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Abstract- In Very-large-scale integration (VLSI) application area, delay and power are the important factors for any digital 
circuits. This paper presents four bit 4x4 Booth Multiplier mapped in Cadence Encounter(R) RTL Compiler Version v14.20-
s013_1. By efficiently mapping into cadence tool, area, power and delay are decreased. The results of mapping are viewed 
using RTL synthesis tool in cadence VIRTUOSO at 180 nm technology, 1.8V. Based on digital signal processing (DSP) 
architectures, the code for low power is generated using 4x4 Booth Multiplier.   
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I. INTRODUCTION 
 
For the efficient arithmetic and logic operations, the 
low power and high seed VLSI architectures are need 
to design for optimizing the parameters like speed 
and power consumed. In any general purpose 
microprocessors or digital signal processing (DSP), 
adders play an important key role. In any Integrated 
circuit (IC), power dissipation or power consumption 
is the main design objective after speed and area. In 
DSP’s, the main design part is MAC (Multiplier-
Accumulator) unit. For any DSP processor, high 
speed and simultaneously low power MAC unit is 
required. Because throughput rate and speed will be 
in concern for DSP synthesis. Due to the speed 
growing of the electronic devices like calculator, 
mobile phones, laptops etc, and mainly low power 
devices became very fundamental and necessary in 
today’s electronic world. A huge throughput and 
more speed MAC unit are essential and required for 
any higher performance DSP’s.   
 
The system   specifications are processor Intel (R) 
core (TM) i5-4570 
CPU@3.20GHz.,3.20GHz.Installed memory (RAM) 
4 GB (usable memory is 3.43GB) and system type: 
32-bit operating system (OS). 
 
This paper is formed as follows Section II presents 
the literature review on 4x4 Booth Multiplier  and 
DSP Section III presents the methodology for 4x4 
Booth Multiplier and  also discussed the low power 
analysis and low area. Section IV shows the synthesis 
and simulation results and they are discussed clearly, 
finally the paper is concluded with Section V. 
 
II. LITERATURE REVIEW  
 
A binary multiplier performs multiplication of two 
binary integers. The performance of many 
computational problems is often dominated by the 
speed at which a multiplication operation can be 

executed. The simplest way to perform multiplication 
is to use a single two input adder. For N inputs that 
are M and N bits wide, the multiplication takes M 
cycles using N bit adder. This shift and add algorithm 
for multiplication adds together M partial products. 
The partial products are generated by multiplying 
multiplicand with a bit of the multiplier which is an 
AND operation and by shifting the result on the basis 
of the multiplier bit position. The dominating 
parameter for multiplication is speed. The delay of 
the multiplication operation depends upon the number 
of partial products to be used. The number of partial 
Products to be added is determined by the number of 
bits that the multiplier or multiplicand have used. In 
order to get fast performance, one of the methods is 
to arrange the circuit to generate all the partial 
products parallel and organizes in an array. The 
second and widely used algorithm which leads to 
faster performance is booth algorithm [1]. The booth 
multiplication algorithm is an algorithm that 
multiplies two signed binary numbers [2], [3]. In 
Radix-2 algorithm first will append zero to the 
multiplier and group the multiplier in such a way that 
each group consists of 2 bits. So that first pair 
consists of appended zero and lsb of multiplier bits. 
And the next pair is the overlapping of the first pair in 
which msb of the first pair will be the lsb of the 
second pair. So that the total n partial products will 
obtain. It requires a large number of full adders and 
there is no reduction of partial products. Next 
algorithm is the modified Radix-2 algorithm which 
also called Radix-4 algorithm. In this algorithm 
grouping of multiplier is done in such a way that each 
group consists of 3 bits. After generating all the 
partial products extend the pact to the produce size 
[4],[5]. In Radix-8 algorithm the grouping will be 4 
bits. In the case of Radix-8 algorithm, it requires 
complex encoder circuit [6],[7]. The proposed 
multiplier solves the above problems. The algorithm 
was invented by Andrew Donald Booth in 1950.The 
first algorithm is the Radix-2 algorithm [8], [9]. In the 
scheme of [10], the outputs of the Booth encoder are 
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used to compensate the error generated by the 
truncated modified Booth multiplier; this method 
reduces the error by nearly 50 percent compared with 
a truncated design without error compensation. 
Another fixed-width modified Booth multiplier is 
presented in [11] by utilizing a simplified sorting 
network as a main part of the error compensation 
circuit; a high accuracy has been obtained. Moreover, 
a novel approach has been design to compensate the 
quantization error in a fixed-width Booth multiplier 
[12], [13], [14]. 
 
