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although the
AD7416/AD7417/AD7418 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions
are recommended to avoid performance degradation or loss of functionality.

ORDERING GUIDE

Temperature Temperature Package Branding Package
Model Range Error Description Information Option

AD7416ACHIPS Die
AD7416AR –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN–8
AD7416AR-REEL –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN–8
AD7416AR-REEL7 –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN–8
AD7416ARM –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C6A RM–8
AD7416ARM-REEL –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C6A RM–8
AD7416ARM-REEL7 –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C6A RM–8
AD7417ACHIPS Die
AD7417AR –40∞C to +125∞C ± 2∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7417AR-REEL –40∞C to +125∞C ± 2∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7417AR-REEL7 –40∞C to +125∞C ± 2∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7417ARU –40∞C to +125∞C ± 2∞C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD7417ARU-REEL –40∞C to +125∞C ± 2∞C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD7417ARU-REEL7 –40∞C to +125∞C ± 2∞C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD7417BR –40∞C to +85∞C ± 1∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7417BR-REEL –40∞C to +85∞C ± 1∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7417BR-REEL7 –40∞C to +85∞C ± 1∞C 16-Lead Standard Small Outline Package (SOIC) RN-16
AD7418ACHIPS Die
AD7418AR –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN-8
AD7418AR-REEL –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN-8
AD7418AR-REEL7 –40∞C to +125∞C ± 2∞C 8-Lead Standard Small Outline Package (SOIC) RN-8
AD7418ARM –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C7A RM-8
AD7418ARM-REEL –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C7A RM-8
AD7418ARM-REEL7 –40∞C to +125∞C ± 2∞C 8-Lead Micro Small Outline Package (MSOP) C7A RM-8
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(continued from page 1)

An I2C compatible serial interface allows the AD7416/AD7417/
AD7418 registers to be written to and read back. The three LSBs
of the AD7416/AD7417’s serial bus address can be selected,
which allows up to eight AD7416/AD7417s to be connected to
a single bus.

The AD7417 is available in a narrow body, 0.15'', 16-lead, small
outline IC (SOIC) and in a 16-lead, thin shrink, small outline
package (TSSOP). The AD7416 and AD7418 are available in
8-lead SOIC and MSOP packages.

PRODUCT HIGHLIGHTS
1. The AD7416/AD7417/AD7418 have an on-chip temperature

sensor that allows an accurate measurement of the ambient
temperature (± 1∞C @ 25∞C, ± 2∞C overtemperature) to be
made. The measurable temperature range is –40∞C to +125∞C.
An overtemperature indicator is implemented by carrying
out a digital comparison of the ADC code for Channel 0
(temperature sensor) with the contents of the on-chip over-
temperature register.

2. The AD7417 offers a space-saving 10-bit A/D solution with
four external voltage input channels, an on-chip temperature
sensor, an on-chip reference, and clock oscillator.

3. The automatic power-down feature enables the AD7416/
AD7417/AD7418 to achieve superior power performance. At
slower throughput rates, the part can be programmed to
operate in a low power shutdown mode, allowing further
savings in power consumption.

TERMINOLOGY
Relative Accuracy
Relative accuracy or endpoint nonlinearity is the maximum
deviation from a straight line passing through the endpoints of
the ADC transfer function.

Differential Nonlinearity
This is the difference between the measured and the ideal 1 LSB
change between any two adjacent codes in the ADC.

Offset Error
This is the deviation of the first code transition (0000 . . . 000)
to (0000 . . . 001) from the ideal, i.e., GND + 1 LSB.

Offset Error Match
This is the difference in offset error between any two channels.

Gain Error
This is the deviation of the last code transition (1111 . . . 110)
to (1111 . . . 111) from the ideal, i.e., VREF – 1 LSB, after the
offset error has been adjusted out.

Gain Error Match
This is the difference in gain error between any two channels.

Track-and-Hold Acquisition Time
Track-and-hold acquisition time is the time required for the
output of the track-and-hold amplifier to reach its final value,
within ± 1/2 LSB, after the end of conversion (the point at which
the track-and-hold returns to track mode). It also applies to

situations where a change in the selected input channel takes
place or where there is a step input change on the input voltage
applied to the selected AIN input of the AD7417 or AD7418. It
means that the user must wait for the duration of the track-and-
hold acquisition time after the end of conversion or after a channel
change/step input change to AIN before starting another conver-
sion, to ensure that the part operates to specification.

CIRCUIT INFORMATION
The AD7417 and AD7418 are single-channel and four-channel,
15 ms conversion time, 10-bit ADCs with on-chip temperature
sensor, reference, and serial interface logic functions on a single
chip. The AD7416 has no analog input channel and is intended
for temperature measurement only. The ADC section consists
of a conventional successive approximation converter based
around a capacitor DAC. The AD7416, AD7417, and AD7418
are capable of running on a 2.7 V to 5.5 V power supply, and
the AD7417 and AD7418 accept an analog input range of 0 V
to +VREF. The on-chip temperature sensor allows an accurate
measurement of the ambient device temperature to be made.
The working measurement range of the temperature sensor is
–40∞C to +125∞C. The parts require a 2.5 V reference that can
be provided from the part’s own internal reference or from an
external reference source.

