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Abstract- Field Programmable Gate Arrays (FPGA) are used widely in applications which require high speed parallel 
computing. It provides a perfect solution which requires short time for customization after manufacturing. MIPS soft-core 
processor and SPI protocol soft-core implementation is well known in FPGA, but the customized driver for SPI 
communication is not available. The SPI communication protocol is widely used in a wide range of devices such as sensors, 
memory devices, I/O expanders, etc. The objective of this research is to design and test a reconfigurable SPI driver for MIPS 
processor so that communication between devices which use an SPI protocol becomes feasible. Design requires three blocks 
a soft-core MIPS processor, SPI protocol block and an interconnecting block between MIPS processor and SPI block. MIPS 
processor loads the transmitting data and configuration bits in the SFR register of Data memory and SPI block reads that 
register and after communication loads the received data into another SFR register which MIPS processor can read upon 
request. To demonstrate the proposed technique, we wrote the code and verified the results. The design architecture is coded 
using Verilog and VHDL based on top-down hierarchical design methodology and realized in Spartan-3E FPGA using 
Xilinx ISE 14.7. Based on the ISE and FPGA implementation results, the maximum operating frequency of the whole 
system is found to be 122.632 MHz. 
 
Keywords- FPGA, MIPS, SPI, Verilog, VHDL,Reconfigrable Driver, SFR. 
 
I. INTRODUCTION 
 
A soft microprocessor (also called a soft core 
microprocessor or a soft processor) is a 
microprocessor core that can be completely 
implemented using logic synthesis tools. It can be 
implemented using different semiconductor devices 
containing programmable logic (e.g., ASIC, FPGA, 
CPLD etc). 
Implementing a soft microprocessor has flexibility of 
architecture which means the cost of modification 
and time to modify is much less than hard core 
processors, so an application specific processor can 
be easily tailored as per need. For example, if an 
application need more multipliers and logic units, but 
less number of registers are required so architecture 
can be modified on the device and immediately put to 
use and extra space on a device can also be used in 
the future to make improvements in a short time.  
On the basis of instruction set classification. The 
Processor has multiple types such as minimal 
instruction set computer (MISC), one instruction set 
computer (OISC), very long instruction word 
(VLIW), reduced instruction set computer (RISC) 
and complex instruction set computer (CISC) but 
only last two instruction sets are practically 
Implemented.  
The processor architecture we implement is a single-
cycle RISC-based MIPS (Microprocessor Without 
Interlocked Pipeline Stages) architecture [3]. There 
are three types of instruction in MIPS: Immediate 
Type (I-Type), Jump (J-Type) and register (R-type) 
[6]. Different techniques for the realization of the 
MIPS soft-core processor using Field Programmable  
 
Gate Array (FPGA) have been reported and very well  

 
documented in the literature [1]–[5]. 
Serial Peripheral Interface (SPI) is one of the most 
commonly used protocols for both inter-chip and 
intra-chip data transfers [7]. In SPI the data exchange 
takes place between master and slave and master 
generates the clock and shares it with slave for 
synchronization [8]. An exchange of data always 
takes place between the devices while communicating 
through SPI. Any device cannot be transmit-only or 
receive-only while communicating. 
MIPS processor and SPI protocol implementation in 
Field Programmable Gate Arrays (FPGA) have been 
reported and well documented in the literature. Our 
objective is to design the interface for MIPS 
processor and SPI to communicate with other 
electronic devices that support SPI devices. 
Reconfigurable SPI driver for MIPS processor is 
never been implemented before to the best of our 
knowledge. 
The advantage of doing this research is that we only 
have to configure the SPI driver, and driver will take 
over from there and do the full duplex 
communication itself with the paired device.  
This research will help in communication of MIPS 
processor with a lot of devices such as memory 
devices, I/O Expanders and a wide range of sensors 
which use SPI protocol for communication. 
With the increase in processing requirement one 
solution of extensive computing requirement is to 
divide the task into parts which can be executed in 
parallel and divide it into multiple soft-core 
processors. Now these soft-core processors placed in 
multiple FPGA’s have to communicate with each 
other for sharing of results after data processing so 
communication link will be needed. The SPI serial 
protocol designed will provide the medium to 
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communicate with other devices. 
The rest of the paper is organized as follows. 
Section0 presents System Design. FPGA 
implementation is further presented in section III. The 
Simulation test is discussed in section IV. The 
conclusions are presented in section V. 
 
