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Abstract. In high-speed Nano-scale VLSI designs, memory plays a vital role
of operation. Built-In Self-Test (BIST) for memory is an essential element of the
system-on-chip (SoC). Investigating memory with low power techniques have
been emerging in the market. Address generators to access memory cores
consecutively should have low transition. This paper, attempted to put forward a
proposed architecture of address generator with low-transition. In this novel
technique, the address generator is constructed by a blend of modulo-counter
and binary to gray code convertor with a bit-reversal block. Efficient employ-
ment of this architecture has cut-down the switching activity considerably. This
proposed work compared the switching activity with conventional Linear
Feedback Shift Register (LFSR), Bit-Swapping LFSR (BS-LFSR) and gray-
code generator. Simulated and synthesized of the proposed architecture was
done by Xilinx tool. The final result shows more than 95% reduction on
dynamic power consumption related to the traditional LFSR.
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1 Introduction

Low-power designs, especially microprocessors, have received a large amount of
attention recently in portable and wireless related applications. Also, even the highest
performance design power has become an issue. In high performance devices extre-
mely high frequencies are attained, there by leading to greater power consumption and
higher heat dissipation. To overcome this problem, heat sinks are used, resulting in
higher costs and potential reliability problems. It is evident that a system consumes
power twice more in testing mode when compared to usual mode. This is because of
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applying parallel testing, wherein multiple embedded memories will be tested simul-
taneously while few memories are accessed during the normal mode. If the power
consumed during the testing mode exceeds the power constraint of the chip, then the
chip may become structurally degraded and may be damaged [1].

According to the state of system operation, power dissipation is classified into two
major types. They are Static and Dynamic power. In static power, it is the power
consumed while there is no circuit activity. In dynamic power, it is the power consumed
while the inputs are in change or active. It is the major component of the total chip power
consumption. Short- circuit and leakage power are the other two minor components and
they can be minimized only at the stage of fabrication process. Charging and discharging
of capacitive loads at the output of gates result in dynamic power consumption. Wiring
capacitance, junction capacitance, and the input or gate capacitance of the fan-out gates
contribute capacitive loads that results dynamic power. Hence, this paper considers
dynamic power dissipation, which is determined by the equation

Pavg = aTCloadVdd
2 fclk

aT = Switching activity f actor of gate
Cload = Total load capacitance
Vdd = Supply voltage
fclk = Operating frequency

In the above equation, the average power is in direct proportion to the T. Therefore,
the power dissipation can be scaled down by managing the switching activity when the
system is in testing mode. The progress in submicron manufacturing technology and
SoC design methodology has resulted in abnormal number of cores, particularly the
memory cores included in a single chip. It is forecasted that by the year of 2014, memory
cores may use 94% area of a typical SOC [2]. Memory thus plays a significant role in
SoC based design. As the prospect of memory flaws is largely contrasted with other kind
of defects in a circuit, that are necessary for testing of memory. Anyhow, on account of
the existence of a minimum number of I/O pins in a circuit, BIST for Memory (MBIST)
is employed as a key to this vexed issue [3]. Thus, this paper focuses on low transition
address generator to reduce unnecessary switching in memory access process.

Hierarchy of address generators start with a normal binary up-down counter that
produce sequence of addresses. When area and power are concerned, binary up-down
counters occupy more area and also consumes more power. It is significant that the
address generator plays an imperative role in MBIST. The blueprint of address gen-
erator is the foremost intricate problem in MBIST in view of its mammoth area and
speed limit [4]. Reducing the switching activity in the address decoder using the Single
Bit Change (SBC) instead of using the normal counter was proposed in [5]. This
technique minimizes the switching activity in the address bus but it entails large
overhead in the hardware area since a modified counter is used. Another technique was
based on generating new march sequences with low switching activity by reordering
the test sequences using genetic algorithm in [6]. This reordering reduces the switching
activity in the data bus whereas it remains the same in the address bus.
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To overcome the area problem, linear feedback shift registers (LFSRs) were
introduced. It succeeded in scaling down the area occupied by address generators. But
it failed to answer the power consumption caused by switching activity. Several
algorithms were later introduced to cut down the switching in LFSR. In Bit-swapping
LFSR [7] comprise traditional LFSR and 2:1 multiplexers. To overcome power con-
sumption problem, diverse kinds of address generators are found employed for MBIST.
In a programmable MBIST, two counters and multiplexer combination are employed as
an address generator [8, 20]. A new reseeding technique with a considerable scan
power reduction was proposed earlier [18]. The reseeding is applied on general LFSR
and modified LFSR in two ways. These generated patterns are sent to a XOR network
which will generate an output. A new LFSR reseeding technique for efficient reduction
of test pattern was proposed in [19]. A new encoding technique to reduce the size of the
test data was proposed in this study. Size of the test data was reduced by clock in LFSR
which is in the state of inactive for several clock cycles after the seed is given to the
input. Thus, reduction in test data volume is achieved by storing the data only when the
clock is in active state. All the remaining test vectors was derived with in the reduced
clock.

