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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
/O modules. (USART is also known as a Serial
Communications Interface or SCI1.) The USART can be
configured as a full-duplex asynchronous system that
can communicate with peripheral devices, such as
CRT terminals and personal computers, or it can be
configured as a half-duplex synchronous system that
can communicate with peripheral devices, such as A/D
or D/A integrated circuits, serial EEPROMs, etc.

The USART can be configured in the following modes:

+ Asynchronous (full-duplex)

= Synchronous — Master (half-duplex)

+ Synchronous — Slave (half-duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to be
set in order to configure pins RC6/TX/CK and RC7/RX/DT

as the Universal Synchronous Asynchronous Receiver
Transmitter.

The USART module also has a multi-processor
communication capability using 9-bit address detection.

REGISTER 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

R/W-0 R/W-0 RAN-0 RAN-0 u-0 RMW-0 R-1 RAN-0
CSRC | Txo TXEN | SYNC — | BRGH | TRMT | TxeD
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode;
Don’t care.

Synchronous mode:

1 = Master mode {clock generated internally from BRG)
0 = Slave mode (clock from external source)

bit 6 TX9: S-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit

1 = Transmit enabled
0 = Transmit disabled

Note: SREN/CREN overrides TXEN in Sync mode.

bit 4 SYNC: USART Mode Select bit

1 = Synchronous mode
0 = Asynchrenous mode

bit 3 Unimplemented: Read as ‘0’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed
0 = Low speed

Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full
bit 0 TX9D: 9th bit of Transmit Data, can be Parity bit
‘ Legend:
' R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR’ ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown

@ 2003 Microchip Technology Inc.

DS39582B-page 111



PIC16F87XA

REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-O  RW-0  RW-O  RW-O  RW-0 R-0 R-0 Rx
[ sPEN | Rxe | SREN | CREN | ADDEN | FERR | OERR | RX8D
bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous maode;
Don't care.
Synchronous mode — Master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave:
Don't care.
hit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
hit 3 ADDEN: Address Detect Enable bit
Asvnchronous mode 9-bit (RX9 =1},
1 = Enables address detection, enables interrupt and load of the receive buffer when RSR<8>

is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
bit 2 FERR: Framing Error bit

1 = Framing error {can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: 9th bit of Received Data (can be parity bit but must be calculated by user firmware)
Legend:
R = Readable bit W = Wiritable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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10.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register conirols the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

TABLE 10-1: BAUD RATE FORMULA

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the FOSC/(16 (X + 1)) equation can reduce the
baud rate error in some cases.

Wiriting a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before
outputting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 {Asynchronous) Baud Rate = Fosc/(64 (X + 1)) Baud Rate = FOsC/(16 (X + 1))
1 (Synchronous) Baud Rate = Fosc/(4 (X + 1)) N/A
Legend: X =value in SPBRG (0 to 255)
TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 Bit2 | Bit1 | Bit0 > | all other
POR, BOR
Resets
98h TXSTA | CSRC | TX9 [ TXEN | SYNC BRGH | TRMT | TX8D |0000 -010{ 0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D (0000 000x| 0000 000x
9%h SPBRG |Baud Rate Generator Register 0000 0000} 0000 Q00O
Legend: x =unknown, - =unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

e Fosc = 20 MHz Fosc =16 MHz Fosc = 10 NMHz
BALE % e % Sae % Svale
(K) | KBAUD ERROR (decimal) | "BAUD ERROR ooy | KBAUD ERROR (1. imal)
0.3 - - - - - - - - -
12 1.221 175 255 1.202 0.17 207 1.202 0.17 129
2.4 2.404 0.17 129 2.404 0.17 103 2.404 0.17 64
9.6 9.766 173 31 9.615 0.16 25 9.766 173 15
192 | 19.531 1.72 15 19.231 0.16 12 19.531 172 7
288 | 31.250 8.51 g 27778 3.55 8 31250  8.51 4
33.6 34.722 3.34 8 35.714 6.29 6 31.250 6.99 4
576 | 62.500 8.51 4 62.500 8.51 3 52083  9.58 2
HIGH | 1.221 : 255 0.977 - 255 0.610 4 255
LOW | 312500 2 0 250.000 a 0 156.250 = 0
Fosc =4 MHz Fosc = 3.6864 MHz
BAUD
RATE o, SP?RG o SPI?EeG
® | eaup ERROR  (yecimap | kmaup ERROR (dliiman
0.3 0.300 0 207 0.3 0 191
1.2 1.202 0.17 51 1.2 0 A7
24 2.404 0.17 25 24 0 23
96 8.929 6.99 6 9.6 0
192 | 20833  8.51 2 19.2 0
288 | 31.250  8.51 1 288 0
33.6 . E ~ . s .
5786 62.500 8.51 0 576 0 0
HIGH | 0.244 5 255 0.225 2 255
LOW | 62.500 . 0 57.6 . 0
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
Fosc = 20 MHz Fosc =16 MHz Fosc =10 MHz
BAUD
(K) | KBAUD ERROR ( d;ci“m"a“ KBAUD ERROR g, | KBAUD ERROR (ot
0.3 = 2 " - - 2 » s =
12 : . - . N . 3 . -
24 oy < = = = = 2.441 1.71 255
9.6 9.615 0.16 129 9615 0.16 103 9.615 0.16 64
19.2 19.231 016 64 19.231 0.16 51 19.531 172 31
28.8 | 29.070 0.94 42 29.412 2.13 33 28.409 1.36 21
336 33.784 0.55 36 33.333 0.79 29 32.895 210 18
576 | 59.524 3.34 20 58.824 213 16 56.818 1.36 10
HIGH | 4.883 - 255 3.906 - 255 2.441 - 255
LOW | 1250.000 . 0 1000.000 0 625.000 > 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
rare
e KBaup ERROR (dzzimalj kBaup ERROR 0 imal)
03 E = = » - -
12 1.202 0.17 207 1.2 0 191
2.4 2.404 0.17 103 2.4 0 95
956 9.615 0.16 25 9.6 0 23
192 | 19231 0.16 12 19.2 0 1
288 | 27.798 3.55 8 28.8 0
336 | 35714 6.29 6 32.9 2.04
576 | 62.500 8.51 3 57.6 0
HIGH | 0977 - 255 0.9 - 255
| LOW 250.000 - o} 2304 - 0
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