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New High Speed Parallel Multiplier for Real Time Multimedia Systems
Byung Lok Cho'- Mike Myung-Ok Lee™

ABSTRACT

In this paper, we proposed a new First Partial product Addition (FPA) architecture with new compressor (or parallel counter) to CSA tree
built in the process of adding partial product for improving speed in the fast parallel multiplier to improve the speed of calculating partial product
by about 20% compared with existing parallel counter using full Adder. The new circuit reduces the CLA bit finding final sum by N/2 using
the novel FPA architecture. A 5.14nS of multiplication speed of the 16 X 16 multiplier is obtained using 0.25¢m CMOS technology. The architecture
of the multiplier is easily opted for pipeline design and demonstrates high speed performance.

I|9{E : Parallel Multiplier, ASIC, Full Custom Design, SoC, IP, Multimedia Communication System, FPA, CSA, CMOS,

Pipelining Low Power

1. introduction

The most important problem in digital signal processing
is the multiplication and addition requiring fast operation.
The processing is done by repeated operations of multipli-
cation and addition like DFT (Discrete Fourier Transform),
Convolution, Correlation etc. As multimedia systems are mo-
re complexed and important, it is necessary to design fast
multiplier in the multimedia systems though much studies
on multiplier has been done. The algorithm applied to fast
multiplier proposes the methods which can reduce the num-
ber of partial product to N/2 (Radix-4) by using modified
Booth algorithm [1] utilizing multi-bit recording, and use
Wallace tree [2] architecture to reduce delay of partial pro-
duct addition, and utilizes CSA tree [3]. The algorithm pre-
sents the way of reducing: propagation delay and proposes
simple and regular architecture suitable for VLSI design [3].
Also, using 4': 2 compressors recently uses the algorithm
in reducing the numbers of partial products. The algorithm
adopts the way of adding the final two of partial products
ultimately by using fast adder CLA (Carry Lookahead Ad-
der) [4-6]. This paper proposes new parallel counter archi-
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tecture, and the method of reducing N/Z delay for the bit
of the final CLA, which has the largest delays by calculating
sub-partial product obtained first during operation in ad-
vance.

2. A New Development of Fast Parallel Multiplier

2.1 Architecture of new compressor

The principle of reducing n—number of partial products to
construct partial summed CSA is similar to parallel counter
counters the number of ‘1" in each bit string of partial pro-
ducts. In other words, parallel counter calculates the sum
of ‘1" in each string to minimize propagation delay in adding
partial product. This is suitable for the architecture of pa-
rallel counter. By definition of binary, if the result of sum
in parallel counter is 2-bit, the largest number that can be
represented in binary is 3. If the results are 3 bit, the number
is 7. The largest number M that can be expressed is repre-
sented as equation (1),

M=

M=

271(i=0,1,2,3,-) )

where M represents the bit of each string. M increases
with N. Improvement of VLSI design technology makes the
ratio of route delay higher than gate delay. Therefore, di-
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vision of whole partial product to reduce the numbers routed
can be of great help for performance improvement. Maximi-
zed use of the largest number M that can be represented
can minimize the numbers routed from block to block.
(Figure 1) shows area and delay depending on the bits of
each string in parallel counter. The demerit of parallel co-
unter is that the area and delay increased as the number
of bits increased. In the (Figure 2), S refers to the sum value
of its bit string. C_1 refers to Carry moving to the string
next to bit, and C_2 refers to carry moving to the string
next to 2-bit.
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(Figurer 1) Area and delay depending on the bits of parallel
counter(N : M compressor)

The architecture of 4 : 2 compressor is composed of two
full adders as shown in (Figure 2) (a) where one of full ad-
ders has three gates delay and two full adders have six gates
delay. (Figure 2) (b) shows only three mux delays after the
gates of the full adder is replaced by a combination of mul-
tiplexors as expressed in equation (2).
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(b) Mux-based 4 : 2 compressor [4]
(Figure 2) 4 :2 compressor model using

sl =(al @ a2) & a3

S=(ad ® ad) P sl (2)
Cl=2adab+ (ad @ ad) sl

C2=al a2 + (al ® a2) a3

The architecture proposed in this paper can reduce gate
delay by calculating only C_1 moving to next string first
instead of calculating C_2(Carry) if n(number of partial pro-
duct) is 5 when calculating Carry moving to next string. The
largest number that can be represented in 3-bit is 2 + o
+ 2% = 5. This makes the logic calculating carry simple and
reduces delay as expressed in equation (3) whose symbols
are indicated in (Figure 3).

