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Introduction

Serial
Peripheral
Interface

The serial peripheral interface (SPI) is a widely used, 4-wire, serial
communication interface. Applications such as digital audio, digital
signal processing, and telecommunication channels require high-speed
data streams. The low-power, high-speed Altera® MAX® II CPLD is
perfectly suited for an SPI master, external to the host. This application
note details the implementation of the SPI master in a MAXII CPLD. A
microprocessor is used to control the master, which you can use to select
a slave device to read and write data to and from it.

SPlis an industry standard protocol that is widely used in embedded
systems for interfacing microprocessors and various devices such as
sensors, memory chips, shift registers, port expanders, display drivers,
data converters, printers, data storage devices, sensors, and multimedia
cards. This interface standard has several advantages:

B Low pin count and simple wiring

B Full-duplex communication for higher throughput (allowing faster
communication compared to other protocols such as I’C)

B No addressing; therefore, reduced overhead

The CPLD uses four signals to interact with an SPI slave. MISO is used to
read from the slave; MOSI is used to write to the slave. The host processor
controls the CPLD with the signals, as shown in Figure 1.

Figure 1. Implementing an SPI Master Using a MAX Il CPLD
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Figure 1 shows the implementation of the SPI master. The various CPLD
interfaces are explained in the following sections.

SPI Interface

The CPLD communicates with the slave devices using one data-out port
(MOST) and one data-in port (MISO) along with a clock (SCLK) and slave
select signal (SS). Slave select is used to select the device with which the
SPI master needs to communicate. A maximum of eight devices can be
connected to the SPI master. The pin details for the interface are
summarized in Table 1.

Table 1. SPI Interface Pin Descriptions  Note (1)

Signal Purpose Description

MOSI master-out slave-in | Outputs data from the master to the inputs
of the slaves.

MISO master-in slave-out | Inputs data from the master to the outputs
of the slaves.

SCLK master-in slave-out | Transfers data from the slave to the input
of the master.

SCLK SPI clock Clock driven by the master to the slaves.
Used to synchronize the data bits.

Ss slave select Select signal (active low) is driven by the
master and sent to the individual slaves,
and is used to select the target slave.

Note to Table 1:
(1) SPIclock =host clock / (CLK DIV + 2).

Host Interface

The host processor interface consists of an 8-bit bi-directional data bus
(data bus [7:0]),a2-bit address bus (address [1:0]), one chip
select, one read flag, one write flag, and a clock signal. These signals form
the host interface of the CPLD (the SPI master). Table 2 provides a
description of the various signals.

Table 2. Host Interface Pin Description (Part 1 of 2)

Signal Description

Chip select (cs) When high, the host-to-SPI-master interface is
enabled.

Addressbus (address | To select the SPI master’s register with the
[1:01) corresponding address.
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Table 2. Host Interface Pin Description (Part 2 of 2)

Signal

Description

Data bus
(data bus [7:0])

Bi-directional data bus connecting the host to the SPI
master.

Read (RD)

When high, the host reads the SPI register whose
address is being transmitted on the address bus.

Write (WR)

When high, the host writes into the SPI register whose
address is being transmitted on the address bus.

Clock (CLK)

Host clock signal.

The host selects the SPI master by holding the CS signal high. When CS is
high, the address bus bits determine to which SPI register the host is
pointing. The host reads a particular register by keeping RD high and
writes into a register by keeping WR high. After completing the
transmission of an SPI word, the interrupt flag in the status register goes
high. The host frequently monitors the status registers. Table 3 shows the

SPI registers.

Table 3. SPI Registers

Address Register Width
00 Control register 8 bit
01 Status register 8 bit
10 Transfer register 8 bit
11 Receiver register 8 bit

Figure 2 shows the control register map and the status register map.

Figure 2. Control and Status Register Maps
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When an interrupt is detected, the host reads the receive buffer, writes a
new command word, if required, and updates the transmit buffer. When
the transmit buffer is updated, the interrupt flag in the status register is
reset and a new SPI word is sent. The receive buffer is updated by the data
received in this SPI word and an interrupt is again generated at the end
of the word. The SPI slave select, clock polarity, clock phase, and SPI clock
frequency can be controlled by the control register setting, as shown in
Figure 2.

Typical SPI timing characteristics are shown in Figure 3.

Figure 3. Typical SPI Timing Characteristics
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Im p lementation This design may be implemented using an EPM240 or any other MAX II

Source Code
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CPLD. The design source code is compiled and can be programmed into
a MAXIICPLD. Host interfacing ports and SPI slave interfacing ports are
shown in Figure 1.

This design has been implemented in Verilog. The source code, testbench,
and complete Quartus® II project are available at:

www.altera.com/literature/an/an485_design_example.zip


www.altera.com/literature/an/an485_design_example.zip
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Conclusion
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As shown in this design, MAX II CPLDs are an excellent choice to
implement industry standard interface controllers such as the SPI master.
Their low power and cost, their ability to tolerate any possible power-on
sequence, and their multi-volt features make them ideally suited for
implementing interface controllers such as the SPI master.

The following are additional resources for this application note:

m MAXIICPLD home page:
http:/ /www.altera.com/products/devices/cpld/max2/mx2-
index.jsp
®m  MAXII Device Literature page:
http:/ /www.altera.-com/literature/lit-max2.jsp
B MAXII Power-Down Designs:
http:/ /www.altera.com/support/examples/max/exm-power-
down.html
B MAXII Application Notes:
AN 428: MAX 11 CPLD Design Guidelines
AN 422: Power Management in Portable Systems Using MAX II CPLDs

Table 4 shows the revision history for this application note.
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