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ABSTRACT

This thesis presents theory and implementation distance measurement by laser pointer.
The system is composed of PIC microcontroller, gear wheels set, laser pointer, LCD screen, and
interfacing circuits. The goal is the distance measurement fabrication for low cost. The measuring
range is about 0.1-2.8 meters.

The project has been conducted as in the following steps. First, the structure of gear
wheels set and position of laser pointer are designed and constructed. Second, necessary
electronic circuits including D/A converter are studied and implemented. Then, the computer
program written in C language is composed for conversion the resistance value to the angle value.

Finally, it is converted to the distance.
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1 : void led_init () {

2 : BYTEI;

3 : set_tris led (LCD WRITE) ;
4 : led rs = 0;

5 : led. rw = 0

6 : lcd.enable = 0

7 : delay_ms (15) ;

8 : for(i=1;1<=3;++) { .
9 : lcd_send nibble (3) ;
10 : delay ms (5);

11 : }

12 : lcd_send_nibble (2) ;

13 : for (i=0;i1<=3;++)

14 : led_send byte ( 0 ,LCD_INIT_STRING [i]);
15 : }
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/1 0=5x7, 1=5x10, 2=2 line

byte CONST LCD_INIT_STRING [4] = {0x20| led_type << 2), Oxc, 1, 6} ;
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PICmicro MID-RANGE MCU FAMILY

23.1 Introduction

The analog-to-digital (A/D) converter module can have up to eight analog inputs for a device.

The analog input charges a sample and hold capaditor. The output of the sample and hold capac-
itoris the input into the converter. The converter then generates a digital result of this analog level
via successive approximation. This A/D conversion, of the analog input signal, results in a corre-
sponding 10-bit digital number.

The analeg reference voltages (positive and negative supply) are software selectable to either
the device's supply voltages (AVDD, AVss) or the voltage level on the AN3/VREF+ and AN2/VREF-
pins.

The A/D converter has a unique feature of being able to operate while the device is in SLEEP
mode.
The A/D module has four registers. These registers are:

+ A/D Result High Register (ADRESH)

+ A/D Result Low Register (ADRESL)

+ A/D Confrol Register0 (ADCONO)

+ A/D Control Register! (ADCON1)
The ADCONO register, shown in Figure 23-1, controls the operation of the A/D module. The
ADCONT1 register, shown in Figure 23-2, configures the functions of the port pins. The port pins

can be configured as analog inputs (AN3 and AN2 can also be the voltage references) or as dig-
ital /O,

Figure 23-1: 10-bit A/D Block Diagram
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DS31023A-page 23-2 Preliminary © 1997 Micrachip Technology Inc.
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PlCmicro MID-RANGE MCU FAMILY

23.4 AID Acquisition Requirements

For the A/D converter to meet its specified accuracy, the charge holding capacitor (CHOLD) must
be allowed to fully charge to the input channel woltage level. The analog input model is shown in
Figure 23-3. The source impedance {(Rs) and the internal sampling switch (Rss) impedance
directly affect the time required to charge the capacitor CHOLD. The sampling switch {Rss) imped-
ance varies over the device voltage (VDD), Figure 23-3. The maximum recommended imped-
ance for analog sources is 10 k{) As the impedance is decreased, the acquisition time may be
decreased. After the analog input channel is selected (changed) this acquisition must be done
before the conversion can be started.

To calculate the minimum acquisition ime, Equation 23-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The 1/2 LSb error is the maximum error
allowed for the A/D to meet its specified resolution.

Equation 23-1:. Acquisition Time

TACQ Amplifier Settling Time +
Holding Capacitor Charging Time +

Temperature Coefficient
= TampP +Tc + TCOFF

Equation 23-2: A/D Minimum Charging Time

VHOLD = (VREF - (VREF/2048)) * (1 - e(-Tc/CHOLD(RIC + Rss + Rs)))
or
Tc = (120 pF)(1 k2 + Rss + Rs) In(1/2047)

Example 23-1 shows the calculation of the minimum required acquisition time Taca.
This calculation is based on the following application system assumptions.

CHoLp =  120pF

Rs =  10kQ

Conversion Error <  12LSb

VDD = B8V Rss=T7Tkil {see graph in Figure 23-3)
Temperature = 50°C (system max.)

VHOLD = 0ovV@tme=0

Example 23-1: Calculating the Minimum Required Acquisition Time (Case 1)

Taca = TampP + Tc + TCOFF
Temperature coefficient is only required for temperatures > 25°C.
TACQ = 2 ps + Te + [(Temp - 25°C)(0.05 ps/°C)]

Tc= -CHOLD (RIC + RssS + RS) In(1/2047)
-120 pF (1 k2 + 7 k£ + 10 kQ) In(0.0004885)
-120 pF (18 k€2) In(0.0004885)
-2.16 ps (-7.6241)
1647 ps

TACQ= 2 s+ 16.47 ps + [(50°C - 25°C)(0.05 ps/°C)]
18.47 ps + 1.25 s
19.72 ps
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PICmicro MID-RANGE MCU FAMILY

23.7.1 Faster Conversion - Lower Resolution Trade-off

Not all applications require a result with 10-bits of resolution, but may instead require a faster
conversion time. The A/D module allows users to make the trade-off of conversion speed to res-
olution. Regardless of the resolution required, the acquisition time is the same. To speed up the
conversion, the clock source of the A/D module may be switched so that the TAD time violates
the minimum spacified time (see the applicable electrical specification). Once the TAD time vio-
lates the minimum specified time, ali the following A/D result bits are not valid (see A/D Conver-
sion Timing in the Electrical Specifications section). The clock sources may only be switched
between the three oscillator versions (cannot be switched from/to RC). The equation to deter-
mine the time before the oscillator can be switched is as follows:

Conversion time = TAD + N« TAD + (11 - N){2Tosc)
Where: N = number of bits of resolution required.

