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INTRODUCTION

This application note implements a low-power real time
clock using the Timer1 module of the PIC16CXX family
of processors. Timer1 can operate from its own crystal
source, which allows the timer to increment while the
device is in sleep mode. The device is placed into sleep
to minimize the current consumption.  Only the events
that require processing will wake the device from sleep.
These are a key input and a Timer1 overflow.

OPERATION

Upon power-up, the device goes into an initial state. This
state sets the display to 12:00 PM and waits for Timer1
to generate an interrupt (every second). The Timer1
overflow interrupt wakes the device from sleep This
causes the time registers (HRS, MIN, SECS) to be
updated. If the SECS register contains an even value
(SECS<0> = 0), the colon (":") is not displayed. This
gives a visual indication for each second.

There are three keys for the setting of the clock. The
SELECT_UNITS Key (S1) selects which units are to be
modified (hours, minutes, off).  The selected units are
blanked for a second then flashed for one second. The
INC Key (S2) increments the selected units. While
incrementing, the selected units are displayed. After a
key has not been depressed for more then one second,

the selected units will begin to flash. The CLR_MIN
Key (S3) clears the minutes and seconds.  CLR_MIN is
useful for exactly setting the time to the “top of the hour”
as announced in radio broadcasts. After the INC or
SELECT_UNITS keys are depressed, the user has ten
seconds to depress the next key. After no key has been
depressed for ten seconds, the unit returns to the clock
mode.

To simplify the design time, a standard Hitachi LCD
display module is used. In most applications requiring a
LCD display, a custom LCD display is used. The LCD
interface software would need to be modified to suit the
specific LCD display driver being used.

Figure 1 is a block diagram of the design. RA<2:0> are
the control signals to the LCD display, RB<3:0> is the 4-
bit data bus, and RB<7:5> is the input switches. The
OSC1 pin is connected to an RC network, which gener-
ates approximately a 4 MHz device frequency. The
device frequency does not need to be stable, since the
Timer1 module operates asynchronously. This allows
the device's oscillaor to be configures for RC mode.  This
oscillator mode is the least expensive and has the
quickest start-up time.  Timer1 is where the accurate
frequency is required. This crystal is connected to the
T1OSI and T1OSO pins. A good choice for  a crystal is
a 32.786 KHz (watch) crystal. Table 1 is a list of the
components and their part number.

FIGURE 1:  CLOCK BLOCK DIAGRAM
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Relative to most microelectronics, the LCD’s are slow
devices. A good portion of the time spent in the Interrupt
Service Routine, is talking to and updating the LCD
module. To minimize power consumption, the device
should be in the sleep mode as much as possible.

By using the conditional assemble, if a flag (called
Debug) is true, the total time spent in the subroutine can
be seen on the PORTD<0> pin (the high time). Measur-
ing this time on an oscilloscope displayed a typical time
of 800 uS that the device is awake. This 800 uS opera-
tion is out of the 1 second time that the device needs to
service the interrupt (a TMR1 overflow).

The accuracy of a real time clock using Timer1 depends
on the accuracy of the crystal being used. The more
accurate the crystal, the higher the cost. So as always
there is a cost / performance trade-off to be made. A
crystal rated with an accuracy of 20 PPM (parts per
million), could cause an error of  about 1.7 seconds per
day. For many applications, this should be adequate
(said from someone who doesn’t wear a watch).

The program presented here shows one method for a
real time clock. Trade-offs between code size, current
consumption and desired operation have been made.
Some possible alternative implementations are:

1. When displaying the time, update only the charac-
ters that changed.

2. Turn off the display during sleep

3. LCD module data interface of 8-bits, not the 4-bit
interface.

Alternative 1 can reduce the time awake, by keeping
track of which characters need to be updated. The
majority of the time it will be only the position which
contains either the “:” or the “ “. Next would be the ones
place of the minutes, then the tens place of the minutes,
etc. The display would only need to be completely
updated 2 times every 24 hrs. This would reduce the
amount of time talking with the LCD display at the cost
of some program / data memory.

Depending on the requirements of the application and
the characteristics of the display, alternative 2 could be
implemented by turning the power off and on (at a given
rate) to the display. This technique may lead to a lower
system current consumption. Evaluation upon the de-
sired display / display driver is recommended.

Alternative 3 uses  the LCD module in an 8-bit mode, will
reduce the size of the display routines (save about 20
words of program memory) at the cost of four additional
I/O lines. For some applications this may be a good trade
off to get the additional program memory space. The
percentage of operating time saved is slight and should
not give substantial power savings.

Description Part Number Manufacturer Quantity

LCD Module (2 x 20 Characteristics) LM032L Hitachi 1

Switches EVQPADO4M Panasonic 4

Microcontroller PIC16C64 / 74 Microchip 1

32.768 KHz Crystal NC26 / NC38 FOX 1

4 MHz Crystal ECS-40-20-1 ECS 1

TABLE 1:  LIST OF COMPONENTS †

† Most components available from DigiKey.
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CONCLUSION

The Timer1 module allows many applications to include
a real time clock at minimal system cost. This time
function can be useful in consumer applications (display
time) as well as in industrial applications (data time
stamp). The accuracy of the time is strictly dependent on
the accuracy of the crystal. Table 2 shows the program
resource requirements.

