
TMS320 DSP

DESIGNER�S

NOTEBOOK

Developing a Full-Duplex UART on the TMS320C3x
Contributed by Ted Fried, Advanced Computer Communications

Design Problem How do I develop a full-duplex, asynchronous serial interface using the on-chip

resources of the TMS320C3x?

Solution By using the general-purpose I/O pins in conjunction with two timers and an exter-

nal interrupt, one can develop a very flexible full-duplex UART in software. This

solution discusses the implementation of an interrupt-driven, 9,600-baud UART

with 8 data bits, 1 stop bit, and no parity.

Hardware:

The hardware interface is relatively straightforward. The receive line is connected to

both the INT0 and IOF1 pins. This will trigger an interrupt on the falling edge of

the start bit. The transmit line is connected to the IOF0 pin and a pullup resistor.

Software:

The receive sequence begins when the start bit triggers the external interrupt. At

the interrupt service routine, .timer0 is then loaded with a value which will result

in a delay of one-half of the bit time. The routine then loads the timer�s interrupt

vector, enables it, then exits to the main program. When the timer triggers its inter-

rupt, the main body of the receive code is then run. At this time, the line should be

in the middle of the start bit. The CPU then samples IOF1 and verifies that the start

bit has been read in. If not, the routine reenables the external interrupt and exits to

the main program. If the start bit is verified, the timer is then loaded with the full-

bit time and started. The procedure then exits to the main program.

On successive timer0 interrupts, the received bits are shifted into a storage

area in memory until a byte is read in. On the 9th interrupt, if the stop bit is veri-

fied, the routine will execute a software trap to inform the main program of the byte

reception. If the stop bit is not verified, the BAD_STOP_BIT subroutine is called

where the appropriate action is taken. After the received byte is processed, the exter-

nal interrupt is then reenabled and the system waits for the next start bit.

The transmit routine begins when the main program loads a byte into the hold-

ing register and then calls TX_MAIN. This procedure loads timer1 with the full-bit

time value, resets the transmit counter, sets the start bit, and enables the timer�s in-

terrupt. The routine will then exit back to the main program. It is required that the

Number 58

Texas Instruments provides customer support in varied technical areas. Since TI does not possess full access to data concerning all of the uses and applications of customers’ products, TI assumes no responsibility for
customer product design or the use or application of customers’ products or for any infringements of patents or rights of others which may result from TI assistance. 2/95

US TMS320 HOTLINE  (713) 274-2320 US TMS320 FAX  (713) 274-2324 US TMS320 BBS  (713) 274-2323 US email=4389750@mcimail.com



58-2

main program not call for another byte transmit until it finds the transmit

counter equal to 0. On each subsequent timer1 interrupt, the routine will shift

out the transmit byte, including the stop bit, until the transmit counter is zero.

half_bit_time    .set 01ADh   ; assume 33-MHz TMS320C3x
whole_bit_time   .set 035Bh
timer_go      .set 03C1h
timer_setup      .set 0301h
int_setup      .set 0301h
iof_setup      .set 06h

timer0_vector    .word RX_TMR_INT ; interrupt vector addresses 
timer1_vector    .word TX_INT
rx_int_vector    .word RX_INT0
timer0_period    .word 0808028h   ; on-chip RAM locations
timer1_period    .word 0808038h
timer0_control   .word 0808020h
timer1_control   .word 0808030h
timer0_int_vect  .word 0809FC9h
timer1_int_vect  .word 0809FCAh
int0_vector      .word 0809FC1h
rx_byte      .word 0809FF8h
tx_byte      .word 0809FF9h
rx_counter      .word 0809FFAh
tx_counter      .word 0809FFBh

; Main setup for asynchronous serial interface to be run at 
  powerup.

SETUP_ASYNCH:   PUSH    AR7
OR iof_setup, IOF  ; iof setup and iof0=1

     LDI timer_setup, AR7  ; setup timer0 and timer1
     STI AR7, @timer0_control ;
     STI AR7, @timer1_control ;
     LDI rx_int_vector, AR7   ; load int0 interrupt vector
     STI AR7, @int0_vector    ;
     OR int_setup, IE        ; enable interrupts
     POP AR7
     RETS

; Start bit received, external interrupt service routine.

