
Design of a New Compact and Regular 8 x 8 Multiplier Using 
Redundant Binary Number Representation 

Mythili Gopalan 
Mi Lu 

Department of Electrical Engineering 
Texas A&M University 

College Station, T X  77843 

Jiming Yin 
Western Atlas International 

10201 Westheimer 
Houston, TX 77251-1407 

Abstract: A new compact and highly regular redundant binary 
multiplier employing SD number representation has been devel- 
oped. The n-bit multiplication time required by the multiplier is 
proportional to  logzn. A modified redundant-to-binary converter 
has also been proposed, which results in a reduction of the delay 
time and size of the multiplier. The multiplier adopts a hybrid 
V-L adder tree structure. The modified Booth’s algorithm is em- 
ployed to reduce the number of partial products to half. For an 8 
x 8 multiplier employing the modified converter, the chip size is 
2096 x 3256pd .  The multiplication time is measured as 48.9ns 
using a 2pm design rule. We estimated the multiplication time 
of a 16 x 16 multiplier to be 70ns using a 2pm design rule, and 
about 35ns using a lpm design rule and double layer metal wiring. 
The estimation of the delay time of a 32 x 32 multiplier is about 
7011s using a lpm design rule and double layer metal wiring. 

INTRODUCTION 

Fixed point multiplication is an operation essential to signal pro- 
cessing applications such as FFT algorithms, digital filter imple- 
mentation, image reconstruction, system identification, spectrum 
estimation, etc. These applications require large signal sets to be 
processed in real time with high speed. It is ideal to design a 
multiplier with simple cells in a highly regular and modularized 
array and to acheive area-time optimality. 

Parallel multipliers based on the shift and add operations were im- 
plemented on LSI chips. Since their computation time is linearly 
proportional to the word length of operands, they become slow 
when the length of the operands is increased. Later, array multi- 
pliers and multipliers using Wallace tree [4], parallel counters [3], 
pipelining [l] and modified Booth’s algorithm [7] were designed to 
improve the multiplication speed. Although the array multiplier 
has a good repeatability of cells, the n-bit multiplication time of 
these multipliers is proportional to n. The multiplication time 
of the multiplier using a Wallace tree has the multiplication time 
proportional to logzn. However, since a Wallace tree requires a 
carry save adder circuit with three inputs and two outputs, its 
layout on a VLSI chip becomes extremely difficult. 

One of the recent parallel multipliers uses the redundant binary 
representation (SD number system) [a]. In a redundant binary 
number system, the carry propagation length is limited to one 
bit position. The addition time of two numbers of any length 
is equal to the time required to add only two adjacent digits. 
Therefore, the addition of two numbers is performed in a constant 
time independent of the word length. Here, a totally parallel 
addition is achieved, and hence the reduction of the delay time in 
mu1 tipliers. 

Takagi [5] proposed a 16-bit x 16-bit multiplier based on a new 

algorithm using the redundant binary representation. In this new 
algorithm, the multiplication time is proportional to the logarithm 
of the word length of operands. Therefore, the computation time 
is almost the same as that of a multiplier using a Wallace tree, 
and is much shorter than that of a conventional array multiplier 
for large n’s. It has a good repeatability of cells, as an array 
multiplier does. 

The redundant binary adder cell in [5] was designed with a large 
number of transistors. It requires more transistors than in the 
binary representation, since the redundant binary representation 
possesses a digit set of [-1,0,1] which needs two binary bits to 
express one redundant binary digit. [6] proposed a new scheme 
for adding two numbers in redundant form. In this scheme the 
authors attempted to reduce the number of transistors in the mul- 
tiplier. 

In a multiplier, the major part of the area is occupied by the ad- 
dition circuit which sums up the partial products. It is also the 
major cause of delay. Therefore, the addition circuit needs careful 
and inventive physical design. In the past, binary tree structures 
were used for the construction of the addition circuit of the multi- 
plier. A new hybrid adder tree is used in the multiplier proposed 
in this paper to eliminate the disadvantages of the previous trees 
as mentioned in [5]. 

Initially, the parallel conversion of redundant numbers to two’s 
complement numbers was done by separating the positive and 
negative digits of the redundant number and then adding these 
two numbers to get the final result. Later, Srinivas et al. [8] 
proposed a conversion scheme which uses the signs of the digits 
to convert the redundant number to two’s complement number in 
minimum delay time. 

In this paper, we present a method to reduce the number of tran- 
sistors in the converter. As a result, a CMOS n-bit multiplier with 
high speed operation, compact layout and a reduced number of 
transistors can be realized. 

