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ABSTRACT
In this proposed paper, the 5-32 bit reconfigurable decoder architecture is being
proposed at 350&180nm technologies. This architecture can be worked as 1-to-2, 2- to-4, 3to-8, 4-to-16, 5-to-32 decoder and so on depending upon the combination at additional input
I1, I2 and I3. The main advantage of this architecture is that it can be extended up to 256 bits
decoding. By increasing the additional inputs a designer may also increase the capabilities of
this architecture. We had implemented this architecture by using NAND logic and sizing of
the transistors had done by using logical effort for different technologies for attaining
various factors such as speed of operation, low area of the design, low power dissipated etc .
For the implementation of the schematics and layout generation, Mentor Graphics IC Flow
tool is used.
Keywords: Decoder, Recon figure able, Ram, Nand 180nm, 350nm.
1. INTRODUCTION
Modern SRAMs are highly partitioned designs that use specialized circuits in
decoder. The motivation for such an architecture stems from current process technology and
design trends that indicate that custom ASICs will become increasingly difficult and costly to
design. However, future applications will require more efficient, high-performance
computation than current general purpose processors can provide.One promising approach to
breaking this impasse is to use reconfigurable architectures that keep the low non-recurring
engineering costs of general purpose silicon, yet still provide the efficiency and highperformance near that of custom ASICs. For such reconfigurable architectures, we
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Propose adding reconfigurability to the decoder system. The purpose of decoders is to
generate 2n or less min terms of n input variables when applied. The name decoder is used in
conjugation with some code converters such as BCD to Seven Segment Decoder. The output
of the decoder may be further clarified from its input and output relationship. A decoder with
an enable input can function as a demultiplexer. Decoder/Demultiplexer logic circuits can be
connected to form a large decoder circuit. A demultiplexer is a circuit that receives
Information on a single line and transmits the information on all 2n output lines. The selection
of a specific output line is controlled by the bit values of n selection lines. The method of
designing decoder can be implemented for any combinational circuit. Its implementation
must be compared with all other possible implementations to determine the best solution. In
other cases, this decoder design method may provide the best implementation for e.g. if the
circuit has many output lines and if each output function is expressed with a small number of
minterms. The decoder designer has two major tasks: choosing the circuit style and sizing the
resulting gates, including adding buffers if needed. While the problem of sizing a simple
chain of gates is well understood, there are no analytical results when there is RC
interconnect embedded within such a chain
1.1 Static Decoder
Static decoder is a simple line decoder which can be implemented by using NAND or
NOR logic. Few examples of static decoder are1. 2-to- 4 decoder
2. 3-to-8decoder
3. 5-to-32 decoder and so on
Figure 1.1 shows a basic 2-to-4 Line Single Bit Decoder. It consists of two NOT Gate
& 4 AND Gates. This is the most basic example of static decoder. The purpose of decoders is
to generate 2n or less minterms of n input variables, when applied.

Fig.1.1 - Basic 2-to-4 Line Single Bit Decoder
1.2 Dynamic Decoder
Static decoders are usually implemented by NAND & NOR gates, while dynamic
decoder comprises of synchronous circuit, discharging circuit, pre-charging circuit & array of
latch circuits. Dynamic Decoder stores decoded signals in latch circuits for producing output
signals while Static decoder do not have any latch circuitry. Latch circuits are disabled after
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storing the decoded signals so that output signals are free from undesirable level change of
decoded signals. These structures are fast in operations but occupy large area and more
power.

Fig. 1.2 - ROM Decoder
Figure 1.3 shows a ROM decoder [3], this is an example of dynamic decoder. In this
ROM decoder VIN is compared with Vref. Decoder will produce output, only when Vin will
be greater than or equals to Vref and CLK is enabled.

1.3 Reconfigurable decoder
The main objective of this project is to design and implement a 5 -32 bit
reconfigurable decoder. A reconfigurable decoder is a circuit which is having the ability to
change the hardware as per the requirement of an application. In this thesis, architecture is
being proposed which can be used as different decoders by using same hardware, at the cost
of three additional inputs. Proposed architecture can be worked as 1-to-2, 2- to-4, 3-to-8, 4to-16, 5-to-32decoder and so on depends upon the combination at additional input I1, I2 and
I3. The main advantage of this architecture is that it can be extended up to 256 bits decoding.
By increasing the additional inputs a designer may also increase the capabilities of this
architecture. Figure 1.4 shows the architectureTable 1.1 shows that the proposed architecture can be used for various decoder
configurations by applying the appropriate inputs to the additional pins (I1, I2 & I3). We can
implement this architecture by using NAND logic and sizing of the transistors can be done by
using logical effort calculation for different technologies.
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INPUTS

COMMENT
Default (1to2 Decoder)
2to4 Decoder
3to8 Decoder
4to16 Decoder
5to32 Decoder

