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SECTION 1
UART METHODOLOGY

The UART port is a common interface provided
on a vast number of devices, including personal
computers. By using this software module in
conjunction with minimal external hardware,
the DSP56L811 can support a UART interface.
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UART Methodology

Introduction

1.1 INTRODUCTION

This application note describes a software module written for the DSP56L811 that
allows it to emulate a Universal Asynchronous Receiver Transmitter (UART). Since
the serial peripherals available on the DSP56L811 are synchronous devices, they do
not have intrinsic UART compatibility. This software module extends the basic
DSP56L.811 serial communications capability by providing the UART interface code
necessary to link to other UART ports.

1.2 BACKGROUND

The UART interface uses synchronization information embedded in serial data
packets. These serial packets consist of:

= Start bit to indicate the beginning of a data packet

= Data bits

= Parity bit (optional)

< One or more stop bits to indicate the end of a data packet

In order for a serial transfer to occur between two UART-equipped devices, both the
transmitter and receiver must be configured with the same serial communications
parameters. These parameters are as follows:

Baud rate (or bits per second) for the transfer

Number of data bits in the transfer

Parity check method, if any, to be used in the transfer

Number of stop bits

1.3 STARTBIT

The start bit signifies the beginning of a serial packet. This bit transitions the serial
data line from an idle high-level state to a low-level state. The width of the start bit is
specified by the baud rate.

MOTOROLA Software UART for DSP56L811 Applications 1-3
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Data Bits

1.4 DATABITS

The data bits immediately follow the start bit. The number of data bits in a packet can
vary from five to eight, but eight data bits is the most common. The width of the data
bits is specified by the baud rate.

1.5 PARITY BIT

An optional parity bit follows the data bits of the serial packet. Parity is a simple way
to detect transmission errors. This error-detection method can only detect single-bit
errors reliably, but is well suited for short, less error-prone paths. The most common
types of parity used in serial transfers are as follows:

= No Parity—No parity bit is embedded into the serial packet; stop bits
immediately follow the data bits.

= Even Parity—The parity bit in the packet is set or cleared so that the total
number of 1s occurring in the data bits combined with the parity bit segment
is an even number.

= Odd Parity—The parity bit in the packet is set or cleared so that the total
number of 1s occurring in the data bits combined with the parity bit segment
is an odd number.

16 STOP BITS

The stop bits in the packet indicate the end of a transfer. These stop bits are
transferred as high-level pulses. The number of stop bits may vary, but at least one
stop bit is required for proper synchronization.

1.7 BAUD RATE

The baud rate in this context is equivalent to bits per second (bps) and includes the
start bit, parity, and stop bits. For example, a baud rate of 9600 would exhibit a serial
bit width characteristic of 1/9600 or 104.17 ps for all bits in the serial packet. The total
packet width is determined by the number of actual bits in the packet, not just the
number of data bits.

1-4 Software UART for DSP56L811 Applications MOTOROLA
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1.8

Serial Data Packet

SERIAL DATA PACKET

The figure below is an example of what a serial data packet might look like.

Total Packet = 4.587 ms »|

A

417 ps |417 ps |417 ps |417 ms|417 us |417 ps [417us |417 ps |417 ps | 417 ps

417 ps

§5- —_ 15
0 1 0 1 1 0 1 1 0 1 1

8DataBits ———— »

A
Y
A

i

1 Start Bit
1 Parity Bit
1 Stop Bit

AA0827

Figure 1-1 Serial Data Packet

The data packet above exhibits the following characteristics:

Baud rate of 2400 (this results in a bit width of
1/2400 = 417 ps)

One start bit

8 data bits

Even parity check bit
One stop bit

MOTOROLA Software UART for DSP56L811 Applications 1-5
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Serial Data Packet
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SECTION 2
SYSTEM OVERVIEW

Timer interrupts are used at the appropriate bit
intervals to sample or transmit the serial data.
This interrupt-driven implementation greatly
reduces the MIPS requirement of this module
by keeping the core intervention to a minimum.
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System Overview

Introduction

2.1 INTRODUCTION

This software module uses GPIO Port B interrupts in conjunction with timer
interrupts to perform the necessary synchronization associated with the UART
protocol. GPIO pins PBO-PB7 have the capability of generating an interrupt on a
rising/falling edge. One of these pins configured as a receive pin allows for
synchronization on each start bit of a serial packet.

2.2 UART EMULATION DETAILS

This section will describe, in detail, the approach used to emulate a hardware UART
on the DSP56L811. The purpose of this section is to inform users about what the
software is doing so that modifications to the code can be made, thus allowing
integration of this software into a target system. Figure 2-1 is an example of a serial
data packet.

Total Packet = 4.587 ms >l

A

417 ps |417 ps |417 ps (417 ms|417 us |417 us |417us |417 ps (417 us | 417 ys| 417 us

55 E— )
of1(o0o| 1 1|01 1]o0]1 1

8 Data Bits —————»

A
Y
A

i

1 Start Bit
1 Parity Bit
1 Stop Bit

AA0827

Figure 2-1 Serial Data Packet
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UART Emulation Details

221

Data Packet Description

The data packet above exhibits the following characteristics:

2.2.2

Baud rate of 2400 (this results in a bit width of 1/2400 = 417 ps)
One start bit

8 data bits

Even parity check bit

One stop bit

Receive Packet Example Description

Figure 2-2 indicates where the described events occur in the UART packet when
receiving a data packet.

1 2 3 4 4 4 4 4 4 4 4 5,7
0 1 0 1 1 0 1 1 0 1 1
<« >l 8 Data Bits —»4—»}4—»{
5 5 &
= > o
< = o
n S O
- & —

AA0828

Figure 2-2 Receiving Serial Data Packets

By using this example data packet, we can evaluate how the asynchronous serial data
stream is sampled and received. Receiving a serial packet from a connected external
device involves the following sequence of events:

1. The falling edge of the receive line generates a GPIO Port B interrupt. The

GPIO Port B interrupt service routine programs Timer0 to interrupt the DSP at
1/4 of the serial bit interval and then disables further GPIO Port B interrupts.

The TimerO0 interrupt service routine samples the GP1O Port B receive pin to
verify the start bit. If the start bit is verified, TimerO is set to interrupt at 1/4
the serial bit interval.

2-4
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System Overview

3.

Note:

Note:

2.2.3

UART Emulation Details

The TimerO0 interrupt service routine samples the GP1O Port B receive pin a
second time to verify the start bit. If the start bit is verified, Timer0 is set to
interrupt at a serial bit interval.

This sample is made in the middle fo the start bit. This serves as a reference
point for subsequent samples.

The TimerO0 interrupt service routine samples data bits at the middle of each
bit interval and stores the sample. Parity check is calculated as each sample is
taken and repeated for each data bit in the serial packet.

With even parity check enabled (as in this example), the parity bit is sampled
after receiving all 8 bits and verified against calculated parity check bit.

