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INTRODUCTION

Silicon temperature sensors offer an easy-to-use alter-
native to traditional temperature sensors, such as ther-
mocouple, thermistors and RTDs. The TC77 SPI™
Thermal Silicon Sensor is especially suited for embed-
ded systems, due to its SPI interface. This serves to
provide a straight-forward and easy way to interface to
a microcontroller. This application note will discuss
system integration, firmware implementation and PCB
layout techniques for the TC77 in an embedded
system.

Microchip has developed a hardware platform called
the PICkit™ 1 FLASH Starter Kit, allowing the designer
to quickly begin their system development. Addition-
ally, Microchip has developed a TC77 PICtail™ Daugh-
ter Board that interfaces directly to the PICkit 1 FLASH
Starter Kit. These two boards are used to demonstrate
the techniques for integrating the TC77 into an embed-
ded systems environment. Both of these development
boards are available on the Microchip web site at
www.microchip.com.

The TC77 SPI™ Thermal Sensor PICtail™ daughter
board is designed to demonstrate the ease of
integrating a digital silicon IC temperature sensor to a
PICmicro® microcontroller unit (MCU). The TC77
PICtail daughter board plugs into the PICkit 1 FLASH
Starter Kit expansion header J3, as shown in Figure 1.
The PICkit 1 FLASH Starter Kit is a low-cost
development kit with an easy-to-use interface for
programming Microchip’s 8-pin and 14-pin FLASH
family of microcontrollers.

The TC77 demonstration is designed to measure and
display temperature in binary coded decimal (BCD)
with the PICkit 1 LEDs. The TC77 is a CMOS silicon
digital temperature sensor particularly suited for low
cost and small form-factor applications. Temperature
data is converted from the internal thermal sensing
element and made available as a 13-bit two’s
compliment digital word. The TC77 offers many
system-level advantages, including the integration of
the temperature sensor and signal conditioning cir-
cuitry on a single chip that is connected to the PICKkit 1
through the SPI compatible interface.

Gerber files for the Printed Circuit Board (PCB), source
code and hex file to program a PIC16F676 are included
in the companion zip file “00913.zip”.
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FIGURE 1:

Block Diagram of the TC77 Thermal Sensor Demonstration.
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TC77 FUNCTIONAL DESCRIPTION

The TC77 consists of an internal diode temperature
sensor, a 13-bit Delta-Sigma, Analog-to-Digital
Converter (ADC), three digital registers and a SPI
compatible interface. The SPI compatible interface
provides for serial communication with microcontrol-
lers, such as a PICmicro microcontroller. Figure 2
provides a simplified block diagram of the TC77 sensor.

The temperature measurement data is stored in the
Temperature register, while the Configuration register
is used to select the operating mode of the sensor. The
Manufacturer’s Identification (ID) register is used to
identify the sensor as a Microchip component. Table 1
provides the bit definitions of the TC77 registers.

Operating Modes

The user-configured operating modes of the TC77
include a Continuous Temperature and a Shutdown
mode that are selected via the Configuration register. In
the Continuous Temperature mode, an ADC
conversion is performed approximately every 300 ms,
with the data being stored in the Temperature register.
If a Temperature register read operation is requested
while an ADC conversion is in progress, the previously
completed ADC conversion data will be outputted via
the sensor’s serial I/O port.

Shutdown mode can be used to minimize the power
consumption of the TC77 sensor when active tempera-
ture monitoring is not required. While Shutdown mode
disables the temperature conversion circuitry, the SPI
compatible interface remains active. The current con-
sumption of the sensor will be less than 1 yA when
Shutdown mode is activated.

Voo B
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| Internal TC77 |
Diode
| | Temperature |
| Sensor |
| |
| Manufacturer | |
| 13-Bit ID Register |
| | Delta-Sigma ¢ |
| A/D Converter Serial «—Cs
| Peripheral |
| 4 Interface [ | > SI/0
Temperature —pf (SPI™) 1o~ o~
| Register Iy !
Vss | . Y . |
Configuration | |
= | Register |
- - - - — — — — J
FIGURE 2: Block Diagram of the TC77

Thermal Sensor.

TABLE 1:  TC77 DIGITAL REGISTERS
Redister Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit P‘ﬂ:‘:‘t .
9 15 (14 |13 |12 |11 |10 ]| 9 | 8 | 7 |6 |5 | 4|3 |2]|1]o0 P
Reset
Configuration | C15 | C14 | C13 | C12| C11|C10| C9 | C8 | C7 | C6 | C5 | C4 | C3 | C2 | C1 | CO | Continuous
(Read/Write) Temperature
Conversion
Mode **
Temperature | T15 | T14 | T13 [ T12 | T11 | T10| T9 [ T8 | T7 [ T6 [ T5 [ T4 | T3 [ T2 | T1 | TO
(Read Only) | 28) | 27) | ) | (%) | @%) | @) | %) | @) | @) [@"|@H | @) |@? x | x |Temp.=-2°C
Manufacturer ol 1|lol1]o|1]o|lolo]o|lo|o]|o]o]|x]|x]|Biti5toBits
ID (Read Only) = 54 hex

Legend:

* Temperature Bit 2 = 0 during power-up; otherwise, bit 2 =1
** C15:C0 = XXXX/ XXXX 1111/ 1111 (Shutdown mode)

C15:C0 = XXXX/ XXXX 0000/ 0000 (Continuous Conversion mode)
*** Temperature Register Bit 15 is the sign bit. If Bit 15 is equal to ‘1’, the temperature is negative
(T <0°C). If Bit 15 is equal to ‘0’, the temperature is positive (T = 0°C).
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SPI Compatible Interface

The TC77’s SPI compatible interface consists of the
Chip Select (CS), Serial Clock (SCK) and bidirectional
Serial Input/Output (SI/O) data signals. Figure 3
provides a timing diagram of a read operation of the
Temperature register.

Communication with the TC77 is initiated when the CS
goes to a logic ‘0. The SI/O signal then transmits the
first bit of data. The SCK input is provided by the
PICmicro microcontroller and data is transferred on the
rising edge of SCK. The SI/O line is then tri-stated once
14 bits of data have been transmitted.

