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Analog to Digital Conversion with the MicroBolt 10/9/2005

I ntroduction:
This application notes demonstrates how to add analog to digital conversion to the MicroBolt embedded module.

Background:

Many applications require the reading of an analog voltage by the MicroBolt. The MicroBolt must convert this analog voltage to
adigital reading in order to use and operate on the voltage reading in its program. Due to the varying analog to digital
reguirements of different applications (e.g., speed, number of bits, number of channels, single ended or differential, etc.), asingle
analog to digital converter (ADC) device will not fulfill each applications need. It’sthisreason that the MicroBolt does not
contain an onboard ADC. The MicroBolt does however provide the user with industry standard serial busses, which allow the
user to hook up an external ADC. Thisallows the user to select the appropriate ADC for their application.

In this example, the MicroBolt will control a Microchip MCP3202, 2-Channel, 12-bit ADC over the SPI serial bus.

Schematic:
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How it works:

This ImageCraft ICCARM demo project is used with the MicroBolt development board and interfaces the MicroBolt to
aMicrochip 12 bit, 2 channel, A to D converter; the MCP3202. The MCP3202 is controlled by the MicroBolt’'s SPI serial bus at
an approximate frequency of 170 KHz.

The MicroBolt isthe SPI master and the MCP3202 is an SPI slave.

The MicroBolt Serial Debugger is also utilized to allow reading of the 2 A to D channels viaa PC application over an RS232
seria connection at 115200 Baud.

MCP3202 2-Channel 12-bit ADC info:

The MCP3202 (U4) is a successive approximation 12-bit Analog to Digital Converter with on board sample and hold circuitry. It
is programmabl e to provide a single pseudo-differential input pair or dual single-ended inputs. Communication tothe ADCis
done using MicroBolt’s SPI bus. The ADC’ s chip select can be connected to P0.16 of the MicroBolt by adding ajumper to JP39.
The clock signal can be connected to P0.4 of the MicroBolt by adding ajumper to JP12. In order for the SPI busto operate JP11
must have ajumper connected toit. JP11 pulls P0.7 of the MicroBolt up to 3.3V through a 10k

Required tools and/or parts;

-Microchip 8 pin MCP3202 A to D converter (can be purchased from Digikey)
-MicroBolt development kit (Board, cables, power supply, schematics, etc.)

-MicroBolt Serial Debugger (On MicroBolt development kit CD or Micromint website)

[nstructions:
1. Plug MCP3202 A to D converter into U4 socket on MicroBolt development board.

2. Signals Sl and SO on JP13 and JP14 must be crossed in order for the SPI bus to work properly. Reference the MicroBolt
development board schematic on the MicroBolt datasheet and wire wrap JP13 pin 1 to JP14 pin 2 and JP14 pin 1 to JP13 pin 2.
L eave the plastic jumper blocks off from JP13 and JP14. Thisfixesthe SPI routing to the M CP3202.

3. Connect an analog signal to JP20 and another to JP21; a potentiometer works well for testing purposes.

4. Connect serial port cable from PC to J1 of MicroBolt development board (verify COM port jumpers via the MicroBolt
datasheet)

5. Power up the board and download the demo project to the board.
6. Open up the MicroBolt Serial Debugger, select the desired COM port, and open it.
7. A to D data should now be displayed in debug windows 1 and 2 (See below MicroBolt Serial Debugger screenshot).

8. Vary the analog input voltage and verify the displayed datain the debugger changes accordingly.




MicroBolt Serial Debugger screenshot:
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Waveforms:
The following waveform capture shows two reads happening over the MicroBolt’s SPI bus. First channel-0 is read, and then

channel-1 isread.
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Program Listing:
/~k
I __________________________________________________________________________________________
| File Name : McroBolt_AtoD. c
| Aut hor : Mcromnt, Inc.
| Copyright : Copyright © 2005, Mcromnt, Inc.
| Creation Date : 9/30/05
| Version : 1.00
| Spaces per tab C2
| Description . Main Cfile
| Revision : Initial
| == m il
| __________________________________________________________________________________________
*/
/*
| ____________________________________________________
| I ncl udes
Ljrrrmr s s e e
#i ncl ude <ARM philips/| pc210x. h>
#i ncl ude <arm macros. h>
#i nclude "M croBol t _AtoD. h"
#i ncl ude "Seri al Debugger. h"
/*
[---------- e R i
| Functi on : mai n
| I nput s : None
| Qut put s : None
| Pur pose : Mai n function for system
I

Aut hor : M cromnt, Inc.




