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Introduction

This document is intended to serve as a quick reference for an embedded engineer to get the serial 
communication interface (SCI) module up and running for any HCS12 MCU. Basic knowledge about the 
functional description and configuration options will give the user a better understanding on how the SCI 
module works. This application note provides examples which demonstrate one use of the SCI module 
for the HCS12 Family of microcontrollers. The examples mentioned are intended to be modified to suit 
the specific needs for any application.

The example CodeWarrior project files are available as AN2883SW.zip from http://freescale.com.

HCS12 SCI Features

The SCI allows asynchronous serial communications with peripheral devices and other CPUs. 
Freescale Semiconductor’s HCS12 SCI included the following features:

• Full-duplex operation

• Standard mark/space non-return-to-zero (NRZ) format

• 13-bit baud rate selection
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Description
• Programmable 8-bit or 9-bit data format

• Programmable transmitter parity

• Receiver framing error detection

• 1/16 bit-time noise detection

• Interrupt-driven operation
– Transmitter empty
– Transmission complete
– Receiver full
– Receiver overrun
– Parity error
– Framing error

Description

The SCI allows full duplex, asynchronous, NRZ serial communication between the CPU and remote 
devices, including other CPUs. The SCI transmitter and receiver operate independently, although they 
use the same baud rate generator. The CPU monitors the status of the SCI, writes the data to be 
transmitted, and processes received data.

Data Format

Each data character is contained in a frame that includes a start bit, eight or nine data bits, and a stop bit. 
Clearing the M bit in SCI control register 1 configures the SCI for 8-bit data characters. Setting the M bit 
configures the SCI for nine-bit data characters.

Baud Rate Generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver and the 
transmitter. The value from 0 to 8191 written to the SBR12–SBR0 bits determines the module clock 
divisor. The baud rate clock is synchronized with the bus clock. The SBR bits are in the SCI baud rate 
registers (SCIBDH and SCIBDL). 

SCI baud rate = SCI module clock / (16 * SCIBR[12:0])
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Description
Example

With a module clock = 25 MHz and SBR[12:0] = 41, Baud Rate = 38,109.8

The error of 0.76% because the integer division of the module clock may not give the exact target 
frequency.

SCI Registers

The memory map for the SCI module is divided into several types of registers: baud rate registers, control 
registers, and status registers.

Baud Rate Registers (SCIBDH and SCIBDL)

These registers are used to determine the baud rate of the SCI. The baud rate generator is disabled when 
the baud rate is zero.

Control Registers (SCICR1 and SCICR2)

These registers are used to enable features such as:

• Loop operation

• Low power modes

• Data format — frame of 8 or 9 bits long.

• Parity

• Interrupts enable

• Transmit and receive enable

• Send break character

Status Registers (SCISR1 and SCISR2)

These registers provide inputs to the MCUs for generation of SCI interrupts such as:

• Transmitter empty

• Transmission complete

• Receiver full

• Receiver overrun

• Parity error

• Framing error

Data Registers (SCIDRH and SCIDRL)

Reading these registers accesses SCI the receive data register; writing them accesses the SCI transmit 
data register. R8 and T8 are the ninth data bit received and transmitted, respectively, when the SCI is 
configured for 9-bit data format.
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In 8-bit data format, only SCIDRL needs to be accessed; however, when transmitting in 9-bit data format, 
write first to SCIDRH and then to SCIDRL.

For detailed information on SCI registers, refer to the HCS12 SCI block guide, Freescale document 
number S12SCIV2.

Example Code

The example code explained in this note shows three basic procedures: SCI Configuration, SCI 
transmission, and SCI reception (SCI transmission and reception are accomplished by the interruption 
mechanism). The software consists in sending a continuous character string with the title “freescale” 
through the SCI port. The string can be observed in a PC or other device with a serial terminal. The 
software can accept data bytes through the reception line on the SCI port. If a character ‘U’ or ‘u’ is 
received, the character string is uppercased, but if a character ‘L’ or ‘l’ is received, the character string is 
lowercased.