Resource Words / Bytes Cycles

Initialization 61 61

Program Memory Clock Operation Increment Time W.C. 35 + Display

Key Input W.C. 35 + Display Time

Display‡ 208 526†

Data Memory Variables 5 N.A.

Scratch RAM 4 N.A.

TABLE 2:  PROGRAM RESOURCE REQUIREMENTS

Author: Mark Palmer - Sr. Application Engineer
Logic Products Division

106

†  Dependent on LCD Module (re: BUSY_CHECK subroutine)

‡ Assumes worst case numbers and best case response from LCD module.
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APPENDIX B:  CLOCK_01.H INCLUDE FILE

nolist
;******************************************************************************
;
;  This is the custom Header File for the real time clock application note
; PROGRAM: CLOCK_01.H
; Revision: 5-04-94
;
;******************************************************************************
; This is used for the ASSEMBLER to recalculate certain frequency
; dependant variables. The value of Dev_Freq must be changed to
; reflect the frequency that the device actually operates at.
;
Dev_Freq EQU D’4000000' ; Device Frequency is 4 MHz
DB_HI_BYTE EQU (HIGH ((( Dev_Freq / 4 ) * 1 / D’1000' ) / 3 ) ) + 1
LCD_INIT_DELAY EQU (HIGH ((( Dev_Freq / 4 ) * D’46' / D’10000' ) / 3 ) ) + 1
INNER_CNTR EQU 40 ; RAM Location
OUTER_CNTR EQU 41 ; RAM Location
;
T1OSO EQU 0 ; The RC0 / T1OSO / T1CKI
;
RESET_V EQU 0x0000 ; Address of RESET Vector
ISR_V EQU 0x0004 ; Address of Interrupt Vector
PMEM_END EQU 0x07FF ; Last address in Program Memory
TABLE_ADDR EQU 0x0400 ; Address where to start Tables
;
HR_MIN_SW EQU 0x7 ; The switch to select the units
INC_SW EQU 0x6 ; The switch to increment the selected units
CLR_MIN_SW EQU 0x5 ; The switch to clear the minutes and seconds
;
FLAG_REG EQU 0x020 ; Register which contains flag bits
;
;
;  |  AM  |  —  |  —  | KEY_INPUT |  —  |  —  | MIN_UNIT | HR_UNIT |
;
;
AM EQU 0x07 ; Flag to specify if AM or PM
;
KEY_INPUT EQU 0x04 ; Flag to specify if doing key inputs
;
MIN_UNIT EQU 0x01 ; Flags to specify which units to operate on
HR_UNIT EQU 0x00 ;  (HRS, MIN, or none)
;
HRS EQU 0x030 ; Holds counter value for HOURS
MIN EQU 0x031 ; Holds counter value for MINUTES
SECS EQU 0x032 ; Holds counter value for SECONDS
MSD EQU 0x033 ; Temp. register, Holds Most Significant

;   Digit of BIN to BCD conversion
LSD EQU 0x034 ; Temporary register, Holds Least Significant

;   Digit of BIN to BCD conversion
TEMP EQU 0x035 ; Temporary register
CHAR EQU 0x036 ; Temporary register,

;  Holds value to send to LCD module.
;
WAIT_CNTR EQU 0x040 ; Counter that holds wait time for key inputs
;
; LCD Display Commands and Control Signal names.
;
E EQU 0 ; LCD Enable control line
R_W EQU 1 ; LCD Read/Write control line
RS EQU 2 ; LCD Register Select control line
;
; LCD Module commands
;
DISP_ON EQU 0x00C ; Display on
DISP_ON_C EQU 0x00E ; Display on, Cursor on
DISP_ON_B EQU 0x00F ; Display on, Cursor on, Blink cursor
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DISP_OFF EQU 0x008 ; Display off
CLR_DISP EQU 0x001 ; Clear the Display
ENTRY_INC EQU 0x006 ;
ENTRY_INC_S EQU 0x007 ;
ENTRY_DEC EQU 0x004 ;
ENTRY_DEC_S EQU 0x005 ;
DD_RAM_ADDR EQU 0x080 ; Least Significant 7-bit are for address
DD_RAM_UL EQU 0x080 ; Upper Left coner of the Display
;

list
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APPENDIX C:  C74_REG.H INCLUDE FILE

