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ABSTRACT 
The addition of two binary numbers is the 

fundamental and most often used arithmetic 
operation on microprocessors, digital signal 
processors (DSP), and data processing 
application-specific integrated circuits (ASIC). 
Therefore, binary adders are crucial building 
blocks in very large-scale integrated (VLSI) 
circuits. Their efficient implementation is not trivial 
because a costly carry propagation operation 
involving all operand bits has to be performed. 

In this brief, an efficient implementation of 
an 8-bit Manchester carry chain (MCC) adder in 
multi output domino CMOS logic is proposed. The 
carries of this adder are computed in parallel by 
four independent 4-bit carry chains. Due to its 
limited carry chain length, the use of the proposed 
8-bit adder module for the implementation of wider 
adders leads to significant operating speed 
improvement compared to the corresponding 
adders based on the standard 4-bit and MCC adder 
module. 

The above proposed system I used in the 
application of a spurious-power suppression 
technique (SPST) which can dramatically reduce 
the power dissipation of combinational VLSI 
designs for multimedia/DSP purposes. The 
proposed SPST separates the target designs into 
two parts, i.e., the most significant part and least 
significant part (MSP and LSP), and turns off the 
MSP when it does not affect the computation 
results to save power. 

Keywords: High speed adder, SPST, Carry look 
Ahead Adder, VLSI, Area Power Minimization. 

 

1. INTRODUCTION 
Addition is the most commonly used arithmetic 
opera-tion and also the speed-limiting element to 
make faster VLSI processors. As the demand for 
higher performance processors grows, there is a 
continuing need to improve the performance of 
arithmetic units and to increase their 

functionality.High-speed adder architectures 
include the carry look ahead (CLA) adders, carry-
skip adders, carry-select adders, condi-tional sum 

adders, and combinations of these structures [1]–[4]. 
High-speed adders based on the CLA principle 
remain domi-nant, since the carry delay can be 
improved by calculating each stage in parallel. The 
CLA algorithm was first introduced in [5], and 
several variants have been developed. The 
Manchester carry chain (MCC) is the most 
common dynamic (domino) CLA adder 
architecture with a regular, fast, and simple 
structure adequate for implementation in VLSI [6], 
[7]. The recursive properties of the carries in MCC 
have enabled the development of multioutput 
domino gates, which have shown area–speed 
improvements with respect to single-output gates. 
 

In this brief, a new 8-bit carry chain adder block 
in multiout-put domino CMOS logic is proposed. 
The even and odd carries of this adder are 
computed in parallel by two independent 4-bit 
carry chains. Implementation of wider adders based 
on the use 

 

2. PRELIMINARY CONCEPTS 
Let A = an−1an−2 · · · a1a0 and B = bn−1bn−2 · · · 

b1b0 rep-resent two binary numbers to be added and 
S = sn−1sn−2 · · · 
s1s0 be their sum. In the following, the symbols ·, +, 
⊕, and − are used to denote the AND, 
INCLUSIVE OR, EXCLUSIVE OR, and NOT 
logical operations, respectively. In binary addition, 
the computation of the carry signals is based on the 
following recursive formula: 

ci = gi + zi · ci−1 (1) 
 
where gi = ai · bi and zi are the carry generate and 
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the carry propagate terms, respectively. The latter, 
for the case of INCLU-SIVE OR adders, is defined 
as zi = ti = ai + bi, while for the case of 
EXCLUSIVE OR adders, it is defined as zi = pi = ai 
⊕ bi. In Fig. 1, the implementation of the generate 
and the two types of propagate signals in domino 
CMOS logic is shown. 
Expanding relation (1), each carry bit ci can be 
expressed as 
ci = gi + zigi−1 + zizi−1gi−2 + · · · + zizi−1 · · · z1g0 
+ zizi−1 · · · z0c−1.  (2) 
The sum bits of the adder are defined as si = pi ⊕ 
ci−1, where c−1 is the input carry. 

The MCC [6], [7] generates all the carries 
computed accord-ing to relation (2) in parallel, 
using an iterative shared transistor structure. In 
practice, the CLA length is limited to four in order 
to cut down the number of series-connected 
transistors. Fig. 2 shows the conventional 
implementation of the 4-bit carry chain using 
multioutput domino CMOS logic. 
MCC adders are adders, i.e., the carry propagate 
signal is defined as zi = pi = ai ⊕ bi, to avoid false 
discharges produced at the output nodes of the 
carry chain due to higher OR–AND forms of 
multioutput gates. 
For the implementation of the sum signals, the 
domino chain is terminated, and the sum bits of the 
MCC adder are the MCC is supported by the carry-
skip capability to improve performance. 