If the 16 bits of data are transmitted using this method, the process continues,
beginning with step 1, until the second 8 bits of data have been sampled (the
total data transmission from the connected device is sent as two serial packets
with 8 data bits each).

After the data is received the Timer0 interrupt service routine disables further
TimerO interrupts and enables GPIO Port B interrupts.

The stop bit is not sampled in order to reduce the MIPS requirement.

Transmit Packet Example Description

Figure 2-3 indicates where the described events occur in the UART packet when
transmitting a data packet.

[
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N @
’ g 7

—

Note: To conserve MIPS, the stop bit is not sampled.
AA0829

Figure 2-3 Transmitting Serial Data Packets

MOTOROLA Software UART for DSP56L811 Applications 2-5



System Overview

UART Emulation Characteristics

Asynchronous serial packet transmission is handled in a manner similar to receiving
a serial packet. The sequence of events that occurs when a serial packet is transmitted
to the connected device is as follows:

1.

2.3

The user fills a buffer with data to be transmitted and invokes the UART
transmit routine.

The UART transmit routine drives the GPIO Port B transmit pin low to signal
the start bit. Timerl is set to interrupt at the end of a bit interval.

The Timerl interrupt service routine rotates the LSB out of the data buffer and
drives the GPIO Port B transmit pin to the value of the rotated bit. The parity
check is calculated as each bit is transmitted. Timerl is set to interrupt at the
end of each bit interval. This process repeats for each data bit in the serial
packet.

If even parity check is enabled, the Timerl interrupt service routine generates
even parity check and the GPIO Port B transmit pin is driven to the value of
the parity check bit. Timerl is set to interrupt at the end of the bit interval.

The Timerl interrupt service routine drives the GPIO Port B transmit pin high
to signal the stop bit. Timerl is set to interrupt at the end of the bit interval.

If 16 bits of data are being transmitted, the Timerl interrupt service routine
drives GPIO Port B transmit pin low to signal the start bit for the second data
packet, and repeats the process beginning with step 3 until the second set of 8
data bits have been transmitted (i.e., 16 bits of data are transmitted to the
connected device as two serial packets with 8 data bits each).

The Timerl interrupt service routine disables further Timerl interrupts, and
data transmission is complete.

UART EMULATION CHARACTERISTICS

This software module was designed to meet the important communications
configurations available on a variety of UART systems while keeping code as simple
as possible. The following list provides the UART emulation characteristics of this
module:

The UART Status Register, UART Control Register, and UART Data Register
are located in X data RAM.

Bits in the UART Status Register are used for Parity Error (PERR) and Overrun
(ORUN) error detection.

Bits in the UART Status Register are used to detect Receive Data Register Full
(RDRF) and Transmit Data Register Empty (TDRE).

2-6
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Hardware Requirements

< The UART emulation uses double-buffered input and single-buffered output.

< The UART emulation recognizes data sizes of 8 bits or 16 bits as seen from the
DSP56L811 side (16-bit data is transmitted and received as two UART packets
that include 8 data bits).

< The UART emulation uses either no parity check or even parity check for data
integrity.

< The UART emulation supports a range of baud rates to support various
connected UART devices.

« The maximum recommended baud rate for full-duplex transfers is 19200
baud.

< The maximum recommended baud rate for half-duplex transfers is 38400
baud.

= The emulation uses a single stop bit.
= The 2X oversample on the start bit protects against line noise.

= The emulation uses a single timer interrupt for each transmit/receive bit to
minimize core interrupts and MIPS requirement.

= The dual timer interrupt scheme allows for full-duplex operation.

24 HARDWARE REQUIREMENTS

The UART hardware requirements vary according to the device that is being
connected to the DSP56L811. Personal computer serial ports use the UART protocol
with RS-232 voltage levels. The RS-232 lines also carry inverted signals because the
typical UART transceiver inverts the RS-232 signal and shifts the voltage levels down
to TTL specifications. An additional level shifter may be required to convert the TTL
voltage levels down to the CMOS operating voltage levels of the DSP. Figure 2-4
gives an example of how a PC could be connected to the DSP56L.811.

Host PC DSP
Serial[ }—» . 3 . Z' GPIO
Port| | Transceiver | Level Shifter Port B

T T

RS-232 TTL DSP
Voltage Levels Voltage Levels Voltage Levels

AA0830

Figure 2-4 UART Hardware Diagram
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Hardware Requirements

The transmit and receive lines of the serial port on the PC are connected to the UART
transceiver. These signals are then connected to a level shifter to drop the voltage
down to DSP levels. Finally, the receive and transmit lines are connect to two GPIO
Port B pins on the DSP.

Notes: 1. The other handshaking lines on the Host PC serial port are not used,
and this software module does not provide for hardware handshaking.

2. Some UART transceivers provide level shifting down to DSP voltage
levels, thus eliminating the need for an additional level shifter.

2.4.1 Interrupt Restrictions

Because the UART uses a GPIO and timer interrupt scheme for bit synchronization,
special care must be taken to assure that these interrupts are not masked for long
durations. Masking can cause erroneous bit synchronizing that can result in loss of
data integrity. Make sure that other user interrupt routines that can be executed
during the a serial transfer are short, so that they do not mask the UART interrupts
for long periods of time.

2.4.2 UART Sampling

To keep the implementation simple and reduce the MIPS requirement of this
software module, the sampling of bits during a receive operation is limited. Most
hardware UARTSs oversample each data bit and then use some scheme to determine
the bit value from the oversamples. This allows for greater data integrity. The
sampling approach used in this module is a 2X oversample on the start bit, then
single-sampling for each subsequent bit. The sampling is done in the middle of the
serial bit. Noise on the line could produce an erroneous bit sampling, and there is no
oversampling to protect against this. Even with the limited sampling scheme, an
even parity check is available to reliably detect single bit errors. This scheme seems
well suited for short, less error-prone serial data paths.

2.4.3 Transfer Speed Restrictions

The speed at which the software UART can transfer serial data is constrained by the
DSP56L811 clock speed. The maximum recommended rates for full-duplex and
half-duplex transfers are 19200 and 38400 baud, respectively for a DSP core clock of

2-8 Software UART for DSP56L811 Applications MOTOROLA



System Overview

Resource Requirements

40 MHz. Using a slower clock requires slower baud rates for proper bit
synchronization.

Another transfer speed constraint is the total MIPS required for the software UART
routines. Refer to Section 2.5 for more information on the MIPS requirements.

2.5 RESOURCE REQUIREMENTS

Unlike a hardware UART peripheral, the software implementation requires more
core intervention and resources. The following resources provide the necessary tools
to allow the module to emulate a hardware UART:

= TimerO for receive bit synchronization
= Timer0 interrupt vector

= Timerl for transmit bit synchronization
= Timerl interrupt vector

= Two GPIO Port B pins for transmit and receive lines (receive must be
PB0-PB7)

= GPIO interrupt vector

= Seven words of X memory RAM space for UART registers and internal
variable space

e 208 words of Program RAM space for UART code
= Core MIPS (requirement increases with faster baud rates)

To describe the MIPS requirement for this module accurately, we must look at the
actual core cycles spent on executing instructions for the UART routines and the time
that it takes to send a packet of serial data. Table 2-1 provides an analysis of the DSP
core clock cycle requirements for transmit and receive operations based on the
particular communications configurations.