The CS input is used to select the TC77 when multiple
devices are connected to the SPI lines. The CS line is
also used to synchronize the data, which is written to,
or read from, the device when CS is equal to a logic ‘0.
The SCKinput is disabled when CS is a logic ‘1’. The
falling edge of the CS line initiates communication,
while the rising edge of CS completes the
communication.

Figure 4 provides a timing diagram of a multi-byte
communication operation consisting of a read of the
Temperature Data register, followed by a write to the
Configuration register. The first 16 SCK pulses are
used to transmit the TC77's temperature data to the
microcontroller. The second group of 16 SCK pulses
are used to receive the microcontroller command to
place the TC77 either in Shutdown or Continuous
Temperature Conversion mode. Note that the TC77 is
in the Continuous Temperature Conversion mode at
power-up.

The data written to the TC77’s Configuration register
should be either all 0’s or all 1’s, corresponding to
either the Continuous Temperature Conversion or
Shutdown mode, respectively. The TC77 is in
Shutdown mode when bits CO to C7 are all equal to 1’s.
The TC77 will be in the Continuous Conversion mode
if a ‘0’ in any bit location from CO to C7 is written to the
Configuration register.

Temperature Data Format

The TC77’s temperature data is represented by a 13-bit
two’s complement digital word as shown in Table 1 and
Table 2. The Least Significant bit (LSb) is equal to
0.0625°C. Note that the last two bits (bit TO and T1) are
tri-stated and are represented as a logic ‘1’ in the table.
bit T2 is set to logic ‘1’ after the completion of the first
temperature conversion following a power-up or voltage
reset event.

Listed below is an example of the TC77’s Temperature
Register bit definition for a temperature of 85.125°C.

Example:
Temperature = 85.125°C
Temperature Register = 00101010 10010111b
= 264244224204 23
= 64+16+4+1+0.125
= 85.125°C
TABLE 2: TC77 TEMPERATURE OUTPUT
DATA
Temperature . Binary .
Bit 15 Bit 0
+125°C 0011 1110 1000 0111
+25°C 0000 1100 1000 0111
+0.0625°C 0000 0000 0000 1111
0°C 0000 0000 0000 0111
-0.0625°C 1111 1111 1221 1111
-25°C 1111 0011 1000 0111
-55°C 1110 0100 1000 0111

SCK

1

e e e
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HI-Z /7 T T T TVT T HI-Z
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13 |

FIGURE 3:

Temperature Read Timing Diagram.
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TEMPERATURE REGISTER

Notes:

1. Bit T2 = 0 during power-up for the first
temperature conversion.

2. Bit T2 = 1 after the completion of the first
temperature conversion following power-up
or a reset event.

CONFIGURATION REGISTER
Notes:

2. XXFF = Shutdown Mode

1. XX00 = Continuous Conversion Mode

FIGURE 4:
Diagram.

TC77 Application Guidelines

It is recommended that a decoupling capacitor of
0.1 yF to 1 yF be provided between the power supply
and ground pins to provide effective noise protection to
the sensor. Also, the user should select a TC77 sensor
that has a calibration voltage that is as close as
possible to the system voltage on the PCB. The TC77’s
temperature accuracy is tested and calibrated at either
3.3V or 5.0V, with the accuracy being degraded if a
different voltage is used than the calibration Vpp.
Please refer to the TC77 data sheet (DS20092) for
further details on the specifications of the sensor.

Silicon digital temperature sensors measure
temperature by monitoring the voltage of a diode
located on the die. The TC77’s substrate of the die is
grounded and connected to the PCB’s ground plane via
a bonding wire and package lead. The ground pin
provides a low-impedance thermal path between the
die and the PCB, allowing the sensor to effectively
monitor the temperature of the PCB board.

The thermal path between the top of the package to the
ambient air, and between the bottom of the package
and the PCB, is not as efficient because the plastic
package functions as a thermal insulator. Thus the
ambient air temperature (assuming that a large
temperature gradient exists between the air and PCB)
has only a small effect on the temperature measured
by the temperature sensor.

Temperature Read Followed By A Write To The Configuration Register Timing

TC77 PICTAIL DAUGHTER BOARD

The TC77 PICtail daughter board is plugged to the
PICkit 1 FLASH Starter Kit via expansion header J3.
Figure 5 shows a picture of the TC77 PICtail daughter
board plugged into the PICkit 1 FLASH Starter Kit. For
more information on the PICkit 1 FLASH Starter Kit,
refer to the “PICkit 1 FLASH Starter Kit User’s Guide”
(DS40051).

The TC77 PICtail daughter board consists of a TC77
temperature sensor and a bypass capacitor. The
bypass capacitor (C¢) is used to provide noise immu-
nity on the +5 VDC power supply. Figure 6 shows a
schematic of the board, while Figure 7 provides a
layout drawing of the PCB. The Bill of Materials (BOM)
is given in Table 3. Gerber files for the TC77 PICtail
daughter board are available in the companion zip file
“00913.zip”.

TABLE 3: TC77 THERMAL SENSOR
PICtail™ DAUGHTER BOARD
(112-00004) BILL OF
MATERIALS (BOM)

Component Symbol Part Number
Temperature U1 TC77-5.0MCT
Sensor 5V, SOT-23
Capacitor, 0.1 pF, Cq ECJ-2VBIE104K
+10%, 25V (Panasonic®)
Connector, 14-pin P1 800-99-014-20-001

(Mill-Max™)
Connector, 14-pin P2, P3 Not Used
Printed Circuit — 102-00004
Board

DS00913A-page 4
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Expansion
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FIGURE 5: TC77 PICtail™ Daughter Board and PICkit™ 1 FLASH Starter Kit.
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FIGURE 6: TC77 PICtail™ Daughter Board Schematic.
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FIGURE 7: TC77 PICtail™ Daughter Board PCB Layout.
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TC77 Interface Software TABLE 4: LED LAMP ANNUNCIATION

A flow diagram for the PICkit 1 software is given in LED Annuciation
Figure 8. The TC77 thermal sensor is read by the ;