I1
0
0
0
0
1

I2
0
0
1
1
0

I3
0
1
0
1
0

S1
0
1
1
1
1

ENCODED OUTPUTS
(SELECT LINES)
S2
S3
S4
0
0
0
0
0
0
1
0
0
1
1
0
1
1
1

Table 1.1.Truth Table Reconfigurable Decoder

Fig. 1.4 - Reconfigurable Decoder
While reconfigurable logic has been studied extensively, the design space for
reconfigurable memory is relatively uncharted. However, in modern designs, the memory
system plays an increasingly important role in the overall performance, area, and Power of
the design.
2. DELAY ANALYSIS
Designing a circuit to achieve the greatest speed or to meet a delay constraint, Logical
efforts [8] method is used. The method of logical effort is an easy way to estimate the delay
in an MOS circuit. By comparing delay estimate of different logic structures, the fastest
candidate can be selected. The method also specifies the proper number of logic stages and
the best transistor sizes for logic gate.
This chapter provides the method of calculation for the sizing of the transistors
used in the designing of decoders.
Delay in a circuit depends on:
•
•

Load on the logic circuit.
Number of logic gates in the logic circuit
51
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2.1 Single Stage Logic Network
Delay can be divided into two parts.
(i) Parasitic delay (P):- Parasitic delay of a gate is the delay when it drives zero loads. It is a
fixed delay for a circuit. Parasitic delay is calculated by using the following table 2.1 –

Gate Type
Inverter
n-input NAND
n-input NOR
n-way Multiplexer
XOR,NOR

Parasitic Delay
Pinv
npinv
npinv
2npinv
4pinv

Table 2.1. Standard Value of Parasitic

Delay’s [6]

(ii).Effort Delay (f):- It is also known as the Stage delay [7]. It is proportional to the load on
the gate’s output. It can be further divided in to two parts as follows1. Electrical Effort (h):- Electrical effort basically characterizes the load, It is also known as
“Fan out “of the circuit and given by –
h = ln (CL / Cg)
CL – Load Capacitance at the output of the gate
Cg - Input Capacitance at the gate
2. Logical Effort (g):- “Logical effort tells us that how much more input capacitance we
require at the gate for given input to deliver the same output current as an inverter”. Logical
Effort is calculated by using the table 3.2:
So the total delay (D) of single stage network is given by
D=f+P
f = gh
So total delay:
D= P + gh
Number of Inputs
Gate Type
Inverter
NAND
NOR
Multiplexer
XOR,NOR

1
1

2

3

4

5

N

4/3
5/3
2
4

5/3
7/3
2
12

6/3
9/3
2
32

7/3
11/3
2

(n+2)/3
(2n+1)/3
2

Table 2.2 Standard Value of Logical Effort [8]
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2.2. Multi Stage Network
For multi stage network, Logical effort along the path in the network compounds by
multiplying the logical effort of all the gates along the path so Path Logical Effort (G) is
given by –
G = Π gi
Path Electrical Effort H = CL / Cg
CL: Capacitance that loads the last logic gate in path
Cg: Capacitance of first gate in the path
When fan-out occurs at the output node , some of the available current is directed
along the path we are analyzing and some directed off path , so we add a term Branching
Effort for the branching between stages and is given by –
Branching effort (b)
b = (Con-path+ Coff-path)/Con-path
Con-path = Load Capacitance along the path we are analyzing
Coff-path = Capacitance of the connection that lead-off path
Path branching effort (B) is given by B=Π bi
So the total Effort Delay (F) is given byF = GBH
Path Parasitic Effort (P) is given by –
P = Σ Pi
Hence total Delay can be given as
D=F+P
D = GBH + P
Estimate the minimum delay D = NF1/N + Σpi
2.3. Hierarchical Decoders.
If the n-bit decoded information has unused or don’t care combinations, the decoder
output will have less than 2n outputs. We can have 2-to-4 decoder, 3-to-8 decoder, 4-to-16
decoder or 5-to-32 decoder and so on. Hierarchical decoders [10] are those decoders which
have some kind of hierarchy or arrangement of gates. Suppose we need to form a 5-to-32
decoder, we have two options, either we can use a 5-input gate or we can use 2-to-4 decoder
and 3-to-8 decoder to form 5-to32 decoder. Using 5-input gate to form 5-to-32 decoder is not
a good choice; because as the number of input at a gate increases, the gate becomes bulky and
consumes a lots of power. So we can choose 2-to-4 decoder and 3-to-8 decoder to form 5to32 decoder for this reason. This arrangement is called hierarchical decoding. Similarly, we
can form 3-to-8 decoder by using two 2-to-4 decoder or 4-to-16 decoder by using two 3-to-8
decoder. Hierarchical decoding has the following benefits•
•
•
•