CONVERTER DETAILS
Conversion is initiated on the AD7417/AD7418 by pulsing the
CONVST input. The conversion clock for the part is internally
generated so no external clock is required except when reading
from and writing to the serial port. The on-chip track-and-hold
goes from track to hold mode and the conversion sequence is
started on the falling edge of the CONVST signal. A conversion
is also initiated in the automatic conversion mode every time a
read or write operation to the AD7416/AD7417/AD7418 takes
place. In this case, the internal clock oscillator (which runs the
automatic conversion sequence) is restarted at the end of the
read or write operation. The track-and-hold goes into hold
approximately 3 ms after the read or write operation is complete
and a conversion is then initiated. The result of the conversion
is available either 15 ms or 30 ms later, depending on whether an
analog input channel or the temperature sensor is selected. The
track-and-hold acquisition time of the AD7417/AD7418 is 400 ns.

A temperature measurement is made by selecting the Channel 0
of the on-chip mux and carrying out a conversion on this channel.
A conversion on Channel 0 takes 30 ms to complete. Tempera-
ture measurement is explained in the Temperature Measurement
section of this data sheet.

The on-chip reference is not available to the user, but REFIN

can be overdriven by an external reference source (2.5 V only).

All unused analog inputs should be tied to a voltage within the
nominal analog input range to avoid noise pickup. For mini-
mum power consumption, the unused analog inputs should be
tied to GND.

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com



REV. F–8–

AD7416/AD7417/AD7418
TYPICAL CONNECTION DIAGRAM
Figure 2 shows a typical connection diagram for the AD7417.
Using the A0, A1, and A2 pins allows the user to select from up
to eight AD7417s on the same serial bus, if desired. An external
2.5 V reference can be connected at the REFIN pin. If an exter-
nal reference is used, a 10 mF capacitor should be connected
between REFIN and GND. SDA and SCL form the 2-wire I2C
compatible interface. For applications where power consump-
tion is of concern, the automatic power-down at the end of a
conversion should be used to improve power performance. See
Operating Modes section of this data sheet.

VDD
AIN1

GND

REFIN

 SUPPLY
2.7V TO

5.5V 0.1�F10�F

10�F FOR
EXTERNAL
REFERENCE

OPTIONAL
EXTERNAL

REFERENCE

  AD780/
REF-192

0V TO 2.5V
INPUT

CONVST

SDA
AIN2
AIN3
AIN4

OTI

SCL

2-WIRE
SERIAL

INTERFACE

AD7417
A0
A1
A2

�C/�P

Figure 2. Typical Connection Diagram

ANALOG INPUTS
Figure 3 shows an equivalent circuit of the analog input struc-
ture of the AD7417 and AD7418. The two diodes, D1 and D2,
provide ESD protection for the analog inputs. Care must be
taken to ensure that the analog input signal never exceeds the
supply rails by more than 200 mV. This will cause these diodes
to become forward-biased and start conducting current into the
substrate. The maximum current these diodes can conduct
without causing irreversible damage to the part is 20 mA. The
capacitor C2 in Figure 3 is typically about 4 pF and can prima-
rily be attributed to pin capacitance. The resistor R1 is a lumped
component made up of the on resistance of a multiplexer and a
switch. This resistor is typically about 1 kW. The capacitor C1 is
the ADC sampling capacitor and has a capacitance of 3 pF.

AIN

D1 C1
3pF

VDD

D2
C2

4pF

VBALANCE

CONVERT PHASE – SWITCH OPEN
TRACK PHASE – SWITCH CLOSED

R1
1k�

Figure 3. Equivalent Analog Input Circuit

ON-CHIP REFERENCE
The AD7416/AD7417/AD7418 has an on-chip 1.2 V band gap
reference that is gained up by a switched capacitor amplifier to
give an output of 2.5 V. The amplifier is only powered up at the

start of the conversion phase and is powered down at the end of
the conversion. The on-chip reference is selected by connecting
the REFIN pin to analog ground. This causes SW1 (see Figure 4)
to open and the reference amplifier to power up during a conver-
sion. Therefore, the on-chip reference is not available externally.
An external 2.5 V reference can be connected to the REFIN pin.
This has the effect of shutting down the on-chip reference circuitry.

1.2V

REFIN

SW1

2.5V

EXTERNAL
REFERENCE
DETECT

BUFFER

1.2V

26k�

24k�

+

+

Figure 4. On-Chip Reference

TEMPERATURE MEASUREMENT
A common method of measuring temperature is to exploit the
negative temperature coefficient of a diode, or the base-emitter
voltage of a transistor, operated at a constant current. Unfortu-
nately, this technique requires calibration to null out the effect
of the absolute value of VBE, which varies from device to device.

The technique used in the AD7416/AD7417/AD7418 is to
measure the current change in VBE when the device is operated
at two different currents.

This is given by

    DV KT q n NBE = ¥ ( )/ 1

where

K is Boltzmann’s constant.
q is the charge on the electron (1.6 ¥ 10-19 Coulombs).
T is the absolute temperature in Kelvins.
N is the ratio of the two currents.

I N � I

VDD

SENSING
TRANSISTOR

SENSING
TRANSISTOR

VOUT�

TO ADC

VOUT�

Figure 5. Temperature Measurement Technique
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ADDRESS POINTER REGISTER
The Address Pointer Register is an 8-bit register that stores an
address that points to one of the six data registers. The first data
byte of every serial write operation to the AD7416/AD7417/
AD7418 is the address of one of the data registers, which is
stored in the Address Pointer Register, and selects the data
register to which subsequent data bytes are written. Only the
three LSBs of this register are used to select a data register.

Table I. Address Pointer Register

P7* P6* P5* P4* P3* P2 P1 P0

0 0 0 0 0  Register Select

*P3 to P7 must be set to 0.

