TIMER COUNTER
USING EDK 9.2 IN THE ML403 BOARD
This tutorial describes the types of the IP related with the timer, shows how to use the IP core and gives some assembler codes as example.

The contents of this tutorial are the following:

1) Description of the Timer IP cores of EDK.

2) Configuration of the XPS Timer.

3) Examples using XPS Timer (Generate mode and PWM).

1)  DESCRIPTION OF THE TIMER IP CORES OF EDK.
There are 3 IP Cores that have an associated timer. These IP have different functionality. The following paragraph describes each of one and how to program the timer/counter.
Fixed Interval Timer

The Fixed Interval timer is an IP that generates an interruption signal when the counter of number of clocks is equal to the required value. The only parameter that receives this IP is the number of clocks. The output of this module is a one bit signal that is asserted to ‘1’ one after the number of clocks equals the required value. To use this module, double click in the Fixed Interval Timer that appears in the figure below.
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Note that for this module, no assembly code is needed since the EDK configures this module by itself. To set the values of the configuration, right click in the fit_timer0 and then left click in configure IP. 
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The other IPs that are related to the timers are the TIMER/COUNTER and the Watchdog timer. Both IPs can be configured with assembly and can be selected with the wizard as shown in the figure below.
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Figure 1 Internal Peripherals window 1.
Notice that the button ‘add peripheral’ as seen above needs to be selected in order to add the timer that is needed. Note that in the window that appears, there are two options for the timer. The first one is the XPS TIMER WDT and the second one is the XPS TIMER. If the first option is selected, the following window appears.
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In the figure above it can be observed that the Interval Length exponent can be chosen between 8 to 31 bits and also the enable behavior could be selected without the software. This IP is connected to the PLB bus and provides the interface for asynchronous serial data transfer.

For this tutorial, the second option XPS Timer will be selected in the same way that before. Once the XPS timer is added, the following items appear. The first option is the counter bit width that has a range between 8 – 32 bits. The second is the Timer mode, that has the possibility to choose between one or 2 timers. The option of 2 timers is frequently used to generate the Pulse Width Modulation (PWM) that is described later on this tutorial.  Finally, the interruptions will be used selecting the last item.
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Figure 2  Setting the timer parameters.
XPS TIMER/COUNTER
This module will be explained in detail in the following paragraphs. The timer/counter is connected on the PLB bus and has a width of 32-bits (past version of EDK shows the timer connected to the OPB). There are two programmable interval timers with interrupt, event generation and event capture capabilities. As it was explained before, this module has configurable counter width and an output for the PWM. 

2)CONFIGURATION OF THE XPS TIMER.
The XPS timer has 3 operation modes: Generate mode, PWM mode, Capture mode.

Generate mode, in this mode the timer is set to a count from zero up to the value in the load register or up to the maximum number obtained with the counter bit width starting from the value of the load register. 
PWM mode, as mentioned before the two timers are used to generate the PWM mode. For this case, the period (frequency) is defined with the timer0 and the high time (duty cycle) is defined with the timer1. 

Capture mode, the value of the counter is stored in the load register when the external capture signal is asserted. 

To work in the modes specified below it is necessary to know the Register Data Type and Organization of this module. The following table shows the memory address of these registers and their type.
	Register
	Address
	Size
	Type
	Description

	TCSR0
	0x00
	Word
	R/W
	Control/Status Register 0

	TLR0
	0x04
	Word
	R/W
	Load Register 0

	TCR0
	0x08
	Word
	Read
	Timer/Counter Register 0

	TCSR1
	0x10
	Word
	R/W
	Control/Status Register 1

	TLR1
	0x14
	Word
	R/W
	Load Register 1

	TCR1
	0x18
	Word
	Read
	Timer/Counter Register 1


Table 1 Timer counter register address map.
To understand better how to use these registers, the configuration of the three modes of the timer is specified below.
GENERATE MODE
The first step in this mode is load the value (usually called “generate value”) in the register. Note in the following figure that the entry of the data is in big-endian format. This means that to set 8 bits in the timer load register, the value will be written in the bits from 24-31 as seen below. As it was explained before, this register is configured previously for width-bit values from 8 to 32 bits.
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The following code shows how to configure the timer. In this case, the counter width bit is 32 (figure 2) and was specified in the wizard; the address for the PLB timer is 0x83c00000 (this value can be found in the address tab of the assembly view).
lis r1, 0x83c00000@h

#load the base address of PLB timer

ori r1, r1, 0x83c00000@l
#in the register r1

li r2, 0x7ce


#the value 0x7ce
stw r2,0x04(r1)


#load the value 0x7ce to the TLR0 (40us).

