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INTRODUCTION

Many of the embedded control systems designed today
require some flavor of a Analog-to-Digital (A/D) Con-
verter. Embedded system applications such as data
acquisition, sensor monitoring and instrumentation and
Control all have varying A/D Converter requirements.

For the most part, these A/D Converter requirements
are a combination of performance, cost, package size,
and availability. Microchip offers a variety of solutions to
meet these design requirements. The first possible
solution is to implement the PICmicro® microcontroller
(MCU). The PICmicro MCU offers many options for
smart solutions. One of these features is the A/D Con-
verter module. These A/D Converter modules are pri-
marily successive approximation register (SAR) type
and range in functionality from 8- to 12-bit with channel
size ranges of 4 to 16. For example, the PIC16C77 has
8-channels of 8-bit A/D Converter, while the
PIC17C766 has 16-channels of 10-bit A/D Converter.

These on-board A/D Converter modules fit well into
embedded applications, which requires a 10-35ksps
A/D Converter.

For those applications which require a higher perfor-
mance or remote sense capability, the Microchip
MCP3201, 12-bit A/D Converter fits very nicely.

The MCP3201 employs a classic SAR architecture.
The device uses an internal sample and hold capacitor
to store the analog input while the conversion is taking
place. Conversion rates of 100ksps are possible on the
MCP3201. Minimum clock speed (10kHz or 625sps,
assuming 16 clocks) is a function of the capacitors
used for the sample and hold.

The MCP3201 has a single pseudo-differential input.
The (IN-) input is limited to £100mV. This can be used
to cancel small noise signals present on both the (IN+)
and (IN-) inputs. This provides a means of rejecting
noise when the (IN-) input is used to sense a remote
signal ground. The (IN+) input can range from the (IN-)
input to Vgee,

The reference voltage for the MCP3201 is applied to
Vger PiN. Vg determines the analog input voltage
range and the LSB size, i.e.:

LSB size = Vg
212

As the reference input is reduced, the LSB size is
reduced accordingly.

Communication with the MCP3201 is accomplished
using a standard SPI™ compatible serial interface.
This interface allows direct connection to the serial
ports of MCUs and digital signal processors.

In order to simplify the design process for implementing
the MCP3201, Microchip has written C and assembly
code routines for a PIC16C67 to communicate with the
MCP3201 A/D Converter.

Figure 1 shows the hardware schematic implemented
in this application. Appendix A contains a listing of the
C source code. Appendix B contains a listing of the
assembly source code.

0 1999 Microchip Technology Inc.

DS00719A-page 1



AN719

POAG+

S0

128!

LELIW Lmjuﬂ% LE% um;ua

SN-1N +o4 sdod ssodAg

£929101d
AV £ESXYN vN
= ON9 aND 5
a SS/Svd dd %A
SPAGH—— JOA +A X X—5- TIO0L/ b9y 983 25X
-29 -A x—2-4 €9y cgd Fosx
@. Q -22 -A % x—2- 2v pas S5
o= <7 +22 -13 —&¢% 2% 19 £dd 55X
O‘ﬂ 11 +20 +10 J@A J ovd cdd %
O\i T1d VlmA
O‘mwlA J NIc 1lNndca %A S5 X/ /23 1INI/0d %A
o NITS  LlnOT X1/90d
5 ¥ £ _ Jd3xy So
O—15—X X—gf LNO021  NI2L —=X 7 %S 00S/S2Y L0 X
o15 e LNO1L  NITL 92X £S5+ 1dS/7 2y 90y g5
o—&—x - ==+ 0S/£0¥ Sad 25X
o5 l02E 09N x—+ 1422/20¥ Pad S
T3 % @ X511 2d22/10d €0 55X
= -NI aND = X2+ 003 208 S5
qnT /7\ > +NI S S 10 %A
15 3 = 433 L00d 3 00y (g5
=100A >70a =
4N >N J ISISNE 23y olHA
L 1350 138 2 x
Ste /D7 SPAG+ €1 6
i  ddA /500K 03y X
Y LX ag Ss
an aa SS
ﬁ AA RR
SPAGH 2
aNoD = 712 2|1 12
Z A 8 gl |7
| ZAR NW 0ET1dON
1 71 SSA
SPAGH—H TAA LSy SPAGH
A

en

FIGURE 1: MCP3201 A/D Converter to PICmicro MCU Interface.
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CIRCUIT DESCRIPTION

The serial interface of the Microchip MCP3201 A/D
Converter has three wires, a serial clock input (DCLK),
the serial data output (Dqr) and the chip select input
sighal (CS/SHDN). For this simple circuit interface, the
PICmicro PIC16C67 SPI port is used. PortC:<3> is
configured for the serial clock and PortC:<4> is the
data input to the PICmicro. The SPI clock rate for this
application is set at IMHz.

The PIC16C67 is configured in the master mode with
its CKP bit set to logic 1 and CKE bit set to logic 0. This
configuration is the SPI bus mode 1,1.