Note: These clock cycle counts were determined using the DSP56800 simulator.
Table 2-1 Instruction Cycle Requirements for UART Operations
Task 8-bit Data 8-bit Data 16-bit Data | 16-bit Data
No Parity | Even Parity No Parity Even Parity
Receive 1018 1110 2014 2202
Transmit 1020 1118 2014 2208
MOTOROLA Software UART for DSP56L811 Applications 2-9
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Resource Requirements

Table 2-2 shows the packet interval information required to determine data
transmission time.

Table 2-2 Packet Interval for UART Operations

8-bit data 8-bit Data 16-bit Data 16-bit Data
No Parity Even Parity No Parity Even Parity
Receive 8.5 95 17 19
baud rate baud rate baud rate baud rate
Transmit 10 . 94 n 94 2 94 22 94
baudrate DSP coreclk baud rate DSP core clk baudrate DSP coreclk baud rate DSP core clk

Note: The packet interval values were determined by looking at the number of bit
intervals required for the transmit and receive operations.

The transmit operation takes an additional 94 core clock cycles to initiate a
transmission.

Note:

The values in the two tables above can be used to calculate the MIPS for a specific
communications configuration. The following equation can be used to calculate the
required MIPS:

Clock Cycle Requirement » Instruction 1
Packet Interval 2Cycles 108

MIPS Requirement =

The following examples illustrate how to calculate the MIPS requirement.

2-10 Software UART for DSP56L811 Applications MOTOROLA
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Resource Requirements

Example 2-1 UART Receive Operation MIPS Requirement Calculation

MIPS Requirement =

Example 1: 8-bit data
Even parity

19200 baud

DSP core clock = 40 MHz

Clock Cycle Requirement = 1110 cycles (Table 2-1
on page 2-9)

Packet Interval = 9.5 bits / 19200 bps = 494.79 us
(Table 2-2 on page 2-10)

1110 Cycles _ Instruction 1 _ 112
49479 pus  2Cycles  1®

Example 2-2 UART Transmit Operation MIPS Requirement Calculation

MIPS Requirement =

16-bit data

No parity

9600 baud

DSP core clock =40 MHz

Clock Cycle Requirement = 2014 cycles (Table 2-1
on page 2-9)

Packet Interval = 20 bits / 9600 bps + 94 / 40 MHz =
2.09 ms (Table 2-2 on page 2-10)

2014 Cycles  Instruction 1 _ 0.483
2.09 ms 2Cycles  1®

Note: All of the calculations and formulas for the MIPS requirements are based
on estimations of cycle counts provided by simulation. Actual MIPS
requirements may vary according to the user’s application of this software
modaule.

MOTOROLA
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Resource Requirements
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SECTION 3
USING THE SOFTWARE UART

The programming model for this module was
designed to provide UART configuration
capability similar to that of a hardware
UART. The programming model uses a UART
Control Register, a UART Status Register, and
a UART Data Register.
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Using the Software UART

Introduction

3.1 INTRODUCTION

The functionality of the UART registers introduces an important difference between
a hardware UART and the software implementation. Certain bits of status registers
in hardware UARTSs are altered as the data registers are read or written. For example,
a bit indicating that the receive buffer is full may be cleared when the receive buffer
register is read. This is not the case in the software implementation. The user is
responsible for setting or clearing the appropriate status bits to ensure proper
operation, because the registers of the software UART are simply X memory
locations.

This section provides information on the software UART register set. Each register
can be referenced from inside user code by using the appropriate equate string from
the UART software module with the X memory reference. For example, the UART
Status Register equate is uartSR, so this register can be referenced by using x:uartSR
as an operand for instructions.

Note: All registers are 16 bits wide.

3.2 UART CONTROL REGISTER—x:uartCR

The bits of this register are used to program the communications configuration for
the software UART. Table 3-1 describes the meaning of each bit.

Table 3-1 UART Control Register Bit Descriptions

Bit Bit _ —
NO. Name Mask Usage =0 =1 Default
15-2 | N/A N/A N/A N/A N/A N/A
1 DSIZ uartDSIZ | data 8-bit 16-bit 0
size flag | data data
0 PTYP uartPTYP | parity no even 0
type parity | parity
flag
Note: The default for both programmable bits is 0. The default values are set
during the execution of the configure communications routine provided in
this module.

MOTOROLA Software UART for DSP56L811 Applications 3-3



Using the Software UART
UART Status Register—x:uartSR

3.2.1 PTYP Bit

The PTYP bit configures the Parity Type used by the receive and transmit operations
of the UART. If programmed as a 0, no parity will be used on transmit and receive
operations. If programmed as a 1, even parity will be used on transmit and receive
operations. The two parity types available can be programmed as follows:

bfclr #uart PTYP, x: uart SR ; set PTYP =0
bf set #uart PTYP, x: uart SR ; set PTYP =1

When configured for even parity, the data received is checked against the parity bit
for even parity. If an error occurs, the PERR bit in the UART Status Register is set. In
addition, the even parity bit is calculated and transmitted during a UART
transmission.

3.2.2 DSIZ Bit

The DSIZ bit is used to configure the Data Size for UART transfers. If programmed
as a0, adata size of 8 bits is used. If programmed as a 1, a data size of 16 bits is used.
The data sizes available can be programmed as follows:

bf clr #uart D8 Z, x: uart SR ; set DHZ=0
bf set #uartDd Z, x: uart SR pset HZ=1

Note: This configuration is only used on the DSP56L811 side. Because the data
size in most UART devices is 8 bits and the data size in the DSP56L811 is 16
bits, this can be a useful setting. The 16-bit data is actually received and
transmitted as two packets that include 8 data bits. Hence, the connected
device must complete two packet transfers for every packet transfer on the
DSP56L811.

3.3 UART STATUS REGISTER—Xx:uartSR

The bits of this register are used to determine the current status of the UART
operations. Table 3-2 describes the meaning of each bit.