Note that there are two registers used for loading the generate value: TLR0 and TLR1. In this case only the TLR0 is used since at the beginning only one timer option was selected. The same procedure is applied for the other register but the address for the TLR1 is the base_address + 0x14.
The second step is to set some values in the Control/Status Register (tscr0) to enable the loading in TLR0. The following figure shows the distribution in the TCSR. 

[image: image7.emf]0 23 24 25 26 27 28 29 30 31

LOADx

CAPTx

ARHTx GENTx

UDTx

UNUSED

ENITx

MDTx

20 21 22

PWMAx

T1INT ENALL

ENTx

TCSRx

x=0,1


First of all, the content of the TLR0 must be loaded in the counter. To do so, the LOAD bit (26th of the TCSR) has to be set to ‘1’.  Then the bit has to be set to ‘0’ to assure proper operation in the timer. 
Note that the bit 26 is the LOAD0 or LOAD1. As it was indicated above, it is necessary to set it to ‘1’ to load the value of the TLR register to the timer.  This procedure can be verified reading in the register of the timer counter TCRx.
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Note that this register has the same distribution that the TLRx, this is because the TLRx value is stored in the TCRx. This reading of the register could be performed by software, loading in a register the value of the address memory associated with the TCRx (see table1) or could be read using the XMD commands. (see XMD commands reference). 
After doing that Auto Reload/Hold Timer (ARHT) bit (27th of the TCSR) has to be set to ‘0’ or ‘1’ depending of the output signal that is needed. For example, if a pulse train is required the ARHT bit is set to 1 indicating that the TLR value will be reload; if a pulse is required the ARHT bit is set to 0.    

The counter can be set up down or up changing the value of the Up/Down counter timerx (UDT) bit (30th bit of the TSCR) to ‘0’ for the timer functions as up counter or to ‘1’ for the timer function as down counter. In this case the counter will be working as down counter. 

It is important to know that by setting the direction of the counter, the timing interval will have different values. The previous code showed how to load a value but now the value to be loaded will be chosen depending of the timing period required. To calculate the period, it is important to know the mode of the counter.
If the counter is set to down counter then,

Timing interval = (TLRx +2) x (PLB clock period)

Calculate the TLR for a timing of 40us,

Timing interval = 40us =(TLR+2)x(50MHz)
TLR=1998 (7CE in hexadecimal)
If the counter is set to up counter then,

Timing interval = (Max_Counts - TLRx +2) x (PLB clock period)

Where ‘Max_Counts’ depend of the width-bit.

Finally for the generate mode, the GenerateOut signals have to be enabled if an external signal is required. To do so, the GENT bit (29th bit TSCRx) is set to ‘1’. Note that the GenerateOut signal could be configured as a high true or low true.

NOTE: It is important to know that there are some values that the TSCR register has after the reset. The most significant is that the Timer mode (MDTx) bit (31th bit of the TSCR) is set to ‘0’ after the reset. This value is necessary to set the timer mode as a generate mode. For that reason this procedure is not explained but if this value was changed in another part of the code, it would be necessary to change the value to 0.
The following code shows how to configure the required bits in the TCSR0 register.

li r2,0x36



#write 1 in the 26th, 27th, 29th and 30th 

stw r2,0(r1)
#of the TSCR0 register to set the  #parameters specified below

CAPTURE MODE
In this case, the value of the counter is stored in the load register. It is the inverse procedure of the Generate mode. Just as done for the Generate mode, the value of the UDT bit could be changed to choose the up or down counter.
In this mode it is necessary to specify the value of some status bits. The most important bit is the MDT. As it was explained before, for the case of Capture mode, the MDT bit has to be set to ‘1’ in order to assure the capture mode as timer mode. In this case, the value of the ARHT bit has to set to ‘0’ or ‘1’ depending of the functionality required. For example: if a capture event occurs many times, the new value will be loaded into the TLR register if the ARHT=’1’; otherwise, the new value obtained in a new capture event will be not reloaded into the TLR.
Finally, the capture signal could be configured as a low-true or high-true.

