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APPLICATION NOTE 600

Ultra High Speed Microcontroller Hardware Enhances Serial Port 
Capability

Abstract: This application note looks at the new serial port features found in the Dallas Semiconductor 
DS89C430 and DS89C450 ultra high-speed microcontrollers. The addition of a clock multiplier allows the user 
to benefit by selecting a crystal at one-forth the original frequency to produce the same baud rates with 
reduced EMI. 

Overview

In contrast to the original 8051 architecture that required a minimum of 12 clocks per instruction cycle, the Ultra 
High-Speed Microcontroller features an advanced 8051 core architecture capable of executing instructions in as 
little as one clock cycle. To complement the high performance core, new hardware features were integrated into 
the standard 8051 on-chip peripherals. Two of the new features, the clock multiplier and selectable high-speed 
clock to the timers, can directly affect baud rate generation for the serial ports. The purpose of this document is 
to explain the interaction between these two new features and serial-port baud-rate generation. 

Serial Port Modes

The DS89C430 serial ports offer four basic modes of operation. Mode 0 allows half-duplex synchronous 
communication of 8-bit data using a baud clock derived from the system clock. Mode 1 allows fullduplex 
asynchronous communication of 8-bit data with a baud clock derived from Timer 1 or Timer 2. Mode 3 differs 
from Mode 1 by supporting 9-bit data transmission and reception. Mode 2 similarly provides 9-bit data 
communication, but instead derives its baud clock directly from the oscillator frequency. To support Mode 1, 2, 
and 3 asynchronous communication, a start bit always precedes the data and a stop bit always follows. Full 
details of each serial port mode can be found in the Ultra High Speed Microcontroller User's Guide 

Clock Multiplier

The Ultra High Speed Microcontroller incorporates an on-chip clock multiplier to give increased performance at a 
reduced external crystal clock frequency. The multiplier can be configured to generate either a doubled (2X) or 
quadrupled (4X) internal system clock, controlled by the 2X/4X special function register bit (PMR.3). Please note 
that the resultant 2X or 4X multiplied system clock still cannot exceed the maximum operating frequency 
specified in the data sheet. Full details pertaining to the multiplier can be found in the Ultra High Speed 
Microcontroller User's Guide 
 
Once the clock multiplier output has been selected (CD1:0 = 00b) as the internal system clock, certain serial 
port baud clocks derived from the system clock (no longer equal to the external oscillator frequency) will change. 
Figure 1 highlights the serial port clocks potentially affected when using the 2X or 4X multiplied system clock. 
The Serial Mode 0 baud rate will always differ, Serial Mode 2 baud rate will never differ, and the Serial Mode 1, 3 
baud rates can differ, depending upon the timer used and/or timer input clock selection. Table 1, as per Figure 
1, denotes which serial port modes are affected by use of the clock multiplier. Appendix A contains detailed 
equations for performing baud rate calculations when using the 2X or 4X clock multiplier mode. 
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Figure 1. Serial port clocks affected by selection of the clock multiplier output (CD1:0 = 00b).  
 
Table 1. Serial port baud clocks dependent on the system clock 

SERIAL PORT MODE BAUD CLOCK SOURCE
BAUD CLOCK DEPENDENT 
ON THE INTERNAL SYSTEM CLOCK 
(CLOCK MULTIPLIER SELECTION)

Mode 0 
(synchronous - 8 bits)

System Clock / 4 
System Clock / 12 YES

Mode 1 
(asynchronous - 10 bits)

Timer 1 
Timer 2

YES¹ 
NO²

Mode 2 
(asynchronous - 11 bits)

Oscillator Clock / 32 
Oscillator Clock / 64 NO

Mode 3 
(asynchronous - 11 bits)

Timer 1 
Timer 2

YES¹ 
NO²

 
¹ Only when the divide by 4 or divide by 1 Timer 1 input clock is enabled (T1M = 1 or T1MH = 1). For compatibility with the 
original 8051, the default Timer 1 input clock (T1MH, T1M = 00b) is fixed to the oscillator clock divided by 12. 
² Available for baud rate generation on Serial Port 0 only. 

Benefits: Faster Baud Rates, Reduced EMI

When using the clock multiplier, the application benefits can be great. An external crystal clock of onefourth the 
original frequency can be used to produce the same Serial Mode 0 and (Timer 1 generated) Mode 1, 3 baud rates 
as before, but with much reduced EMI. Alternatively, the same external crystal, when multiplied internally by 2X 
or 4X, can now generate baud clocks up to four times faster! 