3-4 Software UART for DSP56L811 Applications MOTOROLA



Using the Software UART

UART Status Register—x:uartSR

Table 3-2 UART Control Register Bit Descriptions

S:)t Name Mask Usage Bit=0 Bit=1 Default
15-8 | N/A N/A N/A N/A N/A N/A

7 TXPB N/A Transmit DO NOT DO NOT N/ZA
Parity Bit MODIFY MODIFY

6 TXHI N/A Transmit DO NOT DO NOT N/A
High/low | MODIFY MODIFY
byte flag

5 RXPB N/A Receive DO NOT DO NOT N/A
Parity Bit MODIFY MODIFY

4 RXHI N/A Receive DO NOT DO NOT N/A
Hi/low MODIFY MODIFY
byte flag

3 PERR uartPERR Parity no parity parity error | 0
Error flag error

2 ORUN uartORUN Overrun no overrun | overrun 0
error flag error

1 TDRE uartTDRE Transmit Transmit Trans Data | 1
Data Data Register
Register Register full | empty
Empty flag

0 RDRF uartRDRF Receive Receive Receive 0
Data Data Data
Register Register Register full
Full flag empty

The default values are set during the execution of the configure communications

routine provided in module.
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3.3.1 PERR Bit

The PERR bit is the flag for Parity Errors. If even parity is being used (PTYP = 1), then
this bit is set if a parity error occurs during the reception of a serial packet.

Note: This bit is not cleared by the UART routines. The user is responsible for
clearing this bit after a parity error has occurred.

An example of how this bit might be used is shown in the following code:

bftsth #uart PEHRR x: uart SR ; if PEHRR=1
bcs parity error ; goto parity error

3.3.2 ORUN Bit

The Overrun (ORUN) error bit is used to detect overrun errors. An overrun occurs
when the UART data register is already full (RDRF = 1) and another serial packet is
received. This means that the data currently in the UART data register will be
overwritten with the newly received data. Since the receive routines feature
double-buffering, the user has the time interval before the next serial packet is
received to read the data register and clear the Receive Data Register Full flag.

An example of how this bit might be used is shown in the following code.

bftsth #uart RN x: uart SR cif ARIN=1
bcs overrun_error ; goto overrun_error

3.3.3 TDRE Bit

The Transmit Data Register Empty (TDRE) bit indicates when the Transmit Data
Register is empty. If this bit is set (TDRE = 1), then transmission is in progress and the
user should not invoke the UART transmit routine. If this bit is clear (TDRE = 0), then
the transmit data register is empty and a new transmission can occur. Since the
transmit routines are single-buffered, failure to poll the TDRE bit prior to performing
a serial transmit will result in an erroneous transmission. An example of how this bit
might be used is shown in the following code:

L1 brclr #uart TORE x:uart SR L1 ; if TDRE=0 goto L1
nove H#SFFFF, X0 ;X0 = $FFFF
| ea (sp) + ; advance sp
nove X0, X: (sp) ; pass parmon stack
jsr uart_Transmit ; invoke transmit
pop ; fix stack
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3.3.4 RDRF Bit

The Receive Data Register Full (RDRF) bit is used to detect when new data has been
put into the UART data register. By polling this bit, the user can detect when the
UART data register contains valid data. When this bit is set (RDRF = 1) the UART
data register contains new data. When this bit is clear (RDRF = 0) then no new data
has arrived.

Note: The UART routines do not clear this bit. The user is responsible for clearing
this bit when data has be read out of the UART data register.

An example of how this bit might be used is shown in the following code:

L1 brclr #uart RORF x;uart SR L1 ; if ROR=0 goto L1
nove X: uart DR x0 ; X0 = receive data
bf cl r #uar t RORF, x; uart SR c RORF=0

3.4 UART DATA REGISTER—x:uartDR

The UART Data Register is the receive data buffer that contains valid data when the
RDRF (Receive Data Register Full) bit of the UART Status Register is set. The data in
this buffer should be read and the RDRF bit should be cleared by the user before the
next serial data is received to prevent the ORUN (Overrun) error bit from being set in
the UART Status Register.
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APPENDIX A
UART FILES

The uart.asm file contains all of the assembly
code necessary for the software
implementation. In addition, a large header
comment describes the steps necessary to get
the code up and running. The uartapp.asm file
shows how to use the UART routines that
configure the communications settings, receive
serial data, and transmit serial data.
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A.1 INTRODUCTION

The files provided to get the user started include uart.asm, the UART module itself,
and uartapp.asm, an example application using the routines of the UART module.
This appendix gives a full listing of both files.

A.2 uart.asm FILE LISTING

(O Mtorola, Inc. 1996 -- Al rights reserved.

; Mbdul e: uart.asm

: \ersion: 1.0

;  Purpose: The purpose of this nodule is to emul ate a hardware UART

; (Uni versal Asynchronous Receiver Transnmitter) comunications
; interface using software. The 56800 G2 O port b is used

; for the transmt and receive lines of the serial data

; streans. Additionally, G Oand tiner nodul e interrupt

; service routines provi de the necessary synchronization to

; a user-specified baud rate.

; Mbdification

: Hstory: None

; Resour ces: The inpl enentation of the UART requires the fol |l ow ng

; r esour ces:

; - Tiner O of tiner nodul e for receive bit synchronization

; - Tiner O interrupt vector

; - Tiner 1 of tiner nodul e for transmt bit synchronization

; - Tiner 1 interrupt vector

; - Two IO port b pins for receive/transmt (nust be PBO-PB7)
; - @IOinterrupt vector

; - 7 words of x-nenory space for UART registers and vari abl es
; - 208 words of p-nenory space for UART instructions

: - Qore MPSincreasing with faster baud rates

: Exanpl e 9600 baud; 8-bit data; even parity

; MPS Requi renent = 0.54 MPS

; (see application note for further MPS anal ysis)

; Specs: The UART routines can be configured by the user to

; nmatch the capabilities of the device connected to the 56800.
; The follow ng configurations are avail abl e:

; - Variable baud rates (Note: baud rates up to 38400

; have been successful in a |ab environnent)

; - Bven parity check or no parity check
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; - Data sizes of 8 hbit or 16-bit val ues as seen fromthe DSP
; (Note: 16-bit data is transmtted/ recei ved as two 8-bit

; val ues)
; - (ne stop hit
: Routines: Thi s nodul e consists of two user-callabl e routines, three

: interrupt service routines, and one utility routine. See
; comment s above nodul e routines for descriptions.

; Wser-Cal | abl e Routi nes:
; uart_Qonfig CGom- configures UART to default settings
; vart_Transmt - initiates a UART transmt

; Interrupt Service Routines:

; uart GPIOISR - interrupt service routine for gpio port b
; uart_ TIMBRO_ISR- interrupt service routine for tiner O

; uart_ TIMERD ISR - interrupt service routine for tiner 1

: Uility Routine:
; uart_Start_TX - required for proper operation of UART code

; X-Mem Space: X-nenory space is used by this nodul e for UART status,

; control, state information, and data buffers. The foll ow ng
; provi des a description of each x-nenory word used by this

; nodul e.