PWM MODE

In this mode, the two timers will be used, for that reason all the registers (6) have to be configured to generate the PWM. Note that the two timers have the same distribution for their load, counter and control/status registers.
The first step is to set the generate mode in both timers. The generate mode is selected writing a ‘0’ in the Timer Mode (MDT) bit (31st bit of TSCR0 and TSCR1). The following code does this operation.
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li r3,0x00



#write 0 in the 31th bit of r3 and then 

stw r3,0(r1)


#assign MDT0 bit=0 to select GenerateMode

stw r3,0x10(r1)


#assign MDT1 bit=0 to select GenerateMode

Then, the PWMA0 and PWMB0 (22nd bit of the TSCRx) is set to ‘1’ to enable the PWM mode in both timers. The code below shows how to set the value.
li r3,0x200



#write 1 in the 22nd bit of r3 and then 

stw r3,0(r1)


#assign PWMA bit=1 to select  pwm Mode

stw r3,0x10(r1)


#assign PWMB bit=1 to select pwm Mode

Finally for this mode, the GenerateOut signals for both timers must be enabled. To do so, the GENT bit (29th bit of the TSCRx) is set to ‘1’ as seen below.
li r3,0x04



#write 1 in the 29th bit of r3 and then 

stw r3,0(r1)


#assign GENT0 bit=1 to active generateout

stw r3,0x10(r1)


#assign GENT1 bit=1 to active generateout

Remember that in all the modes the counter could be set to down or up counter.
Once, all the bits are set to work in PWM mode, the next step is to establish the period and the duty factor. As it was explained before, the period depends of the mode of the counter:
If the counter is set to down counter then,

PWM_PERIOD = (TLR0 +2) x (PLB clock period)

PWM_HIGH_TIME = (TLR1 +2) x (PLB clock period)

If the counter is set to up counter then,

PWM_PERIOD = (max_count - TLR0 +2) x (PLB clock period)

PWM_HIGH_TIME = (max_count - TLR1 +2) x (PLB clock period)

Where the ‘max_count’ is the maximum value found with the width bit chosen at the beginning. 
In this case, the counter will be set to down counter mode and the values that will be used to configure the PWM are: Period 50ms and duty cycle 60%. Note that the duty cycle is the High time period divided by the total period.
PWM_PERIOD=50ms = (TLR0 + 2)*PLB clock period.

The PLB clock period is 50MHz so that the TLR0 is:

TLR0 = 2500x103 -2  = 2499998
TLR0 in hexadecimal = 26259E

Then, the TLR1 is calculated in based of the percentage of duty cycle.
Duty Cycle = (TLR1 +2)/( TLR0 +2)*100%=60%

TLR1 = 1500 * 103 -2 =1499998
TLR1 in hexadecimal = 16E35E
Once, all the values are found, the following code is written to implement the characteristics of the PWM. Remember that each TLR has associated different addresses (see table 1).
## To load the value 2499998 in TLR0 (to obtain period = 50ms)
lis r4, 0x0026259e@h

#load the 24 bits found previously for
ori r4, r4, 0x0026259e@l
#TLR1 in the register r4
stw r4,0x04(r1)


# load r4 in the TLR1 register.
## To load the value 1499998 in TLR1 (to obtain duty cycle = 60%)
lis r4, 0x0016e35e@h

#load the 24 bits found previously for
ori r4, r4, 0x0016e35e@l
#TLR1 in the register r4
stw r4,0x14(r1)


