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Abstract— To move a data word’s bit position to the left or right, utilize a shift register. The brief proposes XOR gate, NOT gate as 

feedback latch based linear shift register. This paper presents a high secure linear feedback shift register, which can perform both serial 

and parallel operations. They reduce the power consumption and delay by replacing gate as feedback with the proposes based latch. The 

proposes 16-bit linear feedback shift register were simulated using 90nm CMOS process. A linear feedback shift register (LFSR) has 

been studied in this paper XOR gate and NOT gate use as feedback for enhancement of security purpose. They consume power 94.59% 

and 95.16% and reduce delay 86.72% and 27.40% with Vdd= 1.8V and a clock frequency of 100MHz. 

 
Index Terms— Low Area, Low Power, Shift Register, Short Delay, Power Delay Product (PDP), XOR Feedback 

 

I. INTRODUCTION 

Linear Feedback Shift Registers (LFSR) are crucial com- 

ponents in many applications, particularly in the field of 

digital signal processing, cryptography [1], error detection 

and correction, and more. Here are some of the key 

advantages of using a Linear Feedback Shift Register: 

Efficient Pseudo random Sequence Generation: LFSR are 

adept at generating pseudo random sequences with relatively 

simple hardware [2]. These sequences have statistical proper- 

ties that resemble truly random sequences, making them 

useful in encryption algorithms and simulations [3]. 

Fast Operation: They can perform their operations (shift 

and feedback) very quickly, which is advantageous in 

applications where high-speed processing [4-6] is necessary, 

such as in communication systems. 

Error Detection and Correction: LFSRs are employed in 

various error detection and correction techniques [7-9], such 

as Cyclic Redundancy Checks (CRCs). They can efficiently 

identify errors in data transmission and provide a means to 

correct them. 

Shift Register Counters: LFSRs can be configured to 

operate as counters. This is useful in applications requiring 

counting or sequencing operations. 

Fig. 1 shows schematic unidirectional pulse-latch circuit 1- 

bit binary-code shift-register consisting of D latch [10-12]. 

The unidirectional contain one latch including reset signal 

and one pass transistor. They have consisted of 10 transistors. 

Fig. 2 demonstrates the unidirectional pulse latch’s oper- 

ation waveform. The unidirectional pulse-latch (Q and Qb) 

takes different data input (D and Db) when the clock signal 

(CL-pulse) is high. 

 
Fig. 1. Conventional Unidirectional Pulse-latch Circuit 

[18] 

The unidirectional N-bit pulse-latch based shift register 

can be executed by applying the linear feedback adding with 

XOR gate and NOT gate in unidirectional N-pulse-latch shift 

register respectively [13-14]. Therefore, the pulse-latch based 

linear feedback shift register can lessen the delay and increase 

data security by exchanging XOR and NOT gate as feedback 

in the N-bit shift register with pulse-latch and pulse clock 

signals [15-18]. 

In short unidirectional latch based linear feedback shift 

reg- ister is suggested. They reduce delay and increase data 

security by replacing shift register with proposed 

unidirectional binary code-latches. This paper’s remaining 

section is explained as follows. Describe the proposed linear 

feedback shift register architecture in section II. Section III is 

detail study comparison and various analysis and finally, in 

section IV, Conclusions are presented. 
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Fig. 2. Conventional Unidirectional Pulse-latch 

waveform [18] 

II. ARCHITECTURE 

A. Proposed Latch-Based Binary-Code Shift- Register 

The Traditional 4-bit D latch-based binary-code shift- 

register is depicted in Fig.3. Initially, all data was reset by the 

binary-code shift-register using the reset signal. Every clock 

cycle, it shifts the data ’1’ right by one bit. The pattern of the 

shifting of the data recognized by the other user, very easily. 

In this reason the security of data will lose of latch-based 

shift-register. 

 
Fig. 3. Conventional unidirectional 4-bit Normal 

feedback-based binary-code shift-register [18] 

However, the latch and two signals (CLK-odd and CLK- 

even) are used in the proposed linear feedback binary-code 

shift-register dissipated in the Fig. 4. We apply the XOR gate 

as feedback for improving the security purpose as per 

requirement. Here we adjust of the XOR gate after 4-bit latch-

based shift register and all output of XOR gate attached to the 

first latch-based shift registers feedback as input. 