II. SYSTEM DESIGN 
 
The system content consists of three main blocks: a 
MIPS Processor, SPI Driver and integration block for 
integrating SPI Driver with a processor. In this 
section, each block will be discussed in detail. Fig. 1, 
illustrates the whole system path from top level view. 
 
A. MIPS Processor implementation 
It is a single cycle 32-bit processor. The instructions 
of MIPS have three classes: Immediate (I-Type), 
Jump (J-Type) and Register (R-Type). Some of these 
instructions are shown in table I. The Microprocessor 
is divided into four main parts as shown in Fig. 2:  
[1]. Datapath: The Datapath manipulates incoming 

data by using its Register Files     (storing data 
for manipulating), Multiplexers (directing the 
data in the datapath), and ALUs (operate 
arithmetic logic operation). 

[2]. Data Memory: The Data Memory is used for 
storing data coming from datapath. 

[3]. Instruction Memory: The Instruction Memory is 
used in storing Instructions Program written by 
the user. 

[4]. Control Unit: The Control Unit receives the 
current instruction from the instruction memory 
and generate the signals necessary for datapath to 
execute that instruction. 
 

B. Design and implementation of SPI Driver 
SPI devices communicate in full duplex mode using 
master-slave architecture with a single master. The 
master device originates the frame for reading and 
writing. Multiple slave devices are supported through 
selection with individual select lines (SS). The 
differentiating feature of SPI is that it is a four wire 
serial bus interface, contrasting from other serial 
interfaces which are normally three-wire or two-wire 
interfaces. Fig. 3, is shows the input/output block 
diagram. The definition of the input and output 
signals are as the following: 
[1]. Clock: System clock. 
[2]. Reset: Asynchronous active low reset. 
[3]. Enable: To initiate the communication. 
[4]. Busy: Device ready or busy. 
[5]. Cpol: SPI clock polarity setting. 
[6]. Cpha: SPI clock phase setting. 
[7]. Clk_div: Clock divider. 
[8]. Addr: Address of target slave. 
[9]. TX_Data: Data to transmit. 
[10]. RX_Data: Data received from target slave. 
[11]. SCLK: Serial Clock (output from master). 
[12]. MOSI: Master Output, Slave Input 

(outputfrom master). 
[13]. 13. MISO: Master Input, Slave Output (output 

from slave). 
[14]. 14. SS_n: Slave Select (active low, output 

from master). 
 

 
Fig. 1. The whole system path 

 

 
 

 
Fig. 2. Microprocessor Block Diagram 

 

 
Fig. 3. SPI Input Output Block Diagram 
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Fig. 4.  SPI implementation block diagram 
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Fig. 5.  SPI State machine 
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Fig. 6.The Integration Block Diagram 

 

 
Fig. 7. Top level RTL schematic 

 
The top layer of SPI implementation block diagram is 
shown in Fig. 4. It consists of a data path and a 
control unit. Data path contains two 8-bit shift 
registers which will store the transmitted and received 
data. Control unit consist of two parts:a 3-bit counter 

used to counts the number of bits transmitted and 
received and signal the end of transmission; and a 
state machine which generates the necessary signals 
to control the transceiver process. The State machine 
is shown in Fig. 5 The State machine remains idle 
when it is not communicating and ready to transmit 
data. It will wait for enabling signal and upon 
receiving it moves to execute state and starts 
communication until complete data is sent and after 
that returns automatically to idle state. 
 
