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Abstract: In this paper, slice level optimization is performed on the conventional 6:3 counter and then finally integrated all the 

slices to the original one. Slice level optimization corresponds to partition the given circuit in to number of blocks such that final 

integration can be done effectively. Considering individual blocks Power testing and delay testing, results were taken by 

triggering the activities which lead to power consumption and all possible critical paths were also tested for every individual 

block and then comparison is made. Test vectors are also applied such that every consecutive cycle output is complemented, so 

that low to high and high to low delays can be captured with in a smaller number of test vectors. Identical strategy is applied to 

measure the power because for every two cycles only one power consuming event occurs on a single node under consideration. 

The proposed 6:3 counter is 36% faster than the conventional one and also saves the power for about 56%. Utilizing more 

NAND, NOR and AOI gates instead of AND, OR gates have led to the achieved optimization. 
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I. INTRODUCTION 

Row compression technique is used in [1,2,3] for integrating the partial products effectively. Delay is more in these counters due to 

needing an equality circuit in the maximum delay taking paths. Compressor of size 5:2 and 4:2 is proposed in [4,5]. Date selector is 

used to improve the delay in maximum delay taking paths in[6,7]. Low power compressor was proposed in[8], Adder architecture 

was proposed in [9]. In this paper, we present a slice level optimization method on the existing design[10] and then every slice is 

optimized to the best possible extent with respect to the power and delay and finally integrated. Slice will be most probably a sub –

circuit with primary inputs and intermediate outputs or it may be with intermediate inputs and also intermediate outputs or at the 

final slice we can imagine a slice as having intermediate output as the primary input and primary output as the output. Every slice, in 

detail power and delay testing were performed. Delay testing corresponds to examining all possible critical paths for low to high and 

high to low of that output. Power testing corresponds to examining for the all possible low to high of that particular node.  

II. LITERATURE REVIEW [10] 
In stacker 3-bit, the basic hardware required is carry logic for output Y1 and three input AND gate and three input OR gate for rest 

of the outputs. Output will be generated with in two levels and the delay will be the summation of two input AND and three input 

OR delays. First output will be ‘’0’’ if all the three bits are zero, second output will be “0” if any two of the inputs are zero and the 

final output will be “0" if any one of the inputs is zero.  

All the blocks were analyzed for it’s performance. Every block in this design will be optimized for the VLSI constraints. Detailed 

delay and power analysis will be done on the existing and also new design is proposed. 

In 16T Block, It is used for generating the output S for the 6:3 counter and two such copies of hardware is needed to realize the 

circuit. Delay is the Summation of not gate in the first level, AND gate in the second level and OR gate in the third level. There are 

six power consuming internal and external nodes which may lead to more power consumption. XOR is needed with two inputs and 

those inputs are 16T BLOCK with inputs as H2, H1, H0 as one input and one more 16T BLOCK with inputs as I2, I1, I0. Output 

being produced is S for 6:3 counter.  

In 26T Block, this block requires two levels of logic to generate the output, where in the first level it requires AND gates and in the 

second level it requires OR gate. There are four power consuming internal and external nodes at a time out of eight power 

consuming nodes.  It is used to generate C2 output of 6:3 Counter. In 34T Block, this block is used to generate C1output of 6:3 

Counter. It requires five levels to produce the output, where it needs AND, OR, NOT, AND and OR in the levels starting from one 

to five. 6:3 Counter requires six levels to produce the output S, three levels to generate C2 output and six levels to produce C1 

output. There are 48 power consuming internal and external nodes in the circuit. 
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III. PROPOSED COUNTER 

A. Stacker 3-BIT 

The basic hardware required is shown in the fig. 1 and it requires carry logic for output Y1 and two input NOR gate and three input 

OR gate for rest of the outputs. Output will be generated with in two levels and the delay will be the summation of two input NAND 

and three input NAND delays. There are seven power consuming nodes in the proposed circuit and when compared with the design 

[10] where there are 12 power consuming nodes which increases the dynamic power consumption. 