# load r4 in the TLR1 register.
INTERRUPTS
When one works with timers the use of the interruptions is necessary; otherwise the status register will be read constantly until the desired value is obtained. To enable the interrupts in the timer it is necessary to set to 1 the Enable Interrupt for Timer (ENITx) bit (25th bit of TSCRx). When an interrupt occurs, the Timerx Interrupt (TINTx) bit (23rd bit of TSCRx) must be checked. This bit is ‘1’ when an interrupt has occurred, after detected, the interrupt is necessary to clear this bit writing ‘0’ in TINTx bit. The following code enables the interruptions, checks and clears the value of the TINTx bit.

li r2,0x76

#write 1 in the 25TH, 26th, 27th, 29th and 30th 

stw r2,0(r1)
#of the TSCR0 register to set the  
3) EXAMPLES USING XPS TIMER (GENERATE MODE AND PWM).

1) Using the PLB timer/counter to create a rotating pattern on four LEDs on the LEDs board. The pattern for the rotation will be rotate at a second per LED. 

To solve this problem, a project will be created in EDK with the LEDs_4 bit and the XPS Timer (with one timer option and 32 bits). For this problem, the counter is set to down counter so the value of the TLR register for 1s = 2FAF07E

.org 0x3000

lis r1, 0x83c00000@h

#load the base address of PLB timer

ori r1, r1, 0x83c00000@l
#in the register r1

lis r5, 0x81400000@h

#load the base address of Leds 4 BITS

ori r5, r5, 0x81400000@l
#in the register r2

lis r6, 0x81800000@h

#load the base address of xp intc

ori r6, r6, 0x81800000@l
#in the register r6

lis r3, 0x02faf07e@h

#load the base address of PLB timer

ori r3, r3, 0x02faf07e@l
#in the register r1

stw r3,0x04(r1)


#load the value 0xfe5028 to the TLR0.

li r2,0x36



#write 1 in the 26th, 27th, 29th and 30th 

stw r2,0(r1)


#of the TSCR0 register to set the  
#parameters specified below

####configuration of the leds 4 bits

li r3,0

stw r3,4(r5)

#In the same way that it was done with the Uart interruptions, the configurations in the xp intc are set as follows.

#####This part is to ENABLE INTERRUPTIONS


li r8, 0x03


#enable master interrupts and hardware


stw r8, 0x1c(r6)


li r8, 0x01


#enable timer interrupts


stw r8, 8(r6)

#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

#Before we start, the timer is turn on with the following code.

#and the bit to load TLR is disabled (enable the counter).

li r7,0xd6



#enable timer0 and interruptions

stw r7,0(r1)

li r3,1  

### the initial value to turn on the led


loop:
b loop

Now, that the main code is done, the interruption subroutine of the timer will be described below.

First, the master enable interruption should be disabled and the interrupt status bit must be cleared. For the case of the timer, the status timer interrupt must be cleared writing ‘1’ in the 23rd bit of TCSR. The following code shows this procedure and the assignation of the Leds_4 bit in each interruption.

.org 0x500

li r8, 0x00


#enable master interrupts and hardware

stw r8, 0x1c(r6)

li r7,0x1d6


#clear the time status interrupt

stw r7,0(r1)


li r7, 0x01


#IMPORTANT clear the interrupt status

stw r7, 0x0c(r6)

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

###In this part the led bit is rotate each time that interrupt the #timer sequentially.
stw r3,0(r5)

 
cmpwi r3,8

slwi r3,r3,1

#this is because the leds will be turn on

bne notyet

li r3,1

notyet:

li r8, 0x03


#enable master interrupts and hardware

stw r8, 0x1c(r6)

rfi
2) Using the XPS timer, create a PWM with period 50ms. The duty cycle should change with each period to make a pulse train where 50% duty cycle are followed by cycles with 10% duty cycle (then back to 50%)
In this case, the two timers are needed in order to obtain a PWM (as it was explained before). The usage of interruption in one of the timer is important since the duty cycle is variable. Note that more than one module of the XPS Timer could be added in the EDK wizard if it is required. 
Solution:
First, the PWM will be configured. To do so, the values for the period=50ms and the duty cycle of 10% and 60% has to be calculated and set in the TLR registers.
For the previous calculations (choosing the counter as a down counter) the values are.

