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Abstract-- This paper Targets the design and the 

implementation  of a low power  PCI Master operation 

having error checking and correction feature. Low density 

parity check (LDPC) technique has been used for error 

checking and correction in the proposed PCI master 

architecture. Input data is 7-bit which will be encoded to 15-

bit at LDPC encoder block and later which will be decoded 

to 7-bit at output of LDPC decoder block. Design 

Frequency is of 33MHz. This proposed architecture is 

having a capability of detecting single bit error and it will 

not affect the data transfer i.e., the original data will be 

same although error is introduced in the data transfer.  If 

any internal error occurs due to malfunctions of block may 

ultimately result in error full data having no scope of 

correction. So we used LDPC codes in order to detect and 

correct up to 1-bit error with PCI master if any. The 

percentage error of the design is calculated. The power 

consumption of the proposed architecture is 0.060mw. The 

HDL language used is Verilog. Synthesized and simulated 

using XilinxISE version 12.2 and modelsim version 6.3.The 

maximum frequency obtained from Spartan 3e Xc3s400 

88.691MHz.  
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I. INTRODUCTION 

PCI is a synchronous Bus architecture with all data 

transfers being performed relative to a system clock. The 

initial PCI specification permitted a maximum clock rate 

of 33 MHz allowing one bus transfer to be performed 

every 30ns[1], [2].The peripheral component 

interconnect is defined as, it is a standard that describes 

how to connect the peripheral components of a system 

together in a structured and controlled way[1]. The PCI 

bus is a high performance, 32 or 64 bit width with 

multiplexed address and data lines. 

The PCI has many standards introduced by companies. 

In this paper the selected PCI standard is version 3.0, it 

was introduced by Intel Company [1]. The bus width is 

of 32 bit, speed is 132mb/s, operating frequency is 33 

MHz, it is a full duplex [2], [3].  

 

 

 

 

 

 

 

 

 

In PCI Core terminology data is transferred between 

an initiator (master) and a target (slave).”Master” is the 

entity that initiates the transaction on the PCI bus. It 

requests write or read accesses to one of the three address 

spaces of the PCI bus (Configuration, I/O or 

memory).”Target” is the entity that responds to the 

transaction initiated by a master application [4], [5].The 

PCI specification defines the interaction between two 

PCI resources: The PCI bus master and PCI bus target. 

The PCI specification defines the protocol for the PCI 

master to read and write data from and to a target, 

respectively. It also defines the special cycle to broadcast 

a message to all PCI resources. 

The PCI core has Master, Configuration registers and 

Target.   

 In this paper only the PCI master has been designed 

with LDPC technique.  The PCI master has FIFO, glue 

logic block, configuration mux, base address check, retry 

count, parity generator and master state machine. PCI 

master is of 32-bit and this data is transferred in master 

without an error. The each block in the PCI master 

architecture has its own importance related to data 

transmission. 

II.   LDPC TECHNIQUE 

LDPC is a Low Density Parity Check and is defined as 

the linear error correcting code and a method of 

transmitting a message over a noisy transmission channel 

[6]. The advantages of LDPC technique is, it is simple to 

implement and thus it is very practical and has low 

complexity [7], [8]. Another alternative is to first detect if 

there are errors in the word and only perform the rest of 

the decoding process when there are errors. If error is 

introduced the LDPC technique determines the bits need 

to be corrected from the X-OR combinations and also 

calculates the information of correctness of the current 

bit under decoding directly out of the codeword bit.   
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III. PROPOSED ARCHITECTURE OF PCI MASTER WITH 

LDPC 

 
Figure 1: Proposed architecture of PCI Master 

The proposed architecture of PCI master is as shown 

in Figure 1.The data is passed through the LDPC encoder 

to FIFO block the output of FIFO is connected to glue 

logic block which is used as PCI master reference design. 

The output of the glue logic is input to configuration mux 

which controls when data gets written into the registers 

and what data gets presented at the output during read. 

Base address purpose is to implement the write only 

portion of the base address registers Ba0 and Ba1. 
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Figure 2: Design flow chart for proposed architecture 

The data flow chart of the proposed architecture is as 

shown in Figure 2. The data is passed through LDPC 

Encoder the encoded output is given to FIFO. If FIFO is 

empty or partially filled the data is written to the glue 

logic block. If FIFO is not empty the data is sent back to 

peripherals [3], [4]. When data is written to the glue logic 

the data is transferred to the configuration mux. If 

pci_idsel_1 and pci_ad_en is high. If both signals are low 

data is sent back to peripherals. 