Figure 1. SCI Configuration Flow Diagram
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The SCI configuration basically consists of setting the baud rate to 19200 bps with 8-bit data and no parity 
and then enabling reception and transmission on the SCI port. An 8-MHz external crystal was used to 
achieve 4 MHz for the SCI module clock.

The following flow diagrams are related to the SCI transmission procedure.

When the first data byte from the SCI data register is received in the transmit shift register, the TDRE flag 
(transmit data register empty flag) is set, which indicates the SCIDRH:L can receive a new value to 
transmit and generating an interruption if enabled. The SCI interrupt service routine (ISR) takes over 
sending the rest of the characters in the string.

A new transmission will not result until the TDRE flag has been cleared. Clear TDRE by reading SCI 
status register 1 (SCISR1) and then writing to SCI data register low.

Figure 2. SCI Transmission and Interrupt Service Routine Flow Diagrams
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Example Code
Figure 3. SCI Reception Interrupt Service Routine Flow Diagram

The reception procedure is achieved by clearing the RDRF (receive data register full) flag and executing 
the user code. In the example code, the conversion from uppercase to lowercase and vice versa is 
performed in this routine.

An RDRF interrupt indicates that the received data has been transferred to the SCI data register and that 
byte can now be read by the MCU. The RDRF interrupt is cleared by reading the SCI status register 1 
(SCISR1) and then reading SCI data register low.

The screen on the serial terminal will show the string depending upon the selection of upper case or 
lowercase as it is shown in Figure 4.
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Figure 4. PC Serial Terminal

/**
 * Copyright (c) 2004, Freescale Semiconductor
 * Freescale Willy Note
 *
 * File name     : main.c
 * Project name: SCI Demo Software
 *
 * Author          : Amin Morales
 * Department  : RTAC Americas
 *
 * Description   : The SCI Demo Software consists in sending continuously
 *                        a character string with the title "freescale" through the
 *                        SCI port, the string can be visualized in a PC or other device
 *                        with a serial terminal. The software can accept data bytes 
 *                        through the reception line on the SCI port, if a character 'U'
 *                        or 'u' is received the character string is uppercased but if 
 *                        a character 'L' or 'l' is received the character string is
 *                        lowercased.  
 
 *
 * History       :
 * 08/10/2004 : Release. (A19258)
 */
 
#include <hidef.h>

Change to lower case

Change to upper case

Change to lower case

Change to upper case
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/* SCI definitions */
#define SCIBRH   (*((volatile unsigned char*)(0x00C8))) 
#define SCIBRL   (*((volatile unsigned char*)(0x00C9))) 
#define SCICR1   (*((volatile unsigned char*)(0x00CA))) 
#define SCICR2   (*((volatile unsigned char*)(0x00CB))) 
#define SCISR1   (*((volatile unsigned char*)(0x00CC))) 
#define SCISR2   (*((volatile unsigned char*)(0x00CD))) 
#define SCIDRH   (*((volatile unsigned char*)(0x00CE))) 
#define SCIDRL   (*((volatile unsigned char*)(0x00CF))) 

/* ERROR code and STATUS definitions */
#define ERROR_OK    1
#define ERROR_ERROR 0
#define START_CYCLE 1
#define WAIT_CYCLE  0

/*Global variables*/
unsigned char SCIIniTx;
unsigned char SCIString[12]={'F','R','E','E','S','C','A','L','E',0xa,0xd,'\0'};
unsigned char *SCIStringp;
unsigned char Stringcase;