 

3. DOUBLE CARRY CHAIN 
ADDERS 

MCC adders can efficiently be designed in 
CMOS logic. As mentioned previously, due to 
technological constraints, the length of their carry 
chains is limited to 4 bits. However, these 4-bit 
adder blocks are used extensively in the literature 
[2], [7], [12] in the design of wider adders. 

In the following, we propose the design of an 8-
bit adder module which is composed of two 
independent carry chains. These chains have the 
same length (measured as the maxi-mum number 
of series-connected transistors) as the 4-bit MCC 
adders. According to our simulation results, the use 
of the proposed 8-bit adder as the basic block, 
instead of the 4-bit MCC adder, can lead to high-
speed adder implementations. 

The derived here carry equations are similar to 
those for the Ling carries proposed in [15]–[17]. 
The derived carry equations allow the even carries 

to be computed separately of the odd ones. This 
separation allows the implementation of the carries 
by two independent 4-bit carry chains; one chain 
computes the even carries, while the other chain 
computes the odd carries. In the following, the 
design of the proposed 8-bit MCC adder is 
presented. 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 1. Domino implementation for the (a) 
generate, (b) XOR propagate, and (c) OR 

propagate signals. 
 

3.1 Odd carry computation 
The new carries for the odd values of i are 
computed accord-ing to the aforementioned 
methodology proposed for the even carries as 
follows: 
h1 = g1 + g0 + p1p0c−1 
h3 = g3 + g2 + p3p2t1(g1 + g0 + p1p0c−1) 
h5 = g5 +g4 +p5p4t3(g3 + g2 + p3p2t1 (g1 + g0 
+p1p0c−1)) h7 = g7 + g6 + p7p6t4 

× (g5 + g4 + p5p4t3  
× (g3 + g2 + p3p2t1(g1 + g0 + p1p0c−1))) .  

Let Gi = gi + gi−1 and Pi = pi · pi−1 · ti−2 be the 
new gen-erate and propagate signals, respectively, 
where g−1 = c−1  
h1 = G1 + P1c−1 
h3 = G3 + P3G1 + P3P1c−1 
h5 = G5 + P5G3 + P5P3G1 + P5P3P1c−1 

 
h7 = G7 + P7G5 + P7P5G3 + P7P5P3G1 + 
P7P5P3P1c−1. 



IJournals: International Journal of Software & Hardware Research in Engineering 

ISSN-2347-4890 

Volume 3 Issue 5 May, 2015 

 
© 2015, IJournals All Rights Reserved                                                                      www.ijournals.in 

 

Page 19 

 

3.2 Even carry computation 
For i = 0 and z0 = t0, from relation (1), we get 

that c0 = g0 + t0 · c−1. Since the relation gi = gi · ti 
holds, we get that c0 = t0 · (g0 + c−1) = t0 · h0, where 
h0 = g0 + c−1 is the new carry. From relation (2), for 
i = 2 and zi = pi, we get that c2 = g2 + p2g1 + p2p1g0 
+ p2p1p0c−1. 

 Since gi + pi · gi−1 = gi + ti · gi−1 and pi = pi · ti, 
we have c2 = t2(g2 + g1 + p2p1g0 + p2p1p0c−1) = t2 (g2 
+ g1 + p2p1t0(g0 + c−1)) = t2 · h2 

Where h2 = g2 + g1 + p2p1t0(g0 + c−1) is the new 
carry. 
In the same way, the new carries for i = 4, 6 are 
computed as h4 = g4 + g3 + p4p3t2 (g2 + g1 + 
p2p1t0(g0 + c−1)) h6 = g6 + g5 + p6p5t4 

× (g4 + g3 + p4p3t2 (g2 + g1 + p2p1t0(g0 + 
c−1))) .  