From configuration mux the data is transferred to 

master state machine when the signals pci_irdy_1 is low 

and abort_sig, pci_addr are high. If this is not satisfied 

the data is sent back to peripherals.  

 

From master state machine the data is transferred to 

parity generator block when pci_cbe_1 is high and 

pci_devsel is low.if this condition is not satisfied the data 

is loaded to retry count. 

When par_ce is high the data is transferred to glue logic. 

If par_ce is low the data is transferred back to parity 

generator. From glue logic block the data is transferred to 

LDPC decoder [3], [4]. The output of decoder is as same 

as the input for the LDPC encoder. 

.A. Master State Machine: 

The purpose of state machine is to control the bus 

cycle timing of the PCI and backend Interface signals. 

Master state machine is as shown in Figure 3. The output 

of this block also control output enables for 3 state 

buffers in the design.  

   

Figure 3: Master state machine 

While in the PCI address phase of a transaction the 

values in pci_cbe_1 and pci_idsel determine if the 

transaction is: Configuration read or configuration write, 

memory I/O read, Memory I/O write. The state diagram 

is as shown in figure 4. 

 
Figure 4: State Diagram for Master state machine of proposed 

architecture 
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Figure 4 explains about the master state machine. It 

has 8 states namely, Idle, con_wait, con_wait2, con, rw, 

last_rw, retry and abort. Idle state is the default state. If 

dev_sel_1 is high the data is in present state i.e. Idle state. 

If it is low the data is transferred to the next state to 

con_wait [3], [4]. If the signals par_oe is high trdy_1 is 

low and stop_1 is low the data is transferred to next state 

con_wait. The data from con_wait2 when devsel_1 is 

high, trdy_1 is high, stop_1 is high and pci_ad_oe is low 

transferred to the next state configure (con). 

When signals devsel_1 is high, trdy_1 is low, stop_1 is 

high the data is transferred to the next state read_write 

(rw) from con state. If devseel_1 is high, trdy_1 is low 

the data is transferred to the Idle state. The data from the 

rw state is passed to next state last_rw. When devse_1 is 

high, trdy_1 is high and stop_1 is low. When devsel_1 is 

low, trdy_1 is high, stop_1 is low the data is transferred 

to the Idle state [3], [4]. The data is transferred from 

last_rw to next state retry when dts_oe is high, devsel_1 

is low, trdy_1 is high, stop_1 is low and bk_oe signal is 

low and it is passed to Idle state when devsel_is low, 

trdy_1 is high and stop_1 signal is high. 

Retry state to abort sate when devsel_1 is high, trdy_1 

is high, stop_1 is low and abort_sig is low. If devsel_1 is 

low, trdy_1 is high, stop_1 is high, abort_sig is low the 

data is transferred to Idle. 

B. LDPC Encoder: 

 
Figure 5: LDPC encoder block 

The LDPC encoder block is as shown in Figure 5. 

During the Encoding of a frame the input data is repeated 

and distributed to a set of constituent encode. The 

Encoder vector mainly has two parts, the first part 

consists of information bit and second part is the parity 

bits [8], [9]. Where each parity bit is simply an inner 

product of information vector and a column. The 

information vectors are (i0......i6) and will be copied to 

(C0.......C6) bits of encoded vector, c. The rest of 

encoded vectors (C7....C14) are parity bits are the linear 

sums of the information bits. 

 

 

 

 

 

 

 C. LDPC Decoder 

 
Figure 6: LDPC decoder block 

During the Decoding of a frame the input data is 

repeated and distributed to a set of constituent decoder 

hence in the above Figure 6, LDPC Decoder gets the 15-

bit data from the encoder.  The total output produced by 

the decoder is of 7bit for each block [7], [8]. Internally 

decoder has its own architecture where it gets 15 bit data 

as input and decodes the input data to 7bit. That 7bit data 

is the input what we have given input to the LDPC 

encoder. 