A conversion is intiated with the high to low transition of
CS/SHDN (active low). The chip select is generated by
PORTA:<5> of the PICmicro. The device will sample
the analog input from the rising edge on the first clock
after CS goes low for 1.5 clock cycles. On the falling
edge of the second clock, the device will output a low
null bit. The next 12 clocks will output the result of the
conversion with the MSB first (See Figure 2 and
Figure 3). Data is always output from the device on the
falling edge of the clock. If the device continues to
receive clocks while CS/SHDN is low, the device will
output the conversion LSB first. If more clocks are pro-
vided to the device while CS/SHDN is still low (after the
LSB first data has been transmitted), the device will
clock out zeros indefinitely.

As the analog input signal is applied to the IN+ and IN-
inputs, it is ratioed to the Vg input for conversion
scaling.

Digital output code = V,y x ES.

VREF

Where:

V), = analog input voltage V(IN+) - V(IN-)

Ver = reference voltage

FES. = full scale = 4096
Vrer €an be sourced directly from Vp, or can be sup-
plied by an external reference. In either configuration,
the Ve source must be evaluated for noise contribu-
tions during the conversion. The voltage reference
input, Vgee of the MCP3201 ranges from 250mV to

5V Which approximately translates to a correspond-
ing LSB size from 61uV to 1.22mV per bit.

1.22mV =5V,
212 pjts

For this simple application, the MCP3201 voltage refer-
ence input is tied to 5Vpc. This translates to a
1.22mV / bit resolution for the A/D Converter module.
The voltage input to the MCP3201 is implemented with
a multi-turn potentiometer. The output voltage range of
this passive driver is approximately OVp¢ to 5Vp.

Finally, a simple RS-232 interface is implemented using
the USART peripheral of the PICmicro and a MAX233
transceiver IC. The USART transmits the captured A/D
Converter binary value, both in ASCII and correspond-
ing voltage to the PC terminal at 9600 baud.

With a few discrete components, a MCP3201 A/D Con-
verter IC., and a PICDEM-2 demonstration board, this
simple application can be implemented.

As with all applications which require moderate to high
performance A/D Converter operation, proper ground-
ing and layout techniques are essential in achieving
optimal performance. Proper power supply decoupling
and input signal and Vg parameters must be consid-
ered for noise contributions.

SOURCE CODE DESCRIPTION

The code written for this application performs six func-
tions:

PICmicro Initialization

A/D Conversion

Conversion to ASCII

Conversion to Decimal

Conversion to Voltage (*C code only)

Transmit ASCII, Decimal and Voltage to PC for
display.

C CODE:

Upon power up, three initialization routines are called
and executed. These routines initialize the PICmicro
Port pins, USART peripheral and SSP module for SPI
functionality. The default PICmicro SPI bus mode is
1,1. To place the PICmicro in SPI bus mode 0,0, com-

ment out the “#define modell” definition statement
and rebuild the project.

o g kA~ wNPRE

Upon completion of the initialization routines, the main
code loop is entered and executed every ~150ms. This
continuous loop consists of performing an analog con-
version, transmitting the results to the PC for display,
delaying for ~150ms and then repeating the loop.

The A/D conversion sequence is initiated every time
CS/SHDN is asserted. PortA:<5> is used as the CS/
SHDN to the MCP3201. After asserting PortA:<5>, the
SSPBUF register is written to, for initiating a SPI bus
cycle. When the SPI cycle is complete, (BF flag is set
to logic 1), the received data is read from the SSPBUF
register and written to the RAM array variable
"adc_databyte[1]". The SSPBUF register is again writ-
ten to, which initiates a SPI bus cycle, and the second
8-bits are received and written to the RAM array vari-
able "adc_databyte[0]". The CS/SHDN is then negated
and the MCP3201 enters into the shutdown mode.

Next, the “Display_Adc_Result” routine is called and
executed. Here the composite result, located in array
variable “adc_databyte” is right adjusted one bit loca-
tion. Then a printf statement is executed which formats
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and sends the data to the USART for transmission to
the PC for display. The data output is in three formats:
ASCII, Decimal and Voltage.

ASSEMBLY CODE:

Upon power up, three initialization routines are called
and executed. These routines initialize the PICmicro
Port pins, USART peripheral and SSP module for SPI
functionality. The default PICmicro SPI bus mode is
1,1. To place the PICmicro in SPI bus mode 0,0, com-
ment out the “#define model1” statement and rebuild
the project.

CS/SHDN

-

MCU latches data from A/D

DCLK 1 2 3 4 5 6 7 8 9 10

Converter on rising edges of DCLK

Data is clocked out of

e EEROOERODROOD0 ey
L

A/D Converter on falling edges

SB first data begms
to come out

MCU Received Data
(After 16 clocks)

?

?

0 |Bll|BlO|Bg|BS | B7|

|BG|BS|BA|BB|B2|Bl|BO|Bl|

FIGURE 2: SPI Communication using 8-bit segments (Mode 0,0: DCLK idles low).

CS/SHDN

-

MCU latches data from A/D

DCLK

Converter on rising edges of DCLK

Data is clocked ou

orr 42— o e o

t of
A/D Converter on falling edges

LSB first data begins
to come out

MCU Received Data
(After 16 clocks)

| 0 |B11|BlO|BQ|B8 | B7|

|BG|BS|B4|BB|BZ|Bl|BO|Bl|

FIGURE 3: SPI Communication using 8-bit segments (Mode 1,1: DCLK idles high).