Fig. 5 shows again the proposed linear feedback binary- 

code shift-register. Here we applying NOT gate after 4-bit 

latch-based shift register and combine output of NOT gate 

forwarding to the first latch-based shift registers feedback as 

input. By activating the odd and even latches, it can shift the 

 

 

 
Fig. 4. Proposed unidirectional 4-bit XOR feedback-

based binary-code shift- register 

data to ’1’. Because of generating random data as well as 

XOR gate, the data shifting pattern will separate then 

previous pattern of conventional latch-based circuit. Hence 

the security of the data will increase and secure from hackers. 

 
Fig. 5. Proposed unidirectional 4-bit NOT feedback 

based binary-code shift- register 

Fig. 6 shows the conventional 16-bit binary-code shift- 

register that is unidirectional. It used to reset for initialize of 

data and CLK-signal for synchronized the data. It shifts the 

data ’1’ to right when the clock signal is CLK-odd or CLK-

even and so on data will be shifted respectively. 

Fig. 7 shows the proposed unidirectional 16-bit binary-

code shift-register. The alignment of this 16-bit shift register 

is that the output of the first unidirectional latch is connected 

to the input of the second unidirectional latch and so on. For 

the reset system a pin RESET connected to every 

unidirectional latch. The unidirectional latch which is present 

in odd position with connected to the CLK-odd and which 

unidirectional latch present in even position with connected 

to CLK-even. 

For the enhance security purpose we provided feedback as 

XOR and NOT gate to change the data forwarding pattern 
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Fig. 6. Conventional unidirectional 16-bit binary-code 

shift-register [18] 

 
Fig. 7. Proposed unidirectional 16-bit binary-code shift-

register 

which is not easy to recognize by the other user and hacker. 

If you want more to more change the pattern of data 

forwarding so we have to apply more XOR and NOT after 4-

bit unidi- rectional latch. At the resultant the feedback of 

unidirectional latch is not forwarding directly to input after 

one XOR gate while the data forward have to more XOR gate. 

The performance of XOR gate is when the both bits are 

same like 0,0 or 1,1 so the resultant will be (Q= 0) and the 

both bit of alternate like 1,0 or 0,1 so the resultant will be (Q= 

1). For this alternative feature of XOR gate the data of coming 

as feedback have been changed. 

III. SIMULATION AND RESULTS 

Fig. 8 shows the simulation waveform of proposed 

unidirec- tional binary-code shift-register, which were 

simulated with a 90nm CMOS process at a supply voltage of 

1.8v and a clock frequency of 100MHz. The unidirectional 

linear feedback shift register shifts the data ’1’ right with 

CLK-odd and CLK-even respectively, when did not apply the 

linear feedback of the unidirectional latch. The pattern of data 

shifting shown in Fig. 8 is very simple for recognized by 

another user. Here its advan- tage is that the power 

consumption is 283.80 uW and take less delay 14.39ps but 

this system is not secure as per simulation waveform. Table I 

shows that comparison among different linear shift register 

when apply XOR gate as feedback, NOT gate as feedback and 

no feedback. Approximately 94.59% less power is consumed 

by a NO feedback linear shift register than a NOT gate 

feedback linear shift register, and 95.16% 

 

 
Fig. 8. Simulation waveform of Conventional binary-

code shift-register [18] 

less power is consumed by an XOR gate linear feedback 

shift register. Further delay parameter by no feedback linear 

shirt register is approximately 86.72% less than XOR gate 

linear feedback shift registers and approximately 27.40% less 

than NOT gate linear feedback shift register. The comparison 

of the security is higher when we apply XOR gate as feedback 

in the linear shift register. 

 
Fig. 9. Simulation waveform of proposed binary-code 

shift-register 

Table I. Performance, Comparison, Different, Linear, 

Feedback 

S. No. Parameter Normal 

feedback 

XOR 

feedback 

NOT 

feedback 

01 Power [W] 283.8e-6 5.87e-3 5.25e-3 

02 Delay [s] 14.39e-12 1.91e-12 380.2e-15 

03 VDD (V) 1.8 1.8 1.8 

04 Frequency 

[MHz] 

100 100 100 

05 Bit width of shift 

register 

16 16 16 

06 Size of Transistor 

[W/L] 

120/90 120/90 120/90 
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IV. CONCLUSION 

In this brief unidirectional linear feedback shift register is 

proposed. They are reducing power, delay and increase 

security by replacing XOR gate and NOT gate as feedback in 

linear shift register. Using a 90nm CMOS process, the 

proposed 16-bit linear feedback shift registers were 

simulated. They consume power 94.59% and 95.16% with 

Vdd = i.8V and a clock frequency of 100MHz. For security 

purpose is better XOR feedback linear shift register and for 

low power consumption is better is no feedback linear shift 

register and for less delay purpose is better NOT gate linear 

feedback shift register. 
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