FPSLIC Baud Rate Generator

Features:

¢ Generates any required baud rate

¢ High baud rates at low crystal clock frequencies

¢ Uses both internal and external clock sources

¢ Supports in both single speed and double speed modes
¢ Easy-to-use "Excel" table to calculate any baud rate

Description:

The baud rate generator provides both the receiver and the transmitter with the baud
rate clock, a bit-period clock.

Each generator consists of a 16-bit time constant register and a 16-bit down counter.
In operation, the counter decrements with each baud rate generator clock, with the
time constant automatically reloaded when the count reaches zero. The output of the
baud rate generator toggles when the counter reaches a count of one-half of the time
constant, and it toggles again when the counter reaches zero. A new time constant
may be written at any time, but the new value will not take effect until the next load of
the counter. The baud rate generator output frequency is shown on the following
section.

Figure 1. Block Diagram of Baud Rate Generator
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The Baud Rate The baud rate generator is a frequency divider that generates baud rates according to
Generator in Single the following equation:

UART Speed Mode Figure 2. Baud Rate Equation at Double Speed

fok
BAUD = ——=~
16(UBR+ 1)

1. BAUD = Baud rate

2. f CK = Crystal Clock frequency

3. UBR = Contents of the UBRRH and UBRR registers, (0-4095)

4. This equation is not valid when the UART transmission speed is doubled. See Table
2 on page 4 for a detailed description.

Notes:

The most commonly used baud rates for standard crystal frequencies can be generated
by using the UBR settings in Table 1. UBR values that yield an actual baud rate differing
less than 2% from the target baud rate appear in bold. However, it is not recommended
to use baud rates that have more than 1% error. High error ratings give less noise
resistance.

Table 1. UBR Settings at Various Crystal Frequencies

Baud Rale 1 MHz |&Emor] 1.8432 MHz | % E rrar Z MHz |% Efror
FA06JUE R = 75 ] NELE ar BOJUBR=- X 5.2
spoojuBR= 12 0.2|UBR= 23 p.0fuBR= 5 0.2
seoojuBR= B 7 5|UBR= 11 N TELE 12 0.2
14400fuBR= 3 7 ajuBR= 7 oofueR= 8 3.7
19z00|uBR= 2 7T a|UBR= 5 p.ofuBR= B 7.5
zesoofuBR = i 7T.aJuBR= 3 ooUBER= 3 7.8
sga00|uBR= 1| zzaluer= ! p.0fuBR= 2 7.8
sreoo|uBR - 0 7T.AJUBR= 1 0.0UER= 1 7.8
reaoa|uBR= ol z2zaluBr= | 313 3JUBR= 1| 2z

115200]uBR= o] #4.3jusr= [ 0.0JuBR= 0 7.8

‘Haud Rala] 3.2768 MHE | Eror] 3.6864 MHZ | & E ol % MHE % Efror
FA0GJUER = T X NELE 58 FOJUBR- 103 ]
spoojuBR= 432 W UELE 47 N TELE 51 0.2
ssoojuBR= z0 1.6|UBR= 23 p.ofuBR= 5 0.2
14400fuBR= 13 1.6JuBR= 15 o.ofuBR= 18 z.1
19z00|uBR= 10 31|uBR= 11 p.ofuBR= 12 0.2
zeR00fUBR = B 1.6|UBR= 7 ooUBER= 8 3.7
sga00|uBR= 4 6 3uBr= 5 p.0fUBR= & 7.5
sre00|uBR = 3 12 5|UBR= 3 0.0UER= 3 7.8
reaoa|UBR= 2 12 5|luBR= 2 oofUBR= . 7.8

115200 UBR = 1 12 5luBR= 1 0.0fUBR= 1 7.8

‘Baud Rata] T.3728 MHE |% E rar B MHz |LEmar] U.216 MHE |% Eriar
TA00JUOE = 181 B.0|UBR-= Z07 TZJUBR= 738 0.0
spoojuBR= 58 R UELE 103 g.2fuER= 118 8.6
seoojuBR= 47 n.0JuBR= 51 0.2JuBR= 59 0.0
14400fuBR= 31 p.ofuBR= 14 oauBR= 18 0.0
19200fuBR= 23 n.0JuBR= 25 0.2JuBR= 29 0.0
28800fUBR = 18 p.ofuUBR= 16 21JuBR= 18 0.0
LU0 TELE 11 p.ofuBR= 12 o.2fuBR= 14 0.0
sreo00|uBR - 7 p.0JUBR= a 37TJUBR= 9 0.0
reaoofuBR = 5 p.ofuBR= & 7.5uBR= 7 6.7