DS00719A-page 4

0 1999 Microchip Technology Inc.



AN719

Upon completion of the initialization routines, the main
code loop is entered and executed every ~150ms. This
continuous loop consists of performing an analog con-
version, converting the A/D Converter binary data into
Decimal and ASCII and then transmitting the results to
the PC for display, delaying for ~150ms and then
repeating the loop.

The A/D conversion sequence is initiated every time
CS/SHDN is asserted. PortA:<5> is used as the CS/
SHDN to the MCP3201. After asserting PortA:<5>, the
SSPBUF register is written to, for initiating a SPI bus
cycle. When the SPI cycle is complete, (BF flag is set
to logic 1), the received data is read from the SSPBUF
register and written to the RAM variable
"adc_result+1". The SSPBUF register is again written
to, which initiates a SPI bus cycle, and the second
8-bits are received and written to the RAM variable
"adc_result". Here the composite result, located in vari-
able adc_result is right adjusted one bit location. The
CS/SHDN is negated and the MCP3201 enters into the
shutdown mode.

Next, the “Hex_Dec” and “Hex_Ascii” routines are exe-
cuted which convert the raw A/D Converter binary data
into Decimal and ASCIl values. Then, the
"Display_Data” routine is executed which sends the
data to the USART for transmission to the PC for dis-
play.

REFERENCES

Williams, Jim, “Analog Circuit Design”, Butter-
worth-Heinemann.

Baker, Bonnie, “Layout Tips for 12-bit A/D Converter
Applications”, AN688, Microchip Technology Inc.

MCP3201 12-bit A/D Converter with SPI Serial Inter-
face, Microchip Technology, Document # DS21290B,
1999.
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APPENDIX A:
/*********************************************************************
* *
* Interfacing Microchip’s MCP3201 ADC to the PICmicro MCU *
* *

* *

* Filename: mcp3201.c *

* Date: 06/30/99 *

* File Version: 1.00 *

* *

*  Compiler: Hi-Tech PIC C Compiler V7.84 PL1 *

* MPLAB V4.12.00 *

* *

*  Author: Richard L. Fischer *

* Microchip Technology Incorporated *

* *

* *

* Files required: *

* *

* pic.h - Hi-Tech provided file *

* stdio.h - Hi-Tech provided file *

* cnfig67.h *

* mcp3201.h *

* *

* mcp3201.c *

* mprnt.c - Hi-Tech provided file *

* *

* *

* *

*

This code demonstrates how the Microchip MCP3201 Analog-to-Digital*
Converter (ADC) is interfaced to the Synchronous Serial Peripheral*
(SSP) of the PICmicro MCU. For this application note the PICmicro *

* PIC16C67 is selected. The interface uses two Serial Peripheral *
Interface (SPI) lines (SCK, SDI) on the PICmicro for the clock *

(SCK) and data in (SDI). A chip select (CS) to the MCP3201is *
generated with a general purpose port line PORTA:<5>. The simple *
application uses Mode 1,1 to define bus clock polarity and *

* phase. *

* *

*

*

*

*

*

*

*

For this application, the SPI data rate is set to one fourth  *
(FOSC/4) of the microcontroller clock frequency. The PIC16C67  *
device clock frequency used for this application is 4MHz. This *
translates to an ADC throughput of approximately 62.5kHz. In ~ *

*

*

*

* order to obtain the maximum throughput (100kHz) from the *
* MCP3201 ADC the PIC16C67 should be clocked at 6.4Mhz. *
* *
/
#include <pic.h> /Il processor if/def file
#include <stdio.h>
#include “cnfig67.h” /I configuration word definitions
#include “mcp3201.h"

_CONFIG ( CONBLANK & BODEN_ON & PWRTE_ON & CP_OFF & WDT_OFF & XT_OSC );

/* SP1 Bus mode selection */
#define modell

/I comment out and rebuild for mode 00

DS00719A-page 6
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MAI N PROGRAM BEG NS HERE

********************************************************************/

void main( void )

{
Init_Ports();
Init_SSP();
Init_Usart();
while ( TRUE )
{
Read_Adc( );
Di spl ay_Adc_Resul t();
Del ay_10n5( 15 );
}
}

voi d Del ay_10nB( char |oop_count )

{
unsi gned int inner;
char outer;
while ( | oop_count )
{
for ( outer = 9; outer > 0; outer-- )
for ( inner = 249; inner > 0; inner-- );
| oop_count - -;
}
}

voi d putch( char data )

while ( ! TRMI );
TXREG = dat a;

voi d Read_Adc( void )

{

CS = 0;

SSPBUF = 0x01;

while ( ! STAT_BF );

adc. dat abyt e[ 1] = SSPBUF;

SSPBUF = 0x81;

while ( ! STAT_BF );

Cs =1,

adc. dat abyt e[ 0] = SSPBUF;
}

voi d Di splay_Adc_Result( void )
{
doubl e tenp;
adc.result >>= 1;
adc.result &= OxOFFF;
tenmp = ( adc.result * 0.001225585 );

