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INTRODUCTION

This application note describes a temperature sensor
using a PICmicro® microcontroller. This temperature
sensor is unique because it can work through non-fer-
romagnetic walls. Interfacing to a thermistor is normally
a very straightforward task. Interfacing to a thermistor
on the other side of a wall gets a little more compli-
cated. Interfacing through walls can be a very valuable
feature in certain applications, notably temperature
sensing for refrigerators or sensing inside of a hazard-
ous gas environment where an isolation barrier is a
safety issue.

Implementation

Thermistors come in all types and values. For temper-
ature sensing, most applications call for a NTC (nega-
tive temperature coefficient) type of thermistor where
the resistance goes down with increasing temperature.
Naturally, the resistance does not go down linearly, so
some processing is required to translate the resistance
to a temperature. This is of course a perfect job for a
PICmicro microcontroller. The normal method of inter-
facing to a thermistor is shown below.

FIGURE 1: BASIC THERMISTOR CIRCUIT
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This method is inappropriate for a through wall temper-
ature system because it requires a wire to connect the
thermistor to the PICmicro MCU. DC currents cannot
be transmitted through a wall, so this method cannot be
directly converted to a through wall system.

To sense through the wall we must get current flowing
through the wall. This is easily done with a pair of coils
of sufficient diameter to couple through the wall. About
100 winds of wire around a 12cm disk (size of CD) will
provide sufficient inductance and size to couple
through % inch. The PICmicro MCU can source up to
25 mA so that is how the coil will be energized. See the
schematic below for the new circuit.
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With each side of the transformer on different sides of
the wall, we have created an isolation transformer. A
thermistor is loading the secondary while the PICmicro
MCU is driving the primary. Now the PICmicro MCU
just needs a way to detect the voltage changes of the
primary due to the loading on the secondary. One
method is to feed a long pulse train to the coil and look
at the amplitude modulation caused by the thermistor.
This is effective, but it has two problems. Problem num-
ber one is, the continuous current through the ther-
mistor will heat it and cause errors in the measurement.
The second problem is, the circuitry to get a clean read-
ing is complex and therefore not cheap.

A preferred method is to send a single pulse into the
inductor and look at the transient response of the coil.
We can then simplify the circuitry and eliminate the self-
heating. By placing a capacitor and resistor across the
primary, a RLC type circuit is formed (see Appendix B).
This circuit will have a gentle peak when we energize
it. See Figure 3.

FIGURE 3: RLC PULSE RESPONSE

The idea is to have the initial capacitor current domi-
nate the first microsecond so the circuit does not look
like the infinite resistance to the coil. As the capacitor
charges, the coil current starts to become the dominant
factor and the load becomes visible as a variation in
coil peak voltage. The RC values must be adjusted to
maintain a ratio of approximately 10000:1 with the
inductor. With this configuration, a load on the second-
ary coil causes a change in the peak voltage on the pri-
mary. See Figure 4, set for the same scale as Figure 3.

FIGURE 4:

INDUCTIVELY LOADED RLC
PULSE RESPONSE
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The peak voltage changes with the load voltage. This
is a very useful feature. To make a good measurement
without an amazingly fast analog-to-digital converter
we can add a sample and hold circuit. Because the
voltage variation is very small (about 500 mV in this
example) we need a gain of about 10 to get a 5V range.
The 2.75V offset needs to be removed so a difference
amplifier is used to subtract the offset and then multiply
the gain. Appendix B shows the test circuit schematic.

The calibration for this circuit is simple. Adjust the pot
with no load on the secondary inductor. Adjust the pot
until the analog-to-digital converter (ADC) is no longer
reading a full-scale voltage. Any load on the secondary
will cause the voltage to drop. The gain should be set
to get a good reading over the desired range.