#pragma CODE_SEG __NEAR_SEG NON_BANKED
/*
 * SCIIsr: Interrupt Service routine for the SCI module
 *  Clear TDRE and RDRF flags
 *  In transmission sends a character string until NULL character
 *  In reception changes from uppercase to lowercase as required
 *
 * Parameters: None
 *
 * Return : None
 */
interrupt void SCIIsr(void) {
  
    if (SCISR1 & 0x80){    /*If transmission flag is set*/  
        SCISR1;
        if(*(SCIStringp++) != '\0'){
            if(*SCIStringp > 0xD){     /*Avoid to change CR and LF characters*/
                SCIDRL=*SCIStringp + Stringcase;
            } 
            else{
                SCIDRL=*SCIStringp;
            }
        }
        else{
            SCIIniTx=START_CYCLE;       /*Start new transmission cycle*/
            SCICR2 &= 0x7F;                     /*Disable TDRE interrupt*/

        }
    }
    
    if(SCISR1 & 0x20){    /*If reception flag is set*/
        SCISR1;
        if(SCIDRL == 'U' || SCIDRL == 'u'){ 
            Stringcase = 0x00;          /*Uppercase the character string*/
        } 
Serial Communication Interface as UART on HCS12 MCUs, Rev. 1.0
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        else if(SCIDRL == 'L' || SCIDRL == 'l'){
            Stringcase = 0x20;          /*Lowercase the character string*/
        }
    }
       
    return;
}

#pragma CODE_SEG DEFAULT
/*
 * SCIConfig: Configures SCI port at 19200 bps, 8 data bits, no parity,
 *  enable transmission, reception and RDRF interrupt
 *
 * Parameters: None
 *
 * Return : Error code
 */
unsigned char SCIConfig(void){
  
    SCIBRL = 0x0D;    /*Configure baud rate at 19200 bps with*/
    SCIBRH = 0x00;    /*an SCI clock modulo of 4MHz*/
    
    SCICR1 = 0x00;    /*8 data bits, no parity*/
    SCICR2 = 0x2C;    /*Enable Tx, Rx, and RDRF interrupt*/ 
    
    if (SCISR1 & 0x80){       /*Poll TDRE flag*/
        return ERROR_OK;   /*TDRE set, return OK*/
    }
    else{
        return ERROR_ERROR; /*TDRE clear, return ERROR*/
    }
}

/*
 * SCITx: Write data byte to SCIDRL register to transmission and 
 *  enable TDRE interrrupt.
 *
 * Parameters: SCIByte
 *
 * Return : None
 */

void SCITx(unsigned char SCIByte){

    SCIDRL = SCIByte;                         /*Write data byte to SCIDRL register*/
    SCICR2 |= 0x80;        /*Enable TDRE interrupt*/
}

unsigned char main(void){

    if (SCIConfig())         /*Configure SCI port*/
       ;
    else{
        return ERROR_ERROR;
    }

    EnableInterrupts;
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    SCIIniTx = START_CYCLE;  /*Initialize transmission cycle flag*/
        
    for (;;){                
        if(SCIIniTx == START_CYCLE){   
            SCIIniTx = WAIT_CYCLE;  

            SCIStringp=SCIString;        /*Set pointer to character string*/
            SCITx(*SCIStringp + Stringcase);/*Send first byte of string*/
        }
    
    }
    return ERROR_OK;
}

Conclusion

The SCI module is available in all HCS12 derivatives available at the time of publish: A, B, C, D, DB, DJ, 
DG, DP, DT, E, H, KG, KT, NE. The example code above shows an easy way to configure the SCI and 
the routines to transmission and reception of characters by the interruption mechanism.

Considerations and References

Find these and other useful resources on the Freescale Semiconductor home page: 
http://www.freescale.com.

• Download the companion software file, AN2880SW.zip, from freescale.com; it may be modified to 
satisfy the requirements of a specific application.

• To learn about SCI operation in low power modes, consult the specific device data sheet.

• MC9S12DJ256 derivative was used to generate the SCI DemoSoftware.

• The SCI DemoSoftware code was developed in CodeWarrior 12 version 3.1.