Table II. Register Addresses

P2 P1 P0 Registers

0 0 0 Temperature Value (Read-Only)
0 0 1 Config Register (Read/Write)
0 1 0 THYST (Read/Write)
0 1 1 TOTI

1 0 0 ADC (AD7417/AD7418 Only)
1 0 1 Config2 (AD7417/AD7418 Only)

TEMPERATURE VALUE REGISTER (ADDRESS 00h)
The Temperature Value Register is a 16-bit, read-only register
whose 10 MSBs store the temperature reading from the ADC in
10-bit twos complement format. Bits 5 to 0 are unused.

Table III. Temperature Value Register

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6

MSB B8 B7 B6 B5 B4 B3 B2 B1 LSB

The temperature data format is shown in Table IV. This shows
the full theoretical range of the ADC from –128∞C to +127∞C,
but in practice, the temperature measurement range is limited
to the operating temperature range of the device.

Table IV. Temperature Data Format

Temperature Digital Output

–128∞C 10 0000 0000
–125∞C 10 0000 1100
–100∞C 10 0111 0000
–75∞C 10 1101 0100
–50∞C 11 0011 1000
–25∞C 11 1001 1100
–0.25∞C 11 1111 1111
0∞C 00 0000 0000
+0.25∞C 00 0000 0001
+10∞C 00 0010 1000
+25∞C 00 0110 0100
+50∞C 00 1100 1000
+75∞C 01 0010 1100
+100∞C 01 1001 0000
+125∞C 01 1111 0100
+127∞C 01 1111 1100

Figure 5 shows the method the AD7416/AD7417/AD7418 uses
to measure the device temperature. To measure �VBE, the sen-
sor (substrate transistor) is switched between operating currents
of I and N ¥ I. The resulting waveform is passed through a
chopper-stabilized amplifier that performs the functions of
amplification and rectification of the waveform to produce a dc
voltage proportional to �VBE.

This voltage is measured by the ADC to give a temperature
output in 10-bit twos complement form.

The temperature resolution of the ADC is 0.25∞C, which corre-
sponds to 1 LSB of the ADC. The ADC can theoretically measure
a temperature span of 255∞C; the guaranteed temperature range
is –40∞C to +125∞C. The result of the conversion is stored in
the Temperature Value Register (00h) as a 16-bit word. The
10 MSBs of this word store the temperature measurement (see
Table III and Table IV).

The temperature conversion formula using the 10 MSBs of the
Temperature Value Register is

1. Positive Temperature = ADC Code/4
2. Negative Temperature = (ADC Code* – 512)/4

*MSB is removed from the ADC Code.

INTERNAL REGISTER STRUCTURE
The AD7417/AD7418 has seven internal registers, as shown in
Figure 6. Six of these are data registers and one is an Address
Pointer Register. The AD7416 has five internal registers (the
ADC and Config2 Registers are not applicable to the AD7416).

THYST SETPOINT
REGISTER

(READ/WRITE
ADDRESS 02h)

CONFIGURATION
REGISTER

(READ/WRITE
ADDRESS 01h)

TOTI SETPOINT
REGISTER

(READ/WRITE
ADDRESS 03h)

SERIAL
BUS

INTERFACE SCL

TEMPERATURE
VALUE

REGISTER
(READ-ONLY

ADDRESS 00h)

ADDRESS POINTER
REGISTER

(SELECTS DATA REGISTER
FOR READ/WRITE)

ADDRESS
DATA

CONFIG2
REGISTER

(READ/WRITE
ADDRESS 05h)

ADC
REGISTER

(READ-ONLY
ADDRESS 04h)

SDA

Figure 6. AD7417/AD7418 Register Structure
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CONFIGURATION REGISTER (ADDRESS 01h)
The Configuration Register is an 8-bit, read/write register that
is used to set the operating modes of the AD7416/AD7417/
AD7418. Bits D7 to D5 control the channel selection as
outlined in Table VI. These bits should always be 0, 0, 0 for
the AD7416. Bits D4 and D3 are used to set the length of the
fault queue. D2 sets the sense of the OTI output. D1 selects
the comparator or interrupt mode of operation, and D0 = 1
selects the shutdown mode (Default D0 = 0).

Table V. Configuration Register

D7 D6 D5 D4 D3 D2 D1 D0

Channel Fault OTI Cmp/ Shut-
Selection Queue Polarity Int down

The AD7416 contains a temperature-only channel, the
AD7417 has four analog input channels and a temperature
channel, and the AD7418 has two channels, a temperature
channel, and an analog input channel. The temperature chan-
nel address for all parts is the same, CH0. The address for the
analog input channel on the AD7418 is CH4. Table VI outlines
the channel selection on the parts, while Table VII shows the
fault queue settings. D1 and D2 are explained in the OTI Out-
put section.

Table VI. Channel Selection

D7 D6 D5 Channel Selection

0 0 0 Temperature Sensor (All Parts)
0 0 1 AIN1 (AD7417 Only)
0 1 0 AIN2 (AD7417 Only)
0 1 1 AIN3 (AD7417 Only)
1 0 0 AIN4 (AD7417) and AIN (AD7418)

Table VII. Fault Queue Settings

D4 D3 Number of Faults

0 0 1 (Power-Up Default)
0 1 2
1 0 4
1 1 6

THYST SETPOINT REGISTER (ADDRESS 02h)
The THYST Setpoint Register is a 16-bit, read/write register whose
nine MSBs store the THYST setpoint in twos complement for-
mat equivalent to the nine MSBs of the Temperature Value
Register. Bits 6 to 0 are unused.