 
4.  PROPOSED SPST 
To illustrate the reason of those spurious signal 
transitions shown in Fig. 1, we explore five cases 
of 16-bit additions as shown in Fig. 3. The cases of 
exchanging the operands A and B in additions lead 
to the same spurious transitions with those shown 
in Fig. 3. Hence, there is probably no other case 
beyond thesefive based on this design. The first 
case illustrates a transient state in which spurious 
transitions of carry signals occur in the MSP, 
although the final result of the MSP is unchanged. 
Meanwhile, the second and third cases describe 
situations involving one negative operand adding 
another positive operand without and with carry-in 
from the LSP, respectively. Moreover, the fourth 
and fifth cases demonstrate the addition of two 
negative operands without and with carry-in from 
the LSP, respectively. In those cases, the results of 
MSP are predictable; therefore, the computations in 
MSP are useless and can be neglected. Eliminating 
those spurious computations not only can save the 
power consumption inside the adder/subtractor in 
the current stage but also can decrease the glitching 
noises which cause powerwastage inside the 
arithmetic circuits in the next stage. From the 
analysis of Fig. 3, we are motivated to propose the 
SPST that separates the adder/subtractor into two 
parts and then latches the input data of the MSP 
whenever they do not affect the computation 
results. The SPST can be expanded to be a fine-
grain scheme in which the adder/subtractor is 
divided into more than two parts. However, the 

hardware complexity of the augmented circuits 
such as the detection-logic unit, the data latches, 
and the SE unit increases dramatically. Based on an 
adder/subtractor example, we actually find that the 
power expense caused by the augmented circuits is 
larger than the power reduction in a tripartitioned 
scheme.This is the reasonwepropose a 
bipartitionedSPSTscheme in this paper. 
 

4.1 Realization Issues of the Proposed 
SPST  
Fig. 5 shows a 16-bit adder/subtractor design 
example adopting the proposed SPST. In this 
example, the 16-bit adder/subtractor is divided into 
MSP and LSP between the eighth and the ninth 
bits. Latches implemented by simple AND gates 
are used to control the input data of the MSP. 
When the MSP is necessary, the input data of MSP 
remain unchanged. However, when the MSP is 
negligible, the input data of the MSP become zeros 
to avoid glitching power consumption. The two 
operands of the MSP enter the detection-logic unit, 
except the adder/subtractor, so that the detection-
logic unit can decide whether to turn off the MSP 
or not. Based on the derived Boolean equations (1) 
to (8), the detection-logic unit of SPST is shown in 
Fig. 6(a), which can determine whether the input 
data of MSP should be latched or not. Moreover, 
we propose the novel glitch-diminishing technique 
by adding three 1-bit registers to control the 
assertion of the close, sign, and carr-ctrl signals to 
further decrease the transient signals occurred in 
the cascaded circuits which are usually adopted in 
VLSI architectures designed for multimedia/DSP 
applications. The timing diagram is shown in Fig. 
6(b). A certain amount of delay is used to assert the 
close, sign, and carr-ctrl signals after the period of 
data transition which is achieved by controlling the 
three 1-bit registers at the outputs of the detection-
logic unit. Hence, the transients of the detection-
logic unit can be filtered out; thus, the data latches 
shown in Fig. 5 can prevent the glitch signals from 
flowing into the MSP with tiny cost. The data 
transient time and the earliest required time of all 
the inputs are also illustrated in Fig. 6(b). The delay 
should be set in the range of , which is shown as 
the shadow area in Fig. 6(b), to filter out the glitch 
signals as well as to keep the computation results 
correct. Based on Figs. 5 and 6, the timing issue of 
the SPST is analyzed as follows. 
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1) When the detection-logic unit turns off the MSP: 
At this moment, the outputs of the MSP are directly 
compensated by the SE unit; therefore, the time 
saved from skipping the computations in the MSP 
circuits shall cancel out the delay caused by the 
detection-logic unit. 
 
2) When the detection-logic unit turns on the MSP: 
The MSP circuits must wait for the notification of 
the detection-logic unit to turn on the data latches 
to let the data in. Hence, the delay caused by the 
detection-logic unit will contribute to the delay of 
the whole combinational circuitry, i.e., the 16-bit 
adder/subtractor in this design example. 
 
3) When the detection-logic unit remains its 
decision:  
No matter whether the last decision is turning on or 
turning off the MSP, the delay of the detection 
logic is negligible because the path of the 
combinational circuitry (i.e., the 16-bit 
adder/subtractor in this design example) remains 
the same. From the analysis earlier, we can know 
that the total delay is affected only when the 
detection-logic unit turns on the MSP. However, 
the detection-logic unit should be a speed-oriented 
design. When the SPST is applied on 
combinational circuitries, we should first determine 
the longest transitions of the interested cross 
sections of each combinational circuitry, which is a 
timing characteristic and is also related to the 
adopted technology. The longest transitions can be 
obtained from analyzing the timing differences 
between the earliest arrival and the latest arrival 
signals of the cross sections of a combinational 
circuitry. Then, a delay generator similar to the 
delay line used in the DLL. 
 