Error finding is easy, as every gate is well structured.
Easy to locate any gate.
Less power consumption.
Less propagation delay.
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3. DESIGN AND LAYOUTS
5-to-32 decoder can be implemented by using NAND logic. By using logical efforts
one can calculate the size of transistor to drive a particular load. Suppose we wants to drive a
15 fF load from a 5-to-32 decoder, so the size of transistor to drive the particular load can be
calculated
At 180nm Technology:Known Parameters:Load Capacitance CL = 15 fF
No. of Stages N =3
Channel Length L = 180 nm
Oxide Thickness TOX= 4.1 nm
1. Calculation for Last Stage
No. of stages N= ln (CL / Cg’)
Cg’= 0.7468 fF
We are having 2 i/p gates at this stage so total capacitance at the gateCg=0.7468 X (4/3) = 0.9957fF
Hence we can calculate the size of transistorCg = COXWL
W= Cg TOX / €OX L
W = (0.9957X10-15 X 4.1X 10-9) / (3.97X 8.85 X10-12 X 350 X 10-9)
W= 0.6455 µm
2. for 3-8 Decoder Stage
Total Load Capacitance for this stage
CL = 15 + 0.9957 = 15.9957 fF
No. of stages N= ln (CL / Cg’)
Cg’=0.79637 fF
We have three input gate at this stage so
Cg = 0.79637 X (5/3) = 1.3272 fF
Hence we can calculate the size of transistorCg = COXWL
W= Cg TOX / €OX L
W= 0. 8604µm
3. for 2-4 Decoder Stage
Total Load Capacitance for this stage
CL = 15 + 0.9957 = 15.9957 fF
No. of stages N= ln (CL / Cg’)
Cg’=0.79637 fF
We have three input gate at this stage so
Cg = 0.79637 X (4/3) = 1. 06182fF
Hence we can calculate the size of transistorCg = COXWL
W= Cg TOX / €OX L
W= 0. 6883µm
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Figure 3.1 Schematic of 5-to-32 Decoder

Figure 3.2 Layout of 5-to-32 Decoder
Area occupied by the layout is 4640.32micron2 at 180nm technology and
17544.45micron2 at 350nm technology.
Waveform (Transient Result):

Figure 3.3 output of 5:32 decoderSchematic and layout are designed in the Mentor Graphics
IC Flow tool at 350nm & 180nm technologies are shown in figure 3.1 and 3.2. Waveform
shown in figure 3.3 verifies the truth table.
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Figure 3.4 Schematic of Reconfigurable Decoder
Figure 3.4 shows the schematic of 5-to-32decoder in which inputs are A, B, C, and D
& E while Y1to Y32 lines shows the Outputs of the circuit.
Layout Design:
Layout of the reconfigurable decoder schematic is shown in figure

3.5
Figure 3.5 Layout of Reconfigurable Decoder
Area occupied by the layout is 6054.4micron2 at 180nm technology and
22891.42micron2 at 350nm technology. Hence we have to pay 1414.22 micron2 more area at
180nm technology and 5346.97micron2 more area at 350nm technology, to make a 5-to-32
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Figure3.6 Output Waveform of Reconfigurable Decoder
Schematic and layout are designed in the Mentor Graphics IC Flow tool at 350nm &
180nm technologies. From the simulation results shown in the figure 3.6, it clear that when
select line 1 is on for the input combination 001 at I1,I2 and I3 pins during 0 to 45 ns time
period, the circuit works as 2 to 4 decoder. This is happening because when select line 1 is
selected, the decoder module gets an additional input from the first multiplexer.
4. RESULTS
This section provides the results for power dissipation variation of reconfigurable
decoder with respect to temperature, frequency, delay and load. For comparative study,
decoder is designed at 350 &180nm technologies. Different analysis results are shown in the
following sections.
4.1. Temperature Analysis
Temperature analysis gives the power dissipation of
circuit at different temperatures.
S. No.
1.
2.
3.
4.
5.

Temp. (oC)
27
37
47
57
67

the reconfigurable decoder

POWER DISSIPATION (nW)
180nm
22.546
31.282
43.021
58.651
76.610

350nm
55.630
81.843
118.068
167.179
232.966

Table 4.1- Temp. Vs Power Dissipation
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Table 4.1 shows, the power dissipation of reconfigurable decoder circuit at different
temperatures, ranging from 27 to 67 oC at 180nm and 350nm technologies respectively.
From the figure 4.1, it is clear that power dissipation in the circuit is proportional to the
temperature because as the temperature increases, the leakage current increases due to
increase in the conductivity of electrons, hence the power dissipation increases.

