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Abstract  
 

A novel method of generating a pseudorandom 

binary sequence (PRBS) test signal generator is 

presented. A traditional PRBS generator uses a 

linear feedback shift register (LFSR) which 

generates a single maximum length sequence 

pattern having a fixed period. In this paper, three 

shift registers with feedback connections are 

employed in which the preset inputs of the shift 

registers are changed only on completion of their 

length sequences. These preset inputs are changed 

by employing a counter, the time period of the clock 

of which equals the time of the length sequence. 

Thus, by employing a limited number of shift 

registers, a considerable increase in the length 

sequence is possible. This longer length sequence 

would enable to detect malfunction in a better way 

associated with specific data patterns. 
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1. Introduction 
 

PRBS signals are deterministic binary sequences 

having properties resembling those of a band limited 

white noise. A PRBS signal has low correlation with 

its delayed version. Again, PRBS signals are 

balanced. Because of these properties, PRBS signals 

find wide use in cryptography, spread spectrum 

communication systems etc. 

 

A very common and convenient method for 

generation of a PRBS signal is to employ 

synchronous LFSRs. Figure 1 shows an n-stage 

LFSR having n taps t1, t2,…, tn. Each of these taps 

has gains of either 0 or 1. The feedback path from the 

nth tap is mandatory. This is summed, in mod-2 

format, with the values of the registers having unity 

taps (from t1, t2,…, tn). 

 

In the case of a 6 stage (n=6) LFSR, if the taps are 

taken from t2 and t6, then the set is designated as [6, 

2]. For higher performance, a 2-tap system is 

advisable to be used rather than more than two taps 

and multiple XOR gates, as it introduces considerable 

delays. For a practical LFSR, a two tap system is 

used.  

 

Properties of PRBS are dependent on n, the number 

of LFSR stages and the tap configuration. A 

particular tap configuration gives rise to a specific 

PRBS. Some applications, like BER testing of I/O 

channels, require many PRBS strings with varied 

periods. This helps in evaluating the channel for data 

pattern dependencies and various degrees of DC 

unbalance. Such application areas demand many 

PRBS strings for dependable testing of the said 

channels. Digital test signals like PRBS has 

applications in measurement of error rates and in the 

display of eye diagrams. The ultimate eye pattern 

obtained is the sum of the individual waveform 

segment shapes and these are functions of sequences 

of symbols. 

 

Again, the amount of inter symbol interference (ISI) 

present at any instant at the regenerator is usually a 

function of the particular symbol pattern that 

occurred just prior to that instant. It is known that 

some particular transmitted symbol sequences give 

rise to more ISI at the regenerator. It is thus advisable 

to use test signals to have all possible symbol 

sequence pattern to properly evaluate the 

performance characteristics of transmitted signals. 
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 Figure 1: The general form of an LFSR 

 

A Chow et al [1] proposed an alternative PRBS 

generator that used coupled asynchronous FIFO 

rings. This allowed the designed circuit to generate 

different maximal length PRBS patterns. Their design 

is less complex and offered a higher throughput. An 

asynchronous-to-clocked interface would enable the 

circuit to work synchronously. It employs an inherent 

pipelining technique which eliminates the need to 

have large feedback logic overhead in configurations 

with many taps. It allowed the designed PRBS to 

produce different patterns of different periods unlike 

a traditional PRBS which produces a single maximal 

length pattern with a fixed period. S Kim [2] et al 

proposed a 45Gb/s PRBS generator and checker that 

was designed, fabricated and tested using SIGe 

BICMOS technology. A host of other research 

workers also worked in this field of PRBS 

generation, testing and bit error detection [3-7]. In 

[8], a PRBS generator has been designed which gives 

parallel outputs. This is realized by a simple matrix 

multiplication technique and recursive formula. The 

parallel architecture improves the throughput by 2, 4 

and 6 times compared with the existing scheme based 

on a single output. 

 

The present paper describes a 3-stage shift register 

configuration in feedback mode to generate multi 

maximal length sequences having different time 

periods. A simple 3-stage LFSR has the capacity to 

generate a single PRBS of maximal length sequence 

seven only. In the present hardware design, the 

feedback tap positions are automatically switched 

giving rise to a sequential length of fourteen. In this 

case, the preset of the three flip flops are assigned 

some arbitrary value. In the subsequent experimental 

set up, a combination of automatic shifting of 

feedback connection at the end of current   sequence 

length and changing the preset values of the flip flops 

would enable the PRBS output length to be enhanced 

to one hundred twelve. This length can further be 

extended to two hundred twenty four by employing 

an up-down counter. Malfunctioning associated with 

particular data patterns can more effectively be 

detected with longer length sequences [9]. 

 

2. Generalized relation for output 

PRBS length sequence 
 

For a three stage LFSR, there are two possible 

feedback taps t1 and t2 with t3. Let the sequence 

lengths for feedback taps t1 and t2 with t3 be X1 and 

X2 respectively. In the auto switching mode as it is 

here, when the feedback tap was in t1, PRBS output 

was obtained with a sequence length X1 at which 

time it is automatically switched over to feedback 

path t2. Thus, PRBS output is continued to be 

obtained with a sequence length X2. Hence, when in 

the auto switching mode, the ultimate length of PRBS 

output would be 

Length = X1 + X2 

For a n bit shift register, 

Length = X1 + X2 + …………+ Xn-1             (1) 

  n-1  

   = Σ Xi 

  i=1  
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This output PRBS length sequence is obtained for 

fixed preset values of the shift registers. If after 

completion of this, the preset values are 

automatically changed, the total number of preset 

combinations would be 2
n
 for an n stage LFSR and in 

that case the output length sequence would be as per 

equation (2). 

    n-1 

Length  = 2
n
. Σ Xi                     (2) 

    i=1 

For the present case of a three stage LFSR, n = 3 and 

the output length sequence will be = 2
3
. (7+7) = 112. 