III. DESIGN METHODOLOGY 
  
1. BOOTH ALGORITHM 
Multiplication of two fixed-point binary numbers will 
be presented for the following methods: sequential 
add-shift, Booth algorithm, bit-pair recoding, and 
array multiplier. The operands are normally n-bits 
and the result is 2n-bits, as shown below. 

 
The algorithm consists of multiplying the 
multiplicand by the low-order multiplier bit to obtain 
a partial product. If the multiplier bit is a 1, then the 
multiplicand 
Becomes the partial product; if the multiplier bit is a 
0, then zeroes become the partial product. The partial 
product is then shifted left 1 bit position. The 
multiplicand is then multiplied by the next higher-
order multiplier bit to obtain a second partial product. 
The process repeats for all remaining multiplier bits, 
at which time the partial products are added to obtain 
the product. The sign of the product is positive if the 
operands have the same sign. If the signs of the 
operands are different, then the sign of the product is 
negative. Multiplication of two fixed-point binary 
numbers is a process of repeated add-shift operations 
and is best illustrated by examples [15]. 
 
Example 1.1  
Let the multiplicand and multiplier be two 4-bit 
operands as shown below. When obtaining the partial 
products, the sign of the multiplicand is extended left 
to maintain 2n bits in the product. In 2s complement 
notation, the sign bit is treated the same as any other 
bit in the operands; that is, the sign bit indicates 
neither a positive number nor a negative number [15]. 

 

Example 1.3  
The only restriction in the add-shift technique is that 
the multiplier must be positive; the multiplicand can 
be either positive or negative. An example is shown 
below with a negative multiplicand and a positive 
multiplier. 
 

 
 

Example 1.4 A problem occurs when the multiplier 
is negative, because the value of the multiplier is not 
the absolute value. In this case, the multiplier must 
first be negated through 2s complementation. Then 
the multiplication operation is performed and the 
product is 2s complemented. An example is shown 
below for a positive multiplicand (+7) and a negative 
multiplier (–3). The product is 91, because the 
multiplier is an unsigned number of 13. 

 
The same example will now initially 2s complement 
the multiplier, perform the multiply operation, then 
will 2s complement the product to obtain the correct 
result of 
–21. 

 
 
Example 1.5  
When both operands are negative, the correct result 
can be realized by 2s complementing both operands 
before the operation begins, since a negative 
multiplicand multiplied by a negative multiplier 
yields a positive product. The first example below 
shows the result of not negating both operands, where 
the multiplicand is –4 and the multiplier is –5; that is, 
multiplying –4 by 11 to yield –44. The second 
example 2s complements both operands to obtain a 
correct product of +20. 
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In the sequential add-shift technique, the multiplier 
must be positive. The Booth algorithm treats both 
positive and negative operands uniformly, including 
the multiplier. The design of a Booth algorithm 
multiplier using Verilog HDL. The operands are 4-bit 
vectors A[3:0] and B[3:0]; the product is an 8-bit 
result RSLT[7:0]. The following internal wires are 
defined: a_ext_pos[7:0], which is operand A with 
sign extended, and a_ext_neg[7:0], which is the 
negation (2s complement) of operand A with sign 
extended. 
 
The following internal registers are defined: 
a_neg[3:0], which is the negation of operand A, and 
pp1[7:0], pp2[7:0], pp3[7:0], and pp4[7:0], which 
are the partial 
products to be added together to obtain the product 
RSLT[7:0]. The example below illustrates the use of 
the internal registers. The right-most 4 bits of partial 
product 1 (pp1) are the negation [a_neg (2s 
complement)] of operand A, which is generated as a 
result of the –1 times operand A operation. The entire 
row of partial product 1 (pp1) corresponds to a_neg 
with the sign bit extended; that is, a_ext_neg. 

 
 
Assume that the multiplicand is 0111 and the 
multiplier is 0101 as shown above. This each pair of 
bits is examined according to the Booth algorithm. 
Bits b[1:0] are examined for all 22 = 4 possibilities. If 
b[1:0] = 00, then partial product 1 (pp1) and partial 
product 2 (pp2) are 0000 0000. If b[1:0] = 01, then 
partial product 1 is the 2s complement of operand A 
with sign extended (a_ext_neg = 1111 1001) and 
partial product 2 is +1 times A, which is operand A 
aligned to the left of 1 bit position ({{3{a[3]}}, 
a[3:0], 1’b0} = 0000 1110). If b[1:0] = 10, then 
partial product 1 is 0000 0000 and partial product 2 is 
the 2s complement of operand A aligned to the left 1 
bit position ({a_ext_neg[6:0],1’b0} = 1111 0010). If 
b[1:0] = 11, then partial product 1 is the 2s 
complement of operand A (a_ext_neg = 1111 1001) 
and partial product 2 is 0000 0000. In a similar 
manner, multiplier bits b[2:1] and bits b[3:2] are 
examined. 