250
180 nm

200

350 nm

150
100
50
0
27

37

47

57

67

Temperature (oC)
Figure 4.1 Temp. Vs Power Dissipation
The figure 4.1 also shows that in case of 350nm tech. power dissipation is much
higher than the 180nm tech. this is happening due to channel length is higher in 350nm tech.
so the gate input capacitance will be higher, hence the power dissipation in this case is higher.
4.2. Frequency Analysis
Frequency analysis gives the power dissipation of the reconfigurable decoder circuit
at different frequencies.

S. No.
1.
2.
3.
4.

Freq.
(MHz.)

POWER DISSIPATION (nW)

180nm
350nm
5
22.546
55.630
10
32.416
93.122
25
37.576
109.596
50
43.417
117.643
Table 4.2- Freq. Vs Power Dissipation

Table 4.2 shows the power dissipation of reconfigurable decoder circuit at different
frequencies, ranging from 5 to 50 Mhz. at 180nm and 350nm technologies respectively. The
range of frequencies is between 5 to 50 Mhz. because for higher frequencies than 50 Mhz. the
power dissipation will be very high [8]. To compare the design graph can be made as shown
in the figure 5.2 based on Graph shows that the power dissipation increases with the
increment in the frequency, as the average power dissipation is proportional to the frequency,
is given by
Pavg = Cload x Vdd2 x f [10]
So the power dissipation increases with the increment in the frequency.
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Figure 4.2 Freq. Vs Power Dissipation.
4.3. Load Analysis
Load analysis gives the power dissipation of the reconfigurable decoder circuit at
different loads.
S. No.
1.
2.
3.
4.
5.
6.

Load
( pF)

POWER DISSIPATION (nW)

180nm
350nm
0.50
11.154
36.714
0.75
13.687
39.971
1.00
14.954
42.214
1.25
17.174
47.691
1.50
18.869
51.189
2.00
22.546
55.630
Table 4.3 - Load Vs Power Dissipation

Table 4.3 shows the power dissipation of reconfigurable decoder circuit at different
load, Ranging from 0.5 to 2.00 pF at 180nm and 350nm technologies respectively. The range
of load is between 0.5 to 2.00 pF because for higher load than 2pF, the power dissipation will
be very high [10]. To compare the design based on NAND logic at 350 &180nm
technologies, a graph can be made as shown in figure 4.3-

Figure 4.3. Load Vs Power Dissipation

59

International Journal of Electronics and Communication Engineering Research and Development
(IJECERD), ISSN 2248-9525(Print), ISSN- 2248-9533 (Online) Volume 3, Number 1, Jan-March (2013)

From the figure 4.3, it is very much clear that in case of 350nm tech. power dissipation is
much higher than the 180nm tech. This is happening due to channel length is higher in case
of 350nm tech., so the gate capacitance will be higher; hence the power dissipation in this
case is higher. Graph in the figure 4.3 shows that the power dissipation increases with the
increment in the load, as the average power dissipation is proportional to the load, is given by
Pavg = Cload x Vdd2 x f
So the power dissipation increases with the increment in the load.
4.4. Delay Analysis
Delay analysis gives the rise and fall time variation of reconfigurable decoder circuit
with respect to different loads is shown in table 4.4. ranging from 0.5 to 2.00 pF at 180nm
and 350nm technologies respectively. To compare the design based on NAND logic at 350
&180nm technologies, graphs can be made as shown in figure 4.4 and 4.5 respectively.

180nm Technology

S.
No.

LOAD
(pf)

Rise Time (ps)

Fall Time(ps)

1.
2.
3.
4.
5.
6.

0.5
0.75
1.00
1.25
1.50
2.00

609.94
752.38
905.70
2198.9
2671.2
1552.3

948.59
1393.5
1778.6
1055.9
1241.9
3572.0

350nm Technology
Rise Time
(ps)
789.40
688.87
408.93
396.55
385.36
348.86

Fall Time
(ps)
861.13
767.55
510.72
499.73
494.40
469.23

Table 4.4 - Load Vs Rise & Fall time
Rise time at 180nm and 350nm technology:

Figure 4.4 Load Vs Rise Time at 180nm and 350nm tech. It is clear from the graphs
shown in figure 4.4 that in case of 180nm technology, the rise time increases as the load
increases and 350nm rise time decreases.
It is clear from the graphs shown in figure 4.5
that in case of 350nm technology fall time decreases as the load increases and increases with
load for 180nm technology. This analysis provides information about the reconfigurable
decoder circuit’s fall time at a particular load.
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Fall time at 180nm and 350nm technology

Figure 4.5 Load Vs Fall Time at 180nm and 350nm tech.
5. CONCLUSION
In this proposed paper, architecture is being proposed which can be used as different
decoders by using same hardware, at the cost of three additional inputs. Comparative results
are taken out by doing different analysis like temperature, load, delay and frequency analysis
etc. Power dissipation variations with respect to temperature, frequency and load are
calculated for the reconfigurable decoder implemented using NAND logic at both 350nm and
180nm technologies
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