TOTI SETPOINT REGISTER (ADDRESS 03h)
The TOTI Setpoint Register is a 16-bit, read/write register
whose nine MSBs store the TOTI setpoint in twos complement
format equivalent to the nine MSBs of the Temperature Value
Register. Bits 6 to 0 are unused.

Table VIII. Setpoint Registers

D15 D14 D13 D12 D11 D10 D9 D8 D7

MSB B7 B6 B5 B4 B3 B2 B1     LSB

ADC VALUE REGISTER (ADDRESS 04h)
The ADC Value Register is a 16-bit, read-only register whose
10 MSBs store the value produced by the ADC in binary for-
mat. Bits 5 to 0 are unused. Table IX shows the ADC Value
Register with 10 MSBs containing the ADC conversion request.

Table IX. ADC Value Register

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6

MSB B8 B7 B6 B5 B4 B3 B2 B1 LSB

ADC Transfer Function
The designed code transitions occur at successive integer LSB
values (i.e., 1 LSB, 2 LSB, and so on). The LSB size = VREF/
1024. The ideal transfer function characteristic for the AD7417
and AD7418 ADC is shown in Figure 7.

111...111
111...110

111...000

011...111

000...010
000...001
000...000

A
D

C
 C

O
D

E

0V 1/2LSB +VREF – 1LSB

ANALOG INPUT

1LSB = VREF/1024

Figure 7. Ideal Transfer Function Characteristic
for the AD7417/AD7418

CONFIG2 REGISTER (ADDRESS 05h)
A second configuration register is included in the AD7417/
AD7418 for the functionality of the CONVST pin. It is an 8-bit
register with Bits D5 to D0 being left at 0. Bit D7 determines
whether the AD7417/AD7418 should be operated in its default
mode (D7 = 0), performing conversions every 355 ms or in its
CONVST pin mode (D7 = 1), where conversions will start only
when the CONVST pin is used. Bit 6 contains the Test 1 Bit.
When this bit is 0, the I2C filters are enabled (default). A 1
disables the filters.

Table X. CONFIG2 Register

D7 D6 D5 D4 D3 D2 D1 D0

Conversion Mode Test 1 0 0 0 0 0 0

SERIAL BUS INTERFACE
Control of the AD7416/AD7417/AD7418 is carried out via the
I2C compatible serial bus. The AD7416/AD7417/AD7418 is
connected to this bus as a slave device, under the control of a
master device, e.g., the processor.

SERIAL BUS ADDRESS
As with all I2C compatible devices, the AD7416/AD7417/AD7418
have a 7-bit serial address. The four MSBs of this address for the
AD7416 are set to 1001; the AD7417 are set to 0101, while the
three LSBs can be set by the user by connecting the A2 to A0
pins to either VDD or GND. By giving them different addresses, up
to eight AD7416/AD7417s can be connected to a single serial bus,
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or the addresses can be set to avoid conflicts with other devices
on the bus. The four MSBs of this address for the AD7418 are set
to 0101, while the three LSBs are all set to zero.

If a serial communication occurs during a conversion operation,
the conversion will stop and will restart after the communication.

The serial bus protocol operates as follows:

1. The master initiates data transfer by establishing a start
condition, defined as a high-to-low transition on the serial
data line, SDA, while the serial clock line, SCL, remains
high. This indicates that an address/data stream will follow.
All slave peripherals connected to the serial bus respond to
the 7-bit address (MSB first) plus an R/W bit, which deter-
mines the direction of the data transfer, i.e., whether data
will be written to or read from the slave device.

The peripheral whose address corresponds to the transmitted
address responds by pulling the data line low during the low
period before the ninth clock pulse, known as the Acknowl-
edge bit. All other devices on the bus now remain idle while
the selected device waits for data to be read from or written
to it. If the R/W bit is a 0, then the master will write to the
slave device. If the R/W bit is a 1, then the master will read
from the slave device.

2. Data is sent over the serial bus in sequences of nine clock
pulses, eight bits of data followed by an Acknowledge bit
from the receiver of data. Transitions on the data line must
occur during the low period of the clock signal and remain
stable during the high period, since a low-to-high transition
when the clock is high may be interpreted as a stop signal.

3. When all data bytes have been read or written, stop condi-
tions are established. In write mode, the master will pull the
data line high during the 10th clock pulse to assert a stop
condition. In read mode, the master device will pull the data

line high during the low period before the 9th clock pulse.
This is known as No Acknowledge. The master will then take
the data line low during the low period before the 10th clock
pulse, then high during the 10th clock pulse to assert a stop
condition.

Any number of bytes of data may be transferred over the serial
bus in one operation, but it is not possible to mix read and write
in one operation because the type of operation is determined at
the beginning and cannot subsequently be changed without
starting a new operation.

WRITING TO THE AD7416/AD7417/AD7418
Depending on the register being written to, there are three
different writes for the AD7416/AD7417/AD7418.

1. Writing to the Address Pointer Register for a subsequent read.

In order to read data from a particular register, the Address
Pointer Register must contain the address of that register. If
it does not, the correct address must be written to the Address
Pointer Register by performing a single-byte write operation,
as shown in Figure 8. The write operation consists of the
serial bus address followed by the address pointer byte. No
data is written to any of the data registers.

2. Writing a single byte of data to the configuration registers or
to the TOTI, THYST registers.

The Configuration Register is an 8-bit register, so only one
byte of data can be written to it. If only 8-bit temperature
comparisons are required, the temperature LSB can be
ignored in TOTI and THYST, and only eight bits need be
written to the TOTI and THYST registers.