1.2 Sequential Add-Shift 
In this method, the multiplier must be positive. If the 
multiplier is negative, then the purpose of the 
multiplier bits is not always the same during the 
generation of the partial products. Any low-order 0s 
and the first 1 bit are treated the same as for a positive 
multiplier; however, the remaining higher-order bits 
are complemented and have an inverse effect. If the 
multiplier is negative, then it can be 2s complemented 
as shown previously, leaving the multiplicand either 
positive or negative. Negative multipliers are 
presented in a later section. 
 
An alternative approach is to 2s complement both the 
multiplicand and multiplier if the multiplier is 
negative. This is equivalent to multiplying both 
operands by –1, but does not change the sign of the 
product. Examples will now be presented to illustrate 
the hardware add-shift technique for both positive 
and negative multiplicands. A register is a logic 
macro device that stores  information. The 
information is retained in the register until changed 
by setting new information into the register. A shift 
register is a register that is capable of shifting the 
contents either left or right a specified number of bits. 
The n-bit multiplicand is stored in an n-bit register. 
The multiplier is placed in the low-order n bits of a 
2n-bit shift register that will ultimately contain the 
2n-bit product. The high-order n bits of this shared 
register are set to zeroes. The low-order multiplier bit 
determines the operand to be added to the previous 
partial product: if the low-order multiplier bit is 0, 
then no addition takes place and the partial product is 
shifted right 1 bit position; otherwise, the 
multiplicand is added to the partial product with sign 
extended to 2n bits and then shifted right 1 bit 
position [15]. 
 
Example 1.6 The add-shift multiply hardware 
algorithm is shown in Figure 1 for a multiplicand of 
+5 and a multiplier of +6. There are n cycles for n-bit 
operands. During the first cycle, if the low-order 
multiplier bit is 0, then the shift register is shifted 
right 1 bit position and the high-order bit of the shift 
register is propagated to the right. If the low-order 
multiplier bit is 1, then the multiplicand is added to 
the high-order n bits of the shift register and the 
register is shifted right 1 bit position with the sign of 
the multiplicand placed in the high-order bit position 
of the shift register.  
 
The sign of the partial product is not determined until 
the first add-shift cycle. Any carry-out during the add 
operation is shifted into the resulting partial product 
during the subsequent shift operation of an add-shift 
cycle. 
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Figure 1 Hardware multiply algorithm for a positive 

multiplicand and a positive multiplier. 
 
Example 1.7 In Figure 2, the multiplicand is negative 
(–5) and the multiplier is positive (+7) resulting in a 
product of –35. The sign of the product is again 
determined during the first add-shift cycle in which 
the sign of the multiplicand becomes the sign of the 
product. The sign can also be determined by the 
following expression for two n-bit operands  A = an – 
1 an – 2 an – 3 . . . a1 a0 and B = bn – 1 bn – 2 bn – 3 
. . . b1 b0:  

 
This example has three add-shift cycles. The second 
and third add-shift cycles shift the carry-out of the 
add operation into the subsequent partial product 
during the shift right operation. 
 

 
Figure 2 Hardware multiply algorithm for a negative 

multiplicand and a positive multiplier [15]. 
 
During the add operation, a carry look ahead adder of 
n bits is required since only the high-order n bits are 

used for the add operation. The shift register, 
however, must be 2n bits. When multiplication is 
implemented in a computer, a single adder is used to 
add the multiplicand to the high-order n bits of the 
shifted partial product and the result is placed in 
register D, which is part of the 2n-bit shift register 
DB. A count-down counter may be used to control the 
number of cycles during the multiply operation. The 
counter is set to the number of bits that is represented 
by the value of n. When the counter reaches a value 
of zero, the operation is finished. Alternatively, the 
operation can be controlled by a micro program 
sequencer. 
 
2. Low Power analysis 
2.1 Dynamic Power 
The total power of System on Chip design consists of 
dynamic power and static power [13].  

 
Figure 3: Dynamic Power [16]. 

 
Dynamic power is the power consumed when the 
material is in active mode. Static power is the power 
dissipated when the device is in active mode but the 
signal values are unchanged. 
 

 Figure 3: Short Circuit (Crow Bar) Power [16]. 
 