11
11
11

11

11
11
11

11

11
11

11

11
11

11
11
11
11

11
11
/1

initialize ports
initialize SSP nodul e
initialize USART nodul e

| oop forever

initiate MCP3201 conversion and read result
display results via USART to PC
150nS del ay

approxi mate 10nS base del ay

decl are integer auto variable
decl are char auto variable

stay in loop until done

wait until TSR is enpty
wite data to USART

assert MCP3201 chip sel ect
initiate a SPI bus cycle

wait until cycle conpletes
transfer ADC Msbyte into buffer

initiate a SPI bus cycle

wait until cycle conpletes
negat e MCP3201 chip sel ect
transfer ADC LSbyte into buffer

define auto type variable

adj ust conposite integer for 12 valid bits
mask out upper nibble of integer

conpute floating point result

0 1999 Microchip Technology Inc.
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printf( “Hex->0x%X : Decimal->%u

void Init_Usart( void )

{
SPBRG = 25;
TXSTA = 0x24;
RCSTA = 0x90;
}

void Init_SSP( void )

#ifdef modell
SSPSTAT = 0b00000000;

SSPCON = 0b00110000;

#else if
SSPSTAT = 0b01000000;

SSPCON = 0b00100000;

#endif
}

void Init_Ports( void )

{
PORTA = 0b100000;
PORTB = 0x00;
PORTC = 0b11010000;
PORTD = 0x00;
PORTE = 0x00;

TRISA = 0b000000;
TRISB = 0x00

TRISC = 0b11010000;
TRISD = 0x00;

TRISE = 0x00;

: %4.3f Vdc\n\r”, adc.result, adc.result, temp );

/I set baud rate for 9600 @ 4MHz
/I BRGH = 1, enable transmitter
/I enable serial port

/I Master sample data in middle, data xmt on
/I rising edge
/I enable Master SPI, bus mode 1,1, FOSC/4

/I Master sample data in middle, data xmt on
/I rising edge
/I enable Master SPI, bus mode 0,0, FOSC/4

/I set PORTA data latches to initial state
/I set PORTB data latches to initial state
/I set PORTC data latches to initial state
// set PORTD data latches to initial state
/I set PORTE data latches to initial state

/I set PORTA pin direction
/I set PORTB pin direction
/I set PORTC pin direction
/I set PORTD pin direction
/I set PORTE pin direction

DS00719A-page 8
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[ R K K kK ok Kk kK K ok ok Kk K K ok ok kR K ok ok Kk K ok ok ok R K R ok ok R R Rk R kR R kR Rk ok ok ok kK K

* *
* Fi | enane: ncp3201. h *
* Dat e: 06/ 30/ 99 *
* File Version: 1.00 *

*********************************************************************/

/1 FUNCTI ON PROTOTYPES DECLARED HERE

voi d Read_Adc( void );

void Display_Adc_Result( void );
void Delay_10nS( char | oop_count );
void Init_Usart( void );

void Init_SSP( void );

void Init_Ports( void );

uni on {
char databyte[2]; // declare tenp array for adc data
unsi gned int result; /1 declare integer for adc result
} adc; /1 define union variable

#define TRUE 1
#define PortBit(port,bit) ((unsi gned) & port)*8+(bit))

static bit CS @ PortBit(PORTA 5); /1 MCP3201 Chip Sel ect

0 1999 Microchip Technology Inc. DS00719A-page 9
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[ K K Kk kK ok ok ok kK K ok ok kK ok ok ok kK ok ok ok kK ok ok ok sk K ok ok ok kR ok ok ko kR R ok ok Rk kR ok ok ok ko k

* Fi | enane: cnfig67.h *
* Dat e: 06/ 30/ 99 *
* File Version: 1.00 *

AR SRR EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]

[**xxxx  CONFI GURATI ON BI T DEFI NI TIONS FOR PI C16C67 Pl Cmicro *****/

#def i ne CONBLANK Ox3FFF
#def i ne CP_ALL 0x00CF
#def i ne CP_75 0x15DF
#define CP_50 Ox2AEF
#defi ne CP_COFF Ox3FFF
#def i ne BODEN_ON Ox3FFF
#def i ne BODEN_OFF Ox3FBF
#define PWRTE_OFF Ox3FFF
#def i ne PWRTE_ON O0x3FF7
#define WDT_ON Ox3FFF
#define WDT_OFF 0x3FFB
#def i ne LP_0sC 0x3FFC
#def i ne XT_OsC Ox3FFD
#define HS_OsC Ox3FFE
#def i ne RC_0sC Ox3FFF

DS00719A-page 10

0 1999 Microchip Technology Inc.