; uart SR - UART Satus Register

; 15 8 7 6 5 4 3 2 1 0

; BTS NAME UWSE =0 =1

; 15-8 NA N A N A NA

; 7 TXB tx parity USED | NTERNALLY; DO NOT M FY

; 6 TXH tx hi/lo byte USED | NTERNALLY: DO NOT MDD FY

; 5 RPB rx parity USED | NTERNALLY; DO NOI' MO FY

; 4 RH rx hi/lo byte USED | NTERNALLY; DO NOI' MO FY

; 3 PER parity error no parity error parity error

; 2 QRN overrun error no overrun overrun error

; 1 TDRE tx datareg enpty tx data reg full tx data reg enpty
0

RORF rx data reg full rx data reg enpty rx data reg full

; uart (R - UART Gontrol Register
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; BTS NAME USE =0 =1
; 15-2 NA N A NA N A
; 1 D8z data size 8-bit data 16-bit data
; 0O PTYP parity type no parity even parity

; uart RXC - UART Recei ve Qount Regi ster (DO NOI M FY)

; uart TXC - UART Transmit Gount Regi ster (DO NOT M FY)

; uart RXR - UART Receive Shift Register (DO NOI MDD FY)

; uart TXR - UART Transmit Shift Register (DO NOT M FY)

; uartDR - UART Data Register (contains valid data when RORF = 1)

: Howto run This nodul e i s designed to be included at the end of the

; this code: exi sting user code. The user nust nodify this nodul e to

; to allowfor proper code integration. The follow ng

; description lists the steps necessary prior to executing

; this code. The user can use a search of each step to find
; the point inthis code that needs nodifications. For

; instance, do a text search on STEP O to find the poi nt of

; the modul e that needs nodification for step O.

; STEP 1 Mdify the equate val ue uart XBASE that det er m nes
; the base address in x-nenory where UART vari abl es
: w | be placed.

; Exanpl e - UART x-nenory storage begins at x: $40
; uart XBASE  equ $40

; STEP 2 Specify the 1O pins to be used for the recei ve

; and transmt lines of the UART. Do this by

; nodi fyi ng the equate val ues uart PBTX uart PBRX

; and uart PBIRUPT. Note that only PBO-PB7 can be

; used as the receive pin since they are the only

; ones capabl e of generating transitional interrupts.
; The val ue of uartPBIRUPT is witten to the PBINT

; port B control register. The upper and | ower bytes
: of the uartPB RUPT val ue shoul d coi ncide with the

: | ower byte of uartPBRX

; Exanple 1 - PB0 = Receive; PBl = Transnit
; uar t PBRX equ $0001
; uar t PBTX equ $0002
; uart PB RUPT equ $0101

; Exanple 2 - PB2 = Receive; PB3 = Transmt
; uar t PBRX equ $0004
; uar t PBTX equ $0008
: uart PBIRUPT equ $0404
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STEP 3

STEP 4

STEP 5

STEP 6

STEP 7

Gl culate the UART bit rate using the fol | ow ng
formula and nodi fy the uart BR equat e.
Note: round down to nearest integer

uartBR =1/ [baud rate * (4 / (PUclock rate)] - 1

Exanpl e - DSP running at 40MHz, 19200 baud
vartBR=1/ [19200 * (4 / 40e6)] - 1 = 519

If desired add user code to uart TI MERD | SRt hat
w Il be executed upon conpl etion of a serial data
recei ve.

If desired add user code to uart_TIMERL | SR t hat
wi |l be executed upon conpl etion of a serial data
transmt.

Wse the include directive to add the code in this
nodul e to user code. This code shoul d be added at
the end of the user code.

Exanpl e
; last line of user code
include ‘uart.asm

Followthe calling requirenents of the UART
routines in user code. See comments above nodul e
routi nes for nore infornation.

See uartapp.asmfor an application exanpl e of this nodul e.

rkkkkkkhkkkhkkhkhkkhkkhkhkkhkkkhkxhhkk
’

rk kkkkhkkkhkkhkhkkhkkhkkkhkkkhkxkhk X

;* * UART Mbdul e Eguates * *

rk kkkkhkhkkhkhkkhkkhkhkkhkkhkhkkhkhkk Xk
’

rkkkkhkkhkhkkhkhkhkhkkhhkhkhkkhkhkxkhhkhkkhk
’

;***** Mdresses *****;

uartl PR
uart PBD
uar t PBCDOR
uart PBI NT
uart TGRO1
uart TPRO
uart TCTO
uart TPRL
uart TCT1

;***** mnstants *****;

equ
equ
equ
equ
equ
equ
equ
equ
equ

$fffb ;addr of interrupt priority reg
$ffec ;addr of port b data reg

$ffeb ;addr of port b data direction reg
$ffea ;addr of port b interrupt reg

$f f df ;addr of tinerOl control reg

$f f de ;addr of tinerO prel oad reg

$f f dd ;addr of tinerO count reg

$ffdc ;addr of tinerl prel oad reg

$ffdb ;addr of tinerl count reg
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; STEP 1 Mdify the equate val ue uart XBASE that det er m nes
; the base address in x nenmory where storage for
: internal UART variables will be placed.

; STEP 2 Specify the 1O pins to be used for the receive
; and transnit lines of the UART. Do this by

; nodi fyi ng the equate val ues uart PBTX

; uart PBRX and uart PBl RUPT.

uar t PBTX equ $0001 ; PBOCR (data dir) serial transmt nask
uar t PBRX equ $0002 ; PBOOR (data dir) serial recei ve mask
uar t PBl RUPT equ $0202 ; PBINT (port b interrupt reg) setting
uar t ENABLETO equ $0090 ;tiner0O control bit nask

uar t ENABLET1 equ $9000 ;tinerl control bit nask

;***** uart(R ,\m *****;

uart PTYP equ $0001 ;mask for PTYP bit

uartD8 Z equ $0002 ;mask for DA Z bit

;***** uar-ts? W(S *****;

uar t RORF equ $0001 ;mask for RORF bit

uar t TDRE equ $0002 ;mask for TDRE bit

uart (RN equ $0004 ;mask for RN bit

uart PERR equ $0008 ;nmask for PERR bit

uart RH equ $0010 cnmask for RAH bit

uar t R{PB equ $0020 ;nmask for RXPB bit

uart ™XH equ $0040 ;mask for T™XH bit

uart TXPB equ $0080 ;mask for TXPB bit

; STEP 3 Calculate the UART bit rate using the fol | ow ng
; formul a and nodi fy the uart BR equat e.
; Note: round down to nearest integer

; uartBR=1/ [baud rate * (4/ GPUclock rate)] - 1

uart BR equ 519 UART rate is 19200 @40M

skkhkhkhk kA Ak kA hkhkhkkhkhkhdkhkhkkhkhkhkhhkkhkkrkkkk
;

sk khkkkhkkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkkhkkkk *
;

k% 1 * %
X UART Mbdul e Subrout i nes

sk khkkkhkkkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkkkhkkk *
’

rkkkkkkhkkkhkkhkhkkhkkhkhkkhkhkhkdkxkhkhkkhkkkhk
’

IEE TSRS SRS S ST SRS SRR SRS SRR ST SRS SRR T RS ESE R TR R R EEEEE R RS EE
’

; Routine: uart_CGonfi g_Com
;  Pur pose: Thi s routine configures the necessary peripheral s and
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X initializes UART status and control registers.
; Paraneters: N A

