Project Nine
Temperature Display


References


Target system schematic

Analog Devices TMP04 data sheet (handout)

Capture mode
(Section 6.5)


Math subroutines (see TA)

Project Description
For this project you are to use the CCP2 pin as an input from the Analog Devices TMP04 temperature sensor.  Use the leftmost part of the LCD display to show

   xxx.xOF

Hitachi=s code for the degree symbol is HDF.  When CNT8 (of Project Seven) =3, initiate the measurements of the two times, T1 and T2, generated by the TMP04 and which determine the temperature.  When CNT8 (of Project Seven) =5, calculate the temperature.  When CNT8 = 6, update the LCD display with the newly calculated value.

During your checkout, use the hair dryer in the lab to vary the temperature.   Check the calibration (more or less) using the mercury thermometer in the lab.

Capture Mode Measurements
The TMP04 generates a pulse-width-modulated output with the high part of each cycle of the output called T1 and the low part called T2.  To measure T1 and T2, refer to Figure 6-10 for the PIC=s programmable timer circuitry for the CCP2 capture mode.  Initiate the measurement by enabling a CCP2 interrupt which will occur on the next rising edge from the TMP04 into the CCP2 pin.  When that interrupt occurs, save the time of its occurrence, captured in the two-byte register, CCPR2.  The CCP2 interrupt handler should change CCP2CON so that the next interrupt captures the time of occurrence of the next falling edge.  The difference between these two times gives T1.  Change CCP2CON again so that the time of the next rising edge is captured.  The difference between the latter two captured times gives T2.  Disable further CCP2 interrupts.  If this procedure is initiated when CNT8 = 3, then T1 and T2 will probably contain their new values by the time CNT8 = 4 but certainly by the time CNT8 = 5, in time for the mainline code to calculate temperature.  

Calculation
To get a resolution of 0.1OF:

1.
Calculate   FAHR = 4550 - (7200 x T1)/T2.

To maintain resolution, do the multiplication first, then the division, then the subtraction.

2.
Peel off the digits of the result with successive divisions by ten.

3.
Display the result, putting the decimal point to the left of the least significant digit.

Example:
T1 = 9178

T2 = 17370

FAHR = 4550 - (66081600)/17370

= 4550 - 3804

= 746

So, temperature = 74.6OF

Math Subroutines and Macros
The values of T1 and T2 will be in the range of 8,000 to 30,000 cycles (i.e., microseconds).  Accordingly the first multiplication is an (unsigned) 16-bit by 16-bit multiply, producing a 32-bit result.  The division is a 32-bit number divided by a 16-bit number, producing a 16-bit result.  The subtraction is of a 16-bit number  minus a 16-bit number

Peeling off the digits involves repeated divisions of 16-bit numbers by an 8-bit number.  Actually if the divisor is never larger than 127 (in our case it will be 10), Microchip has a division routine for use with a 7-bit divisor which executes significantly faster.  

The subroutines needed are called:   

FXM1616U, 
FXD3216U, 
FXD1607U.

The macros which these invoke are called:
UMUL1616L,
UDIV3216L,
UDIV1607L

Get these from Microchip=s web page (or the Technical Library CD-ROM) file called Amath.zip@. After unzipping this file, the files in which the above subroutines and macros reside are called:

Fxm66.a16,
Fxd26.a16,
Fxd68.a16
Be sure to increase the number of bytes allocated for the operand variables used by these subroutines as appropriate.  
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