AN719

APPENDIX B:

B R R R R R R R R

*

; Interfacing Microchip’s MCP3201 ADC to the PICmicro MCU *
. *

: *

; Filename: mcp3201.asm *

; Date: 06/30/99 *

;. File Version: 1.00 *

. *

;. Assembler: MPASM V2.30.00 *
; Linker: MPLINK V1.30.01 *

; MPLAB V4.12.00 *

. *

;. Author: Richard L. Fischer *

; Company: Microchip Technology Incorporated *
. *

. *

; Files required: *

. *

; mcp3201.asm *

; hexdec.asm *

; hexascii.asm *

. *

; pl6c67.inc *

; 16¢67.1kr *

*

This code demonstrates how the Microchip MCP3201 Analog-to-Digital*
Converter (ADC) is interfaced to the Synchronous Serial Peripheral*
(SSP) of the PICmicro MCU. For this application note the PICmicro *
PIC16C67 is selected. The interface uses two Serial Peripheral *
Interface (SPI) lines (SCK, SDI) on the PICmicro for the clock *

(SCK) and data in (SDI). A chip select (CS) to the MCP3201is *
generated with a general purpose port line PORTA:<5>. The simple *
application uses Mode 1,1 to define bus clock polarity and *

phase. *

*

For this application, the SPI data rate is set to one fourth  *
(FOSC/4) of the microcontroller clock frequency. The PIC16C67  *
device clock frequency used for this application is 4MHz. This  *
translates to an ADC throughput of approximately 62.5kHz. In ~ *

; order to obtain the maximum throughput (100kHz) from the *

; MCP3201 ADC the PIC16C67 should be clocked at 6.4Mhz. *

. *

: *

. *

: /
list p=16c67 ; list directive to define processor
#include <pl6¢c67.inc> ; processor specific variable definitions

__CONFIG _BODEN_ON & PWRTE_ON& CP_OFF & WDT OFF & XT_OSC

#define modell ; if SPI bus mode 1,1 is desired
; else comment out and rebuild for mode 0,0

0 1999 Microchip Technology Inc. DS00719A-page 11
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; ¥*xxx VARI ABLE DEFI NI TI ONS

TEMP_VAR UDATA 0x20
adc_result RES 2

of f set RES 1
tenmp RES 1
TEMP_VARL UDATA_OVR

count hi RES 1
countlo RES 1

GLOBAL adc_resul t

EXTERN  Hex_Dec

EXTERN Hex_Asci i

EXTERN adc_tenph, adc_tenp
EXTERN thous

#def i ne CSs PORTA, 5
#def i ne CR 0x0D
#def i ne LF Ox0A

vari abl e used for context saving

create udata overlay section

nmeke vari abl es avail able to ot her
reference |inkage
reference |inkage
reference |inkage
reference |inkage

MCP3201 Chip Sel ect
macro for carriage return
macro for line feed

Pk kkk kA khkhk Kk kA khkkhhkhhkhhkhkhhkhhkhhkhkhhkhhkhhhkhhkhhkhhk ko hhkhkhhkhkhkhkhhkhkhkhkhkhkkh k%
’

RESET_VECTOR CODE 0x000
mov| w hi gh start
movwf PCLATH
got o start

| NT_VECTOR CODE 0x004

; no interrupt code needed for this application

MAI N CODE 0x040
start
cal | Init_Ports
cal | I nit_SSP
cal | Init_Usart
forever cal | Read_Adc
cal | Hex_Dec
cal | Hex_Asci
cal | Di spl ay_Dat a
cal | Del ay_150nS
goto forever

; Read MCP3201 ADC for 2 bytes

Read_Adc
banksel PORTA
bef Cs
mov|l w 0x01
banksel SSPBUF
novwf SSPBUF
banksel SSPSTAT
spi _busyl btfss SSPSTAT, BF
goto spi _busyl
banksel SSPBUF
movf SSPBUF, w
banksel adc_result

processor reset vector
nove literal into W
initialize PCLATH

go to beginning of program

interrupt vector |ocation

set code section to start at 0x040

initialize ports
initialize SSP nodul e
initialize USART nodul e

read MCP3201 ADC

convert adc_result to decim
convert adc_result to ASCl

di splay data to PC

150nS del ay

continuos | oop

linker to select SFR bank
assert MCP3201 chip sel ect
nove literal into W

linker to select SFR bank
initiate SPI bus cycle
linker to select SFR bank
test, is bus cycle conplete?
wait, bus cycle not conplete
linker to select SFR bank
read SSPBUF and place into W
linker to select GPR bank

nmodul es

DS00719A-page 12
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movw

mov| w
banksel
movw
banksel
spi _busy2 btfss
goto
banksel
bsf
nmovf
banksel
movw

rrf
rrf
movl w
andwf

nmovf
movw
nmovf
movw
return

; Display ADC data ( ASCl I

Di spl ay_Dat a

banksel
clrf
movl w
nmovw

txl pl movf
cal
movw
bt fsc
got o
banksel
movw
banksel
bt fss
got o
banksel
i ncf
got o

send_hex movl w
nmovw

send_hex1l novf
banksel
nmovw
banksel
bt fss
got o
i ncf
movl w
subwf
bt fss
goto