Linear Feedback Shift Register (LFSR) which is a combination of Bit Swap-
ping LFSR (BS-LFSR) and Dual Speed LFSR (DS-LFSR) has been proposed early
[10, 17, 21]. In this paper the modified Dual Speed LFSR (MDSLFSR) consists of two
BS-LFSRs, one is the slow speed BS-LFSR and another is the normal speed BS-LFSR
each has independent clock rates. The modified DS LFSR lowers the transition density
at the input side. Thus, it reduces overall switching activity. In SoC environment,
significant changes in testing methods are to be done for memory arrays. Built-In-Self-
Test for optimized memory repair analyzer which works with optimal repair rate for
memory arrays in [11]. Single test is required for this method even for worst case. The
Must-Repair-Analysis (MRA) technique is done on fly during test, it stores faulty
addresses and final analysis is done to find a solution to eliminate the analyzed faults. It
executes an efficient redundancy analysis algorithm to generate repair solutions. A new
method for generating configurations for application dependent testing of a SRAM-
based FPGA interconnect was proposed in [12]. This method connects an activating
input to multiple nets, thus generating activating test vectors for detecting stuck-at
open, and bridging faults. A new technique for reduced switching activity in the
address bus when testing SRAM of personal devices has been proposed in previous
works [13]. Even though these algorithms deal with power minimization, the power
reduction is an endless requirement of modern VLSI world. In certain other cases,
Binary up-down counter and Gray code Counters are employed as address generators
[9]. In paper [22] shows improved low transition test pattern generator method and
targeted to low power application. With a concern to still decrease the switching
activity, in our work, we have developed and executed a new address generator which
uses bit reversal technique along with a modulo counter and grey code convertor.
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2 Proposed Architecture

Linear Feedback Shift Registers (LFSR) or counters generally employed as address
generators for memory locations, need to be investigated for flaws. The traditional
LFSR is incapable of producing the entire zero patterns because when all the flip-flop
output becomes zero then the XOR output is also zero hence the feedbacks to the 1st

flip-flop input are also zero. Hence the LFSR becomes stuck at zero stage. To overcome
this problem, a complete memory address generator (CLFSR) [15] was proposed in
previous works. But power consumption is considerably high when traditional archi-
tectures are employed as address generators. To overcome the power consumption
problem, a novel architecture is proposed in Fig. 1.

The architecture of address generator proposed in this paper is a blend of modulo
counter and gray code convertor with a blend of bit reversal block. This paper focuses
mainly on utilizing the reversible bit patterns. That is when we look at the patterns, we
come across certain patterns which can be reversible. For example, 0000000001 is a
pattern which is reversible. When certain pattern is reversed, the other address or
pattern, 1000000000 can be obtained. Thus, an n-bit length pattern a (0 ! n − 1) is
said to be reversible if

a (0 ! n − 1) 6¼ a (n − 1 ! 0)

There exist certain other patterns which cannot be reversed. For example, 1000000001
or 1001001001 are some patterns which results in the same pattern even if we reverse
them. Thus, an n-bit length pattern a (0 ! n − 1) is said to be irreversible if

a (0 ! n − 1) = a (n − 1 ! 0)

So, in this paper we tried to make use of one such pattern which is the final outcome
from gray code counter. In our observation, the final sequence of a gray code can be
generated from the respective reversible pattern which is already generated prior to the
final sequence. In this proposed architecture, two logic blocks along with the counter
and gray code generator are used.

Fig. 1. Proposed block diagram
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Algorithm 1 Logic Block-1
Require: Enable = (G0⊕G3) ∧ (G1 ↓ G2) 
Repeat while B [3:0] ≠ 1111 do 
if Enable=1 then 
G [3:0] → G[0 : 3]
else G[3:0] → G[3:0] 
end if 
end while 
until B[3:0] = 1110

Algorithm 2 Logic Block-2
Require: Enable = (B0∧B1∧B2) ∧ (-B3) 
Repeat while B[3 : 0] ≠ 1110 do 
if Enable=1 then 
G[0:3] delayed OUTPUTBUS 
else G[3:0] → OUTPUTBUS 
end if 
end while 
until G[3:0] = 1000

The logic block-1 is used to detect the reversible pattern from which the reversed
sequence can be generated. The logic block-1 for 4 bit, is designed in such a way to
execute the logic as shown in the Algorithm 1. Thus, the detected reversible sequence is
given to bit reversing block for reversing the sequence to generate new bit sequence. This
reversed sequence has to be inserted in the respective place that is at the end of modulo
sequence. The end sequence of modulo gray code counter will be 1110. We use logic
block-2 (Algorithm 2) to detect this sequence. The reversed bit stream has to be inserted in
output with some delay when the logic block-2 detects the appropriate position.