Pl%micro microcontroller. Bit T2 of the Temperyature Binary BCD D7 D6 D5 D4
register is tested to ensure that the TC77 sensor is D3 D2 D1 DO
powered up and ready. The value read from the TC77 0000 0 OFF | OFF | OFF | OFF
is right-adjusted in the register as a 12-bit temperature 0001 1 OFF | OFF | OFF ON
value in degrees Celsius. The temperature value is

tested for a negative temperature reading by checking 0010 2 OFF | OFF ON OFF
the status of bit T15. If the value is negative (T < 0°C), 0011 3 OFF | OFF | ON ON
the state is saved in a flag bit and the value is 2’s 0100 4 OFF ON OFF | OFF
complemented. 0101 5 OFF | ON | OFF | ON
The TC77's Temperature register provides a 0110 6 OFF ON ON OFF
temperature measurement in Celsius. A provision in

the software is provided to display the temperature in 0111 ’ OFF ON ON ON
either Fahrenheit or Celsius by testing the status of the 1000 8 ON | OFF | OFF | OFF
PICkit 1 push button switch (SW1). If SW1 is not 1001 9 ON OFF | OFF ON

depressed, the temperature value is converted to
Fahrenheit. Otherwise, if the push button is depressed,
the conversion routine is skipped and the data is
displayed in Celsius. Finally, the temperature value is
loaded into the LEDREG variable to be displayed on
the LEDs by the DISPLAY subroutine.

The temperature measurement is displayed using the
red LEDs designated as DO through D7 located on the
PICkit board. The ten's digit of the temperature data is
represented by bits D7 to D4, with D7 being defined as
the Most Significant bit (MSb). The one's digit is defined
by bits D3 to DO, with D3 serving as the MSb. Table 4
provides a list of the LED lamp annunciation that corre-
sponds to the BCD coding representation of the tem-
perature measurement. For example, a temperature
reading of 70°F will be displayed by illuminating LEDs
D4, D5 and D6. If the SW1 push button is activated, a
measurement of 21°C will be shown by illuminating
LEDs DO and D5. A fractional temperature is rounded
up if the tenths digit is determined to be either 0.5°F or
0.5°C.

Fully documented source code and a hex file ready to
program into a PIC16F676 is available in the
companion zip file “00913.zip”.
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FIGURE 8: TC77 PICtail™ Program Flow Diagram.
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FIGURE 8: TC77 PICtail™ Program Flow Diagram (Cont.).
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CONCLUSION

The TC77 SPI™ Thermal Sensor PICtail™ daughter
board demonstrates the ease of integrating a digital
silicon IC temperature sensor to a PICmicro
microcontroller unit (MCU). The TC77 is a CMOS
silicon digital temperature sensor that provides an
accurate digital temperature measurement to solve
thermal management problems. The TC77 sensors
offer many system level advantages, including the
integration of the sensor and the signal conditioning
circuitry in a small IC package. This provides for easy
system integration and minimizes the required PCB
space, component count, and design time.
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) is intended and supplied to you, the
Company'’s customer, for use solely and exclusively with products manufactured by the Company.

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 1S” 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: SOURCE CODE

Fi | enane: TC77 PICtail.asm
Dat e: Decenber 17, 2003
File Version: 0.2

Assenbl ed usi ng:

Aut hor : Steven Bible
Conpany: M crochi p Technol ogy Inc.

Program Descri ption

Thi s program denpnstrates the M crochip TC77 Thernmal Sensor with
SPI(tn) conpatible interface using the PICKit(tm 1 FLASH Starter Kit.
The tenperature is read fromthe TC77 and di spl ayed on LEDs

DO through D7 in Binary Coded Decimal (BCD).

list p=16f 676 ; list directive to define processor
#i ncl ude <pl6f676.i nc> ; processor-specific variable definitions
errorlevel -302 ; suppress nmessage 302 fromlist file

Data Menory Code Protection bit:
_CPD = Enabl ed
_CPD_OFF = Di sabl ed

Program Menory Code protection:
_CP = Enabl ed
_CP_OFF = : Disabled

Br own- out Detection Enable bit:
_BODEN = Enabl ed
_BODEN_OFF = Di sabl ed

GP3/ MCLR pin function select:
_MCLRE_ON = GP3/ MCLR pin function is /MCLR

[0 2004 Microchip Technology Inc. DS00913A-page 10



AN913

_MCLRE_OFF = GP3/MCLR pin function is digital 1/0
IMCLR internally tied to Vvdd

Power -up Timer Enable bit:
_PWRTE_ON = Enabl ed
_PWRTE_OFF = Di sabl ed

Wat chdog Tinmer Enable bit:
_WDT_ON = Enabl ed
_WDOT_OFF = Di sabl ed

Cscillator Selction bits:
_EXTRC_OSC_NOCLKQUT = CLKQUT function on GP4 pin, RC on GP5 pin.
_EXTRC_OSC_CLKOUT = |1/ 0O function on GP4 pin, RC on GP5 pin.
_INTRC_OSC_CLKQUT = Internal oscillator, CLKOUT function on GP4 pin,

1/0 function on GP5 pin.
_I NTRC_OSC_NOCLKQUT = Internal oscillator, 1/0O function on GP4 and GP5 pins.
_EC OSC = I/0O function on GP4 pin, CLKIN on GP5 pin.

_HS _OSC = High speed crystal/resonator on GP4 and GP5 pins.
_XT_OSC = Crystal /resonator on GP4 and GP5 pins.
_LP_OSC = Low power crystal on GP4 and GP5 pins.
__CONFI G _CPD_OFF & _CP_OFF & _BODEN & _MCLRE_OFF & _PWRTE_ON & _WDT_OFF &

_I NTRC_0SC_NOCLKOUT

Variables (Section 2.2 Data Menory Organi zation)

; Data Menory Organization (Section 2.2)

; The data menory is partitioned into two banks which contain

; the General Purpose registers and the Special Function registers.
; The Special Function registers are located in the first 32

; locations of each bank. Register |ocations 0x20 to Ox5F (64 bytes)
; are General Purpose registers, inplenented as static RAM and are

; mapped across both banks.

; RPO ( STATUS<5>)
; 0 -> Bank 0
; 1 -> Bank 1

; Refer to Section 2.2 of the data sheet for the organization of
; the General Purpose Registers.