banksel
clrf
txl p2 novf

adc_resul t+1

0x81
SSPBUF
SSPBUF
SSPSTAT
SSPSTAT, BF
spi _busy2
PORTA

Cs
SSPBUF, w
adc_resul t
adc_resul t

adc_resul t+1, f

adc_result,f
O0xO0F

adc_resul t+1, f

adc_result,w

adc_tenp

adc_result+1, w

adc_t enph

of f set
of f set
high nsgl
PCLATH

of fset,w
msgl
tenmp
temp, 7
send_hex
TXREG
TXREG
TXSTA
TXSTA, TRMI
$-1
of f set

of fset, f
txl pl

adc_t enph
FSR

| NDF, w
TXREG
TXREG
TXSTA
TXSTA, TRMT
$-1

FSR, f

adc_t enph+4
FSR, w
STATUS, C
send_hex1

of f set
of f set
of fset,w

and DECI MAL ) to USART

write SSPBUF to adc_result

nove literal into W

l'inker to select SFR bank
initiate SPI bus cycle
l'inker to select SFR bank
test, is bus cycle conplete?
wait, bus cycle not conplete
l'inker to select SFR bank
negat e MCP3201 chip sel ect
read SSPBUF and place into W
linker to select GPR bank
wite SSPBUF to adc_result

adj ust MSB 1 position right

adjust LSB 1 position right and include carry
nove literal into W

mask out upper nibble of ADC result

nove adc_result LSB into W
save Winto tenp register
nove adc_result MSB into W
save Winto tenp register
return from subroutine

Iinker to select GPR bank

initialize table index val ue

nove high byte of table address -> W
initialize PCLATH

nove offset value into W
retrieve table el ement

nove el enent into tenp

test for end of string

end of nmessage so send the data
Iinker to select SFR bank
initiate USART transni ssion
linker to select SFR bank
test if TSRis enpty

stay in testing | oop

linker to select GPR bank

i ncrenent table index

stay in transmt |oop

obtain variabl e address
initialize FSR as pointer
retrieve data byte

l'inker to select SFR bank
initiate USART transni ssion
l'inker to sel ect bank

test if TSRis enpty

stay in testing | oop

updat e pointer

conpose end of string address val ue
do conpare

done with sending data

no, so send sone nore

Iinker to select GPR bank
initialize table index val ue
nove offset value into W

0 1999 Microchip Technology Inc.
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; retrieve table el enent

; nmove element into tenp

; test for end of string

; end of nessage so send the data
; linker to select SFR bank

; initiate USART transmi ssion
; linker to select SFR bank

; test if TSR is enpty

; stay in testing | oop

; linker to select GPR bank

; increment table index

; stay in transmt | oop

; obtain variabl e address
; initialize FSR as pointer

; retrieve data byte

; linker to select SFR bank

; initiate USART transmi ssion
; linker to select SFR bank

; test if TSR is enpty

; stay in |oop
; update pointer

; conpose end of string address val ue

; do conpare

; done with sending data
; no, so send some nore

; nmove literal into W

; linker to select SFR bank

; initiate USART transmi ssion
; linker to select SFR bank

; test if TSR is enpty

; no, so stay in |oop

; nove literal into W

; linker to select SFR bank
; initiate USART transm ssion
; linker to select SFR bank

; test if TSR is enpty

no, so stay in |loop
return from subroutine

cal | nsg2
nmovwf temp
btfsc tenp, 7
goto send_dec
banksel TXREG
movw TXREG
banksel TXSTA
bt fss TXSTA, TRMTI
goto $-1
banksel of f set
i ncf of fset, f
got o txl p2
send_dec movl w t hous
nmovw FSR
send_decl novf | NDF, w
banksel TXREG
nmovw TXREG
banksel TXSTA
btfss TXSTA, TRMI
got o $-1
i ncf FSR, f
nmovl w t hous+4
subwf FSR, w
btfss STATUS, C
goto send_decl
nmovl w CR
banksel TXREG
nmovw TXREG
banksel TXSTA
btfss TXSTA, TRMI
got o $-1
movl w LF
banksel TXREG
nmovw TXREG
banksel TXSTA
bt fss TXSTA, TRMT
got o $-1
return
; Delay for ~ 150nS
Del ay_150n8S
nmovl w D'150’
banksel counthi
movwf counthi
outer moviw D250’
movwf countlo
inner decf countlo,f
btfss STATUS,Z
goto inner
decf counthi,f
btfss STATUS,Z
goto outer
return
; Initialize USART Module
Init_Usart moviw D25’
banksel SPBRG
movwf SPBRG
moviw B’00100100’

; move literal into W
; linker to select GPR bank
; initialize upper counter
; move literal into W
; initialize lower counter
; decrement counter low
;is result ==
; no, stay in loop
; else, decrement count high
;is result ==
; No, so start again
; return from subroutine

; move literal into W
; linker to select SFR bank

; set baud rate for 9600 @ 4MHz

; move literal into W

DS00719A-page 14
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movw
movl w
banksel
movwf
return

; Initialize SSP Module

Init_SSP

#ifdef modell
moviw
banksel
movwf
banksel
clrf

#else
moviw
banksel
movwf
moviw
banksel
movwf

#endif
return

; Initialize PORTS

Init_Ports moviw
banksel
movwf
movwf
movwf
moviw
movwf
moviw
movwf

banksel
clrf

clrf

clrf

clrf
moviw
movwf
return

TABLE_DATA CODE

msgl addwf
DT

msg2 addwf
DT
END

TXSTA
B’10010000’