IEE TSRS S SRS E SRS SRR ST S LSRR T EEESE R R ST R R R TR R R RS EE
’

uart_Gonfig_CGom

nove #$0000, x: uart TARD1 ;disable tinerO/tinerl

nove #uart BR x: uart TPRD ;tiner0 preload reg = uart BR
nove #uart BR x: uart TPRL ;tinerl preload reg = uart BR
bfset  #$0100, sr ;enable all levels of irupts
bfclr  #$0200, sr ;enable all levels of irupts
bfset  #$8800, x: uart | PR ;enable A Qtiner interrupts
bfset  #uart PBTX x: uart PBOOR ;configure serial output pin
bfclr  #uartPBRX x: uart PBODR ;configure serial input pin
nove #uart PBl RUPT, x: uart PBl NT ;set up port b interrupts

bf set  #uart PBTX x: uart PBD ;drive serial output pin high
nove #$0000, x: uart SR ;reset UART status reg

nove #$0000, x: uart (R ;reset UART control reg

bf set #uart TDRE, x: uart SR ;uart TREE flag = 1

rts

rkkkkkkhkkkhkkhhkkhkhkhkkhhkkhkhhkkhhk kb khhkhhkhhkkhhkhdrhhkhhhdrhhrdhhhrdrrdhhhkdrhkhrdx
’

; Routine: uart AAIOISR

; Purpose: This routine is the interrupt service routine for the GO

; port b pins. Wen a falling edge occurs on the port b pin

; configured as the receive line, an interrupt occurs and this
: routi ne i s i nvoked.

; Paraneters: NA

; Notes: DO NOr | \MCKE D RECTLY
;****************************************************************************
uart IO ISR

nove #uart BR 4- 4, x: uart TCTO ;tinerO cnt reg = grate

bf set  #uart ENABLETO, x: uart TGRO1 ;enable tinerO with irupts

nove #$0000, x: uart PBI NT ;turn off portb irupts

nove #3$0000, x: uart RXC ;rx.ent =0

bfclr  #uart REPB, x: uart SR ;reset parity check bit

rti

IEE RS S SRS ST S S SRR ST RS E ST LSRR T SRS TR R TR R R TR R RS EE
’

; Routine: vart_TIMERD_I SR

; Pur pose: This routine is the interrupt service routine for tinerO.
Wien the value in the tinerO count register goes to zero,

: an interrupt occurs and this routine is invoked. This

; routi ne handl es the UART receive operation. Upon conpl etion
; of the UART reception, the received data is put into

; uartDR and the RORF flag is asserted high (RORF = 1).

; Paraneters: N A

; Notes: DO NOT | \MCKE O RECTLY

; ** the RORF flag nust be high (RORF = 1) before the contents
; of uartDRis valid

** if uartDRis not read and the ROR- flag is not cl eared
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; (RORF = 0) before the reception of the next serial data,
; the C(RINflag of the uartSRw il be set and the data in
; uartDR i s | ost

IEE TS SRS S ST SRS SRR SR RS EEE LSRR T RS RS TR TR EEEEEE TR R SR
’

uart _TIMERD I SR

| ea (sp) + ; advance stack poi nter
nove X0, x: (sp) + ; push x0 onto stack
nove y0, X: (sp) ; push yO onto stack

; DETERM NE RECH VE STATE

nove X: uart RXC x0 ;X0 = rx count
cnp #0, x0 ;if x0 =
beq uar t SAMPO ; got o SAMPO
cnp #1, x0 f x0 =
beq uar t SAVPL ;goto SAMPL
; RECHVE DATA BITS 1-8/ PAR TY B T STATE
nove X: uart RR y0 ;yO = previous sanpl e
bftsth #uartPBRX x: uartPBD ;sanple rx pin, set carry
ror yO0 ;rotate carry into yo
bge uart NoToggl e ;if rx=0, goto NoToggl e
bfchg #uart RPB, x: uart SR ;else toggl e parity check bit
uart NoToggl e
cnp #10, x0 ;if x0 =10
beq uar t SAWP10 ; got o uart SAMP10
nove y0, x: uart RR ;current sanple = y0
cnp #9, x0 if x0 =
beq uar t SAMP9 ; got o uart SAMP
bra uar t RXend ; got o uart RXend
; RECH VE DATA B T 8 STATE
uar t SAMP
brset  #uartPTYP, x: uart CR uart RXend ;if PBIT=1 goto uartRxend
bra uart ChkD8l Z ; el se goto ChkDH Z
; RECHVE PARTY BT STATE
uar t SAMP10
nove X: uart RXR y0 ;yO = previous sanpl e
brclr  #uart REPB x:uart SRuart thkDEl Z ;i f RXPB=0 goto ChkDH Z
bf set #uart PERR x: uart SR ;el se set parity error bit
bra uart ChkDdl Z ;goto ChkDdl Z
; RECH VE FI RST START Bl T OVERSAMPLE STATE
uar t SAMPO
bfclr  #uart ENABLETO, x: uart TGRO1 ;disable tinerO
nove #uar t BR 4- 10, x: uart TCTO ;tinerO cnt reg = grate
bf set  #uart ENABLETO, x: uart TGRO1 ;enable tinerO wth irupts

; RECH VE SEQOND START Bl T O/BERSAMPLE STATE
uart SAVPL
brclr  #uart PBRX x:uartPBD uartRXend ;if rx pin=0 goto uartRXend
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bra uar t R<Done

; GEK DATA S ZE ONTRQL BI T

uart ChkDS Z
br set #uart D8 Z, x: uart CR uart 161 n
nove #8, x0
|srr y0, x0, yO

bra uar t EndSanp

; DATASZE IS 16 B TS

uart 16l n
bfchg #uartRH, x:uart SR
bcc uar t RCone

; BEND GF SAMPLING STGRE SAMPLE | N | NPUT BUFFER

uar t EndSanp
brclr #uart RORF, x; uart SR uart NoGRUIN
bf set #uart RN x: uart SR

; got o RXDone

;if D8 Z=1 goto 16l n

; el se x0=shi ft armount (8)
;shift sanple into | ow byte
; got o EndSanp

;test and toggle RH flag
;if RXH =0 goto RXDone

;if ROR=0 goto No(RN
;el se set overrun hit

; NOO/BERRIN ERROR S GNAL THAT DATA HAS BEEN RECH VBD

uart NoCRUN
nove y0, x: uart OR
bf set #uart RORF, X: uart SR

; STEP 4

;inbuf = current sanpl e
RORF flag = 1

If desired add user code to uart Tl MERD | SRt hat

; w Il be executed upon conpl etion of a serial data

; recei ve.

