Laboratory Manual to the Course Microprocessors (CENG 329)

EXPERIMENT 6

ÇANKAYA UNIVERSITY

COMPUTER ENGINEERING DEPARTMENT

EXPERIMENT 6

DIGITAL SIGNAL PROCESSORS. 

USING THE GPIO PINS OF THE Z8 ENCORE.

OBJECTIVE


Using the general purpose input-output register’s (GPIO) pins of the Z8 Encore for input, output and alternative functions operations. Programming GPIO to organize information exchange between microprocessor and peripheral devices in both directions. Learning of microprocessor’s registers and sub-registers to provide access to all I/O ports of Z8 Encore.
1. THEORY

The 64K Series products support a maximum of seven 8-bit ports (Ports A–G) and one 4-bit port (Port H) for general-purpose input/output (GPIO) operations. Each port consists of control and data registers. The GPIO control registers are used to determine data direction, open-drain, output drive current and alternate pin functions. Each port pin is individually programmable. All ports (except B and H) support 5 V-tolerant inputs.

1.1. Architecture

Figure 1 illustrates a simplified block diagram of a GPIO port pin. In Figure 1, the ability to accommodate alternate functions and variable port current drive strength are not illustrated.
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Figure 1. GPIO Port Pin Block Diagram

1.2. GPIO Alternate Functions

Many of the GPIO port pins can be used as both general-purpose I/O and to provide access to on-chip peripheral functions such as the timers and serial communication devices. The Port A–H Alternate Function sub-registers configure these pins for either general-purpose I/O or alternate function operation. When a pin is configured for alternate function, control of the port pin direction (input/output) is passed from the Port A–H Data Direction registers to the alternate function assigned to this pin. Table 1 lists the alternate functions associated with each port pin.

Table 1. Port Alternate Function Mapping

Port
 
Pin 

Mnemonic 

Alternate Function Description

Port A 
PA0 

T0IN 


Timer 0 Input

PA1 

T0OUT 

Timer 0 Output

PA2 

DE0 


UART 0 Driver Enable

PA3 

CTS0 


UART 0 Clear to Send

PA4 

RXD0/IRRX0 
UART 0/IrDA 0 Receive Data

PA5

TXD0/IRTX0 
UART 0/IrDA 0 Transmit Data

PA6 

SCL 


I2C Clock (automatically open-drain)

PA7 

SDA 


I2C Data (automatically open-drain)

Port B

PB0 

ANA0 


ADC Analog Input 0

PB1 

ANA1 


ADC Analog Input 1

PB2 

ANA2 


ADC Analog Input 2

PB3 

ANA3 


ADC Analog Input 3

PB4 

ANA4 


ADC Analog Input 4

PB5 

ANA5 


ADC Analog Input 5

PB6 

ANA6 


ADC Analog Input 6

PB7 

ANA7 


ADC Analog Input 7

Port C 
PC0 

T1IN 


Timer 1 Input

PC1 

T1OUT 

Timer 1 Output

PC2 

SS 


SPI Slave Select

PC3 

SCK 


SPI Serial Clock

PC4 

MOSI 


SPI Master Out/Slave In

PC5 

MISO 


SPI Master In/Slave Out

PC6 

T2IN 


Timer 2 In

PC7 

T2OUT 

Timer 2 Out

Port D 
PD0 

T3IN 


Timer 3 In (unavailable in 44-pin packages)

PD1 

T3OUT 

Timer 3 Out (unavailable in 44-pin packages)

PD2 

N/A 


No alternate function

PD3 

DE1 


UART 1 Driver Enable

PD4 

RXD1/IRRX1 
UART 1/IrDA 1 Receive Data

PD5 

TXD1/IRTX1 
UART 1/IrDA 1 Transmit Data

PD6 

CTS1 


UART 1 Clear to Send

PD7 

RCOUT 

Watchdog Timer RC Oscillator Output

Port E 
PE[7:0] 
N/A 


No alternate functions

Port F 
PF[7:0] 
N/A 


No alternate functions

Port G 
PG[7:0] 
N/A 


No alternate functions

Port H 
PH0 

ANA8 


ADC Analog Input 8

PH1 

ANA9 


ADC Analog Input 9

PH2 

ANA10 

ADC Analog Input 10

PH3 

ANA11 

ADC Analog Input 11

1.3. GPIO Interrupts
Many of the GPIO port pins can be used as interrupt sources. Some port pins may be configured to generate an interrupt request on either the rising edge or falling edge of the pin input signal. Other port pin interrupts generate an interrupt when any edge occurs (both rising and falling). For more information on interrupts using the GPIO pins, see Interrupt Controller.
1.4. GPIO Control Register Definitions

Four registers for each Port provide access to GPIO control, input data, and output data. Table 2 lists these Port registers. Use the Port A–H Address and Control registers together to provide access to sub-registers for Port configuration and control.