Writing a single byte of data to one of these registers consists
of the serial bus address, the data register address written to

R/W1

SCL

SDA 0 0 1 A2 A1 A0 P7 P6 P5 P4 P3 P2 P1 P0

ACK. BY
AD7416

STOP BY
MASTER

START BY
MASTER

FRAME 1
SERIAL BUS ADDRESS BYTE

FRAME 2
ADDRESS POINTER REGISTER BYTE

1 9 1

ACK. BY
AD7416

9

Figure 8. Writing to the Address Pointer Register to Select a Data Register for a Subsequent Read Operation

R/W1

SCL

SDA 0 0 1 A2 A1 A0 P7 P6 P5 P4 P3 P2 P1 P0

ACK. BY
AD7416

START BY
MASTER

FRAME 1
SERIAL BUS ADDRESS BYTE

FRAME 2
ADDRESS POINTER REGISTER BYTE

1 9 1

ACK. BY
AD7416

9

D7 D6 D5 D4 D3 D2 D1 D0

ACK. BY
AD7416

STOP BY
MASTER

FRAME 3
DATA BYTE

1 9

SCL (CONTINUED)

SDA (CONTINUED)

Figure 9. Writing to the Address Pointer Register Followed by a Single Byte of Data to the Selected Data Register
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AD7416/AD7417/AD7418
the Address Pointer Register, followed by the data byte writ-
ten to the selected data register. This is illustrated in Figure 9.

3. Writing two bytes of data to the TOTI or THYST Register.

If 9-bit resolution is required for the temperature setpoints,
two bytes of data must be written to the TOTI and THYST

registers. This consists of the serial bus address, the register
address written to the address pointer register, followed by
two data bytes written to the selected data register. This is
illustrated in Figure 10.

READING DATA FROM THE AD7416/AD7417/AD7418
Reading data from the AD7416/AD7417/AD7418 is a one or
two byte operation. Reading back the contents of the Configura-
tion Register is a single byte read operation, as shown in Figure
11, the register address previously having been set by a single-
byte write operation to the Address Pointer Register.

Reading data from the temperature value, TOTI or THYST Regis-
ter, is a two-byte operation, as shown in Figure 12. It is also

R/W1

SCL

SDA 0 0 1 A2 A1 A0 P7 P6 P5 P4 P3 P2 P1 P0

ACK. BY
AD7416

START BY
MASTER

FRAME 1
SERIAL BUS ADDRESS BYTE

FRAME 2
ADDRESS POINTER REGISTER BYTE

1 9 1

ACK. BY
AD7416

9

D15 D14 D13 D12 D11 D10 D9 D8

ACK. BY
AD7416

STOP BY
MASTER

FRAME 3
MOST SIGNIFICANT DATA BYTE

1 9

SCL
(CONTINUED)

SDA
(CONTINUED)

D7 D6 D5 D4 D3 D2 D1 D0

ACK. BY
AD7416

STOP BY
MASTER

FRAME 4
LEAST SIGNIFICANT DATA BYTE

1 9

Figure 10. Writing to the Address Pointer Register Followed by Two Bytes of Data to the TOTI or THYST Register

SDA

NO ACK. BY
MASTER

START BY
MASTER

FRAME 1
SERIAL BUS ADDRESS BYTE

FRAME 2
SINGLE DATA BYTE FROM AD7416

ACK. BY
AD7416

1 9 1 9

D7 D6 D5 D4 D3 D2 D1 D0R/WA0A1A2101

SCL

STOP BY
MASTER

0

Figure 11. Reading a Single Byte of Data from the Configuration Register

R/W1

SCL

SDA 0 0 1 A2 A1 A0 D15 D14 D13 D12 D10 D11 D9 D8

ACK. BY
MASTER

START BY
MASTER

FRAME 1
SERIAL BUS ADDRESS BYTE

FRAME 2
MOST SIGNIFICANT DATA BYTE FROM AD7416

1 9 1

ACK. BY
AD7416

9

D7 D6 D5 D4 D3 D2 D1 D0

NO ACK. BY
MASTER

STOP BY
MASTER

FRAME 3
LEAST SIGNIFICANT DATA BYTE FROM AD7416

1 9

SCL (CONTINUED)

SDA (CONTINUED)

Figure 12. Reading Two Bytes of Data from the TOTI or THYST Register
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possible to read the most significant bit of a 9-bit/10-bit register
in this manner.

OTI OUTPUT
The OTI output has two operating modes, which are selected
by Bit D1 of the Configuration Register. In the comparator
mode, (D1 = 0), the OTI output becomes active when the
temperature exceeds TOTI and remains active until the tempera-
ture falls below THYST. This mode allows the AD7416/AD7417/
AD7418 to be used as a thermostat, for example, to control the
operation of a cooling fan.

TOTI

THYST

OTI OUTPUT
COMPARATOR

MODE

OTI OUTPUT
INTERRUPT

MODE

READ* READ* READ* READ* READ* READ* READ*

IN INTERRUPT MODE, A READ OPERATION OR SHUTDOWN RESETS THE OTI
OUTPUT; OTHERWISE THE OTI OUTPUT REMAINS ACTIVE INDEFINITELY, ONCE
TRIGGERED.

*

Figure 13. Operation of OTI Output (Shown Active Low)

The open-drain configuration of OTI allows the OTI outputs of
several AD7416/AD7417/AD7418s to be wire-ANDed together
when in active low mode.

The OTI output is used to indicate that an out-of-limit tem-
perature excursion has occurred. OTI is an open-drain output
that can be programmed to be active low by setting Bit D2 of
the Configuration Register to 0 or active high by setting Bit D2
of the Configuration Register to 1.