 

 
 

Table 1.  Representations of (a) carry-ctrl signal 
and (b) sign signal in terms o fKARNAUGH 

maps. 
 

 
Fig 2: (a) Detection-logic unit and (b) its timing 

diagram. 

4.2 Theoretical analysis and logic 
derivation  
The ETD possesses two types of PEs. From the 
algorithmic view point, the four PEs in the left-
hand side of Fig. 8, denoted by MPE-Is, are used 
for computing the 1-D transform. Meanwhile, the 
two PEs on the right-hand side of Fig. 8, denoted 
by MPE-IIs, are used for computing the 2-D 
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transform. The ETD possesses a throughput of 
eight pixels per cycle so that it can perform 720p 
HD, 1080i HD, and digital 
cinema video formats at 22, 50, and 100 MHz, 
respectively (more details of the algorithm 
derivation and design exploration of ETD can be 
found in [13]). Based on the previous data analysis, 
we decide to divide the 15-bit SPST arithmetic 
units of the MPE-Is into 8-bit MSP and 7-bit LSP 
and divide the 17-bit SPST arithmetic units of the 

MPE-IIs into 8-bit MSP and 9-bit LSP, 
respectively, as shown in the fraction values near 
the SPST arithmetic units as shown in Fig. 8 where 
the SPST arithmetic units are marked with dotted 
shadows. The adder/subtractors located on the 
second and the fourth stages of the ETD are kept 
unchanged because most of the spurious signals 
existed in the data flowing out of the first and the 
third stages have been filtered out by the SPST. 

 

Fig 3: Low-power adder/subtractor design example adopting the proposed SPST 

 
5. MCC DESIGN ISSUES AND    
COMPARISONS 
To evaluate the speed performance of the proposed 
(PROP) design over the conventional (CONV) one, 8-, 
16-, 32-, and 64-bit adders have been designed according 
to the carry chain principle given in Fig. 8(a) and (b), 
respectively, and simulated using SPECTRE in a standard 
90-nm CMOS technology (VDD = 1 V). The conventional 
8-, 16-, 32-, and 64-bit MCC adders are designed by 
cascading two, four, eight, and sixteen 4-bit MCC adder 
modules. The performance improvements of the PROP 
design over the CONV design are 23.08% for the 16-bit 
adder, 30.05% for the 32-bit adder, and 35.08% for the 
64-bit adder. Simulated waveforms of the carry signals 
(C7, C15, C23, and C31) for the proposed 32-bit adder are 
presented in Fig. 9. In all cases previously mentioned, the 
average energy consumption for a computation is 
increased by 43.4% for the PROP design with respect to 

the CONV one, while the area overhead is 49.9%, due to 
the extra gates that are required for the implementation of 
the ti and the new generate (Gi) and propagate (Pi) 
signals. The proposed technique can be exploited in the 
design of arithmetic circuits where high performance is 
required at the expense of power consumption. As 
referred previously, a modified high-speed design of the 
4-bit MCC adder module has been proposed in [12], 
where the MCC is supported by the carry-skip capability 
to improve 
performance. The same technique can also be applied to 
the chain which computes the odd carries of the proposed  
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8-bit adder to further improve its efficiency. Since the 8-
bit adder is the building block for higher bit adders, in all 
cases, the performance is proportionally improved. 
However, even without this addition, the proposed 
topology outperforms the modified MCC design proposed 
in [12] since it provides 7.18%, 11.79%, 17.59%, and 
23.04% speed improvements for the 8-, 16-, 32-, and 64-
bit adders. 

 

6. CONCLUTION 
The MCC is an efficient and widely accepted design 
approach to construct CLA adders. Adder fast will be 
reduced half of the time by increasing bit size In this way, 
the speed performance is significantly improved with 
respect to that of the standard MCC topology. The 
proposed SPST application verified  by skip MSB 
addition. It proposes an original glitch-diminishing 
technique to filter out useless switching powerwe have 
presented a new Manchester design style that is based on 
two independent carry chains. Each chain computes, in 
parallel with the other, half of the carries. In this way, the 
speed performance is significantly improved with respect 
to that of the standardMCC topology. The proposed 
design technique has been applied for the implementation 
of 8-, 16-, 32-, and 64-bit adders in multioutput domino 
logic, and the simulation results verified its efficiency. 
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