Table 2. GPIO Port Registers and Sub-Registers

Port Register Mnemonic 



Port Register Name

PxADDR 





Port A–H Address Register

(Selects sub-registers)

PxCTL 





Port A–H Control Register

(Provides access to sub-registers)

PxIN 






Port A–H Input Data Register

PxOUT 





Port A–H Output Data Register

Port Sub-Register Mnemonic 


Port Register Name

PxDD 






Data Direction

PxAF 






Alternate Function

PxOC 






Output Control (Open-Drain)

PxHDE 





High Drive Enable

PxSMRE 





Stop Mode Recovery Source Enable

1.5. Port A–H Address Registers

The Port A–H Address registers select the GPIO Port functionality accessible through the Port A–H Control registers. The Port A–H Address and Control registers combine to provide access to all GPIO Port control (see Table 3).
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Table 3. Port A–H GPIO Address Registers (PxADDR)
PADDR[7:0]—Port Address. The Port Address selects one of the sub-registers accessible through the Port Control register.

PADDR[7:0] 

Port Control sub-register accessible using the Port A–H Control Registers

00H 


No function. Provides some protection against accidental Port reconfiguration

01H 


Data Direction

02H 


Alternate Function

03H 


Output Control (Open-Drain)

04H 


High Drive Enable

05H 


Stop Mode Recovery Source Enable

06H-FFH 

No function

1.6. Port A–H Control Registers
The Port A–H Control registers set the GPIO port operation. The value in the corresponding

Port A–H Address register determines the control sub-registers accessible using the Port A–H Control register (see Table 4).

Table 4. Port A–H Control Registers (PxCTL)
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PCTL[7:0]—Port Control. The Port Control register provides access to all sub-registers that configure the GPIO Port operation.

1.7. Port A–H Data Direction Sub-Registers

The Port A–H Data Direction sub-register is accessed through the Port A–H Control register by writing 01H to the Port A–H Address register (see Table 5).

Table 5. Port A–H Data Direction Sub-Registers
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DD[7:0]—Data Direction. These bits control the direction of the associated port pin. Port Alternate Function operation overrides the Data Direction register setting. 

0 = Output. Data in the Port A–H Output Data register is driven onto the port pin.

1 = Input. The port pin is sampled and the value written into the Port A–H Input Data Register. The output driver is tri-stated.

1.8. Port A–H Alternate Function Sub-Registers

The Port A–H Alternate Function sub-register (see Table 6) is accessed through the Port A–H Control register by writing 02H to the Port A–H Address register. The Port A–H Alternate Function sub-registers select the alternate functions for the selected pins. To determine the alternate function associated with each port pin, see GPIO Alternate Functions.

Caution: Do not enable alternate function for GPIO port pins which do not have an associated alternate function. Failure to follow this guideline may result in unpredictable operation.

Table 6. Port A–H Alternate Function Sub-Registers
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AF[7:0]—Port Alternate Function enabled. 

0 = The port pin is in NORMAL mode and the DDx bit in the Port A–H Data Direction sub-register determines the direction of the pin.

1 = The alternate function is selected. Port pin operation is controlled by the alternate function.

1.9. Port A–H Output Control Sub-Registers

The Port A–H Output Control sub-register (see Table 7) is accessed through the Port A–H Control register by writing 03H to the Port A–H Address register. Setting the bits in the Port A–H Output Control sub-registers to 1 configures the specified port pins for open-drain operation. These sub-registers affect the pins directly and, as a result, alternate functions are also affected.

Table 7. Port A–H Output Control Sub-Registers
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POC[7:0]—Port Output Control. These bits function independently of the alternate function bit and disables the drains if set to 1.

0 = The drains are enabled for any output mode.

1 = The drain of the associated pin is disabled (open-drain mode).

1.10. Port A–H High Drive Enable Sub-Registers

The Port A–H High Drive Enable sub-register (see Table 8) is accessed through the Port  A–H Control register by writing 04H to the Port A–H Address register. Setting the bits in the Port A–H High Drive Enable sub-registers to 1 configures the specified port pins for high current output drive operation. The Port A–H High Drive Enable sub-register affects the pins directly and, as a result, alternate functions are also affected.

Table 8. Port A–H High Drive Enable Sub-Registers
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PHDE[7:0]—Port High Drive Enabled. 

0 = The Port pin is configured for standard output current drive.

1 = The Port pin is configured for high output current drive.

1.11. Port A–H Stop Mode Recovery Source Enable Sub-Registers

The Port A–H Stop Mode Recovery Source Enable sub-register (see Table 9) is accessed through the Port A–H Control register by writing 05H to the Port A–H Address register. Setting the bits in the Port A–H Stop Mode Recovery Source Enable sub-registers to 1 configures the specified Port pins as a Stop Mode Recovery source. During STOP Mode, any logic transition on a Port pin enabled as a Stop Mode Recovery source initiates Stop Mode Recovery.