; Bank O General Purpose Registers

cbl ock 0x20 ; File Address 0x20-0x5F (64 bytes)
W TEMP ; used for context saving
STATUS_TEMP ; used for context saving
PCLATH_TEMP ; used for context saving
FSR_TEMP ; used for context saving
TEMP ; General Purpose Tenporary register
FLAG ; A byte of binary flags (see Defines bel ow)
TI CK ; Tick counter

; LED Display on PICkit 1 Flash Starter Kit

[0 2004 Microchip Technology Inc.
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endc

#def i
#def i
#def i
#def i
#def i
#def i

#def i

PORTA is an 6-bit wide,

LEDREG
LEDSTATE
LEDDI SP

; TC77 Ther mal

BIT_

CNTR

TC77_H
TC77_LO

TEMP_HI
TEMP_LO

; Binary Coded

BCD_H
BCD T
BCD O

LED Array Register
LED Array State Counter
LED Array Display bit (which LEDis lit)

Sensor vari abl es

Deci mal

Bit counter

TC77 Tenperature register high byte
TC77 Tenperature register |ow byte

Tenporary Regi ster high byte
Tenporary Regi ster |ow byte

(BCD) vari abl es

BCD Hundr eds
BCD Tens
BCD Ones

bidirectional port. The correspondi ng data

direction register is TRISA. Setting a TRISA bit (= 1) will nake
the correspondi ng PORTA pin an input. Clearing a TRISA bit (= 0)
will
RA3, which is input-only and whose TRIS bit will always read as a '1'.

make the correspondi ng PORTA pin an output. The exception is

Function of PORTA pins depend on:

Configuration Bits (CONFIG (Section 9.1)

Weak Pull-up Register (WPU) (Section 3.2.1)

I nt errupt -on-change Register (1 OCB) (Section 3.2.2)
Option Register (OPTION_REG (Register 4-1)

Regi ster (T1CON) (Register 5-1)

ne
ne
ne
ne
ne
ne

TI MERL Contr ol

Conpar at or Contr ol

A/ D Control

POT PORTA,
RA1 PORTA,
RA2 PORTA,
SwW PORTA,
RA4 PORTA,
RA5 PORTA,

a b wNDEP O

Regi ster (CMCON) (Section 6.0)
Regi st er ( ADCONO)

(Section 7.0) (PlCL6F676 Only)

(Anal og I nput) Potentioneter RP1

(Digital Input/CQutput) LEDs D6, D7

(Digital Input/CQutput) LEDs D2, D3, D4, D5, D6, D7
(Digital Input Only) Push Button SWL

(Digital Input/CQutput) LEDs DO, D1, D2, D3
(Digital Input/CQutput) LEDs DO, D1, D4, D5

Define for TRI SA Register (Section 3.1)

PORTA Pins = xx543210
ne PORTATRIS b'00111111'

PORTC is a general

pi ns.

input to an A/D converter.

purpose |/ O port consisting of 6 bidirectional
The pins can be configured for either digital I/0O or for anal og

For specific information about individual functions

such as the conparator or the A/ID, refer to the appropriate section in the
data sheet.

DS00913A-page 12
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#def i
#def i
#def i
#def i
#def i
#def i

#def i
#def i
#def i

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne

SCK PORTC, O
SI O PORTC, 1
RC2 PORTC, 2
TC77_CS PORTC, 3
RC4 PORTC, 4
RC5 PORTC, 5

(Digital
(Digital
(Digital Input)
(Digital
(Digital Input)
(Digital Input)

Define for TRI SC Regi ster (Section 3.3)

PORTC Pins = xx543210
ne PORTCTRIS b'00110110'

Fl ags

ne

TRI P

0

ne SIGNBIT 1
ne CF DISP 2

LEDs

ne
ne
ne
ne
ne
ne
ne
ne
ne

ne
ne
ne
ne
ne
ne
ne
ne

PORTA Pins = xx543210

LEDOTRI S b' 00001111'
LEDITRI S b' 00001111'
LED2TRI S b' 00101011'
LED3TRI S b' 00101011'
LEDATRI S b' 00011011'
LED5TRI S b' 00011011'
LED6TRI S b' 00111001'
LED7/TRI S b' 00111001'
LEDOFFTRIS b'00111111'

PORTA Pins = xx543210
LEDOON b' 00010000’
LEDION b' 00100000’
LED2ON b' 00010000’
LED3ON b' 00000100'
LED4ON b' 00100000’
LED5ON b' 00000100'
LED6ON b' 00000100’
LED7ON b' 00000010’

Tick counter trip flag
tenperature sign bit
Display in Cor F

Program Menory Organi zation (Section 2.1)

ORG

nop
goto

movw
swapf
bcf

movw

0x0000

MAI N

0x0004

W TEMP
STATUS, W
STATUS, RPO
STATUS_TEMP

RESET Vect or

for 1CD use

goto MAIN Program

I nterrupt Vector

save Wregister

swap status to be saved into W
Bank 0

Sel ect

Qut put) Seri al
I nput/ Qut put) Seri al

save STATUS register

Cl ock

Qut put) TC77 Chip Sel ect

I1/O (initially set

(active | ow)

as input)

[0 2004 Microchip Technology Inc.
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nmovf w PCLATH

nmovwf PCLATH_TEMP ; save PCLATH TEMP regi ster
movfw  FSR
nmovwf FSR_TEMP ; save FSR_TEMP register

; Interrupt Service Routine (ISR) (Section 9.4)
; Description:

bef I NTCON, TOI F ; clear TMRO Interrupt Flag
cal | DI SPLAY ; Update LED Array (light LEDs)
decf TICK, F ; decrenent tick counter

btfsc STATUS, Z
bsf FLAG TRIP

movfw  PCLATH TEMP ; restore PCLATH TEMP register

nmovwf PCLATH

movfw  FSR_TEMP ; restore FSR TEMP register

nmovwf FSR

swapf STATUS_TEMP, W ; swap status_tenp into W sets bank to original state
movwf STATUS ; restore STATUS register

swapf WTEMP, F

swapf W TEMP, W ; restore Wregister

retfie

I NI TI ALI ZE
; Disable global interrupts during initialization

bef INTCON, G E ; disable global interrupts

; Calibrating the Internal Gscillator (Section 9.2.5.1)
; Oscillator Calibration Register (OSCCAL) (Section 2.2.2.7)