As input changes slowly power dissipation takes 
place even when there is no load or parasitic 
capacitor. That is known as the short circuit current. 

vscIPSC * ………………………(1) 
 
2.2 Static Power 
Mainly the leakage currents are of four types.  (Figure 
5) 
• Sub-threshold Leakage (ISUB): it is the current 
flows from drain to source which operates in inverse 
region. 
• Gate Leakage (IGATE): it is the current flows from 
gate through oxide to the substrate [13]. 
• Gate Induced Drain Leakage (IGIDL): it is the 
current flows from drain to substrate caused by high 
voltage effect in MOSFET due to VDG. 
• Reverse Bias Junction Leakage (IREV): it is the 
current caused because of minor drift and creation of 
electron hole pairs in the immobile region [16]. 
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Figure 5: Leakage Currents [16] 

 

ddStaticStatic vIP *                              (2) 

fvcP ddLDynamic *** 2                 (3) 

vIP SCitShortcircu *                         (4) 

)*( DGSddLeakage IIIVP            (5) 

LeakageDynamicTotal PPP                 (6) 

)*()***( 2
DGSddddlTotal IIIVfvcP       

(7) 
 
Where  is a switching activity factor, Lc  is a load 
capacitance, Vdd is a voltage (drain to drain), f is a 
frequency, IS (source current), IG (Gate current) and ID 
(Drain current) [16]. 
 
IV. SYNTHESIS AND SIMULATION RESULTS 

 
This paper presents 4x4 Booth Multiplier is mapped 
into Cadence Encounter(R) RTL Compiler Version 
v14.20-s013_1.By efficiently mapping into cadence 
tool, area, power and delay are decreased. The results 
of mapping are viewed using RTL synthesis tool in 
cadence VIRTUOSO at 180nm technology, 1.8V. 
Based on DSP architectures, the code for low power 
is generated using 4x4 Booth Multiplier. 
 

 
Figure 6 Schematic diagram of 180nm technology. 

The proposed 4x4 Booth Multiplier code is mapped 
into the cadence tool for synthesis and observed the 
schematic in figure 6. 
 

 
Figure 7 Design browser 1-simvision 

 
The Figure 7 represents 4x4 Booth Multiplier design 
browser 1-simvision. The 1-simvision gives the 
analysis of output waveforms respective input. 
 

 
Figure 8 Simulation Result 

 
In Figure 8, the proposed 4x4 Booth Multiplier 
simulation is observed after mapping into the cadence 
tool at 180nm technology. The output of the 4x4 
Booth Multiplier waveform has the frequency of 8.33 
MHz.  
 

 
Figure 9 4x4 Booth Multiplier of power attributes 
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We proposed mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier by observing the figure 9 
4x4 Booth Multiplier r power attributes. 

 

 
Figure 10 net power usages 

We proposed mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier. By observing the figure 
8, 4x4 Booth Multiplier net power usage 

 

 
Figure   11 instance power usage 

 
We proposed mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier. By observing the figure 
11, 4x4 Booth Multiplier instance power. 

 
Table 1 4x4 Booth Multiplier area using cadence 

tool 180nm 

 
 
We design mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier. By observing the table 1, 
4x4 Booth Multiplier area. 
 

Table 2 4x4 Booth Multiplier power dissipation 
using cadence tool 180nm   

 
 

We proposed mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier. By observing the table 2, 
4x4 Booth Multiplier power dissipation. 

Table 3 4x4 Booth Multiplier delay using cadence tool 180nm 

 
 
We proposed mapping style into cadence tool 180nm 
using 4x4 Booth Multiplier. By observing the table 3 
4x4 Booth Multiplier delays. 

 
Figure 12 power comparison of 4x4 Booth Multiplier in 180nm 

technology. 
 
We proposed mapping style into cadence tool. Figure 
12 gives the power comparison of 4x4 Booth 
Multiplier in 180nm technology.  
 

 
Figure 13 Area comparison of 4x4 Booth Multiplier in 180nm 

technology. 
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We proposed mapping style into cadence tool. Figure 
13 gives the area comparison of 4x4 Booth Multiplier 
in 180nm technology.  
 
CONCLUSION 
 
In this paper, we proposed mapping style into cadence 
tool using 4x4 Booth Multiplier. table 1 gives  4x4 
Booth Multiplier of area at 180nm technology, table 2  
represents 4x4 Booth Multiplier of power dissipation 
at 180nm technology, table 3 gives 4x4 Booth 
Multiplier of delay at 180nm technology, the area, 
power, and delay obtained are low because the 
mapping the style in cadence virtuoso at 180nm 
technology , and power given is 1.8V. With the help 
of DSP architectures, the code is generated which 
results in low power.  
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