[(al D a2) & (a3 D ad)]

h = al a2 + a3 a4

S=aPg (3)
Cl=gab+gh

C_2 = [(al + a2)(a3 + ad)]
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(Figure 3) Proposed new 4 : 2 compressor

(Table 1> 4 : 2 Comparisons for compressor delay using 2.5v
0.25:m CMOS Cell Based technology

FA based Mux based New 4:2
Performance . .
Comparison 412 compressor | 4 : 2 compressor | parallel counter
panso [(Figure 2) (a)] | [(Figure 2) (b)] [(Figure 3]
Delay [ns] 087 0.85 063
Power [uW] 293.6801 © 3179863 321.0827

(Figure 3) shows that C_1 is the carry moving to next
end in calculating carry by applying RB Adder used for RB
(Redundant Binary) operation whose expression belongs to
Radix-2 SD family representing digit set -1, 0, 1 [7-9]. Note
that our proposed circuit shows a good result with three
buffers at the output stage of the compressor circuit though
the 4 : 2 compressor has many fan-ins. Binary number of
two bits can be expressed as binary number, however it is
not suitable for high speed parallel multiplier architecture
since RB-to~Binary converter is necessary, i.e., RB number



must be transformed into binary number, which results in
additional hardware and propagation delay. C_2 does not
calculate carry moving forward by 2-bit as parallel counter
does, but carry moving forward by 1-bit. Therefore C_2 re-
duces four or five partial products to three and finds 3 gate
delays. Compared with the (Figure 2) (a), one gate delay
takes over 3 gate delays. When it passes through two full
adders and one half adder, it goes through 7 gate delays.
Therefore, delay gains of about 30% can be obtained in add-
ing partial product. <Table 1> represents a performance com-
parison of delay for three types of 4 : 2 compressor, based
on simulation results using 0.25um CMOS standard cell libra-
ry and process parameters in the primary level at the supply
voltage of 2.5v. Our suggested RBM 4 : 2 compressor as sho-
wn in (Figure 3) indicates outperformance of 20% delay re-
duction compared with full adder 4 : 2 compressor in (Figure
2) (a) and mux-based 4 : 2 compressor in (Figure 2) (b) tho-
ugh power consumption by the proposed 4 : 2 parallel coun—
ter is slightly larger than conventional due to more larger
current consumption of the complex CMOS gates. Note that
the simulations are completed with 0.25¢m CMOS process
technology in HSPICE tool.

2.2 High Speed Parallel Multiplier with New FPA

The method used for improving multiplication speed is
Booth algorithm reducing partial product to N/2. This me-
thod has been used so far in nearly all-fast multipliers. The
methods of using Wallace tree and 4 : 2 compressors are used
in adding partial product [4, 5, 10, 11]. Also, as for comple-
ment on 2, sign extension elimination method is used for
reducing sign extension. CLA (Carry Lookahead Adder) and
CSA (Carry Select Adder) are used for adding last two
partial products [4, 6]. The key to improving speed is how
much efficiently partial product is added, and how much fast
last large bit is added. These two factors have effects on
the speed of multiplier. Especially, as the CLA speed acco-
unts for about one-third of the speed of whole multiplication,
designing fast adder is very important. As bit increases,
circuit of parallel counter gets complex. Its area and delay
are increased in a linear way and efficiency in area or delay
decreases (Figure 1). However, the reduction of partial Pro-

(Table 2) Booth encoder for Z = X Y case

X2i+1 X2i XZi-1 Q) Y Neg PY
0 0 0 0 0 0 0
0 0 1 1 1 0 1
0 1 0 1 1 0 1
0 1 1 2 0 0 1
1 0 0 -2 0 1 0
1 0 1 -1 1 1 0
1 1 0 -1 1 1 0
1 1 1 0 0 0 0
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ducts by dividing them in 3bits or Sbhits is most efficient.
Conventional Booth encoder is shown in <Table 2> and
its equations are expressed in equation (4).