*/
voi d nai n(voi d)

unsigned int Delay = O;
unsi gned char Count = O;

unsi gned short AtoDval ueChan0, AtoDval ueChani,;

__ DI SABLE_I NTERRUPT() ; 11

/ *

R P AP ACEEEETEEEELE

| Config MAM

Lyrrmrmerm e
MAM CR = 0x00; /1
MAM TI M = 0x04; /1
MAM CR = 0x02; /1

/ *

[ =mmmmm e

| Configure VIC

Ly
VI CVect Addr0 = (unsi gned)pl !l _isr; I
VI CVect Cnt 1 0 = | NTERRUPT_CHANNEL_FOR PLL; /1
VI O nt Enabl e = | NTERRUPT_ENABLE_FOR PLL; /1

/ *

[ =mmmm

| Config PLL and CCLK

[ =mmmm e

*/
SCB_PLLCFG | = 0x23; /1
SCB_PLLCON | = 0x01; /1
SCB_PLLFEED = OxAA; /1
SCB_PLLFEED = 0x55; /1

/ *

TSR SR EEEEEEREE

| Config PCLK

[ o mmmm s

*/
SCB VPBDI V = 0; /'l Peripheral

/ *

SRR EEEEEEEEEE

| Config GPIO

Ly

PCB_PI NSEL0=0x00005505;

PCB_PI NSEL1=0x55400000; 11

GPIOIODIR | = M CRCBOLT_LED, /1
GPlIO IODIR | = A TO D CH P_SELECT; /1
GPl O | OCLR=Oxffffffff; /1
GPI O I CSET = A TO D CH P_SELECT; /1

/ *

| ----- L ENREEE

| Config SPI (Master)

Lyrrmrmrrmm e

SPI _SPCR=0x00000020;
SPI _SPCCR=0x00000052;

UARTO_| ER = 0x00000001,;

// Setup with | CCARM App bui | der -

Disable all interrupts

Turn MAM of f (defaul t)
Set flash timng to 4 clock cycles

Fully enable the Menory Accleration Mdul e

Assign the PLL |l ock | SR vector address
Assign the VIC address to the actual interrupt
Enabl e the interrupt

Set to 59 Mz (0x03 is multiply value of 4)
Enabl e the PLL

Shadow regi ster copy to enabl e changes

in PLLCON and PLLCFG

clock is 1/4th Processor clock which equal s 14. 7456 Mz

M croBol t _At oD. bcf (UARTO and SPI pins)
(Secondary JTAG pi ns)

Setup McroBolt LED as out put
Setup Ato D chip select - PO.16
Clear all pins to start with

Chip select high to start with - Disabled

/'l Setup edges
/1 O ock frequency 170 KHz

// Receive interrupts




UARTO_FCR = 0x00000001;
UARTO_LCR = 0x00000083;

UARTO_DLM = 0;

UARTO_DLL = BAUD_RATE_115200;

UARTO_LCR = 0x00000003; /

__ENABLE_| NTERRUPT() ; /

whi | e( 1)

{
At oDval ueChanO
At oDval ueChanl

ReadAt oD( CHANNEL_O) ;
ReadAt oD( CHANNEL_1) ;

/1 Qutput string to McroBolt Serial Debugger Debug w ndo

Seri al Debug( 1, "MCP3202 Chan-0 val ue: %", AtoDval ueCh

/1 Qutput string to McroBolt Serial

Seri al Debug( 2, "MCP3202 Chan-1 val ue: %", AtoDval ueCh

for (Delay = 0; Delay < 870000; Del ay++);
Count ++;
if (Count

== 10)
{
Seri al DebugLed(LED_ON);
GPl O | OSET = M CROBOLT_LED,
}
el se
if (Count

20)
{

Count = 0;

Seri al DebugLed( LED_CFF);
GPI O | CCLR = M CRCBCQLT_LED;