Theory of Operation

The PICmicro MCU sends a pulse to the inductor,
which induces a voltage in the secondary coil. The sec-
ondary voltage across the thermistor causes a current,
which is seen as a voltage drop, on the primary. The
larger the secondary current, the larger the voltage
drop at the primary. The first Op Amp, U1A, implements
a high speed peak hold circuit by only passing current
that charges the capacitor, but not allowing the capaci-
tor to discharge. The second Op Amp, U1B, buffers the
capacitor to the difference amplifier. This prevents the
capacitor voltage from dropping too fast. The third Op
Amp, U1C, subtracts the offset voltage and multiplies
the difference by a gain of 10. The offset voltage is pro-
vided by the fourth Op Amp, U1D. The result is read by
the ADC. The capacitor (C2) is drained between reads
by an output from the PICmicro MCU.
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The diode prevents the PICmicro MCU from charging
the capacitor. By a small change in the software, this
diode could be eliminated if the PICmicro MCU pin
were left as an input pin at high impedance until the
capacitor needed discharging. Alternatively, the pin
would not be required at all if a suitable load resistor
were provided for the capacitor. This resistor would
have to be large enough that the capacitor did not drain
too much before the ADC sample period passed and
small enough to drain the capacitor between measure-
ments. Here is the code for a PIC12C67X that takes a
measurement.

neasur e ; do the neasurenent
bef I NTCON, G E disable irqg's
bsf GPI O, hol dcap ; armthe cap
bsf GPI O, coi | ; charge the coil
nop ; wait a bit
bef GPI O, coi | Turn of f coil
bsf ADCONO, GO ; start ADC
bt fsc ADCONO, GO wait for ADC
goto $-1 ;
bcf GPI O hol dcap ; dunp the cap
bsf I NTCON, G E enable irqg’s
novf ADRES, W result to W
return ; all done

The slowest part of the measurement is waiting for the
ADC to finish. In the test system, GPIO4 was used to
drive an LED with a PWM signal. This PWM was gen-
erated with a Timer0 interrupt. To prevent the TimerO
interrupt from affecting the pulse timing, all interrupts
are disabled during the critical section of the measure-
ment code. The PICmicro MCU is operating from its
internal RC oscillator. This leaves a few pins to accom-
plish other tasks.

Figure 5 illustrates the complete circuit performance
using a 10k pot in place of a thermistor. The offset was
adjusted until the input to the ADC was 5V without the
secondary coil in place and without clipping. With the
coil in place, the resistor was swept over its entire
range and produces values inside the gray area. With
a suitable scaling table, this output could easily be con-
verted to a resistance or a temperature.

Conclusion

Using inductive coupling is common with keyless entry,
low frequency RF and power supplies. This application
note shows that inductive pulse coupling can also be
effectively used to transfer information, like tempera-
ture sensing, through a non-ferromagnetic barrier.

FIGURE 5: RANGE OF RESPONSE AT

THE OUTPUT
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) for its PICmicro® Microcontroller is
intended and supplied to you, the Company’s customer, for use solely and exclusively on Microchip PICmicro Microcontroller prod-
ucts.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS” CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

APPENDIX A: CODE LISTING

B R R R R R R R R R

; Fi | enane: fridge.asm *
; Dat e: 10/ 13/ 2000 *
; File Version: 1.0 *
. *
; Aut hor : Joseph Julicher *
; Conpany: M crochi p Technol ogy *

B R R R R R R R R R R R

list p=12ce674 ; list directive to define processor
#i ncl ude <pl2ce674.inc> ; processor specific variable definitions
errorlevel -302 ; suppress nessage 302 fromlist file

__CONFIG _CP OFF & \WDT_OFF & MCLRE_ OFF & _PWRTE_ ON & _I NTRC_OSC_NOCLKOUT

;¥xxxx VARI ABLE DEFI NI TI ONS

w_tenp EQU 0x70 ; variable used for context saving
status_tenp EQU 0x71 ; variable used for context saving
tsr EQU 0x72 ; transmit shift register

bi t count EQU 0x73 ; transmit bit counter

|l ed EQU 0x74 ; LED brightness

counter EQU 0x75 ; LED PWM count er

tenp EQU 0x76 ; holding for PWM status

; ¥***%% CONSTANTS DEFI NI TI ONS
speed EQU OxDf ; PWM period constant

p¥*xxx PIN DEFI NI TI ONS

hol dcap EQU 0x02 ; GPLO pin for the hold cap

coi l EQU 0x01 ; GPLO pin for the coil

pwm EQU 0x04 ; GPLO pin for the pwm (LED brightness)

ckkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkdhhkdhhkhhhdhhkdhhdhhhhdhhdhhhhdhrdhhdhhhhdxk
ORG 0x000 ; processor reset vector
goto mai n ; go to beginning of program
ORG 0x004 ; interrupt vector location
nmvw  w_tenp ; save off current Wregister contents
nmov f STATUS, w ; nove status register into Wregister
nmovwf  status_tenp ; save off contents of STATUS register
i ncf counter,w ; PWM routine

