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ABSTRACT

This document describes a method that can be used to select an LC sensor for use with the MSP430™
Extended Scan Interface (ESI).

1 LC Sensor Selection

For a sampling rate of Fs and an excitation time of At, the average current consumption of LC sensor is as
follows:

For a capacitor, C = Q/V, which gives the average current | = Fs x Q = Fs x CV

For an inductor, V = L x Al / At, which gives the average current | = Fs x (Al x At/ 2) = Fs x (V x At/ 2L)
Total average current = Fs x V x (C + At?/ 2L)

Total average power = V x average current = Fs x V2 x (C + At? / 2L)

The copper resistance of the inductor consumes some power. However, it is negligibly small, as the
current is in the range of microamps. The power of the resistor is IR, which is very small.

Figure 1 shows the current consumption of an LC sensor with a sampling rate of 500 Hz, excitation time of
1 s, and aV of Vo/2 (1.5 V).

Current of LC (uA)

4.7 10 22 47 100 220 470 1000  (uH)
80 38 17 8 3.79 1.74 0.83 0.41
80 38 17 8 3.83 1.78 0.87 0.45
80 38 17 8 3.92 1.87 0.96 0.54
80 38 17 8 4.10 2.06 1.15 0.73
81 38 18 9 4.50 2.45 1.55 1.13
81 39 19 10 5 3.35 2.45 2.03
83 41 21 12 7 5 4.32 3.90
87 45 25 15 11 9 8 8
96 54 34 24 20 18 17 17

115 73 52 43 39 37 36 36

155 113 92 83 79 77 76 75

Figure 1. Current Consumption of LC Sensor

From Figure 1, the current consumed becomes smaller when both the inductor value and the capacitor
are smaller. Compared to the ESI standby current of a few microamps, the LC current consumption should
be selected to be within 1 pA.

As the inductor value increases, the copper resistance also increases. A higher resistance leads to a fast
damping of LC oscillation signal. Therefore, a smaller copper resistance is preferred.

MSP430 is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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The physical size of the capacitor is small. However, the inductor is much bigger. This is one of the
limitations when choosing an inductor of higher value. The casing for the sensor might not provide enough
space for two or three sensors.

In addition, the detection distance is related to the area of the metal portion of a rotor plate covered with
the magnetic field generated from the inductor and the concentration of magnetic field. If the rotor plate is
too small or the physical size of the inductor is too large, the effective covering area can be reduced,
which reduces the magnetic energy absorption rate of inductor through the eddy current on the metal
portion of the rotor plate.

DAC reference

voltage
Startlatching in /' \ Metal or non-metal
comparator output are determined

L

Figure 2. LC Oscillation Signals And Latch-In Timing

From Figure 2, the lower range of LC signal is used to determine the metal and non-metal portions of the
rotor plate. The optimal timing to latch in the comparator output is at the time between the two lower
peaks. The internal oscillator of the ESI can be used to tune the timing to reach this position.

However, there is a drift of the internal oscillator by 0.35%/°C and by 2%/V. A drifting margin should be
provided to avoid too many recalibrations of the oscillator. If setting the margin to be + 0.5 ps and to set
the latch in timing when the LC signal is above its mid-level, the minimum period of the LC signal should
be larger than 2 ps (500 kHz).

Figure 3 shows the oscillation frequency of an LC sensor. The data near 500 kHz are marked in gray for
easy reading. In combination with Figure 1, the number of values for the inductor and capacitor are limited
to a the area highlighted in light blue in Figure 3.
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Freq of LC (KHz
cC —— L 1 2.2 4.7 10 22 47 100 220 470 1000  (uH)
47| 23,215 15,652 10,708 7,341 4,949 3,386 2,322 1,565 1,071 734
100| 15,915 10,730 7,341 5,033 3,393 2,322 1,592 1,073 734 503
220/ 10,730 7,234 4,949 3,393 2,288 1,565 1,073 723 495 339
470 7,341 4,949 3,386 2,322 1,565 1,071 734 495 339 232
1000 5,033 3,393 2,322 1,592 1,073 734 503 339 232 159
2200 3,393 2,288 1,565 1,073 723 495 339 229 157 107
4700 2,322 1,565 1,071 734 495 339 232 157 107 73
10000 1,592 1,073 734 503 339 232 159 107 73 50
22000 1,073 723 495 339 229 157 107 72 49 34
47000 734 495 339 232 157 107 73 49 34 23
100000 503 339 232 159 107 73 50 34 23 16
(pf)

Figure 3. Oscillation Frequency of LC Sensor

An additional precaution to the selection of inductor and capacitor is to consider the variation of LC
oscillation frequency due to temperature change and aging.

For LC signal period T = 2m x JLC

Then,

Similarly,

AT/AL=T/2L
Which implies, AT/ T=AL/2L
AT/T=AC/2C

A 10% change in either L or C leads to a 5% change for the time period of the LC signal.

By experiment, using 220 pF and 470 pH on the sensor board, a total of 1 us is increased for a 40 periods
of signal when the temperature is increased above 80°C.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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