Table 9. Port A–H Stop Mode Recovery Source Enable Sub-Registers
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PSMRE[7:0]—Port Stop Mode Recovery Source Enabled.

0 = The Port pin is not configured as a Stop Mode Recovery source. Transitions on this pin during STOP mode do not initiate Stop Mode Recovery.

1 = The Port pin is configured as a Stop Mode Recovery source. Any logic transition on this pin during STOP mode initiates Stop Mode Recovery.

1.12. Port A–H Input Data Registers

Reading from the Port A–H Input Data registers (see Table 10) returns the sampled values from the corresponding port pins. The Port A–H Input Data registers are Read-only. 

Table 10. Port A–H Input Data Registers (PxIN)
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PIN[7:0]—Port Input Data. Sampled data from the corresponding port pin input.

0 = Input data is logical 0 (Low).

1 = Input data is logical 1 (High).

1.13. Port A–H Output Data Register

The Port A–H Output Data register (see Table 11) writes output data to the pins.

Table 11. Port A–H Output Data Register (PxOUT)
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POUT[7:0]—Port Output Data. These bits contain the data to be driven out from the port pins. The values are only driven if the corresponding pin is configured as an output and the pin is not configured for alternate function operation.

0 = Drive a logical 0 (Low).

1= Drive a logical 1 (High). High value is not driven if the drain has been disabled by setting the corresponding Port Output Control register bit to 1.
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Figure 2. Development kit input-output devices.

2. PRELIMINARY WORK

Onboard input-output devices of development kit controlled by microprocessor Z8 are shown in Figure 2. Learn circuit diagram of Figure 2 to design the program that control states of LED and switch SW1 as described lower.
Week1:

2.1. Design individual programs that “ON” light of different diodes (red, yellow, green, red-yellow, red-green, yellow-green, red-yellow-green, all off).

Week2:

2.2. Organize a loop to read state of SW1 “TEST”. If the test button is pushed down, switch the green LED on. If the test button is released, switch the green LED off. You may solve this problem by writing the state of the button onto the green LED.
2.3. Modify the program in (2.2) to switch the state of the LED when a “click” on the test button is detected. In order to realize the program, you need to implement the following steps including some loops to wait for the different states of the button:

(1) Loop until the button is pressed.


(2) Then, loop until the button is released.


(3) Toggle the state of LED and go to (1).
3.5. Draw flowchart to each designed program.

Hint: Description of instructions set is given in Laboratory Experiments Manual #1. More detailed information of CPU instruction summary see appendix to this experiment. 
Following sample code opens PORTA for output and turns the first led ON. Analyze it carefully.

	PAADDR EQU FD0h

PACTL EQU FD1h

PAOUT EQU FD3h

PCADDR EQU FD8h

PCCTL EQU FD9h

PCIN EQU FDAh

VECTOR RESET = Start

ORG %1000

Start:


LDX PAADDR, #%01
; Configure data direction of PORT A


LDX PACTL, #%00
; All output


LDX PAOUT, #%FE
; Turn on Led 1 (Red)


STOP


3. EXPERIMENTAL WORK
3.1. Laboratory experiments should be processed during two weeks. Item 2.1 is the assignment for the first week and 2.2 and 2.3 – for the second week.
3.2. Experimentally check designed programs and demonstrate each your results to instructor.
4. RESULTS AND CONCLUSIONS

4.1. Explain obtained results, write your explanations of experiments. Add codes of all designed program in laboratory experiments report.
5. SELF TEST QUESTIONS
5.1. If data memory address 70h contains 33h, after the instruction LDC 70h, what are:

(a). the contents of data memory address 70h?

(b) the contents of the accumulator?
5.2. The instruction LDC means:

(a). Load Decimal Content

(b). Load Data Constant

(c). Left Decimal Content

(d). Long Data Clear.
5.3. The instruction SRA means:

(a). Save Rotated Accumulator

(b). Store Right Accumulator

(c). Shift Right Arithmetic

(d). Store Accumulator.
5.4. What is meant by the term set when applied to a control bit?
5.5. What is meant by the term clear when applied to a control bit?
5.6. Why do we express execution time in cycles rather than in divisions of seconds?
5.7. What single instruction can be used to perform a multiply by 2?
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APPENDIX
eZ8 CPU Instruction Summary

Table 1 summarizes the eZ8 CPU instructions. The table identifies the addressing modes employed by the instruction, the effect upon the Flags register, the number of CPU clock cycles required for the instruction fetch, and the number of CPU clock cycles required for the instruction execution.

Table 1. eZ8 CPU Instruction Summary
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Table 1. eZ8 CPU Instruction Summary (Continued)
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Table 1. eZ8 CPU Instruction Summary (Continued)
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Table 1. eZ8 CPU Instruction Summary (Continued)
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Table 1. eZ8 CPU Instruction Summary (Continued)
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Table 1. eZ8 CPU Instruction Summary (Continued)
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