 
Fig.1. Logic circuit of 3-bit stacker 

 

B. 8T Block 

Proposed circuit in fig. 2 has not gate followed by OAI21 and it needs eight transistors. There are only two power consuming nodes 

for the proposed design and when compared to the design[10], it needs six power consuming nodes. Two levels of logic is needed to 

compute for  the proposed design and it needs five levels of logic for  the design[10].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Logic circuit for 8T block 

  

C. XOR Block 

There are no modifications of the XOR block and it is the same design [10] was utilized as in fig.3. 

 
Fig.3. Symbol of XOR gate 
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D. 18T  Block 

Proposed block in fig.4 requires two levels of logic to do the computation and in the design[10] it needs four levels of logic. There 

are eight power consuming nodes in the design[10] and the proposed one has four power consuming nodes. Considerable savings 

are there with respect to power and delay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Logic circuit of 18T block 

 

E. 22T  BLOCK 

Proposed design in fig.5 needs four levels of logic to produce the result and in the design[10] it needs five levels of  logic for the 

computation. There are five power consuming nodes in the proposed design and in [10] it requires eleven power consuming nodes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Logic circuit of 22T block 
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F. Counter 

Proposed counter in fig.6 has been optimized at almost all the intermediate blocks used in the design which leads to maximum 

optimization. Existing arcitecture[10] is used to design the counter with majority of  sub-blocks being optimized.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. Logic circuit of 6:3 counter 

 

IV. PERFORMANCE ANALYSIS 

Performance analysis is much desired to estimate how better the existing and proposed designs are with respect to the constraints of 

our interest. This section evaluates each and every block of the proposed counter for power and delay and for accomplishing this 

suitable input combinations are applied such that they give the results in an appropriate manner by triggering al l the power 

consuming events for power estimation and activating each. Table I,II,III shows the delays and test sets for the 3-bit stacker in [10].  

 

TABLE I 

DELAY FOR Y2 

S.No Previous Input 

(X2X1X0) 

Present Input 

(X2X1X0) 

Delay 

(PS) 

1 000 111 195 

2 111 011 89 

3 111 101 85 

    4 111 110 78 

 

Table I shows the maximum delay of 195ps when the current applied input is “111” and also the previous input should be “000”. 

We can validate this one because when all the inputs are ‘0’ it means the output node is strongly discharged and there is only one 

possible way to get the output of ‘1’. 

TABLE III 

DELAY FOR Y1 

S.No Previous Input 

(X2X1X0) 

Present Input 

(X2X1X0) 

Delay(ps) 

1 000 110 244 

2 000 011 266 

3 000 101 283 

4 111 001 278 

5 111 100 244 

6 111 010 244 

 

Table II shows the maximum delay of 283ps when the current applied input is “101” and also the previous input should be “000”.  

Delay is maximum when the output node changes from low to high when compared with high to low. 
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TABLE IIIII 

DELAY FOR Y0 

S.No Previous Input 

(X2X1X0) 

Present Input 

(X2X1X0) 

Delay 

(PS) 

1 111 000 167 

2 000 100 80 

3 000 010 108 

4 000 001 121 

 

Table III shows the maximum delay of 167ps when the current applied input is “000” and also the previous input should be “111”.  

Delay is maximum when the output node  changes from high to low when compared with low to high.     

 

TABLE IVV 

DELAY FOR Y0 

S.No Previous Input 

(X2X1X0) 

Present Input 

(X2X1X0) 

Delay 

(PS) 

1 111 000 167 

2 000 100 80 

3 000 010 108 

4 000 001 121 

 

Table IV shows the maximum delay of 167ps when the current applied input is “000” and also the previous input should be “111”.  

Delay is maximum when the output node  changes from high to low when compared with low to high.     

 

Table V Delay for Y1 

S.No Previous 

Input(X2X1X

0) 

PresentInpu

t 

(X2X1X0) 

Delay(PS

) 

1 000 110 127 

2 000 011 152 

3 000 101 154 

4 111 001 174 

5 111 100 148 

6 111 010 154 

 

Table V shows the maximum delay of 174ps when the current applied input is “001” and also the previous input should be “111”.  

Delay is maximum when the output node changes from high to low when compared with low to high for the proposed circuit. 