C. Integrating the SPI Driver with a Processor 
The data memory is modified to be Dual port RAM. 
It is used for integrating the SPI driver with MIPS. 
RAM is divided into two areas. One is a general 
purpose register (GPR) and the second is the special 
function register (SFR) as shown in Fig. 6. And in 
SFR two addresses is reserved for SPI configuration 
and transceiver. One is for setting the configuration 
for the SPI driver and data that has to be transmitted. 
Second register is for storing received data after the 
communication and for busy signal. The processor 
will only have to configure the SPI configuration 
register address and put the transmission data on that 
register and can carry on with its normal operation 
until the data it want to receive is available in data 
receive register in SFR part of RAM indicated by the 
busy signal. This will ease both the programmer and 
the processor and communication will be done 
automatically by the SPI driver. The data memory is 
addressed from 0 to 63 with width of 32-bit for each. 
There are two registers reserved in SFR for SPI 
communication. Register for Configuration and 
transmission data is read only from the SPI side and 
write only from the processor side and its address is 
60. The second register which will receive data after 
the communication is over. The register is write only 
from the SPI driver side and read only from the 
processor side and its address is 61. This will ensure 
protection from illegal and unnecessary data access. 
The content of these registers is shown below: 
Example for writing data configurations to SPI: 
sw $s4, 60($0) 
Example to read received data and busy signals to 
SPI: lw    $t0, 61($0) 

 
 
This design will make the interface and 
communication between the SPI and the processor 
very easy. By using SW instruction set to write the 
TX data and the configuration values to the SPI and 
using LW instruction set to read the RX data and the 
busy signal from SPI. 
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III. FPGA REALIZATION RESULTS 
 

The processor is designed and implemented using 
Verilog and the SPI Driver is designed and 
implemented using VHDL. The Nexys2 board from 
Digilent and its Spartan-3E (xc3s500e-4fg320) FPGA 
is used as the target device. ISE System Edition 14.7 
is used for the synthesis, translation, mapping and 
place-and-route processes. The FPGA resource 
utilization is listed in Table II. The whole system 
operates at a maximum clock frequency of 122.632 
MHz. Also, it takes a small area out of the target 
FPGA real estate, leaving plenty of resources for 
implementing other parallel processors. The RTL 
schematic generated by ISE 14.7 is shown in Fig. 7, 
which clearly illustrates the integration of the 
processor, instruction memory, data memory and SPI 
driver in the top level schematic. 

TABLE II. RESOURCE UTILIZATION

Fig. 8. Simulation test 
 

IV. SIMULATION TEST 
 
Fig. 8 shows below is the simulation done on Xilinx 
system edition 14.7 of our design. The setting with 
which it is operating is address is set as one (1). The 
System clock is clk, cpol and cpha signals are set as 
high, which means that data will be sent and received 
at every falling edge of clock. Signal MOSI and 
MISO are the data bits sent and received, 
respectively. After ss_n goes low driver gets activated 
and starts transceiving on the next first edge of sclk. 
The Operation does not end until all the data (8-bits) 
is transmitted and received.  In this case data that is 
sent for transmitting is 0xAA. MISO signal remains 
low because this is a simulation and system cannot 
receive any data until it is connected with a real SPI 
device. 
 
CONCLUSION 

 
In this paper, we have presented FPGA realization of 
SPI driver for MIPS microprocessor. Spartan-3E 
FPGA implementation results show that maximum 
clock frequency of 122.632 MHz. The top level RTL 
schematic is shown in the result segment. Results of 
SPI output and input signals are in accordance with 
the SPI standard. Future efforts would focus on the 
testing of different SPI protocol devices operating in 

a different frequency range. Improvements can be 
made in the architecture such as introducing a stack 
memory which will give processor more freedom of 
operation and can exchange large amounts of data 
with other devices easily. 
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