 

3. Circuit Design 
 

The block schematic of the circuit which provides a 

PRBS of length sequence fourteen is shown in figure 

2. There is a 1 at the Hit output of the counter on 

every seventh clock pulse which is fed to the Switch 

Control block. The Switch Control block is a JK flip-

flop in toggle mode. Hence the input of the switch is  

low for the first seven pulses and is high for the next 

seven pulses, and continues to be so.  

When input to the switch remains high, PRBS output 

of length seven is obtained using tap t1 and when it is 

low another bit pattern is obtained using tap t2, which 

is also seven bit long. Hence the final output is a 

continuous PRBS of length sequence fourteen. 

 

With a little addition of hardware circuitry the output 

sequence length could be extended to one hundred 

twelve, as shown in figure 3. The OR gates at the 

input of the flip-flops are used to feed the preset 

values. 

 

 

 

Figure 2: Block schematic of PRBS of length sequence 14 

 

 
 

Figure 3: Block schematic of PRBS of length sequence 112 
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Detail of the Control and Logic Unit of the same is 

shown in figure 4. 

 
 

Figure 4: Detailed diagram of Control & Logic 

Unit 
 

The explanation of the design is as follows. Here 

counter2 and the Control and Logic Unit are added to 

the previous counter stage. Whenever the Hit output 

of the first counter becomes high, the second counter 

increases by one. This second counter counts upto 

seven. Corresponding bits (B0, B1, and B2) are fed to 

the Control and Logic Unit. The outputs of this block 

are fed to the stages of the LFSR to originate 

particular preset values. These preset values change 

after completion of every maximal length sequence. 

The timing sequences of the preset and clear 

(inverted logic) signals with the used clock frequency 

are shown in figure 5(a-g). 

 

 
 

Figure 5a: PRT2 

 

 
 

Figure 5b: PRT1 

 

 
 

Figure 5c: PRT0 

 

 
 

Figure 5d: !CLR2 

 

 
 

Figure 5e: !CLR1 

 

 
 

Figure 5f: !CLR0 

 

 
 

Figure 5g: Clock Frequency as Used 

 

At the initialization of the circuit, the flip-flops are 

fed with a preset value of 000. After the first seven 

pulses, as the Hit value of the second counter 

increases by one the flip-flops are fed with the new 

preset values 001. This continues to increase upto 

111. These values are repeated after every fifty six 

clock pulses. After the first fifty six pulses the output 

of the switch changes from zero to one. Hence the tap 

position changes after every fifty six pulses. Thus a 

PRBS of bit length one hundred twelve is achieved. 

 

Corresponding time spans for seven bit, fourteen bits 

and one hundred twelve bits are shown in figure 6.  
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Figure 6: PRBS Timing Diagram for (a) figure 1 

(simple LFSR: 3 stage) (b) figure 2 and (c) figure 3 

 

4. Results 
 

Figure 7(a-d) shows various simulation results in 

MATLAB SIMULINK. The PRBS outputs using 

different tap positions in a simple 3 stage LFSR are 

shown in figure 7a and figure 7b, using tap positions 

t2 [3,2] and t1 [3,1] respectively. The sequence length 

in each case is 7, though the sequences are distinct 

and different in nature. Figure 7c shows bit sequence 

of sequence length 14 and is obtained using figure 2. 

This sequence is a combination of the sequences of 

figure 7a and figure 7b respectively. The design, as 

shown in figure 3, generates a bit sequence of 

sequence length 112. The simulated output is shown 

in figure 7d. 

 

 
 
Figure 7a: PRBS of sequence length 7 using tap t2 

 

 
 

Figure 7b: PRBS of sequence length 7 using tap t1 

 

 
 

Figure 7c: PRBS of sequence length 14 

 

 
 

Figure 7d: PRBS of sequence length 112 

 

5. Conclusion 
 

The paper describes a 3 stage shift register 

configuration in feedback mode to generate multi 

maximal length sequences of different time periods. 

A simple three stage LFSR can generate a PRBS bit 

sequence of length seven only. Traditional LFSRs 

generate only one PRBS because the number of 

stages as also the tap position governs the output bit 

sequence. The present design allows one to extend 

this length to one hundred twelve. Also, there is 

provision for getting PRBS of lengths fifty six bits. 

Combining an up-down counter to the present design, 

the maximum length sequence can be extended to 

two hundred twenty four. A four stage LFSR can thus 

be effectively designed to get a PRBS output length 

of seven hundred twenty which can be extended to 

one thousand four hundred forty bits using an up-

down counter. 

 

The present design is not complicated, easy to 

implement and very economical in terms of hardware 

requirements. Again, the delays are much less in this 

case because only one intermediate tap is active at 

any given instant of time. 

 

The PRBS generator will find extensive use in word 

synchronization, measurement of impulse response of 

a linear system by cross correlation technique, system 

identification, in encryption, spread spectrum radio 

and radar systems and also BER testing of I/O 

channels which require many PRBS strings of varied 

sequence lengths and periods. Thus a channel’s 

effectiveness for data pattern dependencies and DC 
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imbalance can be more effectively evaluated because 

of considerable length of the generated PRBS output 

length sequence. 
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