; Acalibration instruction is programed into the last |ocation of

; program nmenory. This instruction is a RETLW XX, where the literal is
; the calibration value. The literal is placed in the OSCCAL register
; to set the calibration of the internal oscillator.

bsf STATUS, RPO ; ---- Select Bank 1 -----

cal | Ox3FF ; retrieve factory calibration val ue
movwf OSCCAL ; update register with factory cal val ue
bcf STATUS, RPO ;---- Select Bank 0 -----

. PORTS A AND C (Section 3.0)
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; Store PORTATRI S and PORTCTRI S val ues defined above into the
; TRISA and TRISC direction registers

bsf STATUS, RPO ; ---- Select Bank 1 -----

nmovlw  PORTATRI S
nmovwf TRI SA ; Wite to TRI SA register

movlw  PORTCTRI S
movwf TRI SC ; Wite to TRISC register

bcf STATUS, RPO ;---- Select Bank 0 -----

; Conparator Mdul e (Section 6.0)

; The PICl6F630/ 676 devi ces have one anal og conparator. The inputs to
; the conparator are nultiplexed with the RAO and RALl pins. There is
; an on-chip Conparator Voltage Reference that can also be applied to
; an input of the conparator. In addition, RA2 can be configured as

; the conparator output. The Conparator Control register (CMCON)

; contains bits to control the conparator. The Vol tage Reference

; Control register (VRCON) controls the voltage reference nodul e.

; Conparator Configuration (Figure 6-2)

; bef CMCON, CI NV ; Conparator Qutput Inversion: not inverted
; bef CMCON, CouT ; Conmparator Qutput bit: Vin+ < Vin-
; bef CMCON, CI'S ; Comparator Input Switch: Vin- connects to Cin-

; CM2:CMD = 111 - Conparator Of (| owest power)

bsf CMCON, Cwe ; Conparator Mde bit 2

bsf CMCON, CML ; Conparator Mde bit 1

bsf CcMCON, CMD ; Conparator Mde bit 0

; VRCON (Register 6-2)

bsf STATUS, RPO ; ---- Select Bank 1 -----

bef VRCON, VREN ; CVref circuit: powered down, no ldd drain
; bef VRCON, VRR ; CVvref Range Sel ection: Hi gh Range
; bcf VRCON, VR3 ; CVref value selection bit 3
; bcf VRCON, VR2 ; CVref value selection bit 2
; bcf VRCON, VR1 ; CVref value selection bit 1
; bcf VRCON, VRO ; CVref value selection bit 0

bcf STATUS, RPO ;---- Select Bank 0 -----

; Anal og-to-Digital Converter (A/D) Mdule (Section 7.0) (PICL6F676 Only)

; The anal og-to-digital converter (A/D) allows conversion of an anal og

; input signal to a 10-bit binary representation of that signal. The

; PIC1l6F676 has eight analog inputs nultiplexed into one sanple and hol d
; circuit. There are two registers to control the functions of the A/D

; nodul e:

; A/ D Control Register 0 (ADCONO)

; A/ D Control Register 1 (ADCON1)

; Anal og Sel ect Register (ANSEL)

; Note: When using PORTA or PORTC pins as anal og inputs, ensure the
; TRISA or TRISC register bits are set (= 1) for input.

[0 2004 Microchip Technology Inc. DS00913A-page 15



AN913

bef ADCONO, ADFM ;
bcf ADCONO, VCFG ;
bsf STATUS, RPO ;

; select A/D Conversion C ock Source:

bcf ADCON1, ADCS2 ;
bcf ADCON1, ADCS1 ;
bsf ADCON1, ADCSO ;

; select GPIO pins that will

bcf ANSEL, ANS7 ;
bcf ANSEL, ANS6 ;
bcf ANSEL, ANS5 ;
bcf ANSEL, ANS4 ;
bcf ANSEL, ANS3 ;
bcf ANSEL, ANS2 ;
bcf ANSEL, ANS1 ;
bsf ANSEL, ANSO ;
bcf STATUS, RPO ;
bcf ADCONO, ADON ;

; TIMERL Mbdule with Gate Control

; The TIMERL Control Register (T1CON)

bcf T1CON, TMR1ION ;

bcf T1CON, TMR1CS ;

bcf T1CON, NOT_T1iSYNC ;
cl ock input

; TIOSCEN only if

I NTOSC wi t hout

A/D Result Forned: left justified
Vol t age Ref erence: Vvdd

---- Select Bank 1 -----

Fosc/ 8

A D Conversion Clock Select bit 2

A D Conversion Clock Select bit 1

A D Conversion Clock Select bit 0
be anal og i nputs: RA0/ANO

Anal og Sel ect RC3/AN7: digital I/0

Anal og Sel ect RC2/AN6: digital I/0

Anal og Sel ect RC1/AN5: digital I/0

Anal og Sel ect RCO/AN4: digital I/0

Anal og Sel ect RA3/AN3: digital I/0

Anal og Sel ect RA2/AN2: digital I/0

Anal og Sel ect RA1/ANl/Vref: digital 1/0
Anal og Sel ect RAO/ANO: anal og i nput
---- Select Bank 0 -----

ADC i s shut-off and consunes no operating current

(Section 5.0)

is used to enabl e/ di sabl e TI MERL
; and sel ect various features of the TIMERL nodul e.

TI MER1:

TI MERL

TI MERL Ext er nal

bcf T1CON, T1OSCEN ; LP Osci
; TIMERL | nput Prescale Select: 1:1

bcf T1CON, T1CKPS1 ; TI MERL
bcf T1CON, T1CKPSO ;. TI MERL

; TMRLIGE only if TMRLION = 1,
bcf T1CON, TMR1IGE ;

CLKQUT oscill ator

st opped
Cl ock Source Sel ect: Internal
Cl ock I nput Sync Control:

is active, else ignored

Ilator Enable Control: LP oscillator off

bit 1
bit 0

Cl ock Prescal e Sel ect
Cl ock Prescal e Sel ect

I nput
I nput

el se ignored

TI MERL

Gat e Enabl e: on

; PORTA Weak Pull-up Register (WPUA) (Section 3.2.1)

; Each of the PORTA pins,
; weak internal pull-up. Control
; pull-up. Refer to Register 3-1.