In the interrupt mode (D1 = 1), the OTI output becomes active
when the temperature exceeds TOTI and remains active even if
the temperature falls below THYST, until it is reset by a read opera-
tion. Once OTI has become active by the temperature exceeding
TOTI, and has then been reset, it will remain inactive even if the
temperature remains, or subsequently rises again, above TOTI. It
will not become active again until the temperature falls below
THYST. It will then remain active until reset by a read opera-
tion. Once OTI has become active by the temperature falling
below THYST and then reset, it will remain inactive even if the
temperature remains, or subsequently falls again, below THYST.

OTI is also reset when the AD7416/AD7417/AD7418 is placed
in shutdown mode by setting Bit D0 of the Configuration Regis-
ter to 1.

The OTI output requires an external pull-up resistor. This can
be connected to a voltage different from VDD (for example, to
allow interfacing between 5 V and 3.3 V systems) provided that
the maximum voltage rating of the OTI output is not exceeded.

The value of the pull-up resistor depends on the application but
should be as large as possible to avoid excessive sink currents at
the OTI output, which can heat the chip and affect the tempera-
ture reading. The maximum value of the pull-up resistor that
will meet the output high current specification of the OTI out-
put is 30 kW, but higher values may be used if a lower output

current is required. For most applications, a value of 10 kW will
prove suitable.

FAULT QUEUE
To avoid false triggering of the AD7416/AD7417/AD7418 in
noisy environments, a fault queue counter is provided that can
be programmed by Bits D3 and D4 of the Configuration Regis-
ter (see Table V) to count 1, 2, 4, or 6 fault events before OTI
becomes active. In order to trigger OTI, the faults must occur
consecutively. For example, if the fault queue is set to 4, then
four consecutive temperature measurements greater than TOTI

(or less than THYST) must occur. Any reading that breaks the
sequence will reset the fault queue counter, so if there are three
readings greater than TOTI followed by a reading less than TOTI,
the fault queue counter will be reset without triggering OTI.

POWER-ON DEFAULTS
The AD7416/AD7417/AD7418 always powers up with the
following defaults.

Address pointer pointing to Temperature Value Register com-
parator mode

TOTI = 80∞C
THYST = 75∞C
OTI Active LOW
Fault Queue = 1

These default settings allow the AD7416/AD7417/AD7418 to
be used as a standalone thermostat without any connection to a
serial bus.

OPERATING MODES
The AD7416/AD7417/AD7418 has two possible modes of
operation depending on the value of D0 in the Configuration
Register.

Mode 1
Normal operation of the AD7416/AD7417/AD7418 occurs when
D0 = 0. In this active mode, a conversion takes place every
400 ms. Once the conversion has taken place, the part partially
powers down, consuming typically 350 mA of the current until
the next conversion occurs.

Two situations can arise in this mode on the request of a tempera-
ture read. If a read occurs during a conversion, the conversion
aborts and a new one starts on the stop/repeat start condition.
The temperature value that is read is that of the previous com-
pleted conversion. The next conversion will typically occur
400 ms after the new conversion has begun.

If a read is called between conversions, a conversion is initiated
on the stop/repeat start condition. After this conversion, the part
returns to performing a conversion every 400 ms.

With a VDD = 3 V, for each 400 ms cycle, the AD7416 spends
40 ms (or 10% of the time) in conversion mode. It spends 360 ms
(or 90% of time) in partial power-down mode. Thus, the aver-
age power dissipated by the AD7416/AD7417/AD7418 is

3 0 1 1 0 9 1 2mW ¥ + ¥ =. . .mW mW

Mode 2
For applications where temperature measurements are required at
a slower rate, e.g., every second, power consumption of the part
can be reduced by writing to the part to go to a full power-down
between reads. The current consumption in full power-down is
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typically 0.2 mA and full power-down is initiated when D0 = 1
in the Configuration Register. When a measurement is required,
a write operation can be performed to power-up the part. The
part then performs a conversion and is returned to power-down.
The temperature value can be read in the full power-down
because the I2C bus is continuously active.

The power dissipation in this mode depends on the rate at which
reads take place. Taking the requirements for a temperature
measurement every 100 ms as an example, the optimum power
dissipation is achieved by placing the part in full power-down,
waking it up every 100 ms, letting it operate for 400 ms and
putting it into full power-down again. In this case, the average
power consumption is calculated as follows. The part spends
40 ms (or 0.04% of time) converting with 3 mW dissipation and
a 99.96 ms (99.96% of time) in full shutdown with 60 nW dissipa-
tion. Thus, the average power dissipation is

3 0 004 60 0 9996 1 2mW nW W¥ + ¥ =. . . m

The fastest throughput rate at which the AD7416/AD7417/
AD7418 can be operated is 2.5 kHz (i.e., a read every 400 ms
conversion period). Since TOTI and THYST are 2-byte reads, the
read time with the I2C operating at 100 kbit/s would be 270 ms.
If temperature reads are called too often, reads will overlap
with conversions, aborting them continuously, which results in
invalid readings.

CONVERT START MODE
The AD7417/AD7418 has an extra mode, set by writing to the
MSB of the Config2 Register.

CONVST Pin Mode
By setting the CONVST Mode Bit to 1, conversions are initiated
only by using the CONVST pin. In this method of operation,
CONVST is normally low.