High-Speed Input Clock to Timers

In order for the on-chip timers to be most useful to the application, each should be able to track time at a rate 



equivalent to the minimum instruction cycle. For the original 8051 architecture, which executed instructions in 
12 oscillator clocks, the timers were clocked at an oscillator frequency divided by 12 rate. When Dallas 
Semiconductor introduced its high-speed microcontroller with a reduced machine cycle of four oscillator clocks, a 
selectable oscillator frequency divided by 4 input-clock control was provided for each timer. When the clock 
multiplier function was added to the high-speed microcontroller family, the selectable divide by 4 timer-input 
clock was modified to become a function of the system clock, not the oscillator clock. Now, the Ultra High-Speed 
Microcontroller boasts single clock-cycle instruction execution. Once again, each of the on-chip timers has been 
upgraded with the integration of a selectable system clock divide by 1 input. 
 
The T0MH, T1MH, and T2MH bits, contained in the CKMOD (96h) SFR, respectively enable the system clock 
divide by 1 input to Timer 0, Timer 1, and Timer 2. Enabling the high-speed system-clock input to the timer 
(TxMH = 1) will automatically override the system clock divided by 4 input (TxM = 1) setting. The new system 
clock divide by 1 timer input, like the system clock divide by 4 input, factors into baud rate generation when 
using Timer 1. Figure 2 highlights the serial port clocks potentially affected by selection of the high-speed clock 
input to Timer 1. 
 

 

Figure 2. Serial port clocks affected by selection of high-speed timer 1 input (T1MH = 1). 



Benefits: Faster Baud Rates, Increased Baud Rate Resolution

Relative to serial port operation, the divide by 1 input-clock feature translates into two user benefits. First, 
provided with the same system clock frequency, baud rates four times faster can now be generated for Serial 
Modes 1 and 3 when using Timer 1. Secondly, clocking Timer 1 faster allows higher baud rate resolution, 
potentially reducing error associated with baud rates already used by the application, or bringing new baud rates 
within an acceptable error range for application use. 
 
For example, suppose a user currently has a Dallas high-speed microcontroller application running at a 20MHz 
system clock frequency. The application uses one of the serial ports for RS232 communication with a PC, and 
requires that the baud rate mismatch between the two be <3%. If using Timer 1 (in the 8-bit auto-reload mode) 
for baud rate generation, Table 2 below gives a sampling of the "good" baud rates for the Dallas high-speed 
microcontroller versus those for the new Ultra High Speed Microcontrolle. The unacceptable baud rates (those 
with mismatch >3%) have been shaded in gray. Table 3 makes the same "good" baud rate comparison for a 
system clock frequency of 25MHz. As one can plainly see, enabling the high-speed Timer 1 input clock gives 
much finer baud rate resolution. Appendix A contains detailed equations for performing baud rate calculations 
when utilizing the system clock input to Timer 1 (T1MH = 1). 
 
Table 2. High-speed microcontroller vs ultra high-speed microcontroller timer 1 baud rate generation 
capability (SYSCLK = 20MHz) 

PC UART (8250 / 
16450)

HIGH-SPEED MICROCONTROLLER 
(Timer 1 w/T1M = 1 used for baud 
rate generation, SMOD_x = 1)

ULTRA HIGH-SPEED 
MICROCONTROLLER (Timer 1 w/T1MH 
= 1 used for baud rate generation, 
SMOD_x = 1)

Reload Baud Rate Baud Rate (TH1) % Error Baud Rate (TH1) Error

1 115200 104166 (FD) -9.6 113636 (F5) -1.4

2 57600 62500 (FB) 8.5 56818 (EA) -1.4

3 38400 39062 (F8) 1.7 37879 (DF) -1.4

4 28800 28409 (F5) -1.4 29070 (D5) 0.9

5 23040 22321 (F2) -3.1 23148 (CA) 0.5

6 19200 19531 (F0) 1.7 19231 (BF) 0.2

7 16457 16447 (ED) -0.1 16447 (B4) -0.1

8 14400 14204 (EA) -1.4 14368 (A9) -0.2

9 12800 13020 (E8) 1.7 12755 (9E) -0.4

10 11520 11574 (E5) 0.5 11574 (94) 0.5

11 10472 10417 (E2) -0.5 10417 (88) -0.5

12 9600 9469 (DF) -1.4 9615 (7E) 0.2
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