; OONFIGRE TOWA T FCR NEXT START BI T

Add your code here.

uar t RXCone
bfclr  #uart ENABLETO, x: uart TGRO1 ;disable tiner0
nove #uart PBl RUPT, x: uart PBI NT ;set up port birupts
uar t RXend
incw  x0 ;increnent sanpl e cnt
nove X0, x: uart RXC ; updat e sanpl e count
pop yO0 ;restore yo
pop x0 ;restore x0
rti
; Routine: uart_Transmt (tdata)
;  Purpose: Thi s user-cal |l abl e routine can be invoked to transmit data
; via the software UART. The data to be transnmitted i s passed
; to the routine on the software stack.
; Paraneters: tdata = transmt data
; Notes: Thi s routine shoul d be invoked as fol | ows:
; nove #tdata, reg ;reg = tdata
; | ea (sp) + ; advance sp
; nove reg, x: (sp) ; push reg onto stack
: jsr uart_Transnit ;invoke transmt routine
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; pop ; pop passed par anet er

; where tdata = imedi ate operand transmt data
; reg = core register

** the TDRE bit in vart SR nust be high (TDRE = 1) before
: i nvoking this funciton

BE RS R R R R R R R R R R R R R R R R R R R R R R R R R
’

uart_Transmit

|l ea (sp) + ; advance stack poi nter
nove X0, x: (sp) ; push x0 onto stack
nove x: (sp-3), x0 ;X0 = transnmt data
nove X0, x: uart TXR ;uart TXR = x0

bfclr  #uart TDRE x: uart SR ; TDRE=0

jsr uart_Sart_TX ;invoke Sart_TX routine
pop x0 ;restore x0

rts

AR AR KRR A AR A A AR A A KRR A AR A AR A AR A A AR A AR A h A b hhhhd A hhhhkhkhkhhhdhhdhhhdhhdhdhhdhdddxdxdkx

; Routine: uart_Start_TX

; Purpose: This routine initiates a UART serial transmt by nodifying
; the appropriate peripheral and UART register space.

; Paraneters: NA

; Notes: DO NOT' | \MCKE D RECTLY
;****************************************************************************
uart_Start_TX

bfclr  #uart PBTX x: uart PBD ;drive tx pin low

nove #uart BR x: uart TCT1 ;tinerl count reg =rate

bf set #uar t ENABLET1, x: uart TGRO1 ;enable tinerl with irupts

nove #$0000, x: uart TXC ;reset transmt count

bfclr  #uart TXPB, x: uart SR ;reset transmt parity

rts

rkkkkkkhkkhkkhhkkhkhkhkkhhkkhkhhkkhhk kb khhkdhkhhhhhhkdrhhhhhhdrhhrdhhdrdrrhhhhkdrhhrdx

; Routine: uart TTMERL | SR

; Purpose: This routine is the interrupt service routine for tinerl.
; Wen the value in the timerl count register goes to zero,
; an interrupt occurs and this routine is invoked. This

; routi ne handl es the UART transmit operation.

; Paraneters: NA

: Notes: DO NOT | \MCKE DO RECTLY

rhkkkAhk Kk A ARk A Ak kA Ik Ak h Ak hhhhhhhhhhhhhhhhhhhkhhhdhhhhhhhhhhhkdhhhhhkhkhhhddhkhkhkkkdrxdx%x%x
’

uart_TIMERL | SR

|l ea (sp) + ; advance stack poi nter
nove X0, x: (sp) + ; push x0 onto stack
nove y0, X: (sp) ; push yO onto stack

; DETERMNE TRANSM T STATE

nove X: uart TXC y0 ;¥0 = transmt count
cnp #8, y0 ;if yo =8

beq uar t TRANSS ; got o TRANSS

cnp #9, y0 ;if y0o=9

beq uar t TRANS9 ; got 0 TRANSO
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cnp #10, yO ;if yo =10
beq uar t EndTr ans ;goto EndTrans
; TRANSMT DATA B TS 1-8 STATE
nove x: uart TR x0 ;X0 = previous transmt word
ror x0 ;rotate LSBinto carry
nove X0, x: uart TXR ;update tx register
bcs uart T™XH gh ;if carry set, goto TXH gh
; VRTE A ZERO
uar t TXLow
bfclr  #uart PBTX x: uart PBD ;drive output pin |ow
bra uar t Next TX ;goto Next TX
; VIRTE A O\E
uart H gh
bf set  #uart PBTX x: uart PBD ;drive output pin high
bfchg #uart TXPB, x: uart SR ;toggle the parity send bit
bra uar t Next TX ;goto Next TX

; BNDCGF STGP BT/ TRANSMT STCP B T STATE
uart TRANSO

brclr  #uart PTYP, x: uart (R uart EndTrans ;if PBIT = 0, goto EndTrans

bra uart T™XH gh ;el se goto uart TXH gh

; TRANSMT PAR TY/ STGP BI T STATE
uar t TRANSS

brclr  #uartPTYP, x:uart(RuartTXHgh ;if PBIT =0, goto EndTrans

br set #uart TXPB x:uart SRuart TXHgh ;if TXPB = 1, goto TXH gh
bra uar t TXLow ; el se goto TXLow

; CGET READY TOTRANSMT NEXT BI T

uar t Next TX
incw y0 yincrenent transmit count
nove y0, X: uart TXC ;update transmt count
bra uart T™>X&nd ;goto TXEnd

;o TRANSMT IS O/ER
uar t EndTr ans

bfclr  #uart ENABLETL, x: uart TCRO1 ;disable tinerl
brclr  #uartDH Z x:uart (Ruart TXone  ;if D8 Z=0 goto TXCone
bfchg #uartTXH, x: uart SR ;el se test and toggle TXH
bcs uar t TXDone ;if TXH =1 goto TXDone
jsr uart_Start_TX ;invoke Sart_TX
bra uart T™Xend ;goto TXEnd

; S QNAL THAT DATA HAS BEEN TRANSM TTED

uar t TXDone
bf set  #uart TDRE x: uart SR ; TDRE flag =

; STEP 5 |If desired add user code to uart_TI MERL | SRt hat
; w Il be executed upon conpl etion of a serial data
: transmt. Add your code here.
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uar t T™Xend
pop y0 ;restore y0
pop x0 ;restore x0
rti

rhkkkkkkkkkhkhkkhkkhkkhkkhkhkhkkkkkkkkkhkkhk
;

c ok kkkkkkkkkhkkhkkhkkhkkhkkkkkkkkkkk %
;

sk % * ok
; UART X-Menory Space

r ok kkkkkkkkkhkkhkkhkkhkkhkkhkkkkkkkkkk ok
Ll

rkkkkkkhkk kA khkhkkhkxkhkhkkhkkkhkxhhkk
’

org X: uart XBASE

uart SR ds 1 ; UART status register

uart (R ds 1 ; UART control register

uart RXC ds 1 ;nunber reads on receive pin
uart TXC ds 1 ;nunber wites on transmt pin
uart RR ds 1 ; UART recei ve shift register
uart ™XR ds 1 ; UART transmt shift register
uart DR ds 1 ; UART data regi ster

