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Implementation of an Asynchronous Serial I/O

INTRODUCTION

The PIC16C5X series from Microchip Technology Inc.,
are 8-bit, high-speed, EPROM-based microcontrollers.
This application note describes the implementation of an
Asynchronous serial I/O using Microchip’s PIC16C5X
series of high-speed 8-bit microcontrollers. These
EPROM based microcontrollers can operate at very
high speeds with a minimum of 200 ns cycle time @ 20
MHz input clock.  Many microcontroller applications
require chip-to-chip serial data communications. Since
the PIC16C5X series have no on chip serial ports, serial
communication has to be performed in software. For
many cost-sensitive high volume applications, imple-
mentation of a serial I/O through software provides a
more cost effective solution than dedicated logic.  This
application note provides code for PIC16C5X to simu-
late a serial port using two I/O Pins (one as input for
reception and the other as output for transmission).

IMPLEMENTATION

Two programs are provided in this application note. One
program simulates a full duplex RS-232 communication
and the other provides implementation of half duplex
communication. Using Half-Duplex, rates up to 19200
baud can be implemented using an 8 MHz input clock.
In case of Full-Duplex, the software can handle up to
9600 baud at 8 MHz and 19200 baud at 20 MHz, one or
two stop bits, eight or seven data bits, No Parity and can

transmit or receive with either LSB first (normal mode) or
MSB first (CODEC like mode).  It should be noted that
the higher the input clock the better the resolution. These
options should be set up during assembly time and not
during run time. The user simply has to change the
header file for the required communication options. The
software does not provide any handshaking protocols.
With minor modifications, the user may incorporate
software handshaking using XON/XOFF. To implement
hardware handshaking, an additional two digital I/O Pins
may be used as RTS (ready to send) and CTS (clear to
send) lines.

Figure 1 shows a flow chart for serial transmission and
Figure 2 shows a flow chart for reception. The flowcharts
show cases for transmission/reception with LSB first
and eight data bits. For reception, the data receive pin,
DR, is polled approximately every B/2 seconds (52 µs in
case of 9600 baud) to detect the start bit, where B is the
time duration of one bit (B = 1/Baud). If a start bit is found,
then the first data bit is checked for after 1.25B seconds.
From then on, the other data bits are checked every B
seconds (104µs in case of 9600 baud).

In the case of transmission, first a start bit is sent by
setting the transmit data pin, DX to zero for B seconds,
and from then on the DX pin is set/cleared correspond-
ing to the data bit every B seconds. Assembly language
code corresponding to the following flowcharts is given
in Figures 3 and 4.
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FIGURE 2 - RECEPTION FLOW CHARTFIGURE 1 - TRANSMISSION FLOW CHART
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FIGURE 3 - TRANSMIT ASSEMBLY CODE (CORRESPONDING TO FIGURE 1)

FIGURE 4 - RECEIVE ASSEMBLY CODE (CORRESPONDING TO FIGURE 2)

;*********************  Transmitter*****************************
Xmtr movlw 8 ; Assume XmtReg contains data to be Xmted

movwf XCount ; 8 data bits
bcf Port_A,DX ; Send Start Bit

X_next call Delay ; Delay for B/2 Seconds
rrf XmtReg
btfsc STATUS,CARRY ; Test the bit to be transmitted
bsf Port_A,DX ; Bit is a one
btfss STATUS,CARRY
bcf Port_A,DX ; Bit is zero
decfsz Count ; If count = 0, then transmit a stop bit
goto X_next ; transmit next bit

;
X_Stop call Delay

bsf Port_A,DX       ; Send Stop Bit
X_Over goto X_Over

; ****************    Receiver  *********************
;
Rcvr btfsc Port_A,DR ; Test for Start Bit

goto Rcvr ; Start Bit not found
movlw 8 ; Start Bit Detected
movwf RCount ; 8 Data Bits
clrf RcvReg ; Receive Data Register

R_next call Delay ; Delay for B/2 Seconds, B=Time duration of 1
Bit

bcf STATUS,CARRY ; Clear CARRY bit
rrf RcvReg ; to set if MSB first or LSB first
btfsc Port_A,DR ; Is the bit a zero or one ?
bsf RcvReg,MSB ; Bit is a one
call Delay
decfsz RCount
goto R_next

R_Over goto R_Over ; Reception done
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FIGURE 5 - FULL DUPLEX BLOCK DIAGRAMThe software is organized such that the communication
software acts as a Real Time Operating System (RTOS)
which gives control to the User routine for a certain time
interval. After this predetermined time slot, the user must
give back the control to the Operating System. This is
true only in the case of full-duplex implementation.
Timing considerations are such that the user gets con-
trol for approximately half the time of the bit rate and the
rest of the half time is used up by the Operating System
(and software delays). Please refer to Table 1 for the
delay constants and the time the User gets at 8 MHz
input clock. Delay constants and the time that the User
gets at 20 MHz and 4 MHz input clock speeds are given
in the source code listing of the full duplex routine. At
frequencies other than 4, 8, or 20 MHz, the delay
constants and the time the user gets can be computed
from the equations given in Figure 6.
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The software uses minimal processor resources.  Only
six data RAM locations (File Registers) are used.  The
RTOS uses one level of stack, but it is freed once the
control is given back to the user.  The watchdog timer
and RTCC are not used.  The user should clear the
watchdog timer at regular intervals, if the WDT is en-
abled.