Since the TAD is based from the device oscillator, the user must use some method (a timer, soft-
ware loop, etc.) to determine when the A/D oscillator may be changed. Example 23-4 shows a
comparison of time required for a conversion with 4-bits of resolution, versus the 10-bit resolution
conversion. The example is for devices operating at 20 MHz (The A/D clock is programmed for
32Tosc), and assumes that immediately after 6TAD, the A/D clock is programmed for 2Tosc.

The 2Tosc violates the minimum TAD time since the last 4 bits will not be converted to correct
values.

Example 23-4: 4-bit vs, 8-bit Conversion Times

Freq. Resolution
. {MHz)" 4-bit 10-bit
TAD 20 1.6 ps 1.6 us
Tosc 20 50 ns 50 ns
2TAD + N » TAD + (11 - N)(2T0sC) 20 8.7 ps 17.6 ps

Note 1: A minimum TAD fime of 1.6 s is required.
2: [f the full 8-bit conversion is required, the A/D clock source should not be changed.
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23.11 Connection Considerations

If the input voltage exceeds the rﬁil values (Vss or VDD) by greater than 0.3V, then the accuracy
of the conversion is out of specification.

An external RC filter is sometimes added for anti-aliasing of the input signai. The R component
should be selected to ensure that the toial source impedance is kept under the 10 ki recom-
mended specification. Any external components connected (via hi-impedance) to an analog
input pin (capacitor, zener diode, etc.) should have very little leakage current at the pin.

23.12 Transfer Function
The ideal fransfer function cf the A/D converter is as follows: the first transition occurs when the
analog input voltage (VAIN) is 1 LSb (or Analog VREF / 1024) (Figure 23-7),

Figure 23-7: A/D Transfer Function
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23.13 Initialization
Exampie 23-5 shows an initialization of the A/D module.

Example 23-5: A/D Initialization

BSF STATUS, RPO ; Select Bankl

CLRF ADCON1 ; Configure A/D inputs

BSF PIEl, ADIE ; Enable A/D interrupts

BCF STATUS, RPC ; Select Banko

MOVLW 0xC1 ; RC Clock, A/D is on, Channel 0 is selected
MOVWF  ADCONO ;

BCF PIR1, ADIF ; Clear A/D interrupt flag bit

BSF INTCON, PEIE ; Enable peripheral interrupts

BSF INTCON, GIE ; Enable all interrupts

; Ensure that the required sampling time for the selected input
; channel has elapsed. Then the conversion may be started.

BSF ADCONO, GO ; Start A/D Conversion
: ;i The ADIF bit will be set and the GO/DONE
;i bit is cleared upon completion of the
i A/D Conversion.
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23.14 Design Tips

Question 1: / find that the Analog to Digital Converter result Is not always accurate.

What can | do to Improve accuracy?

Answer 1:

1.

Make sure you are meeting all of the timing specifications. If you are tuming the module
off and on, there is a minimum delay you must wait before taking a sample. If you are
changing input channels, there is a minimum delay you must wait for this as well, and
finally there is TaD, which is the time selected for each bit conversion. This is selected in
ADCONO and should be between 1.6 and 6 ps. If TAD is too short, the result may not be
fully converted before the conversion is terminated, and if TAD is made too long the voltage
on the sampling capacitor can droop before the conversion is complete. These timing
specifications are provided in the “Electrical Specifications” section. See the device
data sheet for device specific information.

Often the source impedance of the analog signal is high (greater than 1k ohms) so the
current drawn from the source to charge the sample capacitor can affect accuracy. If the
input signal does not change too quickly, try putting a 0.1 pF capacitor on the analog input.
This capacitor will charge to the analog voltage being sampled and supply the instanta-
neous current needed to charge the 120 pF intemal holding capacitor.

Finally, straight from the data book: “In systems where the device frequency is low, use of
the A/D clock derived from the device oscillator is preferred...this reduces, to a large
extent, the effects of digital switching noise.” and “In systems whera the device will enter
SLEEP mode after start of A/D conversion, the RC clock source selection is required. This
method gives the highest accuracy”

Question 2: After starting an A/D conversion may | change the Input channel (for my

next conversion)?

Answer 2:

After the holding capacitor is disconnected from the input channel, typically 100 ns after the GO
bit is set, the input channel may be changed.

Question 3: Do you know of a good reference on A/D'’s?
Answer 3:

A very good reference for understanding A/D conversions is the “Analog-Digital Conversion
Handbeok” third edition, published by Prentice Hall (ISBN 0-13-03-2848-0).
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23.15 Related Application Notes

This section lists application notes that are related to this section of the manual. These applica-
tion notes may not be written specifically for the Mid-Range MCU family (that is they may be writ-
ten for the Base-Line, or High-End families), but the concepts are pertinent, and could be used
(with modification and possible limitations). The current application notes related to the 10-bit A/D

module are:

Title Application Note #
Using the Analog to Digital Converter ANDS46
Four Channel Digital Voltmeter with Display and Keyboard ANS57
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23.16 Revision History
' Revision A
This is the initial released revision of the 10-bit A/D module description.
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