 

TableVI Delay for Y2 

S.No Previous Input 

(X2X1X0) 

Present Input 

(X2X1X0) 

Delay(PS) 

1 000 111 166 

2 111 011 150 

3 111 101 126 

4 111 110 88 

 

Table VI shows the maximum delay of 166ps when the current applied input is “111” and also the previous input should be “000”. 

We can validate this one because when all the inputs are ‘0’ it means the output node is strongly discharged and there is only one 

possible way to get the output of ‘1’.Table IV, V, VI shows the delays and test sets for the proposed 3-bit stacker . 
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Table VII Delay for Out 

S. 

No 

Previous Input 

(H2H1H0) 

Present Input 

(H2H1H0) 

Delay(PS) 

1 101 011 256 

2 010 001 204 

 

Table VII shows the maximum delay of 256ps when the current applied input is “011” and also the previous input should be “101”.  

Delay is maximum when the output node changes from low to high when compared with high to low for the conventional circuit 

[10]. 

Table VIII Delay for Out 

S.No Previous Input 

(H2H1H0) 

Present Input 

(H2H1H0) 

Delay (PS) 

1 101 011 92 

2 010 001 98 

 

Table VIII shows the maximum delay of 98ps when the current applied input is “001” and also the previous input should be “010”.  

Delay is maximum when the output node changes from high to low when compared with low to high for the proposed circuit. 

Table IX Delay for Out 

S.No Previous 

Input(AB) 

Present 

Input(AB) 

Delay(PS) 

1 01 00 143 

2 00 10 104 

3 10 11 88 

4 11 01 84 

5 01 11 88 

6 11 10 66 

7 10 00 147 

8 00 01 97 

 

Table IX shows the maximum delay of 147ps when the current applied input is “00” and also the previous input should be “10”.  

Delay is maximum when the output node changes from high to low when compared with low to high for the proposed circuit. Same 

delay is achieved for the proposed and the XOR in [10]. 

Table X Delay for Out 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table X shows the maximum delay of 280ps when the current applied input is “000111” and also the previous input should be 

“111111”.  Delay is maximum when the output node changes from high to low when compared with low to high for the 

conventional one [10]. 

S.  

No 

Previous Input 

(H2H1H0I2I1I) 

Present Input 

(H2H1H0I2I1I0) 

Delay (PS) 

1 000000 100001 242 

2 000000 010010 267 

3 000000 001100 279 

4 111111 000111 280 

5 111111 001011 255 

6 111111 010101 255 

7 111111 011001 254 

8 111111 111000 250 

9 111111 110100 253 

10 111111 100110 254 

11 111111 101010 254 
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Table XI Delay for Out 

S.No Previous 

Input(H2H1H0I2I1I0) 

Present 

Input(H2H1H0I2I1I0) 

Delay(PS) 

1 000000 100001 128 

2 000000 010010 122 

3 000000 001100 111 

4 111111 000111 143 

5 111111 001011 138 

6 111111 010101 140 

7 111111 011001 134 

8 111111 111000 130 

9 111111 110100 132 

10 111111 100110 145 

 

Table XI shows the maximum delay of 145ps when the current applied input is “100110” and also the previous input should be 

“111111”.  Delay is maximum when the output node changes from high to low when compared with lowto high for the proposed 

one. 

 

Table XII Delay for Out 

S.No PreviousInput 

(H2H1H0I2I1I0C2) 

Present Input 

(H2H1H0I2I1I0C2) 

Delay(PS) 

1 0000001 0010010 506 

2 1111110 1110111 282 

3 1111110 0111111 274 

4 1111110 0001010 477 

5 1111110 0011000 473 

6 1111110 1000010 484 

7 1111110 1010000 473 

 

Table XII shows the maximum delay of 506ps when the current applied input is “0010010” and also the previous input should be 

“0000001”.  Delay is maximum when the output node changes from low to high when compared with high to low for the 

conventional one [10]. 

