UART (Universal Asynchronous Receiver/Transmitter) TUTORIAL

USING EDK IN ML403 BOARD 
PART 2: INTERRUPTIONS

This tutorial describes the possible interruptions in the OPBUART 16550 and shows one example using it.
The contents of this tutorial are the following:

1. Creation of a project using UART interruptions.
2. Configuration of the interrupt registers of the UART.
3. Configuration of the Interrupt Controller registers, MSR and EVPR.
4. Example of the usage of the interruption in the OPB UART 16550.

1. CREATION OF A PROJECT WITH INTERRUPTION.
 The creation of a project in EDK using the OPB UART 16550 was explained in the previous part of the UART tutorial. In this part, some interruptions of the UART will be used. To enable the interruptions in the configuration it is necessary to select the option Use interrupt as shown below. By selecting this option, the interruption connections between the processor and the peripherals will be made in the configuration of the system. Another important thing to take into account is that when the interruptions are used, it is necessary to work with a memory block of size bigger than or equal to 64 KB.
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Figure 1
2. CONFIGURATION OF THE INTERRUPT REGISTERS.
There are two registers that are related with the interruptions in the OPB UART 16550. The first one is the Interrupt Enable Register (IER) and the other one is the Interrupt Identification Register (IIR). The description of both registers and their usage are explained below.

Interrupt Enable Register (IER)

 To access to this register it is necessary to set the LCR (bit 7) to ‘0’ and write or read in the following address: Base Address + 0x1004. The Interrupt Enable Register contains 8 read/write bits where only the 4 least significant bits are used to configure the enable/disable of the interruptions in the UART. The following table shows the bit distribution in the IER register.
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EDDSI (Enable Modem Status Interrupt): is set to ‘0’ to disable the modem status interrupts.
ELSI (Enable Receiver Line Status Interrupt): is set to ‘0’ to disable the line status interrupts.

ETBEI (Enable Transmitter Holding Register Empty Interrupt): is set to ‘0’ to disable the THR empty interrupts.

ERBFI (Enable Received Data Available Interrupt): is set to ‘0’ to disable the received data available interrupts.

Now, the following code explains the configuration in this register. First, the base address of the UART has to be stored in the register. This code is also in part 1 of the UART tutorial. 

lis r5, 0x40400000@h

#load the base address (MSB) of the UART in r5 

ori r5, r5, 0x40400000@l

# load the base address (LSB) of the UART in r5 

Then, the 7th bit of LCR has to be set to ‘0’ with the code below.

li r1,0x0  


# write the value 0 in r1

stw r1,0x100c(r5)

#write in the LCR (7) the value 0.

After that, the interruptions that will be used are selected. In this case, the Received Data Available interrupt is used. To do so, the bit 31 as shown in the above figure is set to ‘1’, writing 0x01 in the IER address.

li r1,0x01


# write the value 3 in r1

stw r1,0x1004(r5)

#write in the IER  the value 3.

Interrupt Identification Register Bit Definitions (IIR)

This register is used to identify the interruption. This is an 8-bit read register and its distribution is shown below. The address that is associated to this register is: Base Address+0x1008. Just like for the IER register, it is necessary to set to ‘0’ the value of the 7th bit of the LCR register.
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FIFOEN: These bits are always set to “00” if not in FIFO mode. 
INITID2: Interrupt ID, there are 3 bits that will indicate the status of the interruptions that were enabled with the previous register. The following table shows the type of interruptions associated with the 3 bit-code and its priority.
	INTID2
	Definition
	Priority

	"000"
	Modem Status
	Fourth

	"001"
	Transmitter Holding Register Empty
	Third

	"010"
	Received Data Available
	Second

	"011"
	Receiver Line Status
	Highest

	"110"
	Character Timeout
	Second


INTPEND (Interrupt Pending): The reset sets the value 1 for this bit. When the bit is cleared the interrupt is pending.

Even though the Line Status Register (LSR) is not configured for the interruptions, it is important to read it in the interrupt subroutine in order to clear the interrupt status bit as it is specified in the datasheet of the PC16550D in which the OPB 16550 is based.
3) CONFIGURATION OF THE INTERRUPT CONTROLLER REGISTERS, MSR AND EVPR.