addwf | ed, w

btfss STATUS, C
bcf GPI O, pwm
btfsc STATUS, C
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bsf GPI O, pwm
nmovwf count er
bcf I NTCON, TOI F ;
bsf I NTCON, TOI E ;
movl w  speed
movw TVRO
movf status_tenp,w ;
movw STATUS ;
movf w_tenmp, w ;
retfie ;
mai n
call OX7FF ;
bsf STATUS, RPO ;
movwf OSCCAL ;
bcf STATUS, RPO ;
clrf TVRO ;
clrf count er
clrf |l ed
; setup GPIO
clrf GPI O ;
clrf | NTCON ;
bsf I NTCON, TOI E ;
bsf I NTCON, G E ;
bsf STATUS, RPO ;
clrf OPTI ON_REG ;
bsf OPTI ON_REG, NOT_GPPU;
movliw B 00001001 ;
nmovw TRI SI O
nmovlw B 00000110 ;
movw ADCON1 ;
bcf Pl E1, ADI E ;
bcf STATUS, RPO ;
nmovlw B 01000001 ;
nmovw ADCONO ;
bcf PIR1, ADIF ;
repeat cal | measur e ;
movw |l ed ;
movliw D 56 '
del ay nop ;
addlw D1 ;
btfss STATUS, Z ;
goto del ay ;
goto r epeat ;
nmeasur e ; do the neasurenent
bcf I NTCON, d E ;
bsf GPI O, hol dcap ;
bsf GPI O coi | ;
nop
bcf GPI O coi l

clear the TMRO fl ag
reenabl e TMRO interrupt

retrieve copy of STATUS register

restore pre-isr STATUS regi ster contents
restore Wregister

return frominterrupt

retrieve factory calibration val ue
set file register bank to 1
update register with factory cal
set file register bank to 0

val ue

clear the tinmer

set all I/Os to O

clear all flags and enabl es
enabl e TMRO interrupt
enable all interrupts

Sel ect Page 1
clear all options
Turn of f weak pullup

GPIO 0 is Input
GPIO 1 is CQutput
GPIO 2 is Cutput
GPIO 3 is I|nput
GPIO 4 is Qutput
GPIO 5 is CQutput

GPO is anal og, VREF is Vvdd
Configure A/D Inputs

di sable A/D Interrupts

Sel ect Page 0

8 Tosc clock, A/Dis on, Channel 0 is selected

Clear A/'Dinterrupt flag bit

make a measur ement
set the LED brightness
wait 200 | oops or 1ms

di sable all
armthe cap
charge the coil

interrupts

Turn of f coil
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bsf
btfsc
got o
bcf

bsf
nov f
return

END

ADCONO, GO
ADCONO, GO
$-1

GPl O, hol dcap
I NTCON, d E
ADRES, W

wait for the inductor collapse to finish

start ADC

wait for ADC to finish

go back if not finished yet
dunp the cap

enable all interrupts

move the result to W

al | done
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APPENDIX B: TEST SCHEMATIC

TEST SCHEMATIC
PIC12C671
Digital Output 24
A% O Test
R1 Point 1
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U1A R2
u1B b1 AM—
* 240
Analog ~ Y1C 1K e T '
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220pf
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R7
10K
D2
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Digital Output D1N4148
Ul = MCP604
R7 = Offset Calibration Potentiometer
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowi-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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1SO 9001 / AS-8000
REGISTERED FIRM
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Accredited by the RvA
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Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, MXDEV, PIC, PICmicro,
PICMASTER, PICSTART, PRO MATE, SEEVAL and The
Embedded Control Solutions Company are registered trade-
marks of Microchip Technology Incorporated in the U.S.A. and
other countries.

dsPIC, dsPICDEM.net, ECONOMONITOR, FanSense,
FlexROM, fuzzyLAB, In-Circuit Serial Programming, ICSP,
ICEPIC, microPort, Migratable Memory, MPASM, MPLIB,
MPLINK, MPSIM, MXLAB, PICC, PICDEM, PICDEM.net,
rfPIC, Select Mode and Total Endurance are trademarks of
Microchip Technology Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999 and
Mountain View, California in March 2002.

The Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 cetrtified.
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