    nolist
;
;   File =   C64_reg.h
;   Rev. History:     08-04-93 by MP
;                     10-18-93 by MP to make Page ok
;                     11-15-93 by MP to have correct pages for SFR
;
; EQUates for Special Function Registers
;
;
INDF EQU 00
RTCC EQU 01
OPTION_R EQU 81
PCL EQU 02
STATUS EQU 03
FSR EQU 04
PORTA EQU 05
TRISA EQU 85
PORTB EQU 06
TRISB EQU 86
PORTC EQU 07
TRISC EQU 87
PORTD EQU 08
TRISD EQU 88
PORTE EQU 09
TRISE EQU 89
PCLATH EQU 0A
INTCON EQU 0B
PIR1 EQU 0C
PIE1 EQU 8C
TMR1L EQU 0E
PCON EQU 8E
TMR1H EQU 0F
T1CON EQU 10
TMR2 EQU 11
T2CON EQU 12
PR2 EQU 92
SSPBUF EQU 13
SSPADD EQU 93
SSPCON EQU 14
SSPSTAT EQU 94
CCPR1L EQU 15
CCPR1H EQU 16
CCP1CON EQU 17
RCSTA EQU 18
TXSTA EQU 98
TXREG EQU 19
SPBRG EQU 99
RCREG EQU 1A
CCPR2L EQU 1B
CCPR2H EQU 1C
CCP2CON EQU 1D
ADRES EQU 1E
ADCON0 EQU 1F
ADCON1 EQU 9F

;
;**********************************************
;************   Bit Deffinitions   ************
;**********************************************
;
; STATUS register (Address 03/83)
;
IRP EQU 7
RP1 EQU 6
RP0 EQU 5
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TO EQU 4
PD EQU 3
Z EQU 2
DC EQU 1
C EQU 0
;
; INTCON register (Address 0B/8B)
;
GIE EQU 7
PEIE EQU 6
RTIE EQU 5
INTE EQU 4
RBIE EQU 3
RTIF EQU 2
INTF EQU 1
RBIF EQU 0
;
; PIR1 register (Address 0C)
;
PSPIF EQU 7
SSPIF EQU 3
CCP1IF EQU 2
TMR2IF EQU 1
TMR1IF EQU 0
;
; PIE1 register (Address 8C)
;
PSPIE EQU 7
SSPIE EQU 3
CCP1IE EQU 2
TMR2IE EQU 1
TMR1IE EQU 0
;
; OPTION register (Address 81)
;
RBPU EQU 7
INTEDG EQU 6
RTS EQU 5
RTE EQU 4
PSA EQU 3
PS2 EQU 2
PS1 EQU 1
PS0 EQU 0
;
; PCON register (Address 8E)
;
POR EQU 1
;
; TRISE register (Address 89)
;
IBF EQU 7
OBF EQU 6
IBOV EQU 5
PSPMODE EQU 4
TRISE2 EQU 2
TRISE1 EQU 1
TRISE0 EQU 0

;
; T1CON register (Address 10)
;
T1CKPS1 EQU 5
T1CKPS0 EQU 4
T1OSCEN EQU 3
T1INSYNC EQU 2
TMR1CS EQU 1
TMR1ON EQU 0
;
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; T2CON register (Address 12)
;
TOUTPS3 EQU 6
TOUTPS2 EQU 5
TOUTPS1 EQU 4
TOUTPS0 EQU 3
TMR2ON EQU 2
T2CKPS1 EQU 1
T2CKPS0 EQU 0
;
; SSPCON register (Address 14)
;
WCOL EQU 7
SSPOV EQU 6
SSPEN EQU 5
CKP EQU 4
SSPM3 EQU 3
SSPM2 EQU 2
SSPM1 EQU 1
SSPM0 EQU 0
;
; SSPSTAT register (Address 94)
;
DA EQU 5
P EQU 4
S EQU 3
RW EQU 2
UA EQU 1
BF EQU 0
;
; CCP1CON register (Address 17)
;
CCP1X EQU 5
CCP1Y EQU 4
CCP1M3 EQU 3
CCP1M2 EQU 2
CCP1M1 EQU 1
CCP1M0 EQU 0
;
; RCSTA register (Address 18)
;
SPEN EQU 7
RC89 EQU 6
SREN EQU 5
CREN EQU 4
FERR EQU 2
OERR EQU 1
RCD8 EQU 0
;
; TXSTA register (Address 98)
;
CSRC EQU 7
TX89 EQU 6
TXEN EQU 5
SYNC EQU 4
BRGH EQU 2
TRMT EQU 1
TXD8 EQU 0

;
; CCP2CON register (Address 1D)
;
CCP2X EQU 5
CCP2Y EQU 4
CCP2M3 EQU 3
CCP2M2 EQU 2
CCP2M1 EQU 1
CCP2M0 EQU 0

3-120
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;
; ADCON0 register (Address 1F)
;
ADCS1 EQU 7
ADCS0 EQU 6
CHS2 EQU 5
CHS1 EQU 4
CHS0 EQU 3
GO EQU 2
DONE EQU 2
ADON EQU 0
;
; ADCON1 register (Address 9F)
;
PCFG2 EQU 2
PCFG1 EQU 1
PCFG0 EQU 0
;
;***********************************************
;**** Bits for destination control
;****    W = W register is destination
;****    F = File register is destination
;***********************************************
;
W EQU 0
F EQU 1
;
FALSE EQU 0
TRUE EQU 1

    list
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NOTES:
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