DESIGN OF THE MULTIPLIER 

Structural Floor Plan of the Multiplier 

In our proposed multiplier, the layout has four main blocks 

a. Partial Product Generator 

b. Hybrid Adder structure 

c. Converter 
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Figure 1: Floor Plan of the 8 x 8  Multiplier 
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Figure 2: Layout of a 16x16 Multiplier using a Hybrid V-L- 
Binary Tree 

0 d. Round Bit Generator 

As an example, the top level of the floor plan of an 8 x 8  multiplier 
is shown in Fig. 1. 

The intra-and inter-module data wiring is implemented by polysil- 
icon lines and metal -1 lines as far as possible. The horizontal 
buses are run in metal -2 layer and vertical buses are run in metal 
-1 layer. 

New Layout: A new layout which takes advantage of the L-binary 
tree and V-binary tree is adopted for layout purposes. A hybrid 
V-L adder is adopted for a more regular layout. A layout of a 16 x 
16 multiplier is shown in Fig. 2. The first levelof the adder tree has 
Adder Cells I interconnected together and the rest of the higher 
levels have Adder Cells I1 interconnected together. The levels are 
alternately connected in the V and L binary tree fashion. The 
final level is connected in L binary tree fashion. The last but one 
level is connected in the V binary tree fashion for all sizes of the 
multiplier to take advantage of the signal amplification realized 
in the V binary tree. The rest of the lower levels are connected 
in the L binary tree fashion. By connecting the lower levels in 
a L binary tree fashion, the disadvantage of the length of signal 
lines due to the Partial Product Generators(PPGs) present at  the 
side of the layout can be removed. The structure is more compact 
resulting in the reduction in the length of signal lines and the area 
compared to other layouts. 

R 
Figure 3: Logic Diagram of Adder Cell I1 

Table 1: Truth Table of Adder Cell I 
I 5; I y; 1 intermediate carry (e;) 1 sum ( U , )  1 
1 n i 0 1  1 1 0 1  

Also the modified Booth’s algorithm was used in our design to 
reduce the number of partial products to half, thus improving the 
speed of the operation. The PPGs based on the Booth’s algorithm 
were designed to generate the partial products. 

Redundant Binary Addition 

According to the multiplication algorithm, the partial products 
need to be added to get the final product. In a redundant bi- 
nary number system, since carry propagation can be eliminated, 
addition of two numbers can be performed in a constant time in- 
dependent of the word length. Two types of adder cells are needed 
to achieve redundant binary addition. The logic used for the first 
type which is Adder Cell I1 is adopted from [6]. Adder Cell I1 is 
used to add two redundant numbers. The logic diagram of Adder 
Cell I1 is shown in Fig. 3. 

Addition of two 2’s complement numbers: Adder Cell I 

As seen in the floor plan in the first level of adder tree, two binary 
2’s complement numbers need to be added. So the case of input 
I is neglected on the first level of redundant binary addition. The 
truth table is shown in Table 1. The variable V; is used to reduce 
the number of transistors by using a N O R  gate instead of an O R  
gate. 

The logic equations used are: 
v; = X I  + y;, 
U* = 21 @ Y,,  

where X, and yt  are the bits of 2’s complement numbers. 

Finally the i th position of addition 2, is obtained by 
2; = Ut.fi,-l, 

2; =E, 

where& is represented by ZgZ;. 
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Figure 4: Logic Diagram of Adder Cell I 
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Table 2: Redundant Binary Representation . .  

I redundant binary digit I binary digit I 
I 2. I Z"ZO . .  I 

Y 
P) 

bit 0 

Y 
m 

bit 3 

Figure 5: Logic Diagram of the Modified Converter 

Table 3: Comparison of the 8 x 8 Multiplier using the Modified 

The implementation of Adder Cell I is shown in Fig. 4. 

The circuit is of smaller size and the delay time is reduced com- 
pared with Adder Cell 11. 

Redundant number to Binary number Converter 

A converter is necessary to convert the redundant number ob- 
tained (in the above addition) to a 2's complement number. The 
input and output numbers are represented using 2's complement 
representation, and the internal numbers are represented using 
radix-2 redundant representation. 

Previously, this conversion was done by separating the positive 
and negative digits of the redundant number and then adding 
these two numbers to give the final result. This method of con- 
version needs more hardware. 

Srinivas and Parhi 181 presented a conversion scheme which uses 
the signs of the digits to convert the redundant number to 2's com- 
plement number with minimum delay. In this paper, a redundant 
binary digit 2; was expressed as two binary digits 2:Z:. 

For the encoding logic used in [6], both 2; and 2: need to beused 
to evaluate Non-zero[i] because they are different for 1 and 1. An 
X N O R  gate is used to get Non-zero[i]. The number of transistors 
used in the X N O R  gate is six. 

In our design, the encoding logic is shown in Table 2. The above 
encoding logic eliminates the need of an X N O R  gate; instead, an 
inverter is used. 2: is enough to evaluate Non-zero. As a result, 
a reduction of four transistors for digit i can be obtained. The 
logic diagram of the modified converter for a 4-digit case is shown 
in Fig. 5. 

