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Noise Filtering and the ADT7461
by Susan Pratt

INTRODUCTION

The ADT7461 is a digital temperature monitor with
one external and one internal temperature monitoring
channel. It is capable of measuring the temperature of an
external sensor accurate to =1°C, and communicates with a
host over the SMBus. This application note explains how to
build a filter to reduce the effect of noise on the temperature
measurements, and shows why the ADT7461 is uniquely
suited for this application.

Using digital temperature sensing methods in a noisy
environment is difficult. Noise is easily coupled into
the temperature sensing circuit and can result in a large
temperature error. Until now, adding an adequate filter
in front of the digital temperature sensor for such ap-
plications has been virtually impossible. This is because
both the capacitance and resistance associated with a
filter interfere with the measurement technique used,
and cause offsets that lead to errors in the temperature
measurement result.

IMPLEMENTATION

The ADT7461 is capable of measuring the temperature of
an external sensor to +1°C accuracy. The remote sensor
can be a substrate or discrete transistor, and is connected
to the D+ and D- pins on the ADT7461. The ADT7461
also has an internal temperature sensor to measure the
device’s ambient temperature.

Figure 1 shows how the ADT7461 temperature monitor
can be used in noisy environments by building an R-C-R
filter between the external temperature sensor and the
ADT7461 inputs. The remote sensor is a diode-connected,
standard PNP transistor with its emitter connected to the
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D+ pin on the ADT7461 and its base collector connected
to the D-input.

The filter consists of two 100 ) resistors and a 1 nF capaci-
tor. The filter should be placed as close as possible to the
D+ and D- inputs and should be connected as shown in
Figure 1. This filter has a cutoff frequency of 1.6 MHz.

Other values of resistance and capacitance can be used
to build a filter with the required cutoff frequency. The
value of the capacitance is limited to a maximum of 2.2 nF;
any greater value affects the temperature measurement.
Likewise, the resistance value is limited to a total of 3 k()
for the D+ and D- paths combined.

WHY IT WORKS: THE ADT7461’S SERIES RESISTANCE
CANCELLATION FEATURE

The ADT7461 has the ability to automatically cancel out the
effect of resistances in series with the external temperature
sensor. Any resistance in the path between the remote sen-
sor and a standard digital temperature sensor affects the
accuracy of the temperature measurement. Typically, there
is a 0.5°C offset in the measured temperature value per
ohm of parasitic resistance in series with the sensor. The
ADT7461, however, automatically cancels out the effect of
this series resistance. Up to 3 k() of series resistance can
be cancelled out of the temperature measurement and
is transparent to the user. This allows a filter to be built
between the ADT7461 and the remote sensor. The filter
in Figure 1 shows 100 ) of resistance on both the D+ and
D- paths to the external sensor. Using a standard
temperature monitor, these resistors would result in
offsets of a massive 100°C in the external temperature
measurement, thus rendering it useless.
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Figure 1. Circuit Diagram
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With the ADT7461, series resistance is automatically Similarly, the filter can reduce differential noise where
cancelled; thus, adding resistors to the path does not the noise on the D+ and D- paths is not in phase.
interfere with the temperature measurement result. No 5
user calibration is required, and the ADT7461 can be
hooked directly and immediately to the filter and on to 4
the remote sensor. Also, any resistance associated with 5 JI
the PCB tracks or other connectors will be cancelled, = s 40mV: NO FILTER —y
allowing the remote temperature sensors to be placed % |'|I
some distance from the ADT7461. W, | i
The ADT7461 can typically cancel up to 3 kQ of resis- E 40mV: FILTER I“llkrlll
tance in total between the device and the remote sensor. P / Il
In an R-C-R filter, the maximum value each resistor could & H" LI 1 -
have is 1.5 kQ. 0 I TH
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Figures 2 and 3 show how effective the filter is at reduc-
ing the effect of noise on the ADT7461. Figure 2 shows
how effective the filter is in combating common-mode Figure 2. Effect of Filter on 40 mV Noise
noise in the circuit. The noise applied in this instance

FREQUENCY (MHz)

60

was a 40 mV square wave applied with the same phase
to both the D+ and D- paths. Without a filter in place, 50
the ADT7461 temperature measurement is in error by up 5 100mV: NO F'LTER\M".
to 4°C; with a filter, the error is reduced to less than 1°C. %’ 40 T
Figure 3 shows the results for common-mode noise E 30 '
of 100 mV. Without a filter in place, the temperature g / oA
measurement is in error by up to 50°C. However, with 2 2 ]
. . . o 4 100mV: FILTER e
the filter in place the error is reduced to between 0.25°C u f
and 0.5°C. With this level of noise in the system, using a ﬁ 10

temperature monitor IC without a filter is not possible. 0 v S,
However, the effect of the filter negates the effect of the W
noise, allowing the ADT7461 to be used in noisy appli- -10
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cations. The filter brings the error to a level below the FREQUENCY (MHz)
specified =1°C accuracy of the ADT7461.

Figure 3. Effect of Filter on 100 mV Noise

ON Semiconductor and the ON logo are regist t ks of Semi or Comp Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice to any products herein. SCILLC makes no
warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any
and all liability, including without limitation special, consequential or incidental d “Typical” par which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual
performance may vary over time. All operating parameters, including “Typicals” must be validated for each lication by ’s | experts. SCILLC does not convey any license under its patent rights nor the rights
of others. SCILLC products are not designed, intended, or authorized for use as in sy i ded for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in
which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized lication, Buyer shall ind ify and
hold SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, and exp and attorney fees arising out of, directly or indirectly, any claim of personal injury
ordeath iated with such uni ded or ized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada.
P.0. Box 5163, Denver, Colorado 80217 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5773-3850 Sales Representative

Rev. 1| Page 2 of 2 | www.onsemi.com