 

Table XIII Delay for Out 

S.No Previous Input 

(H2H1H0I2I1I0C2) 

Present Input 

(H2H1H0I2I1I0C2) 

Delay(PS) 

1 0000001 0010010 288 

2 1111110 1110111 195 

3 1111110 0111111 148 

4 1111110 0001010 320 

5 1111110 0011000 350 

6 1111110 1000010 336 

7 1111110 1010000 365 

 

Table XIII shows the maximum delay of 365ps when the current applied input is “1010000” and also the previous input should be 

“1111110”.  Delay is maximum when the output node changes from high to low when compared with low to high for the proposed 

one. 
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Table XIV Delay for the 6:3 counter[1] 

S.No LEVEL1(PS) LEVEL2(PS) LEVEL3(PS) DELAY(PS) 

1 3-Bit 

Stacker(283) 

16TBlockIEEE(256) XOR(147) 283+280+506=1069 

2 3-Bit 

Stacker(283) 

16TBlockIEEE(256) 34TBlockIEEE(506) 

3 - 26TBlock (280) - 

 

TableXIV shows the overall delay which is computed ate three levels. Level1 needs 283ps, level2 needs 280ps and level3 takes 

506ps and the summation is 1069ps for the conventional one [10]. 

 

TableXV Power for the 6:3 counter[1] 

S.No LEVEL1(mw) LEVEL2(mw) LEVEL3(mw) POWER(mw) 

1 3-Bit 

Stacker(5.259152) 

16TBlock 

IEEE(2.852935) 

XOR(0.851302) 2*5.259152+ 

2*2.852935+ 

3.180044+ 

0.851302+ 

4.873662= 

25.129182 

2 3-Bit 

Stacker(5.259152) 

16TBlock 

IEEE(2.852935) 

34TBlockIEEE(4.873662) 

3 - 26TBlock 

IEEE(3.180044) 

- 

 

TableXV shows the overall power consumption which is computed ate three levels. Level1 needs 10.5mw, level2 needs 8.9mw and 

level3 takes 5.72mw and the summation is 25.12mw for the conventional one[10]. 

 

TableXVI Delay for the proposed 6:3 counter 

S.No LEVEL1(PS) LEVEL2(PS) LEVEL3(PS) DELAY(PS) 

1 3-Bit 

Stacker(174) 

8TBlock(98) XOR(147) 174+145+365=684 

2 3-Bit 

Stacker(174) 

8TBlock(98) 22TBlock(365) 

3 - 18TBlock 

IEEE(145) 

- 

 

TableXVI shows the overall delay which is computed at three levels. Level1 needs 174ps, level2 needs 145ps and level3 takes 

365ps and the summation is 684ps for the proposed one. 

 

Table XVII Power for the proposed 6:3 counter 

S.No LEVEL1(mw) LEVEL2(mw) LEVEL3(mw) POWER(mw) 

1 3-Bit Stacker(2.565210) 8TBlock(0.783448) XOR(0.851302) 2*2.565210+ 

2*0.783448+ 

1.041680+ 

0.851302+ 

2.3111426= 

10.9014406 

2 3-Bit Stacker(2.565210) 8TBlock(0.783448) 22TBlock(2.3111426) 

3 - 18TBlock(1.041680) - 

 

Table XVII shows the overall power consumption which is computed ate three levels. Level1 needs 5mw, level2 needs 2.6mw and 

level3 takes 3.15mw and the summation is 10.90mw for the proposed one. 
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Table XVIII Power Delay Product Comparison 

Design Delay(PS) Power(mw) Powerdelay 

product(fj) 

Existing[10] 1069 25.129182 26863.095558 

Proposed 684 10.9014406 7456.5853704 

 

Tabl eXVIII shows the overall power delay product comparison which is computed as product of delay and average power 

consumption. Delay for proposed 6:3 counter needs 684ps and for conventional one [10] it needs 1069ps. Power for proposed one 

requires 10.9mw and for existing one[10] it takes 25mw. Power delay product for existing one is 26.863aj and for the proposed one 

it is 7.456aj 

 

V. CONCLUSION 

Proposed counter can be applied where high efficiency is needed. Delay analysis was done on each and every block of the counter 

by evaluating critical paths. Suitable test vectors are generated to activate the events. proposed logic for counter outperforms the 

conventional counter delay, PDP and power.  Proposed counter needed 126 number of transistors and it takes for the conventional 

counter it is 186. So, in total 60 number of transistors were reduced. Power consumption isalso saved for about 56.6% and coming 

to the PDP for about 72.25% is better for the proposed design. Coming to the delay for about 36% is better for the Proposed design. 
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