• Refer to HCS12 Serial Communications Interface (SCI) Block Guide, document number 
S12SCIV2/D, for more information on SCI.
Serial Communication Interface as UART on HCS12 MCUs, Rev. 1.0

10  Freescale Semiconductor

 

http://www.freescale.com


Considerations and References

Serial Communication Interface as UART on HCS12 MCUs, Rev. 1.0

Freescale Semiconductor  11

 

This page is intentionally blank.



AN2883
Rev. 1.0, 05/2005

How to Reach Us:

Home Page:
www.freescale.com

E-mail:
support@freescale.com

USA/Europe or Locations Not Listed:
Freescale Semiconductor
Technical Information Center, CH370
1300 N. Alma School Road
Chandler, Arizona 85224
+1-800-521-6274 or +1-480-768-2130
support@freescale.com

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7
81829 Muenchen, Germany
+44 1296 380 456 (English)
+46 8 52200080 (English)
+49 89 92103 559 (German)
+33 1 69 35 48 48 (French)
support@freescale.com

Japan:
Freescale Semiconductor Japan Ltd.
Headquarters
ARCO Tower 15F
1-8-1, Shimo-Meguro, Meguro-ku,
Tokyo 153-0064
Japan
0120 191014 or +81 3 5437 9125
support.japan@freescale.com

Asia/Pacific:
Freescale Semiconductor Hong Kong Ltd.
Technical Information Center
2 Dai King Street
Tai Po Industrial Estate
Tai Po, N.T., Hong Kong
+800 2666 8080
support.asia@freescale.com

For Literature Requests Only:
Freescale Semiconductor Literature Distribution Center
P.O. Box 5405
Denver, Colorado 80217
1-800-441-2447 or 303-675-2140
Fax: 303-675-2150
LDCForFreescaleSemiconductor@hibbertgroup.com

Information in this document is provided solely to enable system and software 
implementers to use Freescale Semiconductor products. There are no express or 
implied copyright licenses granted hereunder to design or fabricate any integrated 
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to 
any products herein. Freescale Semiconductor makes no warranty, representation or 
guarantee regarding the suitability of its products for any particular purpose, nor does 
Freescale Semiconductor assume any liability arising out of the application or use of any 
product or circuit, and specifically disclaims any and all liability, including without 
limitation consequential or incidental damages. “Typical” parameters that may be 
provided in Freescale Semiconductor data sheets and/or specifications can and do vary 
in different applications and actual performance may vary over time. All operating 
parameters, including “Typicals”, must be validated for each customer application by 
customer’s technical experts. Freescale Semiconductor does not convey any license 
under its patent rights nor the rights of others. Freescale Semiconductor products are 
not designed, intended, or authorized for use as components in systems intended for 
surgical implant into the body, or other applications intended to support or sustain life, 
or for any other application in which the failure of the Freescale Semiconductor product 
could create a situation where personal injury or death may occur. Should Buyer 
purchase or use Freescale Semiconductor products for any such unintended or 
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor and 
its officers, employees, subsidiaries, affiliates, and distributors harmless against all 
claims, costs, damages, and expenses, and reasonable attorney fees arising out of, 
directly or indirectly, any claim of personal injury or death associated with such 
unintended or unauthorized use, even if such claim alleges that Freescale 
Semiconductor was negligent regarding the design or manufacture of the part. 

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
All other product or service names are the property of their respective owners.

© Freescale Semiconductor, Inc. 2005. All rights reserved.

 

 


	Introduction
	HCS12 SCI Features

	Description
	Data Format
	Baud Rate Generation
	Example

	SCI Registers
	Baud Rate Registers (SCIBDH and SCIBDL)
	Control Registers (SCICR1 and SCICR2)
	Status Registers (SCISR1 and SCISR2)
	Data Registers (SCIDRH and SCIDRL)


	Example Code
	Conclusion
	Considerations and References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