RCSTA

RCSTA

B’'00110000’

SSPCON

SSPCON

SSPSTAT
SSPSTAT

B’00100000°

SSPCON

SSPCON
B’01000000°

SSPSTAT

SSPSTAT

0x00
PORTA

PORTB
PORTD
PORTE
B’100000’
PORTA
B'11010000
PORTC

TRISA
TRISA
TRISB
TRISD
TRISE

B’11010000’
TRISC

0x200
PCL,f
“HEX-> 0x”,80

PCL,f

“ : DECIMAL->“,80

; BRCGH = 1, enable transmtter
; move literal into W
; linker to select SFR bank
; enable serial port
; return from subroutine

; move literal into W
; linker to select SFR bank
; enable Master SPI, bus mode 1,1, FOSC/4
; linker to select SFR bank
; Master sample data in middle, data xmt on
; rising edge

; move literal into W
; linker to select SFR bank
; enable Master SPI, bus mode 0,0, FOSC/4
; move literal into W
; linker to select SFR bank
; Master sample data in middle, data xmt on
; rising edge

; return from subroutine

; move literal into W

; linker to select SFR bank
; set PORTB data latches to initial state
; set PORTD data latches to initial state
; set PORTE data latches to initial state
; move literal into W
; set PORTA data latches to initial state
; move literal into W
; set PORTC data latches to initial state

; linker to select SFR bank

; set PORTA pin direction

; set PORTB pin direction

; set PORTD pin direction

; set PORTE pin direction

; move literal into W

; set PORTC pin direction

; return from subroutine

; table starts here
; generate computed goto

; generate computed goto

; directive ‘end of program’

0 1999 Microchip Technology Inc.
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B R R R R R R R

; Hex to Deci mal conversion of ADC result for display *

Pk kkk kA khkkk ok kA khkkhkhhkhkhk ko khhkhhkhhhkhhkhhk ko khhkhhkhkhhkhhkhhkhhkhkhhkkhkhkhkhkkk*x

; Fi | enane: hexdec. asm *
; Dat e: 06/ 30/ 99 *
; File Version: 1.00 *
. *
; Assenbl er: MPASM V2. 30. 00 *
; Li nker: MPLI NK V1. 30. 01 *
; MPLAB V4. 12.00 *
. *
; Aut hor : Ri chard L. Fischer *
; Conpany: M crochi p Technol ogy | ncor por at ed *

Pkkkkkkkhkkkkkkhkkkkhkhkkhkhkhkhhhhhkhhkhhhhkhhkhhhhkhkhhkhkhhkhhkkhkhkhkkk*x

#i ncl ude <pl6¢c67.inc> ; processor specific variable definitions
GLOBAL Hex_Dec, thous ; make subroutine ‘Hex_Dec’ available to other
modules
EXTERN adc_result ; reference linkage
HEXDEC_VAR UDATA 0x30 ; create udata variable section
thous RES ; reserve one location

1
hunds RES 1 ; reserve one location
tens RES 1 ; reserve one location
ones RES 1 ; reserve one location

GLOBAL thous, hunds, tens, ones

; drkrx Subroutine begins here
HEXDEC CODE ; create code section “HEXDEC”
Hex_Dec
banksel thous ; linker to select GPR bank
clrf thous ; initialize ‘thousands’ variable
clrf hunds ;initialize ‘hundreds’ variable
clrf tens ;initialize ‘tens’ variable
clrf ones ; initialize ‘ones’ variable
chk_thous moviw 0x04 ; move literal into W ... 1024 (0x0400)
banksel adc_result+1 ; linker to select GPR bank
subwf adc_result+1,w ; subtract 1024 from adc_result MSB
btfss STATUS,C ; is adc_result MSB > 1024
goto chk_hunds2 ; o, so check hundreds
incf thous,f ; else, increment thousands
moviw 0x04 ; move literal into W
subwf adc_result+1,f ; subtract 1000 from adc_result MSB
moviw D24’ : move literal into W
addwf adc_result,f ; add remainder 24 into adc_result LSB
btfsc STATUS,C ; was there a carry into adc_result MSB?
incf adc_result+1,f ; yes, so increment
goto chk_thous ; go check thousands again
chk_hunds2 moviw 0x01 ; 256 (0x0100)
subwf adc_result+1,w ; subtract 200 from adc_result MSB
btfss STATUS,C ; is adc_result MSB >= 256
goto chk_hundsl ; no, so check multiples of 100
moviw D2’ ; else,
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addwf hunds, f
mov| w 0x01
subwf adc_resul t+1, f
novl w D'56’
addwf adc_result,f
btfsc STATUS,C
incf adc_result+1,f
moviw D10’
subwf hunds,w
btfss STATUS,Z
goto chk_hunds2
clrf hunds
incf thous,f
goto chk_hunds2
chk_hundsl moviw D’100’
subwf adc_result,w
btfss STATUS,C
goto chk_tens
incf hunds,f
moviw D100’
subwf adc_result,f
moviw D10’
subwf hunds,w
btfss STATUS,Z
goto chk_hundsl
clrf hunds
incf thous,f
goto chk_hundsl
chk_tens moviw D10’
subwf adc_result,w
btfss STATUS,C
goto chk_ones
incf tens,f
moviw D10’
subwf adc_result,f
goto chk_tens
chk_ones movf adc_result,w
movwf ones
moviw 0x30
iorwf thous,f
iorwf hunds,f
iorwf tens,f
iorwf ones,f
return
END