Other registers that are important for the UART interruptions are the Machine State Register (MSR), the EVPR and the registers of the OPB interrupt controller. The paragraphs below show how to configure these registers.
OPB Interrupt Controller
This controller was explained before in the Interrupt tutorial. This IP CORE has an associated address that can be found in the assembly view of the EDK program. For this case, the address is 0x41200000. The registers that are important for the UART interruption are: IER, MER and IAR.

MER (Master Enable Register): there are 2 important bits: the least significant bit contains the Master Enable (ME) and the other bit contains the Hardware Interrupt Enable (HIE), which enables hardware interrupts and disables software interrupts. The address associated to this register is: Base Address + 0x001C. Both bits (ME and HIE) are set to 1 with the following code to enable both functions

lis r6, 0x41200000@h

#load the base address of the opb-intc

ori r6, r6, 0x41200000@l

# in the register r6.
li r8, 0x03



#enable master interrupts and hardware

stw r8, 0x1c(r6)


#interrupts.
IER (Interrupt Enable Register): This register is used to enable specific interruptions. To enable each interruption it is necessary to set a value in the bit that corresponds to the interruption. In this case only the UART interruption is available so that bit 0 is set to 1 to enable it. The address for this register is: Base Address + 0x0008. The following code shows the steps to enable the interruption.
li r8, 0x01



#enable uart interruptions.

stw r8, 8(r6)

IAR (Interrupt Acknowledge Register): This register is used to clear the Interrupt Status Register of the OPB INTC. For that reason, as it was mentioned in the previous tutorial, the 31st bit (Uart Interruption) must be set to 1. The following code shows this procedure. Note that this code has to be inside the interruption subroutine and the master enable register has to be disabled as seen below.

li r8, 0x00


#disable master interrupts
stw r8, 0x1c(r6)

li r2, 0x01


#IMPORTANT clear the interrupt status

stw r2, 0x0c(r6)

#set 1 to the 31st bit of the IAR REGISTER

li r8, 0x03


#enable master interrupts 
stw r8, 0x1c(r6)

Machine State Register (MSR)

This is a 32-bit register that defines the state of the processor. In the case of interruptions, the bits of the MSR register are altered as indicated in the interruptions tutorial. Note that for this register, special instructions are required to read data from it and write to write data onto it: mfmsr, mtmsr.
The following figure shows the distribution of the MSR. In this case, the interruptions of the UART are associated with the external interrupt bit (16) of the MSR.
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EE (External Interrupt Enable): This bit is set to 1 to enable the non-critical interrupts as the UART, PIT and FIT. 
To set the MSR (EE) bit, the following code is used.
lis r4, 0x00008000

#this part is not necessary



ori r4,r4, 0x00008000

#store the value 0x8000 in r4

mtmsr r4


#write in the bit 16 of the MSR the value 1.

Finally, It is important to indicate to which address the processor must go after an interrupt occurs. It is known that the External Interrupt is associated to the address EVPR + 0x500. For that reason, the EVPR register must be written as follows.
lis r10, 0xffff0000@h

#load the base address for the EVPR.

ori r10, r10, 0xffff0000@l


mtspr 0x3d6,r10

#store r1 in EVPR.

It can be observed that the base address for the UART interrupt is 0xffff0000. This address is chosen since the block memory of the project starts at 0xffff0000. For that reason, the program for the UART interrupt should start in 0xffff0500 (EVPR+0x500).
Now that all the steps required for using interruptions in the UART are explained, the program to be implemented in this tutorial is explained. Note that it is important to store some values of the registers to avoid losing their content while the interrupt subroutine is running. Another thing to mention is that when nested subroutines are programmed, the PC must be stored into the registers. For this particular example, there is no need to store the value of some register or the value of the program counter but it is necessary to consider these criteria when developing complex programs.

4) EXAMPLE OF THE USAGE OF THE INTERRUPTION IN THE OPB UART 16550.
Example 1: Write a routine that will echo the characters typed on the terminal, store the values in the memory and then, when the return character is received, print again all the stored characters. (Use only interrupts)

Note that this is the same example that it was done in the previous UART tutorial but now the requirement is the usage of interruptions. First of all, it is necessary to explain some concepts about the compilation of the assembly code. Since in the assembler compilation command the start address is specified, the .org directives are used to specify the offset from the start address of the memory for the subprograms. In the case of the interrupt subroutine, the value set for the address was (EVPR + 0x500). This corresponds to the start address in the compilation + offset that will be specified with the .org directive. In both cases, EVPR and START_ADDRESS, the value will be set to 0xfff0000 so that the interrupt subroutine will start at .org 0x500 as seen below.