The rising edge of CONVST starts the power-up time. This
power-up time is 4 ms. If the CONVST high time is longer than
4 ms, a conversion is initiated on the falling edge of CONVST
and the track-and-hold also enters its hold mode at this time. If
the CONVST high time is less than 4 ms, an internal timer,
initiated by the rising edge of CONVST holds off the track-and-
hold and the initiation of conversion until the timer times out
(4 ms after the rising edge of CONVST, which corresponds with
the power-up time). CONVST input remains low at the end of
conversion, thus causing the part to enter its power-down mode.
In this method of operation, CONVST is normally low with a
high going pulse controlling the power-up and conversion starts.

The CONVST pin should not be pulsed when reading from or
writing to the port.

Figure 17 shows the recommended minimum times for the
CONVST pulse when the temperature channel is selected.
Figure 18 shows the minimum times an analog input channel
is selected.

APPLICATIONS INFORMATION
SUPPLY DECOUPLING
The AD7416/AD7417/AD7418 should be decoupled with a
0.1 mF ceramic capacitor between VDD and GND. This is
particularly important if the part is mounted remote from the
power supply.

POWER-ON-RESET
To ensure proper power-on-reset, make sure that the supply
voltage on the VDD pin is at 0 V. Refer to application note
AN-588 for more information. A failed power-on-reset can
prevent the default values from being loaded into the AD7416/
AD7417/AD7418 registers. If the correct values are not loaded
into the registers, then the device will not start operating. The
output from the value registers will be a constant value.

To get the device operating again, the registers will have to be
loaded with their default values via the I2C bus. Therefore, in
the event of an inadequate power-on-reset and for all three
devices, the following registers should be loaded with their
default values:

Configuration Register 1—Default Value = 00h
Configuration Register 2—Default Value = 00h
THYST Setpoint Register—Default Value = 4Bh
TOTI Setpoint Register—Default Value = 55h

MOUNTING THE AD7416
The AD7416/AD7417/AD7418 can be used for surface or air
temperature sensing applications. If the device is cemented to a
surface with thermally conductive adhesive, the die temperature
will be within about 0.2∞C of the surface temperature, thanks to
the device’s low power consumption. Care should be taken to
insulate the back and leads of the device from the air, if the
ambient air temperature is different from the surface tempera-
ture being measured.

The ground pin provides the best thermal path to the die, so the
temperature of the die will be close to that of the printed circuit
ground track. Care should be taken to ensure that this is in good
thermal contact with the surface being measured.

As with any IC, the AD7416/AD7417/AD7418 and its associ-
ated wiring and circuits must be kept free from moisture to
prevent leakage and corrosion, particularly in cold conditions
where condensation is more likely to occur. Water resistant
varnishes and conformal coatings can be used for protection.
The small size of the AD7416 package allows it to be mounted
inside sealed metal probes that provide a safe environment for
the device.

FAN CONTROLLER
Figure 14 shows a simple fan controller that will switch ON a
cooling fan when the temperature exceeds 80∞C and switch it
OFF again when the temperature falls below 75∞C. The AD7416
can be used standalone in this application or with a serial bus
interface if different trip temperatures are required. If the AD7416
is used with a bus interface, the sense of OTI can be set to active
high, Q1 and R1 can be omitted, and OTI can be connected
directly to the gate of Q2 with R2 as the pull-up resistor.
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VDD
3V TO 5.5V

AD7416

R1
10k�

Q1
2N3904
OR SIMILAR

R2
10k�

Q2
LOGIC LEVEL
MOSFET RATED
TO SUIT FAN
CURRENT

12V

Figure 14. AD7416 Used as a Fan Controller

THERMOSTAT
Figure 15 shows the AD7416 used as a thermostat. The heater
will be switched ON when the temperature falls below THYST

and switched OFF again when the temperature rises above

TOTI. For this application and for comparator mode, the OTI
output should be programmed active low.

VDD
3V TO
5.5V

AD7416

R1
10k�

Q1
2N3904
OR SIMILAR

RELAY D1
1N4001

HEATER

HEATER
SUPPLY

RLA1

Figure 15. AD7416 Used as a Thermostat

SYSTEM WITH MULTIPLE AD7416S
The three LSBs of the AD7416’s serial address can be set by the
user, allowing eight different addresses from 1001000 to 1001111.
Figure 16 shows a system in which eight AD7416s are connected
to a single serial bus, with their OTI outputs wire-ANDed
together to form a common interrupt line. This arrangement
does mean that each device must be read to determine which
one has generated the interrupt, and if a unique interrupt is
required for each device, the OTI outputs can be connected
separately to the I/O chip.
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Figure 16. Multiple Connection of AD7416s to a Single Serial Bus

100ns
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CONVST

Figure 17. CONVST When Temperature Channel Selected
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15�s

CONVST

Figure 18. CONVST When VIN Channel(s) Selected
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OUTLINE DIMENSIONS

Purchase of licensed I2C components of Analog Devices or one of its sublicensed Associated Companies conveys a license for the purchaser under the Philips I 2C
Patent Rights to use these components in an I2C system, provided that the system conforms to the I2C Standard Specification as defined by Philips.