; add 2 into hundreds
; move literal into W
; subtract 200 from adc_result MSB
; move remainder into W
; add remainder 56 into adc_result LSB
; was there a carry into adc_result MSB

; yes, so increment adc_result MSB

; move literal into W
; check to see if hunds = 1000
;is result == 0?
; no, so check hundreds (200) again
; clear hundreds
; increment thousands
; go check hundreds (200) some more

; move literal into W
; subtract 100 from adc_result LSB
; is adc_result >= 100
; No so check tens
; else, increment hundreds
; move literal into W
; reduce hundreds count by 100

; move literal into W
; check to see if hunds may = 1000
;is result == 0?
; no, so check hundreds (100) again
; clear hundreds
; increment thousands
; go check hundreds (100) some more

; move literal into W
; subtract 10 from adc_result LSB

;is adc_result LSB >= 10
; no, so check ones

; else, increment tens
; move literal into W

; reduce tens count by 10

; go check tens again

; read adc_result LSB and store into W
; save off as ones
; move literal into W
; compose ASCII byte (thousands)
; compose ASCII byte (hundreds)
; compose ASCII byte (tenths)
; compose ASCII byte (ones)
; return from subroutine

; directive ‘end of program’

0 1999 Microchip Technology Inc.
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EEE I I O I kR S O
*
; Hex to ASCI | conversion of ADC result for display *
*

Pk kkk kA khkkk ok kA khkkhkhhkhkhk ko khhkhhkhhhkhhkhhk ko khhkhhkhkhhkhhkhhkhhkhkhhkkhkhkhkhkkk*x

; Fi | enane: hexascii.asm *
; Dat e: 06/ 30/ 99 *
; File Version: 1.00 *
. *
; Assenbl er: MPASM V2. 30. 00 *
; Li nker: MPLI NK V1. 30. 01 *
; MPLAB V4.12.00 *
. *
; Aut hor : Ri chard L. Fischer *
; Conpany: M crochi p Technol ogy | ncor por at ed *

Pkkkkkkkhkkkkkkhkkkkhkhkkhkhkhkhhhhhkhhkhhhhkhhkhhhhkhkhhkhkhhkhhkkhkhkhkkk*x

#i ncl ude <pl6¢c67.inc> ; processor specific variable definitions
GLOBAL Hex_Asci i ; make subroutine ‘Hex_Ascii’ available to
other modules
GLOBAL adc_temph, adc_templ ; reference linkage
TEMP_VAR1 UDATA_OVR ; Create udata overlay section
adc_temph RES 2
adc_templ RES 2
HEXASCII CODE ; create code section “HEXASCII”
Hex_Ascii
banksel adc_templ ; linker to select GPR bank
movf adc_templ,w ; move copy of adc_result LSB into W
movwf adc_templ+1 ; make copy ADC result LSB
movf adc_temph,w ; move copy of adc_result MSB into W
movwf adc_temph+1 ; make copy ADC result MSB
moviw 0x30 ; move literal into W
movwf adc_temph ; place a ASCII zero in MS digit location
swapf adc_templ,f ; swap nibbles
moviw OxOF ; move literal into W
andwf adc_templ,f ; mask out upper nibble
andwf adc_templ+1,f ; mask out upper nibble
moviw D10’ ; move literal into W
subwf adc_templ,w ; test byte
btfsc STATUS,C ; was a borrow generated
goto add_37L ;no, somustbe A-F
moviw 0x30 ;elseitis0-9
addwf adc_templ,f ; compose ASCII byte
chk_lIsd moviw D10’ ; move literal into W
subwf adc_templ+1,w ; test value
btfsc STATUS,C ; was a borrow generated
goto add_37L1 ;no, somustbe A-F
moviw 0x30 ;elseitis0-9
addwf adc_templ+1,f ; compose ASCII byte
chk_msd moviw D'10’ ; move literal into W
subwf adc_temph+1,w ; test byte
btfsc STATUS,C ; was a borrow generated
goto add_37H ;no,somustbe A-F
moviw 0x30 ;elseitis0-9
addwf adc_temph+1,f ; compose ASCII byte
goto exit ; exit routine
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add_37L movl w
addwf
goto

add_37L1 movl w
addwf
goto

add_37H mov| w
addwf

exit return

END

0x37
adc_tenpl, f
chk_I sd

0x37
adc_tenpl +1, f
chk_nsd

0x37

adc_tenph+1, f

; move literal into W

; conpose ASCI| character

; check least significant digit
; move literal into W

; conpose ASCI| character

; check mpst significant digit

; nove literal into W
; conpose ASCI| character

; return from subroutine

; directive ‘end of program’

0 1999 Microchip Technology Inc.
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