}

}
}
/*
|- e
| Function ReadAt oD
| I nput s None
| Qut put s Anal og value fromthe Ato D
| Pur pose Read A to D val ues from MCP3202
| Aut hor M cromint, Inc.
| ________________________________________________________
*/

unsi gned short ReadAt oD(unsi gned char At oDchannel Nunber)

{
unsi gned char Anal ogToDi git al MsbVal ue;

unsi gned char Anal ogToDi gi t al LsbVal ue;
unsi gned short Anal ogToDi gital 12bi t Val ue;

GPIO I OCLR = A TO D CH P_SELECT;
Del ay10uS() ;

SPI_SPDR = A TO D _START_SI NGALE;
whi Te(! (SPI_SPSR & SPI F));

i f (AtoDchannel Nunber == CHANNEL_O) /1
{ SPI_SPDR = A TO D CHANNEL_O;

el se}
; SPI_SPDR = A TO D CHANNEL_1;

whil e(! (SPI_SPSR & SPI F)):

/1 Enable the fifos
/1 Enabl e the divisor

/1 Divisor latch MBB (for baud rates < 4800)

/1 Divisor latch LSB

/| Close it, then UART works with divisor

/ Enable all interrupts

/1 Do this forever

Debugger Debug wi ndow 2

// Read A to D channel O
// Read A to D channel 1
w 1
an0) ;
anl);
/1 Delay for 100 nS

/1 Now sinply blink the serial debugger LED

/1 Chip select |low - Enable

/1 Setup tine

/1 Send out first byte to Ato D
/1 Wait for conpletion
nunber

Send out 2nd byte, data depends on channel

// Wait for conpletion




/1 Cot the first desired byte (MSB) of Ato D data, now store it
Anal ogToDi gi t al MsbVal ue = SPI _SPDR;
/1 Send out 3rd byte of data so as to get the second Ato D byte

SPl _SPDR = A TO D NULL_WAI T_FOR DATA,
whi l e(! (SPI _SPSR & SPIF)); /] Wit for conpletion

/1 Got the second byte (LSB) of Ato D data, now store it
Anal ogToDi gi t al LsbVal ue = SPI _SPDR;

Del ay10uS() ; /] Hold tine
GPl O ICSET = A TO D CH P_SELECT; /1 Chip select high - Disable

/1 Now create 12 bit A to D value...
/! Drop top 4 bits fromMB for 12 bit val ue

Anal ogToDi gi t al MsbVal ue = Anal ogToDi gi t al MsbVal ue & 0xOF;
/Il Store MSB by shifting up 8

Anal ogToDi gi tal 12bi t Val ue = (unsi gned short ) Anal ogToDi gital MsbVal ue << 8;
/1 ORin the LSB to get the final value

Anal ogToDi gi t al 12bi t Val ue = Anal ogToDi gi tal 12bitVal ue | (unsigned short) Anal ogToDi gital LsbVal ue;
/1 12 bit Ato D value read from MCP3202, return it

return(Anal ogToDigital 12bi t Val ue) ;

}
/*
|- R R TP EEREES
| Functi on : Del ay10uS
| I nput s : None
| Qut put s : None
| Pur pose : Delay for 10 uS when PLLCFG is set to 0x23 (58.98 Miz)
| Aut hor : M cromnt, Inc.
77T T

voi d Del ayl0uS(voi d)

vol atile unsigned int Del ay;

for (Delay = 0; Delay < 35; Delay++); /1 Delay for 10 uS
/ *
[EERCEELy RRGRREEEEELERERTE e e e e T LR TP TP LELEREEEE
| Functi on : pll_isr
| | nput s : None
| Qut put s : None
| Pur pose : Once PLL has | ocked, connect it and use for system cl ock
| Aut hor : M crom nt, Inc.
T
#pragma interrupt_handl er pll _isr
void pll_isr(void)
{
SCB_PLLCON | = 0x02; /1 Connect the PLL
SCB_PLLFEED = OxAA /1 Shadow regi ster copy to enabl e changes
SCB_PLLFEED = 0x55; /1 in PLLCON and PLLCFG
VICntEnClear = PLL_ CLR /] Disable the PLL interrupt, not needed anynore
VI CVect Addr = VI C_ACK; /1 Acknow edge I nterrupt

}