The usage of the program is described below.  The user
should branch to location "Op_Sys" exactly after the
time specified in Table 1 or as computed from Equations
in Figure 6.  Whereas, the transmission is totally under
User control, the Reception is under the control of the
Operating System. As long as the user does not set the
X_flag, no transmission occurs. On the other hand the
Operating System is constantly looking for a start bit and
the user should not modify either R_done flag or RcvReg.

TRANSMISSION

Transmit Data is output on DX pin (Bit 0 of Port_A). In the
user routine, the user should load the data to be trans-
mitted in the XmtReg and Set the X_flag (bsf
FlagRX,X_flag). This flag gets cleared after the trans-
mission. The user should check this flag (X_flag) to see
if transmission is in progress. Modifying XmtReg when
X_flag is set will cause erroneous data to be transmitted.

RECEPTION

Data is received on pin DR (Bit 1 of Port_A). The User
should constantly check the “R_done” flag to see if
reception is over. If the reception is in progress, R_flag
is set. If the reception is over, “R_done” flag is set to 1.
The “R_done” flag gets reset to zero when a next start bit
is detected. The user should constantly check the R_done
flag, and if SET, then the received word is in Register
“RcvReg”. This register gets cleared when a new start bit
is detected. It is recommended that the receive register
RcvReg be copied to another register after the R_done
flag is set. The R_done flag also gets cleared when the
next start bit is detected.

The user may modify the code to implement an N deep
buffer (limited to the number of Data RAM locations
available) for receive. Also, if receiving at high speeds,
and if the N deep buffer is full, an XOFF signal (HEX  13)
may be transmitted. When ready to receive more data,
an XON signal (HEX 11) should be transmitted.

SUMMARY

PIC16C5X family of microcontrollers allow users to
implement half or full duplex RS-232 communication.

(500 ns @ 8 MHz CLKIN) and the prescaler assigned to
it, very accurate and long timing delay loops may be
assigned. This method of attaining accurate delay loops
is not used in the RS232 code (RTOS), so that the RTCC
is available to the User for other important functions. If
the RTCC is not used for other functions, the User may
modify the code to replace the software delay loops, by
counting the RTCC. For an example of using this method
of counting exact timing delays, refer to the “User”
routine in Full-Duplex code (Appendix B).

FIGURE 6 - EQUATIONS FOR DELAY
       CONSTANTS

  Baud_Cycles = Clkout/Baud ;
  User_time = Baud_Cycles* (float) 0.5 ;
K0 =  (1.25*Baud_Cycles - 2.0*User_time - 89)/3.0 ; IF (K0 < 0)
    {
    K0 = 0.0 ;
    User_time = 0.50* (1.25*Baud_Cycles - 89.0) ;
    }
  K1 =  (1.25*Baud_Cycles-18 - User_time - 59.0 - 3*K0)/3.0 ;
  K2 =  (Baud_Cycles - User_time - 41.0 - 3*K0)/3.0 ;
  K3 =  (Baud_Cycles - User_time - 61.0 - 3*K0)/3.0 ;
  K4 =  (Baud_Cycles - User_time - 55.0 - 3*K0)/3.0 ;
  K5 =  (Baud_Cycles - User_time - 55.0 - 3*K0)/3.0 +1.0 ;
  K6 =  0.0 ;
  K7 =  (1.25*Baud_Cycles - User_time - 39.0 - 3*K0)/3.0 ;

Constant 19200 9600 4800 2400 1200
K0 - 0 5 39 109
K1 - 39 80 150 288
K2 - 27 51 86 155
K3 - 21 44 80 148
K4 - 23 46 82 150
K5 - 24 47 83 151
K6 - 0 0 0 0
K7 - 45 86 156 295

User Cycles - 86 208 416 832

TABLE 1 - DELAY CONSTANTS AT 8 MH Z

     INPUT CLOCK

TABLE 2 - DELAY CONSTANTS AT 20 MH Z
     INPUT CLOCK

Constant 19200 9600 4800 2400 1200
K0 0 13 57 143 317
K1 49 98 184 358 705
K2 34 60 103 191 364
K3 27 53 96 184 357
K4 29 55 98 186 359
K5 30 56 99 187 360
K6 0 0 0 0 0
K7 56 104 190 365 712

User Cycles 118 260 521 1042 2083

For example, if the baud rate selected is 9600 bps (@ 8
MHz) , then the total time frame for one bit is approxi-
mately 104 µs. Out of this 104 µs, 61 µs is used by the
Operating System and the other 4 µs is available to the
User. It is the User’s responsibility to return control to the
Operating System exactly after the time specified in
Table 1.  For very accurate timing (with resolution up to
one clock cycle) the User may set up the RTCC timer
with the Prescaler option for calculating the real time.
With RTCC set to increment on internal CLKOUT
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APPENDIX A:  ASSEMBLY LANGUAGE FOR HALF DUPLEX
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APPENDIX B:  ASSEMBLY LANGUAGE LISTING FOR FULL DUPLEX
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