Consequently, the delay and area were greatly reduced in the mod- 
ified converter. 

ANALYSIS A N D  COMPARISONS 

Comparison charts of the 8 x 8 multiplier using the previous con- 
verter and the modified converter are shown in Table 3. 

Implementation of 16 x 16 and 32 x 32 Multipliers 

and Previous Converters and Previous Converters 
I Mult. with I Mul t .  with I 

Modi. Conv. Prev. Conv. 
Delay( ns ) 48.9 58.4 

No. of trans. 2740 2826 .. .~ I Area ( p m Z )  I 2096 x 3256 1 2096 x 3256 1 

The floor plans of 16 x 16 and 32 x 32 multipliers are shown in Fig. 
2 and Fig. 6. The adder structures are constructed by a repetitive 
arrangement of redundant binary adder cells. Therefore, we have 
Estimation of the final layout area of a 16 x 16 multiplier = 
8384pm x 13024pm. 
Estimatation of the propagation delay of a 16 x 16 multiplier = 
70ns using 2pm design rule or 35x1s using l p m  design rule and 
double layer wiring. 
Estimatation of the final layout area of a 32 x 32 multiplier = 
33536pm x 52096pm. 
Estimatation of the propagation delay of a 32 x 32 multiplier = 
115ns using 2pm design rule or 70ns using lpm design rule and 
double layer wiring. 

Comparison of the 16bit Modified Converter and the 15-bit Pre- 
vious Converter 

RBA--B&* 
PPopdlFUdn- 

Figure 6: Floor Plan of a 32 x 32 Multiplier 
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Table 4: Comparison of the 15-bit Modified and 15-bit Previous 

Modi. Conv. Prev. Conv. 
Delay(ns) 30 39.5 

- F G x % E T v  376 
Area ( p d )  110 x 1568 148 x 2350 

1 Adder Cell I 
Delay(ns) I 1.8 7.0 

No. of trans. I 22 52 

Add er Cell Ip 
Table 5: Comparison of the Adder Cell I and Adder Cell 11 

Area ( p d )  I 175 x 109 I 316x 168 

As discussed in the previous section, the previous converter needs 
two signals 2; and 2; to evaluate Non-zero[i] which in turn is used 
to compute the 2’s complement number. However, the modified 
converter needs only 2; to evaluate Non-zero[i] due the encoding 
logic adopted. 

The comparison chart is shown in Table 4. 

Comparison of the Adder Cell I and Adder Cell II 

In the first level of adder tree, two binary 2’s complement numbers 
need to be added. So the case of input i is neglected on the first 
level of redundant binary addition. Hence, the Adder Cell I1 was 
modified to obtain Adder Cell I of simpler logic. A comparison 
chart of Adder Cell I and Adder Cell I1 is shown in Table 5. 

CONCLUSIONS 

A new compact and highly regular layout for an 8 x8 multiplier has 
been developed that uses a combination of V and L binary trees. 
The multiplier has been designed and laid out with 2pm CMOS 
technology incorporating hybrid number representation (the input 
and output numbers are represented using the 2’s complement 
representation and the internal numbers are represented using the 
radix-2 redundant representation). 

The modified Booth’s recoder which used overlapped bit scanning 
of 2-bits at a time helped in reducing the partial products to 
half. Actually it has reduced the delay time and the number 
of transistors of the multiplier. It has been concluded that the 
overlapped 2-bit scanning is optimal for this multiplier. Adders on 
the first level of the adder tree were developed. This was achieved 
by modifying the adders on the second level of the hybrid adder 
tree. The improvement in the delay time, number of transistors 
and the area of the layout was all about 50%. 

A modified converter circuit to convert the redundant to 2’s 

complement number has been developed. The encoding scheme 
for the SD number representation of a radix-2 number adopted 
for this converter resulted in a simpler logic of the converter and 
consequently that of the multiplier. The improvement of the delay 
time, area occupied, and the number of transistors of the 15-bit 
modified converter over the 15-bit previous converter were 13.67%, 
33.69% and 12.9% respectively. The improvement of the delay 
time, and number of transistors of the 8 x 8 multiplier adopting 
the modified converter over the 8 x 8 multiplier adopting the 
previous converter were 8.85% and 1.55% respectively. 

A new adder tree structure has been developed for a compact and 
regular layout. It uses a combination of V and L binary trees. 
The hybrid V - L tree possesses both the advantages of V and 
L trees. The interconnecting wires in the adopted tree structure 
were comparatively smaller than the other trees discussed, and it 
had signal amplification built in the tree structure. 

The 8 x 8 multiplier was further extended to a 16 x 16 and a 
32 x 32 multiplier. An estimate of their delay time and area was 
provided by analysis. It was observed from the floor plans that 
these multipliers are highly regular because of their tree structure 
and are very similar to our presented work. 
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