Y=X3 DXy,
Neg = Xgip1° (Xg; " Xgi1)'
PY= X1 - (Xgi + X5 1)

N-2 )
= =Xy 2Vl 4 ZOX,-Z'
N/2-1

= ;0 (—2Xpin+ X+ Xp1) - 2%

N2-1

Z=X-Y= ;} Y-QG)-2% (4)
X : Multiplier, Y : Multiplicand, and Z : Product

Here the partial products which are generated in the case
of adding ‘1’ into LSB of the partial product when it is being
transformed as two's complement are expressed as equation
(5), which is a case of encoding extension elimination method
and Q) =1{-2, -1, 0, 1, 2}

If Y=""7and PY = ‘]" and Neg = 0,

N—

P,= {(ZN Yy-1)'+ gZ'yi}gZZk

and PY ='0' and Neg = ‘T’

Py = [(ZNYN_1 +(Ng:2'y,-)]g22k

if Y='0 and PY="0 and Neg =1’

P, = {2”YN_1 + Ng::?'y,«+(2°)'}g22k

and PY =0 and Neg ="'

P, = {ZNYN_I + Ng:: 2'y,~} g 2% (5)
where, () is complement,

e g«uk: 0,1,2,3--)

(Figure 5) shows the process of calculating partial product
in the case of 16X 16. Looking the process of calculation of
partial products, the partial products divided in 3bits and
bhits passes through first parallel counter stage based on
our proposed new 4 : 2 compressor, and the results of sub-
bit of partial product are obtained first whenever partial
product passes through each stage. As such lower bit adder
possessing 3-6bits first can calculate results obtained, it is
possible to calculate the results of sub—partial product while
upper partial products are passing through 4 : 2 compressor
stage. The bits of upper partial products passed through last
stage are 16.

(Figure 4) shows a delay comparison for parallel counter
for N =8, 16, 32, 64 of NXN multiplier. Here each mark re-
presents parallel counter stage depending on the N. 1t is fo-
und that delay difference between N =32 and N = 64 needs
one more stage, which means 0.63nS delay. Parallel counter
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stage based on N-bit of multiplier and multiplicand is stage
number +1 as N becomes 2N.
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(Figure 4) Delay comparison of parailel counter for NxN
multiplier where the delays for 5:3 and 3:2
parallel counter are 0.63nS and 0.39nS,

respectively
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(Figure 5) Calculation process using parallel counter in case
of 16x16

Where @ : partial product of ‘0’ or ‘1'-bit, © : complement
bit by elimination of sign-bit extension, A : LSB of the
partial product for 2's complement + ‘1'-bit when Q(k) = {-1,
-2}. Lower partial product sums of Sp~S3 as shown in (Fi-
gure 5) are expressed in equation (6) as the below :

So= 2 Poo-2'+N'

Sl= §0P110‘21+ §0P1+111'21+1+520
SZ_ ZO 120'21_'_ EOP1+121'21+1+531

Sy = ZZE)P%O~2‘+ gp““al-z”“ +S%
A general formula can be expressed as
S, = ;;()Pino L9i 4 n{g—olpi-%l”l_zHl +Sn+1n_1
n=1,23, - - ) (6)

Where n : parallel counter stage, n’ : two MSBs of the
partial product, So : sum of lower bit in the first generated
partial product, Si, Sz, S3: sum of lower bit in the partial
product out of each CSA tree stage, Pk,-; : kis CSA tree stage,
j is a row of k™ CSA tree stage, i IS a jth bit of the partial
product, and N° : Negative of <Table 2> for Booth encoder.
The upper partial products reached first are calculated in
advance by CLA, and then they are selected by sub-cal-
culation values to output final results. Using 16-bit CLA
instead of 32-bit CLA can reduce effectively the delay by
final adder. (Figure 6) shows a gain of the final adder bit
when N =16, 32, 54, 64 of NXN multiplier is experimented.
It is found that the final adder bit can be reduced as N =
16 : 48.3%, N =32 : 42.8%, N = 54 : 41.1%. Thereby (Figure
7) shows an architectural block diagram of high speed
parallel multiplier with proposed new FPA based on afore-
mentioned calculation process in (Figure 5).

