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Abstract 

Aiming at the problem of limited logical resources of FPGA and low rates of internal 

resource utilization, the design of the static reconfiguration system was introduced in 

this paper. Based on the structure of CPLD matching FPGA, the static reconfiguration 

system is able to enhance the scalability of the FPGA device. Major functionality in the 

static reconfiguration system is accomplishing field reconfiguration of the FPGA device 

without PC. Users are able to flexibly change the different configuration files in FPGA 

for that the internal resources of FPGA are occupied by the configuration files of 

different function at different times. The experimental results showed that the system 

achieved dynamic switching between different logic function and time division 

multiplexing of internal resources. The generality of FPGA and the rates of internal 

resource utilization were improved and the power dissipation was reduced by this 

design. 
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1. Introduction 

In recent years, the reconfigurable technology based on FPGA was concerned as its 

many advantages including good scalability, flexible configuration and holding rapid 

processing ability with hardware. The current study mostly focus on dynamic 

reconfiguration but static reconfiguration fewer still have studied [1-3]. Dynamic 

reconfiguration is mainly used in the demanding situation at speed and time [4]. The 

low-end market didn’t widely apply the static reconfiguration that could time division 

multiplexing on hardware. The reconfigurable technology based on FPGA has more 

flexibility and it could independently lay out data without PC [5-6]. It also could 

achieve the function of complex logic circuit with a few hardware resources and reduce 

the system power consumption [7-10].  

 

2. Generation 

The platform achieves the static reconfiguration with FPGA as the structure of CPLD 

matching FLASH that principle is flexible, low-power and low cost. The controller chip 

adopts CPLD device of MAX II series which has more flexible than other SCM [11-12]. 

The MAX II series device with lower power consumption and cost becomes more 

suitable reconfiguration on FPGA [13-15]. 

As Figure 1 shows is the block diagram of static reconfigurable system. The system 

has three parts including human-computer interaction, reconfigurable configuration and 

the targets of configuration. 
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Figure 1. The Block Diagram of Static Reconfigurable System 

The functions of human-computer interactive unit are setting and display. Erasing, 

writing and reading are controlled by the button of manual control of human-computer 

interactive unit and the state of reconfiguration is displayed by LED and nixie light of 

human-computer interactive unit. The functions of the unit of reconfigurable 

configuration are storing and configuring. The FLASH chip stores the configuration 

files after deserializing from PC and the CPLD controller configures FPGA as the way 

of PS. The configuration targets unit could achieve the function of configuration files 

[16]. It is the unit which ultimately expresses the function of the reconfigurable 

platform [17].  

 

3. The Design of CPLD Matching FLASH Structure 

The FPGA platform of structure based on look-up SRAM table will result in loss the 

configurable data after power off. So, the memory device was installed beside the 

FPGA in this paper. The configuration files that were stored in the FLASH device were 

configured to FPGA by CPLD of the static configurable platform with the way of PS. 

As Figure 2 shows is the circuit diagram of CPLD configure FPGA as the way of PS.  
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Figure 2. The Circuit Diagram of CPLD Configure FPGA as the Way of PS 

As Figure 2 shows, there are 5 signals be used when CPLD configure FPGA as the 

way of PS including CONFIG_DONE(the marked signal of configuration completed), 

nSTATUS(the signal of configurable state), nCONFIG(the signal of configurable start), 

DATA0(the serial data) and DCLK(the configurable clock). The nSTATUS keeps low 

level and I/O pins keep high-impedance level until FPGA finish the power on reset that 

is a state after electrified the FPGA. The configurable period of FPGA has 3 stages 

including reset stage, configuration stage and initialization stage. 

The static configuration enters reset stage when nCONFIG or nSTATUS of FPGA is 

low level. The nCONFIG pin became high level from low level by controller marks the 

beginning of configuration stage and the ending of reset stage. The nSTATUS pin is set 

high level via 10KΩ pull-up resistor at the configuration stage. The data of 

configuration that is sent by the DATA0 pin of CPLD are latched at the rising edge of 

the DCLK signal. And the data of configuration are successively stored in the target 

device under the beats of DCLK until CONFIG_DONE become the high level. It means 

the finish of configuration stage and the start of initialization stage that the level of 

CONFIG_DONE becomes high from low. At initialization stage, the internal clock of 

FPGA is chosen as DCLK. The FPGA device is reconfigured when the level of 

nCONFIG becomes high from low and then the pin of nSTATUS isn’t occupied.  

 

4. The Design of Serial Communication Module 

In the static configuration platform, the serial communication module of CPLD that 

makes CPLD connecting FLASH and PFGA is an important tool to configure FPGA. 