RX_INT0: PUSH AR7
     XOR 01h, Ie    ; disable int0
     LDI half_bit_time, AR7    ;
     STI AR7, @timer0_period    ; rx_timer period
     LDI timer0_vector, AR7     ;
     STI AR7, @timer0_int_vect  ; rx-timer int vector
     LDI timer_go, AR7          ;
     STI AR7, @timer0_control   ; start rx_timer
     LDI 0Ah, AR7               ;
     STI AR7, @rx_counter       ; reset rx_counter
     POP AR7
     RETI
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; Timer0 interrupt service routine for byte reception.

RX_TMR_INT:   PUSH    AR7
       LDI   @rx_counter, AR7
       CMPI   09h, AR7  ; are we at start bit?
       BNE   STOP  ; nope, check for stop bit
       CMPI   080h, IOF ; check rx_bit (IOF1)
       BLT   OK  ; if less than 80h (IOF1=0)?
       OR   01h, IE ; bad start bit, reenable
INT0
       BR   CLEANUP2  ; go back to main
OK:    SUBI   01h, AR7  ; decrement rx_counter
       STI   AR7, @rx_counter ; update counter in memory
       LDI   whole_bit_time, AR7 ;
       STI   AR7, @timer0_period ; load bit time into rx_timer
       LDI   timer_go, AR7 ;
       STI   AR7, @timer0_control ; start rx_timer
       POP   AR7
       RETI
STOP:  PUSH   AR6
       LDI   @rx_byte, AR6
       DBNZ   AR7, NEXT ; if rx_count !=0, get next bit
       CMPI   080h, IOF ; check rx_bit (IOF1)
       BLT   BAD_STOP_BIT ; GO TO INVALID STOP BIT MODULE
       LSH    -24, AR6 ; shift rx_byte 24 bits right
       STI    AR6, @rx_byte ; update rx_byte in memory
       TRAPU  BYTE_RECEIVED ; TRAP RECEIVED BYTE!!
       OR     01h, IE ; reenable INT0\
       BR     CLEANUP ;
NEXT:  CMPI   080h, IOF ; check rx_bit (IOF1)
       OR     01h, ST ; force carry flag to 1
       BGE    ONE ; if rx_bit = 1
       XOR    01h, ST ; set carry flag to 0
ONE:   RORC   AR6 ; shift in carry bit
       STI    AR6, @rx_byte ; update rx_byte in memory
       STI    AR7, @rx_counter ; update counter in memory
       LDI    timer_go, AR6 ;
       STI    AR6, @timer0_control ; start rx_timer
CLEANUP:      POP    AR6
CLEANUP2:     POP    AR7     RETI

; Transmit byte main subroutine.

TX_MAIN: PUSH    AR7
      LDI whole_bit_time, AR7
      STI AR7, @timer1_period ; load timer period
      LDI timer1_vector, AR7 ;
      STI AR7, @timer1_int_vect ; tx_timer int vector
      LDI @tx_byte, AR7 ;
      OR 0FF00h, AR7 ; mask stop bit to tx_byte
      STI AR7, @tx_byte ; update tx_byte
      AND 0FBh, IOF ; send out ’0’ to IOF0
      LDI 0Ah, AR7 ;
      STI AR7, @tx_counter ; load counter in memory
      LDI timer_go, AR7 ;
      STI AR7, @timer1_control ; start tx_timer
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      POP AR7
      RETS

; Timer1 interrupt service routine for byte transmission.

TX_INT: PUSH AR7
      LDI @tx_counter, AR7    ; load in tx_counter from mem
      DBNZ AR7, NEXT_OUT    ; if tx_counter not zero
      POP AR7
      RETI
NEXT_OUT: PUSH AR6
      LDI timer_go, AR7
      STI AR7, @timer1_control   ; start tx_timer
      LDI @tx_byte, AR6    ; load in tx_byte from mem
     RORC AR6    ; next bit out is in carry 
      BNC OUT_ZERO    ; carry=0, then send out ’0’
      OR 04h, IOF    ; send out ’1’ to IOF0
      BR CLEANUP3    ;
OUT_ZERO: AND 0FBh, IOF    ; send out ’0’ to IOF0
CLEANUP3: STI AR6, @tx_byte   ; update byte in memory
      STI AR7, @tx_counter    ; update counter in memory
      POP AR6
      POP AR7 
      RETI 


