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  Dynamic logic circuits are widely used than static logic circuits for their increased speed performance. But dynamic logic 

circuits offers cascading problems. To overcome this problem Domino logic circuits are used. Low Power and High Speed are the 

most important factors for Adder Circuits. High Speed Domino(HSD) Logic offers these factors and are suitable for designing 

Manchester Carry Chain (MCC) Adder. Domino logic is a CMOS based evolution of dynamic logic techniques based on either 

PMOS or NMOS Transistors. It is used to speed up the circuits and solve the cascading problems in dynamic logic.Manchester 

Carry Chain Adder design is explored for use with Domino Logic. In this paper, the MCC Adder is implemented based on the HSD 

logic using LTSPICE tool. LTSPICE is a high performance SPICE simulation software, schematic capture and waveform viewer 

with enhancements and models for easing the simulation of analog circuits. Design of MCC Adder using HSD topology is 35.12% 

faster than MCC adder without HSD topology and the speed is high. 
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1. INTRODUCTION 

 The static Complementary Metal Oxide 

Semiconductor(CMOS) is used in most modern digital 

circuits because of its fundamental benefits of resilience, 

low noise sensitivity and low cost with great 

performance at higher speeds and decreased power 

usage. The number of transistors required to implement 

N-input logic increases as per the number of inputs N 

increases. 2N is the gate. An additional inverter step is 

requied to achieve a non inverting Boolean function at 

the output. This increases the amount of static power 

used and the amount of space used. The number of 

transistors is lowered to N+2 in Dynamic Logic, which 

also reduces the static power usage. Cascading is 

required for the construction of complicated digital 

systems, which is not achievable with dynamic logic. The 

Domino logic was proposed as a solution for this 

problem. Over static CMOS logic, the Domino logic 

circuit has a number of advantages, including cascading 

of numerous stages, reduced device count and high 

speed. 

 

2. LITERATURE SURVEY 

A precharge transistor, a pull down network(PDN) 

and a footer transistor make up Domino logic.The 

dynamic logic operated in two stages, depending on the 

logic level of the CLK signal that is pre charge when the 

clock is LOW and evaluation when the clock is HIGH. 

Dynamic CMOS  logic requies just N + 2 transistors, but 

static CMOS logic requires 2N transistors. N denotes the 
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number of input signals applied to the logic gate as 

fan-in. The static inverter linked to the dynamic node 

produces a noncomplemented output and also aids in the 

correct driving of the next step of the dynamic cascade, 

and this  structure is referred to as the Domino logic 

circuit because of its operational and logical signal 

conveying capabilities.  

The Conventional Domino Logic circuit with keeper 

transistor Mk is shown in Figure A. The clock signal CLK 

controls the pre-charge transistor(Mpre) and the footer 

transistor(Mf) at their respective gate inputs. When the 

CLK is LOW, the Dynamic node is precharged HIGH and 

the inverter output turns LOW. When CLK is HIGH the 

footer devices conduct, the dynamic node is 

conditionally discharged based on the PDN inputs, and 

the output OUT becomes HIGH. In domino logic, the 

discharge can happen only once, implying that the 

pre-charge operation must occur after each evaluation. 

The status of Dynamic output remains the same if the 

input signal to PDN doesnot prove true. The precharging 

will then only take place to makeup for any energy lost 

owing to charge sharing or leakage from the dynamic 

node. Because of the sub-threshold conduction and 

thinner gate oxide layer of devices, it is recognised that 

technology scaling has exacerbated the issue of leakage 

current. As a result, a weak PMOS transistor dubbed a 

keeper transistor is introduced in the circuit as illustrated 

in Figure A  to hold the charge at the dynamic node 

despite numerous leakage current sources and charge 

sharing methods. The keeper is designed to be as small as 

possible in order to reduce competition between the 

keeper circuit and the PDN. Upsizing the keeper 

transistor, on the other hand improves the circuit’s 

durability at the expense of speed. An NMOS footer 

transistor is placed in series with the PDN as indicated in 

Figure A simplifies circuit assessment and decreases 

leakage current during the pre-charge phase. 