; turned off when the port pin is configured as an output.
by the /RAPU bit

; are disabled on a Power-on Reset
; bel ow).

bsf STATUS, RPO ;
; PORTA Pi ns = xx54x210

nmovlw B 00000000’ ;
nmovw WPUA

no pull

Sel ect

except RA3, has an individually configurable
bits WPUAx enabl e or disable each
Each weak pull-up is automatically

The pul | -ups
(see OPTI ON Regi ster

Bank 1

-ups enabl ed
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STATUS, RPO yee--

; OPTION Register (OPTION_REG (Section 2.2.2.2)
; TIMERO Modul e (Section 4.0)

Sel ect Bank 0O

; The OPTI ON_REG contains control bits to configure:

; Weak pull-ups on GPIO (see al so WPU Regi ster above)
; Ext ernal RA2/INT interrupt

; TMRO

; TMRO/ VDT pr escal er

bsf STATUS, RPO ; ---- Select Bank 1 -----

bsf OPTI ON_REG, NOT_GPPU ; PORTA pul | -ups: disabl ed

bsf OPTION_REG | NTEDG ; Interrupt Edge: on rising edge of RA2/INT pin

bef OPTI ON_REG, TOCS ; TMRO C ock Source: internal instruction cycle (CLKOUT)

bef OPTI ON_REG, TOSE ; TMRO Source Edge: increnent lowto-high transition on GP2/
TOCKI pin

bef OPTI ON_REG, PSA ; Prescal er Assignnment: assigned to TI MERO

; TMRO Prescaler Rate: 1:8

bef OPTI ON_REG, PS2 ; Prescaler Rate Select bit 2

bsf OPTI ON_REG PS1 ; Prescaler Rate Select bit 1

bef OPTI ON_REG, PSO ; Prescaler Rate Select bit O

bcf STATUS, RPO ;---- Select Bank 0 -----

; PORTA I nterrupt-on-Change Register (1OCA) (Section 3.2.2)

; Each of the PORTA pins is individually configurable as an interrupt-

; on-change pin. Control
; function for each pin.
; is disabled on a Power-on Reset.

bits | OCAx enabl e or disable the interrupt
Refer to Register 3-4. The interrupt-on-change

; Note: dobal interrupt enables (G E and GPIE) nust be enabl ed for
; individual interrupts to be recognized.
bsf STATUS, RPO ; ---- Select Bank 1 -----
; GPlI O Pins = xx54x210
novlw B 00000000
nmovwf | OCA ; Interrupt-on-change di sabl ed
bcf STATUS, RPO ;---- Select Bank 0 -----
; Peripheral Interrupt Enable Register (PIEl) (Section 2.2.2.4)

; The PIE1l register contains peripheral

interrupt enable bits.

; Note: The PEIE bit (I NTCON<6>) nust be set to enable any
; peri pheral interrupt.
bsf STATUS, RPO ; ---- Select Bank 1 -----
bef Pl E1, EEIE ; EE Wite Conplete Interrupt: disabled
bef Pl E1, AD E ; A/D Converter Interrupt (PlICl12F675 Only): disabled
bef PIE1l, CME ; Conmparator Interrupt: disabled
bef PIE1, TMRLIE ; TMRL Overflow Interrupt: disabled

[0 2004 Microchip Technology Inc.
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bcf STATUS, RPO ;---- Select Bank 0 -----
; Interrupt Control Register (INTCON) (Section 2.2.2.3)

; The I NTCON register contains enable and disable flag bits for TMRO
; register overflow, GPlIO port change and external GP2/INT pin

; interrupts.
bsf I NTCON, TOI E ; TMRO Overflow Interrupt: ENABLED
bef I NTCON, | NTE ; RA2/INT External Interrupt: disabled
bef I NTCON, RAIE ; Port Change Interrupt: disabled
bef I NTCON, PEIE ; Peripheral Interrupts: disabled
; (EEl, ADI, CM, TMRll)
bef INTCON, G E ; G@obal Interrupts: disabled
return ; return from I N TIALI ZE

; end I NITIALI ZE

; Subroutine: DATA_EEPROM READ

; Description: To read an EEPROM data nenory | ocation, the address is

; witten to the EEADR regi ster and set control bit RD (EECON1<0>) to
; initiate a read. Data is available in the EEDATA register the next

; cl ock cycle.

; Constants: none

; G obal Variables: none

; Initialization: Wcontains EEPROM address (EEADR) to be read

; Qutput: Wcontains EEPROM dat a ( EEDATA)

DATA_EEPROM READ

bsf STATUS, RPO ; ---- Select Bank 1 -----

movw EEADR ; nmove EEPROM address in Wto EEADR
bsf EECON1, RD ; initiate EEPROM read

nmovf EEDATA, W ; nmove data to W

bcf STATUS, RPO ; ---- Select Bank 0 -----

return

; Subroutine: DATA EEPROM WRI TE

; Description: To wite an EEPROM data nenory |ocation, the address is
; witten to the EEADR regi ster, data to the EEDATA register, then
; execute a required sequence of instructions.

; CAUTION: Interrupts are disable and then re-enabled during this
; subroutine
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; Constants: none
; dobal Variables: none

; Initialization: Address = EEADR, Data = EEDATA

; Qutput: none

DATA_EEPROM WRI TE

bsf STATUS, RPO ; ---- Select Bank 1 -----
bsf EECON1, WREN ; EEPROM Wite Enable: allow wite cycles
; bef INTCON, G E ; disable global interrupts

; *** required sequence, do not alter ***
movlw  0x55
nmovwf EECON2
movliw  OxAA
nmovwf EECON2
bsf EECON1, WR ; initiate EEPROM wite
; *** end required sequence ***

btfsc EECON1, WR ; has wite conpl eted?
goto $-1
; bsf INTCON, G E ; enable global interrupts
bef EECON1, WREN ; EEPROM Wite Enable: inhibit wite cycles
bcf STATUS, RPO ; ---- Select Bank 0 -----
return

; Subroutine: READ_ANALOG ANO

; Description: Read anal og channel 0 (ANO).
; Constants: none

; G obal Variables: none

; Initialization: none

; Qutput: ADRESH and ADRESL contain 10-bit A/Dresult justified
; according to ADCONO, ADFM bhit.