3 Results and Comparison

The complete block diagram embedded with the two logic blocks included is shown in
the Fig. 1. This block diagram consists of a modulo gray code counter which is a
combination of modulo counter and gray code converter. It can be implemented for any
size of addresses with respective changes in logic blocks. The test outcomes of the
proposed method are furnished below. The novel design is simulated and synthesized
in Xilinx tool. The simulation-based outcomes and switching activity of the parallel
existing methods are contrasted below. The Table 1 furnish comparison between total
and dynamic power consumption in the recent methodologies for a 4-bit address. Thus,
the proposed technique offered 98.19% saving of dynamic power and 92.28% saving of
total power consumption, which offers the low power design of address generator at the
cost of 0.031 W of power.
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The Table 2 furnish the details of bit transition and comparison with novel tech-
nique. By examining both the tables we can find that the switching activity undergoes
considerable alteration which is encouraging outcome to achieve low power design of
address generator.

The Table 3 furnish the switching activity of proposed technique and percentage of
saving with the conventional address generator for bit length N = 5 and N = 10 in
comparison with several existing methods. The simulation resulted in reduction of
switching activity up to 64.70% for a N = 5-bit address generator and 80.08%
reduction in N = 10-bit address compared to the conventional LFSR. Here by it is
evident that this value may increase when we go for higher bit length address

Table 1. Comparison between switching activity with various method

Address generator Total dynamic power (W) Saving (%) Total power (W) Saving (%)

LFSR [7] 0.222 – 0.402 –

BS-LFSR [7] 0.199 10.36 0.378 5.97
DC-LFSR [14] 0.012 94.59 0.179 55.47
Proposed method 0.004 98.19 0.031 92.28

Table 2. Comparison of bit-transition with proposed method

LFSR [7] BS-LFSR [7] Gray code [9] Proposed

1111 1111 0000 0000
0101 0101 0001 0001
1011 1011 0011 0011
0111 0111 0010 0010
1111 1111 0110 0110
1110 1110 0111 0111
1100 1100 0101 0101
1000 0100 0100 0100
0001 0001 1100 1100
0010 0010 1101 1101
0100 1000 1111 1111
1001 1001 1110 1110
0011 0011 1010 1010
0110 1010 1011 1011
1101 1101 1001 1001
1010 0110 1000
Bit transition values in each weight
(8)(7)(8)(7) (9)(4)(8)(7) (1)(2)(4)(8) (1)(2)(4)(7)
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generators. The comparison is also made with the existing methodology [14, 16],
which resulted in almost 10% decrease in switching activity. Figure 2 shows Xilinx
simulation report of device utilization summary. Figure 3 shows power report of
proposed method in Xilinx simulation.

Table 3. Comparison between power consumption

Method Switching activity
Bit length
N = 5

Saving
(%)

Bit length
N = 10

Saving
(%)

LFSR [14] 85 – 5130 –

BS-LFSR [7] 69 19 4106 20
DS-LFSR [17] 70 18 2904 43
Bipartite LFSR [16] 45 47 2462 52
BS-DS LFSR [14] 64 25 2376 54
DC LFSR [14] 36 57.65 1783 65.24
Proposed method 30 64.70 1022 80.08

Fig. 2. Device utilization summary from Xilinx simulation

Fig. 3. Xilinx simulation power report
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4 Conclusion

This paper attempted to introduce an efficient VLSI architecture for a low power
address generator based on modulo counter which is having low dynamic power. It is
achieved by decreasing the switching activity of the output address provoked. In this
architecture, address generator consumes less area and less power consumption.
Tradeoff between power and area is minimal in proportion. Proposed method’s
dynamic power dissipation reduces 90% when compared to traditional LFSR and BS-
LFSR. It also 20% superior when compared to conventional gray code generator. The
proposed address generator can be employed for MBIST by devising an appropriate
MBIST controller. With the proficient employment of this Low power address gen-
erator, the entire MBIST unit can be adapted to taste the test patterns with less power
consumption.
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