Serial one-step majority logic corrector for LDPC 

decoder is as shown in the figure 7. The proof of the 

hypothesis that all error will be detected in three cycles is 

very complex from the mathematical point of view. It is 

practical to generate and check all possible error 

combinations for codes with small words and affected by 

a small number of bit flips [8], [9]. When the size of code 

and the number of bit flips increases, it is difficult to 

exhaustively test all possible combinations. Therefore the 

simulations are done in two ways, the error combinations 

are exhaustively checked when it is feasible and in the 

rest of the cases the combinations are checked randomly. 

 

Figure 7: Serial one-step majority logic corrector for  LDPC 

Decoder 
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It consists of four steps (a) Cyclic shift register (b) an 

XOR matrix (c) an XOR for correcting the codeword bit 

under decoding. The circuit implementing a serial one 

step majority logic corrector. The Figure 7 is taken from 

the reference [8]. 

As shown in Figure 7 the cyclic shift register is 

initially stored with the input signal X and shifted 

through all taps. The results {Bj} of the check sum 

equations from the XOR matrix is calculated from the 

intermediate values in each tap. In the Nth cycle the 

result would reach the final tap producing the o/p signal, 

which is decoded version of inputs[9]. 

IV. SIMULATION RESULTS 

The verilog HDL coding and simulation of the design 

are done in Xilinx tool Modelsim package XC3S250E 

TQ144-5. The operating clock frequency used for 

simulation is 100 MHz 

A.  Results of FIFO 

Table 1:  

FIFO 

 

The inputs of FIFO are data_in, rinc, winc.The 

outputs are data_out, full0, empty0.the values of input 

and outputs during the operation of FIFO 

B. Glue logic 

Table 2 

Glue logic 

 

C. Configuration mux 

Table 3:  

Configuration mux 

 
                  

 

 

 

D. Base address check 

Table 4:  

Base address check 

 

E. State Machine 

Table 5:  

State Machine 

 

F. Retry count 

Table 6:  

Retry count 

 

G. Parity generator 

Table 7:  

Parity generator 

 

 H. LDPC Encoder inputs and outputs 

Table 8: 

LDPC Encoder 
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H. Simulation of LDPC decoder 

 

Figure 8: Simulation result of LDPC decoder 

Figure 8 shows the simulation result of LDPC 

decoder. Encoded out is the input from the encoder that is 

of 15-bit. Encoder input is 0001010 and error is 

introduced in the MSB ie,15
th

,14
th

,13
th

 respectively at 

load data(lda) high, although we are getting the decoded 

out as 0001010 without affecting the original data. 

C. Synthesis Report 

Table shows the design implementation summary of 

proposed architecture. 

Table 9:  

Synthesis report of proposed architecture 

 

D. Power analysis report 

Figure 9 is the power analysis of the proposed 

architecture. In Figure 9 the thermal properties, source 

and voltage, the static current and quiescent current have 

been obtained. Here the power is static power since the 

tool is Xilinx Spartan family. The power consumption for 

the design is 0.060mw. 

 

 

Figure 9: Power analysis report 

E. Applications of LDPC with PCI master 

Used in a variety PCI connected devices such as 

Modems, USB ports, SD card ports and network 

adapters. Generally, the PCI communications is used 

with devices that are not compatible with standard ports, 

cables and drivers [9], [10]. Mobile wimax is a 

broadband wireless solution that enables convergence of 

mobile and fixed broadband networks through a common 

wide area broadband radio access technology and flexible 

networks architecture. 

The increasing demand of high data rate and reliability 

in modem communication system is publishing next 

generation standards towards error correction scheme 

allowing high throughput decoding with performance 

that is near the limit [11]. 

V.   CONCLUSION 

In this paper the PCI standards and features like use of 

read and write operations, Speed, bus master support  is 

maintained and addition to that the LDPC technique is 

implemented along with PCI master. The error is 

introduced during data transmission; the error is detected 

and corrected by using LDPC technique. The data 

received at the output is error free and there is no data 

loss. The percentage error detection is 73.34%.The 

proposed architecture is very efficient .The Frequency 

used for the design is of 33MHz. The synthesis and 

simulation of the design is done by using Xilinx 

version12.2 and Modelsim 6.3. The power analysis of the 

design is done for the proposed architecture. The power 

consumption of the design is 0.060mw. 
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