Period=50ms

TLR0 = 2500x103 -2  = 2499998

TLR0 in hexadecimal = 26259E

Then, the TLR1 is calculated in based of the percentage of duty cycle.
Duty Cycle =60%

TLR1 = 1500 * 103 -2 =1499998

TLR1 in hexadecimal = 16E35E

Duty Cycle =10%

TLR1 = 250 * 103 -2 =1499998

TLR1 in hexadecimal = 3D08E
The following code implements the example 2. The configuration of the PWM is important to observe in this part since the procedure in the code is similar to the previous one.
.org 0x3000

lis r1, 0x83c00000@h

#load the base address of PLB timer

ori r1, r1, 0x83c00000@l
#in the register r1

lis r5, 0x81400000@h

#load the base address of Leds 4 BITS

ori r5, r5, 0x81400000@l
#in the register r2

lis r6, 0x81800000@h

#load the base address of xp intc

ori r6, r6, 0x81800000@l
#in the register r6

li r2,0x36



#write 1 in the 26th, 27th, 29th and 30th 

stw r2,0(r1)

#of the TSCR0 register to set the  #parameters specified below

### configuration of the leds 4 bits

li r3,0

stw r3,4(r5)

### This part is to enable interruptions

li r8, 0x03


#enable master interrupts and hardware

stw r8, 0x1c(r6)

li r8, 0x01


#enable timer interrupts

stw r8, 8(r6)

####Configuration of the PWM

## (to obtain period = 50ms)

lis r4, 0x0026259e@h

#load the 24 bits found previously for

ori r4, r4, 0x0026259e@l
#TLR0 in the register r4

stw r4,0x04(r1)


# load r4 in the TLR1 register.

## (to obtain duty cycle = 60%) – the value is stored in r10

lis r11, 0x0016e35e@h

#load the 24 bits found previously for

ori r11, r11, 0x0016e35e@l
#TLR1 in the register r4

stw r11,0x14(r1)


# load r4 in the TLR1 register.

## (to obtain duty cycle = 10%) –the value is stored in r9

lis r9, 0x0003d08e@h

#load the 24 bits found previously for

ori r9, r9, 0x0003d08e@l
#TLR1 in the register r4

###For both timers, the PWM bit is enable and MDTx=0 and the rest of the parameters #specified in the previous part are set below.

li r2,0x2b6

#set the parameters for timer0



 

stw r2,0(r1)


li r2,0x2b6

#set the parameters for timer1


 

stw r2,0x10(r1)



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

lis r4, 0x00008000

ori r4,r4, 0x00008000

mtmsr r4

mtspr 0x3d6,r10

li r2,0x2d6

#to disable the option load to enable the interrupt for timer0

 

stw r2,0(r1)


li r2,0x296

# to disable the option load and to enable the interrupt for timer1
 

stw r2,0x10(r1)


li r3,1

loop:

b loop

Now for the interruption subroutine, the values of the two duty cycles are update each interruption of the period in the timer0.

.org 0x500

li r8, 0x00


#enable master interrupts and hardware

stw r8, 0x1c(r6)

li r7,0x1d6


#clear the time status interrupt

stw r7,0(r1)


li r7, 0x01


#IMPORTANT clear the interrupt status

stw r7, 0x0c(r6)

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

#### To change the duty cycle, the value of the register r3 will be modified.

cmpwi r3,1

beq ten

###duty cycle of 60%

sixty:

stw r11,0x14(r1)

# load r4 in the TLR1 register

li r2,0x236


#set the parameters for timer1


 

stw r2,0x10(r1)

li r2,0x296


# to disable the option load and to enable the interrupt rt1
 

stw r2,0x10(r1)


li r3,1

stw r3,0(r5)

b next

###duty cycle of 10%

ten:

stw r9,0x14(r1)

# load r9 in the TLR1 register.

li r2,0x236


#set the parameters for timer1
 

 

stw r2,0x10(r1)

li r2,0x296


# to disable the option load and to enable the interrupt T1
 

stw r2,0x10(r1)


li r3,0

li r19,2

stw r19,0(r5)

next:

li r8, 0x03

#enable master interrupts and hardware

stw r8, 0x1c(r6)

rfi 
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