16-Lead Standard SO Package (SOIC)
Narrow Body

(RN-16)
Dimensions shown in millimeters and (inches)

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

COMPLIANT TO JEDEC STANDARDS MS-012AC

16 9

81

4.00 (0.1575)
3.80 (0.1496)

10.00 (0.3937)
9.80 (0.3858)

1.27 (0.0500)
BSC

6.20 (0.2441)
5.80 (0.2283)

SEATING
PLANE

0.25 (0.0098)
0.10 (0.0039)

0.51 (0.0201)
0.33 (0.0130)

1.75 (0.0689)
1.35 (0.0531)

8�
0�

0.50 (0.0197)
0.25 (0.0098)

1.27 (0.0500)
0.40 (0.0157)

0.25 (0.0098)
0.19 (0.0075)

COPLANARITY
0.10

� 45�

16-Lead Thin Shrink SO Package (TSSOP)
(RU-16)

Dimensions shown in millimeters

16 9

81

PIN 1

SEATING
PLANE

8�
0�

4.50
4.40
4.30

6.40
BSC

5.10
5.00
4.90

0.65
BSC

0.15
0.05

1.20
MAX

0.20
0.09 0.75

0.60
0.45

0.30
0.19

COPLANARITY
0.10

COMPLIANT TO JEDEC STANDARDS MO-153AB

8-Lead Standard SO Package (SOIC)
Narrow Body

(RN-8)
Dimensions shown in millimeters and (inches)

0.25 (0.0098)
0.19 (0.0075)

1.27 (0.0500)
0.41 (0.0160)

0.50 (0.0196)
0.25 (0.0099)

� 45�

8�
0�

1.75 (0.0688)
1.35 (0.0532)

SEATING
PLANE

0.25 (0.0098)
0.10 (0.0040)

8 5

41

5.00 (0.1968)
4.80 (0.1890)

4.00 (0.1574)
3.80 (0.1497)

1.27 (0.0500)
BSC

6.20 (0.2440)
5.80 (0.2284)

0.51 (0.0201)
0.33 (0.0130)COPLANARITY

0.10

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

COMPLIANT TO JEDEC STANDARDS MS-012AA

8-Lead MSOP Package
(RM-8)

Dimensions shown in millimeters

0.23
0.08

0.80
0.40

8�
0�

8 5

41

4.90
BSC

PIN 1
0.65 BSC

3.00
BSC

SEATING
PLANE

0.15
0.00

0.38
0.22

1.10 MAX

3.00
BSC

COMPLIANT TO JEDEC STANDARDS MO-187AA

COPLANARITY
0.10
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 SUNSTAR商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为一体的高

科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供应商，是中国最早和

最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专业代理和分銷世界各大品牌IC
芯片和電子元器件的连锁经营綜合性国际公司。在香港、北京、深圳、上海、西安、成都等全国主要电子

市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成强大统一的供

货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感器、微波光电元器件、工

控机/DOC/DOM电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA软件硬件、二极管、三极管、模

块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能模块开发配套商。专业以现代信息产业

（计算机、通讯及传感器）三大支柱之一的传感器为主营业务，专业经营各类传感器的代理、销售生产、

网络信息、科技图书资料及配套产品设计、工程开发。我们的专业网站——中国传感器科技信息网（全球

传感器数据库） www.SENSOR-IC.COM 服务于全球高科技生产商及贸易商，为企业科技产品开发提供技

术交流平台。欢迎各厂商互通有无、交换信息、交换链接、发布寻求代理信息。欢迎国外高科技传感器、

变送器、执行器、自动控制产品厂商介绍产品到 中国，共同开拓市场。本网站是关于各种传感器-变送器-

仪器仪表及工业自动化大型专业网站,深入到工业控制、系统工程计 测计量、自动化、安防报警、消费电

子等众多领域，把最新的传感器-变送器-仪器仪表买卖信息,最新技术供求,最新采购商,行业动态，发展方

向，最新的技术应用和市场资讯及时的传递给广大科技开发、科学研究、产品设计人员。本网站已成功为

石油、化工、电力、医药、生物、航空、航天、国防、能源、冶金、电子、工业、农业、交通、汽车、矿

山、煤炭、纺织、信息、通信、IT、安防、环保、印刷、科研、气象、仪器仪表等领域从事科学研究、产

品设计、开发、生产制造的科技人员、管理人员 、和采购人员提供满意服务。 我公司专业开发生产、代

理、经销、销售各种传感器、变送器、敏感元器件、开关、执行器、仪器仪表、自动化控制系统： 专门从

事设计、生产、销售各种传感器、变送器、各种测控仪表、热工仪表、现场控制器、计算机控制系统、数

据采集系统、各类环境监控系统、专用控制系统应用软件以及嵌入式系统开发及应用等工作。如热敏电阻、

压敏电阻、温度传感器、温度变送器、湿度传感器、 湿度变送器、气体传感器、 气体变送器、压力传感

器、 压力变送、称重传感器、物（液）位传感器、物（液）位变送器、流量传感器、 流量变送器、电流

（压）传感器、溶氧传感器、霍尔传感器 、图像传感器、超声波传感器、位移传感器、速度传感器、加速

度传感器、扭距传感器、红外传感器、紫外传感器、 火焰传感器、激光传感器、振动传感器、轴角传感器、

光电传感器、接近传感器、干簧管传感器、继电器传感器、微型电泵、磁敏（阻）传感器 、压力开关、接

近开关、光电开关、色标传感器、光纤传感器、齿轮测速传感器、 时间继电器、计数器、计米器、温控仪、

固态继电器、调压模块、电磁铁、电压表、电流表等特殊传感器 。 同时承接传感器应用电路、产品设计

和自动化工程项目。 

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子 元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达军工产品网:http://www.junpinic.com/

商斯达实业科技产品网://www.sunstars.cn/传感器销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-83607652 83376489 83376549 83370250   83370251   82500323 

    传真：0755-83376182  （0）13902971329  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com

http://www.sensor-ic.com/
http://www.sensor-ic.com/
http://www.sensor-ic.com/
http://www.sensor-ic.com/
http://www.sensor-ic.com/
http://www.sensor-ic.com/
http://www.sensor-ic.com/
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