RS S EE RS ESEE LSS LS E LS EEEEEEEEEEEEEEEEEEEEE L]
;
sk kkkkkhkkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkkhkkhkhkhkkhkhkhkhkkhkhkkhkkhkhkhkkhkkk %
;
;* * UART Interrupt Vector Table Entries * *
ok kkhkkkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkkhkkkhkkhkkkkhkk %
;

chkkkkhkkhkkhkkhkkkhkkhkhkhkkhkkhhkhkkhkhhkkhkhhkhkhkhhkhkhhkhkhkhkkhkhkhkhkkk*k
’

org p: $0014
jsr uart_ IO ISR ;@A Ointerrupt

org p: $0018
jsr uart_TIMERD_| SR ; TinerO interrupt

org p: $001A
j sr uart _TIMERL | SR ;Tinerl interrupt
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A.3 uartapp.asm FILE LISTING

;. Modul e:
; \ersion:

; Purpose:

; Mbdification
; Hstory:

; Howto run
; this code:

(O Mtorola, Inc. 1996 -- Al rights reserved.
uart app. asm
1.0

The purpose of this nodule is to provide an exanpl e
application of the software nodul e used to emul ate a
har dware UART on the DSP56800.

This nodul e wi Il configure the D8P56L811 for receiving

a series of UART data bl ocks froma host device. The

bl ocks are formatted as UART packets with 8-bit data and
parity check bit. The first byte of the bl ock serves as

a header to specify the nunber of UART packets to fol | ow
The packets shoul d appear across the serial transfer line as
fol | ows:

# of packets, packet[ 0], packet[1], ..., packet[# of packets - 1]

After receiving all of the packets, as specified in the

bl ock header, a response is sent to the host device. This
response is an echo of the bl ock header if the transfer
was successful, else the response is a zero. |If the
response i s non-zero, the bl ock of UART packets received
are then echoed back to the host.

None

This code includes the file ‘uart.asm which contains

the UART emul ation software for the 56L811. The fol | ow ng
description lists the steps necessary prior to executing
this code. The user can use a search of each step to find
the point inthis code that needs nodifications. For
instance, do a text search on STEP O to find the point of
the nodul e that needs nodification for step O.

STEP 1 Mdify the PLL setup code to work with the cl ock
for the 56L811.

STEP 2 Make sure the relative path of the nodul e *uart. asm
is correct. For exanple:

include ‘uart.asm ;sane dir as uartapp.asm
include ‘c:\code\uart.asm in ‘c:\code’ dir
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; STEP 3 G to the nodul e ‘uart.asm and fol |l ow the steps
inthe “Howto run this code” section.

:

START equ
BUF equ
BCR equ
I PR equ
PCRO equ
PCRL equ

; *xerx RESET VECTCR ***

Assenbl e this file with the 56800 assenbl er.

$0080
$0400
$FFFO
$FFFB
$FFF2
$FFF3

**k -
’

org p: $0000
jnp START

; MAN'N PROERAM

; Initialize BORfor zero wait states

nove #0, X:

BR

;start of program

;array addr for UART transfers
; Bus Qontrol Reg

;Interrupt Priority Reg

; PLL Gontrol Reg O

;PLL Gontrol Reg 1

; STEP 1 Mdify the PLL setup code to work with the cl ock

; Delay to neet the 10ns | ock spec

for the 56L811.

- Initialize PLL (Miltily 20M& by 2) set YD=1
nove #$0020, x: PCRD

nove #$1fff,lc
do | c, del ayl
nop

del ayl
nove #$1fff,1c
do | c, del ay2
nop

del ay2

; Set PLLE to enable PLL

bf set  #3$4080, x: PCRL

; Set stack pointer to first |location after page O

nove #3$40,

; Enable all levels of interrupts

sp
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bf set  #30100, sr
bfclr  #30200, sr

; Qonfigure the UART by invoking uart_Gonfig Gom Set the UART control
; register for 8-bit transfers with even parity checki ng enabl ed.

jsr uart_Qonfig_Com ;configure UART
bf set  #uart PTYP, x: uart (R ; PTYP = 1 (even parity)
bfclr #uartDd Z x: uart (R ;D8Z =0 (8-bit data)

; Read the header byte fromthe host that contains the nunber of bytes that
; wll follow Polling of the RORF bit is used to determine i f UART packet
; transfer is conplete.

header brclr  #uart RORF, x: uart SR header ;if RORF =0, goto header
nove x:uart DR y0 ;Y0 = nunber of bytes
nove y0, x0 ;X0 = nunber of bytes
bfclr  #uart RORF x:uart SR ;clear RORF flag in uart SR

; Reading data bytes fromthe host. Polling of the RORF bit is used to
; determine if UART packet transfer is conplete.

rxwait brclr #Huart RORF x: uart SR rxwai t ;if RORF =0, goto rxwait
nove X:uartDR yl ; ¥l = recei ved UART data
nove y1, x:(r0)+ ;BUFr0] =yl
bfclr  #uart RORF, x: uart SR ;clear RORF flag in uart SR
decw yO ;repeat for all data
bgt r xwai t

; Check the status register to see if a parity error occurred during the
; UART transfer. |If a parity error has occurred, clear x0 which will be
; echoed back to the host as a response.

bftstl #uartPERR x: uart SR if PERR=0
bcs no_err ;  goto no_err
clr x0 ;report error to host

; Check the status register to see if an overrun error occurred during the
; UART transfer. |If an overrun error has occurred, clear x0 which wll be
; echoed back to the host as a response.
no_err bftstl #uartRN x:uartSR ;if ARIN=0

bcs txwaitl : goto txwaitl
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;report error to host

; Echo the value in register x0 back to the host. |f the header was
; received successfully and no error occurred during the transfer, this
; register will contain the original header fromthe host. This provides

; a response of the transfer status to the host.

Pol ling of the TDRE bit

; inthe status register is used to determine if the transnmt data register

; is enpty before starting a new UART transnit.

txwaitl brclr  #Huart TORE x:uart SR txwai t 1

| ea (sp) +

nove X0, X: (sp)

jsr uart_Transmt
pop

nove #BUF, 10

txl oop cnp #0, x0
bl e | oop

txwait2 brclr  #uart TORE X: uart SR t xwai t 2
nove x: (rQ0)+y0

| ea (sp)+

nove y0, X: (sp)

jsr uart_Transmit
pop

decw  xO

bra t x| oop

; Include the UART software nodul e

: Echo the val ues recei ved x0 back to the host.

;if TDRE=0, goto txwaitl
; advance sp
; push x0
;invoke transmt
;readjust sp for parm

;r0 = addr of UART data
;if (x0 <= 0) then
;goto top of |oop
;if TDRE =0, goto txwait2
;get val ue frombuffer
; advance sp
; push buffer val ue
;invoke transmt
;readjust sp for parm

; STEP 2 Mke sure the relative path of the nodul e ‘uart. asm

X is correct.

i nclude ‘uart. asm
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