Note that the enable bit of the master interrupts is disabled at the beginning of the interrupt subroutine; as it was mentioned before, none of the registers was stored but it is important to remember this step for future projects. The rest of the code in this part of the program develops a solution for the presented example but it is not explained since it was described in the previous tutorial.
.org 0x500

li r8, 0x00


#enable master interrupts and hardware

stw r8, 0x1c(r6)

lwz r9,0x1000(r5)

#load in r9 the content of the receiver register.

cmpwi r9,0x0d

#compare the value of r9 with 0x0D.

beq read_mem

#branch to the position read_mem is r9=0x0D.

stw r9,0x1000(r5)

#Transmit the character received.

addi r11,r11,1

# increase in one the value of r11

stbu r9,0(r11)

#store the content of r9 (receive data) in the address 



#that is in  r11

cont: 
li r8,60


#IMPORTANT,you have to read the LSR register in

stw r8,0x1014(r5)

#order to reset the interruptions in the uart

li r2, 0x01


#IMPORTANT clear the interrupt status

stw r2, 0x0c(r6)

#set 1 to the 31st bit of the IAR REGISTER

li r8, 0x03


#enable master interrupts and hardware

stw r8, 0x1c(r6)

b fin1

read_mem:

li r13,0xb 

  
#send the character 0x0b through the UART.

stw r13,0x1000(r5)  
#to pass to second line in the terminal.

compare:
cmpw r11,r12
  
#compare the value of the register r12 
with r11

beq end1


#if is equal r12=r11 end of the transmission.

tr_empty:
lwz r4,0x1014(r5)

#load the content of the LSR in r14.

andi. r4,r4,0x60
#applied the mask to see the transmision bit #status.

beq tr_empty

# if is not empty return to check again.

addi r12,r12,1

#increase in 1 the value of r12

lbz r13,0(r12)

#load the character in r13

stw r13,0x1000(r5)
#write the character of r13 in the TR 






#register.



b compare

#check if there are more characters stored.

end1:

b cont


#return to the first loop.

fin1: rfi

Then the main code is written below. In this part, all the configurations explained in the previous paragraph are considered. Note that the offset is 0x3000 so that this part of the program starts at 0xffff3000.
####################################################################
.org 0x3000

main:


lis r6, 0x41200000@h
  
#load the b_address of the OPB_INTC in r5 
ori r6, r6, 0x41200000@l



lis r5, 0x40400000@h

#load the base address of the uart 
ori r5, r5, 0x4040000@l

#in r5
lis r10, 0xFFFF0000@h
      #load the base address of the evpr 

ori r10, r10, 0xFFFF0000@l
#register in r10 

addi r11,r10,0x4000
#add 0x1000 to the content of r10 #and #store inr11 to set the position of the #address to store the information.

mr r12,r11



# move the content of r11 to r12.

li r1,0x0080  


#to configure the baudrate, write 0x80 in 
stw r1,0x100c(r5)


#LCR 
li r2, 0x01
#now the frequency divisor for the #baudrate is write

stb r2, 0x1004(r5)  

#in two registers baseaddress+1004 for 
#the MSB

li r2, 0x45



#and the baseaddress +1000 for the LSB.

stb r2, 0x1000(r5)

#in this case the baudrate chosen is19200

li r2, 0x07


#now, the parity, the word and the 
#stop bits are configured

stb r2,0x100c(r5)  

#write 0x7 in LCR to se no parity, 1 stop 

#bit and to able 8-bit long
#####This part is to ENABLE INTERRUPTIONS


li r8, 0x03


#enable master interrupts and hardware


stw r8, 0x1c(r6)


li r8, 0x01


#enable uart interrupts


stw r8, 8(r6)


li r1,0x01


# write the value 3 in r1-enable the data 






#receiver interrupt


stb r1,0x1004(r5)

#write in the IER  the value 3.

Finally, the values of the MSR register and the EVPR register are set with the following code.

##### LOAD the values for the registers msr and evpr


lis r4, 0x00008000


ori r4,r4, 0x00008000


mtmsr r4


mtspr 0x3d6,r10

######################################################################

loop:
b loop
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