READ_ANALOG_ANO

bsf ADCONO, ADON ; Turn on ADC nodul e
bef ADCONO, CHS1 ; sel ect anal og channel ANO
bcf ADCONO, CHSO

; After selecting a new channel, allow for sufficent sanple tinme.
; The anpunt of sanple tine depends on the charging time of the
; internal charge-hol ding capacitor (Section 7.2).

mvliw D 6' ; At 4 MHz, a 22 us del ay
movwf TEMP ; (22us = 2us + 6 * 3us + 1lus)
decfsz TEMP, F

[0 2004 Microchip Technology Inc.
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got o $-1

bsf ADCONO, GO ; start A/ D conversion

btfsc ADCONO, GO ; has A/ D conversion conpl eted?

got o $-1

bef ADCONO, ADON ; Turn off ADC nodul e (consumes no operating current)
return

; Subroutine: DI SPLAY

; Description: Displays Value Stored In LEDREG On LED Array
; 1 LED i s displayed during each call

; D7..D4 LED S show nost significant nibble

; D3..D0 LED S show | east significant nibble

; Constants:

; G obal Variables: LEDREG LEDDI SP, LEDSTATE

; Initialization:

; Qut put:
DI SPLAY
clrf PORTA ; turn off all LED s
bef STATUS, C ; clear the carry bit
rlf LEDDI SP, F ; rotate left the LED displayed bit
btfsc STATUS, C ; was the bit rotated into carry?
rlf LEDDI SP, F ; yes, put it back into bit 0
i ncf LEDSTATE, F ; no, increnent LED State
movfw  LEDREG ; get LED Register, should the LED be |it?

andwf LEDDI SP, W
btfsc STATUS, Z
return ; bit was a zero, do not light and return

movfw  LEDSTATE ; Mask bits (should be only 8 states)
andlw B 00000111’

addwf PCL, F

goto LI TELEDO
goto LI TELED1L
goto LI TELED2
goto LI TELED3
goto LI TELED4
goto LI TELEDS
goto LI TELED6
goto LI TELED7

LI TELEDO
bsf STATUS, RPO ; ---- Select Bank 1 -----
nmovl w LEDOTRI S
nmovw TRI SA
bcf STATUS, RPO ; ---- Select Bank 0 -----
nmovl w LEDOON
movw PORTA

DS00913A-page 20 [0 2004 Microchip Technology Inc.



AN913

return

LI TELED1L

bsf
nmovl w
movw
bcf
nmovl w
movw
return

LI TELED2

bsf
nmovl w
movw
bcf
nmovl w
movw
return

LI TELED3

bsf
nmovl w
movw
bcf
nmovl w
nmovw
return

LI TELED4

bsf
nmovl w
movw
bcf
nmovl w
nmovw
return

LI TELED5

bsf
nmovl w
movw
bcf
nmovl w
movw
return

LI TELED6

bsf
nmovl w
nmovw
bcf
nmovl w
movw
return

LI TELED7

bsf
nmovl w
movw
bcf
nmovl w
nmovw
return

STATUS, RPO
LEDITRI S
TRI SA
STATUS, RPO
LEDION
PORTA

STATUS, RPO
LED2TRI S
TRI SA
STATUS, RPO
LED2ON
PORTA

STATUS, RPO
LED3TRI S
TRI SA
STATUS, RPO
LED3ON
PORTA

STATUS, RPO
LEDATRI S
TRI SA
STATUS, RPO
LEDAON
PORTA

STATUS, RPO
LED5TRI S
TRI SA
STATUS, RPO
LED5ON
PORTA

STATUS, RPO
LED6TRI S
TRI SA
STATUS, RPO
LED6ON
PORTA

STATUS, RPO
LED7/TRI S
TRI SA
STATUS, RPO
LED7ON
PORTA

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Sel ect

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank

Bank
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. Subroutine: READ_TC77_TEMP

; Description:

; The TC77 Tenperature register is a 16-bit read-only register.

; The tenperature data format is a 13-bit two's conpl ement digital

; word (bits 15:3). The Least Significant bit (LSb) is equal to

; 0.0625 degrees C. Bit 2 is set to alogic 'l after the conpletion
; of the first tenperature conversion followi ng a power-up or reset
; event. Bits 1:0 are tri-stated.

; Constants:
; None

; G obal Variables:
; TC77_H = TC77 Tenperature Register H gh Byte
; TC77_LO = TC77 Tenperature Register Low Byte

; Initialization:
; The TC77_SIO TRIS bit is assuned to be set for input (=1)

; Qut put:
; TC77_H and TC77_LO contain the 16-bit Tenperature Register val ue

READ_TC77_TEMP

nmovl w D 16 ; set bit counter to 16
nmovwf Bl T_CNTR

bcf SCK ; set SCK | ow
bef TC77_CS ; enable TC77 --> chip select |ow

READ_TC77_TEMP_LOOP

bsf SCK ; SCK rising edge
btfsc SI O ; read bit, if bit is set
bsf STATUS, C ; set carry bit
bt fss SI O ; if bit is clear
bef STATUS, C ; clear carry bit
bcf SCK ; set SCK | ow
rlf TC77_LO, F ; rotate carry bit left into TC77_LO and _H
rilf TCI7_H, F
decfsz BIT_CNTR F ; is reading the Tenperature Register conplete?

goto READ_TC77_TEMP_LOOP
bsf TC77_CS ; disable TC77 --> chip select high

return
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cal | I' NI TI ALI ZE

bcf FLAG TRIP ;

bsf TC77_CS ;

clrf LEDREG ;

clrf LEDSTATE

nmovl w D1

nmovwf LEDDI SP

bsf INTCON, G E ;
MAI NLOOP

tick counter expired?

bt fss FLAG TRIP
goto MAI NLOOP ;
bcf FLAG TRIP ;

read tenperature from TC77

bcf I NTCON, G E :
cal | READ_TC77_TEMP
bsf I NTCON, G E :

is tenperature conversion conplete?