 

 
Figure 1: Conventional Domino Logic 

 

3. HIGH SPEED DOMINO LOGIC 

The keeper control circuit in high-speed domino logic 

depicted in Figure B is based on a delayed clock and the 

state of the output node. When the clock is HIGH at the 

start of the evaluation phase, transistor MP3 is in the 

cut-off zone, and the keeper MP2 is initially OFF because 

to the buffer circuit's delay. The conflict between the 

evaluation network and the keeper circuit is minimised 

as a result, and the dynamic node's discharge 

characteristics are improved. Transistor MP1 switches off 

once the buffer circuit introduces a delay. The state of the 

output node, which is controlled by the MN1 transistor, 

is used to operate the keeper circuit at this point. MP2 is 

turned off when the dynamic node is discharged to 

ground, and it does not keep the dynamic node state 

HIGH. When the dynamic node stays HIGH, on the other 

hand, MP1 is ON and keeps the dynamic node HIGH.  

 

 
Figure 2: High Speed Domino(HSD) Logic Circuit 
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4. MANCHESTER CARRY CHAIN ADDER 

The adder is a crucial component of every Arithmetic 

and Logic Unit (ALU). As number of bits required for 

addition increases, power and delay increases and the 

performance efficiency decreases. Furthermore, the main 

disadvantage of the adder structure is its latency, which 

is eliminated by the Manchester Carry Chain (MCC). 

Figure 1 represents the  high-speed domino 

implementation for carry generation circuit and Figure  2 

represents high speed domino implementation for the 

carry propagation circuit. The generate bit Gi (Figure 1) 

and propagate bit Pi (Figure 2) are computed first using 

the inputs A and B, and then the sum and carry bits of the 

next stage are computed using the state of the preceding 

carry bit. As a result, the computing time is reduced, and 

the procedure is faster.  

Carry is generated, propagated and absorbed in the 

MCC Adder as shown in the below equations.  

Gi = A.B                           �(1) 

Pi = A + B                        � (2) 

Manchester carry chain adder is named by the carry 

recurrence from the preceding carry network. Carry 

recurrence is calculated as shown in equation 3 

Ci + 1 = Gi + Ci. Pi          � (3) 

 

Figure 3: High Speed Domino (HSD) Implementation 

for the Carry Generation(Gi) Circuit. 

 

 

Figure 4: High Speed Domino(HSD) Implementation 

for the Carry Propogation Circuit. 

Figure 5 shows a single bit CMOS based Manchester 

Carry Chain Adder where gi and pi is used in the 

computation of ci. If the CLK is LOW then the PMOS is 

ON and the Dynamic node is charged to Vdd. So we get 

Ci + 1 as logic HIGH. If CLK is HIGH then the clocked 

NMOS is ON. So the output Ci + 1 depends on gi and pi. 

If gi is high then the output Ci + 1 goes to logic LOW 

irrespective of pi due to discharging of dynamic node. If 

pi is high then output Ci + 1 goes to ci irrespective of gi. 

 

Figure 5: Manchester Carry Chain 1-bit Adder 

5. SIMULATION AND ANALYSIS 

    The simulations of AND, XOR & MCC Adder with 

various Domino Logic topologies have been performed 

in the same simulation setup using LTSPICE tool. Hence, 

the comparision among the counterparts becomes 

justifiable. 

Table 1 depicts the speed of various Domino topologies 

against each other. 
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Figure 6: Schematic Diagram for MCC Adder using HSD 

 
Figure 7: Simulation results of High Speed Domino(HSD) 

Implementation for Carry Generation(Gi) Circuit 

 

Figure 8: Simulation results of High Speed Domino(HSD) 

Implementation for Carry Propogation(Pi) Circuit 

 

Figure 9: Simulation results of Manchester Carry 

Chain(MCC) Adder 

Table 1: Analysis of various Topologies 

S.No Topologies Implementation Delay(ps) 

1 AND With HSD logic 2.50 

2 XOR With HSD logic 5.25 

3 MCC ADDER With HSD logic 49.64 

4 AND Without HSD logic 4.94 

5 XOR Without HSD logic 81.52 

6 MCC ADDER Without HSD logic 76.49 

 

6. CONCLUSION 

In this paper, the simulation of Manchester Carry Chain 

Adder(MCC) with High Speed Domino(HSD) logic offer 

reduced delay value of 49.64 picoseconds and the 

Manchester Carry Chain(MCC) Adder without High 

Speed Domino(HSD) logic offers 76.49 picoseconds 
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