The function of serial communication module is receiving data and sending data to the 

reading and writing controller module of FLASH. For validating the receiving data, the 

platform has a validation feature, which feedback the receiving data to PC as the serial 

communication. As Figure 3 shows is the block diagram of serial communication 

module.  
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Figure 3. The Block Diagram of Serial Communication Module 

As Figure 3 shows, the serial communication has 5 pins including CLK(the pin of 

system clock input), RxD(the pin of serial input), TxD(the pin of serial output), 

Data(the 8 bit pins of serial data), Data_ready(the pin of data receiving state). In the 

platform, the system clock is 50MHz and Data connects the reading and writing 

controller module of FLASH. It is difficult that the baud rate with any frequency of 

system clock is generated. The clock of CPLD is counted as 17.361111 which is not an 

integer could generate the new signal as the baud rate of 115200 when the CLK is 

2MHz. In general, the hardware circuit of frequency divider is a counter which can only 

counter integers. The serial communication has a certain degree of tolerance to the 

deviation of the baud rate. In the system, the statistic is used to resolve the problems 

that the counter can only count integers. For example, if the clock is counted as 

17.361111, the result is approached to 17.361111 through that sometimes the counter 

counts 17 and sometimes the counter counts 18.  
The static configuration platform adopts accumulator instead of counter in order to 

realize fractions frequency division. According that the capacities of accumulator with 

N bits are 2N , the frequency of CPLD clock is determined as 2N Hz but it is simply not 

the situation in reality. The accumulated value of accumulator needs conversion and 

formula (1) is the formula of conversion. 

                                                                  

CC

N

Abaud

2clk
                                               (1) 

In the formula (1), clk means the input clock of the system and baud means baud rate 

in communication process. 2N  means the capacity of accumulator with N bits and ACC 

means the value of accumulator with N bits. The value of clk is 2MHz and the value of 

baud is 115200bps in the system. If the value of N is 10, ACC could be obtained as 

formula (2).  
61024 2 10

115200
CCA

 
 ≈ 59                                    (2) 

The value of ACC is 59 in formula (2). A register with 11 bits is defined in the 

program with Verilog HDL and it consists of an accumulator of 10 bits behind the 

register and a clock of baud rate at the first bit of the register. It could generate a signal 

with the baud rate of 115234bps that only has 0.03% deviations compared with the baud 

rate of 115200bps and the method satisfied the communication requirements. 
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5. The Simulation and Verification 

The configuration file in FLASH reads successfully is a very important point in the 

process that is CPLD achieving static reconfiguration to FPGA. After FLASH is 

energized or the system is reset, the state machine in CPLD enters the reading data state 

for ensuring the file in FPGA changed. The valid address must stable during the reading 

data state until stable output data is generated at output pins of FLASH. 

A signal of configure module makes the reading module beginning. A start signal 

from configure module is generated for starting reading module when every 

reconfiguration and then the reading module read the files from FLASH and the files are 

configured to the configuration module. The reading module will check the 

Config_done which is a signal indicating a finish of configuration from FPGA. The 

reading module finishes a process of reconfiguration when the Config_done is high-

level which indicate the configuration finished. The time sequence of reading operation 

is generated as the way of counting by counter. The result of simulation is shown in 

Figure 4. 

 

 

Figure 4. The Figure of Simulation Result 

As Figure 4 shows, the module will start reading operation and the counter will start 

when receiving a positive pulse at read_start. The read_finish will output a positive 

pulse after finishing the reading for connecting the configuration module and received 

the data of the configuration module. The reading operation is stopped and finishing the 

configuration process when receiving the positive pulse of config_done.  

In the reading process, address shift register is used to manage address. The value of 

address shift register is 0 and it will be plus one after a reading operation finished. The 

address of reading operation is the result of that addr_ini plus the value of address shift 

register. To make the operation accuracy, the address shift register is cleared before the 

starting of the reading operation.  

The design enters the verification period after finished the program with Verilog 

HDL. The files of function configuration that include sof format and pof format need 

the software of serial communication transformed to CPLD in the system. Therefore, 

programming files with hexadecimal as hexout format is generated with device and pin 

options of Quartus II. The interface of device and pin options is shown in Figure 5. 
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Figure 5. The Interfave of Device and Pin Options 

The files of hexout format are written in CPLD by the software of serial 

communication after the files generated. CPLD store the configuration files in a 

designated area of configuration memory when CPLD receive the configuration files. 

The system is verified by the waveform generator based on reconfiguration technology 

and the waveform generator could generate the waveform including sine wave, square 

wave, triangle wave and upper oblique wave. Each configuration file of each waveform 

is separately written and it is stored in configuration memory by the software of serial 

communication. In this reconfigurable platform, the different configuration files 

configured in FPGA could generate corresponding waveforms. The corresponding 

waveforms through the digital to analog converter are verified on oscilloscope and the 

oscillograms are shown in Figure 6.  

 

 

Figure 6. The Oscillograms of Sine Wave, Square Wave, Triangle Wave 
and Upper Oblique Wave 
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As Figure 6 shows, the platform through manual controlled without PC for 

reconfiguration generates the different waveforms with the frequency of 1KHz 

including sine wave, square wave, triangle wave and upper oblique wave. It proved that 

the platform of static reconfiguration with the structure of CPLD matching FLASH 

could change the files in FPGA and then the FPGA could achieve different function 

without PC. 

 

6. Conclusions 

This thesis designs a platform of static configuration and the simulation of every 

module and the whole system finished suggest that the platform could flexibly change 

the internal files of FPGA without PC. The utilization ratio of hardware resource and 

the universal property of FPGA are improved as the way of time division multiplexing.  
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