115200 UBR= 3 pofuBR= 3 7afueR= 4 0.0
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UARTO and UART1
High byte Baud Rate
Register UBRRHI

UARTO Baud Rate
Register Low byte -
UBRRO

UART1 Baud Rate
Register Low byte -
UBRR1

The Baud Rate
Generator in Double
UART Speed Mode

Bit 7 6 5 4 3 2 1 0
$20 ($40) |MSB1| | [LSB1] MSBO| | [LSBO |
Read/Write RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

The UART baud register is a 12-bit register. The 4 most significant bits are located in a
separate register, UBRRHI. Note that both UARTO and UART1 share this register. Bit 7
to bit 4 of UBRRHI contain the 4 most significant bits of the UART1 baud register. Bit 3
to Bit 0 contain the 4 most significant bits of the UARTO baud register.

Bit 7 6 5 4 3 2 1 0
$09 ($29) | MSB] I I I I I | LSB |
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
$00 ($20) | MSB| I I I I I | LSB |
Read/Write RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

Note that the baud rate equation is different from the equation on Figure 2 on page 2
when the UART speed is doubled.

Figure 3. Baud Rate Equation

I;'*K
BALD =
8(UBR+1)

1. BAUD = Baud rate

2. f CK = Crystal Clock frequency

3. UBR = Contents of the UBRRHI and UBRR registers, (0-4095)

4. This equation is only valid when the UART transmission speed is doubled. See Table
2 on page 4 for a detailed description.

Notes:

The most commonly used baud rates for standard crystal frequencies can be generated
by using the UBR settings in Table 2 on page 4. UBR values that yield an actual baud
rate differing less than 1.5% from the target baud rate are bold in the table. However
since the number of samples are reduced and the system clock might have some vari-
ance (this applies especially when using resonators), it is recommended that the baud
rate error is less than 0.5%.
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Table 2. UBR Settings at Various Crystal Frequencies in Double Speed Mode
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Calculating YOUr OWN Following is a sample Excel table used to calculate the different baud rate. Each cell's
Baud Rate equation is shown below:

A B C D| E F G H
Clock UBRREHI LUBR Actual Desred "W

1 MHz 74 or30UBRRn HEX LUBR Freq Freq. Errar
s 1 0000 00011001 019 23 2404 2400 0.2
3 0000 0o001100 O00C 12 4808 4800 0.2
4 Qo00 GOO00110 QD& & BE25 9600 TS
o 0000 Q0000011 003 3 15625 14400 7.8
s} 0000 0000010 002 2 20833 19200 7.8
{ Qooo0 0000001 00 1 31250 2BEA0 V&
s ] Qoo 0000001 00 1 31250 38400 2248
b Qoo 0000000 QDD 0 B2500 afadd 78
U 0000 00000000 000 0 B2500 76800 229
11 lalule] BO000000 000 0 G2500 115200 B43
UBRRHI = DEC2BIN((E2/256),4)

UBRRn = DEC2BIN(MOD(E2, 256), 8)

UBR HEX = DEC2HEX(E2, 3)

Actual Freg= (clockl ‘*) 1000000)/((1+E2)*16)

$ Error = ABS(((G2-F2)/F2) ‘1 -100)

Note: 1. Some of the functions don't come as default when you first install your Excel. Please
go to Tools >> Add-Ins to install the required library. The baud rate excel sheet can
be found under C:\SystemDesigner\examples\at94k\resources\baudrate.xls

Brief C example on int UBR = 25;/* Set UBR value */
how to set UBRRHI
UBRRHI |= (((UBR) >> 8) & 0x000F ); /* Calculate UBRRHI from 3 down to 0 */
and UBRRn
UBRRO |= ((UBR) & Ox0OFF); /* Calculate UBRRO */
UBRRHI |: (((UBR) >> 4) & O0xO00FO0 );/* Calculate UBRRHI from 7 down to 4 */
UBRR1l |= ((UBR) & Ox00FF);/* Calculate UBRRL */
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