N=16 N=32 N=54
T 3 Fes[ | Frar [ ]
Final ] Final Final
adder bil adder bl adder bil
Tota! Final
adder bit 15
X7 1oy
Reduction fo Redustion to Reduction to
48.3% 42.8% 411%
.J- 0 0 0

(Figure 6) A gain of the final adder bit with FPA applying
N =16, 32, 54, 64 of NxXN multipiier
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(Figure 7) Block diagram of fast parallel multiplier with
proposed new FPA




(Figure 7) shows block diagram of fast parallel multiplier
with proposed new FPA.

3. Results and Discussion

The system Synthesis and function simulations are done
by Synopsys CAD tool using 0.25m CMOS standard cell[12].
(Figure 8) confirms a logic simulation result for 16 X 16 mul-
tiplier applying a new FPA algorithm with new compressor
as expected.
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(Figure 8) A logic simulation result for our suggested 16x16
multiplier using new FPA
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(Figure 9) Circuit diagrams of each stage of parailel counter

(a) stage 1

(Figure 8) are the synthesized results for circuit diagrams
of each stage of parallel counter and the 16X 16 multiplier,
respectively. The final synthesized multiplier demonstrates
about 5000 gates as an optimal design where (Figure 9) and
(Figure 10) are synthesized with 2.5v, 0.25um CMOS Cell
Library [12]. Further, (Figure 11) shows the delay(nS) requ-
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ired in each stage up to final sum in Booth Decoder. The
n-b Adder portion in the middle section is the block adding
in advance partial product and the sub-partial product ge-
nerated first in each stage of parallel counter. The values
are calculated before upper partial products are calculated.
(Figure 12) is a microphotography layout of proposed 16 X 16
multiplier using 0.25um CMOS Cell technology. The chip size
is just 2X2(mrf) with 0.35%X0.39(mr") of core area, and the
system has about 5000 gate counts.

|
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T

(Figure 10) A synthesized 16X16 Muitiplier with FPA

0.89 ns Booth encoder o
Partial Product |
Parallel counter 1 2-b Adder
Parallel counter 2 | 3-b Adder || 2
5.14ns 2.09ns
’ : Parallel counter 3 4-b Adder |+
Parallel counter 4 6-b Adder || ,
2.16 ns

CLA —

~5.14ns

(Figure 11) Delay times[ns] for each block of proposed
16x 16 multiplier using 0.25:m CMOS Cell
technology

(Figure 12) A microphotography layout of proposed 16X16
multiplier using 0.25:m CMOS Cell technology
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There is delay of about 5.14nS in multiplication 16X 16
bits. Also, each stage of parallel count has similar delays.
Design with division of several stages can ensure high speed
performance. It is expected to have higher performance if
the multiplier is designed with pipelining architecture.

4, Conclusion

In this paper, we proposed new parallel counter to reduce
the area and delay of parallel counter, which increases with
increased bits of parallel counter We have succeeded in re-
ducing delay by about 20%, which is required to reduce par-
tial products down to 4 : 2 compressor. We proposed the
method of carrying out prior addition of sub~-partial products
generated first in advance. Therefore we have succeeded in
shortening addition time by reducing the bits of CLA by
50%,which adds final partial products. The final adder bit
can be reduced as N=16:483%, N=32:428%, N=54:
41.1% for N XN multiplier. If the method proposed in this
paper is applied to multiplier with high bits, the process of
reducing partial products or the addition time of final CLA
is shortened. Therefore the architecture by the proposed me-
thod is suitable for multimedia system needing real time
processing [13].
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