; check bit 2
; if not conplete,

; (be sure to include code in
bt fss TC77_LO, 2
goto MAI NLOOP
right
bcf STATUS, C ;
rrf TC77_H, F ;
rrf TC/7_LO, F
bcf STATUS, C ;
rrf TC/7_H, F
rrf TC/7_LO, F
bcf STATUS, C ;
rrf TC/7_H, F
rrf TC/7_LO, F

if tenperature is negative,

btfsc TC77_H, 4

bsf FLAG SIGN.BIT
bt fss TC77_H, 4

bcf FLAG SIGNBIT

clear tick counter trip flag.
di sable TC77 --> chip select high

initialize the LED display routine

enabl e gl obal interrupts

no, | oop
clear tick counter trip flag.

di sabl e global interrupts

enabl e gl obal interrupts

read TC77 again

the event bit 2 is never true)

adj ust 13-bit 2's conplement tenperature value into TC77_H : TC77_LO

clear carry bit
rotate right TEMP_HI : TEMP_LO 3 bits

clear carry bit

clear carry bit

save the sign bit and conpl enent

[0 2004 Microchip Technology Inc.
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bt fss FLAG SIGN.BIT

goto MLOO0 ; tenperature is positive, junp ahead
bsf TC77_H, 7 ; sign extend bits 15:13 in TEMP_HI
bsf TC/7_H, 6
bsf TCI7_H, 5
conf TC77_H, F ; 2's conpl enent

conf TC77_LO, F
i ncf TC77_LO, F
btfsc STATUS, C
i ncf TC77_H, F

; display tenperature in F (no push button press) or C (push button pressed)
MLOO

btfss SW ; is push button SW pressed?

goto M.20 ; no, junp ahead

; to convert Cto F:
; multiply tenperature by 9

movfw  TC77_HI ; move TC77_H :TC77_LO to TEMP_HI : TEMP_LO

nmovwf TEMP_HI ; (save original tenperature in TC77_H :TC77_LO
movfw  TC77_LO

movwf TEMP_LO

 left shift 3 (multiply by 8)

bef STATUS, C ; clear carry bit

rlf TEMP_LO, F ; rotate left TEMP_HI : TEMP_LO 3 bits
rilf TEMP_H, F

bef STATUS, C ; clear carry bit

rlf TEMP_LO F

rlf TEMP_H, F

bef STATUS, C ; clear carry bit

rilf TEMP_LO F

rlf TEMP_H, F

; add TC77_H : TC77_LO (multiply by 9)

movfw  TC77_LO
addwf TEMP_LO F

btfsc STATUS, C
incf TEMP_H, F

movfw  TC77_HI
addwf TEMP_H, F ; result is in TEMP_H : TEMP_LO

; divide results by 5

clrf TC77_H
clrf TC77_LO

MLO5
mvliw D5 ; subtract 5 from TEMP_LO
subwf TEMP_LO F
btfsc STATUS, C ; was there a borrow?
goto M.10 ; no, junp ahead
moviw D1
subwf TEMP_H, F ;yes, borrow from TEMP_HI
btfss STATUS, C ; was there a borrow from TEMP_HI ?
goto M.15 ;yes, we are done, junp ahead
M.10

nmovl w D1
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addwf TC77_LO, F ; no, increnent TC77_H :TC77_LO
btfsc STATUS, C
i ncf TCI7_H, F
goto MLO5 ; do it again
; add 32 (0x0200)
M.15
movlw  0x02
addwf TCI7_H, F ; result is in TC77_H :TC77_LO
; end Cto F conversion

; round result to integer value

M.20
; rotate right 3

bef STATUS, C ; clear carry bit

rrf TC77_H, F ; rotate right TC77_HI : TC77_LO 3 bits
rrf TC77_LO F

bef STATUS, C ; clear carry bit

rrf TCI7_H, F

rrf TC77_LO F

bef STATUS, C ; clear carry bit

rrf TCI7_H, F

rrf TC77_LO F

; round

nmovl w D1

addwf TC77_LO F

btfsc STATUS, C
i ncf TC/7_H, F

; rotate right 1

bef STATUS, C ; clear carry bit
rrf TCI7_H, F
rrf TC/7_LO F

; convert into Binary Coded Decinal (BCD) fornmat

clrf BCD H ; clear the BCD registers
clrf BCD T
clrf BCD_O

; hundreds digit

M.25
moviw D 100
subwf TC77_LO W ; subtract 100 (result goes into W
btfss STATUS, C ; was result negative?
goto M_30
i ncf BCD H, F ; no, increment BCD _H register
movwf TC77_LO ; save result
goto M.25 ; do it again
M.30
mvliw D 10 ; subtract 10 (result goes into W

subwf TC77_LO, W
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btfss STATUS, C ; was result negative?
goto M35
i ncf BCD T, F ; no, increment BCD T register
movwf TC77_LO ; save result
goto M.30 ; do it again

M.35

movfw  TC77_LO
movwf BCD_O ; save result as BCD O

display on PICkit 1 FLASH Starter Kit LED s D7: DO

movfw  BCD_O ; move BCD Ones to TEMP
novwf TEMP

swapf BCD T, W ; swap BCD Tens ni bbl es
i orwf TEMP, W ; inclusive or and store in TEMP

nmovwf LEDREG
goto MAI NLOOP
Dat a EEPROM Menory (Section 8.0)

Pl C12F630/ 676 devi ces have 128 bytes of data EEPROM wi th address
range 0x00 to Ox7F.

; Initialize Data EEPROM Menory | ocations

ORG 0x2100
DE 0x00, 0x01, 0x02, 0x03

Calibrating the Internal Gscillator (Section 9.2.5.1)
Cscillator Calibration Register (OSCCAL) (Section 2.2.2.7)

The bel ow statenents are placed here so that the program can be
sinmulated with MPLAB(r) SIMor erulated with the 1CD2 or | CE-2000.

The progranmer (PICkit(tm) or PRO MATE(r) I11) will save the actual OSCCAL
value in the device and restore it. The value bel ow WLL NOT be
programmed into the device.

org Ox3f f
retlw 0x80 ; Center Frequency
end ; end of programdirective
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